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Titte: METHOD FOR THE PREPARATI ON OF ESCI TALOPRAM Abst r ac{z juHaegogventi on
relates to a nethod for the preparation of escital opramby cyanation of
optically active internmediates of the formulas (111) and (11) bel ow, and
die preparation of such internmedi ates by optical resolution. 13 June 2006
WO 03/ 0-%288951861\pt hod for the preparation of Escital opr BFIPEP2EMID/ 00837
The present invention relates to a nevel nethod for the preparation of
escital opram (the S- enantioner of citalopran) fromthe S-enantioner of a
. citalopramderivative and to the 5 preparation of said S-enantioner of a
ci t al opridpthoéd farihe preparaBau kfsitaldpxin t he i nvention Citalopramis a

wel-l - known anti depressant drug that has now been on the market for sone 10
years and has the following Forrmula: Formula (1) It is a selective,

_cent r al | Thepodsem gnvseticntrelaesto @Rom diethod foryhst paerianaton 6f dsqiBjopramuftheake i nhi bi t or,

15 accordingly havi i ressant actl Vi ki ' Q s first
di scl os e%aﬂqﬁn%ﬁoﬁl%@%aﬁig?%g%r$€%€‘@é\ |r(r31)lg§;é ﬁ)atl@%%}lde%%%ﬁl ﬁ%ﬁ#\g pat ent
~publ-i5c atpreparatiomof said 3-¢masiorger pf Dowbpranoderiviévepr epar ati on of cital opram from
- the correspondi ng 5- - '

Background of the invention

Citalopram is a well-known antidepressant drug that has now been on the market for some

10 years and has the following Formula:

Formula (T) '

-1t is a selective, cenfrally acting serotonin (5-hydroxyiryptamine; SfHT) reuptake inhibitor,

15 o _a_ccofdingly having antidepressant activities.

'Citalopram was first disclosed in DE 2,657,013, correéponding 1o US-4;136,193. This patent
publication i.a. outlines a process for the preparation of ¢italopram from the corresponding 5-
bromo-derivative by reaction with cuprous cyan_ide_'in a su'itable__s'olven-t. Further processes for
20  the preparation of citalopram by éxchange of S-halogcﬁ _of 'S—CF3-(CF3)H-802-O-, n being 0-8,
‘ with cyano are disclosed in WO 00/1 1926 and WO 00/13648. '

US Patent No 4,943,590 corresponding to EP-B1-347 066 describes two processes for the
preparation of escitalopram. ' |
25

- Both precesseé-ﬁée t_he rac_emi_c_diolsha{r.ing-thc foﬁnuia__ - i -




br ono- der| vative by reaction with cuprous cyanide in a suitahlg,sehaent
Furt her processes for 20 the preparation of cital opram by exchange of

5- hal ogen or 5-CF3-(CF2)6SOrO-, n being 0-8, wth cyano are disclosed in
WO 00/ 11926 and WD 00/ 13648. US Patent No 4,943,590 corresponding to
EP- B1- 347 066 describes two processes for the preparation of escital opram
Bot h rocg’&‘é@‘lﬁb the racem c diol having the fornmula 13 PRI 7V\D

03/ 051861 PCT/ DK02100837 2 (A) as starfing material. According to e first

| _process, the diol of formula (A) is reacted with one of the enantiomers of

an optically active acid derivative, such as (+) or (-)-a nmethoxy-a 5
trifluoronethyl.phenylacetyl chloride to forma m xture of diastereoneric
esters, which are separated by HPLC omHby fractional crystallization,
mhereupon the ester with gde right ereochem stry i s enantiosel ectively
converted into escital opran™~g Okgi-1g to the second Process, the diol of
formula (A) is separated int enangj;oners by'stereoselective
~crystallisation of a.salt wt of e enantloqus of an optically
~active acid, such as (+)-di 10 v tartaric i d, whereupon the
S—enantioner of the diol of the formulfa YA) 1S ena |oselect|vely

10 S now narketed as an

) for an inproved nethod for

t he present invention provides a

. preparation of escital opram Accor gi ngl
method for the preparation of X

(A)

as starting material. Accordmg to the first process, the diol of formula (A) is reacted with one

of the enantiomers of an optically active acid denvauve, such as (+) or ()—a-methoxy-a—

5 trifluoromethyl-phenylacetyl chloride to form a mixture of dzastcreomenc esters, which are

) separated by HPLC or by fractional crystallization, whereupon the ester with ‘the right

stereochemxstty is enantioselectively converted into escitalopram. Accordmg to fhe second

process, the diol of formula (A) is separated into the enantiomers by stereoselective

- crystailisation of a salt with one of the enantiomers of an optically active acid, such as (+)-dl-

10 _p-toluoyitartanc acxd, whereupon the S-enantiomer of the lel of the formula (A) is
enanhoselcctlvcly convcrted to escltalopram_

-_Escltalopmm 1s now marketed as an antldcptmsant. chcc there isa desxre for an unproved _
_ method for preparaimn of escltalopmm, o
15

The present invention

| Accordingly the present mventlon prewdes .a method for the preparatlon of
esatalopram having the formula '

20




escital opram having the fornula 13 June 2006 WO 03/ 051861 PEIifA0080837 3
conprising optical resolution of the racem c conpound having the fornmula 10
wherein X is as defined above and Z is OH or a Ieaving group, by fractional
crystalllsatlon of a diastereoneric salt thereof,: by formation and
separ at iWAY¥IBast er eoneric esters thereof optlonally PSFFBW@@“B?
hydrol ysis of the correct diastereonegic ester, to forma conpound of
fornmula 13 June 2006 WO 03/051861 PCTI DKO2/ 00837 4 wherein X is as defined
. above and Z is OHor a |leaving group, and when Z is OH conversion of Zto a
| eavi ng group followed by ring closure of the conpound of formula (11l1) 5
to forma conpoundi®f_ f ul a ) 10 wherein X is hal ogen or any ot her
group that may be convg 0 a.cyano group, or by 13 June 2006 WO
03/ 051861 5 O

2 /\/N/
{7
1:(,," \
1 |
comprising
5 @)  optical resolution of the racemic compound having the formula
W)

“wherein X is as defined above and Z is OH or aleaving group, by fractional crystallisation of
a diastereomeric salt thereof, or by formation and separation of diastefeomeric esters thereof
10 ‘optmnally followed by hydrolysis of the correct d:astcreomenc estcr to form a compound of

formula




tartaric acids, such as
~canphor sul phoni ¢ aci d, mand
~acid and derivatives thereof.

‘the free base of a conpound of
" .enantioners

b) optical resolution of the racem c conpound of formula 5 P IKEHE00837
wherein X is as defined above, by fractional crystallisation of a

di astereoneric salt thereof, to forma conpound of formula (l11) wherejn
Xi s hal ogen or any other group that may be converted to a cyano group; and
t her eaf t o g6¥(&HSI on of the group X in the conpound of f?&ﬂﬁ%% &b ; to a
cyan group 15 and isolation of escitalopramin the formo YR8 or a
pharmaceutical |y acceptable salt theréof. 13 June 2006 WO 03/051861 6

_Detailed description of the invention PCT/DKO2/ 00837 The racenic conpound

of formula (1V) and the racenic coqgound of formula (V) may be resolved by
fractional crystallization of diastjereoneric salts thereof. Suitable
optically active acidsxfor gs’forr=tion of diastereoneric salts include:

\ tartaric acid, di-(p-toluoyl)tartaric
acioh |actic acid, bisnapthylphosphoric
8- canphorgurphonlc acid and 10-

and 2- phenoxypropi oni c
10 he fractional crystall.isation and
suitably carried out by treatnent of
(I'v) or (V) wwth one of the

acid and o- nltrobenzoyl td
aci d, canphorsul fonic aci6

isolation of a diastereoneric sg

(D
wherein X is as defined above and Z is OH or a leaving group, and when Z is OH

_conversion of Z to a leaving group followed by ring closure of the- compound of formuia (II)

5 to form a compound of formula (II)

D

10 wherein X is halogen o_i"any other group that may be bonvefted 1o a cyano gfoup, or by

15




of an optically active acid in an appropriate solvent whi chisamerddaer be a
pol ar solvent, such as water, alcohols containing 1-8 carbon atons,
acetonitrile and acetone or apolar solvents 15 such as, ethers containing
1-8 cargﬂﬂgg_ﬁQF and al kanes containing 1-8 carbon atons. As a result, two
di ast er dalts may be forned, which differ in thei PCIRIRIIBY and
solubility 'properties. The dlsasterebnerlc salts may be separated by
fractional crystallisation. The conpound of fornmula (Il) and (IIl) may be
liberated fromtheir respective diastereoneric 20 salts by treatnent with
a base. The compounds of formula V, wherein Zis OH may al so be resol ved
by formgtion i ric ester thereof. According to
this enbgdlne EgﬂF%&ﬁ%&ﬂﬁvgﬁ?%%%gcgﬁﬁﬁnggﬂ%%ﬂﬁ% of fornmula V, wherein Zis
‘OH, is reacted with one of the enantioners of an 25 optically active acid
derivative, such as an acid chloride, anhydride or a |abile ester, to form
di ast ereonetc esters. A natlon of the ester is suitably perfornmed in
~an inert organic solvent ol uene, dichl oronet hane, tetrahydrofuran
and acetonitrile. A base, O i et hyl am ne, N, N-di net hyl ani'line,
pyridine or diisopropyl ethyl s+ y be addeg-to neutralise liberated H .
-In principle, acid derivatives for - pet'1 on, of diastereoneric esters
30 may be derived fromany chiral Jacid. Suitable chiral acids include
tartaric acids, eanphanic acids ubstituted ci nnanoyl proline
~derivatives, canpher sulfonic g lcanpher-10- sul fonic acid,
canpher-8-sul fonic acid, -3-brong pher - | 0- sul foni ¢ aci d, 3-brono-
. canpher. -8-sul fonic acid), opti€> y active am no acids and derivatives
"~ thereof (phenylglycine, 4-hydroxyphenyl gl yci ne, mtyrosine,
3, 44hydr oxyal ani ne; 3, 5-di i odot hyr#si ne, N 35 trifluoroacetyl proline),
~ 2-aryl -al kanoi ¢ aci ds (2-phenyl propionic acid, 2-(6-nioxynaphth-2
~yl)-propionic acid), menthyl-3-yl-oxyacetic acid, cis and trans
'-chrysanthenlc acid, a 13 June 2006 WO 03/051861
‘wherein X is as defined above, by fractional crystallisation of a dlastereomorlc salt thereof to

form a compound of formula ()

wherein X is halogen or any other group that may be .converted to a cyano group;
‘and thereafter conversion of the group X in the compound of formula (D to a cyano group

15 'and 1soIatlon of escltalopram in thc form of the base ora. phannacoutlcally acceptable salt
. thereof. ' '




7 PCT/ DKO2/ 00837 net hoxy-a-trifluoronethyl phenyl acetic aci dj3 June 2006
2-isopropyl -4'-chl orophenyl acetic acid, mandelic acids,
N- benzoyl - ci s- 2- am nocycl ohexanecar boxylic acid, 2-(4-
chl orophenyl )i soval eric acid, pernethrinic acids and
1, 1" - bi Ny évds18%12' - di yl phosphate and derivatives of S“Cﬂcﬁﬁhﬂﬁmm}%e
di astereoneric esters fornmed nmay be separated by chromat ography, 1 ncl uding
in particular liquid chromatography Br by fractional crystallisation of a
.salt thereof. The diastereoneric ester of formula (I1l1) with the correct
configuratjan be treated directly with a strong base in an inert
organi c 3%* 8%?3%3P€%ﬁﬂﬁﬁﬁ3“%%ﬁ$ound of fornmula (11). 10 The follow ng
~optically active acid derivatives have been found very useful for the
formatio of diastere ic e rs:..(S)-2-(6-nmet hoxynaphth- 2-yl)-propionyl
bl or i o1 &perse BBnES B borih DS it 3oy FOuRTiB ppitabla (V) ay be
- E Sg -O aﬁ@és&llvﬁﬂﬁlﬁ}dﬁcfiyﬂ%all eﬂybtglniizﬁﬁn of (ﬁ)s‘ter&ﬁxﬁ&xh ylsﬂmﬂrfe%dfh .csmly‘/thmé olbt%chlgn}cﬁvd ge, .
- (S)-2-phen ut yryl chl orj de S)-a:net hoxy 15 n cetyl chlori.de an
(S)-Nac é“f‘@ﬁ fgé{]’ﬁﬁ‘?/rﬁ’éﬁo é‘“’&feé"é’g’ﬁ‘%%%%?‘F’H&'éiﬂ’@%g‘F %k—?g a%ﬁ‘%ﬂ“@ﬂ@@@" aci d
derivatiuggﬂﬂ%utm@wﬁa@aﬂﬂkﬁﬂuhwqﬁ@&ﬁQQWgamg@@amgmﬁﬁ@&m@r isolationlof t he
correct i stereoner, treatnent th a,base in an_inert qrgani ol vent as
 descr i belSHRPeERAtc i, Fuppopultens pdmprh i %w@heﬁﬁfaﬁmﬂ%ﬁaﬂﬁd fula (11).
20 Al t er pahphéfsulphonié adid) @naB8dIRMacill AhiRGicidnd Rlphého@AREhibiB@NdidMEdIr OUp, the
. diastereqneric ester, of fornula (Il1) nmay be treated with a base, such as
- NaOH, KOFFTIVRjLges 2 or LiOHin a mxture of water and an organic
:sol vemt such as toluene, THE or diethylether or with NH3, Nall, KOC(CH3)S3,
ltriethylﬁgigg or diisgpropylethylamne in an inert organic solvent, such as
~tol uene, THefpctingl Feriistionandiselatonale dissereomerisaatids BHAbIK s Q¥ bY ¢,
. yi el di ng tthReRQIRRYRE b&k of a compound of formula (IV) or (V) with one of the enantiomers

of an optically active acid in an appropriate solvent which may either be a polar solvent, such

 as water, alcohols containing 1-8 carbon atoms, acetonitrile and acetone or apolar solvents
15 suchas, ethers containing 1-8 carbon atoms and alkanes containing 1-8 carbon atoms. As a
. result, two diastereomeric salts may be formed, which differ in their stability and solubility

: properties. The disastercomeric salts may be separated by fractional crystallisation.

* The compound of formula (1) and (IIl) may be liberated from their respective diastereomeric

- 20 salts by treatment with a base.

“The compounds of formula V, wherein Z is OH, may also be'resol_ved by fOHnaﬁbn.and
E Separétion‘_of diastereonieric ester thereof. According to this embodimchtzdf t]:ie in_véntion,
‘ tﬁ_e compound bf fqrmula v, whérein ZisOH, is reacted with one of the enantiomers of an
25 'o'ptically active acid derivative, such as an acid chloride, anhydride or a Iabile esfer, to form
- -diastereometic esters. The formation of the ester is suitably pérfonnedir.x ail_inel_'t organic
‘solvent such as toluene, dichlorbmethane, tetrahydrofuran and acetonitrile. A base, such as
triethj/lamine_, N,N»diméthylanﬂine, ‘pyfidine or .dii.sopropylethjflamiﬂe méy be added tb
neutralise libcfatcd H.In prihciplc, acid derivatives for the formation of diastereomeric esters
30 may be derived from any chiral acid. Suitable chiral acids include tartanc acids, camphanic
acids, N-substituted cinhamoylproline derivatives, campher sulfonic abids {campher-10-
sulfonic acid, campher-S;suifonic acid, 3—bromo-campher;10-su1fonic acid, 3—br0m0- :
o ¢amphcn¥8-sulfohic acid), optically active aﬁﬁnd acfdé and denvahves thé'reof (phenylglycine,
o " 4~h§dr0xypheﬁyléi?cihe, ﬁi—tyr()‘sinc; 3,4—dihydroXyéJaiﬁt{§,ﬂ_3 55ﬂii0d6ﬂ1ﬂosme, N-
35 t;iﬂuoroacetyiprdline), 2—é1yl—alkanoic'aCids_(Z-pheﬁylperionic acid, 2—(6-met1_103_cynaphth—2-. '

_ Iyl)—propionic acid), menthy1-3;y1-oxyacetic acid, cis and frans chrysanthemic acid, a-




‘mherern nis -

25 formula (I1l) wherein Zis OH The group Z in the conpounsgaie 2ao6Mul a
(I'11) wherein Zis OHis then converted to a suitable |eaving group. A
suitabl e | eaving group is any group which upon treatment of the conpound
of fornula glll carrying the group with a base in an inert organic

sol vent ,\WQEBIEY, | ped bel ow, 30 leads to ringclosure of tRCIREEMEEId of
formula (111). Suitable |leaving groups are sulfonate esters or a halides.
The sul fonate esters are forned by reaction with sul fonyl halides, such as

“met hanesul fonyl chloride and p-toluenesul fonyl chloride. The halides are

obtarnedmﬁymweatﬁhnnmuﬂmhﬁmengMmﬁdﬂgmqgﬁmt$4ﬁhmhma@1mhﬁomyL chl oride or
phosphorus trrbﬂg g %3 yne 2006 WO 03/051 DK02/00837 8 Ring

cl osur e Bidphee ;ﬁg TR -2 P BieGY oleran gy ‘é? |s a | eaving group; for
exanpl e chEﬂéﬁlﬁﬂMﬁ@vﬂSﬁﬁcxd}bethﬁﬁ@@ﬁ&md& and m'rbi;apmgppmwmdpmspﬁamml a (1),

may thereafter arrjed out by treatnment with a base such as KOC(CH3) 3
and oth n&WR@&?ihﬁi-cmkH and other hydrides; triethylamne,

. ethylsdi i sopropyl amine or pyridine in an inert organic solvent such as

tetrahydgof Iran, toluen DMSO, . DMF, t-butyl nme
di rret.hox’}rst%ﬁéemﬁrlﬁﬁ%%wﬁ mapke Sca%%‘éh%"hr%@f?@ﬁ%yr iof ﬁH‘

'_Sl” gzgoggfm‘&ﬁf‘ﬁq‘ﬁ leﬁm%étﬁﬁ%&)rlﬁ»?%aaﬁcr SRS aGEL bedof. THYS pat ent No.

10 As menti oned above e hal ogen, eferig y .chloro or
br ono, ~ SHASEESPMSEIR E¥tercd ABd LD Wb@nﬁorwgrﬂtr@d reqly group. Such

gr oups, »%mmngﬁas%% %&@&%ﬁﬂ%&lp&t &/ B4R the @bmpRAF BB ACF2) ; ; SO2-0-
OH, -CH2NH2, - CH2NC2, - CH2Cl, - CH2Br,

-CH? - NHR | 15 CIERQ - CONR2R3 wherein R is hydrogen or alkylcarbonyl

~and R2 mfa%vaﬁgoﬁﬁmﬁ%ﬁde Adi P BrivAiRE RS8R DeerPBl RS Jls‘éfuﬂ‘bbﬁlelfbﬁﬁaﬁ@n al kyl,

aralkyl or_aryl an
of diastereomeric esters: (S)-2-(6-methoxynaphth-2-yl)-propionyl chloride, (S)-2-(4—

mobutylphcnyl)proplonyl chloride, (8)-O-acetylmandeloyl chloride, (S)- .
“benzyloxycarbonylprolyl chloride, (8)-2-phenylbutyryl chloride, ((S)-c-methoxy-
15  phenylacetyl chloride and (S)-N-acetyl-alanine. The diastereomeric esters formed with these -
acid derivatives may be separated by chromatography and after isolation of the correct
, distcrcomer,_ treatment with a base in an inert organic solvent as described below leads

~ directly to formation of 2 compound of formuta (II).

20 "Altematively, if the ester fonned is not a good 'leaving group, the d_iastcrcomcric ester of
' formula (ITT) may be treated with a base, such as NaOH, KOH, NH, Ba(OH), or LiOH in a_
‘mixture of water and an organic solvent such as toluene, THF or diethylether or with NH;,

© Nall, KOC(CH3)3, triethylamine or diisopropylethylamine in an inert orgamc solvent such as
toluene, tetrahydrofuran, dxmeﬂmxycthane, dioxane or acefonitrile, yleldmg the compound of

. 25 formula (III) wherein Zi is OH.

 The group Z in the compound of formula (111} whcljeih Z is OH is then converted to a suitable
ieavin‘g group. A suitable leaving group is any group which upon treatment of the compound
of formula (II) carrying the group with a base in an inert orgamc solvent, as described below,
30 leadsto ringclosure of the compound of formula (TIT). Su1table leaving groups are sulfonate
| esters ot a halides. The sulfonate esters are formed by reaction with sulfonyl halides, such as
methanesulfonyl chloride and p-toluenesulfonyl chloride. The halides are obtained by reaction
. 'with_ha_log_enating agcnts such cs thiony! chloride or phosphofﬁs' tr;ihromide. . '




{

‘chai n ther

) cyanl de SOUI’CG I n presence o

a group of formula 20 wherein Yis O or S; R4 - RS are eachigogepgndent |y

sel ected from hydrogen and Cl.4 alkyl or R and RS together forma C2.5

al kyl ene chain thereby formng a spiro ring; Rb is selected from hydrogen

and C1 6 alkyl, R7 is selected fromhydrogen, C, -6 al kyl, a carboxy group

or .a pre gyoup therefore, or R6 and R together'f | kyl ene
%Hf%ﬁﬂgornlng a spiro ring. 25 Wen Xi s hal ogen, 6%@@ﬂfar '

brono or chloro, conversion of the cofpound of formula (II) to form

_escital opram may be carried out as described in US 4,136,193, WO 00/ 13648,

WO 00/ 11926 and WD 01/02383. 30 According to US 4, 136 193 conversi on of the
5- br or no fgReelpsurepfshecompends ot brpda Q&uh?ramtzds a lqaRig S9R deRfmle f or mul a

(1) to %u&&ﬁ&%t@%@mlo &, §Pfofth 8o @xffogﬁ.ﬂsa%n)ém&eﬁe%&caﬂe%owne 2006
WO 03/ 051861 9 PCTI DKO /00837 WO 00/ 13648 and 0/ 11926 descri be the
conversi&Hﬁ@NHEmHﬂﬁﬁﬂ@Q%ﬂwbﬂsEOFFQﬁﬂﬁwéﬂﬁmﬁﬁ%mﬁﬁsPBH@BQB dgdnsr espondi ng
to the coppey tﬂyﬁﬁx@&ﬂr@aﬁ&ﬁxﬂe tﬁ) dﬁ&ﬁﬁ%&&%@m’i&\’se yanathgn wth a

cataly e cyanlde sour ce used

accor di ndetrabydmarangiobieye W%G},-@Wé h?&thg’eetheaahwtbwq’ﬁﬁh%rwb e any useful

source.  REAHRSL RIS RS she McBtolitte aNAEIQbmEREANCN, where  (R')4 indicates

f our

This process has already been described in US patent No. 4,943,590.

10 As mentioned above, X may be halogen, preferably chloro or bromeo, or any other compound

which may be converted to a cyano group.

-Such groups, X, may be selected from the groups'of formula CF;-(CH,),-50,-0-., wherein nis
| 0-8, -OH, -CHO, -CH,OH, -CH,NH,, -CH2N02, -CH,Cl], -CH;Br, -CHs, -NHR', |
15 -COOR? -CONR?R’® wherein R’ is hydrogen or alkylcarbonyl and R* and R? are selected from
B hydrogen optionally substimted alkyl, aralkyl or aryl and, -

_a group of formula

20  wherein Yis O or S . :
R* — R® are each independently selccted from hydrogen and Cp.¢ alkyl or ]E{4 and R’ togethcr
form a C,; alkylene chain thereby forming a spiro ring; R® is _s_elccted from hydrogen and Cy¢
alkyl, R is selected from ‘hydrogen, Cys alkyl, a carboxy group or a precursor group
thercfore, or R® and R’ fogether form a C, s alkylene chain tﬁereby forming a spiro ring.
When Xis halo gen, in particular bromo or chloro, conversion of the compound of formﬁla '
| (ID) to form escitalopram may be carried out as described in US 4, 136 193, WO 00/ 13648,
WO 00/11926 and WO 01/()2383 '

| 30 According to US 4,136',193 conversion' of the S-bromo group in a compound corresponding to

P the CQi‘_ilp.OuI}d of formula (1) toa _c_yanofgm'up,' is carried out by reaction with CuCN.




groups- which may be the sane or different and are sel ected figguhdysigogen
and straight chain or branched C1_5 alkyl. 10 The cyani de source is used
in a stoichionetric anmount or in excess, preferably 1-2 equivalents are
used pr i val ent starting material . (R‘)4N‘ may conveniently be (Bu)4N+
The cVﬁh&H%lagource is preferably NaCN or KCN or Zn( CNPET/DRI095T | adi um
catal yst may be any suitable Pd(0) or Pd(I1) containing catal yst, such as
15 Pd(PPh3) 4, Pd2(dba)3, Pd(PPh)2C 2, etc. The Pd catalyst is conveniently
~used in an anount of 1-10, preferably 2-6, nost preferably about 4-5 nol %

I'n one epbI1VEL an@fWONB/1i10MEREd BB thelcbBvek SR dfla Blhalchec &dl tHiflte Bblup i t he
presence of a catalyti¢c ampunt of Cu+ or_ Zn2+. 20 Catalytic anounts of Cu+

and Zn2-# coppepsloorgipoydingiothe cpporns fformma (L) PW@“&WCW”&%‘% 1 5,

prefer amrlﬁhdcﬁmﬁ@l‘.e%ce%ﬂ%@éﬂc@@[ta!B’dor@h@&ﬂﬂyét eq. is used per eq. Pd . Any
conveni ent source of and Zn4+ may bé used. Cu+ is preferably used in

. the formof Cul, and Zn2+ is conveniently used as the Zn(CN)2 salt. 25

. 3n-asprapg Q:Srﬁﬁdeeéﬁaﬂzé | J4Ed Socomqattﬁé)&tdlﬁe@ %{za[nidc‘e Qx&%g@&aétﬁﬁ%dy%b syt h ZnCN2
in'the presence of a Palladi um catal yst pre erabl’y Pd(PPh3)4

| g L :at ; grlugf{ﬁﬂr squrrer Pipfosted spwicererp KGN Va6 or EBNENe k‘élpmd&)a‘llh}ﬂsﬁatq&é'w?gl ag\%/
- such as %IT\INF (ﬁg‘)rlm‘é‘%é“ gf 4)—‘9 ?%%r% aﬁé{%gﬁ%%g%e%tg%@bm}he n?%%?l ﬁglagtﬁgclhﬁlgt S zmd

their rbpacked Khnaﬁwb described in WD 96/11906, EP-A-613720 and
" EP-'A-384392.. In a particularly preferred enbodi nent, the nickel (0) conpl ex

iI's prepared |n situ before the cyanation reaction é reduction of a
- ni-cK8l ( Mhy cpamideispwroe isswehinastoigh@inRirtoranijuBy @ ibgreassnpseigrably 1-2 equivalents

are used pr. equivalent starting material. (R?);N" may conveniently be (_Bu)4N+ . The cyanide
- source is preferably NaCN or KCN or Zn(CN),.

The palladium catalyst may be any suitable Pd(0) or Pd() containing catalyst, such as
15 Pd(PPhs),, Pdy(dba)s, Pd(PPh)ZCIZ, ctc. The Pd catalyst is convemently used in an amount of
- 1-10, preferably 2-6, most preferably about 4-5 mol%.

In one embodiment of the invention, the reaction is carried out in the presence of a catalytic .
. amount of Cu* or Zo®*

20
Catalytic amountslof Cu* and Zn*, respectively, mean substoichiometric amounts such as 0.1
~5, preferably 1 - 3 rnel% Conveniently, about ¥4 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)z salt.-
©.25.

Ina -preferred embodiment, cyanation is carried out by reaction with ZnCN, in the presence of
~aPalladium catalyst, preferably Pd(PPhs), (tetrakis(tl'iphenylphesphine)palladiuni).

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

- 'In a partleularly preferred embediment the mckel(O) cemplex is prepared in situ before the-
_ N cyanation reactron by reduetlon of a mckel(]l) precursor such as NrClz or NiBr, by a metal,
35 i such as zinc, magnesmm ‘or manganese m the - presencc of exeess of complex llgands

preferably tnphenylphosphm




such as zinc, nmagnesium or manganese in the presence of excesguef2dpnpl ex

| i gands, preferably triphenyl phosphin. 13 June 2006 WD 03/051861

PCT/ DKO2/ 00837 10 The N -catalyst is conveniently used in an amount of
0.5-10, preferably 2-6, nost preferably about 4-5 nmol% 5 In one
enbodi mewio @fosidse | nvention, the reaction is carried OUt3%ﬁQﬁﬁﬁ%B sence of
a catalytic anount of Cu+ or Zn2+. Catal ytic anounts of

respectively, mean substoichionmetric thounts such as 0.1 - 5, preferably 1
- 3% Any conveni ent source of Cu+ and Zn2+ may be used. Cu+ is preferably
10 used in the formof Cui, and Zn2+ is conveniently used as the Zn(CN) 2
salt or forned in situ by reduction of a nickel (I1) conpound using zi nc.

ol vont . 0B By EAE Bl BRelhelr R R QuERo Rl 2R R Bee T o, Tre

and ethyMMNﬁ%ﬁewﬁﬁhe cyani de exchange reaction may al so be perfornmed in an
fonic liquid of the general formula (R'" )4N, Y, wherein R' are

al kyl -groups or two of the R groups together forma ring and Y' is the
count ér i dhong embndinentBb e fnventions the meaction/is partisthouttin ej oSS lof @ whtlytis

represen@g@ugmftmeogzyﬁﬂn a 20 CH N

Catalytic amounts of Cu" and Zn®, respectively, mean substoichiometric amounts such as 0.1
-5, preferably 1 - 3%. Any convenient source of Cu” and Zn”* may be used. Cu' is preferably

10 wused in the form of Cul, and Zn*" is conveniently used as the Zn(CN), salt or formed in situ
by reduction of a nickel (II) compound using zine.

The cyanation reaction may be performed neat or in any convenient solvent, such solvent

~ includes DMF, NMP, acetonitril, propionitrile, THF and ethylacetate.

15
. The cyanide exehange reaction may also be performed in an ‘ionic liquid of the general |
formula (R**),N", Y, wlierein R” are alkyl-groups or two of the R** groups together form a
' ﬁng and Y is the counterion. In one embodiment of the invention, the ionic liquid is
represented by the formula |
20 .

O

\/\/PFS_ .
®

” In stﬂl another altematzve, the eyamde exchange reactton is condueted W1th apolar solvents
25 such as benzene Xylene or mesmylene and under the mﬂuence of microwaves by using i.e.

Synthewave 1000™ by Prolabo

" The _temperamre ranges arc dependent upon the reaetion 'type. If no catalyst is present,
preferred temperatureeare in the range of '100;200' 5C' Howevef, when the reaction is

36 _7 . conducted under the mﬂuence of niicrowaves, the temperature m the reaction mixiure may
3 ‘Taise. to above 300 °C More preferred temperature ranges are between 120 170 °C. The most

| "_'preferredrange 15 145 155 °C. ' o .




0 PFfi (B) In still another alternative, the cyani de exchapggufLam on is

conducted with apol ar solvents 25 such as benzene, xylene or nesitylene and

under .the influence of m crowaves by using i.e. Synthewave 1000T""' by

Pr ol abo 8 The tenperature ranges are dependent upon the reaction type. If

no_catapé 30488 esent, preferred tenperatures are in t RETVHAGES 100- 200

C. However, when the reaction is conducted under the influence of

m crowaves, the tenperature in the reaction mxture may raise to above 300

~C. Mre preferred tenperature ranges are between 120-170 C. The nost
prererr e& F gaiefustiis present B8 préferred Bmperar 6O WHHEBE@S5Q 86d 100 *OCMaBK02/ 00837

If a catal LS .present. the e t enperature range i s hetween 0 and

100" C. VB g B ree oo Bort RRE g b et e PR o1 e

t enper at @¥-80 f@nges are between 60-90 C. Gt her reaction conditions,

solvents, etc. are conventional conditions for such reactions and may

.~ easily be determned by a person skilled in the art. _ Qther processes for
. the converst flacitn AnaRIGRO Waertd, ofc0 b WoAvdntibnal WARRING fof dush PLaOWHRs tafla t he

- correspondi ng._5-cyano derivative involve reaction of 5-bronocitalopramwth
nmagnesi URY gasily be determined by a person skilled in the art. - '

Other processes for the conversion of a compound of formula (II) wherein X is bromo to the

corresponding 5-cyano derivative involve reaction of 5-bromocitalopram with magnesium to

10 form a Grignard reagent, followed by reaction with a formamide fo form an aldehyde. The

aldchyde is converted tb an oxime or a hydrazone which is converted fo a cyano group by
dehydration and oxidation, feSpectively. 7 | -

- Altemnatively, compound of formula (I) wherein X is bromo is reacted with magnesium to

15 fonn a Grignard reagent, followed by reaction with a compound containing a CN group

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

20  Compounds of formula (f0), wherein. the group X is CFg-(CFz)n'SOj‘O- » Wherein 1 is 0-8,
may be converted to escitalopram by methods analogous fo those descﬁbé:d in WO 00/13648.

Compounds of formula (ﬁ), ‘wherein the group X is -CHO, may be converted to eéqitalopram
by methods analogous to those described in WO 99/00210. B
7 Compounds of foﬁnulajf‘(ﬁ); wherein the group X is Ni—m‘ ,f wheréin R is hydiogen or
alkylcarbonyl, may be converted by to escitalopram methods analogous to 'thQSe described in
WO 98/19512. | | . | |

30  Compounds of formula .([[), wherein the group X is. -CONRR®, wherein R? and R’ are
selected from hydrogen and op,tiohallj: substituted alkyl, araikyl or aryl may bé converted to
escitalopram by methods analogous fo those described in WO 98/00081 and WO 98/19511.
- . Compounds of fox_mul_ar (I, w};er_éin tha group X isa g_roﬁp_of 'fo_;;ﬁula (VI) may |
. bé; _cbqvértad tp_’esqi_ta}@préipﬁy__mc::thodsl‘_e‘mal()lgqus to _thé‘sé descrlbedeO 00(23431.
35




10 forma Gignard reagent, followed by reaction with a fornamdg-besform
an al dehyde. The al dehyde is converted to an oxine or a hydrazone which is
converted to a cyano group by dehydration and oxidation, respectively.

Al ternatively, conpound of fornula (Il) wherein X is bronmo is reacted W th
magnesi umad @/osissif orma Gignard reagent, foll owed by reapghgﬁﬂya)q)qts
conmpound containing a CN group bound to a |eaving group et

description of the above two proceduré% maybe found in WO 01/02383. 20

Conpounds of formula (11), wherein the group Xis CF3-(CF2)"-SO2-O wherein

n is 0-8, Cofd I h n us to those
descri bed ?n vE@%g??§§%§m§g§%%§ﬁ% 56%f??%éﬁhgéi¥ﬁé)8ﬁ®ﬂ§¥%hﬁgihe group X is
-CHO, may"B&Beof¥lerr ey b ﬂ@sgroltpalabpvea maythe dvRtdiedso 2nahlogabishyt Methb@se

descri bedadafh oW 19 890, of formula (1), wherein the group X
I's NII1Z R erelnoR'%%gﬁjérogen or "kyl carbonyl, may be converted by to

-eSC|tanpran1nethods anal ogous to those described in WD 98/19512. 30

. Conpounds u i S..- CONR2 wherein R2 and
'RBWErgﬁseFQ%?ég{ ron1ﬁ§%%%%2ﬁﬁg% %ﬁg W§d§ﬁ85¥%¥ﬂﬂ§ Ee3‘1‘°3R‘Fimﬁm%ﬁdaIkyI or

aryl may E@MEnmd@mmEdpﬂhmﬁmsc&hwwmnmymmﬂ&mumgihods anal ogous to those
described in WD 98/00081 and WO 98/19511. Conpounds of formula (I1),

“wherein the group X is a group of formula (VI) may be converted to
- esci t al opMailotly, net hods anal ogous to those described in WO 00/23431 13
*June 2006 WD 03/051861 PCT/ DK02/ 00837 ,

10 Formation of diastereomeric esters:

General procedure:
A mixture of an enantiomerically pure acid (S-enantiomer) (1 3 eqv.yand thlonyl chloride (10
eqv) and a few drops of dimethylformamide in toluene (50 mL) is heated to reflux for ¥ h.
15 afier cooling to room temperature, evaporation and re-evaporation from toluene, the residue is |
- dissolved in dry THF (10% w/v solution) and added to a solution of 1-(4-bromo-2-
‘ hydroxymethyl—phenyl)—4-dimethyiamino—1-(4’~ﬂuoropheny1)—butan— 1-ol, (1 eqv.) and

triethylamine (1.5 to 2 eqv.) and dimethylaminopyridine (DMAP) (catalytic amount) in THF

. (50 mL). The resulting mixture is sticred at room temperature overnight. Afier filteration and

20 evaporation, silica gel chromatography (EtOAc; n-heptane; triethylamine16: 8: 1) a nuxturc

of two diastereomeric esters may be obtained as a residue.
- Separation of the diastereomers:

25 General.procedure:' o ; , . :
'Aéolurhn with the dimensions 4.6 x 250 mm packed with Daicel® AD (5 pm particle size)‘ is
~ used as the stationary phase. The mobile phase that is used is carbor dioxide and a modifier in
a ratio of 90:10. The modifier may be methanol with dwthylamme (0. 5%) and taﬂuoroacetlc
acid (0:5%). The operation conditions is as follows
30 Temperatute: room temperature
Flow rate: 2 ml/min _
 Detection: UV 210 and 254 nm
. Pfessurc;_ZO MPa-

35 The ridentiﬁcat'ion' of the (S,5) and (S,R) diastereomers is baéed on cempaﬁson with the
retention times of the corresponding esters synthesised from (S)-1-(4-bromo-2-




I

12 Conpounds of forrmula (H), wherein X is OR CH2CH - CH2NHZ jmEHabER2.
-CH2C1, -CH2Br, -CH3 or any of the groups above, may be converted to

esci tal opram by net hods anal ogous to those described in WO 01/168632. 5
Startin I's of fornula (IV) or (V) may be prepared according to the
above ng(ﬁe%& patents and patent applications or by ak&IBY3&0%Et hods.
Met hods 10 Formation of diastereonerild esters: CGeneral procedure: A m xture
of an enantionerically pure acid (S-enantioner) (1.3 egv.rand thionyl

~chloride, (10 avt and a few drops of dinethylformanide in toluene (50 ni)

i s heat elVdrgymsfylRhengl)-4/dpmethylammg i @rilugmphenyd-tesnrlod and teper@-ure,
evapor at ;REaRGs bEicRVAR ﬁﬁ%[l on fromtoluene, the residue is dissolved in
dry THE (10% w v sol ution) and added to a solution of 1-(4-brono-2-

hydr oxynet hyl - phenyl ) - 4- di et hyl at ni no-1-(4' -fluorophenyl)-butan-l-ol., (1

idi DIVAP
(o a1t OBl ROy tighc of Rk B BUIRAT, P2 (' Mo Bt

roomz enperature overnl ght. After filteration and 20 evaporati on, silica

gel chroppiog ﬁ?e (EtOAc; n-heptane; triethylamnel6: 8: 1) a mixture of
two di astereoneric esters may be obtained as a residue. -Separation of the
di ast er eda(b1 eqerfdbadisporsoncn mirgral Ailris kddwd tovk sdlutidnef ﬂicl(mﬁ};émﬁdarﬁfx 250 mm

- ked I
 Phase. ThEeE A o P AT et FeSd R B e I T ot T

rati o of hgﬂanlp(bure?[hteo mdutéal ammnmymlmhlonﬁé butivin andl Extraciiod tvith déutiiybethé0. 5% and
trif id”'or %?&%Heg Th%%l(llglb ed or; ch lﬂé?es%P ta(':tg tw%c?cn\%h‘H leﬂfCI solui %n 'ﬂll | ows:
| aqueous phase is basified with konc. NaGH and extracted twice with diethyl ether. The
‘organic phases are dried MgSQ,), filtered and evaporated to afford crude (.S_)—Br~eitalopram.




30 Tenperature: roomtenperature Flow rate: 2 nil/mn DetectizQpne o210 and
254 nm Pressure: 20 MPa 35 The identification of the (S ,3) and (S, R)

di astereonmers i s based on conparison with the retention tines of the |,
correspondi ng esters synthesised from (5)-1-(4-bronp-2 13 June 2006 WO

03/ 05186WdRGHs¥se2/ 00837 13 _
hydr oxynmet hyl - phenyl ) - 4- di net hyl am no-{#-(4-fl uor ophenyl) Bﬁ?’é’r‘f—“f’f"gﬁ" and t he
enantiomers of acid chlorides.” Ring closure of the (S, S)-enantionmer of the
esters to make escital opram 5 Ceneral procedure: NaH (1.1 eqv., 60%

di sper si ogydimsim neral oil) is added to a solution of the (SA-enantioner of
the ester in DMF (5% w v solution) at roomtenperature. The resulting

m xture is stirred for 1 h, then poured into saturated anmoni um chl ori de
solution and ext | ieth ether 10 three tipges. The conbi ned

or gani c p%éseska#l%&g?tgrr%%’%ﬂgr?%mc%lc&ﬁl?ﬁp? aﬂ@g,ﬁ‘fg‘ﬁ“m"‘ig%n. The aqueous
phase is basified with konc. NaOH and extracted twice with diethyl ether.
The ofganic phases are dried (MySO4), filtered and evaporated to afford
‘crude (S)-Br-citalopram 13 June 2006 WD 03/051861 PCT/ DKO2/ 00837 14

C ai ns: NC . -

o

comprising

_ a) optical resolution of the racemic compound having the formula
10 o

©F

N ™
A whereil_l X is as defined above and Z is OH or a leaving group by fractional crystallisation of a
-diastereomeric salt thereof, or by formation and separation of diastereomeric esters thereof

optionally followed by hydrolysis of the correct diastereomeric ester to form a compound of

15  formula




1. A net hod for the prepar at| on of escital opram having the 13;)ng
conprising a) optical resolution of the racenic conpound having the forrrul a
m (V) wherein X is as defined above and Z is OH or a | eaving group by
fracti o% 3ﬁ%¥€tal lisation of a diastereonmeric salt thereof, or \f
formati OV SHE dparati on of diastereomeric esters ther eof COVKIFR y

fol l'owed by hydrolysis of the correct!di astereoneric ester to forma
conpound of 5 10 15 formula 13 June 2006 WO 03/051861 PCT/ DKO2/ 00837 15

- (ID wherein X is as defined above and Z is OH or a |eaving group, and
when Z is OH conversion of Z to a feaving group, followed by ring closure
of the conpound of forn II) tfo forma conpound of formula wherein X

i s hal ogen or any ot her may be converted to a cyano group; or 10
13 June 2006 WD 03/05186 DKO2/,60837 16

!’"n.. /\/N\

(m
wherein X is as defined above and Z is OH or a leaving group, and when Z is OH
conversion of Z to a leaving group, followed by ring closure of the compound of formula

5 ([[1) to forma compound of formula

(I

~wherein X is h&lo gen or any other group that may be converted to 2 cyaﬁo group; or

15




b) optical resolution of the racenric conpound of fornula N ESEB %‘IS as
defi ned above, by fractional crystallisation of a d|a5|ereoner|c Sa ?
thereof to forma conpound of fornmula (11) wherein X is hal ogen or any
ot her group that may be converted to a cyano group; followed by conversion
~of the g &3 the conpound of formula (11) to a cyano,
thereaftggy?g§?§?ion of escitalopramin the formof the bg%iﬂ%@n@@ga
pharmaceutical |y acceptable 15 salt t k&reof . The met hod according to clalm
1, wherein the racemc conpound of formula (1V) is 13 June 2006 WO A
03/ 051861 {RCT/ by fr nal crystallisation of a
d|astereo#grlcqgg%%ggggﬁg%&ﬁ?é %ﬁ%@ m%%é gﬁgﬂ?loners of an optically
active acid optionally followed by treatnent with a base to form the free
base of the conpound of fornula (). 5 3. The nmethod according to claim1,
wherein the racem c co la (V) is resolved by reaction with
one of the enantioners of active acid derivative followed by
separation of the diastered este's formed by chromat ography or
~fractional crystallisationQf_#&s¢ t her eof kngomed by ringcl osure of
the correct diastereoneric ester to| &g posnd of -formula (11), or
followed by treatnent of the correc dlastereonerlc ester 10 with a base in
F formila (111) wherein Z is CH,
) a | eaving group and then
la (I1). 4. The nethod according to
hd” of fornmula (V) is o

thereafter conversion of the gro
ringclosure to forma caonpound d
claim1, wherein the racem c conpo

a

5 wherein X is as defined above, by fractional crystallisation of a diastercomeric salt thercof to

form a compound of formula (IT)

_ | Uy
10 e s 2 et e

wherein X is halogen or aﬁy other group thzit-may. be converted to a cyano group;

followed by conversion of the group X in the compoun& of formula (I[) to a cyano group and

thereafter isolation of esmtalopram in the form of the base or as a pharmaceutwa]ly acoeplable
15 salt thereof. '

2. 'Themethod according to claim 1, wherein the raceniic compound of formula (IV) is.




15 resolved by fractional crystallisation of a diastereonerig ;§ sodsor med
with one of the enantioners of an optically active acid, optionally
followed by treatnent with a base to form the free base of the conmpound of
formula_(111) and where Z is not a |eaving group, conversion of Zto a

| eavi ng"‘g‘? %? 8Hd then ringclosure to forma conmpound of PEBMIRR/A8611). O 5.
The met hod according to clains 1-4, wherein the group X is bromp. 6. The
met hod of clainms 1, 2 and 4 to 5, wherein the optically active acid used .
for the formation of a diastereoneric salt is an enantioner of tartaric
aci d, | adeiobveddy dactipplamygnllisgtionrnd s dhsteicomentd wiit foramp wish sud éfulei ¢ aci ds,

mandel I C er| vative of
iy of | hamuiimeliaR oA 88, S RISDAIAIAR, SRR el ne ' V© ©
optical }h%%ﬁ‘?ﬂéeaﬁihfdcqmgmdnd‘qfrfomtu@(ﬂb ormation of diastereoneric esters is
an enantionmer of a-nmethoxy-a- trifluoronethyl phenyl acetic acid, mandelic
acids, a tartaric acids, 2-aryl-al kanoic acids, an 30 opC|taIIy active

~ani noSaci¥, a'E”@n'gfrﬂmdiwctadihgi@cduima dhafréinateirycenﬁcoa@yuﬁfoﬂfdﬁﬁﬁﬁ(mmds 8. The

et hod aceail B9 il BE S ELD L be PRI LSl Y, ACL e acld deri vative

used for |on 0
(S) - 2- ( 6-ipavredbby rsap.mhlon 2f (b Jiagerophaivytstensfbniecll §¢ chromatography or fractional

S)-2- hi d | del
hi br d(e%d(%?g%@ég RASAY RO B dneRlonint ks boGo e arene eserlo
? g )nz yl ox ;fo,tar Ebmmﬁopmb?@/ﬂonmhi @l},ihalie‘ollo((ju@l b fr?d;ﬁ&)[fll_obﬂfe%ryéct i@ibﬂt&é&lﬂ@xg es'éter H
] nyl ace chloride or a al an e
 net hod acco?%jal negﬂﬁ)oyscrfcg fL:n fler G fa g fmpo W&Iﬁﬂﬁ’éﬁ’fvﬂ}eﬁ?ﬂ%“@% wherein X
is hal odlmsaftercapsersion of the glonofe 4 Rafiny gregh achdnhRpaadtan fearwerted to
 esci tal oprAp by (F8RGH: Y, °f

4. The method according to claim 1, wherein the racemic compound of formula (V) is
15 resolved by fractional crystallisation of a diastereomeric salt formed with one of the
. enantiomers of an optically active acid, optionally followed by treatment with a base to form
~ the free base of the compound of formula (IIT) and where Z is not a leaving group, coﬁvers_ion

. of Z to a leaving group and then ringclosure to form a compound of formula (II).
20 5. ' The method according to claims 1-4, wherein the group X is bromo.

- 6. The method of claims 1, 2 and 4 to 5, wherein the optically active acid used for the
: fonnatlon of a diastereomeric salt is an enanfiomer of tarfaric acxd lactic acid,
‘ blsnapthylphosphonc acid, camphorsulfonic acids, mandelic acid, malic acid and 2-

- 25 ,'phenoxypropionic acid or a derivative of any of these acids.

7. ~ The method according to claims 3, wherein the optlcally active acid used for the
-formatlcn of diastereomeric esters is an enantiomer of oc-methoxy~oc~
trifluoromethylphenylacetic acid, mandelic acids, a tartaric acids, 2-aryl-alkanoic acids , an

30 - opeitally active amino acid, a camphanic acids or a derivative of any of these acids.

8. The method according to claim 7 wherein the opticélly active acid derivative used for
: - the formation of diastereomeric esters is (8)-2- (6-methoxynaphth 2-yl)-propionyl chlonde,
_ .(S) 2-(4-1sobutylphenyl)prop10nyl chlonde (S)-O-acetylmandeloyl chlonde (S)




a conpound of formula (I1) with CuCN followed by purificatignaadgpgol ation
of escitalopram or a pharmaceutically acceptable salt thereof. 10 10. The
met hod according to claim1l, wherein a conmpound of formula (I11) wherein X
is halogen, in particular brono, or CF3-(CF2)o-SO2-0O, wherein n is 0-8,

S forneQb?@ osikder eafter converted to escital opram by reaction of the
conmpound of formila (11) with cyanide source in presencet OVPEOHUSELGi um
catal yst- optionally followed by purifi&ation and isolation of escital opram

~or a pharmaceutically acceptable salt thereof. 15 11. The net hod according

par 1 oul ar TS0 b G GBSy bbbt chiidh (ou-Peibent t al opr am by

reaction pkndaceyhglteiid 00i(SNamlaldnde) W th cyani de source in presence of

a nickel catalyst optionally followed by purification and isolation of
escitalopramor a pharmaceutically acceptable salt 20 thereof.

5 9 The method according to claim 1, wherein a compound of formula (II) wherein X is
halo gen, in particular bromo is formed and thereafter converted to cscimloﬁr;m by reaction of
a compound of formula (D with CuCN followed by purification and isolation of escitalopram
or a pharmaceutically acceptable salt thereof.

i 10. The method according to claim 1, wherein a compoimd of fonnula' (II) wherein X is
halogen, in particular bromo, or CF5-(CF,),-80,-0- , wherein n is 0-8, is formed and
thereafter converted to escitalopram by reaction of the compound of formula (II) with
cyanide source in presence of a palladium catalyst optionally followed bj purification and
1solation of escitalopram ora pharmaceutically acceptable salt thercof.

15

_11. ° The method according to claim 1, wherein a compound of fofmula (II), wherein X is
halogen, in particular chioro, is formed and thereafier converted to escitalopram by reaction
of a compound of formula (IT) with cyanide source in presence of a nickel catalyst optionaliy _

followed by purification and isolation of escitalopran or a phannaceuticélly'acceptable salt
20 thereof. '




