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Backgrbund of the Invention

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

and has the following structure:
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
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preparatl on of citalo ramcongrlsm I’EdUCtIOI’l of a com
Wl hich may be converted to a dimethylaminopropyl group.

The alkylation process according to the invention is particularly advantageous because the formation of
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
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met hyl sul frmyl nethid by reaction with cuprous cyanide. International patent
application No WO 981019511 di scl oses a process for the manufacture of

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

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.
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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, atkynyl or optionally a]kyl substltuted ary} or aralkyl. Conventionally, R is methyl or p~
methylphenyl.

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

or

ase or_as a pharnaceutlcally acceptable acid
BY he conpound ‘of forrmula (111) may be-
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group, to forn1a compound of formula and if X is not cyano, optionally
followed by conversion of the group X o a cyano group, thereafter

‘peroxi dation of the double bond to f rman epoxide and if X is not cyano,
optionally conversion of the grou R'a cyano group, thereafter reaction
with dimethylanine or a salt thefjgof \followed by dehydration to forma
conpound of forrmula (Ill) and if i /ot cyano, optionally followed by
conversion of the group X to a_eyama/ grigep Yet another enbodi ment may be

t he novel internediates of the general forrmula (I11) and (V)_ Still another
enbodi nent may rel ate to an anti depressant pl¥lnaceutical conposition
conprising cital opram manufactured by the process of the invention.

Sui t abl ewh&amitng (4:QPs, Y nmay be a hal ogenide or a sul phonate of fornula
-0-S0O -R whereln Ris alkyl, alkenyl, aIkynyI or optionally alkyl

suBstltutgd aryl or aral kyl . Cbnventlonally, S qg
net hyl p h%ny R are each independently selected from hydrogen and alkyl orR

! ﬁl:’ tggem%; 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 sodium} and metalalkoxides such as NaOMe, KOMe, LiOMe, NaOteriBu,
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.
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by reac #P@rbyslrogﬁrh@dégﬁ*gbmern@f b%crhﬁﬁfﬂm 11 thgpresenge of a palladivm catalyst and 2 Y

catalytic amount of Cu" or Zn**, or with Zn(CN), in the presence a 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 ‘-:'%f-;}:j,-)
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.
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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
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
ammonia thereby giving the corresponding amide, which in turn is reacted with SOCI, in toluene

comprising a catalytic amount of N,N-dimethylformamide.

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

When X is -NHR™, where R™ is hydrdgen, 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

hydrolysis may be performed either in acidic or basic environment.
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The compounds of formula (IIa), (IIb) and (Ilc) are commercially available or may be prepared from

-

T

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. :



In a particularly preferred embodi ment, the carboxylic acgebtembeessised W th
- an al cohol, preferably ethanol, in the presence of POC 3 in order to

- obt ai n tWe ma@ss2espondi ng ester, which is then reacted wi tﬂit'r/mmmtﬂ t her eby
gi ving the corresponding am de, which in turn is reacted with OCl2 in

tol uene 25 conprising a catal ytic amunt of N, N di nethyl formam de.

Al ternatively, a conpound where X is -OBCH may be reacted with

chl orosul fonyl isocyanate in order to formthe nitrile, or treated with a
dehydr atlihn¢ermgedtityl aafets & sylldlighavhiettén agl xid alkyi dvedh defindd@o44738. 30 When X
Is NHR "', where R''" is hydrogen, the conversion into cyano is preferably
performed by diazotation and followed by reaction with CN'. Mbst

prefer alﬂpyiohdﬂbd@kyl subekit@aCidy bavl/ agallcNadEd to sryl adlachikyVaenpsihich sapbitichsirizony|
't he conmgu lqlteds nA t3| 9ml ?lgli”ﬁre(:t ed to hydrolysis thereby obtaining the
correspon I'Ng~ co BuTa™R “'is H, which is then converted as

descfi bed above. The 35 hydrolysis may be perfornmed either in acidic or
‘basic e 1ronment ept enber, 2004 WO 01/ 68628 PCT/ DKO /00149 8 Starting
mat eri a Og?nlflg?nﬁu]i'lgro MAREI%EPn X is hal ogen may be prepared as descr i bed
in GCB 1526331 corrpounds of forrrula (I') wherein X is -0-SO2- (CFZ) - CF3

b d I ds,..d bed 640,
CompoundiBrer g RaS i Ralidrie B HR SRSURT REmY 55 PETRRRTAY gr oup
may be pcu@pﬁbledcxdaédmgrmk tHeﬁeof M&ﬂmﬁdiﬁadaltdesamsnlmeﬁimedm&@ﬁﬁd&hnorgmm

dehyd d X ly to,th
C il ed e RSB R BB SR SBS L o ke
esters amuduam)m titisatiedénesahiyyllvemptheppail &alic, aha:ledngﬂﬂmicyadeﬁc tphmmmymiaﬁds
d b 951 f f -
b or cpat st Ko gbters oBCoRCTRANAR s8R AP SR oBIB 10 Tho
reacti oﬁtamh:dglycm,sp-ammbmmls, ghedmic, heastie fidfonichead t}eqﬂiyliml aced:e&ezﬂs hedelhove

di ti
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f or n81l awthhydvoehlanid) hydrotsoral asubiutia wulfenip, iphpapherit mﬁnﬂﬁswidsbed in US pat ent
No.

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.



4,136,193 or as described in WO 98/019511. 15 The conpougdspteimbkpraod a
(rra), |1b) and ( 1l1c) are comrercially available or red
from co&ﬁ%ﬁ"é‘% 8648 y available starting materials using conyﬁ&migﬁﬁg
techniques. Citalopram is on the market as an anti depressant drug in the
formof the racemate. However, in the near future the active
S-enantioner of citalopramis al so goi né to be introduced to the market.
S-citalopram may be prepared by separation of the optically active isoners
by chr onsdlopna drinjechonomgi beprepane yplisoliing dlid aotiveaingrediksti ang podsible ddditivesahlay |
refers t a I X
car bon apsrg BERRIEoElndbhY, BUFEIRRy Bttt allh SHRsee NI 0 BERARE GBS, T,
2 butyl , sterlisgtgithe¢ scdutipn epd filling ipsuitble athpduldsoe vialsl Annshitablgeddifye donymbpnally
Similarl ¥sed H ﬂﬁ@gﬂhag'ﬂga@dehysﬂwas t&ﬁéiﬂzea%reﬁty%ééerVME ARESGdAMCHe 9T oups havi ng
fromfwo to six car atons, includi’ng one doubl’e bond of triple bond
respectively, such as ethenyl, propenyl, butenyl, 30 ethynyl, propynyl and
but ynyl . Tmevmépmsaquhef Hissteated hyghefolowing elwﬂlﬂ‘%ycl ic car bocycl ic aromatic
group, such as phenyl and naphthyl, in particular phenyl. 8 Septenber 2004
WO 01/ 68628 PCT/DKO /00149 9 The term aral kyl refers to aryl-al kyl,

wher ei n Beymplgdd al kyl are as defined above. Optionally alkyl substituted
aryl and aral kyl refer to aryl and aral kyl groups whi ch nmay optionally be
substituted wth one or nore al kyl groups. Hal ogen _nmeans chl oro, brono or

i 0dol0 G Mpbpﬁraoﬁ Inéyfiupeophemyd)- b%dthuémfspl@@zqfa@e S-qaf@ﬂ@rllalﬂ $ 2 H02mgl fruTHF (20
form Ormifon Sa?{ BREwHL 1A u\ﬁon g%‘ahf? iftichl 1 30419 A0) S(ﬁéorproﬁatj'ﬁﬁaﬁfefzs

acid addit suc salts orne organi c or inorganic 10 aci
may be usedo Enﬁdﬂahﬁﬂtyno@ﬁheﬂufhxmgganﬁﬁemmrg ar—éOt"ﬁcf&em\mdutawd wiution pf a

umaric, benzoig,_ ascorhjc, [ al i alic
met hanestARSAREOf B‘Fﬂ’g‘h@&igg‘? Kﬁ?ﬂ Og’gé‘?‘f)i o@# 6’&5 agf.%ﬁﬁqupgls\é ahdallowed
to warm o room temperature and stirred for a ﬁthIzer 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.



salicylic, citric, gluconic, lactic, malic, mandelic,  cigggmempecidgsaconic,
aspartic, stearic, palmtic, itaconic, glycolic, p-am nobenzoic, glutamc,

* benzene wa dimssas and t heophyl |l ine acetic acids, as wel| aBCT/DK@1/00149

8- hal ot heophyl | i nes, for exanpl e 8-bronot heophylline. Exenplary of such
inorganic salts are those 15 with hydrochloric, hydrobromc, sulfuric,

sul fam c, phosphoric and nitric acids. The acid addition salts of

cital opram may be prepared by nethods known in the art. The base is reacted
with ei t@ébAIMBe cal cul ated anount of acid in a water miscible solvent, such
as acetone or ethanol, with subsequent isolation of the salt by
concentration and cooling, or wwth an excess of the acid in a water 20

i i sci bl.e soAweathiod fentbpraparasion pf eitahapram ednipyrisangatductionmf a campdind cHfoentiane,

‘Wth the salt separating spontaneously. The pharmaceutical conpositions of

-

the invention may be adm nistered in any suitable way and in any suitable
form for exanple orally in the formof tablets, capsules, powders or
syrups, or parenterally in e~kQr mQf usual sterile solutions for

i njection. The pharnaceuti cal i ons, of the invention may be prepared
by conventional nethods in the 4 exanpl e, tablets may be prepared
by m xing the active ingredient Fad] uagt s and/ or diluents
and subsequently conpressing the m xture\in a cofAventronal tabletting

machi ne. Exanples of 30 adjuvants or ds conprise: Corn starch,

potato starch, talcum nmagnesium stear Bl ati ne, lactose, guns, and the
| i ke. Any ot her adjuvant or additive, ngs, aromm, preservatives etc.
may be used provided that they are conpatiple with the active ingredients.
8. Sept enber 2004 WO 01/68628 PCT/ DKO 1/00149 10 Sol utions for injections
may be prepared by dissolving the active indredi®ht and possible additives

in as pavhereit Xiipecyop gronp, of 8 graup whichicambe qonedried 04 gyase gioip.e wat er

adj ust | nGqbfieSPlbhl SabPerbliPrERLd BrLHQUEEor X 3b 8 bldih ol shdiSoifgi On and |

filling 1n suita or vial's. Any suitabl e additive conventionally
used i n citAlepmnt inthpfotreofthielbase oxaselpharmacenticalnagceptpbietasid addidige sajithereafes
antioxidants, etc. 5 The invention is further illustrated by the foll ow ng

exanpl es.
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)




Exanple 1 10 A solution of 1-(4-fluorophenyl)-1,3-d 8 September 2004

i hydr oi sobenzof uran-5-carbonitrile (4.8 g, 0.02 nol) in THE (50 rrL3 was
added drSB4E5280 a solution of LDA ( Butyl lithium 1.6 NEHBKR{/4014

di sopropylamne 2.6 g ) at-30 C under an atnosphere of nitrogen. After
stirring at-30 C for 10 mnutes, a soluytion of a conpound of fornula
(rra), (Ilb) or (He) ( 0.02 nol) in E (25 nL) was added dropw se and

al | oned rmto room rature and, stirred for a further 60 m putes.
The 1 oattd B RAR e TG T8 B Foeeion of Heian K6 b e FOrRaRe iy 20
m. ), wdelyeehtioh tdiforahesmpddd of foithile Iyaid X iB ot asoléonAlly foHow@yanel Et OAc
as the eluent. Sept enber 2004 WD 01/ 68628 PCT/ DKO 1/00149 11 CLAIMS 1. A
met hod F?)'}vefsf'f’él%ﬂﬁé?@t B BAOCEPH opr am conpri sing reduction of a compound
“of formulai F ( ffJ) 5 wherein X is a cyano group, or a group which can be

converted to cyan roup,. apd re. Xis not a, cyano group follqwed by

comver shon. ofttsmedied stk o St { b semeno s PR IANOD BarerPRe form .
of the pastonsfaasmpoypidad Ta@edd i cal | y acceptable acid addition salt thereof.
2. The nethod according to claim1l wherein the conpound of fornula (I11) is
prepared by 10 reaction of a_conpound of formula 0) wherein X is as

defi ned above, with a corrpouné of forub-a N OH (lIla) 8 Septenber 2004 WO
01/ 68628 PCTI DKOI /00149

(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
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 ¢



12 and if X is not cyan optionally followed by conversi @s&itehb& fgoqup X to
a cyano group, thereafter dehydration to forma conpound of fornmula (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

Pis not cyan optionally followed by coon of the Goup X to a cyano

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

group, thereafter peroxidation of thg Al e bond to form an epoxi de, and
if Xis not cyano, optionally 10 convé of the group X to a cyano
group, thereafter and reaction with dimeg¥hyl am ne or a salt

F ®
wherein X is as defined above, with a compound of formula
) Y\/\
(Iic)

5  to form a compound of formula

Fom

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



t hereof followed by dehydration to forma conpound<ﬁ f & saptémbér dopgand i f

X is not cyano optionally followed by conversion of the gro a cyano
group. 1WOIUEE38enber 2004 WO 01/ 68628 PCT/ DKO1/ 00149 1‘%@”ﬁi&fﬁ&°d$ﬁ)ound

having the forrmula wherein X is a cyano group, or a group which can be
converted to a cyano group. or an acid dition 5 salt thereof. 6. A
conpound having the fornula 10 wherein IS a cyano group, or a group which

can be converted tqwg % n@.?rou an acid addition salt thereof. 7. An
ant i depressant SYRBIRE ba(ivg 5‘”@Bﬁp03|t|on conpri sing cital opram
manuf actured by the process of any of clains 1 to 4. 15

X

o)
e
=z N

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

Foom

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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