2 6 JUL 2005 uouoo~en~ 166166 Process for the production of cital, gramS
This invention relates to citalopram in particular salts of Clt Hfﬂ’hrﬁﬂﬂﬁnd
a process for the manufacture of said 'salts in very high purity.
Citalopramis a well-known anti-depressant drug whi ch has been

mar ket for a nunber of years. It has flhe structure shown bel oMﬂMMIMI“W‘“I
Citalopramis a selective, centrally acting serotonin

(5- hydroxytryptam ne: 5-HT) re-uptake inhibitor and accordi ngly poY%8ses
anti-depressant activity. The anti-de- pressant activity of the conpound
has been reported in a nunbei,Qdss Rithd 51 Hh&fb?xéf"b@talo?kér@' opram has further
been di scl osed as showi ng potential 1 n"the treat denentia and
cerebrovascul ar disorders. 20 G tal opramwas first disclosed in US 4136193

whi ch descr| g}s a nunber of processes faor its_preparation. Once
manuf act 3ir e dLISEREETEOR 3¢1af5s imeitalamrams ingearkeulay salts of citglensamyand.a pregass forsi ng

conventlonalt e%&m&%%f@ﬁﬁi@gﬂﬂ ‘}e&%ﬁ%?é’” seq as a free base.

Hydr obr omi de ts are especi a d since they are orally
avai l able. 25 II\/S~AR~9~ G00002* 6 JUL 2005

Citalopram is a well-known anti-depressant drug which has been on the market for a
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

R

*G00002*



2 Since the publication of the above nentioned US Patent, a nurﬁér of
further processes for the preparation of cital opram have been \Auéezﬂﬂhnd
in many of these, as well as in the above US Patent, the |ast step of the
process involves the conversion of a group different fromthe cyano in the
5 position of the phthalane ring into the 5-cyano group. 5 Preferably the
conversion takes place froma brom ne anal ogue. As is well-known however,
impurities are inevitably formed during the cyanation reaction and these

i npurities_are Igllifficul,t to separate fromthe desired end product.

| npuri ti es SHES ?B@i%@?@f’rﬁhé@gp‘ye Entionedi$S Batanfes numbenaftrthémmbyesses

extensive Lo ol es.are required. Were the final stage of
ci tal opr am%ﬁg? g%’t ur eh%r%g{ﬂ\%%g% Vﬁ&’te%ﬁe%}%%s@“ﬁrl’amaﬁx O%QFFQF’@QN‘@Htaémhe

cor r espondithegaboive iUS Patefit e 1@t Bteb HF W i )
5-Br/Cl-citatopram NC NH F desr?gt hyt %??%f%g&%gﬂg@gv%&gaﬁcéé‘m de

ci tat opr anmfisttegenf rom dgrscygno in the 5 position 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: ki

15

F F
desmethyl citalopram' 5-carboxamide citalopram



Various purification procedures are already known in the art for Qlérifyi n%
a crude citalopram m xture produced after such a cyanation react n:JUlF(ZGO_
exanpl e, GB 2356199 teaches that the inpurities nmay be renpved using a.
conventional filmdistillation technique. The crude base is sinply
distilled using, for exanple, a thin filmdistillation 5 apparatus vyielding
a purer citaloprain material. The base product may then be fornmed into the
salt. GB 2357762 describes- an alternative procedure in which the crude

free bases,s.simply crystalljsed prjor, to conversion to the salt, There
still r errai‘?\a?%“ﬁ @ﬂé&%“ﬁ%@%dﬂlfeﬁ%g afé?ﬁdyimemlei%%ﬂ Erpurbrae aCHHEM ¢
purify- 10 cgalopfiin HiR&RE Pf RBcQARE | i | ' e,
for exanpl ec, tF'?e use of ?fl mcdi sti Islﬁéaﬂt %/8%&3%%&3%&9&&%yé%%h%%’oﬁlgﬁilﬁlﬁ%y
expensi ve. teasBepthaktbatimpnuities may bé reneovedwsinguencbrarentidriab fia distiglatiog r api d’

the above- MGTEIBRORS FRe bEsS K aIt Led D82 SoEPb: &by Hom Astdsionn ng
above- ¥ . SR HOHR26 uESE g Eererle o stis
R hor , 1 he b ars ST Ao ol RIRERS M otdl, ey Bhocee b B BBt o o

sol vent s amutotthesataGE D3 5TH62i desdritics-an aliémplive ? o828 IPWhRANES ctY 38
I solated in very, high purity in the absence of the najor inpurities

5- chl or oci P& sERLY chyssrllaskarioaite penversio tonbeeglt- ci t al opr am and
5- car boxyam de cital opram .20. Thus, according to one aspect the invention
provi des a .process for the preparation of a salt of cital opram conpri sing:

(A) dissol viheg stilll retnRpisoie nBe Ehdwd e R dsEke iRkt Lo 9@%&5{&&@%&8 ol , or
Cl a,

toluene or 25 m xtures thereof and adding oxalic a separat’ing the
pr eci pil@ at catien prarehrresespeaially for use gn iidustridl scale imhere, foE)examplee tioh uvg oFai d

ol 0P Al gl ) L ST 20 AR S 2

The present inventors have now found an altemative and rapid way of isolating purer
citalopram salts substantially in the absence of the above-mentioned impurities without
16 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 S-chlorocitalopram,
5-bromocitalopram, desmethyl-citalopram and 5-carboxyamide citalopram.
20
Thus, according to one aspect the invention provides a process for the prepara;cion 6f a

salt of citalopram comprising:

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

25  mixtures thereof and adding oxalic acid;

(B) separating the precip_itéted 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;



30 sufficient to liberate citalopram e.g. to a pH 9 to 10; 2 628WURQAES 4
(D) extracting the liberated citalopramwi th an organic solvent, isolating
~the organi c phase and evaporating said solvent; optionally repeating steps
(A) to (D), 5 repeating steps (A and (B)-and subsequently; (E) suspendi ng
said cital opram oxal ate in water and adding base to a pH6 to 7; 10 (F)
addi ng a solvent. selected fromtol uene, 4ycl ohexane, n-hexane, n-heptane,

i sopropyl ether or xylene or mxtures thereof and isolating the agueous
phase; (Q di ng bas th% sai d .aqueous phase in an anmount. sufficient to

liberate cital% ‘éthqga'iﬂ esaiqditalopgam vdth dnbergatied cital opram with an
organi c solwgnt’ ik S0h R § r.gani hase, 15 and evaporating said
solvent; (H) di 250 %1?1 fhgglr%ap%ﬁéag%ﬁ?cgﬁ?aipﬂm&ﬁgémééﬂ]&m%ol vent, adding an
acid and separating the precipitated citalopramsalt. 20 According to

anot her aspect the invention conprises a process for the separation of
desnet hyl cIRUSPEHY EpeatingratepsdA)te (D, xt ure thereof with cital opram base
conprisigng: (A) dissolving citalopramin a solvent selected from acetone,
al cohol, or toluene or mxtures thereof and adding oxalic acid; 25 (B)

separating rbp@tipgQ@Q(Ap&w@%gals%eﬁggn%al-at e; (O suspending said

cital opram oxal ate I n water a base in an anount

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

10  (F)addinga 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 phése

16 and evaporating said solvent;

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

precipitated citalopram salt.

20 According to 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



sufficient to liberate citalopram e.g. to a pH9 to 10; 30 2 6 JL}GZ@&%@S
(D) extracting the liberated citalopramw th an organic sol vent, isolati
the organic phase and evaporating said solvent; optionally repeating steps
(A) to (D). 5 According to a further aspect the invention provides a .
process for the separation of 5-chlorocital opram and 5-bronocital opram
froma crude m xture of citaloprarn oxalage conprising: 10 (E) suspendi ng
citaloprarn oxalate in water and adding base to a pH6 to 7; (F) adding a
sol vent selected fromtol uene, cycl ohexane, n-hexane, n-heptane, isopropyl
et her or xy(Rnextracting thelibemtedetabuframiwith aobdmenicgolvient, iglutimgshohganic 15
According to a still further, aspect the invention provides a process as
defined in Ehaépﬁﬁqeﬁpqﬁ@géﬁﬁé?ﬁ‘@&ncl aims. 20 According to a yet further
aspect the invention provides citalopramor salts thereof obtained by the
processes of the invention as well as their use in nedicine and

phar maceut i egtioratly r&peatingdste;sd tblip).same. 25 As used herein "cital oprant
refers to the free base thegse(‘g?. In part (A) of the process of the
i nventidh, the crude cital oprarn base should preferably be dissolved in

acetone. W . WM shing to be limted by theory, it | s believed that
Apc%%mﬁwto 3'fitthet aspect tl’le 1nvent?on grow es a%l)rocess for the separagon of
5-chlorocitalopram and 5-bromocitalopram from a crude mixture of citalopram oxalate

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

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

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

15

According to a still further aspect the invention provides a process as defined in claim 4

of the appended claims.
20

According to a 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  Asused 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.



desnethyl citalopramis renoved in the sol vent washings in step (B) when
the citalo 30 pramoxal ate salt is isolated. It has been found ttlquUﬁ.h?-:mls
nost efficient elimnation of . desmethyl citalopramoccurs when the sol vent
enpl oyed is acetone. 2 g JUL 2005 6 Isolation of the precipitated
citalopramoxalate in step (B) may be achieved by, for exanple, filtration
or centrifugation or by any ot her conventi onal technique for separating a
solid froma liquid. The cital opramoxalate is precipitated (it being

i nsol uble in the organic sol vent enployed) and isolation should not be
effected bylselabompbinaprenipitatdd citabopyamaxetainaty (B) nes teheh#esd sy, vt

ci tal opram woul f course, QOttwge renoved in such a procedure. The base

used to |i bEPHPL Sluatjongreen 1 by anyother ponyentionatjechnigup forany

convent i onadenhia | ' t-+b)] | ' opram .Suitahbl e bases

i ncl ude Naq? 1%%%%6%%%???@3@' %l%g%tr?m@tr%%?géﬁ#&mg%&p}tahd (?tg’eﬂ?gef erred if
amoni a i s insdublag theerpadesolvaitenpibyel) irttrisslatioh siuld RotHetdtrdcfeld gjeeds to
be i ncr%ased to a va}v_gue sufficient to ensure cital oprambase is I|i berated

and t he °r eqUYRPYaLRgOHithe onganic phase sincgehe desmashylisitalopem wioild, eficatresyinet . | t
is preferreg | ls adjusted to between 8.5 to 10,
especi al ly, QQ%W?%fg?%l?h%@g?c%gﬁf’fgferabl y 9.0 to 9.2. The pH can of course be
nonitored 15 using standard indicators or other pH neasuring apparatus. The
liberated citaloprarn f|l ee base may be extracted fromthe aqueous sol ution
by using albpthaseiased toligeratecitsbopramifiqnSite pxalpte ivibtep (€)idagtbeaniyn thi s regard
is tol uene C%Inthg%ghla ot her _hydrocarhon sol vents such_as xyl ene, hexane,
hept ane et ¢OP¢Et at?éls%??glf%’y]éﬂmi‘@a Ry ¥asPuitable bappwinghiggiNaO B hase
f or med 8hoUXOHNAdSARBEASSINiBYasks HoWRl & |90, pracedure and the
sol vent may then be.” eva ora%bed S?ng kég” it?%gfeée%ed?? %ﬁ%daot%ilaoﬁ uSEF S THS base.

The pH of the solution in step (C) needs to be increased to 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 Iikely 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 tc

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



or under reduced pressure. Conveniently however, the solvent is renoved
under atnospheric pressure conditions so as to maintain the |ibdrétgy 2005
citatopramas an oil. By using atnospheric pressure evaporation, it is
likely that sone traces of. solvent will 25 remain (perhaps up to 10% hence
mai ntaining the liberated citalopramin an oil form In order to renove any
remai ning traces of desnethyl citalopram?t nmay be necessary tc repeat the
oxal ate formati on and subsequent base |iberation steps (Ato D). 2 6 JUL
2005 7 Wthout wishing to be |imted by theory, it is believed that the
further mai nVithgiipvishiag to blimited by thsoty, it is Abligyed that e faethercmmindehphyitiegr ef ul

mani pul ati o and. then b washing,Jn i cul af solvyents. 5 I n order
to renove t%é%éoﬁﬁiﬁﬁ? ?lttqlggrag@é&ba ir?ltBOY%j ‘?%%a?ﬁ% Arpyrtion of pH addbentyr y to
add cit al opyaghin®@iebatigulafsdlé@¢. and adjust the pH of the solution to 6 to
7, preferably 6.2 to 7 (Step E). Again the base may be any base suitable

for this task, e.g. as described above in relationto step (C, however,

anmonia Ls ai referred. 10 The inventors have surprisingly found that
at this %H @?9#5&%0&2%? PRSI REcordingdp M ingentipn; i is necessary tofasidm but

hei - corr ennoiral raae 0 bal T IER AR FIRD S o 2 BT D R s

their correspondi ng bases.

sur pri si ngl § (Btep\BdAgainghébssetmay Rr@ybabdguitabRUb thiPesk . 4. R dcIiBBE Shove
washi ngs whilst . maintaining the desired product in the aqueous phase. The
or gani c wasf‘ﬂ?fgatéoélltﬂ?éwp (3, boyveyem gemnamia isageiolpwefemed.cycl ohexane, n- hexane,
n- hept ane, isopropyl ether or xylene or mxtures thereof. In a preferred
enbodi ment the solvent is toluene, cycl ohexane or a mxture thereof. After

E: Qﬁ |t Hgtrlllm i t IThs imenfroRafe suesfsiedy FtmdhRatQl 838D RERBAm blBaRILaaNs | aver
substantially in its salt form but the salts of the chloro and bromo intermediates tend to
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

16 conveniently toluene, cyélohexane, 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 sol;\rent 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 conld 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.



20 be fully basified and the cital opramfree base extracted intoyanfrageic
sol vent for subsequent conversion to the desired citalopran1salt'?§{ep 0.
Agai n, the solvent used to extract the liberated cital opram 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
hydr ocar bon sol vents such as xyl ene, hew®ane, heptane etc could be enpl oyed
equal |y successfully. The solvent nmay then be evaporated off by sinple
distillatiaqn, oy under reduced pressure. Conveniently however, the solvent

i s renoved lLddFngithoEpHastage, ion eenvarsion tmtbietdesinsl sit, tat the inveitsts Bbleviche

| i berated ¢j r an oil. By using atnmgspheric_pressure evaporation,
30 it is Iﬁgetﬁbg?ﬁg{gogg?’%ﬁ[ercgﬁlé’gr- HEB‘I"%&WB' q1eMO¥E&i n (perhaps up to 10%
hence maintaining the liberated citalopramin an oil form 1 0 JUL 2005 8
It is during.the final stage, i.e. conversion to the desired salt, that the

i nvent or s § Baghievediby dissol Bing 4hd citalapranein @i tatdobpt STV erPaspdiNy RBYprBHyl
renovedg Trlilc%hiotz raChﬁihg% d,gﬁ di ssol%(i)ﬁg the citalopramin an alcohol

sol vent, especrali®y®y @r %//f‘quegu%lﬁ SILE a85BE: hansid, iTHsnaddebiofosa e
form ng agefthloptants ' ' cital opram sal Step
H . The cital oBr am %lg ttg%r ':It‘ﬁg@%gﬁgalﬁ g‘g{séa&!s?gaggﬁ%f@iﬁ%‘?‘gg%vleglhwhy%y
filtration firatgmnndentrifagition butithe $+earbolox ¥RATbFRnTin E&HAih{B%ét y
remains in the, aqr anig'phase and is hence easily and surprisingly renoved
with the oﬁg%ﬁwccPQf&%a%. isjpngmeasilyiend serpbsinglymefrmoediméth the opganfogptaly.y t he
hydr obr om de, hydrochloride or oxalate salt. The purification technique of
the present invention is particularly suitable for preparing cital opram

hydr obriom dhewshietebs hanifitute is réfela8 R BT hPArdbHidB AN eSSl ERLE i @ a

salt.

The purification technique of the present invention is particularly suitable for preparing
citalopram hydrobromide where the initial citalopram mixture has been prepared ﬁa a
15 cyanation 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 S-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).



15 cyanation of 5-bronocital opram However, the process is equally suitable
for the purification of the crude cital opram made by any other @rtbadss2005

O her such processes are described in, for exanple, EP-A-171943. The
cyanation of bronocitalopramis easily carried out using, for exanple,

sodi um 20 cyani de or preferably copper cyanide. Bronocital opramitself can
be manufactured in a nunber of ways, for9exanple, as described in US

Pat ent No. 4136193. Depending on -the nature of the inpurities present it
maybe possible. to omt sonme of the purification stages of the process of
the inventi &Atalopsym salty made bythemsoseys ofihe dveptianmiay b2Sopndstedinton a crude

Ci ity r oo it Suont SR B30 Ptk Agh it Saahp PR e e 1o

(H. This &y emafitablbRQFhidSRas be pfephida Hfﬁfﬁm ctile Gt with ofdin

5-carboxyam de cital opram inpurity i's not pr esget?\ltgat en%%%nver Si on?? 6P he
desired sal admwsgite aad/gedﬂedltmiﬂdmbsequmﬂly enhpgsditietbe xikines in 4 easbiti@m] of
step (H) e.the present invention also provides a 30 process as
descri bed Pﬁa%g?fa%m%&)m?-?]xmpleéﬁg adjugpals opglilyenty qomprise! eome atamh, petely (H). 2
6 JUL 2005 QiafdH &l10RA A, F@% VAT e he imvention may be
~fornmul ated i n:to’ phar’nac%ﬁéts%l%% coﬁb%%%%é%%g%sgl?%gﬁqtlﬁﬁenlo Y C{Q]Pl%r art.
Such conposedjugast oredditvieeolcukiagd, arom®présablatives, whietha 4penfR et M/ heby
m xing the actjve |j ngr edient with ordinary adjuvants and/or diluents and
subsequent | &‘Si‘iﬂ’\‘ﬁf’% ithaj theyererompatible with thoastivetingedients t abl eti ng nmachi ne.
Exanpl es of adjuvants or diluents conprise: corn starch, potato starch,
tal cum nmagnesium stearate, gelatin, lactose, gunms and is the like. Any

agents o c. my be e R e AR Bt e
i ngr edi ent . prepared by solving the active ingredient and possible additives in a part of the solvent
for injection, preferably sterile water, adjusting the solution to the desired volume,
 sterilisation of the solution and filling in suitable ampoules or vials. Again, anty 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.

30



10 The active ingredient may al so be fornmul ated as a sol ution er iUli.%dSi on
whi ch ‘may be prepared by solving the active ingredient and possiqbfje

addi tives in a part of the solvent for injection, preferably sterile

wat er, adjusting the solution to the desired volunme, sterilisation of the
solution and filling in suitable anpoules or vials. Again, any suitable
additive conventionally used in the art gy be added such as tonicity
agents, 15 preservatives, antioxidants, etc. The anount of cital opram

adm ni stere 0 a_patient is dependent on the nature of the patient and
wll be readi dfel ni ned by the skilled physician. Tablets may however

conprise, for exanple, 20 ng or 40 ngy doses. 20 G tal opram may be
adm ni stered along with any other pharmaceutical with which it is

conpati bl e a{B-Didbithylanmh . | C f course_be fornmul ated
into conposjtijons V\%, th C?I?ng%?aﬁ]gfs‘E?bsi We ill p g%é\%’?’ (ﬁ'ﬂg?'}?é’f'é‘fat".' é)‘E‘Bﬂ’lﬂ'ne

i nventi on whitrileexelate (Citaldprano®sahaitd)ed with reference to the fol | owi ng
non-limging exanples. 30 2 6 JUL 2005 10 EXAMPLE |

1- (3- Di met hyl ani nopropyl ) - 1- (4' - f uor ophenyl ) -1, 3
Gt 21 opr am v prenb S Rgaccl shblaR 8 B Gebe 1otbiale oAby Estkitayo. Us
Patent No. 4143_1%31 rarrglluaigrmu@m ek tsdnies] REzARSI RAZo Pl RGREENE 301 0%) 9 Of
P &Rh a(c)iesmet)nyl citalopram content 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. ' |

16 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 toluens twicel(25 0 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 stirrcdlfor 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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with a desnmethyl cital opramcontent of up to 5.0% was added to acetone (300
m) and "the resulting solution stirred for 15 min. at 40C. To tk@saﬁmvgms
cl ear:sol ution was added 10 oxalic acid (40 g, 0.3.1 nol), dissolved in.. .
acetone (300 m) and the resulting m xture heated to 50-55C. The m xture
was cooled and the white crystals of the title conpound were filtered off
at roomtenperature and dried at 60C for f hrs at atnospheric pressure. 15
Cital opram oxal ate prepared as in Exanple 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
amoni a. TheEXAMBEE 2 was stirred for 30 mnutes and extracted with tol uene
twce (250 m). The organic phases were separated and washed with water
(100 m). Toluene | ayer was concentrated under vacuum Acetone. (300 m)

the above. ol SE- PSR MBI Tih MGl dhyaveengOhiian S A bl ved
in Acetone (ftfleMiyiraebriide (CitsloprmiPariidhade) 0 50- 55C. The white

crystals of the title conmpound were filtered off at roomtenperature and
dried at %0C for 6 hrs at atnospheric pressure. 25 Yield: 90 g (85%.

1= (3- Di et by GRoRB ARSI IR epelisny D)L S duSarhprspe b aRmle
e o S Okt S 4 LA BT 0 e
- carboni t ri |agueous ammonia (20-25%) was added to adjust the pH of the solution to 6.2-7.0
(approximately 20 ml). 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 blear
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



oxalate (90 g, 0.21 nol) prepared as per exanple 1 was suspended igirwat er
(500 M) and aqueous anmonia (20-25% was added to adjust the pH2dF JUhdlios
solution to 6.2-7.0 (approximately 20 m). The solution is stirred for 15
m n. The above solution was 10 washed with toluene (6 x 50 m) and the
organi ¢ phases are separated. To the remaining aqueous phase was added
ammoni a (20-25% to bring the pHto 9.0-322. The m xture was stirred for
15 min, and extracted with toluene (2 x 250 m). The organi c phases were
washed with NaC solution (100 m, 10% and the toluene renoved in vacuum
to leave an oily residue. To the residue was added 350 ml i sopropyl al cohol
and the clear 15 solution filtered throu?h Celite(r). To the resulting
clear solution is added 35 g of 48% aqg—a@:ijrobrom'c acid and the m xture
is stirred for 1 hr at 50C. After cooling to 20C, the crystals are
filtered and dried. Yield: 75 g (85% Purity: 99.7%20 2 6 JUL 2005 12
Claims 5 10 11. Aprpeass éwshé prepdatiopoepaalass oitalofram comhdrisafg: Ci t al opram
conmprising: (A dissolving citalopramin a solvent selecteed from acetone,
al cohol ,” or toluene or mxtures thereof and adding oxalic acid; (B)

separating {3 & E moxalate, e.g. b iJtration; (C
suspendi ng gg?gﬁgcﬁfg g%@%ﬁ\%aﬁ %% @gl&% S&ﬁf@fl%ﬁﬁh a&%tgflera&Y%’LBL%tqlhef@rpram)unt
suf fici ent noxturdsethedesf aid fddafy e¥Hlic acid;

(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;
optionélly repeating steps (A) to (D),

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

20
(E) suspending said citalopram oxalate in water and adding base to apH 6 to 7;
(F) adding a solvent selected from toluene, cyclohexane, n-hexane, n-heptahe, 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.



(D) extracting the liberated citalopramw th an organic solvent, isolating
the organic 15 phase and evaporating said solvent:; 20 25 opti onall6yJuL 2005
repeating steps (A to (D), repeating steps (A and (B) and subsequently;
(E) suspending said cital opram oxal ate in water and addi ng base to a pH 6
to 7; (F) adding a solvent selected fromtoluene, cyclohexane, n-hexane,

n- hept ane, isopropyl ether or xylene or m3axtures thereof and isolating the
aqueous phase; (G adding base to said aqueous phase in an anpount
sufficient to |iberate citalopram and extracting the |iberated cital opram

wi th an organic solvent, isolating the organic phase and evaporating said
am i n_an _al cohol solvent, adding an

sol vent; 30 (H) di | Vi aid cital o

acid and sepgf at i r‘%ﬁﬁ%é%f isﬁP%fa?%O@{eﬁlalF%}élﬁalw.ﬂ@n@Memm 2. A
process for meﬁmmﬁtdl%ﬂfbﬁggﬁﬁm&d tal opram froma crude mixture
thereof with cital opram base conprising” 5 (A) dissolving citalopramin a
sol vent sel ected from acetone, alcohol, or toluene or mxtures thereof and

addi ng oxal i ids (B).separating the precipitated cital opram oxal ate; 10
(C) sus peﬁdi ﬁ%ﬂgl&%&" Pt"EF@SF%&ng&% selactad fiom anstbnadalcotplcortiakient or an
anount SUffhﬁkt@stth&ebeﬂﬁdﬁj &{.ﬁ 98amM (D) extracting the |liberated

citalopramw th an organic sol ven I'Ssol ating the organic

| (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 S-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-carboxy amide: citalopram from a crude mixture

citalopram comprising:

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

30 precipitatedf'citalopram salts.



phase and evaporating said solvent; 15 optionally repeating StEpSZ(GA?JUE %05
(D). 3. A process for the separation of 5-chlorocital opram and
5-bronocital opramfrom a crude m xture of cital opram oxal ate conpri sing:
20 (E) suspending cital opram oxal ate in water and adding base to a pH 6 to
7, (F) adding a solvent selected fromtoluene, cyclohexane, n-hexane,

n- hept ane, isopropyl .ether or xylene orl4m xtures. thereof and isolating
t he agueous phase. 25 4. A process for the separation of !5-carboxy am de;
cital opram fer om a.crude m xtur ci.t al opram conprising: (H) dissolving

ci tal opram Ph an%a{fa&mﬁlf“ ¢ SeNEHRereok elefringd A thecprdcess of smpaneds cigmishero 430
precipitated. citalopramsalts. 2 6 JUL 2005 14 5. Ctalopramor salts

t her eof obtained by the process of any one of clains 1 to 4. 6. A

phar maceut i 8al cénphaimarerticabmoniosition cohipdsR M dRarf os 2kln: HIELP9L aS

claimed in gﬂafarhégl%clg'lm 5.
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