.', - .\.
S

- 10

15

20

25

30

13 September 2004

Method for the Preparation of Citalopram

The present invention relates to a method for the preparation of the well-known antidepressant.
drug citalopram,1-[3-(dimethylamino)propyl]-1-(4-fluoropheny})-1,3-dihydro-5-

isobenzofurancarbonitrile.
Background of the Invention

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

years and has the following structure:
NC
(>
N

F

1t is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor,
accordingly having antidepressant activities. The antidepressant activity of the compound has
been reported in several publications, eg. J. Hyttel Prog. Neuro-Psychopharmacol. & Biol.

* Psychiat. 1982, 6,277-295 and A. Gravem Acta Psychiatr. Scand. 1981, 75, 478-486. The

compound has further been disclosed to show effects in the treatment of demnentia and
cerebrovascular disorders, EP-A-474580.

Citalopram was first disclosed in DE 2,657,013, corresponding to US 4.136,193. This patent
publication describes the preparation of citalopram by one method and outlines a further
method, which may be used for preparing citalopram.

According to the process described, the corresponding 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofurancarbonitrile is reacted with 3-(N,N-dimethylamino)propyl-chioride int the
presence of methylsulfinylmethide as condensing agent. The starting material was prepared

from the corresponding 5-bromo derivative by reaction with cuprous cyanide.

International patent application No. WO 98/019511 discloses a process for the manufacture of
citalopram wherein a (4-(cyano, alkyloxycarbonyl or atkylaminocarbonyl)-2-hydroxy-
methylphenyl-(4-fluorophenyl)methanol compound is subjected to ring closure. The resulting
5-( alkyloxycarbony! or alkylaminocarbony)-1-(4-flucrophenyl)-1,3-dihydroisobenzofuran is
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further
10 reduction in the amount of alkylating reagent to be used is made possible. The process of the

invention provides high yields.

3 Summary of the invention
15 In the first aspect of the present invention there is provided, a method for the preparation of :

‘citalopram comprising reaction of a compound of formula (I)

n
‘\j wherein Y is a group which may be converted to cyano, with a compound having the formula

> @
20

wherein X is a suitable leaving group and R is -CH;-O-Pg, -CH,-NPg,Pg. , -CH,-NMePg,,
-CO-N(CH;),, -CH(A'R'Y(A’R?), COOR? -CH,-CO-NH,, -CH=CH-R’ or -CONHR", wherein
Pg is a protection group for an alcohol group, Pg, and Pg, are protection groups for an amino
group, R'and R* are independently selected from alkyl, alkenyl, alkynyl and optionally

25  alkyl substituted aryl and aralkyl groups or R' and R? together form a chain of 2 to 4 carbon

~ atoms, R® and R’ are independently selected from alkyl, alkenyl, alkynyl and optionally alkyl

substituted aryl and aralky}, R® is hydrogen or methyl and A’ and A” are selected from O and
S; -
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' citalopram wherein the compound of formula (I) may be reacted with a compound of formula (If)

wherein R is-CH;-O-Pg to form a compound of formula

F )
10
) wherein Y is a group which 'inay be converted o cyano and Pg is 2 protection group for an
‘\".“ alcohol group, optioﬁally followed by conversion of the group Y to a cyano group; and
thereafter removal of the protecting group to form a compound of formula
Yi
(I
OH
F W)
15

wherein Y is cyano or a group which may be converted to cyano, and if Y! isnot cyano,

optionally followed by conversion of the group Y! to a cyano grou;i; thereafter conversion of



cital opram conprising reaction of a conmpound of formula (I) (1) wherein Y
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group, Pg, d . .Pg2 ar e |on rou and R2 are
noepenaory §oLBr PRl ST eefe Ak Bonel ufh A e el Bualh 925 a )
substi t ut @‘ow’ylwlanhhsanedyh)d togymp&dmplﬁemandfﬂialdamgmp withlam a chain of 2
to 4 car bocr tﬁ a}) E | ndependently sel ected from al kyl,

al kenyl , a1y Vme?og%LBJt P SFEPPR Y kyI substituted ail and aralkyl, R8 is

h drogen or rret hyI and A" and A2 are selected from0O and S; 13 Septenber
2004 %\D 01/ 1PCII'/ DKOlé 3&16 3 to forma conpound of the formla

wherei 4 R g ot R *Unove, followed by, in either order,

conver si orb)oﬁlcﬂmhhngnmnovﬂzdHyonahjdathsatoh;eklaﬁﬁvamfaﬁm ogroup and conversi on of
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enbodi ment, methyldbmberedustice aeindtid. accor di ng to the first aspect for the
preparation of citalopramwherein the conpound of formula (1) may be
reacted with a conpound of formula (I1)

10 A second embodiment, may relate to a method according to the first aspect for the preparation of

citalopram wherein the compound of formula (1) may be reacted with a compound of formula (IT)

wherein R is ~-CO-N{CH3), to form a compound of the formula

D

15  wherein Y is as defined above, optionally followed by conversion of the group Y to a cyano

group; and thereafter reduction of the resulting compound to form a compound of formula

o ) y
~

B (Vi)

20  wherein Y is cyano or a compound which may be converted to cyano, and if Y! is not cyano

conversion of the group Y in the compound of formula (VII) to a cyano group.



wherein Ris-CH2-O-Pg to forma conmpound of formula 10 wherein Y is a group
which may be converted to cyano and Pg is a protection gf9eRpfeRibeRP004

al cohol group, optionally foll owed by conversion of the group Y to a cyano
group; awdoisseareafter renoval of the protecting group t8CEOKHAMEBmMound
of formula 15 Mwherein Y is cyano or s group whi ch may be converted to
cyano, and if Y is not cyano, optionally followed by conversion of the
group Y' tmthad eyRbimes) Baypslatt bamneabd £Eordaiw &k Sis0Rpof fotR frgphedmber 2004 WO
01/ 68631 PCT/ 4 I | grou 0..a feasible | eaying group,

f ol | owed bc%ﬁ OE%Q%%%%??P Egén?g%%?\n\q}ga?lg%ﬂb%’?a%aeg Méi}aocﬁﬁlp?mg)\?\ﬁ?%%@ not cyano
to cyano, ‘HieinTeis @b Peofte forpa taampundgffgrlap with a  di et hyl ami no group
by reaction with 5 a) di methyl am ne or a salt thereof, b) nethyl am ne

. followed by nethyl ation or redyethwe~am nation, or c¢) with an azide

foll owed by reduction to form @spondi ng am ne and thereafter

met hyl ati on or reductive am na . | A secongeepbodinent, may relate to a
met hod according to the first aspec t he-preparation of cital opram
wherein the conpound of forrmula (I) he reacted with a conpound of
formula (1) wherein Ris -CO N(CH3 forma conmpound of the fornmula

F (VI

5  wherein Y is a group which may be converted to a cyano group and Pg, and Pg, are _
protection groups for an amino group, optionally followed by conversion of the group Y toa
cyano group; and thereafter removal of the protecting groups to form a compound having the

formula

F ©®

10  wherein Y’ is a cyano group or a group which may be converted to a cyano group, followed
) by, in either order, conversion of a group Y' which is not cyano to a cyano group and

methylation or reductive amination of the free amino group to form citalopram.

A fourth embodiment, may relate to a process for the preparation of citalopram wherein a compound
15 of formula (I) may be reacted with a compound of formula () wherein R is -CH(AIRIj(AZRZ) to -

form a compound of the formmla

20



CM 15 wherein Y is as defined above, optionally foll owed by conversion of
the group Y to a cyano group; and thereafter reduction ef gBRmiRSFYhbbL NI
conmpound to forma conpound of fornula MO 20 wherein Y' is cyan or a
conpouneb aiksstl nay be converted to cyano, and if Y is BETDEPHAYSS
conversion of the group Y' in the conEound of formula (VIl) to a cyano
group. 13 Septenber 2004 WO 01/68631"PCT/ DKO1/00168 5 A third enbodi nent,
may relate to a nmethod accderdin the first aspect for the preparation of
ci tal opram wherein the conpo grmula (1) may be reacted with a
compound of forrmula (11) p
of formula N P$1P$2 tyM 5 wheré€in

cyano group and Pgl and Pg2 are p51I; ti onygr-gups for an am no group,

optionally followed by conversion ¢ Ne group Y to a cyano group; and
thereafter renoval of the protecting _groups to forma conpound having the
formula am W10 wherein Y' is a cyano\group or a group which may be
converted to a cyano group, followed Wby, in either order, conversion of a
group Y which is not cyano to a cyano group and nethylation or reductive
am nation of the free amno group to formcital opram

wherein Y is a group which may be converted to a cyano group, R’ and R? are independently
selected from alkyl, alkenyl, alkynyl and optionally alkyl substituted aryl and aralkyl groups
- or R and R? together form a chain of 2 to 4 carbon atoms, and A' and A are selected form O

5  and S; optionally followed by conversion of the group Y to a cyano group; and thereafter

€ deprotection of the compound of formula (X) to form a compound of formula

F . ($:41]

wherein Y! is cyano or a group which may be converted to a cyano group and A’ are as
defined above, followed by, in either order, reductive amination with dimethylamine of the

compound of formula (XI) and if Y' is not cyano, conversion of the group Y'to forma

"} 10 cyano group.

| A fifth embodiment, may relate to a method according to the first aspect for the preparation of
citalopram wherein a compound of formula (I) may be reacted with a compound of formula ()

wherein R is -COOR? to form a compound of the formula

15



A fourth enbodinent, may relate to a process for the preparation of

ci'tal opram wherein a conpound 15 of fornula (1) may beldeeriewgenfqdd a

conmpound of forrmula (I1) wherein Ris -CHHAR)(A2R2) to forma conpound

of the WOOLE3IRLO 13 Septenber 2004 WO 01/68631 PCT/ DKORCDOKEBIMS6S \herein Y
is a group which may be converted to a cyano group, R and R2 are

i ndependently selected from al kyl, al kenyl, al kynyl and optionally al kyl
substituted aryl and aral kyl groups or R and R2 together forma chain of
2 to 4 carbon atonms, and A' and A' are selected formO 5 and S; optionally

foll owed by conversion of the™g Y N0 a cyano group; and thereafter
deprotection of the conpound o £ (X) to forma conpound of fornmula Y

wherein Y' is cyano or a group Ww i comverted to a cyano group and:

A" are as defined above, followed by, rder, reductive anination
wi th di net hyl arnine of the conpound gla (XI) and if Y' is not

cyano, conversion of the group Y' to a 10 cyano group. Afifth

enbodi ment, nmay relate to a nmethod acterding to the first aspect for the

" preparation of cital opram wherein a compound of ®#ormula (1) nay be reacted

with a conpound of fornula (I1) wherein'Ris -COOR3 to forma conpound of

the for Mibferds YR aRRpWHRGMADR oEHQikb 383 hnd R 1s BHE AL LO fiky1, alkenyl,

alkynyl and optionally alkyl substituted aryl and aralkyl, optionally followed by conversion of

Y to a cyano group; and thereafter

5 1) reduction te form an alcohol of formula

wherein Y' is cyano or a group which may be converted to cyano, and if Y' is not cyano,
optionally followed by conversion of the group Y' to a cyano group; and thereafter
10  conversion of the alcohol group to a feasible leaving group, followed by, in either order,
N conversion of a group Y! which is not cyano to cyano, and replacement of the leaving group

with a dimethylamino group by reaction with

a) dimethylamine or a salt thereof,
15 b) methylamine followed by methylation or reductive amination, or
c) with an azide followed by reduction to form the corresponding amine and thereafter

methylation or reductive amination,

or

20 1) reaction of a compound of formula (XII) with an amine of formula NH(Me),, NHMe

or NH; or a salt thereof to form an amide, followed by, in either order, reduction of the



7 wherein Y is a group which may be converted to cyano and R3 is sel ected
fromalkyl, alkenyl, alkynyl and optionally alkyl substijgtpneybogd
aral kyl, optionally followed by conversion of Y to a cyano group; and

t her eaf wew 0668631 r eduction to form an al cohol of fornul a REWBREIEPHGS | s
cyano or a group which may be converteg to cyano, and if Y' is not cyano,
optionally foll owed, by conversi on of e grau ' to g_.cyano group; and

t her eaf t ePTHe BUHE 1S NOHFYERO, FINECTSPR Bfﬁg‘l‘ grﬁ&’i‘)ﬁpg’tcﬁa“&’ ‘?”é’ég'?%f’séarlyeavi ng group,
fol | owed Bethyilddio ot RB¥CtVE SiBinationGe FHRldi@ehgdimMo@f@pp YI which is not cyano
to cyano, and replacenent of the |leaving group wth a dinethylam no group

by reaction with a) dinethylamne or a, sal ere 15 b) .. hyl am ne
f ol | owed WWW?‘?‘Q?H"&??YWXWt%ﬂﬂﬁ ?d\?écogdfﬁgﬁoal[t‘el %Lr},as%érnog?w Wt atll%‘;fazj de
fol | owed bialspesduigicictn coopdint affdingda §onayds peatdivitl 2 caripqendah@rmuldFbaf t er
met hyl at i I 2 dbC R\ i I bk reaction of a conmpound of
Cfornul & (%frj%&{%ﬁggbgﬁzﬁ{}%}?}?gﬁo&ﬂ?gﬂ%ﬁrﬁ%z, NH2Me or NH3 or a salt
“thereof to forman am de, followed by, in either order, reduction of the 13
Sept enber 2004 WO 01/ 6868 PDKl/ 00168 8 amde, and if Y is not ’
cyano, conversion of the grqg Y[~ to, cyano, and if necessary nethylation
or reductive amnation to fd al di pet hyl amijho group.

- oam
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wherein Y is as defined above, optionally followed by conversion of Y to a cyano group; and

thereafter treatment with 2 hypohalide to form a compound of formula

%

F

10
} wherein Y' is a cyano group- or a group which may be converted to a cyano group, followed
. by, in either order, conversion of a group Y' which is not cyano to a cyano group and

methylation or reductive amination of free amino group fo form citalopram.

15 A seventh embodiment, may relate to a method according to the first aspect for the preparation of -
citalopram wherein a compound of formula (I} may be reacted with a compound of formula (1)

wherein R is -CH=CH-R” to form a compound of the formula



5 A sixth enbodinment, may relate to a method according to the first aspect
for the preparation of citalopramwherein a conpound of 1§ @eRidhibel bhodray be
reacted with a conpound of formula (l11) wherein Ris -CH2- NH2 to forma
conpoundweyo1isbe@if ormul a wherein Y is as defined above, optdgtomediloptdsol | owed
by conversion of Y to a cyano group; and thereafter treatnent with a
hypohal i de to forma conpound of fornul% (DC) 10 15 wherein Y' is a cyano
group or a group which nay be gonverted to a cyano group, followed by, in
ei ther order, conversion of a grg ¥r—WRki ch is not cyano to a cyan group
and nethylation or reductive am pn ¢f free am no group to form
citalopram A seventh enbodi nent, ghat e~y ga~pet hod according to the
first aspect for the preparation of citgl opramwhetein a conpound of
formula (1) may be reacted with a conpoy pf fornmula (11) wherein Ris
"-CH=CH R7 to forma conpound of the for 13 Septenber 2004 WD 01168631
PCT/ DKO1/ 00168 9 wherein Y is a group el may be converted to a cyano
group and R7 is alkyl, alkenyl, alkynyl and optioff&81y al kyl substituted
"aryl and aral kyl as defined above, optionally followed by conversion of
the group Y to a cyano group; and thereafter oxidation to forma conpound 5
of for mul avitreing] i agroupavhishanay bsrcorvegedigp owpriooupayd Beis bl akkenydl t o a cyano

group, fol Jﬂw:ngyoptii)ﬂaﬂy alkyl substituted aryl and aralky! as defined above, optionally followed

by conversion of the group Y to a cyano group; and thereafter oxidation to form a compound

5  of formula

R

£
wherein Y' is cyano or a group which may be converted to a cyano group, followed by, in
either order, reductive amination with diznemylarhine and if Y' is not cyano conversion of the
group Y to a cyano group to form citalopram.
10
i In a second aspect of the present invention, there is provided, a method for the preparation of
(\ ) citéiopram from a compound of formula

Y1
l g

F XV

wherein Y' is a cyano group, or a group which can be converted to a cyano group and R’ is
15 -CH,-W, wherein W is a leaving group, or R is cyano or -CH,N(CH5), comprising, in either

order, conversion of the group Y’ which is not cyano to a cyano group and conversion of the



ei ther order, reductive amnation with dinmethylamne and if Y 1is not cyano
conversion of the group Y to a cyano group to formci t@é@%b%ﬁ\be}goﬁg
second aspect of the present invention, there is provided, a netho or the
pr epar atWemL6§631 ci t al opram from a conpound of formul a ( XPRFDHIOMER v is a
cyano group, or a gr oup whi ch can be cgnverted to a cyano gr oup and R2 is
15 -CH2-W_ wh Wis r.ou or. i a CH3)2
conpri si n&roqpﬁ{ éThfWe"F Ny g@?&%ﬁé)ﬁa‘égg’inﬁ yl?fm’f%eﬂé’?gi?ﬁp’%'quléﬁ 150 'ﬁ'bt cyano
t0 a cyanef gitfsPamn Beke®p B pRinahdettially ddeeptdble Sapidditiea kal2@erdof. WO 01/ 68631

PCT/ DKO1/ 00168 10 group R2 which is not -CHZN(CH3)2 to a

di met hyl a I t f base or a
phar maceu'zg:t Igg{g&ﬁ%g%éﬁab érr eglgé %\é\&%ﬁéjttxlﬂ{(g?l&lggdl altSp%? &be? IgIIO'%'tI?I%Iinf%f(}lqnot her

enbodi nmentSHx Weiseim¥ i 2adeine grimrayde cagersde g darctBrispnctyhgrowdya group R2
which is rea&tdsz wherein Wis a leaving group may be converted to a

di net hyl a ngmﬁ}ydmlgg&uaosapmmofreactl on with a) dinmethylamne or a salt
t her eof qi am ne | owed by methylation or reductive amination, or
c) an azi & ﬁs O‘F@dl}’dt‘qt@f\atloé°H§¢‘Fﬁﬂt’ﬁém@6‘i*%§ﬁondl ng am ne and

thereaft eg, HELB&A RIbWEH B red RAMEDL M tﬁ@ld?ﬁgﬂoﬂﬂmgmhe%ﬂ@ﬁ%ﬁﬁe?nbom ment, the
met hod according to the sSecond aspect, may be a group R2 which is cyano

and may be c@ﬁhﬂﬂ@@wrtr@iuanmavmaﬁymam nonmet hyl group by reduction foll owed
by net hyl at| on -

-Yet another embodunent the method according to the second aspect, may be a group R? which is
cyano and may be converted to a dxmethylammomethyl group by reduction followed by methylation
~ or reductive amination of the free amino group formed. Reduction of the cyano group to an amino

group may be carried out using using Rh, Raney Ni efc. as a catalyst.

The compound of formula (XVI) may be prepared by reaction of a compound of formuia

(12)

wherein Y' is a cyano group, or a group which can be converted to a cyano group, witha

compound of forula

r?
x/\/f

(T2

wherein X is a leaving group and R is -CH,-W, wherein W is a leaving group, or R* is cyano
or -CH;N(CHs)y; provided R%is not -CH,N(CH;), when X is halogen and Y’ is cyano, and if

"Y' is not cyano, optionally followed by conversion of the group Y! to a cyano group.

; Further embodiment, may relate to a method according to the first aspect for the preparation of
citaloprém wherein a compound of formula (I} may be reacted with a compound of formula (1I)

wherein R is ~-CH,-NMe(Pg;) to form a compound of formula



or reductive am nation of the free am no group fornmed. Reduction of the
cyano group to an amno group nmay be carried out using qgg@gkﬁqmragagy Ni
etc. as a catalyst. The conpound of fornula (XVI') may be reﬂared by

react i owW9i/@exlonpound of fornula (la) wherein Y' is a Clif*i;l . or a
group which can be converted to a cyapp group, with a conpound of formula
Rz (Ha) wherein Xis aleaving group and R is -CH2-W wherein Wis a

| eavi ng group, or R2 is cyano or -CH2N(CH3)2; provided R2 is not
-CH2N(CH3) 2 when X is haloggn and Y' is cyano, and if N, is not cyano,
optionally followed by convergion the group Y to a cyano group. Further
enbodi nent, may relate to a acgording tocthe first aspect for the

preparation of cital opram whe ayCO -ounow6f formula (1) maybe reacted
W th a conpound of fornmula (11)

\meer1R's-gﬁrqum)tofowna
conpound of fornula 13 Septenber 200 WO 01/ 68631 PCT/ DKO1/ 00168 Ii ( XVFI
wherein Y is a group which nay be ced to a cyano group and Pg, is a

_protection group for an am no groups ectionally fol |l owed by conversion of

the group Y to a cyan group; and thereafter 'ﬁ%v@l of the protection

group to forma conpound of formula (xvfn1mhere| IS a cyano group or a

group which may be converted to cyano, followed by, in

wherein Y is a group which may be converted to a cyano group and Pg, is a protection group

for an amino group, optionally followed by conversion of the group Y to a cyano group; and

5  thereafter removal of the protection group to form a compound of formula

£)

(XVIi)

wherein Y’ is a cyano group or a group which may be converted to cyano, followed by, in
either order, conversion of the group Y' which is not cyano to a cyano group and methylation

or reductive amination of the amino group to form citalopram.

10
}f " $till another embodiment, may relate to a process for the preparation of citalopram wherein a
7 compound of formula (I) may be reacted with a compound of formula (II) wherein R is -CO-NHR®
to form a compound of formula
15

wherein Y is a group which may be converted to cyano and R®is hydrogen or thethyl,
_optionally followed by conversion of the group Y to a cyano group; and thereafter reduction



ei ther order, conversion of the group Y which is not cyano to a cyano
group and nethylation or reductive am nation of the an1m9sgbgmgm#90@@rn1
citalopram 10 Still another enbodinment, may relate to a process for the

pr epar an#l/a863ici t al opr am wherein a corrpound of fornmul aP‘(T’?KPr’d?PIfﬁe react ed
with a conpound of fornmula (I1) whereip Ris -CONHR8 to forma conpound
of formul a 15 (X in Y is a. group which may be converted to cyano
and RR |S‘H§HF6§ I:‘glflyl\ﬁg'ﬁ"f‘lfﬂm‘“‘""opt|onalIy fol | oned by conversion of the
group Y to a cyano group; and thereafter reduction 13 Septenber 2004 WO
01/ 68631 PCT/ DKO1/ 00168 12 to form a conpound of the fornula wherein Y' is
cyano or a group which may {fe co-verted to cyano and R$ is as hydrogen or

5 methyl followed by, in eitheg ] nmet hyl ation or reductive amnation
to formthe dimethylam no groy i °Y' i's nogtcyano, conversion of Y to
cyano. In a third aspect of the q nentfan, there is provided the
nmet hod for the preparation of citalop an1conpr|§|ng reaction of a conpound
of formula (la) with a conpound of f @
-C(A R4) (A2R5) (A3R) to form a conpouR
group or a group which may be convert®@
RS and R6 are independently selected fro
optionally al kyl

the formula wherein Y is a cyano’
fo cyano and wherein each of R4,
al kyl, akkenyl, al kenyl and

wherein Y' is cyano or a group which may be converted to cyano and R® is as hydrogen or
5  methyl followed by, in either order, methylation or reductive amination to form the

55 dimethylamino group and if Y is not cyano, conversion of Y' to cyano.

In a third aspect of the present invention, there is provided the method for the preparation of
citalopram comprising reaction of a compound of formula (Ia) with a compound of formula
10  (II) wherein R is -C(A'R*){AZR*}(A’R®) to form a compound of the formula

3
L
REGA

wherein Y' is a cyano group or a group which may be converted to cyano and wherein each

of R*, R® and R® are independently selected from alkyl, alkenyl, alkynyl and optionally atkyl
15  substituted aryl and aralkyl and A', A% and A’ is selected form O and S, and if Y’ is not cyano

optionally followed by conversion of Y' to a cyano group; and thereafier hydrolysis to form a

compound of formula



15 substituted aryl and aralkyl and A", A2 and A3 is selected formO and S,
and if 'Y' is not cyano optionally fol | owed by converS|om3g%p%nﬁk@290@yano
group; and thereafter hydrolysis to forma conpound of formula 1

Sept enbewo2Rfds31 WO 01/ 68631 PCT/ DKO1/ 00168 135 lehere|WCTHnﬂHm@wano or a
group which may be converted to cyano, and if Y is not cyano, optionally
fol |l owed by conversion of the group Y':ko a cyano group; and thereafter
conversion of the alcohol group to a feasible |eaving group, followed by,
in either order, 10 conver st oup Y which is not cyano to cyano,
and repl acenent of the | eaving W th a di met hyl am no group by
reaction with a) dinethyl am ne sadt theregf, b) nethylam ne foll owed
by nethylation or reductive am nation) €) with an aide foll owed by
reduction to formthe correspondi ng q/'-- andNereafter nmethylation or
‘reductive am nation, or (XXU) whereiy¢ \S cyano or a group which may be
converted to cyano, and A' and A2 aré defi ned above and if Y' is not

- cyano, optionally followed by conversiorf of Y to cyano; and followed by i)
‘reduction of a conpound of formula (XXI1) or an eglgr thereof to forman

. al cohol of fornula

' wherein Y' is cyano or a group which may be converted to cyano, and A! and A? are as defined

above and if Y' is not cyano, optionally followed by coriversion of Y! to cyano; and followed by

1) reduction of a compound of formula (XXII) or an ester thereof to form an alcohot of

o - formula

wherein Y is cyano or a group which may be converted to cyano, and if Y! is not cyano,
optionally followed by conversion of the group Y’ to a cyano group; and thereafter
conversion of the alcohol group to a féasiblc leaving group, followed by, in either order,

) 10  conversion of a group Y?! which is not cyano te cyano, and replacement of the leaving group
with a dimethylamino group by reaction with

a) dimethylamine or a salt thereof,
b) methylamine followed by methylation or reductive amination, or
i5 - ©) with an azide followed by reduction to form the corresponding amine and thereafter
methylation or reductive amination,

- or

1} conversion of a compound of formula (XXII) or an ester thereof to an amide followed by,

20 in either order, reduction of the amide, =



ii) conversion of a conpound of formula (XXI1) or an ester thereof to an
am de fol |l ewed by, 20 in either order, reduction of the{8®effombkd 2004

Sept enber 2004 WO 01/68631 PCT/ DKO1/ 00168 14 and if Y is not c ano,
conver si on wborksssgroup Y to cyano, and if necessary met RGFRKPHHIGY
reductive amnation to forma di nethyl am no group In a fourth aspect of
the present in Jion, there is. provide e fornula (HO
wherein Y is aaggr%tfﬂ‘%ﬁ*ﬁ&% CWVSIB’E lberﬁ;%ﬁp t eEP ‘in °C§/n§ﬁ%“egerslﬁwﬁn?@l%§5 OP

- CH, NPg, Pg2,reduc@d2mide g, formCGEgtBHEBYIRe gregH( A' R ) (A2R), - COORS,
-CH2-CO-NH2, -CH=CH R or - CONHR8, wherein Pg is a- protection group for
an al cohol group, Pgl and Pg2 are protection groups for an am no group, R
and R2 are in n.akk | ken and :
optionally al E&;F}&&ﬂ ‘tgélt 1¥flj}t§ jjcrie%(gn& 3%‘96'101{; ar af lfyqﬁdﬁfao‘ﬁ’m y“m? o%e@m}éfam t oget her
forma chain of 2 to 4 carbon atons, each of R3 and R7 are independently
sel ected from al kyl, alkenyl, alKi pti onal |y al kyl substituted
aryl or aral kyl, R8 is hydrogen or nyg A and A2 are selected from.
0 and S; or. an aC|d addition salt there h. a_fifth aspect of the
present i nvention, there is provided a corrp ¥d” oFrfornul a off Mwherein Y
is a group V\/m ch may be converted to cyano, 4 n acid addition salt 7
t her eof

F am

wherein Y is a group which may be converted to cyano and R is -CH,-O-Pg, -CH,-NPg,Pg, , -
CH,-NMecPg,, -CO-N(CH,),, -CH(A'R')(A’R?), -COOR® -CH,-CO-NH,, -CH=CH-R’ or -
CONHR?, wherein Pg is a protection group for an alcohol group, Pg, and Pg, are protection
groups for an amino group, R’ and R? are independently selected from alkyl, atkenyl,
alkynyl and optionally alkyl substituted ary] or aralkyl groups or R' and R together form a

' chain of 2 to 4 carbon atoms, each of R® and R” are independently selected from alkyl,
alkenyl, alkynyl and optionally alkyl substituted aryl or aralkyl, R® is hydrogen or methyl and

Al and A? are selected from O and S; or an acid addition salt thereof.

In a fifth aspect of the present invention, there is provided a compound of formula

wherein Y’ is a group which may be converted to cyano, or an acid addition salt thereof



13 Septenber 2004 14a In a sixth aspect of the present invention, there is
provided a conmpound of formula wherein Y' is a conpound whiseBidimer RB04
converted to cyano, or an acid addition salt thereof. In a seventh aspect
of the present invention, there is priawi ded a conpound of fornula NH2
wherein Y' is a group which nmay be converted to a cyano group, or an acid
addition salt thereof. | In a eighth aspect of the present invention,
there is provi QU . . i '] p which may be
converted to algg%ﬁgﬁgr oupr}’gersi%tﬁ'tegl{ésw%agy&%?ﬁ%{r]& c}rl?p%lgcl] %f%glgi tion salt

t hereof 13 Septenber 2004 14b . In a ninth aspect of the present invention,
there is provided a conpound of ¥ 2D wherein Yi is a group which may
be converted to a cyano group and -C\J2-W wherein Wis a |eaving
group or R2 is cyano or --CH2N( CH3) aff acid aqg(tion*salt thereof. In
a tenth aspect of the present inventron, t{rere€ bs-previded a conpound of
formula (XVIH) wherein Y' is a group which}ray be converted to cyano, or an
acid addition salt thereof. In an el event¢ Bect of the present invention,
there is provided a conpound of formula nyY 1is acyano group or a
group which may be converted to cyano and grein each of R R5 and R6 are
i ndependentl'y sel ected from al kyl, al kenyl, a kynyl ansmoptionally al kyl

wherein Y' is a compound which may be converted to cyano, or an acid addition salt thereof.

* In a seventh aspect of the present invention, there is provided a compound of formula

NH;

3 @)

wherein Y' is a group which may be converted to a cyano group, or an acid addition salt
thereof.

i ] In a eighth aspect of the present invention, there is provided a compound of formula

F xn

wherein Y is a group which may be converted fo a cyane group and A'is O or S, or an acid

addition salt thereof



substituted aryl- and aral kyl and A, A2 and A3 are selected fromO and S,

or an acid addition salt thereof. 13 Septenber 2004 14c13 8eptehRl bbby
aspect of the present invention, there is provided a conmpound of formula
wherein Y' is cyan or a group which be converted to cyano, and A' and
AX is selected fromO and S, or an acid addition salt thereof. 13

Sept enber 2004 WD 01/ 68631 PCT/ DKO1/ 00168 14d Anot her enbodi nent may rel ate
to the inter dediiath epedhaftherpeestnhavdntonhibrais plovidyd a dodépdupd edighm(iXXl | ) and
intermedi ates having the formula (V), (VI1), (IX), (XV1), (XVII1) and (XI)
wherein Y' is a group which may ke converted to cyano. Still anot her

enbodi nent may relate to an anti deprgssa phar maceuti cal conposition
conprising cital opram manufactured ' e pydcess of the invention. The

al kyl ati on step where the conpound o ot a_ (. nd (la) are reacted with
a conmpound of formula (11) and (Ha), respecyively; is suitably carried out
by treatnment of the conpound of formula ( d (la) with a base such as
for exanple LDA ( lithiundiisopropylam ne), WDS (hexanet hyl di si |l asan
l'ithium, NaH, NaHVDS (hexamet hyl di sil asan um) and netal al koxi des such
as NaOwe, KOwe, LiOwve, NaGertBu, KOertBu andiLiOertBu in an aprotic
organi ¢ solvent such as THE (tetrahydrofurane)f DIVF nmet hyl f onnam de),
NVP  (N-net hyl pyrroiidon), ethers such as diethylether or dioxal ane,

tol uene, benz@aRRin Yris #kiedp @hich may be converted to a cyano group and R? is —CH,-W, wherein
W is a leaving group or R? is cyano or ~CH,N(CHs),, or an acid addition salt thereof.

~

In a tenth aspect of the present invention, there is provided a compound of formula

CH3

. VI

wherein Y' is a group which may be converted to cyano, or an acid addition salt thereof.

In an eleventh aspect of the present invention, there is provided a compound of formula _

Y!

wherein Y' is a cyano group or a group which may be converted to cyano and wherein each
of R’ R° and R® are independently selected from alkyl, alkenyl, alkynyl and optionally aikyl
substituted aryl and aralkyl and A', AZ and A are selected from O and S, or an acid addition
salt thereof.



and m xtures thereof The anion forned is then reacted with a conpound of
formula (11) or (lla) whereby a group of fornula -CHZ- Chis R ?e’ﬂr%erzoodf
-CH2-CHr-R2 is introduced into position 1 of the |sobenzofuranyl ring
system The reaction of the conpound og formula (1) and (la) and with a
conpound of forrmula (I1) and (Ha), %) ctively, is suitably carried out
under non-aqueous .conditions. Suitable |leaving groups X and W nmay be a

hal ogeni de, 01 taelShisplaosTale@reednt ih@hti] there 9 pH@EHedR comprendifbrila s al kyl ,

aral kyl, aryl or aryl substituted with alkyl. Conventionally, R is nethyl

or p-nethyl phenyl. Goups Y, which can be converted to a cyano group nmay be
sel ected from hal ogen, -OSOZ( &E3.~wherein-n is 0-8, -CHO -COXX',
-CONR R', -NHR''" wherein R and ogen, al kyl, al kenyl or

al kynyl, or optionally al kyl subst or aral kyI and R''" is
hydrogen or al kyl carboinyl or Y is ai an oRaze g or thiazoline group of
the formula R1L 13 Septenber 2004 WO 01/ 688 K01/ 00168 wherein Uis O
or S; 15 R 2 -R 13 are each independent| Act ed from hydr ogen and al kyI
or R2 and R13 together .forma C2_5 alk chain thereby formng a
spiroring; RO is sel ected from hydrogen ang alkyl, R 1 is selected from
hydrogen, alkyl, a carboxy group or a precurspr group dhgrefore, or 5 R
and R' together forma C2_5 al kyl ene chain thereby formng a Spiro ring. Y
may be any- other group, which can be converted to a cyano gr oup The

substituents R, RJ, R3, R4, RS5 and R6 are preferably %K
Suitably, R wgﬁ"@mﬁé is cyano oragroup which may be converted to cyano, an

from O and S, or an acid addition salt thereof.

1s s¢ CC‘.’CX |



and R4, R5 and R6 are identical. 10 The al cohol protecting group, Pg, may

be a trialkylsilyl group, a benzyl group or a tetrahydi0yiany up
(TB?): According to the invention, the al cohol protecting gr%tup élersﬁrdeanoved

to formthe conmpound of 15 forrmula (IV) using conventional nethods for
renoval of WOR#6§sBt ecti on group in question. Thus, wher e PEREKBFMt i ng
group is trialkylsilyl the protecting gyup nmay be renopved by treatnent
with a base, an organic or mneral acid or a flouride such as KF, or
trial kyl am nofl ouri de. 20 Wiere Pg is benzyl, the protecting group nay be
renoved by reduction using Pd/C or Pt/C as a catalyst. Were Pg is a

t et rahydropyranyl (THP) group, the protecting group may be renoved by 25
treatment with an organic or mneral acid, or resins carrying H groups
such as DowedaotHer egbodindgrbmss rylgtt to tRlisterakdotsdhviggthafprmul (i EXE0D mIdBRY b

formula (V) ihSk@n¥andiftnd Bmial (PR8I @) GEN), DUTEFQUXI) wHikh 85 gen, or a
sul phonat e oft formJSI al%{lsoz-ls(vﬁ?r{ gl (Ex)i?@(i s)lg? eafiﬁ(e)d above, a%f/dup%

reaction wi t'HERYBHRVEYHEASKE t hi onyl chl ori de, mesyl chl ori de,
tosyl chloride etc_ The resulting conmpound is then reacted with di nethylamn

or a salt 't r.SFI‘i'ilgﬁ)c}cther &nbgdith ma%‘l%]g;@)tgan a%ﬁr@ésﬂ_t Wa&uﬁrjal}cmgﬁos% com-lmﬁlér eaction

is suitably carried out I'n aprotic organic solvent such as' T
(t et-r ahydr ofciiplapia) mapfortured bt podessof halvaey NVP (N-net hyl pyrrolidon), 35
ethers such as diethylether, or dioxalane, toluene, benzene, or alkanes and
m xt ures t heyhe alkylatioh3®p Whbie AeRbmpfund SFfeidhuR () ¥id @dafeytagd @itsatdnglohel | eavi ng
group rmay. alo? ?ongl?la s r;l\x/:g El{a ,ges}jc%tivcly, is suitably carried out by treatment of the compound of
' formula (1) and (Ta) with a base such as for cxample LDA (lithiumdiisopropylamine),
LiHMDS (hexamethyldisilasan lithium), NaH, NaHMDS (hexafnethyldiéilasan sodium) and
metalalkoxides such as NaOMe, KOMe, LiOMe, NaOterfBu, KOterfBu and LiOterBu in an
aprotic organic solvent such as THF (tetrahydrofurane), DMF (dimethylformamide), NMP
(N-methylpyrrolidon), ethers such as diethylether or dioxalane, toluene, benzene, or alkanes
and mixtures thercof. The énjon fonncd is then reacted with a compound of formula (IT) or
(f12) whereby a group of formula -CH,-CH,-R and -CH,-CH,-R? is introduced into position 1
of the isobenzofuranyl ring system. -

The reaction of the compound of formula (I} and (fa) and with a compound of formula (II)
" and (IIa), respectively, is suitaﬁly carried out under non-aqueous conditions.

Suitable leaving groups X and W, may be a halogenide, or a sulphonate of formula -0-S0,-R°
wherein R is alky}, aralkyl, aryl or aryl substituted with alkyl. Conventionally, R® is methyl
or p-methylphenyl.

Groups Y, which can be converted to a cyano group may be selected from halogen,
-O—SOzt(CF)n-CF;;, whereinn is 0-8, -CHO, -COOR’, -CONR'R"”’, -NHR’** wherein R’ and
R’ are hydrogen, alkyl, alkenyl or alkynyl, or optionally alkyl substituted aryl or aralkyl and

R*” is hydrogen or alkylcarbonyl or Y is an an oxazoline or thiazoline group of the formula



13 Septenber 2004 WD 01/68631 PCT/ DKO1/ 00168 16 «cital opram by reaction
wi t h di'met hyl axnmoni um chl oride in presence of a base. ﬂé@ﬁt@ﬁ‘ﬁb&?’%d@ t he
conmpound of forrmula (V) carrying a suitable |Ieaving group, such as a

sul phonayg epksssi ormul a - 0- SO2-R wherein Ris as defined noDwK01/HHYS be
reacted with an azide, such as sodium azide, followed by reduction using
Pd/C as a catalyst to forma conpound!d8f fornula 5 (1 X) and thereafter

met hyl at i evhersm YedQot $;ve anmination to form Cital opram The conpound of
formula (V) carrying a suitable |eaving group, may al so be converted to

ci t al opr agudby, ¥ j | ' at r

reducti veﬁgan%%a%?ginéh? %he%%&%??&%%f#@ﬂ@ﬁﬁéﬁ%%%ﬁ?ﬁrﬁaﬁka té(’:%%ﬁgund of
fornul a (Xvina Ghedleilene Rair therelgHormingy enizirimgVR| 4s sglestod frephgdrogemandg  gr oup,
W may be e ' ' I gqgﬁ, e

‘reduct i On'&%?i, ?ﬁegasgnlxﬁgdsﬁj%rgﬁ#&gér@ﬁg’lr% ’\a}%“%g%dg?u | X) ﬁ%@%ﬂrﬂvenﬁgﬁfﬁ}, Carri ed
out i n3t oR('emd R 1t6gaksr frymReets Alkylgre chaindbfueiyfgrmisggnipirogngt abl e groups Pgl
‘and Pg2 are aral kyl or -SO2-R groups wherein Ris as defined above,

typicallyyag logHePst¥hp, which Bih bedBfveRBRtol 2984 1gbupM th the N atomto which
they are att%é%eadn?of orén :fr’l opt):t lonally esubsot [ tutcg% l;)ﬁrl:nt hal i m de group. 20 The

protecting groups, Pgi and Pg2, may be renoved using conventional nethods

for renovahe afRbtistidRPRORE G el Reh'rﬁ%rcf&ﬂ-ﬂy Ry R kkalRyf ESuE YIS ai@R> t hus be

converted to an.amino group by treatnment wth hydrazin or methylam ne and

et hanol .~ Y#EReR{ prd Bastidenticslg group is an aral kyl group, such as benzyl, it
may b?orem)ved by

; ) . The alcohol protecting group, Pg, may be a trialkylsilyl group, a benzyl group ora -
' tetrahydropyranyl group (THP).

According to the invention, the alcohotl protecting group is removed to form the compound of

15  formula (IV) using conventional methods for removal of the protection group in question.

Thus, where the protecting group is trialkylsilyl the protecting group may be removed by
treatment with a base, an organic or mineral acid or a flouride such as KF, or
trialkylaminoflouride.

20
Where Pg is benzyl, the protecting group may be removed by reduction using Pd/C or P/C as
a catalyst.

/) Where Pg is a tetrahydropyranyl (THP) group, the protecting group may be removed by
25  treatment with an organic or mineral acid, or resins carrying H' groups such as Dowex H' or
Amberlyst. '

The alcohol group in the compound of formula (V) is converted to a feasible leaving group
such as halogen, or a sulphonate of formula -0-SO,-R° wherein R’ is as defined above, by

30  reaction with reagents such as thionylchloride, mesylchloride, tosylchloride etc.

The resulting compound is then reacted with dimethylamin or a salt thereof, e.g. M’, N(CH,),
wherein M is Li* or Na’. The reaction is suitably carried out in an aprotic organic solvent
such as THF (tetrahydrofurane), DMF (dimethylformamide), NMP (N-methy! pyrrolidon),

35  ethers suchas diethylether, or dioxalane, toluene, benzene, or alkanes and mixtures thereof.

The compound of formula (V) carrying a suitable leaving group may also be converted to



25 reduction, typically in presence of Pd/C or Pt/C as a catal yst.

Prot ect:i ng groups of formula -SQ2-R nay be renoved by t{£3 éz\gﬁ,
Red- Al. The amino group in the conpounds of formula (I><§ % Irblsl\ﬁand ( XX)

may be waligsaied 30 with nethylating agents such as Ve PCRMKOMIDISE,
wherein Me is nethyl. The nethylation is <carried out using conventlonal
procedures for carrying out such react 19 ons. Alternativel y, citaloprunt is

formed byt ?Hﬁﬂy‘&@acﬁ%@ﬁﬂﬂ X%ﬁﬁﬁﬁn%nmﬂll&ﬁﬁetuhb&se%mawee Alfehgtivegnpound

of forrrula% él qqﬁq)l is.reacted with c ‘-ﬂ% such as 35

f or mal deHjrieomneanadetdp Wﬂ%’é‘f“&ﬁa-‘tuﬂtf‘tﬂigﬁ“f‘%g‘f’}%s‘ﬁ %B#°§* r educi ng

agent SUGHrmifa G\BB °@heré‘ilﬁB.H&GNdeﬁhealﬁ@duﬂiybeecawdnmhlamazxdssmms| ed out
R

Sopt anberosg s assdiipier Bes THedis I WS REREHIPmE, | o ()

or (Xb) nEY) aditeadaftyr hahylativaer teduktive anatiooto famfstliprg. al dehyde by
treatnment with an organic or mneral acid or with or resins carryl ng H+
groups such as Dowex Hr or Anberlyst. 5 The resulti ng aI deh may be
convertedﬂlc@ommlmﬁ@ﬁfoanvlbﬁv}@mgﬂwlmb}ﬁ PRYITISEFOUP; MY alf\be cpR ‘f Bn with

di met hyl aug Bodafh u}rrea%ﬁm@n%eﬁyrmm@ggrﬁetwbn aredNRBilaminatNaBr-3CN.  The
al dehydes_ of forrm a (XV) may be converted to a di nmethylam no group by
anal ogoudormpdimsdylamite A% est er derivative of fornula (X11) may be
convepted to citalopramvia the corresponding alcohol of formula (V) by

reductio g g]::ortn{)]c?lm Sk Bimils I(}E‘gl) Redrei RS- J-»%%l{%{eﬁlgw%ﬁ QlitaBle 184kRgaN
group, W may be replaced by a dimethylamino group as described above.

T

The reduction of the amides of formula (VI) and (XXX) is conveniently carried out in toluene

15  using Red-Al as a reducing agent.

Suitable groups Pg, and Pg, are aralkyl or -S0,-R® groups wherein R’ is as defined above,
typically benzyl or tosyl, or Pg; and Pg together with the N atom to which they are attached
form an optionally substituted phthalimide group.

20  The protecting groups, Pg, and Pg,, may be removed using conventional methods for removal
of such protective groups. The phthalimide groups may thus be converted to an amino-group
by treatment with hydrazin or methylamine and ethanol.

Where the protecting group is an aralky! group, such as benzyl, it may be removed by
. )] 25  reduction, typicaily in presence of Pd/C or Pt/C as a catalyst.

Protecting groups of formula -SO»-R? may be removed by treatment with Red-Al.

The amnino group in the compounds of formula (IX), (X VIII) and (XX) may be methylated
30  with methylating agents such as Mel and Me,SO,, wherein Me is methyl. The methylation 1s

carried out using conventional procedures for carrying out such reactions.

Alternatively, citalopram is formed by reductive amination. According to this procedure, the
compound of formula (IX), (XVII) or (XX) is reacted with compounds such as

35  formaldehyde, paraformaldehyde or trioxan in the presence of a reducing agent such as
NaBH, or NaBH;CN. The reductive amination is carried out using conventional procedures

for carrying out such reactions.



am de by reaction of the ester with an am ne, preferably NH2(Me)2 or a salt
thereof. The reduction of the am de may suitably be Ca‘f:ﬁfS@;ﬂeHHéridmtO' uene
usi ng Red-Al as reducing agent. 15 Conversion of a free amno group or a
nononet Wo @vesema group to a dinet hyl am no group nay be c%?W‘é‘H 8 as
descri bed above. Suitably, the agent Lis,eful for conversion 'of a conmpound
of formula (XIIl1) to a conpound of forrmula (1X) is NaOH Br2. 20 Oxi dation
of the competbitboahd Bpfbmmaowwauywyhemmm cmamattowcommnmt of the

conpound th ozone ar_sol vent sSuc tic acid
or esters\,\id é? tcaﬁ?ef’gwﬁgfm VEMR® T REE SHpO! oun ﬁo?l%%]géc # %?&Fvgiﬁay be
~treated mﬂdhasnodraxrlﬁnrAgbcd)stsuch as Nal A, Al Nal 4 and KvnA. 25

Hydrol ysis of a conpound of fornula (XXI') to forma conpound of formula

(XXI'1) ma carried out using mneral acids or organic acids. Conversion
“of thes coﬁb@){m'dtl@ﬁ alfiedyydeimay boconigried & GRloaTaEYNIPAUSHYS BIRANCE LEBY or an ani de

may  sui t ahb¥orbGif @il Rmiin préstnded0€a RAIdRSRON diohGs MeBH, @BH,Cl¢. The acid
chloride may be 30 prepared by treatnent of the acid with POC13, PCls or

" SOC12 neat or in a suitable solvent, such as toluene or toluene conprising
a cat al yt The sldehydés dffforkﬂmmwehﬁnylbf:wmmmea dififeéhylagutegrovmsbycivalagoved by
treat nent Oh‘ he acid wth an al cohol, in the presence of an acid,
pr ef er abl {P€ ‘neral acid or a Lewis acid, such as HCl, H2SO4 POC13, PCI5
or SOmL2. Alter natively, the ester may be obtained fromthe acid chloride

by reactiqq, X!térraeﬁﬁ gifslﬂﬁhula é@] ey tﬁ%&ﬁ%ﬁ&f to ciflopitih diaGhd @resfBndifig t hen

converted to an am atlon wi th ammpni a oy . an alk L am ne,

pr ef er abl 9lcphqbef iﬂrm'dﬁmeby TEQ“%@%?@H%@F“W“% 3y relugng a /00168

e ) amide by reaction of the ester with an amine, preferably NH»(Me), or a salt thereof. The
._ reduction of the amide may suitably be carried out in toluene using Red-Al as reducing agent.
15  Conversion of a free amino group or a monomethylamino group to a dimethylamino group

may be carried out as described above.

Suitably, the agent useful for conversion 'of a compound of formula (XIII) to 2 compound of
formula (IX) is NaOH/Br..

20  Oxidation of the compound of formula (XIV) may be carried out by treatment of the
compound with ozone in a polar solvent such as alcohol, water, acetic acid or esters thereof.
Alternatively, the compound of formula (XIV) may be treated with oxidation agents such as
NalO,, 0sOy/NalO, and KMnO,.

f ) 25  Hydrolysis of a compound of formula (XXI) to form a compound of formula (XXII) may be

carried out using mineral acids or organic acids.

Conversion of the compound of formula (XXII) to an alcohol of formula (V) or an amide may
suitably be carried out via the corresponding acid chloride. The acid chloride may be

30  prepared by treatment of the acid with POCl;, PCls or SOCI; neat or in a suitable solvent,
such as toluene or toluene comprising a catalytic amount of N,N-dimethylformamide. The
ester is obtained by treatment of the acid with an alcohol, in the presence of an acid,
preferably a mineral acid or a Lewis acid, such as HCl, H,SO,, POCI;, PCls or SOCl,.
Alternatively, the ester may be obtained from the acid chloride by reaction with an alcohol.

35  The ester or the acid chloride is then converted to an amide of by amidation with ammonia or

an alkylamine, preferably t-butyl amine.



18 The conversion to am de may al so be obtained by reaction of the ester
with anmonia or an al kyl am ne under pressure and heati SRS ses
for the conversion of the correspondi ng al cohol or am d??c(e)ﬂipﬁg@:

di met hy meavo1es6315 group of cital opram have al ready been dSUPKbliibove.
When Y is hal ogen or CF3-(CF2)"-SO2-0O,, wherein nis 0-8, the conversion to
a cyano group may be carried out by r‘éaction with a cyani de source, for

exanmpl e Kehk cHiaeion@ ellide Fd(Ad) 1R dBlaielRbH }hbdN of Whesster Wthhdmdninglocat es f our

groups, whj Clh may Qe the sang or 10 different, and are selected from
hydr ogen AWHPRMMEHOGERPTESHET #9013 B8anched al kyl, in the presence of a
pal | adi um catal yst and a catalytic amount of Cu or Zr?, or with Zn(CN)2 in

the presepce of a | adi um ¢ | vs ' . wherein
V'Fs Pt og i igfess A A HIMEHR tibepol s AORYAGELARL lncuERERAHAS, N2

cyani d& seuoup ef ¢itzlapraen have glegadie besh describrdiabelti um cat al yst, nmay be carried out’
as described in WD 0013648. 15 Wien Y is O or Br the conversion to a cyano

group may_al so be carried out by reaction with 'a cyanide source, for
oxanpl ¢ Kiken NSREIOBHOR CFoTRaNFD-OF. Y BRA: YRPETIRG BV @I os 1 our
groups, Wiiag Be BBMedSut bih feabtiByila Fadidedibaiat, forarsnple KCMeNeCNedudM,0m hydr ogen
and straigh hai n,,ar. Ar anche&{é I kyl, in the presence.of. a nickel catalyst.
The conve & i 821%’2168%0‘1’?%% %vbﬂéf"‘é‘fsrfg‘v %%‘Pﬁé‘[%b%‘éﬁﬁay(?? REIEED) 0 s2- O,
wher eild ndifferet, 3nd dry selemit froanhydrdghn and styight oiiein sorebed allotihen the esence of a
ni ck e! ¢ a%)raels%gt of 1} all?(ﬁm% %5(}5]!?/&%5) yéatagjﬁﬁc%%%f ol? %H‘ 6%@0%&%&%; %Iaﬁ
reacti ons'nay He Yerforns n-any conveni ent sol vent "as _described I n
Sakaki bar pregance efla pallaguiBghthlystClibneon@istion dfsreomgggid vdrein Y gohalggmor pref er r ed
§oj vents éhe-((ﬁ%ﬁ-ts%‘ld-! %vflereiﬁ h I@’d-ﬁ,cﬁfl‘@&cﬁm with a cyanide source in the presence of a
7 palladium catalyst, may be carried out as described in WO 0013648.
15
When Y is Cl or Br the conversion to a ¢cyano group may also be carried out by reaction with
a cyanide source, for example KCN, NaCN, CuCN, Zn(CN), or (R"),NCN, where (R"),
indicates four groups, which may be the same or different, and are selected from hydrogen
and straight chain or branched alkyl, in the presence of a nickel catalyst. The conversion of a
20  compound wherein Y is halogen or CF;(CF;),-SO,-O-, wherein n is 0-8, by reaction with a
cyanide source in the presence of a nickel catalyst may be carried out as described in
WO 00/11926.

The reactions may be performed in any convenient solvent as described in Sakakibara et. al.
, 25  Bull Chem. Soc. Jpn.1988, 61, 1985-1990. Preferred solvents are acetonitril, ethylacetat,
R THF, DMF or NMP.

When Y is an oxazoline or a thiazoline of the formula (VI), the conversion to a cyano may be

carried out as described in WO 00/23431.

30
When Y is CHO, the conversion to 2 cyano group may be carried out by conversion of the

formyl group to an oxime or similar group by reaction with a reagent R'“.V-NH,, wherein R"®
is hydrogen, alkyl, aryl or heteroaryl and V is O, N or S, followed by dehydration with a
common dehydrating agent, for example thionylchloride, acetic anhydride/pyridine,

35  pyridine/HC! or phosphor pentachloride. Preferred reagents, R'6-V-NH,, are hydroxylamin

| and compounds wherein R'® is alkyl or aryl and V is N or O.



THF, DMF or NVP. When Y is an oxazoline or a thiazoline of the fornula

(M), t:he conversion to a cyano may be carried out as i L0 WO
00/ 23431. 30 When Y is CHO the conversion to a cyano g{rj‘%%ﬁtﬁg@gbg&b&arri ed

out by swmueessson of the fornmyl group to an oxime or siEETRKINF by
reaction with a reagent R36-V-NH2, v\,heI ein R16 is hydrogen, alkyl, aryl or
heteroaryl_and_ V is 0, Nor S, followed by dehydration with a cqQmon
dehydr at i N&’e&@éﬁt'(,:gpgr the gayaIsien {hi BT ERIDPRRE Come Pvtal%ﬁ%w% BSri di ne,
35 pyri di geiddelborige ordblesqbiamideent achl ori de. Preferred reagents, R 6-V-NH2,
are hydroxylam n and conpounds wherein R6 is alkyl or aryl and Vis N or
O 13 Septenber 2004 WO 01/68631 PCT/DKO1/ 00168 19 Wien Y is -COON, the

conversion,to. anaq grou be carried via t. rresponding acid
chl ori de eé‘é“?&*ﬁxﬁ%dsg M ?“ggﬁléta'gﬁ %ﬁ%ﬁ‘b‘?‘rﬂ%geﬂ’? %’dcvgnr']’s%(?@éﬁﬁ&m%g%d;ﬁ ned by
"t r eat ment nedt ot e saititde soibteht, ROThSiclnB@ 5 taduenSORARising arvetalytiopmoynt af §MN-t abl e
sol vent, ; . .Syl @l vt t of NN
ai ot i ¢ ST hRHE B Beri iR b IBCH e BRI B A TIUR . it an
al cohol , prestrige of pyaskiepretsrably agminerel agid op p dewisapidysugh #5itHdr H1SCagO¢er a Lewi s

aci d, suchcfor 8B, MRSAivEPGhSester Rial Be MtaifédGiom MNe bl BRbHidHyheactiie €St er may
be obtained fromthe acid chl orjid é reaction wth aiB agcohal . The ester
s m 90

or the acPith@npisphlelheestennr theagd shlopgeys fhengonvered o ang ¥ AteR 10 wit h

anmonil@ Okyvid@RnRhdeyd @ ah Bylaminef peefadably t-butplinythe.ami ne. The conversion to amide
may al so be obtained by reaction of the ester with ammonia or an
The conversion to amide may also be obtained by reaction of the ester with ammonia or an

) - alkylamine under pressure and heating.

15  The amide group is then converted to a cyano group by dehydration. The dehydrating agent
may be any suitable dehydrating agent, and the optimal agent may easily be determined by a
persoh skilled in the art. Examples of suitable dehydrating agents are SOCl,, POCl; and PCls,
preferably SOCL. ’

20 In a particularly preferred embodimen‘t, the carboxylic acid is reacted with an alcohol,
preferably ethanol, in the presence of POCl,, in order to obtain the corresponding ester, which
is then reacted with ammonia thereby giving the corresponding amide, which in turn is

reacted with SOC, in toluene comprising a catalytic amount of N,N-dimethylformamide.

25  Alternatively, a compound where Y is -COOH may be reacted with chlorosulfonyl isocyanate
- ~ in order to form the nitrile, or treated with a dehydrating agent and asulfonamide as described
in WO 0044738.

When Y is -NHR", where R" is hydrogen, the conversion into cyano is preferably performed
30 by diazotation and followed by reaction with CN". Most preferably NaNO, and CuCN and/or

NaCN is used. When R™ is alkylcarbonyl, the compound is initiatly subjected to hydrolysis

thereby obtaining the corresponding compound wherein R™ is H, which is then converted as

described above. The hydrolysis may be performed either in acidic or basic environment.

Starting materials of formula (I) wherein X is halogen may be prepared as described in GB
35 1526331, compounds of formula (I) wherein X is ~0-80,-(CF,),-CF; may be prepared
analogously to the compounds described in WO 99/00640, compounds of formula (D)

wherein X is an oxazoline or a thiazoline group may be prepared analogous to the compounds



al kyl am ne under pressure and heating. 15 The am de group is then converted

to-a cyano group by dehydration. The dehydrating agent ¥ I tabl e
dehydrating agent, and the optinmal agent may easily be dj@egt%ﬁlr?gﬂf%@

person o bliggesii n the art. Exanpl es of suitable dehydr atRGHTPBRYLANE ar e
SOC12, POC13 and PCl15, preferably SO%Z 20 In a particularly preferred
enbodi nent, the carboxylic acid is reacted with an al cohol, preferably

et hanol Mid@scﬁb&l 191\)?90]!3&3 Qonﬁ’E&h& whereiPK deforaldebpdeanay tidyeepaedr espondi ngOI
ester, I C then react ; or respon I ng
i de, wnaGHoR Rl e repR ) P By S A ol Db 2

cat al yt i ¢ CooHiahd edterdard-actides theydof omayﬂpﬁrp@ar@@amgolébﬁaﬁhw‘eﬂ?omds corrpound
e e JescttiRd WY 9801864 Efhnbuhdd 3gfyngﬁ19m&%x4—wcwaé epdréy OF der to

formthe reate rati ng agent and asul fonam de as
descrlbedanalvgwmﬂvhﬂmoumsmbﬁ%mm "'195]\%ere R " is hydrogen, the
conversion into cyano is preferably perforned 30 by diazotation and

foll owed by reaction with CN Most refera é l\‘ENOﬁ‘fQ’g c ) loorl NaCN i s
used. \Wherdhgreactiog capdigonscsolyspfs ctc- pi§ f?fé‘??ﬁﬁ?ﬁ‘ 1S, AESIREq PRYT ¢ & ’be"é f8d to
hydr ol ysi gondifiRik e ¥udhtiiaisngd ag ey beddpamitied by cpmuhdled\hﬂhearm R" is H,
which is then converted as described above. The hydrol ysis nay be

performed either in acidic or basic enV| ronment. Starting materials of
for muhia ( Mhe waming imatedali of fovaiiag b wirerginDE ing eyne gaupmaykeRenaddsi n GB 35

- 1526331, r (CF2)"-CF3 may be
pr epar ed % ECOIH%EJ& ateﬁﬂﬁ{'ﬁg%gg%%%r%gés@%%gém%@% 99/ 00640, conpounds

of formJIa (1) wherein X is an oxazoline or a thiazoline group nay be
prepared afatagiaddd? il EIRAYNE Y enfddrEi8ifRdvailable s PiagTHe grepA6d form
commercially available starting materials using conventional techniques.

15
Citalopram is on the market as an antidepressant drug in the form of the racemate. However,

in the near future the active S-enantiomer of citalopram is also going to be introduced to the

market.

20  S-citalopram may be prepared by separation of the optically active isomers by
chromatography.

Throughout the specification and claims, the term alkyl refers to a branched or unbranched
alkyl group having from one to six carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-

25  propyl, 1-butyl, 2-butyl, 2-methyl-2-propy}, 2,2-dimethyl-1-ethyi and 2-methyl-1-propyl.

Similarly, alkenyl and alkynyl, respectively, designate such groups having from two to six
carbon atoms, including one double bond and triple bond respectively, such as ethenyl,
propenyl, butenyl, ethynyl, prop}myi,‘and butynyl.

30
The term aryl refers to a mono- or bicyclic carbocyclic aromatic group, such as phenyl and
naphthyl, in particular phenyl.
The term aralky] refers to aryl-alkyl, wherein aryl and alkyl is as defined above.

35

The term optionally alkyl substituted aryl or aralkyl means aryl and aralkyl as above which
are optionally substituted with one or more alkyl groups.



PCT/ DKO1/ 00168 20 described in WO 0023431, conpounds wherein X is

f or mal dehyde may be prepared anal ogously to the conpouydl ?@% I n as
WO 99130548, conpounds wherein X is - COOH, and esters anﬁegtr@ﬁﬁ%ers er eof

may be woapssed anal ogously to the conpounds descri bed PCADXSIU8H49511 and
conpounds of formula | wherein is NHRyp may be prepared 5 anal ogously to the
conpounds described in WD 98119512. T reaction conditions, solvents, etc.
used for Helegenamgens diodedes 9iedP- above are conventi onal condi,tions for
such reactions and may easily be determ ned by a person skilled in the art.
10 The starting material of forpula a eyano group nay be

pr epar ed Qéalomw@éﬁsqdﬁs%%P%ﬁtprﬁ((ﬁablﬂmf%tahl% ‘HT“ a’éasd‘escrl bed in WO

98/ 0195111 THg GRERP HEESKE adi@idAiton sdl thireiNAls 4ckibaddition sl eweh Ghial | y
avai | abl e or may be prepared form c m*rerc aI Ii"/’ﬁ‘la‘lfal l.abl e. st rt| ng
" mat er il sforsedyite eRggER PT BPFEINIE acids may ﬁPﬁ‘rﬂr@é‘“’o"’ﬁ $#He nmarket as

an ant i degg&SsighaleicUSimaRc, bBfodc OsForBit, stn&bmms %ﬁﬂmlﬁneﬂrﬂmy:ﬂibyhc in the near
future the active S epantiomer of cital opram s ﬁ?ﬁg %OJ ng to, be introduced
e

" to the nmethancsulfapicsethanedisyfaniendchiisy PIORIORIC ARG PSR Ehe

optical ' yyagd l.ﬁﬁﬁdélﬁoaﬁﬁraﬁnéoyma@dmco@&aars@wpaliﬁhfmbﬂwtgwdaﬁc@pecI fication
and clains, the termalkyl refers-to a_ br .hed or bra Iglcgz_al kyl group

havi ng f r@mﬂelPF@Z‘?l@) edytamic hepgspe slfgpig and iheqpayae a°§ﬁ“c‘f?‘ 528 t hyl ,

1 progy! , Rza H%lﬁﬁ’éél for éxahiﬂe\ﬂ-bmtaothwpﬁjlrllmez Eﬁ@ﬁﬂ]éﬁl oPsiRh ﬁﬁ)’éamc salts are
,2-di et hy! -1 and 2-met hyl -1 - p karl . alkenyl and al kynyl,
respect i v@ﬂsﬂ d@??hl*’éc éﬁ@ﬁbrem%ﬁ%ﬁlﬁaw ?(fg“? Phip ngig acids.

B ) ' The acid addition salts of the compounds may be prepared by methods known in the art. The
base is reacted with either the calculated amount of acid in a water miscible solvent, such as

15  acetone or ethanol, with subsequent isolation of the salt by concentration and cooling, or with
an excess of the acid in a water immiscible solvent, such as ethylether, ethylacetate or

dichloromethane, with the salt separating spontaneously.

The pharmaceutical compositions of the invention may be administered in any suitable way
20  and in any suitable form, for example orally in the form of tablets, capsules, powders or

syrups, or parenteraily in the form of usual sterile solutions for injection.

The pharmaceutical formulations of the invention may be prepared by conventional methods

in the art. For example, tablets may be prepared by mixing the active ingredient with ordinary
) 25  adjuvants and/or diluents and subsequently compressing the mixture in a conventional

tabletting maschine. Examples of adjuvants or diluents comprise: Corm starch, potato starch,

talcum, magnesium stearate, gelatine, lactose, gums, and the like. Any other adjuvant or

additive, colourings, aroma, preservatives etc. may be used provided that they are compaﬁble

- with the active ingredients. |
30

Solutions for injections may be prepared by solving the active ingredient and possible

additives in a part of the solvent for injection, preferably sterile water, adjusting the solution

to the desired volume, sterilising the solution and filling it in suitable ampoules or vials. Any

suitable additive conventionally used in the art may be added, such as tonicity agents,

35  preservatives, antioxidants, efc.

The invention is further illustrated by the following examples.



carbon atons, including one double bond and triple bond respectively, such
as- et henyl, propenyl, butenyl, ethynyl, propynyl, and pygg ¥ane?’ﬂg]0-ﬁhe term
aryl refers to a nono- or bi cycllc carbocycllc aromatic grou

phenyl wodusgaphthyl, in particul ar phenyl. The term ar é’FR"WK”#’@?‘é?s to

aryl -al kyl , V\,herei n aryI and al kyl is.as defined above. 35 The term

opti onal I,)é(wal Kyl substituted aryl or @dral kyl nmeans aryl and aral kyl as
above whi ?é optionally substituted with one or nore al kyl groups. 13
Sept enber 2004 WO 01/68631 PCT/ DKO1/ 00168 21 Hal ogen neans chloro, brono

or iodo. Citalopram nmay be used as the free base, prefergbly in crystalline
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base is reacted with either the calcul ated anount of acid in a water

m sci bl-e sol vent, such as 15 acetone or ethanol, wth SH?@Q&H ?Er%ﬁﬁ!at'on
of the salt by concentration and cooling, or with an excess o e acid in
a wat enyd @irkssei bl e sol vent, such as ethyl et her, ethyl acREEHPEOHPO168

di chl oronet hane, with the salt separ%éing spont aneously. The pharnaceuti cal
conpositions of the invention may be “ddm ni stered in any suitable way 20
and in af§LAIMS:able form for exanple orally in the formof tablets,
capsul es, powders or syrups, or parenterally in the formof usual sterile
solutions for injection. The pharmaceutical fornul ations of the_invention
may be prlepar dempilodniheRraparten ofsithieRram CPRPTHS TECHOn ¢gCoBRY of tablets
may be prgpag by mixing the active ingredient with ordinary 25 adjuvants
and/ or dilTuents and subsequently conpressing the mxture in a conventional

* tabl etting maschi ne. Exanples” yvaQt s or diluents conprise: Corn
starch, potato starch, talcum PSi U st earate, gelatine, |actose,

gunmns, and the |ike. Any ot her ad gt Or additive, colourings, arong,
preservatives etc. may be used provided\that they are conpatible wth the
active ingredients. 30 Solutions for inyeciions may be prepared by sol ving
the active ingredient and possible ad{ es in a part of the solvent for
injection, preferably sterile water, adiusting the solution to the desired
vol une, sterilising the solution and filli\ng it in suitable anpoul es or
vials. Any suitable additive conventionalty uséd in the art nay be added,
such as tonicity agents, 35 preservatives, antioxidants, etc. The invention
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wherein X is a suitable leaving group and R is -CH,-O-Pg, -CH>-NPg, Pg», -CH,-NMePg,,
-CO-N(CH,),, -CH(A'R'}(AR?), -COOR? -CH,-CO-NH;, -CH=CH-R’ or -CONHR?,

10  wherein Pg is a protection group for an alcohol group, Pg, and Pg, are protection groups for
an amino group, R' and R? are independently selected from alkyl, alkenyl, alkynyi and
optionally alkyl substituted aryl or aralkyl groups or R' and R” together form a chain of 2 to 4
carbon atoms, each of R®and R are independently selected from alkyl, alkenyl, alkynyland
optionally alkyl substituted aryl or aralkyl, R® is hydrogen or methyl and Al and A’ are

15  selected form O and S;

{ ) to form a compound of the formula

F (LY

~ wherein R and Y are as defined above, followed by, in either order, conversion of the group R
20 toa dimethylaminomethyl group and conversion of the group Y to 2 cyano group, followed
by isolation of the citalopram base or a pharmaceutically acceptable acid addition salt thereof.



22 Exanple 1 A solution of 1-(4-fluorophenyl)- 1, 3-dihydroi sobenzofuran-5
-carbonitrile (4.8 g, 0.02 nol) in THE (50 mM) was ad ] a
solution of LDA ( Butyl lithiuml1l.6 M (15 nL) , 5 di sogfag% tgﬁllwﬁif%f‘% g) at
-30 C updssi/@gsiat nosphere of nitrogen. After stirring atPCT/BgI@0§or 10

m nutes, a solution of a conpound of formula (Il1) or (lla) ( 0.02 nol) in
THE (25 nL) was added dropwi se and affowed to warmto room tenperature and
stirred for a Thamethod aseording taalaim 1 wheesin dicompernges frmela (Rowsitdd with ice;
extract edyih § BorRuHEHE fohups (FPwIEkein R RIS NotbrnV\@le6ihpdid oflidrmiand
concentrated under reduced pressure. The residue was 18 purified by

chromat ography on silica gel using m xtures of n-heptane/ Et OAc as the
eluent. 13 Septenber 2004 WO 01/68631 PCT/ DKO1/ 00168 23 CLAIMS: 1. A

met hod for the preparation ™ &al eRram conpri sing reaction of a conmpound
of formula (1) 5 rn wherein
with a conpound having the fokgule in Xis a suitable | eaving
group and Ris -CH2-O Pg, -CH2-NPg M2- NMePgl, CO N(CH3) 2,

-CH(A' R (A2R2), -COCRS; - CH2-CO NH2, CH R7 or -CONHRa,

F {v)

5  wherein Y is a group which may be converted to cyano and Pg is a protection group for an
;’“j) _ alcohol group, optionally followed by conversion of the group Y to a cyano group; followed

by removal of the protecting group to form a compound of formula

10  wherein Y'is cyano or a group which may be converted to cyano, and if Y! is not cyano,
optionally followed by conversion of the group Y! to a cyano group; and thereafter
i\-‘;) conversion of the alcohol group to a feasible leaving group, followed by, in either order,
conversion of a gronp Y* which is not cyano to cyano, and replacement of the leaving group

with a dimethylamino group by reaction with

15
a) dimethylamine or a salt thereof,
b) methylamine followed by methylation or reductive amination, or
¢) with an azide followed by reduction to form the corresponding amine and thereafter
methylation or reductive amination.
20

3. The method according to claim 1 wherein the compound of formula (I) is reacted with

a compound of formuia (fI) wherein R is -CO-N(CH;), to form a compound of the formula



10 wherein Pg is a protection group for an al cohol group, Pg, and Pg2 are
protection groups for an amno group, R and R2 are i el ect ed
fromal kyl, al kenyl, alkynyl and optionally alkyl sub2€f$%ﬂgﬁgé¢%gdin
aral kyl v gigagsor R and R2 together forma chain of 2 tRCEDKeHEN atons,
each of R3 and if are independently sel ected from al kyl, al kenyl, al kynyl
and optionally al kyl substituted aryPSOr aral kyl, if is hydrogen or nethyl
and A' and A2 are 15 selected formO and S; to forma conpound of the
formul a wherein R and Y are as defined above, followed by, in either order,
conversion of the group R 20 to a di net hyl am nonet hyl group and conversion
of the group Y to a cyano group, followed by isolation of the cital opram
base or a pharmaceutically acceptable acid addition salt thereof 13
Sept enber 2004 WO 01/ 68631 PST/DRQLA0Q168 24 2. The nethod according to
-claiml wherein the conpound of
formula (H wherein Ris -CH, -G-Eg
wherein Y is a group which may be converted o cyano and Pg is a protection
= group for an al cohol group, optional I | dwed by conversion of the group
(Y

Y to a cyano group; followed by reno f the protecting group to forma
conmpound of forrmula M 10 wherein Y' i$=gyano or a group which may be
converted to cyano, and if Y is not cyano, optio&glly fol |l oned by
conversion of the group Y to a cyano grdup; and thereafter conversion of
t he al cohol group to a feasible |eaving group, followed by, in either
order, 5 ' '

wherein Y is as defined above, optionally followed by conversion of the group Y to a cyano

- ) | group; and thereafter reduction of the compound formed to form a compound of formula

1¢
wherein Y' is cyano or 2 compound which may be converted to cyano, and if Y' is not cyano

) conversion of the group Y' in the compound of formula (VII) to a cyano group.

4. The method according to claim 1 wherein the compound of formula (I) is rcac_ted
15  with a2 compound of formula (II) wherein R is -CH,-N(Pg:)(Pg2) to form a compound of

Y.
Q
N Pg,Pgs

formula



conversion of a group Y which is not cyan to cyano, and replacenent of the
| eaving group wth a dinethylamno group by reaction w

di met hyl anune or a salt thereof, b) nethylam ne foll omyoég?/&rg}%nt%éw%% on or
reduct iwgopdeRat ion, or c¢) with an azide followed by reBOTDKENIAISSE f or m t he
correspondi ng am ne and thereafter nethylation or reductive am nation. 20
3. The nmethod according to claim!|l wiH€rein the conpound of formula (1) is
react ed wihktein ¥ iscogrppuvidchonay srenureged tola)cygiregrepn® Heganddg. MeCH3) 2 to form a
compound_of t.he_for 01/ 6363 f=Toual=Te {,[K01/ 00168
ot pechiBf o & aﬁ@b"v%?‘ﬁ‘aﬁ%%‘f"gﬁgﬁ P ‘y‘“]‘??’%“f‘?ﬁ’&’ed by ogg%;ﬁe?@%r?qgf t he
group Y tyana goyupnand tipreadtp; byaerdovahefitheirpteetingemienes foofampe caprousdbpiénd f or med
to form gﬁf}o{r}rﬁgund of fornmula 10 wherein Y' is cyano or a conpound which
may be c &Pl to cyano, and if Y is not cyano conversion of the group
Y' in the conpound of fornmula (VII) to a cyano group. 4. The net hod .
according to claiml| wherei conpound of fornmula (1) is reacted 15
with a conpound of fornula ( perejn Ris -CH2-N(Pgl)(Pg2) to forma
conmpound of fornula °

NH;

3 (IX)
5
) “wherein Y is a cyano group or a grouf) which may be converted to a cyano group, followed
by, in either order, conversion of a group Y! which is not cyano to a cyano group and
methylation or reductive amination of the free amino group to form citalopram.
10 5. The method according to claim 1 wherein a compound of formula (I) is reacted with

a compound of formula (IT) wherein R is -CH(A'R’)(A’R’) to form a compound of the

formula

vo)

wherein Y is 2 group which may be converted to a cyano group, R' and R’ are independently
15  selected ﬁ'dm alkyl, alkenyl, alkynyl and optionally alky! substituted aryl and aralkyl groups
ror R' and R? together form a chain of 2 fo 4 carbon atoms and A' and A’ are selected from O

and S; optionally followed by conversion of the group Y to a cyano group; and thereafter

deprotection of the compound of formula (X) to form a compound of formula

20



N PgSPg2 MM WO 01/ 68631 13 Septenber 2004 PCT/DKO1/00168 26 wherein Y is
a group which may be converted to a cyano group and Pg, P

protection groups for an am no group, optionally fo||omE%§gWEg§ﬁ€%$%ﬁon of
the growwolsk@ia cyano group; and thereafter by renpvalPQIDKHSMEB0t ecti ng
groups to forma conpound having the fornmula NH2 5 wherein Y' is a cyano
group or a group which may be convert#&d to a cyan group, followed by, in
ei ther order, conversion of a group Y which is not cyano to a cyano group
and nethylation or reductive amnation of the free am no group to form
citalopram 10 5. The nethod according to claim1l wherein.a conpound of
formula (1) is reacted wth ggapound of formula (H) wherein Ris
-CH(AR)(A2R2) to forma cg¢ the fornula wherein Y is a group

whi ch nmay be converted to a's G R/ and R2 are independently 15
sel ected from al kyl, al kenyl, al kyny ptionally al kyl substituted aryl
and aral kyl groups or R and R2 togeé r forma chain of 2 to 4 carbon
atons and A' and A2 are selected f and S; optionally followed by

" conversion of the group Y to a cyame=group; and thereafter deprotection of

t he conpound of fornmula (X) to form a\conpound of formula
F xn

wherein Y' is cyano or a group which may be converted to a cyano group and Alis as defined
- above, followed by, in either order, by reductive amination with dimethylamine of the

s compound of formula (XI) and if Y’ is not cyano, conversion of the group Y' to form a cyano

group.

6. The method according to claim 1 wherein a compound of formula (1) is reacted with

with a compound of formula (I) wherein R is -COOR’ where R’ is as defined above to form

a compound of the formula

xin

F

10  wherein Y is a group which may be converted to cyano and R’ is selected from alkyl, alkenyl,
alkynyl and optionally alky! substituted aryl and aralkyl, optionally followed by conversion of

Y to a cyano group; and thereafter

i)} reduction to form an alcohol of formula



20 WO 01/68631 27 13 Septenber 2004 PCT/DKO1/00168 wherein Y' is cyano or

a group which may be converted to a cyano group and A f'ﬂiﬁ
above, followed by, in either order, by reductive aninaé?gﬁaﬁﬁﬁﬁ}

di met hylagiee:pf the 5 conpound of formula (XI) and if YCTIKOMEN6Eyano,
conversion of the group Y to forma cyano group. 6. The nethod according
to claim1 wherein a conpound of formfl a (I') is reacted with wth a
conmpound of forrmula (I1) whekei p~R i s.- COORS where R3 is as defined above
to form a conpound of the for erein Y is a group which may be
converted to cyano and R3 is sé y\, alkenyl; alkynyl and
optionally al kyl substituted ary 7 optionally followed by
conversion of Y to a cyano group; ang

hereafter i) reduction to form an
al cohol of formula WO 01/68631 28 M ept enber 2004 PCT/ DKO1/ 00168
wherein Y' is cyano or a group which

Be convected to cyano, and if Y

is not cyano, optionally followed by copversion of the group Y to a cyano

group; and thereafter \ )

wherein Y' is eyano or a group which may be converted to cyano, and if Y’ is not cyano,
optionally followed by conversion of the group Y! to a cyano group; and thereafter
conversion of the alcoho! group to a feasible leaving group, followed by, in either order,

5  conversion of a group Y' which is not cyano to cyano, and replacement of the leaving group

. 3 with a dimethylamino group by reaction with
a) dimethylamine or a salt thereof,
b) methylamine followed by methylation or reductive amination, or
10 «¢) with an azide followed by reduction fo form the corresponding amine and thereafter

methylation or reductive amination,

or

ii) reaction of the compound of formula (XII) with an amine of NH(Me),, NH.Me, NH;3
15  or a salt thereof to form an amide, followed by, in either order, reduction of the amide, and if
Y' is not cyano, conversion of the group Y! to cyano, and if necessary methylation or

reductive amination to form a dimethylamino group.

, ) B The method according to claim 1 wherein a compound of formula (I) is reacted with a

compound of formula (If) wherein R is -CH,-CO-NH; to form a compound of the formula

F

20
wherein Y is as defined above, optionally followed by conversion of Y to a cyano group;

followed by treatment with a hypohalide to form a compound of formula



conversion of the alcohol group to a feasible |Ieaving group, followed by,
in.either order, 5 conversion of a group Y which is no n 0, ano, -
and repl acenent of the |eaving group wth a dinethyl anﬁn%é/rg?rgﬁ%r?o@%

reacti oRyeypizes) di nethylam ne or a salt thereof, b) nethyi/BKI¥EIG0! | owed
by nethylation or reductive amnation, or 10 ¢c) with an azide foll owed by
reduction to formthe corresponding affne and thereafter nmethylation or
reductive am nation, or ii) peaction of the compound of formula (XII) with
an am ne of NH(Me) 2, NH2M, of\a salt thereof to forman am de,
followed by, in either order, rg Pof the amde, and- if Y is not
cyano, conversion of the group Y~ andsk f necessary nethylation or
reductive amnation to forma dimethyldnino group. 7. The nmethod accordi ng
to claim1 wherein a conpound of for ) is reacted with a conpound of
~formula (11) wherein Ris -CH2-CO NH2 orm a conpound of the fornula 20
wherein Y is as defined above, optiona foll owed by conversion of Y to a
cyano group; followed by treatnment with hypohaﬂx?de to forma conpound of
* fornula 13 Septenber 2004 WD 01/68631 PCT/ DKO1/ 00168 29 NH2 wherein Y is
a cyano group or a group which may be converted to a cyano group,  foll owed
by, in ei tierind¥dez cyape soup of agrowf Whickynas(bs convegied torp gyanaygeuns fodgled 0 a cyano

group and by, in either order, conversion of a group Y' which is not cyano to a cyano group and

Z
&

methylation or reductive amination of free amine group to form citalopram.

) 8. The method according to claim 1 wherein a compound of formula (J) is reacted with a

compound of formula () wherein R is -CH=CH-R” to form a compound of the formula

whereinY isa gfoup which may be converted to a cyano group and R’ is alkyl, alkenyl,
10 alkynyl and optionally alkyl substituted aryl and aralkyl as defined above, optionally followed
by conversion of the group Y to a cyano group; and thereafter oxidation to form a compound

i) of formula

15  wherein Y'is cyano or a group which may be converted to a cyano group, followed by, in
either order, reductive amination with dimethylamine and if Y! is not cyano conversion of the

group Y' to a cyano group to form citalopram.



met hyl ati on or reductive am nation of free am no group to formcital opram
5 8. The nethod according to claim| wherein a conpoun f.or mul 1) is
reacted with a conpound of fornula (11) wherein Ris ?Eféﬁﬁpﬁﬁ% %p orm a
conmpoungo{fiekéde formula wherein Y is a group which nay WPETOHMNEPEd to a
cyano group and R7 is al kyl, alkenyl, 10 al kynyl and optionally al kyl
substituted aryl and aral kyl as definé¥ above, optionally followed by
conver si 0f. of Ahetigrddapthy preparation phritslapragu fromarsampived ebformaa oxi dation to
forma conpound of fornmula t7M 15 wherein Y' is cyano or a group which may
be converted to a cyano group, followed by, in either order, reductive
am nation with dinethylamne_and.if Y is not cyano conversion of the

roup Y' to a cyano group to aLopranl WO 01/68631 13 Septenber 2004

g P

PCT/ DKO1/ 00168 30 A net hod o@ preparation of citalopramfroma
conpound of formula (XVI) where ' syano group, or a group which can
be converted to a cyano group and R2

5 -CH2-W wherein Wis a having
group,: or R2 is cyano or -CH2N(CH3) \rising, in either order,
conversion of the group Y which is ano to a cyano group and
conversion of the groupR2 which is notx(-CH2ZN(CH3)2 to a
di met hyl am nonet hyl group, followed by isol atiq@y, of cital opram base or a
pharmaceutical |y acceptable acid addition %salt thereof.

- wherein Y' is a cyano group, or a group which can be converted to a cyano group and R? is
5  -CH,-W, wherein W is a Ieaving group, or R*is cyano or -CH,N{CH,), comprising, in either
order, conversion of the group Y' which is not cyano to a cyano group and conversion of the
group-R* which is not -CH;N(CH3). to a dimethylaminomethyl group, followed by isolation
of citalopram base or a pharmaceutically acceptable acid addition salt thereof.

0

10 10. 'ihe method according to claim 9 wherein R? is -CHp-W, wherein W is a leaving
group and the group W is replaced by a dimethylaminomethyl group by reaction with
a) dimethylamine or a salt thereof,
b) methylamine followed by methylation or reductive amination , or
c) -with an azide follo;eved by reduction to form the corresponding amine and thereafter

15  methylation or reductive amination.

11. The method according to claim 9 wherein group R’ is cyano which is converted to a
) | dimethylaminomethyl group by reduction followed by methylation or reductive amination of
- the free of the amino group formed. '
20 .

912. The method according to claim 9 wherein the compound of formula (XVI) is prepared

. by reaction of a compound of formula



10 10. The nethod according to claim9 wherein R2 is -CH2- VV wherein Wis a
| eaving. group and the group Wis replaced by a dinet hy rr§ démgroup
by reaction with a) dinethylamne or a salt thereof, i

f ol | owegom/efBt Nyl ati on or reductive anination, or c) Mﬁwlfaﬁliﬁﬂe

foll owed by reduction to formthe correspondlng am ne and thereafter 15
nmet hyl ati on or reductive am nati on. 13 The net hod according to claim?9
wherein group R2 is cyano which is converted to a dinethylam nonet hyl
group by reduction foll owed by frf reductive am nation of the
free of the amno group fornmed. 20 he gret hod according to claim9
wherei n the conpound of fornula (X% i
conmpound of forrmula 13 Septenber 2004 \
wherein Y' is a cyano group, or a group )
- group, with a conpound of fornula R2 5 W n Xis a leaving group and R2
is -CH2-W wherein Wis a leaving group, & _R2 is cyano or -CH2N(CH3) 2;
provided R2 is not -CH2N(CH3)2 when X is halpgen and Y' is cyano; and if
Y is not cyano, optionally foll owed by conversioneapf the group Y to a
cyano group. 13. The nethod according to claiml| wherein the conpound of

formula ( is_heacted with 10 a canpound of roula (i in Ris
- C% NVE( pg%arelfl af 1S SYRLP %B%BTMOI&W 161530 ﬁg.converte% toa cyang g}JJp,V\@ﬁﬂ &

compound of formula

>k, can be converted to a cyano

RZ
x/\/

(IIa)

5  wherein X is a leaving group and R is -CH,-W, wherein W is a leaving group, or R?is cyano
or ~-CH;N(CHs,),; provided RZis not -CH.N(CH,), when X is halogen and Y' is cyano; and if
Y! is not eyano, optionally followed by conversion of the group Y! to a cyano group.

13. The method according to claim 1 wherein the compound of formula () is reacted with

10  acompound of formula () wherein R is -CH,-NMe(Pg;) to form a compound of formula

Y.
o CHs3
N
i Pga
| ) Q

. GvID

7N

wherein Y is a group which may be converted to a cyano group and Pg; is a protection group
for an amino group, optionally followed by conversion of the group Y to a cyano group;

15 thereafier removal of the protection group to form a compound of formuia



(XVI1) wherein Y is a group which may be converted to a cyano group and Pgj
is.a protection group for an am no group, optionally f owed, b

conversion of the group Y to a cyan group; 15 thereaftef:l’ #%Wg?y%qoﬁ he

pr ot ect wgg;g*g to forma conpound of formula 13 Sept enpef/piedorsd\O .

01/ 68631 1/00168 32 (xvm wherein Y' is a cyano group or a group

whi ch may be converted to cyano, foll d&d by, in either order, conversion
of the group Y which is not cyano to a cyano group and nethylation or
reductive amination of the gamno group to formcitalopram 5 14_ The net hod
according to claiml wherein soapQund of fornmula (1) is reacted wwth a
conpound of formula (11) where is CON R8tto forma conpound of
formula CAM 10 wherein Y is a pe wall e converted to cyano and
wherein R8 is hydrogen or nethyl, opironally fullowed by conversion of the
group Y to a cyano group; and thereajf reduction to forma conpound of -
the formula 15 wherein Y' is cyano oroup whi ch may be converted to
cyan and R8 is hydrogen or nethyl, fwsklowed by, in either order,

met hyl ati on or reductive am nation to fqrma 13 S&Wlerrber 2004 WD 01/68631"
PCT/ DKO1/ 00168 33 F )

wherein Y’ is a cyano group or 2 group which may be converted to cyano, followed by, in
either order, conversion of the group Y' which is not cyane to a cyano group and methylation

or reductive amination of the amino group to form citalopram.

E J 14.  The method according to claim 1 wherein the compound of formula (I} is reacted with

a compound of formula (II) wherein R is -CO-NHR to form a compound of formula

10  wherein Y is a group which may be converted te cyano and wherein R®is hydrogen or methyl,
;o optionally followed by conversion of the group Y to a cyano group; and thereafter reduction
to form a compound of the formula

F X

15  wherein Y' is cyano or a group which may be converted to cyano and R® is hydrogen or

methyl, followed by, in either order, methylation or reductive amination to form a



di met hyl am no group, and if Y 'is not cyan conversion of Y to a cyano
groeup. 15. The nethod for the preparation of cital opram.c risin eaction
of a conmpound of fornula (la) is reacted with a corrpo[ﬂ%g‘g%)te ﬁ%%fﬂdf (rn)
wher ei W 086868( A' Ra) (A2R5) (A'R6) 5 to form a conpound RET/RRYE/OHEY| a
wherein Y' is a cyano group or a gr oug whi ch may be converted to cyano and
wherein each of R4, RS and Rb are in %pendent |y selected from al kyl,
al kenyl , SRIAmIBHEOBR ARG ] 1F Joteyanpcontsrsiqpd Y f'oR BFRAEPFP-and ar al kyl and
A, Az and A3 are selected fromO and S, if Y is not cyan optionally
foll owed by conversion of Y' to a cyano group; and thereafter hydrolysis to
forma cbgrpoufﬂic wethed forthe preppption pf cialppram coigprisngfEacypn ‘?ifaad’r"B’B ch may be
conver t edidrRuRYANR readitd with adbslpdid 8f Bradla &b vl R 6 -eRORY(ARGH(ATRYY' 1S not
cyano, optionally foll owed by conversion of Y to cyano; and followed by
“ i) reduct orar cemrad 8Lt  or mul a ()11) or an ester thereof to forma
conpound of fornmula WO 01/68631 34 (V) 13 Septenber 2004 PCT/ DKO1/ 00168
-wherein Y' is cyano or a group which may be converted to cyano, and if Y
“is not cyano, optionally fQq]low conversion of the group Y to a cyano
group; and thereafter 5 convdg § he al cohol group to a feasible
| eavi ng group, followed by, AR

AZ—| R5

wherein Y' is a cyano group or a group which may be converted to cyano and wherein each

of R*, R® and R are independently selected from alky), alkenyl, alkynyl and optionaily alkyl
10  substituted aryl and aralkyl and A', A? and A’ are selected from O and S, if Y' is not cyano

optionally followed by conversion of Y' t6 a cyano group; and thereafter hydrolysis to form a

compound of formula

¥yl

F XX

wherein Y'is cyano or a group which may be converted to cyano, and Al and A are as
'_ 15  defined above and if Y' is not cyano, optionally followed by conversion of Y to cyano; and
followed by

1) reduction of a compound of formula (3CXII) or an ester thereof to form a compound

of formula



conversion of a group Y which is not cyano to cyano, and repl acenent of
the leaving group wth a dinethylam no group by reacti \Mtthb%%%

di ret hyl am ne or a salt thereof, 10 b) nethyl am ne foll F'H Q%ation
or reduwo eKsss3t nation, or c) with an azide foll owed by FedbRIYY% 6 form
t he correspondi ng am ne and ther eafte5 met hyl ati on or reductive am nati on,
or 15 ii) conversion of the conpound 0‘1‘ formula (XXI'l) or an ester thereof
to an amde followed by, in,either order, reduction of the amde, and if
Y' is not cyano, conversion O Bx-grQuUp Y to cyan, and if necessary

met hyl ati on or reductive am nat
conpound of the formula wherein
cyano and Ris -CH -OPg, - CH, -NPglPg
-CH(A' R ) (AAR2), -COOR3, -CH2-CO NH2, tCH R or 13 Septenber 2004 WO
01/ 68631 PCT/ DKO1/ 00168 35 CONHRS, Wj Pg is a protection group for an
al cohol group, Pgl and Pg2 are protects@ny” groups for an am no group, R
and R2 are independently selected from al\kyl, al kenyl, al kynyl and
optionally alkyl substituted aryl or aralkyl groupd or R and R together
forma chain of 2 to 4 carbon atons, each of R3 and R7 are independently
sel ected fromal kyl, 5 al kenyl, alkynyl and optionally al kyl substituted
aryl or aralkyl, R$ is hydrogen or methyl ‘agld A ar;!ld @,2 are selected from
0 and S; Wherain Yads eYapRien4erem vdughmayhecagserted to cyano, and if Y™ is not cyano,

optionally followed by conversion of the group Y' to a cyano group; and thereafter

- NMePgl , - CO- N( CH3) 2,

5  conversion of the alcohol group to a feasible leaving group, followed by, in either order,
- ) conversion of a group Y' which is not cyano to cyano, and replacement of the leaving group

with a dimethylamino group by reaction with

a) dimethylamine or a salt thereof,
10 b) methylamine followed by methylation or reductive amination, or
c) with an azide followed by reduction to form the corresponding amine and thereafter

methylation or reductive amination,

or

15 i) conversion of the compound of formula (XXII) or an ester thereof to an amide
followed by, in either order, reduction of the amide, and if Y' is not cyano, conversion of the
group Y' to cyano, and if necessary methylation or reductive amination to forma

dimethylamino group.

20 16. A compound of the formula
AL
(I

F (a

wherein Y is a group which may be converted to cyano and R is -CH,-O-Pg, -CH,-NPg,Pg,, -
CH,-NMePg,, -CO-N(CH;),, -CH(A'R'}(A’R?), -COOR’ -CH,-CO-NH;, -CH=CH-R’ or -



17. A compound of formula 10 Mwherein Y' is a group which nmay be converted

to-cyano, or an acid addition salt thereof 18. A corrpou S tf 15 Nm
wherein Y is a conpound which may be converted to cyant’ >BfcH ‘?5

addi ti orW@&l686sher eof . 19. A conpound of formula WO 01/ e
Septenber 2004 PCT/DKO1/00168 Ox) whgiein Y' is a group which may be

ted g
comound. SPNE Y PRRRE R Bt S g3 %rf 5%9%"%%@&*’% gl PSRt ) cyano
group andgups for &h m:mSgron;r, RinndRi dre mﬁbdcltdmuly sglgtted fréve plpl alEﬂzlyl A conpound of
for mul a 191](&\’\'{14; aw n YI allllg Hg‘rl s%izaléﬁea,m rylcol‘ll a%l E}Qup%%Pﬁe&Id‘i@ t(;éath@r fo¥40 group

and R2 is®-
chain of 2 to 4 carbon atoms, each of R® and R’ are independently selected from alkyl,
5  alkenyl, alkynyl and optionally alkyl substituted aryl or aralkyl, R? is hydrogen or methyl and

A’ and A? are selected from O and S; or an acid addition salt thereof.

17. A compound of formula

10
wherein Y' is a group which may be converted to cyano, or an acid addition salt thereof

18. A compound of formula

15
wherein Y' is a compound which may be converted to cyano, or an acid addition salt thereof.

19. A compound of formula



Wis a leaving group or R2 is cyano or --CH2N(CH3h, or an acid addition
salt thereof. 15 22. A conpound of fornmula WO 01/ 68631 fg 13 S er 2004
PCT/ DKO1/ 00168 wherein Y' is a group which may be conve gepte %p%

acid adwWaegseyalt thereof. 5 23. A conpound of formnul a MpEp 'é‘l"ﬁ |s a
cyano group or a group which may be copverted to cyano and wherein each of
R4, R5 and R6 are independently selected from al kyl, al kenyl, al kynyl and
optionally alkyl substituted aryl and aral kyl and A' A and A3 are
selected fromO and S, or amM\acie i 10 salt thereof. 24. A conmpound
of formula a'H wherein Yis cyap Iy oup whi ch may be converted to
cyano, and A' and A2 is sel ect&g fAomO angIH S, or an acid addition salt
t her eof . ‘

+ )

wherein Y’ is a group which may be converted to a cyano group, or an acid addition salt

thereof.

5 20 A compound of formula

F xn

wherein Y is a group which may be converted to a cyano group and A'is O or S, or an acid
addition salt thereof

21. A compound of formula

F xvn
10

wherein Y! is a group which may be converted to a cyano group and R?is —CH,-W, wherein
W is a leaving group or R? is cyano or ~CH,N(CH3),, or an acid addition salt thereof.

15 22. A compound of formula



13 September 2004
WO 01/68631 PCT/DK01/00168

37

CHz

v

wherein Y' is a group which may be converted to cyano, or an acid addition salt thereof.

5 23, A compound of formula

Yi

wherein Y' is a cyano group or a group which may be converted to cyano and wherein each

of R* R® and RS are independently selected from alkyl, alkenyl, alkynyl and optionally alkyl

substituted aryl and aralkyl and A', A% and A’ are selected from O and S, or an acid addition
10  salt thereof.

24. A compound of formula

F X1

wherein ¥’ is cyano or a group which may be converted to cyano, and Al and A? is selected

15  from O and S, or an acid addition salt thereof.





