WO 03/ 000672 PCT/ DKO2/ 00426 Process for the preparation of racemc
citalopramand/or S or R-citalopramby separation of a m xture of R-and
S-ci t al opwarn3Dbes72 nvention relates to a process for the pregakRiooszsof
racem c citalopramand/or S 5 or R-cital opram by separation of a m xture
of R~ and S-citalopramwith nore than 50 % of one of the enantioners into;
a fraction of racem c citalopramand/or a fraction of _S-cital opram or

R- ci t al opPARFESSHIhAPRePaTation abrasemigsitalppram and/op §a A Rositaloprapeby i nvent i on
al so rel atsé‘;?arfafloﬁoPB%ﬁﬁﬁe%i’k—M@?Qitﬁfbﬁ%i on of racemc as well as
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enantionerically pure citalopramfro e conmpound R-4-[4-(di net hyl am no) -
1 -(4" 10 fluorophenyl)-1-hydroxybutyl]-3-(hydroxynethyl)-benzonitrile.

Background,of the inyention S-citalopram(escital opra is the, active
conponent Cf&e "Pﬁgg?ﬁ Beﬁﬁsttofiqrﬁqeéi)koémépmq{ flony ¢ ce CF’%%%?ﬁaﬁ”r?ﬁQ’F Fe of the
R ands S- oeRadialspih by sdpteatfoniTaHitniré ofRY MldUSitBopaht wHE Rices®antoof the
sel ective serotonin reuptake inhibitor (SSRI) type. Both racem c cital opram

and S-ci t & ebenaridhecrmtipmesdnigsa faeticiey recsue citadopramsind /20 alfractiers ohow
surprisingl f own Lxture of R- S-.cital opram gont ai ni ng
nore t han%t %%go%g%n&? gfgtoa?\%?%nrl %?ﬂgﬁen%alﬁ iaénr?g‘ r tss?oq?l?eec’tgerne%ﬁgﬁ?%néeém mi xt ure,

may be seapanfdealsd Alstestofd proédso forafie pragatiich sfirhedntipaawennsd a fracti on of
S- or Rcitalopramby precipitation of citalopramas the free base or as

an aci d_ adB¥iosIerisallY PyrR&Hglgpramiiem the optRpng R-SlE{dimegyiaminer 1-6 ci t al opram
may bei S%@%{@ﬁﬁﬁp@@?ﬁ&gl; _gé@y%gw%ygfbefl%i%qgm pitation. This is an

i nportant and very us in"particular because it allows the
preparation of racemc citalopramand S-cital opramfromm xtures of R and
S- cital opr obt qi from manufacturing processes which result in

m xt ures Ww&&ﬁﬁ%ﬂwvw&nthe speci fications of the marketing approval
of neither racemc citalopram nor S-citalopram (in escital opram the
anount of R-cital opram conpared to S- cital opram should be less than 3 %
pr ef er abl P-ditaapram (Ecidopeog IthpaTtivKoaPooaR ®f the product citalopram, which

15  is aracemic mixture of the R- and S- enantiomers. The compound is a valuable

antidepressant of the selective serotonin reuptake inhibitor (SSRI) type.
Both racemic citalopram and S-citalopram are marketed as antidepressant agents.

20 It has now surprisingly been found that a mixture of R- and S-citalopram containing
more than than 50 % of one or the enantiomers, i.e a non-racemic mixture, may be
separated into a fraction of racemic citalopram and a fraction of S- or R-citalopram by
precipitation of citalopram as the free base or as an acid addition salt thereof. The
surplus of S-citalopram or R-citalopram may be isolated from the mother liquor of

25  the precipitation.

This is an important and very useful process, in particular because it allows the
preparation of racemic citalopram and S-citalopram from mixtures of R- and S-
citalopram obtained from manufacturing processes which result in mixtures which do

30  not meet the specifications of the marketing approval of neither racemic citalopram
nor S-citalopram (in escitalopram, the amount of R-citalopram compared to S-

citalopram should be less than 3 %, preferably less).



2 S-citalopram may be prepared by separation of the R- and

S-4-[ 4- (di net hyl am no) - 1-

(4" -fl uorwphamngdey2 1- hydr oxybut yl ] - 3- (hydr oxynet hyl ) - benzo®RCTmKoe/0(£2he R-
and S- diol) followed by ring closure of the S-diol with retention of
configuration, as described in EP-B1-347 066. 5 O her processes for the
preparatign.of S-citalopramincluding chromatographic . .separation of

enant i onePLIRIPTAN BBV DEPrensrrdby geparalion gk the Ra and 8-4lis@imebylmindplar at e t he
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to form S-cit.al opr tion processes for citalopramare well known
and have B@éﬁgﬁ‘ggﬁp@é# S 4.136.193, WD 00/11926 and WD 00/ 13648.
Depending on the specific process used and the conditions used, the

enantioneric 15 purity of the S-cital opram product obtained may have to be
i npr oved. Othaieroqspsss ydhe preparatee iy ciaperemi ineludipg chewsiatogytph® ci t al opr am

may al so ¢ { i P - S-eit Iggr Wh - o_not fulfil the
speci fi cat ?Ef%}ﬁgstlogfo rt‘te ﬁgeﬂtfrér%nr%ksg%rf ?\fgso lg‘étéf)ﬂslrg163\'/alflscgﬁ1 T c%@g o Og;s)lcrg’g:’rﬁg Si‘t?”ﬁﬁ&‘ée,

accor di ngcérpespordifg peeio-dérivatiee,i 1n4eBiion®2-hi/theximedRniphemylpaovi des an easy
way to inprove the enantioneric purity of S-cital opram_obtained by such

y ¢ {
pr ocesses dmpsiRylAginonk($rilsergebemyhbaiand-Qlifrom BisramrerPnd medialiob dpBpne
separatio S - - : -
(et By g los i fenfiSn of configuration apd cyanation f form S-siflopram.
benzoni t r Clyendtohlpoavessel Yorrditalppedno srgrveelldénown and have been described in US
S-4-[4-(di i no)-1-(4"'-f] uor ) -
1- hyc[jr oiyﬂﬁ%ﬂ%g’g\g}&%} ﬁ&?ﬁ&’b}ooﬁgﬁggﬁl %ri | e, the R-enantionmer of formula
(1) WD 03/000672 PCT/ DKO2/00426 3 F

Depending on the specific process used and the conditions used, the enantiomeric

15  purity of the S-citalopram product obtained may have to be improved.

Other processes for stereo-selective synthesis of S-citalopram may also result in
mixtures of R-and S-citalopram which do not fulfil the specifications of the marketing
approval of S-citalopram.

20
Thus, according to one aspect of the invention, the invention provides an easy way to

improve the enantiomeric purity of S-citalopram obtained by such processes.

During the production of S-citalopram by chromatographic separation of R- and S-4-
25  [4-(dimethylamino)-1-(4 -fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-

benzonitrile followed by ring closure of S-4-[4-(dimethylamino)-1-(4"-fluorophenyl)-

1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile, the R-enantiomer of formula (I)



HO OH %is formed as a by-product. 5 It has now been found that ring
cl osure of a conpound of formula | in an acidic environnent provides a
react i on woMBMem7zont ai ni ng a surplus of S-cital opram comparmab220426
R-citalopram In other words, ring clgsure in an acidic environnment
proceed wth partial inversion of configuration. 10 Accordingly, the
by-product of forrmula (1) may be used fpr the preparation of S cital opram
and racem c cital opramand the nmethod for the production of S-cital opram
has t hereby becone nore rational and a.economcal in the utilisation of
reagents and resources. 15 Summary I nvention Thus, the present
invention relates to a process fyy_thse 2paration of racem c cital opram
free base or an acid addition salt |thergof and/or R- or S-citalopramas the
: by separation of a m xture of
%\.0f one of the enantiomers into a
fraction consisting of racemc opr and/or a fraction of
S-citalopramor R-cital opram chdaragterized \n that 25 i) citalopramis
precipitated froma sol vent N& the free base oN\as an acid addition salt
t hereof, WD 03/000672 PCT/ DKO2/ 00426 4 ii) the precipitate fornmed is
separated fromthe nother liquor; iia)if the precipitate is crystalline it
is optionally recrystallised one

is formed as a by-product.

It has now been found that ring closure of a compound of formula I in an acidic
environment provides a reaction mixture containing a surplus of S-citalopram
compared to R-citalopram. In other words, ring closure in an acidic environment

proceed with partial inversion of configuration.

10
Accordingly, the by-product of formula (I) may be used for the preparation of S-
citalopram and racemic citalopram and the method for the production of S-citalopram
has thereby become more rational and more economical in the utilisation of reagents
and resources.

15

Summary of the Invention

Thus, the present invention relates to a process for the preparation of racemic
citalopram free base or an acid addition salt thereof and/or R- or S-citalopram as the
20 free base or an acid addition salt thereof by separation of a mixture of R- and S-
citalopram with more than 50 % of one of the enantiomers into a fraction consisting of
racemic citalopram and/or a fraction of S-citalopram or R-citalopram characterized

in that

25 1) citalopram is precipitated from a solvent as the free base or as an acid

addition salt thereof;,



or nore tines to formracemc citalopram and then optionally 5 converted
into an acid addition salt thereof, iib) if the precipitate is not

crystal |l iwe,03900@ps i) and ii) are optionally repeated untPCli/pKoeyesal |ine
precipitate is obtained and the crystalline precipitate is optionally
recrystallised one or nore 10 tines to formracemc cital opram and then
optionally <converted into an acid addition salt thereof; iii) the nother

li quor is opti&hal | {hequpgipitate fprmgd isseppated dipm thedeethediades S- cit al opram or
R-citalopramis isolated fromthe nother |iquor and 15 optionally converted
into an acid addition salt thereof. According to one specific enbodinent,

t he i nvention rel at @) t oifaherptebipitateas criybtellinpitap aptadriatin rafystaissdione
citalopramfree base or an acid addition salt thereof usjng the process
described above. 20 AccoPHMREF {BesRJPHR Facemisi 'Wr%ﬁ&gith%h?pf‘opﬁléyi nventi on

relates to a nmethod for theertPd 8RGL2LiIAdATioRsa1Pherofl t @l Opram free base or
an acid addition salt thereof using the process described above. 25 The

acid used for precipitation of a citalopramsalt in step i) is an acid
which may precipitate a. gxture.of .R- and Senantigner.and | eave the
not her |iquor enri cﬁéﬁ \'/&'Tb%prgf“‘lpﬁéttﬁ 1§ pd Cgfsmamel?-sw@%ﬁﬁpﬁi Bﬁ%‘?ﬁ N goﬁﬁyal opr am
Cne such acid i's hydr obr eipesteathsla crh@Me bR G1eds BEGHeA hadIHRMDOdI Ment. of
the invention, the free base of cital opramor 30 the hydrobroni de salt of

cital opramis precipit at exstaiinefeecmiiaje iseptienadlyarqrysellisesk oncios maseeps i) and
ii). \¥ 03/000672 PCT/ DKE%QQ&(??@@ r?ce’ﬁ‘fig?i'iﬁbﬁgmt [OlE=Yalel s Qgtﬁon% odi ment of the
~and S- Clta

i nvention, the mxture o opram used 1 n ep 1) contains nore
t han 50 % of S-cital opr anonvertedriteapadd eddigon saintherebfian 90 % of
S-cital opram

1it) the mother liquor is optionally subjected to further purification and S-

citalopram or R-citalopram is isolated from the mother liquor and

15 optionally converted into an acid addition salt thereof.

According to one specific embodiment, the invention relates to a method for the
preparation of racemic citalopram free base or an acid addition salt thereof using the
process described above.

20
According to another specific embodiment, the invention relates to a method for the
preparation of R- or S-citalopram free base or an acid addition salt thereof using the

process described above.

25  The acid used for precipitation of a citalopram salt in step 1) is an acid which may
precipitate a mixture of R- and S-enantiomer and leave the mother liquor enriched

with either the S- or R- enantiomer of citalopram. One such acid is hydrobromic acid.

According to a preferred embodiment of the invention, the free base of citalopram or
30  the hydrobromide salt of citalopram is precipitated, preferably in crystalline form in

steps 1) and ii).



51n stepiii) S-citalopram (or R-citalopran) may be is isolated fromthe
not her liquor by the evaporation of the nother |iquor and thereafter

opt i onal Iwotobeowwenver si on of S cital opram (or R-cital opr Zeji/nKwoo£n aci d
addition salt thereof, preferably the oxalate salt. 10 Alternatively, if
the nother i quor obtained fromthe precipitation is acidic, S- citalopram
(or Rcitalo may_ be i1solated fromthe nother Ii or bg basi fying the

mot her | i §G® rdmfgdP PBXREr ybqduaent of thedpygntign, the miglre with a solvent
and  evapgfabhamh Kkd ﬁrhﬁeﬁglc}ﬁﬁtﬁfns 2028 i 80eR L 8! dc(ljt? #)faﬁ)l'i'%r}rr%/orts Y&t on of

S-citalopram(or R cital 6pran) into an aci on ‘sa ereof

pr ef er abl yorhthanR81%vESsithloprant The not her |iquor, extracts thereof or the
phase containing R- or S-citaloprammy be subjected to conventi onal
purification processes (such as treatnment with active carbon,

chr onas oghag 111)@L@italopi\ﬂﬁ/(&lecitalﬂpﬁénQQna%LHH i8 ¢doffled PorhUhd H@fhepn@&drpl tations
as in step i)-ii) above before R- or S-citalopramis isolated. 20 The

m xture oby He eyaporgtien efzhe mo&hﬁrmﬂw andrtkereafion opomylytthe ¢raversionamitS-oner may
be pr epagﬁg?é] %mﬁRn%lé%%(@q) 1]11 o%n ﬁncﬂaddl c5n sflt thereof, preferably the oxalate

S-4-[4-(drne uor opheny

hydr oxybugalt.] - 3- (hydr oxynet hyl ) - benzonitrile with nore than 50% of the
S-enantioner by formation of a | abile ester group and thereafter ring
closure in a basic 25 environnent. In another enbodi nent of the invention,

the st Uhefifi Bty A theSnéihb A ARF BOR el ron e Grdo0 i e e R enant i oner

is prepare m xture o

(di net hyl almalopr)amj(o(R eitfalqpmrmpheylbd: Iselbtedyfchmo khebmdther h’cﬁ}ot by eofymethby| ) 30
benzoni tri I ﬁ’ EB% gl t he R-enant.i omet % for rr@nl on of a

| abil e esP¥f er&}ﬂB‘Hp oy eg P ﬁ?etsgParFV?ib o PTasHian with splyen vi ronnent. WO
03/ 000672¢ a‘éﬂ%ﬁ%/f@%%ﬁzen@ ahdl‘th'érécaﬁéf Sion8IRPESHVERMn GfS-tidgoprimgBi RON, the

m xt ure of and S-cital opram wit
citalopram) into an acid addition salt thereof, preferably the oxalate salt.

15
The mother liquor, extracts thereof, or the phase containing R- or S-citalopram may
be subjected to conventional purification processes (such as treatment with active
carbon, chromatography, etc.) and/or it may be subjected to further precipitations as in
step 1)-1i) above before R- or S-citalopram is isolated.

20
The mixture of R- and S-citalopram with more than 50 % of the S-enantiomer may be
prepared from a mixture of R- and S-4-[4-(dimethylamino)-1-(4-fluorophenyl)-1-
hydroxybutyl]-3-(hydroxymethyl)-benzonitrile with more than 50% of the
S-enantiomer by formation of a labile ester group and thereafter ring closure in a basic

25  environment.

In another embodiment of the invention, the mixture of R- and S-citalopram with
more than 50 % of the R-enantiomer is prepared from a mixture of R- and S-4-[4-
(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-

30  benzonitrile with more than 50% of the R-enantiomer by formation of a labile ester

group and thereafter ring closure in a basic environment.



nore than 50 % of the S-enantioner is prepared froma mxture of R and
S-4-[4-

(di met hylwomioopesiz (4' - f1 uor ophenyl ) - 1- hydr oxybut yl ] - 3- ( hy axcarpkmetomzs ) -
benzonitrile wth nore than 50% of the R-enantioner by ring closure in
presence of 5 an acid. In still a further enbodi ment of the invention, the

1 Xt d S;c t I h rethan OfV the R-enantioner is
B1r )é‘p;; :doﬁrll th‘ Q’Fne’i?P 181%8? gf&ﬂén gw\émntéoxh e mixture ofgi{ an(zi -citalopram Wr}th

[ 4- (di et mer@maﬂqb%bfﬂuesf éﬁh@ﬁ%@ﬁfax&apaﬂedf}y&ﬁ Qmma&a/bﬂRBax{er gxymet hyl) 10

benzonitrile with nore than 50% of the S-enantioner by ring closure in
presence (dimethylaming)- 1-@ efleeraphonyl)t Ineydsoraybubyd e (hysirpoymaathylpf t he starting
material R4-14. . o : : :

(di net hyl Eﬁﬁ"%ﬁ’%‘f{‘-"f‘(%h PRIRNED AR AT e Rgnantames By ying clespif /B PEsSs sty | ) - benzon
itriles 13nksidnore than 90 % The acid used in the acidic ring closure
reaction may suitably be a mneral acid such as H2SO4 or H3PO4, a
carboxylic acid, a sulfonic acid or a sulfonic aci d derivative. 20 Whenever

u_sed in t ?rln %1199 Emb&fiﬁl%m & t%ﬁ/gﬁt?ono{herrﬂﬁ ﬁh %PJIQTQP%?”S all

m xture o Clt opram racémec m X ur es of “non-racem c
ci t al opr amithmaamreshan 50 YroFsharRienhntibonardd pnepzirtedifmnﬂ ménoreSf ®-taad Gpr-am as a

1:1 mxture. .. Ctal opra re of R S-cital opram G tal opram
enant i omsl[f&‘?‘m?gly %ﬁ@r {nr(rgEaﬁ alleﬁééﬁ( 1 yd6 XyRubik ‘?W%Wneﬁ@’ lised in this
descriypt i 8BnzoRftRf Wil AotOMaeERD i @%H&tﬁnﬁ? B¢ hﬂgtcﬁ)tsﬁre if! phddgnck QM Of

crystals, an anorphous solid or an oil froma sol In"the present
descri ptiemacid. precipitate neans an oil, an anorphous solid or crystals.
30 As used herein, nother |iquor neans the solvent remaining after renoval
or separation fromthe precipitate. WO 03/000672 PCT/ DKO2/ 00426 7

Det ai | ed gesgerabRt HeRn&itidnkRicipuyiendf e starting material R-4-[4
(dimethylamino)-1-(4"fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile

15 is more than 90 %.

The acid used in the acidic ring closure reaction may suitably be a mineral acid such

as H,SO4 or H3PO,, a carboxylic acid, a sulfonic acid or a sulfonic acid derivative.

20  Whenever used in this document, racemic mixture or racemic citalopram means a 1:1
mixture of R- and S-citalopram. Non-racemic mixtures or non-racemic citalopram

means mixtures which do not contain R- and S-citalopram as a 1:1 mixture.

Citalopram means a mixture of R- and S-citalopram. Citalopram enantiomer or

25  isomer means either S- or R-citalopram.

As used in this description, precipitation means forming a precipitate in the form of
crystals, an amorphous solid or an oil from a solvent. In the present description, a
precipitate means an oil, an amorphous solid or crystals.

30
As used herein, mother liquor means the solvent remaining after removal or

separation from the precipitate.



As mentioned above processes for the preparation of the cital opram nol ecul e
may 5 result in a mxture of RRand S-cital opramwhich is not acceptable for
phar macewpDa®aloosase. According to the invention, a surpri 2Cagigo2edf2sci ent
process for the separation of such mxtures into a racemc fraction and a
fraction of S-citalopramor R-cital opram has been found. This new process
i nvol ves precipitation of citalopramfree base or an acid addition salt

t hereof as an oil, an anorphous solid or in crystalline formfroma 10
solvent, RehilcaUeRtripRoPdr the FhienltidR’ am (or R-cital opram) from the nother

| iquor of the precipitation process. The precipitation of the cital opram
free base may be carried out by obtaining or dissolving the non-racemc

m xture of, R- and S-citalopram.in a suitable.solyvent, 15 optionally by

2ppl yi ng. REATTGTeCHE e REFRRT S thep e Eg1 Ghhe Tt andro e B oo pi T at o
is then sepaltat gehikfueddiRandBidieloptdntiW@ich iPh&fetsppitte RY phifntdcaitican or
decanting. If the precipitate is crystalline, the crystals are optionally
recryst al M#%eticcgrding Fethe ipentiens @ syrprisingbesffigicat Rrapesp farrthagparatien obe

conver t ed ts&c%fxﬁix%@ﬂaé ik 8 ERGhic @Jc%%ﬁ%ﬁﬁ’%ah@& 5@’5‘1{;{?436&??#%? Bldioprag? | the
precipitate fornmed I's an oIl ‘or an anor phous solid, e precipitation
process mhys bdea fowpke ditédnempiocesd invoredsgirddipieatipn of vicdlopramdbdeciiagedk anThe
crystal s ohtained are optionall|ly recrystallised and the free base of
racenic cf?‘glaéﬁ'rtlﬁ%sﬁléﬁ}lefw As ‘_BEOIL(?B }é’&s_ts%h‘iorslalcfysﬁal@?ee%ﬂ ferably the
hydr ol oM gligert Bdrld st PEAEINEAIShraM (bFR-ditdlopPan®d frdn ¥ WoFeCliqdk BPHRM i N the
starting naterial, it nay be necessary to precipitate (in particular
crystal | i geeripstation process) f r ee base nore than once in order to obtain

racem c citalopram The nother |iquors fromeach precipitation nay be

pool ed together and the cital opram enantioner contained herein may be 30

i sol ated age gR2Fi1aR6H oPBl @aloftdt REY Kase Rlay®Bcarrfe@lout BoRb@eigdrt ati on of the
citalopram free base are al kanes, such as heptane or hexane, al cohols,
such as i g5prlvivgrile nomrasemici rixgppbBnard S¢iplopram in a suitable solvent,

15  optionally by applying heating, and then allowing the solution to cool. The precipitate
is then separated from the mother liquor, preferably by filtration or decanting. If the
precipitate is crystalline, the crystals are optionally recrystallised and the free base of
racemic citalopram may then be converted to a salt thereof, preferably the

hydrobromide salt.

20
If the precipitate formed is an oil or an amorphous solid, the precipitation process may
be repeated until a crystalline product is obtained. The crystals obtained are
optionally recrystallised and the free base of racemic citalopram may then be
converted to a salt thereof, preferably the hydrobromide salt.

25

Depending on the ratio of R- and S-citalopram in the starting material, it may be
necessary to precipitate (in particular crystallise) citalopram free base more than once
in order to obtain racemic citalopram. The mother liquors from each precipitation
may be pooled together and the citalopram enantiomer contained herein may be

30  isolated as described below.

Suitable solvents for the precipitation of the citalopram free base are alkanes, such as

heptane or hexane, alcohols, such as isopropanol, aromatic compounds such as



WD 03/ 000672 PCT/ DKO2/ 00426 8 tol uene, benzene and xyl ene, or m xtures of
al cohol and water and m xture of al kanes and al cohols. Thus, both aprotic
and protiwogslewsnt may be useful. If necessary crystalli s&CraKmays2be
initiated by seeding with racemc crystalline 5 cital oprambase. The
precipitation of an acid addition salt of citaloprammay be carried out by
obt ai ni ng, or oI Vi n non-racem £ m X ure of R and S- alopramin a
sui tabl e Cﬁ‘éﬁ Ze‘?q‘a é%’g?§a‘?rﬁn'5§}“ (cha%qlixg ﬁ‘f@a‘f’?tﬁrgande{ﬂ’dm’crﬁég jSERﬁSng an
acid, ei tQﬁ‘dalb&lcﬁs %hytﬂoﬁﬂa&&l@ﬁnd%ﬁoﬁc &ﬁ%nt kay®eXséfl. s are fornmed, the
crystals are separated fromthe nother |iquor, preferably by f||trat|on
The crystals are optlonally re crystallised by dissolving the crystals in
a sol vent ution.to cool. If the
o eci pi t alRrEe AL oS o in Rl By Pl i EerdRis bfube “The

preci pst atitslBprathbagé.ocess may be repeated until a crystalline product IS
obt ai ned. The crystals obtained are optionally recrystallised as descri bed
above and the racemc citalopramsalt nmay optionally be converted into
anot her S%h% Ié&gﬁtﬁf?&n ofﬁpa%gf’écgfgﬁ&ﬁsahfb‘?c{tﬁ%&n%aﬁbe @d}ﬂeéafﬂ lopramin the
starting ma B I, 1t may be necessary to preciprtate (in particular
cryst al | i setphiifpeoraditsalvigy themsadracenne mittherof@®r@ad Sreitatopden id oswtibl n a

racem ¢ m xture.. The not her ors from eac reci ion or
crystalli §‘gt’?r5nl Hﬁ%ﬁsﬁéy 86?@8‘“%3‘5@%%?“ thgn E‘HE%P‘EQ $pfi";‘Fﬁ BReiutioRer
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citalopramsalts are 30 protic solvents such as water, alcohols such as
nmet hanol and et hanol, ketones such as acetone, and m xtures thereof or
aprotic sbithentecipiigle fagnescis nenerystalliae.drut amgmjiass onan @k fquepitation

PCT/ DKQZ/ 81%%%555 may be repeated until a crystalline product is obtained. The crystals obtained
are optionally recrystallised as described above and the racemic citalopram salt may

optionally be converted into another salt thereof.

Depending on the ratio of R- and S-citalopram in the starting material, it may be

20  necessary to precipitate (in particular crystallise) the citalopram salt more than once in
order to obtain a racemic mixture. The mother liquors from each precipitation or
crystallisation may be pooled together and the citalopram enantiomer contained herein

may be isolated as described below.

25 The acid used for precipitation of a citalopram salt is an acid which may precipitate a
mixture of R- and S-enantiomer and leave the mother liquor enriched with either the

S- or R- enantiomer of citalopram. One such acid is hydrobromic acid.

Suitable solvents for the precipitation and recrystallisation of citalopram salts are
30  protic solvents such as water, alcohols such as methanol and ethanol, ketones such as

acetone, and mixtures thereof or aprotic solvent such as acetonitrile or diglyme.



9 If necessary crystallisation may be initiated by seeding with the racemc
crystalline citalopramsalt. Crystallisation of the free base or the

hydr obr orwoe3maler2 of citalopramis preferred. 5 S-cital opCamKo0426
R-citalopranm) may be isolated fromthe nother |iquor using conventional
procedures such as by evaporation of the solvent fromthe not her |iquor,
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The mother liquor or extracts thereof may be subjected to conventional purification
processes before evaporation of the solvent, or it may be subjected to one or more
15 precipitations of citalopram free base or citalopram salt according to the invention, in

order to improve the enantiomeric purity of the citalopram enantiomer product.

Likewise, an oily phase separated from the mother liquor may be subjected to
conventional purification processes, or it may be subjected to one or more
20  precipitations of citalopram free base or citalopram salt according to the invention, in

order to improve the enantiomeric purity of the citalopram enantiomer product.
In another aspect of the invention it has been found that ring closure of the by-product
of formula I in an acidic environment provides a reaction mixture containing a surplus

25  of the S-enantiomer.

The process is illustrated in the reaction scheme below:



N HN F Rdiol F S Ctalopram eg. tosylchloride, + base NCY ON NC
M FRGtalopram F R Ctalopram5 Wen the reaction is perforned in the
presence Wb oanomei d, a m xture of R-cital opram and S-cit COpRRI004£6
obtained fromR-diol. The stereochem gjry in this reaction is partly
inverted, resulting in surplus of S-citalopram The surplus anmount of S
cital opramrel ative to R-cital opramis dependent upon the SSRratio of the
starting : @ asodenonstrated bel ow. The rNd.C[I O Of TTIVET ST O VETSUS
retention is d 10 70:30 to 75:25 dependent "On =acti on conditilons
of the experimemt 4 . o S-C|tao amwill ¢ i f an /
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R- enanti oner

be further 12

ywsed as the starting materiall. This |ting m xturejcan
purified to give an S/Rratio of nore 95/ 5 by
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an acid addition salt of citalopramfroma sqlvent. A pures @t al opram
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precipitated as an ja ‘EFY' Bition salt with anl|acid, such as oxalic acid.
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F R-Citalopram

F R-Citalopram

5  When the reaction is performed in the presence of an acid, a mixture of R-citalopram
and S-citalopram is obtained from R-diol. The stereochemistry in this reaction is
partly inverted, resulting in surplus of S-citalopram. The surplus amount of S-
citalopram relative to R-citalopram is dependent upon the S/R ratio of the starting
material as demonstrated below. The ratio of inversion versus retention is around

10 70:30 to 75:25 dependent on the reaction conditions of the experiment.

A surplus of S-citalopram will exist if an 4-[4-(dimethylamino)-1-(4"-fluorophenyl)-
1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile with more than 50 % of the R-
enantiomer is used as the starting material. This resulting mixture can be further

15 purified to give an S/R ratio of more than 95/5 by precipitation of the citalopram base
from a solvent or by precipitation as an acid addition salt of citalopram from a
solvent. A pure S-citalopram (S/R ratio more than 97/3) may be isolated from the
mother liquor, and precipitated as an acid addition salt with an acid, such as oxalic

acid.



As nentioned above, the stereochem stry is partly inverted when the ring
closure of R and

S- 4- [ 4- (dwosBhydeari no) - 1- (4' - f 1 uor ophenyl ) - 1- hydr oxybut y| JPC3/DK02/00426
(hydroxynet hyl ) -benzonitrile is carrigd out in an acidic environnent. Any
suitable 5 acid may be useful for this ring closure reaction. Good results
were obtained with mneral acids such as sul phuric acid, HO and
phosphoric acid, and organi c acids such as p-toluenesul phonic acid. In a
preferred ' j Lo YL ' I referably,
sur pl us aé&% QliE))I?Fd;t%:biogé’rt}elFgtte %eg}éﬁ%?%bs gr%% #hglayréaﬂttéear‘?%nqgﬁgag gﬁ)g%‘et?ged. 10 The
reacti on Raand8-4kkfdometbglamingr lgéhifmosagheeyi)-$-hydidxgbitgl]f3er di ssol vi ng t he
starting terials.. Preferred solvents are .solvents suitable for
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cital opram can be optionally mxed with a mxture of R and S-cital opram
with an S-cital opram surplus to obtain racem c citalopram Racenic

cital gpra tial - Qi | ' pram free
base g? a%gge?étc ﬁgﬁe%:‘&?@ﬁ %(%gl/qug 3}(: ?@g‘%}}ﬁugﬁ%?sfgﬁ%%@gg I g%k:al’l d above.
25 Exanpl emternlst Reeférodd solventy aex sutpdnessudtabliedad laggerscaly chamivelgsrodwediohy Chi r al
HPLC. WD 03/ 00%2 PCT/ DKOZ({ 00426, 12 Exarrpl.ﬁ: 1 Preparation of Cital opram
fromR-4 &03 GFSHER FTeRRI3BSL usipestoluene, 8t SHASIATS) - 1

hydr oxybut yl ] - 3- (hydr oxynet hyl ) - benzonitrile (R/'S ratio: 95,7/4,3) by

reaction with different acids in.acetonitrjle General .nethod:
V\;hen rEng closure ofgtﬂe start{ng materia o?%ormu&a eI) 18 perfgrmead via a ar%)(l)le ester

15  intermediate, ie. in the presence of tosyl-chloride, in a basic environment, as described

in EP-B1-347 066, the ring closing reaction proceeds with retention of the
stereochemistry. The R-form of citalopram in an enantiomeric purity substantially

equal to the starting material is then obtained.

20  This, thus-obtained R-form of citalopram can be optionally mixed with a mixture of R
and S-citalopram with an S-citalopram surplus to obtain racemic citalopram. Racemic
citalopram may be obtained by one or more precipitations of citalopram free base or a

salt thereof, followed by recrystallisation as described above.

25  Examples

In the following examples optical purity is measured by Chiral HPLC.



R-4-[ 4- (di met hyl am no) - 1- (4' -fl uorophenyl) - 1- hydr oxybut yl ] - 3- (hydr oxynet hyl
)- benzonitrile (67.5 g, RIS ratio: 95,7/4,3) dissolved in acetonitrile
(37g9) waswstosmn@d2 at 10 room tenperature, and a m xture ofrcamib2aneéi ce (or
water) was added (the quantity of acigl and ice are listed in Table 1). The
m xture was stirred at 78-85 C ( the reaction tine have been listed in
Table 1). _The reaction m xture was cool ed and water and toluene (315 nlL)
were adde&XamPlebus ammoni a (25% by wei ght) was added to give a pH
9.5-10.5 and the m xture was heated to 50-55 C (5-10 minutes). The phases
15 were separated and to the water phase was added tol uene (50 nL), and the
phases wa¥Premratiordf QitabPram feoiR-U4r(dimethglamiibel iaBesrophewylsdpar at ed

and the c i ne en hases re washe hree ti ith water (3 x 65

m). The 1§ TN SR yl)ﬁ%ew'ﬁr@é a0 5. LT RY KERRBR 60 C 1o

gi ve the piddditlerds adids $h heeteRitlet @l opr am was prepared by the general

nmet hod above. The type of acid and the quantities of acid and ice (water)

in the acid mxture are listed in Table 1. The percentage of the

ci tal opr a@ekgr fmie%§,-ci tal opram analysed by chiral HPLC, is listed in

Table 1 as well" Acid type Mass of Mass of ice or Reaction Percent S

Exanpl e a®i-4i[avedigiethylunithat M4 -fluotepleny ! 1oprdacryBusi 183 -Ihydubpmmbtihyd)-aci d 25 g

10 g ice 3 hours 73.4 65.6 ? 100% 2 Sul phuric aci.d 8 35 ice 3 hours 72.0
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acid and ice are listed in Table 1). The mixture was stirred at 78-85 °C ( the reaction
time have been listed in Table 1). The reaction mixture was cooled and water and
toluene (315 mL) were added. Aqueous ammonia (25% by weight) was added to give
apH 9.5-10.5 and the mixture was heated to 50-55 °C (5-10 minutes). The phases

15  were separated and to the water phase was added toluene (50 mL), and the phases was
stirred at 50-55 °C (5-10 minutes). The phases were separated and the combined
toluene phases were washed three times with water (3 x 65 mL). The toluene was

removed at reduced pressure at a maximum of 60 °C to give the product as an oil.

20  Citalopram was prepared by the general method above. The type of acid and the
quantities of acid and ice (water) in the acid mixture are listed in Table 1. The
percentage of the citalopram that is S-citalopram, analysed by chiral HPLC, is listed

in Table 1 as well.

25

Acid type Mass of | Mass of ice or Reaction Percent S-
Example acid water in mixture | time citalopram | Yield
1 Sulphuric acid 25¢g 10 gice 3 hours 734 656¢g
' (~100%)
2 Sulphuric acid 87g 35gice 3 hours 72.0 57.0 g (89%)
3 Hydrochloric 22g 11 gice 24 hours > 65 646¢g
acid (~100%)
p- 43 g 40 g water 48 hours 61.6
4 Toluenesulfonic 73.0 o 9
acid (95%)




Table 1. G talopramby reaction with different acids in acetonitrile.

Exanple 2 5 Preparation of Cital opramfrom

R- 4- [ 4- ( owowBlogdezari no) - 1- (4' - f 1 uor ophenyl ) -1 - PCT/DK02/00426

hydr oxybutyl ] - 3- (hydr oxymet hyl ) - benzopitrile (R/'S ratio: 95,7/4,3) by

reaction wth different acids in toluene. 10 General nethod:

R-4-[4-(di nmet hyI am no) - 1- (4' -fl uorophenyl) - 1- hydroxybutyl] - 3-

(hydr oxyngt benzonitrile.( R'S ratio: /4,3 ) was dissol ved

in tol uen 1Y) sligltf‘rlﬂ)’ra {’y F%&‘i‘ﬁ“ﬁ%%@%&ﬁﬂ}téad%mrﬁcfmftgreof acid and ice (or

wat er) was added (the quantities of acid and ice are listed in Table 2).

The m xture was stirred at 78-85 C (the reaction tine have been listed in

Tabl e 2). EXample2icti on nmixture was cool ed and 15 water was added. Aqueous

annnnig (25% by weight) was added to give a pH 9.5- 10.5. The m xture was

heated”to 50-55 C (5-10 m nutes). The phases were separated and the

tol uene ppegraasn w&jil@ﬂ);irhﬁﬂ?oﬁllRCES[4V(dilhefﬂ9Iaﬁﬁn6)31->(4'6§ud’ﬂe))he Jhr-lr ol uene
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was renoved at reduced pressure at a naxi mum of ct was an

oil. 20 dly%mpibumlln%r&hwr@psaméﬁlmybwen@@kéﬁé$ rwz r?éw/ﬁébbbreapn@nt ype of

acid and i d and water in the mxture are listed in
Tabl e 2. he (Bg{#g@tdtagidgq%?&?g@' citalopramthat is S-cital opram anal ysed

by chiral HPLC, is listed |n Table 2 as well. Mass of Mass of ice or

P t SYield | e t t
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Cital opram’by reaction with different acids in tol uene. le 3
(315 mL). At room temperature, a mixture of acid and ice (or water) Was added (the

quantities of acid and ice are listed in Table 2). The mixture was stirred at 78-85 °C
(the reaction time have been listed in Table 2). The reaction mixture was cooled and
15  water was added. Aqueous ammonia (25% by weight) was added to give a pH 9.5-
10.5. The mixture was heated to 50-55 °C (5-10 minutes). The phases were separated
and the toluene phase was washed three times with water (3 x 65 mL). The toluene

was removed at reduced pressure at a maximum of 60 °C. The product was an oil.

20  Citalopram was prepared by the general method above. The type of acid and the
quantities of acid and water in the mixture are listed in Table 2.The percentage of the

citalopram that is S-citalopram, analysed by chiral HPLC, is listed in Table 2 as well.

. Mass of | Mass of ice or o Percent S- .
Example | Acid type acid water in mixture Reaction time Citalopram Yield
L . . 61.8g
5 Sulphuric acid 26g 10 gice 70 minutes 73.8 (97%)
6 Phosphoric acid 275 g 11 gice 4 hours 70.9 672 ¢
' (~100%)

Table 2. Citalopram by reaction with different acids in toluene.
25

Example 3



WO 03/ 000672 PCT/ DKO2/ 00426 14 Preparation of Cital opram HBr (racem c)
fromR-4-[4-(di nethylam no)-1-(4

f | uor ophewglopadoshy dr oxybut yl ] - 3- (hydr oxymet hyl ) - benzoni t r iPCe&/D(KR28042at | O:
95,7/ 4,3) by conbination of products gptained fromthe acidic and the basic
ring- cl osure rrethods 5 Acidic ring closure R-4- [4-(dinethylamno)-1-(4
-1 uorop?}eg&a') %r oxybutylh droxi%i thyl)- benzonitrile (67.5 g,
R'S ratio: ﬁ‘ﬂ“? itglapramdd F\QE’(T“ tffﬂ'ﬁ él‘éﬁwleﬁl{)}lammo rbthr
tenperatu I 10 g) was
added. Thgﬁl faﬁﬁ?gﬂeﬁy&xgﬁ@pgjt ﬁ&gqn&ﬁ@)%g (gh{%ggr@g/ lé)(reactl on

m xt ure Wa$§,7¢63) ldcamkindton of pretuets okdainad fiwsn tlm:pmhusndrthohaac ¢ing%o by

wei ght) was added tg give a pH 9.5-10.0. The mi xture was heated to 55 C
(10 minut & "reT'Hgthﬂﬁ%ses were separated and the tol uene phase was washed
three gines with water (3 x 65 nL). The toluene was renoved at reduced

pressure at a maximumof 60 Cto give an oil (oil A). Yield: 15 63 g
(999 . Badictdie ripgcloswsur e of Iabl le ester:
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ac et oni t r beezoqitflegh7 arngZS)rattml 95=,t7i/€4 s dI‘ss)olvealn éolgenEr(Bm my)).axd ieor@s added.
A solution of tosylchlorid and tolue was added to the
m xture afePEAHE, §8’1’étﬁéﬁ°ftsﬁg’ht1€ﬁﬁ‘éflé%®g &@@sandk%ep(tlotgéwaaaﬂ% &he The

m xt ur, 16 Wﬂﬁxtﬁ}é \Rfﬁ@glr@d &%?8 %5 f°@rfo?9 hgﬂu@ %A%%ac%h%m(u?éwg%éqﬁ} d‘a'lf"é)(jed and

t he th ure was stirre m nut es. ueous amoni a y wel ght) was

added to gilveater phs added. Equéﬂﬁeamhﬁﬁ%QW@\Sa@Hﬁ)a&aedd@dﬁdotg@Jd@H (35 25 nl)
was added to the water phase. This was stirred for 10 mnutes at 45 C. The

tol uene pAasHEOvEranEsID MIe Beaipdiiomdsited Oupinkicilabe Pasewess sepjratethe t ol uene
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was removed at reduced pressure at a maximum of 60 °C to give an oil (oil A). Yield:

15 63 g(99%).

Basic ring closure of labile ester:
R-4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-
benzonitrile (33.7 g, R/S ratio: 95,7/4,3 ) was dissolved in acetonitrile (16 g) and

20  toluene (135 mL). 21.4 g Triethylamin was added. A solution of tosylchlorid (19.7 g)
and toluene (55 mL) was added to the mixture at a rate so that the temperature was
kept bellow 50 °C. The mixture was stirred at 10 °C for 20 minutes. Water (75 mL)
was added and the mixture was stirred for 5 minutes. Aqueous ammonia (25% by
weight) was added to give a pH of 9.5. The phases were separated and toluene (35

25  mL) was added to the water phase. This was stirred for 10 minutes at 45 °C. The
toluene phases were combined and washed with water (2 x 75 mL). The toluene was
removed at reduced pressure at a maximum of 50 °C to give an oil (oil B). Yield: 32.3

g (~100%).

30 Precipitation of a mixture of oils A and B.
Oil A (57 g) and oil B (28 g) were mixed by dissolving in acetone (310 mL) at room
temperature. 35 mL of the solution was removed, HPLC showed an S/R ratio of

49.6/50.4. The mixture was cooled. The pH was 3-4.5. 15 mL of the solution were



g (-100% . 30 Precipitation of a mxture of oils Aand B. Ol A (57 g) and
oil B (28 g) were m xed by dissolving in acetone (310 nL) at room

t enper at Wwe.038&6mt. of the sol ution was renoved, HPLC showedTaxoSo®2sati o of
49.6/50. 4. The m xture was cool ed. ThgspH was 3-4.5. 15 nL of the solution
were WO 03/000672 PCT/ DKO2/ 00426 15 renoved before addition of hydrogen
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ayield of 7 (719% crystals was obtained uri crystals 5
was 99. Zde(eFPﬁ@redianﬁ whshe8/MRthr amixtunead addors (30 n&)(aﬁu |h|ezezlnerﬂm aL).

Recrystal l,i atlonln t itation of oils
o B e et sl of s €2 1 ) Eet Ryt g e PR ST PR o
cool eds ang,as©9deg(H antd tHES/Fotatib R 40375025 (Chifkdyipaic)10 room tenperature.

The m xture was cooled to 8 C. The crystals were filtéred off and washed
with water (24 ni). After drying, a yield of 27.9 g (93.3% Cital opram HBr
(racemc) he purity of the crystals was 99.4% (HPLC) and the
SR rati g\é@ésggéﬁg |raI HPLC), hence a racem c substance was

% bz a|[ 2 ec(jd ctﬁstﬁxlemﬁ g) ﬁorizrtweapitmmmf ofls A\ 4rRl B Pl dissodtedtif 75 hilMvater

- 1 met am no) - 1-

f1uor opheﬁ&4§0ﬂ{4&y@{ﬂiaﬂ9lﬁt@m]wa§£9ﬁ19@ Apk saededhpng ityeassemed far12%2 ¢y 8 rati o

95, 7/ h

o [ 40 Corse sy THE Bt DS RBRRERT by C1 TRty B ersd o oyt ny

) - benzonigshddewit® kalr @24 BEH Afdrideyind % yiéid &%7)9 g/\ﬁg 3%)9@@1%5%5&1&% ol uene
(315 nL). At roomtenperature, a mXture of uri ¢ aci 25 g, 969 and
i ce (10 g)raggmsichwa@eabtaned. The purity of the crystals was 99 % (HPLC) and the S/R

ratio was 50/50% (Chiral HPLC), hence a racemic substance was obtained.
15 Example 4

Preparation of S-citalopram oxalate from R-4-[4-(dimethylamino)-1-(4-
fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile (R/S ratio:
95,7/4,3).

20
Ring closure in presence of sulphuric acid
R-4-[4-(dimethylamino)-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-
benzonitrile (67.0 g, R/S ratio: 95,7/4,3% ) was dissolved in toluene (315 mL). At
room temperature, a mixture of sulphuric acid (25 g, 96%) and ice (10 g) was added.

25  The mixture was stirred at 80-85 °C for 1 hour and 40 minutes. The reaction mixture
was cooled to room temperature and water (40 mL) was added. Aqueous ammonia
(50 mL, 25% w/w) was added to adjust pH to 10.5. The mixture was heated to 55°C
(10 minutes). The phases were separated and the toluene phase was washed three
times with water (3 x 65 mL). The toluene was removed at reduced pressure at a

30 maximum of 60 °C to an oil. Yield: 60.4 g (95%).



25 The m xture was stirred at 80-85 C for 1 hour and 40 m nutes. The
reaction mxture was cooled to roomtenperature and water (40 nlL) was
added. Agwemamowmroni a (50 nmL, 25% ww) was added to adj er€T/nrd20004260. 5.
The m xture was heated to 55C (10 mnpgtes). The phases were separated and
t he tol uene phase was washed three tines with water (3 x 65 nL). The

tol uene was renpved at reduced pressure at. a 30 maximum of 60 Cto an oil.

Yi el d: 60.12egilde4g) WGS‘?IE)%‘GWP@@H(@R@@WMU“&B’ §heC.oihe mistira g) was
di ssol ved yja0 alISREAR% o6 PBTolh cli¥erifd Afdhibg %Qe&hgmh%mtu Syaghes al I oned

to cool to roomtenperature and stirred over-n e mx ure was
filtered. fﬁh&dnﬁhdmot}ﬂer t]qlmr wxasvepm.fped aﬂdetﬂ:le &mﬂd Whem'ngl(mms_ 20.4 g (349%.

The m)the | r vvas dis in et ae and the m_ xture was
cool ed to T EQUOT Wej fsio d‘F ethang 28 an%ﬁ%yw&tréwew%efbso i n et hanol
(48 mL} wags aédg%l H%famc%gx M@?dx%%e'({i?}@%&? %tgino:‘ﬁrg r%k?%vasa 4G The

m xt ure was |Itere and washe ter drying, a

yield of T8e ﬁngtu(eY\G% stivgeg fob3 abured: < Tfl eC PItd hik turd fwak f@tefad et @l ashates 96. 8%
(HPLC) and the S/IRratio was 97,6/2,4 (Chiral HPLC). 10 Exanple 5
Pr epar at i 3fithgthanpt @Aapkhdyiter grying, a yield of 19.9 g (76%) was obtained. The purity

R-4-[ 4- (di, I

hydr oxybut gﬁ%% ?ﬁyﬁﬁ%;@%ﬁﬁrﬁgd%gﬁ%ﬁg rztllolw? 7??78642 ft (Chlraégp&l%)l, 0) by
reaction wth sulphuric acid in acetonitrile. 15

R—4 [ 4- (d rret h m no) - 1- (4' - f 1 uor ophenyl ) - 1- hydr oxybut yl ] - 3- (hydr oxynet hyl
- beﬁ%on i ?31. 1 g, R Sratio: 69,0/31,0) dissolved in acetonitrile
(420 g) was stlrred at roomtenperature and a m xture of sul phuric acid
(50 g, 96% and ice (17 g) was added. The mi xture was stirred at 78-80 C
f or 1 houPreparatiow af Citalopramt firom Rus[4Adimethyaahino)d]l (htBuoraplienyd)-lene (160

10 5. The i PASE S Rufirsamenbiens ol TRES o 05 Ot FatitE s "wer
separ at ed vafisudlphiri€adidif hedtb@ddlenas added tol uene (25
15
R-4-[4-(dimethylamino)-1-(4°-fluorophenyl)-1-hydroxybutyl]-3-(hydrox ymethyl)-
benzonitrile (31.1 g, R/S ratio: 69,0/31,0) dissolved in acetonitrile (420 g) was stirred
at room temperature and a mixture of sulphuric acid (50 g, 96%) and ice (17 g) was
added. The mixture was stirred at 78-80 °C for 1 hour. The reaction mixture was
20  cooled and water and toluene (160 mL) were added. Aqueous ammonia (25% by
weight) was added to give a pH of 10.5. The mixture was heated to 50-55 °C (5-10
minutes). The phases were separated and to the water phase was added toluene (25
mL) and it was stirred at 50-55 °C (5-10 minutes). The phases were separated and the
combined toluene phases were washed three times with water (3 x 50 mL). The
25  toluene was removed at reduced pressure at a maximum of 60 °C. The product was an
oil. Yield: 32.9 g (90%). The purity of the evaporated mother liquor was 96.9% and
the S/R ratio was 59.5/40.5 (Chiral HPLC).

30



m) and it was stirred at 50-55 C (5-10 m nutes). The phases were separated
and the conbined toluene phases were washed three tines wwth water (3 x 50
m.). The &b osobasene was renoved at reduced pressure at a maxiDRm002660 C.
The product was an oil. Yield: 32.9 g;,(90%. The purity of the evaporated
not her |iquor was 96.9% and the S/Rratio was 59.5/40.5 (Chiral HPLC). 30
WO 03/ 000% PCT/ DKO2/ 00426 17 Exanple 6 Preparation of Cital opramfrom
S 4-[ 4- (di ﬂPygrémno)-1-(4'-f|uoropheny|)-1-

hydr oxybut yl ] - 3- (hydr oxynet hyl ) - benzonitrile (S/Rratio: 99,1/0,9) by
reaction 5 with sulphuric acid in toluene.

S- 4- [ 4- ( diPrreparptiamiof Ejtaloptam-fir o mS-dijhédip thyllammiv)eb (A5 ftuoirp pBenyllyth oxymet hy|
)- benzonitrile SIRratia: 99, .1/.0, S di.s d in toluene (315
m). At rB¥dre xpghg'i}-g-t(ﬁycgoyW@tybg%engpﬁéﬂﬁégzﬁ\f’%tl%gj%ﬁ(?é)jg% reACctigBos and i ce
(10.7 ¢) \Oﬁﬁlﬁﬂﬂﬁﬂ-lca}halﬂ.ﬁ)lmﬁ@ture was stirred at 78-85 C for 2 hours. The
reaction mxture was cooled and water (40 nlL) was added. Agueous ammoni a

(50 nmL, 25% by weight) was added to give a pH 10.5-11.0. The m xture was

heat ed togdy - 3 t ol uene
phase was wa&@&t %&%E@rﬁig 3&%@%@?%@%@%?@%@%@1 ne was
renoved abenmditdRd6pOgs SReatid: 98, 1B wandissolvea ifCtolddne (Proogily.tAtwasman 15
oil. Y|eId 63.9 g (- 100% }'Pr]'gfp({@y of heQI was 94. 9% and the S/R

rati o was %“ﬁ}“ffsﬂ TRIX R |°f syl & I9é oanslgee10; F §)uas addedfThe
S- Ci t g} OPLAM,RYWRY &frteliat 28 189RCThr 3 RGurk A Ra%En ARG PWARLd I fegPer | ment s

wer e conduct egeyto eterm ne how %PI clent the process was %hr t he renoval
of smal |l svwatenidGmah wusnddﬂdeAqﬁéouaMn&im' (rsalmlp,rm% by oaright)ovisadddpd m  See
Table 3 for the_results. The general procedure was as follows. To a m xture

of S 25 &NE aRLi9-at!dgh The MistUERowas hagied tp 3716 6L O mEwtss) The @BASSS 81§ on”
col um) \A@tﬁ)a?aqgfgld the toluene phase was washed three times with water (3 x 65 mL). The

toluene was removed at reduced pressure at a maximum of 60 °C. The product was an
15 oil. Yield: 63.9 g (~100%). The purity of the oil was 94.9% and the S/R ratio was
26.3/73.7 (Chiral HPLC).

Example 7
20  Purification of S-citalopram by precipitation of the free base

Precipitation experiments were conducted to determine how efficient the process was
for the removal of small amounts of mixtures R- and S-citalopram from S-citalopram.
See Table 3 for the results. The general procedure was as follows. To a mixture of S-

25  and R-citalopram (as described in the “Before precipitation” column) was added
heptane (10 mL/ 1 g citalopram). The mixtures were warmed to reflux, whereupon the
citalopram samples dissolved. Heating was stopped, and the samples were allowed to
cool to room temperature slowly. In all cases, some material fell out of solution.
Where there was a large amount of the R-citalopram in the starting material, the

30 residue was generally a solid, but where there was only a small amount of the R-
citalopram in the starting material, the residue was generally an oil. In all cases the
mother liquor was removed by filtration (or decanting, in the case of an oily

precipitate). The R/S ratios of the precipitates are shown in Table 3. The filtrates were



heptane (10 nL/ 1 g citalopranm). The m xtures were warned to refl ux,

wher eupon t he
sanpl es vwoasabdeoned t o
sonme materi al

fell

cool

solid, but where there was onl]y a small anpunt o R
starting REAPEFated to &1%01%%€0%9ﬁ@% hes §V§gﬁugﬁ OEEhﬁse 91E/aélpqrpla%§es t he

t he

ci tal opram sanpl es di ssol ved. Heating was stopped,

and t he

to roomtenperature slowy. Pca/mxo/ocases,
out of solution. Waere there was a | arge anmount of the
R-citalopramin the starting nmaterial,

30 residue was generally a

t he

citalopramin the

mot her |1 guRfs ARshoWaTR YIREedhYmAd +Oil/anbRRoh Lol dGFRALBBratibR” HMEabtase of an
oily precipitate). The RIS ratios of the precipitates are shown in Table

3. Thes f i In alhcasss, e mo@tOBEGCDOIedFTYHDIDICBO4PE.C.18 evaporated to give
oi | s/ amorphous solids. The R'S ratios of these oils/anorphous solids are
shown in the colunmms "Q | /anbrphous solid after evaporation” in Table 3. 5

In all cdBefore PheipagsICt s werefanal ysed by gRef Blecipfthtiord PLC. Bef or €
Precipitgt i_nn After Precipitatign l\/l xture of |lsoners Pr ecipitate _(m' ture
of R and [Mikusmeklseroers solid S{Rietipitaiprariue pER aad a gl ampmhoug sodidi ched
S-enantiqner) S% R% S% R% S% RAq_ 8 99 1,3 98, 5 2,598 2,5
96,9 3,1| 95,4 4,6 82 17,6 98,8 sl?fgm ") 5,8 66 34 %’ﬁt%%gvﬁpgz““gﬁ,o 11 65 35
98,5 1,5] 80,3 19,7 54 46 98,4 1,6 61,0 39 53 47 96|(énrichdd STamahorder)
Precipit gtionof the free racenmlc citaloprambase lnspectionof the Hast 5
rows in Tk e 3 showR%hat when|[¥%e ratio [BR in the[¥farting o matleri al
Is | ess t'gga 9713, asgrostanti alggenri chimeny 30t~ the b-ggslomar occy@sﬁ t he
Ol | b 9 b4 b 2

97.5 2.5 98 2,5 96,9 3.1

95,4 4,6 82 17,6 98,8 1,2

94,2 58 66 34 98,5 1.5

89,0 11 65 35 98,5 15

80,3 19,7 54 46 98.4 1,6

61,0 39 53 47 96,7 3.3

Table 3: Precipitation of the free racemic citalopram base

Inspection of the last 5 rows in Table 3 shows that when the ratio S/R in the starting
10  material is less than 97/3, a substantial enrichment of the S-isomer occurs in the oil
after evaporation of the filtrate. In all cases, the ratio of S/R in the final product is >

95/5.

Example 8
15

Purification of S-citalopram by precipitation of citalopram as the hydrobromide salt

A mixture of citalopram isomers was dissolved in iso-propyl alcohol (IPA) (10 ml

IPA / 1 gcitalopram). A solution of anhydrous HBr in IPA (2,0 eq, 5,2 M) was added
20  dropwise, and the solutions were seeded with racemic citalopram HBr crystals. The
solutions were stirred overnight and filtered. The filtrate was evaporated to give an
oil/amorphous solid. The results of these experiments are shown in Table 4. “Before

Precipitation” refers to the composition of the mixture before addition of HBr, and

SUBSTITUTE SHEET (RULE 26)



after evaporation of the filtrate. In all cases, the ratio of S/SRin the
final product is > 95/5. Exanple 8 15 Purification of S-cital opram by
preci pi t awoaa/oef67zi t al opram as t he hydrobrom de salt A mPIEd200426

cital opramisoners was dissolved in igg-propyl alcohol (I1PA) (10 m IPA/
1 gcitalopran). A solution of anhydrous HBr in IPA (2,0 eq, 5,2 M was
added 20 dropwi se,  and _the solutions were seeded with racem c cital opram

HBr cryst aftéter Bregipitatinnirefsrsstowks avosprpdycisiisohpted pitghtiltaten N o exvptalineThe
filtrate [ : ' ' J L0 . ts of

t hese ex p?&é@%%@pggk@ﬁgahnﬁﬁgﬁgmﬂﬁg ﬁﬁg?fh%p]gygg?g%lk%i thg[Q ?O%gﬁ%ef ers to
t he conposnd Roh,884). Thepnoilxdtsiwerctrablysed ydchiital SGFGTHMBE.,, and SUBSTI TUTE
SHEET (RULE 26) WD 03/ 000672 PCT/ DKO2/ 00426 19 "After Precipitation”
refers to the two products isolated after filtration. No crystalline

mat eri al wasBéfglcqu,gggitét{bnt heg Tirst case (WaglEPiddfitalbrt Ur€ of TSomerk” was
S: 98,2%| and R_1,8% . The [products were anal ysed by chiral SCFC HPLIC.
Bef or e Prleci Mixtatd afiisodherer Hr eGrpstabine solidramUPA of| Osloafer svapoyaioaldfi pe
solid frgmIPA G| after evdgp r.ation/flgf (hém' tur e df Randlg-cital oprim
IPA (enrilched S-cital opran) | S8 &rH8hIsendacediopaMdg 2 1,888 7 1,3 P7,5
2,575 29 >99,9 <0,1 95446 69 31 >99,9 <0,1 ge%ﬁcﬂecﬁs-&t;ﬁ&x%ﬁlP 99, 9
<0,1 8901169 3] >9099]<0 1 78 7 21 365 35|98 9 1 1

S% R% S% R% S% R%

98,2 1,8 98,7 1,3

97,5 2,5 75 25 >99,9 <0,1

95,4 4,6 69 31 > 99,9 <0,1

94,2 5,8 68 32 >99,9 <0,1

89,0 11 69 31 >99,9 <0,1

78,7 21,3 65 35 98,9 1,1

80,3 19,7 60 40 98,4 1,6

61,0 39 56 44 96,7 33

5  Table 4: Crystallisation of citalopram HBr salt

In almost all cases, there was virtually no R-isomer remaining in the mother liquor,

and the yield of the precipitates and the oils after evaporation reflect this. Inspection

of the first column and the second last column indicates that in most cases, substantial
10  enrichment of the S-isomer occurred, and that in all cases the S/R ratio of the oil after

evaporation was greater than 96/4.

15
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80,3 19,7 60 40 98,4 1,6 61,0 39 56 44 96,7 3,3 5 Table 4:
Crystallisation of citalopram HBr salt In alnost all cases, there was

vi rtual | ywom3meiesnnmer remaining in the nother |iquor, anecTxogioad2d of the
precipitates and the oils after evapokrgtion reflect this. Inspection of
the first colum and the second | ast columm indicates that in nost cases,
substantial 10 enrichnent of the S-isomer occurred, and that in all cases
the S/R r&4%%f the oi| after evaporation was greater than 96/4. 15
SUBSTI TUTE SHEET (RULE 26) WO 03/000672 PCT/ DKO2/00426 20 dainms: 1. A
process for the preparation of racemc cital opramfree base or an acid
addition 3alt Wwrewss fenth¢ prepRation oFacémialcoplopranafed basefor eeadidse or an acid

addition sal.f. 5 .thereof e ation of i xture of R-.and.S-cital opram
M th or e iien 5t GEP et R RS SHeR o5 TR o id PRI o1 T h- of
racemg¢ C!tﬁe?édm&@@pa@mﬂn(ﬁf a_amfxm@bf Rﬂmﬂf S-c@al_@bx_taﬁl WAk &iBr&thafksoiot aF ey am
characterized in that i) citalopramis precipitated froma solvent as the

free baseobthegganiipmess mto a fragfn qonpigtingefiragameic etlopiam andis affastiopof at e
formed isgs [ r pquor: ciia) if the precipitate is
crystalli rsleC?t!ngp?&éﬁgf)?iC@@é&?%?@%&gse{{aifﬁlﬂg{eh tone 15 or nore tines to form
racem c cital opram and then optionally converted into an acid addition
salt thereof, iib) if the precipitate is ngt crystalline, steps i) and ii)
are optional | y) repeilerfamit PW@C@“&WE&O&}ﬁ«%%@éme;aﬁeteétaée PAsBtasidhed and
the 2Q,crystalline pifgbPidiah&ebs optionally recrystallised one or nore
times to formracemc cital opram and then optionally

11) the precipitate formed is separated from the mother liquor;

iia)  if the precipitate is crystalline it is optionally recrystallised one
15 or more times to form racemic citalopram, and then optionally

converted into an acid addition salt thereof;,

iitb)  if the precipitate is not crystalline, steps 1) and ii) are optionally
repeated until a crystalline precipitate is obtained and the
20 crystalline precipitate is optionally recrystallised one or more
times to form racemic citalopram, and then optionally

converted into an acid addition salt thereof;

1i1) the mother liquor is optionally subjected to further purification and S-
25 citalopram or R-citalopram is isolated from the mother liquor and

optionally converted into an acid addition salt thereof.

2. A process according to claim 1 for the preparation of S-citalopram or R-
citalopram characterized in that
30
1) citalopram in the mixture of R- and S-citalopram is precipitated from a

solvent as the free base or as an acid addition salt thereof;



converted into an acid addition salt thereof, iii) the nother liquor is
optionally subjected to further purification and S- 25 cital opram or

R-ci t al opwarsioaosrsol ated fromthe nother |iquor and opti ecalbgo2ooeert ed
into an acid addition salt thereof. 2, A process according to claim1l for
the preparation of S-citalopramor R- citalopramcharacterized in that 30
i) citalopramin the mxture of R- _and S-citalgpramis precipitated froma
sol vent as t he“Sr eeﬂPfa@SCIB’ttat%gorngé%?eBar&E?éiffqnbﬂlesra‘?tf‘e"tlfflé’roécﬂnfi WD 03/ 000672
PCT/ DKO2/ 00426 21 ii) the precipitate forned is separated fromthe nother
liquor, and iii) the nother liquor is optionally subjected to further
purification amd) S- ths mathepliguer v ofopaliypdubpectehto furiteo patti fchtionaml She not her

liquor and 5 optionally convert into an.acjd addition salt thereof. 3. A
process accordi ng t8lt%1¥3’iaﬁ’i el{‘(‘}ﬁgf’ﬂr@mp‘ﬁésﬁﬁ?ﬁg%’ﬁqg"fmpg‘%ﬁﬂ‘bor@flgaI opr am
characterized in thaptidfildlcosvdried b amatid ddbiiofllsxit thefeo®f R- and
S-citalopramis precipitated froma solvent as the free base or as an acid

addition salt thereof, ii) the precipitate formed is separated fromthe
mot her i uor, Alﬁrolcésg)acé(;rdihg?o 851?1?;1 RALRL ﬁgeb&raﬁ&y 3%1%%&%&1@%11’&0 by OPL! onal I'y
recrystallised one or nore’tines to for acem ¢ ¢real opraR] and then
opt i onal | yharererisetiénl thatt 0 an acid addition salt thereof, iib) if the
precipitate is not crystalline, steps i) and ii) are repeated 20 until a

crystalline precipitate is obtained and the crystalline precipitate is

optionglly rectyst alilissdmanehOhiitRe e Rl BRFSicRalohR rpﬁéﬁm Lhbla0Pr am
and optionally )Zonvelrtglglqrinnt o} anl acid additi o%oéaﬁns ereoa?ef e
solvent as the free base or as an acid addition salt thereof;

1) the precipitate formed is separated from the mother liquor,

15 11a)  if the precipitate is crystalline it is optionally recrystallised one
or more times to form racemic citalopram, and then optionally

converted into an acid addition salt thereof;

itb)  if the precipitate is not crystalline, steps i) and ii) are repeated
20 until a crystalline precipitate is obtained and the crystalline
precipitate is optionally recrystallised one or more times to
form racemic citalopram, and optionally converted into an acid

addition salt thereof.

25 4. The method according to claims 1-3 characterized in that the acid used for
precipitation of citalopram in step 1) is an acid which precipitate a mixture of R- and
S-enantiomer and leave the mother liquor enriched with either the S- or R- enantiomer

of citalopram.

30 5. The process according to claims 1-4 wherein the salt precipitated in

in step 1) is the hydrobromide salt, preferably in crystalline form.



25 4. The nethod according to clains 1-3 characterized in that the acid
used for precipitation of citalopramin step i) is an acid which

preci pit awe oaomext ure of R- and S-enantioner and | eave tReTmK®042bi quor
enriched with either the S or R enanjionmer of citalopram 30 5. The
process according to clains 1-4 wherein the salt precipitated in in step
i) is the hydrgbrom de salt, prefera Iy in crystalline form W) 03/000672
PCT/ DK02/ 8 0426%B92r°6365$ﬁ98°r6}f{%8§ s Lgrgsignd %?f‘a‘?‘ﬁﬁ lsipfscwﬁaé%lnn the free
base is pg@ﬁdpltated in stepi). 7. The process according to clainms 1-3
characterised in that the mxture of R 5 and S- citalopramw th nore than
50 % of one of the enantioners contain nore than 50 %of S-citalopram or

nore pref rred t han 90Q. %.of . S-¢ 0 rocess ording to
e e 8 O 7Rk teddingd blaitns 1 oenaP s in Hih PERFERRATET Tomds b
nmot hers| i gud®8- Hyalepranoried ndfe thndse Kes Rk b Fhehnthadrh Yontdid e@Bvigmt ed to an
acid addition salt thereof, preferably the oxalate salt. 9. The process

accor di ng 5P & ef sictaloptam, gF mereprefeared anase thaa P0i % of Repitalopearmot her | i quor i s
acidic and S-citalopramis isolated fromthe nother |iquor by basifying the
not her |iquor, followed by phase separation or extraction with a sol vent
and 15 evé&por aTheprostsstabeordigite nlaimaha or MeT dedrheterioqt inothat By conver si on of

S-C|talopra into d addition salt thereof, preferably the oxalate
salt. 10. gPIgMdE ésggatgﬂremé rgothepl lﬂ)‘i"ri’y va?t&nrﬁnﬂﬁé ﬁ%%%@?tl?ri is
subj e} ed obcABF (o A adfRERIfiLH LANANerBE S B i SaRe G 31 OPT am as descr i bed

under step 1) before 20 isolation of or S-citalopramfromthe nother
i quor. 11. The process according to clalns 1-9 characterised in that a

mxture o rom Zﬂ%{)%—cgﬁlsél%(l:%ﬁ %\ght or 4t§]c narggter/lseoJ in ttl]l tt%_een ¢ I onmer 1's

pr epar ed

S- 4- [ 4- ( diigeérhy hadicn@ll -Slcifadopridh toisORRE Fom th%TﬁB&HérQib%ﬁBﬂB;deg&x%ﬁhe
(hydroxymethyl)-benzonitrile with nore than 50% of ‘the 'S-enantioner by
f or mat i onmother liquor, followed by phase separation or extraction with a solvent and

15 evaporation of the solvent, and thereafter optionally conversion of S-citalopram into

an acid addition salt thereof, preferably the oxalate salt.

10.  The process of claims 1-2 or 4-9 wherein the mother liquor is subjected to one
or more further precipitations of citalopram as described under step i) before

20  isolation of the R- or S-citalopram from the mother liquor.

11.  The process according to claims 1-9 characterised in that a mixture of R-
and S-citalopram with more than 50 % of the S-enantiomer is prepared from a mixture
of R- and S-4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-3

25  (hydroxymethyl)-benzonitrile with more than 50% of the S-enantiomer by formation

of a labile ester group and thereafter ring closure in a basic environment.

12.  The process according to claims 1-6 and 8-9 characterised in that a mixture

of R- and S-citalopram with more than 50 % of the R-enantiomer is prepared from a
30  mixture of R- and S-4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-3-

(hydroxymethyl)-benzonitrile with more than 50% of the R-enantiomer by formation

of a labile ester group and thereafter ring closure in a basic environment.



of a labile ester group and thereafter ring closure in a basic environnent.
12. The process according to clains 1-6 and 8-9 characterised in that a

m xture Wb oRoomn S-citalopramwith nore than 50 % of th(PCR%IH@amMzoner is
prepared froma 30 mxture of R andj;

S-4-[ 4-(di met hyl am no)-1-(4'-fluor ophenyl) 1- hydr oxybutyl]-3

hydr ox hyl benzonltrlle wth. no han 50% qf .1 he R-enantjoner
Lol e onol FnPBRERS atrtieds (HEMahG BRI thile B e Ko 5 basi c

envi r onnegkd SléQaQ {aQQ%K%ldDQHa%@% QP he - ex?a%uéx%er IIEB‘é‘epréaCf?o?rﬁ a@igRik€i NG Lo

claims 1-9 characterised in that a m xture of R- S-citalopramw th nore

than 50 %bR- armess [ér(énmtbyi@mn%lp{ﬂeﬁam@nhm’yd))ﬁ-aydmxybmﬁl ]-3ef R- and
S- 4-[ 4- t h
(hyd£ox3(/ YR egﬁr?;zig ?ntZ?I(“ %leWI Orﬁgqgﬁwgﬁog% ?X%/"E@mér%%gﬂ%i omer by ring

5 cl osur ecloBupligprBeredf amaciaci d. 14. The process according to clains 1-6
and 8-9 characterised in that mxture of R and S-citalopramw th nore
than 50 % of the R-enantioner is prepared froma mxture of R and

S-4-[ 4- (dipgret hlﬁxgg}d}@s a%cc(rﬁmg t!) U :pb%%h §g§)d‘{ ?&Y&HR llat3 kﬁure

(hydroxymet hyl ) nzonitrile~w t nore t enantl onmer by ring
cl osure i nfRf mmaalopramwabnﬂbretlﬁnSA%)bﬁmesmeﬂannomhﬂsmqpea“ddera of a

T ik e PRSP RSB0 0 kS e orer
(di regpyl dp&éyni'eﬂ(ﬁ)-bédzb}ﬁlme %Mérejthdwsfb' 00 ¥V thd SV drdanioraBysY geg%’rfet hyl) -
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15  (dimethylamino)-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-
benzonitrile with more than 50% of the R-enantiomer is subjected to ring closure in

presence of an acid.

16. A process for the preparation of a mixture or R- and S-citalopram with more
20 than 50 % of the R-enantiomer characterised in that a mixture of R- and S-4-[4-

(dimethylamino)-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-

benzonitrile with more than 50% of the S-enantiomer is subjected to ring closure in

presence of an acid.

25 17.  The process according to claims 12, 13 or 15 characterised in that the
starting material contain more than 90% of R-4-[4-(dimethylamino)-1-(4'-
fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile compared to S-4-[4-
(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-
benzonitrile.

30
18.  The process according to claims 13-16 characterised in that the acid used in
the ring-closure reaction is a mineral acid, a carboxylic acid, a sulfonic acid or

sulfonic acid derivative.
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