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| am no) pr o -1-(4-fl uoropheny) -1, 3-di hydr o- 5-i sobenzof &y aRegddepni tril e,
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by said process and fornulations con- taining such salts. WO 01/68627
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The present invention relates to the crystalline base of the well known antidepressant drug
citalopram, 1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydro-5-isobenzofuran-

5 carbonitrile, formulations of said base, a process for the preparation of purified salts of citalopram,
such as the hydrobromide, using the base, the salts obtained by said process and formulations

containing such salts.

Background of the Invention
10

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

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,
o 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. 175 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:
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loss of citalopram are required in order to obtain the necessary quality of the end product.

Tt has now been found that the base of citalopram may be obtained as a very nice and pure crystalline
product, which may easily be handled and conveniently be formulated tnto tablets and other

20 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
hydrbbromidc or the hydrochioride salt) by crystallising the base, and thereafter 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
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cital opram characterised
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
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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.



20 In a third aspect of the invention, there is provided, a crystalline
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purity of nore than 99.8 % ww, pr ferably nore than 99.9 %ww. 25 Stil
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granul ate or a nelt granul ate of C|talopran1 optionally in adm xture with
conventional adjuvants or diluents may be used for conpression of tablets.
In particular, the pharmaceutical conposition may contain the racemc

m xture of cital opram base, cital opram hydrochloride. or cital opram
hydrobrom de. 35 In a fourth aspect of the present invention, there is
provi ded a pharmaceutical conposition containing the hydrochloride or the
hydr obrom de salt of citalopramor the crystalline base of cital opram as
defined in the above aspect, preferably crystalline base of citalopram 1
3 SEP 2004 4a The crystalline base of citalopramis preferably nore than
99. 8% w w pure, nost preferably nore than 99.9% w w pure (peak area). The
melting point is preferably a range within 90 - 93 C, nost 1 3 SEP 2004 WO
01168627 PCTIDKO /00137 5 preferably 91 - 92 C (DSC; onset, open capsule)
or it is between 92 and 94C, preferably 92.5 and 93.5 C (DSC, onset,

cl osed capsule). The crystalline base of citalopramis preferably in
racemc form 5 The ternms "crude salt” and "crude m xture" refer to the
fact that the salt and the m xture, respectively, conprise inpurities, in
particular inpurities of fornmula Il, which nust be renoved or which it is
desired to renove. The crude salt nay be a salt separated directly fromthe
reaction m xture, or the crude reaction 10 m xture may have been subj ected
to sone initial purification, e.g. one re-crystallisation, and /or
treatnent with activated carbon or silica gel, and the salt forned
subsequently by treatnent with an acid using nmethods known in the art. The
salt may be isolated by precipitation or it may exist in a
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in a very CRyre Jlorm by this process. 55 The cyani de exchange reactions
ment i oned” ADGVE may be carried out as described in the patent applications
nmentioned above. In particular, when Zis halogen, or CF3-(CF2)"-SQ2-O

wher ebf Tht Bas@ o kit bé &eﬁé@ﬂﬂgﬁﬂ@ vihde sdltﬂ:@r| dissolviig tHe@Rude Al i A niith®e Cyano
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may be  acetate or any other suitable solvent and the base may be any convenient base, preferably NaQH 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



the sane or different and are selected from hydrogen and strai ght chain or
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KCN or Zn(CN)2. The pall adi um catal yst may be any suitable Pd(0) or Pd(11)
contai ning catalyst, such as Pd(PP)i 3)4, 20 Pd2(dba)3, Pd(PPh)2Clh, etc.
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the conversion to a cyano group nay al so be carried out reactiron with
-cu(CN)  virphatiensaagiipedpboven g preferred embodi ment, the reaction may be
perfornmed at el evated tenperature. -30 Still another enbodi nent may relate

to the reaction perfor in an jonic |iquid of the.general formula RR) 4N
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performed w thout added solvent. 5 The tenperature ranges are dependent ..
upon the presseacioba Petipglem cplalyste cat al yst is present, preferred tenperatures

are in the range of 100-200C. However, when the reaction is conducted under

‘the ijpf I'I@REMIAS solics isAWBY RS stdiiRorh@iP/hétnt bEini etedst) §ref&aBY 110N eqHlivaleRis rdBY
.raise to.above 300 C. Mpre preferred tenperature r%?ges are_bet ween

. 120- 170C. usehes- sysialept taring el ol may qonyenedfybe G- e syapide cpmpppnddent |
the pref giémdbly NP R KON I72009,.1 S between 0 and 100C. More preferred are
tenperature ranges of 40-90C. Mst preferred tenperature ranges are between
60-90C. Qther reaction conditions, solvents, etc_ are conventional '
condi ti Onﬁmefpgﬁad?ul{nc Qatz[!;?s?‘%a&;%g%n)?' QuQmﬁgi‘d(O) or Pd(i} confaining catalyst, such as Pd(PPh;).,

20 Pdy(dba);, PA(PPh),Cl,, etc. The Pd gatalyst 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



easily be determned by a person skilled in the art. 15 Wen Zis C or Br,
the.conversion to a cyano group nay also be carried out Hy3 SERCon with a
.cyani.de source, for -exanple KCN, NaCN, CuCN, Zn(CN)2 O (R4)4NCN where
'(R4) 4 I%“ﬁ?"’%& four groups which nmay be the sane or distfegni@nrioodnd are

sel ecte hydrogen and straight chayn or branched alkyl, in the
presence of a nickel catalyst. 20 The nickel catalyst may be any

sui tabl eNi (0) or N;(l1) containing conplex which acts as a catalyst, such
as Ni (PPh3)3, (a- ar’yl) Ni (PPh3)2d, etc. The nickel catalysts and their
preparation are cribed in WO 96/ 11906, EP-A-613720 or EP-A-384392. 25

I n one enbodi ne f the invention, the reaction may be carried out in the
presence ytl c anount of Cu' or Zn2+. In a particularly preferred
enbodi nent, " a NIC e'i (0) conplex is prepared in situ before the cyanation
reaction by reduction of a N ekel (I11) precursor such as NiCl2 or NIBr2 by a

metal, such a afo e% !31‘?1 é&t %ﬁgﬁfaétg mqu c c'téa &Ex%p&%@&%ﬁ@ s@h 28¥G88R, of
conmplex 119 f'era ri pheny N - catal yst mgy

“ conveni emyle;ae bxenuﬁﬁdner and amlentio influcnst oﬁmsrmvea&yeﬁ@gabl §ynthewave}gad by Prolabo.
pr ef er abl 4. WO 01168627 PCT/ DKO /00137 8
Catal yti c%aermu nt s magfb%&n’l?&n{%d avg?foi*?@e%g@pgctl vel y, nmean substoichionetric
amount® such as 0.1 - 5, preferably I - 3 % Any conveni ent source of Cu
and Zn2 npy ifpeiiad ard& éft@ﬁ@hhb’rcﬂ&&ﬂtjrﬁ& Ifhbeatdlpst m;mésc@;ircfhncﬁ Zn2+ is
conveni ently used as e anf or forrre It of a
Ni ckel ItF'}‘P?EBtH’ﬁﬁﬁfﬁﬂk BENE %é @g éﬁ’r  whey g rf'[l tscmziérj%ol?'xucrt d’i Pd( 0)

or Pd(1 1)mﬂ&>énaé YEShiSrodaves @hcteinpaghuleyin ﬁak@kilmanam masaltalse tapbByg 300 °C

Soc. .| pn 1,..1985-1990 069%&?}&5@ Qégﬁ,@dl% Nlﬁdegh)a();B or
Pd'QPPhB) & S%éqﬂﬁ?‘mt)"f&dﬁes(aﬁ %eémrg(gféﬁ ons {3 (ger or greel in %Fé
conver!berit‘ catalystanpresst, dwguettirddenperauie ARG 85 48 aet‘érﬁen pnd 10Q°@ Mpre prefEsd argoc
Jpn. , Bé%x §R88)C. MBhElh EFkes Bl QRIS e BARLAIIOLIOPL,

et hyI acet at é%%ﬁ': or NWP. S%en Z I89C|-|O t he conversion to a cyano
group may be carried out by conversion of the fornyl 15 group to an oxine
or simi | afymel Rediol boh@fisik vedts} fic.aaré eagentionmbeondiiols funendi rad¥Pns gnd may

hydr ogen, 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%.



optionally substituted al kyl, aryl or heteroaryl and V is O, N or
fol | oned by dehydration with a conmon dehydrating agent } f%E @wérrpl e
~thionylchloride, acetic anhydride/pyridine, pyridine/HCl or phosphor.

pent ach\,‘%(6 6482 Preferred reagents R6-V NH2 are hydroxyl apgmmrogeetmpounds -
wher ein I's alkyl or aryl and Vis Npor O 20 Wen Z is -COCH, the
conversion to a cyano group may be carried out via the corresponding acid

chl ori de ter The..aci d hI oride is 0 y
treat rrenFatG tig ﬁ’@"‘éﬂfﬁ g‘]é;b\ ¢pd g ﬁs”‘?s tey dPeaE&HSE"C% HERS %Mu)éts Smﬂsgﬁlpt le
sol vent , peifigiblps - 8 6h.UByeonvenieol werme otd}mpamcblmgmay b,emsaﬂ V&Y ds prefsrably wkd |9 N
di met hyl f OI’ mfd(?ul an: Aqfnzef% gﬁveg‘%ntg@.} gﬂ &etr ?rgr ag%ﬁ SR in Ts:'ﬂ?b}af@!lﬁn% bn an

al cohol , The préSefice” ol a mneral acid or a Lews
aci d, suNmbb(IlH@bmpdﬂﬂ@@mngE@mB, PCI5 or SOC 2. Alternatively, the ester
may be obtained fromthe acid chloride by reaction with an al cohol. The

ester or the acid chloride is then converted to. an a tion '

with anmdhe é\h@?talaﬁfsapky-ﬁ%lr{?hé’d(ﬂ)sﬁ%%?aéﬁ?é?m% ?Scﬁﬁfgﬁy%eﬂgam% I ‘8§§i‘ ersion

to am de dxeM. glcsgmbel Qb1 99041 988).[Feefeirédatalyfsts aleaNi@Ph oy onftd(FPheooni a or an

al kyl am pressure and heating. 35 The ami de group is then converted
il

to a cya by dehydration. The dehydrating agent may be any suitable
dehydrating agent, and the optimal agent may easily be determ ned by a

p&ls (Z)IQJ E&ﬁ?agloas %@? Qee pe 0 %d:;g ﬁé@&ﬁ%ﬂt §M{!én?'£g K IBLY rRlinch-24 e4Lih Bane

SEP 2004 W01 6862 01
/00137 €hsml $ocalprar6li tﬂ&ﬁépw (p88r. é’rfrf@aadesﬁ%'afﬁféﬁﬁcmw‘ﬁ’ée@y ﬁ@%ﬁ“ may
be react ggyg h an al cohol, preferably ethanol, in the presence of PQO 3,
in order to obtain the correspondi ng ester, whi ch may then be reacted wth
ammoni a t her eby vi ng the_correspondi ng ag1 de,. wh ch in tur nftlhsfrealct ed
wi th SOckhang. ts&%l%ﬁ@co%wmnﬁgﬁ AYNE SEO4P 12y PF ATSHATHRY gpvegsion of the form

N-di gy h uﬁrtm%ilﬁc oN¥ithi®d Bedup ¥ kdctich vEeTE@ANRSk RENBINEL, Fhiein KGO kY dragen.be

{1 eat od %élwaﬁ?é%%ﬁéw‘éé%ﬁﬁg&a'b%%‘é N R e S

where R cb&ﬂ&ﬁ@lé ng 5.3@&16@9 BxpH ﬁibnylﬂﬁlendéy&la@c arﬁych’fdeiperzallnh,)pypémé/ﬁﬂhwd by
di azot ati on and

reaction, er.ab
CuCN andmbpspherw%?}%oﬂdﬁsl’é Her?ﬁeﬁGRu y‘ﬁﬁkw Bé‘?’?f%’i%ﬂ ‘{c"m }“Yndust‘l\’l‘?‘sﬁ‘ﬂ“@
subj ect eqs 4i1Ry1hy dyPindsr s Ndrey.eby obtaining the correspondi ng corrpound
V\/nere‘lmn R is Hwhich is the converted as descri bed above. The hydrol ysis
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,.



may be perfornmed either in acidic or basic environnent. g?@ g@) g conpounds
of .formila (11) may be prepared as described in DE 2, 657 1 0011926
and WD 0013648, WD 9819513, WD 9819512 and WD 9900548. Throughout this

"specifig é g&t%4th clai ms hal ogen nmeans chloro, brono or pipgiordéig7 t €rm
al kyl P %4’ a branched or unbranched al kyl group, such as nethyl,

ethyl,'l-propyl, 2- propyl, | -butyl, 2-butyl, 2-nethyl-2-propyl, and
2--nethy|-|-propy| The termaryl refers to a carbocyclic aromatic group,

in partlcular r ef a ro aryl
and a) ky n e gt Cambmen, S pbpo i Epar byl DR Rl
be substi étlkhh@ldm tﬁs FeseideloNP@CKYih offlentobtainf thy d.‘mmj.}poﬁ«hng mmﬂhﬂl mm tién beTraeted

pharnaceutlcal osj ti.ans_of the |nvent n
sui t abl e WA ‘El“? ereby gjVing, hFé?)‘Teé;p?n(SI%amf %@ry?pq‘rg or %ﬁtﬁ% heg(f‘(ﬂémqome

t abl et§ db&@ﬁﬂh@ﬁcatzﬂﬁi&dﬁfoﬁnt@alfNsNdepsthylﬁthnﬁ‘ﬁhd@arenteral ly in the form of
usual Sterile solutions for injection. Preferably the pharnaceuti cal
conposi tions of the invention are adnministered orally. The pharmaceuti cal

et R O ey tnx ne o act fve
i ngr edi enprdg oo Wg‘i il “'éﬂl‘f"fﬁ?‘d’ﬂfhsa ‘ggydgar?& g‘i“}%g aﬁﬁ%f subsequent | y

conpressing the mxture in a conventional tabletting machi ne. Exanples of

R e A R

adj uvant diazaatibhthdfllcetdyrearten with %M%tms@ﬁbﬁtﬂm an@ CeCNgad/oiaGN &g

P00 057 shed i Rt fapaan € %’“‘M“EQ AR kY *e‘@?%‘?ﬂ*u?“;%‘?‘é‘ﬁ?‘ei&sgﬁf Ging
“tonthe i neerspardingugmpsandwherein & iy which isdhe cotsied asdeseritgd aboves Hhe by

admi xt ur e i bR GRAKENGtheNR heidid bt bARlcAviRkmel] uents. Alternatively, a wet
granulate of a nelt granulate of citalopram optionally in adm xture with

conventd onal adjuvants or diluents may be 5 used for conpression of
tablets. Ppéébnipdisds bPforhilh @B)mhae praparedas dosceibed i DBIL6013] W A0 é92%%cnd ve

I ngredi en ' ek the solvent for injection,
preferab|&W§B&Fﬁﬁé%@£%§¥$ﬂg§$ﬁégﬁ”if?ﬁgwgg?k%?%n to the desired vol une,
sterilisation of the solution and filling in suitable anpoules or vials

A SUl Ll L KRR AD Rldain WG chitrs, Boni By b added, such

as tonicity agents eservatives, antioxidants, etc_ According to the

presenﬂ)lnventlon the base of cital opramhas been found t ? q$ C{g qlilne
Wi th The term alkyl refers t6 a branched or unbranched alkyl group, such as methyl, [opy

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.



stabl e and nice white crystals and it has been found that éﬁ

easily be crystallised in a very pure form So for exa e nor e than 99. 8%
.W w pure cital opram base was obtained by 15 crystallisation fromup to 95%
pure hyg\;(ppl de without further purification. Accordi ngdypxbioizProcess -
of the inven |on for preparing salts ofjgcital opram has been found to give
the salts as very pure products of pharmaceutically acceptable quality.
Accordingly, the yield may be inproved substantially during the

manuf acture of citalopram 20 Finally, it has been found that the

cryst al | iiRgarfiédia] MPfoaMubAGE at@ydiipeo tierinuhabeday b wepasd\by gired campressgnalf| e
solidfor | ations, wth od rel.ease [ er

i | | ust r atBHOBg PRI o‘gl\nglncong?‘amn adé'%a%%% Ehllhféﬁt:f %@%ﬁ%ﬁgﬁ Hgs %‘ﬁ%grttéj{;)%ah

R S G t alnorganubse dflesalppram, dmismﬂly lin amxtmqmtﬂﬁphmlﬁ@ﬂ)ﬁ jpyAnis.or diluepig'may be
-fluor p nzof uran-5-c arboni tril e.

1- (3 Q@ IJP gesgg‘% ?ﬂ%§(4 -fl uorophenyl ) -1, 3-di hydr obenzof ur an- 5- car bo
nitr|Ie 30 hydrobrom de (101 grans, 0.25 nole) prepared from

|- (3-Di W%Bﬂﬁb&%ﬁgﬁﬁmy knhy bé I(:ﬂared by solvtng the active ingredient and possible additives in a
f 1 uor opheny

(500 m) p&ﬁl&%ibﬁ F?.} %é%tlm_; I)p§c 6w er ? %ﬂ'{é e)s)o?ultlgt? &% gg gesmgd xy@%]rﬁer

m xture (sﬂ:lrihadﬁbn bsthsﬁdtﬂittoadnd flling | smta‘nle due;ﬁauieeot nigls pgseisatde @ldgepar at ed.  The
organic ph ASndmnygs X oty aBied bredePbapided MMk cRad -
of fih Bonaltlngseg f"ftg"s a%%c{d?(é%%/’egt% Ya g&a iéﬁ d the title corngound
S obta| ned as an oi | . n 35 Heptane (400 m) is added and the m xture is

heat ed t%ZQrdﬁ t %Qén ﬁgentﬁﬁﬁﬁélﬁkesoffc%] rarh s ¥deh ¥ind ﬁf%&irﬁdta?ﬂuﬁfmﬂthe title
conpound are ﬁ dr| ed at anpien
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(1H, d J-=®bSartally ditingGhemadufagtpre of SiRloRvR( DVEO d6, 125 |sz). 5
21.8,38.3,45.0,58.8,71.0,90.7,110.5,115.1 (d J=22 Hz), 118.8, 123.1, 125.1,
127.0 (d J=8 Hz 132.0, 140.0 (d.J=3 Hz), ,140.5, 161. 3

J=245PR9) F‘El‘é[n‘f)?’@ bpem fyung) that the gy 11%%%@?%‘3'8#’35&’?“3|b8%?‘5w%£ﬁ%‘d gdﬂb’%ﬁ?‘} Wacid
I's made bagHiCsold faRhdiafgnsMaHoadetichdteroperties.

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)).



cital opram base is extracted with toluene. The tol uene |§ gg‘,a%g jated and
the cital opram base obtained is dissolved in n-hept anel &t °%l évat ed
.tenperature. The very pure free base of citalopramis precipitated by

cool i ngwolf/dada7A crude mixture of Cital opram and sul phurgcrpgiwhoizz nmade
basi ¢ by adding NaOH and the cital oprambase is extracted with tol uene.
The toluene is evaporated and the cital opram base obtained is dissolved in

The cotvere Pletcinpefd Sak GRS Bk e 38 B b Be M R o5t ane
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el evat ed _t enper a f)ure ree base of cital oprama i s

preci pi t 3% 1690&65!3|}FF@’ 14% U)"SA Hddd= P Eire of G tal opram and sul phuric
acid is made basic by adding NaOH and the cital oprambase is extracted
wi.th tol yene. he tol uene phase is treated with silicagel, the toluene is
evapor at Eﬁmﬂwa t he cital opram base obtained is dissolved in nmethanol. The
m xture is treated with activated carbon and filtrated and the solvent is
evapolAl gfl- ATHRe Rittdile! o?éltilseﬁs?g@és% rahﬁ.?éuéé,gmé@@bas{abs}aéézngﬁ%ﬁ@sdaafe el evat ed
t enper at ent e extr ree base of citalopramis

preci pi t attadepriyy basgdoixiragied Wintepere. Bhafpluerpig Araratried Ardithy Cﬁl‘éﬁﬁ%ﬂ‘ B#seon of

tabl ets 3pailBlisRAsAbedsh aheMaR 2200vatdadithebdife AR Ry Phicdieebas dpitdléprirees i n a
smal | -scal e | aboratory high shear mnixer (Mcromxer). 1 3 SEP 2004 WO
01/.68627PEPreREPy 9% 12 Gital opram base was si eved through a sieve
aperture of .0.3 nm The ingredients of the intragranular phase (I - 4 in

Tabl i f . ded 30
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granul ate was | eve nm si eve aperture.
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 inn
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).



The dried granulate was m xed for 3 mnutes with the ext gg‘sr@n?dg@r phase (6
- 7) in a Turbula mxer and finally mxed with the | ubricant or

.sec. 10 Material s% 1C tal opram (base) 16. 00 2Kol I i don VA642. 32 3Lact ose 350
mesh38. Yo ffauesy st arch20. 00 SPurified water25 6Avi cel PHP2OMK01/00137
(Mcrocrystalline cellul ose)20.00 7Ac-02 Sol (Croscarnel ose sodi um 2. 00
8Magnesi um stearate0.7 Table 1. Conposition of the tablets. Tablets were

produced (PIQ a_si ng e Wass )L gﬁ‘%mfo%gﬂ ;EIEJ/J!%&EQ Bf 0e n‘tﬁ?) FI’ﬁ@Dl nts bR Bhe intra anular

char act erfeloprem 15 Par amet er Val ues

Tabl et stphesedt h4 infidB INoeieTaixed 250 PP gﬂtof PHHES watra@ afs adatin ¥Wrsee #dy
Tabl et Shﬂﬁ&?ﬁd]&ﬁoﬁ%im@ﬁd 6BRSGHEI prg&%ﬂ%q)mé\@@nnﬂl'ﬂiewra&t\bﬁw& R mnl. 77

Mean chru strength . Mean ta
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produced Pag maliisd astueiy whemhny siavedpiropgrd 0.2 mm devd aBiiRr€004 WO 01168627
PCTI DKO /00137 13 Exanple 4 Melt granul ation

The dried granulate was mixed for 3 minutes with the extragranular phase (6 - 7) in a Turbula mixer

and finally mixed with the lubricant {8) for 30 sec.

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 The batch size was 200 g. Cital opram base was sieved t@@o 7804 Si eve
aperture of 0.3 mm The granul ation was perforned in a small-scal e

| aborat ory high shear m xer (M crom xer) The ingredients of the

‘infra- gwm}ﬁ%ﬂphase (1 - 3in Table 3) were mixed at 12Q6rpR§R0ofdie | acket
tenperature was 80 C. The granul ation grocess was terminated after 3.5 min.
The 10 granul ate was sieved through a sieve aperture of 1.0 mm and m xed
with the extra-granular phase (4, 5) for 3 mn. and with the lubricant (6)
for 30 s&xampltleri al s% 1Gi t al opram (base) 16. 00 2Pol yet hyl enegl ycol 60009. 14
3Lact ose 350 nesh38.98 4Avicel PH 200 (Mcrocrystalline cellul ose)30.00
5Kol I'i dop. CL éCross-I I nked povi done) 4. 00 6Magnesi um st earate0.7 Table 3.
Conposi t Mslt 5N apl et . 15 Tablets were produced. on a single punch

tabl etti ng machi ne Korsch EKO. The characteristics of the tables are shown

~in Tahle Par I Pa BB Nek BEd 3 ap! et wei ght,
nngSthTagﬁée 2 i%ﬁﬁ%ﬁl@%%@%ﬁ%ﬁ%&ﬁ ‘?{"é‘%a?l ng, P_’Speci.al doonmed Mean
di si nt egiTht gremlatiomwas pérformed ivcmalitseale laberatost ghjed MiKEEMEINBIEE) t abl et

" weight, ngl25.6 RSD tablet weight, %9.5 Friability, %0.4 Table 4. Tabl et

characteristics. 20 The tablets produced d.satisfacgto t echni cal
properti &Be '“ECQ‘G@E?f‘Q@@Ha'gW@in@WY 3pete a")'%?)’fg"‘fg aﬁiﬁ&ﬁpﬂ?'l\/s 1. A

process fa¢ jatiREeRBaERACHA436 °Of Tik @atulatiol protdsavapeminaabafact.niisdlie i n t hat

the bﬁ)s € g?afnulate 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.



citalopramis set free and precipitated in crystalline fof# S&p2ibnal |y
re-crystallised one or nore 5 tines, and then transferred into a salt
thereof. 2. The process of Claiml for the nmanufacture of a salt of -

cital oppyaiagzacteri sed in that the base of cital opranpdspretedisee froma
crude salt or a crude m xture of citalgaram 10 3. A process for the

manuf acture of citalopram base or a salt of cital opramcharacterised in
that one or nore inpurities of the égémwsa 15 wherein Z is hal ogen

-0 SM2-(CF2).-CF3, where nis 0-8, - T -NHR |, -COOR2, -CONR2R3 wherein
R and R3 are selected from hydrogen, alkyl, optionally substituted aryl or
aral kyl 3nd Rorobels D HAOATARL ofh ot SRAHGRID cnider EIREA wleiR & crude

m xture of ¢italopram™or froma crude salt of ~citalopram by precipitating
ci t al opr aivalerasm i set freeyand preripieted ipcristabine famapptipnply ecpstallised aierfgmerd d base
one ors MpLRs LhiBen aRttdled e sfi@hdddng said base into a salt thereof. 20 4. ."
The process ‘according to Caim3 wherein the crude m xture of cital opram
containing the conmpound of formula Il as an inpurity, is prepared by :
subj ecti ng aheppasstCiaim f o Mentmbiactine ofia satydnittleprenchangeisedacthatae bast h a
cyani de spurce. 25 5.. The process, according to i , Wherein Z is

hal ogen, 0??1‘{%%‘1“? Baft CCE'PS% %CES‘?“ %rhalc(g?cg el.ngc.Of?h@!)pgr%%bess according to
Clainms 3 to 5 wherein the crude m xture of citalopramis subjected to

initi urifj ' ' [ Yot MaTIE j

cr ystg% I ?”ne p?%g(?ehtsé ggmgﬂ@ﬁgﬁ@g@g@%ﬁ{;ﬁ%@gﬁgg%gaﬁﬁay 3 to{eggév(\jﬁggﬂg?n t he
crude ni RpePrEnf impursieopithgdormula ubj ected to initial purification before a
crude salt is formed fromsaid crude mxture. 1 3 SEP 2UO A WD 01/ 68627
PCT/ DKO / 00137 15 8. The prpocess according to Clains 3 to 7 wherein the
base of citalopramis set freg Mma _crude salt or a crude m xture of
citalopramby treatnent with a and optHonaIIy subj ected to further
purification before the base of ~Citdrepram-iswprecipitated in crystalline
form 5 9. The process according tgsany of Clainms 1 to 8 characterised in
that the cital opram base is trans ed into the hydrobrom de or the
hydrochl oride salt of cital opram % The process according to any of
Clainms 2-3, characterised in that the crude salt is a hydrobrom de,
hydrochl ori de, sul phate, oxal ate, phHosphate or nit(Hhate salt, preferably the
sul phate 10 hydrobrom de, or hydrochloride salt. 11. A crystalline base of

cital opram or a hydrochl oride or hydrobrom de salt of citahopranh .
pr ef etablwherein Z is halogen, -O-50,-(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.



crystalline base of citalopram characterised in that it ,hpgen Mkity of
nore than 99.8 %ww, preferably nore than 99.9% wW w. 1§ 20 12. The

~cr'yst"a‘l 1% ne base of cital opram or a hydrochl ori de or hydrobrom de salt of
cital o%rgmggze;f erably crystalline base of cital opram pgrgpansgisby the
process of any of Cainsl-10. 13. The Rkgse, the hydrochloride or the

hydr obrom de salt of claim 12 characterised in that it has a purity of
nore than 99.8 %W w, preferably nore thaq 98.9 9 w. 14. A_.pharmaceuti cal
conposi t BonTROMPESTACARIIINEE HPtRSGIA STherg the aﬁﬁ%%&?‘&ﬁ'ﬁ&?ﬁt&ge ek i

ci t al opr @M &fa drliR miktadeTf ditdlbpiem be geatmént eiithalbograadoptvoaltykubgetedtoGighears 11 to
13, preferaply crystalline _base of .ci - - armaceut i cal

conposi t PBA ’%"{‘g’%ﬁvﬁrﬁ ﬂt"ssedfaﬁ“ﬁn""ﬁf“mf% ltlggﬁg‘{%%%ﬁ}é?ﬁgl?%par ed by 25 a)
direct conpression of citalopram optionally in adm xture with

phar maceyt | Gl hcACLERMAR 1P AIAN s b COIRIAI DloPambalE
granul"até o e citalopram “optionally in an xture with pharmaceutically
accept abIﬁ@n%fw@vatnﬂly;hY@Pb@)mWfé*&rwﬁfé?ﬁ?r@ﬁ S%f"e?’tﬁlﬁ?‘"lamgranul ate of the
-citalopram optionally in adm xture with 30 pharmaceutically acceptable
adjuvants. 16. The pharpmaceuti cal .cogposition gccordin 0 ims 14 to 15
char act eftflz d&e prcgshageordingda Anyg a"“fgzg’ g Sga%”g‘?tﬂ#meggée%ﬁsa opr am base,
ci t al opr agadbyemahyardchieridd, sdpiiatd, oyulzerphyspliratdr oftiathesalt.3Beferably 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





