WO 03/ 006449 PCT/ DKO2/ 00491 METHOD FOR THE PREPARATI ON OF ESCI TALOPRAM
Field of invention 5 The present invention relates to the preparation of

t he conpowodis@eeisd al opram which s the S-enantioner of trga/pwi2iocokiown
anti depressant drug citalopram i.e.

(S)-1-[3-(dinethylam no)propyl]-21-(4-fluorophenyl)-1, 3-di hydro-5-i sobenzofu
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Citalopramis a well-known antidepressant drug that has now been on the

mar ket for sonme years and has the followi ng structure: 15 NC OCH3 N CH3
(1) 1t i Figddofinxentipn, centrally acting serotonin (5-hydroxytryptamn ne;
5-HT) reuptake inhibitor, accordingly having antidepressant activities. 20
Cital opramwas first disclosed in DE 2,657,013, corresponding to US

4,136, 193. j ' ' - T ' I Mk
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reacti on s tthec $peransomymanifdéhd nval-knovwmbdrgidemessapntdrug-ucitdigrapy oicesses f or
the preparation of cital opram b?/ exchange of (;il

| 5-hal ogen . or
CF3- ( CF2) (S lbas GmeanRg riomy - (¢ AuewRReAl b3l B s dsIeRzairan01 1926 and

VO carbonitrile, or a pharmaceutically acceptable salt thereof for the preparation of

pharmaceutical preparations.

10
Background of the Invention
Citalopram is a well-known antidepressant drug that has now been on the market for
some years and has the following structure:

15

NC
CH,4

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake

Z—

M

inhibitor, accordingly having antidepressant activities.

20 Citalopram was first disclosed in DE 2,657,013, corresponding to US 4,136,193. This
patent publication i.a. outlines a process for the preparation of citalopram from the
corresponding S-bromo-derivative by reaction with cuprous cyanide in a suitable
solvent. Further processes for the preparation of citalopram by exchange of 5-halogen
or CF,-(CF,),-SO,-0O-, n being 0-8, with cyano are disclosed in WO 0011926 and WO

25 0013648.



25 0013648. WD 03/ 006449 PCT/ DKO2/ 00491 2 The diol of formula II,

4-[ 4- (di met hyl am no) - 1- (4' -fl uorophenyl) - 1- hydroxy-1-butyl]-

3- (hydr oxwoaBiogd4¥s benzonitrile, and its use as an i nter medCamK/0049%me

preparatlon of cital opram has been disclosed in e.g. US patent No
4,650,884. 5 NCOH OHAN (I1) Escita?opranl the enantioners of the diol

d f S _Patent. No
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reacted w_th an enantionerically pure acid derivative, such as (+) or

(-) - a- et HoRlppzam hag beensisstasedhipl e pREnDates No4,.62h8%t.i de to forma m xture of
di astereoneric esters, which are separated by HPLC or fractional
crystallization, mhereupon the ester with 15 the right stereochem stry is
enanti osel ectively converted into escitalopram In the second route, the
diol Il is separated into the enantiomers by stereoselective
crystallization with an enaMCQ ure acid such as
(+)-di-p-toluoyltartaric acid, Hhe S-enantioner of the diol I

i s enantiosel ectively converted -scOtanpran1 Bot h of these routes

environmental | y infeasible for |ndustllJ

\ ey _are econonmically and
prodd?tlon The

(ID

Escitalopram, the enantiomers of the diol II and methods for their preparation are
10 disclosed in US Patent No 4,943,590. Two routes to escitalopram are disclosed, both
of them are starting with the racemic diol II. In the first route, the diol II is reacted
with an enantiomerically pure acid derivative, such as (+) or (-)-a-methoxy-o-
trifluoromethyl-phenylacetyl chloride to form a mixture of diastereomeric esters,
which are separated by HPLC or fractional crystallization, whereupon the ester with
15 the right stereochemistry is enantioselectively converted into escitalopram. In the
second route, the diol II is separated into the enantiomers by stereoselective
crystallization with an enantiomerically pure acid such as (+)-di-p-toluoyltartaric acid,
whereupon the S-enantiomer of the diol II is enantioselectively converted to
escitalopram. Both of these routes involve consumption of expensive,
20 enantiomerically pure reagents and give relatively low yields resulting in that they are
economically and environmentally infeasible for industrial production. The
stereoselectivity of the pharmacological action of citalopram, i.e. the 5-HT-reuptake
inhibition residing in the S-enantiomer, and accordingly, the antidepressant effect of
said enantiomer is also disclosed in US Patent No 4,943,590. Escitalopram has now
25 been developed as an antidepressant. Hence, there is a desire for an improved method

for preparation of escitalopram.



stereo selectivity of the pharmacol ogical action of citalopram i.e. the
5-HT-reuptake inhibition residing in the S-enantioner, and accordingly,
t he anti dwproeweams ef fect of said enantioner is al so di seCoDED20MIUS
Patent No 4, 943,590. Escital opram has now 25 been devel oped as an

anti depressant. Hence, there is a desi¥e for an inproved nethod for
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chiral stationary phase has to be found by screening of the available
chiral st atationayyphpdeasg$o bé drundrby, scwieiing of sheedviadatilé vleiral stasiepay apthiasey t he
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production. Chromat ographi c processes, which are advant ageous by bei ng
continuous. and 10 generally consum ng reduced anounts of solvents, are
known to teg¥entioral ieud ichrompography. is g balthapregesssonsignipe dargspmpunts of
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phase which is. effective.in.sep in t he enantioners of cital opram or
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EP 563,388 discloses a simulated moving bed (SMB) chromatographic process
15 wherein enantiomers of an optically active compound are separated and the stationary

phase comprises silica gel coated with a chiral material such as a cellulose ester.

Hence, there is a desire for a chiral stationary phase which is effective in separating
the enantiomers of citalopram, or a compound which is an intermediate in the

20 manufacture of citalopram.

There is no method which enables one, a priori, to forecast which chiral stationary
phase will be effective in separating a given pair of enantiomers. The chiral stationary
phase for separation of a pair of enantiomers has to be found by laborious testing of
25 chiral stationary phases selected from the vast amount of available chiral stationary

phases.
Objects of the Invention
30 One object of the invention is to provide a novel and economically feasible

chromatographic method for separating the enantiomers of citalopram, or a compound

which is an intermediate in the manufacture of citalopram.

a



phase wll be effective in separating a given pair of enantionmers. The
chiral stationary phase for separation of a pair of enantionmers has to be
found by weweni@us testing of 25 chiral stationary phasesPsgbaaRodoirom t he
vast anount of available chiral stationary phases. Objects of the

| nvention 30 One object of the inventidn is to provide a novel and

econom cal j t ogtr aphi od,: aratjng t.he
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manuf act urtBe fbnefaétatciesdnaldfhd3/ 006449 PCT/ DKO2/ 00491 4 Anot her object of
the invention is to provide novel optically resolved internmediates for the
manuf acture of escitalopram Summary of the Invention 5 As used herein,
the ternms _ separatjon . of einantiomars' and “separation into enantioners’
refer to %F‘B‘&%}s ¢IBYNYg in two or nore fractions wherein the ratio
bet weens the two enantiomers deviates from1:1. The term optically

resolved' refers to the product of any such process. 10 As used herein,

t he t er m Asuris¢d/' hareansthe henpsir Istparationt v emantibinersdr amde a'sepagations intper cent
enanti oneri c_excess ?g% As used herei.n, the terﬁ " car bohydrat e
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t he terns the plodndtediany suchgrodehe manuf acture of escital opramt and
10
As used herein, the term ‘purity’ means the purity of the enantiomer measured as

percent enantiomeric excess (ee).

As used herein, the term ‘carbohydrate derivative’ means any compound which
15 principally can be derived from a carbohydrate by substitution of one or more

hydroxyl groups with another substituent leaving the stereochemical structure intact.

As used herein, the terms ‘intermediate for the manufacture of escitalopram’ and
‘intermediate compounds in the preparation of citalopram’ means any intermediate in

20 any known process for the manufacture of escitalopram.

Throughout the application, structural formula of chiral compounds refer to the

racemates if the stereochemistry is not indicated.

25 Laborious experimentation has now resulted in a new and inventive process for the
manufacture of escitalopram comprising separation of the enantiomers of citalopram
or an intermediate in the manufacture of citalopram by chromatography using a chiral

stationary phase.

30 Accordingly, the present invention relates to a novel process for the preparation of

escitalopram having the formula



“internmedi ate conpounds in the preparation of cital opram neans any
internmediate in 20 any known process for the manufacture of escital opram
Thr oughouwotobeoappl i cati on, structural forrmula of chiral ecwFmpxm@sonefer to
the racemates if the stereochem stry is not indicated. 25 Laborious
experinmentation has now resulted in a few and inventive process for the
manuf acture of escital opram conprising separation of the enantionmers of
citalopram or an intengedi n the manufacture of cital opram by

chr omat ogr aphy using a chi atingnary phase. 30 Accordingly, the
present invention relates ovel Jprocess for the preparation of

escital opram havi ng the forulz#ZWa #Z3/ 006449 PQTfDK02/00491 5 NCON
(111) conprising preparation of a [CeapSund_ef Ternula x O F (I1V) 5
wherein X is a cyano group, hal ogepor any other group which nay be
converted to a cyano group by op resol ution by chromat ography of the
racem c conpound of formula Xx

(I10)

comprising preparation of a compound of formula

V)

5 wherein X is a cyano group, halogen or any other group which may be converted to a
cyano group by optical resolution by chromatography of the racemic compound of

formula

/\

V)
10



N (V) 10 WO 03/006449 PCT/ DKO2/00491 6 wherein X is as defined above; and
if Xis not a cyano group, then followed by conversion of X to a cyano
group andwOhenesfit er i sol ation of escital opramor a phar PETOKRO4N Y
acceptable salt thereof. 5 In one preferred enbodi nent of the invention,
citalopramis separated into its enantioners by chronatography using a
chiral statl Qnar has A c rdin resent invent | a to a
novel process Po)\ré F F“e“f)ar ‘feoﬁggflfsgéscﬁ?ta?Sﬁ?rg)mgwu\?i Hﬁ t'f?ﬁo‘f"S(f la NC O
N 10 F (! |cb)1ver§1@Hchﬂ Xi 0 a08fah6 adrotie 204 Uhéread?Yis61afi HTRIF QBERABN 2Rl of aCONMPOUNd
of formula z x OHN F 15 (VI) wherein X is a cyano group, hal ogen or any
ot her gr owbamaceutely lsecep téhlermf a

5 In one preferred embodiment of the invention, citalopram is separated into its

enantiomers by chromatography using a chiral stationary phase.

Accordingly the present invention relates to a novel process for the preparation of

escitalopram having the formula

NC

10 (I1)

comprising optical resolution by chromatography of a compound of formula

OH

15
(VD)

wherein X is a cyano group, halogen or any other group that may be converted to a



WO 03/ 006449 PCT/ DKO2/ 00491 7 cyano group and Z is hydroxy or a |eaving

group, to formthe conpound of formula
conver si oOWO®B/00d1g9 group Z to a | eaving group and then ri n@Ctinaanes9of
the resulting compound of formula (VII

forma
above,

group X in

e”co 0 a cyano group,

mherein Zis aleaving group to
conpound of formula x o NN F 10 wherein X is as defined
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ZzX HN F (V1) and if Zis OH

5

i sol ati on of escitalopr,amor a pharmaceutically acceptable salt thereof.
anot her preferred enbogi nent of the invention, the internedi ate diol

4-14- 15 X
(di met hyl am
nzo- nitrile
chiral stationa
(S)-4-[4-(di met hyl am
butyl]-3-(hydroxyneth
by WO 03/006449 PCTLD

10

15
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F (VI

and if Z is OH conversion of the group Z to a leaving group and then ring closure of
the resulting compound of formula (VII) wherein Z is a leaving group to form a

compound of formula

X

(Iv)
wherein X is as defined above, and if X is not a cyano group, then followed by
conversion of the group X in the compound of formula (III) to a cyano group,

followed by isolation of escitalopram or a pharmaceutically acceptable salt thereof.

In another preferred embodiment of the invention, the intermediate diol II 4-[4-
(dimethylamino)-1-(4’-fluorophenyl)-1-hydroxy-1-butyl]-3-(hydroxymethyl)-benzo-

nitrile is separated into its enantiomers by chromatography using a chiral stationary
phase. The obtained (S)-4-[4-(dimethylamino)-1-(4’-fluorophenyl)-1-hydroxy-1-

butyl]-3-(hydroxymethyl)-benzonitrile may be transformed into escitalopram by

In

(4" - fl uorophenyl ) - 1- hydroxy- 1- butyl]-3- (hydroxynet hyl) - be
S into its enantioners by chromat ography using a

benzonitrile may be transformed into escital opram



8 nmet hods known to those skilled in the art, such as treatnent with para-

t ol uensul fonyl chl ori de and a base, e.g. triethylamne, as disclosed in US
4,943, 590wW0 0Jhes4enventi on al so relates to the interned at e@CADKMNHY4INe
formula z Br OCHN 5 F (M11) wherein Z is as defined above. In a further
enbodi nent, the present invention relates to the S-enantioner of 5-Br-
cital opra ving the formul a r.o.F (LX) r salts thereof. 15 The
racenic c?lneg%%dﬁdgm%’nf It)or rrtu%ms(';{3 (S%he?naﬂ (YF) gﬁ‘aysuﬁlg ?Segtr)eia\?/nel by" “i%i didrs

chr omat ogr@RBYsudbnFELINBHdOindSibas6d.4. itGahy BRIRE @sdadea)n US Agxsani r al
stationary phase. WD 03/006449 PCT/ DKO2/ 00491 9 The chiral stationary
phase may conprise an optically active high nolecular conpound, e.g. a

ol ysacchari de derivative, such.as esters or carbamates of cell ul ose
poty aIrhe 1nvention also relates to tﬁe intermediate having tﬁe formula

(VII)

wherein Z is as defined above.

In a further embodiment, the present invention relates to the S-enantiomer of 5-Br-
citalopram having the formula

10

(IX)

or salts thereof.

15 The racemic compounds of formula (V) and (VI) may be resolved by liquid
chromatography or super or sub critical chromatography using a chiral stationary

phase.



or anylose, a polyacrylate derivative (e.g. a nmethacryl ate derivative, such
as poly(triphenyl nethyl nethacrylate)) or a polyam de derivative, a protein
with an Swadgne@uyic or di synmetric chain (bovine serum alPormiv2iootsded to
silica, cellulase covalently bonded to al dehyde silica), polyners with an
asymmetric centre in its side chains £tc.. Another possibility is a chiral

tati has. i si | , .10 i tical
Fesol ut; o Ealfelr AOIE) Whade (Y TBBELE B SRIDRY Tcud” pl e B %,
silica) anempyehd)daxtarjolysdedhiamad darbati(alsptrasystdrodesirbhmatbobeledlidtesi | i ca) .

Q her inportant chiral separation factors which nmay be conprised by the
chiral stoationessy phpeyacaylateademiatizei (§. ahdnetbadrylate dedvativer eu¢h assters or

am ds of amno. .15 aci.d cet ted am no ids.and ol igopepti.des. Still
Aot her . paSui Bty Rl EnpBREy HaEE oo Br mben i G pmp Pl vty 3o

m crocrystdhiagic GelisphRRRict (HaRC@®bHMnS sertth HBUAAL bSARK! BRI, PORIRS _

i ncl udi ng pol ysaccharide derivatives and pol yam des useful for separation
of enant i coealsntly eordied ¢o rldeldydersilieR), polyhrer8Qdth daRAsPmifslriG@ntre BPit® sille7 365,
EP 0 238 044, WO 95/18833, WO 97/04011, EP 0656 333 and EP 718 625.

Particl es “BfNH6iysacchari des useful for the separation of optical
enantioners are 25 described in EP 0706 982. Preferably, the chiral
stationary phase conprises a carbohydrate derivative, nore preferred a
pol ysaccharotlesr gossibisityl ig @ chiral simhagyrphher coathrdimganiphomeleotilaceimpdund e
derivative. 30 Suitably, the polysaccharide adsorbed on the silica gel

carry &t ohB¥ingwpHea gesohRionyrrpatilingg| crown stharsteFI(Ryi &wiavanp1stiveon
4-chl orop }gﬁ{&ﬁ &R %Igag(trin?ﬂ’egvyt@eg %Jl&l%ec%él%dgg;;{l Qlégﬂdqg %813021).

Other important chiral separation factors which may be comprised by the chiral
stationary phase are amino acids and derivatives thercof, esters or amids of amino

15 acids, acetylated amino acids and oligopeptides.

Still another possibility is a particulate polysaccharide material, e.g microcrystalline

cellulose triacetate.

20 Chiral stationary phases including polysaccharide derivatives and polyamides useful
for separation of enantiomers are described in EP 0 147 804, EP 0 155 637, EP 0 157
365, EP 0238 044, WO 95/18833, WO 97/04011, EP 0656 333 and EP 718 625.

Particles of polysaccharides useful for the separation of optical enantiomers are

25 described in EP 0706 982.

Preferably, the chiral stationary phase comprises a carbohydrate derivative, more
preferred a polysaccharide derivative and most preferred an amylose or cellulose
derivative.

30
Suitably, the polysaccharide adsorbed on the silica gel carry groups such as
phenylcarbamoyl, 3,5-dimethyl-phenylcarbamoyl, 4-chlorophenylcarbamoyl, 3,5-



10 di chl or o- phenyl car banoyl , acetyl, benzoyl, cinnanoyl, 4-methyl-benzoyl
or S-al pha- phenyl ethyl carbanoyl. Preferably, the carbohydrate derivative
conpr i seswphwatgd4acar bamat e substituents, 5 which opti onalPCy/Drg/ b1
substituted with one or nore Cl-4-al kyl groups, preferably nethyl groups.
The chiral conpound, which is the chirl@l separating factor of the

st ati onary,. phase sui t.abl y -be adsorbed o carri.er, suc s silica
gel . 10 s&“%ﬁ%ﬂﬁhe{‘ﬂg&?ﬂf‘%}r eyl besiaay C‘Bﬂ%fgaﬁi GrresthyIHentovt oF g[iﬁpl?f'si lica
gel suppO@hg%daﬂyj@§gmn&mqivative wherein the majority of the hydroxyl
groups are substituted with 3,5- dinethyl phenyl carbamate groups, or
Chiralcel TM OD, a silica gel supported cellulose derivative wherein the

majority of the hydroxyl groups are substituted with 3,5 15 di et hyl phenyl
car barat e%é?%[i’gb’: %ﬁi%‘?%&ﬁéfﬁm ABTVAYe CHANRIISER IPRRAYCF PN 46 t HOStERINUS: nabl e

from Daj cely; I I Il Chi tdor e i sing
ayl 056 phaigl CRaaRily REBE shigfuleCuid o ¥ BUR C Y PORRT Brep Ry
resol vat i anethyl gouwounds of fornmula (VI). Exenplary of such 20 chiral

stationary phases is Chiral pakTM AD. Chiral stationary phases conprising

cel l ul ose phenyl carbamate derivatives are especially suitable for
resol vati of;.. ‘%ﬁ" g\{ 0 %% ¥) FE)é I such. chi ral
stationar ;.ﬂl Sh%%r(eég@?@B ?irahclzgehl IPW hﬁ 5 reﬁr%tf%ﬁéelr (%l;thfa ﬁgatlgﬁ%rgtl?htalsjeént X has
little i nfrhajeng@blgetddsorb&B] ¥ adriier) s atgtgmcag@mpounds as it is distant from
the chiral center. WO 03/006449 PCT/ DKO2/ 00491
10

Suitably, the chiral stationary phase is Chiralpak™ AD, a silica gel supported amylose

derivative wherein the majority of the hydroxyl groups are substituted with 3,5-

dimethylphenyl carbamate groups, or Chiralcel™ OD, a silica gel supported cellulose

derivative wherein the majority of the hydroxyl groups are substituted with 3,5-

15 dimethylphenyl carbamate groups. Chiralpak™ AD and Chiralcel™ OD are both

obtainable from Daicel Chemical Industries Ltd.

Chiral stationary phases comprising amylose phenyl carbamate derivatives are
especially suitable for resolvation of compounds of formula (VI). Exemplary of such

20 chiral stationary phases is Chiralpak™ AD.

Chiral stationary phases comprising cellulose phenyl carbamate derivatives are
especially suitable for resolvation of compounds of formula (V). Exemplary of such
chiral stationary phases is Chiralcel™ OD.

25
The nature of the substituent X has little influence on the resolvation of the

compounds as it is distant from the chiral center.



11 Any liquid chromatographic separation nmethod nmay be used for the
separation of the enantioners. Preferably, the chromatographic separation
met hod cowprod®es4a conti nuous chromat ogr aphi ¢ t echnol ogy PCIMK200491

si mul at ed novi ng bed technology. 5 The eluent is typically selected from
the group conprising acetonitrile, alcddhols, such as nethanol, ethanol or

i sopr opano nd .al kanes uch as.cycl ohexane, hexane or heptan and
m xt ures t‘ll‘i'@'r _@%Lflfl g n?fg?%a@ﬁ% ﬁepggatlpﬁgqﬁ?%ocg@%})e Eﬁeéﬁ%ﬁ ﬂhﬁcfieaar_& en of ihe_

trifluoroas@hidn@s PraeRbll, MmelRER) apfhic HephiMbRMnBfhodt rcbx‘?ni:ﬁé’e'sag' ne,
propyl am ne, isopropylam™ne and di methyl -i sopropyl -am ne may be added to

t he el uentcontifuolis chronatograihyc teshipdogyosuitmbly simutatetlahowiag behtedirmtogle
containing a nodifier may be used as eluent. The nodifier is selected from
| ower al cohols such as nethanol, ethanol, propanol and isopropanol. An

and i ot rl” Tagh FASUIeAT Mecdd SR G EOLP FompSARNAMREe A RRBICRILTT 0°

aci d, acetdsanetharnblaettlatioli drl isepropaet, i mdaaikahespgucheasad@athexdmdj haking,ort he
chr omat ogr.aphi ¢ nmet hod used is a |iquid chromatographic nmethod. A suitable
el uent acdBPinhgapd Mixtwes theeeirett asid tsHeh jasy Emioricids acele caeid rande. 20

Anot her Sq}ihﬂgljg_gﬁ_leg%;h%gf &4 %Lgégs&cﬁoa% mi%hilgr?l?n%i ?r‘iae%ﬁll%%liﬁegle%oigm@}r}hj%on Is a

m xture of | and i sopropan urtable

i s0- hexandsdBdpyahindAfd dinsRyIARHISy1-AMiNOhay BSadRAkH EHe hitint.abl e el uent

according to the invention is super or sub critical carbon dioxide
contai M ng 10% vol nethanol with 0.5% vol diethylam ne and 0.5% vol

E)L![ T Lgﬂ 3 aiglgé‘tlazﬁ{y%g}, g?ﬁeggﬁé ngli)tgclél?ge{}%or? fdiogﬂ}gl% clogt\é%enrl]ﬁgl g rr]no%?ﬁg%rr}lasy Se lrlls%\(liel
as eluent. The modifier is selected from lower alcohols such as methanol, ethanol,
propanol and isopropanol. An amine, such as diethylamine, triethylamine,

propylamine, isopropylamine and dimethyl-isopropyl-amine and optionally an acid,

15 such as formic acid, acetic acid and trifluoroacetic acid may be added.
Suitably, the chromatographic method used is a liquid chromatographic method.

A suitable eluent according to this embodiment of the invention is acetonitrile.

20
Another suitable eluent according to this embodiment of the invention is a mixture of
1so-hexane and isopropanol. A suitable mixture contains iso-hexane 98% vol and

isopropanol 2% vol.

25  Another suitable eluent according to the invention is super or sub critical carbon
dioxide containing 10% vol methanol with 0.5% vol diethylamine and 0.5% vol

trifluoroacetic acid.

One embodiment of the invention comprises novel optically resolved intermediates

30 for the manufacture of escitalopram.



30 for the manufacture of escital opram WO 03/006449 PCT/ DK0O2/ 00491 12
Wen Zis OHin the conmpound of fornmula (VI1), the al cohol group, Z, my be
convert edwD®3@0@ud t abl e | eavi ng group such as a sul f onat e PETIDHK02/0049a

hal i de. The former is carried out by reaction with sulfonyl halides, such
as net hanesul fonyl chloride and p-tolldensul fonyl chloride. The latter is

o oo a2l OF M DRLRARRAL SO, 1o AUGN Pals Ay B o1 | 0

or phosphor us I"'brom de. osureto conpoun (vi),

wher ei N Z dofiverteld@a isifaldé MaPing Besidp @Sh ada SHlfdRRAdsEer @8 L2118, Thelfoges may
thereafter be carried out by treatnent with a base such as KOC(CH3)3 or

ot her al kaxfatasd oniahy wactomhwith pylfmytibalides.rsuel hy ngthanesulfogyl chloride and

thyl dii | gm . i, di . i t ) I, I t, h
Let t ahydr drarigsitionsf el mhestiepirachiopipy reattiPRyiithdipgenating agents
di met hoxy b fipRenih TEGNSTHBaMBs bRKade, acetoni trile or

di chl oronet hane. The ring closure is anal ogous to the process described in
US 4,943,590. 15 The conpound of formula (TV) may be converted to

esci tal opram havi ng .the fornula  NC F (I1L1) . by a nunber of nethods
as descri B&88 B@F‘H\‘Rf%f% Cﬂglpi‘?ﬁﬁ‘{s‘l gﬁ%@"&%&@,’ “%(efeﬂf‘ %H%a X"Gﬁ‘&&&ﬁ‘a‘pefucﬂ“cﬂsrrul a
(1'V) may he, I e r. any
other co H%O%@;fgﬁgﬁ{kgﬁg ﬁggﬁgggeﬁg{ﬁggﬁg‘g%@rﬁe CAldY oﬁ\‘thtg}p b@atflenP Wi b
such as KOC(CH,), or other alkoxides, NaH or other hydrides, triethylamine,
10  ethyldiisopropylamine or pyridine in an inert organic solvent, such as tetrahydrofuran,

toluene, DMSO, DMF, t-butyl methyl ether, dimethoxyethane, dimethoxymethane,

dioxane, acetonitrile or dichloromethane.

The ring closure is analogous to the process described in US 4,943,590.
15

The compound of formula (IV) may be converted to escitalopram having the formula

NC

(I

by a number of methods as described below.

20 As mentioned above, X in the compound of formula (IV) may be a cyano group,
halogen, preferably chloro or bromo, or any other compound which may be converted

to a cyano group.



to a cyano group. WO 03/006449 PCT/ DKO2/00491 13 Such ot her groups, X,

whi ch may be converted to a cyano group may be selected from the groups of
formul a GF¥B-08@F6AYY , - SO2-O , wherein n is 0-8, -OH - CHO PCTHEORI00491 CH2NH21
-CH2NQ21 - CH2Cl11 -CH2Br, -CH31 -NHR , -COOR2, -CONR2R3, wherein R is
hydrogen or al kyl carbonyl, and R2 and IR3 are sel ected from hydrogen

optional | i tuted .al.kyl . . aral kyl . or arvl a, grou formul a
o R Rs s pOStPE{ub af b g B o SHea B o Babb oMl o diciitheiomt T 5
sel ect ed fih@proyslbpaRMuRNOF GCH) J&kYD- okhédéinali (=8, -CRgeH®r-dipom,a C2_5

al kyl ene chain thereby formng a spiro ring; R6 is select ed from hydr ogen
and Cl.6 &THoNH,, FEHINO s eCHgtle CHBym Gl rSH&A, -COOR’, aCRINR R vderdinR! ™ gr oup

or a precursor group. for a carb r,oup, or. R6. and t oget her form a

& 5 alkyibhicbed A RsRnRpEbund B ag Gregrieded MG RoRdorcomibogen, i n
parti cud ars,kiied AfkyC 86 or G@DVersi on of the compound of formula (1V) to
formescital opram may be “‘carri'ed out according to the procedures described

in US 4,136,193, WO 00/13648, WO 00/11926 and WO 01/02383 or other 20

pr ocedur es SUi tabl e for such conversions.
and a group of formula

R7
R6
RS N
ve l
RO X

wherein Yis O or S;

10
R* — R’ are each independently selected from hydrogen and C, alkyl or R* and R’
together form a C, 5 alkylene chain thereby forming a spiro ring; R® is selected from
hydrogen and C,, alkyl, R is selected from hydrogen, C, ; alkyl, a carboxy group or a
precursor group for a carboxy group, or R® and R’ together form a C, 5 alkylene chain

15 thereby forming a spiro ring.

When X is halogen, in particular bromo or chloro, conversion of the compound of
formula (IV) to form escitalopram may be carried out according to the procedures
described in US 4,136,193, WO 00/13648, WO 00/11926 and WO 01/02383 or other

20 procedures suitable for such conversions.

According to US 4,136,193, conversion of the 5-bromo group may be carried out by

reaction of a compound of formula (IV) wherein X is bromo, with CuCN.

25 WO 00/13648 and WO 00/11926 describes the conversion of a 5-halogen or a triflate
group to a cyano group by cyanation with a cyanide source in presence of a Pd or Ni

catalyst.



According to US 4,136, 193, conversion of the 5-bronp group may be carried
out by reaction of a conpound of formula (1V) wherein X is brono, with
CuCN. 25 W0 000963648 and WO 00/ 11926 descri bes the conver PCOMKIL/06491

5-hal ogen or a triflate group to a cyano group by cyanation with a cyanide
source in presence of a Pd or Ni catdkyst. WD 03/006449 PCT/ DKO2/ 00491 14
The cyani sour.ce used accordi.ng.to the, catalysed ani de exchange

Feact on il HAHAEsARGAPRACERIPRL BorapbiRLHURE PR SRR TR or

(R ) 4NCN, awharseful Bolrte. PREEAL Sfirded Uire KONPNaON 65 (RBINGS, taﬁe@%gze)ﬁf
ra

different and are selected from hydrogen and straight chain or nched

Cl_6 al kylindigatgh éove ygraurie whivhr wey ibs s exdmienofs didferdnit emdt are selratednfroor i n

excess, pr.eferabl -2 ..equi val ents e ysed pr. equivalent starting

mat eri al . h@ﬁf%ﬁ%&é?‘%ﬁﬁ@ﬁioéhfapﬁheggél-ﬁ@M4N+. The cyani de source is

preferaply NaCN or KCN or Zn(CN)2. 10 The pal | adium catal yst may be any

suitable Pd(0) or Pd(l1) containing catalyst, such as Pd(PPh3)41

Pd2( dba) 3 ThPd(yRild} 2GHRke ietused Thatdrchicaetak ysihouns o¢ onvexnessnpteferalslegdl-2n an

amount of 1-10, preferably 2-6, nost preferaply about 4-5 nol % |n one

enbodi menteqUiVRIENES 4E tUsEh PF-sCqUAYAlGIE FUaEAS Matek (R bNemeay eanvanicatubyt i c

anount of ' + . i t Zn2+, respectively,
(Bl].xﬁN@.JThéDEya;lﬂi% soulg@tlsa}grﬂ'ehﬁﬁfggég{o% Ié_&lg?r'g}lgﬁg)lz

means substol'chi onmetric anount's suc ably 1 - 3 nol.
Conveniently, about '/z eq. is used per eq. Pd. Any conveni ent source of
Cu' and Zn++ may be used. Cu' is preferably used in the formof Cul, and
Zn2+ | 80 cdhe ealleidrh gatabetmasg bé ey AnabI)PA(Galr PA(I2Ccontriding t&hlgst; &cth as

prosence GO PLARFERY ST s e RSO bbb R ol %

(tetraki s@moupheily | §poeferably 2-6, most preferably about 4-5 mol%.

In one embodiment, the reaction is carried out in the presence of a catalytic amount of

15 Cu" or Zn*". Catalytic amounts of Cu" and Zn”, respectively, means substoichiometric
amounts such as 0.1 - 5, preferably 1 - 3 mol. Conveniently, about % eq. is used per
eq. Pd. Any convenient source of Cu” and Zn"" may be used. Cu" is preferably used in
the form of Cul, and Zn*" is conveniently used as the Zn(CN), salt.

20 In a preferred embodiment, cyanation is carried out by reaction with ZnCN, in the
presence of a Palladium catalyst, preferably Pd(PPh,), (tetrakis(triphenylphos-
phine)palladium).

The nickel catalyst may be any suitable Ni(0) or Ni(II) containing complex which acts
25 as a catalyst, such as Ni(PPh,),, (c-aryl)-Ni(PPh,),Cl, etc. The nickel catalysts and
their preparation are described in WO 96/11906, EP-A-613720 and EP-A-384392.

In a particularly preferred embodiment, the nickel(0) complex is prepared in situ
before the cyanation reaction by reduction of a nickel(Il) precursor such as NiCl, or

30 NiBr, by a metal, such as zinc, magnesium or manganese in the presence of excess of
complex ligands, preferably triphenylphosphin.

The Ni-catalyst is conveniently used in an amount of 0.5-10, preferably 2-6, most
preferably about 4-5 mol%.
35



phi ne) pal l adiunm). The nickel catalyst may be any suitable Ni(0) or N (I1I)
contai ni ng conpl ex which acts 25 as a catalyst, such as N (PPh3)31
(a-aryl)-WwWo(OBPPaY2Cl, etc. The nickel catalysts and thei PCpmE0ailon are
described in WD 96/11906, EP-A-613720 and EP-A-384392. In a particularly
preferred enbodi nent, the nickel (0) cddplex is prepared in situ before the
cyanation reaction by reduction of a nickel(ll) precursor such as NiCl 2 or
30 Ni Br2 Byone asbedimesnyyéie ragctionng carriedypesn tim presenemglh eddytin amhentmfesence
of excess @qf oro@rp! ex |igands, preferably triphenyl phosphin. The

Ni -catal yst is conveniently used in an amount of 0.5-10, preferably 2-6,
nost preferably about 4-5 nol % 35 WO 03/006449 PCT/ DKO2/ 00491 15 In one
enbodi nentCatdlje hnaeits @ff G188 Mdr Zn*gdreGtkctivdly,t MGarkRr KiGSBBicdetac @ifoahtét | C

anount of ' ar, Zpz+ tal ytj c ,amounts.of Cu' and, Znz+,, pespectively,

means 55'8bs?‘f“é()ﬁlus“‘rl|i:3‘3rr'e?’rIi’r(‘f‘feéar?)g’ﬁ[rilt's§ /"SAQMCCHHE‘?IWtfong%,O?S%”efagagﬁli ym%'%eS% Any
conveni entusegbffud @s pfef@ably axetl iinthe fosry ob€ul asddn’ Gsi'conenjenty @sabhs/thased in
the form i; ﬁ?‘W i I ( .salt or

f or med in%sq(%%zbsgﬂﬁé%%%ﬁ”o ax%%h@ﬁatg] &f(l W@%gﬁﬁ%ﬁ%ﬁt}s@&% z"?"ﬁc The

cyanation reaction nmay be performed neat or in any convenient solvent, such
10 sol venfThe myboades ©AMEonNNRY bagerionned inkat qriopinynédnviehient SahEengnsich

oLy ot o oA I G PSS SR 50 B el 1

al kyl -groups or two of the R' groups together forma ring and Y- is the
counterion. In one enbodi nent of the invention, (R')4N}Y- 15 represents
The cyanide exchange reaction may also be performed in an ionic liquid of the general

formula (R>"),N", Y, wherein R’ are alkyl-groups or two of the R’ groups together
form a ring and Y is the counterion. In one embodiment of the invention, (R’*),NY"

15 represents

In still another alternative, the cyanide exchange reaction is conducted with apolar

solvents such as benzene, xylene or mesitylene and under the influence of microwaves

20 by using i.e. Synthewave 1000™ by Prolabo.

The temperature ranges are dependent upon the reaction type. If no catalyst is present,

preferred temperatures are in the range of 100-200 °C. When the reaction is

conducted under the influence of microwaves, the temperature in the reaction mixture
25 may raise to above 300 °C. More preferred temperature ranges are between 120-170

°C. The most preferred range is 130-150 °C.

If a catalyst is present, the preferred temperature range is between 0 and 100 °C. More
preferred are temperature ranges of 40-90 °C. Most preferred temperature ranges are

30 between 60-90 °C.



CH3 INNPF6 In still another alternative, the cyanide exchange reaction
is conducted with apolar solvents such as benzene, xylene or nesityl ene
and underwOhg/0daafid uence of m crowaves 20 by using i.e. Sporhsmawet91000TH
by Prol abo. The tenperature ranges are dependent upon the reaction type. If
no catalyst is present, preferred tenperatures are in the range of 100-200

C. Wen t reaction i conducted under the.in mcrovvaves t he
t enper at urEPPHFeRHonceR ‘illthB% Sﬂ#’ﬁ?t&reéc FEC pgyent %ﬂn@; o[n((aR eforeectionsr e

preferred jhg eaglwee&a&%ﬁe@sfai;@r&aip&méd%mﬂe@t C. The rmst preferred
range is 130-1 If a catalyst 1s present, the preferred tenperature

range is betvveen 0 and 100 C. More preferred are tenperature ranges of
40-90 C. Mpst_ preferred tenperature ranges are 30 hetween 60-90 C. WO
03/ 006449 ‘BISiRIZEE0EY the cppvepiRg of ¢ seappwid i dornuls N, WadripehisBrletc. are

convent OQEé fcﬁ%ggbﬁdl Z c %Ho @e&not elﬂ%lkrgﬂ%acti% Q)f @a %ﬁﬁlobxyanpgf ﬁ%ﬁfa;n ned by

a person s er process conversion o

conpound afVy evitiubhaghdsim tehsrei B (Xn'gliachrreﬁgEnt 5follb®edefyr fspeddiwith 2- cyano
derivative involves reaction of 5 -Br-citalopramof formula (IV) with

magnesi umfpenagids, ta @mgﬁ&rﬁd‘?‘héfd@‘eﬁbe aﬂ‘%ﬁhb'é‘?/véﬁ ogpvertedcto 6 iRl er a
hydr azone NATERN SRR EERETed 8" a AR o S ot FEAAE: B SRk aat 1 on.
respecti vekspectively.
10
Alternatively, 5-Br-citalopram of formula (IV), wherein X is bromo, may be reacted
with magnesium to form a Grignard reagent, followed by reaction with a compound

containing a CN group bound to a leaving group.
15 A detailed description of the above two procedures may be found in WO 01/02383.

Compounds of formula (IV), wherein the group X is -CHO, may be converted to
escitalopram by methods analogous to those described in WO 99/30548.

20 Compounds of formula (IV), wherein the group X is NHR', wherein R' is hydrogen or
alkylcarbonyl may be converted by to escitalopram methods analogous to those

described in WO 98/19512.

Compounds of formula (IV), wherein the group X is -CONR’R?, wherein R? and R’

25 are selected from hydrogen optionally substituted alkyl, aralkyl or aryl, may be
converted to escitalopram by methods analogous to those described in WO 98/19513
and WO 98/19511.

Compounds of formula (IV), wherein the group X is a group of formula (X), may be
30 converted to escitalopram by methods analogous to those described in WO 00/23431.



10 Alternatively, 5-Br-citalopramof formula (I1V), wherein X is brono, may
be reacted wth magnesiumto forma Gignard reagent, followed by reaction
wi th a cowpaeameb44zont ai ni ng a CN group bound to a | eavi ng PGTMKD2/004891A
detail ed description of the above two procedures nmay be found in WO

01/ 02383. Conpounds of forrmula (1V), Mherein the group X is -CHO may be

converted | y t hods I S Cri in WO
99/ 30548. @8‘”8@‘?‘7%%%%8@8@%@‘&‘%95%0?% 6%@373?@ -F%Iéﬁglﬁdﬁ%ﬂ |2’s'c%f‘él’,

wher ei N R-CH5BRY.CHQ @8N a®yf of Bk KiHef afoRpH X! abdtey, nRe Seoddrértitio¥cita®opram

esci tal opram net hods anal ogous to those described in WO 98/ 195f2.
Conpounds byfméthedaanalogpug to thiseme¢naradia WO 6863F - CONR2R3, wherein R2 and
R3 25 are selected from hydrogen optionally substituted al kyl, aral kyl or
aryl, may be converted to escital opram by net hods anal ogous to those

descri bed JufiMOnPRéidwdBrorAlfs \(?? %fﬁé 9h ]n]xay( %B}%gah&?@ %c&fr%ifng rgyheakdvy) -

wherein the group X is a group ormil a , e O converted to

esci t al opmagntioyedrpittrgs sndapatro gppiscations drdgeandlegous thetlodsn WO 00/ 23431. WO

03/ 006449 PCT/ DKO2/ 00491 17 Compounds of fornula (1V), wherein X is OH,
-CH20H, - CH2NH21 - CH2NO2, -CH2C1l, -CH2Br, -CH3 and any of the other groups

X above, verd: ht ] S o) t hose
pr epar ed :ﬁﬁ%\sl\%ﬁ%%? {1816%%(%12& gﬁtgt?gs(ré %ii %g&an%@emroi gﬁ%sﬁg%ﬁ%orﬁ?se %ﬁ%&ngy( Vi) may
be prepar eaaganodimngnicdidtidscfonthe\ssmnthesnbf eseaalop@hewith tisnatidpat £8dlvent

applications or by anal ggous nethods. Thus the acid addition salts used
accor dihg febowere HynpessinigHonmisobsiophand mpgonslly tre-sanstellisetion Wyntkapyadi at es

for the syntPes! $d0lk B8R AiQRLAMWY drithd 8$sAFhd plddud 5P ¥E M dry milling
or another convenient process or preparation of particles from a solvent-emulsification

process.

15 In the following, the invention is illustrated by way of examples. However, the
examples are merely intended to illustrate the invention and should not be construed

as limiting.

Example 1

20
Separation of the enantiomers of 4-[4-(dimethylamino)-1-(4’-fluorophenyl)-1-
hydroxy-1-butyl]-3-(hydroxymethyl)-benzonitrile

4-[4-(dimethylamino)-1-(4’-fluorophenyl)-1-hydroxy-1-butyl]-3-(hydroxymethyl)-
25 benzonitrile, which may be manufactured according to US patent No 4,650,884, was

separated into its enantiomers as follows.

A Novasep Licosep™ 10-50 Simulated Moving Bed Chromatograph was fitted with
eight 50 mm i.d. columns each packed to a bed length of 15 cm with Chiralpak™ AD
30 (20 pm) packing material using standard techniques. A SMB system of 8 columns in a
2-2-2-2 configuration was chosen for this separation. Acetonitrile (Baker HPLC

grade) was used as mobile phase.



10 followed by precipitation, isolation and optionally re-crystallisation
by known nethods and, if desired, mcronisation of the crystalline product
by wet orworog/oed4ed i ng or anot her conveni ent process or prPEpaRIOO1 of
particles froma solvent-enulsification process. 15 In the follow ng, the
invention is illustrated by way of exddples. However, the exanples are

merely i nL%r%%ig to | lt'l ustrate t he invention and should not be construed as
limting. Popgra lﬁ%c%‘ﬁé‘?fﬁt‘”{%ﬁ of the enantioners of

4- [ 4- (di metdayeamimo) - 1- (4' - f 1 uorgphenyl ) - 1-
hydr oxy- 1- butyl ] - 3- (hydr oxynet hyl ) - benzonitrile

4- [ 4- ( di mdtehy Frow () mg/n(l4: - f | dOmalpMenyl ) - 1- hydr oxy- |

-butyl]-3-(hydrox thyl ) 25 benzonitrile, which may be manufactured
accordi ng lﬁg%é?‘ﬁé@ﬂfey‘@ 4, 65@{21 Mifhas separated into its enantioners as
fol | owsg h .Li cosepT™M Q- ,mul at ed Movi ng Bed Chromat ograph was
fitted w?hmgﬁg‘ﬁ? 50 mmi . d. Jf%o u/nnﬁlsl each packed to a bed length of 15 cm
wi t h Chir ®affkatdFRb,;: 30 (20 g8 mlbekihng material using standard techni ques.
A SMB system of 8 columms in a 2-2-2-2 configuration was chosen for this
separ at i oRECHeletdtril e (BakedOmaYmingr ade) was used as nobile phase. WD

03/ 006449 P (00491 18 T, MB operating conditions were:
Tenper at urég“g{%%%% Feed Fl ow (16]?9% m.): 10 mL/mn Eluent Flow (nmake-up):

102 L/ mn
10 The products were isolated from the eluent by evaporation resulting in viscous oils.

Both enantiomers were isolated with a purity exceeding 99% ee.

The obtained (S)-4-[4-(dimethylamino)-1-(4’-fluorophenyl)-1-hydroxy-1-butyl]-3-
(hydroxymethyl)-benzonitrile may be transformed into escitalopram by methods
15 known to those skilled in the art, such as treatment with para-toluensulfonylchloride

and a base, e.g. triethylamine, as disclosed in US 4,943,590.

Example 2

Separation of 1-(4-bromo-2-hydroxymethyl-phenyl)-4-dimethylamino-1-(4-
20 fluorophenyl)-butan-1-ol.

A column with the dimensions 280 x 110 mm packed with ChiralPak® (20 pm
particle size) was used as the chiral stationary phase. A mixture of 95% acetonitrile
and 5% methanol was used as the mobile phase.

25
The operation conditions were as follows:

Temperature: 29 °C
Flow rate: 500 mL/min
30 Detection: UV 280 nm

500 g of a crude citalopram product containing 89% racemate was separated on the
column. The first eluting enantiomer with a retention time of 11.0 min was isolated

from the eluent with an enantiomeric excess of 99.5% in 99% yield. The second



5 Extract Flow 69 nL/mn Raffinate Flow 48 nL/mn Recycle Flow 210
m./mn Switch Tinme: 1.18 mn 10 The products were isolated fromthe el uent
by evaporwDioanod4esul ting in viscous oils. Both enanti onersTmaoe/0I®0l at ed
with a purity exceeding 99% ee. The obt ai ned

(S) - 4-[ 4- (di net hyl ami no) - 1- (4' - f | uor ogfenyl ) - 1- hydr oxy- | - but yl ] - 3-

(hydr oxy ) - it § t f i i t.al opram: by

met hods Wieghﬁiﬁoe&,gﬁgbgﬂ %}ﬁ)%lgﬂeé%lgl 83‘?‘?%&?%21 %Er{r,@%slac%@g?ot% Eel%te?rtger?? W\}\Atgt h

par a- t ol uensubhttonydrichdxoess d€99.ancin®sb@agield. e. 9. triethyl am ne, as discl osed
in US 4,943,590. Exanple 2 Separation of

1- (4- br ono- 2- hydr oxynet hyl - phenyl ) - 4- di net hyl am no- 1- (4- 20

fl uorophenyl)-butan-1-ol. A columm with the dinmensions 280 x 110 nm packed
W th Chiraéf;i].@lg:)3 (20 m particle size) was used as the chiral stationary
phase. A m'Xx e of 95% acetonitrile and 5% nmet hanol was used as the

nobi | e phase. 25 The operation conditions were as follows: Tenperature: 29
C Flowrate: 500 nL/mn 30 Detection: UV 280 nm 500 of a crude

ci t al opr ameprretioe tof c biff aluvirerfreg 9ol r @ cbmetiwlawdypsenydr abeeinephialane ol umm.
The first .eluting enantiomer with a retention tinme of 11.0 mn was isol ated
fromthe éﬁt‘fgﬁ?”%?ﬁ an enantioneric excess of 99.5%in 99%yield. The
second WD 03/006449 PCT/ DKO2/ 00491

A column with the dimensions 280 x 110 mm packed with Chiralcel®0D (20 pum

10  particle size) was used as the chiral stationary phase. A mixture of 98% vol isohexane

and 2% vol isopropanol was used as the mobile phase.
The operation conditions were as follows:

15 Temperature: Ambient temperature
Flow rate: 500 mL/min
Detection: UV 285 nm

500 g of a crude product containing 89% racemate was separated on the column. The
20 first eluting enantiomer with a retention time of 5.4 min was isolated from the eluent
with an enantiomeric excess of 99.5% in 96% yield. [a],= —0.81° (¢ = 0.99, MeOH);
The second eluting enantiomer with a retention time of 6.7 min was isolated from the
eluent with an enantiomeric excess of 99.4% in 99% yield. [a],= +0.95° (¢ = 1.26,

MeOH);
25
Example 4
Separation of 1-(4'-fluorophenyl)-1-(3-dimethylaminopropyl)-5-bromophtalane into
its enantiomers using supercritical fluid chromatography.
30

A column with the dimensions 250 x 10 mm packed with Chiralcel®0OD (10 pm
particle size) was used as the chiral stationary phase. As mobile phase was used
carbon dioxide and modifier in a ratio of 90:10. The modifier was methanol with
diethylamine (0.5%) and trifluoroacetic acid (0.5%).
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19 eluting enantionmer with a retention tinme of 14.1 mn was isolated from
the eluent with an enantioneric excess of 99.2%in 98%yield. Exanple 3 5
Separ at i OWO®B/006449 PCT/DK02/00491

-(4' -fluorophenyl)-1-(3-dinmet hyl am nopropyl ) - 5- bronophtal ane into its
enantionmers. A colum w th the dinensi2zons 280 x 110 mm packed with
Chiralcel (r)OD (20 m 10 particle size) was used as the chiral stationary
phase. A rilrppemtiof coBijonsiwdrsahfoXlewes and 2% vol i sopropanol was used as

t he nobi |l e phase. The operation conditions were as follows: 15
Tenperature: Anmbient tenperature Flow rate: 500 niL/mn Detection: UV 285
nm 500 g demReERfyaARPEALEMPEHHEI ni ng 89% racemat e was separated on the
colum. Thgow 28efigsimehuhi Ng enantiomer with a retention tine of 5.4 mn
was iso| ated frpnitltgée eluent wth an enantioneric excess of 99.5%in 96%
yield. JafFFswegr?Y e 0. 99, MeoH); The second el uting enantiomer with a

r et ent i on DetavionfUB.Z54mimn was i sol ated fromthe eluent wth an

enanti onmeric excess of 99.4%in 99%yield. [a]D +0.95 (c = 1.26, MOH); 25
Exanpl e 4 Separation of 1 -(4 "

f | uor ophery g of ragerdic MuKwy¢ was sepprabydyan)thgcelpmmnopht al ane into its

enant i oneEy i ehAGotdROKEE id1fad fibhithe RlRhOMPROMARMersIPere isolated with
10 an enatiomeric excess of 86.1% (RT 3.25 min) and 87.1% (RT 3.67 min),

respectively.

Example 5
15 Cyanation of (+)-1-(4 -fluorophenyl)-1-(3-dimethylaminopropyl)-5-bromophtalane.

5.0 g of the (+)- enantiomer was treated with 3.1 g of Zn(CN), and 0.76 g of Pd(PPh,),
under the conditions described in the WO 00/13648. The enantiomeric purity of the
product was analysed by chiral electrophoresis. Based on the results from chiral

20 electrophoresis and supercritical fluid chromatography, the product was shown to be
identical with escitalopram. Yield: 80%; ee 99.6%



A colum with the dinmensions 250 x 10 mm packed with Chiralcel (r)OD (10 m
particle size) was used as the chiral stationary phase. As nobil e phase was
used carwon3gi@xt® de and nodifier in a ratio of 90:10. ThecCwmiioRioesn1was

met hanol with diethylamne (0.5% and trifluoroacetic acid (0.5%. 35 WO
03/ 006449 PCT/ DKO2/00491 20 The operation conditions were as foll ows:
Tenperaturg:. Anbi ent tenperature Flowrate: 18.9 nL/mn 5 Pressure: 20 kPa
Det ecti on:~ 8954 nm 75 ng of racemic nixture was separated on the col um.
Both enantioners were isolated fromthe eluent. The enantioners were
isolated with 10 an enationeric excess of 86.1% (RT 3.25 mn) and 87.1%
(RT 3. 67 i nMethoddeppeparaiidryof dsxigaighremhating yafoanhulan of (+)-1-(4 "

fl uorophenyl) - 1- (3-di net hyl am nopropyl ) - 5- bronopht al ane. 5.0 g of the (+)-
enantioner was treatedwith 3.1 g of Zn(CN)2 and 0.76 g of Pd(PPh3)4 wunder
t he conditions described™> Wy thaaWQ0/ 13648. The enantioneric purity of the
product was anal ysed by ch dl ect rpphoresis. Based on the results from
chiral 20 el ectrophoresis & pergfitical fluieg chromatography, the
product was shown to be i dener cal bt h-esci talepram Yield: 80% ee 99.6%
WO 03/ 006449 PCT/ DKO2/ 00491 21 ' '

(III)

5 or pharmaceutically acceptable addition salts thereof comprising separation of the
enantiomers of a compound selected from the group comprising citalopram having the

formula

N

and intermediate compounds in the preparation of citalopram, characterised in that

NC

@)
10

said separation of enantiomers is performed by liquid chromatographic separation of

enantiomers using a chiral stationary phase for the chromatography.

15 2. A method according to claim 1 comprising preparation of a compound of formula



Claims 1. Meth
F (I1r1)y 5 or

od for preparation of escital opramhaving the formula NC O
phar maceutical ly acceptabl e addition salts thereof conprising

separ at i owoaB/obdig9 enantiomers of a conpound sel ected fromATiDEKgO49

conprising cit
intermediate c
that said sep
separation of

chr omat ogr aphy.

of a conpound
wherein Xis a
converted to a

wherei

cyano

al opram having the formula NC OCH3 CH3 (I) 10 and
onpounds in the preparaﬂﬂon of cital opram characterised in
aration of enantioners is performed by |iquid chromatographic
enanti onmers_uSiRg_a-thiral stationary phase for the

15 2. A neffhod apcording to claim1 conprising preparation
of fornmula g PCT/ DKO2/00491 22 x N F (1V)

cyano group\o al og¥ ngp/aqx/pm group that may be

av)

n X is a cyano group or halogen or any other group that may be converted to a

group, by optical resolution by chromatography of a racemic compound of

5 formula

/\

M

wherein X is as defined above, and if X is not a cyano group then followed by

10 conversion of the group X in the compound of formula (IV) to a cyano group followed

by isolation of escitalopram or a pharmaceutically acceptable salt thereof.

3. Method according to claim 2, wherein the group X is cyano.

15 4. Th

e method according to claim 2, wherein the group X is bromo.



cyano group, by optical resolution by chromatography of a racem ¢ conpound
of 5 formula x F (V) wherein X is as defined above, and if X is not a

cyano gr owp osloeq4d ol | owned by 10 conversion of the group RCIrmKomo4onmpound
of formula (IV) to a cyano group followed by isolation of escital opram or
a pharmaceutically acceptable salt thé&eof. 3. Method according to claim2,

wherein t r IS .15 .4, The. net had a rding to claim?2,
wherein trﬁsg %r@%"@fa?%"“ﬁ?{g?r@Fla&%lo%"}‘ﬁﬁ‘éﬂ%g" /rﬁggggt}(gb%g‘ihm%{%r%ynet hod
accor di ng dra cehpoihdofCRmRilasi Ng optical resolution by chromatography of a
conpound of formula z OHMNM F (VI) 5 wherein X is a cyano group or

hal ogen or any other group that may be converted to a cyano group and Z is
hydroxy orxa | eaying gtroup, to formthe conpound of fornmula z x OH N/

(VD
5 wherein X is a cyano group or halogen or any other group that may be converted to a

cyano group and Z is hydroxy or a leaving group, to form the compound of formula

(VID)

and if Z is OH conversion of the group Z to a leaving group and then ring closure of
the resulting compound of formula (VII) wherein Z is a leaving group to form a

10 compound of formula



F(VIl) and if Zis OH conversion of the group Z to a | eaving group and
then ring closure of the resulting conpound of formula (VII) wherein Z is
a | eavi ngwgroslops4to forma 10 conpound of fornula WO 03/ 0@6448K02/00491

PCT/ DKO2/ 00491 24 x o N F (IV) wherein X is as defined above, and if X
is not a cyano group then conversion @ the group X in the conpound of
formula (ly) to_a cyano group, followed by isolation of 5 escitalopramor a
phar maceut i ca aceeptabl e salt thereof. 6. Method according to claimb5,
wherein the g is pyano. 7. Method according to claimb5, wherein the
group X is brlg Z. Method accerding to any of clains 1-7,
characterised ¥t hat mhg/eﬁFLgL/§t@gionary phase conprises a carbohydrate
derivative. 9. Method |according to claim8, characterised in that the

car bohydrate derivativesis 15 a polysaccharide derivative. 10. Method
according to any of 5 8-9, characterised in that the carbohydrate
derivative conprissg yl carbanmate substituents which optionally may be
substituted with one nore C, _4-al kyl groups, preferably nethyl groups.
20

av)
wherein X is as defined above, and if X is not a cyano group then conversion of the
group X in the compound of formula (IV) to a cyano group, followed by isolation of

5 escitalopram or a pharmaceutically acceptable salt thereof.

6. Method according to claim 5, wherein the group X is cyano.

7. Method according to claim 5, wherein the group X is bromo.
10
8. Method according to any of claims 1-7, characterised in that the chiral stationary

phase comprises a carbohydrate derivative.

9. Method according to claim 8, characterised in that the carbohydrate derivative is

15 apolysaccharide derivative.

10. Method according to any of claims 8-9, characterised in that the carbohydrate
derivative comprises phenyl carbamate substituents which optionally may be
substituted with one or more C, ,-alkyl groups, preferably methyl groups.

20
11. Method according to any of claims 9-10, characterised in that the polysaccharide

derivative is an amylose derivative.



11. Method according to any of clains 9-10, characterised in that the

pol ysaccharide derivative is an anyl ose derivative. W 03/006449

PCT/ DKO2/WO049m06425 12. Met hod according to claim1l, char&craKemiin t hat
the chiral stationary phase conprising an anylose derivative conprising
optionally al kyl substi tuted phenyl @arbamate substituents is Chiral pakTM

AD from en c Ind stries Ltd 13. Method according to any of
cl ai ms QD%é Eteﬂ%& ?fmc hbtcmﬁ@t?f&egs'aéeﬁ%l%ed@“ah%tﬁﬁl‘?/%ﬂ’ phases” g

cel l ul ose , t ed in

t hat the cc%?{?h gﬁ%t é<3/1I;Ialamrj§/ar yl\@%{gggv@gg,g I?éllgg 55)801%0154 Fn(%gélé&glert?‘\f/ ? i%‘g

conpri si ngarptiacnaibktytuedtk isl Clatahski™ ADeforp Daivel ChdicablndagtaeLl @ubst i t uent s
is Chiralcel TM OD from Dai cel Chem cal Industries Ltd. 15. Method accordi ng
to any of clainms 8-14, characterised in that the carbohydrate derivative
is adsorb | i [ di f clai 1- 15,
char ot or 1 SegivskRofi o b ot Bl N BRERE Rl e APl

cont i nuouslegiRitpsFEt @ QGEIRNEde PR A®RSS, Suitably Sinmul ated Moving Bed

technol ogy. 17. The nethod according to any of clains 1-16 wherein a
conmpound of forrmula (I11), 20 V\,herei n X is halogen, in particular brono,

[ t.ed ta t f f f I I
w th ouon PoMehaay Rl or TR 1 ritar g Bt B8 DRl edorant efie: o
phar rraceutdoﬁ%hhm gag RNtk Gaeﬁaédvet E&ﬁﬁ@,ﬁng %gnoﬁlélll? QIE 1h@@bsﬁﬁﬁ&f %Q&/lt o any
of clainms 1-16, wherein the conpound of fornula , Wherein IS

hal ogei) |crarhamata subbtitnertds srighirabeel D @I@ﬁﬁlpancﬂcm}e@mal\mmsmeﬂlmdl s 0 8, is
converted to escital opram by reaction of the conpound of fornmula (I111) with
a cyanide source in presence of a palladiumcatalyst foll owed by

purificat if@naffhd according to any of claims 8-14, characterised in that the carbohydrate

derivative is adsorbed on silica gel.

15 16. Method according to any of claims 1-15, characterised in that the
chromatographic separation comprises a continuous chromatographic process,

suitably Simulated Moving Bed technology.

17. The method according to any of claims 1-16 wherein a compound of formula (III),
20 wherein X is halogen, in particular bromo, is converted to escitalopram by reaction of
the compound of formula (IV) with CuCN followed by purification and isolation of

escitalopram or a pharmaceutically acceptable salt thereof.

18. The method according to any of claims 1-16, wherein the compound of formula
25  (IV), wherein X is halogen, in particular bromo, or CF,-(CF,),-SO,-O-, wherein n is 0-
8, is converted to escitalopram by reaction of the compound of formula (III) with a
cyanide source in presence of a palladium catalyst followed by purification and

isolation of escitalopram or a pharmaceutically acceptable salt thereof.

30 19. The method according to any of claims 1-16 wherein a compound of formula (IV)
wherein X is halogen, in particular bromo, is converted to escitalopram by reaction of

a compound of formula (III) with a cyanide source in presence of a nickel catalyst



i sol ati on of escitalopramor a pharmaceutically acceptable salt thereof. 30
19. The nethod according to any of clains 1-16 wherein a conpound of

formul a (WUQ)o3/00diey ein X i s hal ogen, in particular brono, PSTOXNAI49d tO
escital opram by reaction of a compound of formula (I1l) with a cyanide
source in presence of a nickel catalyg6 WO 03/006449 PCT/ DKO2/ 00491 26

fol |l owed b urification and igolati.on of escital opramor a .

phar maceut%gg‘f’? By, PHEDERE T, 20 Ilso{aﬂg? e%f; .es‘?%{lOPA?'lni At &t Rbarmatcsicilng t he
fornula  Zyccfafbkadt thededt, | 1) Wherein Z is as defined in claim1; or a salt
thereof. 21. An internediate having the formula Br O F (I X) 10 or a salt
t her eof

20. An intermediate having the formula

(VIIL)

wherein Z is as defined in claim 1; or a salt thereof.

21. An intermediate having the formula

(IX)

10  or a salt thereof.



