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Met hod for the separation of internedi ates which may
be used for the preparation of escital opram The
wonres@Itsdi nventi on rel ates to a novel nethod feCTMK2005/000075
preparation of optically active internediates useful
for the preparation of escital opram Background of the
invention Ctalopramis, a wel|-kno nti depr essant
Method foraih S DABII W BHermedintes | whigho may, yisgd for the

$6l id Wem centrally acting serot on| n
pr%l&ljﬁﬁgggxyt%pt ammne 5-HT) reuptake inhibitor,

accordi ngly having antidepressant activities.

Gt al opr am was t disclos 2,65
THE GFRESBRITNG T2 8 7036 30804 Kot O plepanfiop aEprisy astive
intbAnedMtd 1208 f8r (AL PEPEFtibAOf BIceBRpAdnh.oN of Ci t al opr am
fromthe corresponding 5-brono-derivative by reaction

Wi th cuprous cyanide in a suitable solvent and by
at of 5- br.ono- pht al ane. US Patent No 4, 943, 590
Bagkg%(o&go(ﬂﬁp%m{eghég B 1-347 066 describes two
processes for the preparation of esmtal opram
(S-enanti orrer of cital opran). proces es us

t he
Citalgpeam ds givill-aymintidepressn 1I'“§ 1 il‘f) IO, P ! the matket for

al . According to the first process, the di ol of
Soggﬁ'%gljlsa (I') is reacted with an enantionerically pure
acid derivative, such as (+) or ( ) - a- net hoxy-

a-trifluoroneth henyl a |.ori Q.
It i %tﬁﬁ‘ie@tl&% ?ﬁ“&@ﬁ@ér UH%rsleEo(% %(e(isgh ygrﬁ % se%]glrar {fggptake
1n19151t8fpa&09d1n%1§r%wn%%hdé?ﬁras%axﬁlak:tlzlaites on, whereupon the
estef with The correct stereochemistry is

enanti osel ectively converted into escital opram
Citalopram was first disclosed in DE 2,657,013, corresponding to US 4,136,193. This

patent publication ia. outlines a process for preparation of citalopram from the
corresponding 5-bromo-derivative 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

NC
S
N\
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According to the second process, the diol of fornula
(I'l) is separated into the enantioners by

wat@soosel ective crystallization with an PCT/DK2005/000075
enantionerically pure acid 3uch as
(+)-di-p-toluoyltartaric acid, whereupon the

S-enanti one f the digl of, 6 the formnul.a IS .
os Salt ek Aot i e Hubigeso bR gL o foptia () is reacted
i Gint b i RDEEICAS a@ N+ -)-o-methoxy-
ngﬁﬁndg%%g{%?%%, thecggiv]igdé a dgsi ?er(fc))rorar(l)ame o
a-trifproporaethpeplngiddcety] phlepde d¢ ifam af megyiet @fl dipstergpmetic esters,
has been found that the S-enanti r.of the diol, of .
WGl At SSPRTRCO HE LGS e ationdl CRySsRLPEHP T SYIotRPp Y die ster with

thd NERRR HBY% a%ﬁﬂﬁt?yafse‘én&iﬁogzﬁla&%lw e e Linfo escitalopram.
acyl ation o? the primry hydr oxgl group in the racemc
Adtonling do ahe asenorsl graesofthé alighubh femyular(IRnisaseppegtasdinto the

derivative thereof wt i gh _opt. cal Ity .
enfHa D OY RsteteHE L TR B R iy puse acid such
as ?ﬁ-)‘-&i%%ddﬁd)%ta‘fﬁﬁ@ RIS HhE¥upRABE SahadfiorhBeofthe@Hiod bf the formula

formil a (ll ~with a conpound which forma derivative of
(Dtin enatitiobeledtiviebi eamvert¢d tp esejtlefiriiing a car boxylic acid

group. The derivative forned precipitates once it is
formed and nay easily be separated fromthe reaction
EsBitalbpta. hakhgow heéantéwioped ais dinngitidepressanoience, théretina desire
present invention relates to a rinst hod for the
for amimaprpyd mathog dey BrpARiBYPISFCIRIABound havi ng t he
formul awherein Ris cyano or a group which may be

converted to a cyano group, the dotted line represents
It haglbednl found thdtrthé S-dntomeétadf the diel ofyfmmula (I3 above as well as

dj met hy) ani nopet hyl gr,oup or is.a . qgroup whi.ch b
acalRIABAID oaphBER oA RBHDh o ey P b A ey TRfordSt e
prﬁﬂ&ym}}d?oﬂfl %?81913 itPtheSrRemiddRNdo Rbtdis $diol Gfafoleitbla (I) or an

C2-To-"al kenyl or C2-10-al kynyl all of which ma%/ .
acyhatddodeaiviagive éhesenfswith highdorticehpwify apd fwgher that the enantiomers

Ob?élflllbles(} In}agebnet esffectively 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

Accordingly, one object of the present invention relates to a method for the isolation

and purification of a compound having the formula
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sel ected from Cto-al koxy, C jo-alkylthio, hydroxy,
hal ogen, am no, nitro, cyano, C . o-al kylam no,
wa@leeof17840- al kyl ) ami no, aryl, aryl oxy, arylthi BCEDE2005/000075
heteroaryl, or Rl is aryl, 3herein any of the aryl and
het eroaryl groups may optionally be substituted one or
nore tinmes with substituents selected from Cto-al kyl,
C2-i o-al kghyl, C2-io-al kynyl, C1-10-al koxy,
Cl- 10- al kyllthi gr'hydroxy, hal ogen, amino, nitro,
cyano, CO-10-¥[kyl ami no and di - (Cl- 1o- al kyl ) ani no, or
a salt thereof and/or a diol of fornmula (lIl)wherein R
2 dnd the dotted |line are as defined above, or a
, froma m xture containing the conmpound
i LV)~énd the diol of formula (11), which
conprised: a) reacting said m xture containing the
compound lof forrmula (IV) and the diol of formula (I1)
with a j ¢ anhydride or imde of formula (la) (Ib)
(lc) e Xis - (CHR") n-, wherein nis 0-2; and
R, Ramy-R " are independently selected from
hydr ogen,| Cl-6-al kyl, Ci1-6-al koxy, aryl oxy,
Cl- 6- acyHsky, aryl-(Iﬂ\ﬁ wherei n each aryl may be
substituted wth Cl-6-alkyl, or R and R' in an
anhydride of fornula (la) together are - O CRAR5-0O,
| ' Y66 @g@ib BFoup, the dotted
Wlﬁ%%ﬁk‘?ﬁf‘@%? aﬁoﬁg’hgﬁqiﬁﬁﬁgﬂgﬁdﬁ%@i o ot or i

lingl toprogants adpaldlent skt bogktabis balogen; Feistagimeshteninomethyl

atons_to which,they are attached f.or ri : :
SroOR PG et BahbS b EREa e LR AR RRAERG e, Wis
o0&t B, ahe ¥akbeond, O, S or NH and R' is Cyo-alkyl, Cao-alkenyl or

Ca-10-alkynyl all of which may optionally be substituted with one or more substituents

selected from Ci.jo-alkoxy, Cj.jp-alkylthio, hydroxy, halogen, amino, nitro, cyano,
Ch.10-alkylamino, di-(Cy.1o-alkyl)amino, aryl, aryloxy, arylthio and heteroaryl, or R! is
aryl, wherein any of the aryl and heteroaryl groups may optionally be substituted one
or more times with substituents selected from Ci.jg-alkyl, Cy.jo-alkenyl, Cy-10-alkynyl,
C1.10-alkoxy, Ci.jo-alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci-10-alkylamino

and di-(C1.jo-alkyl)amino, or a salt thereof

and/or a diol of formula

i

R
O OH~\/Z

Hal dn
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A is Cl-6-al kyl ene, phenyl ene, or naphthyl ene wherein

the Cl-6-al kyl ene, phenyl ene, or napht hyl ene groups
woreapsopisponal |y be substituted one or nore ti nBGT/DKRIVS/000075

Cl-6-al kyl; to forma mxture of the conpound of

formula (1V) and an ester having the fornul awherein R,

AL TNONKC IR N R e A0 2 S
m¥hRE %Bﬁ‘t_aﬁm% ﬁe’co%}?g&ﬁ’d of ﬁ)‘h%uﬁts(ld??ﬁhd‘ﬁﬁ @AbEformla (IT), which

separating the conpound of fornmula (IV) fromthe ester

copfprises:nmul a (V) by a nethod selected fromthe group
consisting of: i) allowing the acid of fornmula (V) or
a salt thereof to precipitate fromthe reaction

a)m XtrdhRingaa1d HRPaE @bmtaﬂnﬁé'\the Ro&PLMId 6f formfilat(é) and the diol of
npound of formul a ( or a salt thereof fromthe

forré%let(llbwﬂﬁaﬁyeh%anhyéﬂ%ﬂlamlnsie PhlarBed by i sol ation of

the conpound of fornmula (1V) or a salt thereof from
the reaction mxture; ii) partitioning between an
Oor garR't sol vent andan aqueous, sol vent whereby thegQ
und of fornul a V) wy @?ije dlssolvedlnthev}&'\‘
rgali c phase wher ea iwound of for'ﬁ@@@(\/)
e di’sol vedPlin the hase, 8tparating theN
es, and opti onal Dy i ng the conmpound of Jz/k "
of or a (1V) or a salt there@ and/or isolating th R
conmpound of forrmula~¥(V) or a salt thereof; andi ii)O
@@;or bi ng the conpound @) fornula (V) on a basic élc)
resin, separating the solvent containing the conpoun
of formula (IV) fromthe resin, desorbing the conmpound
widreinOX ILECHIY ") 1, Wietdien RAGRe resin, and optional ly
i solating the

and R, R and R>>’ are independently selected from hydrogen, Ci¢-alkyl, Cy¢-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’-0-,
wherein R* and R’ are independently hydrogen or Ci¢-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 Q1 and Q is nitrogen and the other carbon, or both are carbon;

A is Cr¢-alkylene, phenylene, or naphthylene wherein the Cj-alkylene, phenylene,
or naphthylene groups may optionally be substituted one or more times with

Ci¢-alkyl;

to form a mixture of the compound of formula (IV) and an ester having the formula
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compound of formula (IV) or a salt thereof and/or
i solating the conpound of fornmula (V) or a salt
w0 b@seoisol A second object of the invention rel BEEPKR@5400075
met hod for the manufacture of escital opram conpri sing
t he nmet hod descri bed above. According to one
particul ar enbodi nrent of the invention, one enantioner
of formula{{l1l) is separated from a conpound of
formula (I in the formof the other enantiomer.
Accordi n® to ¥ne enbodi ment of the invention the
RS—enant| gner of the conpound of formula (V) or a

5i ngogore than 50% of the S-enantioner of the
d forndila (V) is separated fromthe

ymer of the acyl derivative of formula (1V) or
Jxture of enantionmers of the acyl derivative
V) conprising nore than 50% of the
R-enantj o of the acyl derivative of fornmula (1V).

R}pto a particul ar enbodi nent of the invention

the S-enantioner of the conpound of fornmula (V) is
separ at eflaf r om t he R(¥hantioner of the acyl derivative
of formula (1V) or froma m xture of enantioners of
t he acyI derivative of fornmula (IV) conprising nore

wh% }]5 dt a1 B eRapidRueirile tHE CK —de valdre o,
ormula (I

. According to a nore particular
-XepBRUFGOAHoA-GOQH], iR " 00-Ch&TEAcGOQH orer of t he
corrpound of formula (V) is_separated fromthe
R' R'omer of the acyl d# of formula (1V).
@c¢cordi ng to anogther enbodi ngnt }m the invention, the
N\enanti omer of The acyl

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:

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 formula
(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 (IV) 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
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derivative of formula (1V) or a m xture of enantioners
of the acyl derivative of formula (IV) conprising nore
W b@s/0BB9 of the S-enantiomer of the acyl deriRPE/DKe005/000075
offormula (1V) is separated fromthe R-enantioner of
t he compound of fornmula (V) or froma mxture
of enanti onmers of the conpound of formula (V)
conprising nore than 50% of the R-enantionmer of the

conpg Moﬂﬁn% He T Bpdudl: of%ﬁﬁﬁl@' ('V% dPa dapidbdif Uée%ﬁratmg the

enbo ment the i nvent| on, enant i omer of
acy |sold/enﬁ cpatainvieg dte cfcmmpnulné of fomuias(lyé ﬁamaﬁle desmd\wqrh@g the

R—enantl 0) f for
m xeapeogr g Sarrf TS TR B Siis olhafaroiohiy ORfe e
CONRbnpoigd 6P fRmulalvY Q)%acsalttth@e& a&ﬂ&ﬁtlbcﬂmﬁig fife dofipound of
corrpound of formula (Vi) According to a nore
par tiPErilafV eeipealitiereol. t he S- enanti omer of the acyl
derivative of forrmula (IV) is separated fromthe
R-enanti omer of the conmpound of fornula (V). According

A tsecaie objeeciofi meeniventmmmdslam tbhaa methedt foonthe t nenufacture of
reagent used js 8 formula (la), suitably

osg rﬁpé"(’%ﬁﬁﬁ’&gl 3;5 Edﬁli’ﬁﬁ?drl d. According to
anot her specific enbodi rrent the reagent used is a
conpound of formula (1b), suitably phtalic acid

Aot todene prrdorlali meCbInanttdfthfd lrefnbtaxm ipaaEengftiontes of formula

B, SR R85 B D LY 9 e e

enRiemdr. ri ng vvlth a carboxy group. Accordi ng to a
further enbodi ment of the invention, the R group in
the conpound of fornula (V) obtained in the form of

t he..S-enant |
A%obq)% ?ne rﬁg&églﬁ%to%ﬁty: ?r?@b%énw O ?@%@B‘feg Oﬁe mﬂoﬁﬁd of
foamiilh QURbE ¥ neefvebf athntiomarscifitid bt)&hmunkimfd“bmydlla QVDJ ucpmprlslng
Hal is optionally conver %dtofluorfo dll{] g
more than 50% of the S- enantlomer of the compound of formula (V) 1s separate from
the R-enantiomer of the acyl derivative 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).

According to a particular embodiment of the invention the S-enantiomer of the
compound of formula (V) is separated from the R-enantiomer of the acyl derivative 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).

According to a more particular embodiment of the invention the S-enantiomer of the
compound of formula (V) is separated from the R-enantiomer of the acyl derivative of

formula (IV).

According to another embodiment of the invention, 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
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line representing a double bond is optionally

converted to a single bond, in either order; followed
whyoosormser si on of the conmpound of fornula (V) BOGI/DK2005/000075

escital opram or a derivative thereof having the

fornulamherein R, Z and Hal is as defined above by

forofi T ot eteechfios G BrbimToRer b iy romEpgng OF iyl (V) or

froff & HixtufOseRhStidRer® br tHAHBYURA &f fPm@la (V) comprlslng more than
dlnethﬁlan1nonethyl group, conversion of

50%4 afdhoR-eaantianoencd tled eomipsfund ofl fartradh (Vne represent| ng a
doubl e bond to a single bond; optionally foll owed by
conver si on of escitalopran1or a derivative of formula

Actofdin gt@ spatbilat §Rb&Inen?SITAE GhREtibe, BOStdRAtiomer of the acyl
enbodi nent of the invention, the R group in the

dergsitiye o forrulp dF Yuijsasepamgjed: femgbe &-reantiomer K€ the epmpeund of
for&ﬁﬁ‘fa gvg Q)?rﬁ rgsﬁmkt%lreo B‘f'e El?t#(ln)(erg Pt tc%gr}ptoﬁn& q”nf%rmhﬂe

e conmpound O or mula
compnm@ ﬁiolreytham 50%r dfeble Reerantdormet diyhamnmmmﬁrqﬂfommw ov).
Hal is optionally converted to fluoro and/or a dotted
line representing a double bond is optionally

AcE&ﬁﬁ%rtBeéjmtofé Farib il EmbBSKend, @h@SIeH%tlo%éiifo thd Q!:}l'l QeEative

by conversion of the conpound of formula (IV)

of fegmutad[[ G pisaapavated fivor ihe Rk -enantiviner ebthe whmpeund ﬁ fozfnalndV )-
Hal is as defined above by treatnment with a base,
optionally followed by, in either order, conversion of

AcE&lﬁn@r W PnR dpRcificCHAPSIifIcAt B HOMMsHioaN 18 rédpRnBesD is a
Zto di met hyl am nonet hyl group, conversion of Hal to

comp@mdo)f femmaple ey cpigabdy sefoinic adinded o gh@ﬂt%@%é@ﬁt ing a
doubl e bond to a single bond; optionallyfollowed by
conver si on of escitalopran1or a derivative of fornula

Acédﬂd)ngt @ ansthbit spdvifie @nbodiaai dilivg rdageithesedost a compound of

preferred enbodi nent of the invention, a m xture of
forppgda (Ib) suitably phtahc acid anhydride.

According to a third embodiment of the invention, the reagent is an imide of Formula

(Ic), suitably N-phenyl-succinimide substituted in the phenyl ring with a carboxy
group.

According to a further embodiment of the invention, the R group in the compound of
formula (V) 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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conpound of forrmula (1l1) and (1V) wherein R is cyano,
the dotted line is a single bond, Zis
waleeentmgban nonet hyl, Hal is fluoro, Y is a bordI/aKa00RD00075
is -CH2-CH2-CH3 is reacted 8 th a cyclic anhydride of
formula (la) wherein Xis -(CH2)0-i to forma m xture
of, the corresponding S-enantioner of fornula (V) and
t hesRremantinoner of formula (1V). The isol ated
conp @rmula (V) is then treated with NaH to
> eappound of fornmula (VI). The m xture of
formula (11 lnd\£Z\0 used as starting material is
preferablxle epared by enzynmatic acylation of a
compound (6 armula Il wherein Ris cyano, the dotted
line is & i e bond, Z is dinethylam nonet hyl, Hal
is fluoro,™~Nus1ng vinylbutyrate as acyl ati ng agent and
the enzyne Candi da antartica |lipase B. Detail ed
descripti onHa¥ the i nvet¥hon Wien used in connection

whelghy Rt oRAs > 8hARETGhaPove Ok disaeniofish 4 b3S optionally

followvedN@Nh @fY: orderRediRERion ofShE Qdllp R tRadiy@ho gRRYY, conversion
"S-diol" refer to the orientation of the“groups around

of tlee gmapbbio at dmethylashinomethiyé gaousialcopyresigh of ridal joij fuoro, and

attached. ed herei th rmGi. o-.al.kyl refer.
co5t 5 P iRt S SHETSHENEd Pk PraR s TG Ry ionally
fol AL By (cBRv&ESIbRUT E@ATEpriafit b9l ¥@ivatie of armwh hWI) to a salt

ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl,
thepeafet hyl - 2- propyl, 2-nethyl- 1-propyl, pentyl, hexyl

and heptyl. Cl-6-alkyl refers to a branched or

unbranched al kyl group having fromone to six carbon
Acabrdivgs fonatotiser embogintdnt a$ theeinkytione theyR grduppinathy Icompound of

2-propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl,
forguke (1) tbe Obiginsyi e BREAL i HRYPmEiCs.opilipdlly converted to
cyefn%f, Hez ﬁﬂbuﬂ in the compound of formula I'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 (IV) to escitalopram or a
derivative thereof |
R

o,

,”\Z

Hal (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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branched or unbranched al kyl group having fromone to

four carbon atons inclusive, such as nethyl, ethyl,
wazsopsby  2- propyl, 1-butyl, 2-butyl, PCT/DK2005/000075

2-nmet hyl - 2-propyl and 2-netthyl -1 -propyl. Ci1-3-alkyl

refers to a branched or unbranched al kyl group havi ng

netothre rhon atons ncI
folf_meﬁ]y C8PYﬁ7F1°n 1 p$885§Ppra§1 BF 8p 1V, ﬁﬁ? . rfpg}nu a (E\lﬁ) to a salt
thekebfi O- alkenyl and C2- lo-al kynyl deS|gnate branched or

unbranched al kenyl and al kynyl groups respectively,
having fromtw to ten carbon atons, including one

Acggaﬂlr%/ cp?l%? gg)gﬂ ﬁ?&g%&[ eﬂlb‘ﬁdﬁﬁ’éﬁh Jﬁ@@e%%ﬁ{%]y 3 ﬁﬁ’:gﬁreaéf the
cotapbwyaly bf fdﬁﬁmﬁx éiﬂ}(ard/(IVa)ndhéﬁnﬂ{ ai; leysmd tlﬁkeﬂotga‘ahhﬁe is a single

br anched unbr an | kenyl | kynyl _gr.oups,
boft Jp M JATIRGPRG Habis W0t § 18 A Posd AR 4t dr-CHz-CH

is LAY %ﬂga%}@h&i giﬂﬁjd‘?idp%@%lﬁﬂﬁ a § &He‘ré]b@( ko r(@Hz 0.1 to form a

respectively, as et pf openy
migturgy ofy the qmmpyandhngaﬁanhmtoymfylof f(mnullaafl\/l) @ngllthaﬁdenantmmer of

C2-4-al kynyl .desi gnat e bran n nched
forgid HRy e iebnd oomBapies femyR IR B9 Afef i et o
forbPE cBAY E,lem@gfg,%ulal(m:j udi ng one doubl e bond and one
triple bond respectively, such as ethenyl, propenyl,

but enyl, ethynyl, propynyl and butynyl . C2- 3- alkenyl

and ~al kyn
o8 SR R 0T B UEARE Bl RS e
by teY)%yrh@tld Mﬁﬁl@%ﬂwﬁorﬂp(ﬁﬁﬁ ofl foghuidiIn gvlﬁftﬁ!n @ois h:lyandq ahel dotted
one trlple bond respectlvely such as et heny

linp iop sipgle, baadnriy dimgthy Emgww Hiplais dlopg, using V1nylbutyrate as
Kyl d
seffinicsel § e SR QGO Al BRER LR G oups i n

whi ch the al kyl group is Cl-10- aI kyl as defined above.

The ternms Cl-6-al koxy, B Cl-6-al kylthio, Cl-6-alkylam no
Degiledcesexiption offhenyeptiano etc. designate such groups

in which the al kyl group is Cl-6-al kyl as defined

above. The '
When used in connection with the compounds of formula (II), IV), (V) and (VI), the

terms “enantiomer”, “R-enantiomer”, “S-enantiomer”, “R-form”, “S-form”, “R-diol”
and “S-diol” refer to the orientation of the groups around the carbon atom to which

the 4-Hal-phenyl group is attached.

As used herein, the term Cj.jo-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-1-propyl, pentyl, hexyl and
heptyl. Cy¢-alkyl refers to a branched or unbranched alkyl 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. Ci4-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. Cy.;3-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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terms Cl-4-al koxy, Cl-4-alKkylthio, Cl-4-alkylam no and
-(C 1-4-al kyl)am no etc. designate such groups in
waokiosi7ishe al kyl group is ¢ ~-al kyl as defi nedPEDKe005/000075
The terms Cl1-3-al koxy, Cl-30al kylthio, Cl-3-alkylam no
and di-(C 1-3-alkyl)am no etc. designate such groups
in which the alkyl group is C -3 alkyl as defined
above. Hal ogen neans fluoro, chloro, brono or iodo. As

Silfllﬁglﬁir, p\%ﬁ-:alg(ﬁh Carf®EN A (feagﬁ‘}dgl %Qél% Vebrﬂ%ﬁécﬁ@@ﬁﬁ%a@ched alkenyl

en a nt-sol ute system
and ellyopsgrotyes mepectivélys haviig fre ol totten carhma a]mrsc inclidamg one

nt f t h
dogR I Steo bl 1ore v eyl R thes T ShpbbE pupant
ethyBy D PEd @Bu@hkp\@zrkgalkéiﬁl afd ¢,Qfallfyafmdbsghavg bisdched or
reci pi ta e fromthe reaction m xture,” and separating

unbiapchededkanyt and alkynlegroups sestactorly SRWBE QY We rte §ix ¢rsbon

t
oAU B R TB Y AU, BT, Sy,
prégeayl, eagédydn eﬂilyiiyll,l r}ﬁop)hfyl aarﬂabtlﬂyﬁ}all at,.eakeadil namnit Ct;’gf4 alkynyl
the inventi on, " ﬁ‘{ i ndependent |y

degjgnase beanchech ai Hylenaa@t@ﬁl “Hrentands syl SlouRy tePeRfivelEphaving
oM GwB AN BN MnR, Riddifd! Rk cﬁﬁg%db&ﬁﬂtan@fontehﬁple bond

Invention the mxture’ of enantionmers of e conpound
respéctf\&lynﬁuah(a\é) ethenylr |rfrel$n|ybrlwtert}én eﬁl@%(lofpromenyl and butynyl.

Comsny hi ovilsiby LICHRCERHrg o8 "PHEAC bR Lk dnflgymy!
gr&%faféggé'c%vtel aﬂaﬁﬁg/"fﬁfm TRb Qo lthae c%ﬂxfh dtGm@nihbHﬁ[ng one double

par i cu nbodi nent of the invention the

bomi xandr enoftripleaheidmespscidtely, heichonpstheaylofprepeuyl gthygyl and

’ Eg[)l ses nore than 60% of the R-enantioner of the
pg}g/ und of formula (V), such as nore than 70% nore

than 80% nore than 90% nore than 95% nore than 98%

or nore than 99%
The terms Ci.jp-alkoxy, Ci.je-alkylthio, Cj.ip-alkylamino and di-(C;. 1o-alkyl)amino
etc. designate such groups in which the alkyl group is Cy.io-alkyl as defined above.
The terms Ci.¢-alkoxy, Ci.¢-alkylthio, Ci¢-alkylamino and di-(Cy.¢-alkyl)amino etc.
designate such groups in which the alkyl group is Ci¢-alkyl as defined above. The
terms Cju-alkoxy, Cis-alkylthio, Cj4-alkylamino and di-(Cj4-alkyl)amino etc.
designate such groups in which the alkyl group is Ci4-alkyl as defined above. The
terms Cps-alkoxy, Cps-alkylthio, Ci.s-alkylamino and di-(C.3-alkyl)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 to 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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In yet another equally particular enbodi nent of the

i nvention the m xture of enantioners of the acyl
walesospzmspve of fornmula (1V) conprises nore thanCBEOKR@E/000075

the S-enantioner of the conpound of fornula (V), such

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

th 959 8% t h 99% t
e, Ll Brinylan A7) iR dhe distaR dareure osibalinyBHeved by

isolaffi@n B WelothpRin® DARMARRTS) & a sAhanaeyt fr&ﬁrthé/fétabf{@n Rixture.
formula (1V) conprises nore than 60% of

R-enanti oner of the corrpound of formula (V) such as

In gobffo B0 P RelimtBl S Ep e i Rogs, "R RO hvat bt thuy

selent@btomEydrapen bhe O, patilj od R dnd (falr@beh carboayano,
nost preferred cyano. In a further preferred
enbodi nent of the invention Hal is fluoro.In a further
preferred enbodi nent of the invention, the dotted |line
in formula (I11), (IV) and (V) is a single bond. In

In st phrticelaf entbodment edfethee thventiod ithee niix@ré ®f enantiomers of the

cog gk RYTER AIEORPFISeY Rt Hesn BpYhett Ui SEPRUIG g the
corftp SRIdNOH BALMATEY MMkh aVRSdre RS A% SoreHahn 88%, kﬁ&é ehanPO0%,

is cyano, the dotted Iine is a single bond and IS

mogk then B9 Yamonothen 99Ye oraversrtlam@P%o one enbodi rrent of
the invention, Y in the conpound of fornula (1V) is O
or S. According to another enbodi nent of the

In hfibtedHeqally partitulhhe@nbsiipen st tBé idvenitiod the @hiXjuré 8f Mdntiomers
of the compound of formula (V) 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%.

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%.

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 (1V) is a
whoond/078gi t abl y, the substituent Rl in the conpoUDE2@E/000075

fornmula (1V) as defined inlany of the enbodinents

above, is as follows: Rl is Cl-6-al kyl, C2-6-al kenyl

In § R RIE ol o G e Rt 6 GORFY fisf g formula (D)
(Iva%@wyfé of T Gdnp- al koxy, Cl-6-al kyl thio, hydroxy,

al ogen, amno, nitro, cyano, Cl-4-alkylamno and
di - (Cl-6-al kyl)am no, nore suitable RL is Cl-4-alkyl,

4.3 nyl. or - | .8l Whi
o 31 BT PPl e DR Yl Ry SRR R, grup that may
be SUbBidrfedend s diabglatindmenylC 14 - al kaxferred embodiment Z s
. Cl-4-al kylthio, hydroxy, halogen, am no, nitro, cyano,
dingstbylaminemediiilno and di - (C1- 4- al kyl ) ani no, preferably
Rl is Cl-3-al kyl, C2-3-al kenyl or C2-3-alkynyl all of
whi ch may optionally be substituted one or nore tines
Most pref@ted3 Hel ko fiypporoCR 8- eptaky) thai dottetl ieds v, sikgle bgad and Z is
X anqu, .hitro, cyano, Cl-3-alkylamno and
dinggthylespinemathyli y 3 no, more preferred Rlis Cl-3-al kyl ,

C2- 3-al kenyl or C2-3-al kynyl, and nore suitable Rlis C
-3-al kyl, in particul ar unbranched Ci-3-al kyl, such as_,
Acpwmtling to cag legibodimant obthe. imyantione¥ dnthe qwmvn% af fgmula (IV) is

O(?rg#ti cularly useful for separation of conmpounds of
‘'mula (I1) in the formof the S- or the R-enanti omer
and the conpound of fornmula (IV) in the formof the

opposi te enanti onmer obtajned by enz rrath resol ud::i F 1
Acaerdinediongnatleertamebogiment i dhie dasdtiphed NP BB %1? Prwa
(I\}f' / DK/ 0300537 published as WX2004/014821. Thus
deordi ng to an enbodi nent of the invention, the
m xture of a conmpound of formula (I1) and (1V) used in
Hoggge;pgtragggexaﬁlgltg apprrg e?rreg %m%%dlsn?én%% I‘t]f\lleein%Qr%t}/orrrll,aR(I 1% the compound

of formula (IV) is a bond.

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 Cp¢-alkynyl all of
which may optionally be substituted one or more times with substituents selected
from Cj¢-alkoxy, Cig-alkylthio, hydroxy, halogen, amino, nitro, cyano,
Ci4-alkylamino and di-(C;.¢-alkyl)amino, more suitable R! is Cj4-alkyl, Cy.4-alkenyl
or Cpu-alkynyl all of which may optionally be substituted one or more times with
substituents selected from C4-alkoxy, Cj4-alkylthio, hydroxy, halogen, amino, nitro,
cyano, Cig4-alkylamino and di-(Cy4-alkyl)amino, preferably R! is Cs-alkyl,
C,.s-alkenyl or Cy.3-alkynyl all of which may optionally be substituted one or more
times with Cjs-alkoxy, Ci.s-alkylthio, hydroxy, halogen, amino, nitro, cyano,
C1.3-alkylamino and di-(C;.3-alkyl)amino, more preferred Rlis C,3-alkyl, Cy.3-alkenyl
or Cy3-alkynyl, and more suitable R'is C).3-alkyl, in particular unbranched Cis-alkyl,
such as methyl, ethyl or propyl.
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or selective enzymatic deacylation. A particular

advant age of the present invention is that foll ow ng
wo eoosmtisen, the conpound of formula (V) preci pPCEHDES005/000075

fromthe reaction mxture ahd is thereafter easily

i sol ated. Another particular advantage of the present

The {a]r\égeg)fl :%ﬁ‘?eélltl?)]lé? %Etrti%}ﬂgﬁend fc?rnsetpgreﬂg %Icﬁrlflllinﬁlrénd’seo%‘gfgpr}lula
(I)S. B fofrh f tRBL dremd thnQﬁhd?ﬁer@n@ riedtcipotitl O fereild@V) in the
ri nfg closed directly to form escital opramor a

formeqf; the toppesitenenaatipmpyy obtpinge My RNZymeHc sedolion apgerding to the

ti f t f I
pob G888 sl BP0 MR ln NETPRAIPT oSEH, s s
wd2pos01a8zl.a), (Ib) or (Ic) may be carried out in an
i nert organic solvent, such as tetrahydofuran,

preferably a solvent in which the acid of fornula (V)

Thli c%rd"i‘n er e%lnile acé}g el tﬂ? "i’rﬁzeﬁﬂ@ﬁj Nthe Cﬂcnxhﬂ@ oA Edpd@l of

vent ornula (V) forms a
formnkac(i[lp iahd(B/) Bad umtﬂeeprscwlsw smrepaned/ by ecleatiatenfyraatidacylation

e.skilled rso Alternatively the reaction is
Orsﬁt"’ﬁ%??széfmaﬂ e%“é’l%’é’ﬂt from whi ch the acid of fornula

(V) does not forma precipitate and an anti-solvent is
added after formation of the conpound of formula (V)
A mc@my adventagsi df dlie peasent] Evengjorf &y Hat afOB%r&gpfqrmaaon the

cong%o%d ) ey agf%) Su' pgt%eg {? gngg%%agzﬁaf?% x?ﬁre %ﬁdal'é@\‘l&gafter
easHY idodddéd/ separat ed fromthe conpound of formula (1V)

by filtration or decanting, or by any other suitable
way of separating a solid forma liquid. Wen the

unduRl MY @ o\f( thWBrQJ%n’c $nvedfAbRti€ Ghat! &lePBnding on the
AnfEE Baficady advp

I omer
particular reagent of formula (Ia) —(Ic) used) it results in the separation and isolation

of a product which may be ring closed directly to form escitalopram or a derivative

thereof by treatment with a base.

The reaction of the mixture of a compound of formula (II) in the form of one
enantiomer with a compound of formula (la), (Ib) or (Ic) 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).
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ring closed directly by treatnent with a base in a
sui tabl e organi ¢ solvent. Enantiosel ective

w0 pwgaTisesur e of an S-enantioner of formula (VWCT/DKR@S1000075
esci tal opram or anot her compound of forrmula (VI) nmay
suitably be carried out by treatnent of the conpound

f f I iLfh a.
The ppRotie themvis Bty s ties Fom g prpae gl Sih (av)
by tfilir@tdhYdradBcAftingS ' Wy iy SARErORVBIRBTVAS, OF sepMfatiflh Resolidtform a
Iom1tenperatures in an'inert organic solvent, such as

liqeidt r ahydr of uran, tol uene, DVBO, DMF, -butyl met hyl
et her, dinet hoxyet hane, di met hoxynet hane, di oxane,
acetonitrile or dichl oromethane. This process nmay be

Whear the coB@oanbbp gatsly Vi evHidloBeisslerd) ishadSehattbnpatieafay be
No. 4,943,590. In the sane way, a conpound of fornula

ring clpped dirqctly by dragiragnt prith asbase dthe s Hble oraani EQXPHt ed
fromthe reaction m xture may be subjected to ring
closure by treatnent with a base. In sone cases, it

Enamtiostlectacdwary- @lgmel of o Seenahidoger difermul (W Y tdRotmgescitglopram

or piAhGl GGG Bf SFBPIAAYD oy FEFONE ORGREIeHA PY BABREY of the

corﬁﬁ&ﬁ{d?offfbﬂﬁﬂg '(Vf Witk d Bas6 3idH &k@@tCHgy 6FothabilkExifE WRAST or
eavi ng groups) could tﬁplca y be a group sel ect ed

othier by\dritbs harresnes smq;z lag saggthylamiriey eﬂm@uﬁ@ma&ylmyle or pyrldme at

f fl
o (iR R Gt s e Pa oy 1A R AT B sope. PAS
DMPTPOMAH Ofmeftd Metirer,( | #inetoxfyMhane tdmethsmﬁhemh@sj tdi)oxane
hydrol ysis to form the compound of forrmula (I1) wt
acejopitie or dighloromeibancasINgoyqceseappyobe PeTEHIeA a%lf)é?u%f £ those

de&r%@&%U%%P@n{'ﬂ%%@& g%areof and then reacted with an

eavl

In the same way, a compound of formula (IV) in the form of the S-enantiomer and
separated from the reaction mixture may be subjected to ring closure by treatment

with a 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 closure 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-SO,-A wherein A is Cy¢-alkyl, C;¢-alkenyl, Cy-alkynyl or
optionally Cj-alkyl substituted aryl or aryl-Cy.¢ alkyl, particularly mesylchloride or

tosylchloride, or trifluoroacetylchloride, acetylchloride or an form of formic acid such
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group, such as a group -0-SO -A wherein Ais

Cl-6-al kyl, C2-6-al kenyl 5C2-6-al kynyl or optionally
w@l006/0zd8ky| substituted aryl or aryl-Cl-6 al kyPCT/DK2005/000075

particul arly nmesyl chlorideldr tosylchloride, or

trifluoroacetylchloride, acetylchloride or an form of

f or d fof d .
o il omme e Egderoc b i 7 Pidnd 2aLancie F Bincs
of & @giMie€ bhase. Preferably, the substituent V in the

compound of formula (V), is a substituent which enable
direct ring closure of the conpund of fornula V by

Pre&’é@@&%t Mea? \}O{%Séaﬁ %E%SF o) %ga.rqj\g . Sf% subsfituent which
enabLer diract gfng} &leslﬁs G)Ettlﬁ?é l@@hpmcp oD doretular®y b areatrient beith a base.
nproved after ring closure rovenment of the
Moéﬁd?rﬁﬁeéqedpﬁﬁ I(E,HXTQ '@%Ht%‘ﬁ%& Ehed@P5gr aphy on a
chiral stationary phase or by crystallisation of
racem c cital opram base or a salt thereof according to
The bpticabtpueitis of] dfecessicthﬂdpﬂam Podos/ 0apaiEge tarhe improved after ring

clogis o B AEER) o WG PR RGP B Py reBoggphy on 2

hifdl SR oRafyAERIEE CorChy REARIBMBAbeRehR SiRdlSpTaRY biden
© 1c osuroealyﬁﬁam dIrC }tenv}%ronrrelnt according to thebarrégt%og salt

therbo§ e¢dobdiug tanthadaizydsGlosTibed BUMQBBA08ETds for carryi ng
out acidic ring closure are mneral acid, a carboxylic
acid, a sulfonic acid or sulfonic acid derivative,

ThéTRL&laﬁtibﬁ@bbﬁthH coftthoQAdIBHCRrmbiae( VOt kit (TVY oblaitict ragcotdliztg to
for the separati on nmet hod according to the inventi

thenrayertsiongnap &e aged o erepgivataremiccyienran FeUAgPam BY] ring
cloé’a% g a&di‘b\’&{vﬁ’ﬂoﬁg} nt asééSJﬁthgS 1 g'rﬂ%ﬁgd a8 Q%é% G &5 0370672,

acyl age “or ease, r I'i cat'l on
Suitéble RGdd f&ﬂc@ﬂﬁmg?n)ﬁt ambium’r@«:lome WeRaird adi«dl82 tarbbkylicascid,

b f h '
a sml%ge;gqq @(gg g(rj ﬂ,tg@at v é%&%&@l&l‘\:’e an% Je%&ite?bqe ?1‘§§8§ grl I‘T3%é4.o the

The starting mixture used for the separation method according to the invention may be
prepared by enzymatic acylation or deacylation 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, LipoZymeTM 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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out using Novozyne(r)435, from Candida antartica,

Li poZynme(tm TL I M from Thernonyces | anugi nosus both
wae@shzisbe fromthe conpany Novozymes A/'S or  PCT/DK2005/000075

Li poprotei n Li pase pseudondfas sp. (isolated from

Pseudononas Cepacia and obtai ned from Fl uka), and

articuyl ar gpod results. have been found when usi

suRgeb o alsble” KR S BR odHe TROAHG: Eieo Nk nBofeaPalgfion and
theUIIRATBUN IR UPHRNAS nfd- beltiRd i M/ TRm OF an MiEbBilias® enAy@e or

be imobilized as the enzynme itself or as a cell body
Crasy-LinlesrEnzaoter(Prysieb(CLdHe) epgympe used in i nmobi | i zed

form The immbilization may be carried out by mnethods

known to the person skilled in the art, such nethods
Thé Abbwdtenfioficdexdyples mayr alsebehaadiinghe s sf lculbted gproducts

encapsul ation and the |ike. Thus, .the hydraql ase be
coniaigtig; the eReyQsHElbRS Aftra B qonidring ALshdody. or a cultred cell
b o WRobili
R e e R
enzymesicabBdregpoatiictss cont ai ni ng the enzynme, such as
culture fluid containing a cell body, or a cultured
cell body, processed product of the cultured product
MRiHs 3¥iahtiBbily 288vAIOnRs the hRBREsROFLAMS ntdatibhédehzymes,
pr oducts. Mitants, variants or any equivalents of the
whidhoare capatdé fof patfoymimgthe selectiveraeylation ontdeatylaiion may also be
apabl e of perform the sel ective |0 .
usnapr SeomS sy i el HEiedf -5 b Gfftd Hobf Babus stains of
Ps&RBneahe NE andilie R OT hetynmyeed, Sotl ahiye ilidr 0souv@y; | @Uthey may be
strai ns of Pseudonpnas, ndi da or Ther nponyces, or any
prepgtedrbyomuiaien obihe REV: RegaiBe (B EpeaROHIPTR CHRITER? IBHINE to
t he DNA _en ' £h - 1.0 nz dj
o 5gR 5 S0 Gl ARG e e R SR o
vaitiizy € . thSuibbed Inyerttlogedrehznhes ar vaiansntsd ofutsrtie veisoy single

mentioned enzynes are variants and nutants .wher .
amifichagigs have bee¥1 removed or replaced by other amino acids, and suitable the

amino acid sequence of the variant or mutant is more than 60 % identical, preferably
more than 80 % and most preferred more than 90 % identical to the above mentioned
enzymes. The preferred reaction conditions for enzymatic acylation/deacylation differ

depending on the particular enzyme used, whether it is immobilised or not etc.

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 plurality 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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am no aci ds have been renoved or replaced by other
am no acids, and suitable the am no acid sequence of
wao b@spaispant or nutant is nore than 60 % i dent PCEDK2005/000075
preferably nore than 80 % and nost preferred nore than
90 % identical to the above nentioned enzynes The

ackiefig bohcheatymeapr Sy BR oA fpabRis asaw 020041014821

the%%ria ifigl héént QEZY IR tHESETymi¥ke iy Bfiok tmdyShd mgéﬂt 08 &infila
etc. swtabeten‘peraturefor the reaction lies

between 0-80 C, nore preferably between 20-60 C, or

nore preferred between 30-50 C. The anmpbunt of enzyne

t dJbe ed is not particularly restricted, but isg

;jggu 0.01-1.0, preferablly 0.02-0.5 and nore /“\ ,
RYpT efgrabiy' 0. 0200. 3, R5-XEi ghR'rati o%fel ative o X—R

substrate. The reaction % be carried out as a PﬁtCh

pr oggss or it may be carr({@e) out as a conti nuous

process. The enzynme may be used in a plurality of
bat ches repeatedly or continuously. The reaction tine

is not particularly restricted, and will depend on the
enzyme used and the scale :fmd ty cse producti on net hod
or @haisedyanate dwvirign theu §ormudsc 8r IV apphipexanpignhaving the

fo PC]'/ngf\]O§ 537 published as V\02004/ 014821 the

¢gent used for the enzymatic acyl ati on nay
be a reagent of fornmula (Ilia) (Ib (1C or an
I socyanate having the fornmula R-N=C=0 or an
wherest Kiis Oyt W 54V png; ¥ aeO008SnY|ig hdogrisc=S; wher ei n x
is Oor S Wis Oor S Uis Oor S, Vis hal ogen;

RO{I\% &Lk fl ‘@Q'm-aﬁ%%l @2‘? Ql!é ' Al Ak ¥iay! o }?Hnaﬁf/ be

optiona e su t'uted one or nofe tines
suh@tltdneds ubet ioruentrs tmeecwihl fsuhstmﬁnts eelattk@xyrpm Ci.10-alkoxy,
011%17%1%%1 haile}klfgltdgql))%y' gﬁﬂrﬁgﬁ( &fnrllr?g ) 1trd %g]alg]oo lll(t)-gtl?{ylamino, di-

(Ci-10-alkyl)amino, aryl, aryloxy, arylthio and heteroaryl, or R is aryl, wherein any
of the aryl and heteroaryl groups may optionally be substituted one or more times
with substituents selected from Cj.jp-alkyl, Cs.jo-alkenyl, Ca.19-alkynyl, Cj.jo-alkoxy,
Ci.o-alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci.jp-alkylamino and di-

(Ci-10-alkyl)amino;

Rlis as defined for RY;

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 (IIa).

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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(d -io-al ky®*am no, aryl, aryloxy, arylthio and

heteroaryl, or RO is aryl, wherein any of the aryl and
whedwsnomey| groups may optionally be substit ut BAI/DE2006/000075

nore tines with substituentl8 selected from

C1-10-al kyl, C2-10-al kenyl, C2-10-al kynyl, .

Pr ?r?iﬂgoﬁ%yadﬁgR%%sa&gg l?(’%"arfpn@{ﬂﬂga‘y pnhal ‘1%3”(:1 3-a niky? such as
metﬂy@ e’%ﬂl}l‘ler);ﬁ‘GﬁFzg%nd p?éfeﬁab?ySRa%fClrﬁeﬂkffloiubﬁltute%ﬂesorf’}ﬁore times

def’i ned oy is a suitable irreversible acyl
withdwlager PoBpis G- &’lherafhdmﬂunctsbg@fdmd R 0% Ge-aralkignylnsesh a8 vinyl.
to 5 carbon atons; provided that Wand U is not S when
Xis S Preferably, Uis Oin the conmpound of formnula
A frbfetral acyPaeiedgrht ¥, viylibstyeten any of the above
acyl ating agents. Preferably, Xis Oin any of the
above acylating agents.Preferably, RL and RO is

GO ST Gl <o

Cl- 3-al kyl substituted one or nore tines w th hal ogen

or R2 is -3-al kenyl, and nost preferred R2 is

C2- 3- al kenyj , such as vinyl. A preferred acyl ating
agent is vj _Rdtyrate. Enzymatic deacylation may be
carried Qut u\él ng a conpound of formula wherein R Z,

RW Y, Hal, the dotted line and Rl is as defined above,

S ¥t{ing material. Suitably, Rl is Cl-10-al kyl,
abl@Hunbr anched Ci1-10-al kyl and nore preferred
sajranched C4- 1lo-al kyl in the starting materi al
used for|enzymati c deacyl ati on. The sel ective

Hal av)

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

material.

Suitably, R! is C).1o-alkyl, preferably unbranched Ci.jp-alkyl and more preferred Rlis

unbranched Cy.10-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 carried 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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suppressi ng hydrol ysis. Hydrolysis, which is the
reverse reaction of the acylation reaction, takes
wEb@sme7ishl wat er i s present in the reacti on sysPENDK2005/000075
Thus, selective enzymatic dgylation is preferably
carried out in an anhydrous organi c solvent or al nost
anhydrous organi c solvent (enzynmes nornally require,
Th Rdeplesireh Ve s biaed [ghy BOde i By ctiopps mot patticularly

imPSHME N RAE a1t d0RE Rbt RhERMRINE RnfyR@idedC Wufhble 885 AR Include
b d a killed in the

system nay be determ ned by per son ski

hydrotartiones sich aasi hexaid, \heptape, viteingénenand toduanseetheisrsuchas diethyl

acyl.ation reactio [ ot particul ' t
ctnpE by §B5L RBemisBalfi, BRI Er ATk er and
dinhd:8RHRAnS AUev@Rt Sudhdd 4dRnBYHERGRKAONS bﬁta@lbn,aeﬁl_dhﬁ&ﬁ?pethyl
hept ane, benzene and tol uene; ethers such as diethy

ketangjestersisich ap mesil! asetatss ethybageidiss eilofl bptigate, vinyl butyrate and
- di oxa I e .

oo SRPRALS Biosh i Bybbta BTH aCh Blnlihe gy cntoroform

an elt, Dharicllofoathane; ssvdnday hyid eértiyly lakbbole, sedt ewStesidmitanol;

.as nmethy| acetate, ethyl acetate, ethyl butyrate, )
NitPERY oA FAVERE SHEh S Ky Emam eoggﬁgﬁx@ e, 'formamide,

ac%rg{rf%‘? %ﬁ@ %épi&ﬂﬁhe,aaldggél@ib ?gﬁdr BlRhisd8ich GBI R sMfoxide,

, 1-trichl oroet condary and tertiary
N-mbthglpyislidenecdnddexsreethylphosphotous iiamidgen- cont ai ni ng
sol vents such as di net hyl f or manmi de, acet oami de,
formam de, acetonitrile and propionitrile; and aprotic

Ani$igathe0 I BRIcEILIHE Buds aél heR4ndY hepthhid)edl@ene and toluene, ethers
- met hy{hggrrol i done and hexanet hyl phosphorous triam de.
su e

pthe ydiserrapy) catkers ldrdigkens aapdrfert-tmby traefhy! ether and

benzepe and I , et u dj | et
estSr SRR a0 ivE PhFAE: ' BEFGra Hr e CLEAIRE 4 Bt preferred
soleéhie a3t @hdreaad attdhatRshydrevatbdnytsyctabeberaere or toluene, most

preferred. For one enzyne the nost preferred sol vents
preferjedoeluenp apd foienodhes FReyme ﬁ%ﬂd@@étal?rs’@%gsse ntggmay be ethers

e . . Y
RIS LR TSP S ST i o
twebhmose solvents.

The concentration of racemic diol of formula (II) and acylating agent should not be
too high as a high concentration 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 (II) 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 (II) 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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such as 1, 4-di oxane. The above sol vents nmay be used
singly or in a conbination of two or nore sol vents.
wab@sooiseent rati on of racem c diol of formula BCT/PKawd/000075
acyl ati ng agent shoul d not 2be too high as a high
concentration of reagents in the solvent may lead to

sialed perSesy filh b aB e Jassibe Sheh bl folk et s peiipp LY if the
art‘blﬁill”% abld 1o d@ﬂ%ﬂnﬁ@yﬂl@tdgﬁi%lﬂ'vl%ﬁ%raﬁ%n Qﬁ%pgﬁfco%rﬂpcﬁmd of

nore suitabl e bel ow 0, even nore suitable bel ow
formula @Vopseshisthamsegionui t abl e bel ow 0,1 M A person
skilled in the art will be able to determ ne the
opti mal concentration of racemc diol of fornmula (I1)

ThénteréshiledtiVing o8GR lenzfé @GEd, VR P ey iRtdaSed 8RCHHrBiAgOBut the
is preferably carried out in water or a m xture of
acyjlgtiaayorgleacydationrigarisencegifyanergarigiacigdiing /prangraanin bescof
a buffer. The organic solvent, which may be used in
the reaction, is not particularly inportant as |ong as
In partidolas thxoénzgancit ia¢glaton be canpyatie deedlatiGuid adkied out in the
organi c solvents_are solvents mscible with water such
preg@ics|of 8h QraanicAcKt, SHita's MLOTepVE CABINSOIC #ildxane, DME and
di gl yne. Theskilled person will be able to identify
ot her suitable solvents. A person skilled in the art
Suitatly the ahbvemeoticedeorganie adié iopni ammagio neelpaxydic asid ofF an

.racem ¢ conpound of formula (I1V) used in the reaction
alipHRlc SPPERLGTAL

tivity of the enzyne used, may be
i ncreased by carrying out the acylation or deacyl ation
in presence of an organic acid and /or an organic
Suitelde organiopasids, shidirmanbe sspdyimghe ceagiign, 419, gkydsarboxylic acids,

n tic deacylation i [ at i the e .
o PRSI E RBAGRISARAH, 0t DD B
ph@fillkylSabbafiicy aeftle ahdveptivaally ongdtimtgianihengcaroxdicaracids.
aromatic carboxylic acid or an | ) . . .
Suitable aliphatic carboxylic acids, are carboxylic acids such as formic acid, acetic
acid, propionic acid, n-butyric acid, iso-butyric acid, 2-ethylbutyric acid, n-valeric
acid, iso-valeric acid, pivalic acid, n-caproic acid, iso-caproic acid, decanoic acid,
crotonic acid, palmitic acid, cyclopentanecarboxylic acid, cyclohexanecarboxylic
acid, phenyl-C;4-alkylcarboxylic acids 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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al i phatic carboxylic acid. Suitable organic acids,

whi ch may be used in the reaction, are,
wa@bdogplozmeboxyl i ¢ aci ds, cycl oal kyl carboxyl i c apCT™PK2005/000075

cycl oal kyl al kyl carboxylic &tids, optionally

substi tuted phenyl al kyl carboxylic acids and optionally

substi tut ed phenyl carboxyli ¢ acids., Suitable aljphatic
The amgpiyef the geganis, acid © beaissd iy notpagiiGularlsirekicted, hbtrtﬁ? golar

ach . ti o o Cied s : .
rotfin 0T, & Syl PLORUPNE (B1 prediibyy 19 8PS, and fuore
preféoabiglldy toc2.6ci d, pivalic acid, r-caproic acid,

wo- caproi ¢ aci d, decanoic acid, crotonic acid,

pal mtic acid, cyclopentanecarboxylic acid,

AlENEL98 Z(Qﬂ%?%a[r@@’ﬁé@e' fafBeuseBNB Mlpr&ve selectivity of the enzyme,
1-4-al kyl carboxylic acids such as 3-phenyl propionic |
eitlzee ialipnedomplogethbbwithrang ofdhel abeyeanpretionstl dreanig aeiflc Acswtable
and tartaric acid. Suitagble.aromati Ly 6 [ :
S SN e S e e
pyadihél, and-pyridiROE PreBéreedaSutlablé Sombinatuyseivtgartc aciddnd organic
p-toluic acid, -toluic acid, wtoluic acid, naphthoic

basgeirel benghicasid andapiridlingigr exanepipt hal i c acid, salicylic
acid, hydrocinnamc acid for instance. Preferably, the

organic acid used to i nprove stereosel eselectivity of
Tht hoanzyMie osgaail est exlbé need i§ npr particulady assiritted, but the molar

wopr opi oni ¢ acid, ~-bytyric acid, -b ' id,
ratipe b e & suliate ipugily DUy 1 a4 PRI DL b1 Z0ac

pal mtic acid, cycl ohexane carboxylic acid, pivalic

acid, benzoic acid and />-toluic acid, salicylic acid
Asamdnieredeahyivpy tiei group Ragnehns Mysno or efngr pther, gicwp that may be

carba§¥lic acid used is pivalic acid. The anount of the
CORYCEIGAITE 2 S¥NP 88 e used is not particularly

restricted, but the nolar ratio relative to a

substrate is usually 0.1 to 10, preferably 1.0 to 3.%
Grawgs that engyr b¢ eparigd1tooa cgano group include halogen such as chloro,

bromo, iodo or fluoro, preferably chloro or bromo.

Other groups which may be converted to cyano include CF3-(CF,)p-S0,-O- , wherein
n is 0-8, -OH, -CHO, -CH,0H, -CH,NH,, -CH;NO,, -CHzCl, -CH,Br, -CHs, -NHR’,
_CHNOH, -COORY, -CONR®R’ wherein R’ is hydrogen or C;.s-alkylcarbonyl, and R°
and R’ are selected from hydrogen, optionally substituted Cy.¢-alkyl, aryl-C;.¢-alkyl or

aryl and, a group of formula

10 1

R R

(VII)
wherein Z is O or S; R® — R are each independently selected from hydrogen and
Ci¢-alkyl or R® and R’ together form a Cps-alkylene chain thereby forming a spiro
ring; R!'? is selected from hydrogen and Cj.¢-alkyl, R is selected from hydrogen,
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Al ternatively, an organic base may be used to inprove
selectivity of the enzyne, either alone or together
wawdaok/ozasyl of the above-nenti oned organi ¢ aci d. PGEDK2005/000075

sui tabl e organi c base theré@2may be nenti oned,
tri et hyl am ne, pyridine and 4-dinethyl am nopyri di ne,
C B‘ﬂﬁ yridine is preferred. Swtab&qe conbi nati ons_ gf
16RO & CHEPH SFRIPOY R RISCUISHs BroNPShestore, @ £ andoR ] together

forﬁlya[ CQ% Qﬂkyfeﬁé AR Sy fgprﬁlng b ffe, the organic base
be uséd is not particularly restrlcted but the

rml ar ratio relative to a substrate IS usuaIIy 0.5to
As nentioned abov

r ef b 0,
WhtaR JF Bty L AatibyR Brobd B ShistR ol B a Evay mpg be
car€ied \oaf s deb@iRdCHaANs GI38)03, GVOUPS/ 18648, WY 0081926 and WO
converted to a cyano group i ncl ude halogen such as

01/6B3%% 0, bronp, iodo or fluoro, preferably chloro or

bronmo. Ot her groups which may be converted to cyano

i nclude CF3-(CF2) -S2-O0 , wherein nis 0-8, -OH,
Acedrtiing to CH2 OH36,10BRbIMRrsielCbR NBRyme GHdplto a-dghRBEroupTsdarried

-NHR5, . - CH , - COOR6, -CONR6R7 wherein R5 is hydrogen
Outd?yf@&Qt@ndV‘Ef}?aég%onyl and R6 and R7 are selected from

hydr ogen, optionally subst ituted Cl1-6-al kyl,

aryl - Cl-6-al kyl or aryl and, a group of formula (VII)
WS 8i6A8 Znid sWO 60/1 5926R8eserilRO theer mrfyaxsiori oile malmgem ok y triflate

sel ected from hydrogen and Cl- 6 or R8 an ﬂf@ .
IR PAHFIANG BFIHP LYY ABINA HSY%‘H ‘Fﬁf‘eF’eWS%? §depr Ni
ca@?gt{o ring; R1O is select ed from hydrogen and

-6-al kyl, Rl11l is selected from hydrogen, Cl1-6-al kyl,
a carboxy group or a precursor group therefore, or R10

Compoun%ls Wher ﬁe 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,NO,, -CH,Cl, -CHBr, -CH3
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 (Illa), (IIIb), (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 treating the salt with"a base in a
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forma C2-5-al kyl ene chain thereby formng a spiro

ring. Wien Ris halogen, in particular bronpo or
w@bdosooisIronver sion to a cyano nmay be carried BPUL/DE2005/000075

described in US 4, 136,193, 2¥WD0 00/ 13648, WO 00/ 11926

and WO 01/02383. According to US 4,136,193 conversion

.0of a bronp group tqQq a cyanho gro is carried out . b .
i O GO AR TERTIC Vel VB, PARaIea iy Semopd 96 Sgmula (IT) into
thedﬁgﬁﬁé?@asg_he conversion of a halogen or a triflate

0]

gr oup a cyano group by cyanation with a cyanide
source in presence of a Pd or Ni catalyst. Conpounds

PG Rab %, AR aChbiSuRthi-Bhnd ekt Kl oo Boup
is stiehbl9 darrRd Buo YRS iHeclbtes® fORs @fcbbl@duﬂldloffﬁrﬁﬁl'é@%-

Conpounds wherein is OH -CH2OH, -CH2NH2, -
-CH2A, -CH2Br, -CH3 or any of the groups above, na

y
n 9 ' : 0,

R R e R
is Rﬁtablyi ce;]rdgamgnm rufiter gfndgf .dbﬂiﬂ;] ao (fgtrm areymbeurpl gﬁa“omuv)(V). A

t met hods descr | in the aboye-nentio pat e ,
PrOGPC‘ﬁH? f{oﬁecagb’ﬁgl ars 6‘%3 rf@pmaloagéc ?Sﬁrén'ge‘f i @eﬂgﬁ%%éﬁ?cals
Maéaﬂiﬁé%’-&&ﬁ 2003 heedguy e grignard reaction described in

P1

1943 or by anal ogous net hods. Racem ¢ conpounds
of formula (I1V) nay be prepared fromracem c conpounds

2 G B S s B A B et P
~CHBAL, hi-oeyaNe) esMeHART bfted, DldeRyaa| asHkIGPe, (1OH-NPeiPe,
-CH,-NMePg;, -CH,NHCH;, -CH,-NH,, -CO-N(CHj);, -CH(A'R™)(A'RP),
(AR (ARP)A’R'), -COOR! -CH,-CO-NH,, -CH=CH-R'® or —-CONHR",
wherein Pg is a protection group for an alcohol group, Pg; and Pg, are protection
groups for an amino group, R'? and R"® are independently selected from Cj.¢-alkyl,
Cy¢-alkenyl, Cy.¢-alkynyl and optionally alkyl substituted aryl or aralkyl groups or R'2
and R together form a chain of 2 to 4 carbon atoms, each of R - R are
independently selected from Cig-alkyl, Cy¢-alkenyl, Cj.s-alkynyl and optionally
Ci.6-alkyl substituted aryl or aryl-C;.¢-alkyl, R'? is hydrogen or methyl and Al, A’and
A? are selected form O and S; L is a leaving group, such as halogen or -O-SO-A
wherein A is Cy.¢ alkyl, C,. alkenyl, C,.¢ alkynyl or optionally C;.¢-alkyl substituted
aryl or aryl-C;.¢-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 -S0,-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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R1- N=C=0 and R*N=C=S above. In sone cases the racemc

conpound of formula (11) nay be available in the form
w@booan7mei d addition salt, such as the sul phat BCERKR(05/000075

and in this case a free bag¢ of the conpound of

formula (11) may be obtained by treating the salt with

CopaHato PRI comfSorinbor T ORRGI B (PRSI & (e GRGapiring

coRPERls vﬁ!&élﬁ@@é Mlméﬁlﬂ/ﬁmm 1lds dBsdribelth WR00M43525, WO
conversi on of e group Rto a cyano group Is suitably

0154478 @dW@U@l/éMBelronbyrﬁglabllgosﬂmeﬂmdsform a conpound of
formula (V). Preferably, Hal is fluoro. IfHal is not
fluoro, conversion of the group Hal to a fluoro is

Cosiipotiad¥ WhéainZ &d -OHb-1akherein 1.AYa (afig @olis) thef B donverted to
ound of fornul a (V). A procedure for carrying out

adﬂlﬁgtg}’]@tsw@hﬂrgrpﬁp eibe sapeBanReISpeci al i ty Chemical s
Magazi ne, April 2003, page 36-38. Z groups which may
be converted to dinethyl am nonmethyl are groups such as
Cmnpﬁhﬂdsi_wheréihﬂ NOZO-NTHR),, amd/«CO-NHR Hetvhdein REHR h@iBgen or

i AT g MR a0, B %
dllg&%@%?no lggd%bed §E 0 A58 or WODIAREE 1 MBTRh1R gous

protection group for an al cohol group, Pgi
meﬂgﬂsare protection groups for an am no group, R12 and
R13 are independently sel ected from C1-6-al kyl,
C2- 6- al kenyl, C2-6-al kynyl and optionally al kyl

CodtpRehdd Wh&gin?, ¥4 (91'12 NMé(Pi o8 t@HpN(pgl)BJ@am_l/ Rléonverted to

)
toget her forma chain of % carbon atons, each

of
thmespcm_ﬂmmcénpmép@hﬁn@ntﬂ ip @@B@dta@unq*m@thm& @Sﬁllﬂk%dl in WO
Ily Ci-6-alkyl
01%8& ?EW%‘{ /gﬁﬁl %rb ar yr(ygﬁu H]gth%ﬁil onang is hygr oéen

or nethyl and Al, A2 and
Compounds wherein Z is -CH(A RIZ)(AZRB) may be converted to the corresponding

compounds wherein Z is dimethylaminomethyl as described in WO 01/43525 or WO
01/68631 or by analogous methods.

Compounds wherein Z is -C(A'R™(AR)A’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 is -COOR!" 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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A3 are selected formOand S; L is a |eaving group,

such as hal ogen or -0-SO 2-A wherein Ais Cl-6 al kyl,
w@2e08/0zZiskenyl , C2-6 al kynyl or optionally C _PGFRKRYS/000075

substituted aryl or aryl-C256-al kyl. The

al cohol -protecting group, Pg, may be a trial kylsilyl

group, a benzyl group aor astetrahydropyranyl group )
Compgppds gliereami % @r&ﬂggcﬁéﬁg ARy ﬂ?szw&?f%‘}{%ff 4P KipF erresponding

mpoHid SRR s WY1 |ty lak Moscrbedlid 1743528
comp T EE R R ARy ARt o e Rea HOYO VSN WO
010863 bey/by, amalogegs netlbdPg2 t oget her with the N atomto

whi ch they are attached forman optionally substituted

pht hal i m de group. Conpounds wherein Z is -CH2- O Pg may
CofhotRIYRhéeH 2 & &ago 6P LSRN AAY be ORRIIRE S0 \EERiRpahding

i's di methylam noret hyl as described in WO 01/43525," WO
conppwiwhersin Ads climedsBminemehylasafesgabed e W@ dkl/68629 or by

un erein Zis -CH2-L, wherein L is a | eaving

an%?%ﬁ%fnﬁgvﬂge converted to a dinmethyl am nonet hyl group

in the sane manner. Conpounds wherein Z is -CO N(CH3) 2
Coafdun@OvhiRinld is vkigizil maRlR doavérydrtoghe carespehding compyund

WSS, SR 48 oG R DRy ChOYBGR) sy smpfogous

mefif3dd1/ 6863 1 or by anal ogous net hods. Conpounds
erein Zis -CH2-NMe(Pgl) or -CH -N(Pgl)(Pg2) may be
converted to the correspondi ng conpound wherein Z is

Preqflerrggfylj %rﬂi&g{ﬁfia%lnor%gthgﬁif l’Zi ig%%t id.lnmeyt\ﬁ)ylaminomethyl, conversion

of Z to a dimethylaminomethyl group is suitably carried out after ring closure.

Compounds wherein the dotted line represents a double bond may be converted to the
corresponding compound wherein the dotted line is a single bond by the methods
described in WO 01/68630 or by analogous methods. Preferably 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 EtsN added to 150 ml
water, 10% HsPO4(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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01/ 43525 or WD 01/68631 or by anal ogous net hods.

Conpounds wherein Z is -CH(ALR12XA2R13) nay be
weovserised to the correspondi ng conpounds wherBCTIDK2005/000075

di met hyl am nomet hyl as des@éi bed in WO 01/ 43525 or WO

01/ 68631 or by anal ogous net hods. Conpounds wherein Z

is - 411))(A2R15)(A3R16) may be converted to the

Preé%‘i’r?:eslm g conpounds wherein Z is

DefcE-yV 28% thyl as described in WO 01/68631 or by
anal ogous net hods. Conpounds wherein Z is -COORL7 may

Injesionooheng: d€ miordlhe correspondi ng conpounds wherein Z
i s di net hyl am nonet hyl as descri bed above, starting
with the carboxylic acid ester. Conpounds wherein Z is

Convérsidn GaRi)ney/(8e P QMBI {18 thnkdtnt B€ psdute T AbuRe of residual
conpound wherein Z 1s as described in WO 01/43525 or

subgda®)/ 68631 or by anal ogous met hods. Conpounds wher ein
Zis - CH=CHR18 may be converted to the correspondi ng
conmpound wherein Z is dinmethylam nonet hyl as descri bed

Supét YibicAl hAd bR koI L AGSIGSIE conditiyn doabptralipuritgy:hods.
Compounds wherein Z is cyano or - CH2-NO2 nay be
converted to the correspondi ng conpound wherein Z is

CF A SR s B RE LR M Bihapc
Mdtslephasee Cafdntddortitke correspondi ng conmpound wherein Z
Mcltgfyﬁg‘ln ﬁ%m il Oﬁe@,tig\gl?élrnir?es(o%e"z)c;ﬂdbt% uloﬂ)agé\%coalc/ic? (%6507?)) or
Modifier 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-¢/100) x (1+Es/100))

(c: conversion ratio, Es: optical purity of residual substrate)
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Preferably, Z is dinethylam nonethyl. If Z is not

di met hyl am nonet hyl, conversion of Z to a
waleeenimgban nonet hyl group is suitably carri edP@OIDK2005/000075

after ring closure. Conpouds wherein the dotted |ine

represents a doubl e bond may be converted to the

correspondi ng conpound wherein the dotted line is a
Exampe &' pond by the methods described in WD 01/68630 or

by anal ogous nethods. Preferably the reduction is

carried out after ring closure. Experinmental In the
(S¥bi(3-dimethylemanpbresysle@nfhanrgiphanydrd. Jedihy dratisgheniafyran-
5 re, sured and %alculated as described bel ow. HPLC
—é%iﬁ%éﬁgléiﬁﬁﬂ#$¥¢ﬁ3for conversion rate): Colum: A

Li chrospher RP-8 colum, 250 x 4 mm (5 nm particle

size) Eluent: Buffered MeOH water prepared as follows:
Tola mixtureEoB Bl 7ag deldS)-6-dimethslamire-¢r(4’ -flookpleml) bty diogybutyl]-

added t 7 and wat ' t I, af 5 .
RS relb o ifs i€ 5 2 BBHRE A Fhbo sz ey Bhaino-
1-§Lﬂwrdslﬂfeﬁy1)-11 -l S5y HaeyE B Bzl estd, (R/3VPaB: DeineSeX mbtetrabfdrofuran

54 run Injection volune: 10 mcroL nversion rate

wagsogdded .2 g+ 6),1 xequosuceipe aghyrit: %\‘10\6?%6%&@? OFeImghy Bt room

d ' " . ha A _ .
L U e, RETRELYS Ebld s gimetytamin
1-@ufhidryphienyl)-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
crystals 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)

(S)-4-[4-Dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3 -hydroxymethyl-

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



Col um: Daicel AD colum wth the dinmensions 250 x 4,6

mm (5 mmparticle size) Mbile phase: Carbon dioxide
woL@s07eT Met hanol with diethylam ne (0.5% aPdI/DK2005/000075

trifluoroacetic acid (0.5%28 Mdifier gradient: 1-2%

in 4 mnutes 2-4%in 4 mnutes 4-8%in 4 mnutes 8-16%

[ 4m -32% | 4 m t 32-45% | , 6 ] nyt es
2 coRYRSPRDLES % arareOn OB PR e gt i e et eSbed
wifR £§88 8mod SPR4IeS@0E 1 THY: codbigeOor3hie Whadeard Bvaporated in

Injection volume: | QricroL Optical purity (%ee) = )
vaque- B)d gubsegently anelyzed on snperBeritioph @yishechromeatassanbid Qbgpined

co TR LRGBS RABETE a5y 100)) Lo

conversion ratio, Es: optical purity of residual
substrate) Exanple 1 (S)-1-(3-di met hyl am no- propyl) -
1-f4-fl uoro-phenyD 1, 3-di hydr o-i sobenzof uran-
5-carbonitrile hydrogen oxalate To a mixture of 3,7 g
4-1(S)-4-di met hyl am no-1-(4'-fluorophenyl)-I-hydroxybu
tyl]-



10

15

20

3- hydr oxynet hyl benzonitrile and 6,3 g butyric acid
5- cyano- 2-[ 4- di et hyl am nol - (
wa2dosoiseophenyl ) - | - hydr oxybut yl ] - benzyl ester BE¥/BK2005/000075
3:1) in 50 m tetrahydrofurén was added 1,2 g (1,1
eq.) succinic anhydrid. Allowed to stir overnight at
rroom tenperature. Precipitated succinic acid
Claso- { 5- cyano- 2-[ () - 4- di et hyl ami nol - (
4-fl uorophenyl)-1I-hydroxybutyl]-benzyl} ester was
filtered off and washed with cold tetrahydrofuran to
1. obmathpdsfor thy issladen @BbpYsilicationpiiibe apmpowndhayingeaiformula
oven and subsequently dissolved in 50 nl anhydrous
di met hyl formam de. To the solution was added 1,1 g NaH
(60% suspengion in oil) and stirred overnight at room
t enper at ur Thgvnixture was quenched wth water and
extracteg p/ times 50 m diethylether. The
conbi nedjorgani c phases were washed with 50 m water
ried with Na SO4 and evaporated in vacuo. The
infng oil was dissolved in 14 m acetone and 630
icUdid was added. After Ih stirring at room
fre, the precipitated crystals were filtered
ashed with cold acetone to obtain 2,02 g
am hydrogen oxal ate (ee-val ue 95% Exanple 2

(Prepa n of the m xture used in exanple 1) (SV4-
[4-Di am no-1|-(4'-fluorophenyl)-1-hydroxybutyll-3
- hydr oxyijet hyl benzonitrile To a stirred sol ution of
racem ¢ p

4-14-Di ne?hylanino-lﬂ?Q-fluorophenyl)-l-hydroxybutyl]-
3- hydr oxynet hyl benzonitrile (29 mmol, 10 g) and
vinyl butyrate (58 mmol|, 7,5 m) in anhydrous

wherein Biipgane qr p4zzowp whichimayecrenverssiorstans eraupas e

o eI PR R BB I L pC A er lo2”

Hal is halogen,

Z is a dimethylaminomethyl group or Z is a group which may be converted to a
dimethylaminomethyl group,

WisOorS,

Y isabond, O, S or NH,

and R! is Cy.jo-alkyl, Cy.jo-alkenyl or C,.jp-alkynyl all of which may optionally be
substituted with one or more substituents selected from C,.jp-alkoxy, Cj.jo-alkylthio,
hydroxy, halogen, amino, nitro, cyano, Cj.jo-alkylamino, di-(Ci.jo-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, Cs.jo-alkenyl, Cp.jp-alkynyl, Ci.jo-alkoxy, Ci.jp-alkylthio,
hydroxy, halogen, amino, nitro, cyano, C;.j¢-alkylamino and di-(Cj.1o-alkyl)amino, or

a salt thereof,

and/or a diol of formula
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hours at a conversion of 41% additional 250 ng |ipase
was added. After 504 hours, ata conversion of 63 %the
WO e@shH7m was st opped. The enzyne is filtered BET/DE2@S/000075
washed with a small anount 36f 1, 4-di oxane. The
conbi ned organi ¢ phases are evaporated in vacuo and
subsequea y anal yzed on super critical fluid
chr omat ogt'aphy. bt ai ned ee-value ((S-diol) = 95%
RYSdiol [Rdiol =40:1).Cains: 1. A nethod for the
[ on and purification of the conpound having a
ein is cyano or a group which may be
' sd-f 0~~aCyano group, the dotted line represents
a double or single bond, Hal is halogen, Zis a

di met hylanq nonmet hyl group or Z is a group which may be

converft'ed fjo a di methyl am normet hyl group, Wis Oor S,

, O Sor NH and RL is . io-alkyl,
C2-10-al¥enyl or C2-i o-al kynyl all of which may
optional%% be substijpted wth one or nore
substitu ][s sel ected™ rom C i o- al koxy,

Cl-io-al kylthi o, hydroxy, halogen, anm no, nitro,
cyano, Cl1-10-al kylam no, di-(Ci .io-alkyl)am no,
whanejd R, & Ylabayqd ther ddttetliline aanel ah defaredaabplve, czrra gdt thsreaf,yfrgm a

mitie e o6 comSeint e dornd (8 96he Fiokat MR o nien
corfipridgekd tuents sel ected from-io-alkyl, C2-i o-alkenyl,

Q al kynyl, -io-al koxy, Cio-alkylthio, hydroxy,
haI ogen, am no, nitro, cyano, Cl-io-al kylam no and

o S oA BBl ab 958 T8 o o

fordiut @ vief 4 epdicabbydidedr imidkatfotingaeof , froma

o) R" o)

R Q
o>_<x o i Oq? o HOOC\A—N%X
' . -

o) R’ o) o)
(1a) (Ib) (Ic)

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

and R’, R and R’ are independently selected from hydrogen, Ci¢-alkyl, C;.¢-alkoxy,
aryloxy, Ci.g-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 -0-CR'R’-0-,
wherein R* and R’ are independently hydrogen or Cj4-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;
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m xture containing the conpound of fornmula (1V) and
the diol of formula (I1), which conprises: a) reacting
W@ adod/omisgt ur e cont ai ni ng the conmpound of for nUPET/DKA05/000075
and the diol of formula (IB} with a cyclic anhydride
or imde of formula (la) (1b) (Ic) vvherein X is -
R'' are
A Ftiepalieishe igpeBuphe EabebBufens v Bian e s alpige, piénSlene,
or @apﬁmgielﬁexgmugg YhBX YoptibdalB- 86 Yaubsiutedl Yhe & Qoré“hﬁﬁ&l Rvith
each aryl may be substituted with Cl-6-alkyl, or
CiatkyR' in an anhydride of formula (Ia) together are -
O CRAR5- O, wherein R4 and R5 are independently
hydrogen or Cl-6-alkyl, or R and R' in an anhydride
to fokmfaohiie of ki) corp@uad pAfemiulaa(IV) et Sedr having thd fringta
carbon atons to which they are attached form a benzene
ring; one of QL and 2 is nitrogen and the other
carbon, or (poth are carbon; A is Cl-6-al kyl ene,
phenyl ene)gi napht hyl ene wherein the Cl1-6-al kyl ene,
napht hyl ene groups may optionally be
substltued ohe or nore tines with Cl- -alkyl; to form
RA ¢ of the conpound of formula (1V) and an ester
the formula wherein R Z and Hal is as defined
NdOHi s - CHR’ -X-CR'" -COCH, -X-CHR'
ALOMH, L CHR' - X- CO-NH A- COOH, wherein R, R',
are as defined above; b) separating the

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\ Q& _R" R'(—=QR"
3 o
\ 7/ or N/
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:

iv) allowing the acid of formula (V) or a salt thereof to precipitate from the
reaction mixture, and separating the precipitate of the compound of formula
(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;



10

15

20

25

30

2. tTm mgthodr aneprdieg fe g

iv) allowng the acid of fornmula (V) or a salt thereof

to precipitate fromthe reaction m xture, and
w@epanzmsdng the precipitate of the conpound of PEDDRN0&/000075

(V) or a salt thereof from3the reaction m xture,

optionally followed by isolation of the conpound of

fornula (LV). or a salt th f f th t
P Drrorbag brtbieBn i G S, S PO Bt eo LI VB iegeby
an  efUubous 8’|0‘F%Hnu‘ﬂ"ﬁwWlltbg%l%f%eliﬂ@heo&gﬁlﬂﬁ bR whereas

(I'V) wll be dissolved in the organic phase wheéreas
t hethso npmpamdofof fforrrmlllaa(\()\/)vvlw b¢ dissoliiedsin led aqnequaephase

o RTE SR AR By S G b v

t hepetalpidiear aﬁcﬁ@ﬂ 1a<51a1n@g thBoaRERELEC oahulaqvyut @ séiMhereof;
or a salt thereof; and vi) adsorbing the conpound of

forada (V) on a basi ¢ resi n, separating the sol vent
cont ai ni ng the conmpound of formil a (1V) fromthe

resin, desorbing the conpound of formula (V) fromthe
basii) ddesibing theoafpound @k Ifyrnhlﬂml(&ﬂ) ionga bhsic cesimg mﬂpaiaﬁ:rﬁg the

for la (I salt t d t )

] SO eI Sompg v OLLommR (e e hS Fmegsorbing the
ffet bad &&ﬁpgﬁfcp& Iao(r\;?l ﬁbﬁ‘i‘ t:hevﬁagfceﬂesnnt hed SERGMAL leaa@ﬁg the
t he commoun

fromthe ester of "fornul
( \/) comppard oﬁﬁmadu]la;(lﬁé) blowsadg theef awilr afoldtimgrthée aomwund of
remkgg\;ate f ¥ reaction m xture, and
sep )t‘ﬁélsﬁ ei?ﬁtate of the compound of formula
(V) fromthe reaction mxture, optionally foI | owed by
i sol ation of the conpound of fornula (IV) a salt
n&mo]n whexginthe sgpargtipn ﬁ%{hﬁ:ogompound of

ls}e)nﬁ'om thenééte(gfofctlo%mrﬁ% (JV )Oirs &r%ﬁ%&'b@f ﬁlowﬁg t#09cid of

formula (V) to precipitate from the reaction mixture, and separating the precipitate of

the compound of formula (V) from the reaction mixture, optionally followed by

isolation of the compound of formula (IV) or a salt thereof from the reaction mixture.

3. The method according to any of claims 1 or 2 wherein R’, R’ and R’ are

independently selected from hydrogen and C;.¢-alkyl, and Q! and Q? are both carbon.

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 formula
(V) comprising more than 50% of the S-enantiomer of the compound of formula (V)
is separated from the R-enantiomer of the acyl derivative 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).

5. The method according to claim 4 wherein the S-enantiomer of the compound of
formula (V) is separated from the R-enantiomer of the acyl derivative 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).
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i ndependently sel ected from hydrogen and Cl-6-al kyl,
and QL and 2 are both carbon. 4. The nethod accordi ng
wa o00aky78ef cl ai s 1-3 wherein the S-enanti omerPO/DKR@5/000075
conmpound of formula (V) or 3a m xture of enantioners of
the conpound of fornula (V) conprising nore than 50%
of the S-enantioner of the conpound of formula (V) is
separated fromthe R-enantioner of the acyl derivative

6. qfhef ﬁEﬂKHH %.C&drdﬁ’lg Qb cfaﬁlﬁrﬁ %\/h@iel&{ H{eeS Lharftfoatek 0P RRY SorRpound of
he acyl derivalive of formula (IV) conprising nore

formmm\GOS/@epardcerdefr@n dimaR tenamtiomesfoftheeacat gerivvéive ohfarpalafV).
formula (1V). 5. The nethod according to claim4
wherein the S-enantionmer of the conmpound of formula

7. (Mhe hsths@Radoadiag td v flgints enanhdreitthe Stenahitoreydf the acyl
derivative of formula (IV) or froma mxture of

dergigsine o iermulsf (IVh o 2 PHxHE o SppRtEOTRITS B the a&y]( fiq})lvatlve of

forlglgﬁj(lvz rcél;]rgg{mﬁg rﬁo?@?zg? (r%udlb/g I)f& l{h\/)% %aﬁf?ﬁlﬂhl @lnfﬁé 39}% deBi®ative of

forﬂmﬁoﬂ&') ligseparacddafrom ShevRe¢rantiombeoShe rampoomeof ffrmuke(V) or

roR R PO LUy COMBPRYRE! BT (8 FRPHsipp pjore than
o% ofTﬁ@Rf%ﬁmﬁné%@%ddo&qaohﬁd %Pyorﬁﬁnes{w ms 1-3 wherein

S-enantioner of the acyl derivati've of formula
(I\/) or a mxture of enantioners of the acyl

5. (e b fresiof \SHefnd Ay FRIBS SoaruERGroGF Rt ahive

of forMlild em esoaa;)altaeéa ﬂrérﬁ Pthé Reedanﬁmelt biofie rcoﬁlﬁootnlitﬁof formula (V)
corrpoun ormul a froma m xture of

or §AENt mn@resownwh@ner@rﬁfdb% gompoynsk of foample) (Vo siepnrisinggmore
50% d of
tnefTgpF SR gy i bt O FRPAL TR o it PO P 27 ©

wherein the S-enantionmer of the acyl derivative of
formul a is separated fromthe R—enantlo

Cﬂmagthg @pcog@pg-m sla(ny)S wherginghe S-emaniiomer qffthe acyq derlvatlve
of ﬁ%?lgfa @ LsSefMrated FrofiPHR U BEhnBbmeP bk BoA¥d kLot RHIAGY).

10. The method according to any of claims 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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than 50% of the R-enantionmer of the conpound of
formula (V). 9. The nethod according to claim8
wob@seTis9t he S-enantionmer of the acyl deri vat i PET/DK2005/000075
formula (1V) is separated B#omthe R-enantionmer of the
compound of formula (V). 10. The nmethod according to
a&y of clains 4-6 wherein the R group in the conpound
grmitha—(\V) is obtained in the formof the
S-eng ger @s optionally converted to cyano, the Z
grou ¢ conpound of fornula V obtained is
optionally ¢onverted to a di net hyl am nonet hyl group,

Hal is optiggpally converted to fluoro, and/or a dotted
line reprg ing a double bond is optionally
converted a8 single bond, in either order, followed
by converstor of the conpound of formula (V) to

escital opram or a derivative thereof having the
formul awherdah Rz and(Y¥ll is as defined above by

t r eat mept a bas tionally followed b
wherhdt or ?ﬂr w‘béﬁw@%r‘@ﬁ&?ﬁ SPOYH &Y et Vb 2 aaﬁﬁaoop’ﬂonaﬂy
folﬁfm (hg E]ﬁﬁégsnt%tgﬂy BbnviePEoI6PHR FodPRA0 a cyano group, conversion

group, conversion of
of ftheu grcm,p 4And acdimegindamoinoofetlay] dwoure cohversion eﬁrlé@lewt ﬂwgroaand

.bond d
coRtian of s dBe T aFuTi B Ao B AR o valisr A dhtignaty
folfothed 59 (,@n‘i@l'lsibntdfeés%ﬁﬁlo fin of REdemiahiod dcloahdianG/T) Go a salt

any of "clainms 7-9 mhereln the R group in the conpound

thegéoff or mul a (1V) the obtained in the formof the
S-enantioner is optionally converted to cyano, the Z
group in the conmpound of formula IV obtained is
11 O”Dhé ﬁiéﬂiokl)acé‘(ﬁﬂmgrtb afdy bf chirds T wiydreini tho Regrbyp irgthe chmpound
tlonaIIy converted fluorq and/or a tte
of |fq>rﬁ@ﬂ¢ éBBéb% Ablapigd dn ds fora ‘Efcfgﬁ SreglaBB?fP%fnléﬂpyona y converted

to ggﬁ‘ég%h%gz? gtto‘aﬁ ﬁie'?%gﬁ)ggﬁn% g’ﬂ t;] %‘ I?\ﬂ?tfr‘%lﬁg&j %ro\%tlfoﬁlllll}pmﬂrerted
to esliméthlaprimomethylagroup, 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 (IV) to escitalopram or a
derivative thereof
R

g,

'/\Z

Hal (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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derivative thereof wherein R, Z and Hal is as defined

above by treatnent with a base, optionally foll owed
wgosiorrsei t her order, conversion of the group RT/DK2005/000075

cyano group, conversion of 33he group Z to a

di met hyl am nonet hyl group, conversion of Hal to

| uorp, and conversion of a dotted line_representing a
follgsiah & sRtEHion PIeTRBPBENGE AofArIaHYS |0§ffewwﬁe5} Tyo o salt
thes@ypver si on of escital opramor a derivative of formula

(M) to a salt thereof. 12. The nethod according to
any of clains 10 or 11 wherein the basic ring closure

i.s, carried out. by trea nt with ase such as. .
12, Py BEp G ptiing o 7 BE Thlhe 18 AL 5RRTn B Whofi ring osure s
carled it BY Irefthtdht ath 4 bedehsnbR Ak KROCE@IHYY 6H dthenAIRGMtETINAEI or

ridine. 13. The nethod according to any of clains

or p . ; : N AL
other hpdrigdesrasiamings surk ag frigtrdaraing, qthyldiisoprenydamive o prdine.
preferred Ris cyano. 14. The nethod according to any
of clains 1-13 wherein the dotted line represents a
13 sTig heetHudnabcodding Thengredfheldinac t-ddwhegreinoHahys dfuord andR is
1-14 wherein and %{_i s di net hyl am nonet hyl or a group
haloggn ongypndPrelsHeR R 184Y4Y: a di met hyl ani nonet hyl  gr oup,
preferably Z is a dinethylam nonmet hyl group. 16. The
met hod according to clains 1-15 wherein the anhydride
14| Bheamethop eucatdog tH anynelf &laima)l - 131wher¢inethaeloed line represents a
.a&&g&ﬂing to claim16 wherein the anhydride is
SN i ¢ anhydride or glutaric anhydride. 18. The
met hod according to clains 1-17 wherein the anhydride

is a conpound of ' ' .
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 anhydride 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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formula (1b). 19. The nethod according to claim18
wherein the anhydride is phthalic acid anhydride. 20.

wab@soeshod according to clainms 1-15 wherei n t PEI/DK2005/000075
reagent is an imde of For@dela (lc).21. The nethod
according to claim20 wherein the inmde is

hen succi.nimd tituted t.h
21 e S gt 20 WHE e RIS b aP i G gmide
su&fltu@édaih'iﬁe %He%%l M%(ﬁth@t Aoy lghgupconpound of formul a
s a The net%od according to any of

cI alrrB 1-21 V\hereln Y in the conpound of formula (1V)

22 FSafof RSl o B RS o By T ogpouna of
forﬂugﬁvgv;{},@b@acordl ng to any of clains 1- 21 wherein Y
e

int conpound of formula (1V) is NH 26. The nethod
according to any of clainms 22-25 wherein Rl is

23.@'{ teﬁigd clg&]dﬁg a&iyéf : cl&tfis 121 k\?ﬂéf%:ﬁna?dln the compound of

ch nay optiona
forambs@V) u;tcedr Bne or nore tines with subst ituents
selected from C -al koxy, Cl-4-alkylthio, hydroxy,
hal ogen, am no, nitro, cyano, Cl-4-alkylam no and

24, dThe(rgetilion' a@lok¥ih 3LRAN 23 dyheldIR YRS A @oﬁ‘@@@ﬁcﬁ bf‘ﬂ)rltnﬁla (IV) is

claim 26 wnereih RL is selected from Cl- 3-al
O.C2- 3-al kenyl and C2-3-al kynyl all of which rray

optionally be substituted one or nore tinmes with

substituents sel ected from Cl1- 3-al koxy,

25 Gie3mdthiod | 4c0b@ind Y by 6of dl@h@IB21 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
Ci.4-alkyl, Cy4-alkenyl and Cp4-alkynyl all of which may optionally be substituted
one or more times with substituents selected from C;4-alkoxy, C;4-alkylthio,

hydroxy, halogen, amino, nitro, cyano, C;.4-alkylamino and di-(C;4-alkyl)amino.

27. The method according to claim 26 wherein R! is selected from Cjs-alkyl,
Cys-alkenyl and Cp3-alkynyl all of which may optionally be substituted one or more
times with substituents selected from Cis-alkoxy, C;s-alkylthio, hydroxy, halogen,
amino, nitro, cyano, Cj.3-alkylamino and di-(C;.3-alkyl)amino.

28. The method according to claim 26 wherein R! is C4-alkyl.

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

30. The method of claim 29 wherein R' is methyl, ethyl or propyl, preferably propyl.



amno, nitro, cyano, Cl-3-alkylamno and di-(C

1-3-al kyl)am no. 28. The nethod according to claim 26
wob@seTisIRL i s Cl-4-al kyl. 29. The net hod accorPdi/DB2606/000075

claim 27 wherein RL is Cl-37al kyl. 30. The nethod of

claim?29 wherein RL is nethyl, ethyl or propyl,

ef er.ab ropyl .31. The. ne d according to any of
R Yo ARl 3 E R B RS SR e 19k, Y cShpouna
of @bl @I khd (B pébarted )Y &RAYIQE ¥y ReiE@aLiNon or selective
enzymatic acyl ation or selective enzymatic
enzygwdg daadydsion32. A nethod for the manufacture of
esci tal opram conprising the nmethod of any of clains
1-31.
32. A method for the manufacture of escitalopram comprising the method of any of

claims 1-31.



