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preparation suitable for sublingual or buccal administration of asenapine maleate has

20  been described in the international patent application WO 95/23600 (Akzo Nobel
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
25 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



2 derivatives thereof have al so been described (Nader
et al., J. Labelled Conp. Radiopharm 34, 845-869,

wQa9@4dpo34dhere is a need for synthetic procedurPGI/EP2007/005876

n

the preparati on of asenapime which can 5 reliably be
carried out on an industrial scale. The present

i nvention provides a process for the preparation of

t r S§avativesiheiest have gispbpen desgribed (Vadey et ak.rJakgkelied gomp.

H- RelarpBdrdh. 34 Ga4Elomvertoap 4, 5-clpyrrole (Formula 1) 0

H1 PH N 10 characterised in that an E-stil bene
derivative of Formula 11 OR4 RL | RBR2 Il is

r edbereds aintéd fan synttatie plucedurgd fodthe tpreparation dEasenapine which can
tr rqlidi 1 j 15 Formula 111, OR4
qu%]EPQé% cg}rﬁgﬁgfeorﬂﬁlwﬁﬁaxg ge];‘rrul a ll and Formul a

111, R is F, Br or I; RR and R3 are different and

- eadheimesept gwentdnf providéd arplodéss fernttie \WBe2B&t BN OdY 3465:09-5-chloro-2-

B I e

when present, and treatner condi ti ons which
ef fect an intranol ecul ar o@/ yield the

et~ tion of Fornul a
NOHgroup which is

conpound of Fornula 1.5 N
11, R4 can be a hydroxy protte

stable under the reaction coRndiions |eading to the
trans-pyrrolidine derivative of“|l Forrmula 111,

10 |

characterised in that an E-stilbene derivative of Formula 11
OR,

R3

R2

]
is reacted with an azomethine ylide to provide a trans-pyrrolidine derivative of

15  Formulalll,

li
In Formula I and Formula lll, R, is F, Bror I;
R; and R; are different and each is selected from H and Cl; and



Exanpl es of such protecting groups are the

tetrahydropyranyl group, a silyl protecting group or
w@rooaoyi46@r oup. Further exanples are known i n POIEER20D7/005876

See, for exanple, Wits, PG M and Geene, T.W:

Protective G oups in Oganic Synthesis, 10 Third

Edition, WIley, New York, 1999. A preferred protecting

gr Gups Herawdepsyliprejeding groups Saibsetuent remeval obthe|prejeating group,

Thrygda edent, Mind tFEa%ﬁérﬁsdr'\Bgr cSRTBAY RHR N HRECSE ﬂ'ﬁr‘aﬁ\of&ular ring

structural formlae awg{g a pair of bold and hashed

vedipstrenisidibe cqmpeynd gl Foeal i n the fornul a of

compounds (I) and (I111), refer to the "trans”

di E d 1

2 35 N ERARERB! oo s e BRRAY i SR e, B
conindguhateaohpn qeadiiensdeading tottheetranseyerdlidinendisivative of Formula lll.
ha\éx%piegeopgl?aﬁ }cﬁeé}hgoizr%ﬁs E1) fth&%&@é%yeﬁgzﬁﬁylaﬁroﬂp a silyl

m xt ure of enan |omsr ., racenmat
reIP&QtPQ}@Qﬂ’%’rpe%cqi'e?ﬁyba’IOUEoFﬁMhQU?’éﬁmFﬂﬁ? arpﬁapwmrewewt See, for

t h%x%ﬂlﬁeWuEmPC@ M. 2Rd IGteénel TIVEL Pmémé @ﬂca@kﬁhﬁ) dﬂéalﬁchSyntheSIs
pr vens 1.0 ene derivat|

102 Bftpr; Whey, NEciant 1088 Puirsfehigy BETSEHG pialBan e ery orove
reaspemily\thetdce@hgnonpm tu generated azonethine ylide

to provide a trans-pyrrolidine derivative of Fornula

Il |Thrc1Jghod|t5th|E GQHeretMpohh@s Feg%éﬁt@@ b "sf?t?tﬁ&gﬁfohﬁhlfe having a
concerted manner I n which onds are._ creat

si AFireh e gad pashed r‘f"?@&%?ﬂ’]dﬁ as fiewat @ 9ehidhe fﬂr@i"'la)?f pmpounds
conpeaind ¢ul),irefet tethd Stransd diastereciSbmer.t Bach Gfaﬁé compouhds may exist

;;?a:sgﬁeﬁq%q\i\%]%nap ameEr' riatvl*nlg %eé;bs%@y NEIN \ﬁeéml Eon igration indicated by

o

I usive
st dheweddeddionds, toy he¥ing e atippeitecabsaldtéi thnﬁswrsttoepor asna tiirdure of

Pr Qrgitontdrs L@, F‘éﬁ@%{e‘?nhéﬁﬁr ?r?ee%létw% 's&&&%yaq%anm@urat.on

wi th reSJoect to good overall yield of

pr dedicade @dhqh’édﬁﬂ%’qttﬂnfj%d azomsthl ne ylide, which may

be represented by the follow ng dipolar structure V\D
20q8/ OP 34%%&@)%5/&%%P &é{j&g?e%;soé}ii%h éntlopha%%‘ﬂllt}e ne r%erlvatlve of
t r ﬁwnhiyl hri$ rreadtedhyin dee [HHi2h ihokar ecycloaddilon2 reaotionowith an in situ

g{ i_déﬁ&ﬂ%)@d%ﬁ\%mh're%hg?o FRRYE 53 taRs-bydNdhe Wekithtilé bESHRuUIa . it
is thought that the reaction proceeds in a concerted manner in which all bonds are
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25 product. When the reaction is started with an E-stilbene derivative, the trans
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.

30 The required azomethine ylide, which may be represented by the following dipolar
structure
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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 aminomethyl ether
reagent allows the use of smaller volumes of solvent. Furthermore, the use of



derivatives of Fornula Il wherein R4 represents a
protecting group. The protecting group, such as an
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Useful copper WO 2008789
sources include Cu- povvder , &, Cu(CO 3
(copper(11)carbonate, Cu( ohg) 2 (copper(11)acetate),
Cu(Orf)2 (copper(ll)trifluoronrethanesul fonate), Cu20
or CuSO4. 5 Suitable conditions for conplete
conversion of a conpound of Fornmula Il A to asenapine
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produce trans-5-chloro-2-methyl-2,3,3a,12b-tetrahydro-1H-dibenz[2,3:6,7]oxepino-

[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 IlIA in a solvent with copper(0) powder, with a copper(l) salt or
with a copper (Il) salt in the presence of a base at elevated temperatures (Ma, D.,
Cai, Q., Organic Letters, 5, 3799-3802, 2003; Buck, E., et.al , Organic Letters 4,
1623-1626, 202; Sawyer, J.S., Tetrahedron 5045-5065, 2002). An additive, such as
N,N-dimethylglycine, N-methylglycine, 2,2,4,4-tetramethyl-3,5-heptanedione (TMHD)
or 8-hydroxyquinoline, may be used to increase the solubility of the copper ions.
Suitable bases include Cs,CO;, K,COs, pyridine, NaOH, KOH or CsF. Useful copper



(1.1 eq. ) in refluxing dioxane for about 24 hours.
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is reacted in an inert solvent, such as toluene, with the azomethine ylide generated in
25  situ from N-methoxymethyl-N-trimethylsilylmethyl-N-methylamine with the aid of



effect the intranol ecular ring closure gives
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wherein R, is F, Br or |; R, and R3 are different and are each selected from H and Cl;

15 and wherein R4 is H or a hydroxyl protecting group, as previously defined, or a salt
thereof.

Still another aspect the present invention provides the novel E-stilbene-derivative of
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OR,

R3

20 R2



of E- and Z-isoners, the best ratio's being
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Formula IV can be prepared by treatnent of a conpound
of Formula V, wherein R, is FlIlBr or I, and R2 is H or

a ,whahéhn R/h%rFe B qu RS ‘é‘ﬁ’d R?Sr@tcﬁfel?é'lt Q@ Bre dicREBEARY WOQH and Cl;
of Br tr| phine 1 n refluxing tol uene

20 aé‘swmf%'h JS b'r%ff%mw%raxsﬂ@(%famw%@ﬁwvmg defined. These
E- stibele ndertVatives atarey easebfil aemedmatekl inS @Rlustrially producing the

e e T T L R s

prepared by heating a conpound of Fornula V, either

Neathe G stHb%'n@Qieg\ﬁatiﬁ?s?‘81I rycﬁl%lasipﬁ% t%ﬁm%f% B€ P{fgé%la L@@g a Wittig

equi nol ar_ anmount of tri et _
K. ;reaspn jip whieh aWIphwiphpwhogunF algg ef Sprowied¥s below, is
Colrbactedlvith &n fopliate 1siSpic aldehyde BPFohuial 9 in ?éﬂjxmg solvents

2008/ 0034 0 @{W F@%}@Z /ﬂ?{glggg,g&,éﬁ%ﬁrpow.ﬁ ?taa']%r”hgé presence

rea:étancaqu@a“lent}@mmlof a Eseasuch ak. du@)@‘opﬂé\lemammSGDBUZDQBCO

hgg)%%]smr%ol%ﬂt “bufbzlde +r %Qtdlum‘l%thog)ﬁ whggﬁr IR danlan%l are each as

nate ester
sold\? | abgye for Fompwa Haang di. ofherVMifia repctian dypingdieresyltscin agrgixture
poto S hmiisbhfers, the best ratio’s being approximately 70 : 30. The pure E-isomer

15  (Formula II) may be isolated via chromatography.

20

25

H
R1 - R1
X R3/@E” OF g
X Ph.P+ o)
— . P __.(VI) R3 & O + Z-isomer
R2 R2
R2

) (v) )]

The triphenylphosphonium 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 triphenylphosphine in refluxing toluene
solution.

A preferred method of synthesizing E-stilbene derivatives of Formula Il 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
a solvent such as toluene, with an equimolar amount of triethylphosphite (Davidsen,
S. K.; Phllips, G. W.; Martin, S. F. Organic Syntheses, Coll. Vol. 8, p.451 (1993); Vol.
65, p.119).
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Ex g five of PAmESANVR-ErctiVdiPyibialah 0étilten8 bRAGH R IRN €

illustrative and non-limting and represent specific
enbodi ments of the present invention. In each of the

ex Sujbtts shitd ofasehapine ofrPoruth | aaenambrtean(sJﬁwrdslidlna de)'ivatives of
10anq-‘o¥‘r[151a Qﬁﬁﬂfdg%e 1Vslajlf‘s Bt;t?lngd Prqu'\ dlﬂ% cgJ'nB%aﬁio Bn oggamc base,

I'rs O
vveég@fdaﬁbwmywmrmFr@tfymmlmmgwﬁbtue\wwégtﬁa%ammmﬂmus can be

' N dotifell fbmUtHeU krdhtnleRl Mithag i 24&d rKiLAt ésv%ydrochlonc acid,
z\éﬁochem cal Epg‘om‘l uration. General Methods: NWR

Parois 3¢9, PRBRIGHC 8510 andRyliuEF apyer aih ancreanicagid such as,
Shlftﬁrté)(aapk aﬁmﬂﬂé acld, ditric paid} &rtamf adid, | 14dtio racidpaeic acid, malonic

i ntesdh é@?r {1 [ (L,Ollé "f'c{) sucgm r&hs egroélgwglvag:{qas%?etic acid and

()]

brevi tlon
do@nﬁtmne Stulfom¢ p¢ld}tThecm‘efGU§¢J eid @gdditivresalt ofiasahaping eftFormula | is
vmt@,qgkgtggg,@cpep 233007/ 005876 10 Mass spectra were
recorded on a Cl EX APl 165. GC chromat ograns were
obt ai ned usi ng an Agi | ent HP6890N gas chr omat ogr aph
outThe firtveotioniis lﬂusslratwshydke fellowing Ekampﬂes HPLC
chr omat ogr ans wer e obt ai ned usi ng an Agilent HP1100
20| j quid chromatograph. 5 ER¥AMPEES 0

The following examples are illustrative and non-limiting and represent specific
embodiments of the present invention. In each of the examples below, the compound
asenapine (Formula 1), and its precursor the trans-pyrrolidine derivative of Formula
lil, are racemates, and the pairs of bold wedged bonds or bold and hashed wedged
25 bonds used in their 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).



/ OH Br Br OH ~Br Br ECPCEt AASC | i - C OHp
ad \HHHDCO HEC HHiIiCOOH Br COON N NN A

W@ 200B0a3¥30 benzyl ) - phosphoni ¢ aci d di et hyl est ePCT/BP2007/005876
2- Bronobenzyl brom de (10480g, 4.2 nol) was nelted in
a water bath of 60 C and dissolved in xyleen (734
m). The solution was heated to 80 C. Next triethyl
phd\éasm speciay perenfecouied ®nnad IPE GRIEXadBk d63. 5 rpheamategiams were
POTdptaiEe Jsmgta!aa\gnaﬁqipes@@ow gwwbﬁatbgraéﬂ olliiftet With a ﬁtaﬁek RTX-
m xture was stirred overnleght at he reactio

mi el Wi G sh W&&ﬂ’%{f‘%dﬂ’ G A Hs'&@oa’}ﬂAgéi?"tx's}F?eW& liquid
Thehromatdgeaptas renoved in 15 vacuo at 60C. The product
was dried in a vacuum oven at 60C and was used

wi t hout further purification. '"HNWVR (CDCI3): 1.33

( 6HExamploy CH3); 3.43 (1 H,s,CH2-a); 3.54

(IH's,CH2-b); 4.12 (4H, q, 2x CHZO; 7.17 (1 H, m

ArH); 7.34 (1 H m ArH); 7.55 (fFH m AH), 7.62 (1

H m ArH) 20 31 P-NWR g (CDCI . 81 I\/as%HanaI ysi s:

M1l F 307 and 5309 6Br-| spt opes und B
tron'|3—5b chl o/rﬁ hf]"l;IJr—ox-),Lstl1:I 2
5- Chler osal i cyl aI (féch)%% 88 g, Bl.2 nol) was -@

di et hy

)0 )
added V\:hl|? keeping the tenpewature at 33 C Aftgl

conpl etion'of the reaction water (1800 m) was added
foll owed by 4N HCI (450 ml). The organic |ayer was

wash ¢slpbhb-beRL BRIk digthyi bger (500 m) and
10  2-Bromobenzyl bromide (1048 g, 4.2 mol) was melted in a water bath of 60 °C and

dissolved in xyleen (734 ml). The solution was heated to 80 °C. Next triethyl
phosphite (766 ml, 4.46 mol) was added in three equal portions to the reaction
mixture in 60 minutes. The mixture was stirred overnight at 110°C. The reaction
mixture was co-evaporated twice with 400 ml of xylene. The xylene was removed in
16  vacuo at 60°C. The product was dried in a vacuum oven at 60°C and was used
without further purification.
'H-NMR: (CDCly): 1.33 (6H, t, 2x CHs); 3.43 (1H,s,CH.-a); 3.54 (1H,s,CH,-b); 4.12
(4H, q, 2x CH20); 7.17 (1H, m, ArH); 7.34 (1H, m, ArH); 7.55 (1H, m, ArH), 7.62 (1H,
m, ArH)
20 *P-NMR: (CDCl,): 23.81
Mass analysis: M+1 = 307 and 309 (Br-isotopes) found

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

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



saturated NaCl solution. The organic |ayer was
evapor at ed under reduced pressure 5 at 50 Cto give

WO c@a®eR6edr ono- 5' - chl oro-2' - hydr oxysti | bene (3BAT/8PZYP)7/005876
92%9. 7 6 OH9 Br d ~ 1158, 42 3'HNW
(cbal3): 6.70 (1 H d, H7); 7.12 (1 H d, H6); 7,15
(1Ht,H—20rH—3)721 (1 H dH9),; 7.35 (1 H,
, tetrahydrofurarg)300q M)@NQSladﬂeddyhanksegmg the3@mpdratdre at, 33 °C. After
H )
- ShoRae gyt 1 G St b iAo
phé—rﬁ‘ﬁl 9rggr)1,|prleyqrdw#e wapbeqi vg@ gQ qm Qﬂrbonate solutlon (500 ml) and

t r dafurated NAGPstio& NTIRY Srganic i'b)gglr R4 E¥dpbREuRE rediucetbgressure
t et rahydr of uran
1T a0 P o PSSP e bstinens (3308 9rFR56),

was added at anbient tenperature. Lithium

di i sopropyl am de i n hepté .. ézmr 1070 15 m, 2140

mml ) was then added duri oyrse of 1 hour while

mai nt ai ni ng the ten'pelctuse el Of XE. After

conpl etion of the reaction water 120 rH) was added.

Sol vent was evaporat ed to a smal f ol urre after which

eth acetate (250 was _added. The 7EH was adj ust ed
ér#‘ 2

(J'l

MR (¢PRls) 7%(ﬂ!;'d¢ dtRDof- 12 (1ak ddHE):2615 (1) t.&hd or H-3); 7.21
et rM'IH d RSt 75113@(1(%5?-1121 or HAB)S 7aélq<ﬂd d ﬂzlg)wgzinlhc dl AYSSY7.58 and
ueous ayer was agal n
ext rs}c(?é‘éﬁmﬁidh ) ﬂféﬁ‘gt ate (2 x 120 m). The

10conbi ned organic layers were washed with water (325
m )C Q%S\N : .Srd ‘ Eﬁlgrogg\ﬁ?ﬂgﬁ-ﬁyt Sglidine

cl UQO. [ V\Wd cl
t H&nél?%?'érOf (tzlalni T2- lvpm)? 5( ghlgro2ehydiexystilberiee (81 g, 261 mmol) in

pyrtétf&hyd’rbﬂuean( 200 trnn?&ﬂ@lamnﬁ’é‘-ﬁl—&%eﬂﬁ%l‘é@é 'MB b 9 bﬁﬂ-ﬁm’\oﬁ\} was

9 9
29 é)dgeda at amblgnt te2mperature Lithium dl sopropyi);mlde in heptanefr HF (2M, 1070

15  ml, 2140 mmol) was then added during the course of 1 hour while maintaining the
temperature below 40°C. After completion of the reaction water (120 mi) was added.
Solvent was evaporated to a small volume after which ethyl acetate (250 ml) was
added. The pH was adjusted to pH 8 with 18 % hydrochloric acid (~250 ml) and ethyl
acetate (250 ml) was added. The organic layer was separated and the aqueous layer

20 was again extracted with ethyl acetate (2 x 120 ml). The combined organic layers
were washed with water (325 ml) and with brine, dried (MgSQO,) and then evaporated
in vacuo. The resulting oil was crystallised from ethanol/water (1/1, v/v) to give the
title pyrrolidine (62.0 g, 79%). Purity according to HPLC is 99% a/a.

25 'H-NMR (MeOD): 2.50 (3H, s, CH3), 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



25 1HNWVR (MeOD): 2.50 (3H, s, CH3), 2.52 + 3.09 +
3.10 + 3.45 (4x 1 H t, dd, t, t, Ha- 5, Hb-5, Ha-6,
woeo8)N03480 62 + 4.14 (2 x 1 H, 2 xm H4A + H7), BCTEP1007/005876
H d, H1), 6.94 WO 2008/ 003460 PCT/ EP2007/ 005876 12
(1HdH—3)698(1HdH—2)710+735(2x1H
2xt, H10 + H9 7.52 + 58 2x1 H, 2xd, H 8+H 11
D+E1H,s shph A8 (thaideHt2:; 719‘917@22 THyrtaH110p HyOk 7H80101-68
1 GO, 2kd, H-8%1p6esSs 1. To a m xture of
trans- N-net hyl - 2- ( 2- br onophenyl ) - 3- (2- hydr oxy- 5-chl oro
phenyl)- pyrrolidine (103 g; 280.8 mmol) and di oxane
( 5I-EriAsenapine acitkate; OrddSR22 ni trogen at nosphere
cesium carbonate (109.79 ¢g; 1.2 eq), NN
di met hyl gl ycine (7.2 gram—Yo<0.2% eq) and copper
i odide (13.36 g; 0.25%&q Il The ur,e was heated to
reflux, stirred for 68 / refluxterrperature
and then filtered over iv¥e. The dicalite was
washed with di oxane (3x502w ).% Th mxane was
evapor at ed, whereupon the esi dueoowas di ssolved in
5et hanol (1000 m ). Under stirring aqueous hydrobromc
aCiptocdsd8ft 31.5 m) was added to the et hanol

sol tron., The sus tirred 6 .15 rs.

Tt Saispie o8 BEENE 502 Bioplopehyh Yz ey BoHlotopheny-

coldyeolidiréd (08 gd280e8! mnnalesnd dievcne (5207 were ddddd waisr a nitrogen

sti [ eupon,t

o eFshyert, SRl oo HERSKRDy IR Bieliycine (7.2 gram:
10ny dr¥x eeleand2eprermiodidedt 286 19206 em.sThecrixtuse twag heiated to reflux,

di cditred reBhR0R: atT&ﬁ:xQéﬁé&bfﬁré M&fha%ﬁers@%mca.aankhme dicalite
nesi um sul phat e and

wat er \éﬂ 58 wr'ﬁ dried on ma
evaffS5r gd &ligxgee R0VRls Thedisple yas r?véi?q{%tﬁg’l wheseupon the
( 5Qestdiye wé'@dnéd@lv&d Foéthancd (1008 nlpdelaer stirrmhgladuéesus hgérobromic acid

%Hl)(gé{%; Va%gdn? %ﬁ ]eAh%hglt urgpg!)r} The%{.:gpelﬁg 2 wak 2frred for 16

150V dopiisg IThe cstswéllnglasemmefmdwba@mad@em wag coltrstedchangkdried under
MBSRcam ﬁh"éepréd&PﬁQs?» htﬂdeWﬁ%vaﬁJr'(édoerﬂl) fm%re%aeﬁ lfh%fpmwaé adjusted

The asenaﬁl ne nal eate was col | ect ed dried
vad@ifinbyttha dditiop f Rqygous: S@d'u'(‘s@%w"’lﬁuﬁ"{)ﬂﬁ% d’%ﬁ‘%r i Ryer was
t 0 dxfirhdted Wltﬂewﬁl%o&{emanBSThé'brblbﬁc (4BGha9 waﬁleﬁavll(h?\hzbters(zoo ml),
'%rlﬁd hlmagxﬁ Lﬂ"'n 'JIBh%L aEIé gyaap%gatﬂéli%ﬁ Hasnc?ue V{Iﬁs %ﬁsoﬁ/e?_l.mzethanol
200f (B b Fo this sp)utloﬁwes_addeyea e(o?u!elon 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 to 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.

25 'H-NMR (CDCl,): 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).



m aromatic H s). W 2008/ 003460 PCT/ EP2007/ 005876 13

ESI _MBMS: The observed fragnents at nfz 44, 166, 194,
wWQQomg/0awue) 220, 229 being PCT/EP2007/005876

[ C2HBN] +, [ C12H60] +. , [ C14H1G8) +., [ Cl2H6CI 0] +,

[ C13HBCI 0] +, [C16H120] +. [ C14H10CI O Mel ting- poi nt:

140 C 5 Process 2 Pot aSSI um carbonate (6.24 g; 45.0

mdtS|_MBMSE S ebsepeerfeagmentsas nyz 445166, 1940201, 2\1&@20 229 being

Suqeﬁﬁm‘ad [CRHECTR O YARaRs am [@Qzlélé'éaoid ) [C1BMBCIO)+, [C16H120]+.

%ﬂﬁt was brought to 140 C and nitrogen was
e

suspensi on during 30 m nutes.
treMﬁtmg pbinky14020
2- (2- bronmophenyl ) - 3- (2- hydr oxy- 5-chl or ophenyl ) - pyrrol i
dine (15 g; 40.9 mvol) was then added and the
r edlrpceas 2vi xt ure was stirred for 29 hours. The

Sumium‘c%@&até Ld éﬁgeﬁi ® Yfrhol érﬁ?&iﬁgﬁr-ﬁcﬂ%é I'(‘@ p' b7 ﬁ‘tmmol)

was evapor at ed si due was
( 106raFysPanRdediasterinylageiamide (29 mbmibwitempereturs waSahr@ught to 140
wi tolg amtrmfog@EQvamléd thI&i@h tﬁé)!susgemdrﬁdiﬁhg \mSnudutéedra%LN Methyl-

te
10 SR B AR o e arEgER 45 db 4 o) wes
of therl addedznddhe tEaBtBDrgmnxmte Was istindd) for A9 dﬂbhanblhe $dsp@nsion was
m )f' éred o\()@rt &Eah el?rﬁzzth%I s)oh %% o}éﬂeq}er]' ec"i'ésr Jue%s %ssolved in

er stirri cr sta
nalt@a%r@ (29 @')@@p M@é'veé’dwmdwwrammmm 8ml) WH’OMUHW%@V (50 mt). The

yi ledérféglaﬁergfvﬁ drizd%n mE’ dstum &ﬂﬁ%’té‘ ahd@ etréibohﬂ?é@ The residue was

15( 2}49 ss&@e%nsetg%raol}/ﬁ é?Dqg %reﬂu@an ) %oéutlochf (l'ﬂ?lelg)@fh (4. 83151 414

2x lhrolpincetizanoHER) ml) Bn@wate? H,.825ml) wias added did2r stirringal Aftet stirring

S 0 e Sl B iR 9 gl
2293B81Imgt 40[ 9in9-8 P@I5HED Prity[acgording @) HPLC is 99.9% a/a.

[Zglﬁ/bhﬁﬁ@]:ﬂmg QléH'l%ﬁl Q] £-N- é@ng# m, Hb%ﬁl@)c's% and 3.62

20¢  4ffe eraHhili 4P 2By gr?aaﬁanww@c (3. s, 201 3% 7H

phemydrgmatjgy\H’s)ol i di ne (10 g; .3 mmol ) in nethanol
1 2 e .
gb%"n%é%m ?heagﬁs%ﬂ/eﬁqdﬁﬁr%né t%/z r%d%gt%goﬁﬂé‘?:z})?, 2}@ 229 being
m ﬁg?l@@_l]tifﬁgl-@@]véﬁHHmOh [C12H60IO]+ [C13H8CIO)+, [C16H120]+.,
[C14H10CIO].

25  Melting-point: 140 °C

Process 3
To a solution of trans-N-Methyl-2-(2-bromophenyl)-3-(2-hydroxy-5-chlorophenyl)-
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 ml) 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 ml) and extracted with 5 %



was evaporated, toluene (73 nl) and DVA (18 m ) was
added, followed by CuCl (1.00 g, 10 nmol),

wal2owsmsbgl yci ne (2.20 g, 21.3 nmol) and pot asBCT/RP2007/005876

carbonate (3.77 g, 27.3 mml). After refluxing for 4
hours, the solvent was renoved in vacuo. The reaction
m xture was dissolved in toluene (55 m ) and extracted

wi t3NBeNI3 Gehitipnd8 <0 mBoTeCtpluepe tRy¢Y Wasaresl on magrasi sulphate
soldatli @@pdrated. The 'l‘fé§|dueTW§s dRk&IeRE in @-)Sﬁipaﬁélsﬂdfmi?d/vﬁé?eupon a

o SOBROLE ToleB 2505488 ST BHYn SenaBil o oielen 62 m

of wealagded aded st(angl&ftgc stigthgdomtéotaurs the 2rystatsi asénabpi8 maleate

5”} )Mée?gg?ll}’g?{relggangldréa 1@(’%!‘ vé%ﬁmaﬂ%d"djgg@ngg#(j) Hn&g 55%& Purity

ours the cr sena
nalaﬁaqfé'nst%léP'ECtS&Q%@(aad and dri ed under vacuum at 40

C YHENmIRrQGD@lsP 2583}32@55%%5% h4 YoH Qﬁ%@%n@%%ﬂ?'—&d 3.62

gsi%ggo/ l 2{1\4 Zang 20546434 ()2[; %1vm3m<éH§ ‘gina|?'?r?°'§)>(§i)q1 -7.36 (7H,

2x hh,ZrematicAKs)H- 5); 6,24 (2H, s, vinylic H2 of maleic

oacCl 1 r S)n . X .
1030 S Bl 1le ;étgse%e ireofflenfita W5 ‘%6?161‘2.?21: }@o?}"%!\@g being
220dC216M+ lire1 %@O]f (R HEN00]1. CJI@HBIG@GIOH, cmawo]oh,, [C16H120]+.,
[ijémﬂ(,@]d] [ CL3H8CI 0] +, [ C16H120] +. [ C14H10C Q.
Mel'ting-point: 140 C 15 Exanple 2 O " OHI 1l ~OH A

0" Meltifgpeint48°¢1s 0 | ¢ CHOO O HH/ D O \

H HE~I HH 1000H COON N N N A

5(2 éx%do ;nzyl ) - phosphoni ¢ acid diethyl ester Triethyl

20

25

osp'H?rB{-e- 66.6 nm; 94% pure ca. 396.8 mmol) and
2 |odobenzyl chI oride 20 1 (100.8, 400 mmol; nelted
prior to use) were mxed with xyleng (65 m) in a 250

I OH
Osp; T~ O P _c .
EtO OEt B Cl

(7~ ~COOH
COOH

A: (2-lodo-benzyl)-phosphonic acid diethyl ester

Triethyl phosphite (ca 66.6 ml; 94% pure; ca. 396.8 mmol) and 2-iodobenzyl chloride
1 (100 g, 400 mmol; melted prior to use) were mixed with xylene (65 ml) in a 250 mi
roundbottomed flask. The clear solution was heated to reflux 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(OEt), 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(OEt),); 4.12 (q, 4H, 2x
CH;0); 6.99 (1H, m, ArH); 7.35 (1H, m, ArH); 7.54 (1H, m, ArH), 7.89 (1H, m, ArH).




roundbottomed flask. The clear solution was heated to

reflux while stirring for 24 hours. The reaction was
wo odoBovgEe by GC and ' H- NVR (CDCl 3). The di sappeel/EPm07/005876

proton resonance of 2H, s, 1€H21 at 4.73 ppm and the

new 2H, d, CH2PQ(OEt)2 at 3.47 ppm ver e i ndi cative

for the progress of the reaction. 25 'H NVR (CDCl 3):

1. Massanalysis: M1 539p: (CRisatppgsapundy, MGFI@S@(@EQC)@)% faundp
(q,4H2x CH20O); 6.99 (1 H m ArH); 7.35 (1 H m

) ; 789(1HmArH)V\D
20684888 259de:5 rehieroyd ALY 6 5 Mass anal ysis: Ml =
355rh(e@|esm|mgt qutﬁiibnfoﬂmdde (Zvioag-baﬁz@l)(oﬁbsphsmt ca@msdfetwlndéter was

: | b
S e OB TG ot ifipgraifc =B fied 20044 e S3len T ooVl Sptiargehe
aci(2.i4 a1 39618 mmok i Qms) in FHE ¢t009dmh. & he@ohtunrewwmadmth an ice
an%afmt%rbaadd@dethﬁ(ﬁ$ d”B?@ rﬂnrﬁél 2 19 gg%wgs add?d in poglons over 5

5 chlorosallc

eq.MngtRS Fngan 3500°. m'ry\ost Flsar saiion viaw cReznedobtdienal THF £190 m)

| Cavashtibd. tAttet stirrifly for aK@kiitiora® 70 AirlitesBhS |0€TBéih wds fethoved and
ns o

t
105 1hardBR S e wBE Wit B s ronh B R FAKIRE 1 guy water
THE2301®) wak addesbandaaticlear. orakfgeaplution was otjaified. Ethyl acetate (400 ml)

addjdsi gk ft;llgwg&l 'Wtsgﬁnét@@ aglgp% WE ﬁalél &gﬂ)ﬁ &ﬁnﬂfegﬁggﬁ}g phidse was

reacti on m xture was st
t erfe3ratedapd capgestrated h'adﬁr VREUS to givsthSg j>1\Q,a%=) atidégn, 2N HCI

anq?@t 2A0SR) Wk Ag6ed ﬁﬂ]b\h@d W‘et“@iac@l*éteaézﬁﬁ%l) E—hé‘}é}gamc phase was
acetate

1 5a q &ggﬂgte&a%ledm \ﬂ{%ﬂ) N\Na§$04 ?Hg eg?pl%ﬁ?&e B‘Fﬁ?{ vgc%gg to gﬁ/g 127 g solid.
S e Jhisastoidi was theo ctircezhin meggedthne {810 miy foo 18 mibwiegatweorh fdmgerature.

( >]TQIQ0@e C?% Aoilde -Iv-\%g l'hter%&l ob@ a %g% fi Igﬁrz\gg )W|WE]‘1S &ggr%?(ggeml) and

follo acetate S%D& e org

wad ”i@ ug@ep' allaaltl@@i at tei f@'@%@\@hom yieleh @f @@a’ﬂi@ istibere was 111
unq;eémy@mu/er)nvﬁ@p@uu&wlagzs& witoufkurtherpufificafidd.d was t hen
stirred in n-pentane (500 g1) for 15 mnutes at room
tenperature. The beige 6?10 daowps filtered over a
glass filter, washed wit (50 M) and dried
under vacuum at the rotg 4 The yield of
the title stil bene was O 9% . The product
was used W thout further purificathn2 7 6 SOH C 5

28 ~, 42 203 3

Mass analysis: M+1 = 356 (Cl-isomer found).

'H-NMR (CDCl,): 6.8.1 (1H, d, H-7 ); 7.05 (1H, d, H-6); 7,18 (1H, t, H-2 or H-3); 7.22
(1H, d H-9); 7.34 (1H, t, H-2 or H-3); 7.42 (1H, d, H-8,); 7.60 (1H, d, H-5); 7.52 and
7.98 (2 x2H, 2xd, H-1 and H-4 )

25
C: trans-N-methyl-2-(2-iodophenyl)-3-(2-hydroxy-5-chlorophenyl)-pyrrolidine

A mixture of trans-2-iodo-5'-chloro-2’-hydroxystilbene (56.1 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
30 dissolved. The mixture was cooled with an ice bath to 0 °C. Then, a cooled LDA



Mass anal ysis: Mrl = 356 (Cl-isomer found). 'H NWR
(cbcal3): 6.8.1 (1 H d, H7); 7.05 (1 H d, H6);

wQ@ 208/00346¢H, t, H2 or H3); 7.22 (1 H d H 9)PCTEBMT/105876
H t, H2 or H-3); 7.42 (116, d, H8,); 7.60 (1 H d,
H5); 7.52 and 7.98 (2 x2H, 2xd, H1 and H4 ) 25 C
trans- N- net hyl - % i odophenyl ) - 3- ( 2- hydr oxy- 5- chl or op
her§9|U}'°’b9fr°taoI4| 2HEN Mrip hgptane HF/ethylbenzene; 1.04 moles) was
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st isplutien. K1pen A RN (T RARIANCA300 ) fasthiAthes Sqliion Wletsdiming gave
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él ca?q%é fi |t|%¥e%;wer¥‘@brﬁgln¥\@%ncgé\5 an?éaJ dﬂ% %’%c%‘ﬁ'tS PK/Q B3 grams

ac il awaich 00 amey'a Meofdzﬁm%@acqwlg@m NN analysis. Beifieation by
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202I0|4l]t |'B'ﬁ°'h&{3ﬁ ﬂﬁoqvg’fagﬁ'eg"f ??Cﬁeﬂsogne (SOOglmv) to this

ether solution while stiryimng gave ) yel | ow
precipitate. Filtration Qi filter and

washi ng with n-pentane d g gave after

dryi ng under vacuumthe purey P duct (46.5 g,

112.6 mmol ; LC>95% pure) as |7bw solid in 72%
yield. Mp.: 123.1 C (onset)’ ﬁrz@ 9 C (peak). The
filtrates were conbined and evdporated under vacuumto

gi \M‘asg%ngfyéﬂs M+°? '—'414"(6! |§$}n&986 rlﬁq -341'2QE| R5mEr Bghs

aCcgcor al tion
o RN 0, Y60 (1.9 BHyaeD +ea 96t B i A2 (A & dd, 4 ¢ Ha-
acet Hb®, ga6eHB-65 S2NAHCHOR4 ¢ H7),6.82 3R, 4.1H-1), 819RI(1H,26 %) 3),

25116 3V ?ﬁa' Y §59 P 6211 BH-10 + H-9), 7.51 + 7.85 (2x1H, 2xd, H-
8+H-11).




110 H~9 d 11/ 8 ,,, H~at 471 5N61
Mass anal ysis: Mrl = 414 (Cl-isoner found), M1 = 412
w@ giosiosmaser found), 'H NWR (CDCl 3): 2.60 (3H, PGI/EE}87/005876
2.30 + 2.96 + 3.77 + 3.42 4x 1 H t, dd, t, t, Ha- 5,
Hb-5, Ha-6, Hb-6), 3.22 (2H m H4 + H7), 6.82 (1 H
d H1), 6.92 (1 H d, H3), 25 7.02 (1 H d, H?2),
7. B Asepapine (2x1 H, 2xt, H-10 + H9), 7.51 + 7.85 (2x1
H 2xd, H 8+H11). WD 20Q8/Q0346Q PCT/EP2007/ 005876
17 D:. Asenapi ne %+ ~. , 5, Process | A
m xture

Cl
(2- hydr oxy-5-chl orop

trans- N-net hyl - 2- (2-i odophayyl ¥ 3-
henyl)-pyrrolidine 5 (46.3/g ¥12.6 mmwol) and cesi um
carbonate (100 grams, 306.9gof) in N N

di net hyl acet am de (DVA, 350 rﬂ) was heated to 140 C
(|nternal tenperature) while *stirring. After 2 hours
no Pheessapi ne was observed by NVWR anal ysis of a snal

sanpl I t
ag a%.)n"q"é‘é’%r Ltlkréﬁng ﬁéth t A ( c%rphgrhyveav?(% rgfagﬁg% chlo-ll-{b%?n)rl) -pyrrolidine
5607(46'5 ngd2.EsPmo8 ; angs eejura regraonateni 190 wrema/aéoﬁq%anr@gll) in N,N-

ov erﬂét%&ce(ahﬁdél IR Uisd)mi) &ES’ ﬂéé’(é@ & 140 “WN\Ricthaliempetatdre) while
m Xt.ur quf'h artin material and Asenagl ne was

0 btsafr'ﬁgd NOHBSATR: AASGRAPINE, RS CPIRIVED PYy (VMR iaRalysi pf 17 small
C h rsampteg)gmlﬁptbytmg rdéteNHRNas( £7868n3) TheR sagalh desium ag@@iE08 g) was

(1 SREER e BT W Rs i ) oo e iy peated et 10
10phéwyts).-According to NMR anaIySIS a mixture of starting materlal and Asenapine was
obtained. The product was subjected to purification by chromatography. 'H-NMR
(CDCls) was in full agreement.
Process 2
A  mixture of trans-N-methyl-2-(2-bromophenyl)-3-(2-hydroxy-5-chlorophenyl)-
15  pyrrolidine (27 g, 65.4 mmol), cesium carbonate (42.7 g, 131 mmol,) Cul (4.98 g,
26.2 mmol) and TMHD (2.39 g, 13.1 mmol, 20 mol%) in NMP (250 ml) was heated to
160 °C (internal temperature). After 1 hour the reaction was complete. After 4 hours
the mixture was then concentrated under vacuum with a Kugelrohr apparatus to
remove most of the the NMP. 'H-NMR (CDCl;) was in full agreement.
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15 pyrrolidine (27 g, 65.4 mol), cesium carbonate
(42.7 g, 131 mmol,) Cul (4.98 g, 26.2 mmol) and TMHD

W@ 200800360 13. 1 nmmol, 20 nol % in NVP (250 ml) REBEP2007/005876

heated to 160 C (internal 18enperature). After 1 hour
the reaction was conplete. After 4 hours the m xture
was then concentrat ed under I\‘/acu%mvvlth a Kugel r ohr
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VaHBHH4Y ITesoor 038qex e s, teHE StHd)| 7.3ediH rdy m=L1d1AROblefin H), 7.49

or gani c er was was vvlth brin

oyl by 1 Gl 5
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25

30

Mealting Roipt:(134(1865°09) of the title stilbene. Purity

gcg\%{s L 81 tg%é&%@ 35§ (gr——lgotgf)e(%?du?d "H NMR (CDC 3)

7.10 (2H m

= 16 Hz, olefin H),

C: trans-N-methyl-2-(2-hydroxyphenyl)-3-(2-bromo-5-chlorophenyl)-pyrrolidine

trans-2-Acetoxy-2'-bromo-5'-chlorostilbene (1189 g, 3381 mmol) was dissolved in
toluene (5350 ml) and trifluoroacetic acid (10.42 ml, 165 mmol) at 33 °C. N-
methoxymethyl-N-trimethylsilyl-N-methylamine (670 g, 4153 mmol) was added in the
course of 1 hour. The organic layer was concentrated under vacuum to an oil. This oil
was dissolved in methano! (4160 ml) at 30°C. Potassium hydroxide (209 g, 3725
mmol) in water (900 ml) was added. After 30 minutes, the pH was adjusted to 8-9
with 3N HCI (approx. 200 ml). The mixture was stirred for 30 minutes and filtered.
The product was dried for 24h under vacuum, yielding the title pyrrolidine in 1188
grams (96 %). Purity according to HPLC is >99,0% a/a.

'H-NMR: (CDCls) 2.25 (1H, t, H1a), 2.53 (3H, s, CHs), 2.86 + 3.25 + 3.31 + 3.67 +
4.05 (5x1H, t, d, m, t, m, H1b + H4a + H3 + H4b + H2), 6.62 + 6.82 + 6.92 +7.08 +
712 +7.35+7.42 (7x1H, t, d, d, t, t, d, d, aromatic protons).

Melting Point: 167°C.

Mass: M+1 366 and 368 (Br-isomers) found.



H3 + H4), 7.30 + 7.35 (2x1 H, t, t, H2 + H3), 7.39 (1

H d, J = 16 Hz, olefin H, 7.49 15 +7.56 +7.68 (3x1
waoi2ood/00de0 d, HA' + H3' + H6') Melting Point: 1Bd¥EBBCI/005876

Mass: M+l = 351 and 353 (Bn9i sotopes) found. C

trans- N-net hyl - 2- (2- hydr oxyphenyl ) - 3- (2- br ono- 5-chl oro

phenyl ) -pyrrolidine 20
trzgéamm%rom) 5' -chl orostil bene (1189 g,

338:loég§(gl1) was di ssolved in toI uene (5350 nl) and
tri acetlc acid (10, 42
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7 420(gyms)|_pndt theg fi ItQ{edtThet tolugne ovas demavad by ycoumndstillation. 2-
I\/E|Ftrd>;iHEoP@l0m il) MBsCadd¥B hd Vitduns @fstifadio3@Move the solvent and to

(Br-isaoners) found, WO 2 /O 34 P200¢/ 00587

154 o 434E S5ioplne 38 A HRAE Do AT 2L.0-5 5.0 2158l wip dlssoived n 2
r ommbabdt(ﬁbmd)'jatfﬁaéﬂfCV\EBls solutlon was added to the yellow oil at 45-50°C.
tr o o
br 2"35, s@'[ 'ﬂﬁrlﬁ g)ré% cﬁoné&}é?% - oV, t%ﬁ%dé‘lg?jg%fd at 1£) C,o(or 2 hPyrs The
c e $pligls, weie @@ng @nq _wgsl'gadgmth 40 mhecald q 2 propanol The solids were
Copiped af ‘)O?Ut@ bff&ﬁ a(vlhlfé DI WeightOs. éerém@iTBue a&hapine maleate was

207, RS B dreaache 2o HoUE 1 gtdheBhgmh ot 55-60°C anc

s ushEnsowln addihg n-reptane \(1 A mid Sgad seydtalsi wére radtied ged thendixture

he | g {

MR ) G e e o
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2522 AR THE S oS el B e A Fingdr o =
wadlieshixturé lof 2cefidherdndaf-hétarendonl) &hicA lhad been cooled to 5-15°C. The
material was then dried in a vacuum oven at 60°C. Yield 8.8 g (88 %) of asenapine
maleate (orthorhombic crystal form). Purity according to HPLC 99.0 %
'H-NMR: (CDCl,) 3.07 (3h, s, CHs), 3.94 (6H, br s, pyrrolidine protons), 6.27 (2H, s,
30  maleate protons), 7.00-7.26 (7H, m, aromatic protons).
Meiting-point: 140-141°C
Process 2
To a 250 mL flask, trans-N-methyl-2-(2-hydroxyphenyl)-3-(2-bromo-5-chlorophenyl)-
pyrrolidine (5g, 13.6mmol) , powdered Cs, CO; (0.8, 2.5 mmol), powdered



toluene layer was stirred for 30 mnutes with ECOSORB
GL-793 polyneric carbon (1.0 granms) and then

wo 2dos®oEE0 The t ol uene was renoved by vacuum PCT/EP2007/005876
distillation. 2- Propanol (0.0 m) was added and
vacuum distilled to renove the solvent and to 15 | eave
asenapi ne as aeéel | owish oil. Maleic acid (3.5 g, 30.2
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pr ot ons rocess
rrL hp/prgglge (3N, 90 mL) was added. The mixture was filtered through celite. Methyl

t r amHF (o L) ek -addéd toh el FikrsieD MR ¥ighnid 1dyér WA WRsHd Wb @lﬂ&tlonal

20p %géel ) tﬂ?x o O| I di m&e@%%%g)g)@bgﬁ%dvaesr%movef by vacuum

PCﬂﬁﬂM@OH 00%?6 tofivepan aitsThensaltas moatetie A Gopanol 29 described
m‘rodlb ve, CuCl (0.5g, 5mml), N, N -dinethylglycine (1.1

6 nmol) and N, N dinethyl acetamide (11 m-) were
chaﬁlgﬁi_“The slurry is degassed with nitrogen and

heatoesl56mbAiatk wée érﬁﬁ;dﬂ&ﬂ%h@ﬂ rRdtKj1IL (- @r@ﬂ»ﬁﬁeﬁlyl) 3- (2 bromo-

25, p & UGAEPGPTPS G ERCINC ) TRk T .

5- Tarbooates .(7.5bg rsdact mqrml); sNgNadxh'emylglycheor(rz anmar:ﬂi)mole and
21 ARV oo TP S i PETREIB1 199, 4 s
t hdhgrrgzatiPe Wagyeqnitafed rbys-lw%qufé dhss starting rmilaier(aizwas tessithan 2%.
Therhe reaction mixture 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.



tol uene is renoved under vacuumto produce an oil. The
salt is made in 2-propanol as descri bed above. 10
wee@smsrR6B@ To a 500 nmL flask were charged PCT/EP2007/005876
trans- N- net hyl - 2- ( 2- hydr oxyphenyl ) - 3- ( 2- br onp- 5-
chl orophenyl ) -pyrrolidine (10g, 27.2 mmol), CudC
(1.0g, 10.2 mol ), potassium carbonate (7.52g, 54.4
di met hyl gl ycine (2.2g, 21.3 mml) and 22 niL

N, N<di_net hyl acet am 2 m). _The slurr s degassed
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113 MMe).C for 3- 4 hours. The reaction was nonitored

bny oyt starting material was |less than 2%
15
rlgact Pgbléfﬁhﬁf?ure was cooled to 20 C. Tol uene (50

m -) was added fol | owed by 30 aqueous 3N NHACH (90
mM B: Namdthoikimetd1-NQAFimethyliitNEGReth iaeni.h@yers wer e

- th tolu
(319 SeodAd) so uma?@”@o?fﬁg@n%%mﬁ B7B 3 BRTAS alafest g added
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~Siszphratdd: S"I' 6 N’eQargarﬁe Iayer potassmm carbonate (2 grams) was added and the
I\/Ethl-t }/3 am}/ | - am ne
rdanics were stn red for two hours The potassium carbonate was removed by
filtration and the product was distilled at 45 °C and 20 mbar.
25 'H-NMR: (CDCls) 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.
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A pressure flask (500 mM) was charged with
chloronethyltrinethylsilane (100 m, 716 5 mmol) and
waoswepeeous net hyl am ne (373 m, 4.29 nol). HEGEEP2007/005876

reacti on was heated to 85@for 6 hours, the reaction
generates | ess than 690 nbar. The reaction was cool ed
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met hyl -t ri .‘nst hyl si | anyl met hyl Lani ne (205 g, 175 ol )
re ! orpstilbemeni xt ure was bel ow

5 @-Br’gﬁfohéﬁt?l br()ﬁ#den¢2)6 e o@dﬁ&ncf Qldefush b \ROE 3851 100

car bonat e% ter stirring for one hour
S ayer Nextdyethyl B'éﬁ?ah'éﬁ d8-3 "ﬂooﬂ%meb Yanpededgrer 3936&"&?@ whife the

carthapabrd wagképthelodns16addere adurk vaas smhgawczs h&ﬁ‘é &t 115°C,
stirre Ot assi um c?r bona

f t h T
VRS Pt Mt T adbe PGS AR RS PG Frpggture and
at diGted wthdTHO (3ﬂ:&ml) KOtBIH3MRorahGDOIZ3Y roolp®ag Gidsoleed in THF

Si :_Y‘ﬁ??ﬁ m|)é?g§)ccfo?d tg %"S"‘?}% zob_ré %%eﬁé@ph%mﬂ}éﬁpachd%w ester-

1030 spiotionpes addersat LS/ e Ghiprcsaisgialtiehyde (% 2rih(0c1 19 rapd in THF
Br (B2 ml) $A€ addadCht BPCATIRe midre wdd $hirre& forEdneOhddetat B5°C to 0°C.

When the reaction was complete acetic anhydride (28.3 mi, 0.301 mol) was added
and the temperature was allowed to rise to 20°C. The reaction was complete in one
hour and the mixture was cooled to 5°C. Next 250 mi 1N HCI is added rapidly. The

16  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-9), 7.19 + 7.34(2 x 1H, 2 x t, H-2
20  +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).
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2- Bronobenzyl bromide (25 g3 0.100 nol) and tol uene
(25 M) were heated to 100 5 C. Next triethyl
phosphlte (19 3 m, 0.108 rml) was added over 30
Fag1S- yl-2H2-bromephs 1 3+(2-hydroxXyefrehiprdphenyl)-ggtrolidine
ThQraﬁk-éIBﬁérﬁo-‘é’a&e‘fdxyfsf Q&iorfagtflbe%er@é’ g5 7§tmril|ér|§3@as s Hlééjem toluene

COSH ViR A0 e eosaP a6t 7 NPT wsenaed The N

E(%n&lhc()@ﬁeﬁ?lylgﬂ-afmeth)iklIammmiy)am(1dl&gﬁ @b \eambln whsladded to the
0 . .
el rRits SRS b fiea e 2y e rgstonms sted wi weter
soI(Zﬁ n@nTheatqluaddwds eemdyedby Masuuncdistilatama Ethandl 43@iml) ywehs added
( 1%n3 rgrvnO\QalerQieFTFléd).lcéd1 pr-g;gﬁwe (ﬁ?e ﬂio\)vaél\@és@vgt%eﬁorﬁ%tggno?(go ml).

The m xture was stirred for one
W Etasgismy Rysepdden(S @ame dnpP sl evaleritwas addled dfheleroded began to

m prétipiatk iffleliatehs ARGOSTIminatd, hi @Htﬁém@téarte 8V@Rith 3N HCI (8

2L ARk g, O i SR PG RTRAE Sl i 1

m n1etll\arie|CIwat€ ddelddh vaquudi 1o, 26[01grahis (R6Japietd).| Ruyrity atcording to
vvamd;l gb/ g,go m saturated NaCl sol ution. The
organic Ia er 1s evaporated under reduced &r essure at

50 U:N'%@MQ% 2t5|9é3*t'|9c, Célsls 2i521ehed 1 A-193. Bagydx b, t, dd, t, t, Ha-
(73%%1b-50Hab1Hb-6),8.62 94 B8 (2 HHO2 smH4 PHI ,6724(113 <§5H1 ,6.94

B YL R RN INEN I
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(1 (2%1HJ2xdsHe§+H-71)46 (1 H, d, H8), 7.60 (2H, dd, H1 +
H4), 7.68 (1 H d, H 5). V\D2008/003460
PCT/ EP2007/ 005876

D+E: Asenapine

See examples 1 or 3 step D+E

Example 6

O O O o, ——

o c. e c' AL ; §/ Zooon

A: 5-chloro-2-fluoro-benzylbromide

5-Chloro-2-fluoro-toluene (100 g, 692 mmol) was dissolved in ethylactate (300 ml) at
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




23 C

trans- N- net hyl - 2- ( 2- bronophenyl ) - 3- (2- hydr oxy-5-chl oro
w@b@apbuepyrrol i di ne PCT/EP2007/005876
trans- 2- Bronp- 2' - acet oxy-524chl orostil bene (26 g, 73

nmmol) was slurried in toluene (91 m) at 33C
Trifluoroacetic acid (200 mcroliters) was added. The

N sHecinigidprasedipilatas: Afteridtration sindywyashingeithyheptanaethe rasidue was
g, wiBhedd WAR wateka@ 560 aftd The fiithfe Wak @3R¢dnAELeR |Pftv‘é&§?b RJVGI"yness

wi PR 882 qromS ror i, & Plore MR pTRE. Bpntatenf the

di sridel plbdtmn(MEtdnan@)I wgs3done by vsmaura ditbtillation ratl 98 eCaned B3 mbar,

5un ﬁanoﬁ%go?é-gglhx_?r;o?ebséﬁ%g g@@gu I%;%J'K\%S?Sd 9. S urlg/dz?%:grdmgztg GC is

m &Xa&"é@ﬁ was added. The product began to
Pr SALNMIR IEBCI, TR @184 YeH AT A @F (180, Hap Ui 85 th\eHQ VBS(1H,
adjusted%{:oé9wi(th e, (510 m?. A A m
m) H8ind cooled to less than 10C. Filtered and washed

ed wat eér (10

with 1:1 msthanol vvater Driedin vacuumto 26.0

20

0
di na, tR HPLC is 98 %

52+ 3.09 +

3. ﬁGChlot©—24®0(04=hermbetom|de 630 g; putity abda)rdlﬁg toHBCH,2 Ylm/ 2.42 mol)

Hb- v@s he§te§%t 1'0(f1 Clélno(t?l t?ylé'h&lghl?ﬁ_ft ’_%4% }MaH%dégd &idwiy in 1h

Tl7e mxturew%st(r@glfog_p r’@ms at|_1_ owlyy TI;,IE_ (350 ml) was

7 Faﬂdécﬂéﬂd b‘lstnl%l!d)ff n il id- ek IbromDéEvasAdiﬂé&éH Nﬁﬁ{e To |solate the

exa

e(‘%_ iuloa-zép %%W)dﬁo?&nomc %p A % %ylzgstgr the |7ea§|oe| mixture

H .was.chbl&Htdtoom.témperkture, yielding®8H gram<)(180 B)N COON A:
5-chl oro-2-fl wuoro-benzvl brom de

5- Chl oro-2-fl uoro-tol uene (100 9, 692 mmol ) was

di <gdraps®-¢hlorsr2-fluorerithydroxgystileene at 25 20 C. To this
sol ution N-bronosuccini m de (147 7 g, 830 nmol) and

di benzoyl peroxide (2 & 8
m xture was stirred at 80

mMolg), was added. The
ours. Heptane (300

m) was added and the solu pbl to 0 C
wher eupon 4 2
3
To a solution of potassium tert-butoxide (1088 g, 9.69 mol) in tetrahydrofuran (7 I)

25

30

was added in 17 minutes at 0 °C crude (5-chloro-2-fluoro-benzyl)-phosphonic acid
diethyl ester (680 g, 2.42 mmol) in tetrahydrofuran (3 1). 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 |) was
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 trans-5-chloro-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 HCI (1M, 5
L) followed by saturated NaCl solution (4 L). Concentration under reduce pressure
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precipitates. After filtration and washing with
whesamaeo t he resi due was washed with water (RSDOPI0)/005876

The filtrate was concentrated in vacuo to dryness,

yi el ding 162 grans of crude

5-chl oro-2-fl uoro-benzyl brom de. Purification of the )

cr (@fardsy depgep- C(“P!PIZ'@P%fﬁe?j hygsexyetdbrnen (4§ cgigms, 69 %). Purity

d| satcbéruiagw@caggagag,‘aand 33 nbar, 5 this

pur PR AERELH A BFEaY; 88 Tn s, 4078 Re ik e 15 (.

4. M, HEH 1 (1HCI)H2),77. DL (1H]L dHA8Y, 7.4KB)H, df HBR 7(54 (4H, gdl, H4), 7.61
H4)(,‘H7dd’3§|5 1H m He) 10 B:
(5-'chlo -fl uor o- benzyl ) - phosphonlc aci d di et hyl
esthass a?slabﬁis@ (Mt Q:HE]" 5389 ahd A%l IMnCatile27760 239, [MTHEI t=¢49 and
ac%ﬁd('dl&o Eeﬁsuzc% SRPHVA- Hég4&1§0|) was heated at 100
C and triethyl phosphite (403 g, 2.42 nol) was added
slowy in 1 h 45. The mxture was stirred for 2 hours
at D:QRans;N-miethys-2qipherdilE3{3hGord-5-chidfophAGiE-gnablidine
distilled off, until no ethylbron de was detect ed by
NVR To isolate the 15 crage 9
(5-chl oro-2-fl uoro-benz I aci d di et hyl
ester the reaction m xt Q yof el to room
tenperature, yielding 681 gr"é 5 ("TDgH% . C
trans-5-chl oro-2-fluoro-2' hwo oxystilbene 7 6 E 9
10OH cl 0oC~1 58, 423 20 To a solution of

potassi umtert-butoxide (1088 g, 9.69 nol) in
t etPraesss l#sing trimethylaming:N-oxifesdihydrate7 ni nutes at 0 C

cr U@ea 6SIuidhl & tRnd-stdnitns- Q'thr’&ZZ’hgdr&HBﬁIBé}@"ﬁ% @%rﬁs 1 31 mol) in

1) Tepbaiiesn (L1 sfoahieone okt ihiah ar2o o

(8

e ity G750 %, 248" niol) was
Saladdgd al 6é0y tieniyr3 AbsapropyiatifideTnl dyciohexaat 21y 8 saf 8)62nol) was

15( 3 tll\e)n lea%aao%ﬂﬁﬂth%"cg Estje %fﬁolligur Wi |é ﬁ{a.rﬁé hi RW% agjr? at 5 °C.
m§@5 cerarletipnaaf the @aptpfbtﬂt@(ﬁwdd‘lw| ¢1.8 Dawasyadded at -10 °C in 30
( PHFA: e orGbniSoifent Ras ‘éf/%?ét@d BRAHE tBsned MRiuAS, Sth a pH of 10

dried over nesi um sul phate, filtered and
Coﬁff?én?’ft?ﬁ?& %mj@'thyll éﬁﬁ@ (2 1j. Concentration 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 v/v) at 80 °C, slowly cooling was
applied unti 0 °C to recrystalize trans-N-methyl-2-(2-phenol)-3-(2-fluoro-5-
chlorophenyl)-pyrrolidine. The crystals were isolated, and after drying under reduced
pressure to gave the title pyrrolidine (207 grams, 40 %). Purity according to GC 98.2
% ala.

25 'H-NMR (CDCl,): 2.44 (1H, m, H5), 2.54 (1H, s, CH3), 2.90 (1H, t, H6), 3.19 (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), 6.98 (1H, m, H1), 7.12 (1H, m, H9), 7.17 (1H, dd,
H3), 7.18 (1H, m, H2)



pressure. Coevaporation with heptane (2x 700 m)
provi des crude trans-5-chl oro-2-
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MIBE (6.5 L) and NaOH (23826g) in 7.5 L. After
stirring for 3.5 hours the organic |ayer was washed
with HOI (1 M 5 30 L) followed by saturated NaC
solBrecess 2 usiny trignetbplaming-Nexidganhwdrateiuce pressure WO
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-1 sot opes f oun
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107 4434 SRR R e ERtR anderdedipes PLesst Ripvigge crude trans
t r dsedye| phen2h-BHduaroB-chinrdphexylspiytdidine, Whidiway dissolved in

1. gé]chdﬁm/\)/atépﬁ%ﬁﬁl.r Wgﬂl9gﬁ§@nc(30\?¥%olgmg was, applied u UP}H 0 °C to
éec%%%l@z?@ gnssN-gethyj-243- 9%'\90135(8;5':“9?9;/5! @nﬁ»ra@qnml) pryrolidine. The
gycdwsmxwe@ (sdited3 a?d |aftﬁ|3d@21ahn@1ld)ar Y&ficdp pFé%@ur}e?ﬁ%%de the title
urin . our i aining the
erﬂyg&ﬁ# 882 éfé? P“A‘Fyt%crcoré’Wﬂ? gplr%’lg]éf afhe reaction
sat'HFhﬂHE(ﬂCan)CIZ 441(18B, in) HERS.53ddieds, AH3) 1D iH) t,306), IiAN(1H, d,
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i S i 28 gg'ﬁf‘%&%%@ b PR R I B IR i, 670
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re4P 334§| W =334 and ﬁ&@)dMFblht-é% and
( 8598 (Cl-is@opesfpwid),at 80 C, slowly cooling was applied
until O Cto recrystallize
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COCH
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A mixture of trans-N-methyl-2-(2-phenol)-3-(2-fluoro-5-chlorophenyl)-pryrolidine (205

g; 0.67 mol) and potassium hydroxide (44 g; 0.78 mol) in N-methylpyrrolidone (2 1)
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 3l). The organic layers were washed with water and saturated NaCl,
concentrated under reduce pressure to afford crude asenapine in 187 grams yield.



chl orophenyl ) -pyrrolidine. The crystals were isol ated,
and after drying under reduced pressure to gave the

wo 2dos@ozage rol i di ne (207 grans, 40 % . Purity aECDEB200T005876
to GC 98.2 %ala. 25 "HNWR (CDCI3): 2.44 (1 H m
H5), 2.54 (1 H s, CH3), 2.90 (1 H t, H6), 3.19 (1 H,
d, H6), 3.33 (1 H m H7), 3.56 (1 H m H5), 3.61 (1
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por at ed
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CongeR8 tis38 e in \CEHAR6! (1 861 DA VRS 320 Ril)RK 85 FC CtheCtemPErature was
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15 rfE?‘fﬁ‘?F’ 1920 5C nd fog fesied pobmamhavas. RRFiBtatshelayly Py 4ah: The
ol iaysteds walde! filtbredpwash wittodtharebl (100 ndl} dradhdrly imaéraeduc8d pressure at

o éo?z/c Va9 y@%m??aecy) PutlfbediaRh i ¥9p8 80 8RPLED unti |

tr aHsNMRdUbQPl) D14 Bhpieeidis) -3379¢+2.08| (2xAHh -28m¢ hRoH B RA3Y(RH, m,
) - RiduHRY iebdeR, ;l' Rty licCi ¥ oF MaRicHRIS 7507 88 &4, nfRFbntik §Fs)
dryi ng under reduced pressure to gave the title 15
20pyrlrolldl ne (90.2 g, 92 %9 . Purity according to GC
93.5 %a/la. "HNW (CDCI3): 2.44 (1 H m H5), 2.53 (1
H s, CH3), 2.90 (1 H t, H6), 3.19 (1 H d, Ho),
3.34 (1H m H7), 3.56 (1H, m H5), 3.61 (1H m H4),
6.64 (1H m H10), 6.79 (1 H dd, H11l), 6.90 (1 H,
dd, H3), 6.98 (1 H m H1), 7.12 (1 H m HI9), 7.17 (1
H dd, H3), 7.18 (1 H m H2) 20 Mass anal ysi s:
[ MFC3H5] +=346 and 348, [ MrC2H5] +=334 and 336, [ M+H] +
=306 and 308 (Cl-isotopes found), E and F Asenapi ne
mal eate o



HH 3 25 1000H COOH 25 A m xture of
trans- N- net hyl - 2- (2- phenol ) - 3- (2-f 1 uor o- 5- chl or ophenyl

w0 2g89033bo di ne (205 g; 0.67 nol) and pot assi UPCT/EP2007/005876
hydroxi de (44 g; 0.78 nol) 28n N-nethyl pyrrolidone (2
) was heated at 150 C under nitrogen for 6 hours.
After conpletion of the reaction the mxture was
codtl@ms20 C. Water was added (7.2 1) to and extracted
with ethyl acetate (2 x 31). The organic |ayers were
vaseg pickls Wﬁr@ﬁarﬁ?%sé@ép‘l’r{ea&f?gnmg 30 concentrated
under uce pressure to afford crude asenapine in 187
gr ans yleld WO 2008/ 003486 9Y/ 005876 27
Purification was done Db on as the
HBr-salt: crude asenap?ne Ve gsefved in acetone
(930 M ). Slowy 47 % HBr in'water-(77 m) was added.
The suspension was heated to to obtain a clear
solution and after cooling, filfering and drying
under vacuum at 50 C asenapi ne brom de salt was
gisolated in 143 grans 5 yield (58 % . Purity according
to GCis 94.8 % To obtain O 22, the brom de salt
(134 gfraRtamacedically|accepiable, é%l?‘ihs'lesz shergfterseddn gt an E's""be"e
aqueoyivatleldfiFamud Ilammonia in water (700 m ). The
free base was extracted wi_th eg@ylacetate (2x 500 m)
and the organic |ayer wasNwaShéd witk saturated Nad .
And concentrated under pressure to yield 104
granms of asenapine, gas e free base
was 10 di ssol ved in ethanol (208 n1 | heated to 60
C. Maleic acid (46.5 granms 0.40 nol a
the m xture was stirred for 2h at -15|C whereupon the
mal eate precipitates. The crystals were collected by
filtration, washed with ethanqL (208 m) and
di i sopropyl ether (208 m). btain the desired

10pol ynisrpacted avith sl azoawthiney gidelte provideca diags-pyruadiding rderivative of

thanp&nﬁkﬁq m) and water (20 nl) at 55 C. The

tenperature was 15 reduced to 20 C and the desired
pol ynor ph was precipit B 48h. The
crystals were filtered ol (100 m) and
dry under reduced pressure eld 92 grans
(36 % . Purity accétding th" §9. 6 % dfa. 1H NMVR
(MOD): 3.14 (3H, s, CH3), .08 (2x2H, 2xm
H2+H5), 3.93 (2H,rn HA+H7) , "24 (2H, s, vinylic Hs
of maleic acid), 7.35-7.13 (7FL m aromatic Hs) 20

]
from which the protecting group, when present, is removed, and which is

-
€10,

15 subsequently treated under conditions which effect an intramolecular ring closure
reaction to yield the compound of Formula |, and optionally converting the
compound of Formula | to a pharmaceutically acceptable salt thereof, wherein
R;is F, Brori;

R: and R; are different and are each selected from H and Cl; and

20 R4 is H or a hydroxyl protecting group.



WO 2008/ 003460 PCT/ EP2007/005876 28 Clains. 1. A
process for preparing asenapine of Formula I, o HI H
wO\2008/0a346@ phar maceutically acceptabl e salt theeE8P2007/005876

characterised in that an E29til bene derivative of
Formula I, ORR, RL R3 R2 1l 10 is reacted with an
azonethine ylide to provide a trans-pyrrolidine

der3- viheg Rrecess of elgimnLiwhereiniRy igfr gl R3----OH HR2 N 111
from which the protecting group, when present, is

re and which js e eafed under
co%?/ﬁ‘%’?{gc%ﬁl%ha'@fé@E?reﬁ ‘|'?1§F %ﬁﬂﬁ%@zp% i§$hg gl osur e

reaction to yield the conpound of Formula I, and

th O?I@é &%élce%‘&%ygw (J)r{%f CEETS £3! elrl%]ﬂ th%fazF%reme%lh!ié %Ig%nerated

pharnaceu cal acceptabl’e Sa ereor, erel
i s F, inRytu ﬁpmlrtmﬂzylamme%oad&eordrdm Nmegthoxamethyk N-trireeshylsilyl-

sel ectgfh f_,{]p,(gﬂ{—)llaq,qﬁled and 20 R4 is Hor a hydroxyl
protectlng group. WD 2008/ 003460 PCT/ EP2007/ 005876 29

2. The process of claim1 wherein R is Br or I. 3.

Thes. pTREEBEesslof hypdrid of clalie & Sivtibréin tHesazBmethiié yiie islgeA@dted in
10R3 Slp from trimethylamine-N-oxide in combination with lithium di-isopropylamide or

lithium tetramethylpiperidide.
6. The process of claims 4 or 5 wherein the azomethine ylide is generated from N-
methoxymethyl-N-trimethylsilylmethyl-N-methylamine with the aid of

15 trifluoroacetic acid.

7. A process for preparing the compound of Formula |,

20 1
or a pharmaceutically acceptable salt thereof, wherein (E)-2-(2-bromostyryl)-4-
chlorophenyl acetate,,

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

methoxymethyl-N-trimethylsilylmethyl-N-methylamine with the aid of



5 4. The process of any one of clainms 1-3, wherein the
azonethine ylide is generated in situ from

WO 2o0g®03agd ani ne- N- oxi de or from PCT/EP2007/005876
N- met hoxynet hyl - N-tri net hyl3si | yl -
met hyl - N-net hyl amine. 5. The process of any one of
claim4, wherein the azonethine ylide is generated in
10 si rifluproasatic pricq Providerrars-Nemsthvta-bromenbepyd-Riasstoxy-5-
Wit h khiblapheRylipyir@iRineopy! am de or  [ithium
tetramet hyl pi peri dide. 6. The process of clains 4 or 5
wherein the azonet hine yli de IS generat ed fromN
nmet hoxynet hyl - N-tri met hyls ere I -Nnet hyl am ne
with the aid of 15 trif -acetlc 7. A process
for preparing the conpg o G\ ~
PH - N 20 |1 or a phafnmace UtHi' $ acept abl e sal't
thereof, wherein (E)-2-(2-brogost¥ryl)-4- chlorophenyl
acetate,, OQAc Br Cl 1 25 is reg¢

ed in an i nert
solvent with an azonethine yli dqe generated in situ
fromN

emet howmbhydndmetdenmwletféb{e)altaﬁénwleﬂi%56% tynyloapiana which is
t ; | £l ulgk} Sg%e&tly L[e%\.é? ﬁr? e%luﬁggéﬁ g%[ﬁg:y\sE \E/)l%hognyapdo c% copper8) salt to

t r ans effeatthetintranldnuanonphdosure 8- i the ecropgung-of Formula I, and
chlor B&Tb%aw Vé/r{lﬁdjllhb %MFI ound'ef Fglrmdla fto gghallﬂwélleutmalhﬂ' S

whi ch pyrroli |ne derivative Is treated to renove
acet yPCEPIIs salitheredhi ch is subsequently treated under
1dJ I mann conditions with the aid of a copper(l) salt to

o b D LR SN Bk iU e To gl ve the

l OH R1 ]
H H

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

9. The trans-pyrrolidine derivative of claim 8, which is trans-N-methyl-2-
bromophenyl-3-(2-hydroxy-5-chlorophenyl)-pyrrolidine.

20
10. The E-stilbene-derivative of Formula lI,



optionally converting the conmpound of Fornmula Ito a
phar maceutically acceptable salt thereof. 10 8. The

wo casmejage r ol i di ne derivative of Fornula |11 A pCOEPRIINDSS76
I RBHHR2 N | IIl'A onta salt thereof, 15 wherein
RlL is F, Br or I; and R2 and R3 are different and are

each selected fromHand d. 9. The trans- pyrroI|d|ne
derivative of claim$8, w '@‘trans N- et hyl -

br omophenyl - 3- ( 2- hydr ox} hIorophen I) pyrrolldlne
20 10. The E-stil bene-

> e~qf mula I'l, WO
2008/ 003460 PCT/ EP20%7/ 005876 ~ 31 @ B R

wherein R, is F, Br or I; 5 R2 and r pe di fferent
and are each selected fromHand A; fnd R4 is Hor a
hydr oxyl protecting group. 11. The cofpound
thethoxynethyI-Nwrinethylsi“ylnethyl-hknethylanine

wherein
Ryis F, Brorl;

5 R, and R; are different and are each selected from H and CI; and
R, is H or a hydroxyl protecting group.

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



