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(54) Title: METHOD FOR THE PREPARATION OF CITALOPRAM

o (57) Abstract: A method for the preparation of citalopram comprising reacting 5-carboxyphihalide successively with 2 Grignard
reagent of 4-halo-fluorophenyl and a Grignard reagent of 3-halo-N,N-dimethyl-propy)amine and then effecting ring closure of the
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resalting compound of Formula X, to a compound of Formula TV, followed by conversion of the compound of Formula IV into
citalopram is disclosed. Methods for the manufacture and conversion of the compound of Formula IV are also disclosed.
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. Background of the Tnvention

| 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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the well-known anti- depressant drug™&{tal opram
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of the conpound has been reported in several publications, eg. J. Hyttel
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¥ 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.




20 cerebrovascul ar di sorders, EP-A 474580. Cital opr am YhEEBRVARYHEWR| osed
in DE 2,657,013, corresponding to US 4, 136,193. This patent publication
~describes the preparation of citalopramby one nethod and outlines a
further nethod which may be used for préparing citalopram 25 According to
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3- (N, N-di I?_@teﬁyNanﬁl,miﬂfb@Mh-WHﬁbloiﬁ #leo bpehii@hat PRESEN ERsRE of the intermediate of
o eparod TF R O L MR e €8 by Teaction with,
cuprous cyani de. 30 According to the nmethod, which is only outlined in
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, 14 FEBRUARY 20 Far mil a i.n the presence ¢ €
subsequengxg%§ﬁ§ﬁ§§Sg%IPWEﬂB@ﬁFEﬁﬁWQF@E%ﬁﬁPﬂH%I@ﬁ@mﬁns cyani de. The
starting material of Fornula 11 is obtained from5-bronophthalide by 5 two
successi v i ions, i.e. with 4-fluorophenyl nagnesi um chl oride

‘and 117 I\ﬁﬂ%ﬁr?g?%;ﬁééﬁﬁ%%ﬁro yl magnesi um chl ori de, respectively. A new and
surprisingpgethod and an internediate for the preparation of cital opram
wer e Mdesdesdydaglyn ihgPriaticnterition 4c1600 iS8AovehEEMOA FRThs Prepiiafibh f citalopram
intermdiw&ﬁkhe Formula 10 NC is subjected to a ring closure reer\)ctlon'
by dehydrati tPH¥R ong sulfuric acid in order to obtain cital opram

- The internediate of Fornula Il was prepared from 5-cyanophthalide by two

successive Gignard reacti ﬁ&s i.e. with 4-fluorophenyl nmagnesium

hal ogeni de and NN 1.5 di % oy opyl magnesi um hal ogeni de,
respectively.

~
F Formula I
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




Further processes are disclosed in international paten?4%.%ﬁpé§¥f%w5hbs. WO
98019511, WO 98019512 and WO 98019513. WD 98019512 and WD 98019513 rel ate
to nmet hods wherein a 5-amno-, 5-al koxycarbonyl- or 5-(sec.

am nocaxbonyl ) phthalide is subjected to two 20 successive Gignard
reactions, ring closure and conversion of the resulting 1, 3-

di hydr oi sobenzof uran deri vat i ¥#P%o e correspondi ng 5-cyano conpound, i.e.
. citalopram International patent [app |Ca5ion No. WD 98019511 di scl oses a
process for the manufacture of ci Yol |

hydr oxynet hyl phenyl - (4-f | uor ophenyl
closure and the resulting 5-substituteg
di hydr oi sobenzofuran converted to the espondi ng 5-cyano
derivative,which is alkylated wth a &3-4i net hyl am no) propyl hal ogeni de in
order to obtain cital opram 14 FEBRUARY 2005 3 Figall%nrnethods of
preparing the individual enantioners of Fcital opr #&Vdi scl osed in US

Pat ent No i it als ears.{,hat the ring closure of the
: rnterﬁedra?%ﬂég %o?%éﬁ%?qqgf%%%PqﬁguggP?F’ﬁm]% via a labile ester with a
base. s It ; %ﬁggﬁhm§urprisingly, been found that cital opram nay be

- manufactured by a novel favourable and safe procedure using convenient
starting materials. Summary of the invention 10 Accordingly, the present
inventien fgpatieslat theAntOURIN I &Eﬁﬁ j.on of cital opram
havi ng t he Fgrnula I NC conp#??%ﬁg?m%gafggg??ﬁg .ﬁé%rboxyphthalide
successively with a Gignard reagent of 4-halo-fluorophenyl and a Gignard

reagent of ij3-kattionNiNthe comboyid ¢F BTV &ithndddiiarntat feeii g o ddSnshRRW e
of the regulhiNeG9RRMI% Fhefell f5.2 X!

a) An optionally substituted NH,, or C1.4 alkyloxy,

gound is subjected to ring
L (4-fl uorophenyl)-1,3 25

10 b) aryloxy or heteroaryloxy optionaily substituted with halogen, Cjs-alkyl, cyano,
hydroxy, Cis-alkoxy, trifluoromethyl, nifro, amino, Cjs-alkylamino or di-Cy4-
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 |




"HOOC 20 to a conpound of Formula IV 14 FEBRUARY 2005 4'4GFPRMERYEPO°
conversi on of the conpound of Formula IV into citalopram In particular,
the invention relates to such a nethod conprising: i) reaction of the
conpound of Forrmula IV with a dehydrating agent and a sul fonam de o' the
Formul a H2N- SO2-R wherein Ris: a) An optionally substituted NH2, or Cl-6
al kyl oxy, th&@bPhbRIih©¥ I suhlstd t d with
hal ogen, C1- 4j-aal kyl ,gc%éﬂérﬂ%gég%¥b%§¥%%%%%ﬁqﬁcw ﬁ%ﬁggﬁ&:ﬁwﬁof nitro,
am no, Cl-4-alkylamno or di-Cl-4- alkylamno, or c) aryl or heteroaryl

opt i onal | Jhesuelnstistant efdha ChrbdRYy ABEIvEST Falnth 1V §Y B AmillY BF B8l may be

4- - al koxy(.[aﬁﬁ({d Jlltlfr?e{%m{%{%#ed nldt({ea am r}g: le %ﬁgl kyl am no or

di - C1- 4- al kyl'am no ° i3 qegyaiveqtdemgrlale conpound of Formula IV to
the cdrresponding anmide of Fornula V 20 F in which RL and R2 are

» independent Ry hydrogen, Cl1_6 alkyl, Cl -6 alkyl substituted with one of
nore substitiuents selected fromthe group conprising aryl and heteroaryl,
hydr oxy, L46- al koxy, aryl oxy, heteroaryl oxy, aryl-Cl-6-al koxy, or
trisubstitat wherein the substituents are independently C1 al kyl,
aryl, heteroa : #yl - Cl-16-al kyl and then reacting 25. the anm de of
Formul a V wi t h~a~deffydrati ngi.agent 14 FEBRUARY 2005

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




5 thereby obtaining cital opram as the base or a phar mat&tEBRUARY Z0eept abl e
salt thereof. The conversion of the 5-carboxy derivative of Formula IV to
the am de of Formula V may be carried out via an activated acid derivative
of Fornmula VI: 5 wherein R3 is hal ogen, gl-6 al koxy, aryl oxy,

het er oaryl oxy, aryl -Cil-6-al koxy, heteroaryl-Cl-6- al koxy, al kyl carbonat e,

aryl car bomad ErighhiiibeRhPARhSIos ALALGAPRATTIS, malicd L hi agar bopa e,
T i et o e L ey
substit ut hﬂogﬂ’n—MﬂhSdbﬁéthﬁ]ﬁfo@?laﬂﬂﬁ@fsoéﬁl‘ébmhﬂn 2RI SR EPH tczrhlnélﬁlg, ")@‘ﬁﬁﬂé l,gn

‘relates t t ha r .t he preparation of a conpound of For

conpri si nfge’d?%acl’f‘?q%’i?" p e E&EB%@%@M%%’@&@@@E&%W igpgtipng aoe inpnfargked
reagert IBceskivalymitoond: iscdatiophod thd inendedateré@marad ol Agemist Gfignard reaction.
3- hal o- N, N-di net hyl - propyl ami ne and then effecting ring closure of the
resul ti ng _conpound of Formula MOH 1 20 to a conpound of Fornmula IV 1 4
EE:BREJARY % Hﬂg;‘gioﬁrﬂ@ﬁ eompaiyd mif Rormulalgil isgﬁfectddmy?pmw viasa ibite@s®si UM
al'ide, - sy i de;di 0. r nesi um
brom de | o peed. hé%gr‘!’?é'nﬂ?”éh“r iélg%g;\%ﬁrgf 33é£§’§'?‘§%§§-%‘, ﬁ?&%’r}le"t %@ﬁ%@%ﬁ% ne
is a magriESiimonRRpRbonis 3ei. g5 an Areapls) a6 gach py wethyisulfenic, pilwnesyfatievabl y
SUccosst vl ot 150l Bl o e e e A s Mo et Sl o o,
successi isol ation o i.nt e igte res in romthe first

G i gnar d\irﬁ_%téc i on.%ﬁ?ﬁ%f rif 018?%SUI’58H§]W1{ he{ir'g"f‘%@l?ﬁﬂmgf‘%or H%}ugrggcew; or
ef f ect ed tH{luaiemethagenifonyh estérabiitle adlidon ofth basepi kivhutasa tiehel AHaindi C
ring clo } f i i i . a ul furi.c or.
bhosphor | neahmel, By AEHe . Yhe AR fodfinfea FIRIR sfive brettedsiy Sim
p-t ol uenésq Sk @agicular about 0 °C, and is preferably carried out by a one-pot procedure, i.e.

15 with esterification and simultaneous addition of the base.

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




10 trifluoroacetic acid. The basic ring closure is peripraRAURRY @okabil e
ester, such as the nethane sulfonyl, p-toluene sulfonyl,

| 0- canphorsul fonyl, trifluoroacetyl or trlfluoronethanesulfonyl ester with
addi tion of a base, such as triethyl am ne, dinethylaniline, pyridine,

etc. The reaction is perforned in an inert solvent, preferably with
cooling, in particular about 0 C, and is preferably carried out by a
one-pot procedure, i.e. 15H@OCh esterification and sinultaneous addition
of the base. The 5-carboxypht hal} sed as a starting material may be
obt ai ned by the met hods descri beld U® patenf No. 3,607,884 or Gernan
patent No. 2630927, i.e. by reactrfg orcentMNat ed  sol ution of
*terephthalic acid with fornal dehyde i iquid SO3 or by electrochem cal 20
hydrogenation of trinellithic acid. bt anot her aspect, the invention
relates to a nmethod for the preparatt of cital opram NC F 25 conpri sing
‘reacting a conpound of Forrmula IV Fornpla I 14 FEBRUARY 2005 7 HOOC with a

dehydrating agent and a sul fonani de ofFthe fornlpEdf¥N S02 R wherein Ris

' Al t 1-
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pr esent m}hvex}tl IODﬂleWHmI)rlai[ﬂioﬁallpsﬁiﬁtlﬁﬁéd denrpssR qﬁ) F”
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t her eof nanu ur

Also disclosed herein, the present invention 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 iodine.
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,




3 the process of the invention. Throughout the specifil%f?%'ﬁuﬁ‘ﬁa%qogi ns,
the term dehydrating agent' refers to any suitable dehydrating agent and
a person skilled in the art may easily determ ne the optirmal agent. 15
Exanpl es of suitable dehydrating agents gre SOC 2, POCI3, PO5, SOBr2,
POBr3, PBr5, S012, PO013, P15, P4010, oxal yl chloride, carbonyl dii m dazole

and Vil sngj Agent Prefe lv..a hl or a- cont ai.nk. ng agent. nost

preferab F&hg%%; % or "Ffz%bé) E%%Sbﬁg%% .the\}ﬂ%esfr’f%?cﬁfm’rae%%ém%gf&?&t 4 85 Get may be ned
by m xi ng B§FCSREIK- di net hyl f or mam de (DMF) and dehydrati ng agents, exanples

of which are DVF/ SOC 2 and DMF/ POC 3. 20 Throughout the specification and
cl ai ns, Cgf-G |.kyl .refers to_a branched or unbranched al kyl group having
from one t8°SHPIERIdR AN SRR, Readys itheproesse s Pa@feﬁﬂ’éwf?mégehm—spﬁﬂﬁpyl ,
2pro- pyl, 1-butyl, 2-butyl, 2 nmethyl 2-propyl, 2,2-dinethyl-1-ethyl and

2- met hyl - r I i mla Cl-4 alkyl refer such a group having .
from one 'EHOIBP g@%ﬁ%?@’&%‘f‘%ﬁhi"ﬁﬁq H)Stﬁggy%gssme%iaibgy wrilpiylaigme. 4 g koxy and
Cl-4 al kyl am ne designate such groups wherein the alkyl nmoity is as

defi'ned. Hal Q8RR NERMSE 3 Ol [oplne iodine . .30 In

method i) .of the. | Avih ?%5%%3%%?5@611 %ﬁﬁﬁgdﬁgﬂl 9 lfl?néqtﬁoﬁgar%ﬁ?ﬁlg‘?ﬁ CURSE of he
reaction % 2 ftable; spdvent.c spakors selfplene en asetomidnileu Vehen\a rsolicent isviuséd i ghe
dehydi@t i dehyaig@idh rkddtioh GE1i), laal0ytiB AuokPbf FIRGRRHAURRLLNR ;sieelﬁ ive,
whi ch then reacts with the)sulafonam' doe, H2N- S02- R, f%ﬁFEBREIﬁ% 2 é&ﬁ% _

t her eby fﬁlrm' ng citalopram During the latter reaction, a catalytic anount

of an aci P s cBkodimeRicaisthe inventions the agmficiiss of i wampornd wf ForhmlatiVeand

process i &Pk I f.am N, optiaqnal |y subst.i.t ut ed

NH2 used | n t‘ﬁievg%?%cégzﬁ% sda"gSl g ud awt?l2 ?/&%h Iir%u’tn?ﬂ ;‘;{%%ﬁg.am H Pettbriéld Sttt
1solation of the compound of Formula XV, a so called ‘one-pot synthesis’.

15
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. | |




The reactions with dehydration agents in the nethod of 14 HeBRHOBX1Z08R are
carried out neat or in a suitable solvent, such as sulfol ane or
acetonitrile. Wieh a solvent is used in the 10 dehydration reaction of ii),
a catal ytic anmount of NN-di nethyl formam de may be needed. In one enbodi nent
of the invention, the manufacture of the conmpound of Fornmula N and the

conver si on Tk [ﬂlhlmabamlﬁﬂ BenPsithRE fo'ﬂ?e hVeﬂﬂthn@ bahARARrE S ilPEH QEARL way

W thout i co ound a so cal l ed ;“one-pot
synt hesi s’ Sﬁggﬁ aﬁ?asﬁ% eesf {yh’é‘ &‘ﬁ\f@ﬁ?l Ata blethecapspipn ey dsts or
“Fornul a |V SYBID&tor pargateradlyrinitlad 1foym orfsmiah&tadlelse]ﬁmom fomyestishon to cital opram
- The corrpound of Formula | may be used as the free base or as a

phar macsutl ccegt able 20 acid addition salt thereof. As acid
addi tio Xf&l& 8} tosmplstipmsionife Mvertianingy be prapercddyi coneaitidnalmagthbes

- used. Exemih ﬁremoforsdiﬁﬂpw %![Hté?m bé ﬁre ?ﬁﬁﬁnﬁﬁﬁﬁcﬁqé Flg?edlénlt' Wh Jtdinary

benzoi c, Ws éﬁi ni c, hyl enesal i c
met hanesul é‘P Shetiusps s é“bsa%lé{l‘ibé CUmEF‘ﬁHPgrﬁhé e e & cogugtitioppd c,
“citric, gl l!ﬁi?c]ﬁﬁﬁmg mhgobiriec Examples of sdjodets o, dlﬁlbﬁt@@mr@nséﬂctdrﬁl@@fﬂh,cpotaﬁﬁﬁﬁﬁﬁ' C,

stearic, p [ am nobe C a enzene
sul foni ¢ agﬁlwf% zf[ﬁ Elﬁﬁf Pﬂe%rgteggé@ﬁ%é ;I%Ct%;s ‘fa]zf h]f‘%e‘yny ot a juvant or
8- hal otfeopfiiiys (f?é@mnigérarewa,rm@rmvm Qtﬁunanebﬁpmeﬂlprmdeﬁhemhbﬁage @inpatible
i norgani c sdhttse /fife ifppsReps.t h hydrochloric, hydrobromc, sulfuric,
sul fam c, phosphoric and nitric acids. The acid addition salts of the
conpounds .be repared by nethods known in the art. The 30 base is
reacted w F Ipeliong | 18 he eacparedunt dissoluig dhe nctiverigerdiant sod l]ioes1b1e

solvent, s |, th 3 u | sol at,i 0 salt
by concent r at |‘%§1§%§5@%gtﬁséﬁ&e§?f‘o\%@ﬁgn g%%gg &?Wgte &dﬂlsg?\gﬁl C\iatidion

i MM sci®l etostht desired velmote, aisritising thel seluien an@ﬁmﬂg&@ﬂi Sitable fam éﬂhl%l‘ﬂ beviamehhgne,
with the saltt g€ ratin ont neously. 1 4 FEBRUARY 2005

phar maceut TEAPE FEIHDE; ‘E‘?%Jﬁ’g YH@‘* iy &b RENMAA Pehadded iswibs et fadcityn agengs,

sui t abl e waservatives, antioxidants, etc.

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




‘tabletting

ey be adc

and in any suitable form for exanple orally in the fo?ﬁ%‘?RpgﬁYe%og?

capsul es, powders or syrups, or parenterally in the formof usual sterile
solutions for injection. 5 The pharmaceutical fornulations of the invention
may be prepared by conventional methods ijon the art. For exanple, tablets
may be preg%red by m xing the active ingredient with ordinary adjuvants
and/ or di | ¥ntBeantitonbssqueshed with ether.eBEPLAahaistiNbeigichis BiyeondRBtcd Qha!
j uvants o rise: Corn

hi ne. | es.of ad '
staroh, polReioy B bunir it nlghi Fopula Dibbrori SPF R pesl asaoddy 220

gunms, and tig. Mhk@H Hay agiubed (@ EHUY antyilaghPoRdfliatd hforfe ! Eélﬁggn (13“1 gﬁ%%lﬁe

preservatives etc. may be used provided that théy are conpatib
active i ngtedobiion wasaitigied dors2 hoHRIA] eralyimindiratediibatithe pamasbxy\citlopsmh wiang

the active,j L ARl i ddi Liyves .i t of th f
iy ot i o PR SELERLAAAP RS deer B8 (T B0k SRl K1 B pericber 1 D |

desired volune, sterilising the solution and filling it in suitable
anpoul es g@ viaG§. Any suitable additive conventionally used in the art
Pmy as tonicity agents, preservatives, antioxidants, etc.

Exanpl es 20w Ihe i Mentd s i1 1fur: .il J-bdjz;_ d b £ ol | o
exaggl es, S&E?ﬁ&é r@%}dﬁ%t@ “’Ezlégrﬁfé’? E@ﬂli}gl a {;}?)Ef ?’Is nagih#(ﬁg 1%0%8%%6%6#}% he
i nvent i on. ((Hedonpire, freba8ay boxy cital opram 25 To a stirred

suspen];d' on/sol ution of 5-carboxyphthalide (1.0 g, 5.7 nmol) in dry THE (20
m.) under a nitrogen atnosphere was added

N, N N, N -3-ebianpt iyl gipypieagsiar Anitbpropyll.1, BailyhoF P! @t igon
of p-fluoro hen§?-tnat%4nesi uﬁm p?glﬂid}%gg%% 0X. Foéyl&l’%%}érﬁamgﬁée&snizﬁm ro@i e
(approx. (2-93% mgle) andriselfgmider(@>65 g0 001y malks) avete dlishobypdi e suifiilahe (L5 L),

3 (N N, nOERBSHAS T2 oR 5 o Bl ke o femmppeings o e tapppigiice of
approx 15 tht yedt8én ivfireWeefhishiqp\Wse @CUdt bl hdd@N T hereaction 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




the previous internediate remai ned. The solution was tHeFFRRUABY A8 to
give a crunchy solid. This solid was treated with saturated aqueous
anmoni um chl oride solution (2 nL) and water (20 nL), and the pH was
adjusted to pH 6 with aqueous hydrochl onic acid solution (10 14 FEBRUARY
2005 10 The sol ution was washed with ether. [[PLC analysis of the
aqueous | 85H droRivisaeer §harinutehendths| mintge praseintedi svestiglii M5 BT #ys t O

continue §&e8 it rea » W2 . .The pH was adjusted to
< 1 i T ARt it by BORE B R0t T on Thbimiyug e e Ssbmigisn
vwas stirraul wer thentheatdPliCrefiad §8i1sh.i MHe pakage WasloblRg iR 2R OM M LR BRY 2
-was 5 present . sufficient purity for further use (> 80%purity, peak
area -- V@gtff) (jr% Fﬂ%qagugusly added dropwise over 1 h in an exothermic reaction. The
5- Cyars. - | mdnk gy miipavib) sl -6 36l i pywl)-1.3 . o
-di hydr o-j sobenzof ur an. %(pclfiit}gﬁ)gg} gﬁnfa&\%'éroggsg%gé O%@')mmdma n water (25% wiv).
?- Car b(()x ylelugne ¢ PQ @ﬁh)pl Wemycﬂ%edlarl(dfﬂ]dingknm nasifilersdo pyhe rel:%dﬁe@iréﬁ%sged enéo
uran (5 e)_an am de (1.65 g, 0.017 nole) were dissolve
in sul f'o|§ﬁﬂé“%2g‘je§%) ne C%"HSB‘I‘?S‘/%E‘WB% VerE stparpisd gandythg ngganie @glasm@samueqe@t
r oom t eniBireadrpiitic phabetwia dEaRSd AlidE il ' A 8o VRS Kai-sed to
130 C for 2 hours=p Tﬁe reaction miﬁﬁ?eanvéa E%]fsﬁ%\?\&et%f?%n%{%@%@P%gN?S Cand
wat er ( 2§°H:|_bjne\ﬂ;é’§1deﬁ¥(§’@ﬂts witiebaselfgddpe atlirEwith s hghebua soMGof of ahmbbialth Materand

"~ then jphe i i r l,ed to omtenperature, pH was ajusted to
O wi 1 Aret e ans e IR e TR R AR e o Bribile g and

t enper at eveponaied rtai giee citaloprafh Basengk 4 lirihell. nTherkans say %Fasﬁﬁ%n#%? L&hed:

from whi c%ﬁ%ﬂggtl tle corrgiound crystallised on cooling. Yiel . g.

Purity (5 Eqeedyies jo 2ive eiiloprampmxaléist &igld 9.2 g. Purity (HPLC peak area) > 90%.
5- Cyano-| - (4-fl uorophenyl ) - 1- (3-di net hyl am nopropyl ) -1, 3-di hydr o-i sobenzofu
ran oxal at e.




(G tal opram oxalate) 25 To a stirred soluti on/suspenstFHE'%ﬁw'L\RY 2005
5-carboxyphthalide (57 mmol) and N,N,N ,N - tetranethyl et hyl enedi am ne (144 -
mmol) in THE (200 nL) was added a sol ution of p- fluorophenyl magnesi um
bromi de (approx. 0.5 M and magnesi um bronjde (approx 0.125 M in THE
. dropwi se until no nore starting phthalide remained. A solution of 3-(N N
di met hyl ampPaggir@pishsragnesi um chl oride (approx. 2 Min THF/ heptane) was
added 30 dropwi se until no nore of the previous internediate renained.
Met hanesul fonyl chloride (228 mmol) was added dropwi se over 5 minutes in
an exothermic r i AAfter 30 m.n DMF (5 nL) was added, followed by
- POd 3 (228Tr'mol ﬂ%@@g&%@%’%’ﬂ%@“ﬁﬁﬁ%@% a mldly exothermc reaction
and the m xture was stirred for 2h. t-Butylamne (285 nmol) was 1 4
FEBRUARY 2005 11 added dropy.se over 15 mnutes and the m xture was
stirred overnight. DMF (5 niL dropwi se, followed by POCI 3 (2.3
nol) over 1 h. The m xture was s gd oyernighty and was then heated to
reflux for 1h. The nmi xture was coqlgd~g and_i cefwat er bath, and water
(200 L) was cautiously added dropw se pve 7 i m~an exot hermic reaction.
The 5 m xture was basified to pH >9 wtih~an aqueous solution of ammonia in
water (25% w v). Toluene (100 n) gled, and the m xture was filtered.
The residue was washed with further gl uene, the conbined filtrates were
separated, and the organic phase was cofl ected. The organic phase was ,
" extracted twice with an aqueous sol uti gn of H2SOAFpri#d v/ v). The conbi ned
aci d extragspNehe basified to pH >9 with an aqueous solution of amonia in
wat er 10 (25% w v§ and were extracted with toluene. The conbi ned tol uene
| ayers were dried and evaporated to give cital opram base as a dark oil.

The oxal at% alt_wa prepar. d usin standard procedures to give cital opram
e SagoRmih

oxal ate. Wi S BRgSEISIVRbY Rt addnigaard pagent of BEptnfiryropbes/! and
Pat ent C aa Wignard reagent of 3-halo-N, N-dimethyl-propylamine and then effecting ring closure of

10 the resuliing compound of Formula XI

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.




12 1. A et hod for the preparation of cital opram NC 5 E%E‘E?Rgﬁﬁg%(’é’écu ng
5- car boxypht hal i de successively with a Gignard reagent of

4- hal o-fl uorophenyl and a Gignard reagent of 3

hal o- N, N- di net hyl - propyl ami ne and then eft®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

substit uted M)12A11Qf ptibdalfy sﬁb‘ét&thféﬁ b, 8h or het eroaryl oxy optionally
substituted aI o 0 lgn%& ﬁ/droxy, Cl- 4- al koxy,

e
YT uok omet H1 SVl B Heteiorsyiogy  ontianaly dwbstileq Wit crtogen.a iy Ak neyios
“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) afvher @ptemmmmany substituted with halogen, Cj-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

_Sr yl - Cl1- 6- & k¥he apihotiedtlaf@is chitcteliRg ifiHathe Qianﬁf%ﬁﬁé %ﬁ{e‘%}npo&d of

ehydrat i Ng:,a9 n&Xt eby obtaining cital opram as the base of a

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

sul fam de. 4. The net hogE of a%fglt)rnlﬁ ,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 f?l E%OHT?\%aﬁ%bgﬁ%ﬁwﬁ%ﬂﬁ?%ﬂ%‘ﬁﬁrﬁ%&wﬂ8 Formyla AV et least
manuf act ur Baplly iselatehipefuredbonbersionrtoniidogrynand 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

Formul a TV8J A siethlo@adt theRREdr A dnYof d before conversion to cital opram
8. A nethod for the preparation ooff'c?:t%? opram NC 10

[ T»
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




F conprising reacting a conpound of Formula |V HOOC FfWePRUARY 4095
dehydrating agent and a sul fonam de of the fornula H2ZN-SO2-R wherein Ris
a) An optionally substituted NH2, or Cl-6 al kyl oxy, b) aryloxy or
het er oaryl oxy optionally substituted witH>hal ogen, Cl-4-alkyl, cyano,
- hydroxy, Cl-4-al koxy, trifluoronethyl ,OPi tro, am no, Cl-4-alkylam no or di
Cl-4-al kyl am no, or c) arylgdgscheteroar optionally substituted with
hal ogen, Cl.4-al kyl, cyano, hydrg Cr'. 4. al keuy, trifluoromethyl, nitro,
am no, Cl-4-al kylam no or di - c14f 9. A’nethod for the
' {—<characterised in that the
conpound of Fornula IV is obtained by reaction of 5-carboxyphthalide
successively with a Giignard reagent hal o-fdrMekephenyl and a Grignard
reagent of 3-hal o-N, N-di met hyl - propyl ¢ and then effecting ring closure
of the resulting conpound of Formula X HGOC 15 14 FEBRUARY 2005




