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{54) Title: CRYSTALLINE BASE OF CITALOPRAM

(57) Abstract: The present invention relates to the crystalline base of the well known antidepressant drug citalopram, 1-[3-(dimethy-
lamino)propyl]-1-(4-fluorophenyl)- 1.3-dihydro-5-isobenzofurancarbonitrile, formulations of said base, a process for the preparation
of purified salts of citalopram, such as the hydrobromide, vsing the base, the salts obtained by said process and formulations con-

taining such salts.

the salts obtai ned



Crystalline Base of Cital opram 13 SEP 2004 PCT/ DKO /00137 The ﬁj né@
invention relates to the crystalline base of the well known ant S%?e 'émt
~drug, citalopram | -(3 -(dinmethylam no )propyl]-1-(4-fluorophenyl)-1,3
--di hydyo- 5-i sqgbenzofuran 5 carbonitrile, formulations i , a

pr ocesé'%*w“?zﬁe preparation of purified salts of cital g‘f)‘%’z’%kg”@ﬁ%ﬁ as the
hydr obr om de, using the base, the salts obtained by said process and
formul ati ons containing such salts. Background of the Invention 10

Ci t al opFaystilineBage pf Citalepyannint i depr essant drug that has now been on the
mar ket for sone years and has the followi ng structure: NC (1) 151t is a

sel ective, centrally acting serotoni 5- hydr tr .am ne; 5-HT) reuptake
i nhi bi t 8k PregpidByPPRIclRtes /1R @Watﬁ‘?‘f“a é&%‘ggﬁfﬁﬁ?ﬁﬂp"iﬂ "’é’é‘?ss"‘ﬁﬁg’“g

aml:) : depbﬁ:ﬂ@ﬂﬁ,14§—tdimbﬂ1ylaﬁhinlot)ﬂi&pﬁ]emmﬂutdophasrl)bbbdihydméeis@@dzdfm*am-ever al

"~ publications,..eq. J. Hyttel,, Praog. ) i

Psychi af™ OHIT%%““BI?H%?%% baﬁ%&% (?C'é%lfgr\c/}gﬁx%gﬁ %H%ES‘ chi gts?l.é %Eg*l%" 987,

75, A478suB6s thithgdronpalenditetbe e, therselteabtaired by g91d prosese dnd Prapalipnes f ects in
“the tre ntia and cerebrovascul ar di sorders, EP-A-474580.

Gtal op?grgngﬁggjcﬁggf di scl osed in DE 2,657,013, corresponding to US
4,136,193. This patent publication describes the preparation of cital opram
by one matiesht teUllvémng a further nethod, 25 which may be used for
preparing citalopram The cital opramprepared was isolated as the oxal ate,

t he H’ydr obrom de and the hydrochl oride salt, respectively. Furthernore, the
ci t al opCasiopames Mvasll-kedvrainfideprasanadrug itat B nev bachmnhOmaBetfot4gine yairs &dopr am

is mar kfg,%elg g’i‘ t he wgﬁgo_brom de and the hydrochloride, respectively. 30 A
nunber OF P ECRYEES YD “t he preparation of cital opram have been discl osed.
In many of these, the |as{,.step of the process is a conversion of a group
different fromcyano in the " i'on of the direct anal ogue of
citalopramto a 5-cyano group. oprar‘r}i\rhas been prepared by:

~

F U]
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. . Hyttel, Prog. Neuro-Psychopharmacol. & Biol. Psychiat.,
1982, 6, 277-295 and A. Gravem. Acta Psychiatr. Scand., 1987, 75 , 478-486. The compound has
20  further been disclosed to show effects in the treatment of dementia and cerebrovascular disorders,

EP-A-474580.

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

25  which may be used for preparing citalopram. The citalopram prepared was isolated as the oxalate,
the hydrobromide and the hydrochloride salt, respectively. Furthermore, the citalopram base was
obtained as an oil (B.P. 1‘f5 C/0.03 mmHg). Citalopram is marketed as the hydrobromide and the
hydrochloride, respectively.

30 A number of processes for the preparation of citalopram have been disclosed. In many of these, the
last step of the process is a conversion of a group different from cyano in the 3 position of the direct

analogue of citalopram to a 5-cyano group. So citalopram has been prepared by:



13 SEP 2004 WO 01/68627 PCT/ DK01/00137 2 Exchange of 5-hal ogenys 308pp 7084
5-CF3-(CF2)"-SM2-0 with cyano (DE 2,657,013 and co-pending WO 0011926'and
. WD 0013648) Conversion of a 5-am do or 5-ester group to a 5-cyano group (WO
9819513%00§,6§:&gver sion of a 5-am no group to a 5-cyan gretpkV¥Re9$19512)
Conversion of a 5-fornyl group to a 5-cyano group (WD 9900548) Conversion
of a 5-oxazolinyl or 5-thiazolinyl group to a 5-cyano group (WO 0023431)
O her processes for the preparation of citaloprarn conprise exchange of the
5-brono group of 1-(4- 10 fluorophenyl)-1, 3-di hydro-5-i sobenzof uranbrom de
Wi t h 5- cyRa@niodishaagen)or BICEYAEE,),B0M-t WithcBno (DE 2,657,013 and co-pending
(N, N-di o] l 5 ogeni de (DE 2,657,013 and WD 9819511). Many of
t he proﬁ@ﬁéﬁ%ﬁﬁdﬁ{ é%%?i: have the disadvantage that it is difficult to
separ at e Goheersibméferreuidabes-eftagmg teltfcyaposiup SVEEEIL 13 he i nt er nedi at es -
ment i g?eﬁoﬁpc%{&l&raﬁﬁﬁihbgfquﬁiadﬁ&ﬁw%hﬁ‘h%)%immthe end product and,
I ngly ri

accor , extensive p i cati‘on proceﬁl rez) %@Xol ving |oss of -

ci t al opr &leneersion efgfi-fosayligrouprtaie p-yBodURI(W A W0 essary quality of the end,

product . dehydiésn SXQVS-DaEMirlyPetihfab@iny! fiBupess-@hncdrogl (PO 4023481 be obt ai ned

as a very nice and pure crystalline product, which may easily be handl ed

and conveniently be fornulated into tablets and ot her 20 pharnaceuti cal

forms. Fupthdi@rotesses foi the p@parstionf titdloyginy ciremize Bobmge ofithe Sehrome grogpeid-énd

ef ficient urifi Lon, of. .cj [ i Ayl LRgAwtRct-ur e of

ci tal 6§r %0?0@?1&3{5)31?5-{1 ﬁédmﬁylaébtgﬁérog?n&géeng@y‘tv esg ?cg((g:lﬁjﬁlgr ?glemglal t) by

crystall i(N,mgimdmwi@aia@pmamldladdgeﬁié%@@ﬁﬂﬂl3Gﬂ‘hﬁ@f’qﬂg?w-ng ‘a salt fromthe

base. 25 This purification process is particularly useful for renoving

i nternedi ates which are structurally closely re|ated,! i.tal o in

part i cul Aanyokswrresssahmeriopsd apovs 1731”%?’8fi%ﬁﬁ%f?%ea’}‘%&‘éﬂﬂtf@%ﬁ‘tt%%"Pa‘g{ﬁg@% i tuent

Si tuat ed jhidrRsitdsi femed dafing e plosbenviatetnaliesmangoncdnbioviert enherdi at es whi ch

Qa‘ée t@?@&;&&%@?%% ‘glﬁgﬁ@% :agtg)??\g\%gi'(ﬁlt]glﬁ (o SteGi RS rifiatbh BSedles GlvbREGPT am

| - (4-f | uobaITeRIbprant a-rejulivgd inordes chetain fhemesrerymeliti gf Hglcadradyci-n 30

particul ar brom de and chloride), an am de or an ester in position 5 of the

i sobenzofurane ring, or |- ) _ _ .

(4-f | uor dphempiv)bedn But} thytdhobase ¢isipleproimaysigbsiredas 2 vy vics Yidipge cslling, y

of the i %8 o iR Gl 8siR 1R 36Rted Y B8ve BN bR \bréRRatddRto eatyat aklottee base of
n

t he conpo . .
2r0rp pharmaceutical forms. Furthermore, it has surprisingly been found that a very good and efficient

purification of citalopram may be obtained during manufacture of citalopram (e.g. of the

hydrobromide or the hydrochloride salt) by crystallising the base, and thereafier optionally forming a

salt from the base.

25 This purification process is particularly useful for removing intermediates which are structurally
closely related to citalopram, in particular compounds which only differ from citalopram by the
substituent situated in position 5 on the isobenzofurane ring, and intermediates which have
physical/chemical properties which are close to those of citalopram, e.g. the 1-[3-
(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydro-isobenzofuranes having halogen (in

30 particular bromide and chioride), an amide or an ester in position 5 of the isobenzofurane ring, or 1-

(4-fluoropheny!)-1,3-dihydro-5-isobenzofuranbromide, or -cloride.
Summary of the invention

35 ‘The present invention provides the crystalline base of the compound



1.3 SEP 2004 WD 01/68627 PCT/DKO /00137 3 NC (I) In a first aspectgpting:
invention provides a process for the manufacture of a salt of cital opram
characteri.sed in that the base of citalopramis set free and precipitated
in cryst i form one or nore tinmes, and then 5 tran 04,0 a salt
thereofvﬁhhgggﬁbodinent may be the purg3crystalline sa|?%ﬁ%?§ﬂé¢§%|y t he
hydr obr om de or hydrochl ori de prepared ~ by the process of the invention.
Anot her enbodi nent may rel gte to a process for the manufacture of a salt of
. cital opram characterised in te\base of citalopramis set free and
precipitated in crystalline fo pt j®nal |y fre-crystal lised one or nore
times, and then transferred intad ser€of. Still another enbodi nent

characterised 15 in that the base !
salt or crude m xture of cital oprarm a second aspect of the present
invention, there is provided a proceds for the nanﬂgacture of cital opram
base or a salt of cital opramcharacteérised in that *6ne or nore inpurities
of the fornmula 20 wherein Z is halogen, -OS2-(CF2)"-CF3 , where n is 0-8,
-CHO, -NHR , -COOR , -CONR2R3 25 wherein R and R3 are selected from

hydr ogen, al kyl, optionally substituted aryl or aralkyl and R is hydrogen
or al kyl earfsgasiect, e svenion veofides proeeseiondie manyfedivre obé salfiof gitadypraamcharadisrised a
crud e s ailnttbaQ fhe %_as% 0 ggloiﬁx@xtis ggpﬁgé’ér%ggpléﬁeﬁ) g«! Mqur?r?’, Zn&értﬁ?drge&@smmﬂ){en
preci pjtating cital oprambase in crystalline Torm optionally

r e- cr ystinsfesedigtoasaidthergse one or nore tinmes and/or transferring said base
into a salt thereof. The crude m xture of cital opram containing the
conmpound of forpula Il _as an inpurity may be 5 prepared by subjecting a
conpound O8f epBdigiens may be Ge gure Garataiae @%cﬂ*f&%{jélwwﬁogWWq 9 hydrogipiidgeprepared

source, @y tHRYrdtbdjoe ik idvention. . . . .
1- (4-fluorophenyl)-1, 3-di hydr o-5-i sobenzof uranhal ogeni de, in particular the

jital opramis set free froma crude

10 Another embodiment may relate to a process for the manufacture of a salt of citalopram characterised in

that the base of citalopram is set free and precipitated in crystalline form, optionally re-crystallised one or

more times, and then transferred into a salt thereof.

Still another embodiment may relate to a process for the manufacture of a salt of citalopram characterised

15 in that the base of citalopram is set free from a crude salt or crude mixture of citalopram.

In a second aspect of the present invention, there 1s provided a process for the manufacture of citalopram

base or a salt of citalopram characterised in that one or more impurities of the formula

20

F ()

wherein Z is halogen, -O-SO,-(CF2),-CF;, where n is 0-8, -CHO, -NHR' , -COOR’, -CONR’R’
25 wherein R? and R? are selected from hydrogen, alkyl, optionally substituted aryl or aralkyl and R'is

hydrogen or alkylcarbonyl, are removed from a crude mixture of citalopram or from a crude salt of



brom de, to a cyani de exchange reaction foll owed by al kyl 3t3| Qp wipdsh a
3- (N, \N- ~di.met hyl am no).pr opyl - hal ogenide_ 10 In a particuldr en%o | ment,* Z
. may be a halogen, in particular bromde or chloride. In a particularly

pr ef erngd ogedregi nent, the salt prepared may be the hydr ebraxodecsr
hydrochl oride salt of citalopram 15 Bhe crude salt nmay be any conveni ent
salt, such as the hydrobrom de, hydrochloride, sul phate, oxal ate,
phosphate, ,nitrate or. ' . ) y . of
o gani o dtetem. B PrcBpnd R Em B E B A Rich Rl ST Bt
hydr obr oricce more tithes ahg/dr nbfeming geid Base into peplythereofs hi rd aspect of the

I nvention, there is provided, a crystalline base of citalopram or a
hydrochl ori de_or. hydrobrom de salt of citalopram. preferably crystalline
base of B aRsRiETE QIFESREHE CPupmg fiemporng ohlaanila [ 17 PSRy HAYEE ( han
99. 8 %0 Whréparéd 13f sabjadting aiBifouinB 3NfoR 1D %o wiEysnide bxcBhige reantiat Witl a eyabidi ment

may be a armaceuyti cal . foEmul gt | [ 1.t al opr r.a _

T o S S5 Rk L TR e L EaR P RRERlop bl R B 2
Pr ef er abbrpmideptofaaymidesixtlongd sadtion faflowtd byadlkilationtwiiaido®.NThe fornmul ations -
may be p&g@ﬁ&ﬁgﬂgé%j ]§£$E§Qﬂpre55|on of citalopramin adm xture with

conventi ona vants or diluents. Alternatively, a wet granulate or a
melt granul ate of citalopram optionally in adm xture with conventi onal

adj uygnt ﬁlé)ﬁanﬁéulayﬁrﬂﬂo%im A6a eclq'nafogén, (ﬁpﬂmfcﬁﬁﬂ)rggli(fgfor Laphgts. In

particul ar,” the pharnmaceutical conpoOsi'tion may contain the racem c m xture
of cital opram base, citalopram hydrochloride. or cital opram hydrobrom de.

35 In a prahfbuc Olggfeffen%a etbRiRER SR Gt &,re%gr@a{? Me ﬁlﬁﬁ%d?? 5§mia£ 8{4@%@111%@ salt

phar maceuti ca osition containing't droc e or

hydr obr opd @ielopeit of cital opramor the crystalline base of cital opram as
defined in the above aspect, preferably crystalline base of citalopram 1
3 SER52004 4a The crzstalline_base of citalopramis preferably nore than
99. 8% w/ Whrerade salypsy bpanyfcervebient sakbrsach as therhydobowidy hydmehleride eelkhate; exglate, The

mel ting Bmé@&até, fitleof Q{ﬁmeyc&v&ﬁaﬂé‘aw\b&h@ A1t 2ald 3f SrgadiPsNasl 3 SEP 2004 WO
01168627 PCTI DKOI / 00137 5

In a preferred embodiment crude salt may be sulphate, the hydrobromide or the hydrochloride salt.

20 . . . . .
In a third aspect of the invention, there is provided, a crystalline base of citalopram, or a hydrochloride or

hydrobromide salt of citalopram, preferably crystalline base of citalopram, characterised in that it has a purity

of more than 99.8 % w/w, preferably more than 99.9 % w/w.

95 Still another embodiment may be a pharmaceutical formulation of the free base of citalopram, or a

o hydrobromide or hydrochloride prepared from said base, is provided. Preferably the formulation is for oral

_ administration.

The formulations may be prepared by direct compression of citalopram in admixture with conventional
adjuvants or diluents. Altematively, a wet granulate or a melt granulate of citalopram, optionally in

30 : i
admixture with conventional adjuvants or diluents may be used for compression of tablets,

In particular, the pharmaceutical composition may contain the racemic mixture of citalopram base,

citalopram hydrochloride or citalopram hydrobromide.

35
In a fourth aspect of the present invention, there is provided a pharmaceutical composition containing the

hydrochloride or the hydrobromide salt of citalopram or the crystalline base of citalopram as defined in

the above aspect, preferably crystalline base of citalopram.



preferably 91 - 92 C (DSC; onset, open capsule) or it is between 92 and
94C, preferably 92.5 and 93.5 C (DSC, onset, closed capsul ¢B. SEha0t
crystalline base of citalopramis preferably in racemc form 5 The terns
"crude salt" and "crude m xture" refgr to the fact that the salt and the
m xture, respectively, conprise inpurities, in particular inpurities of
formula Il, which nust be renoved or which it is desired to renove. The
crude sal Theapaystabinedassf citaboppran istpecderelily mord hant St witepure anest praferbltoere, or
the crud o} ] 1ave. ' - iopd L1 al

pur 11 cat ran s v pd R LTI AR BB SR BBt B bR ot e
carbon or silica gel, and the salt formed subsequently by treatnment with an
acid using nmethods known in the art. The salt may be isol ated by
precipitation or it nmay exist in a solvent, e.g. in the mxture resulting
directly fromthe synthesis of the salt. 15 Simlarly, the crude m xture
conprising citalopramnay be obtained directly fromthe synthesis of the
conmpound according to any of the above nentioned processes or it nmay have
been subjected to sonme initial or sinultaneous purification, e.g. one
re-crystallisation, treatnent with activated carbon or silica gel. 20 The
base of citaloprain may be set free fromthe crude salt by dissolving the
crude salt in a mxture of water and an organic solvent and then adding a
base. The organic solvent may. be toluene, ethyl acetate or any other

sui tabl e solvent and the base may be any conveni ent base, preferably NaOH
or NH3. Likew se, the base of citaloprammy, if necessary, be set free
froma crude m xture containing citalopramby treatnent with a base. 25
Crude m xtures containing cital opram base nay be subjected to further
purification and extraction, before the base is precipitated in
crystalline form The base of cital opram may be isolated by separation of
t he organi ¢ phase, evaporation of the solvent in order to obtain the base
nost probably as an oil and then crystallisation of the base from an
aprotic solvent, such as an al kane, including n 30 heptane, hexane and

i sooctane, and high and | ow boiling petroleumethers and substituted
aromates, incl toluene and xylenes. Crystalline cital opram base may be
re-crystallised fromthe sanme sol vents. The pharmaceutical ly acceptable
salt of citalopram such as the hydrobrom de or hydrochl oride, may be
prepared by nmethods known in the art. So, the base may be reacted with
either the calculated 35 anount of acid in a water m scible 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

i mm sci bl e sol vent,




such as ethyl ether, ethylacetate or dichloronmethane, with t%&g%
separating spontaneously. The 1 3 SEP 200% WD 01/ 68627 PC'F/ 001 37 6

. hydrobrom de or hydrochl oride of cital opram obtained by the nmethod of the

i nventi very high purity, preferably nore than ; £, nost

preferag{bya?%?zg than 99,9 %purity. Qher salts of citaﬁ%gr;ﬁg@rhmdfe.g. t he

oxal ate, may al so be obtained in a very pure formby this process. 55 The

cyani de ex V- 4 ri bed

h The. p R aRE Sholr S{IRa oL et R s T Bl DA RS R 5P

hal ogen 9815 °CRBSCCimagt, c1&eR edpsuleih eTleicrystalling base of pitabapeam isiprefirebly arrg@nﬁc 8,

I ncl . réle conversion to a cyano group nmay be carried out by reaction with

a cyanld “Tource, for 1 0 exanple KCN, NaCN, CuCN, Zn(CN)2 or (R4)4NCN

where R4 indicates four groups which nay be the sanme or different and are

sel ected from hydrogen and strai ght chain or branched al kyl, in the.

pr eserice Tbé teamp édnhhdalu rand Seradeymixtuzgideter to shefhs) that the sl asd thsfmietyror  Zr 2, or

with Zn( ctllva Elpnw 191?91@&& ﬁ%arﬁ@&lLﬁﬁxbﬁWe@@F sk Illéhlﬁi'ﬁmﬁ%@mndﬁeéﬁur ce

is used ina Stoi chiometric amount or i n excess, pref erably 1-2 equivalents

are used"*ﬂﬂh.'“édﬁﬁlrvéﬁbfﬁmc"éﬁ arting material. R4 may conveniently be (Bu)4N
The cyani de conmpound is preferably NaCN or KCN or Zn(CN)2 The pal | adi um

cat al yst u bl e 1) contai ning,.cat such as
(PP} 1 TR g 36 L Sopa RSt Fom e R MRy A e Bbror

converi emikiiretagchaveibeen satijetadito edmeliniti6l pupifiedtion ad. ynQrc-CBIStaﬂusttonpm@f/@'r ably
about 4- %rcgt?llc%w1%ac%v¥e GRS g%f f:%"ﬂlggﬁldfo 'Eubsea‘]ilﬁﬁtw ljre\ﬁﬁrlle)r’u wite 'S

subst oi chiCOMEET T Ch Anbunt & such a erab

Conveni e ratﬂdwmab@ﬂpdmowq in fhg ar s"@d Sﬁb’iﬂa)ebf lsqfﬂ'tied b}mi?%@ﬁ%?f' “'efﬁ%Y SNk of

Qu' 25 ang.Zn @%X xﬂfﬁgﬂres%g Hﬁedﬁ{( s tRblyntnesest thakafche form of Cul and
’? use

Zn2 is conveni e as the CN)2 salt. Wen Zis Br or |, the
conversion to a cyano group may al so be carried out by reaction with Cu(CN)

WIt t hlom ;Sﬁgi@dtrbﬁsﬁc cJutae ﬁ:ﬂﬁ@%&ﬁﬁr&%g&iﬁlﬁﬁ?ﬂ&'ﬁy bﬁghtgmémf&ﬂﬁﬂomm spathesesrdf ﬁr nmed
at elevated te at ure anot her . enbodi men e
react i on PRSTBCREPFHding iq Yo Etthf: ia%ﬂ' £ PeponedRIOgERE Pof TP nﬁ%{flb@éﬂ étgﬁo X-

wher ei n RbmairdtiA bksilmnecspudfication egf oxtehecﬁstalé}mpsremgret Vit activated eaThopng
and X Isoti'sa wage?“”t erion. In one enbodi nent of the invention, (R5)4N+X- may
r epr esent ’

20 The base of citalopram may be set free from the crude salt by dissolving the crude salt in a mixture
of water and an organic solvent and then adding a base. The organic solvent may. be toluene, ethyl
acetate or any other suitable solvent and the base may be any convenient base, preferably NaOH or
NH,. Likewise, the base of citalopram may, if necessary, be set free from a crude mixture containing
citalopram by treatment with a base.

25
Crude mixtures containing citalopram base may be subjected to further purification and extraction,
before the base is precipitated in crystalline form. The base of citalopram may be isolated by
separation of the organic phase, evaporation of the solvent in order to obtain the base most probably
as an oil and then crystallisation of the base from an aprotic solvent, such as an alkane, including n-

30 heptane, hexane and isooctane, and high and low boiling petroleum ethers and substituted aromates,

incl toluene and xylenes. Crystalline citalopram base may be re-crystailised from the same solvents.

The pharmaceutically acceptable salt of citalopram, such as the hydrobromide or hydrochloride, may
be prepared by methods known in the art. So, the base may be reacted with either the calculated

35 amount of acid in a water miscible solvent, such as acetone or ethanol, with subsequent isolation of
the salt by concentration and cooling, or with an excess of the acid in 2 water immiscible solvent,

such as ethylether, ethylacetate or dichloromethane, with the salt separating spontaneously. The



1 3 SEP 2004 WO 01/68627 PCT/ DKOL/ 00137 7 Yet another enbodi nent may
relate to the reaction conducted with apolar solvents 4 EBs?Menzene,

xyl ene 'or nesitylene and under the influence of mcrowaves by using i.e.
.Synt hewave 1000TM by Prol abo. The reaction nmay be performed w thout added
sol vent wellliee4 €enperature ranges are dependent upon theLeggdidsA ype. |f:
no .catalyst I's present, preferred tenpgratures are in the range of

100- 200C. However, when the reaction is conducted under the influence of
m crowaves,. the tenperature in the reaction m xture may raise to above 300
C More Tiabemideoaaeonds Leilppesobiyine huiiamrhabal Hepenton s oy

pr ef er r echiglapgizy. ,ipﬁef&‘ﬂﬂyb thbf2@han DO, 8V pueq b tyjBéferhlsly Bfo&Stﬁf d&t%%‘! fipuftye Oftier Slks

t enper at ure..r;ange i s . bet n_0 and 100C .MNore preferr are tenperature
ranges ofJf% lgla%"%st coﬁ(\fé\%ﬁ%érp?yea % er?%%‘r"ﬁ? Ur’e” apﬁéee@"%s%thbseqr\?\%c% 60- 90C.
-Qther reaction conditions, solvents, etc_ are conventional conditions for

such r'§acﬁegﬁiw{éaﬁﬁ%efre%ﬁ&slﬂcnﬁ&egm o) 86 cAMe Poul S ROGibikId ti—;@ﬁlahi[n@ the

art. 15 Wen Z is d. r, the conversionh to a cyano group nay al so be
- carri ed cwphgforsgaatiprsd ab#¥eh a  cyani de source, for exanple KCN, NaCN,
CuCN, Zn(CN)2 O (R4)4ANCN where (R4)4 indicates four groups which may be

the sane or different are selec om hydrogen and strai ght chain .or
b anchoq BmieEEh 25 B 8 GF- - SRED: MUTERILE, Soitcptrdn ik Agee 0.5,

‘cat al yst inely tizeconmgtsien ko autytaeiNglolp ney bhlichrdried ooyt arctiongridonpaidevdoined) fact S
as a ¢gat al. Scbta§ Ni. P . ni ckel .
cat al ggt ?xé%@b%%ﬂﬂagrﬁépar a’t@@g%@‘g{gﬁ %%1%1%%' nﬁlla%égkyi%’g%ﬂlﬂ& 'Bf% 720
or EP- A- 3B gmp oraiifirent gndare yHentidhizem hydrogenand sivadght ichain or hanched eliybninthy  be
carried: Qbilsehdd cIﬁhGpa‘?lﬁtﬁ&ﬁ%ﬁl &l ard aCéMP)Lt%tdn?ouﬁPM* or Pn>*Cldr with ﬁi@@ﬂ), ih e

particularly preferred enbodi nrent, a Nickel (0) conplex is prepared in situ
before t HEeEY5 AR PYRdiUmeaalston py reduction of a Niekel (11) precursor such

as ‘NiCl2 or NIBr2 by a netal, such as zinc, 30 nagnesium or mangan in the

‘presenge Mk cPah@Ssout isGREPInSXstditiGsHdigo aduit 61 Alhest, @myllmwieﬂss alde
- Ni -catal yst may conveniently be ysed in an.anmount of ,0.5-10, preferabl.y
.26, m)stusﬁ, o %\B]eg}t statin g material; | Gy convenicntly be (Bu)sN" . The cyanide compound is

preferably NaCN or KCN or Za(CN),.

The palladium catalyst may be any suitable PA(0) or Pd(I) confaining catalyst, such as PA(PPh;)s,
20 Pdy(dba);, PA(PPh),Cl,, etc. The Pd catalyst is conveniently used in an amount of 1-10, preferably 2-
6, most preferably about 4-5 mol%.

Catalytic amounts of Cu” and Zn”* | respectively, means substoichiometric amounts such as 0.1 - 5,

preferably 1 - 3 %. Conveniently, about ¥z ¢q. is used per ¢q. Pd . Any convenient source of Cu’
25 ‘and Zn'" may be used. Cu" is preferably usedm the form of Cul and Zn®* is convenicntly used as the
" Zn(CN), salt. '

When Z is Br or |, the conversion to a cyano group may also be carried out by reaction with Cu(CN)
without catalyst. In a preferred embodiment, the reaction may be performed at elevated temperature.

30
Still another embodiment may relate to the reaction performed in an ionic liquid of the general formula
(R*),N", X", wherein R® are alkyl-groups or two of the R® groups together form a ring and X is the

counterion. In one embodiment of the invention, (R*),N"X" may represent



1.3 SEP 2004 WD 01168627 PCT/DKO /00137 8 Catal ytic amounts of Cu{ and
Zn2'. . respecti veI y, mean substoichionetric anounts such 4dk SBP 12004 5
,preferably I - % -Any conveni ent source of Cu' and Zn2 may be used. Cu.
s prefwgalﬁ Ggsed in the formof Cul and Zn2+ is convegirgsiteiyomssed as the

Zn(CN) 2 of formed in situ by reducyion of a N ckel (Il) conpounds
using zinc. 5 The N catalysts arei.e. Ni (0), Pd(0) or Pd(1l1l) catal ysts
as described by Sgkakibara et. at. in Bull. Chem Soc..lpn., 61,

1985- 1990, (1988)] Preferred catalysts are N (PPh3)3 or Pd(PPh3)4 or
Pd(PPh) 2Cl 2. 10 reacti ons maybe perfornmed in any conveni ent solvent as
described in Sa ffbara et. al. in Bull. Chem Soc. Jpn., 61, 1985-1990,

: olvents are acetonitril, ethylacetat, : or :
(1988) PW gol itril hyl THF, DWVF NVP
Wien Z is t he Tonversion to a cyano group nay be carried out by
conversion of the fornyl 15 group to an oxinme or simlar group by reaction
wi.th-ar NG ' Lt A wifhl leP&J}{t SHHRSE bdndRd

al kyl , af@‘%anottheﬁerpbeord[g!g%/ %Ite{} %a%u%}/ @% m tp bf (?Ie hyd rarﬁll on with
“a commmytbahy:dnatwlm@ aaggmd'cy the uﬂlugwanﬁm@rquwwmgéﬁ|St’.?éfhe‘§%‘@t199,° by Prolabo.
anhydrid i n r qsphor pentachl oride. Preferred
reagentse%éé fﬁﬁ@%%rbg%ﬁ?%fn Wut%idg%gacorrpounds wherein R6 is al kyl or
aryl ahd Vis Nor O 20 V\hen Zis -COOH, the conversion to a cyano group

may be CafyeliGhycRithre ¥inBestahtCaep@iati SpentHt ftgorivitgpe. Kb eatilyie js peatiey preferredn de.
The acid chloride is ¢conveni g%%g ﬁblaal ned l%%n &lrc %Etn%'}éco?nduttéh%nﬂ vv| th
POC13i PdFmpgRiurseye s the mpge of 3 Howerieh 3672 eNnt . CSUC Uene or
t ol uene cafMmtSHIIGcRWERS ahqﬁemperamumthc oefacnqmmahnemhmafse torbey 0 °¢hMOEﬂst er

i s obtained. by, treat.nent of nce of
arinaci d, PPEFeHSBPGA AR 4 a‘% beg.‘gl ﬁ lg? \i\%d Ee?\n&srﬂ%sgﬁgghgﬁtaﬂg%g @:I;-lgclllm)Se

POC13,10 PGF Batalyst SOB@nt, U4l prefemrs (Ppdruretrprgeds P@we%?/ar@e 09%%- alrlﬂré@fﬁrf%ffﬂ The

acid chl g g&'a 5 4000%: WMositeRirEPBRberathRAafet &€ bet@terdoentaci d chl ori de
is then convert to an am de or by am dation with ammonia or an
al kylam ne, 30 preferably t-butyl am ne. The conversion to am de may al so

be obt ai negleddeadtRa Cohditord] solvafts eqt.etre \GbrivientiumabDeringditions fon such reactions and may
easily be determined by a person skilled in the art.

15
When Z is Cl or Br, the conversion to a cyano group may also be carried out by reaction with a
cyanide source, for example KCN, NaCN, CuCN, Zn(CN); or (R*)sNCN where (R"), indicates four
groups which may be the same or different and are selected from hydrogen and straight chain or
branched alkyl, in the presence of a nickel catalyst.

20

The nickel catalyst may be any suitable Ni(0) or Ni(1I) containing complex which acts as a catalyst,
’j such as Ni(PPhs)s, (a-aryl)-Ni(PPh;),Cl, etc. The nickel catalysts and their preparation are described
in WO 96/11906, EP-A-613720 or EP-A-384392.

25 In one embodiment of the invention, the reaction may be carried out in the presence of a catalytic amount

of Cu” or Zn**.

In a particularly preferred embodiment, a Nickel(0) complex is prepared in sifu before the cyanation
reaction by reduction of a Nickel(Il) precurser such as NiCl, or NiBr, by a metal, such as zinc,

.30 magnesium or mangan in the presence of excess of complex ligands, preferably triphenylphosphin.

The Ni-catalyst may conveniently be used in an amount of 0. 5-10, preferably 2-6, most preferably about
4-5 mol%.



al-kyl am ne under pressure and heating. 35 The am de group I's then converted
to a cyan group by dehydration. The dehydrating agent may3b P3H§ sui tabl e
~dehydrating agent, and the optinmal agent may easily be determ ned by a

per son W&J” &b in the art. Exanples of suitabl e dehydr at¢mgkegenrs are
soCl 2, P é and PCls, preferably SOCI2 1 3 SEP 2004 W01168627 PCT/ DKO1
/00137 951Ina partlcularly preferred enbodi nent, the carboxylic acid may

be reacted wi.th an a hol ef er ahl t hano enge P 3,
in orderEWBYHBF@PW“%W%8t6?¢gggoﬁﬁ?%: é%f@?“saﬁl‘ﬁm"‘ rﬁﬁﬁ éﬁgbﬁh edgttnth
anmmoni a piw.rrﬂbw g8 %.Mnytchevenient eapontlidug ahind emaybs 'eﬁlqd |¢P “tigiprsferablyr wsed e d
with SOC folor ige 3 e zcg@g{\}g}eﬁﬁ, ,_Ee%?sztﬂé Z’&(Cﬁ éF’me%fd iNsity b; reductlon of a

N- di net hy téernative ound where is -

reacted Mh@hi@Db@nmsm&ﬁemghmpsocyanate in order to forn1the n|tr|Ie or.
treated with a dehydrating agent and a sul fonam de. 10 Wen Z is NHR,

where R is hydrogen, the conversion int ano i.s p d by
1 azot at (b Nixe=bos Moredvs)), HEg o SRINAD GO dogiee rsarnm o PR | |
CUCN andichemNafeNpal, 61, 19821ho0 M1 838). Rrefesecdalalylsts arehi(Ph;)s thd(BPhs)wtl ally -
subjecte%d&g héfroly5|s t hereby obtaining the correspondi ng conpound

wher ei n BAdvhich is the converted as described above. The hydr ol ysi s
may be perforned either in acidic or basic environment. 15 20 The conpounds

ana . dBs ool BB GrrlERse Lle Sthagney ot S ol QQBQ";G
speci fi c&hemnSes. Im.¢lal985- 1890, GIRSS). Meelereednlvents 2re BFeiRRIT b e tdagsiat %ﬁ% b m
al kyl refeqg 0 a branched or unbranched al kyl group, such as nethyl,

et hyl, 1- propyl 2- propyl, | -butyl, 2- butyI 2 nethyl 2- propyl, and
2--nethy|-|-prop . The tern1ary| refers t
ki

g cI|c aro %L roup,
in parti dharZip he copvaTsiop to  EYaBP &TONP YK e%” r‘S‘/l Wf'erélf’%ﬂgﬁ YePgin aryl
and af KYlgrdi téish Si6hé &eslﬂni?d?@v&pb P&cﬁn%&%ﬁa@ﬁmﬁmmmm Rfeiy hydoggen.onal | y
be substltu ed, e.g. with alky gro Bﬂ%ﬂ%§§§5 ex &m£y The
pharnace&PF@EpY88ﬁ%%§ﬂﬁkﬂn§yb?ﬁ$ﬁﬁm Y?S it ere Vil 4 ny

sui tabl e cwoﬂaemyuﬁnn%%\én@wr badipte thdayichibade, ﬁxa‘rmhm@whshne pytidiee/HGt on of

tabl ets, capsul es ers. or_ Syrupsg.or . .
phos%hor pentach]onde Preferred reglgentg R® \ENHZ are hydroxylamin and compounds wherein R®

is alkyl or aryl and VisNor O.

20
When Z is -COOH, the conversion to a cyano group may be carried out via the corresponding acid

chloride, ester or amide.

The acid chloride is conveniently obtained by treatment of the acid with POCl;, PCls or SOCI; neat
25 or in a suitable solvent, such as toluene or toluene comprising a catalytic amount of N,N-
dimethylformamide. The ester is obtained by treatment of the acid with an alcohol, in the presence
of an acid, preferably a mineral acid or a Lewis acid, such as HCl, H,S0;4, POCl,;, PCls or SOC..
Alternatively, the ester may be obtained from the acid chloride by reaction with an alcohol. The ester
or the acid chloride is then converted to an amide or by amidation with ammonia or an alkylamine,

30 preferably t-butyl amine.

The conversion to amide may also be obtained by reaction of the ester with ammonia or an -

alkylamine under pressure and heating.

35 The amide group is then converted to a cyano group by dehydration. The dehydrating agent may be
any suitable dehydrating agent, and the optimal agent may easily be determined by a person skilled
in the art. Examples of suitable dehydrating agents are SOCL, POCl; and PCls, preferably SOCl,.



30 parenterally in the formof usual sterile solutions ff | rpj st i on.
Preferably the pharmaceutical conpositions of the invention are

admi ni stered orally. The pharmaceutical formul ations of the invention my
be pr ep%@%’}%ﬂ onventional nethods in the art. For exappigxolaibets may
be prepa xing the active ingredigent with ordinary adjuvants 35
and/ or diluents and subsequently conpressing the m xture in a conventi onal
tabl etti ng machi ne. Exanpl es of adjuvants or diluents conprise: Corn

starch, potato starch n st ear at

guns.  andne eI Py Crerat o neonle Marey Gereadfhi AteohdriseRhoy
preser vatdiiasl, infhdprestiy oDBOOE £ oﬂreﬂwoﬁam th&mreﬂﬁoe&m@d&s&r,ad’(mmaﬁh& wirtdetadhe
active i ngredl ent s I‘PB SEP_.2004 . \é\D 01/ h /D&Ol&te w&o mt&um
parti cul afith ‘Wﬁo’?%tlhﬁﬁ 4B de SUESPUIRG 20 et‘ﬁ © 1ﬁ’ it 'S pt Epared by
di rect .CoppipEsiHs Eutdditic abiotudtlod PI; Hrdimethyfbninachide.e Wi t h convent i onal adj uvant s
or diluents. Alternatively, a wet granulate or a nelt granul ate of
citalopram optionally in adm xture with conventional adjuvants or diluents

- may be %H&ﬁél Ve a COfpIRE $ihei Dfs 1CHDR ity b3QkattddOmith EMrodulioRyltib@psmateeiy be

pr.epar ed by so Vi ng active ingredient and $ SSi e a ditives in a part
of the sopsere fqpyt ‘imir@"ef’fﬁ?i“e d.3yity ng At dj usting the
solution to the desired volune, sterilisation of the sol ution and filling

in suitab uita d ly used
in thel? ar{'ﬁﬁ‘hgp %ﬁﬁge‘ﬂﬁﬂggcﬁ%ﬁ%m%‘%‘m %f(imp'élg" %é}&ho Egé?c\fg@ es, ofey ! Y
ant i oxi dagiasotathand Rtlewedbyreaction witle CNT- é&@mrefeﬁbb’ NQ: and GuCN a8dorfaCN arc

ci tal opr afagy Ben LA R gﬁs Gy Bl Whjdiolyd Mblesy aitshn g@. i t &

crystals an ase easi ly he crystal ed in
'3 wsl)er y  poerespanding c@opdund whsceimR & Hriphich tsﬂlaﬁfogge%%awﬂwrm&fi ébWtﬂTcé‘éi Base

obt ai Bad pbYerfoinsd oithtah hiigig bl BRiclkhaBumBNtt 0 95% pur e hydrobroni de wi t hout
further purification. Accordingly, the process of the invention for

prepar¥ng salts of cital opram has been found to give the salts as very
- pure prodykd Sonfowls of FRAEH (Ti)aRdyl by prparepisalosoeibelialDE 3,65 %03 oW 00JE926 ante

30 Fi nat | O PRRAE iR B NS bR Be 14 O IRaiE, TENC PC) Gt am base may b

formul ated into very good and stable solid fornulations with good rel ease

Dr OPer L ey Tl SUERL @RSl S oidieh Wl ahioe, bl Bl | oWl ng. exampl es.

Exanple 1 ysta satiton of R S-Cital opramas the free base.
20

The term alkyl refers to a branched or unbranched alkyl group, such as methyl, ethyl, 1-propyl, 2-
propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl, and 2-methyl-1-propyl.

The term aryl refers to a carbocyclic aromatic group, in particular phenyl. Aralkyl refers to an
25 arylalky! group wherein aryl and alky} is as defined above. The aryl and aralkyl groups may
optionally be substituted, e.g. with alkyl groups, forming for example tolyl.

The pharmaceutical compositions of the invention may be administered in any suitable way and in
any suitable form, for example orally in the form of tablets, capsules, powders or syrups, or
30 parenterally in the form of usual sterile solutions for injection. Preferably the pharmaceutical

compositions of the invention are administered orally.

The pharmaceutical formulations of the invention may be prepared by conventional methods in the
art. For example, tablets may be prepared by mixing the active ingredient with ordinary adjuvants

35 and/or diluents and subsequently compressing the mixture in a conventional tableiting machine.
Examples of adjuvants or diluents comprise: Cormn starch, potato starch, talcum, magnesium stearate,
gelatine, lactose, gums, and the like. Any other adjuvant or additive colourings, aroma, preservatives

etc. may be used provided that they are compatible with the active ingredients.



| -(3-D nethyl am nopropyl)- | -(4" -fluorophenyl)-1, 3-di hgdgéyagmzof uran-5-c
arboni tril e.

. 1-(3-Di met hyl ami nopropyl ) - 1- (4' - f | uor ophenyl ) - 1, 3- di hydr obenzof ur an- 5- car bo
nitriley (?ﬁ“{g robr om de (101 grams, 0.25 nole) preparedpd&fBR01/00137
|-(3-Dine am nopropyl)- |-(4- 1

fl uorophenyl) 1, 3-di hydr o- 5-i sobenzof uranbrom de, is suspended in water
(500 M) and toluene (500 mM). NaOH (60 mM, 5 N (agq)) is added and the

m xture (pH>10) is stirred for 15 mn. before the phases are separated. The
organi ¢ phpstculdr, ma&;‘i\@dlam-tslacdmlqmﬁ%xﬂﬁﬁum thaalrechrépiatetidy elite¢t koroprgdsion ofad -
of filter. volatiles are re u und

i s obtai F&Y° %fgmé?'la ijcture WitECOnyeIignal %ﬁ%ﬁgrﬁr ?ﬂl}éﬂg %&Qlﬂgt“;egﬁ i heI %&(‘%ﬁ% s
heat ed t enel@ra@ula@rofcodbpramy, om;myélu/ai winfigiurp wittheenygntional adjuyastsor dilushtsimmg bej ¢ | e
conmpound d dried at anbient tenperature over night in .
vacuo%J"fl V%ﬁagé%?ﬁﬁg?g{%m%&% DSC(onset, open capsule): 91.3-91.8 C DSC
(onset, closed capsule): 92.8 C. Purity: (> 99.8 % (peak area)). 1 3 SEP

g 20 34\/\DH%Muﬁ§r@2er 15’)@314%%& Qgﬂégared]lﬂy sbRalg. th@zﬁ:h@dmgrfefhl&nt@ﬂﬂ) pi2dsiNRRalddiGfes ifa

( DVBO- d6 P%thhﬁxﬁ&‘ ent ’1‘” 2“1“(‘3“ H“f?ﬁbly it“g@ ""(alg* li’f%“ﬁi“’g e Sﬁg‘“?’éﬁ the 5’35“%&’5& '23
(4 H, i n)sterilibutibh o( thisolatio A fiBlinktn) suitEhl@@ngalikds odvidls RySulebic additve (2H, t

078 O il by e e oE gl Ay iy B bbbl o, e 79

21.8,38345058871090711051151(dJ22 Hz) , 1188 123. 1, 125.1,

d 1 ramm n 5] el
3.2 Z4g Hg ) A]clqzzgrdﬁ%)to thﬁ E:%%en@rnv&f}lgn Qnd hselori tﬂ%}) Mpbé foutd t& c}:ﬁsla]lﬁ] (wdth

A crude_m xt ure, of S opr H?‘EUHC acid
i s ‘made tﬁé@ie@néwcaafaitﬁgymmddh@s pera foyndithat s a?ﬁ“b"é(s"és e&%ﬁﬂ Bre'd aWEbh
t ol uene. oh@'%&&&axh&p@\ﬁﬁ;ﬂﬂﬂl@i%%ﬁﬂw pllne citdlbpahra pasamabalsteinedipt ai ned i s

di ssol ved in_n-heptane at_.e p e.hase of
ci t al dpr &R SlisgRLIresm Iy [0 % “o@}“?azlbygfqb%’.“ af%’ﬁug %nhe &g‘"ﬁaﬁ%{l chgrdlng%’ hgl opr am
and sul pl’pjﬁdeﬁs dehednveatiorafepropesing sdbly oficitilaprrNse®bean fdundie give theshitsas avbase i s
extracted wt | ye The ﬁﬂﬁ” AR id1h §a§ bt FhRBYeaM base
obt ai ned F'&° %ff)%uscgl \[i}l ﬂm%ceﬁ%%ahg%% . @aﬂi@?xﬁ{oﬁ&lfégy reat ed a\SI;VI th Fgct i vat ed
car bon anmibstanitiailpdwthg shednanktackrs] of extaloramevapor at ed. The purified free base
I's dissolved in n-heptane at el evated tenperature. Then the very pure free

base of citalopramis precipitated by.cooling. 20 )
20 Finally, 1?has been fo'gnd thatehe crystallme%ltalopram bgsc may be formulated into very good and

stable solid formulations with good release properties.

The invention is further illustrated by the following examples.

Example 1
25 Crystallisation of R,S-Citalopram as the free base.

1-(3-Dimethylaminopropyl)-1-(4’-fluorophenyl)-1,3-dihydrobenzofuran-5-carbonitrile.

1-(3-Dimethylaminopropyl)-1-(4’-fluorophenyl)-1,3-dihydrobenzofuran-5-carbonitrile

30  hydrobromide (101 grams, 0.25 mole) prepared from 1-(3-Dimethylaminopropyl)- 1-(4-
fluorophenyl)-1,3-dihydro-5-isobenzofuranbromide, is suspended in water (500 ml) and toluene (500 .
ml). NaOH (60 ml, 5 N {aq)) is added and the mixture {(pH>10) is stirred for 15 min. before the
phases are separated. The organic phase is washed with water (2x100 ml) and filtered through 2 pad
of filter help. The volatiles are removed in vacuo and the title compound is obtained as an oil. n-

35 Heptane (400 mi) is added and the mixture is heated to 70 °C. On cooling, crystals form. The white

| crystals of the title compound are filiered off and dried at ambient temperature over night in vacuo.

Yield: 75.4 grams (93%). DSC(onset, open capsule): 91.3-91.8 °C DSC (onset, closed capsule): 92.8
°C. Purity: (> 99.8 % (peak area)).



c) A crude mxture of G talopramand sul phuric acid is n%dﬁgpam'hc by addi ng
Na©GH and the «cital oprambase is extracted with tol uenel °TRE t°0l uene phase
.is treated with silicagel, the toluene is evaporated and the cital opram
base ob{gj figdsi»s di ssolved in n-heptane at el evat ed tenparmbkei@wei1ithe very
pure free base of citaloprama is precipitated by cooling. 25 d) A crude

m xture of Cital opram and sul phuric acid is nmade basic by addi ng NaOH and

reatou ararell Recfu ngKIORE Tadd & sh 3y dEl R T, AEOHIES BU8REA 2 1 base
obt ai nele-S\IMRs{BMS@edB 1500 Mizrahol (IH]'h:_e, a9t by @), i2@2t(ﬁi¥éab,éc09v§23_k(4 Hat)j vat ed
car bon agﬁs @'A,hﬁéiggnggg.g% ﬂgl,ﬁ?Lfﬁ%'ﬁg{7?}jpeﬁﬁﬁp{’f@ﬁ%),eﬂ&ﬁrﬁguﬁt'JLé.gﬁszL?E base

is dissolved I'n"n at elevate enperatu h the extrenely

pure fre8zhddé (B, drt8a Bpr A (15, piscs ik 28@d Hpp). 1 oBMEMMEQap 125 MHapt

granulsat b pg and4Pp SRR #Lé, 99.70f10520sat@ 132 HAe1 8R! €. 51781, Was.0 PRsdiANd the
granul ation was performed | -scal e 'aboratory high shear m xer

ned in a snal
(M cr oni %249, 144.04d 5332 .0d9-5\¥d%31 18 8d3 =Mk / 00137 12 Gt al opr am base

was sieved through a sieve aperture of 0.3 nm The ingredients of the
intragraEuI ar 2phase (I - 4in Table 1) were mxed at 600 rpm 25 m of
purified FeRle (5) was added in 30 sec and the granulation term nated
after a total processing tine of 3 mn. The granul ate was wet sieved

a o220 . oo % o |
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m nutes Whhiled RYUisSotbddaE haBthiat BBARA térfperanfd. TH vary fe@kﬂe%ai&ideﬁalogiﬂﬂ is
finally m'x_egl Wi tlh the |ubri ce?nt (8) érgpr 30 sec. 1gul\/ateri al s% 1Gi t al opram

(base) 16 PFOPERET bY ¢aH8/A642. 32 3Lact ose 350 nesh3s. 98

15 b) A crude mixture of Citalopram and sulphuric acid is made basic by adding NaOH and the
citalopram base is extracted with toluene. The toluene is evaporated and the citalopram base
obtained is dissolved in methanol. The mixture is treated with activated carbon and filtrated and the
solvent is evaporated. The purified free base is dissolved in n-heptane at elevated temperature. Then

the very pure free base of citalopram is precipitated by cooling.

20
¢) A crude mixture of Citalopram and sulphuric acid is made basic by adding NaOH and the
citalopram base is extracted with toluene. The toluene phase is treated with silicagel, the toluene is
evaporated and the citalopram base obtained is dissolved in n-heptane at elevated temperature. The
very pure free base of citalopram is precipitated by cooling.

25

d) A crude mixture of Citalopram and sulphuric acid is made basic by adding NaOH and the
citalopram base is extracted with toluene. The toluene phase is treated with silicagel, the toluene is
evaporated and the citalopram base obtained is dissolved in methanol. The mixture is treated with
activated carbon and filtrated and the solvent is evaporated. The purified free base is dissolved in n-
30 heptane at elevated temperature. Then the extremely pure free base of citalopram is precipitated by

cooling.

Example 3
Wet granulation and preparation of tablets
35
The batch size was 200 g and the granulation was performed in a small-scale laboratory high shear

mixer (Micromixer).
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10
Materials %

1 | Citalopram (base) 16.00
2 j Kollidon VAG4 232
3 | Lactose 350 mesh 38.98
4 { Corn starch 20.00
5 | Purified water 25
6 | Avicel PH 200 (Microcrystalline cellulose) | 20.00
7 | Ac-Di-Sol (Croscarmelose sodium) 2.00
8 | Magnesium stearate 0.7

Table 1. Composition of the tablets.

Tablets were produced on a single punch tabletting machine Korsch EK0. The characteristics of the

tabies are shown in Table 2.

15

Parameter Values
Tablet strength, mg 20
Nominal tablet weight, mg 125
Tablet diameter, mm 7
Tablet shape Film coating (special doomed)
Mean disintegration time, min 1.77
Mean chrushing strength, N 69.1
Mean tablet weight, mg 125.4
RSD tablet weight, % 042
Friability, % 03 .

Table 2. Tablet characteristics.

The tablets produced had satisfactory technical properties.



5) for 3 mn. and with the lubricant (6) for 30 sec. Natﬁgig\i_psmdtal opram
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‘povi dong) 4. Q0 6Magnesi um st earat e0. 7 Tabl e 3. Conposi ti of-RhkiiRidzabl et. 15
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strength, 20 ng20 Nom nel tablet weight, ngl25 Tabl et dianmeter, mmv Tabl et
shapeFi | Exawplerng, Special dooned Mean disintegration tine, mnl.0 Mean
chrushing strength, N55.5 Mean tablet weight, ngl25.6 RSD tabl et weight,
%9.5 Friabilit %.4 Table 4. Tablet characteristics. 20 The tablets
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The ingredients of the intra-granular phase (1 - 3 in Table 3) were mixed at 1200 rpm.
The jacket temperature was 80 °C. The granulation process was terminated after 3.5 min. The

10  granulate was sieved through a sieve aperture of 1.0 mm and mixed with the exira-granular phase 4,
5) for 3 min. and with the lubricant (6) for 30 sec.

Materials %
1 | Citalopram (base) 16.00
12 | Polyethyleneglycol 6000 9.14
3 j Lactose 350 mesh 38.98
4 | Avicel PH 200 (Microcrystailine cellulose) 30,00
5 | Kollidon CL (Cross-linked povidone) 4.00
6 | Magnesium stearate 0.7

~ Table 3. Composition of the tablet.

15  Tablets were produced on a single punch tabletting machine Korsch EK0. The characteristics of the

tables are shown in Table 4.

Parameter Values

Tablet strength, 20 mg 20

Normminel tablet weight, mg 125

Tablet diameter, mm 7

Tablet shape Film coating , Special doomed
Mean disintegration time, min 1.0

Mean chrushing strength, N 55.5

Mean tablet weight, mg 125.6

RSD tablet weight, % 0.5

Friability, % 0.4

Table 4. Tablet characteristics.

20 The tablets produced had satisfactory technical properties.



of citalopramis set free froma crude salt or a crude m x8usEP @04
citalopram 10 3. A process for the manufacture of cital opram base or a
salt of citalopramcharacterised in that one or nore inpurities of the

for mul anwdkpgydaersein Z i s hal ogen, -O S2-(CF2).-CF3, whergcmpksiéns, - CHO
-NHR , -COOR2, -CONR2R3 wherein R and R3 are sel ected from hydrogen,

al kyl, optionally substituted aryl or aralkyl and R is hydrogen or

al kyl carbonyl, are renoved from a cr fddgtuieﬁxture of citalopramor froma
crude salt of citalopram by precinpi g cital opram base in crystalline
form optionally re-crystallising said base one or nore times and/or

Ly anster i 1t SR RPRE b Aehe3FL Ll Sl fhom ShorfrertBn RIS RARCOT O 10 110
d ai m 3 wher The' cride  m xtur ram contal ning the conpound of
fornul a Fitalepgamjis aehﬁmanﬂ yrecxpgatpi le;gaas@umbﬁo@umt@e@limg carstedpbensdT §10r¢ or nul a
Il 1052 fgbaRhdtefraiands idiCatdd@ieot th a cyani de source. 25 5. The pr ocess’
according to aim3, wherein Z is halogen, in particular bromde or
chloride. 6. The process according to Clains 3 to 5 wherein the crude

m xture aof qhé ﬁdo@@ﬁ aNClasin 5 R jiRGHAGattore of Abdli dflcitfuprahichabdtaivedf batehettaee base
of cital gpr e i.t at ed rystalli.n r 7. The process

accor di n P‘f% ﬁbs "%%(gmgla dreé'?]?] ’%/ Ted] té%renﬁ’qfr%?%gof citalopramis
subjected to initial purification before a crude salt is forned fromsaid
crude, ture ocess
accor é{n ng’ téAL %elsgz‘f?ﬁgg @%g&«?%ﬁ?ﬁﬁ%ﬁi’gﬂ%ﬁ élgll %&%ﬂaﬁgﬁgg‘iﬁhﬂ%{e from
a crude opapnmee impueiigeief the forrale of cital opram by treatnent with a base and
optional Iy subjected to further purification before the base of cital opram
is precipitated in crystallizme form 5 9. The process according to any of
Claims 1 to 8 characterised i %e C|tal opram base is transferred
into the hydrobrom de or the h ride shalt of cital opram 10. The
process according to any of C airfrs acterised in that the crude
salt is a hydrobrom de, hydrochl or' sul phate, oxal ate, phosphate or
nitrate salt, preferably the sulp 10 hydr obr om de, or hydrochl oride
salt. 11. A crystalline base of ci®aldgpram or a hydrochloride or

hydr obrom de salt of citalopram prdferably crystalline base of

citalopram characterised in that itF has a purity (8f nore than 99.8 % w w,
preferably nore

15 wherein Z is halogen, -0-80,-(CF»),-CF, where n is 0-8, -CHO, -NHR' , -COOR’, -CONR’R’?
wherein R? and R? are selected from hydrogen, alkyl, optionally substituted aryl or aralkyl and R' is
hydrogen or alkylcarbonyl, are removed from a crude mixture of citalopram or from a crude salt of
citalopram, by precipitating citalopram base in crystalline form, optionally re-crystallising said base
one or more times and/or transferring said base mnto a salt thereof.

20
4. The process according to Claim 3 wherein the crude mixture of citalopram containing the

compound of formula Il as an impurity, is prepared by subjecting a compound of formula Il to a

cyanide exchange reaction with a cyanide source.

25 5. The process according to Claim 3, wherein Z is halogen, in particular bromide or chloride.

6. The process according to Claims 3 to 5 wherein the crude mixture of citalopram is subjected to

initial purification before the base of citalopram is precipitated in crystalline form.

30 7. 'The process according to Claims 3 to 5 wherein the crude mixture of citalopram is subjected to

initial purification before a crude salt is formed from said crude mixture.



than 99.9% w w. 15 20 12. The crystalline base of cital ogrpmeedia
hydr ochl oride or hydrobrom de salt of citalopram preferably crystalline
_base of *cital opram prepared by the process of any of O ainsl-10. 13. The

base, %'ﬁﬁ gchloride or the hydrobronide salt of cl aiporidkodhoaact eri sed
I n that as a purity of nore than 99.8 %W w, preferably nore than 99.9
%M w. 14. A pharnmaceutical conposition containing the hydrochlori de or t he

hydr obrom de salt of citalo ram or t“'gfﬁ ﬁ%l 4 tﬁ base E‘C%t al o
nocordi nd. ¢ Bhomsenmcasrdipg oy Zodgrel st o 4R RSB 7 b kiR B am
15. A phﬁ]%&ﬂﬁdeeﬁkmmmaﬁmﬁmy acamerd iwig) atbase@ndbptiohdllyubjetied ® fartheabl et
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with phaPH%fécé’U?’i‘ %{?rf)}‘ ee@ER%?Pm r&&éﬁegﬂl@?&dﬁm colrr%&presm on of a wet
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adj uvant §ran51'€T€d'FWeﬂpM¢fﬁhf@éllﬂeiQ€§Te W@'ﬁﬂﬂ%‘?q‘flsﬂh&?‘(’gﬂ?)?’aﬁ“ng to Claims 14 to 15

-.characterized in that it contains the racem c m xtur e of cital opram base,
it al opr e O k6e3b asy ISR 3%, L RRLAT S S Gude salt s 2
hydrobromide, hydrochloride, sulphate, oxalate, phosphate or nitrate salt, preferably the sulphate
10  hydrobromide, or hydrochloride salt.

11. A crystalline base of citalopram, or a hydrochloride or hydrobromide salt of citalopram, preferably
A crystalline base of citalopram, characterised in that it has a purity of more than 99.8 % w/w, preferably more
o than 99.9% wiw.

15 | _ \
12. The crystalline base of citalopram, or a hydrochloride or hydrobromide salt of citalopram, preferably
crystalline base of citalopram, prepared by the process of any of Claims1-10.

13. The base, the hydrochloride or the hydrobromide salt of claim 12 characterised that it has a
purity of more than 99.8 %w/w, preferably more than 99.9 Y%w/w.
20

14. A pharmaceutical composition containing the hydrochloride or the hydrobromide salt of citalopram or the

crystalline base of citalopram according to Claims 11 to 13, preferably crystalline base of citalopram.

15. A pharmaceutical composition according to Claim 14 which isa tablet prepared by

25 a) direct compression of citalopram, optionally in admixture with pharmaceutically acceptable

adj dvants;

b) by compression of 2 wet granulate of the citalopram, optionally in admixture with
pharmaceutically acceptable adjuvants; or

c) by compression of 2 melt granulate of the citalopram, optionally in admixture with

30 pharmaceutically acceptable adjuvants.

16. The pharmaceutical composition according to Claims 14 to 15 characterized in that it contains

the racemic mixture of citalopram base, citalopram hydrochloride or citalopram hydrobromide.

35



