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WO 03/ 006449 METHOD FOR THE PREPARATI ON OF ESClI TALOPRAM Field of invention

PCT/ DKO2/ 00491 5 The present invention relates to the preparation of the

compound¥@I¥M¥#pram which is the S-enantiomer of the PNE{AXRABRM

anti'depressant drug citalopram i.e. (S)-1-[3-(dinethylam no)propyl]- |

-(4-fluorophenyl)-1, 3-di hydro-5-i sobenzofuran- carbonitrile, or a -

phar maceMETHO FOR @i E PREPARATION @BESCIT AIDOPRAMar at | on of

pharmaceuti cal preparations. 10 Background of the Invention 15 Cital opram

is a well-known anti depressant drug that has now been on the market for

sone years,and. has.the follow ng structure: NCCH3 CH3 (1) It is a

- sel ecti \?iél,ekg%ﬂ't"rvg'?ﬁ'éff acting serotonin (5-hydroxytryptam ne; 5-HT) reuptake

~inhibitor, accordingly having antidepressant activities. 20 Cital opram was
first disclosed in. DE 2,657,013, corresponding to US 4,136,193. This

pat ent plid presgnt arventiom relaes foi the prepayation of thefcompohved pycatplepran, ovhidf

citalopramfromthe., cor rgs&ondi qu- brom)aderi vat idve bLy [eact lon with

cupr ous 'éyél?ﬁ -epaptiomer: of g wellknown _antl epressant drug citalopram, 1.e.

{S)-1-[3-(dimethylamino)propyl}-1-(4-fluorophenyl)- 1, 3-dihydro-5-isobenzofuran-
carbonitrile, or a pharmaceutically acceptable salt thercof for the preparation of

phannac%;utical preparations.

10
Background of the Invention
o
Citalopram is a well-known antidepressant drug that has now been on the market for
some years and has the following structure:
15

~

@

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

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 5-bromo-derivative by reaction with cuprous cyanide in a suitable
solvent. Further processes for the preparation of citalopram by exchange of 5-halogen
or CE,-(CF,)_-80,-O-, n being 0-8, with cyano are disclosed in WO 0011926 and WO

25 0013648, |
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solvent. Further processes for the preparation of cital opram by exchange ~
of 5-halogen or CF3-(CF2)"S2-0O, n being 0-8, with cyano are di scl osed
in WO 00W0OB®eakY WO 25 0013648. 11 January 2006 WO 03/ GS54R602/00491
PCT/ DKO2/ 00491 2 The dial of formula II,
4-[ 4- (di met hyl ani no)-1-(4' -fl uorophenyl)-I-hydroxy-I-butyl]- 3-
(‘hydr oxy - it [l a€3: i §€48 ' a | 1l e
br epar at | 0 ! ofABRERR L U paSrARRy o 3R42 2 Boph BT IRURRT 1
4, 650, 8843-(iydNGynietgil-benapiiaile, irdeitensnis amenametiatdhm theoprepdrationdofret hods
for their preparation are | o disclosed_in US Patent No 4,943,590. Two _
rout es tdﬂémﬂt”abéﬁal?eémdaﬁcb’séﬁ ueg- o deupateyt¥e HP59R8 are starting with the .
racemic diol H In the first route, the diol Il is reacted wth an
enantionerically pure acid derivative, such as (+) or (-)-a-nethoxy-a-
triflugromethyl-phenylacetyl chloride to forma m xture of diastereoneric -
esters, which are separated by HPLC or fractional crystallization,
wher eupon the ester with 1NChe righ reochem stry is enanti osel ectively
‘t he
Lel

converted into escital opram se d route, the diol 11 is separated
into the enantiomers by stereasel efti @ crystallization with an

- p-tol uoyltartaric acid,

1175 ;aniioselectively converted

' consunpti on of expensive, 20
Lely |l ow yields resulting in

enantionerically pure acid such a
wher eupon the S-enantionmer of the dio
to escitalopram Both of these rou
enantionerically pure reagents and
that they are

(1)

Escitalopram, the enantiomers of the diol Il 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 (-)-o-methoxy-o-
triflnoromethyl-phenylacetyl chloride to form a mixture of diastereomeric esters,
which are separated by HPLC or fractional crystallization, whereupon the ester with

15 the right étereochemistry 1s enantiosel‘éctively converted into escitalopram. In the
second route, the diol II is separated into the enantiomers by stereoselective h}
crystailization with an enantiomerically pure acid such as (+)-di-p-toluoyitartaric acid,
whereupon the S-enantiomer of the diol I is enantiosclectively 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
s_tereos_eiecti-\?ity of the pharmacological action of citalopram, i.e. the 5-HT-reuptake
inhibition residing in the S-enantiomer, and accordingly, the anﬁdepressant effect of | '
said enantiomer is also disclosed in US Patent No 4,943,590. Escitalopram has now

25 | been deVelop.cd as an antidepressant. Hence, there is a desire for an improved method

for preparation of escitalopram.
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gconom cally and environnental ly infeasible for industrial production. The
stereosel ectivity of the pharnmacol ogical action of citalopram i.e. the

5- HT- r e lNgOAR/@0644Nhi bition residing in the S-enantioner, BRAPIIZEEIngly, .

t he antidepressant effect of said enantionmer is also disclosed in US
Patent No 4, 943,590. Escital opram haks now 25 been devel oped as an

or cpar ot Fon iy LEREE: SRR AGyPyditly SbBimal BRI SAEhcH kte 0001

It i's kne¥phrited IHS}OSQUISk-iHrbiﬁdtogfhph?leﬁfgt aldhidal tsemiopmdn phayeeEhei chiegr t ai n
"~ situations may be separated b£ qui d chr omat oq%éétphy using a chiral
_ st at i onasiptiphars ehaswh@s e fpjund M@lie@naz of the ayail

of - t he avai | abl r Stationa tive in
cepar at | N TRoVpish ot BRbcRe M gnate B BTRE i Y Rablob WilidiE: ' o vays
be an avaidvalt awahé bahkn SlaAbbRRAIN RIlRaRY U (S01E M+ thdBulpesdose.
Conventional |iquid chromatography is a batch process consum ng |arge

anount s of sol vents and, hence, is generally not econom cally feasible for
industr| roduct i on Chr orrat tg pr ocesses h are ac{va?t ageous
|‘?$ elsh df

by bei ng B H Jauihepremalogrn cﬁﬁc?'@;ﬁﬁ’d‘éﬁi AR AMCE3 L sol vent s,
are know@oﬁv@rﬁg DR Grenitd, bid %ﬁwhﬂ Iﬁﬁ]ﬁ ec@t{otmnc@ryn?ébﬁﬁl%chfrﬂiﬂu%apﬁﬂ)dﬁ&m

chromat ography 1S one su I nuous onmat ogr aphi c process. EP 563, 388
di scl ose&heomsdtogthpiiie dprowossesy winidh {rEMEjvantagenuat byrbghg ceqtiovass and5 .

wherei n enantioners of an optically active conpound are s%;l;)?ratgg and the
stati Wnag?lef‘tﬂi/a@és%ﬁ'ﬂrﬂ?@% @mougty ‘{féPlVE’éfést ¥8 IWP‘EVH tg thege Hilleddndh? a1 such

as a cel |yl qge este "moving bed (SMB) chromatography is one such continuous

chromatographic process.

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 a2 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 citaloprm.

chigal statippaiy d’hWS screeni ng

i TR egmie ol
VR AR dede it .
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Hence, there is a desire for a chiral stationary phase which is effective
i N sepagg@l pieheedone enantioners of citalopram or a conpoupdppRostoesds an .
intermediate in the 20 manufacture of citalopranm There is no nethod
whi ch enabl es one, a priori, to forecast which chiral stationary phase
will be effective in separating a given pair of enantiomers. The chiral

st at i onaffothpheliectod thesiapentioniiptp provideggvel Qpticaliaresolyed micmediates foe f ound

- by | abor] i ral stationary phases selected fromthe vast
anount o ava[u?%%'l\r@%f ml%F‘c'pr{}gltlonary phases. ojects of the Invention 30

One object of the.invention is to. provide a novel and economcally

feasi bl e chronatographic method for separating the enantioners of

ci t al opr Swpmmryof dberbunemdionwhi ch is an internediate in the manufacture of

cital gpram 11 January 2006 WD 03/006449 PCT/ DK02/ 00492 4 Anot her object

of the invention is to provide novel optically resolved internediates for

the mMaNUARCHIHe hefein, S t@hﬁ@f*@épmémfyeﬁindo%ﬂ NYADT {sBPartidly iHeLd
herein, the terms separation of enantiomers' separation into

enant i ongmastiomersérefentoamy poose ssulteglih ttwngpnmnrt: \ﬁacmmnsmaheemrthe ratmns

V\/nereln the ratio between the two_enantioners dewa&)ﬁs from1;1, The term

“opt i cal PEWrase (g ensntomers deyiatesfpmold Lcthedprm ppticgliyresplyed yefers to

the product of any such process.

10
As used herein, the term ‘purity’ means the purity of the enantiomer measured as 5

percent enantiomeric excess (ee).

As used herein, the term ‘carbohydrate dertvative’ 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
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" 10 As.used herein, the term purity' means the purity of the enantioner
nmeasur e reent enantioneric excess (ee). As used heg®gj @ﬁ erm
‘carboh&ﬁ?g?gaﬁggivative' means any conpound which 15 pr#ﬁ%ﬁ%ﬁ% ygian be
derived froma carbohydrate by substitkution of one or nore.hydroxyl
groups.w th another substituent |eaving the stereochem cal structure
intact. As used hereige the ferns "internediate for the manufacture of
escitaloprami and i nteryE e—corpounds in the preparation of
cital opram neans any int§ ate '@ .20 any known process for the !
manuf acture of escital opré iLougfiout the appl+cation, structural fornula :
~of chiral conmpounds refer to=the aaggnﬁbeg/pﬁ he stereochem stry i s not
i ndi cated. 25. Laborious experinenfation has nowresulted in a new and
inventive.process for the manufaeture of escital opram conprising
separation of the enantioners o flal opram or an internediate in the
manuf acture of citalopramby ch dgr aphy using a chiral stationary
phase; 30 Accordingly, the presen hvention relates to a novel process for
t he preparation of escital opramfaving the fornula Il January 2006 WD
03/ 006449 PCT/ DKO2/ 00491 5 NC conpri sing preparation of a conmpound of

formula OV) (I

comprising preparation of a compound of formula

avy

"5  wherein X is a cyano group, halogen or any other group which may be converted toa

cyano group by optical resolution by chromatography of the racemic compound of

formula

10
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5 wherein Xis a cyano group, hal ogen or any other group which may be
converted to a cyano group by optical resolution by chromatography of the
racem ¢ conmpound of fornula 10 11 January 2006 6 wherein X is as defined .
above; and if X is not a cyan group, th followed by conversion of X to'a’
cyano group and thereafter isolation of " escitaloprarn or a
~phar maceut ivikdii JGs @ptdaiined sbbve;t gl HOK. isl otaa tiarmst gaameahemfoitomcms}esent

invention, there is provided a nethod for preparatiqgn of eSCfta| opr am

" havi ng t he cpBYarsipa CXolo Bheyanacsnupcand Jlicaeatics iapialon & ¢5cHalopmm or et eof
conpri sing _geparatio rs of a conpound selected fronithe
group conp aéc ucai!g c‘f)eipga%l g@?ﬁ}g&%%ge formula CMB N CH3 m and :

i ntermedi ate conpounds in the preparation of citalopram characteri sed in

that said separation _of enantioners j erforned by |iquid chromatographic
separ at i on! "b?P rsEaRpRES A e RresRt) H'ﬂe'ét'o@hher o JTgnary phase for the

chr omat ogr apBphed fot poepatsiioy of e@ﬂalo;)ram having the formula

NC.

(I

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

formula

and _intermcdiaie compounds in the preparation of citalopram, chgracterised in that
| said.separation of enantiomers is performed by liquid chromatographic separation of

enantiomers using a chiral stationary phase for the chromatography.
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"5,In one preferred enbodi nent of the, invention, citalopramis separated
into its enantioners by chromatography using a chiral stationary phase.’
Anot her enbodi ment nay relate to a novel process for the preparation of
escitalopram having the formula NC to conprising optical resolution by
‘chr omat ogr aphy of a conpound of fornul &als wherein X is a cyano group,
hal ogen or any other group that may be converted to a 11 January 2006 WO
03/ 006449 PCT/ DK02/ 00491 7 cyano group and Z is hydroxy or a | eaving
group, to formthe conpound of fornula and if Z is OH conversion of the
group Z to a leaving group and then ring closure of 5 the resulting
conmpound of forrmula (VII) wherein Zis .a leaving group to forma conpound
of formula x (I'V) 10 wherein X is as defined above, and if X is not a
cyano group, then followed by conversion of the group X in the conpound of
fornul & (M ono prefepadoccrgbadiment fodl ﬂhgmdermom gilakaniram ©F sepaedtedlinior # or a

phar maceuti cal |y tabl e salt ther | n another preferred enbodi nent
Dt ho. 1 nRARBPBIS ORI ARG BrAUY 48 GeBal satprpy bhse,

di met hyl am no) - 1- (4' - f 1 uor ophenyl ) 1- hydr oxy-|l -butyl]-3-
(hydroxynet hyl ) - benzo
Another embodiment may relate to a novel process for the preparation of escitalopram

having the formula

NC.

10 (I

comprising optical resolution by chromatography of a compound of formula

s o y
(VD

wherein X is a cyano group, halogen or aﬁy other group that may be converted to a
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nitrile is separated into its enantioners by chromat ography using a chiral
station ; e. The obtai ned PCT/DK02/00491 '
(S -4-[%?8%’%?ﬁyl am no)-1-(4'-fluorophenyl)-1-hydroxy-1I- .
butyl ]-3-(hydroxynethyl)- benzonitrilz. nmay be transformed into
escital opram-by 11 Jarw ry 200(% WD 03/006449 PCT/ DK02/q(1)0491 met hods
known t oCYaR8EEUANd 2 ¢ Tyigraxyeor rleaving grupdo foranihgepmpgprdof fgpyla
t ol uensul fonyl chl ori de and a base, e.g. triethylamne, as-disclosed in US
4,943,590. In a seconfl aspect of the present invention there is provided an

I ntermedikat e having tthe fornula S |f~ Wierein Zis as defined in the first
' > btfieeof . In a third aspect of the present invention,
there-is prqvided] an omternedi ate having the formula 10 or a salt;
efivodi nent, nay relate to the S-enantioner of :
5-Br-ci tal opr af i fg..t be™~f grilha 10 or salts thereof. E5 The racenic
conpounds of formula}(V) and (VI) may be resolved by -liquid
chr omat ogr aphy or . or sub critical chromatography using .a chiral
stati onary phase. uary 2006 _

F (VID)

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

compound of formula
X

(V)
10  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 () 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-
15 (dimethylamino)-I-(4’-ﬂuoropheny1)-1-hydroxy—1.-butyl]-3-(hydroxymeﬂayi)-.benzo-
~ nitrile is separated info its enantiomers by chromatography using a chiral stationary
'phase. "The obtained (S)-4—[4~(dimethylamino)—1-(4‘—ﬂuorophenyl)—I'-hydro'xy-1-
butyl]-3-(hydroxymethyl)-benzonitrile may be transformed into escitalopram by
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WO 03/ 006449 PCT/ DKO2/00491 9 The chiral stationary phaseanr}la conpri se

an optically active high nolecular conmpound, e.g. a pol ysaccharide

der i Wi©i09/6964stich as esters or carbanmates of cellul ose PEIDENHMPEde, a

pol yacryl ate derivative (e.g. a methacrylate derivative, such as

pol y(t ri phenyl met hyl met hacryl ate)) 8or a pol yani de derivative, a protein

W th ri r chali l!mpbondedto
silica, ceq%l ﬁﬁma%{é' t(go@g ce%t ﬁgﬂgghdg% t%ﬁa%%%eﬁgﬁﬁdﬁ) ol'ymers with an
asy medliiésulfonyitklotide irfdsa bdsee.g.afiathylangine, as disebisbdin Usssﬁdﬂgjﬁ(ly is a chiral
stationary phase conprising a | ow nol ecular conmpound .10 havi ng opti cal
resol ution capablllty e.g. crown ethers ((S) or (R)-18-crown-6-ether on

silic and C rin der.ivat.i a lica).
TR B e e A e T e SRk L T
chiral stationary phase are am no acids and derivatives thereof, esters or
am ds_of am no 15/acids, acetylated amno acids and oligopeptides. Stil
is a particul ate polysaccharide material, e.g
ceh] ulose triacetate.- 20 Chiral stationary phases
acchfride derivatrves and pol yanm des useful for separation
of enanti om ar-aQegperS%SN EP 0 147 804, EP O 155 637, EP 0 157 365,
EP 0 238 044, WD 9p/ 18833 97704011, EP 0656 333 and EP 718 625.
Particl es of pol ygaccharides useful for the separation of optical
enantionmers are flescribed in EP 0706 982. Preferably, the chiral .
i pri ses a carbohydrate derivative, nore

cs F (VIID)

Wherein Z is as defined in the first arspect; or a salt theeof.

[y
-

In a third aspect of the present invention, there is provided

- an intermediate having the formula

(X)

10 - orasaltthereof.
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preferred a pol ysacchari de derivative and nost preferred an anyl ose or
cellulose derivative. 30 Suitably, the pol ysaccharide adsorbed on the
silica gel carry groups. such as ph%QyIcarbanDyl 3, 5-di et hyl -
phenyl car banoyl , 4- chl orophenyl carbahoyl, 3,5 11 January 2006 WD 03/ 0069
PCT/ DK02100491 10 dichloro- phenylcarbanDyI acetyl, benzoyl, cinnanoyl,

4- met hyl - benzoyl or S-al pha- phenyl et hyl carbannyl. Preferably, t he

carbo hyﬂlnhat embedimeat, i weayceigte its dlse |Shanaptiomerachaddciéaloprbat havienthe, 5 which
optio may be substituted with one or nore C -4-al kyl groups,

prefer%n nmet hyl groups. The chiral conpound, which-is the chiral
sepgrating factor of the stationary phase, may suitably be adsorbed on a
carrier, such as silica gel. 10 Suitabty, the chiral stationary phase is
Chiral pak' AD, a silica gel supported aniylose derivative wherein the
majority of the hydroxy gr ougs are substituted with 3,5- dinethyl phenyl
carbamat e groups, or Chi a silica gel supported cellul ose
derivative.wherein the ngj hydr oxyl groups are substituted with
3,5 15. dimet hyl phenyl ca tte_groups, Chjwdal pak' " AD and

Chiraicel'"' OD are both obta|nablé“f}{f\\Lnfbé$\Chenical | ndustries Ltd.
Chiral stationary phases conprising anyl ose phenyl carbamate derivatives
are

ot 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. - ‘ '




especjally suitable for resolvation of conpounds of for mhld2Ry 2% enpl ary

of such w@Qshfifpl stationary phases is Chiral pak' AD. Gigskowosdsl onary
phases conprising cellul ose phenyl carbamate derivatives are especially

suitable for resolvation of conmpoundsg of formula (V). Exenplary of such
chiral stationary phases is Chiralcel TM OD. 25 The nature of the
subst it udhe ohitghsstatianane phase URaYc SOBRTIEH &N OpHcalixt irefiveo highh anoleaigounds as

it is distant fromthe,chiral. center January 20 03/ 449

T/ DKo2FoBed:  Ban pontatarias FaNED oo S e FLAEE of Pami PREME be used
for the $epahAbiON: YolfditeylateeBaaliPdBEes. Priréisablae deRwatieBl @Bl ogr aphic
separation nmethod conprises a continuous chromatographic technol ogy,

sui t abl y pely(ripbérgtinathy imethdseylatepc bin @l pelyamBleTHeriwitivgne proteiny pvidhalany

sel ected fromthe group conpri si acetonitrile, alcqhols, su as

net harvol ?Syé‘flﬁeatﬁﬁlordi‘s MABETIS FHAi (Bg"alﬁﬁ Se‘af’kﬁlﬁ?égl,‘“ ?B’&‘ﬁ’%alg Sﬁi}:@# 8%&1%&?& hexane
or hept hd W & 56ieh), POLARKSWRHCR RSmbfidY Gt iffis et i ¢ aci d
and tr?(?ﬁlj%rggg@%%cﬁﬂ{@%gﬁor)’@base such as” di etrf?y _ gm’ ne,l

“triet hyl siwimeetc.pr opyl ami ne, i sopropyl am ne and di net hyl -i sopr opyl - am ne
may be added to the eluent. 10 Alternatively, super or sub critical carbon
di oxi de containing a nodifier may be used as eluent. The nodifier is

sel ect ed - 3l _ t . et rand
" sopr opaferehpdiB e U8R BHGhe pi oiRphing 3 R becul AR
10 having optical resolution capability, e.g. crown ethers ((S) or (R)-18-crown-6-ether on

silica) and cyclodextrin derivatives (alpha cyclodextrin bonded to silica).

Other important chiral separation factors which may be comprised by the chiral
stationary phase are amino acids and derivatives thereof, 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 uséful
for separation: of enantiomers are describe,d. in EP 0 147 804, EP.0 155 637, EP 0 157
365, EP 0 238 044, 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
préferred a polysaccharide derivative and most preferred an amylose or cellulose
derivative.
30 -
| Suitably, the polysaccharide adsorbed 61_1 the silica -gel ‘carry groups such as
phenylcarbamoyl, 3,5-dimethyl-phenylcarbamoyl, 4-chlorophenylcarbamoyl, 3,5-_
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propyl am ne, isopropylam ne and di net hyl -i sopropyl -am ne and optionally an

aci d, ‘&g mﬁéigsr as formc acid, acetic acid and trifl upreaketoseacid my -
be added oY y, the chromatographic nmethod used is a liquid -

chromat ographi ¢ nethod. A suitable gjuent according to this enbodi nent may
be acetonitrile. Another suitable eluent according to this enbodi nrent may
be a m xdi¢hierogihehgloatemank acetyl, bengoybrinramoyh %melg‘f%béﬂﬁﬁYkPUS@ll@@nt ai ns

i so- hexane 98% vol and 20 i sopropanol 2% vol. 25 Another suitable eluent
accor di mgeryethibcarbaraeitli on i s super or sub critical carbon dioxide

cont ai ni ng 10% vol nethanol with 0.5% vol diethylam ne and 0.5% vol
trifluoroacetic acid. One enbodi ment may conprise novel optically resolved
i nt er redirgfefBIy, Othet ebotpdudtaderivativf commprdsdsaplogyhmarbA®abs SOBBIEDts,

PCT/ DK0O2/ 00491 12 When Z is OH in the conpound, of fornula (VL) the

al colfol wdupptichaliyemay e ssbstipued aath eneaor'sm%&@allﬁgﬂ%'gﬁfawbéhch as a =
sul fonate ester or a halide. The fornmer is carried out by reaction with
sul f ony MY WS- s ch as net hanesul fonyl chloride and p- tol uensul fonyl
chloride. The latter is achieved by reaction wth hal ogenati ng agents 5
such as thionyl chloride or phosphorus tribromde. Ring closure of the
“conpounc@heothifab compautdyvwhich whtheethiral s¢psratingefacion @f dho sgtionary phase. a

2 base. sy headcubll o AEUBER SPILHSTISHEL Na or “other hydri des,
tri ehpyl am ne, '
Suitably, the chiral stationary phase is Chiralpak™ AD, a silica gel supported amylose
derivativé 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 fnaj-on'ty 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 (VD). Exemplary of spch

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 fittle influence on the resolvation of the

- compounds as it is distant from the chiral center.




.10 ethyl dii sopropyl anine or pyridine in an inert organi d1g8MAREsyuch as

tetra tan, toluene, DVSO, DMF, t-butyl nethyl efhe {
di et ho‘gélée?{o %‘%e, di net hoxynet hane, di oxane, acetonitr iIT(gBBF(Mmm

di chl or onet hane. The ring cl osure iﬁ anal ogous to the process described in
US 4,943,590. 15 The conpound of forrmula (IV) nmay be converted to _
esci t ahnprigridnavomatoptaphicogepuiatoNGdibodamay & @kedofor T bgiisatidn Sfeg&r | bed

bel ow. 20 As menti oned above, X in the_conpound of formula (1V) may be a
cyano Efagtipmersy Psfaablypribe eelipgmptogmpher oseparaipmnmethod aowpoistera conpound

whi ch - cQnv 1 ano_grpup. 11 January, 2006 03/ 006449
PCT/ W@ﬂg%f%pﬁlg‘rﬁég%ﬁmgﬁ ﬁ%rn_ g"lgéiu% ?8&,31%%&% fﬂ%‘g}“%geggﬁwggpgﬁ to a cyano
group may be selected from-the groups of formula CF3-(CF2),j-S02_0_ ,

~ wherein it is 0-8, -OH, -CHO -CH20H, - CH2NH21 - CH2NC2,. -CH2Cl, -CH2Br,

-cH8, Theguent igiypreally seienird fdm thegrenmcdnprisisg Metermgie, acotmls yhdar bonyl |

i O R IR IR SO
heptane, and mixtures thereof: An acid such as formic acid, acetic acid and
tn'fluoroacetic acid and/or a base such as diethylamine, triethylamine, propylamine,
isopropylamine and dimethyl-isopropyl-amine may be added to the eluent.

10

Alternatively, super or sub critical carbon dioxide containing a modifier may be used
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 oi)tionally an acid,

15 such asJformic 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 may be acetonitrile.

| 20 | _

Another suitable eluent according to this erhbodiment may be a mixture of-

iso-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

triﬂum_‘oacctic acid.

" One embodiment may compriée novel optically resolved intermediates for the manufacture of

escitalopram.
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10 R'.- R5 are each independently selected fromhydrogen and C, _b al kyl or

R4 and R5 ogether forma C, _5 al kyl ene chain thereby f ) . iro
ri-ng; ﬁgq(’g}og@f’%ct ed from hydrogen and C 4 alkyl, R ig&?gi%%lteﬁé%pfrom
hydrogen, C, 4 alkyl, a carboxy groupypr a precursor group for a carboxy
"group, or R6 and R together forma C2_5 alkylene chain 15 thereby

for m ng Wh&pizr s OFhin ththeompotrsl dfagets (VH), he taleobbhgranpo#s 182y behl or o,

. ' f th ( d.of f | | to f | t b
Cart | e OnteTiedn ATRRENIS FVIE FPBR Bl ulbott? eHBhoT  Fede TR o
00713648, Q.9 gﬁ&ﬂﬁ&@c@%ﬂwmsgﬂf@gﬁjéﬁg%[ i@h%rmetgﬁ‘le@ﬁﬁ&%qléhﬁﬁdé whgabl e for

_such conveérsions. “According to 93, conversion of the 5-brono
group NBytonenS@FdnyEehlotitte. bihe lagadt hchiewdd ty eactpmumidh dhlogenatingagenty) wherei n
X is brorno, with CuCN. 25 WO 00/13648 and WO 00/ 11926 descri bes the :
conve¥ sisueh as thipnsl ehlpadeer pospharys frbgemidegr oup to a cyan. group by -
cyanation with a cyanide source in presence of a Pd or NN catalyst. 11
January 2006 WD 03/006449 PCT/ DKO2/ 00491 14 The cyani de source used

accor di Ngnt 1okHe of ARy sNfofifuaVIBNgEeréia T isiadeaviny glmp, swol asisef ul
source. Preferred sources are KCN, NaCN or (R )4NCN, where (R )4 indicates

~ four gr eupdfonktecistermy hatogeh anayathereafterib¢ tariehoub by tegatmert] with abass om
hydr Ogensughndassf(b%(gﬁ),c&a io?he?ra ox gst]elqalg " or %lﬂifew hydsrides, triethylamine,
10 ethyldiisopropylamine or pyridine in an inert organic solvent, such as tetrahydrofuran,
. toluene, DMSO, DMF, t-butyl methy} 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 (TV) may be converted to escitalopram having the formula

NC.

ﬁy 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 groﬁp.
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The cyanide source is used in stoichionetric anmount or in excess,

prefera sreqo€dui val ents are used pr. equival ent starppp@ddbeet al .
(R )4N+%n%§]/§’%0§#\?eni ently be (Bu)4N . The cyani de source Fs preferably NaCN

or KCN or Zn(CN)2. 10. The pal | adiumgatal yst may be any suitable Pd(0) or
Pd(11) containing catalyst, such as Pd(PPh3)4, Pd2(dba)3, Pd(PPh)2Cl2,
et ¢. TheSwch aheradrygts, Xs whisheay mednyerierbte 3 oyanmgrosgdnan beoselesteddronpr ef er abl y

carti o0 BEPHRAdoNRR8 e CED. S0kl b Uy OFb -GHGcHE0Ry 0 ' ©

Cat al yti U N b7y d LOEESRagR! V R2MBAONRID Sl RONMEL i C
éuéﬁ éist%{.zﬁabf’ogHzgﬂ’e@EEI SP:PE’ -3 r’mI@pDCO’nveni eﬁl'??y, about % eq.
i s used peiydregn drcalkyAcarbamylyand Bhand & roesabéctddufroanblydiogemeptionallyised. Cu}
is preferably used in the formof CuT, and Zn2+ is conveniently used as
t he Zﬁ(Gu)bzt‘g’éﬂdtﬂlkﬂ@fﬁlﬁylaoﬁﬂfﬂf:erred embodi nent, cyanation is carried out by
reaction with ZnCN2 in the presence of a Pall adium catal yst, preferably
Pd(PPh3) 4 (tetrakis(triphenyl phos- phine)palladium. The nickel catalyst
may be adid Sgrotybf rmiifa0) or N (11) containing conplex which acts 25 as a
catal yst, such as N (PPh3)3, (6-aryl)-N (PPh3)2Cl, etc. The nickel
‘catal ysts_and®their preparation are described in WD 96/ 11906, EP-A-613720
‘and EP-A-T 92. In a particularly preferred enbodi ment, the nickel (0)
“conpl ex ®s.grefared in situ before the cyanation reaction by reduction of
a nickel (1 cursor such as NNClZ or 30 NNBr2 by a netal, such as zinc,
magnesi urR<or ‘mangaggye in the presence of excess of conplex |igands,
preferably triphenyl phosphin. The N -catalyst is conveniently used in an.
anount o#hdrem-Yi0) opBeferably 2-6, nost preferably about 4-5 nol %

10
R* — R’ are each independently selected from hydrogen and C, 4 alkyl‘o.r R'and R°
together form a C,; 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 cﬁrboxy group, or R? and R’ together form a C, ; 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 éscitaiopram 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 énd 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.
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35 11, January 2006 WD 03/006449 PCT/ DK02/ 00491 15 In one enbodi nent, the

reactiq Hg’{(@?{%l ed out in thel presence pf a catalytic appyifk@loossru™ or
Zn24 . anounts of Cu' and Zn 2', respectively, neans

substoichionetric anounts 5 such as 9.1 - 5, preferably I - 3% Any
conveni ent source of Cu{ and Zn2+ may be used. Cu' is preferably used in
t he for MefcyanideamicZnged dcsomdorg/erthe nathlysedseyanide exthangg reachprpmssibe or

formed in sity by redyctjon, of a nick I 0 si ng_ Zzi The .
cyanat i GHYr Bl $rGRyF T “ﬁ%ﬁ?%ﬁcﬁ%&%gﬁ&'oﬁzﬁ:ﬁ %ﬁ@gm}ghi “e’ﬂ?res@ﬁcbent , such
10 sol veps:.ingl , b tshink s ofPiftRleRN bbd idr& seibkled aféin

et hyl acSBQECEQSfﬁgF%%%%%%SE%EE%%oor{p&nlggfeglnso be psgrformed in an

i oni ¢ | itgdi6cafant ReaghRNeail or Bramdetl &, ( BKYUN+, Y, wherein R' are
al kyl -groups or two of the R' groups together forma ring and Y' is the
count®erion. In one enbodi nent of the invention, (R ")4N Y 15 represents °

In still.,anot her alternative. he,. B t] LhSvcnnduct ed
with apditr cyaé‘b({e\/ﬁ%{r%e S %tg%?feb\r@é}hg%n g)ﬁgpgf%ngg‘?%g’l %23 rglil()jr Il}%der t he

i nf | uencguifaldis hRNGNASpr. 3QuivXlehS stading MateHyN ROV tmayOQGilEhibytlPbel abo. The
t enper at ure ranges are dependent ugon the reaction type. If no catalyst is

pr esent ,(BupyNef. dihe eglaniderpower is preferably NaCN e KChhefeZfCND90- 200 C. When t he
reaction is conducted under the influence of m crowaves, the tenperature
in the reaction mxture 25 may raise to above 300 C. More preferred

_ ! errptlaor- a,tT reepaﬁlg&gx%scaglgst l:r)rl%lty eea?ly]é%ﬁ’éb g Bd((}) or Pd(II) containing catalyst, such as
Pd(PPh,),, Pd,(dba),, PA(PPh),Cl,, etc. The Pd catalyst is conveniently used in an

amount of 1-10, preferably 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 convcniént 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,),C}, etc. The nickel catalysts gnd
" 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(II) 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 tdphenylphosphin.

The Ni-catalyst is conveniently used in an- amount of 0.5-10, preferably 2-6, most
- preferably about 4-5 mol%. ' '
35
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C. The nost preferred range is 130-150, C. If a catalyst is present, the

preferr, ature range is between 0 and 100 C. Mr g~PhRESsISC are
tenpera%%%ﬁées of 40-90 C. Most preferred tenperature ranges are 3

between 60-90 C. 11 January 2006 WO i3/ 006449 PCT/ DK02/00491 16 O her
reaction conditions, solvents, etc are conventional conditions for such

Teact i 0§ on2RbBEncRRHd Hallford8 LaHTEIRa e ﬁre@éfcé@l‘a%!ﬁhiy‘ﬁ%%ﬂdﬁnﬁ be art.

Anot her pr.ocess, for t'he conversion of a conpound of fornula (1V), wherein X
is Br tdu'PrdRe -cor r espondi ng 5-cyano derivative involves reaction of 5
-Br-cital opram of. formul a (IV) w th magnesiumto form-a Grignard reagent,

foll onwe eact i on fRr e to form al,deh The, al dehyde
o cony Gyt 3k ol P fha,zhi ERRS e Rt BB it oo
gr oups bysudkelay @ lat Bopre&mblmll da% d’my cms:padtsouebpf G0 andtZBrhatayvied y,

5- Br - Ci tnﬁle&’pé %fef@r%@lp‘unar d’{ e fomeJ aﬁl) i QHPven%Ylghﬁe& qagfeed with

nmagnesi ym to reagent wed by reactidon wth a conmpound
cont ai ni&yC mlt@r&m&ﬁ@w&l pyred “F%%M’ (1, compopndsdisiig HHC-descri pti on
of the above two procedures maybe found in V\D 01/ 02383. Compounds of

for mul aﬁb\exagmr Eh&gﬁgr}gﬁg lrbgéﬂer%ninﬁd ueat’br 1&1”?%} ?‘ng‘gﬂl@fﬁeg&l%tt Quch

escital opra y net ous to i'n WO 997 30548. 20
Conmpoundslveht includes BME, WMPWetaritnil t frepignitrilp, THF snd\btfRylacetiterein R i s
hydr ogen or

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’")N"Y"

. 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.
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al kyl.carbonyl nmay be converted by to escital opram nmet hods anal ogous to

those | I n WO 98/19512. Conpounds of formula (l}‘br. 'Iylﬁﬁr ig} the
group X%&O&gﬁgz%, wherein R2 and R3 25 are selected from y{frﬁosgen
optionally substituted alkyl, aralkyhcor aryl, may be converted to

esci tal opram by net hods anal ogous to those described in WD 98/19513 and WO
98/ 195110th@ﬁmaomda>rrdtudmr soivents, ki) arewbaveaitiontlvenditionp fof sush geagtionsp of
formula (X), may_be 30 converted to escital opram by methods anal ogous to

t hose de@@rmm@psplmbv@emdéxapfrspnyhﬂl?&ﬂyt@@% WO 03/ 006449 |
PCT/ DKO2/ 00491 17 Compounds of fornula (1V), wherein X is OH - CH2OH, -
CHZNH2, - CH2NO2, - CHzCdl, -- CH2Br, -CH. 3 and any of the other groups X*

above, rmuoth%ﬁe&s@ forele E&lveﬂ;&ﬁi éfal dhﬂilﬂiﬁhdlay fdfﬂihl‘ﬂf(l’V) aaﬂaéraﬂouss Botot hose
prepared in 01/ 168632. Starting materials of fornulas and (V1) may

be prépa&hedora@apon@inaé -Gyone anvmVOMtremgu op at+Breialeprampef kepmula

appl i cat anal o o Thus th ddition salts used
abbor o V] gvifh GRSt b oD ety ol RUrietih YU ook at es
for the SyRiMRR! B rm SRChidehAR! ame%memfdaemaeb@ehed oS8 Vé¥he 16r f2ol | owed
by precipitation, isolation and optionally re-crystallisation by known

et hods lydehzoné wisieh riedconmertedone satyamo gfouphby ode}n;zdlatlbm rmadppmmuon by wet or
dry milling _or another convenient process or preparation of particles from

"a sol verfEspsAtYEYfication process. 15 In the following, the invention is
|Ilu%rat ed by way of exanples. However, the

- 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 formuia (IV), wherein the group X is NHR', wherein R' is hydrogen or
atkylcarbonyl 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, méy 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 R
30 converted to escitalopram by methods analogous to those described in WO 00/23431.
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exanples are nerely intended to illustrate the invention and should not be
construed as limting. Exanple 1 20 Separation of the ¢ | Q s of

4-1 4-(di‘¥%93ﬁ‘§9ﬂi’ﬁi no)-]1-(4" fluorophenyl)-1 hydroxy PE%}HI&M}EHM

-J-butyl J- 3- (hydr oxymet hyl ) - benzoni tl?l le 4-[4-

(di met hyl am no) - 1- (4' -fl uor ophenyl) - -hydroxy- | -butyl]-3

- (hydr oxgeripbyids of Sodanz V), twhdréin X8I OH, JCH,0H, -CHINA3cCHENG,, aCERCHi ng to US
pat ent No_4, 650,884, was separated into its enantiomers as follows.. :

" A NovasepHiBredsgidome any-of thegyther| sseuns Ksbpyry nRybe conyStedtto gFatglopiRB fitt ed

wth eight 50 mmii,.d. col.umms each. bed I ength of 15 cmwth
Chiral pagymﬁa@ S@ﬂﬁgorﬁsq%g‘c?ﬁ?%rﬁpn%gérfiagqfﬁggi%ﬁgﬁm andard techni ques. A SMB
systemof 8 colums in a 2-2-2-2 configuration was chosen for this
separation. Acetonitrile (Baker HPLC grade) was used as nobil e phase. 11

Januasy 2008282882808 4aenuls (Her@MYIp prayas prgparotha¢aording taheeabove
T t . 3Q C FE Fl S |mL): 10 nl/ m | t Fl ke- :
T oo eSicab i gty s by oo Tudods] et Fl ow (k- up)

Thus the acid addition salts used according to the invention may be obtained by
treatment of intermediates for the synthesis of escitalopram with the acid in a solvent

10 followed by precipitation, isolation and optionally re-crystéllisation by known
-methods and, if desired, micronisation of the crystalline product by wet or 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
Separation of the enantiomers of 4-[4-(dimethylamino)-1-(4'-fluorophenyi)-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 Iength of 15 cm Wiﬂ:l Chiralpak™ AD

30 - (20 um) packing material using standard techniques. A SMB system of 8 columns in a
2-2-2-2 confi guratié;n was chosen for this separation. Acetonitrile (Baker HPLC

grade) was used as mobile phase.




Raffinate Flow 48 nL/min Recycle Flow 210 mi/nin SwiteHaaR209 15 nin
PCT/ DK02100491 10 The products were isolated fromthe eluent by evaporation
"resul ti myoas/méLeous oils. Both enantioners were isol at eBCHPERZ@PUrity '
exceedi ng 99% ee. The obtained

(S)-4-{4-(di net hyl am no) - 1-(4'-fl uorophenyl)-1-hydroxy-1 -butyl]-3-
~(hydroxyn tt’g/l - benzoni t r('iibe may be transformed into escital opram by

met hods 18'¢ SR A BECRBTERLYI%d in the art, such as treatnent. with
par a- t ol uespspdrdigry! chloride #speca base, e.g. triethylamne, as disclosed
in US 4,943,590. Exanple 2 Separation of . 1-(4-brono-2-hydroxynethyl
phenyl ) - Zegd Fdavh (6 emgmok)) - ( 4- 1@@dfhior ophenyl ) - but an-1--ol . A colum with

the dinmengions, 280 x 110 mm packed with Chiral Pak(r) (20 pm particle size)
was usedﬁge‘ltﬁ:éo%gwﬂéq'“&ratioﬁ%r‘}}ﬂ se. A mixture of 95% acetonitrile and
5% met hangl, . Wephsed as the hi &nphase. 25 The operation conditions were .
as fol ows:r emger'ature: 29 C ow rate: 500 nL/mn 30 Detection: UV 280
nm 500, g Rffiaate Fuse: cit al opr a48 miLaAdinct cont ai ni ng 89% racemat e was
separated on the colum. The first eluting enantionmer with a retention
‘tine of RecygclgifioWas i sol at ed?10 mL/min

Switch Time: 1.18 min

16 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-t-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 . I-(d-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 mi/min , . | 4
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




fromthe el uent with an enantiomeric excess of 99.5%in 9JofaArg2H06 1he
second 11 January 2006 WO 03/006449 PCT/ DKO02/00491 19 el uting enanti oner
with a rWOMOPY# tine of 14.1 nin was isolated fromthe &CTEHOZRPMPR  an
enanti omeri c excess of 99.2%in 98%yjeld. Exanple 3 5 Separation of 1
-(4-fluorophenyl)-1-(3-di nethyl am nop1|9'opyl ) -5-bronophtal ane into its

enanti o rmarhginégkn@midma? wWith & rdtdiftio RIS 1ANSmBABRassd1AQd TonP Belehtbnixith
Chiral cel (r) (20 m 10 particle size) was used as the chiral stationary

phase. A aiepaniiaanasic c3gess 06 P9.28omdi8smpieldand 2% vol i sopropanol was used as

t he nobi |l e phase. The operation conditions were as follows: 15 Tenperature:
Anbi ent tenperature Flow rate: 500 nilnin Detection. UV 285 nm500 g of a

crude product containing 89% racenate was separated on the colum. The 20
first el Wiangptenantioner with a retention tinme of 5.4 min was isolated from
the eluent with an enantioneric excess of 99.5%in 96%yield. [a]D = -0.81

(c = ®99, MeH); The second eluting enantionmer with a retention tine of

6.7 m [ | at i t | oWt t] [ f 99. 4%
in gg1%ny\ﬁ%§qfl_ tsu(r):b aﬁg&-{%&?&q&%nﬁ-{g{ggzmgg @q?nfbpggp?fﬂ-j—gggﬁép%a é(rgee?nstoo 0

its enantiomers.

A column with the dimensions 280 x 110 mam packed with Chiralcel®0D (20 pm
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 fotlows:

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 nin was 1solated from the eluent
with an enantiomeric excess of 99.5% in 96% yield. [a]p,= —0.81° (¢ = 0.99, MeOH);
The second eluting enantiomer with a retention time of 6.7 min was 1solated from the
eluent with an enantiomeric excess of 99.4% in 99% yield. [a]D= +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®0D (10 pm
particle size) was used as the chiral stationary phase. As mobile phase was used
- carbon dioxide and modifier in a fatio of 90:10. The modifier was methanol with
diethylamine (0.5%) and trifluoroacetic acid (0.5%).
35




25 Exanple 4 Separation of 1-(4 11January2006
fl uorophenyl) 1 (3 di met hyl am nopropyl ) - 5- br omopht al ane into _ |
enant i orYEP $3/ps supercritical fluid chronatography. 3&¢ K%zﬁlﬂﬁ”w th the -
di mensi ons 250 x 10 nm packed with Chiralcel (r)OD (10 m particle size) was
used as the chiral stationary phase. 28s nobil e phase was used carbon
di oxide and nodifier in a ratio_of 90:10. The nodifier was nmethanol with
di et hyl a%ﬁ@ﬁ@‘@/&o“&]ﬁé@?ﬂeﬁ%@l)‘aﬁ'&l c acid (0.5%. 35 11 January 2006 WO
03/ 006449 PCT/ DK02/ 00491 20 The operation conditions were as foll ows:
Tenper at (A‘ é ﬁ%oera ure Flowrate: 18.9 nL/mn 5 Pressure: 20
kPa Det EIPP%rﬁ ‘U\ﬁ’? i nf’gmhﬁeof racenic mixture was separated on the
col uim. Bhvhraten&® ndueris were i solated fromthe eluent. The enantioners
wer e |Ss%pe§§g Wirpal0 an  enationeric excess of 86.1% (RT 3.25 nmin) and
e7 m n

87.1% respecti vel Exampl e 5 *
( Detection: UV 254 nm P Y P

75 mg of racemic mixture was separated on the column.
Both enantiomers were isolated from the eluent. The enantiomers were 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% ' '




15 Cyanation of (+)-1-(4' 11 January 2006

f1 uor ophenyl ) - 1- ( 3- di net hyl ami nopr opyl ) - 5- br omopht al ane. 5.0 g of the (+)-
enant i ondYO dH#s4%eated with 3.1 g of Zn(CN)2 and 0. 76 g REIT/DERYOOEH3I) 4
under the conditions described-in the WO 00/ 13648. The enantioneric purity
of the product was anal ysed by chira?l el ectrophoresis. Based on the
results f hiral 20 el ectrophoresis and supercritical fluid

chr omat ography, the product was shown to be identical with escital opram
Yield: 80% ee 99.6% 11 January 2006 WO 031006449 21 dCains 'b Method for
preparation of escital opram having the formula NC PCT/DK0O2100491 (U) 5 or
phar maceuli dd¢thyd fr pesprestibe obeigitalopransizving thhéerewda conpri si ng separation of
the enantioners of a conpound selected fromthe group conprising

ci tal opram having thencformula NC CH3 CH3 (I) to and internediate
conpounds in the prepar aty ) tal opram characterised in that

(1

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

formula

@
10
* and intermediate compounds in the preparation of citalopram, characterised in that
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




said separation of enantiomers is performed by |iquid chridraney 2006 c -
separation of enantionmers using a chiral stationary phase for the

chr omat oWOHMYEI495 2. A nethod according to claiml comprFSVREY Y ar ati on
of a compound of formula 11 January 2006 WD 03/006449 PCT/ DK02/ 00491 22
wherein X is a cyano group or hal ogenzzor any other group that may be
converted to a cyano group,.by optical resolution by chromatography of a

racem ¢ conpound of 5 o Ay erein X is as defined above, and if X
is not a cyano group then 3 10 conversion of the group X in the
compound of forrmula (1V) rangfgroup foll gwéd by isolation of

escital opram or a pharnmaceut¥cal |y ’a,c_.c/ep’t\abl/ef"ba{t t hereof. 3. Method .
according to claim2, wherein the ¢group X is cyano. 15 4. The nethod
according to claim2, wherein t Qup X is brono. 11 January 2006 WD

03/006449 .PCT/ DKO2/00491 23 5§ A hod according to claim11 conprising -
optical resolution by chromatogiaphy I of a conpound of fornmula z (M) 5
wherein X is a cyano group or haldgenh or any other group that may be
converted to a

av)

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

5 formula

W) B ; ,
wherein X is as defined above, and if X is not a cyano group' then followed by
10 conversion of the gfoup X in the compound of formula (IV) to a cyano group foliowed
by isolation of escitalopram or a pharmaceutically acceptable salt thereof.

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

15 4. The method according to claim 2, wherein the group X is bromo.




¢yano group and Z is hydroxy or a |leaving group, to formliHenmoyddénd of
formula z NU) and If Zis OH conversion of the group Z to a | eaving group
and t henWPiB§%¢dsure of the resulting compound of for MA@ REAA 4/} herein 2
is aleaving group to forma 1o com&und of fornmula 11 January 2006 WO
03/ 006449 PCT/ DKQO2/ 00491 24 (1V) rein X is as defined above, and if X
IS not a xyaANReMbdYBcdriiap t6 @RUE 1SédbrRind HRticaDFabRtidh b ¢ a%gqmiru,,nd of
formula (1V) to a cyano group, folcfﬁgbmed %@ﬁilcsagl ation o? Emesm t'al opram or
a phar macdatcoomiohyd elcloeptlabl e salt thereof to 6. Method according to claim
5, wherein the group X is cyano. 7. Method according to claim5, wherein
~the group X is brono. /8. Method according to any of clains 1-7,
char act er¥sed + the chiral stationary phase conprises a carbohydrate
ing to claim8, characterised in that the
15 a pal ysaccharide derivative. 10. Mt hod
accordi ng t o~angA o al gharacterised in that the carbohydrate
hreryl 4r banat e substituents which optionally may be
nore  C,,-al kyl groups, preferably nethyl groups.

substituted with onelor

(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

F (ViD)
- and if Z 1s OH conversion of the group Z toa leaving group and then ring closure of

the resuiting compound of formula (VII) wherein Z is a leaving group to form a

10 compound of formula




20 11, Method according to any of clainms 9-10, characteriddamyay2ff the
pol ysaccharide derivative is an anylose derivative. 11 January 2006 WO
03/ 00644 PEIEHE2/ 00491 25 12. Method according to cl ai REFTPK2/00491
characterised in that the chiral statignary phase conprising an anyl ose

derivative conprising optionally aIkyF substituted phenyl car bamat e
substituents i Chiral pak'"" AD from Daicel Chem cal Industries Ltd. 5 13.
Met hod acco ¢ of clainms 9-10, characterised in that the

pol ysacchari grivag®ve is a cellulose derivative. 14. Method according
to claim13, sed inth he chiral stationary phase conprising
a cel | ul ose derfvati vf=comprisisigeptional |y al kyl substituted phenyl 10 .
carbamate substituentg is Chiralcel""' OD from Daicel Chem cal Industries

Ltd. 15. Method ac
car bohydrate deri
to any of clains 1

ng to any of clains 8-14, characterised in that the
gl i s adsorbed on silica gel. 15 16. Method accordi ngs
haracterised in that the chronmatographic
separation conprisesSg continuous chronat ographic process, suitably

Si mul at ed Movi ng Bed ftechnol ogy. 17. The nethod according to any of clains
1-16 wherein a conmpound of forrmula (111), 20 wherein X is halogen, in
particular bronpb, is converted to escital opram by reagﬁbgn of the conpound
of formula (IV) with CuCN foll owed by purification andisol ation of

esci t al opfiaiarX & A dARa Vbl ahl ¥f RG6 @bt 88y os@blp thvar@dbersion of the
. group X in the compound of formula (IV) to a cyano group, followed by isolation of

5 escitalopram or a pharmaceutically accéptable 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 7
8. Method according to any of claims 1-7, characterised in that the chiral stationary

phase comiprises a carbohydrate derivative.

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

15 apolysaccharide derivative. o

10. Method according to any of claims 8-9, characterised in that the carbohydrate
derivative comprises pheny! carbamate substituents Which optionaily 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 thé polysaccharide

‘derivative is an amylose derivative.




18. The nethod according to any of clains 1-16, wherein tHREBIN of
formul a X@”Wnerei n X is halogen, in particular brono, or

CF, -(CF.). , Wherein nis 0- 8, is converted to esciPtCéWWQPﬁ%y
reacti on of the conpound of formula (JIl) with a cyanide source in
presence of a palladiumcatal yst fol 1 Bwed by purification and isolation of

esci t al opraMedodeadebRlinReLHhint 2k | dhaRFGER etnatkile dHAGN SRk The
met hod accordj nog to any of c]I ainms 1-16 vv;ﬁeg?gi n a ceoml)ofjﬁlgﬁ%?gggl}%uel a (1v

wher ei n eompriswigogre wmylose pdartviative apmbrising mptiosalyoniket tsebstinded phedydl opr am by
reaction of, a conpound of formuka (111) with cyanj de source in presence

“of a ni cKEPOAIeS ?‘"?K%* B0k f‘b‘lﬁ‘%{ﬁ&%ﬁ’%ﬁ shericapinghaRenl 90401 06

foll owed by purification and isolation of escital opramor a

pharmaceutically acceptable salt thereof. 20. An internedi ate having the

f or mul & 33FMetHiodlaccatimgao any of dlaings 96, ichechditériseddn ohdlt thopolgsséidride her eof

21. An irhtermedi.ate havir:jg_the formula to or a salt thereof. V
enivative 1s a cellulose denivative.

| 14. Method according to claim 13, characterised in that the chiral stationary phase
comprising a cellulose derivative comprising optionally alkyl substituted phenyl

10 carbamate substituents is Chiralcel™ OD from Daicel Chemical Industries Ltd.

15. Method 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 (IIT),
20 wherein X is halogen, in particular bromo, is convertéd to escitalopram by rgactioh 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 paﬂiculai bromo, or CF;-(CF,),-S0,-0-, whereinn 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 (II) with a cyanide source in presence of 2 nickel catalyst
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followed by punfication and isolation of escitalopram or a pharmaceutically

acceptable salt thereof.

20. An intermediate having the formula

(VIID)

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

21. An intermediate having the formula

(IX)

10 ora salt thereof.

:\_f'




