WO 03/ 051861 PCT/ DKO2/00837 1 Method for the preparation of Escital opram
The present invention relates to a novel nethod for the preparation of

esci t al opwems(stse1 S- enanti omer of citalopram fromthe Spemaxozonsr of a
cital opramderivative and to the 5 prgparation of said S-enantioner of a
cital opram derivative. Background of the invention GCtalopramis a

wel | - known anti depressant drug that has now been on the market for sone 10
years andyhgfodiibethle préparativg ofEsditalopralC 0 N\ Fornmula (1) It is a selective,
centrally acting serotonin (5-hydroxytryptam ne; 5-HT) reuptake inhibitor,
15 accordi ngly having antidepressant activities. Ctalopramwas first

di E f:! 0s edThdprBfenPinR ok Bies 64 §RBRAAEIATYr theprefBratioh 86estBoprdhthe Pat ent
pu 1 catlion |

.a. qutlines a ogess for the.preparation of, cital opramfrom
the corr e@}ﬁaﬁﬁwg’?@!ﬂ@r@ﬁ@&gﬁﬁ? sﬁfl‘i‘“\%mﬁﬂffra@é@?qrglﬂ IFPHVE Srt%%lg cyanide in a
sui t abl e @b of B bREeMIPRMOCEISRA0Ah dadatite preparation of cital opram by
exchange of 5-hal ogen or 5-CF3-(CF2),,-S2-0O, n being 0-8, wth cyano are
di scl osed in WO 00/11926 and WD 00/ 13648. US Patent No 4,943,590
cor r esponghAGrbhder thlindhliof66 describes two processes for the preparation

of escital opram 25 Both processes use the racem c diol having the formula
Citalopram is a well-known antidepressant drug that has now been on the market for some

10 years and has the following Formula:

NC

/\

Formula (I)

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

15  accordingly having antidepressant activities.

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

20  the preparation of citalopram by exchange of 5-halogen or 5-CF3-(CF,),;-S0»-0-, n being 0-8,
with cyano are disclosed in WO 00/11926 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 processes use the racemic diol having the formula



WO 03/051861 PCT/DKO2/00837 2 OH NCOH M F (A as starting material.
According to the first process, the diol of fornula (A is reacted wth one
of the emaptiBomsss of an optically active acid derivativePCTDK024883(+) or
(-)-a-nmethoxy-a 5 trifluoronethyl-phenyl acetyl chloride to forma mxture
of diastereoneric esters, which are separated by HPLC or by fractional
crystallization, whereupon the ester with the right stereochemstry is
enanti osel ectively converted into escital opram According to the second
process, the diol of fornula (A) is segdrated into the enantioners by
stereosel ective crystalljgatio alt with one of the enantionmers of
an optically active acid, suth -di 10 p-toluoyltartaric acid,

wher eupon t he S-enantiomer of aH the formula (A) is
enanti osel ectively converted al/opram Escital opramis now nar ket ed
as an antidepressant. Hence, ~desire _for>~an i nproved nethod for
sent invention Accordingly the

ess for the preparation of

present invention relates to a novel
esci tal opram having the fornula 20

(A)

as starting material. According to the first process, the diol of formula (A) is reacted with one
of the enantiomers of an optically active acid derivative, such as (+) or (-)-o-methoxy-o.-
5 trifluoromethyl-phenylacetyl chloride to form a mixture of diastereomeric esters, which are
separated by HPLC or by fractional crystallization, whereupon the ester with the right
stereochemistry is enantioselectively converted into escitalopram. According to the second
process, the diol of formula (A) is separated into the enantiomers by stereoselective
crystallisation of a salt with one of the enantiomers of an optically active acid, such as (+)-di-
10  p-toluoyltartaric acid, whereupon the S-enantiomer of the diol of the formula (A) is

enantioselectively converted to escitalopram.

Escitalopram is now marketed as an antidepressant. Hence, there is a desire for an improved
method for preparation of escitalopram.
15

The present invention

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

20



WO 03/ 051861 PCT/ DKO2/00837 3 NC O conprising 5 a) optical resolution of
the racem c conpound having the formula z x OHN F (V) wherein Xis as
defined aWwowa/osasdl Z is OH or a | eaving group, by fracti on&CTaOKed3li sati on
of a diastereoneric salt thereof, or Ry formation and separation of
di astereoneric esters thereof 10 optionally followed by hydrolysis of the
correct diastereoneric ester, to forma conpound of fornmula WO 03/051861
PCT/ DK0O2/ 00837 4 z X OH/ ,1111..... EVN F (i)

NC

e
Mo, N N\
@
comprising
5 a) optical resolution of the racemic compound having the formula
z
X
OH
N
™~
F
V)

wherein 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 diastercomeric esters thereof
10  optionally followed by hydrolysis of the correct diastereomeric ester, to form a compound of

formula



wherein X is as defined above and Z is OH or a |l eaving group, and when Z is
OH conversion of Z to a leaving group followed by ring closure of the
conpound wbh oBosrsei a (I11) 5 to forma conpound of fornul 2CTITK02x%08310
wherein X is hal ogen or any other groyp that may be converted to a cyano
group, or by 15 WD 03/051861 PCT/ DK02/00837 5 b) optical resolution of
the racem c conpound of formula x M (I1V) 5 wherein Xis as defined
above, by fractional crystallisation of a diastereoneric salt thereof, to
forma compound of formula (11) x 0/ F 10 wherein X is hal ogen or any other
fano group; and thereafter conversion of
ornulﬁ (I'l) to a cyano group 15 and

I forg of the ba(f:or a pharmaceutically

51 _PGT/ DKOR{00837

i sol ati on of escital opram
acceptabl e salt thereof.

(IIm)
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 (III)

5  to form a compound of formula (II)

(In)

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

15



6 Detailed description of the invention The racem ¢ conpound of fornmula
(I'V) and the racem c conpound of formula (V) may be resolved by fractional
crystal | iweto3osmsef di astereoneric salts thereof. Suitabl ePoptmKnalodss7acti ve
5 acids for the formation of diastere ric salts include: tartaric acids,
such as di benzoyltartaric acid, di-(p-toluoyl)tartaric acid and
o-nitrobenzoyl tartaric acid, lactic acid, bisnapthylphosphoric acid,
canphorsul foni ¢ aci ds, such as 8-canphorsul phonic acid and 10-
canphor sul phoni c_acid, mandelic acid, malic_acid and 2-phenoxypropionic
aci d and bder i orticPhresplution pEibe racqpic poapupd et foBRY? crystal i sation and
isolation of a diastereoneric salt is suitably carried out by treatnent of
the free base of a conpound of formula (1V) or (V) with one of the
enantiomers of an optigally active acid in an appropriate solvent which
may either be a polar solwe S as water, alcohols containing 1-8
carbon atons, acetonitrile gcet ore or apol ar solvents 15 such as,
and al kanes cohtaining 1-8 carbon at ons.

ray~be-forged, which differ in their
stability and solubility properties. The disastereoneric salts may be
separated by fractional crystalligai~qn. The conpound of forrmula (l11) and
(I'11) may be liberated fromthei ctive diastereoneric 20 salts by
treatment with a base. The conpo formula V, wherein Zis OH nmay
al so be resolved by formation and éparation of diastereoneric ester
thereof. According to this enbodi mepnt of the invention, the conpound of
formula V, wherein Zis OH is reacgked with one of the enantioners of an 25
optically active acid derivative, such as an acid chl oldWe, anhydride or a
| abil e ester, to form diastereonetic esters. The formation of the ester is
suitab?y performed in an inert organic ‘

wherein X is as defined above, by fractional crystallisation of a diastereomeric salt thereof, to

nds

form a compound of formula (II)

10 ey
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 (II) to a cyano group

15  and isolation of escitalopram in the form of the base or a pharmaceutically acceptable salt

thereof.



sol vent such as toluene, dichloronethane, tetrahydrofuran and acetonitrile.
A base, such as triethylamne, N N-dinethylaniline, pyridine or

di i sopr opybegieyisermi ne may be added to neutralise |iberat ®dTHK02/00837
principle, acid derivatives for the formation of diastereomeric esters 30
may be derived fromany chiral acid. Suitable chiral acids include tartaric
aci ds, canphanic acids, N-substituted cinnanoyl proline derivatives,

canpher sphd0d fesa§ptibh of G T@kioh O- sul fonic acid, canpher-8-sul fonic acid,
3- br ono- canpher - 10-sul foni ¢ acid, 3-bromo- canpher-8-sul fonic acid),
optically active am no acids and derivatives thereof (phenylglycine,

;1- g ygir pxgpﬁ@ygng& y@ﬁg@ﬁn% Jé&*f%ﬂrﬁ?fdmﬁand%éaélizhﬁd’dﬁ@&w dforifla (V) may be
, 5-di i odot hyr asi ne, rifluoroacet roline),.2-. | - al kanqi ¢ aci ds
( 2- pheny! [FIPIddNA f@C‘&@ﬂHﬁfVﬁfzﬂ]e?@il%?fMS‘fﬁaéﬁg Sa%s ths‘?‘l)ej’f- s‘ﬂl%fé&mq%?hé&‘%ﬁf ,
gg?gg{ﬁséi’ﬁ%cﬁcsjr f/@?&lé%g?%%tg)gsﬁ H%ste&%rﬁerﬁ:@ﬁiltstiﬁcﬁlﬁ_ t&f | @R ﬂlﬁ,ﬁ&éﬁ' 4 ditehgdyltatad®

/ >CT/ . 7..methoxy-a-trifluoromet hyl phenyl acetic acid,
2-i sopr op9‘1“_1»i‘“%‘ﬁl"_@ﬂé@ﬁ%ﬂld&%?‘PETOH‘?HZ@,’l ta‘ﬁ%’r‘fd‘@ﬁ?@%@?‘gs, Y
(';T] Fg nz g% ! bk th@rrpﬁwipﬂ&%y&ic@ Ehaﬁiﬁﬂ@ﬁl@dnbﬁ)é_iﬁls,i sGctod ggbamghdrélﬁphomc acid and 10-

phenyl )isovaleric acid, permethrinic acids and. . .

131'-b|naﬁ¥%§P$2Wbmu%WVLBﬁﬁ?ﬁﬁé?@Iﬁhﬁamﬁé?%gﬁ??@@?“85m§ﬂﬁﬂa§%ids. 5 The
di ast er eOfB{vaGved Metdos forned may be separated by chronatography, including
in particular |iquid chromatography or by fractional crystallisation of a
salt thereof. The diastereoneric ester of formula (111) with the correct

Cont| A" S gl e sk el appinitensndam o
opti cal | ytrertpief geifige hse P@%fqmr;pégn%%\fwiﬁéw % Mw'\s%w Ogg’éfefei‘}nﬁg%{"fgllvhgg
Lﬁ{ g?lt i:lcem ot(' %i; qp‘%i_:e??fa@ﬁ%@ﬁr inGn 8dr6prite solkntAvtidhmayteinesbe apblahsolreit Juchr opi onyl
as water, alcohols containing 1-8 carbon atoms, acetonitrile and acetone or apolar solvents
15  such as, 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 disastereomeric salts may be separated by fractional crystallisation.

The compound of formula (IT) and (IIT) 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 resolved by formation and
separation of diastereomeric ester thereof. According to this embodiment of the invention,
the compound of formula V, wherein Z is OH, is reacted with one of the enantiomers of an

25  optically active acid derivative, such as an acid chloride, anhydride or a labile ester, to form
diastereometic esters. The formation of the ester is suitably performed in an inert organic
solvent such as toluene, dichloromethane, tetrahydrofuran and acetonitrile. A base, such as
triethylamine, N,N-dimethylaniline, pyridine or diisopropylethylamine may be added to
neutralise liberated H'. In principle, acid derivatives for the formation of diastereomeric esters

30  may be derived from any chiral acid. Suitable chiral acids include tartaric acids, camphanic
acids, N-substituted cinnamoylproline derivatives, campher sulfonic acids (campher-10-
sulfonic acid, campher-8-sulfonic acid, 3-bromo-campher-10-sulfonic acid, 3-bromo-
campher-8-sulfonic acid), optically active amino acids and derivatives thereof (phenylglycine,
4-hydroxyphenylglycine, m-tyrosine, 3,4-dihydroxyalanine, 3,5-diiodothyrosine, N-

35 trifluoroacetylproline), 2-aryl-alkanoic acids (2-phenylpropionic acid, 2-(6-methoxynaphth-2-

yl)-propionic acid), menthyl-3-yl-oxyacetic acid, cis and trans chrysanthemic acid, o-



i sobutyl phenyl ) propi onyl chloride, (S)-0O acetyl mandel oyl chloride, (S)-
benzyl oxycar bonyl prolyl chloride, (S)-2-phenylbutyryl chloride,

((S) - a- mewbwgps861 phenyl acetyl chloride and (S)-Nacetyl - 2Camive/00sBhe

di astereoneric esters formed with these acid derivatives may be separated
by chromat ography and after isolation of the correct distereoner,
treatnent with a base in an inert organic solvent as described bel ow | eads
directly &&h&ﬂf-&%ﬂ&%ﬂthmﬁﬁym@ml@t-ﬁogfowmcmbﬂobhenapac@cwa@fdnatl vely, if
the ester formed Is not a good |eaving group, the diastereoneric ester of
f or rLruIOa_t| (mpdplioragydsh¥- bten@ab@éﬂmwcwlwwecaﬁwévﬂl%l%ﬁa, KOH, NH3, Ba(OH)2
or Ll | i@opiEhiilistvaled adi@ %neﬁ%w%.@ld@ﬁlgialni'-%ma S LN uene, THE
or diet hyfhet her 351? Vglﬂ tp KOC( CH3) 3, tfr):)clh%llt hylgy#?lﬁséﬂgt?taﬁ&

di i sopr opﬁﬂré'taﬂwblsafﬁunbaqldﬁ an i nert organi c solvent, such as toluene,
tetrahydrofuran, dinethoxyethane, dioxane or acet onitril e, yielding the
conpound of 25 formula (111) wherein Zis OR The group Z in the conpound
of f or mul &hq dipstgreantraic ejters forngd Wy besseptraind boolyepatedanty. Bcleding @bl e | eavi ng

group. A Eéﬂg&.ﬁ%lh ulh%ﬁ*l & )gﬁ%f?}“(ﬂ' Uy%ra@t%ﬁaﬂ:‘iﬁ%w%ﬂnma'éﬂpﬂﬂerﬁéfe gheent of the

conmpound arryi ng the group with a base in_an_inert
organi ¢ séllaslenomerazs@sfde%ﬁ:f@ﬂlméﬁj( he g@TepicaRESIEion ey OF Bediedditrtlt he
conmpound %tkf.% se(lhledl}nertgi‘gaﬁl@%@erlltﬁ)afgfn@@leg&ﬁb&ﬁd 8f Brodd {]Ig.nate esters or
a halides onate esters are formed by reaction wth sulfonyl

hal i dé, such as nethanesulfonyl chloride and p-tol uenesul fonyl chloride.

The halld
Chi oyl o R B e A b e ey &

Ring cl ]95 If @a&bﬁfreanfelc@Siﬁl}sdﬁ)’ra:fG-@ﬁthf)@fﬂﬁi!hﬂazﬂ)mf9pl‘%w13?}%‘?rﬁe:Z(Sl)z?r & | eavi ng
Pormil a (PR DR e R Lo s Tt W th & base such
as KOC( CHBymmgbadiohdprobil Kidsiidbe £5)-Npttenglheyot ¢héeriday()rceresthoxy-
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
distereomer, treatment with a base in an inert organic solvent as described below leads

directly to formation of a compound of formula (II).

20 Alternatively, if the ester formed is not a good leaving group, the diastereomeric ester of
formula (II) 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 NHs,
NaH, KOC(CHa),, triethylamine or diisopropylethylamine in an inert organic solvent, such as
toluene, tetrahydrofuran, dimethoxyethane, dioxane or acetonitrile, yielding the compound of

25  formula (III) wherein Zis OH.

The group Z in the compound of formula (IIT) wherein Z is OH is then converted to a suitable
leaving group. A suitable leaving group is any group which upon treatment of the compound
of formula (IIT) carrying the group with a base in an inert organic solvent, as described below,
30  leads to ringclosure of the compound of formula (III). Suitable leaving groups are sulfonate
esters or a halides. The sulfonate esters are formed by reaction with sulfonyl halides, such as
methanesulfony] chloride and p-toluenesulfonyl chloride. The halides are obtained by reaction

with halogenating agents such as thionyl chloride or phosphorus tribromide.



triethylamne, ethyldiisopropylamne or pyridine in an inert organic

sol vent, such as 5 tetrahydrofuran, toluene, DVSO, DM-, t-butyl nethyl

et her, diwetohoxyet hane, di net hoxynet hane, di oxane, acet oRCTmKoe/0es3d

di chl oronet hane. This process has already been described in US patent No.
4,943,590. 10 As nentioned above, X may be hal ogen, preferably chloro or

br ono, o;( any O'Eﬂger Eorrpound whi ch may be converted to a cyano group. Such
groups, Agidfayo 0?@1 86hFRnid SThhE @NIMREIPS isf0 [eSR2- G,
wherein n |ﬂs‘z’ch S- 6&1 i O—ﬁm) Cngll\lraZ -E ﬁ%%%&g%%%1§m28r
-CH3, - NHRulfonats esr@@d:éogm@gfmmcwew& of famu] aéﬂhwgﬁé%ﬁﬁfrbeéﬁ%w edr bony|
and R2 ang R3,:ALR wigl@atadcH 4oy, Qfgiedahergmam@é%amﬂmwﬁdea al kyl ,
aral kyl or” aryl and, a group of formila R R6 R5 R4 Y (Vi) 20 wherein Y
is 0 or Striefhylamims ciyyldiisoneony e g6 Rrriskite| Ty s Bpid eieawc FABR Fyddgen and CL. 6
al kyl or Re-.angfRan, ttaqéﬁehﬁMsd BMP AL Rt Kike Bghetidgiemahbier eby forming a
Spiro rlng I's selected fromhydrogen and C1 6 alkyl, R7 is selected
from hydr gaeqﬂwxmetbanamyxane,&cwm@wg Bleprasthage pr ecur sor group therefore,
or R6 and R7 together forma C2.5 al kylene chain thereby formng a Spiro
ring. 25 Wen X is halogen, in particular brono or chloro, conversion of

t he conpodhis picessdpmalrea y epn glesgraber gt WS aatenttNer Hp43at%0nay be carried out as
described in US 4, 136, 193, WO 00/ 13648,

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

which may be converted to a cyano group.

Such groups, X, may be selected from the groups of formula CF3~(CF,),-80,-O- , wherein n is
0-8, -OH, -CHO, -CH,0H, -CH,NH,, -CH,NO,, -CH,Cl, -CH,Br, -CHs, -NHR,

15 -COOR? -CONR’R® wherein R! is hydrogen or alkylcarbonyl and R* and R* are selected from
hydrogen, optionally substituted alkyl, aralkyl or aryl and,

a group of formula

R7
RS
5 N
R j\
R (v

20 whereinYisOorS;
R* — R® are each independently selected from hydrogen and Cy. alkyl or R* and R’ together
form a C,5 alkylene chain thereby forming a spiro ring; RS is selected from hydrogen and C,
alkyl, R” is selected from hydrogen, C, alkyl, a carboxy group or a precursor group
therefore, or R® and R together form a C,.5 alkylene chain thereby forming a spiro ring.

25
When X is halogen, in particular bromo or chloro, conversion of the compound of formula
(1) to form escitalopram may be carried out as described in US 4,136,193, WO 00/13648,
WO 00/11926 and WO 01/02383.

30 According to US 4,136,193 conversion of the 5-bromo group in a compound corresponding to

the compound of formula (IT) to a cyano group, is carried out by reaction with CuCN.



WO 00/11926 and WO 01/02383. 30 According to US 4,136,193 conversion of the
S5-bronmp group in a conpound corresponding to the conmpound of formula (1)
to a cyarwogsosyssl i s carried out by reaction with CuCN. WeCOAKIZA8B1
PCT/ DK02/ 00837 9 WD 00/13648 and WO Qp/11926 descri be the conversion of a
5-hal ogen or a triflate group in a conpound corresponding to the conpound
of formula (I1) to a cyano group by cyanation wth a cyanide source in
presence Qo o/ %4@ LandNW (PEF/ PI9YE Hescrve HRECoRYARSAE SMHdEn HSLEinRE sRugig to the
cat al ysed cyani de exchange reaction ngg be an useful source. Preferred
sour ges ﬁn eori@Nnd har@ipading o the sianpoundhed farnguiz (14 tq teyeeagresd PowrnetigRoups whi ch
may be the.sane. of. ditfgrent. 2, g s sehesied from hydrogen and strai ght
chain or Braﬁgﬁégsg%%G éfﬂ&?. 1% The cyaﬁ%de source is used in a °
st0|ch|pneir|c anount or in excess, preferably 1-2 equivalents are used
pr.eqyi vah 0., &t bk ke labk B | AN . The
cyani de sou?%%ﬁ%s preggrabfé&' %$#€%hé dor E%Q%%§%%@$%gﬁggﬁ?g§?%m
cat aldz/st ) weeful reurae Prefairedassiuecepareds Chby NeelY oF YR oDk ierg(Re tiadispées fodiuch as
15 Pd( PP R 13 ni ent |

: ogl%\gﬁitgﬂ g‘P?i’%Ehf S%é; ?@%{f‘éﬁ lalglc%zrg seldcfR th BRkGYeY 8d didighPOMe y

used in a _ -6, nost preferably about 4-5 nol %
| n one enopdiemird Cofalkhe i nvention, the reaction is carried out in the
presence of a catalytic amount of Cu+ or Zn2+. 20 Catalytic anounts of Cu
and Zn2+, respectively, nmean substoichionetric anounts such as 0.1 - 5,

pr ef erlabl {fhd cyani@e norirebis Grsd venteiphipypetria proesnt oyip cxqgss, prsfopbbyl-peduivdentpd . Any

conveni ent, %%}"f?rc gcﬂlg\ta%e% ﬁ_tgtjlﬁgg Gkl TRY), Remby Evediitlybe (BhRTeraRlyadiged in

the formo
source is preferably NaCN or KCN or Zn(CN),.

The palladium catalyst may be any suitable Pd(0) or Pd(Il) containing catalyst, such as
15 Pd(PPhs)s, Pdy(dba)s, 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 of the invention, the reaction is carried out in the presence of a catalytic

amount of Cu* or Zn**.

20
Catalytic amounts of Cu* and Zn**, respectively, mean substoichiometric amounts such as 0.1
- 5, preferably 1 - 3 mol%. Conveniently, about %2 eq. is used per eq. Pd . Any convenient
source of Cu* and Zn** may be used. Cu" is preferably used in the form of Cul, and Zn*" is
conveniently used as the Zn(CN); salt.

25

In a preferred embodiment, cyanation is carried out by reaction with ZnCN, in the presence of

a Palladium catalyst, preferably Pd(PPhs), (tetrakis(triphenylphosphine)palladium).

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

In a particularly preferred embodiment, the nickel(0) complex is prepared in situ before the
cyanation reaction by reduction of a nickel(Il) precursor such as NiCl, or NiBr, by a metal,
35 such as zinc, magnesium or manganese in the presence of excess of complex ligands,

preferably triphenylphosphin.



conveniently used as the Zn(CN)2 salt. 25 In a preferred enbodi nent,

cyanation is carried out by reaction with ZnCN2 in the presence of a

Pal | adi umwoaBasyst , preferably Pd(PPh3)4 PCT/DK02/00837

(tetrakis(triphenyl phosphine)pal | adi um},. The nickel catalyst nmay be any

suitable Ni (0) or Ni(ll) containing conplex which acts as a 30 catal yst,

such as N (PPh3)3, (6-aryl)-N (PPh3)2C, etc. The nickel catalysts and

their preparation are described in WO 96/11906, EP-A-613720 and

EP- A-384392. In a particularly preferred enbodi nent, the nickel (0) conpl ex

IS prepar gde Ni-cgthlld idDen@étentlh @seddy ain afbwin of €840) mrafelaylyried wodst prefecdblya

ni ckel (11) $r§§ur§pr such as NiCl2 or NiBr2 by a nmetal, 35 such as zinc,

magnesi um?3Beut Cals) flese in the presence of excess of conplex |igands,

preferably triphenyl phosphin. WO 03/051861 PCT/ DKO2/ 00837 10 The

N -catal ygf o%ﬁsen%%ﬁ%%ﬂlc %éﬁvgrﬁgﬂ, D ARRTOMHieOdut th B bscrRE 6f £EARYYC 2- 6,
ably "about _4-5 nol % 5 |

nost prefer [ ¥ n one enbodi nent of the invention, the
reaction iasouairof CEJoTda i n t he presence of a catalytic amount of Cu+ or
Zn2+. Catalytic amounts of Cu+ and Zn2+, respectively, nean

subst oi chi onetri c anoupts sych,as 0.1 - 5, ferably 1 - 3% _Any

conveni entCatbic @mopts ‘éﬁﬁggﬂi’-ﬁeﬁ?ﬁ?wﬁ]@’ ‘Bﬁaé‘cf%%]&rn?née%? zg?%uingﬁpg}n 0! used in
the form ofs, fgferabBn0- P 240y @nedivesnuea bl Gu'usé dnf sndyfve ud( ON)i2 pefdrablor
formed in situ . by reduciion, of.a nick | ] d L Zdang sied NE
cyanaton ¥ lgtt%]eo%nﬁﬁg B%a (g% of e Verrlueeg{lyéﬁed%ﬁ&gﬁﬁcgjﬁ%ﬁ{)ent gg{%\xlléunt, such
sol vent ibyetdidien diwmickhIVE) cagetohisingizine. propionitrile, THE and

et hyl acetate. 15

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 exchange reaction may also be performed in an ionic liquid of the general
formula (R”)4N+; 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, the ionic liquid is
represented by the formula
20
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In still another alternative, the cyanide exchange reaction is conducted with apolar solvents

25  such as benzene, xylene or mesitylene and under the influence of microwaves 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. However, when the reaction is
30  conducted under the influence of microwaves, the temperature in the reaction mixture may

raise to above 300 °C. More preferred temperature ranges are between 120-170 °C. The most

preferred range is 145-155 °C.



The cyani de exchange reaction nmay al so be perforned in an ionic liquid of
the general formula (R')4N+, Y', wherein R' are al kyl -groups or tw of the
R' groupswoagestser forma ring and Y' is the counterion. PCh/DiKve/oassbodi ment
of the invention, the ionic liquid is (jyrepresented by the fornula 20 CH3 N
PFs (B) In still another alternative, the cyani de exchange reaction is
conducted with apol ar solvents 25 such as benzene, xylene or nesityl ene

and under 1t BaiaREd 1466RNID thehrEfeAV@ WRPelatird SdnBg id b@weenSy Rhdav@ve. MBOTH by
Prol abo The tenperature ranges are dependent upon the reaction type. If no
catal yst ipeefpredgeniemperpugstranges et ‘l%??péf M%?@%fe%?detemﬂef%% TRt e BFWERD- 200 C.
However, whegothe reaction is 30 conducted under the influence of

m crowaves, the tenperature in the reaction mxture nmay rai se to above 300
C. More preferred tenperature ranges are between 120-170 C. The nopst

pr ef er ls ed fofiah qgac%)i?ré %én?i}i%b%? sglveﬁlt\p chS %@%ﬁ@&mgg ! an’@&:gsﬁch ile:clxctlofns an? at al yst

S present erature range Is between 0 and 100 C. More
preferrednaweaﬁbﬁpeb@nmnaﬂwangasnemﬂﬂbnQ@aG; Most preferred tenperature

ranges are between 60-90 C. 5 Oher reaction conditions, solvents, etc.
are conventional conditions for such reactions and may ea5|ly be

det er nmi nethsr procpeses fon thelcohteestbni of atchmpeuntd of formula (I) 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 to form an aldehyde. The
aldehyde is converted to an oxime or a hydrazone which is converted to a cyano group by

dehydration and oxidation, respectively.

Alternatively, compound of formula (II) wherein X is bromo is reacted with magnesium to
15 form 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 (I), wherein the group X is CF3-(CF,),-SO,-O- , wherein n is 0-8,
may be converted to escitalopram by methods analogous to those described in WO 00/13648.

Compounds of formula (IT), wherein the group X is -CHO, may be converted to escitalopram
by methods analogous to those described in WO 99/00210.

25
Compounds .of formula (II), wherein the group X is NHR!, wherein R' is hydrogen or
alkylcarbonyl, may be converted by to escitalopram methods analogous to those described in
WO 98/19512.

30  Compounds of formula (IT), wherein the group X is -CONR’R®, wherein R* and R’ are
selected from hydrogen and optionally substituted alkyl, aralkyl or aryl may be converted to
escitalopram by methods analogous to those described in WO 98/00081 and WO 98/19511.
Compounds of formula (IT), wherein the group X is a group of formula (VI) may
be converted to escitalopram by methods analogous to those described in WO 00/23431.

35



Ot her processes for the conversion of a conpound of fornmula (l11) wherein X
is brono to the corresponding 5-cyano derivative involve reaction of

5- bronociwelospsmm with nagnesiumto 10 forma Giignard r @agaKo2/008371 owed
by reaction with a formam de to form ag, al dehyde. The al dehyde is converted
to an oxinme or a hydrazone which is converted to a cyano group by
dehydrati on and oxi dation, respectively. Alternatively, conpound of fornula
(1) wher ]j(ild’ﬂnp%uh@ olgfdiﬁiﬁlai(ﬂ)_, maeﬁledis\mt,hcnmgsﬂmmg «H, M0, f-omria Gri gnard
reagent, wed by reactjon with a co und confaining a rou bound
o o v hE Gy o: ot it dep b daPep P PDRE S Ere BBv s by Jedudr es oy
be found idmaldEnf3lsé 3R scriBOd mompoundse3af formula (11), wherein the group X
is CF3-(CF2)"S2-0O0 , wherein nis 0-8, mybe converted to escital opram by
nmet hods anal ogous to those described in WO 00/13648. Conpounds of fornula
(1), wherShfing BRteg410 UPforbmils (IVEHIQV) FRY bOprepREVREreklg tothe Sdive dkmphadn by

nmet hods analogoua to th se.describedi|1\MR 9/ 002 10. 25 Conpounds of
formul a (113fentsgRd paiFn 2Pcafns gpbvenpoeqsmetofhor ein RL i s hydrogen or

al kyl carbonyl, may be converted by to escital opram nmet hods anal ogous to

t hose described in WD 98/19512. 30 Conpounds of fornmula (l11), wherein the
group X i MetbeflioR3, wherein R2 and R3 are sel ect ed from hydrogen and
optionally substituted al kyl, aral kyl or aryl may be converted to

esci tal opram by, net hods anal.ogous to those described in WD 98/ 00081 and WO
98/ 19514 . FT%H%BHHB@aﬁP“?EWHﬁg%“fﬂI), wherein the group X is a group of
formula (VI) may be converted to escital opram by nmethods anal ogous to those

described Ln 00/ 23431. 35 WD 03/051861 PCT/ DK02/ 00837
General procedure:
A mixture of an enantiomerically pure acid (S-enantiomer) (1.3 eqv.) and thionyl chloride (10
eqv) and a few drops of dimethylformamide in toluene (50 mL) is heated to reflux for ¥ h.

15 after 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-dimethylamino-1-(4’-fluorophenyl)-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 stirred at room temperature overnight. After filteration and

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

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

25  General procedure:
A column 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 carbon dioxide and a modifier in
a ratio of 90:10. The modifier may be methanol with diethylamine (0.5%) and trifluoroacetic
acid (0.5%). The operation conditions is as follows:

30 Temperature: room temperature
Flow rate: 2 ml/min
Detection: UV 210 and 254 nm
Pressure: 20 MPa

35  The identification of the (S,S) and (S,R) diastereomers is based on comparison with the

retention times of the corresponding esters synthesised from (5)-1-(4-bromo-2-



12 Conpounds of formula (11), wherein X is OH -CH20H, -CH2NH2, - CH2NC2,
-CH2C1, -CH2Br, -CH3 or any of the groups above, may be converted to
esci t al opwarmBbyisnet hods anal ogous to those described i n WOTOK266832. 5
Starting materials of formula (1V) or {;V) may be prepared according to the
above nentioned patents and patent applications or by anal ogous nethods.
Met hods 10 Fornmation of diastereoneric esters: General procedure: A
m xture ofhyafbxﬁmﬁﬁgﬂa&%ﬂjmihﬂemy&%@-agi-ﬂhc{r@hem utes)and the3 gy ) and
t hi onyl chloride (10 . eqy) and a few drops of dinethylformanm de in toluene
(50 nl) i scopsomess afgcidehlpiidesfor 92 h. 15 after cooling to room tenperature,
evaporation and re-evaporation fromtoluene, the residue is dissolved in
dry THE (10% wW v solutiqgg and added to a solution of 1-(4-brono-2-
hydr oxy met Ripe closwieof the/S,§)-ppantiomerpliBe estera to makesseiAla™ - put an-1-0ol ., (1
eqv.) and triethylamne (1.5 to 2 eqv.) and di net hyl am nopyri di ne ( DVAP)
(catalytic amount) in THE (50 nL). The resulting mxture is stirred at
room t enpefEeI# BogRfEIehi ght . After filteration and 20 evaporation, silica
gel chr omatag( Py, 663 persidn BERinaALsiI) i da8sd vy b alield the’S, Sl inadtidhhetbbr € of
two diastereoneric esters may be obtained as a residue. Se a%@%%ﬁgrﬁf t he
1 6 X

di ast er eontp ester iDBMELE (I sefptinng gl rpem teAPEF UG howes g aixgr

250 nm pack eeknWolrd [ Gekrdt€d anfihdriin BAIGRTetsbitiéh Sid@gtacted withsaghydsthéhe
stationary phase. The npbi]e phase that is used is ﬁg{ﬁéﬂ%$IDXI e and a
modi fi &t | Hree dmegTihg coypbingst orgrmicphaseh g iextrastied fige with utigp- e

di et hyl am pged phi% isadaﬁﬁ_éd ith Kee OMUH hifd exB8dtall thvide %dieﬂjl@etﬁﬁ?ﬂiﬂ ion

conditions is as foll ows: .
organic phases are dried (MgSOy), filtered and evaporated to afford crude (S)-Br-citalopram.



30 Tenperature: roomtenperature Flowrate: 2 m/mn Detection: UV 210 and
254 nm Pressure: 20 MPa 35 The identification of the (S,S) and (S, R

di ast er eowereg/ossebased on conparison with the retention PCrEKof00g3Me
correspondi ng esters synthesised from (§)-1-(4-bronp-2 WO 03/051861

PCT/ DKO2/ 00837 13

hydr oxynmet hyl - phenyl ) - 4- di met hyl am no- 1| - (4-fl uorophenyl)-butan-|-ol and the
(S)- enantcmimg:s of acid chlorides. Ring closure of the (S, S)-enantioner of
the esters to nmake escitalopram 5 General procedure: NaH (1.1 eqv., 60%
di spersion in mneral oil) is added to a solution of the (S, S)-enantioner
of the ester i A hMod(fBXheépatior ol &Blalerarh 8O tBOPERALUr e. The resulting
m xture is stirred for 1 h, then poured into saturated anmoni um chl ori de
solution and extracted with diethyl ether 10 three tinmes. The conbi ned

or gani ¢s phases are extracted twice wwth 1 M HC solution. The aqueous
phase is basified with konc. NaOH and extracted twice with diethyl ether.
The organic phases are driee A), filtered and evaporated to afford
crude (S)-Br-cital opram W $1861\,PCT/ DK02/ 00837 14 Cainms: 1. A

met hod for the preparation ¢i t alopram havi n/g/the formula 5

//II,,I /\/ N \

M

comprising

a) optical resolution of the racemic compound having the formula

10

OH

/\

V)
wherein 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



NC Y1 O F conprising a) optical resolution of the racem ¢ conpound havi ng
the formula 10 Z X\ OHN F (V) wherein X is as defined above and Z is
OH or a |Iweawdngsgr oup by fractional crystallisation of a Pdirasoeessmeri c
salt thereof, or by formation and sepafqation of diastereoneric esters
thereof optionally followed by hydrolysis of the correct diastereoneric
ester to forma conpound of 15 fornula WO 03/051861 PCT/ DKO2/ 00837 15 =z
X OHN F (i) wherein Xis as defined above and Z is OH or a | eaving
group, and when Z is OH,

(11D
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 form a compound of formula

(I

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

10

15



conversion of Zto a |leaving group, followed by ring closure of the
conpound of fornmula 5 (111) to forma conpound of forrmula x 00 (EO
wher ei n XWo93ksdsegen or any ot her group that may be convelPC&dK0Q/0883¢yano
group; or 10 15 WO 03/051861 PCT/ DK02/;@0837 16 b) optical resolution of
the racemi c conmpound of formula x N (1V) 5 wherein X is as defined above,
by fractional crystallisation of a diastereoneric salt thereof to forma
conpound ob) f or optical fesdijtion of the ravkr@icebmpotnd of foahdgen or any ot her group t hat
may be converted to a cyano group; followed by conversion of the group X in
t he conpound of fornula (Il) to a cyan group and thereafter isolation of
escitalopramin the formof the base or as a pharmaceutically acceptable

15 salt thereof. 2. The nethod &g ding to claim1, wherein the racemc
compound of formula (1V) is

Iv)

5  wherein X is as defined above, by fractional crystallisation of a diastereomeric salt thereof to

form a compound of formula (IT)

y
10

wherein X is halogen or any other group that may be converted to a cyano group;
followed by conversion of the group X in the compound of formula (II) to a cyano group and
thereafter isolation of escitalopram in the form of the base or as a pharmaceutically acceptable

15 salt thereof.

2. The method according to claim 1, wherein the racemic compound of formula (IV) is



17 resol ved by fractional crystallisation of a diastereoneric salt forned
with one of the enantioners of an optically active acid optionally

fol | oned WO BoswsneENt With a base to form the free base eCTih®20083pound of
formula (11). 5 3. The nmethod accordingyto claim1, wherein the racemc
conpound of forrmula (V) is resolved by reaction with one of the
enantioners of an optically active acid derivative followed by separation
of the di asdseiwaﬁwe&‘aicﬁoreu?sbxgstﬁliéaﬁom ch@steedanﬁﬁaﬁadxquhwmroné ofxtd i onal
crystallisati t r eof ol | clo ure correct
i 2ot or eontriongt e B bal A St oprn Bilo Ve i REReRT Yo Pt bt lPihed by

t reat nent die fitchbase of the comphivad vEfosmute(l)c ester 10 with a base in presence of
water to forma conpound of formula (I11) wherein Zis OH thereafter
conversion of the group Z to a |l eaving group and then ringclosure to forma
conpoungl of3. f or ¢ met(nbdl accoﬂingTdndaineI hm&eﬁaba)rraeﬁnﬁgcdr@oahcad)ﬂfbﬂnulaJMﬁﬁi n the

racemc co 15 re v rac naI

crystalli san%) ?913?1& react1 ?‘érr’lé{ g)tnlé frPgRtoRiers O? ?Fglﬁalg{"}cﬁ lvac“l‘fg

enant i oner $ollofvediby @pammai dfyheahastemmm ﬁktera)jbi‘medrlﬂlchmnfamgfa@hﬁd fhgtidriabat ment

V\nthabaset rmula. (111) and

where Z is® tolhszg & ?%gt %e %ﬁ’ﬁbﬁ eﬁ&g'rrlggc ?%“feow 812 CP%ecédlflé?fv?lﬂeél%FtSﬁ and

then ringc Ifmwrotempmrfdmf lﬁormulacmpoumioméd Hyareameat dflthe)corrdd dasterbb@erivadstend

according rein.the ou IS br .. 6.. The t hod of

ol a0 YRR pachec MIPRE R ® bR ot O s 2280, o 1 he

formation dfereaftdlcamtemmmfmliel gopd tb ailaviap geonpnid thefetingofosiratd farmh £ aci d,

| actic acid n osphoric acid, canphorsul fonic acids, nandelic
e s D

aci d, mali &R phenoxypr opi onic acid or a derivative of any of
these acids. 7. The method accor di ng to clainms 3, wherein the opt| caIIy

active aci g used,for f.oormation of di ereaqneric e
enant i orer qo f aq" ‘@X@acgordmgr{aclmm 1, wheremaﬂ?e racenic compounc? fetjérmulla
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, conversion

of Z to a leaving group and then ringclosure to form a compound of formula (IT).
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
formation of a diastereomeric salt is an enantiomer of tartaric acid, lactic acid,
bisnapthylphosphoric 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 optically active acid used for the
formation of diastereomeric esters is an enantiomer of c-methoxy-c-
trifluoromethylphenylacetic acid, mandelic acids, a tartaric acids, 2-aryl-alkanoic acids , an

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

8. The method according to claim 7 wherein the optically active acid derivative used for
the formation of diastereomeric esters is (S)-2-(6-methoxynaphth-2-yl)-propionyl chloride,
(S)-2-(4-isobutylphenyl)propionyl chloride, (S)-O-acetylmandeloyl chloride, (S)-



trifluoromethyl phenyl acetic acid, mandelic acids, a tartaric acids,

2-aryl -al kanoic acids, an 30 opcitally active am no acid, a canphanic acids
or a deriwetmmeisef any of these acids. 8. The nethod accordirmiKooossiai m 7
wherein the optically active acid derivative used for the formation of

di astereoneric esters is (S)-2-(6-nethoxynaphth-2-yl)-propionyl chloride,
(S)-2-(4-isobutyl phenyl ) propi onyl chloride, (S)-0O acetyl mandel oyl chloride,
(S) WO 03/ Bﬁ&ﬁGﬂyoE&%ﬁMﬁ@lﬂ%ﬂE (SI)& -phendyltaxlchivride($)-@aetioky-chl ori de,
(S)-2-phenyl but chl ori rret hoxy- phenyl acetyl chloride or

(S)- N acet ulléﬁ??iﬁglon%e‘g 'ac '(’)‘H %ccording to claim 1, wherein a
conpound of formula (11) V\/nerel n X is halogen, in partlcul ar brono is
formed and thereafter converted to escital opram by reaction of a conpound
of formula (Il1) with CuCN foll owed by purification and isol ation of

esci tal dpram orTha nplted reoelidd 16 alaldy 1 adeent a&ﬂn@o&ﬁd &f forena0h whdBin10is The

met hod accprding to claim1l ou f formula wherein X
is hal ogeﬁ logep. 8?’?ﬁ°‘f,lﬁﬂbé?m%lrs%eg dtgﬁga%%gf;‘?) Q gyettalo Rm’ég’%f cipnjof o. g,

is fornmed absnpduhéoiafings (IDaheTuCRtfollow@issipuafiepoamdiyoldta of ésoihl6rarh he
compound of fqgrnula (I Wi th cyanide source in presence of a palladium
cat al yst oB]i"}Ig}?gmcf?ué%w%ﬁ%’&abﬂﬁf%%ﬁq’fcati on and isolation of escital opram
or a pharmaceutically acceptable salt thereof. 15 11. The net hod accordi ng
to clai e f. foroula (11 r.ei in
part i cﬂlénar 1¢hi o&g mletg cf%% g%‘galf”hle Srﬂn COE’%H r"? nlﬁ@‘@}?ef am by

reaction pflogenCia pRGivHE WEm, @F (Bl TEPQ)L KD, 0-{ Whe¥ianiife-8si9wresd idd presence of
a nickel catalyst op tlonall¥1 fol | owed by 51gurlflcatlon and i sol ati on of
4

esci t al opr Hifeaiter sopisErhigceseitalepsm by wegtiopehihe cogapynd o formpla (Bgrith

cyanide source in presence of a palladium catalyst optionally followed by purification and
isolation of escitalopram or a pharmaceutically acceptable salt thereof.
15
11. The method according to claim 1, wherein a compound of formula (II), wherein X is
halogen, in particular chloro, is formed and thereafter converted to escitalopram by reaction
of a compound of formula (IT) with cyanide source in presence of a nickel catalyst optionally
followed by purification and isolation of escitalopram or a pharmaceutically acceptable salt
20  thereof.



