20030367-3 ~. PCT/ DKO2/ 00426 Pr ocess for the preparation o
cital opramand/or S- or R-ci separ at i @noal) @}e f R-and
S-cital opram The invention rm m"‘process for thé prleparation of

racemc ci and/ or cltal opram by separa ¢m xture
of R- and @3 @a?wpramwith rmre W]&Y'n 50 % of one of theigﬁlglrft&lflg?r)ers I nt o;

a fraction of racemc citalopramand/or a fraction of S-cital opram or
R-cital opram containing | ow anounts of the other enantionmer. The invention
al so rel at ®sod¢ess brphmepsratibmof tdvempy cifatopramander Sr acBriitalopsamblyl  as

enanti oneri_cal | L e ci.tal r t he conpound

R-4- [ 4- (di Pr%if%ﬁ)‘%ﬁ? foIxurep i S$cffioprin

fl uorophenyl) - 1- hydr oxybut yl ] - 3- (hydr oxymnet hyI) benzonitrile. Background of
the invention.S-cital m (esci tal.opram ..is e active co nent of t he
br oduct i (13F BRPSHAT TRRIRE o & Aoest o MR taioRpLBchrid Ghaloram b

enant i OBer $r RME@MW&&@N&M&&H & Rhd Gﬁ:lﬂﬁbﬁmltlﬁﬁoiehﬁan%| ect Id ve
serotonin reupta nhi bjtor (SSRI) type. Both.racemn c an

S7ei t ol opr APLAE hSEBRBEL i 1 GRIPB LR GUrPT 9Pt & fadong

sur pri si nglsycifaRPrant eRAitilBErhmaoffaiinglew @otts aﬂﬁe Sther dnatieBNTIONt ai i ng
nore than than 50 % of one or tth enanti oners € a nop-racemc mxture,

may be seb‘&?&?@ﬂal?Wﬂﬁ“c&“f?ﬁr@ﬁs& T e RreRAEAtioR 0573’5%{11166'? Wil ahd a fraction of
S- or R-ci teahftiBhRAtdNY pul &Gio Pfairﬁﬁ‘érﬁ%e%ﬁni?bﬁrﬂ' mgm@ﬁtﬁymmﬁd’)qe@base or as

an acid addition salf thereo surplus of cital opramor R-cital opram
may be 0solfprophenybri-hydsoxybutydr3 qhb’éfmé}’m@hyl)zgeltzﬁ@“ﬂ? .ecipitation. This is an
i mportant and very useful process, in particular because it allows the
preparation of racemc citalopramand S-citalopramfrom m xtures of R and
S- cit al opiackgronad obthefinvemtiomnuf act uri ng processes which result in
m xtures which do 30 not neet the specifications of the marketing approval
of neither racem c cital opram

S-citalopram (escitalopram) is the active component of the product citalopram, which

15  is a racemic 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).

*166166*




nor S-citalopram (in escitalopram the amount of R-cital opram conpared to
S- cital opram should be Iess than 3 % preferably less). *166166* WD
03/ 000672 PCT/ DKO2/ 00426 2 S-cital opram nmay be prepared by separation of
the R- and di met hyl am no) - 1-

(4'-f|uorob’ﬁ’ ‘+ - hydr oxybut yl] - 3- (hydr oxynet hyl ) - benz PR PRI %42 he R
and S- diol) foIIovved by ring closure2of the S-diol with retention of
configuration, as described in EP-Bl1-347 066. 5 Other processes for the
prepar at i orS- dtalwmmvbppmﬁemb}' wm@ormfnhﬁm{angsaqa[ﬁ-(dhnampmiabj—nn of

enanti onmers,a I abl .e. for t.Q separate the
corres pondl(ﬁ h%?@%g&@ ox?;bmylhg &ﬁ%%@ﬁg‘b Tﬁﬂ%ﬁyl ) - 4-
di et hyl ami diel) follpdved bjunng)abﬂxwét)tlms aim wﬂm ketdntionmof ddafigeitioasgondi ng R-di ol ,

foll oned 10 b i, 0 th retention of configuration and cyanatlon
e Ror-B T et

to formS- cqf ion processes for citalopramare well known
and haves been described in US 4.136.193, WO 00/11926 and WD 00/ 13648.

Dependi ng on. the s?ﬁem fic liprocess ﬁused and the conditions used, the
enant i oner i Qtherpgogssses fay therprengration of §-gitalopraminsudmg chrogtogranld nay have to be

i nproved. Qep@itidaldFermbiomers @fe aloQVARLRE NEE for ¥RmsIhdissle So &fpar%e%é al opram
may also result in mxtures of Rand S-cital opramwhich do not fulfil the

speci f i cat i GAESPSpdIpg Bromerdesvatiys 1-WpBfempA-hydroxgmethylphenybAin 20 Thus,

accordi ng tQmeRPlaRHRELl4-MordphenyBURRN LA 'ﬁomttﬁécdrﬁ!’;%ﬂ&ingﬁ cHBION)'llQ@@d an easy
way to inprove the enantioneric purity S-ci tawpram obt ai ned by such

processts. yyigrdpsuigevipretgntian of ﬁoreﬁgusn@m Mﬁll cypratian toyforn Seitalpprgmaphi ¢

separation &or il
[ 4- (di et hy amg%hoo%?&lke%' “F uo?p(g enﬂ%l-IT?ma'} o‘§<“§%8‘%°§‘|dfs-°§??“ﬁ§é’r oxymet hyl )
4.136.193, WO 00/11926 and WO 00/13648.

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-(thydroxymethyl)-benzonitrile, the R-enantiomer of formula (I)



benzonitrile followed by ring cl osure of

S-4-[4-(di met hyl am no) -1-(4' -fl uorophenyl)- 1

- hydr oxybut yl ] - 3- (hydr oxynet hyl ) - benzonitrile, the Renantionmer of formula
(1) WO 03/ CT/ DKO2/ 00426 3 1 is forned as a by-p It has
now been fgﬁg{g%ﬁ%g% ring closure of a conpound of formnul ggﬂﬂﬁhﬂoﬁmaci dic
envi ronment provides a reaction m xtuBe containing a surplus of
S-citalopram conpared to R-citalopram In other words, ring closure in an
acidic environnent proceed with partidl inversion of configuration. 10
Accordi ngly, the by-product of fornula may be used for the preparation
of S citalopramand racem c cital oprls d the nethod for the production
of S-citalopram has thereby bege ational and nore economcal in
the utilisation of reagents and resourges. 15 Summary of the Invention
Thus, the present invention relateg pPBcess for the preparation of
racem c citalopramfree base or Id addition salt thereof and/or R or
S-citalopramas the 20 free base gn acig addition salt thereof by
separation of a mxture of R__afd~S<"cital opramw th nore than 50 % of one
of the enantioners into a fr¥€tion consisting'bf racem c cital opram and/ or
a fraction of S-citalopramor R-citalopramcharacterized in that 25 i)
citalopramis precipitated froma solJdent as the free base or as an acid
addition salt thereof; WO 03/000672 PCT/ DKO2/ 00426 4

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

addition salt thereof;,



ii) the precipitate forned is separated fromthe nother liquor; 5 10 15
iia) if the precipitate is crystalline it is optionally recrystallised one
or nore tines to formracem c citalopram and then optionally converted

into an aqif.g6ihi on salt thereof; iib) if the precipitgat®pidonak
crystalline, steps i) and ii) are optionally repeated until a crystalline

precipitate is obtained and the crysfalline precipitate is optionally
recrystallised one or nore times to formracenic citalopram and then
optional ly coniert etle pretipitate famedlisaciratédofons thetmathesdigedr; iii) the not her
liquor is optionally subjected to further purification and S- cital opram or
R-citalopramis isolated fromthe nother |iquor and optionally converted
into an aci d additi ain)salif the heecipodte isAcystallitientys bptiawaby spesstaflised eebodi nent ,
the invention relates to a rretthod f?r thce .%)r.?a?arati OQtOeL rtacegic

cital opram free base or &h™MeKY UMSRITIACCIUT AR EP SBUSRYY process
descri bed above. 20 Accor@hvgted int@modcidaddiipacalt thereefybodi nent, the invention
relates to a nethod for the preparation of R~ or S-citalopramfree base or
an acid addition salt thereof using the process described above. 25 The
aci d used for preci pig)at iiphe pfecipitste isHobprysaniag steps 1) afid #)are dptionaldn aci d
which may precipitate a mxtuyre of R and S-enantioner, a dhleave t he

mot her |iquor enriched wpqqqtegiu{lwércr}rsp?éhrg_prwplﬁge 1%9,%{?}9?%?{@,1 %f cital opram

One such acid is hydrobr oystaliafeiplecipifateqs sitidgallyrecrystaliéedroneer moeodi ment  of
the invention, the free base of cital gpramor 30 the hydrobrom de salt of

cital opfamis preci pitat dinespe Prorasmic Gitglopray and themaptiogally i n steps i) and

). converted into an acid addition salt thereof;

iii)  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 i) 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 i) and ii).



WO 03/ 000672 PCT/ DKO2/ 00426 5 According to anot her enbodi ment of the
i nvention, the mxture of RRand S- citalopramused in step i) contains nore
than 50 % of S-citalopram or nore preferred nore than 90 % of

S-cital opr step iii) S-citalopram (or R-cital opr S
| sol at ed f%g%ﬁ"'?’ﬂ({e&rmt her [iquor by the evaporation of t'?\éé)/% pg{i?l I quor

and thereafter optionally the conversPon of S- cital opram (or R-cital opram
into an acid addition salt thereof, preferably the oxalate salt. 10

Al t er nat i vedogordirfg tb hgothay eimbodimientlod theotrtentiiong thefrinturet dfR-prdefzi pitation i s
acidic, S- citalopram (or .R-citaloprarn be . | sol at fromthe nother

li quor by (SK&°P ugseénﬁlesg)ep ﬁﬁoﬁ{ea%nslr?og%glﬁ? }?%f‘ §\'A§‘31°§§mpﬁ§%8r° (raerp?%rrr% i on, or
ext racti on nérk khaa 98 &b vESititalopdlam.evapor ati on of the sol vent, and thereafter
optionally conversion of S-citalopram (or R citalopran) into an acid
addition salt thereof, preferably the oxalate salt. 15 The nother I|i quor,
extract s t hekeplii) PditaldpeanpdaRecitaRpiasi) fafh Ge B-isddtedSrérh t m@hamqisy be

subj ected to conventional purjfication pro essesq?&s ch as treatment with
active carpdhe °V(?H‘Pr6‘h%{’t% %B‘be?r ligper and HigepaBer qpfo y%h?emﬂfﬁﬁ‘%'b‘ffe% to further

preci pit at|Q@Rpdh Qof‘R-oﬁBl@Bralnl)__{idté dn RRPAGItA §AT Berbof, prefetubly thaboddiem | s

| sol ated. 20 Tﬂe m xture of R~ and S-citalopramwth nore than 50 % of the
S-enanti om#fltray be prepared froma mixture of R and

S-4-[4-(di methylam no)-1-(4"-fluorophenyl)-1-

hydr oxybut yll] - 3- (hydr oxynet h}/_l )-benzonitrile with nore than 50% of the

S- enant Honetitasmatively Jif the arpther liguar gbtaingd Eemdhe pIpciRitatianmis agidiss &af ter ring
closure in Bl%;nc( B | : 'p@,}pﬁ : i nventi on,
the m xtur ed?t(a)‘f‘3 R- gﬁgfblst%?ﬂagl?gg? g%lss}a{t%ﬁ%ﬁltotggﬁ? ﬁlgﬁﬁglg % oafsg%lﬂéeth%- enant i oner
i s prepar ednéthertiqguomfoliowedbyphare separatia®, ar qxtraction with a solvent and

(di met hyl arg, 00)aedn(ot tie'sbi@fi: A akter PR S E NI Xdnl 61 5- SN HFAX PR DY)

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 i)-ii) 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.



30 benzonitrile with nore than 50% of the R-enantionmer by formation of a

| abil e ester group and thereafter ring closure in a basic environnent. WO
03/ 000672 PCT/ DKO2/ 00426 6 In a further enmbodi nent of the invention, the
m xture of warosdetd7S citalopramwith nore than 50 % of tger/Sxk@RB4Bt i OMEr IS
prepared froma m xture of R and S—46[4-

(di net hyl am no) - 1- (4" - f1 uor ophenyl ) - 1-hydr oxybut yl | - 3- (hydr oxymet hyl )
benzonitril e with nore than 50% of the R-enantionmer by ring closure in
presence ofln a§urtysr gphadimeny othe jnvention, the méxtue i fdicnd Acitalppremevitthvent i on, the

m xture of e Al sPurdtid Qgﬁﬁﬂbm&‘x& prcﬁﬁ&efr&mnmﬁ&e%m ahd§-4uenanti omer is

prepared froma m xture of R

[ 4- (di met hydimethylamina}(14(4 'ﬂPW@PI@Bﬂé‘ﬁWWmZEYWBd]‘MWmWﬂM)( hydr oxynet hyl) 10
benzoni tri kg Whih hEndrD t §ha sure in
presence ofb%nan alglq,ﬁ{ P&rr @’ o?thterllg&énégntl gkerﬂg‘érof)%)rélj é/{é%PEJt e starting
mat eri als Ranafid.

(di nmet hyl am no) - 1- (4' fl uorophenyl ) - 1- hydr oxybut yl ] - 3- (hydr oxynet hyl ) - benzon
itrile 15 is nore than 90 % The acid used in the acidic ring closure
reacti on mdy stilla fusthenenibediment of¢heainvention) thamixtura©f R2 8@S-oital6iB84, a
carboxylic acid £, c id. or a su i.c_acid der] atl 20 Whenever
used in thig slﬁl & %ﬁﬁb p%tt:tg ERURMEE };s\pg)eipatregggm “f"éf’}(.)% jans a 1:1

m xture of [R(dimethyBmixo)-al@ pflenrophiayl)-1 hgdmkyburyl}3-(Hydoxgmethgl)- r aceni ¢

cital opram neans ni.xture ot cont |r1 R-. and, S-cital gpram as a
1:1 mi xPur fen @“{tﬁﬁedﬁﬁhéﬁqrﬁéﬁﬁgby ﬁ'ﬂ?é}?‘éﬂ meR! ygﬂgclgsqgf RTEYS R (% Gt al opram
enant i onmer a@facid25 i soner neans either S- or R-citalopram As used in this
description, precipitation neans formng a precipitate in the form of
crystals, an anorphous solid or an oil froma solvent. In the present

ggscrl Pt i OrPreferably| thE bridintiéth&id PRgififofathe Qthiting AfateRdDRAL[@US solid or crystals.

(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,SO,4 or H3PQs, 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 used herein, nother |iquor neans the solvent remaining after renoval or
separation fromthe precipitate. WO 03/000672 PCT/ DKO2/ 00426 7 Detail ed
description of the invention As nentioned above processes for the

preparati cital opram nol ecule may 5 result in ) e of R-and
S-C|talopsgﬁ$WW@%§ i's not acceptable for pharnaceutlcalqwﬂbéagé%% rding to
the invention, a surprisingly effici eht process for the separation of such
m xtures into a racemc fraction and a fraction of S-cital opram or
R—citalopran1 has been found. This new process involves precipitation of
citalopra q g ar q:addltlon salt thereof as an oil, an

anor phous f'&d ?SCT'R " @‘nqlgfqveﬁéonf ormfroma 10 solvent, and i soI ation of
S-cital opram (or R-citalopram) fromthe nother Iiquor of the precipitation
process. The pre ation of the citalopr fre base be carried out
by obt ai ni ﬁ@mﬁ?tm é‘?ﬂeﬂ‘?ﬁ’ﬁssﬁ% ﬁ’ﬁﬁ“?pérégﬁri éa“waEaXEH’&YS ci tal opram
in a suitarkat ﬁQhﬁﬁﬁIrc oﬂ@a@@skmaérbm ubﬁ’ch&@ﬁét)éb&@tah&&'&ﬂ farmasdichhen al | owi ng
the solution to cqol precipitate aqrqatedfromthe not her

i quor, pr\éﬁeer‘\émrgmsw |"tweateqnoﬁswn%s&>éﬁﬁﬂm@t Pr?cressf pthe SeRZEgtign Pt e i s

crystal | nguch bfigrufes itb akiemicaraofdn MAal s Lo S &italdpring 60R 3islofrite free base
of racemc citaloprammy then be converted to a salt thereof, preferably

the hydr obmrbpfabfogeﬂ t Thippeyy progqsd inyplves Rspeipitasion ef ciialppram fiee bose Ol an

anor phous 54 Additidnsalt Refir BY dndil, AarR6rPRAS SolftPot in &@stama@ﬁﬁﬁctm&w&' | a
crystalline product is obtained. The crést al s obtained are gt lonal ly

recrysi@l | sodveat, andiisplation plcScifplopeany for Regitalgprany)i from the mothertiguor Réthe be
converted %lgm %gtghtprgclgggr eof, preferably the hydrobrom de salt. 25 Depending
on the ratlo R- "and S-C|tal opramin the starting material, it may be
necessary to precipitate (in particular crystallise) cital opramfree base

more than ?lpecﬁecipitation of the citalopram free base may be carried out by obtaining or
dissolving the non-racemic mixture of R- and S-citalopram 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




in order to obtain racemc citalopram The nother liquors from each

preci pitation may be pool ed together and the cital opram enanti oner

cont ai ned herein may be 30 isolated as descri bed bel ow. Suitable solvents
for the precini on of the citalopramfree base are al h as
hept ane or%e@@&@w al cohol s, such as isopropanol, ar orrat'}%?}g'goﬁﬁg(g"gids such
as WO 03/ 000672 PCT/ DKO2/ 00426 8 tol 8ene, benzene and xyl ene, m Xt ures
of al cohol and water and m xture of al kanes and al cohol s. Thus, both
aproti c andolperg} bfmzsmlauénylemyr toxtwissalf alcohdl Andregersmd mixtoreys alikhdes sat i on may
be initiated,h edin acemc. Cr stallne ci tal opram base. The
preci pi tat |a8ﬂ %?mgan%‘é.ga (%ﬁ{ %p§°tfcso téﬂyabl ‘?@m may be carried out by
obtai ning or dissolving the non-racemc m xture of R- and S-citalopramin a

i tabl | vent d _then addi
aci o ei tnarRserelRai o HoRRE ey b P SRR, moa. The

crystal s arctalepfaartaseed from the nother |iquor, pref erably by filtration.
The crystals are optionally re-crystallised by dissolving the crystals in

a solvent, preferably by heating, and allowi ng the solution to cool. If the
precipit at erhfetgm?ﬂkau@ dTQh a€id Y&diadd sal of cxtamprmapwmarouﬂsy oil, the
precipitation rocess my be repeated until ystal l'ine product is

obt ai ned. ﬂ#@"ﬁ?%/%‘tdéﬂsglvﬁ’ﬁtﬂﬁ “r‘?éda“élmé" Btyre it apd ﬁé’é‘i’ﬂ%"ta@l inp&wteb®s descri bed

above and tshﬁreﬁtaffﬂé@eﬁsageﬂyadpﬁlﬂfr{g%&ﬁxbt and®fen a@ﬁhg Qfliélid )éltﬁé?l%ﬁﬁirohed into
anot her salt thereof ending on the ratio o d S-citalopramin the

startinl merass s, If‘tfysf‘iﬁﬁ/afﬁ@% M&%%yeﬁf@arﬁwééomtbametheﬂmusaru cul ar
cr yst al T S glertiasy Gy k4t e $4lls B GolohAR :8858alifed HIdHSHIVG iDL a1 1

racem c mxture. e not her qwors from éach precipitation or

crystal | i s&rystals m;solfseltmeﬁeeélw deatingrandallowing theiselatiopteanslenant i orer
contai ned herein may be isolated as descri bed bel ow. 25 The acid used for
precipitation of a citalopramsalt is an acid which may precipitate a

m xture of IfRthearedipiate fermed ismot crastelling huteumorghonpertas oil) thejpreeipigatonched wi t h
ei ther {she process 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.



S- or R enantioner of citalopram One such acid is hydrobrom c acid.
Suitable solvents for the precipitation and recrystallisation of cital opram
salts are 30 protic solvents such as water, alcohols such as nethanol and
et hanol , uch as acetone, and m xtures thereof | C sol vent
such as alég gﬂ@?r?l e or diglyne. WO 03/000672 PCT/ DKO2/ 883@2&5@&6?
necessary crystallisation may be initdated by seeding with the racenic
crystalline citalopramsalt. Crystallisation of the free base or the

hydr obr oni Heeeatary ofstailisatibomapbe ingiafed b scedéng. with the ricericopystaiiingor

R-ci tal opr ag%] ‘“’X e isolated fromthe nother |iquor using conventional
procedures N tby evaporation of the solvent fromthe nother |iquor,

or in case the nother liquor is acidic by basi fying fol I ovved by separation

(Ig c??gfgrs)ré}?;“arl{ﬁ%@i?\ﬁegjnb% é%ﬁ F‘ﬁty“P'%ﬁgrf Sg?ﬁgc-‘ ta O '%‘?dt al opram (or

R-cital gpram) may then be converted to a salt thereof, preferably t he

oxal ate salt  and op nally re-cr ed.. The ther |iquor or extracts
t her eof rra% 5&%’6’8} élﬁal?%a’%‘ﬁ% ‘F‘gﬁa‘} g?)‘ﬂrﬂ?ef’f“&tam’(ﬂwrlﬁ%cesses bef ore
evapor at i 0porRéntiodfl peeted@ts suctPis Uytevﬁp%yatiaﬁ o5 the js@16¢r GrobRhOMBtheF lidieF,e 15
precipitations of cital oprarn free base or citalopramsalt according to the

i nvent i on, oF IA casgthfapothey liqﬁﬁr‘oﬁd‘f“ P basiying foflemed by &p,a;apon fphases (i t al opr am
enant i oner ity SBig br b}bk@d&r%-cx@d]bﬁ?&:ﬁkr@é&%pﬁ%%%ﬁéﬁ bfyre%BoHH%nrmt her

| i quor may be subj ected conventional purification processes, or it may

be subjlecteﬂh? EPIYFHE %pxtqhgrgn fy Reitaloppny) anay shen bercopvertsd i @t f r ee base or

ci tal opramysab E‘E@&%l?hﬂ%x&l&eEii@anh%ﬁ&?all?fb-cr&é@alh&ﬁder to inprove the

enanti omeric purr ty of the cital opram enantioner product. In another aspect
of the invention it has been found that ring closure of the by-product of

formul a1 irg. Ahug0iqloFo R ARIER ndy R ¥it]Eedlo LEARERA IHELG Contai ni ng a

surplus enant i oner. pro ess IS ust rat In the reaction
scheme bel picesses before evaporation of the solvent, or it may be sub]ected 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:



WO 03/ 000672 10 NC Acid eg. tosylchloride, base V NC PCT/DKO2/00426 5 Wen

the reaction is perfornmed in the presence of an acid,
R-cital opram and S-citalopramis obtained from R-diol.

a mxture

of

The stereochem stry

in this ragebisisizs partly inverted, resulting in surplpsyskezgodkt al opram
The surplus amount of S- citalopran1rﬁlative to Rcitalopramis dependent

as denonstrated bel ow. The
ratio of inversion versus retention is around 10 70:30 to 75:25 dependent

upon the S/Rratio of the starting naterial

on the realtiromxgrdi dons of the experinent.rAsurptrus—of—S—crtat am
will exist if -[4-(dinethylanino)3$;(4'-flﬁb

1- hydr oxybut yl hydrexymsf -yl ) - benzomtrille wi han 50 % of the
R- enanti oner sed@s the|starting eridl. 1t VXture can
be further 15 { ied to give an SR ratio df nore fhah 95/ 5 By
precipitation e cital opram base from a |sol ven by precipitagion as
an acid addi t¥on sal ka®f citalopramfroma golvent. pure S-cital opram
(SSRratio nore than 97/3) nmay be isolated frjomthe/ nother |iquor, &and
precipitated as an acid addition salt with an acid,f such &Sw=exalic acid.
WD 03/ 000672 PCT/ DKOZ4 Q9diddeell As menti oned above, the stereochentstfy is
partly inverted whenteshe ring closure of R- [ag

S-4-[4-(di met hyl amyo) -1- (4" -fl uorophenyl ) -1-|hydr ) - 3"

(hydroxynet hyl ) -benzonitrile is carried out ijn a “envi roanfent Any

sui tabl e

R-Citalopram

N

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.



5 acid may be useful for this ring closure reaction. Good results were
obtained with mneral acids such as sul phuric acid, HCO and phosphoric
acid, and organic aci ds such as p-toluenesul phonic acid. In a preferred
enbodi ment Jjnvention, sulphuric acid is used. Pr 13% sur pl us
anount of g@%é refatlve to starting material should be Jgﬁﬁg Ox?ﬁ
reacti on can be performed in organic Yol vents suitable for dissolving the
starting materials. Preferred solvents are solvents suitable for

| arge-scal e chemical production. Good results were obtained using toluene

or acet oni t)k&'r}ne%tlo%%g%\;elrH)gs@ke%a%nﬁg&f ;%arﬁ%@t&?rt'wqu teri ?% of for mula (1)

is performed via a la e es fesence of
t osyl - chl oR-dmd S-|4F[4f(d1hmﬂ1ylanmm)+lr(Ghﬁnmrbphe&;&])—déﬁdxfoktlﬁdyl] B-n EP- Bl 347 066, the

ring closi reactjo roc S with retenti.gn of, the stereochem stry. The
R form of - OeramloRraRRER hidob o B S UmTean AR R equal 1o he
starting n’&élﬁl’rriagzlbeiuseﬂllff&d“thﬁbinglcmﬁd'e redttiohNGSod rfeflils wekd baed Wil or m of

cital opram can be, Oﬁ'f bonal @&i‘ﬁﬂ Q S xture of R and S-cital opram
with an S-EReilasids e &th“ 8"‘ and pagsgharic acidy and pgagin acids seshi ¢

ci tal opr a%ﬂp-yolb@eﬁimmhiaadldbm aPiéferddd eMboBinRhEST R fnddntioR Suphurid dcff opram free
base or sal tPIﬁ“gereOf foI | oned by recrystallisation as described above.

25 Exanpl | ods iof TRy R vfgﬁrréwa'rpa@eg relpiviedastarting metpriplshomdi bensed. by Chiral
HPLC. WD 03/ 000672 PCT/ DK02/ 00426 12 Exanple 1 Preparation of G tal opram
from R-4-[4-(di net hyl am ng)-1-(4'-f]uorophenyl)-1-
hydr oxyBut YPF re3etianran Bxperrmed noneanissalvents %tablpe/fg disselvipg thestapting 3) by
reaction Pnaral}, Sefehr8d SN enfGrdiSIvehts 3GEhRb gk
R-4-[4-(di met hyl am r?o) (en uoreophenyf} %% S(r: aﬁi‘?‘!ﬂﬁg ?ﬁydr oxynet hyl
)- benzoni Gopd éeSngegbtmm@mtpléene%a@tm@c d| ssolved in acetonitrile
(379) was stirred at 10 roomtenperature, and a mxture of acid and ice (or
water) was \K?}%g%%g fosure %P t Qtstla;['t%rllg?r}caterial of formula (I) is performed via a labile 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.,



acid and ice are listed in Table 1). The m xture was stirred at 78-85 C (
the reaction tinme have been listed in Table 1). The reaction m xture was
cool ed and water and toluene (315 nL) were added. Aqueous ammoni a (25% by

wei ght) \/\%ggg&%‘%to give a pH 9.5-10.5 and the rrixturg,cplgﬁiogﬂﬁgﬁed to

50-55 C (5- m nutes). The phases 15 were separated an e Wat er phase
was added tol uene (50 nL), and the pHises was stirred at 50-55 C (5-10

m nut es). The phases were separated and the conbined toluene phases were
washed t hr Ezampleds with water (3 x 65 nL). The toluene was renoved at
reduced pressure at a maximumof 60 C to give the product as an oil. 20

Ci tal opram was prepared by the general nethod above. The type of acid and

t he quant Pidpasativh o Citdlophsinifioen Rvi4edjméthylaminoddi-@ -Muditophenyd-B | i sted in

Table 1. The rc e of the cital opr, at, i -Gl tal opram anal ysed
by chi ral Bt pafatrorymetfybeenluR Rl o 35T by seRHSS. of Nass of
| ce or Reacit diléremttcidsin Retstidrlaci dwat er in m xtureti necital opraniiel d

| Sul phuric acid25 g10 g ice3 hours73.465.6 g (-100% 2Sul phuric aci d8735
i ce3 hours72.057.0 (89% 3Hydrochloric22 gl1 g ice24 hours>6564.6 ¢

aci d(- 100%GegerdlIndiitdd: g wat er 48 hours61. 6 g 4Tol uenesul foni c73. 0(95% acid

i 1 or ont Kok HeCCmptagemigny - Toropspginriy gty S dronmeinyy

benzonitrile (67.5 g, R/S ratio: 95,7/4,3) dissolved in acetonitrile (37g) was stirred at

10  room temperature, and a mixture of acid and ice (or water) was added (the quantity of
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
a pH 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

| Sulphuric acid 25g 10 gice 3 hours 734 656¢g

' (~100%)

2 Sulphuric acid 87g 35 gice 3 hours 72.0 57.0 g (89%)

Hydrochloric 22g 11 gice 24 hours > 65 64.6g

acid (~100%)

p- 439 40 g water 48 hours 61.6

4 Toluenesulfonic 73.0 g
acid (95%)




Preparation of Ctal opramfrom

R-4-[ 4- (di net hyl am no) - 1-(4' -fl uorophenyl)-1 -

hydr oxybut yl ] - 3- (hydr oxynet hyl ) -benzonitrile (R'S ratio: 95,7/4,3) by
reaction | i.fferent acids in toluene. 1o General :

R-4-[4-( dl"‘maé%;(}&é{m no)-1-(4' -fl uorophenyl) - 1-hydr oxybutrr?/)FF}-?)gf-o2/00426

(hydr oxynmet hyl ) -benzonitrile (67.5 g/3R/'Sratio: 95,7/4,3 ) was dissol ved
in toluene (315 nL). At roomtenperature, a mxture of acid and ice (or
wat er) was added (the quantities of acid and ice are listed in Table 2).
The m xt urkeblgals Citalopragrbyaeactign gathdiffqrent acideimacetomitriie.ne have been listed in
Table 2). The reaction m xture was cool ed and 15 water was added. Agueous
anmoni a (25% by wei ght) was added to give a pH 9.5- 10.5. The m xture was
heated to F3GnfileZ (5-10 mi nutes). The phases were separated and the
toluenﬁophase was washed three times with water (3 x 65 nlL). The tol uene
was rerioved at reduced pressure at a maxi mum of 60 C. The product was an
oi | . 20 CiRrepantiamof\@italopegra fresh Ryd-[didimethyiamina)dt(@6Auatnplienyl)fhe t ype of
acid and th antyties of aci nd ter i the o e are listed in
Tabl e 2. TH}Q’%@’&E’@P@&%@W o’fwéihﬂ?'ﬁﬁqz(?%sgﬁ\q{@;'fat'ioé9%—”215? r&?' 5?5‘\‘&%‘ anal ysed by
chiral HPLwith diffekérittaeids imtolwdnee 2 as wel | . Acid typeMass of Mass of ice
orReaction tinmePercent S-Yield acid water in m xtureGCital opram acid

5Sul phuric acid26 gl10 g ice70 m nutes73.861.8 g (97% 6Phosphoric acid275
gl g iccedGdetil métho@OT-444qdibdiiahahd)e -@. -fiGbiophenpl) arhydyoxyBggll30n Wi t h

different %rg)%yrrixe%;l)q éjnggrﬁirilez 857'?( g?ﬁ% gti:og: 9@9/2% Qvgg giZszolvFe) 114 to u%gé 00426 14
(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 A Percent S- .
Example | Acid type acid water in mixture Reaction time Citalopram Yicld
L . . 61.8g
5 Sulphuric acid 26g 10 g ice 70 minutes 73.8 (97%)
Lo . 67.2¢g
6 Phasphoric acid 275g 11 gice 4 hours 70.9 (~100%)

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

Example 3



Preparation of CtalopramHBr (racemc) fromR-4-[4-(dinmethylamno)-1-(4'-
fl uorophenyl) - 1- hydr oxybut yl ] - 3- (hydr oxynet hyl ) - benzonitrile (R'S ratio:
95,7/ 4,3) by conbination of products obtained fromthe acidic and the basic
ring- clo ods. 5 Acidic ring closure: R-4-

[ 4- (di rret?\t/& g’?nﬂ‘ﬁ%? 1- (4" -f I uor ophenyl ) - 1- hydr oxybut yI | - ST et hy ) -
benzonitrile (67.5 g, RRSratio: 95, 74,3 ) was dissolved in toluene (315
m.). At room tenperature, a m xture of sulphuric acid (26 g, 96% and ice
(10 g) was PxeptadtionTéfcCitadopriant HiBe (raesnic) from Rd-4-(difethyla@mif@)v1-@ -hour s. The

reaction m | ed .« AQUeous ammoni a
(25% by mi'ﬁ'ﬁf‘ip‘?\fﬁ@f 5@5@5"’%&53\? (%gdrﬁﬂmghgl i’ﬁn’(?"ﬁ Efgﬂfﬁ 5&q\3fe was heated to
55 C (10 nigsM43)by coinbimbias ef produets shtained froth thendididund!thé bssieriphase was
washed thregﬂtl nes th water (3 x 65 nlL). The toluene was renoved at
reduced pr &08treMethods. oyi mum of 60 C to give an oil (oil A). Yield: 15 63
g (99% s Basic ring closure of labile ester:

R-4-[4-(dine 41 l.am nS(,)i}-l (4' -fluorophenyl)-1-hydroxybutyl]-3-(hydroxynet hyl
)- benzoni Y4 %, R'Sratio: 95,7/4,3 ) was dissolved in

acetonitri Im44ttﬂ-@11ﬂ&mﬂaﬂu@§lli(mm&f@hén1y®51 -RjdroxyBityH- 3qudrb%mmm n was added.

A sol ution of t osy Ichlorlg% and, t ol uene was added to the
m xture at PENZoRtRle Q7.3 HAYS fatie: ?%7&9%&?@%@‘“%@5@“@&?!“&%’300@ The
M Xt ure Wagenglerdthireth xaixuwoﬁuféﬁﬁne&megtm) MR (10 alkdded VAR added and

the m xture was stirred m nut es. Aqueous anmmoni a (25% by wei ght) was
added tl8 gimistuge wag sirredat38-851€ foriahpues. mreac@epanmwaamlqdcﬁndéﬁe (35 25 ni)
was added t t at 45 T. The
t ol uene phggégmﬁ%a?aﬁﬁgﬁﬁuanchgms eés%‘?%%?eradg’gd@]% . The tol uene
was renov&d-HLO0.Thd mixtdrepras dsatedto &6 °@ (Ieminntes) Dlie HdseCwere sgparstedan oi | (oi |

B). Yield: 33 the tolr?eng phgsggwég was?fgd gnrgéct{ elstw? v ter?; gS nn%Ls( t’I"flE: (taoh?efnem 's Aand B.
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 § 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




Ol A (57 g) and oil B (28 g) were m xed by dissolving in acetone (310 nl)
at room tenperature. 35 nL of the solution was renoved, HPLC showed an S/R
ratio of 49.6/50.4. The m xture was cool ed. The pH was 3-4.5. 15 nL of the
sol ution 3/ 000672 PCT/ DKO2/ 00426 15 renoved b i on of
hydr ogen \ﬁéﬁ%%@ 9Gaseous hydr ogen brom de was added u%tkwn%aaq%s 1.5. The
m xture was cooled to 15 C and stirréd overni ght. The crystals wer e
filtered and washed with a mxture of acetone (70 nL) and hexane (70 niL).
After dryi rgoved hefeteddéitiorysf iydgg¢ryronmde ciogssousihydaggen ybmiderved addede purity of

the crysta [50.5 (Chiral
HPLC) . Recb@tslg)}‘},\ﬁ saf@ﬁhgma%?&% ytl(s;'??isé a?(ggf"ﬁgg) rﬁllggtr’n.rgﬁ%ryﬁaéci pitation
of oils A aert fBtevedrand diasted withd mmmieﬁofratetmt(mmmanmm (3@mC). The sol ution
was cool ed ,and, seeded,, .a sti red ay at, 1o r

t enper at ur é% @"&&?ﬁpg?gﬁzgéﬁ@oﬁé’@'sf é-@}‘%‘f‘é’l "Wéf%“ ?Iter ed of f
and washegayss.iv.\(BPEC) &a4hmmratfwgr49s$vwsr(@mr@ gPIRt)d of 27.9 g (93.3%
Citalopram HBr (racem c) was obtained. The purity of the crystal S was

99.4% (HPLC) and the S/R ratio was 50/50% (Chiral HPLC), hence a racenic
subst ance m&ygm@ua@q}wggé Exarrpl e 4 Pr epar ation of S-cital opram oxal ate
fromR-4-[4-(dinethylamno)-1-(4'- fluo

enyl ) - 1- hy &rsialafa? yie) fme("PFijF%Bégﬁﬁﬁfi ?ﬁﬂ‘l)s Abaé’ﬂﬁ)WFrFrdisF‘éV"(dFﬂ‘@Pﬁ-t‘iVﬁer

95, 714, 3) . aPfolll BICCTRSIMNBioh WaPERTRUAE sédlieds BhdH Wad ﬁxrﬁg'f&‘ 2V day at

R- 4-[ 4- (di met hyl ami no) - 1- (4" - f1 uor ophenyl ) - 1- hydr oxybut yI ] - 3- (hydr oxymet hyl
) - benzoni teon emp&atue. dhe RixBire was cooledSo § Q. Bixcrystads \mrsﬁbemédfflandtol uene

(315 nl). At r,0Q r m xtur cid 5 g, 96% and
ice (10 g) “Aehed @W?C%“f‘%g X %ﬁﬁ” %ISQ?% ?é&&h#% @t% 1 hour and

40 m nut es (raddntic)vesdbtaiied (Thepurity of tiderysatved 99.@1%(¢mna)mﬁxestmre and wat er

(40 nt) Wa%u%%ja‘i gO/S@ﬁHEgililaﬁ }&T&,megce 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 tolﬁcnc 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%).



(50 m., 25% ww was added to adjust pHto 10.5. The m xture was heated to
55C (10 m nutes). The phases were separated and the tol uene phase was
washed three tinmes with water (3 x 65 nL). The tol uene was renoved at

reduced pr. t a 30 maxi mumof 60 Cto an oil. Yielg ?gg) de (95%9 . VO
03/ 000672 W@ﬁﬁg/ 00426 16 The oil &20 4 g) was dissolve %ept ane (600
m.) by heating to 89 C. The m xture s allowed to cool to room
tenperature and stirred over-night. The m xture was filtered. The nother

| i quor vvas’me/apmoaﬂ@dvaaﬂdsdlm iy hetahe V(60 mw@aﬁm@»@w °th'Ehd’mb(hEd§ | i quor was
di ssolved in

hano and the Iure was 0 5<25C A
sol ution of"aﬁggﬂ“icg to,89 gmafﬁ d?‘ﬁqeéat?rfﬁnn‘}z)g Oﬁere'i’ﬂgO@] e A8 HY3® was added.
Thehm'dxt urﬁgwads #&Eh}’dﬂfﬁgllﬁﬂh’rv&sb?pbﬁteﬁtandith%&eﬁ wa?rfndm@emg)e vvas(f |6 | /; ered and
washed with ethang 4 L), Afte el,d of 1 76% was
obt ai ned. Thempthes 1!‘9‘°$ wps ¢ lvep%qtéﬂnglr(&gg&@gn%%(rp:itp{_eeyasgﬂ@e(?}?e S/IRratio
was 97, B/ 2.4 ¢&H Mﬁnddl%f@cahclaeldlﬁhmpit@a@ 2%)%{3&5&{01@8 il Waistadlg@pr am f rom
R-4-[4-(di met hyl am no)-1-(4' -fl uorophenyl &
hydr oxybut ?hqmﬁu(rhwsmd@hyhl)urwﬁzlérfﬁﬂ dl@lx(nR#Sai! filt¢red arglovashell | 0) by

reaction h,,sul [ i 0

R-4-[4-(di Wét%‘ Q%P Li Q@;%r@b?gﬁt d3h %? 6?1/"%&%0 amed irh%pu derox

ynet hyl ) - bﬁuhzo:rysmrsnﬁas 963% (HP3.C) RricShcatFimmo %sﬂﬂ@’lﬁoocmbﬁblw)ed in
acetonitrile (420 g) was stirred at roomtenperature and a m xture of

sul phuric acid (50 g, 9699 and ice (17 g) was added. The m xture was
stirredoat Ex8mesC for 1 hour. The reaction mxture was 20 cool ed and wat er

and toluene (160 nmL) were added. Aqueous ammoni a (25% by weight) was added
to give a pH of 10.5. The m xture was heated to 50-55 C (5-10 m nutes).

The phases prgiaRafi@GITCit6prandirom R-144 -winethylﬂﬁﬂe) -1t -fhdeeghenypl)-tene (25 )
and it was stirred at. 50-55 %ﬁéw leam nua ﬁ%’ ] Lb 3 vverec, l(1aparated and
the conbi f¥droxybyxi3-(hrdeasymphyD-henzoniaile (/3 x tt'? r‘?g ?ﬂ:q BYXEREPD (3 x 50
m). The  with sulphuric acid in acetonitrile.
15
R-4-[4-(dimethylamino)-1-(4 -fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-
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



25 tol uene was renoved at reduced pressure at a maxi nrum of 60 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/ 0007 02/ 00426 17 Exanple 6 Preparation o | amfrom
S-4-[4-( d?ﬁéf’ﬁ@(g%no) -1-(4'-fluorophenyl)-1- bethbkdhis

hydr oxybut yl ] - 3- (hydr oxynmet hyl ) -benzdhitrile (S/R ratio: 99,1/0,9) by
reaction 5 with sul phuric acid in toluene.

S- 4-[ 4- (di Erarthpledni no) - 1- (4' -fl uor ophenyl ) - 1- hydr oxybut yl ] - 3- (hydr oxynet hyl
)- benzonitrile (67.0 g, SSRratio: 99,1/0,9) was dissolved in toluene (315
m). At room tenperature a mxture of sulphuric acid (25.8 g, 96% and ice
(10.7 g) wegepagstivi.of Uialdpoariifvonus-d-[dddinsethylaminopl (4 Fudbophehpl)-12 hours. The

(50 L. " 25b s enthe YT E u-FEh-Bhel to R g BRIy resiiin S U1 wee
heat ed,_t,o aith sGlbBurit acies Joluehee phases were separated and the tol uene

phase was washed three tines with water (3 x 65 nL). The toluene was
removed at reduced pressure at a maxi mum of 60 C. The product was an 15

oi . Vi el d5-453-@intetHylahlA9P 1-(4 T o plienyly-1 Aydiokgbudil]-3-1Barck¢mByiand the S/ R
ratio was  26.3/73,7 (Chiral, HPLC%). Exacgpl e i 20 Purjfication of
S-ci t al opr BeRzeRItTHE €dids SR 38ie: TH LD QLwesdsolyedin tppenei(iml) At e®8ber i nent s

wer e condughfdrahife 8 alRERIoNsuIAHAYC 8did (231858)D6%R8d Re PREFH Wi%ddddoThd he renoval
of small anpunts of mxtures R and S-citalgpramfrom S-cital opram See

Tabl e 30f omixtie wae stifredaat 78-R& @ én @rI:GPfSpTWG%H?féTM‘C ¥as qosladand . To a mxture
col ) was g AR B RT e te (0 pp  BE AR B e
war red to gethpk, 10ktr.@dhe mittiwe was headdap S0 @ A nphwtes). dihe phidsedere Heat | ng was
stopped, age(:pl)a}ape% and m%lto ﬁenvcv% Se %vla!c, (v)v\elx\ﬁxgd Eh?ee 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



cool to roomtenperature slowy. In all cases, sone material fell out of
solution. Wiere there was a |arge anount of the R-citalopramin the
starting material, the 30 residue was generally a solid, but where there
was only | amount of the R- citalopramin the start.l terial, the
resi due &8@@8@ ly an oil. In all cases the nother E?E@g‘?g@ﬁgremved
by filtration (or decanting, in the éase of an oily precipitate). The R'S
ratios of the precipitates are shown in Table 3. The filtrates were WO

03/ 000672 é&ap&ared Rkfiod GBAR®rEhvapmlids. de RS mgiiasof thessdidwmmgpplous sol i ds. The

R'S ratios of these ail.,s/anmorph solids,.are shown.in,t | uims
"Ql/anor p"f‘l%&%arg Squd‘ 1gftteeeﬁp%p§ﬁf§mogﬁousl sﬁl@g%rgv?oraélo? nmgfafaf% ases, the
products Waral cases) tisprddinys wére tsdlys&ORCGHHRI SCFEHPDCe Preci pitati onAfter
Precipitation Precipitate (m xture of R and G |/anorphous solid M xture of

| sonersS-cital opranmafter evaporation (enriched S-enantioner) SYRVYSYRYSYRV

98, 21, 899 1Befdf%, Prdcifitatldn 52, 5982,|596, 93, 1 95, Alffer PBtibitai&tB, 81, 2
94, 25, SGGE%MMéH—WWWQG, 73,3
Tabl e 3: E'Mé@}“ﬁiqf&f’inﬁ’ﬁ of the flF&ePHaleERxureoiR s, Qiagphoystelidct [ on’ of
the last g rows in Table 3 shows-citiigpravhen the rat imeDtiRpbratibhe starting
10 materi gl is less than 97/3, |a substantial enrichment of the S-ikoner
occurs inlthe oil (enriched S-enantiomer)

S% R% - S% R% S% R%

98,2 1,8 99 1,3 98,1 1,9

97,5 2,5 98 2,5 96,9 3.1

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

94,2 5,8 66 34 98,5 1,5

89,0 11 65 35 98,5 1,5

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
precipitation of citalopramas the hydrobrom de salt A m xture of

cital opragi was di ssol ved in iso-propyl alcohol I PA /
1 gcital gapdr(;s(rw&&% solution of anhydrous HBr in |PA (2, lCE@?KOg/a‘g G;\T/}

added 20 dropw se, and the sol utions fere seeded with racenmic cital opram
HBr crystals. The solutions were stirred overnight and filtered. The
filtrate visfeePrpipitatiedt réfersgci the twdprodidtd iaotates bfverSiltsaion dNo drystalliasul t s of

th t " Bef Pr eci,pi t at f t
 ese exoeti ety BRI 1 b PR R by SLLo o e
(RULE 26) anORI3/80)0BHpraducROdrOkstalysedupehitahSCEC HPLECi pi tation” refers to

the two products isolated after filtration. No crystalline material was
Isolated in the first case (where the "M xture of Isoners” was S: 98, 2%

and R 1, $%9 Befbr€Pretipitativhs re anal ysed BytetPretipitatiohFC HPLC. Befolfje
Pr eci p| t at tion—Crvst alline—soltdfromtPRPAO I affler
evaporati gn AAIXrseiiseness | §onbrstaitingsolidiom A and Qil affer syapgrating pA
(enriched|S-cital opram SYRYEURURYEIR ARG g_g,tgg&mz,; 3 97, 52par525> 99,9< 0, 1
95, 44, 66931> 99, 9< 0,1 94, 2%,86832> 99, 9< 0,
(enriched S-citalopram)

S% R% S% R% 5% 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

94,2 538 68 32 >99,9 <0,1

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

78,7 21,3 65 KL 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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89, 0116931> 99,9< 0,1 78,721, 3653598, 91, 1 80, 319, 7604098, 41, 6
61, 039564496, 73,3 5 Table 4. Crystallisation of citalopramHBr salt In
al nost all cases, there was virtually no R-isomer remaining in the nother

liquor, &{pslodidiss7yi €l d of the precipitates and the oil sp@fibrezoemaporation
reflect this. Inspection of the fir (i colum and the second | ast col um

I ndicates that in nost cases, substahtial to enrichnent of the S-isoner
occurred, and that in all cases the SSRratio of the oil after evaporation
was great e€laimgn 96/ 4. 15 SUBSTI TUTE SHEET (RULE 26) WD 03/ 000672

PCTI DKO2/ 00426 20 Clains: 1. A process for the preparation of racemc
citalopramfree base or an acid addition salt thereof and/or R or

S-ci t al oprhm ash pieeess fardheueparation afraesemieicisedRpram Gee basp or @ acider eof by

separ ati on, (fy; @ ot thetbParlor R: of§i8iaRs é:ﬁagmehamg@ bhanR{dSdliifgR san0 % of one

of the enan loners 1nto a fraction consisting racem c cital opram and/ or
a fracts onthareoflsts@paraiqnmfamlmremf&mS:gtaénnrmwthmomhzreép Yorpfopgat i)

ci tal opr and e BLARIRLL i egﬁ;#lgﬁ@asﬁfﬁlg’cﬁ%ceﬁ?c SiiRplahaREE allond? an aci d

to addltlo% %1'1 ereo Itate I's separated fromthe
mot her | i q8@italofram20RAGta®Praim chpracterizedinthati pitate is crystalline it is
optionally recrystallised one

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

10 addition salt thereof;
i) 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;,

iib)  if the precipitate is not crystalline, steps i) 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;

iii)  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
i) 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,



or nore tines to formracem c citalopram and then optionally converted
into an acid addition salt thereof; iib) if the precipitate is not
crystalline, steps i) and ii) are optionally repeated until a crystalline

pr eci pi takfo 1'3200&95 ained and the crystalline precipitatg-{sxphlirnal I'y
recrystal l'l's oné or nore tinmes to formracemc citalopram and then

optionally converted into an acid adbition salt thereof; ii i) the nother

| iquor is optionally subjected to further purification and S- cital opram or
R-ci t al opram i si)i soltlz precifitaterfornted inssparated Fromuthe mather liqwot,iandhal | y convert ed
into an acid addition salt thereof. 2. A process according to claim1 for
the preparation of S-citalopramor R citalopramcharacterized in that i)
cital opram i n tifip mithe motherdkqudr-is eptcinBlysubjatteprodnthes pprificatipn srak®d from a
solvent as the free tzalse or ?s gl aci.d.aldEigrin on, gaIE t hereof - WD 03/ 000672
PCT/ DK02/ 00426 21 i ORAR OpREARISPRT iR ispiRieq iam 1Be mofhet W9U9%24% om t he mot her
liquor,sand 5 iii) toptorutly bewveltédgmeoran asid additiensaltitheredibj ect ed to furt her
purification and S- citalopramor R-citalopramis isolated fromthe nother
|l iquor and optionally converted into an acid addition salt thereof. 3. A
process acsor di Agrdcessataidingltofolsim il Ifer the grpparation of rasémicaitelopramci t al opr am
characterized i n,tega,t Qi) citalopramin the mxture of R and

S-ci t al opr ShArpderiz dP;‘)&’t‘at ed froma solvent as the free base or as an acid
addition salt thereof; ii) the precipitate formed is separated fromthe
nother liquor, 15 iia) if the precipitate is crystalline it is optionall
recrysti@l |'i sed dne CcHlopramndn e mixture§f Roang $‘9@g‘fﬂrﬁméﬁﬁrﬁ‘¥8wegrﬁ0%ﬁd t hen Y

optionally solvent as the free base or as an acid addition salt thereof;
ii) the precipitate formed is separated from the mother liquor,

15 ila)  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;

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 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 i) 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 S The process according to claims 1-4 wherein the salt precipitated in

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



converted into an acid addition salt thereof; 20 iib) if the precipitate is
not crystalline, steps i) and ii) are repeated wuntil a crystalline
precipitate is obtained and the crystalline precipitate is optionally

recrystal|j sgpl o?e or nore tinmes to formracenm c cital pfBRy2RNM

opti onal |VOCO 18fi1ed into an acid addition salt thereof. 25 4. The method
according to clains 1-3 characteri ze®in that the acid used for
precipitation of citalopramin step i) is an acid which precipitate a

m xture of6.R- ShelproBessaenotdingrerclaimsi 13 a¢herein the frepbase is nrecipitsteddhr i ched wit h
either the, S..or R enantioner of citalopram 30 5. The process according
to clains ¥4 wherein the salt precipitated in in step i) is the

hydr obrom de salt, preferably in crystalline form W 03/000672

PCT/ DKO2/ Q0426 ,,22 6. The progess._accok di | ai ~ ein the free
base i s preci pi'rthﬁf”é’(‘jeﬁsﬁcc%{)‘%&’i?@mﬁgfhg*a%?%{ggdsgl tgg{:qg? é‘llﬁgé{agkcl ains 1-3
char actser i s@@- tifalépgrah withenort #an 5@ Yoéf die obtha euhnBomers caitaipmmne that h nor e t han

50 % of ong of .the enantioners contain 3 00 % of S-cital opram or
nore pref esror‘%(?f%rﬁftébf’%°’9‘6°'E%p5efcfer§dcnl‘?r% oprsglr{l'!1 @@ CI?agog{%gocess according to
claims 1-2 or 4-7 characterised in that S- citalopramis isolated fromthe
not her |iquor by evaporatign and.thereafter optionall converted to an
acid addi t§-on é‘é‘FP"t"ﬁ%r"@?ﬁ’F,‘%P aé'r’“éEﬂf’f‘ﬂ(e%h@i’gcltteﬂsg&énaﬁa? g'9. The process
accor di ng &Qicpkaat FEsolated f86m fire ndthe? 1igadr ®F ieS4pdration kibtherehfeer optidnelly | i quor is
acidic and S-Citalopramis isolated framthe nother |iquor by basifying the
mot her 10 | ceeoverterido pbagdiadditionsalt theeseh areferptin theoxaldestltt i'on with a sol vent
and 15 evaporation of the solvent, and thereafter optionally conversion of

S-citalopraminto an acid addition salt thereof, Br,ef er glblny t he oxal ate
salt. 9. The process according to claims 1-2 or 4-7 characterised in that the mother

liquor is acidic and S-citalopram is isolated from the mother liquor by basifying the
mother 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)-l-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 thata 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.



10. The process of clains 1-2 or 4-9 wherein the nother liquor is subjected
to one or nore further precipitations of cital opram as described under
step i) before 20 isolation of the R- or S-cital opramfromthe nother

l'iquor. 13, T ocess according to clains 1-9 charact gt hR.that a
m xture 037‘7%3@%685 S-citalopramwi th pore than 50 % of tﬁ?l -gﬁgﬁfi oner is

prepared froma mxture of R and

S-4-[4-(di met hyl am no) - 1- (4' - f | uor ophenyl) - 1- hydr oxybutyl ] - 3 25
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in that a ofiRetand 8-4-[@f(diRethylahi®)eli-(@aflogrophenyl)-i thydroxybutihdr 50 % of t he

R-enantiongr.is pre ed fr. 1 Xt e - .
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(‘hydr oxgy medlbwake) inlpesermaiof andeed. Wi t h nore t han 50% of the R-enantioner by
formation of a labile ester group and thereafter ring closure in a basic
envi ronment. WO 03/000672 PCT/ DKO2/ 00426 23 13. The process according to
cl ai ms 1- 914 hargeipsdcesadcording toatairas H6xahdi8-€ diariterised iSthat naiktapgr am wi t h nore

than 50 % of_ the_S- ti ' i Xt f R and
S oo SR AR e TR BEI O RO S B
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5 closure in presence of an_acjd. 14 T ocess according to clainms 1-6
and 8- 30 chéwdrorwpstav)benzoniirilg with gore,than g@?" &th"aﬁﬁmgg‘&’?‘?ré’lydwgam with nore

than 50 % gsubdva pReseiteRtaPddRt. i s prepared froma mixture of R and
S-4-[ 4- (di met hyl am no) - 1- (4' -fl uorophenyl)-1-hydroxybutyl]-3 i o
(hydroxynet hyl ) - benzonitrile with nore than 50% of the S-enantionmer by ring

closure inyPresgpfgeRiordht Reathtion 8f a MixRir@6€:%Sank Slcithidfral WilAmak! on of a
m xture or R and S citalopramwith nore than 50 % of the S-enantioner
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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.



benzonitrile with nore than 50% of the R-enantioner is subjected to ring
closure in presence of an acid. 16. A process for the preparation of a

m xture or R~ and S-citalopramwth nmore 20 than 50 % of the R-enantioner
charact eri $gsosd ?at a mxture of R and S-4-[4

(di met hyl am noif ¥ 4" -1 uor ophenyl ) - 1- hydr oxybut yl ] - 3- ( hy GFBXIHEEHy 1 ) -
benzonitrile with nore than 50% of thé& S-enantioner is subjected to ring
closure in presence of an acid. 25 17. The process according to clains 12,
13 or 15 characterised in that the starting material contain nmore than 90%
of R-4-[4-(di net

- hydr oxybuﬁ] ﬂxh%%%)%%/cr?e}d Lﬁ%/ocl%rlgﬁgoﬁ#}{}?t{é (E:-édclé that tg%jacl’%lséhﬁot?f

(di met hyl arfl®®s- 1- (4' - f 1 uor ophenyl ) - 1- hydr oxybutyl ] 3- (hydroxynet hyl ) -
benzonitrile. 30 18. The process according to clainms 13-16 characterised in
that the acid used in the ring-closure reaction is a mneral acid, a
carboxylic acid, a sulfonic acid or sulfonic acid derivative. W 03/000672
PCT/ DKO2/ 00426 24 5 19. The process according to claim 18 characterised in
that the acid is H2SO4 or H3PO4. SUBSTI TUTE SHEET ( RULE 26)

SUBSTITUTE SHEET (RULE 26)



