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{54) Title: METHOD FOR THE PREPARATION OF CITALOPRAM

(57y Abstract: The present invention refates method for the preparation of citalopram by atkylation of a 1- (4—ﬂuorophcnyl)—l 3-

dihydroisobenzofurane derivative.




Title: METHOD FOR THE PREPARATI ON OF Cl TALOPRAM Abstract: The present

i nventihon relates nethod for the preparation of cital op b Ik(iﬂtion of
a 1- (4-flurorophenyl)-1,3- dihydroi sobenzof urane deri va{fgéptg'f‘geéé %enber

2004 Met hod for the Preparation of Cital opram The present invention rel ates
to a method for the preparation of the well-known antidepressant. drug
citalopram| -[ 3-(di net hyl am no) propyl [-1-(4-fl uorophenyl)-1, 3-di hydro-5 5

| sobenzofpMEMBE PrIROPEepiration BECHAbYRD Of the Invention Ctalopramis a

wel | - known anti depressant drug that hilLs now been on the market for sone

10 years and has the followng structure: NCIt is a selective, centrally
acting serhetppoaém irventiondelatsyth ayptiadiforahe frepafition efithe akib-knowm pitidepressans
accordi ng havi n .depressant Vst  andd )kessant activity
of the comtptRipoRy” tHUERABaARpBrh e bipnel g AhiARRS eSOt 20
Prog. SNeusabePapichropiamitidzol . & Biol. Psychiat. 1982, 6, 277-295 and A
Graven Ada Psychiatr. Scand. 1987, 75, 478-486. The conpound has further
been di scl osed to show effects in the treatnent of denentia and

" cer ebr ov Baskgrennd pEe IvestionEp. A 474580. 20

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

. 10 years and has the following structure:

' ‘ NC
(>
/) N

F

1t is a selective, centrally acting serotonin (S-hydroxytryptamine; 5-HT) reuptake inhibitor,
15  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. 1987, 75, 478-486. The
compound has further been disclosed to show effects in the treatment of dementia and
cerebrovascular disorders, EP-A-474580.

20 _
) 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.

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

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

30  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



Cital opramwas first disclosed in DE 2,657,013, corresponding to US

4,136, 193. This patent publication describes the prepar asiSepteaibec 2004 opr am
by one nethod and outlines a further nethod, which may
prepari M &¥e8ailopram 25 According to the process descriggaaa@ﬂghgg
correspondi ng 1-(4-fluorophenyl)-1, 3-dj hydro-5- isobenzofurancarbonitrile
is reacted with 3-(NN-di net hyl am no) propyl-chloride in the presence of

met hyl sul éamyikaded Hederresponbmgie nghoderagidvetand Tee-ber darivativens then al  was
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di scl oses a process for the manufacture of citalopramwherein a (4-(cyano,
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01/ 68631 PCT/ DKO1/ 00168 2 converted to the correspondi ng 5-cyano
derivative and the 5-cyano derivative is then alkylated with a
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5- cyaHb- | refivictiph irotho pinewmy of alkyl@ingiréagant ¢¢ bowsehisanage apssible. aThamregeesPithie th a
conmpound MOLEGR, BRYideEneR YRt €d to a di met hyl am nopropyl group. The

al kyl ati on process according to the invention is particularly advant ageous
because the formation of by-products by polynerisation of the al kylating

agent i s SuhdBtMhemebiiod . 10 reduction in the anount of alkylating
reagent to be used is nmade possible. The process of the
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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)

F ]

wherein Y is a group which may be converted to cyano, with a compound having the formula
. :
x> @

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
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; -



i nvention provides high yields. Summary of the invention 15 In the first
aspect of the present invention there is provided, a nmeth9depRimbel2004
preparation of cital opram conprising reaction of a conpound of fornula (1)
(1) wheweioué¥6its a group which may be converted to cyan®CHPKH/®IEomound
having the fornula L 20 (0) wherein Xis a suitable |eaving group and Ris
-CH2- O Pg, -CH2-NPg, Pg2, -CH2-NMePgl, ™ -CO-N(CH3)2, -CH(A R)(A2R),

COORS, - Ty apappougs pidhe frmyls - CONHRB, wherein Pg is a protection group
for an al cohol group, Pg, and Pg2 are protection groups for an am no

group, R and R2 are independemt Ly egted from al kyl, al kenyl, al kynyl
and optionally 25 al kyl substit uf aryl and aral kyl groups or R and R2
together forma chain of 2 to 4 5a
sel ected from al kyl, al kenyl, al kynyl
“and aralkyl, R8 is hydrogen or nethyl ap
S; 13 Septenber 2004 WD 01/68631 PCT/ B
the forrmula wherein R and Y are as defi
" order, conversion of the group R

optiteonal |y al kyl substituted ai
A and A2 are selected fromO and
0168 3 to forma conpound of
above, followed by, in either

wherein R and Y are as defined above, followed by, in either order, conversion of the group R
toa dimethylaminomethyl group and conversion of the group Y to a cyano group, followed

5 by isolation of the citalopram base or a pharmaceutically acceptable acid addition salt thereof.

One embodiment, may relate 1o a method according to the first aspect for the preparation of
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



to a di met hyl am nonmet hyl group and conversion of the group Y to a cyano
group, ‘followed 5 by isolation of the cital opram base or 18 sehimBaredbacal |y
acceptabl e acid addition salt thereof. One enbodi nent, ma rela@ ho a
met hod ¥@8MERSAy to the first aspect for the preparationF&FPRY §]I6 pram
wherein the conpound of forrmula (1) may be reacted with a conpound of
formula (I rein, Ri1s- -O-Pg to for conpound of fornula 10

wherei n v PeasBFEGaiad it s Ba s RHE By SEPRRE Mk ome o ot ect i on
group for goup ¥l wiibivis ngt ayam toepiriopand réplackmbit ofithel ldaying grovpméthan of the group
Yto a cygpoiﬂﬁou§ﬁﬁa9d thereafter renoval of the protecting group to form
a conpound BFHYBIHA EOPLYIRARHE D v i's cyano or a group which nay be
converted to cyano, and if Y is not cyano, optionally followed by

conver si on.of,. t roup Y .to a_.cyano group; thereafter conversion of 13
Sept enBer "’206‘2{“’3%'1‘ g@%ﬁ?f DK01/ 00168 4 the al cohol group to a

f easi bl e |Wamethglagriotfpllowel Hyaushlylaion or redadtivliemimatiedleor  conver si on of a

W iha dieriy PR GRS L B e bR TR Ay ARrABor 5 Sl 1

t hereof, b) nethhlstiamoiveddedld ammatiday net hyl ati on or reductive am nation, or
c) with an azide followed by reduction to formthe correspondi ng am ne and
t hereafter :

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.



met hyl ati on or reductive am nation. 10 A second enbodi nent, may relate to a
met hod "according to the first aspect for the preparationi9kepehitrl oo68m
wherein the conpound of forrmula (I) may be reacted with a conpound of

f or mul a WOb)/e86dherein Ris -CON(CH3)2 to forma corrpounBCEﬂ)%Wémﬁ%r mul a CM
15 wherein. Y is as defined above, opti%nally foll owed by conversion of the
group Y to a cyano group; and thereafter reduction of the resulting
conpound t.®thirdembodineaipguese fa nfedbdattadiddio 20 AR Br tfe préipsraas@dn Or a

conpound whi nver t ano, and.if. Y 1S not.c

conver si o\rllm(%l? Ik_}f“ﬂgyenér%gt&ggwpg‘fn?\ %{ifﬁ%n%% Betd eaocgd FHRrEoe Q/f’f}f)m%%@ cyano
group. 13 ‘S@W&mé&zm@m®wemwweﬂfpwm/ 00168 5 A third enbodi ment,
may relate to a nmethod according to the first aspect for the preparation of
_cital opram wherein the conpotng erfmul a (1) may be reacted with a
conmpound of forrmula (I1) wher§ R i s CH2- N(Pgl) (Pg2) to forma conpound
of formula N P$1P$2 tyM 5 wher e g a groupympi,ch may be converted to a
cyano group and Pgl and Pg2 are protaction>~groups for an am no group,
optionally followed by conversion of phegwgroup Y to a cyano group; and

t hereafter renoval of the protecting ps to form a conpound having the

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



formula am W10 wherein Y' is a cyano group or a group which may be
converted to a cyano group, followed by, in either ordeq3 cegpwdies8h40f a
group Y which is not cyano to a cyano group and nethylation or reductive
ani nat vemoxdseéshe free anino group to formcital opram APESREONIYSYodi nent ,
may relate to a process for the preparation of cital opramwherein a
conpound 15 of fornmula (1) nay be reficted with a conpound of formula (11)
wherein Ris -CH(A R ) (A2F m a conpound of the forrmula 20 13

Sept enmber 2004 WO 01/68631 00168 6 wherein Y is a group which may
be converted to a cyano group, B ‘e~+mdependently selected from
al kyl, al kenyl, al kynyl and opTi onakhy ¥ substituted aryl and aral kyl
groups or R and R2 together form 2 ain pi—2 to 4 carbon atons, and A
and A" are selected form0O 5 and S¢ opt onally foll owed by conversion of
the group Y to a cyano group; and t\hergafter deprotection of the conpound ’
of formula (X) to forma conpound of f\ormula Y wherein Y' is cyano or a
group which may be converted to a cyane group affi A' are as defined above,
foll owed by, in either order, reductive am nation wi th di nethyl arnine of '
the conmpound of forrmula (XI) and if Y is not cyano, conversion of the

group Y 3h0refiP¥ W Aeroup 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



10 cyano group. A fifth enbodinent, may relate to a nethod according to the
firrst aspect for the preparation of cital opram wher ei nt&hSeRIAHEaHELAY
formula (1) may be reacted with a conmpound of formula (I1) wherein Ris
- COOR3 twobssiBh conpound of the fornula 15 13 Sept enber PODOKOIR8168 / 68631
PCT/ DKO1/ 00168 7 wherein Y is a group which may be converted to cyano and
R3 is selected fromal kyl, alkenyl, alkynyl and optionally alkyl
substituted aryl and aral kyl, optionally foll owed by conversion of Y to a
cyano group; and thereafter 5 i) _reduction to forman al cohol of formula M
wherein Y' is cyano or a group P y be converted to cyano, and if Y
is not cyano, optionally foll bnver si on of the group Y to a cyano
group; and thereafter 10 conver ; 2 ohgl, group to a feasible
~leaving group, followed by, in either , | conversion of a group Y
which is not cyano to cyano, and replgz entcof the leaving group with a
di met hyl am no group by reaction with nmet hyl am ne or a salt thereof, 15
b) nethylam ne foll owed by nethyl ati of=et reductive am nation, or c) with
" an azide followed by reduction to formt ne corre@ﬂbnding am ne and
thereafter nethylation or reductive anifation,

wherein Y is a group which may be converted to cyano and R? is selected from alkyl, 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



1S not

or 20 ii) reaction of a conpound of formula (XIl1) with an am ne of formnula
NH( Me) 2, NH2ZMe or NH3 or a salt thereof to forman am deg skplchapdoby, 1n
ei ther order, reduction of the 13 Septenber 2004 WO 01/68631

PCT/ DKOW®0L&838 anide, and if Y is not cyano, conver sPERDEOIPHES group Y
to cyano, and if necessary nethylatiop or reductive amnation to forma

di net hyl.am no group,. 5 A si xth enbodj nent, relate o a nethod according
to the fi Pg‘ﬁdea%'ﬁlégg 16 8Pt R, ﬁ‘?“éﬁ%ﬁ%f’#tg%g@?p Qﬁ%t"%ﬁ“&p?’@r’rf BHESEYn a conpound

of for mul gneftylati®h¥r RBudiiO@EhREkioM th Fori aCRMRBYAEOrdupr mul @ (11) wherein Ris
-CH2-CO-NH2 to forma conpound of the fornula wherein Y is as defined

above, optionally followed by copversion. o to cyano_dr. ; .and

t her eaf t er* LHESPRERE R FF?"‘ée t%?/’ﬁ‘?)‘ﬂ%i‘lafcﬁgj“igéo 'Leo%%asé?e%goﬁpgﬂrﬁ%f ggy‘?ornul a (DO
10 15 whekiedldprafi wheina coyyengl of fonunda (Y may bgreaurd with 2 edmpaend obferraa{fibrted to a
cyano 9]‘ OURereih Rlid PWEEONRY, to foith Alohl&ha Fufl@bmuGonver sion of a group Y' which

cyano to a cyan group and " nethylation or reductive am nation of

~free amno group to formcital opram A seventh enbodinent, nay relate to a
met hod according to the fryst aqspect for the preparation of citalopram

i \Y be reacted with a conpound of formula

- oam

3
B

) | L

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



wherein Ris -CH=CHR7 to forma conpound of the fornmula 13 Septenber 2004
WO 01168631 PCT/ DKO1/ 00168 9 wherein Y is a group which pageBRniRprvesied to
a cyano group and R7 is al kyl, alkenyl, alkynyl and optionally alkyl

subst it ufyesbiagssh and aral kyl as defi ned above, optional | yydrmbkavetss by
conversion of the group Y to a cyano group; and thereafter oxidation to
forma conmpound 5 of fornula wherein Y'?is cyano or a group which may be
converted to a cyano group, followed by, in either order, reductive

am nation with dinethyl am ne and Y13 not cyano conversion of the
group Y' to a cyano group to for o?an1 10 I n a second aspect of the
present invention, there is provid ox_t,he preparation of

cital opram from a conpound of for mul a ( mhereln Y is a cyano group, or
a group which can be converted to a cyas oup and R2 is 15 -CH2-W
"wherein Wis a leaving group, or R2is or -CH2N(CH3) 2 conprising, in
ei ther order, conversion of the group Y=wfich is not cyano to a cyano
group and conversion of the 13 Septenber 2§04 wo &%? 68631 PCT/ DKO1/ 00168
"10 group R2 which is not -CH2N(CH3)2 to a ‘di met hyl ami nomet hyl group,

foll owed by isolation ,
wherein Y is a group which may be converted to a cyano group and R’ is alkyl, alkenyl,

._‘¢

alkynyl and optionally 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



of cital opram base or a pharmaceutically acceptable acid addition salt
thereof. Still another enbodi ment, the method according ﬁ@S‘éBFenﬁﬁ?Qﬁ&
aspect, may be a group R2 which is -CH2-W wherein Wis a |l eaving group
may be C¥AVYIEH to a di met hyl ami nomethyl group by . reXEFMHUPER a)

di met hyl am ne or a salt t hereof, b) nmethyl am ne foll owed by nmethyl ation or
reductive am , Z|de fol |l owed by reduction ormthe
corresponcﬁ(ﬁ’@ ‘éﬂ‘a &hg\?@ dp 2 dimshy{prinqry yérgmf"%djﬂlgq“feggy WAt i on. Yet
anot her ewb&tﬂléﬁiﬂhbagehEaMﬁkﬂul&ﬁﬂjﬂﬁdﬂbﬂ@léﬂ:ldiiﬁltﬁ)ﬁ@ﬂﬂtﬂera&DECt, may be a
group R2 which is cyano and may be converted to a di met hyl am nonet hyl

group by rsﬁﬁ%hqk,%gmggcg%%@\e%gn&ﬁxd 53@3;55}{4@%%@&5?3&%9&%&5%/ wARRE fson of the

free am no Igrou uction o 0 an amno group
may be cartial: Wisteinn¥iisideayiss Hgurmpry bRegrEsed o aétnefﬂwla@nam@aﬂ gPYPdY - The
conpound odactfonfuiil @ (XVI) may be prepared by reaction of a conpound of

fornula (%4p) diM'é%Yy@drﬁln%rdsﬁltﬁm%Pno group, or a group which can be converted
to a cyano group conmpound of formula Rz (Ha) wherein X is a

| eavi ng glbbqueﬁW "—‘@BOW@-‘PZJWhM@Fl@TWdWW%a‘amP’é‘a\MOﬁg group, or R2 is :
cyano %%@ﬁ)l&eﬂﬁb’duﬂﬁ& 5%orhSth® rresfod@ide Stk andMhERafteri S hal ogen and

Y is cyano N, i's not cyano, optionally followed by conversion of
the group Y'm@tbyiahmﬁ@ﬁugm\@@plmammther enbodi nent, nay relate to a nethod
according to the first aspect for the preparation of

-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



»

~nmethyl, optionally followed by con

ci tal opram wherein a conpound of fornmula (1) nmaybe reacted with a conpound
of fornula (11) wherein Ris -CH?-NMe(Pgl) to forma conp@eptinitferbepiul a
13 Septenmber 2004 WD 01/68631 PCT/ DKO1/ 00168 Ii (XVFI wherein Y is a group
whi ch n¥¥D déséBinverted to a cyano group and Pg, is a pr REPKGPBoup for
an am no group, optionally followed by, conversion of the group Y to a cyan
group; and thereafter renoval of the protection group to forma conpound
of formula (xvrmwherein 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 Cy otp and nethyl ation or reductive

am nation of the am no group qrm @ tal opranes, 10 Still anot her

enbodi ment, nmay relate to a precs e oﬁéparation of cital opram
wherein a conpound of fornula (1) be r ac?aﬂ wi th a conpound of
formula (1) wherein Ris -CO NHR8 \orn1a conpound of forrmula e 15 (XDg
wherein Y is a. group which may be & fted to cyano and RR i s hydrogen or
w'on of the group Y to a cyano group;

e

and thereafter reduction ! ovID

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



13 Septenber 2004 WO 01/68631 PCT/ DKO1/ 00168 12 to form a conpound of the
formul a wherein Y' is cyano or a group which may be conv¢g@%gk%qm§?g@p and
R$ is as hydrogen or 5 nmethyl followed by, in either order, nethylation or
reduct i W ewasext i on to formthe di methyl ami no group and PEI/RKOVWIphHt cyano,
conversion of Y to cyano. In a third gspect of the present invention,
there is provided the hod for the preparation of cital opram conprising
reaction BTgHHEBWBHﬁﬁﬁgE%GgEWHBIa (la) with a conmpound of fornula 10 (I1)
wherein Ris -C(A R4) (A2R5) (A3R) to form a conmpound.of the formula wherein
Y' is a cyano group or a group which may be converted to cyano and wherein
each of R4, RS and R6 are yndependently selected from al kyl, al kenyl,

al kenyl and optionally al kyl X ) uted aryl and aral kyl and A, A2 and
A3 is selected formO and S, 4
conversion of Y to a cyano group
conpound of fornula 13 Septenber
wherein Y' is cyano or a group which
is not cyano, optionally followed by
group; and thereafter

eveabter, hydrolysis to forma
17 68631 PCT/ DKO1/ 00168 13 5 M
be converted to cyano, and if Y

F xx)

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

£ 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

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

’i's not cyano optionally followed by

ersion of the group Y to a cyano’



conversion of the al cohol

group to a feasible | eaving group,
in either order, 10 conversion of a group Y' which is noy3gupRembep 26§42N0,
and replacenent of the |eaving group wth a di nethylam no group by

reacti onwoidilasea) di net hyl am ne or a salt thereof,

fol | oned by,

b) net UTARNIB0FE8] | oned

by nethylation or reductive amnation, or 15 c¢c) with an aide followed by

reduction to formthe correspondi ng anthe and thereafter
reductive am nation, or (XXU) wherein Y' is cyano or a group which may be
2 g~as defined above and if Y
ign of Y to cyano;
) or ame ester thereof to form

converted to cyano, and A Y
optionally followed by
reduction of a conpound of for 3
of formula ii) conversion of
ester thereof to an am de foll owed by,
‘the am de, 13 Septenber 2004 WO 01/ 686
not cyano, conversion of the group Y
“nmethylation or reductive amination to

cyano,

al cohol

| */l
5
‘) 10
i5
20

_d

F XXin

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

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 feasible leaving group, followed by, in either order,

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

c) 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,

in either order, reduction of the amide,

nmet hyl ati on or

i s not

and foll owed by

PCT/ DKO1/ 00168 14 and if Y
yano, and if necessary
orm a di nmet hyl am no group.

=

an
an
of
IS

i)



In a fourth aspect of the present invention, there is provided a conpound
of the forrmula (HO wherein Y is a group which may be conyegr g,ﬁ&rgmg@o and
Ris -CH2-OPg, -CH NPg, Pg2, - CH2 NMePgl, -CON(CH3)2, -CH(A R)(A2R),

- COORS, - CHRoGDégB2, - CH=CH-R or - CONHR8, wherein Pg |sP§T’D§P’dQ°é i on
group for an al cohol group, Pgl and Pg2 gre protection groups for an am no

group, R and re | ndependent | el ec d from Ikynyl

and opti onal IaﬁRgIFI koL ARG PN é/\fr@ﬁgr%lrp ar =P angrlg%cessa rm%r%"’o'c]l

t oget her f or meductivehaiinatios toZorhme dimathylonine gdbgns, each of R3 and R7 are

i ndependently selected fromal kyl, alkenyl, alkynyl and optionally alkyl
substituted aryl or aralkyl, R8 is hydrogen or nmethyl and A and A2 are

sel ected f10mQ A0 B Fond @esgn?rngenag b 8 Sa LOBLES ol il [171N aspect
of the present i nventi.on, ere IS pr‘ovr d*é’ a conmpobund o ornmula off M .
wherein Y is a group whi ch may be converted to cyano, or an acid addition,
sal t thereof 13 September 2004 144 h aspect of the present
invention, there is provided a conpo
whi ch nmay be converted to cyano, or
sevent h aspect of the present invention, thdre i s™provided a conpound of
formula NH2 wherein Y' is a group which maonverted to a cyano group, |

or an acid i addition salt thereof.

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



| In a eighth aspect of the present invention, there is provided a conpound
of fornmula wherein Y' is a group which may be converted 49 SRpfete 2869UP
and A is 0 or S, or an acid addition salt thereof 13 Septenber 2004 14b .
In a ninth aspect of the present invaakion, there is provided a conpound of
formula C'D wherein Yi is a group which nmay be converted to a cyano group
and R is -Cf12-W wherein Wis a |leaving group or R2 is cyano or

-- CH2N( CH3) 2i I spect of the
present i nventlﬁgﬁﬁﬂasﬁgk gﬂ?%ﬁéﬁgfnl(t)@f)e g %er%% g@%d ?‘p(ﬁlgé gr?ur}%rpm XVI H) wherein
Y is a group which may be converted to cyano, or an acid addition salt
thereof. In an el eventh aspect o\t i nvention, there is provided
a conmpound of formula wherein Y' i ,group or a group which may be
converted to cyano and wherein eac R5 and Ra/are i ndependent |y

sel ected from al kyl, al kenyl, al kyny[™and onaktV~al kyl  substituted
aryl and aral kyl and A', A2 and A3 are selgeted fromO and S, or an acid
addition salt thereof. 13 Septenber 2004 In a twelfth aspect of the
present invention, there is provided a cofpounad of fornmula wherein Y' is
cyan or a group which may be converted to cygno, and A and Ax is selected
fromO and S, or an acid addition salt theredf. v

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;

{IX)

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



13 Septenber 2004 WO 01/68631 PCT/ DKO1/ 00168 14d Anot her enbodi nent may
relate to the internedi ates having the formula (I111), (WBX%MMM and
i nternedi ates having the formula (V), (M1), (I1X), (XVlI) [11) and (XI)
wherein Y is a group which may be comverted to cyano. St| | I anot her
enbodi mrent may relate to an anti depressant pharnaceutical conposition
conprising citaloprammanufactured by the process of the invention. The

al kyl ati on stiepnivhespert bfile peompovmdonpthert Biproided o chinp@ndlofférptaar € reacted with
a conmpound of formula (11) and (Ha), respectively,-is suitably carried out
by treatnent of the conpound of f©Qrnula (1) and (la) with a base such as
for exanple LDA ( lithiundiisopropylg I HVDS (hexarret hyl di si | asan
lithium, NaH, NaHVDS (hexanethyl dis
as NaOwve, KOwe, LiOwe, NaQertBu, KO™® QXertBu in an aprotlc
organi ¢ sol vent such as THE (tetrahydr ofur an DI\/I‘—'2 (di net hyl f onnam de),

NVP (N-net hyl pyrroiidon), ethers such as | et her or di oxal ane,

t ol uene, benzene, or al kanes and m xtures pof The anion fornmed is then
reacted with a conmpound of fornula (11) or Ya) whereby a group of
formula -CHZ-CHr R and -CH2-CHr-R2 is introduceéd intg position 1 of the

i sobenzofuranyl ring system The reaction of t Ne cor%‘gﬁnd of fornmula (1)
and (la) and with a conmpound of forrmula (I1) and (Ha), respectively, is

sui tably car Wlﬁﬁnp'ﬁ‘tlls HBAAP wﬂ&ﬂ@ﬂﬁ@b&&cﬂéﬂ’lﬁlatdyﬂ?ﬁg;o@uhﬂ Rbise CHa AN, wigrey oups
X and W may Vlf)?s aalf:a\.r?ngog(‘i]'(()aurgliI o?' (la{"z 1socrya1%3 ci'u—CgﬁS{a} i gr an agld n}iﬁlgon sait%g2 ol?‘ i

In a tenth aspect of the present mventmn there is prowded 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.



wherein Ris alkyl, aralkyl, aryl or aryl substituted wth al kyl.
Conventionally, Ris nmethyl or p-nethyl phenyl. G oups Y43@Qb&mﬂg@50§@
converted to a cyano group nmay be selected from hal ogen, O S2- ( CF) n- CF3,
wherein-n is 0-8, -CHO -COXX , -CONR 5 NHR'' wherein R and R' are
hydr ogen, aIkyI, al kenyl or aIkynyI %ptlonally al kyl substituted aryl
or aralkyl. and R'' is.hydrogen or alkylcarboinyl or Y is an an oxazoline
or thiazol i ne gwetipaspdet dffiR pfeanniteatidr lthd3is fapit @nenpad 04 foridh 01/ 68631

PCT/ DKO1/ 00168 wherein Uis 0 or S;-15 R 2 -R 13 are each independently"
sel ected from hydrogen and alkyl, or R 2 and R13 together .forma C2_5

al kyl ene chain thereby form ng ) J RO is selected f rom hydr ogen
and alkyl, R 1 is selected from [jydrogen,,al kyl, a carboxy group or a
precursor group therefore, or 5 R aqg/ ogether fzorma C2_5 al kyl ene
chain thereby formng a Spiro ring. Y [ gt her group, which can be
. R3, R4, RS and R6 are
and R4, R5 and R6 are

preferably al kyl or aralkyl_ Sultably, R
identical. 10 The al cohol protecting group g, may be a trial kylsilyl ‘

group, a benzyl group or a tetrahydropyranyX group (TB?) According to the
invention, the alcohol protecting group is repoved to ggpm the conpound aof

wherein Y’ is cyano or a group which may be converted to cyano, and Al and A? is selected
from O and S, or an acid addition salt thereof.



15 formula (1V) using conventional nethods for renoval of the protection

group in question. Thus, where the protecting group is ﬁ?$é&5¥$éﬂid@ithe
protecting group may be renoved by treatnment with a base, 'an organic or

m neral acid or a flouride such as KF, or trialkylamnoflouride. 20 Were
Pg i s benz¥yP0136sl protecting group may be renoved by r ed BEFRERMS8g Pd/ C
or Pt/C as a catalyst. Were Pg is a tggrahydropyranyl (THP) group, the
protecting group may be renoved by 25 treatment with an organic or mnineral
acid, or resins carrying H groups such as Dowex H or Anberlyst. The
alcohol group in the conmpound of forrmula (V) is converted-to a feasible

| eaving group such as hal ogen, or a sul phonate of formula -0-S32-R wherein
Ris as defined above, by 30 reaction with reagents such as

t hi onyl chl orAwdtgr embgiphahinorieiate o thegstyrimedittesrhpdes tht formulplE), (X1 Iﬂlldl(mjﬂlmﬁrpound
is then r ea%t@rqlemtssmamgrcﬁé fbaﬂuﬁwp (@), @)S@ivhy, thamead oxapiren™! iMEd) 2

wherein M+ is Li} o he reaction is suitably carried out in an
aprotic orga‘Yﬁ“(?“éaESP?/‘é’H‘fem%t%)ﬁ“‘hs THE (tetrahydrofurane), DV
(di met-hyl f or mam de), NWP (N-nethyl pyrrolidon), 35 ethers such as

di et hyl Et he rStﬂI%ot}Q} Qﬁ%ghlﬁllﬁfué gla#q@%’\%%ﬂé@&%haﬁ{“eﬂlJg%ﬁ?‘mﬁl&gcompﬁd’ér es

t her eof . carrying a suitable | eaving group may
al so be con\Felﬁl?léﬁnP@“@SW’S%W%WWSS%@MWW“OU 68631 PCT/ DKO1/ 00168 16
cital opram by reaction with di nethyl axnnmonium chloride in presence of a

base. Alterngt hﬂéﬁhﬁ/on step where the compound of formula (I) and (la) are reacted with 2 compound
of formula (II) and (II2), respectively, is suitably carried out by treatment of the compound of
fqrmula () and (Ta) with a base such as for example LDA ( lithiwndiisopropylamine),
LiHMDS (hexamethyldisilasan lithium), NaH, NaHMDS (hexafnethyldiéilasan sodium) and
metalalkoxides such as NaOMc KOMe, LiOMe, NaOterrBu, KOfterfBu and LiOterfBu 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 thereof. The énjon fonncd is then reacted with a compound of formula (I} 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



t he conpound of fornula (V) carrying a suitable |eaving group, such as a
sul phonate of fornula -0-SO2-R wherein Ris as defined

reacted with an azide, such as sodium azide, followed %@@?%tgwgtﬁfﬁ%%d?ﬁm ng
Pd/ C as woeaksbyst to forma conmpound of fornmula 5 (1X) nompKoep@Eest er
met hyl ati on or reductive amnation to form G tal opram The conpound of
formula (V) carrying a suitable |eavidg§ group, may al so be converted to
ci t al opr awhbreiri@ac®@ioo® wi t h net hyl am ne fol l owed by nethylation or
reductive amnation to forma dinmethylamno group. 10 In a conpound of

formul a (¥ )p: ' ' ol MRS G b \ah Sa1Ry1 SH IRIARE R ¥§AMPY  Oroup,
W nmay be ﬁpl%ﬁ%ﬁgﬁ%ﬁéﬁ?ﬁ%ﬂﬁ arﬁ%o g%%ilrj&eas q%}g%’ri bed a ovtgﬁ ‘Igﬂe

r educt i onfan 2 G allnilate shayt thergbyfatmeing ysDirogmmg; RXioeelepted ombhudrogamang carri ed
out into 1 | r | 8 ~u | iGeroRuURS Pal
“and Pg2 a%‘ﬁg% %&FH%%%S'%&%@C?’OUBS’ a_v‘\:/ﬁ%lrjg ér){gﬂ?‘?s rbg?ud_efgfrﬁ%d above,

typi cab | yRiemdR'" togethen foyin a G alkyleneghdinaspetiydoraning:a spifiorgt he N atom t o whi ch
‘they are attached forman optionally substituted phthalimde group. 20 The

pr ot ect i NG GLOUNGy ofd} erBt WRER cal B oRRrEEIVSEndighidg convent i onal et hods
for renoval “of such protective groups. The phthalimde groups may thus be

converted to an amno group by treatnment with hydrazin or nethylam ne and

et hanol . Wieh@stiigtdR ORE RE IRTOR U@ WP ade prefétatily alididor aBNGU Buitablg R 'agd REnzy! , it
may be renmoved by 25 reduction, typically in presence of Pd/C or Pt/C as a
cat al yst : am Rt Bepndly apridentisalof fornul a - SC2- R may be renoved by treat nent
with Red-Al. The amino group in the conpounds of forrmula (I1X), (XVIll) and
- (XX) My be nethyl at ed

2) . 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



30 with nethylating agents such as Mel and Me2SO4, wherein Me is nethyl.
The nmethylation is carried out using conventional proc Eé Smbf 26 ' Yi ng
out such reactions. Alternatively, citaloprunt is forne y&re uctive

am nat i \Wp-0146apr ding to this procedure, the conpound offCRTEYKMOA6E | X)
(XVII1) or (XX) is reacted with conmpounds such as 35 fornmal dehyde,

par af or mal dehyde or trioxan in the prla-‘%ence of a reduci ng agent such as

NaBH4 or cﬁ@i@*ﬁﬁ% o N GinleVR AR PRl Mokid if plefeh@cbfa bhsel AldGag@nyent i onal
pr ocedur es or carrying out such reactjons. 1 Segterrbqr 2004, WO 01/ 68631

PCT/ DKO1/thoeswpourd of famgn SURENEH S“f‘g‘rlﬁ{‘fﬁ‘&“% KQYP. SICRESRTUBRINE 6f ¢ abl y be
conver t edpinfuld [teSOPR! @EREA R RGis deftnde Aysle, tyy Herremtedwiith amiatitle, aweh@s gani ¢ or

m neral acid or.w or..resjns carryl H+ r or
Amber | ysodmArgey e 5P i s ¥t ool B Tn S BB Y U

r eductsi veDamnd deraafter metlylatiop or reduative eminatiothtodormeGitjapsam-n i n presence of a
reduci ng agent such as NaBH4 or NaBH3CN. The al dehydes of formula (XV) may
be converted to a dinethylam no group by anal ogous nethods. 10 The ester
der i vat i Vihegbmpamdof forania (V) qanying @ seitshledeavang srPpyAIheLATYEEd tone

COT I €S PONGH] GkarmrAlyGORAbn @lth Ffhgidne(filovRid b @sbiSAdion oabduckiee #fistonts | N

Red- Al as a reduCing agent or via an amde by reaction of the ester with
an ami ne,forr afigeHyIAniRG BPM:) 2 or a salt thereof. The reduction of the
am dggmay suitably be carried out in toluene using Red-Al as reducing

agent. In a compound of formula (XVI) wherein R? is -CH>-W wherein W is a suitable leaving
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.



15 Conversion of a free am no group or a nononethylam no group to a

di-nmet hyl am no group may be carried out as described abpyg.niaibbA®ow the
agent useful for conversion 'of a conpound of formula (XII1) to a conpound
of formo@smegsy) is NaOH/ Br2. 20 Oxidation of the conpoutfedRKOHISyI a (X V)
may be carried out by treatnent of th conpound with ozone in a polar

sol vent such as al cohol, water, acetic acid or esters thereof.

Alte { nat i qaé yomﬁdﬂﬁ(li eoﬁtmuﬂ@f?lgf (OXii) ma_{él aﬁ@qyw cdzmyrtetdeo theeatraspondingh oxi dat idonf
agents such _as an . . ound o
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usi ng mi newchlas Roivds Hopr Amberiyist aci ds. Conversion of the compound of formula
(XXI'l) to an al cohol of fornmula (V) or an amide may suitably be carried
out via the corresponding acid chloride, The acid chloride may be 30
“prepar&d Bye resdltingiidehyds mey be equveriegite fitalopramby refclveAmIREEeRI-C St or in a

sui tabl e $QLySNith dimié®afin IYreeRNR o) relitingegent CaINRE NaBHgoralBHL@NYt i ¢ anount
of NN-di net hyl formam de. The ester is obtained by treatnent of the acid

"with an alcohol, in the presence of an acid, preferably a mneral acid or
a Lewi s aThéaldetyats dForhiula (XD S6a¢ bPaktvated®h BinethyB@@iPgroupbytapalngausvel y, t he
ester may b btained fromthe acid chloride by reaction with an al cohol.
35 The esf'?ﬁmg‘?' the acid chloride is then converted to an anide of by
am datthon with ammoni a or an al kyl am ne, preferably t-butyl amne. 13

Sept e_nber TAOOer A B8R Al PEHN K e QOVERedkS citalopram via the corresponding

alcohol of formula (V) by reduction of the ester using Red-Al as a reducing agent or via an
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,.

: ) 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.



The conversion to am de may al so be obtained by reaction of the ester with
ammoni a or an al kyl am ne under pressure and heating. T for the
conversion of the corresponding al cohol or amde to the{%ls%g%??gﬁ@#o 5
group ofwebl/@empr am have al ready been described above. \WEHDKOVM148al ogen or
CF3-(CF2)"-SM2-0, wherein nis 0-8, tPe conversion to a cyano group nmay
be carried out by reaction with a cyaﬁ de source, for exanple KCN, NaCN,

CUCN,  Znfd}ehversionRo antldGhhy ANeeebiafed b réadlnCHt tRS ested WithGinahddsa ol ch may
be the sang or .10 Dgl fferent nd are selected from hydrogen and strai ght

-
chain or BFYREFEIGFRIFssUTs FRAhGRNEL esence of a pal | adi um catal yst and a
catalytic anmount of Cu or Zr?, or wwth Zn(CN)2 in the presence of a

pal | adi u at al yst.. The conversd.on of ' -] en or
Crs (o) AEEpRHE ek RG] SRR eruROMB br iR fhe N1 BO°0 O
t he pr&seswap of citeloppan havd plueedy becaldgsstibedighgvebe carried out as described in
WO 0013648. 15 When Y is O or Br the conversion to a cyano group may al so

be carried out _b{ reaction with a cyanide source, for, exan%I e KCN, NaCN,
QuCN,  zn( &ep Yop hplngag)on QER Chahie Or-yhesein 0 jsih CBF SRVRRER O ERREMhi ch nay
bﬁ the sapRyes ﬁﬂg&f cfift e} Iraagtﬂiﬂdviﬂxra&yﬁﬂde%@hedffﬁrrc@ﬁhﬂy et:cugaaml\ramms,t L ai ght
chal n or r e I t ngs. presen o an|c§e at.al yst. The
conver si 02" OIZ@@%%%%"% r)‘e‘f‘ﬁcﬁesﬁgmf%?%@gﬂm rmaéff%g- é?f g se- O,
wher eild ndifferet, 3nd dry selemeit froanhydrdghn and styighi oiiein sobrebed alltihen the esence of a
ni ckel cafal y3! ¢ a11$(ﬁm% %%51&&%5’&'&@2@&%%8& dred: 6%“9099%#&%%@1%2 %‘E}E
reacti ons*may %e errorne n any conveni ent sol vent as described In
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 gf‘(ﬁ%%gtﬁg@gbéeébéarri 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&ﬂeag}’eﬁr@%‘} 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']’\?%(?@éﬁ&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

amonil@ OkvidRmaded i Bh alRkylaRineffeéfaably t-buthlinyhe.am ne.

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



The conversion to am de may al so be obtained by reaction of the ester with
ammoni & or an al kyl am ne under pressure and heating. 15 & oup is
then converted to a cyano group by dehydration. The dehydra Fﬁ‘%g‘?%(%{ may
be any s édska dehydrating agent, and the optinal agentPGRRKY be
determ ned by a person skilled in th? art. Exanples of suitabl e
dehydrating agents are SOCl12, POC13 a 4 PC15, preferably SOC12. 20 In a

piart ihCIU| a@kgénfeédaﬁﬁb??’o e@3ﬁm6&hﬁfﬁﬂﬁs whehdn Kad bﬁnawihgzdmi)cbdﬁepaedct ed wi tlr; an

al cohol , ef era et hano t r to obtain

t he correég‘ﬂ 'f'é‘?mp"\% dﬁsmbg‘b‘f’ﬁgﬁ’%ﬁ@;&{gég c\?\nmﬁngsn‘rvriﬁarﬁlgsﬁ%ereby gi vi ng

the corr esmﬂlangemdﬂamdusdmeoﬁ myayrbp piepared aratogeuslyip the cemppmds n t ol uene
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conpound reacte | orosul fonyl 1socyanate in
order fo0 famlmwﬁﬁtcrﬁhc¢Qmm>un®rde§mé%ﬁ@deg"lllf’%udehydrat| ng agent and :
asul fonam de as described in WD 0044738. Wen Y is -NHR ", where R" is

hydr ogen, the conversion into cyano re era f.ornmed 30
di azot at i dhe EasionsPaditiens. smiyente£ s f%l WC%NO“SV\%éTBfJ‘{%’P‘e’? %6F°“"Riél{1éﬁ‘ and

CuCN and/ @pndiadablfdr Sudhgetiondaad may casilg baddgrnimd bp aptrsontskidled mﬂaoarmd i s
initially subjected to hydrolysis thereby obtaining the correspondi ng
conmpound wherein R" is H, which is then converted as described above. The
hydr oligsi Thesgrting nerislorf fierchuli () eherein ¥ ds diéyenogrotpmpbegmenaredfent .

Starting el ol Al BsahhOUTY e oBRLEt, Ui Spheen ey be prepared as

descri bed F conpou ormula (1) wherein X is
-0-S2- (CF2)"-CF3 may be prepared anal ogously to the conpounds descri bed

ia""? WO 99/ 48 4GnpdaRdRt %ﬂﬁlaqm d(fﬂl'i e éohdmertiBy ﬁhﬂhb)é drnayibe prepared fvam or a
thi azol i ne group may be prepare nal ogous to the r’g)ounds
commercially avallable startmg materials using convcntlonal techmq

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, propynyi,‘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.



WO 01/68631 13 Septenber 2004 PCT/DKO1/00168 20 described in WO 0023431,
conpounds wherein X is fornmal dehyde may be prepared aniaé?)( &\éﬁ\lb)ér
conpounds described in as WO 99130548, conpounds wherein IS - and
est ers wodissézdes thereof may be prepared anal ogously tBCirHE‘m&’BWﬁ%unds
described in WO 98/19511 and corrpoundg of formula | wherein is NHRm may be
prepared 5 anal ogously to the conpoun § described in WD 98119512. The
react i on Helpernmoanschiapbyem &iodt c. used for the reactions described above
are conventional conditions for such reactions and may easily be

determ ned by a person skilled in the art, B’ghe starti ng mat eri al of
formul a (Figlonsamey e ysedjag thy fieg base B ‘B't’]ﬂyws me fAIPLPRAF 2as  descri bed in

US pat ent ﬂé]ﬁnac@u&c%ﬁ 3Q3ptWle Ad ARAGIEH ekt m&lﬁddaﬁﬁﬁlélts éﬁb}e sgignpounds of
forrrula( ') and H)e;

are comercially av be prepared form
* comrerti afarpedyih P%B‘F‘%“%‘F%Fﬂi‘q‘%t?‘q%ﬁ‘f"e‘étb? H‘f"gal%i"f c%[?\?‘g‘?%ﬁﬂféla{tst thni ques. 15
G t al opr afpieSwitimblBR, ABRKE beddicolicabit, HQRE DRt} biskhetlylentsdlioglid or m of the
racemate. However, In the near future the activ c)ﬁéenam i.oner

" ci t al opr amethanespliapicgeshangdisulfonis, 3oKs BroRioBIS, tdaricnRalicylig, i, glupnis, lg?t{ al opr am

may be prepRl GhndicSERARA, cBedalc, 4p@1i6)Riekia bilknitRCHtdcegic) fRohE, - DY
chr omat ogr aph Thr oug hout the specifjcati 051 and cl ajns, the tegr m al kyl
refers toaminp e@m;p,,@ép mJ?Wﬁg%gﬂnc and theophylline acetic acids, as'well as the

10  halotheophyllines, for example 8-bromotheophylline. Exemplary of such inerganic salis are
those with hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.

| 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.



al kyl group having fromone to six carbon atons inclusive, such as nethyl,
ethyl, ‘1-propyl, 2 25 propyl, I-butyl, 2-butyl, 2-nethy] éeﬂ% pY} 2 04

2, 2- di met hyl -1 -ethyl and 2-nethyl -1 - propyl Si mIarIy, a?f eny al kynyl ,
respectwamhmsssdey gnate such groups having fromtwo to i’iCSFfDl@é’P?}éﬁ at ons,

i ncl udi ng one doubl e bond and triple nd respectively, such as ethenyl,
propenyl , buten et hynyl , propynyl, “and butynyl. 30 The term aryl refers
to a mondexampl %¥cycl ic carbocyclic aromatic group, such as phenyl and

naphthyl, in particular phenyl. The termaral kyl refers to aryl-alkyl,
wher ein aryI and alkyl is as defined above, 35 Thg {318 allh}/ al kyI
subst i t utéa8clatisn Ofdr(%Toquﬂy%én@hW‘i}Wbﬁlﬁﬂ onyfrle {4 are

opti onal |y 1')%&&1&&‘&%{5%@@6aQBluH&E@fIQMWBuIQHﬁHmﬁa1&BI(Sﬁﬁltlgénber 2004 WO
01/ 68631 PCT/ DKO1/ 00168 21 Hal ogen means _chloro, bronp or iodo._ Cital opram .

may bé ustwpamyian@nerzr @g) ¥a3@’C plilcbf @y almpspherg of pirogest | AfifE syrERgdt 10 s a
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salts, suc formed wth organic or i1norganjc aclds nay be used.
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et hanedi sul foni c, acetic, propionic, tartaric, sali cyl_Ih citric, gluconic,
lactic, washedwithaigelS0 L) endgenpantated prdepreBifed presuisarlipe resides wag j ¢

pal m foi ¢ ‘pﬁﬁ'gﬁzgybﬁomghﬁ'g]ﬁ&'oﬁ silida gel using mixtures of n-heptane/EtOAc as the eluent.



am nobenzoi c, glutamc, benzene sulfonic and theophylline acetic acids, as
well as the 8 10 hal ot heophyllines, for exanple 8-brono bl
Exenpl ary of such inorganic salts are those with hydroggsggg%Pg}ﬁﬁb4
hydr obrpgiofresesil! furic, sul famic, phosphoric and nitric BECT/A¥X01AHES aci d
addition salts of the conpounds may QS prepared by nmethods known in the
art. The base is reacted with either~the cal cul ated anount of acid in a
wat er m $diAMS:sol vent, such as 15 acetone or ethanol, w th subsequent
isolation of the salt by concentration and cooling, or with an excess of
the acid in a water inm scible solvent, such_as ethylether, ethylacetate or
dichIoroﬁethadb?wmpdﬁW?ﬁ@“@ﬂ@?myﬁbﬁﬂQW?ﬁQO@E%WE%ﬁ@BéE?  COTRE rmaceut i cal
conmposi t ig é@ the invention may be adm nistered in any suitable way 20
and in any suitable form for exanple orally in the formof tablets,
* capsul es, powders or syrups, xally in the formof usual sterile
solutions for injection. The ph formul ati ons of the invention
may be prepared by conventi onal rC in the art. For exanple, tablets
may be prepared by mxing the active ingredient with ordinary 25 adjuvants
and/ or diluents and subsequently conpr g the m xture in a conventi onal
[1]

tabl etti ng maschi ne. Exanpl es of adj uv@ or diluents conprise: Corn
starch, potato starch, talcum nagnesi tearate, gelatine, |actose,
guns, and the |ike. Any other adjuvant or\ additive, colourings, arons,
preservatives etc. may be used provided that thdy are conpatible wth the
activeé ingredients. 30 Solutions for injections may be prepared by sol ving

the acti \@q,e%}r}gﬁgd; %P'Ef @@gh ﬂ?fﬁé RhGerted dllyhhd/ $5th  RorflpdB hadhg the or@lavent for

i’y ecti on, er a eril'e water, adjusting the solution to the desired
vol ume, sterilising the solution and fillipng it in suitable anpoul es or
vials. Any X o

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 (UL}

~ 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.



suitable additive conventionally used in the art nmay be added, such as
tonicity agents, 35 preservatives, antioxidants, etc. T ] j I S
further illustrated by the foll ow ng exanples. 13 Sept eﬁgé’&é%@%}?%

01/ 6863w d¥ilds¥01/ 00168 22 Exanple 1 A solution of 1-(RIUREHEIHENY]) -

1, 3-di hydr oi sobenzofuran-5 -carbonitrjle (4.8 g, 0.02 nol) in THE (50 m)
was added dropwi se to a solution of LEA Butyl lithium1.6 M 15 m) , 5
di sopr opy?-ani n8hemegheghaceqrdingp apimrideteredh teRwRPNE of fasmulai(h igsated At er
stirring R fé:@ildip 6n @ cEAPRAMRE f@Enulz0r MUl a
(rr) or (ﬂt%’ﬁw( d}%%&%()ln;lgla Me?én % maé;ﬁadded drg%f/a\)l se and allowed to
warmto roomtenperature and stlrred for a further 60 mnutes. The
reaction was then quenched with ice; extracted with toluene (3 x 50 ni),
washed with water (50 nlL) and _e®ugcenirated under reduced pressure. The
residue was 10 purified by ch aphy on silica gel using m xtures of
n-heptane/ Et OAc as the el uent: ember 2004 WO 01/68631

PCT/ DKO1/ 00168 23 CLAIMS: 1. A et hod™6r tHé preparation of cital opram

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



rn wherein Y is a group which may be converted to cyano, with a conpound
having the formula R X v wherein Xisasuitableleaw %ﬂ% dﬁls
-CH2- O Pg, -CH2-NPglPg2, -CH2-NwvePgl, CO N(CH3)2, - %‘? R%%

- CH2- COpPylgyss65iH=CH R7 or -CONHRa, 10 wherein Pg is a prbﬁ:’@f@KOWIQ}r oup for
an al cohol group, Pg, and Pg2 are pro:ﬁcti on groups for an amno group, R
and R2 are independently selected frorfral kyl, al kenyl, al kynyl and
optionally al kyl substituted aryl or aral kyl groups or R and R2 together
forma chain of 2 to 4 carbon atons, each of R3 and if are independently
selected fromal kyl, al kenyl, al kynyl and optionally al kyl substituted
aryl or aralkyl, if is hydrogen or nethyl and A and A2 are 15 sel ected
formO and S; to forma compound of the fornula wherein R and Y are as
defined above, followed by, i >~Qrder, conversion of the group R 20
-to a di met hyl am nonet hyl group onversion of sthe group Y to a cyano
group, followed by isolation of : ase or a pharmaceutically
acceptabl e acid addition salt thereof Seperrb 2004 WD 01/68631

* PCT/ DKO1/ 00168 24 2. The method accorfélimg t@ claim |l wherein the conpound
of formula (I) is reacted with a co \ i i
-CH,-OPg to forma conpound of fornulg

\ )
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



wherein Y is a group which may be converted to cyano and Pg is a protection
group f.or an al cohol group, optionally followed by con I group
Y to a cyano group; followed by renoval of the prot ect?lfégﬂgrggll?%;%é)&form a
CONMPOURGL 8f/6ds9f Mul @ M 10 wherein Y' is cyano or a grouppahpiial/fiEgs be
converted to cyano, and if Y is not cyano, optionally followed by
conversion of the group Y to a cyana‘sgroup; and thereafter conversion of
t he al colvbkregriss gronpawifidamintheasonvericd tag aypresugpour il | Renerd Bgparei n ei t her

order, conversion : ' i { t 3 a

r epl acenBi G &1 %‘épﬁ 8%12\% a%([gu%g?g%bo}y}%h?ﬁ fgﬁ%\?%e%y%?‘grﬁ cﬁlo&g?o%ﬁ?c?pgge)r eaction
with 15 ayandignephandairmeadery remeal of theppieeing asqupfin fagh asamroundidviied by

met hyl at i on. or reductive amnation, or ¢) with an azide foll owed by

reduct i on"% 8“?“3?mthe correspondi ng am ne and thereafter nethylation or
reductive amnation. 20 3. The nethod according to claiml wherein the
conpound of fornmula (1) isyreacted with a conpound of formula (1) wherein
Ris -CONCH3)2 to form a coy ) the formula WO 01/68631 25 5 13

Sept enber 2004 PCT/ DKO1/ 0016} °

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



wherein Y is as defined above, optionally followed by conversion of the
group ¥ to a cyano group; and thereafter reduction of {? H@gpgﬂ%%orned
to forma conpound of formula 10 wherein Y' is cyano or conp ich
may be g@wREésed to cyano, and if Y' is not cyano conv@CIVRKOIELIEhe group
Y' in the conpound of fornmula (VII) to a cyano group. 4. The net hod
according to claim| wherein the compbund of forrmula (1) is reacted 15
with a conpound of formula (11) wherein Ris -CH2-N(Pgl)(Pg2) to forma
conmpound of formula N PgSPg2 MM WD 01/ 68631 13 Sept enber 2004

PCT/ DKO1/ 00168 26 wherein Y is a group which nay be converted to a cyano
group and Pg, and Pg2 ar & ~protecthon groups for an am no group, optionally
fol |l owed by conversion of t ,cyano group; and thereafter by
renmoval of the protecting greups "t @/tonpound having the fornula NH2
5 wherein Y' is a cyano group or a group ich may be converted to a cyan

group, followed by, in either ordg onversion of a group Y which is not
cyano to a cyano group and

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



met hyl ati on or reductive am nation of the free amno group to form
citalopram 10 5. The nethod according to claim1 wherej of
formula (1) is reacted with a conpound of forrmula (H) kﬁgﬁggﬁﬁgfﬁgﬁ'
-CH( A" Ryp6fédd3) to forma conpound of the fornula wher @CA/DKOE0143 gr oup

whi ch may be converted to a cyano group, R and R2 are independently 15
sel ected from al kyl, al kenyl, alkynylﬂ%nd optionally al kyl substituted aryl
and aral kyl groups or R and\R2 er forma chain of 2 to 4 carbon
atons and A' and A2 are sel ect§ and S; optionally followed by
conversion of the group Y to a ) gf oup; angﬁthereafter deprotecti on of
sappound of fornmula 20 WO 01/ 68631 27
13 Sept enber 2004 PCT/ DKO1/ 00168 whergin Y' is cyano or a group which may
be converted to a cyano group and A 5 defined above, followed by, in
ei ther order, by reductive am nation di met hyl am ne of the 5 conmpound
of formula (XI) and if Y' is not cyano, ‘tonversion of the group Y to form
a cyano group. 6. The nethod according %o clai m@ wherein a conpound of
formula (1) is reacted with wth a conmpound of formula (I1) wherein Ris
-COORS where R3,is as defined, apove,to for a co .0f .t formula 10
wher ei n Whetein, Y gis Gyaio on ¢ 8IQUp@ie BmﬁBﬁV%W?ggk?8”%%gﬁ§&§ﬁdgﬁ§c'sotelected
from al k)blptior?a'll_lﬁ @81M0kwed by conversion of the group Y' to d 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.

5 ) Y & 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



al kynyl and optionally al kyl substituted aryl and aral kyl, optionally
foll owed by conversion of Y to a cyano group; and ther | uction
to forman al cohol of formula WO 01/68631 28 M 13 Septeﬁ%%%ﬁﬁﬁbgrﬂﬁﬁ

PCT/ DKOWW®9ilés83wherein Y is cyano or a group whi ch may HE/REMNGEESed to
cyano, and if Y is not cyano, optionally followed by conversion of the
group Y to a cyano group; and thereafffer conversion of the al cohol group
to a feasible | eaving group,  followed by, in either order, 5 conversion of
a group Y which is not cyano ty at and repl acenent of the | eaving
group wth a dinethylam no gro 8ction with a) dinethylamne or a
salt thereof, b) nethylamne fo e pthyl@ati on or reductive

am nation, or 10 ¢c) with an azide follgwed by reduction to formthe
correspondi ng am ne and thereafter pfhyRation or reductive am nation, or
ii) reaction of the compound of fornu 1) with an am ne of NH(M) 2,
NH2Me, NH3 15 or a salt thereof to fomFms@n amide, followed by, in either
order, reduction of the anmide, and if Y\is not ®ano, conversion of the
“group Y to cyano, and if necessary nethylation or reductive anination to

form a di nmet hyl am no group. ,
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 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.



7. The nethod according to claim1l wherein a conpound of fornula (1) is
reacted wth a conpound of fornmula (11) wherein Ris - - H2 forma
conmpound of the formula 20 wherein Y is as defined abové?g%%§$®%%ﬁ¢§%

f ol | oweg mg@?version of Y to a cyano group; foll owedrofmKiadtiédént with a
hypohal 1de.to forma conpound of formula 13 Septenber 2004 WD 01/68631
PCT/ DKO1/ 00168 29 NH2 wherein Y' is a3yano group or a group which may be
convertedot o aAoydins fgr beprepdrationofisthloptam from agpmpaind ot fgemula conver si on of a
group Y which is not cyano to a cyano group and nethylation or reductive
am nation of free amno group to formcitalopram 5 8. The nethod according
to claiml wherein a conpowi formula (1) is reacted with a conpound of
formula (11) wherein Ris -CH tcoforn1a conpound of the formula
wherein Y is a group which nma onyerted to a cyano group and R7 is

al kyl, al kenyl, 10 al kynyl and i ol Ly™al kyl substituted aryl and

aral kyl as defined above, optionally Ball owed by conversion of the group Y
to a cyano group; and thereafter oxigd @n to forma conmpound of fornula

t 7M 15; wherein Y' is cyano or a group h may be converted to a cyano
group, “followed by, in either order, T§ductive anination with
dinethylanine and if Y' is not cyano conyersiongf the

- 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 leaving 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.

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



group Y' to a cyano group to formcital opram WO 01/68631 13 Septenber 2004
PCT/ DKO1/ 00168 30 A nethod for the preparation of citakfgrqn1gr05Q@%
conpound of fornmula (XVI) wherein Y' is a cyano group, Of %PSW ﬁb ich can
be conwwptBflsés® @ cyano group and R2 is 5 -CH2-W wher ePETINKO/OBISRayi ng
group, or R2 is cyano or -CH2N(CH3)2 conprising, in either order,
conversion of the group Y which is not cyano to a cyano group and
conversion of the groupR2 which is not -CH2ZN(CH3)2 to a
di met hyl ami nonet hyl group, foll dwed by isalation of cital opram base or a
@l t thereof. 10 10. The net hod
wherein Wis a | eaving group
and the group Wis replaced by a di nmethyl aym nomet hyl group by reaction with
a) dinmethylam ne or a salt thereof, b) rrerri ne foll owed by nethyl ation
()

- or reductive amnation, or c) with an azid | | oned by reduction to form
the corresponding am ne and thereafter 1 hyl ati on or reductive

am nation. 11.  The nethod according to claim9 wherein group R2 is cyano

* which is converted to a dinethylam nonet hyl rgr oupaby reduction foll owed by
met hyl ati on or reductive am nation of the free of the am no group forned.
20 wherein Y" is a cyano group, or a group which can be converted to a cyano group, with a

compound of formula

RZ
X/’\/
) {ia)

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

{) Py

O

. 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



12. The method according to claim9 wherein the conmpound of fornula (XVI)
is.prepared by reaction of a conmpound of formula 13 Se er 28%) WO

01/ 68631 PCT/ DKO1/ 00168 31 wherein Y is a cyano group,%ggae@rbs 4Q/‘?fni ch
can be qﬁggfﬁégp to a cyano group, with a conmpound of fpgidker/bidsd wherein
Xis a leaving group and R2 is -CH2-W wherein Wis a |eaving group, or R2
is cyano or -CH2N(CH3)2; provided R23s not -CH2N(CH3)2 when X is hal ogen

and Y' is cyano; and if Y is not cyano, optionally followed by conversion
of the group Y' to a cyano group. 13. The nethod according to claiml

wherein the conpound of for (NS g reacted with 10 a. conpound of
formula (li) wherein Ris -C% gl )eto form aguwconpound of formula (XVII)
he~Corgerted toa cyano.group and Pgj is a

wherein Y is a group which may
protection group for an am no group,\optio alryafollomed by conversion of
gr renoval of the protection group

the group Y to a cyan group; 15 therg#
to forma conpound of formula 13 Sep\ 2004 WD 01/68631 PCT/ DKO1l/ 00168
32 (xvm wherein Y' is a cyano group o

cyano, followed by, in

\ eovim)

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

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

v



ei ther order, conversion of the group Y which is not cyano to a cyano
group and nethylation or reductive am nation of the a }ﬂg ﬁrogg form
citalopram 5 14_ The. nethod according to claiml wherelHh>¢HEM ?% nd of

f or mul awo d1/sss3r eacted with a compound of fornula (11) RGRPEIPORSi s - CO NI
R8 to forma conpound of formula CAM % wherein Y is a group which may be
converted to cyano and wherein R8 is drogen_@r nethyl, optionally

fol | owed By <¥iAFERSETGHP: aFd{fPfe‘sg?‘&Mﬁ'WO'B‘ﬁf%Oﬂc%’?é’nd%Fﬁﬂ BOUR t her eaf t er
reduction to forma conpound of the fornula 15 wherein Y' is cyano or a

group which naﬁhbe converted to_cyan and R8 is_hydrogen or %H
fol | owed emethed fop fheareparaiiqriaf citaloRsem Gemprisisdeactien A AREPPBR Ao form a

13 Septerrh%uﬁfzﬁﬂlsréa&e@%tﬁafé&% ﬁbﬂ%ﬁﬂdt@gﬁ;a&e&&mb -ORA 'RYN &R )&°RIy oup, and
if Y'is not cyanh conversion o to a cyano group. 15. The nethod for the
"prepar%tlﬁthFaEWW%PB P%mﬁg’ FlSlng reaction of a conpound of fornula
(la) is reacted with a conpound of forrmula (I1) wherein Ris
-C(A Ra) (A2R5) (A R6) 5tofownacmmmmdofthefmnmavmmeH1Y is a
‘ cyano group or a group whi onverted to cyano and wherein each of
R4, R5 and Rb are independent ed from al kyl, al kenyl, alkynyl and
optionally al kyl 10 substitutig and aral&yLﬂand A, Az and A3 are
selected fromO and S, if Y i y S
of Y to a cyano group; and thereafte y&+*to form a

£) : oxxn

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



conpound of forrmula ElIl wherein Y' is cyano or a group which may be
converted to cyano, and A' and AZ are as 15 defined aboye.and (f Y. is not
cyano, optionally foll owed by conversion of Y to cyano'® %ﬁ:ﬁem%)grlg%d by
i) redusmo omsses1 a compound of formula ()11) or an ester XNEPBYYIHE form a
conpound of fornula WO 01/68631 34 (§Q 13 Septenber 2004 PCT/ DKO01/ 00168
wherein Y' is cyano or a group which my be converted to cyano, and if Y :
is not cyano, optionally foJ,I owed by conversion of the group Y to a cyano
group; and thereafter 5 conversiomtg he al cohol group to a feasible

| eavi ng group, followed by, in , conversion of a group Y
which is not cyano to cyano, and €] t ofonthe leaving group with a
di met hyl am no group by reaction with a) ~di nethyl anmne or a salt thereof, 10
b) nethylam ne foll owed by nethylatio \reductive amnation, or c) with
an azide followed by reduction to for & correspondi ng am ne and
thereafter nethylation or reductive a tion, or

F 43]

-

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
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 -



15 ii) conversion of the conpound of formula (XXI1) or an ester thereof to
an-amde followed by, in either order, reduction of th mde Y'
is not cyano, conversion of the group Y to cyan, and %8@9‘%:%@

met hyl atW@Mm1/6%63t educti ve amination to forma di met hyl aliidPHy 3 20 16. A
conmpound of the fornula wherein Y is gsgroup which may be converted to

%ﬁ?z ?gn? Eﬁ&@}-qﬁc&&%gaf’&ﬁ?ﬂ -\!E ggg’&ﬁ:%&%pmg%gi’%g%& 2004 VO

01/ 68631 pBSupLIcOA HIdGFrodH R'CalNRRSre independenilyRgie¢ted ﬁorpraﬂmleclkﬂnfh gr oup for an

T e A e i i

optional | yhaﬂk@dtogmmbn iituuﬂinecelacflaro’fR3 ad Rired ikdepergientypsicoed Romala,R  t oget her

forma in.,of. 2 t dently
“sel ect®d ?&SWI’a?IW'Iy ﬁ&@ﬁgﬁ”ﬁﬁﬁ%@%ﬁap%gﬁﬁ b%x;? Pﬁzaﬁ?e E%f ln@g]ggﬁat ut ed
aryl or amabkyA’ arR&lmdlﬁgmHOgﬂmsmrammgddﬂ@ndaltmbremd A2 are selected from
0 and S; or an acid addition salt thereof. 17. A conpound of fornula 10 M
wherein Y' is a group which nmay be converted to cyano, or an acid addition

salt therenf 18 coApowdpdnaulf fornula 15

10

-whercin 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



Nm wherein Y' is a conmpound which nmay be converted to cyano, or an aci d
addition salt thereof. 19. A conpound of fornula WO 01/1?38% 3%

Sept enber 2004 PCT/ DKO1/ 00168 Ox) wherein Y' is a grou

conver t W ig8edicyan group, or an aci d addition salt the‘?%’f’x%”

conpound of forrmula wherein Y' is a ggﬁup whi ch may be converted to a cyano
group and A is 0O or S, or an acid ition salt thereof 21. A conpound of
formula 10 wherein Y' is a group whi ch nmay be converted to a cyano group
and R2 is -CH2-W wherein & €ayi ng group or R2 is cyano or

-- CH2N(CH3h, or an acid additi Jrereof. 15 22. A conpound of fornula
WD 01/ 68631 37 13 Sept emnber 200

NH;

+ )

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
16
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



PCT/ DKO1/ 00168 wherein Y' is a group which may be converted to cyano, or an
aci-d addi-tion salt thereof. 5 23. A conpound of formnul er.ei ‘4SS a
cyano group or a group which may be converted to cyano%%%e%%'sgri%()dﬁlach of
R4, R5 wixbifggesar e i ndependently selected from al kyl, al RPETDKOIAIINy| and
optionally al kyl substituted aryl ang aral kyl and A, A and A3 are
selected fromO and S, or an acid addition 10 salt thereof. 24. A conpound
of formula a'H wherein Yis cyano or a group which may be converted to
cyano, and A" and A2 is sel evg;t ed 15 fromO and S, or an acid addition salt

t her eof . O

CHz

VAN

k VI

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

5 23, A compound of formula

“ ) 'E

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.

i 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.



