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

and has the following structure:
10

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitor, accordingly
having antidepressant activities. The antidepressant activity of the compound has been reported in

15  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.

Citalopram was first disclosed in DE 2,657,013, corresponding to US 4,136,193. This patent
20  publication describes the preparation of citalopram by one method and outlines a further method which

£ may be used for preparing citalopram.

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

5-bromo derivative by reaction with cuprous cyanide.
International patent application No WO 98/019511 discloses a process for the manufacture of

citalopram wherein a 4-{cyano, alkyloxycarbonyl or alkylaminocarbonyl)-2-hydroxymethylphenyl-(4-
30 fluorophenyl)methanol compound is subjected 1o ring closure. The resulting 5-( alkyloxycarbonyl or

CONFIRMATION COPY



ning of each regular issue of the PCT Gazette. (54) TitlgsephbebzdtdR THE
PREPARATI ON OF Cl TALOPRAM (57) Abstract: The present invention relates to a

met hod for the preparation of cital opram conprising reduyct] com
_pound oM@ BYeREI% (111), wherein Xis a cyano group or a 9}536‘9‘9%2‘;“&% can be

converted to a cyano group, and if X is not a cyano group followed by
conversion of X to a cyano group. 8 Septenber 2004 WO 01/68628 PCT/ DKO
1/00149 | Method for the Preparation of“Cital opram The present invention
relates to a method for the preparation of the well-known anti depressant

drug Cﬁlkﬂhl@@i)@di‘bénﬁ-[li%(fﬁbﬁiﬁhdﬁﬂ)&tﬂ ditydeoiegbghdofuran is converted converted to the corres-
-1-(4- fI r obe zaof r I e. 5 Background
of the P @%ﬁ}{‘d}‘%ﬁ%ﬁra&a?ﬁ“ Socsvag M i ‘kel% englﬁf] @gg(rtés {)ént drug that has
now beedinethytdreno)propeihalbgenidsomerdyeaobtainaitdlopme. t he fol | owi ng structure: 10
NC It is a selective, centrally acting serotonin (5-hydroxytryptan ne;

5-HT) reuptake inhibitor, accordingly having antidepressant activities.
The antltbeqmoessnms%y,lbmfpu@tth@mm@mmﬁtbemuﬁe@wdﬂ?és@w@a’a‘mﬁm% sever al

publ i Caﬁﬂo%§wh§95 c}and#ti—ﬁﬁorg)ﬁﬁgyl)-ﬁ\l@%}ﬁfdro?ﬁmn Ated &itBh@bmpdimychi at .
1982, 6, 277-2 G avem " ¢ ychi atr Scan 1987, - 75. 478 486.

The conﬁb’lﬁhﬂ’%&%c?ﬂﬁ’f‘ﬁb‘l"alﬁ’@'@?fhﬂi‘@E‘PPfé’Bﬂ WP show effects in the treat ment
of denentia and cerebrovascul ar di sorders, EP-A-474580. Cital opram was

first: d‘h? v llky?a%on plnocess acéorélzg t%]tgé m(\:rgnrtirorel ¥ p(z)aglq:uﬁgy a&)vzull&geAc':ous’L g’ecal}s%‘%he f-ggna%og %} ent

by-products by polymerisation of the alkylating agent is avoided whereby a reduction in the amount of
alkylating reagent to be used is made possible. The process of the invention also provides high yields.

© . Summary of the invention

In an aspect of the present invention, there is provided a method for the preparation of citalopram,

comprising reduction of a compound of formula

X

{am

wherein X is a cyano group, or a group which can be converted to a cyano group,

and where X is not a cyano group followed by conversion of X to a cyano group, and isolation of

citalopram in the form of the base or as-a pharmaceutically acceptable acid addition salt thereof.

One embodiment, the compovind of formula (I11) may be prepared by



“order to obtain citalopram |t hs -

20 publication describes the preparation of cital opram lgysepremp@idond and
outlines a further nmethod which nmay be used for preparing cital opram

- Accor di RgobRedsle process descri bed, the correspondi ng PCT/DK01/00149

| - (4-fl uorophenyl)-1, 3-di hydro-5- isobenzofurancarbonitrile is reacted with

3- (N, N-di et hyl am no) propyl -chloride in the presence of 25

met hyl sul fnyl methid by reaction with cuprous cyanide. International patent

application No WO 981019511 di scl oses a process for the nmanufacture of

ci t al oprraactiombr @mpoandlef( foyiadla al kyl oxycar bonyl or a

| kyl am nocar bonyl ) - 2- hydr oxynet hyl phenyl - (4 30 fl uorophenyl ) nmet hano

conpound is subjected to ring closure. The resulting 5-( al kyl oxycar bonyl

or GONF ON CON 8 Septenber 2004 WD 01/68628 PCT/DKO /00149 2

al kyl am nocar bony) - 1- (4-f | uor 8pheny - di hydr oi sobenzofuran i s converted

converted to the corres- ponding #no yerivative and the 5-cyano

derivative is then alkylated wt 8- di fret hyl am no) propyl hal ogenide in

surprisingly, been found that

favourabl e process where
benzofuran is alkylated with a

W am nopropyl group. The

ci tal opram may be manufactured by a novel
5-cyano- 1-(4-fluorophenyl)- 1, 3-di hydroi
conpound which nay be converted to a di
al kyl ati on process according to the inva is particularly advantageous
because the formati on of by-products by nmerisation of the al kyl ating
agent is avoi ded whereby a reduction in thelanmount of al kylating reagent
to be used is nmade possible. The process of &he jvention al so provides

hi gh yields. Summary of the invention In an aspect of the present
invention, there is provided a nmethod for the preparation of cital opram
conprising reduction of a conpound of formula wherein X is a cyan group, or

a gr oupwhkenlK £a5 d&mes GbbeWitth dotpurfled ARGl laoup,

. N///
OHC//”\\\/// ™~

(Ti2)

and if X is not cyano, optionally followed by conversion of the group X to a cyano group, thereafter
dehydration to form a compound of formula (I} and if X is not cyano, optionally conversion of the

10 group X to a cyano group.

In a second embodiment, the compound of formula (ITf) may be prepared by reaction of a compound of

') formula (I) with a compound of formula -

o)
~
- (IIb)
15 andif X is not cyano, opticnally followed by conversion of the group X to a cyano group,

thereafter dehydration to form a compound of formula (III) and if X is not cyano, optionally followed
- by conversion of the group X to a cyano group.



and where X is not a cyano group followed by conversion ®§epfeiBep2008yano
group, and isolation of <citalopramin the formof the base or as a :
phar maceut i ¢ y- acceptable acid addition salt thereof siiyent , the
conpouﬁ§8§¥m$%bnula (I'11) rmay be prepared by 8 Septenbefpgs%ﬁagﬁygﬁl68628
PCTI DKO / 00149 3 reaction of a conpound of fornmula mwherein X is as

defi ned above, with a conpound of formyla and if X is not cyano, optionally
foll owed by conversion of the group X to a cyano group, thereafter

dehydr gt i @Rd EfbobiRleAl) e ERIPRRY BffoRbuld @F) %&%(Be frbdated bRRELtb ofX chifipddfd ofCyano,
optionally conversion of the 10 group to a cyano group. In a second
enbodi fEwble & jith ompIahtf P ornula (11) may be prepared by reaction of a
conmpound of formula (1) with a conpound of fornmula ( Ilb) 15 and if X is
not cyano, optionally followed by conversion of the group X to a cyano
group, thereafter dehydration o forma conmpound of formula (111) and if X
is not cyano, optionally folldﬁkdv/5§£%@nversion of the group X to a cyano
group. 8 Septenber 2004 WO 01/ 68628 PCTI DKAE£00149 4 In a third enbodi nent, .
t he conpound of fornula (111) -may be prepared by reaction of a conpound of
formula (1) with a conpound of formula wherein Y is a suitable |eaving
group, to forma conpound of fornmula and if X is not cyano, optionally

. f ol | owexhetein ¥ dsw sitable eawing tgtep gho dorpr axcampoandsffprandg oup,

X

F V3

and if X is not cyano, optionally followed by conversion of the group X to a cyano group,

thereafter peroxidation of the double bond to form an epoxide and if X is not cyano, optionalty
conversion of the group X to a cyano group, thereafter reaction with dimethylamine or a salt thereof
followed by dehydration to form a compound of formula (II)-and if X is not cyano, optionally

followed by conversion of the group X to a cyano group

Yet another embodiment may be the novel intermediates of the general formula (III} and (V).

Still another embodiment may relate to an antidepressant pharmaceutical composition comprising

citalopram manufactured by the process of the invention.

Suitable leaving groups, Y may be a halogenide or a sulphonate of formula -0-80.-R®, wherein R’ is
alkyl, alkenyl, alkynyl or optionally alkyl substituted aryl or aralkyl. Conventionally, R® is methyl or p~

methylphenyl.

Groups X, which can be converted to a cyano group may be selected from halogen,



t hereafter peroxidation of the double bond to form an emgéstemdaczods X i s
* not cyano, optionally conversion of the group X to a cyano group,
“thereaftayohpassis on With dinethyl amne or a salt thereof pb@/piRR6k4bY
dehydration to forma conmpound of formula (IIl) and if X is not cyano,
optionally followed by conversion of the group X to a cyano group Yet
anot her enbodi nent may be the novel inteynmediates of the general fornula

(111) and (V) _ Still another enbodiment may relate to an anti depressant
phar mac eut.iseal CRRUPY Siteteiih & WBI-CHONETOGR L AHGHIER™, %@H*’%ﬁéﬂé;ﬁﬂ Bkd ke
process of the invention. Sui tabl e [ eavi ng._groups, may be a hal o?enl de or
a sul phof&wdrggens sk, plkenyhorgBynyl, or getiensily kg %‘bS“&}tTQﬂWl osptaiayend R3Msynyl or

opt i onal hydradeh ok alfbsborylbied isah %h oRzoBedh ¥idzolindROMAITiHGBRMIY, O 1s nethyl

‘or p- methyl phenyl. G oups X, which can be converted to a cyano group may
be sel ected from hal ogen, S Septenber 2004 WO 01/68628 PCT/DKO /00149 5
-0-SO,-(CF)A CF3s wherein nis 0-8, »£HO -COOR, -CONR R', wherein R and
‘R* are hydrogen, al kyl, al kenyl or lﬁkynyl or optlonal |y al kyl
substituted aryl or aral kyl and R'' ydrogen or al kyl carbonyl or X is
an an oxazoline or thiazoline grgup the formula RI0O R12 5 wherein Uis O
or S; RI' = R13 are each independentl se'?ect ed from hydrogen and al kyl, or
R 2 and R13 together forma C2_; me chain thereby formng a
Spiro-ring; Rl is selected fromhydrogen and alkyl, R 1 is selected from
hydrogen, al kyl, a carboxy group or a precur$6t group therefore, or R10 and
R' together forma 10 g -.s al kylene chain thereby formng a spiro-ring.

wherein Uis O or S;

R"™ - R" are each independently selected from hydrogen and alkyl, or R" and R" together form a.Cz_s

alkylene chain thereby forming a spiro-ring; R'’ is selected from hydrogen and alkyl, R" is selected

from hydrogen, alkyl, a carboxy group or a precursor group therefore, or R'® and R"" together form a
10 Gy alkylene chain thereby forming a spiro-ring.

X may be any other group which can be converted to a cyano group.

The alkylation step where the compound of formula I is reacted with a compound of formula (Ifa),
(IIb) or (IIc) is suitably carried out by treatment of the compound of formula (I) with a base such as for
15 example LDA ( lithiumdiisopropylamine)}, LIHMDS (hexamethyldisilasan lithium), NaH, NaHMDS
(hexamethyldisilasan sedium) and metalalkoxides such as NaOMe, KOMe, LiOMe, NaOrer/Bu,
KOtertBu and LiOter?Bu in an aprotic organic solvent such as THF (tetrahydrofurane), DMF
i (dimethylformamide), NMP (N-methylpyrrolidon), ethers such as diethylether or dioxalane, toluene,
benzene, or alkanes and mixtures thereof. The anion formed is then reacted with a compound of
20  formuia (Ia), (Ifb) or (Ilc).

The reaction of the compound of formula (I) with a compound of formula (H12), (Ib) or (¥Ic) is suitably

carried out under non-aqueous conditions.

. The dehydration of the intermediate alcohol, formed by reaction of the compound of formula (I) with a
25  compound of formula (fIa) or (IIb), to form a2 compound of formula (II) may be carried out with any
suitable dehydrating agent, e.g. with p-toluenesutfonic acid in toluene or with SOCL, POCl;, PCI;,

mineral acids etc.



X may be any other group which can be converted to a cy®@Geémbér-200ae

al kyl at i\98 o3lsg@agWhere the conpound of formula | is react ef-pkbigoigompound
of formula (Ila), (lIlb) or (1lc) is suitably carried out by treatnent of

t he conpound of fornula (1) with a base such as for 15 exanple LDA (

l'i thiundiisopropylamne , LiflMDS (hexgnethyldisilasan |ithium, NaH,
NaHVDS (hexanet hyl di silasan sodium and netal al koxi des such as NaOwe,

KOwe, Li ertBu, - KOte u and Li ter otic organic

Sol vent THE FiroRstenge! 0 aePEHblechPnf B asomppitid of friartiy 1 i rreneymaviogy
N- et hy kepyied obtiwing yer/BUOGH, srganicipemsids, diméthyltietiree, NeO] bivabanirootgahisene,
benzene. or T on forne react ed
wth a SSnadlh KA0Rh AR bb MR & 9N fior B8 SR oIk s Bkt O™
conpoungdehyidration neingary spitaile dehudreingrsemce- g)leﬂm -ivlvepesqiforag aciq injtplpergror (hithc) i s
sui t abl gocqzap(gclgcbcq#gugé&qi%dm@ aqueous condi tions. The dehydration of the

i nt ernedi até al coho formed by reaction of the conpound of fornmula (1)
with a 25 conpound of fornula (l1la) or (Ilb), to forma conpound of

f or nul aThé tedpctivR)of bR compéiingd Gf finuMi() isitatietdnidd cut aiydhidf Pd/REE0LF €. J.

w th p- kg}(yenegakn Ioni c acidin toluene or with SOC,, POCC13, PCl5,

ni ner al W48 8 September 2004 WD 01/ 68628 PCT/ DKO1/ 00149 6 The
peroxi dation of the al kene double bond in a conmpound of forrrul a (V) toform
an C r. gani

di rret hyI ogalabréa%@gen (ﬁlg&:?é‘: ?E%OL@ Q’?hﬁglbgld% ggﬁgﬁg&; etc. tg,&f%? (qj}c'?l Yon with
di met hyP@.‘ﬁFCh@lté'B’ repction with heyanide Somrf-'efor exammtle RGNeHad N, @n&nﬂz ected to
dehydr atR'QJENQﬁ' Gﬁel%@ﬂdﬁ ‘l&idﬁ(ﬁp:g ﬁl@%ﬁﬂsr @Eicﬂ%@%@%’saﬁcgrdlm and are selected

p-tol uenesul fonic acid jn_toluené or wt OC12, PQOC13,. PCl15 m _ner al .
aci ds effem hydezenandsitaight rinen braades dlisHe %@ePWWP af ¢ pladiumsaiabistmd 2car ri ed
out in passeERodt of U Gr ZIY / de vath ZnRIN G irdhe pitkébld 5 palladium catalyst. The conversion

15  of a compound wherein X is halogen or CFs-(C¥F),-S0,-0-, wherein n is 0-8, by reaction with a

cyanide source in presence of a palladium catalyst, may be carried out as described in WO 0013648.

When X is Cl or Br the conversion to 2 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,

20  which may be the same or different, and are selected from hydrogen and straight chain or branched
alkyl, in the presence of a nicketl catalyst. The conversion of 2 compound wherein X is halogen or CF;-
(CF;),-SO;-0-, wherein n 1s 0-8, by reaction with a cyanide source in presence of a nickel catalyst may

“be carried out as described in WO 001192.

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

When X is an oxazoline or a thiazoline of the formula (VI), the conversion to 2 cyano may be carried
30  outas described in WO (0023431

When X is CHO, the conversion to a 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

35  agent, for example thionylchloride, acetic anhydride/pyridine, pyridine/HC! or phosphor pentachloride.



10 When X is hal ogen or CF3-(CF2)"SO2-O, wherein n is & 8eptbhBeCyiMEr Si ON
to a cyano group nay be carried out by reaction wth a cyani de source, for
exanpl e WoNL/edE8N, CuCN, Zn(CN)2 or (R')4NCN, where (Rl5pdr/broi/maies four
groups, which nay be the sane or different, and are selected from hydrogen
and straight chain or branched alkyl, in the presence of a palladium
catalyst and a catalytic anount of Cu gt Zn2}, or with Zn(CN)2 in the
presence a pall adium catal yst. The conversion 15 of a conpound wherein X is
hal ogen Prefefit@reafind) B *-SCORH are hyli@k glkminanil SorApoBndsbvhered@R iiodlkytiot BryPandoyani de
source |@é’g esence of a palladiumcatal yst, may be carried out as descri bed
in W 00 8. Wen X is O or Br the conversion to a cyano group may al so
be carried out by reaction with a cyanide source, for exanple KCN, NaCN,

‘CuCN, Z .or ANCN, where (R ')4 indicates four,.gro 20 i ch
may be. BBk S CHOT N e et erbin e e S R S Bg e ard: g
chai s orchisraleohester aad &ytide. i n t he presence of a nickel catalyst. The

‘conversion of a compound wherein X is hal ogen or CF3- (CF2)"SM2-0O, wherein
nis 0-8 by reaction with a cyanide source in presence of a nickel

cat al ystomy; ri . I | . 52 h ctions
may be perf o}dncggllﬁﬁfsghﬁ&g%ﬁ%ﬁlﬁg%%% (ﬁ%@%ﬁ%ﬁé@%ﬁ%@dc Ii”ﬁ)cl‘a??agl;l zaéegpcgt.
~al . Bul |in2saitablp solygat, suphas tolugne ortelgene tomprisifgo@B)yticemetetaf 8N ol vent s are

acetonit diﬁkmyﬁ&hﬁhﬁ&?’tﬁé estef idFobtablVE bPFreathBR of MO 8AG Kith Bn FRoIVLAA Hle R&eRE o

thiazoline of the fornula (Vl), the conversign to cyanqQ may be carried
30 olft a"sf‘a&@sErFEB’é’h’ﬁﬂ‘%l PRSIl WS feud, suehpg H ,zs@q%éf Ridr %0 a cyano
group neAdidesatively) the estauiiaylhy obRME oM thit Hid chiveidé By reydtion GHUR alcdhdl THROEsIE O
simlar group. reaction wt reagent., R 6-V-NH2.., wherei n R1G, i,S .

ny r ogerst g bior e e sohborly B nRAET o apialgbl Ry PHB6SH By Blclnye.

dehydr atproferablyttfputyl woimron dehydrati ng 35 agent, for exanpl e thionylchioride
acetic anhydride/ pyridine, pyridine/HC or phosphor pentachloride. 8

Sept ember 2004 - WD 01/ 68628 PCTI DK (c)1/00149 7
15  The conversion to amide may also be obtained by reaction of the ester with ammonia or analkylamine

under pressure and heating.

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 person skilled in
20  the art. Examples of suitable dehydraﬁng agents are SOCl,, POCl; and PCls, preferably SOCl,.

In a particularly preferred embodiment, the carboxylic acid is reacted with an alcohol, preferably
ethanol, in the presence of POCI;, in order to obtain the corresponding ester, which is then reacted with
B ammonia thereby giving the corresponding amide, which in turn is reacted with SOCI, in toluene
) 28 comprising a catalytic amount of N,N-dimethylformamide.

Alternatively, a compound where X is -COOH may be reacted with chlorosulferntyl isocyanate in order

to form the nitrile, or treated with a dehydrating agent and a sulfonamide as described in

WO 0044738.
30 _
' When X is -NHR™, where R" is hydrogen, the conversion into cyano is preferably performed 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 initially subjected to hydrolysis thereby obtaining
the corresponding compound wherein R™ is H, which is then converted as described above. The

35  hydrolysis may be performed either in acidic or basic environment.



Preferred reagents R16-V-NH2, are hydroxylam n and conppg&dsmpbesgisn R 6
is alkyl or aryl and Vis -Nor 0. Wen X is -COOH, the converS|on to a
cyano gr %2%6 carried out via the correspondi ng aci d PFCARIEP e or
ester and am de. The acid chloride is conveniently obtained by treatnent of
the acid wwth POC13, PCI5 or SOCI, neat_or in a suitable solvent, such as
tol uene or toluene conprising a cat al ytl% anmount of N, N- di net hyl formam de
. The ester is obtained by treatnent of the acid with an al cohol, in the
pr esence Saktingnateriacoifornpiafl)ewlsdodiy Xads halopen alayde iptbpaed as deeasibsd imc'GB 1526&31, as

obt & ned rPRSTRG Rrmiutd &) Phersfd 0B IR e prdfrciabfibediRY O
the acid cmhmmdﬁ@w@cﬂ lire W06, expripounsin ob formiala () whyrem¥ taniostroling or a
anmoni a @fiaAfin nY fi’x%ﬂ@p aPJd%BﬁB@&EYo the Dc%ydun@srﬁeﬁk%be&ﬁ WODSMY R Rind©

am de may _al so bt al ne by reaction he ester wth anmmonia or

anal k| afhetsin X, hﬁf@@%‘i‘%&‘l‘iﬁ@ b&rmem@a@vﬂgouq*h@ hargaryrddssrided weas W8nverted .
to a cya9973qs4rsuammbuﬁtﬁweaixwadm A bytets ahd AfidadetoMmYy Biprefiidd Sui t abl e

dehydratin and the.o Si |

per Son- SEPAEEE I 90 R I e e RE B G OB DS h AP B oyt e MG e
CCl2, PBSHRS' rancbeRictiaredmnaibgousiylty the Ghghundgdeacribad in WOl W/19§1r ef err ed

embodi rreht, the carboxylic acid is reacted with an al cohol, preferably
ethanol, in the presence of POCI3 , in order to obtain the correspondi ng
est etQ wihheteagtiontehrditions iotveuds.sta. hsed dentirieactionedestribed iabdva gretdeavenenaé s pondi ng

am de, £dr Whdh rkaR Bxﬁaaﬁ&ﬁﬂ Wi b indd tyQlpdRBPsidifedGR S| Ng a
cat al yt Y@%ﬁﬁdgﬂt&of I{l B di et hy?’f or?ra?n de. 1AI tbté'r ryg{t%l vsel y, a compound where

X is -COOH may be reacted with chlorosul fonyl isocyanate in order to form
the nitr Thestarfihg inh&ﬁbledf foirila @) @RdRYiE DGk byleho 296 be pRPste@asdesdrive@ i US p@&snt No. )
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The compounds of formula (IIa), (IIb) and (Ilc) are commercially available or may be prepared from

commercially available starting materials using conventional techniques.

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

20  near future the active S-enantiomer of citalopram is also going to be introduced to the market.
S-citalopram may be prepared by separation of the optically active isomers by chromatography.

.Throughout the specification and claims, the term alky] refers to a branched or unbranched alkyl group
25  having from one to six carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-
butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-ethy! and 2-methyl-1-propyl.

Similarly, alkenyl and alkynyl, respectively, designate such groups having from two to six carbon
atoms, including one double bond or triple bond respecﬁvely, such as ethenyl, propenyl, butenyl,

30  ethynyl, propynyl and butynyl.

The term aryl refers to a mono- or bicyclic carbocyclic aromatic group, such as phenyl and naphthyl, in

particular phenyl. :



diazotation and followed by reaction with CN'. Mst pred se@bhyeNaidd2 and
- CuCN and/or NaCN is wused. Wen R' is alkylcarbonyl, the conpound is
<initiallwomgseeted to hydrol ysis thereby obtaining the rowprespmondi ng
conpound wherein R" is H, which is then converted as descri bed above. The
35 hydrolysis may be perforned either in acidic or basic environnment. 8
Sept enmber 2004 WO 01/68628 PCT/DKO /09149 8 Starting materials of fornula
(1) wherein X is halogen may be prepared as described in GB 1526331,

c onpoundde edrmfacalkopl keferg to) aryibaticydiwhedéin syl fd AP 4ChsAefined@bove. Ty be prepared
anal ogously to the conpounds described in WD 99/00640, conpounds of
formula (1) wherein X is an oxazoline or. a thiazoline group may be

pr epar e@ptinsdliygtityssubstithtad m@bmdwhlc;s rddersc tiybed ataikyV\RoORARAR 1 na ¢ opoanihds 5

‘wherein | dehyde repared anal ogously to the conpounds
descri be‘éjsli’ﬁ“eas neé@%ﬁ %Y 5‘%0unds wherein X i s -COOH, and esters and

am dés thereof may be prepared anal ogously to the conpounds described in
‘WO 98/ 1%5111 and c nds of. f.ormula | wherein is - NHR'" may be prepared
anal ogous 3?6?186‘?%5 #%Smﬂalémg%scrl bed in WO 98/19512. 10 The reaction
condi tions, solvents, etc used for the reactions described above are

convent con 1 tio uch_reacti.ons and easi |y be det m ned by

‘a per so%ﬂ%n@?ﬁa e r? e 3 etof.;ee%ﬁsee’ %‘F%Pﬁyﬁa %ﬁ?@lﬁ g’l% st 8%%?%6" ) yvvher ein

()j( i's c%aguepn’aly atid aqiﬂmqnaaag ?chemf dasch idiaididon fjnltk)Su@f;hlﬂﬁmN@Lmtmorkﬁ}ﬁc wﬂorgamxasd
escribed.in e Co un an

1) 3t B impen SrrEy o P i o e dine Birnis by

aval I abhmchﬁcabkamg::mnmkahcylm mgmmwlﬁmcl, ethaleditdfonit] apess prdpidnid, wﬁﬁm i's

on_the s ap antidepressant d n the formof the ra at e.
Cobever sl olie, 3hodtit RRTRE Pl Pt Srasir startco ety BIBIam | o

al so gOFtﬂtgsrﬂcoglbﬁ)licm-mpﬂumib,@lﬁthﬁmrm:hkﬁé sulfoniziahdtheaphgtline aedticheidprepall ad by

separ at btk Lol gl G3! dekunB 'Y S EmbROTR Fnd xRS B O AR sats are those

15 - with hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.

The acid addition salts of citalopram may be prepared by methods kmown in the art. The base is reacted

with either the calculated amount of acid in a water miscible solvent, such as acetone or ethanol, with

subsequent isolation of the salt by concentration and cooling, or with an excess of the acid in a water
20  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 and in any
L:,.;T:;-T;) suitable form, for example orally in the form of tablets, capsules, powders or syrups, or parenterally in
25 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 adjuvants and/or
diluents and subsequently compressing the mixture in a conventional tabletting machine. Examples of
30  adjuvants or diluents comprise: Com starch, potato starch, talcum, magnesium stearate, gelatine,
lactose, gums, and the like. Any other adjuvant or additive, colourings, arorna, preservatives etc. may

be used provided that they are compatible with the active ingredients.



Thr oughout the specification and clains, the term al kyl ggéﬁémbbpfz@nz;
branched or unbranched al kyl group 25 having fromone to ﬁ)'g@k@dp at ons
i ncl usi v&O W/R8R283s net hyl, ethyl, 1-propyl, 2-propyl, 1-bd yl

2-nmet hyl - 2-propyl, 2,2-dinethyl-Il-ethyl and 2-nethyl-I|-propyl. Sim!l arI Yy,

al kenyl and al kynyl, respectively, desi qﬁate such groups having fromtwo to
six carbon atons, including one double*bond or triple bond respectively,
such as ethenyl, propenyl, butenyl, 30 ethynyl, propynyl and butynyl. The

t er m ar ySelutidne far itjectionsmapbe prepabédjydlsisdvmgnm;md ingrediemrant passipiecadgitiveiala as

phenyl h 8
bCT! bt PRI S0t fof BBl blefofu) o BIE Wbty B oot o e RS RE
al kyl ar gerlésingegthé sedutionlaod liingynt waidt mypcaﬂdsy’r vislsh4ey suiteleld additjve concentioraliyy |
ref er t ou2h Y ﬁhEQxlq ny Bk dlded SO AT BB rBAVhRAR chtioaintsspSt i LUt ed wi
one nor e gf oups. Hal ogen "neans chl oro, brono or 1odo. Cital opram
may be used as the free base preferably in crystalline form or as a

phar mac el ipgintion lsafel'el'@pﬂhlbfr?éedehﬁthe @lavingsranpes t hereof. As acid addition
salts, such salts forned with organic or inorganic 10 acids may be used.
Exerrpl aré of such organic salts are those with maleic, f umaric, benzoic,
ascor bi cExampledi ni ¢, oxalic, bisnethylenesalicylic, nethanesulfonic,

et hanedi sul fonic, acetic, propionic, tartaric, salicylic, citric,

gl uconic, lactic, malic, mandelic, cinnamc, citraconic, Z‘gartl c, Stearic,

‘pal mQ i cA solutierceii- @*ﬂlg*%mﬁl)cl 31dﬂwa#pﬁeln¢@mfeiae- -qgrhoniie €48 BehZmeD) L THE 3¢
and t heogﬁ%lwldé mﬁdigrgﬁv%? /5 :Qﬁmoﬂﬁf I( BaR1 llgﬁiﬁn §6b@|(ﬁﬁ]ﬁpmé%}dp§'ﬁﬁnmcfﬁ g)

exarrpl e r onot I ne. Exerrp ary o I norganic salts are those 15
Wi t h hydateGbPO hder an hyebsgHereaofinétrogan| After stirrirgy st £-301°€ forp b syirvees ecsofutignof &1 i ¢

ﬁﬁ:)s; i ;I]'El - a%}gf?f?fgfméa @%& é’ﬂ'{))tsosr I(ﬁgé@é)é?no?)pmmg rrH_S “Pas agc?ed %.gopb se g}?& Bﬁ)wed
to warm to room temperature and stirred for a further 60 minutes. The reaction was then quenched
15  withice, extracted with toluene (3 x 50 mL} , washed with water (50 mL) and concentmted under
reduced pressure. The residue was purified by chromatography on silica gel using mixtures of n-

heptane/EtOAc as the eluent.



with either the calculated anpbunt of acid in a water m sgEggdtemberl 2at, such
as acetone or ethanol, with subsequent isolation of the salt by

* concent rewa a1sseesd cooling, or with an excess of the acid PCI/BKOH49 20

i mm sci bl e solvent, such as ethylether, ethylacetate or dichl oronethane,
with the salt separating spontaneously. The pharmaceutical conpositions of
the invention nay be admnistered in anylsuitable way and in any suitable
form for exanple orally in the formof tablets, capsules, powders or
syrups, GELAPMSenterally in 25 the formof usual sterile solutions for

i njection. The pharmaceutical formulations of the invention nay be prepared
by conventional nethods in the art. For exanple, tablets nmay be prepared
by m xi ny t heAausthoddor theprephirasion ofivitaopoama conagrisingd¢deetion of agnuipomd ofiforeat s

“and subsequently conpressing the m xture in a conventional tabletting

-

machi ne.. Exanples of 30 adjuvants or diluents conprise: Corn starch
potato starch, talcum magnesium stearate, gelatine, |actose, guns, and the

| i ke. Any ot her adjuvant or due |l?§ el ourings, aronm, preservatives etc.

may be used provided that they pnpatj bl e with the active ingredients.
8 Septenber 2004 WD 01/68628 Pq (1 1/00149 10 Sol yrions for injections
may be prepared by dissolving the &1 i Ve hgeedi entNand possi bl e additives
ina part of the solvent for injection, \preferably sferile water,

adj usting the solution to the desired vopume sterilising the solution and
filling in suitable anpoules or vials. ¢ '\itable additive conventionally
used in the art nmay be added, such as tg y agents, preservati ves,
antioxidants, etc. 5 The invention is furthér illustrated by the foll ow ng
exanpl es. Exanple 1 10 A solution of 1-(4-#luorophenyl)-1,3-d

i hydr oi sobenzof uran-5-carbonitrile (4.8 g, .02 @Dl) in THE (50 nl)-was

added drpwin & is o cyane gioup,iopa geup whjkhcarpba spnvérfed fo 4ayano sronp.( 15 nl)

di sopr ok ¥HLRSK BBt zgcy)a.no group followed by conversion of X to a cyano group and isolation of
citalopram in the form of the base or as a pharmaceufically acceptable acid addition salt thereof.

2. The method according to claim 1 wherein the compound of formula (IIT) is prepared by

10  reaction of a compound of formula

wherein X is as defined above, with a compound of formula

N/
N

(Ia)




at-30 C under an atnosphere of nitrogen. After stirring @Se&@mﬁerfmozllo

m nutes, a solution of a conpound of formula (Ila), (”b‘)ﬁ{ ﬁ% ( 0.02
nmol) in YREEB3 ) was added dropwise and allowed to waf 'Plfmr’
tenperature and stirred for a further 60 m nutes. The reaction was then
guenched 15 with ice, extracted with tqoluene (3 x 50 nL ), washed with

wat er (50 silica gel using m xtures n- heptanel EtOAc as the eluent. 8

Sept enber 01/ 6862 DKO 1/00149 I 1. A nethod for_the

pr epar A B o et AP M%ﬂeégﬁgowvsﬁmﬂ B e &&%waaﬁamar, ereriita i@ F
( ffJ) aemmemenmﬂsmsc&npaaaefg.hﬁmpanpﬁmafml@ua cwﬁopﬂatﬁﬂﬂlyﬁﬁll&ﬁda\@rted to a
cyano group, 2{% ere Xis not a cyano group follo by conversion of X to
a cyano “YPEHP M G EFPY [PAFYBH0 E04] al opram in the form of the base or as a
“pharmaceutically acceptable acid addition salt thereof. 2. The et hod :
accordipng to Iai wherein fhe c dof fo is prepared by

10 reaction of* &€ #ﬁ Ff{}“%tf’ *GHFM%EP Hﬂ géuijf”ém‘é% ft‘iﬁpr@afea éﬁve with .
a conpoutacti®f oflabfiipbuhdNf fedmhuld | | @) 8 Septerrber 2004 WO 01/68628 PCTI DKOI
/00149 12
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F M

wherein X is as defined abow_a, with a compqund of formula

T>\/”<

(Ib)
10
and if X 1s not cyano optionally followed by conversion of the Group X to a cyano group, there-
after dehydration to form a compound of formula (III) and if X is not cyano optionally followed by N
conversion of the group X to a cyano group. )
15 4. The method according to claim 1 wherein the compound of formula (III) is prepared by
reaction of a compound of formula

20



and if X is not cyan optionally foll owed by conversion gfsd opaX to a
cyano group, thereafter dehydration to forma conpound of formula (I11)
<and i f Xvosi1sggs cyano, optionally followed by conversi orCoODKOSOFoUp X tO
a cyano group. 5 3. The nethod according to claim1 wherein the conmpound of
formula (111) is prepared by reaction of a conpound of fornmula (1) wherein
X is as defined above, with a conpound1df fornmula o N 10 and if X is not
cyano optionally foll owed by conversion of the Goup X to a cyano group,
there- after dehydration to forma conpound of formula (I11) and if X is
not cyano optionally foll owed by

group. 15 4. The nethod accor dj
formula (111) is prepared by
+ Sept enber 2004 WO 01/ 68628 P ¥ 149 13 (L) wherein X is as defined
above, with a conpound of formula 5 to Yorma conpound of forrmula and if X

is not cyan optionally followed by coq/~ on of the G oup X to a cyano
‘group, thereafter peroxidation of th e bond to form an epoxi de, and
F o

#n11 wherei n the conpound of
a conmpound of forrmula 20 8

if Xis not cyano, optionally

wherein X is as defined above, with a compound of formula
X
(Iic)

5  to form a compound of formula

and if X is not cyano optionally followed by conversion of the Group X to a cyano group,
thereafter peroxidation of the double bond to form an epoxide, and if X is not cyano, optionally

10 conversion of the group X to a cyano group, thereafter and reaction with dimethy] amine or a salt
thereof followed by dehydration to form a compound of formula (III) and if X is not cyano optionally

followed by conversion of the group X to a cyano group.

15



10 conversion of the group X to a cyano group, thereaft&sashmbgamioyon with-

dinmethyl amne or a salt thereof followed by dehydratlon to f
conpound¥8016¥PBul a (111) and if X is not cyano opti onal 15T ﬁﬁ@h@ﬁ by
conversion of the group X to a cyano group. 15 8 Septenber 2004 WO

01/ 68628 PCT/ DKO1/00149 14 5. A conpou having the forrmula wherein Xis a
cyano group, or a group whi ch can be cofiverted to a cyano group. or an acid
addition 5 salt ther &ﬁ npound having the forrmula 10 wherein X is
a cyano Jgr oup SEFPAYmY 6“%3 ft an be converted to a cyano group, or an
acid addition salt thereof. 7. An antidepressant pharnaceuti cal

conposi tion conpri sing C|talopran1nanufactured by the process of any of
clains 1 to 4. 15

O

P

F (IiD)

wherein X is a cyano group, or a group which can be converted to a cyano group. or an acid addition

| 5 salt thereof.

6. A compound having the formula

Foow

10  wherein X is a cyano group, or a group which can be converted to a cyano group, or an acid addition

salt thereof.

7. An antidepressant pharmaceutical composition comprising citalopram manufactured by the
process of any of claims 1 to 4.
15
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