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. Background of the Invention

| 10 Citalopram is a well-known antidepressant drug that has now been on the market for some
years and has the following structure:

NC
>
N

F Formula X

15 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 several publications, eg. J. Hyitel Prog. Neuro-Psychopharmacol. & Biol,
Psychiat. 1982, 6, 277-295 and A. Gravem Acia Psychiatr. Scand. 1987, 75, 478-486. The
compound has forther been disclosed to show effects in the treatment of dementia and
20 cerebrovascular disorders, EP-A 474580,

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

25
According to the process described, the corresponding 1-(4-fluorophenyl)-1,3-dihydro-5-
isobenzofirancarbonitrile is reacted with 3-(N,N-dimethylamino)propyl-chloride in the
presence of methylsulfinylmethide as condensing agent. The stariing material was prepared
from the corresponding 5-bromo derjvative by reaction with cuprous cyanide.

30
According to the method, which is only outlined in general terms, citalopram may be
. obtained by ring closure of the compound:
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in the presence of a dehydrating agent and subsequent exchange of the 5-bromo group with
cuprous cyanide. The starting material of Formula II is obtained from 5-bromophthalide by -

5  two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium chloride and NN-
dimethylaminopropy! magnesium chloride, respectively.

A new and surprising method and an intermediate for the preparation of citalopram were
described in US Patent No 4,650,884, according to which an intermediate of the Formula
10

¥ Formula INX

is subjected to a ring closure reaction by dehydration with strong sulfuric acid in order to

obtain citalopram. The intermedijate of Formula I was prepared from 5-cyanophthalide by

two successive Grignard reactions, i.e. with 4-fluorophenyl magnesium halogenide and N,N-
15  dimethylaminopropyl magnesium halogenide, respectively.

Further processes are disclosed in international patent application Nos. WO 98019511, WO
98019512 and WO 98019513. WO 98019512 and WO 98019513 relate to methods wherein a
S-amino-, S-alkoxycarbonyl- or 5-(sec. aminocarbonyl)phthalide is subjected fo two

20 successive Grignard reactions, ring closure and conversion of the resulting 1,3-

' dihydroisobenzofuran derivative to the corresponding 5-cyano compound, i.e. citalopram.
International patent application No. WO 98019511 discloses a process for the manufacture of
citalopram wherein a (4-substituted-2-hydroxymethylphenyl-(4-fluorophenyl)methanol
compound is subjected to ring closure and the resulting 5-substituted 1-(4-fluorophenyl)-1,3-

25  dihydroisobenzofuran converted to the corresponding 5-cyano derivative,which is alkylated
with a (3-dimethylamino)propythalogenide in order to obtain citalopram.
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used in the preparation of citalopram and nethods for conversion of said
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descri bes the preparation of cital opra
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epari ng citalopram 25 According to
g 1- (4-fluorophenyl)-1, 3-di hydro-5-
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comprising:
15
Teacting 5-carboxyphthalide successively with a Grignard reagent of 4-halo-fluorophenyl and
- a Grignard reagent of 3-halo-N,N-dimethyl-propylamine and then effecting ring closure of
- the resnlting compound of Formula XTI
HOOC
NMe,
Formmula X1
20

to a compound of Formula IV




- WD 98019513 relate to net hods wherein

i sobenzof urancarbonitrile is reacted with 14 FEBRUARY 2005

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

met hyl sul fi nyl rnet hi de as condensi ng agent. The starting naterial was
prepared fromthe correspondi ng 5-brono derivative by reaction with
cuprous cyani de. 30 According to the nethod, which is only outlined in
general terns, citalopramna obt ai ned by ring closure of the conpound:
. 14 FEBRUARY 2005 Forrmula It in the gSehge of ﬁ dehydrati ng agent and
subsequent exchange of the 5-brong up mnth prous cyani de. The
starting material of Fornula 11 is Obtai m™S- bronopht halide by 5 two
successive Gignard reactions, i.e. W 4-f 1 uorophenyl magnesi um chl ori de
and 11? N di et hyl am nopr opyl magnesi ghl ori de, respectively. A new and
surprising nmethod and an internedi ate Y@Lt he preparati on of cital opram
were described in US Patent No 4, 650, 844, accorgﬁggv.ﬁrmhich an
internedi ate of the Fornula 10 NC IS su@'ected t tMg cl osure reaction

by dehydrat rlc a r to obtain cital opram
" The interme ﬂ) ﬁ%ﬁ%h %gélr%ru aost%% ?}%%OHB 8§§? q?'fgm 5-cyanopht hal i de by two
successi ve ;f# eactions, i.e. with 4-fluorophenyl magnesium
e S RBRfel

~ hal ogeni de an 5 di net hyI am nopr opyl nagnesi um hal ogeni de,
respectively. Further processes are disclosed in international patent

appl i casi Ohbaﬁculm&ﬁ&&ﬁ%xemsﬁﬁ%%ﬁﬁ&h@d‘&%& 119513. WD 98019512 and
a

- al koxycar bonyl - or
5-(sec. am nocaxbonyl)phthalide is subjected to two 20 successive Gignard

reacti ons, iy i rRgctidnosthe cﬁmﬁo@ﬁwﬂkﬁirﬁm ¥ whifhen déh’é/ﬁfaﬁmg&gént%nd a sulfonamide o”

dlhydr0|so Vi the correspondi ng cyano conpound, i.e.
ci tal opr am?r‘?er}?o%fntéj ﬁlg’tl\dgﬁé}ﬁ QF SppI i cation No. WO 98019511 di scl oses a

process for the anﬁmﬂwsebsd)ﬂutewﬁamrﬂﬁgmﬂmw n a (4-substituted-?2

DT B B A P PO R i

hydroxy, Cjs-alkoxy, mﬂuoromethyL nifro, amino, Ciu- amimo or di-Cj4-
alkylamino, or
¢) aryl or heteroaryl optionally substituted with halogen, C,4-alkyl, cyano, hydroxy, C;.
s-alkoxy, trifluoromethyl, nitro, amino, C;.4-alkylamino or di-C,_g-alkylamino ;

15
or
ii) conversion of the compound of Formula IV to the comresponding amide of Formula V
NR'R?
AN
Formwula V
20

in which R! and R? are independently hydrogen, C).s alkyl, Ci. alkyl substituted with one o1

more substituents selected from the group comprising aryl and heteroaryl, hydroxy, Cre

alkoxy, aryloxy, heteroaryloxy, aryl-Cig-alkoxy, or trisubstituted silyl wherein the

substituents are independently C,.¢ alkyl, aryl, heteroaryl or aryl-Cj.¢-alkyl and then reacting
25.  the amide of Formula V with a dehydrating agent |




25 di hydr oi sobenzofuran converted to the correspondi ng145F%%HARY2005
derivative,which is alkylated with a (3-dinethylan no)propyl hal ogenide in
order to obtain cital opram 14 FEBRUARY 2005 3 Finally, nethods of
preparing the individual enantioners of gital opramare disclosed in US
Patent No 4,943,590 fromwhich it also appears that the ring closure of the
mtermednta&@b bbtaftih ter vmth a
base. s It hajsa now, %ﬁilrt%r)liﬁsdln ndg%? p%ggﬁ{i?%%ﬁﬁg%aﬁm thgﬁ’%ﬁgé;at

manuf actured by a novel favourable and safe procedure using convenl ent

starti ng Fet@nvelstn c&ummrcmb@ky H&deiﬁ&@ﬂFbﬁﬂﬂéﬁVﬁ?ﬁ@ra%ﬂé FForH?:Fa Vﬁ%fﬂ'é

|nvent|o QV. he aration o opra

havi n I% n‘%l%é&%l%éﬂ %ﬁﬁ?@e at1 fﬁé’ﬁ‘@l‘fﬁg‘pS - car boxypht hal i de

succe |ver vvlth a Gignard reagent of 4-hal o-fl uorophenyl and a Giignard
~ reagent of g?hal o-N, N-di nethyl -propylam ne and then effecting ring closure
of the resylting conpound of Fornmula XI HOOC 20 to a conpound of Fornmul a
|V 14 FEBRUARY 2005 4 fol |l owed by conversion of the conpound of Formula IV -
into C|ta opr niRarticular, the invention relates to such a nethod

Formula VI

wherein R? is halogen, C;_¢ alkoxy, aryloxjr, heteroaryloxy, aryl-C;¢-alkoxy, heteroaryl-C¢-
alkoxy, alkylcarbonate, arylcarbonate, alkylcarbamate, arylcarbamate, alkylthiocarbonate,
10 arylthiocarbonate, alkylthiocarbamate, arylthiocarbamate, alkylacyloxy, arylacyloxy,
heteroarylacyloxy substituted or unsubstituted aryl or substituted or unsubstituted heteroaryl.

In another as?ect', l'iithe invention relates to methods for the preﬁaration of | a compound of
Formula IV comprising reaction of 5-carboxyphthalide successively with a Grignard reagent
15 of 4-halo-fluorophenyl and a Grignard reagent of 3-halo-N, N-dimethyl-propylamine and then
- effecting ring closure of the resulting compound of Formula XX

Formula XTI

20
to a compound of Formula IV




a) An optionally substituted NH2, or Cl-6 al kyl oxy, 10'4%)EBRYARY 2P

het eroaryl oxy optionally substituted with hal ogen, Cil-4-al kyl, cyan,

hydr oxy, Cl-4-al koxy, trifluoronmethyl, nitro, am no, Cl-4-alkylamno or

di - C1-4- al kylamno, or c) aryl or hetergaryl optionally substituted with
hal ogen, Cl1 -al kyl, cyano, hydroxy, Cl. 4--alkoxy, trifluoronethyl, nitro,

o g Lo ST AR 06 haGlanbHAT 1% edBsn BNS il

conpound orresp

nul a
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aryl - Cl-6-al kyl and then reacting 25. the am de of Formula %ﬂ
dehydrating agent 14 FEBRUARY 2005 5 thereby obtaining cital opram as t he
base or allnarselesieiofihs gorapaagtafloemulal X1 isheffeetetl. byTheadid oy efasd M}ﬂefesﬁehe
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nmet hods for .t prepar at | on ormd
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4- halie- f Iwic @pdEutioRREH Snfalthedas Qddlﬁ&gsme Bhise,
3- hal o- N, N-di net hyl - propyl am ne and t he

S

The 5-catboxyphthalide used as a starting material may be obtained by the methods described

in US patent No. 3,607,884 or German patent No. 2630927, i.e. by reacting a concentrated

sojution of terephthalic acid with formaldehyde in lignid SOs; or by electrochemical
20 hydrogenation of trimellithic acid.

In yet another aspect, the invention relates to a method for the preparation of citalopram
NC
[y
N

B Formula X

25  comprising reacting a compound of Formula IV




effecting ring closure of the resulting conmpound of Fot4eEBrMARN 20080 to a
conpound of Fornula IV 1 4 FEBRUARY 2005 The Gignard reagent of

4- hal ogen-fl uor ophenyl is a nagnesium halide, such as the chloride,
bromi'de or iodide. Preferably the magnesi um brom de is used. The Gignard
reagent of 3- hal ogen-N, N-di met hyl propyl am ne is a magnesi um hal i de, such
as the chloride, bromde or iodide, preferably the magnesi um chl ori de.
Preferably, the two reacti oH®0&e performed 5 successively without

i solation of the internedi ate reg Nfromthe first Gignard reaction.
The ring closure of the conpound Hila XI |is effected by an acid or
via a labile ester wth or wthout pase~AeNdic ring closure is
~performed by an inorganic acid, sul furic or phosphoric acid, or
an organic acid, such as nethylsulfo p-tol uenesul fonic or 10
trifluoroacetic acid. The basic ringglgsure is perfornmed via a labile
~ester, such as the nethane sulfonyl, p-toluene sulfonyl,

| 0- canphor sul f onyl , trlfluoroacetyl orF trifl uoF nesulfonyl ester with

UL sl el A0 o P e
cool i ng, ‘g%?ﬂqoéﬁméﬁulﬁﬁﬁmdmﬂorﬁldaﬂglmeferabl y carri ed out by a

one- pot pb)o&ey:lobt}eo Ret@oary, t eQus t|on
of the base, ] cargoxiké?{ EIP?%?%E%&% MB{'? enhw %39' s
obt ai fed by Ct‘ﬁ ’I‘E@E"Wégfél? ifo, i“ﬁm@éjpa%]&mﬂﬂum 63)74 ~@RlaminoCer man :
pat ent No2 Zﬁ&@ﬁh@tema:ﬁ oﬁntpnﬁlga@ﬁbsﬁﬁlt&i AR lblfth 1§de C

t erepht hal i q!? Qﬁﬂfﬁ'ﬁ’ Ideh (ﬂ y’ﬂélgﬁld S or by el ect’r X4 ¢4 20
hydr ogenat i o r.I me weleylarie. i nvent i on

relates to a nmethod for the preparatlon of C|tal opram NC F 25 conpri sing
reacting Alscarqdakgh, B3 @ndeNtion may relate to an antidepressant pharmaceutical

10 composition comprising citalopram as the base or any convenient salt thereof manufactured by :

"the process of the invention.

Throughout the specification and claims, the term ‘dehydfating agent’ refers to any suitable
dehydrating agent and a person skilled in the ari may easily determine the optimal agent.
1.5 Examples of suitable dehydrating agents are SOCl,, POCls, PCls, SOBrz, POBrs, PBrs, SOL,
- POIL, PL;, P,0y, oxalylchlonde, carbonyldiimidazole and Vilsmeier reagents. Preferably a
chloro-containing agent, most preferably SOCL, or POCI;, is used. Vilsmeier reagents are
reagents formed by mixing of N,N-dimethylformamide (DMF) and dehydrating agents,
. examples of which are DMF/ SOCI, and DMF/ POCls.
Throughout the specification and claims, Cy alkyl refers to a branched or unbranched alkyl
group having from one to six carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-pro-
pyl, 1-butyl, 2-butyl, 2-methyl-2-propyl, 2,2-dimethyl-1-cthyl and 2-methyl-1-propyl.
Similarly, Cy4 alkyl refers to such a group having from one to four carbon atoms inclusive
25 - and Cy¢ alkoxy, Ci4 alkoxy and CM alkylamine designate such groups wherein the alkyl
moity is as defined.

Halogen means fluorine, chlorine, bromine or jodine.

30 Inmethod i) of the invention, one possible but non-limiting mechanism of the reaction is that
the S-carboxy compound of Formula IV reacts with the dehydration agent in order to form a
: conwpondmg activated derivative, which then reacts with the sulfonamide, HZN -SOz-R,




Formula | 14 FEBRUARY 2005 7 HOOC with a dehydrating altREBEHARY 2005
sul fonam de of the formula 112N S02 R wherein Ris a) An optionally
substituted NH2, or Cl-6 al kyl oxy, b) aryloxy or heteroaryloxy optionally
substituted with hal ogen, Cl-4-alkyl, cyagno, hydroxy, 5 Cl-4-alkoxy,
trifluoronethyl, nitro, am no, Cl-4-alkylamno or di-Cl-4--alkylam no, or

c) aryl or . L.onakl v substituted with . ogen, Cl-4-alkyl,
cyano, hyélrl%gls , f(’%c@%%%) bP}rﬁll ¥ ﬁl???%%?% o, %qagaﬁgt,lc %ﬁ?‘r‘fﬁ,ojfan acid may be
Cl- 4- al kyP&f§sB&Yor di - G s-al kyl ami no. Al so di sclosed herein, the present
I nvention may relate to an anti depressant pharnmaceutical 10 'conposition
conprising,cital opram as the base or any convenient salt thereof

manuf act urdg Swg‘ma@l % ENr Y erRs ueerd in ke priceshisinseferattyrsyligmides NEh$ Oo-NH,.

speciffcation and clains, the term dehydrating agent' refers to any

sui tabl e I n n d a,person skilled in the art nmay easily .
det er m neqﬂﬁgg @(E)Dt%lh?’rﬁgbsglg‘gﬁ#@émg f RO ISRrrte plegbRleminG g agents are
sod 2, PCCl3, PAS5, SOBr2, POBr3, PBr5, S012, PO013, P15, P4010,

oxal'ylchl gk @& Id 9?5% ; I lar. . nts, Preferably a
chl or o- cont ai nfﬂ&&?‘g}ﬁ%ﬁ%ﬁ}%@ pr gsrlggﬂey%ég'gﬂ%ﬁ%k?g}e 1,3?%9.%31 $%cacf§_18 .Ou{jlﬁl‘?%%i er
reagents ¥t & SHishlsesaleent.opurby assulfplang or grcetapitildi Nehemy b f solveatriisl es¢difE )thand
dehydriat i dehyRigaivhTeactio 8T} & %Prﬂ!ﬁirﬁ&m' abeN, AV R Ho %ﬂﬂa xggd 20 -
Thr oughout the specificati%)n gn clainms, Cl-6 alekyl ?Hel erse%/%éa ra%idhed or
unbrancheflu al kyl roup having fromone to six carbon atons inclusive, such
as net hyl 1B @it inbodimspioeh dhe ippgntionyihe mapufighuye of themenypoungd ofdohyilaXVpamby | |
2, 2-di met gyl sy I - - ki Larl Cl-4 alk r.efers
to such a grgﬁjﬁ% ﬂgrﬁ?‘? %r%%hgﬂ# oojf;g%r%%%garrgoﬁlﬂ;f!@gp{a%llﬁﬁe 8”:5%4 %ﬁw -6
al koxy, Cholatiah kbthy camgo@it ¢f BdriapilelW, o dalédyont-potssyathegitQUPs Wherein t he
alkyl._ nmoity is as defined. Hal ogen neans fluorine, chlorine, brom ne or

i odi ne.

In another embodiment of the invention, the compound of Formula XV is at least partially

isolated before conversion to citalopram.

The compound of Formula I may be used as the free base or as a pharmaceutically acceptable

20 acid addition salt thereof. As acid addition salts, such salts formed with organic or inorganic
acids may be used. Exemplary of such organic salts are those with maleic, fumaric, benzoic,
ascorbie, succinic, oxalic, bismethylenesalicylic, methanesulfonic, ethanedisulfonic, acetic,
propionic, tartaric, salicylic, citric, gluconic, lactic, malic, mandelic, cinnamic, citraconic,
aspartic, stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzene sulfonic and

25  theophylline acetic acids, as well as the S8-halotheophyllines, for example 8-
bromotheophyiline. Exemplary of such inorganic salts are those with hydrochloric,
hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.

The acid additjon salts of the compounds may be prepafed by methods known in the art. The

30 base is reacted with either the calculated amomnt 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 immiscible solvent, such as diethylether, ethylacetate or -
dichloromethane, with the salt separating spontaneously. | |




30 In nethod i) of the invention, one possible but nBhFFBRVARYZUREchani sm
of the reaction is that the 5-carboxy compound of Formula IV reacts with
t he dehydration agent in order to forma corresponding activated
derivative, which then reacts with the subfonam de, H2N S02-R, 14 FEBRUARY
2005 8 thereby formng citalopram During the latter reaction, a catalytic

amount of &Fhephiuthataytidal coMPeREaB of thelQertioh RAAR Qﬁnmﬁi%é}‘é@gag SR \Jv%r
5 The option I?y

the process,,j f | v sul fam de,. NH2- SO2- NH2.

subst it ut eamﬁllﬁ—ﬁ %zesg{t%ﬁe %f?%n’ b&sawlp §”§]rye’fne§hﬁg%§“ 1o rteblglss GApaph gowdses or
‘react i ons AYERs.@8 pgignisrallyrindlgeforis of nsushsieniietsbindond fok hfedtionent i on are
-carried out neat or in a suitable solvent, such as sulfol ane or

acetonitri Iﬁ%ﬁ%\hen a solyvent is used in the 10 dehydration reaction of ii),
a catal yti AaceticaNoampistipga elgherinveaiommgy be prepedd by donventiensirhettibdent

- of the inveantheatt, Féhs: £ i
of the invemthe AR b gy gié %&Pﬁe& BYRAKR 10 aciQE Wbk gg@n%gﬁ%y

. conversion the ¢ ound of For into cital oprami’s per )
Wi thout | ?%Eﬁ%o ARGPT ehlionts ﬁéuﬂg}é‘mue (FOMRTSSYDG othe BRIE €8 2 meaversional
" synthesi s’ tabl@tingimasvbirtve Exemplos bfredjtveants drhiluieity @binpaiks: G sGIPRSRL Qfrch,

Formul a | Vi t : Lal l .1 sql ated before, conversjon to cital opram

The co ourfiall a_l(?? %oé%%ﬁhﬁno?{egn%%’ gélaﬂisléégaﬁgset g, and @%?sﬁf%r‘&%(’%‘er adjuvant’ or
phar mad®ut Addiliyscoleutigs.aaspaa, pescavtiteneidi mipbe sswidtprovidedihht thég arciothpatible
addi tion salifhshe £40H irpRbdigntf.0r med with organic or inorganic acids nay be
used. Exenplary of such organic salts are those with maleic, fumaric,
benzoi c, g corbic, .succinic, oxalic, bisnethylenesalicylic,
met hanesul POHIDS 18F BURANS Inaio he Prepatsdine dissqlviogi theiactive igteaiant and giossiblei c,
citric, gl yepmies i ' e | nnanj c.. citracgonjc, . aspartic,
stearic, palm teigg L?%ggﬁlfé;%h%ﬁ%%%ﬁ@g&bﬁ’ gﬁ%%ﬁ%%&%, algt Hﬁ%“@ s salntivn

sul fonit atedh@éesithé wplyid, sterliging tHeGoheiot and A%ingtt in @stabB@mpoules or vials. An
e 8- bronot heophyl l'ine. Exenplary of suclz

8- hal ot heophyl .l i for exanp .
i norgani c g‘%’%‘/’%lg %ﬁﬁ”ﬁh@é{%ﬁhﬁw%wt@ iR, may her alledniech 8y fonigityc agents,
sul fani c, preeseliord, an@hdaitd kicc aci ds.

Examples

20 The invention is further illustrated by the following examples, which should not be construed

as limiting the scope of the invention.

Example 1
S-Carboxy citalopram
_ N

To a stirred suspension/solution of 5-carboxyphthalide (1.0 g, 5.7 mmol) in dry THF (20 mL) |
under a nitrogen atmosphere was added NN.N'.N -tetramethylethylenediamine (2.2 mL, 1.7
& 14 mmol). A solution of p-fluorophenylmagnesivm bromide (approx. 0.5 M) and
magnesium bromide (approx. 0.125 M) in THF (approx. 60 ml.) was added dropwise until no

30 S-catboxyphthalide remained. A solution of 3-(N,N-dimethylamino)propylmagnesium
chloride in THF/heptane (approx. 2 M, approx 15 mL) was then added dropwise until none of
the previous intermediate remained. The solution was then evaporated to give a crunchy
solid. This solid was treated with saturated aqueous ammonium chloride solution (2mL) and

water (20 mL), and the pH was adjusted to pH 6 with agueous hydrochloric acid solution (10




starch.

The acid addition salts of the conpounds may be prepark‘bF%9RHéﬁl¥o%Psosknom
in the art. The 30 base is reacted with either the cal cul ated anmount of
acid in a water m scible solvent, such as acetone or ethanol, with
subsequent isolation of the salt by concemtrati on and cooling, or with an
excess of the acid in a water imm scible solvent, such as diethyl ether,

et hyl- acet aM®. okhe sglngionorasmeshethwithwilteh HRECsalalyskefabaidquegus poat aoretdlivat 1

-4 FEBRUARY ;20 9 The ar eutical conpositi of .the invention nay be
admi ni st er 3%‘?%1 Véansfr‘%‘i?ﬁ]‘&bﬁ%%wp“%ﬁ OiCHIIE € I0FeBitys Lt pegl a’@ﬁm{oﬂﬁ; @20
orally in g fOeHDval aliustes to APS U] Qfth RAUSRTdRSchlot! 48P solfifion (10.M} and

parenterally in the formof usual sterile solutions for injection
phar maceut figaolutisnwasatirsd ot hi FPLG eralysioimdirateddbatghe farsbxycitalopram was

conventi on : -l r r_ex le... t S be red by
i xi ng 1 hoPset St Rcichfbbil? o thun e RARIR oliipl SRS Pk e bR 28RS and
subsequently conpressing the m xture in a conventional tabletting
maschi ne. Exang* es of adjuvants or diluents conprise: Corn starch, potato
kTl ezmagnesi um stearate, gelatine, |actose, guns, and the |ike.
Any ot her @ly!a!ﬁ{ I A i en. L senval i etc. may
be used 'prfolw de%m{(ﬁguoglﬂ)gsg}g?e (g?%géh?%ﬂaﬂ&%oq)ﬁf ?’ﬁgd%ﬁt?\ﬁ/ggqeﬁ%dre l'ents.
Sol uti ons (@talipmirecfreobeseray be prepared by dissolving the active '
I ngredjent and possible additives in a part of the solvent for injection,.
prefer ley sterile water, adjusting the solution 15 to the desired vol une,
sterilisi CERx9lMt QR0 11l daL btid | ey ad | ﬁ,&.ﬁ; y
suitable additi vgqccgnﬁ\lllgjri:t?igﬁgfl)Ilyd3u§%§@%@ﬁgw§#?9%§y&g2@$d§§bﬁ5 cs)uc 3(;5 %n
tonicity dy8ht snole)yped splfamidecd,65ant PN danted, wat olissehaxdpive sulfdaneTiES ml).

I nvention 4 h [ st d t he f.oll ow ng exanpl es i ch shoul d

not be const ?]{l}g@hoﬁé‘a |¢'?1g1gr égiﬁ W@?éc%feadg?é iy Oﬁnnt\?’élﬁf”iagﬁ‘? agq mpfrature of

5- Car boxy thé rélca6d aifkilPe was raised fo 130 °C for 2 hours. The reaction mixture was allowed to
15 cool to 75 °C and water (25 mL) was added. The temperature was held at 75 °C for 15 min,

and then the reaction mixture was cooled to room temperature, pH was ajusted to 9 with
ammonium hydroxide and then n-heptane (75 mL) was added. The temperature was raised to
70 °C and the hot n-heptane layer was jsolated, from which the title compound crystallised on
cooling. Yield 3.77 g. Purity (HPLC peak area) > 97%.
20
Example 3
5-Cyano-1-(4-fluorophenyl)-1-(3-dimethylaminopropyl)-1,3-dihydro-isobenzofuran oxalate.
| (Citalopram, oxalate)

25 To a stiured solution/suspension of S5-carboxyphthalide (57 mmol) and N,NN’N'-
tetramethylethylenediamine (144 mmol) in THF (200 mL) was added a solution of p-
fluorophenylmagnesium bromide (approx. 0.5 M) and magnesium bromide (approx 0.125 M)
in THF dropwise until no more starting phthalide remained. A solution of 3-(N,N-
dimethylamino)propylmagnesium chloride (approx. 2 M in THF/heptane) was added

30  dropwise until no more of the previous intermediate remained. Methanesulfonyl chloride
(228 mmol) was added dropwise over 5 minutes in an exothermic reaction. After 30 min,
DMF (5 mL) was added, followed by POCl3 (228 mmol) dropwise over 10 minutes in a

. mildly exothermic reaction and the mixture was stirred for 2h. #Butylamine (285 mmol) was




To a stirred suspension/solution of 5-carboxypht hal i de”(fiE@B‘dARXZ?OﬁnDI ) in
dry THE (20 nL) under a nitrogen atnosphere was added

N, NN ,N -tetranet hyl et hyl enediamne (2.2 n., 1.7 g, 14 nmol). A solution
of p-'fI uor ophenyl nmagnesi um broni de (apprneox. 0.5 M and nagnesi um broni de
(appr ox. (Hlea in THE éappr ox. 60 nL) was added dropw se until no 30

5- car boxy PYCRAITPRIEISE Sal A aninyles shd)thieonixofre was stirred overnight. DMF (5 mL) was

3- (N, N-di ) | ori HF/ hept ane, (approx. 2 M
approx 150 S PR RUERULB7 SO 42k bl Ver (Tl mbteis cvinod vemiga
i nt er medi 2dewaethen edted Thaethnd fivk i10m was ntiReRe mg@g,ﬁaqg ah@ W8

upchy
-solid. Th%v%te dodwﬁs treated with saturated aqueous ammoni um cﬁ’la]())afd;1
sol uti on Wikt Gntipusly added dippivispeoveHl ain auljeustheuit aeqmtios. vrmeh

aqueouss hiilge R4 [ t RY 2005.10
sgl ut i onh&as was he%&ﬁhﬁeﬁ%ry WIF{I;&%@J ﬁys?@ﬁgﬁ ? ﬁ@%ﬁﬂ%%?ﬂeﬂg‘]ﬁ wiv).
i ndi cat edlelnene (108 anld) whs w&kd,pambmammts twfaf ifitlensat 'Dh&tdsiﬂu%&v&%atshéﬁ‘%ﬁf

90% puri t P The pH was adjusted to pH < -
it aquetrinbiibhieRE e BhaBired HERR v spaien aishie e phie v outiscted

stirred fTite Ggdnic blﬁ’zkemaéﬁﬁbtﬁd Wik Gathem 4 t% bal was
5 present in_suffjcient purity for furtherdﬁgé%s ‘futgadxo u’r(gq‘ﬂ/@b %L%Bpggi?
area -- \ﬁpmeﬁn‘lfl PkERats eerpbasified to pH >9 with an aqueous solution of ammonia in water

' -Sd%?gr ;)' szs‘%sb»fglr\]r %’ %@%&%ﬁ%ﬁ{d( % 3% 1oL h%/ 2@1 8%15 yic gdgluene layers were dned and

5- Car box gvipofated |toiqgivp italpbiaril b4s3- &l ﬁﬂiiafk%ﬁm TRO'RRME s %(Sag Vgg enzo
furan (5 %ﬂ@ﬂgf 15 nol e and sul fam de (1.65 g, 0.017 nole sso ved

in sulfol EOGetlyres t ‘Vﬁﬁ% R axalate gkl 2 goPwity (ImLé)paaharea)abd 8dvat
roomtenperature and the tenperature of the reaction nmixture was raised to
130 C for 2 hours. The reaction m xture was allowed to 15 cool to 75 C and
water (25 nL) was added. The tenperature was held at 75 C for 15 mn, and
then the reaction m xture was cooled to roomtenperature. pH was ajusted to
9 with ammoni um hydroxi de and then n-heptane (75 nL) was added. The
tenperature was raised to 70 C and the hot n-heptane |ayer was isol ated,
fromwhich the title conpound crystallised on




cooling. Yield 3.77 g. Purity (:PLC peak area) > 97% YorEBRUHRY 2805

5- Cyano-1| - (4-fl uorophenyl)-1-(3-di met hyl am nopropyl ) -1, 3-di hydro-i sobenzofu
ran oxal ate. (Citalopram oxalate) 25 To a stirred sol ution/suspension of
5-car boxyphthalide (57 nmmol) and N, N, N, N.; tetranethyl et hyl enedi anmi ne (144
~mol) in THE (200 nL) was added a solution of p- fluorophenyl nmagnesi um
brom de (apatent.Cleitas M and magnesi um brom de (approx 0.125 M in THE
dropwi se until no nore starting phthalide remained. A solution of 3-(N N

di met hyl am no) propyl| magnesi um chloride (approx. 2 Min THF/ heptane) was
added 30 dr opW| ﬁlhﬂlgtdil rmre of P&.hﬁﬂgr evi ous internedi ate renai ned.

- Met hanesul onyI ori de PiAfded dropwi se over 5 minutes in
an exotherm c reaction. After 30 mn, DWF (5 nL) was added, followed by
POClI 3 (228 nmol ) dropw se OVﬁEd, 10 rrinutes ina mldly exotherm c reaction
and the m xture was stirred [V -Butylamne (285 mmol) was 1 4
FEBRUARY 2005 11 added dropw se 15¢0rn nutesjand the m xture was
stirred overnight. DMF (5 L) wa zolv dr gpwi SI.J;, foll owed by POCI 3 (2.3
“mol?) over "1 h. The nmixture was stirred ovefni ght, ~and was then heated to
reflux for 1h. The m xture was cool ed_h~and ice/water bath, and water
(200 nm.) was cautiously added dropw s ¢r 1 h in an exotherm c reaction.
The 5 m xture was basified to pH >9 an agqueous sol ution of ammonia in
water (25% w v). Toluene (100 nL) was pdded, and the m xture was filtered.
"~ The residue was washed with further totuene, theFouwmiihed filtrates were
separ at'ed, ¢, idi organi ¢ phase was collected. The organi c phase was
extracted twce th an aqueous solution of H2SO4 (10 % v/v). The conbi ned
acid extracts were basified to pH >9 with an agueous solution of ammonia in

ter 10 (25% tract | Th mbi ned t ol
Mayer s we B Arta iR Ko oty b A e Pt 2 & hido-Augapherdiiiand
The oxal atg eC'&?n'Eard/\@e% cEfteTal- Eﬂol}\‘wﬂﬂm gﬂ?g?a:ﬁhggg WieaSe il VaeClb@l-oRFam

oxal ate 9.2 g Pur|t¥ ( HPLC pea
Formula XI

the resulting compound o

OH

HOOC
O OH NMe,
O Formula XTI

EF

15 to a compound of Formula IV

HOOC_ -

¥ Formula IV

~ followed by conversion of the compound of Formula IV into citalopram.




14 FEBRUARY 2005 Patent Claims 12 1. A nethod for the HtERBRYARY WGP
citalopram NC 5 conprising reacting 5-carboxyphthalide successively with a
Gignard reagent of 4-halo-fluorophenyl and a Gignard reagent of 3

hal o- N, N- di met hyl - propyl ami ne and then efl®cting ring closure of 10 the
resul ting conmpound of Forrmula X HOOC 15 to a conpound of Formula IV HOOC OH
fol | oned by cérmethed monﬁngtmezlmnnnmhmdctﬁhséﬁmmhﬁta IV into cital opram 14

FEBRUARY 2 t
) the conpqﬁﬁ%%%é’fgm%@““&f POt 19 R b A Dol SR g Stlponimad ot
sul f onami de dfie WIS BeNHQe-RviesdpRAs wherein Ris a) Al optionally

SUESE | Eu% eg M)iZAncU ;;;16‘113]@ @bgm{l@g optl 9513{:5, or he:jer oaryIC(ixy OFLI onal l'y
substi e al oge ano r oxy, al koxy,
CrET1 ok onet 11 SRRy Ot HGfereraY o oRtamRLY dwbwiile il dmiogena Cioy i, vty
“aryl or heter oahydroxgpt Camalldoxy,s Bk drbabBe], Whitd, %lllﬁge@?: i!cyﬁmﬁh&y(lp Ay
hydr oxy, C1-1- ft"nl fluoronethyl, nitro, am no 4-al kyl am no or
di -Cl1 -al kyl am no Il } e conpound of Formula IV is converted to the

¢correspondi ng) advher @ptemmmmonany substituted with halogen, Cis-alkyl, cyano, hydroxy,

Cr4-alkoxy, trifluoromethyl, nitro, amino, Cis-alkylamino or di-Cy4-alkylamino;
10 or

i) the compound of Formula IV is converted to the correspondmg amide of Formula V
NR'R?

Formula V

in which R' and R? are mdependently hydrogen, Cy. alkyl, Cy.¢ alkyl substituted with one or
more substituents selected from the group comprising aryl and heteroaryl, hydroxy, Cis

15 alkoxy, aryloxy, heteroaryloxy, aryl-Cre-alkoxy, or trisubstituted silyl wherein the
substituents are independently Cy alkyl, aryl, heteroaryl or aryl-Cy.¢-alkyl and then reacting
the amide of Formula V with a dehydrating agent;

thereby obtaining citalopram as the base or a pharmaceutically acceptable salt thereof,

20
3. The method according to Claim 2, whersin the compound of Formula IV is reacted with
SOCI; and sulfamide.
4. The method of Claim 3, characterised in that the reaction is performed in sutfolan.

25

5. The method according to Claim 2, wherein the compound of Formula IV is reacted with -
POC1; and fers-buiylamine.




NRIR2 Fornula V F in which Rl and R2 are independentllﬂ‘ﬁ@%’wﬁgx,zo@fﬁ o
al kyl, Cl1-6 al kyl substituted with one or nore substituents selected from
the group conprising aryl and heteroaryl, hydroxy, Cl-6 15 al koxy, aryl oxy,
heteroaryl oxy, aryl-Cl-6-alkoxy, or trisupgtituted silyl wherein the :
substituents are independently Cl1-6 al kyl, aryl, heteroaryl or

aryl - Cl- 6- & k¥he mnthotihefrelaimal thigctefiRg itihafBie Hanfk !

dehydrat i Ng:,a9 ntl'X t eby obtaining cital op?ar%nas %%%{g\gb}gpo%dﬁ

phar maceut i Ca ﬁ? 533&3&13 RvesEen of e cergpornd of Fomda f¥tib pefamedrvailngtt 0
Claim 2, wWisilfioh of g Ads rla IVis reacted with SOC 2 and

sul fam de. 4. The net hogE of d gltjrnﬁﬁ ,ﬁ}:}har acterised in that the reaction is

performed in sulfolan. 25 5. The nethod according to Claim2, wherein the

conpounsl of7, Fry, AV c i th,.P 3.and text-butylamine. 1 4
FEBRUARY 2005 1621% E%OHT?\%aﬁ%bgﬁ%ﬁwﬁ%ﬂﬁ?%ﬂ%‘ﬁﬁrﬁ%&wﬂ8 Fbi‘/)fm’tﬂﬁali" fiat least

manuf act ur Baigplly iselateshipefureconbersioaraiiAogr¥nand t he conversion of the
conpound of Forrmula IV is perforned without isolation of the conmpound of
“Formula I'v.” 7. The method of claim 11, characterised in that the conpound of

Fornul a TV8i s&mbtﬂoaaf&ithe&ﬁéﬁa&ﬁidnyofficﬁgb d before conversion to cital opram
8. A nethod for the preparation of citalopram NC 10 F conprising reacting

a COI’TpOUI’]d of Formula IV
‘ l
N

10 F Formula I

NC

comprising reacting a compound of Formmla IV

¥ Formula IV
with a dehydrating agent and a sulfonamide of the formula H>N-SO,-R wherein R is
4) An optionally substituted NFy, or Cyq alkyloxy,
b) aryloxy or heteroaryloxy optionally substituted with halogen, Cy_4-alkyl, cyano, hydroxy,
Ci4-alkoxy, triflucromethyl, nitro, amino, Cy.4-alkylamino or di-Cy_4-alkylamino, or
¢} aryl or heteroary! optionally substituted with halogen, Ci4-alkyl, cyano, hydroxy, C;4-
alkoxy, trifluoromethyl, nitro, amino, Cyg-alkylamino or di-Cy4-alkylamino.

9. A method for the preparation of a compound of Formula IV, characterised in that the
compound of Formula IV is obtained by reaction of S5-carboxyphthalide successively with a

_ qﬁgnard reagent of 4-halo-flucrophenyl and a Grignard reagent of 3-halo-N,N-dimethyl-
propylamine and then effecting ring closure of the resulting compound of Formula X1




HOOC Formula | with a dehydrating agent and a sul f onanl4EEBRUARY 408Fnul a
H2N- SO2- R wherein Ris a) An optionally substituted NH2, or Cl-6 al kyl oxy,

b) aryl oxy or heteroaryloxy optionally substituted with hal ogen,

Cl-4-al kyl, cyano, hydroxy, Cl-4-alkoxy¥trifluoromethyl, nitro, anino,

- Cl-4-alkylanm no or di Cl-4-alkylamno, gf c) aryl or heteroaryl optionally
substituted with hal ogen, Gadeal kyl hydr oxy, Cl.4- al koxy,

trifluoronethyl, nitro, am no, s@. oMM di - Cl4-al kylam no. 9. A
met hod for the preparation of a [ ) ot ruFa TV, characterised in
that the conpound of Formula |V ™ obtiarried by reaction of

" 5-carboxyphthal i de successively with a i gnard reagent of

4- hal o-fl uorophenyl and a Grignard re of 3-F@m Mg N- di met hyl -

propyl am ne and then effecting ring cl ¢ of the resulting conpound of

Formul a X HOOC 15 14 FEBRUARY 2005 -----=¢--------






