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WD 2005/ 077891 PCT/ DK2005/ 000075 Method for the
separation of internediates which nmay be used for the
tion of escital opram The present inventjon
WO&@?@‘%@HO a novel method for the preparati Or‘gdg?nmoosmooms
optically active 5 internediates useful for the
preparation of escital opram Background of the
MeldME RS Ghe Codr2B6@ M $nRrifBdiatds" YMici Ninh§leBE egednfor the
drug that has now been on the market for 10 sone
prepaxation dftes¢italepxpak ect i ve, centrally acting serotonin
(5- hydroxytryptam ne; 5-HT) reuptake inhibitor,
accordi ngly having anti depressant activities. 15
The@rt@hphivantios]diey ota mhiveLmethed fonthPipréhatdibn@ifdptically active
. corresponding to US 4,136,193. This patent
integpedipienpsedpl 105 theguenarsiog of esFtlQMaNf or preparati on of
cital opram fromthe correspondi ng 5-brono-derivative
by reaction with cuprous cyanide in a suitable
Bacdkgromait obéhe iliyerglony| at i on of 5-brono-phtal ane. 20 US
Pat ent No 4,943,590 correspondi ng to EP-B1-347 066
descri bes two processes for the preparation of
Cita?(?gﬁéﬁx. 3k QRYANARWE BRI dpRITBIn t@fu%ﬂhﬁh;&oﬁ(ﬁﬂ%ee@ﬂ fhe market for
processes use the racemc diol having the fornmula OH
som@eard. N 25 WO 2005/ 077891 PCT/ DK2005/ 000075 2 as
starting material. According to the first process,
the diol of fornula (1) is reacted wth an
It i€RAHIEANB c&ittdlly Mng @edtenide(S-NadroxgrypsamineasS-H{F) rauptake
i.n]:u'i):)- a- met hoxy- a-trifluoronethyl| -phenyl acetyl
nhibiipn pEesdinglyt hpvingantidgprgssanizictiyitisst er eoneric esters,

Citalopram was first disclosed in DE 2,657,013, comresponding to US 4,136,193, This
patent publication i.a. outlines a process for preparation of citalopram from the
corresponding 5-bromo-detivative by reaction with cuprous cyanide in a suitable

solvent and by alkylation of 5-bromo-phtalane.

US Patent No 4,943,590 corresponding to EP-B1-347 066 describes two processes for

the preparation of escitalopram (S-enantiomer of citalopram). Both processes use the

racemic diol having the formula
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‘whi ch are separated by HPLC or fractional

crystallization, whereupon the ester with 5 the

correct stereochemstry is enantioselectively -
wbOhéRkied i nto escital opram According to 9&3&5@&%’0075

process, the diol of fornuha (11) is separated 1nto

the enantioners by stereosel ective crystallization

with an enantionerically pure acid such as

as(siopti p2tenil dybendingoi e AU arocaHiethe el mitimnula (1) is reacted
-enantiomer .of. the diol, of.t foryul a . (1) J :
il e PeBPBEryl JSieor0n, S oSBT 6ol o, Clgmetons

e conv o'escita

o-EShickhaRfARhAscRAWHIERI o evsh QRARuas ofliastereomeric esters,

anti depressant. Hence, there is a desire for an .
whigh pxs\seepraied s difler op Peprianat wovaldrationc ybaewsnaie ester with
a t . - ' he:di ol.;
PSP Y Belel, & i SRR Rop S et o
Atdostimpfio fiesy stengr ppegsedthoydige b deinwde €Hy inmtpagated into the

acylation_of the. . pri ; L Nt he .
crpSufiet BirSieotel e s HRLE g VB ohibBoh Gy B it such
asd &) iigg-atnodthitarii AckE viteesupod ihaiStdnatiogier o thieakidl qfidrel foymula

and further, that the ?nanti oners obtai ned nmay be '
(Do prppipspiacivele fanvried el ™ on of the diol of

formula (1) with a conpound which forma derivative

of the diol of formula (lI) containing a carboxylic 20

Esgitalopramdiap nowhescs dlev elapsdves amompdeprpisersi Preen drolfcidesire
fob by inShord TR AN e gﬁeﬁaﬁﬂ% b¥esBiulo arated fromthe

reaction m xture. e I nvention 25 Disclosed herein
is a nethod for the isolation and purification of a
onpou hayi he f.ormul Sa. di hel,ow. 3
te R B toudt el e, S 26k Pl 5P uSeith A0 (RO p7pplt s
ad;rwdaiekimi\&@ thepeutirthiycbd prepared by belective mpoymnadichaylation of the

oo Rl aranh Ty thi repamic diol fo obiain S-diol of formula (1) or an

acylated derivative thereof with high optical purity and further that the enantiomers
obtained may be effectiVely separated by reaction of the diol of formula (I) with a

compound which form a derivative of the diol of formula (I} containing a carboxylic

acid group. The derivative formed precipitates once it is formed and may easily be

separated from the reaction mixture.

' The invention

Disclosed herein is a method for the isolation and purification of a compound having

the formula as disclesed below.
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Hal (IV) wherein Ris cyano or a group which may be
converted to a cyan group, the dotted 1Iine
represents a double or single bond, Hal is hal ogen, Z
is a dinethylam nonethyl 5 group or Zis a group
"~ which may be converted to 4 di met hyl am nonet hyl
group, Wis O or S, and Y is a bond, 0, S or NH and
In RYirsSaspdctl Grepd keyprovidad EOmethid fiyrl theisolai2n kpd aiukijingtion of the
all of which may optionally be substituted with one
compowrst kaviigs oyt s  sel ected from Cl1. 1 o- al koxy,
Cl. 1o- al ky®wt hi o, hydroxy, hal ogen, am no, nitro,
cyano, G ¢10-alkyl am no, di-(CL.10-al kyl)am no,
aryl, arytoxyarylthio and heteroaryl, or Rl is 10
aryl, wherein any of the aryl and heteroaryl groups
Rue pt.+onal |y be substituted one or nore tines with
sel ected from Cl-1o0-al kyl ,
BRY] - 1o0- al kenyl”, C1-1o0-al koxy,
yl t hii'o, hydroxy, hal ogen, anino, nitro,
Cl- 1o-al kylam no and di-(Cl-1o-al kyl)am no,
lhereof 15 and/or a diol of formula OH R
4l WO 2005/ 077891 PCT/ DK2005/ 000075 4
wher ei Z, Hal and the dotted |line are as defined
above, o a salt thereof, froma mxture containing
the conpband of formiMa (N) and the diol of formula
(I'1), which conprises: 5 a) reacting said mxture
contai ni ng the conpound of formula (1V) and the diol

wh rein fKﬁfs f%hﬁ) §rlel brotiptothieh @iy bé cormtigtitol aleyape grovipdise glpticd
ornul a

line represents a c%ub% cl?r sir?gle %01%,% hilc}g\en,)% ioh d?méthﬂzramﬁbl}lethyl
group or Z is a group which may be converted to a dimethylaminomethyl group, W is
O orS, and ¥ is & bond, O, S or NH and R' is Crac-alkyl, Caao-alkenyl or
Cy.1o-alkynyl all of which may optionally be substituted with one or more substituents

selected from Ci.ig-alkoxy, Ci.ic-alkylthio, hydroxy, balogen, amino, n';tro, cyanp,
Cr.ip-alkylamine, di—(C;-Ig-alkyl)amino, aryl, aryloxy, arylthio and heteroaryl, or R!'is
aryl, wherein any of the aryl and hetefoaryl groups may optionally be substituted one
or more times with substituents selected from Ci.io-alkyl, Co-10-alkenyl, Co-c-alkynyl,
Cy.qo-alkoxy, Ci.ip-alkylthio, hydroxy, halogen, amino, nitro, cyzno, C1.p-alkylamino

and di-l(Cl-m-aIkyI)amino, or a salt thereof

and/or a diol of formula

(1D
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OR ORO (la) (Ib) (Ic) 10 wherein Xis -(CHR"")

, Wherein nis 0-2; and R, R' and R'' are

i ndependently sel ected from hydrogen, C1-6-alkyl,
w&loBndlsoxy, aryloxy, O -6-acyloxy, aryl-Coc@pk2e05/000075

wherein each aryl may be substituted wth

Cl.6-alkyl, or R and R' in an anhydride of fornula

la) together are -O CRAR5-O, 15 wherein R %Qd 53[
whreini By o J3) @as theydaitpd lisg aFF a5y definedabyvs 9t 2 it theregh, drom a

Brturk ﬁtgim-,?gqﬁ | f . 8ldfo! 3 FmAN (19 hich
mt oge{&ﬁer Wt y?ﬁ%%\?gogg%%gygﬁghodﬁ)Mi ch the(glgare
camtrsehied form a benzene ring; one of QL and @ is

nitrogen and the other carbon, or both are carbon;

20 A is Cl-6-al kyl ene, phenyl ene, or naphthyl ene
aywher ehdting heid GlixGratdoyisng theplompphmhef, fornra AP bohiHeatiad of

ro opt.i onal be.subst.i.t ut ed one or nore
fc’?"inﬁégﬁ?mg"%“@%@gy e.0r 75t 8%?0 %3 mixture of the

conmpound of formula (IV) and an ester having the
formulLa WO 2005/ 077891 PCTI DK2005/ 000075 5 O GV

"(V) wherein Z andﬁ-.lal is as defined abdye
is -CHR - X-CR'¥y ,Q?{-Q(-CHR"- CO0H,
P1?2 R B _Wo |/
' and A are as defi™n

R' -3X- CO- Nigy A-
%CIJ\I wher ei n
OVE; R"
Q

(la) (b} (ic)

wherein X is (CHR*"),-, wherein n is 0-2;

and R, R and R’>’ are independently selected from hydrogen, Cy.s-alkyl, Ci¢-alkoxy,
aryloxy, Cig-acyloxy, aryl-CO-O, wherein each aryl may be substituted with
Ci.¢-alkyl, or R’ and R’ in an anhydride of formula (Ia} together are ~O-CR*R*-O-,
wherein R* and R’ are independently hydrogen or Cie-alkyl, or R® and R” in an
anhydride of formula (Ib) are adjacent and together with the two carbon atoms to

which they are attached form a benzene ring;

one of Q! and 7 is nitrogen and the other carbon, or both are carbon;

A is Ci¢-alkylene, phenylene, or naphthylene wherein the C;.¢-alkylene, phenylene,
or naphthylene groups may optionally be substituted one or more times with

Cre-alkyl;

to form a mixture of the compound of formula (IV) and an ester having the formula
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b) separating the conpound of fornula (1V) fromthe
ester of formula (V) by a nethod selected fromthe
group consisting of: 10 i) allowing the acid of
wbabigwhms( V) or a salt thereof to precipitat edymtidmeons
reaction m xture, and sepasating the precipitate of
the conpound of forrmula (V) or a salt thereof from
the reacti m xture, optionally followed by
i sol ation the conpound of fornula (1V) or a salt
t hereof fr the reaction 15 mixture; ii)
partiti ofl ng ¥etween an organi c sol vent and an
aquegus gol vent whereby the conpound of formula (1V)
e di ssol ved in the organi c phase whereas the
d @dpHformula (V) will be dissolved in the
aquegts~yphdse. separating the phases, and
opti onaIIy i solating the conpound of fornula (1V) or

or a salt thereof; and 6 iii) adsorbing
pd of formula (V) on a basic resin,

separatl g the solvent containing the corrpound of
formul a Fi fromth?;resn n, desorbing the conpound
of formula (V) from h) basi ¢ resi n, and optionally
isolating the conmpound of formula (1V) or a salt

t hereof and/or jsolatjng the conpound, of _ forml C%/())H

- Vel Bald apfeteofs o fehiecsnt d8pebtls rHBReX SR

REAR ded-RuRINROH! OCHRPEXIEONERN. Qb@)EPBr esci tal opram

conpri sing the met hod descri bed above. Al so discl osed
Ri.sqénre pnanti omer of forn C)D}R‘t hat may be
ed froma conpound fogrula (1V) in the

the othéf enantionem AYso disclosed is the
ti omer of the conpound of Nfornmula (V) or a
xtur@oc)jH enanti omers of the cG8¥dnd of fornula
(V) r|S|n nore than 50% of the S- enantiomer of
Whﬁr@nd?on% gﬁ&reﬁﬁﬂﬁa#@m’?hat may be separated
fromthe R-

b) separating the compound of formula (IV) from the ester of formula (V) by a
method selected from the group consisting of:

i) allowing the acid of formula (V) or a salt thereof to precipitate from the
reaction mixture, and separating the precipitate of the compound of formuia
(V) or a salt thereof from the reaction mixture, optionally followed by
isolation of the compound of formula (IV) or a salt thereof from the reaction

mixture;

ii) partitioning between an organic solvent and an aqueous solvent whereby
the compound of formula (TV) will be dissolved in the organic phase whereas
the compound of formula (V) will be dissolved in the aqueous phase,
separating the phases, and optionally isolating the compound of formula (IV)
or a salt thereof and/or isolating the compound of formula (V') or a salt thereof;,

and



enanti omer of the acyl derivative of formula (1V) or
froma m xture of enantionmers of the acyl derivative
of forrmula (I1V) conprising nore than 50% of the
R-enanti onmer of the aryl derivative of formula (I1V).
Al so disclosed is the S-enantionmer of the conpound of
formula (V) that may be separated fromthe
R-enantioner of the acyl derivative of formula (1V)

or froma mxture of enantioners of the acyl

deriliy adldovieing fihd edrhipdiaad (o \ora@IaV) Sing bAgd i) &Bpar®@ the
of the R enantioner of the acyl derivative of fornula

(1 \#plveny eomtaing) thescompmeum] ahipmpple(ty) Bomthreresiongiesariing the

of S d r . .

R BT of YmhZv TP e BRR LS gpd RIS ivqigpe
Al sonttioand of éamnkr @V ok & shhehdGedfrmmiior wakiting fthd banpgwmt of
de;ivativ of foromula (IV) or a mxture of

endftP $01# salgereel| derivative of formula (1V)
conprising nore than 50% of the S-enantionmer of the
acyl derivative of 7 formula (1V) that nay be

In a??éé@ﬁciﬁgﬁﬁgﬂ RiRFe ti%‘ﬁro%‘c%ﬂaa_nﬁ{bﬁﬁﬁ orOfhe MR URRARE R @?&t{ahogram

or mu V) or froma mxture of enantioners o
comgsispgthel methodglepgrited @pva onpri sing more  than 50% of
the R-enantionmer of the conpound of fornmula (V). Also
di sclosed is the S-enantiomer of the acyl derivative
Alsofdifodrsad e ofib \gnatdabernady fdreulas €battat adayf bensepivated from a

R- enant.i.one th onpound of fornul a or froma
conffofpf P EgRaRU) i e ERET B e alber SHBBHRGE of f or mul o

(V) conprising nore than 50% of the R- enantioner of

the conpound of formula (V). Al so disclosed is the
Alsgﬁéﬁqﬁﬁ?rqj Bree Sofaptiemercsd thgepmpgimd, ef Brmvlariox a(pgfure of
enahtititherSRY (RE cofRMIASCHr RN N@rprsRg thé By 9%t Hehe S-

compound of formula (V). The reagent "as di scl osed

enapiianedr refnty dompaed b davienls(V othalimeey( bascpasaied diomy the R-
enafiS i BTNl Solh 1) SV LS EBRNERL o
the @¢}b):1_§ri¥aniw @b fyrmplet @V) comprding moteyitim &% of e R eageitmer of
mc?%@é%%lq%ﬁgﬁ‘geﬁéwy be an imde of Fornul a (lc),

Also disclosed is the S-enantiomer of the compound of formula (V) that may be
separated from the R-enantiomer of the acyl denivafive of formula (IV) or from a
mixture of enantiomers of the acyl derivative of formula (IV) comprising more than

50% of the R-enantiomer of the acyl derivative of formula (IV).

Disclosed is the S-enantiomer of the compound of formula (V) that may be separated

from the R-enantiomer of the acyl derivative of formula (TV).

Also disclosed herein is the S-enantiomer of the acyl derivative of formula (IV) or a
mixture of enantiomers of the acyl derivative of formula (IV) comprising more than

50% of the S-enantiomer of the acyl derivative of



succi ni m de substituted in the phenyl ring with a
carboxy group. Also disclosed is a conpound wherein
the R group in the conpound of formula (V) obtained
in the formof the S-enantiomer may be optionally
converted to cyano, the Z_ group in the conpound of
formula (V) obtained is optionally converted to a

di met hyl am nomet hyl group, Hal may be optionally

forrBQIA BN HRE i He' sepdred Rdihe R-ahiidRekr of i 'tHE‘:Q:ompound of formula
representlng ubl e bond may be opti onal

(V) 06 By & WIS an@nﬁgmérswé e, coppouny} effarmydp @é}eomprlsmg more
thar S0% QYRR YL GRRWRS S AR Bhpbhfi coRauRdyef formula (V)

to escitalopramor a derivative thereof having the
formula S f2/ \' I ~ Hal (Vi) wherein R Z and Ha
Qv
AR08 L LREAAR0E il SN o1l R 15

sepavhted IﬁenghoRperﬁnmma afy]mmngmunﬂaof foomuie ) onfr01fn a thixgure of

enaffiEs 5 Pt Ut BPBPCR brETa i ghe o D6 of e R-

enaﬁtﬁﬂtﬁ@%ﬁﬂl%lcﬁﬁ%)@]ﬂ%f%@@@@g.to a single bond;
optionally ol | oned by conversion of escital opram or

a derivative of formula (VI) to a salt thereof. Also

Als&’ Id%seiogéﬁfg @@é%p&?ﬁom 0@%9&\%‘ qeeg@%@ beJer%%ah'%gﬁ @4PmhY be

he conmpound ormul a tai ned orm o
Se"parhted SowmrtheR feomtronma ! the coppoundaif fymabaner t ed to
cyano, the Z group in the conpound of formula IV
obt ai ned may be optionally converted to a

Thedhieaginb yd ?mi:llsuddtf | ehgih m}fydnepad/ cdrhﬂao;ﬁ&y)f ﬁmmd I Rt (fOnalitadly succinic
converted.to uoro and/or a dotte i ne

&mqﬁﬁﬁ@g Hersgtydadubl e bond may be optionally
converted to a single bond, in either order;
fol |l oned by conversion of t he compound of for mul a

Themeggent as digdesadhesgip amayoie acepapqupdtof yermihe (lbbsuibly phtalic
acid anhydride.

The reagent as disclosed herein may be an imide of Formuta (Ic), suitably N-phenyl-

succinimide substituted in the phenyl ring with a carboxy group.

Also disclosed is a compound wherein the R group in the compound of formula (V)
obtained in the form of the S-enantiomer may be optionally converted io cyano, the Z
group in the compound of formula (V) obtained is optionally converted to a
djmeﬂlylaminomethyl group, Hal may be optionally converted to fluoro and/or a dotted
line representing a double bond may be optionally converted to a single bond, in
either order; followed by conversion of the compound of formula (V) to escitalopram or

a derivative thereof having the formula



Z Hal (VI) wherein R, Z and Hal nmay be as defined
above by treatnent with a base, optionally followed
by, in either order, conversion of the group Rto a
cyano group, conversion of the group Zto a
di met hyl am nonet hyl group,sconversion of Hal to
fluoro, and conversion of "a dotted |line representing
a doubl e bond to a single bond; optionally 9

« conversi on of eSC|tanpran1or a
formula (VI) to a salt thereof. Also

| uor o, % may be a bond and Rl may be
may be reacted with a cyclic anhydride
a) wherein Xis -(CH2)o_ 1 to forma
mi xture of [the corresponding S-enantionmer of fornula
(V) and thHalR-enantion®fl)yof formula (1V). The
i sol ated conpound of fornmula (V) may then be treated
wheiieinhRNARnd &laf oyapn betes dsinpdabryedty trdagnent| vaith a/lb)tse Thigonally

follgnlév?% llr'ff,g_"i Q{rtrléefr %H&” c%n(f%x#l)on %@ﬂle%c\)%)alg Ty dzgg&i %{‘ %org/ersmn of
the agrgt@td om aoﬂmeﬂn.;darpmnméﬂm g&*mp;ndoavdrhomhﬁ“r Ha}n tdRflumoe, and
be . cyano .dot t ed Ilne bond, Z.
consggioBesTo Hestelyireoientmeingie TR Buft e Sl Bare: oBiongly
foligivay IbyuonvalsRnast éﬁzﬁb@bi‘dﬁ@ o@gleﬂénﬁﬂde bh@)ﬁl&lﬂé{ M®I) to a salt
Candi da antartica |ipase B. Detailed description of

thefeRE | nventi on When used in connection with the
conmpounds of fornmula (1), (1V), (V) and (VI), the
terns "enantiomer", "R-enantiomer", "S-enantiomer",

Alsodisclspd bereig i o pompound whestin thedfy groug el ths| competied of formula

(V) QR R D R & e e RO R e RN B0 e

21gmm$hmﬂmuhammemhvtfmﬂm&nﬁkpbwneﬂemafb@oanhmﬁmchm@mwdtoa
. uapﬁancheqh%]k

dimethylamifome oup, ay be optionally converted to fluoro and/or a

dotted line representing a double bond may be optionally converted to a single bond,

in either order; followed by conversion of the compound of formula (IV) to

escitalopram or a derivative thereof

R

7\

wherein R, Z and Hal may be as defined above by treatment with a base, optionally
followed by, in either order, conversion of the group R to a cyano group, conversion of
the group Z to a dimethylaminomethyl group, conversion of Hal to fluoro, and

conversion of a dotted line representing a double bond to a single bond; optionally



having fromone to ten carbon atons inclusive, such
as nethyl, ethyl, I-propyl, 2- propyl, 1-butyl,
2-butyl, 2-methyl-2-propyl, 2-methyl-I-propyl,

pentyl, hexyl and heptyl. Cl6-alkyl refers to a
branched or unbranched al kgl group having fromone to
six carbon atons inclusive, such as nethyl, ethyl,
1-propyl, 2-propyl, 1-butyl, 2-butyl, 2-

fol e Yy gorﬁfe%ﬁlﬂ of %sdi'ﬁldib)‘ém |0TPJ Qéﬁ‘xl'aﬂvE’ Mt ma@n ME)&?/la- salt

thefeb4- al’kyl refers to a branched or unbranched al
group having fromone to four carbon atons |ncIu5|ve,
such as nmethyl, ethyI 1-propyl, 2- propyl 1- butyl

Al%'cggélé{%eﬁl % }Cp)fé f ancﬁ%g% Kr anc @898. erelln Ris

cyaguopﬂnp db&wl hge foap e cammglmboﬁd; memahﬁmeethyl Hal may

Bo0b 7 adtRH Bcshbt dodoy -Cr RS etk ciclc

anlﬁfanh@oefohﬁmy (lapwHereid. X & ot Kyyilo fBesh el dTH/CRRShRKing
unbranched alken()ca and alkyn%a groups respectively

S-cnarfomy 1o Ryl (Vo angrihe &t mghel formula ¢Hhg Thretsolated

cmﬁ deomﬁﬂm@w) RS théh B %eQ@H%ﬁ?NEﬁ%'fEﬁh ¥he é&ﬁﬁb&ﬁ% of
henyl , propenyl, "butenyl, 5 ethynyl, propynyl a
fbwm# C2.-al kenyl and C2-6-al kynyl desi gnat e
branched or unbranched al kenyl and al kynyl groups,
respectively, having fromtwo to six carbon atons,
Thé mokingd 0 foneildibhed KiBHdusad cis ortatiog imﬂt@iabomj/ preferably be

Lesp ctivel h as then en ten
PRI Sty ARG B o S JGFRG A RERE K may be
cyd4nd, k’Elae aibttbthléﬂle Ilnsﬁbé: l@emgle Honhd I gl be ﬂ;met‘ltiylaﬁﬁ‘bﬁiéthyi Hal may
enyl. an Kkyn r qu respecgtjv
be P Foiad i TRISTRY 25 ool AESH P b g o L s Petartica
liphem and one triple bond respectively, such as

ethenyl propenyl, butenyl, ethynyl, propynyl and
butynyl. C2-3- alkenyl and C2- 3-al kynyl designate

Degﬁﬁgqn§g1 ‘gﬁhgggggﬁ oft! kenyl and al kynyl  groups,

respect | aving fromtwo to three carbon atons,
|nclud|ng one doubl e bond and one triple bond

, I
WGBS bS5 A8 LRSI o LA o5 NP T0S, o
‘terrGd - &mxﬂbkwﬁaﬁknmaﬁnﬂmﬁt ﬁKM£mnambMyIBdmmno"Sdbﬂn" "R-diol'
anc&%—b%?’?%e%ﬁtg gge gé%#%g)all ‘gfbtgg g%gupts t1&1;?0&?1'(1 l%e cAtbon Atont to which

the 4-Hal-phenyl group is attached.

As used herein, the term Ciyo-alkyl refers to a branched or unbranched alkyl group
having from one to ten carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-
propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl, 2-methyl-l-propyl, pentyl, hexyl and
heptyl. C‘l,g-alkyl refers to a branched or unbranched alky! group having from one to six
carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl, 2-
methyl-2-propyl, 2-methyl-1-propyl, pentyl and hexyl. C,4-alkyl refers to a branched
or unbranched alkyl group having from one to four carbon atoms inclusive, such as
methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl and 2-methyl-1-
propyl. Cis-alkyl refers to a branched or unbranched alkyl group having from one to
three carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-propyl.
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The ternms Cl-6-al koxy, C _6-al kylthio,
d -6-al kyl ami no and di-(Cl -6-al kyl )ani no etc.

e such groups in which the alkyl gro
WO%?&%&L}?S{} ;l’%kﬂﬁﬂoosmooms

as defined abov The terns Cl4- OoXY,
Cl. - al kyI thio, ClA-al kylamno and
i -(Cl-4-alkyl)am no etc. designate such groups in
whi ch the al kyl group is Cl 4 al kyl as defined above.
The terns Cl -3-al koxy 3-al kyl t hi g,

Simgleriy. Sh-koyalleenyh and ries- lmajlzyw Tdesignels Yranghied qsrunbranched alkenyl
|
and R 88 HEB B U T e M B Eﬁf‘% fborBHiBHR, influding one

doub[”d bow] ahd ofe tripld bokal re%pedﬂﬁreljr Ismheam ethenyl @ropenyl, butenyl,
“anti-sol

ethynyl.aproggp g\% @gﬁﬁﬁlg%@, alkshyh %gluéé@w %4;1%1%@% d@g@ﬁd or
untriiRheP hikeRy! AR ellﬁylgrr %@sc%sﬁécneéfﬁ}oﬂwﬁg‘ﬁoﬁf tobd ' six carbon

i nvention, the se of the conpound of fornula
atoms \Apc]ﬂldnm (tmedca@lebomﬁ aﬁcbommumle( bt)nd @Sp@hﬁdwmhw ethenyl,

propypiyy bl ot PhopyaRl td Sufost; brafihPl ol "0l By

desnad0hr2RHRA Qo 8 btadthdd @1&@9154&9&%@4 g}kéuﬂsh eespodiiel) having
formul a ( romthe reaction m xture, optionally
fromtmmtsedowmycarza@mmm@mmmdme%eo fpuila bosd m feg driple bond

s S o

Faﬂ(eﬁsﬂ%ndf@%%ﬁﬂ%ﬂ tdeyignhte $edrebéd dr inloandhed ralig:al_',rl amblalkynyl
d _6-alk and and Q2 are both carbon.
gropes, trpw%ve‘hem@gxﬁﬁfn BYO o Ehres GaROR GHP1E%h én‘fWéP% oge sfouble

borfl 3R tcﬁfée{rg) A) O%lﬁeﬁesﬁgé_ﬂgiggﬁ dyuef Jsoétﬁbﬂﬁ Eﬁ@f&%ﬁ?f@tﬁﬁﬁ@ and

nor e tiomer of the 0 ctompound
propfnyflor mul a (V), such as nore than 70% nore than 80%
nore than 90% nore than 95% nore than 98% or nore
than 99% In another equally particul ar enbodi ment of

Thé R&nds"eeNdmdkyt f@ Imaﬁwhﬁ) crﬁ1 SRARNAnGEB Hmd @E(Chpalkyl)amino
conpound of fof nu rises nore than 60% of
efct BesigRatnsuchi gyowps mfwﬁuvé the sllarb gpssunia Gono-pByhas defingd above.

The ¥5msC, TRk Sxs, B -ARWANBLES RIS and i ST D2y HMino etc.
designate such groups in which the alkyl group is Ci¢-alkyl as defined above. The
terms Cjy-alkoxy, Cis-alkylthio, Cj4-alkylamino and di~(Cy.4-alkyDamino etc.
designate such groups in which the alkyl group is Cr4-alkyl as defined above. The
terms Cps-alkoxy, Cjs-alkylthio, Cp.z-alkylamino and di—(‘Cl_3-élky1)amino etc.
designate such groups in which the alkyl group is Cy alkyl as defined above.

Halogen means fluoro, chloro, bromo or iodo.

As used herein the term “anti-solvent” designates a liquid which when added fo a

solvent-solute system reduces the solubility of the solute.

In a particular embodiment of the invention, the separation of the compound of
formula (IV) from the ester of formula (V) is performed by allowing the acid of
formula (V) to precipitate from the reaction mixture, and separating the precipitate of
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nore than 95% nore than 98% or nore than 99% In yet

anot her equally particul ar enbodi nent of the

' ion the m xture of enantioners of the acyl
de&‘?%%?lve of formula (1V) gonprises nore tha&%@gogﬁmooms

the 20 S-enantioner of the conmpound of formula (V),

such as nore than 70% nore than 80% nore than 90%

the naoherouhiad o Hp¥nulRD(E) Hoan t&g%a@ﬁoﬁﬁﬁjﬁh&é‘,%‘gtﬂﬁ%ly I fBHYREd by
anot her equal ly particul ar enbodi ment of the

isolatigre pt the gompeund oftfarmula IV rarseltdhereef fosm thereaeion mixture.
derivative of formula (1V) conprises nore than 60% of
the 25 R-enantioner of the conpound of formula (V),

In syehtiatrrondihan ¢D%e imeatibhaR’, BO%ndnRr'e drbdaddRidently
npr.e. t han 95% e than 98%,or re th 9% In a

selegtedifzom Bydrogen,en m-a@yﬂ@ﬁgqlﬁ{}gﬁi%b C8TPRRY ogen or
cyano, nost preferred cyano. 30 In a further
preferred enbodi nent of the invention Hal is fluoro.
WD 2005/ 077891 PCT/ DK2005/ 000075 12 In a further

referred e di nen f the inventio t he dotted
o Rinastout gfioinenn b, Be vsatigh B e, O Rghisig f the
cortpbusll i dfl formblr (Ve EoRpAERT meft SHROSHURESH thé $-Snantiomer of the
i met hyl am nonet'hyl or a group that ma 5 be
commemng of dermuda 6 hstely pamone HiepiPYe, m@reatgﬁr 89%;y meoge than 90%,
dj ' i, I 'Wth | . Most preferred,
mm%lar{ﬁg? %%%géod’ﬁ%g%,r@&g%& g &’ot%/ed line !Os a
single bond and Z is dinethyl am nonmethyl. 10
According to one enhodi nent of the jnvention, Yin the

In za9thsH fpartiguias egnbodyment of ths igyentionhe grgtupg,of epantiomers
| . . . oN bt )

of t@% %%E%%%W W&%ﬁ?ﬁé&%’(ﬁg %@0 % of the I#Snantlomer of the

compound of formula (V), such as more than 70%, more than 80%, more than 90%,

more than 95%, more than 98% or more than 99%.

In yet another equally particular embodiment of the invention the mixture of
enantiomers of the acyl derivative of formula (IV) comprises more than 60% of the -
S-enantiomer of the compound of formula (V), such as more than 70%, more than

80%, more than 90%, more than 95%, more than 98% or more than 99%.

In yet another equally particular embodiment of the invention the mixture of
enantiomers of the acyl derivative of formula (IV) comprises more than 60% of the
R-enantiomer of the compound of formula (V), such as more than 70%, more than

80%, more than 90%, more than 95%, more than 98% or more than 99%.

7 In a preferred embodiment of the invention R is halogen or cyano, most preferred

cyano.

In a further preferred embodiment of the invention Hal is fluoro.
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However, according to a preferred enbodi nent of the
invention, Y in the conpound of fornmula (IV) is a

Sui tably, the substituent R in the
Wogﬁﬂgyﬁﬁﬁl a (1Vv) as defi nedli'n any of the en‘o‘g(gﬂgﬁ%gmows
above, is as follows: R 1S Cl1_6-al kyl, C2-6-al kenyl :
or C2-6-al kynyl all of which may optionally be
In eSﬁhﬂtetl ' t}i;éﬁ?e@ Eﬁla@ﬁiéﬁﬁmlt Sf tthélﬁﬁ/_cemiéﬁﬂjltael :fds’ﬂ;éd Mﬁﬁﬁ:ﬁ formula (1),
sel ecte fromCl.6-al koxy, C1;6-alkylthio, hydroxy,
(IVhandbgors agmelobonss t ro, cyano, Cl4-al kyl ani no and
di-(C-6-al kyl)am no, nore suitable R is Cl4-alkyl,
C24- al kenyl 25 or C24-al kynyl all of which may
In stifita forthtt yrefeered wdtoidinne . is demethylaorigorbéthplsore grup that may
substituents selected fraom Cl4-al kox Cla-al kyl thio,, .
be h%}vsg# £y géréﬁ]%:lgmq%ue 1, rBl, ac Prfprred  embo ment 7 is
dimehAhigymamyno and di - (C 4-al kyl)anmino, preferably R
I1s"Cl-3-alkyl, C2.3-alkenyl or C2-3-al kynyl all of
whi ch may optionally be substituted one or nore

tinmes W,t - 3-al kgxy, I 1.9 DYEr ¢ :
M"ﬁfa?%ge r?,d > E{?‘Fﬁsoﬁu it ;Rol?é 'Ggy%ﬁﬁ%ggéﬁgﬁ 53881.? Eyﬁ%ﬁné(ﬁgn%n } 23
din@thyfdshindmatiky| ) am no, nore preferred R is

Cl- 3-al kyl, C2-3-al kenyl or C2.3-al kynyl, and nore

suitable R is Cl-3-alkyl, in particular unbranched

s bR P D oM o K 1) i

Qor8yention is particularly useful for separation of
conpounds of formula (Il) in the formof the S or
the R-enantioner and the conmpound of formula (IV) in
Acéotfﬁnﬁfate o fer tefh%o_@ﬁ’-ﬁ’éﬁ% IoF eheS BRRLHONTEY iRk tABpowM of formula
enzyfatic resolution according to the processes
(IVYl&ssHi bed in WD application No. PCT/DK/ 0300537
publ i shed as 5 W2004/014821. Thus according to an
enbodi nent of the invention, the mxture of a
HowerRosadrdiby td @pmibaed bnbodifitnt biheUseshtion, Yhia the compound
process is prepared by selective enzymatic acyl ation
of formulal(E¥}) isvédosdzymat i ¢ deacyl ation. 10 A particul ar
advant age of the present invention is that follow ng
formation, the

" Suitably, the substituent R! in the compound of formula (IV) as defined in any of the

embodiments above, is as follows: R!is C,¢-alkyl, Cy¢-alkenyl or Cy¢-alkynyl all of
which may optionally be substituted one or more times with substituents selected
from Cjgalkoxy, Cis-alkylthio, hydroxy, balogen, amino, niiro, cyano,
C14-alkylamino and di-(Cy.¢-alkyl)amino, more suitable R!is Ci4-alkyl, Cy4-alkenyl
ot Cpu-alkynyl all of which may optionally be substituted one or more times with
substituents selected from Cj4-alkoxy, Ci4-alkylthio, hydroxy, halogen, amino, nitro,
cyano, Ciu-alkylamino and di-(Cps-alkyl)amino, preferably R' is Cis-alkyl,
Cy.3-alkenyl or Cys-alkynyl all of which may optionally be substituted one or more
times with Cjs-alkoxy, Cjz-alkylthio, hydroxy, halogen, amino, nitro, cyano,
C1.3-alkylamino and di-(C;s-alkyl)amino, more preferred Rlis Cy.s-alkyl, Coz-alkenyl
or Cy.s-alkynyl, and more suitable Rlis C1.3-alkyl, in particular unbranched Cis-alkyl,
such as methyl, ethyl or propyl.
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conmpound of formula (V) precipitates fromthe
reaction mxture and is thereafter easily isolated.
er particul ar advantage of the prese
Wq]%\(ﬁ?%?%on i s that (depend| Fg on the parti cuIrHa
reagent of formula (I|a) c) used) it results in the
separation and isolation of a product which nay be
Therpre@nt: Inventbrd iy patityladly ubefninfoe separaticopoficomapowmds of formula

0 i e o B e el o
fornh f ‘ﬂﬁl‘?o I?il’sgb %?J?ﬁ’(?nere(ﬂﬁﬁhécp B len¥¥rhdti AreSOBBH REcRfing to the

formul a b]ybe carried out in an
prodessss t deacgbed cins oVe mpph@ltuoh 9. tRETAN/AOBAPEFY, published as

Ly a solvent in which the acid of formula
WO?W‘I’ﬁa‘@é-a precipitate and in an anount of the
particul ar solvent where the acid of formula (V)
forms a precipitate. Suitable sol vents may be

Thup geenritingele sy cohedingeyt ok tha @aerﬁms > mixiuEr ahejopEppund of

fomtélﬁg &ﬁ)e%&i; g@?ﬂhl gd ﬂx(et% ? d&g% i By i rlﬁ\ﬁgé%%ercglg? gh%?jﬁ'x a'i:gﬁtlon
or sélbctbtcnzpahveddacyitiadded af t er formati on of the

conmpound of formula (V) whereby the acid of fornula
(V) forns a precipitate. 30 The reaction may suitably

: ri r e (
A B TAN BAR BRGNS e ARy Bonlin, o
confpormdl lofl fvinnda (W)t plotipitstep firoat g ferction extspod nrd ﬂ@efreaﬂer

_ (I'V) by filtration or decanting, or by any
em&[’ﬁ&zw@ui table way of separating a solid forma

l'iquid. 5 Wen the conpound of formula V, which is

Isolated, is an S-enantioner it nmay be ring closed
Analheremrtlwlaly adwaﬁagee of thé presentpisention is dhitt@ppending on the

e BT e SISO i PO S e
of AHoiR@rwiseRayee dhg fotyssdl diredtyl o foBy @c!lteﬂqkﬂam drea derlvatwe

carried out by treatnent of the 10 conpound of

thereef hyiireptipent with A bashase such as KOC(CH3)3 or ot her

al koxi des, NaH or

The reaction of the mixture of a compound of formula (IT) in the form of one
enantiomer with a compound of formula (la), (Ib) or (I¢) may be carried out in an
inert organic solvent, such as tetrahydofuran, preferably a solvent in which the acid of
formula (V) forms a precipitate and in an amount of the particular solvent where the
acid of formula (V) forms a precipitate. Suitable solvents may be identified by the

skilled person.
Alternatively the reaction is performed in a solvent from which the acid of formula
(V) does not form a precipitate and an anti-solvent is added after formation of the

compound of formula (V) whereby the acid of formula (V) forms a precipitate.

The reaction may suitably be carried out at or around room temperature (25 °C).

T/DK2005/000075
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ot her hydrides, or am nes such as triethyl am ne,
et hyl di i sopropyl am ne or pyridine, at [|ow
ures in an inert organic solvent su
W"t@[@ %’rofuran tol uene, PVBO, DWF, t- butyl H@WPWOOD?S
et her, di met hoxyet hane, di met hoxynet hane, di oxane,
acetonitrile or dichl oronethane. This process may be

Thep&fipping of foraliRIVUs byitdbly ddhased fidn desonigotdd iofl fddula (TV)
tent No. 4,943,590. In _the sage way, a conpoundof

by 1 &r desppting, ey ey pfhsr seilableswar Kb s g A dolid form a
liquigrar ated fromthe reaction m xture nmay be subjected
to ring closure by treatnent wth a base. 20 In sone
cases, it may be advantageous to exchange the

- n th aund. of . f.or a lV or th

WhepieAgpesid i ToHBY BB HG TRkt a4 Cusneplpiige it Tay be
rmé@lb&d'c&*ébﬂl}eb%fr@aﬁﬁlcnpﬁitﬁra%aéé MG KA ofsdnfe oMdnk ed

out. Such 'e groups (leaving groups) coul d

typ| cally be a group sel ected from

SRS AR SR Wfym sttoram
or %bﬂfef U@ﬁmﬂhﬁ&emﬂu'(vwﬁmh@ Mitadly Me@@&houﬂb’ptré@iﬂeﬁt of the

t he con‘&ound of formula or i s then subj ect ed
COmRPURY @f r%llas(\&)dmth 8roasg Wé"h@é m&h or obomalkepxgdesy NaH or

Oth‘\y’A}‘;aI%}@Q%%’J gg CO §§ﬁ%hr t ur e%he)t@} an g la%ine 9P plfdine, at

low temptrathroy mlanémeramtganmtseufehe amhreg tgrahygrofisrantoheng DMSO,
oup SOZAV\hrelnAlsCI C2- 6-al kenyl
N&‘i C)}'ﬂ?fhylor tﬁ?ﬁat |déﬁﬁﬁhp§ye§?n& alﬁ%ﬂm 3t efroxanc,
%ydﬂe% cﬁfshﬁ)mﬁeﬂ@ne' Kths prBedst hiay 1R PeMofRSY dtld kG0 those
or tos oride, or trlfluoroacetylchlorlde
desa:élmd}ihﬂﬂpatmﬂé(fooﬂ%ﬁ 5%rmof formic acid such WO
2005/ 077891 PCT/ DK2005/ 000075 15 as a mi xture of
formc acid and acetic anhydride in an organic

In &@'s&ﬁ@twdyn alddghpRUes OFFerm A (V) iaribefdren BAER. S-cnantiomer and
Pr ef er abl %‘; the substituent Vin the conmpound of

seppugtadufrom (thg redcion mixbyeimueht sWFdH (o ring Mprg by drsatment
Wltfll cI osure of the compund of fornula V by treatnent
Wt base.

In some cases, it may be advantageous to exchange the —CW-Y-R! group in the
compound of formula IV or the —CO-V group in the compound of formula (V) for a
more labile group, before ring c¢losure is carried out. Such labile groups (leaving
groups) could typically be a group selected from methanesulfonyloxy, p-toluene-

sulfonyloxy, 10-camphorsulfonyloxy, trifluoroacetyloxy and trifluoromethane-

- sulfonyloxy or halogen.

Typically, the compound of formula (IV) or (V) is then subjected to hydrolysis to
form the compound of formula (II) with aqueous base, such as NaOH, KOH or LiOH
in water or alcohol or a mixture thereof and then reacted with an activated leaving
group, such as a group -O-S0,-A wherein A is Cy¢-alkyl, Cy¢-alkenyl, Cy¢-alkynyl or
optionally C)s-alkyl substituted aryl or aryl-Cy.¢ alkyl, particularly mesylchloride or

tosylchloride, or triflucroacetylchloride, acetylchloride or an form of formic acid such
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Most preferred, Vis -CH2-CH2- COCH
or - CH2- CH2- CH2- COOH. The optical purity of the
escital opram product may have to be i nproved ter
W‘H“ﬁ%{s%ﬁ?losure. | mpr ovenent ng the opti cal purP?{T{PIfFQWm“"”S
be obt ai ned by chromat ograb y on a 10 chiral
stationary phase or by crystallisation of racemc
as aGhbx®ire PF FRREEEd And Ac@R) dnhylhids ©Gh RE40¢ SHIenttie thdWresence
met hods described in WO 03?’000672. The R-enanti oner
of agforgaméc basapounds of fornula (V) and (1V) obtained
according to the invention nay be used to prepare
racem c citalopramand escitalopramby ring .15
Prefetabdyirike buibstitedi ¥ ianké canpenid acoanulk i(§),tie at dudstiteédioshich

i bed i WD 03/.000672. Suj bl ids f .
ena@?fcﬁ{%ch S{ns 'lf?osaaq g e ?%@Plejdoéjﬁo%naﬁe‘?fﬁyn‘éﬁ%tﬁ{eat pdth g base.
Mo%@?@f@?%él,'\ﬁis@ﬁﬂ*CHz@@@ﬁ%PJ—QE%?}E—@H%;@@GR”' ¢ acid

Ivati've, nore suitable H2 or HBPO4. The starting
m xture used for the separation nmethod according to

The, ical PRt BEeyTaeman D) Soon ek oo tniaerd aer,ring
closutd) 2B fproddinerR oF HASRicaP: YhaSiee GHtaifedbp tRdsRitogdsphy on a

_described in WO application No. PCIT/DK/ 0300537
chirglistatighasy phese/op 0o rosialisation tof Haeenye citalopiam kasator a salt

enzymat . c | at ;0 ' +gventi on may be
thergf R B U Bl R UBL U AR O caner o
antartica, LipoZymeTTm TL I M from Thernonyces
__lanugi nosus both avail able fromthe (ior{g)arl)y Noyozynes
TheR-gnantiomerd fhe cempoynds fdopaela d3pa doP t’(‘lP%% PefoEEng to
f- . i N i ] . , .
the L APLON AP IR RENE R PR L RbRAT ahd SRIEAGEh by ring
closusé ipacitiowazitoremé’mccduding Gathe mbthaihdeactibaglaingW O 03/000672.

Suita [P ReOL CTRHIRE Bt SOMIDBIE SRS me BB FArBRPR acid
a suPfonfSacl G&ulfoni2 AR dRHVERGNMINdre SItRIbIHES0,DRELPBY. be

used 1n 1mobilized form The immobilization may be
carried out by methods known to the person skilled in

the .art,. WO 2005/ Q077891 PCT/ NER G 1
The B i (98 T GF RS aans s i the nBiith may be
prepdrB& b Snzy@RtidReladbh eNd@itglation using a hydrolase, such as a lipase, an
esterase, an acylase or a protease, as described in WO application No.
PCT/DK/0300537 published as W02004/014821.

It has been found that enzymatic acylation according to the invention may be carried
out using Novozyme®435, from Candida antartica, LipoZyme™ TL IM from
Thermomyces lanuginosus both available from the company Novozymes A/S or
Lipoprotein Lipase pseudomonas sp. (isolated from Pseudomonas Cepacia and
obtained from Fluka), and particularly good results have been found when using
Novozyme 435, from Candida antartica or Lipoprotein Lipase pseudomonas sp.

The “enzyme” or “hydrolase” may be immobilized as the enzyme itself or as a cell
body by known techniques, and may be used in immobilized form. The

immobilization may be carried out by methods known to the person skilled in the art,
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the like. Thus, the hydrol ase may be used in the form
of an immobilized enzyne or Cross-Linked Enzyne

(CLEC) enzynes. 5 The above nentione

WO%Q//S%Q?’J% be used in the foLm of cultured progﬁsj@% 000075
cont ai ning the enzyne, such as culture fluid
containing a cell body, or a cultured cell body,

suckpinetREs &tlds) duCéxatiplé bariet bbntdisgl @oduikingd RbcaPylation and
|nnDb|I|zed forns of %hese enzynmes/ cul tured,

the ke e sthe frydmplessringy b sipechin Do dprma oy ap gimpkilizsd gngfme or
_hﬁng%p ed enzynes, which are
Clmgczsapa eﬁg%ﬁgiﬁ%#ﬁfn%ngﬁt e selective acylation or
deacyl ation may al so be wused. The variants or

rie S ShSTE S icrecl, moy e Leclel s0ulrom Ve LS s

1@ ee!hz?z%r%h QEul e TR xkt@imr@@@@mdh ¥r a cultured cell
conmJta i on t he DISIA encodi ng (t)he above- nentylborngg

bodysmrymsed B@ductg)fttbe celtwed peadughand spyt ivemelrilives! fooing of these
n?%’(‘i tIdO ﬁ the enzyme. Suitably the nutants or
enzm? PRS- above menti oned enzymes are variants
and nutants where single amno acids have been
renoved or replaced by other am no acjds, and
Muiguiss syiants R any erAalsBisOis g AbAYE Serciiisly vasitioned grzymes,

n 9
oo gl T B G kiR o v
used.O Tmbevaiﬂaﬁtseom&[ﬁwaiﬂﬁd {RQeehmyyas. isdlaed dr@h emrieds strains of
reaction conditions for enzymatic

Pseqgdopanes.o @Qéyq’fatrﬂh%‘i’in?i??qeér OF BN ciPT, §OWRex s they may be
preﬂ%?({cf ﬂé}fﬂ‘.lu@é{'&l m t i &@nc PR abble-hintiSAEARIN 966 1e8ding to

nperature for the reaction lies
varibdnsemnthe - 80inG, acmtb cempo:ﬂflem a)!ﬁlﬂye batymese n Suitably GhleﬁﬁmtS or
.ore ref rred between 30-50 25 The N
Vet Aot S RO e S VRa (e, JRAPTS A CnpPhisciherg, ynele
amih§ abRld aﬂalvé! b@eﬁ) }enlmQad or¥epla@éd BY Yotkbr Gdniflo 2cids, daﬁl@ﬁlﬁtable the
preferably 0.02-0.3, as weight ratio relative
amige lasﬂrsqwecncevﬁ éher vartant ehmyiaat Bemeks thae §0 cmﬂdeagmd preferably
r r
morggﬁqx} %@ ({O gn ?183 e%rgf‘err!%ﬁén(grg %}if/%e §d @didgﬁic&gﬁ) dﬂe 3Bove mentioned
enzhbd, Alhetpyefofred adattion comipdaisefdl ynaymatic (anylamddmilcyl.ahd'ﬂn gdiffer

cepoRdinE o erasrarmlnFB R Btk Bt Jioemeb LEs o i

type production nmethod (batch or continuous).

A suitable temperature for the reaction lies between 0-80 °C, more preferably between

20-60 °C, or more preferred between 30-50 °C.

The amount of enzyme to be used is not particularly restricted, but is usually 0.01-1.0,
preferably 0.02-0.5 and more preferably 0.02-0.3, as weight ratio relative to substrate.

The reaction may be carried out as a batch process or it may be carried out as a
continuous process. The enzyme may be used in a phurality of batches repeatedly or
continuously. The reaction time is not particularly restricted, and will depend on the

enzyme used and the scale and type production method (batch or continuous).
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WO 2005/ 077891 PCTI DK20051000075 17 According to WO
application No. PCT/ DK/ 0300537 published as

014821 the acylating agent used for the
Wo\ég?ﬁ&%% o acylation may be ﬁ reagent of for M@WS"“OW’S
RXR or R X)~ R or V)~ (111a) (l11b) (llie)
5 or an isocyanate having the formula R -N=C=0 or an

Acdosaxhglt@ qy@némmaﬁé/ﬂ 8. 'P@‘/Df{mmbﬁ Bhbﬁiﬁ@&%s %2004/014821

wherein Xis Oor S; Wis Oor S; Uis O S,
the peylafifmagent yssddor | ﬂ:@eazmam,c acylation aaydreya reegent of formula
C2-10-al kynyl all of which may optionally be
substituted one or nore tinmes with substituents
S ectﬁf from C3- 1o- al kox Cl _10-al kyl t hi o, W
hyidr ox hal ogen, arri no a]ilro cyano, '
am no, 1 kyl) no, aryl !
R*3r yi%xy, %rylth?’b ana{ er oa@ a(ng is aryl, v, xR
wherei n any 15 of the ar nd heteroaryl gr oupsTIIdYy
opt(@&nal | y be substltutegigae or nore tines Wliam3
substituents selected from Cl-10-al kyl,
C2- 10- al kenyl, C2-1o-al kynyl, C1-10-al koxy,
Cl-lo-allcylthio, hydr oxy, haI ogen, amino, nitro,

or %fi‘%b%yan%%e }Jfosvfﬁ %ﬁafgnﬁﬁl C‘"(S - %1 fs%ltlﬁﬁég%aﬁ nl%vmrg the

as de 1S as I ne

formulaiRs 1=Culf abl e irreversible acyl donor group; or R
and Rl together forma chain of 3 to 5 carbon atons;
provided that Wand Uis not S when X is S.

e L e & U e PRl ey ating

. 89 ents. Preferably, Xis 0 in any of the above
as:)(hab—laﬂcg'l aGenpalkenyl or Cyyp-alkynyl all of which may optionally be

substitited one or more times with substituents selected from Ci.jg-alkoxy,
Ci.jo-alkylithio, hydroxy, halegen, amine, mnitro, cyano, Cj.jp-alkylamino, di-
(Cy.10-alkyl)amino, aryl, aryloxy, arylthio and heteroaryl, or RY is aryl, wherein any
of the aryl and heteroaryl groups may optionally be substituted one or more times
with substituents selected from Ci.jp-alkyl, Cayo-alkenyl, Co.io-alkynyl, Cy.jp-alkoxy,
Cio-alkylthio, hydroxy, bhalogen, amino, nitro, cyano, Ci.jp-alkylamino and di-
(Ci.10-alkyD)amino;

R!is as defined for R®:

R? is as defined for R®, or R?is a suitable irreversible acyl donor group;
or R® and R' together form a chain of 3 to 5 carbon atoms;

provided that W and U is not S when X is S.

Preferably, U is O in the compound of formula (IIIa).

Preferably, W is O in any of the above acylating agents.

Preferably, X is O in any of the above acylating agents.
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WD 2005/ 077891 PCT/ DK20051 000075 18 Preferably, R
and Ris Cl.3-alkyl, in particular unbranched
P yl, such as nethyl, ethyl or propyl
WO%‘?"S@%’?‘% Iy RZ is Cl 3-al kyl substituted one P xanesionors
times wth halogen or R2 i1s CZ_3-al kenyl, and nost
preferred R2 is C7.3-al kenyl, such as vinyl. 5 A
Prefambliye R'eghdad)| Bt Cngalkgbnin pativilay hmbrahyhedt €;5-alkyl, such as
Enz ti c deacylation ,be carried out using a )
meﬂ%n%ﬁarﬂi TSP GRS era RV C L el bstiggd Qe mps times
withMafdeh Br R? is4e, Wik hyl il mdsh frefQbddae? ik (0 S-afy RbndiSasAinyl.
def@ﬁedrabbvéf as giartﬁ%é Err%ateriall.tggitab?’y, R1 ﬁény
G _lo-al kyl, preferably unbranched 01. 10-al kyl and

re.preferred LS ;.1 nbranched C4_10-al kyl in
Apl‘?ﬁ:&l‘egtﬁgﬁflﬁl%a bgr"l“%}(l btfgg%tef or enzymati c deacyl ati on.
The sel ective enzymatic acylation is carried out
under conditions substantially suppressing
Enzfpaiicolepeylationpay br yairisd ophpsing ¢ sompaundafdpsrulpeact i on
of the acylation reaction, takes place if water is
present in the reaction system 20 Thus, selective
enzymati cWacyl ation is preferably carried out in an
anhydr ous |jor gapjsc sol vent or al nost anhydrous
or gani cosolMhvert™ (enzymes nornal |y require the
¢ of sone water to be active). The percentage
allowed in a particular reaction system
erm ned by a person skilled in the art. 25
Z?%;ZPCT/DK2005/000075

Hal av)

wherein R, Z, W, Y, Hal, the dotted line and R! is as defined above, as starting
material.

Suitably, R' is Cy.10-alkyl, preferably unbranched Ci.jp-alkyl and more preferred R!is
unbranched Cy.jo-alkyl in the starting material used for enzymatic deacylation.

The selective enzymatic acylation is carried out under conditions substantially
suppressing hydrolysis. Hydrolysis, which is the reverse reaction of the acylation

reaction, takes place if water is present in the reaction system.

Thus, selective enzymatic acylation is preferably cartried out in an anhydrous organic
solvent or almost anhydrous organic solvent (enzymes normally require the presence
of some water to be active). The percentage of water allowed in a particular reaction

system, may be determined by a person skilled in the art.
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19 The organic solvent, which may be used for the
acyl ation reaction, is not particularly inportant as
I it does not deactivate the enzyne us _
WO@F?%@%& sol vents i ncl ude 19hydrocar bons suchepg%mn‘:z005“’00075
hexane, heptane, benzene ard tol uene; ethers such as
diethyl ether, diisopropyl ether, tetrahydrofaran,
Thelorgadt @meﬁ:huﬂhﬁ!htmﬁbu by bisdifoR e RiTonabsttion, is not Particulaﬂy

. dinmethoxyet hane; ketones such as acetone, diethyl
impegreras lotg asdh dees noh degetivaig|theetpyme tsed.oheitabdes sadyents include

h acet eth t | .
vy ST Y e, Bhon Een R B Bes sch as ity
ethdiﬁldﬁgﬁjfiqb}& dethMg rt?@ﬂiﬂy?ﬂﬁ&jaﬁ,ﬁl(lﬁ-@ixﬁﬁt hythe-208y1 Qigétﬁﬂ d@lgr. and

. C orororm an , L, -tric oroet ane; secondary an
dimethoryethgne; ketonen sich as apetare, disthyldgtongoputanon, and methyl ethyl

i ] g y | o
o RRSBIPEL TR 31 bty e
ethyd cleneodte;r hdlegamattdphyeoenbdnsi dveh andethpleot ichlgraleachloroform

sol.vent s. such as di nef hyl syl f oxi de,. _ )
and R B e HodalfEitng) B oSt es tert-butanol;
nitrbgdnBdOneBninNSRIMEntN SBh BY WA@Y HOR TS hadSodhB¥aN formamide,

hépt ane, bénzene and tol uene, ethers 'such as diethyl

ace@tuivélcl, angi propisniple; asdroticl palagi belxente suehdas dimethylsylfoxide,
t d 15 .est .yinyl butyrate,
Nl e SR oA R PR EREB  efor Ted <

solvents may be ethers and aromatic hydrocarbons such

as benzene_or toluene, npst preferred toluene and
Amppg theret hudroeabensesucheasaant ipiance engsng dned stoligye.phers
- : - i _q3he.. 3
s 931y L, Bhpbrdy P LRENG - bing By S LYy TS
estesolbweints .vid Hitgraty reve ndrefetredn¥Fof onacanyme dholmaft preferred

formul a and acyl at.i agent shoul d .not be topo
soleni s b g A PALF BVGREGPDS Bihet e npsne ardofiene, most
prefRfbd $thedBind RAGnbRe SRy B6thY® pratytatd10e® nadyhR ethers

racemc diol of formula™(1l). Suifable the o
suck and ¢hdioasrieo Tho fabmee sotivents diay| beowsefl ginaly ar {1 a )combenation of
e ac;%ati ng reagent is each below 1,0 M nore suitable

OLITAC SSVEIE M even nore suitable bel ow 0,2 M or

even nore suitable below 0,1 M A person skilled in

the art will be able to determne the optinal _
Thecenmernitation of Fagsimie gied pidogmpla (&l ang @Fﬁla&ag egqnt shpgd not be
too %?éﬂ atd ﬂ%h%ﬁ@éﬂtration of reagents in the solvent may lead to non-selective

acylation of the racemic diol of formula (II). Suitable the concentration of racemic

diol of formula (IT) and acylating reagent is each below 1,0 M, more suitable below
0,5 M, even more suitable below 0,2 M or even more suitable below 0,1 M. A person
skilled in the art will be able to determine the optimal concentration of racemic diol of

formula (IT) and acylating agent.

Selective enzymatic deacylation is preferably carried out in water or a mixture of
water and an organic solvent, suitable in presence of a buffer. The organic solvent,
which may be used in the reaction, is not particularly important as long as it does not
deactivate the enzyme used. Suitable organic solvents are solvents miscible with

water such as alcohols, acetonitrile, DMF, DMSO, dioxane, DME and diglyme. The
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Sel ective enzymatic deacylation is preferably carried
out in water or a mxture of 30 water and an organic
suitable in presence of a buffer.

Wéﬂilaggﬁ%g solvent, which may, be used in the rglgjglﬂ?%%?osmmms
IS not partlcularly i mportant as long as it does not
deactivate the enzyne used. Suitable organic solvents

skilbedeparsinveill be Abls @b Mdentify bther Wiiable SAtaA péreghaltiBed in the
%%ﬁtonlérlle DMVF, DMSO, | di oxane, DIMVE and diglyne

art ksot/ detsmmine poer opHmehspRRsHbFtion 96 ragemnie cgmpound of

to identify other suitable

ﬁmﬂ S(Z‘mx‘ﬁeh nglgrrg%yr?ggkl Iled in the art will be able
to det erm ne the opti mal concentration of racemc

d of rnul ed | t.he reaction 5 The
T SEROBSr By o B Gt et Y Bedacreriey. b Caring Gut the
acyiaﬁ%h%aa@é&ytaﬁoﬁ @ﬁ piékdite Q¥ tantohéam@&iﬂl ahd AR aRorganic base.

deacyl ati on in presence of an organic acid and for an
organi c base. In particular the enzynatlc acylatlon

in oS ST e ool oo dfisd ot in the

pre$eAbd 68M digami6 inbid, Si2tablel @abgatn& b&b@@ﬂmemme ntioned
organic acid is an aromatic carboxylic acid or an

al i phatic carboxylic acid. Suitable organic acids,

Sutfhd P hoxdSpliatite! pakalfy sB70K] AR qxdffic catporle acid or m

dqﬁandsmbamakowkkylalkylcarboxyllc aC|ds optlonally
substituted phenylal kyl carboxylic acids and
optionally substituted phenyl carboxylic acids.

SuiRgld algbﬁc ki B iR nGATRCKRl ife t}?ccﬂeg&onaél% SRYRAMOKYBe acids,

aci ds~“such ormc-acid, acetic acid, propionic
CYChIaﬂld'lcanbdomWraomdsaouydloallwtalbdc@tbmwlacadds optionally substituted

oS 435 i B L ol e, BRay G s

Suifi®fARRiHati8 Chbox i §é19§ Qe Cadokdlic BAlkidCaRfirehic acid, acetic
cycl opent anecar oxyllc aci d, cycl ohexanecarboxylic

aczdacpreplopmaﬂ;qi iebuiyrigl a0 cise-buRyici asithol-atdy hybmicadcid, n-valeric
acid BHSALR! R, WeflicAfidl 7-oABICHNE DB Xhini PG, 886 acia,

aric aci d.

cro@hmt:iidc pabaitieoxillj eyelopasancembbrylies acid] dyclohetznasarboxylic

benzoic _acid chl or.obenzoi c ac,i d,
acid, phenyl—CM-alkyﬁ) boxch aczlg such 'as  3-phenylpropionic acid,

4-phenylbutyric acid, oxalic acid, malonic acid and tartaric acid. Suitable aromatic

carboxylic acids, includes acids such as benzoic acid, p-chlorobenzoic acid,
p-nitrobenzoic acid, p-methoxybenzoic acid, p-toluic acid, o-toluic acid, m-toluic
acid, naphthoic acid, phthalic acid and terephthalic acid, salicylic acid, hydrocinnamic

acid for instance.

Preferably, the organic acid used to improve stereoseleselectivity of the enzyme is
selected from n-propionic acid, iso-propionic acid, n-butyric acid, iso-butyric acid,
iso-valeric acid, 2-ethylbutyric acid, crotonic acid, palmitic acid, cyclohexane-
carboxylic acid, pivalic acid, benzoic acid and p-toluic acid, salicylic acid and

3-phenylpropionic acid. Most preferred, the carboxylic acid used is pivalic acid.
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p- ni trobenzoi c acid, p-nethoxybenzoic acid, p-toluic
acid, o-toluic acid, ,n-toluic 25 acid, naphthoic

a thalic acid and terephthalic acid, 3]

w acf’%ﬂwg drocinnanm ¢ acid fpor instance. Pref dggll%ioﬁsmoows
the organic acid used to inprove
stereosel esel ectivity of the enzyme is selected from

Thenarﬁéﬂﬁ'o? o g,acidstﬁ HRAAB Aht pARcHllarky- Btk ¥ied Cvd @heéltmolar
i so-butyric acid 30 iso-valeric acid,

ratiQ retatiye Botay silistratei i§, usoeldy @bl ¢o 46 erefprablyi 1.0ctoadfdand more
a carboxylic acid, pivalic acid, ben20|c
m3§%$%YEﬁ§ gﬁ¥oIU|c aci d, salicylic acid and
3- phenyl propi onic acid. Mdst preferred, the

carboxylic acid used is_pivalic acid. WO 2005/ Q77891
Alteraaii vie, 005 P E7ase nayrhe Usa (9 Hmprovenslestiyiiniof the pazyme,

eithf raR)r%e EVs et?gétﬁer u %{g%{f ?ﬁg %(J\%-Iﬁ&ﬁfoﬁé& BF%&:U gﬁ%t gx% 1suitable

O a substrate Is
orgutic Hasc fifeed agbeymdntidned, iBiethylaaride, nmyrilineparef 4daixthylamino-

pyridiagy b %wﬁgxngoé\'prt@%r@gt byiatle epiRaSE £ et A it organic
lmm@h&ﬂ%mg&caegﬁﬁh Anifie.t he above- ment i oned

organi c acl U|table organi c base there may be
nmentioned, triethylam ne, pyridine and

4- di net d di f
g b i R Sasp R R PP Bl il rmoter
rauB @ﬁﬁtl% R PEMIRLE iAGEIR0E t5310, &hcm prefanble nmlzso 10

he anount of the organic base to be used i s not
part|cularly restricted, but the nolar ratlo

s pfafink 8080 5P et Ry b o b phap 30 ey be

cmﬁeﬁg@fbsady@a(gr@[p any other group that may be 15
converted to a cyano group. G oups that may be
converted to a cyano group include hal ogen such as

Gn‘é.ll}lg Qn%lgt %Qmom}eﬁg&’ 19 r%ﬂ%ﬁr %rgy uBrigé1ana ks g@rh ls@&H0 a®chloro,

I groups be converted to
brodym iada srclusde, poH8rabGFloroSORr@0., wherein n is 0-8,
-OH, -CHO, -CH2OH, -CH2NH2, -CH2NO2, -CH2Cl, - CH2Br,
- CH3, NHR5,

Other groups which may be converted to cyano include CF3-(CF2)3-S02-O- , wherein
n is 0-8, -OH, -CHO, -CH,0H, -CH;NH,, ~CH;NO,, -CH;Cl, -CH,Br, -CHs, “NHR’,
.CHNOH, -COOR®, -CONR®R” wherein R® is hydrogen or C.-alkylcarbonyl, and R®
and R’ are selected from hydrogen, optionally substituted Ci.¢-alkyl, aryl-C; ¢-alkyl or

aryl and, a group of formula
R 10 R_ 11
lge(
N
R
,_
(VII)

wherein Z is O or S; R® — R® are each independently selected from hydrogen and
C;¢-alkyl or R® and R’ together form a Cas-alkylene chain thereby forming a spiro
ring; R!% is sclected from hydrogen and Ci¢-alkyl, R is selected from hydrogen,
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- CHNCH, - COOR6, -CONR6R7 wherein R5 is hydrogen or
Cl _6-al kyl carbonyl, and R6 and R7 are selected from
, optionally substituted ClL. -al kyl,

W&a%ﬁ%@%ﬁﬁ6 al kyl or aryl apg, a group of forn%ﬁrlémﬁgooaoooms

10 R11 R R ~x~N Z (MI wherein Zis 0 or S; R$

- RO are each independently selected from hydrogen .
C;-@Czaﬂﬁyl, Gillcai'lbti;&y gro%p (ﬁ\’&‘; %ﬁm}iﬁr fgm@p_tth&efdr@,r@ R' and R together

.H-a ene, chai n ereby formng a spiro ring;

fo“Rf‘oézr%al BE tln thesrRyHOBRBE @ FPHRANG . 6-al kyl, R' is

sel ected from hydrogen, WO 2005/077891

PCT/ DK2005/ 000075 22 Q 6-al kyl, a carboxy group or a
When & ds belogen,cmppdrtierdaf bromo or cHo, andvéisiont togetiweio may be

car 8 PGB SeRh0S E194 t RELER SRR, BoFPHAana wo
01/6¥dgaro, conversion to a cyano may be 5 carried out

as described in US 4,136, 193, WO 00/13648, WD
00/ 11926 and WO 01/02383. According to US 4,136, 193

ARG R0 946 PoSLARRARAP: hRel 003 S4By lngs comio
out bpdeddoAYithlQ@6Ndescri be the conversion of a hal ogen

or atriflate group to a cyano group by cyanation
With a cyanide source in presence of a Pd or N

W PO pad PPN ARREEB S5 AL Bk £

grogpto 2spandgrogp by ayenatioapeitina chanidetdodsingratengouBa Pa or Ni
cataﬁ?s%se described in WD

Compounds wherein the group R is a group of formula (VII) may be converted to the
corresponding cyano compound by methods analogous to those described in WO
00/23431.

Compounds wherein R is OH, -CH,OH, -CH;NH,, -CH>2NO,, -CH:Cl, -CH;Br, -CH;

or any of the groups above, may be converted to the corresponding cyano compounds

by methods analogous to those described in WO 01/68632.

Racemic compounds of formula (II) may be prepared by the methods described in the
above-mentioned patents or by the alkylation method described in US patent No.
4.136.193 or the double grignard reaction described in EP 171 943 or by analogous
methods. Racemic compounds of formula (IV) may be prepared from racemic
compounds of formula (II) by non-selective acylation using anhydrides, esters,
carbonates, isocyanates or isothiocyanates as defined by formulas (Ila), (IIlb), (Illc),
R'-N=C=0 and R'-N=C=S above.

In some cases the racemic compound of formula (II) may be available in the form of
an acid addition salt, such as the sulphate salt, and in this case a free base of the

compound of formula (II) may be obtained by freating the salt with'a base in a
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00/ 23431. Conpounds wherein Ris OH, -CH20H, - CH2NH2,
- CH2NO2, -CH2C1, -CH2Br, -CH3 20 or any of the

bove, may be converted to the corres '
Wogggﬁ%ggnpounds by net ho anal ogous to thog’gﬂ.%l&%os’000075

described in WD 0 1/68632. Racem c conpounds of
formula (I1) may be prepared by the nethods descri bed

mixtute bihwatea hod/ gn B?rmﬂcﬂfw&n@@é efisSerche BYmbbenPbkikalla @) into
nmet hod_ described in US patent No. 25 4.136.193 or

the prgamigghsee grignard reaction described in EP 171 943
or by anal ogous nethods. Racem c conpounds of fornula
(1'V) may be prepared fromracem c conpounds of

Prefemmbhp, Rais (clyano. 3§ Rnis mos eyamof corgemion et the graigi Rdo a cyano group

. a drid ester.s car bopat es, isocyanates or

is QORI ABE R clofFh GuRBy 3 rRia o Appags (V)
(If1b), (I'l'lc), R -N=C=0 and R -N=C=S above. 30 In

sone cases the racemc conpound of formula (11) may
Prefigeablyy &lal sofleorpnlit i is ophflesro, ecomversion efdlie graw Hallto a fluoro

. ! e sulphat.e salt nd in_this case fre _
is sy Biriecom i SBisbie Bt s e e e - A
prodedlurer fat ¢apgiid @usahls vodvBrstord &S dedohibad i@ SHERIRY (Ehicals
PCT/ DK2005/ 000075 23 m xture or water and an organic
Maggaging epypril 2403 pagesIte?8t he conpound of fornula (11)
into the organic phase. Preferably, Ris cyano. If R
is not cyano, conversion of the group Rto a cyano
Z, grgtupuphich masy euidnabited walimeibgiamitométhel are ighgips Isoctiuse
to forma conmpaound of fornul . Preferably I
~CHaglof | GdfoNOps - 1MBHRL (fye0Gs| @@%ﬁ%on@%@bﬁgbof“%g@&
-crghaviepdial - fdmor o_criNY] t aBbYNFED), ed . OHEA B HeA IR
H?-i ng .c 1f)sureztodf‘oéf)’m a c%lr\%%und of ?cgi?%l a, Vg A)g 13’
(AR OARIDEATRF), caCOPRYG oTH,-€BINHeonCERGIBR'T sor ~CONHR",

descyi bed i ecial ity Chem s 10,Magazine, April .
whesgR e Baeroketan £9up ot ik Erug BE G5h 8 AaPplsetion
grovpis TBE &Y hafion@wep R 2 an@ RYY QuPmdspindensy selédid krom Cy.¢-alkyl,

- CH2-N02, -MgHal, cyano, al deh% e, -CH270 Pgl .
Co-s=alipgmy NG 5Rdieynyl and Optxonaily alkyl substituted aryl or aratkyl groups or R
and R™ together form a chain of 2 to 4 carbon atoms, each of R" - R are
independently selected from Cig-alkyl, Cye-alkenyl, Cj¢-alkynyl and optionally
Cy¢-alkyl substituted aryl or aryl-Cy.¢-alkyl, R™ is hydrogen or methyl and A', A*and
A? are selected form O and S; L is a leaving group, such as halogen or -0-SO-A
wherein A is Cy.4 alkyl, Co¢ alkenyl, C,¢ alkynyl or optienally C,.¢-alkyl substituted

aryl or aryl-Cj.¢-alkyl.

The alcohol-protecting group, Pg, may be a trialkylsilyl group, a benzyl group or a
tetrahydropyranyl group (THP).

Suitable groups Pg; and Pg; are aralkyl or -SO,-R® groups wherein R” is alkyl, aralkyl,
aryl or aryl substituted with alkyl, typically methyl, benzyl or tosyl, or Pg; and Pg,
together with the N atom to which they are attached form an optionally substituted
phthalimide group.
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- CH2- NMePgl, - CH2NHCH3, - CH2-NH2, - CO N(CH3) 2,
-CH(A R12) (A" R13), 15 -(A R14)(A2R1) (A3R16), -COOR17,
-%f NH2, -CH=CH R' or -CONHR 9, wherein '

WOp2ro g on group for an algohol group, Pgi aﬁlgg'ﬁig]gm&moms
are protection groups for an am no group, Rl2 and
R13 are independently selected from G -6-al kyl,

Cothgorfrdd| WB&¥in, 7C3s 6-CHIL OB Iman Ge Ofdrivened |t @K ¥brresponding
substituted aryl or aral Kyl groups or_ Rl12 and R13
compoyedhEherst & i§ cbw&ﬂwlaémngmﬂgma% dyssEhediim KO Y28 WO

- ' | ected from
01’%%%-"55@0%353@"%ﬁggﬁﬁspg"q@?&%{%@yny| and optionally
Cl. 6-al kyl substituted aryl or aryl-d _6-al kyl, R19
I S hydrogen gr. nethy d A, and A3 are selected
Comyiip WIS, if 1@%#4 @%ﬂﬂﬁd’ @?ﬂﬁﬁﬁ% BERPa Ay HeggRreried o
adiﬁfetha@ﬁnﬁggméthy iR i1 dafhelare! KYl, C2.6 al kenyl,
C2.6 al kynyl "or optionally Cl.6-al kyl substituted

aryl or aryl-Cl-6-alkyl. 25 The al cohol -protecting

r Qu Pg. .my. b &l Kyl.s] 19U a._hanzyl
Copils seieis 2 PERPNIGHT: BRSFCOATHR i din & Blicrpeen o
metByOURRy POt aBavdred a6 etRf dolredpodding S@8mBoudsOUplierein 7 is

~wherein Ris alkyl, aralkyl, 30 aryl or aryl
dime{iiirminemelyLas desaiikgd in WAL oraNQ\Pi/6868h 25 by apalogous
|, or Pgi and Pg2 together with the Natomto
met\slxlﬁ'?%h they are attached forman optionally
substituted phthalimde group. WO 2005/077891
PCT/ DK2005/ 000075 __ 24 .Corrpoun%tp

Compgyndpyvihgreinyg: i eCENMEtRe) ¥ fhﬁ“h@%ﬁ 5@’&%)){%? Vg converted to

%&,@E kil SETARERICNI 23escribed in WO

the SOFROUAR. ¥ | FiRige ORI S Sesoribel iy

01/48526y0r @104 K368 1 me bl adalogds@methalsnds wherein Z is
-CH2-L, wherein L is a |eaving group, nay be

converted to. a dipethyl am,ponet hyl aro ' h .
Corfignigs Wb R ReRoNA 37 5 85 P Lo Yo
compehd FASein¥ & Ginktifidminsnitil agesicabed HEWIRI01/48525 be WO

converted to the correspondi ng conmpounds wherein Z is
01/68631 or by analogous methods.

Compounds wherein Z is -CA'R™(ARPYA’R'®) may be converted to the
corresponding compounds wherein Z is dimethylaminomethyl as described in WO

01/68631 or by analogous methods.

Compounds wherein Z 1is -COORY may be converted to the corresponding
compounds wherein Z is dimethylaminomethyl as described above, starting with the

carboxylic acid ester.

Compounds wherein Z is —~CH;-CONH; may be converted to the corresponding
compound wherein Z is as described in WO 01/43525 or WO 01/68631 or by

analogous methods.
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10 di net hyl am nonet hyl as described in WO 01/43525 or
WO 01/ 68631 or by anal ogous nethods. Conpounds
rein Z is -CH2-NMe(Pgi) or -CH2-N(Pgl) (Pg .
wo‘é@%{/og? Ld to the cor respapdi ng conpound \/\heﬁé?‘)’ﬂﬁéo‘%@omﬁ
di met hyl am nonet hyl as described in WO 15 01/43525
or WD 01/68631 or by anal ogous nethods. Conpounds
Co 8t Rvierdi 7 G AAREOHRZRLS) veBYorRerie® ¥ efeeBork@ponding
the correspondi ng conpounds wherein Z is
compioped WEwin Adsdithsgthylamismsethylnsdicseribag io WE38D43 535 swoWO
é%# ous net hods. 20 Conpounds
01/ e?gfﬁ}?%p%@ﬁ (A2R15) (A3R16) may be converted
to the correspondi ng conpounds wherein Z is
di met hyl anmj nonet hyl as described in WO 0Q1/68631 or
Conppounds, WheisinsZ deeae Of —Edlpdin ey hssrarsited tp shepgmresponding
B¥nd H/he . ))rtlzﬂﬁi-n. ROQERGed GOPOU
cmﬁ%er ei%n fzéﬂ?/? %%gng eﬁl ['am ﬁg{ﬁgl? Ey?rdas geescri bgdﬂgg%@g, or by
analegaustmethods. t h the 25 carboxylic acid ester.
Conpounds wherein Z is -CH2-CONH2 nay be converted to

t he correspondin ound wher ej is_as described
Compyrings WhFRESEa oHsHAT Revacesi gecfp the cndhsfdik contpound
whe@ih &5 din\h 2ARRIENSA las RIekéiNcAd0RSHED 00/686229r by analogous

Conpounds wherein Zis -CH=CHR 8 may be converted to
metheds. cor r espondi ng conmpound wherein Z is

di met hyl am nonet hyl as described in WO 01/43525 or WO

01/ 68631 or by anal ogous net hods. 5 Conpounds wherein
Preférabdy, &y ﬁrﬂgnﬁthyie@ﬂaoﬂﬁlgﬂslmy i monlwactheldniitorhdtayl, conversion

corresponding conpound wherein Z is . o
of Zdfp pectimgibglminom ;f’ &rRup deRptably carried opRiter MBI dOsWF- by

anal ogous net hods. Conmpounds wherein Z is -MHal may

be converted to the correspondi ng conpound wherein Z
Conysoutitsrevhbrgirathi dotted Hipd repseseiats @rdobblg bond WRyl%k/ @86&%cdbio the

eongg/po%&%lgo (r)rlflp%und wherein the dotted line is a single bond by the methods
described in WO 01/68630 or by analogous methods. Prefetably the reduction is

carried out after ring closure.
Experimental

In the following examples % conversion and optical purity were measured and

calculated as described below:

HPLC analysis condition (for conversion rate):

Column: A Lichrospher RP-8 column, 250 x 4 mm {5 pm particle size)

Eluent: Buffered MeOH/water prepared as follows: 1,1 ml EtzN added to 150 ml
water, 10% HsPOg(aq) is added to pH=7 and water is added to a total of 200 ml. The
mixture is added to 1,8 L MeOH.

Temperature: 35°C

Flow rate: 1 mL/min
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10 nmet hods. Preferably, Z is dinethylam nonethyl. If
Z is not dinethylam nonethyl, conversion of Zto a

W(g'#t{agb;%blam nonet hyl group is suitably carri edP&glt}lﬁlé%OOSﬂmﬁO'is

rring closure. 15 Co unds wherein the
l'ine represents a double bond may be converted to the
correspondi ng conpound wherein the dotted line is a
Prestpgl @slpoa®aby the nmethods described in WO 01/68630
or by anal ogous nethods. Preferably the reduction is
Detegtion:dfV 4 naf ter ring closure. 20 Experinental In

Injéc!?ﬁnfvgidn%wlﬂ%ﬁg%i”pl es % conversion and opti cal
purity were neasured and cal cul ated as descri bed

bel ow. 25 HPLC anal ysis condition (for conversion

rate): Col(yrm: A Lichraospher RP-8 c¢colum, 250 x 4 pm
Coprersipp £aie (@) & BIGER) ¥ lﬁén@’f PR Pﬁar ehSnamepnt of residual
sutkteRared as follows: 1,1 m Et3N added to 150 m

water, 10% H3PO4(aq) is added to pH=7 and water is

added to a total of 200 mMl. The mxture is added to

1,8 L N 30 T t : .35C . Fl te:. 1 '
R e e T e Y
MPa Detection: U 254 inn Injection volune: 10

mcroL 5 Conversion rate (%9 = P/ (S+P) x 100, (P:
Cohmuuhaieel APr cdwmn, with thadibuensicas 266 siddusim (Suigartidejize)

MR BheRoFEPB AN cal pur ty): 10’ Cof umn®  Dai cel AD
MRidt M IMhddd1 WG ReARASIRND. 585 and tAflfordhedie atidrarsvie! e
Mo%liée?')gradient: 1-2% in 4 minutes

2-4% in 4 minutes

4-8% in 4 minutes

8-16% in 4minutes

16-32% in 4 minutes

32-45% in 1,62 minutes

Temperature: Ambient temperature
Flow rate; 2 mL/min

Pressure: 20 mPa

Detection: UV 230 nm and 254 nm

Injection volume: 10 microL

Optical purity (% ee) = (A-B) / (A+B) x 100, (A and B represent corresponding stereo

isomer, A>B)

E-value = In ((1-¢/100) x (1-Es/100)) / In {(1-c/100) x (1+Es/100))
(c: conversion ratio, Es: optical purity of residual substrate)
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Mobi | e phase: Carbon di oxide Mdifier: Methanol with
diethylamne (0.5% and trifluoroacetic acid (0.5%.
L gr adi ent : 1-2%in4rrinutes 2-4%in
w ﬂ {’@J‘ 15 4-8% in 4 nin 8-16% i n 4ni rﬁAfiT K2005/000075
16-32%in 4 mnutes 32-45 oln 1,62 mnutes 20
Tenperature: Anbient tenperature Flowrate: 2 nlL/mn
Eximphsre: 20 nPa Detection: UV 230 nmand 254 nm
InJ ection volume: 10 microL 25 Optical purity (% ee)
(A B) I (A+B) x 100 (A and B represent

- 3 .l "
—cérlrb&‘h‘llboﬂ)b)ogeﬁa_ﬁ@te converS| on rat| o, Es: optical
purity of residual substrate) WO 2005/077891
PCT/ DK2005/ 000075 27 Exanple 1 (8)-1

( Iy e\ A A% b1tk i T d A O s - -
o d BB o A e (YNGR s
-l@ﬂaix&hﬁﬂﬁ'lﬁéﬁzcannﬁatande6ﬁf g3bufynie acid S-cyano-2- [4-dimethylamin0~
S | a 4 nyl dr.o

-(ﬁtfé!ﬁgphsnﬂy gﬁa%wglﬁvfb@%&ﬁsw RE2 Ao ﬁﬁf)bfum
Wag%ldge{?l uo?ogh%nbfb) 1- hydr oxy b@?yﬁo‘%egngoy Fmes‘,’?’eér#”ghﬁe/aé room
empe&tﬂr)e i Pre&ipitatied t @veciiy daciflumamo-{5-cyano-2-[(S)-4-dimethylamino-
1-(4-fluorophenyl)-1-hydroxybutyl]-benzyl} ester was filtered off and washed with

cold tetrahydrofuran to obtain 3,1 g ester 98% pure. Crystals were dried in oven and

subsequently dissolved in 50 ml anhydrous dimethylformamide. To the solution was
added 1,1 g NaH (60% suspension in oil) and stirred overnight at room temperature.
The mixture was quenched with water and extracted with 3 times 50 ml diethylether.
The combined organic phases were washed with 50 ml water and dried with Na;SO4
and evaporated in vacuo, The remaining oil was dissolved in 14 ml acetone and 630
mg oxalic acid was added. After 1h stirring at room temperature, the precipitated
erystals were filtered off and washed with cold acetone to obtain 2,02 g escitalopram
hydrogen oxalate (ee-value 95%)

Example 2

(Preparation of the mixture used in example 1)

benzonitrile

To a stirred solution of racemic 4-[4-Dimethylamino-1-(4-fluorophenyl)-1-hydroxy-
butyl}-3-hydroxymethylbenzonitrile (29 mmol, 10 g) and vinylbutyrate (58 mmol, 7,5
ml) in anhydrous 1,4-dioxane (142,5 ml) is added lipoprotein lipase pseudomonas sp.
(160 U, 250 mg). The reaction is heated to 50 °C and followed by HPLC. After 192
hours at a conversion of 41%, additional 250 mg lipase was added. After 504 hours, at



was added 1,2 g (1,1 eq.) succinic anhydrid. Al owed
to stir overnight at room 10 tenperature.

: i pLd,ated succinic acid

woﬁ%ﬁ%éﬁg"{lcyano- 2-[(S) - 4- di mgg hyl ani no- PCT/DK2005/000075
1- (4-fluorophenyl)-I-hydroxybutyl]-benzyl} ester was
filtered off and washed with <cold tetrahydrofuran to

a caltvession &, 68 % 126 teictiOB%ap prpecfﬂ}le eatyanesIfited eff ahdwashed

oven and subse u nt | sso ed in 5Q anhydr ous
withy .aﬁét%m@e EYES F‘Yﬁ’ﬁ%@ﬁ%" p @ﬁﬁé&rqe\@pgrated in
it
vachg %&@%@g@ﬁn ﬁhﬁ{lﬂzédT?]ﬂ’ 's{%)erac?ﬁmﬁl f1hiaedwOMalo eg'l‘a%‘ﬂ%'.hébtamed

roomte xture was quenc
ee—v@u&e((SM)eﬂSWa(S—dwllﬁ-&bl%4ﬂilhes 50 m diethylether.
The conbi ned organi ¢ phases were washed with 50 m
water and dried wth Na2S04 and evaporated in vacuo.
The remaining oil was dissolved in 14 m acetone and
630 ngy oxalic acid was added. After I h stirring at
roomtenperature, the precipitated crystals were
filtered off and washed with cold acetone to obtain
2,02 g escital opram 20 hydrogen oxal ate (ee-val ue
95% Exanple 2 (Preparation of the m xture used in
exanple 1) 25 (S)-4-[4-Di nethylamno-1- 4'-fluoro hn
enyl ) -1-hydroxtyl|-3-hydroxvnet hyl - benzonitrile To a
stirred solution of racemc
4-[ 4-Di met hyl am no-1-(4-fl uorophenyl)-1-hydroxy- 30
butyl ] - 3- hydr oxynet hyl benzonitrile (29 mmol, 10 g)
and vinyl butyrate (58 mmol, 7,5 m) in anhydrous
1, 4-di oxane (142,5 nil) is added |ipoprotein |ipase
pseudononas sp. (160 U, 250 ny). The reaction is
heated to 50 C and followed by HPLC. After 192 hours
at a conversion of 41 % additional 250 ng |ipase was
added. After 504 hours, at W 2005/077891
PCT/ DK2005/ 000075 28 a conversion of 63 %the
reacti on was stopped. The enzyne is filtered off and
washed wth a small anount of 1,4-di oxane. The
combi ned organi c phases are evaporated in vacuo and
subsequent |y anal yzed on super critical fluid
chr omat ogr aphy. Obt ai ned
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ee-value ((S-diol) = 95% (S-diol/Rdiol = 40:1). 5 WO
2005/ 077891 PCT/ DK20051000075 29 Cainms: 1. A
nmet hod for the isolation and purification of the
. . having a formula CY ~ R OH Z 5 I
v&ﬁ%@%&ﬁ R is cyano or a grgup which may bek%gﬁé%%%gﬂmmﬁ
to a cyano group, the dotted line represents a
doubl e or single bond, Hal is halogen, 10 Z is a
(dimst hyl anmi nonet hyl group or Z is a group which may
be converted to a dinethyl am nonmethyl group, WisO
or S, Yis abond, O, Sor NH and RlL is C 10-al kyl,
1CA msthald ket isoliati@Pand puafidaying bf thk kompountihatinga formula
optionally be 15 substituted with one or nore
substituents selected from Cl - 10- al koxy,
C 10-al kyl tWi o, hydroxy, hal ogen, am no, nitro,
cyano, Ciﬁigéal | am no, di-(Cl-10-al kyl)am no, aryl,
aryl oxy, yyHi 0o and heteroaryl, or R is aryl, '
wherein any of the the aryl and heteroaryl groups

st i-Oonal ly be substituted one or nore tines with
uengfy selected from Cl_10-al kyl,
ahkgnyl., €21o-al kynyl, C1_10-al koxy,
G -lo-al kylthio, 20 hydroxy, hal ogen, am no, nitro,

cyano, C1.10-al kylam no and di-(d _r0-al kyl)am no, or
of, and/or a diol of formula W

a salt
2005/ 0 _7@9_1 PCT/ DK2005/ 000075 30

Hal av)

wherein R is cyano or a group which may be converted to a cyano group,

the dotted line represents a double or single bond,

Hal is halogen,

7 is a dimethylaminomethyl group or 7 is a group which may be converted to a
dimethylaminomethyl grouP,

Wis Qor S,

Yisabond, O, S or NH,

and R’ is Ci.a0-alkyl, Coqo-alkenyl or Cyp-alkynyl all of which may optionally be
substituted with one or more substituents selected from Cy.ig-alkoxy, Ci.jo-alkylthio,
hydroxy, halogen, amino, nitro, cyano, Cr.jg-alkylamino, di-(Ci-1g-alkyl)amino, aryl,
aryloxy, arylthio and heteroaryl, or R! is aryl, wherein any of the the aryl and
heteroaryl groups may optionally be substituted one¢ or more times with substituents
selected from Cj.jg-alkyl, Co.g-alkenyl, Cpjo-alkynyl, Ci.p-alkoxy, Ci.p-alkylthio,
hydroxy, halogen, amine, nitro, cyano, Cj.jp-alkylamino and di-(C,.1p-alkyl)amino, or
a salt thereof,

and/or a diol of formula
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OH R OH Hal (In wherein R Z, Hal and the dotted
line are as defined above, or a salt thereof, froma
m xture containing the conpound of formula (1V) and
of forrmula (I1), which 5 conprise _ -

v%%%g ?n% said m xture contgining the conpou%gng%zmﬁmmmh
formula (IV) and the diol of fornmula (I1) wth a
cyclic anhydride or imde of formula O-R* 0 OO R' O

1 Oz HOOC X or AN R OR OO 10 (la)
wherein Xis - (CHR "%, whereinnis
R, R'" and R'"' are independently sel ected
agdn, ¢ _6-al kyl, C.6-al koxy, 15 aryl oxy,

HXy ~ar51 - CO- O wherei n each aryl may be
substltuted with G _6-alkyl, or R and R'" in an

and R5 are independently hydrogen or

G . 5-alNg or R and R'" in an anhydride of fornula
(I'b) are ladj acent and together with the two carbon
atons togawhi ch theydgre attached forma benzene
ring; 20 one of QL and Q2 is nitrogen and the other
carbon, or both are carbon; WO 2005/077591

Wﬁggﬂl%@% Qu%) 917’ cﬁ)tted line are as defined above, or a salt thereof, from a

mixture containing the compound of formula (IV) and the diol of formula (II), which

comprises:

a) reacting said mixture containing the compound of formula (TV) and the diol of

formula (If) with a cyclic anhydride or imide of formula

o R O

O; (X or or HOOC\A—“);»:T\

o) R' o. R
(la) {tb) (le)

wherein X is <(CHR’""),-, wherein n is 0-2;

and R, R~ and R*** are independently selected from hydrogen, Cy.¢-alkyl, Ci.¢-alkoxy,

- aryloxy, Cig-acyloxy, aryl-CO-0, wherein cach aryl may be substituted with

C\¢-alkyl, or R’ and R’ in an anhydride of formula (Ia) together are —O-CR'R’-O-,
wherein R* and R® are independently hydrogen or Cpg-alkyl, or R’ and R” in an
anhydride of formula (Ib) are adjacent and together with the two carbon atoms to

which they are attached form a benzene ring;

one of Q' and Q% is nitrogen and the other carbon, or both are carbon;



10

31 Ais Cl-6-allylene, phenylene, or -naphthyl ene
wherein the C -6-allylene, phenylene, or naphthylene
groups nmay optionally be substituted one or nore
times with G _6-allyl; 5 to forma mxture of the

; nd of formula (1V) and an ester havi e . _
_ “OZ?OHTU A ( pcg'ﬁﬁ%omzoomm

Ov v R\ / HZ Hal (V) where
and Hal is as defined above and V is
--CHR - X-CR'-COCOH, 10 -X-CHR'-CO NH A- COCH, -

- A 1s R LEXle@D HieR A0 OF| napltiRylerR wh@RinRhe (Qg-alilylaoe, EOENene,

N, s _defined above;
S5 SR e BB GFoRRAGIS (TS BT H
Cic-dbgler of for nul a (v by a 15 nmethod selected from
the group consisting of: i) allowng the acid of
formula (V) or a salt thereof to precipitate fromthe
to foinRBHHeR oMt dioudd el BERAE atNgd bR estRCInRitaben ot
t he conpound of fornmula (V) or a salt thereof from
the reaction m xture, optionally followed by 20
i sol ati om of the conpound of forrmula (P7) or a salt
thereofeg%*mthe reaction mixture; W 200-5/077991
PCTI DK2 \P00075 32 ii) partitioning between an
sol vent and an aqueous sol vent whereby the
d of formula (N) will be dissolved in the
ni C Cﬂ_r'mse wher eas '

h\/‘_az

Hal (V)

wherein- R, Z and Hal is as defined above and V is —CHR’-X-CR-COOH,
-X-CHR*-CO-NH-A-COOH, - CHR”-X-CO-NH-A-COOH,

R 59.2:3,1?" | z\r—‘:Q R"
\

1
Q\\ /> or
COOH COOH

wherein R, R>*, X and A are as defined above;

b) separating the compound of formula {IV) from the ester of formula (V) by a

method selected from the group consisting of:

1} allowing the acid of formula (V) or a sait thereef to precipitate from the
reaction mixture, and separating the precipitate of the compound of formula
(V) or & salt thersof from the reaction mixiure, optionally followed by
isolation of the compound of formula (IV) or a salt thereof Tom the reaction

mixture;
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the conpound of formula (V) will be dissolved in the
aqueous phase, separating the phases, and optionally

i solating the conpound of fornmula (1V) 5 or a salt

t hereof and/or isolating the conpound of formula (V)

or a salt thereof; and iii) adsorbing the conpound

WooriF Gl a (V) on a basic resin, separati ngPEHBK2005/0060073

sol vent containing the coffpound of fornula (I1V) from
the resin, desorbing the 10 conpound of formula (V)

e Sl By o onh ol Y 1 B

i sahatompotrief ¢enmpeuid) oill bé dissuilved {tMhe orgasic phkse whereas

| b Somemind 1% FRrle (OSSRl b G T A e,

f r aFpdrhen £t ehasef, ho bpwd)sﬁl f\olesng prerchapoed d:ﬁyformula avy
allogéggthe acdof rrula 1%% prec |tat ng
t hePTPeSRE IR0 AR ?fd?céaﬂﬂa ¢ CUBEY %3 é’EPEﬁ 7E0

of agghe conpound of formula (V) fromthe reaction

m xture, optionally followed by isolation of the
compound of formula (IV) or a salt thereof fromthe

r ]?@i‘if)lt h&’é&réﬂll«?(%dérc%mp%{?ndgm ﬂ%@mﬂﬁt‘hpgn %%EEE qkéﬁq FePr@Y the
of clains wher ei n :

i ncepeEntemtdiging Me@@mg@mﬂircé ﬁpﬁyléa 6@@ rﬁnanfée @fmbd%pmg the
an A6 ROt ByfanD ThE JERbA .
acgcor [ %g&jtog%%ny o@ﬂc’?%lﬁﬁs %ﬂ%}c A Séx}" eaPlﬁ C{IB_Ee _‘?19 isolating the
S- ematouodref fcmrﬁmlat{EV) gonpdiuthdreof afidjemisdlatig\he ovmpound of
m X ?(/ enan metfs of the conpound of fornula 25
(V) O%ﬁlﬁ 3f n‘dgS eeot han 50% of the S-ennantioner of

t he conmpound of formula (V) |s separat ed fromthe

ena f the acy eriv ve o ornmul a (1 ,
2 Greraomd Horhaturioy ety B S aghod BT Bebdotha of
fordl€ll o inve, afe deaf mﬂHamﬂdlé/)(VQQmp’vi‘meﬂiE@ B0 Ekovih@mhe B0t
of t R-enantigner_of the acyl vative tgf f or mul a

forwpvlv)f\f} AP CIDER fqeafhoaeaa%%%wbe YRR G REFEiHe of

the LiepausD dRtLNEL (0f sobe tieorneusd alund Apibhaly (Mioks by
separated fromthe R-enantioner of t he acyl

 isolghen v&Rp eempung 6f fagpale (1Y) or aoelttharAT AR %t rreeticppmixture.

enantionmers of the acyl derivative of formula (1V)

conprising nore than 50% of the R-enantioner of t he
3. dbylmetbed wetordieg 6f afipemstame| Vpr AwhaenstoF/ggnd R are

mdg gg%osgg tQ,Q %gé%ydrogan and C,¢-alkyl, and Q and Q are both carben.

4. The method according to any of claims 1-3 wherein the S-enantiomer of the
compound of formula (V) or a mixture of enantiomers of the compound .of jormula
(V) comprising more than 50% of the S-cnantiomer of the compound of formula (V)
is separated from the R-enantiomer of the acyl derivafive of formula (IV) or from-a—
mixture of enantiomers of the acyl derivative of formula (IV) comprising more than

50% of the R-enantiomer of the acyl derivative of formula (ITV).

5. The method according to claim 4 wherein the S-enantiomer of the compound of
formula (V) is separated from: the R-epantiomer of the acyl derivative of formula (IV)
or from =z niixture of enantiomers of the acyl denvative of formula (IV) comprising

more than 50% of the R-enantiomer of the acyl derivative of formula IV).
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33 6. The nethod according to claim5 wherein the
S-enanti oner of the conpound of formula (V) is
separated fromthe R-enantioner of the acyl

derivative of formula (1V). 5 7. The nethod
WaBPHPNg to any of clai rrg3 1- 3 wherei n t he FCT/PK2005/000075
S-enantioner of the acyl derivative of forrmula (IV)

or a mxture of enantioners of the acyl derivative of
formula (1V) conprising nore than 50% of the

6. T URORRh e einiiaie TebiER Po serapren el I feBeheder
forbral W @s depAradl frodrtheR @niiticinier ef bt aen derivatvesiSoniulh (1Y),

conmpound of formula (V) conprising nore than 10 50%
of the R—enanti omer of the compound of fornula (V).

7. 8rhehR@h&ELdR ggﬁydbmmm cf aibden MSf&hﬁh&ﬂb? of the acyl
S- enant i oner aryl derivative aof fornula (V)

degiative o4 farate ﬂrVa rﬁrt %énﬁ%%ﬁ%ﬁ%mﬁéfo fithe 2eBnfsEAEy o pf

foﬁrﬁﬁmcéﬁﬁnsm%rm&é @iZh 30‘)@ B&tﬂ% 8-cQinteRens A (REBIS d@tvatibEor
onpound of formula (V) nmprising nore 15 than 50%

for@nﬂq (¥) i sspravied rerthe R‘Qﬂﬁ@%@ﬁfﬁ’é thscrogponst ?ﬁfpam(lw ) or
fro% IRty Q&g‘[@ﬁ&g bELE Q?ﬁlgoﬁd"ﬂf %rﬁlum %brﬁpﬁslﬂ?g more than

enantioner o e ac erivative mula (1V)
SOVtsofé@pl&teaar@dmﬁwfrﬂlﬁtmmu@afﬁomm%f the corrpound of
formula (V). 20 10. The nmethod according to any of
clainms 4-6 wherein the R group in the conpound of
8. f Brenmtthod Apoidigab chim &dvhieneit e S—mami@ﬁertdf éhe acyl derivative

o BB BB B SBER RN bR gomt 5

or Gt ®adthy Fenagivinedt dfahe eordpaved oy fmmladwetcbmpmgngmme

i onal | erted and/or a
ﬂ%;ggéﬂfé?ﬁﬁ@mﬁﬁ'¥%Q§H¥Fﬁ@m§né8ﬂ%F3qﬁg%h is optionally
converted to a single bond, in either 25 order,
faol |l owed, by conversion of the c nd of. for
9. + BhosmehochmspRiE to o1 %a%lmr%?*re\/@%ﬁ%ﬁfofﬁwc%dﬁ%\%
-"%‘W C\;@VMQSI) RGBS RREEhRREUIHRABABEuNIIA fdRutul (V).

10. The method according to any of élaims 4-6 wherein the R group in the compound
of formula (V) is obtained in the form of the S-enantiomer is optionally converted to
cyano, the Z group in the compound of formula V obtained is optionally converted to
a dimethylaminomethyl group, Hal is optionally converted to fluoro, and/or a dotted
line representing a double bond is optionally converted to a single bond, in either
order, followed by conversion of the compound of formula (V) to escitalopram or a

derivative thereof having the formula
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wherein R, Z and Hal is as defined above by treatnent
wWth a base, optionally followed by, in either

order, conversion of the group Rto a cyano group,
conversion of the group Z to a dinethyl am noneth

W B "Ednver sion of Hal tg fluoro, and 5 cSﬁW@?@%ﬁﬁmmﬁ
of a dotted line representing a double bond to a
S|ngle bond; optionally followed by conversion of

11. The method according to any of
perein the R group in the conpound 10 of

S-enantioner_is optionally converted to cyano, the Z
group in t# onmpound of formula |1V obtained is

opti onal | verted to a dinethylam nonethyl group,
Hal is optTyr
line repres ntlng a double bond is optionally
converted t&ah single WOMY, in either order,

SRS, Bl ST S8 R, ol SOTROHEH Sy KOS, o

- fdtiwe( dy) invdﬁhemirderﬂwn&exaiw olfiefie greuIaR td afcwalmcgrammcembysion

o tingPin efld deprapaRenr BRw JeatE e LR &y Dyffo. end

cGivetibn W&cﬂf&ﬂﬂiﬁ@ repféschivg §aeute Borddotoa smgle bond optionally
di met hyl am nopet hyl gr.ou conver.si.on

felle Y SHTCBEN PRI O % dedteHET O topantta (90 to a sat
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foll owed by conversion of escital opramor a
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ro and
order, followed by conversion of the compound of formula (IV) to escitalopram or a

derivative thereof

(VD

wherein R, Z and Hal is as defined above by treatment with a base, optionally
followed by, in either order, conversion of the group R to a cyano group, conversion
of the group Z to a dimethylaminomethyl group, conversion of Hal to fluoro, and

conversion of a dotted line representing a double bond to a single bond; optionally
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hal ogen or cyano, preferred Ris cyano. 10 14. The
nmet hod according to any of clains 1-13 wherein the
dotted line represents a single bond. 15. The nethod
according to any of clainms 1-14 wherein and Z is 15
Y HYHYTAmi nomet hyl or a group that may be EGRPEPHEEHYS
to a di nmet hyl am nonet hyl “group, preferably Zis a

di met hyl am nomet hyl group. 16. The nethod accordi ng
fdllowed diyn@nterdion vdfesseitdlofcite carthyetvattee bf fammpumioning aofalt
forpula (la). 20 17. The nmethod according to claim16
ﬂﬁﬁﬁggin t he anhydride is succinic anhydride or
glutaric anhydride. 18. The nethod according to

lainms 1-17 erein the anhydri IS a conpqound of .
1St heicaeriie o 827 TSR on L oterei (7g SEO* B arereis
cHIEd Bitbyt tRRtrAd Xeth £1Bask SudhdsIeOCCIRY & otidh RE@kidee NaBlor

20.. The nmethod according to. clains 1-15 wherein the
othgiigidries, ar apmesugl agricglamineacthyliisopropapirspr pyrigiog.
PCT/ DK2005/ 000075 36 21. The nmethod according to
claim 20 wherein the imde is N-phenyl-succinimde
13.0bstmethed godordingi do phe 9y Iclaiph §- W wheraincHalpis x@luoge sup R is

t ' to any of clainms 1-21

h%ﬁgw%ernﬁgy@%i %Q?Hg&?%%g%%gu of 5 formula (1V) is a

bond. 23. The nethod according to any of clains 1-21

1l bl AR 1S SRR DR 1) B e et

single bomhpound of fornula (1V) is

15. The method according to any of claims 1-14 wherein and Z is
dimethylaminomethyl or a group that may be converted to a dimethylaminomethyl
group, preferably Z is a dimethylaminomethyl group.

16. The method according to claims 1-15 wherein the anhydride is a compound of
formula (Ia).

17. The method according to claim 16 wherein the anhydride is succinic anhydride or
glutaric anhydride.

18. The method according to claims 1-17 wherein the anhydride is a compound of
formula (Ib).

19. The method according to claim 18 wherein the aohydride is phthalic acid
anhydride.

20. The method according to claims 1-15 wherein the reagent is an imide of Formula

(Ic).
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0. 25. The nethod according to any of clainms 1-21
wherein Y in the conmpound of fornmula (IV) is NH 15
26 The rret hod according to any of clainms 22-25
=] is selected from Cl4-alkyl, C2.4-al

"&ﬂa‘)“éﬂ"""%h kynyl all of whigh may opti onal | yPtSFé””Kl“&é’“"“""S
substituted one or nore tinmes wth substituents
sel ected from Cl. 4-al koxy, Cl _4-al kylthio, hydroxy,
2h dltegesthod maor.dmgl id claim QY antereiCihedindlid jd Hrgheoylancbinimide

- | K 2 The net hod according to
SRR B HoRif2 SEPELESI T om G 5.l k!
C2 3 al kenyl and C2.3-al kynyl all of which may

ubstituted. one re times with
%k}%%ta%‘s% P%&? &8y rof siatey IQ?{}a}r‘T’E?S%‘,{r in the Gompound of
f&ilnu&r(ﬂ/j(ﬁhlbbﬁcp, bydr oxy, hal ogen, am no, nitro,
cyano, Cl.3-alkylam no and di-(Cd _3-al kyl)am no. 25
28. The nethod according to claim?26 wherein RL is
26171 Abtkyd acco?cﬁng henfRi A car §hdteint © il BE Rbdfound of
wherein RL is Cl-3-alkyl. 30. The nmethod of claim?29
fopadalV) iIRO 9t met hyl , ethyl or propyl, preferably
propyl. 30 WD 2005/077891 PCT/ DK2005/ 000075 37 31.
The nmet hod accordin o any of clainms 1-30 wherein
foiro @A cvhein ¥ 4 fhaloampaing ofiampAagLy) i
d’s prepared by selective enzymatic acylation or
sel ective enzymatic deacylation. 5 32. A nethod for
t he manuf acture of escital opram conprising the method

nghenXle&gd acl ac\mg 10 aﬁ}:}' ‘of claims 1-21 wherein Y in the compound of
formula (IV) is NH.

26. The method according to any of claims 22-25 wherein R' is selected from
Cr4-alkyl, Cpq-alkenyl and C4-alkynyl all of which may optionally be substituted
one or more times with substifuents selected from Ci4-alkoxy, Cis-alkylthio,
hydroxy, halogen, amino, nitro, cyano, Cy.4-alkylamino and di-{C; 4-alkyDamino.

27. The method according to claim 26 wherein R! is selected from Cis-alkyl,

Cys-alkenyl and Cys-alkynyl all of which may optionally be substituted one or mote
times with substituents selected from Cjs-alkoxy, Cis-alkylthio, hydroxy, halogen,
amino, nitro, ¢yano, Ci.3-alkylamino and di-(C.3-alkyl)amino.
28. The method according to claim 26 wherein R!is Cr4-alkyl.

29, The method according to claim 27 wherein R!is Cis-alkyl.

30. The method of claim 29 wherein R' is methyl, ethyl or propyl, preferably propyl.
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31. The method according to any of claims 1-30 wherein the mixture of a compound
of formula (I} and (IV) is prepared by selective enzymatic acylation or selective
enzymatic deacylation.

32. A method for the manufacture of escitalopram comprising the method of any of

claims 1-31.



