WD 03/ 072565 PCT/1B02/ 03832 Process for the production of cital opram5
This invention relates to citalopram in particular salts of cital opram and
a processwbos/073she manuf acture of said salts in very hi ghPoarnBoz3s32
Citalopramis a well-known anti-depressant drug which has been on the

mar ket for a nunber of years. It has the structure shown below. 10 NC 1 ~
15 Citalopramis a selective, centrally acting serotonin

(5- hydroxytryptam ne: 5-HT) re-uptake inhibitor and accordingly possesses
anti-depressant activity. The anti-de- pressant activity of the conpound

has been reported in a numbpfcds BHRL pfRlut@RSoRddlopedrhal opram has further
been di scl osed as showi ng potential in the treatnent of denentia and

cerebrovascul ar disorders. 20 G tal opramwas first disclosed in US 4136193
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convent i onal, ALAGEANESS hd BONIN VLY 1afhRRyUsed as a free base

Hydrobroni de salts are eSpecially preferred since they are orally
avail abl e. 25 WD 03/072565 PCT/1B02/03832 2 Since the publication of the

above nmentioned US Patent, a nunper of further. processes _for th
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as In number of years. It has the structure shown below.

10

15 Citalopram is a selective, centrally acting serotonin (5-hydroxytryptamine:5-HT)
re-uptake inhibitor and accordingly possesses anti-depressant activity. The anti-de-
pressant activity of the compound has been reported in a number of publications and
citalopram has further been disclosed as showing potential in the treatment of dementia
and cerebrovascular disorders.

20
Citalopram was first disclosed in US 4136193 which describes a number of processes
for its preparation. Once manufactured, the citalopram base is generally converted to a
salt using conventional procedures although it can be used as a free base. Hydrobromide
salts are especially preferred since they are orally available.

25



the above US Patent, the last step of the process involves the conversion
of a group different fromthe cyano in the 5 position of the phthal ane

ri ng i ntowbha/o®mseyano group. 5 Preferably the conversion trataBoyi3ase from a
brom ne anal ogue. As is well-known however, inpurities are inevitably
formed during the cyanation reaction and these inpurities are difficult to
separate fromthe desired end product. ?rrpuri ties also remain fromearly
synt hesi s stages and accordingly, extensive 10 purification procedures are
required. ere.the final age of cital nuf act ure. i nvol ves

cyanati on otnge feahbHeatio ﬁifh&%ﬁ@’? Ble{l%@egg‘ﬁg]%tg%nﬁﬂ%%?ﬁ (f%rdlﬁ[%lé‘:’,r PERESST8i n

| Mpuri ties QPaRUREREAbnARitalbpram hdve Redéviéed@nt iMman$ oBfetd, a6 WeBlagf am O F
NCO HNO \ N NHF F desnethyl cital opram 5-carboxam de cital opram WO
03/ 072565 RBFADBEAIDBBRAL, 113 Iustsiapud truprioédss atviobves fircowadension degredpr eady

known in i fyi .
© 'nt h(ﬁf erretnt 8rrn t g E:;/Jn%lirl? gneaS 1%8&]‘590% of the phthalane ring into the 5-cyano group.

5  Preferably the conversion takes place from a bromine analogue.

As is well-known however, impurities are inevitably formed during the cyanation
reaction and these impurities are difficult to separate from the desired end product.
Impurities also remain from early synthesis stages and accordingly, extensive

10  purification procedures are required.

Where the final stage of citalopram manufacture involves cyanation of 5-bromine

analogue to the corresponding nitrile, the main impurities encountered are:

15

F F

desmethyl ¢i talopram 5-carboxamide citalopram



cital opram m xture produced after such a cyanation reaction. For exanple,
@B 2356199 teaches that the inpurities naybe renoved using a conventi onal
filmdi stwbloaw?ses techni que. The crude base is sinply di CirliBed3ssi ng, for
exanple, a thin filmdistillation 5 apparatus yielding a purer cital opram
material. The base product may then be forned into the salt. GB 2357762
describes an alternative procedure in whfch the crude free base is sinply
crystallised prior to conversion to the salt. There still remains the need

however, to, _devise .efficient and nor.e nom c rif cation, procedure
especi al | y Y grods par atﬁcf?:i?fgi’?qauﬁqs el %ﬁ@?‘@n mftglg I Wr&}“ntgl‘?:acnﬁ%eg of 1l‘J| I ?n

di stillati ofappahdlikardBibdisedeb siintd éﬂ@ha\ho%&@@ﬁ%hvﬁor em%pw EBeI56199
i nventors have now found an alternative and rapi d way of isolating purer

ci t al opr am tsadles tlmuﬁstlmpmaéd may be tehm)vad’bsange cofivenbiena fwedistlatiooned

i mpurities w.thout sin oie ti.a ti.me consum rysta tion
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i nvent org h t t he
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5-bronoci tal opram desnethyl-cital opram and ?itr boxyam de cital opram 20
Thus, vi ewepspioTnBRecradeed nrie to ﬁQ}E’ﬁﬁl%toﬁh%%‘ﬂes a process for the
preparation of a salt of cital opram conprising: (A) dissolving cital opram
in a solvent selected from acetone, alcohol, or toluene or 25 m xtures

t her eof andThediifradxahd theastdhovwder,3edavisd éfigiehtndaneeiepotianie udfyt-al opr am
oxal ate, e.g. by filtration; (C) suspending said cital opramoxalate in

wat er atf aeRliongresedutss esnecighy Hroisnon intyseia soals wherelor F’f%‘é’r &t B5etdl opr am

e.g. toa pHn? dltsallgtg’dn apparatus may be prohibitively expensive.

The present inventors have now found an alternative and rapid way of isolating purer
citalopram salts substantially in the absence of the above-mentioned impurities without
15  using potentially time consuming crystallisation techniques or expensive film
distillation apparatus. Rather, the present inventors have found that by the careful
selection of solvents and the careful manipulation of pH, citalopram salts may be
isolated in very high purity in the absence of the major impurities 5-chlorocitalopram,
5-bromocitalopram, desmethyl-citalopram and 5-carboxyamide citalopram.
20
Thus, viewed from one aspect the invention provides a process for the preparation of a

salt of citalopram comprising:

(A) dissolving citalopram in a solvent selected from acetone, alcohol, or toluene or

25  mixtures thereof and adding oxalic acid;
(B) separating the precipitated citalopram oxalate, e.g. by filtration;

(C) suspending said citalopram oxalate in water and adding a base in an amount

30 sufficient to liberate citalopram, e.g. to a pH 9 to 10;



WO 03/ 072565 PCT/1B02/03832 4 (D) extracting the liberated citalopramwth
an organi c solvent, isolating the organic phase and evaporating said

sol vent; woptiomeses | y repeating steps (A) to (D), 5 repeatipag/1Be23832( A) and
(B) and subsequently; (E) suspending said cital opram oxal ate in water and
addi ng base to a pH6 to 7; 10 (F) adding a solvent selected fromtoluene,
cycl ohexane, n-hexane, n-heptane, isoprogyl ether or xylene or nixtures

t hereof and isolating the aqueous phase; (G adding base to said aqueous

phase in an _amount sufficient to liberate citaloprain and extracting the
liberated c X&?P%Wt eratedglonran 33 "820i$0| ati ng the organic phase

15 and evapggaiNgosahss ke hagwn&ié\a BlakhG:id Bl t al opram in an
d1 an acl dp

al cohol sol vent, and sepa atl n préecipitated cital opram
salt. 20 Viewed from anot her aspect the i nventi on corrprl ses a process for
the separation of desnethyl C|talo ramfroma crude mxture thereof with

ci t al opr am BREaly Epepldnggeps (Adyo @gsol ving citalopramin a sol vent

sel ected. from acet one, al cohol, or toluene or m xtures thereof and addi ng
oxalic acid; 25 (B) separating the precipitated cital opram oxal ate; (O

suspendi ng fpesting telsqRA) and Xpdndts@bdequardlyer and addi ng a base in an anount
sufficient to liberate citalopram e.g. to a pH 9 to 10; 30

(E) suspending said citalopram oxalate in water and adding base to a pH 6 to 7;

10 (F) adding a solvent selected from toluene, cyclohexane, n-hexane, n-heptane, isopropyl

ether or xylene or mixtures thereof and isolating the aqueous phase;

(G) adding base to said aqueous phase in an amount sufficient to liberate citalopram and
extracting the liberated citalopram with an organic solvent, isolating the organic phase

15  and evaporating said solvent;

(H) dissolving said citalopram in an alcohol solvent, adding an acid and separating the

precipitated citalopram salt.

20  Viewed from another aspect the invention comprises a process for the separation of

desmethyl citalopram from a crude mixture thereof with citalopram base comprising:

(A) dissolving citalopram in a solvent selected from acetone, alcohol, or toluene or
mixtures thereof and adding oxalic acid,
25

(B) separating the precipitated citalopram oxalate;

(C) suspending said citalopram oxalate in water and adding a base in an amount
sufficient to liberate citalopram, e.g. to a pH 9 to 10;
30



WO 03/ 072565 PCT/1B02/03832 5 (D) extracting the |liberated citalopramwth
an organic solvent, isolating the organic phase and evaporating said

sol vent ; wptosonsbi y repeating steps (A to (D). 5 ViewedPCraRv2z03siz | |
further aspect the invention provides a process for the separation of

5-chl oroci tal opram and 5-bronocital opramfroma crude m xture of cital opram
oxal ate conprising: 10 (E) suspending cPtal opram oxal ate in water and

addi ng base to a pH6 to 7; (F) adding a solvent selected fromtol uene,

cycl ohexane, n-hexane, n-heptane isoglrétgpyl et her or .xyl ene.or m xtures
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crude m xt crt m conprising: (H) dissolving citalopramin an

al cohol solvent, adding an acid and separating the precipitated salt, e.g.
by filtration, 20 Viewed froma still yet further aspect the invention
provi des ci epflonplyurapsttingstens (ANé? €Y%  obt ai ned by the processes of the
inventiqp as well as their use in nedicine and pharmaceutical salts
conprisi’ng the same. 25 As used herein "citaloprant refers to the free base
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base should preferably be dissolved in acetone. W_thout w shing to be

linmted by $-eblorgcitalapram apd pibeqmeritatenram dioshe erle nuxiEe ehitiaran cgadieed in

t he sol vent vvashi.ngqs in step (B) when the citalo
comprising.

10 (E) suspending citalopram oxalate in water and adding base to a pH 6 to 7;

(F) adding a solvent selected from toluene, cyclohexane, n-hexane, n-heptane, isopropyl

ether or xylene or mixtures thereof and isolating the aqueous phase.

15  Viewed from another aspect the invention provides a process for the separation of

5-carboxyamide from a crude mixture of citalopram comprising:

(H) dissolving citalopram in an alcohol solvent, adding
an acid and separating the precipitated salt, e.g. by filtration.
20
Viewed from a still yet further aspect the invention provides citalopram or salts thereof
obtained by the processes of the invention as well as their use in medicine and

pharmaceutical salts comprising the same.
25  As used herein "citalopram" refers to the free base thereof.

In part (A) of the process of the invention, the crude citalopram base should preferably

be dissolved in acetone. Without wishing to be limited by theory, it is believed that

desmethyl citalopram is removed in the solvent washings in step (B) when the citalo-
30 pram oxalate salt is isolated. It has been found that the most efficient elimination of

desmethyl citalopram occurs when the solvent employed is acetone.



30 pramoxal ate salt is isolated. It has been found that the nost efficient
elimnation of desnethyl cital opramoccurs when the sol vent enployed is
acet one. W 08871362565 PCT/ |1 B02/ 03832 6 Isolation of the pceaBm/i3aied
citalopramoxalate in step (B) may be achieved by, for exanple, filtration
or centrifugation or by any other conventional technique for separating a
solid froma liquid. The cital opramoxal & e is precipitated (it being

i nsoluble in the organic solvent enployed) and isolation should not be
effected by

ci tal opram J\ﬁ%&ﬂ%\d/?%% ﬁ%ﬁggggfé%%&%%f%‘gﬁ?% @%ﬁ%é’tehehgg%ggég&rhe base
used to |ibegrgh e?ﬁﬁﬁﬁ@l@ﬁ%ﬂ@ﬁﬁ@&ticﬁrﬁor%ﬁoﬁl& BorseBRodadFte BB ud forany

conventional base which is conpatible with cital opram Suitable bases

i ncl ude NaOstpardtihghGidlid fobny atiiquids The gjtalopratasektcio peacgitatddt (ititeing ef erred i f
anmonia i s use S. the base. The pH. of the solution in step (C) needs to be
i ncreased t&flsélﬂﬂ? id %B‘f%aP]&iséerFmt‘%n@ﬂﬁﬁlséndEP PR B%ts@qfﬁecgefi drated and
the requsred g ofPhe A LGEL WL s NG alopldnh Wod1 L BEBRte, nbt 1S
preferred ho&%\%ér[ﬂdlgfot eeog%q#éslyhf jé\ulstéeu%1 tosrﬁet e%og 5to 10, espeégél)al ly,
9.0 to 9.5, bevahoywddeheudbd yroBediré.0 9. 2. The pH can of course be nonitored
15 using standard indicators or other pH neasuring apparatus. The |i berated
cital opram fee base may be extracted fromthe aqueous solution by using a

standard or 88 blice Y ?&ﬁ%&%%%ﬂ?l\?é%afdgﬁgﬁl iﬁs‘ﬁx‘afé'?é i es'ﬁé@(@ﬂé?(a%bg% d is toluene

al t hough ot ydrocar bon so such as xy ept ane etc.

coul d be enpbmydeord) basiihicl iseaamsibleuliily citalbigranl Saitibte bivasiiciude MadEhoul d
be separated bé a sinple layer separation procedure and the solvent may
t hen be 1evapdPiead vaiguspysangbases Bowever. ibisipseforred if grumeeniz sgisedas Hedasour e.

Conveni ent | %’hre] %H%/fe[ﬁe sélQ&‘ons 1%' s\f%n(tC) ill%GJS%g%g Gﬁgcréﬁgg(? {o a value sufficient to ensure
citalopram base is liberated and the required pH will be readily determined by the
skilled chemist. It is preferred however if the pH is adjusted to between 8.5 to 10,
especially, 9.0 to 9.5, most preferably 9.0 to 9.2. The pH can of course be monitored

15  using standard indicators or other pH measuring apparatus.

The liberated citalopram free base may be extracted from the aqueous solution by using
a standard organic solvent (Step D). Most suitable in this regard is toluene although
other hydrocarbon solvents such as xylene, hexane, heptane etc. could be employed

20  equally successfully. The organic phase formed should be separated by a simple layer
separation procedure and the solvent may then be evaporated off by simple distillation
or under reduced pressure. Conveniently however, the solvent is removed under
atmospheric pressure conditions so as to maintain the liberated citalopram as an oil. By
using atmospheric pressure evaporation, it is likely that some traces of solvent will

25  remain (perhaps up to 10%) hence maintaining the liberated citalopram in an oil form.

In order to remove any remaining traces of desmethyl! citalopram it may be necessary to

repeat the oxalate formation and subsequent base liberation steps (A to D).



at nospheric pressure conditions so as to maintain the |iberated cital opram
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by car of ul - TUACBT Lo G okl <IHy BHER b boyger e FnRBGR PEM P SUR ant .
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necessary to add citalopram oxalate to water and adjust the pH of the
sol uti on t owBsling if papti@fl@rsableyts6. 2 to 7 (Step E). Again the base may be
any base suitable for this task, e.g. as described above in relation to

step (C), however, ammonia is again preferred. 10 The inventors have

surprisi 519: }sﬁy&aeng r&ﬁa@&e{ @%;% @iﬁgﬁ{e& %&%?Bﬁii@?foatﬁé ?ﬁ’?ﬁ@‘;@ ifig HBledSuy to add

substanti a Inits sa e salts o | oro and brono
i nt er nedi at eisalogmch dxalatenwaet addaadiust thetpliboff the sslngspontiotyy pbefembly Chto
organi ¢ washi ng therefore it has, surprisingly proved_ possible to

: (Step F),
renove the 7 &PIGP i) 2SR thetee BrayRn sy Desssiitde mitmgfasgﬁs-rwﬁ?ﬁr&bagﬁwe
desired pro i has&oni : [ shing solvent is 15
conveni ent|%%%ﬁ“ﬁ@ﬁéegg%g@ﬁ%ﬁ@%%e, nnggsg?%ﬁrgﬁ{% egﬁ&gne, i sopropyl ether or
xylene or mxtures thereof. In a preferred enbodi nent the solvent is
t ol uene, cycl ohexane or a mixture thereof. After the inpurities have been

renoved!§ n” Theinyeniars kavsisampaisinglyefoned et/ thispsk citadgprameralategemaingy| | y

basi fi ed and
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convert back to their corresponding bases. On organic washing therefore (Step F), it has
surprisingly proved possible to remove the impurities in the organic washings whilst
maintaining the desired product in the aqueous phase. The organic washing solvent is
15  conveniently toluene, cyclohexane, n-hexane, n-heptane, isopropyl ether or xylene or
mixtures thereof. In a preferred embodiment the solvent is toluene, cyclohexane or a

mixture thereof.

After the impurities have been removed in the organic phase, the aqueous layer can then
20  be fully basified and the citalopram free base extracted into an organic solvent for

subsequent conversion to the desired citalopram salt (Step G). Again, the solvent used to

extract the liberated citalopram can be any solvent suitable for the task, e.g. those

described above with respect to step (D).

25  Most suitable in this regard is again toluene although other hydrocarbon solvents such as
xylene, hexane, heptane etc could be employed equally successfully. The solvent may
then be evaporated off by simple distillation or under reduced pressure. Conveniently
however, the solvent is removed under atmospheric pressure conditions so as to
maintain the liberated citalopram as an oil. By using atmospheric pressure evaporation,

30  itis likely that some traces of solvent will remain (perhaps up to 10%) hence

maintaining the liberated citalopram in an oil form.



subsequent conversion to the desired citalopramsalt (Step §. Again, the
sol vent used to extract the |liberated cital opram can be any sol vent

sui t abl e woro3tses ask, e.g. those described above wth r @EpaBe2/a3832st ep
(D). 25 Most suitable in this regard is again toluene although ot her
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equal |y successfully. The solvent may tHKen be evaporated off by sinple
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PCT/1B02/03832 8 It is during the final stage, i.e. conversion to the

desired salt,. that .the_ inventors. believe that the 5-carboxyam de
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purification technique of the present invention is particularly suitable
for preparin ci tal opram hydrobrom de where the initial cital opramm xture
has beef0 pr éfgaﬁ@wmean@ufa_@ur@g}m@fe&bhoﬂle@YMmﬁdﬁd}Yém@iﬁndﬁ&a@waﬁe the

process is gﬁyal ly suitable for the

The purification technique of the present invention is particularly suitable for preparing

citalopram hydrobromide where the initial citalopram mixture has been prepared via a
15  c¢yanation of 5-bromocitalopram. However, the process is equally suitable for the

purification of the crude citalopram made by any other process. Other such processes are

described in, for example, EP-A-171943.

The cyanation of bromocitalopram is easily carried out using, for example, sodium
20  cyanide or preferably copper cyanide. Bromocitalopram itself can be manufactured in a

number of ways, for example, as described in US Patent No. 4136193.

Depending on the nature of the impurities present it may be possible to omit some of the
purification stages of the process of the invention. Thus, if no desmethyl citalopram is
25  present in a crude citalopram mixture, it may be possible to omit stages (A) to (D) and
simply remove the other impurities following the teaching of steps (E) to (H). This
forms a further aspect of the invention. Similarly, if a 5-carboxyamide citalopram
impurity is not present then conversion to the desired salt may be effected without
following the explicit teachings of step (H). Hence the present invention also provides a

30  process as described in steps (A) to (G) and steps (A) to (D) followed by step (H).



purification of the crude cital opram nmade by any other process. O her such
processes are described in, for exanple, EP-A-171943. The cyanation of

br onoci t aWopsamsss easily carried out using, for exanple, peadBea38® cyani de
or preferably copper cyanide. Bronocital opramitself can be nmanufactured in
a nunber of ways, for exanple, as described in US Patent No. 4136193.
Dependi ng on the nature of the inpuriti e present it may be possible to
omt sonme of the purification stages of the process of the invention.

Thus, if no.desneth citalopramis present in.acrude citalopram
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further aspect of the invention. Simlarly, if a 5-carboxyam de cital opram
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Cital opram salts " nmade by t process of the invention maybe fornmulated into
phar maceut i saichctalvpos intaigoesiurn stehmtapgtlatik iavtose, punhendistthe Bk Mnyotipassi t i ons
may take the formocigétabl ts.which maybeppr,e?ared bg m Xi ng the active

i ngredi ent RS PHAMEHYR coloTiNgs AT QMR THPSSFY Y P dASt AT & 185 Té(f(‘fémaiy&’e

conpr essi ng, LNe, mALHE: By BreGBMpEHbE WA the alifli %ﬂg @nfrBchi ne. Exanpl es of

- dRrutt Y
adj uvants or diffuents conprise: corn starch, pota starch, tal cum
magnesi um stearate, gelatin, lactose, guns and is the |ike. Any other
adj uvant or additive col ourings, arona, preservatives, _tastegg‘t%‘_ski ng agents

etc. majbe Theaiveriearpdicet maadlse hefpraplicdansaoiuion o mircipe whidiney be

1 nor f’ﬁj‘ ent. %rlggam%& By %%;n‘{ggtgé narR4L SRk AP dPoS S RN B S HSn@sciPlddt | ON
for injection, preferably sterile water, adjusting the solution to the desired volume,
sterilisation of the solution and filling in suitable ampoules or vials. Again, any suitable
additive conventionally used in the art may be added such as tonicity agents,

15  preservatives, antioxidants, etc.

The amount of citalopram administered to a patient is dependent on the nature of the
patient and will be readily determined by the skilled physician. Tablets may however
comprise, for example, 20 mg or 40 mg doses.

20 ’
Citalopram may be administered along with any other pharmaceutical with which it is
compatible and additional active ingredients can of course be formulated into

compositions with citalopram as is well known in the art.

25  The invention will now be further described with reference to the following non-limiting

examples.
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prepared by solving the active ingredient and possible additives in a part
of the solvent for injection, preferably sterile water, adjusting the

sol uti on wo oBl®saesi red vol unme, sterilisation of the sol ®Ciraro2zsas2f il i ng
in suitable anmpoules or vials. Again, any suitable additive conventionally
used in the art may be added such as tonicity agents, 15 preservatives,
antioxi dants, etc. The anount of cital opf‘%m adm nistered to a patient is
dependent on the nature of the patient and will be readily determ ned by

t he skill edﬁ%ﬁaﬂ@?. Tabl ets may however conprise, for exanple, 20 ng or
40 nmg doses: I opram may be admi nistered along with any ot her

phar maceutical with which it is conpatible and additional active

i ngredi ents can of course be forrmulated into conpositions with cital opram
as is well RASvWinmethylhmimeprop?b-1THé-fiuovepitenyh-143 dihydoobdezofumnifecarbescri bed
with reference.to the follow ng non-limting exanples. 30 WO 03/072565
PCT/ | B02/ 0384%ile ggpla gprim Oxalate).

1- (3- D ngt hyl am nopropyl )-1-(4'-fluorophenyl)-1,3

di hydr obenzof uran-5-carbo- nitrile oxalate (Cital opram Oxal ate). 5

G t al opr am Watslgpranp srae grepatzdtsabdtaraially aadesdebed intdedmpie ExfbiS| Ratéht dfo. US
Patent No. 4136193 although toluene was used instead of benzene. 100 g of
ci tal opram 48—63 199 ﬂi%wgh YeRe Wag Bisdansisad ofibenrais: KR %%ﬁl@?ﬂpr@?ﬂ?%o 9l 0%

was added t gviﬁlcae&égﬂl%th(ﬁ Ql(t)al%r)am%ﬂtent of up to 5.0% was added to acetone (300 ml) and

the resulting solution stirred for 15 min. at 40°C. To the above clear solution was added

10  oxalic acid (40 g, 0.31 mol), dissolved in acetone (300 ml) and the resulting mixture
heated to 50-55°C. The mixture was cooled and the white crystals of the title compound
were filtered off at room temperature and dried at 60°C for 6 hrs at atmospheric

pressure.

15  Citalopram oxalate prepared as in Example 1 (105 g, 0.25 mol) was suspended in water
(525 ml) and the pH was adjusted to 9.0-9.2 by the addition of ammonia. The mixture
was stirred for 30 minutes and extracted with toluene twice (250 ml). The organic
phases were separated and washed with water (100 ml). Toluene layer was concentrated
under vacuum. Acetone (300 ml) is added to the residue and the mixture stirred for 15

20  min. at 40°C. To the above clear solution was added oxalic acid (33 g, 0.26 mol),
dissolved in Acetone (300 ml) and the mixture was heated to 50-55°C. The white
crystals of the title compound were filtered off at room temperature and dried at 60°C

for 6 hrs at atmospheric pressure.

25  Yield: 90 g (85%). Desmethyl citalopram content less than 0. 1%.
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the resulting solution stirred for 15 mn. at 40C. To the above cl ear

sol ution was added 10 oxalic acid (40 g, 0.31 nol), dissolved in acetone
(300 m) wod3vmses esulting m xture heated to 50-55C. The POITABWYEB3839aS
cooled and the white crystals of the title conpound were filtered off at
roomtenperature and dried at 60C for 6 hrs at atnospheric pressure. 15
Cital opram oxal ate prepared as in Exanpl &1 (105 g, 0.25 nol) was suspended
in water (525 m) and the pH was adjusted to 9.0-9.2 by the addition of
ammoni a. The m xture was stirred for 30 m nutes and extracted with tol uene
twi ce (250 MXAMPAE 3rganic phases were separated and washed with water
(100 m ). Toluene | ayer was concentrated wunder vacuum Acetone (300 m) is
added to the residue and the mxture stirred for 15 20 mn. at 40C. To the
above cl ear 159! Dim&@RyMafinGsi@psaxal-fiosspttnf B, diyd26bembJurandseambored i n
Acetone (300 m) and the mxture was heated to 50-55C. The white crystals
of the titl| aittBehpdrodromide (Gifaleprambydrobromideln t enperature and dried at
60C for_6 hrs at atnospheric pressure. 25 Yield: 90 g (85% . Desnethyl
cital oprgm content less than 0. 1% 30 WD 03/072565 PCT/1B02/03832 11
EXAMPLE 2 14(3-DiniSknyhast opP-Fudrophemyl)- U erdaplaestshy o flirad-5-carbonitrile

di hydrobenzof(uran- -car E%f@gpt r?q: e hygr ori)yfrl)lc-)n‘i de (G tal opramhydrobrom de).
5 oxalate (90 g, 0.21 mol) prepared as per example 1 was suspended 1n water (500 ml) and

L (3P amagRoR bobi AL Bt eRheRA iy DB BT car e
in vater (5Q8pMinAfdy 20 mi). The solution is stirred for 15 min. The above solution was
10  washed with toluene (6 x 50 ml) and the organic phases are separated. To the remaining
aqueous phase was added ammonia (20-25%) to bring the pH to 9.0-9.2. The mixture
was stirred for 15 min, and extracted with toluene (2 x 250 ml). The organic phases
were washed with NaCl solution (100 ml, 10%) and the toluene removed in vacuum to
leave an oily residue. To the residue was added 350 ml isopropylalcohol and the clear
15  solution filtered through Celite®. To the resulting clear solution is added 35 g of 48%
aq. hydrobromic acid and the mixture is stirred for 1 hr at 50°C. After cooling to 20°C,
the crystals are filtered and dried.

Yield: 75 g (85%) Purity: 99.7%
20



aqueous ammoni a (20-25% was added to adjust the pH of the solution to
6.2-7.0 (approximately 20 m ). The solution is stirred for 15 mn. The
above solwDioan72865 10 washed with toluene (6 x 50 m) andPChaBaY Q3832 C
phases are separated. To the renmining aqueous phase was added amoni a
(20-25% to bring the pHto 9.0-9.2. The m xture was stirred for 15 mn,
and extracted with toluene (2 x 250 m). Phe organi ¢ phases were washed
with Nad solution (100 m, 10% and the toluene renoved in vacuumto

| eave an oily residue. To the residue was added 350 m i sopropyl al cohol and
the clear 15 solution filtered through Celite(err) . To the resulting clear
solution is added 35 g of 48% aq. hydropiggi c acid and the m xture is
stirred for 1 hr at 50C. After cooling to 20C, the crystals are filtered
and dri ed. Yi eld: 75 g (85% Purity: 99.7% 20 WD 03/072565 PCT/ I B02/ 03832

12 d ains oces a salt of. cital opram

conpri si ng: SA}%ﬁfocﬁfs }{?H{apaé?t{)% d%%rsgﬁn ?ﬁltﬁfogmg?ﬁlpgﬁl%ct ed from

acet one, sal cohol, or toI uene or mxtures thereof and addi ng oxalic acid,
(B) separati the precipitated cital opramoxal ate, e.g. by filtration; 10
(C) suspendi (ug) diagadviog pﬁalopnaarm@mﬂ%ésalwt&daﬁr@n anthnagdeaiglarbasendar an

anount sufficient to r emt am (D) extracting the |iberated
ci t al opr am wTHUES ﬂ&?&@rﬁ“@ @gWé’ﬁ? I ating the organic

(B) separating the precipitated citalopram oxalate, e.g. by filtration;
10
(C) suspending said citalopram oxalate in water and adding a base in an amount

sufficient to liberate citalopram;

(D) extracting the liberated citalopram with an organic solvent, isolating the organic

15 phase and evaporating said solvent;
optionally repeating steps (A) to (D),

repeating steps (A) and (B) and subsequently;

20
(E) suspending said citalopram oxalate in water and adding base to a pH 6 to 7;
(F) adding a solvent selected from toluene, cyclohexane, n-hexane, n-heptane, isopropyl
ether or xylene or mixtures thereof and isolating the aqueous phase;

25

(G) adding base to said aqueous phase in an amount sufficient to liberate citalopram
and extracting the liberated citalopram with an organic solvent, isolating the organic

phase and evaporating said solvent;

30  (H) dissolving said citalopram in an alcohol solvent, adding an acid and separating the

precipitated citalopram salt.



15 phase and evaporating said solvent; optionally repeating steps (A to
(D), repeating steps (A and (B) and subsequently; 20 (E) suspendi ng said
ci tal opr awoogar#b® i n water and addi ng base to a pH 6 to PCT(IB)2/@dsk ng a
sol vent sel ected fromtol uene, cycl ohexane, n-hexane, n-heptane, isopropyl
ether or xylene or mxtures thereof and isol ating the agueous phase; 25 (G
addi ng base to said aqueous phase in an alfount sufficient to liberate
citalopram and extracting the liberated citalopramw th an organic
solvent, isolating the organic phase and evaporating said solvent; 30 (H)
di ssolving said citalopramin an al cohol solvent, adding an acid and
separating the pAGRbQsS firesk &Pm{i&pbﬁaesﬁ@‘cﬂyl AR AR G2 i ThixRAe/ 03832
13 2. A process for the separation of desnethyl citalopramfroma crude

m xture t hethespf withigitelopranopasaomassingonpri sing: 5 (A) dissol ving
citalopramin a solvent selected from acetone, alcohol, or toluene or

m xtures thereof and adding oxalic acid; (B) separating the precipitated

ci tal opram opgld@dselvideit-fdprati R 8 REvEg: s%ﬁbt@dfﬁ‘oh%&&ﬁi%%le?ﬁ%l,%%lh%%’@i er and
adding a base’in an amount® sufficient to |iberate citalopram

extracting tmixtimehthestoddnd addihgpxaimasidsh an organi ¢ sol vent, isolating the
organi ¢ phase and evaporating said sol vent;

(B) separating the precipitated citalopram oxalate;

10 (C) suspending said citalopram oxalate in water and adding a base in an amount

sufficient to liberate citalopram;

(D) extracting the liberated citalopram with an organic solvent, isolating the organic

phase and evaporating said solvent;

15
optionally repeating steps (A) to (D).
3. A process for the separation of 5-chlorocitalopram and 5-bromocitalopram from
a crude mixture of citalopram oxalate comprising:

20
(E) suspending citalopram oxalate in water and adding base to a pH 6 to 7;
(F) adding a solvent selected from toluene, cyclohexane, n-hexane, n-heptane, isopropyl
ether or xylene or mixtures thereof and isolating the aqueous phase.

25

4. A process for the separation of 5-carboxyamide from a crude mixture of

citalopram comprising:

(H) dissolving citalopram in an alcohol solvent, adding an acid and separating the

30  precipitated salt.



15 optionally repeating steps (A to (D). 3. A process for the separation
of 5-chlorocital opram and 5-bronocital opramfrom a crude m xture of

ci t al opr awpesalzss® conprising: 20 (E) suspending cital opr 2eTaRe/&38% i n
wat er and addi ng base to a pH6 to 7; (F) adding a solvent selected from
t ol uene, cycl ohexane, n-hexane, n-heptane, isopropyl ether or xylene or
m xtures thereof and isolating the aqueod phase. 25 4. A process for the
separation of 5-carboxyam de froma crude m xture of cital opram

conprising: {H di; ing citalo i n.an_.al cohol solvent,. addi n acid
and separ at i5§'lg tﬁ%ﬁaﬁ%ﬂ&o&gﬁf& @3 egfj@%lwqgwed%?ﬁ?% yﬁ@?ﬂfégﬁ@gg% - 14
5. GCtalopramor salts thereof obtained by the process of any one of clains

1to 4. 6. A pharnmaceutical conposition conprising citalopramor a salt
t hereof as @l ai rhhirmageutioal mmsition comprising citalopram or a salt thereof as

claimed in claim 5.



