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WO 2004/056754 PCT/0K2003/000907 A process for the preparation of
racemic citalopram diol and/or S- or R- citalopram diols and the use of
such diols for the preparation of racemic citalopram, R-citalopram and/or

wo-nitalegpram 5 The invention relates to a process for the prawaratiameboeso?
racemic citalopram diol and R- or S-citalopram diol by separating an initial
non-racemic mixture of the compounds R- and S-citalopram diol (R- and

A&m%ﬂmmﬁﬂo&tbﬁ%ﬂ ixoeagb ett}ll)allram diol and/or §- or R-

oxgllgut{gl (ﬁlroxge Oqt ﬂg?ﬁ n|t into a f actl of racemic
“Chalb pram diol an actlon eing enrlc wﬂ% g’dl(ﬁ or'l?é‘ qiol The
ciﬁﬂenm,aﬁsm@mmmm/ﬂm?&@bmauh isolated citalopram diols for
the formation of the corresponding racemic citalopram and/or S- or
R-citalopram to be comprised in a pharmaceutical composition.

The EkgralipreRipsth Bt s oaTeprErion of ferrisijrtopram diol and

e Mff@%@ﬂh%@gﬁp @éﬁﬁﬁg@%&ﬁfﬁ&%%nggaﬁ{lé%@%@gﬁﬁewﬁo@ﬁés
a ollowing ure N ita opram may
GBI As e ST SRR o SNOBISR By

h&eﬂwﬂybwbwm@éébxmmpﬂwbebﬁﬁ@mﬂme {raaemicfciiedngr2iticiedn
il dec? Crfb eg o S tenth %%18? g %?o?“fgg %V%Itl 1|(§)IP aﬁ@rlesla%es to

racemlc Mix ure enantiomers
the use of such isolated cztalopram d1ols for the formatmn of the corresponding
racemic citalopram and/or S- or R-citalopram to be comprised in a pharmaceutical

composition.
Background of the invention

Citalopram is a well-known antidepressant drug that has now been on the market for

some years and has the folowing structure:

Citalopram may be prepared by ring closure of 4~ [4¥(dimethy1amino)~1v-(4’-
fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile (racemic citalopram
diol) as described in US patent No. 4,650,884, The product citalopram is a racemic

mixiure of the R- and S-enantiomers.

Further, the S-enantiomer of citalopram (escitalopram) is a valuable antidepressant of

the selective serotonin reuptake inhibitor (SSRI) ‘cylie. Escitalopram may be prepared
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Further, the S-enantiomer of citalopram (escitalopram) is a valuable
antidepressant of the selective serotonin reuptake inhibitor (SSRI) type.
Escitalopram may be prepared WO 2004/056754 PCT/DK2003/000907 2

way Fingosiosure of PCT/DK2003/000907
S-4-[4-(dimethylamino)-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-
(hydroxymethyl)-benzonitrile (S-diol) with retention of configuration as

b %ﬁg@@g&@ oERBf ﬁdergéﬁylﬂi‘&%WWtﬂcﬁ)ﬁﬂé@%fﬂﬁﬁsi%ﬁ%ﬁ]t@-
Cl

alopram in the product escitalopram should be_less than 3%. 5

W@?ﬁ%@@?ﬁéﬁ?&ﬂ%ﬁﬁ@ﬁr@ﬁéﬂéﬁ?&?% ol eruflpuglies. agfgscribed in

EB-pitagprwsm Waﬁ{@ﬁﬁ UranaRlspeitheSmnatinnalifiupraiixibs iRt
and S-diol with th 0% of the R-diol is described in WO03000672.
B ?%%BE&FE’% t 85488 E that products of racemic citalopram and

escitalopram with the above-mentioned enantiomeric purity are required

g{rﬂ%gz | Rre paa#%ﬁgod% rgﬁg{%g&%mg%%ﬁom&g&%ﬁﬁ aa’ﬁg %‘é’i&éﬁ'a%?fﬂ{%nh

am and escital opr ucts may be prepared by ring closure of
nkvee F8ndiBVantiiR-ieh s Sogicl mstarecdHSeruehdiolméthagscbicthe

SBEERALALRRIIREQRGES &f HreeRusHR}ANd S-diol being 15

correspondingly enantiomerically pure are required. Processes for the
preparation and purification of R- or S-diol products are available. Such

19&@9@%%&@%\&&% insienedeneatiouselectiva yathestb asidegstbediin
EP_ 0347066, classical.resolution and chrom%?élr%)hlcese ?ratlolp as
‘%&?ﬁé&?ﬂ%ﬁﬁ@@@%&& HBEHe?{S. GO e spedific %gocess and the
pmﬁﬂﬂmmulsadnﬂaextxenaaﬁ@ thet iaquitycthkbms Sadiod pscidalopramyphsivetto
s Baroed PEIiG NG 5l O miofual b Mesidha ARG RAULements.

pr| een found that by using the process of the

mgmam&w@@mwmp@a@émg@le&amm Frdaudshtin$eing
SoRRmIRARY With:-Reipl dj?}gug@ﬁ@f%ﬁa{lverted into the two valuable
d

products, racemic diol an diol, which

Processes for the preparation and purification of R- or S-diol products are available.
Such processes involve for instance enantio-sclective synthesis as described in EP
0347066, classical resolution and chromatographic separation as described in
WO03006449, Depending on the specific process and the \conditions used, the
enantiomeric purity of the S-diol product may have to be improved before the S-diol

product will meet the above requirements.

Surprisingly, it has now been found that by using the process of the invention an
expensive, but apparently useless S-diol product being contaminated with R-diol, may
easily be converted into the two valuable products, racemic diol and S-diol, which

meet the above requirements as regards enantiomeric purity.

Furthermore, by using the process of the invention, an expensive, but apparently
useless R-diol product being contaminated with S-diol, may easily be converted into
the valuable products, racemic diol and R-diol, which meet the above requirements as

regards enantiomeric purity.
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meet the above requirements as regards enantiomeric purity.
Furthermore, by using the process of the invention, an expensive, but
apparently 30 useless R-diol product being contaminated with S-diol, may
easily be converted into the valuable products, racemic diol and R-diol,
which meet the above requirements ds regards enantiomeric purity. 3
More particularly, the present invention provides a process for the
Mesaationlotadhénitesenbinvewionipmnidese ofResador the separation of an
narTidsfoineinvamingd-de @ Jhiosophemilsl e toming)-1 (4" fluorophenyl)-1-
hydroxybutyl]-3-(hydroxymethyl)-benzonitrile with more than 50% of oné
hy ey M@?ﬁt@%&cﬁ@w@%ﬁ%‘ﬁﬁbmvﬂthné-%r}épmafdband

cAHACHA SeOMRLISIRE RareliQlnwheraindhedialio- of BlialSagiotinequal
to 1.1 or closer to 1:1 than in the initial mixture of R- and S-diol. The
CRFREER LRI ThVERRIGH SR Rink-ahef vetiptisatiahip botiel AP e &adise
it pre ides tatanvaniatt Reheds-dnd, efficient way to transform a mixture of
R- and S 10 diols which does not meet the above requirements as regards
enantiomeric purity into two valuable products, RS-diol and S-diol (or
TRechodfcadi€ hmiaeentieratscnm ortpirerhents s égands endat imrrmrie it
| < ; ) . veni
R e B S RS el
dindnutachuions it ciredb hanhairdeasiralopsah AAAHS FRap Hoseaid pVSIRt BHO
SRIREESSI0ADE, Roduation SfREFHIR HAPRIREL 3Kk escliglopram

meeting the requirements of the respective marketing, approvals has 20
BRSO PAHI SRERHOMETE BEBRGmIcal as regards the simplicity of
the process and the utilisation of reagents and resources. Summary of

the Invention 25 In a first aspect, there is provided a progeegg for the

]_B r@;&’é‘?ﬁﬁ%ﬁ?‘?ﬂ*rﬁ%ﬁ’eﬂ&% é)ﬁ?g},ﬂes a convenlent, cheap an ctent method for

making an intermediate to be used in the manufacturing of citalopram and

escitalopram.

With the present invention, the process for the production of racemic citalopram and
escitalopram meeting the requirements of the respective marketing approvals has
become more rational and more economical as regards the simplicity of the process

and the utilisation of reagents and resources.

Summary of the Invention

In a first aspect, there is provided a process for the preparation of racemic citalopram
diol free base and/or acid addition salt and/or R-or S-citalopram diol free base and/or
acid addition salt comprising a separation of an initial non-racemic mixture of R-and
S- citalopram diol free base and/or acid addition salt with more than 50% of one of the
enantiomers into a fraction being enriched with S-citalopram diol or R- citalopram diol
free base and/or acid addition salt and a fraction comprising RS-citalopram diol free

base and/or acid addition salt wherein the ratio of R- citalopram diol : §-



diol free base and/or acid addition salt and/or R-or S-citalopram diol free
base and/or acid addition salt comprising a separation of an initial
non-racemic mixture of R-and S- citalopram diol free base and/or acid
addition salt with more than 50% of one of the 30 enantiomers into a
fraction being enriched with S-citalopram diol or R- citalopram diol free
base and/or acid addition salt and a3faction comprising RS-citalopram diol
free base and/or acid addition salt wherein the ratio of R- citalopram diol :
S 3a citalopram diol is equal to 1: 1 or closer to 1: 1 than in the initial

citgipiare GPRS ERE Pk el std prafheidndhs indtali BEgtHsa)

citispiiialapranidin)iree Base ek Aeiiadditign salt is precipitated from
a solution of the initial non-racemic mixture of R-and S-citalopram diol

.. free base §nd/or %cf addition sad/}; or R-or S- citalopram diol free hase
) and/Br 44H QIBM RO AieRb e 2Bra artd A gorsek ShRrriniiied from a
solB €0 aC e i b e-RicRrabehBsitaloman gieltheprirse dneéenagithnd/or
.addition salt in sajd sqlvent, leaving a residue comprising RS$-citalopram
aci e RB S S S RraIgBRBh LSl iy B AAIE AS ARSI
disseRatbied freonthe fioal solutivnlphaseicta)ifl thekesidpeprRICPItAEdSram
. crystalline it is optionally recrystallised one or more times to form racemic
il Spsa P,fiﬂﬁlﬁ? %Aé P& ﬁré%$ﬁ%$@%»?ﬁVd%Hmﬂé?%wslaﬁa
RSWianepeptidnslitse peataddntitdcrgialbnealesidue/precipitate is obtained
and the crystalline residue/precipitate is optionally recrystallised one or
more times to form racemic citalopram diol; iii) the final solution phase is

i) optiqpaly.subissted iadurthel-ausiticatian andmwdaieRrasmaiR Phase:

R-citalopram diol free base and/or acid addition salt is isolated from the

final solution phase; ) e e bases of e dols obiaingd are.opdpnally
converted t0 aci ag [ |8n s%fltts ?here%? oraci aGDCﬁ |8n saYIts of the diols <
obtained are optronatlys to form racemic citalopram diol;

iib) if the residue/precipitate is not crystalline, steps i} and ii) are
optionally repeated until a crystalline residue/precipitate is obtained
and the crystalline residue/precipitate is optionally recrystallised one

or more times to form racemic citalopram diol;

iii) the final solution phase 1s optionally subjected to further purification and S-
citalopram diol or R-citalopram diol free base and/or acid addition salt is

isdlated from the final solution phase;

v) the free bases of the diols obtained are optionally converted to acid addition
salts thereof or acid addition salts of the diols obtained are optionally
converted to other acid addition salts or acid addition salts of the diols

obtained are optionally converted to the corresponding free bases.

The disclosed herein relates to a process for the preparation of racemic diol
free base and/or acid addition salt and/or R-and S-diol free base and/or an acid

addition salt comprising a separation of an initial non-



converted to other acid addition salts or acid addition salts of the diols
obtained are optionally converted to the corresponding free bases. The
disclosed herein relates to a process for the preparation of racemic diol
free base and/or acid addition salt and/or R-and S-diol free base and/or an
acid addition salt comprising a sepgration of an initial non 3b racemic
mixture of R-and S-diol free base and/or acid addition salt more than 50%
of one of the enantiomers into a fraction being enriched with S-diol or
R-diol fr n I AGi n.salt mprisin o
rae g R U B R A AR SRS sovs
of fhelid] Bedivkitienaw iwd aAfmctiosbeirg krrichad with&-thitlairmidinleict R-

pad] qléoglgéﬁlfagﬁ?t n s{ﬁ %§dda|9{h C?%lp 9?1%5%131 }?§ 'g&&d{gété%f F%S‘gjr%

precipitated from a solution of the Initial non-racemic mixture

aciSaﬂiéiti‘oaaazlaséleam/@ea@twazdditrdmls‘&bﬂ;edriﬁeecmast@|b|1fc&evlba@etfarhd/or

Gi S t t from the initial non-racemic

tha%llgaﬁrg%@% c} !%%)% ree(ab‘gs%&a‘r% %‘?%CId addition salt in said
solvent, leaving a residue comprising RS-diol free base and/or acid
addition salt; ii) the residue/precipitate formed is separated from the final
solution phase; iia) if the residue/precipitate is crystalline it is optionally
recrystallised one or more times to form racemic diol; iib) if the
residue/precipitate is not crystalline, steps i) and ii) are optionally
repeated until a crystalline residue/precipitate is obtained and the
crystalline residue/precipitate is optionally recrystallised one or more
times to form racemic diol;



i) the final solution phase is optionally subjected to further purification

and S-diol or R-diol free base and/or acid addition salt is isolated from the
final solution phase; iv) the free bases of the diols obtained are optionally
converted to acid addition salts thereof or acid addition salts of the diols
obtained are optionally converted tg,other acid addition salts or acid
addition salts of the diols obtained are optionally converted to the
corresponding free bases. In a second aspect, there is provided a method
as defined above wherein the RS- citalopram diol acid addition salt is

obtaijed from ihg IUALACILIAGEIDG SRS Gl Bﬁ@&iﬁh@%lﬁ‘@ﬁ?ﬁ” diol

free base and/or acid addition salt in a solvent selected from the group
consisting Ptigar, B i ae-metnyfembrturHe Raed ardinoies fase
4a as iso- pramdalsahaliasatenitrie, and ketones such as acetone and
methyl isobutyl ketone; oy mixtures thereaf., In a third aspect, there is
provided a frithod'as {ﬁ‘é‘a PAFARRI PR RANGS EONR) Flbase is
obtained fraoivihie fiiticchadritd cemiadadicmna otk Hid Sdlalppfasabaiels

in a solvent sg}giggglddg&%tohes%ou%acignsistln19 1of alkanes .such as

solvent? |eaving a residue, comprisin
heptane oraﬁexane, aromatlllc rocarbons such aswtoluene, benzene S

and xylene Rgefin!Jotedare aubhrasostdmimiieahicohols such as
methanol and iso-propylalcohol and ketones such as methyl isobutyl
keto; or MistaTseHBRebitale doroureh cxspetatotharantdherbuid seleinrethod
for the pre Qgggn of eitalopram free base and/or as acid addition salt
and/or S-citalopram free base and/or as acid addition salt and/or
R-citalopram free base and/or as acid addition salt comprising preparation

of RS-citaloftam i FreldysaRE Rt s sasta Ueritisretoraliy errystallised

S-citalopram diob{seR lasetanel af Rsmeidagditipm salt and/or R-
citalopram diol free base and/or as acid addition salt as defined above

followed by ring closure.
iib) if the residue/precipitate is not crystalline, steps 1) and 1) are

optionally repeated until a crystalline residue/precipitate is
obtained and the crystalline residue/precipitate is optionally

recrystallised one or more times to form racemic diol;

iii) the final solution phase is optionally subjected to further purification
and S-diol or R-diol free base and/or acid addition salt is isolated from the

final solution phase;

iv)  the free bases of the diols obtained are optionally converted to acid
addition salts thereof or acid addition salts of the diols obtained are
optionally converted to other acid addition salts or acid addition salts of
the diols obtained are optionally converted to the corresponding free

bases.

In a second aspect, there is provided a method as defined above wherein the RS-
citalopram diol acid addition salt 1s obtained from the initial non-racemic mixture of
R-and S-citalopram diol free base and/or acid addition salt in a solvent selected from

the group consisting of toluene, ethylacetate, diethylether, THF, water, alcohols such



Accordingly, the RS-diol free base and/or acid addition salt obtained gives
rise to the final solution phase being enriched with either the S- or R-diol
free base and/or acid addition salt. The surplus of R- or S-diol free base
and/or acid addition salt may then be isolated from the final solution
phase as described below. 5 Accorging to a specific embodiment, the
disclosed herein relates to a process for the preparation of racemic diol
free base and/or acid addition salt using the process described above.

as RECRFINGiemRthet shesific.ampaditenicthe disalasesh hereinveElasss e
a process for the preparation of S-diol (or R-diol) free base and/or an acid

ketgaeismisivigsiHgrené process described above. According to still another
specific embodiment, the disclosed herein relates to the use of the
prepared racemic diol free base and/or acid addition salt and/or S-diol (or

In Rkl pfees b s Mo s aimelbadion defingsh whetsia phe dtontglopram
didBGEMiG BT/ laRAm ARG TR -FIBIARAI AR CHAQRERD AEGASR AN

acid addition salt using the process described below. Detailed description

diods in@ rlerricsIvirdiavarthe e sisiterrinliane ik 2sharipng ey

hex i€l ORI IRl MR Sk lAis toluene, benzene and x%flene, polar solvents
0Ssdlmethylar.m_no)-1-(4-f|uoro henyI)-1-hydroxybutyl]-3-( ydroxymethyl)
sughetZeistomer iy el ody %}@ﬁ@%ﬁi&%@é@ﬁ%&ﬁg-ﬂﬁeﬁﬂﬁ%@hﬁ-w&'kati@aes

suciRaS HAARreRL GiRl1 M8&NRsr mixtures thereof.
4-[4-(dimethylamino)-1-(4-fluorophenyl)-I-hydroxybutyl]-3-(hydroxymethyl)
benzonitrile. Whenever used in this document, the term "RS-diol" means a

In SHHE QhE: adS1diob sleh 258tRod fop ME GRS Do?Ritafdp R free
0.98:1.02 or 0.99:1.01 mixture of R- and S- diol and preferably a mixture

basgignd{or: asagig tfdHoRsAMPY i SHolARpaTE s dasmhAaricoge ameatdition
saltermsraialienaptiomese 8ad HiJsamesd MraR.R LR om Bk fadigleparation
of RS-citalopram diol free base and/or as acid addition salt and/or S-citalopram diol
free base and/or as acid addition salt and/or R- citalopram diol free base and/or as

acid addition salt as defined above followed by ring closure.

Accordingly, the RS-diol free base and/or acid addition salt obtained gives rise to the
final solution phase being enriched with either the S- or R-diol free base and/or acid
addition salt. The surplus of R- or S-diol free base and/or acid addition salt may then be

isolated from the final solution phase as described below.



WO 2004/056754 PCT/DK2003/000907 6 Whenever used in this
document, the term "racemic diol" means a 1:1 mixture of the R-and
S-diols. The term "non-racemic mixtures of diols" means mixtures which
contain R- and S-diols in a ratio other than 1:1. 5 Whenever used in this
document, the terms "citalopram enantiomer" ‘and "citaloprain isomer"
mean either S- or R-citalopram. Whenever used in this document, the tern
"racemic citalopram" means a 1:1 mixture of R- and S-citalopram. The
r N-racemi C cit ram Wes which . 10 contain R
A ST A S R R A O RO R e
pre‘mneumaf oremzatislifmen b@faqntéormta@dditthe fatmsoigthstaiscan
descm@rg NEUS solid or an oil or mixtures thereof, from a solution of the initial
non-racemic mixture of R- and S-diol in a solvent. In the present 15
description, a precipitate may be an ail, an amorphous solid or crystals or

Acr%%‘%{ A HsRars cﬁ?egﬁ% t@fﬁ}% | ﬁ 1sc %d r{&nrﬁé?éé%re SRS

e re ue remaining a ter SSO nto a solvent rom an
foruﬁm a!fﬂmafamenf Sk o @fd’mlbfr@— Eza@@lwl@/ oT he aesiddditivaysiié initize

theLF % Gs! %,da%g\l;%orphous solid or an oil or mixtures thereof. As
erein, the term "residue/precipitate” refers to either a precipitate or

aresidue as deflned above. 25 As used herein, the term "mother liquor"

ACE&%H%{Q%tﬁ?%’&&hg?%%aﬁ‘@e%{%dr SRV 0&1?%8@5@&&8&{&%% §to the
precipitate As use rein, the term” organlc and/or aqueous pnase
usqef g dreradtnecernlsciive (R0 bisscindion asfiRadshi@xdisilt refdiar (o-divd (or

R-ABBSEYD §§%[h5?oz°£r§a9f8'ak?dﬂk%ioéé{ﬁ%ff% AR EPsERGERIC

mixture of R- or S-diols.
citalopram and/or S-citalopram (or R-citalopram) free base and/or acid addition salt

using the process described below.

Detailed description of the invention

Whenever used in this document, the terms “S-diol’” and “S-citalopram diol” mean 5-4-[4-

(dimethylamino)-1-(4-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl) benzonitrile.

Whenever used in this document, the terms “R-diol” and “R-citalopram diol” mean R-
4-[4-(dimethylamino)-1-(4-fluorophenyl}-1-hydroxybutyl}-3-(hydroxymethyl}

benzonitrile.

Whenever used in this document, the term “RS-diol” means a mixture of R- and S-diol
suchasa0.5:1.5 or 0.9:1.1 or 0.95:1.05 or 6.98:1.02 or 0.99:1.01 mixture of R- and §-
diol and preferably a mixture with a 1:1 ratio of the R- and S-diol.

Whenever used in this document, the terms “diol enautiomer” and “diol isomer” mean

etther S- or R-diol.
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WO 2004/056754 PCT/DK2003/000907 7 As used herein, the term "final
solution phase" refers to a mother liquor or an organic and/or agueous
phase resulting from the selective dissolution of R- or S-diol as defined

wabnowe 5738 already mentioned, the above processes for thepraparatianoss?
of citalopram free base and/or acid gddition salt and/or escitalopram free
base and/or acid addition salt may result in a mixture of R- and

wreligler{am fieabaseddonRadACiiansarichis N0t AKERIEDISe

for pharmaceutical use. According to the present invention, a surprisingly
Rsiieitpscede fsrh & pheissratio Ao reserh i o MapRR RIS s iBhiFe
chathiage apdiartidagdditionsgalitalbe used for the preparation of racemic
citalopram free base and/or acid addition salt and R- or S-citalopram free
base and/or acid addition salt has been found. This new process involves
Wessparstid inchanimitiment hradeensitoiidpranoéRaandef T otfieeam
. and/or agi iti into a fraction of racemic diol free base
lgﬁﬁ%)r%%f%ii%lﬁ?g%%ﬁ%ﬁ%%%&gétion of R- or S-diol free base and/or
acid addition salt. The fraction of racemic diol free base and/or acid

Redition SRl SPIRC RIRSERSHa kAl -/ aMe RhRY 28K RLB LTYPialNGe

form or mixtures thereof from a solvent, and the R- or S-diol free base

of fey/erdSieitalimiagn 88 1STRoPRBYAFEH LSEHARIAEY SotattMpHESE Mitn,

dRaemR- cial SRRiTb s ke seaRdipeAdishaddition salt and R- or
S-citalopram free base and/or acid addition salt may be formed from the
corresponding racemic diol free base and/or acid addition salt and R- or
S dielifieéhibdsseapdsns deickanl ditterideatitny”’ nngpetodoreng 3 srecpitifegito

AP e 2R A BNl e dPUEM OP I BERIIGANEH 1 sBlfton
-diol free Base and/or acid addition salt is separated into a fraction being
ithiefrdtahitnSadiohiorRidiet e8-vadeainl/or ardvaddifofhsarcar a

JrRGHCAPRIESAGR R 8k 5 D ase ARHRLACHIRAGIUPA B WARKRIRS
ttlt]e?egaftlo of R-diol:S-

As used in this description, the term “residue” refers to the residue remaining after
dissolving R- or S-diol into a solvent from an initial non-racemic mixture of R- or §-
diols. The residue may be in the form of crystals, an amorphous solid or an oil or

mixtures thereof,

As used herein, the term “residue/precipitate” refers to either a precipitate or a residue

ag defined above.

As used herein, the term “mother liquor” means the solvent remaining after removal

or separation from the precipitate.

As used herein, the term “organic and/or aqueous phase resulting from the selective
dissolution of R- or S-diol” refers to the phase wherein K- or S-diol is dissolved from

an initizl non-racemic mixture of R- or S-diols.
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diol is equal to 1:1 or closer to 1:1 than in the initial mixture of R- and

S-diol by 30 mixing the initial non-racemic mixture of R- and S-diol free

base and/or acid addition salt with a solvent and allowing preferentially
wihedly®@eB4diol free base and/or acid addition salt to dissolwe ptkeo3/000907

solvent followed by separation of the undissolved RS- diol free base

and/or acid addition salt residue from the organic and/or aqueous phase

21V 20081056754 PGTIRK2003/000907, B 1c R KO8 S Wi Ewic

dlssolu ion or S ree e and or acid addition salt and iso

andf R aquedhS-plick ¢l cesWtise Gony dreasidctivediorrldion offs &SN ant. 5

de‘gtkﬁgds%}gggt used according to this embodiment of the invention is any

vent which allow preferentially the R-or S-diol free base and/or acid
adplltlon salt to dissolve leaving a mixture of RS-diol free base and/or an

A4l "&ﬁ@ﬁ&dwdﬁer@jm&mm@ffdiﬂil@rspdmﬁiﬁmuﬁhl@m@eem@r
to 1:1 than in.the injtial mlxtur f R a dIO| £ regldéjaqﬁUsef

andlpraid %{jr%“é?)‘i’\f@?ﬁg%%]heﬁ d"?or%e brécipitation fgagf
wa&m@l ﬁtﬁ@b@@é}&r@@ﬂﬁﬁaﬂ@mﬁbad @btaancgattwﬁhddﬁmalsaﬁ which is

acaei% {?P]e pr etl;;eo?;%ﬁ RicandS- Aighf %Q@%%‘P&y&{t%@rﬁgﬂ't?n salt

e Invention m e an oil, an amorphous solid or

surpliSingystafivientanrcass fabdinesnvsder of rerattadiel e ek
bABeSIER &) Ay DRiA0 kAR BERRNGY ﬁl@?l’&b%&ﬁb&&ﬁ%@kﬁﬁ: Qs REa free

mixture thereof. The residue/ rec itate formed in step i).is preferaply in
besgarsifimadet AT st A ¢ 1970 S BIAPSETERPBITAE RGRoH
<inifial nanrmegmic mixture of R- and S- diol free base and/or acid addition

salt used in the process of the invention contains more than 50% of

S-diol, or more preferred more than 70% of S-diol or most preferred more
THaRRP00bsS @halives the separation of an initial non-racemic mixture of R- and

S-diol free base and/or acid addition salt into a fraction of racemic diol free base
and/or acid addition salt and a fraction of R- or S-diol free base and/or acid addition
salt. The fraction of racemic diol fres base and/or acid addition salt is precipitated as
an oil, an amorphous solid or in crystalline form or mixtures thereof from a solvent,
and the R- or S-diol free base and/or acid addition salt is isolated from the final
solution phase. Then, racemic citalopram free base and/or acid addition salt and R- or
S-citalopram free base and/or acid addition salt may be formed from the
corresponding racemic diol free base and/or acid addition salt and R- or S-diol free

base and/or acid addition salt by ring closure.

According to another aspect of the invention, the initial non-racemic mixture of R-
and S-diol free base and/or acid addition salt is separated into a fraction being
enriched with S-diol or R-diol free base and/or acid addition salt and a fraction
comprising RS-diol free base and/or acid addition salt wherein the ratio of R-diol:S-
diol is equal to 1:1 or closer to 1:1 than in the initial mixture of R- and S-diol by
mixing the initial non-racemic mixture of R~ and S-diol free base and/or acid addition
salt with a solvent and allowing preferentially the R- or S-diol free base and/or acid
addition salt to dissolve in the solvent followed by separation of the undissolved RS-

diol free base and/or acid addition salt residue from the organic and/or aqueous phase
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25 According to another embodiment of the invention, the initial

non-racemic mixture of R- and S-diol free base and/or acid addition salt

used in the process of the invention contains less than 99.9% of S-diol,
veushoassless than 99.5% of S-diol, or less than 99% S-diol, ¢{esgihameosn7

98% of S-diol. 30 Accordingly, the in'gial non-racemic mixture of R- and

S-diol free base and/or acid addition salt may contain 50%-98% of S-diol,

or 50%-99% of S-dipl, 0r.50%-99.5% of S-dial,.or 50%-99.,9% of. Szdial, or
e S RIS BR S & e S St SRl
sEHCIDIKI003IQT0R0F.ASH0h f88: boscafnS/atiakid 0t 9adofs . Saiiol, or
Sgp}ggﬁ%% of S-diol, or 90%-99% of S-diol, or 90%-99.5% of S-diol, or

90%-99.9% of S-diol. According to another embodiment of the invention,
the initial non-racemic mixture of 5 R- and S-diol free base and/or acid

TaRdileRRalHsRRIhepiaaesaREIRRADY e HIoR vERNMAI RS IOISHBA A%
of R-diol, or magre preferred more than 70% of R-dio|.qr m%)rl%t preferred

Y tRsF IR R AR Skl Tampts Pl St dditipB i dn tsrhe
laventiomithe-dnifiakntol faecmie 20irebdureiofRdidod Sidididree bhasetio of
d/or, acid.additi alt used in the process of the. invention tal S
RS R R L LR e R RS A
aRadielidoe)é5siian! 989 afRetifohturbraiibsstheinitisndfontheqeegipitation

o@ﬁg%%%%?g%dﬁdmﬂﬂ%o?a@ﬁ anghinagiel 15 addition salt may

contain % of R-diol, or 50%-99% of R-diol, or 50%-99.5% of
R-diol, or 50%-99.9% of R-diol, or 70%-98% of R-diol, or 70%-99% of
R-diol, or 70%-99.5% of R-diol, or 70%-99.9% of R-diol, or 90%-98% of
R-diol, or 90%-99% of R-diol, or 90%-99.5% of R-diol, or 90%-99.9% of

Tefpitismemeeryie e Ydirapdardeltreiaseantenard reBres sy

uRediRS1s GhtRiRed the invention may be an oil, an amorphous solid or in

crystalline form; or mixtures thereof.

The residue/precipitate formed in step 1) may be an oil, an amorphous solid or in
crystalline form; or a mixture thereof. The residue/precipitate formed in step i) is

preferably in crystalline form.

According to one embodiment of the invention, the initial non-racemic mixture of R-
and S- diol free base and/or acid addition salt used in the process of the invention
contains more than 50% of S-diol, or more preferred more than 70% of S-diol or most

preferred more than 90% of S-diol.

According to another embodiment of the invention, the initial non-racemic niixture of
R- and S-diol free base and/or acid addition salt used in the process of the invention
contains less than 99.9% of S-diol, such as less than 99.5% of S-diol, or less than 99%
S-diol, or less than 98% of S-diol.

Accordingly, the initial non-racemic mixture of R- and S-diol free base and/or acid
addition salt may contain 50%-98% of S-diol, or 50%-99% of S-dio], or 50%-99.5%
of S-diol, or 50%-99.9% of S-diol, or 70%-98% of S-dio}l, or 70%-99% of S-diol, or
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and/or until the desired degree of enantiomeric purity of the R- or S-diol is
obtained. According to one embodiment of the invention, the RS-diol of
the residue/precipitate is in the form of a free base and/or an acid addition
veahpanddndependently thereof the 25 R- or S-diol of the finglSpisstianasnoaon7
phase is in the form of a free base and/or an acid addition salt.
Accordingly, when the RS-diol comBrised in the residue/precipitate is in
the form of a free base, then the R- or S-diol comprised jn the final
0%t sl Bl 10 R A o SR s i G RN 2 oF
S-@dnixtweabs. frebsseand semasidadsitofidalt. Furthermore, when the
RS-diol comprised in the 30 residue/precipitate is in the form of an acid
addition salt, then the R- or S-diol comprised in the final solution phase,
Adqoandibe io shetfiorrudiodifnest loé Se; mncation, dbiditinbatnopeemiwitar 2t
R1I88 8395 ad Acid addlition SalsFinAllY, WOE AR Realiclcomnusadin

the residué/precipitate Is a mixture of a free base and an acid WO

oA 0867 Saap 69K Rotislonuner mefarertoats A mbRdioh o et

préRmptiseddmthetinabeglutian phase, may be inthe form of a free base,
an acid addition salt or a mixture of a free base and acid addition salt. 5
The initial non-racemic mixture of R- and S- diol used in the process of the

AdQYRREHE T RV mBrestlasdhefite besaias dalts;ti asmmudite of
free bases and salts,. Furthermore, the free bases of the diols obtaing

B A GBI G A A o Brd S e

insalisonf dihedinlEottain 86, 2rediitidivdlisudio asdrsciten 40 Bthef B, or less

théaﬁjgg%r}ﬁ I‘EE ar %géqhaag(gggno t5;0f the diols obtained are optionally
converted 10 the corresponcflng ree bases by methods known to those
skilled in the art. 15 Precipitation of the RS-diol free base may be carried

AQHEBY, ORtaINIng o dissoluingtheneodaReaNe xR ObiRe and -
free baseé and/or acid a(gdmoon saltin a suitable soolv%r‘;at,doqtlon%l&// 59
adghpmysethreay, smipth R Aty fidisbRrRiot to'ddupt £-dicl, or 207-2.57
of R-diol, or 50%-99.9% of R-diol, or 70%~98% of R-diol, or 70%-99% of R-diol, or
70%-99.5% of R-diol, or 70%-99.9% of R-diol, or 90%-98% of R-diol, or 90%-99%

of R-diol, or 90%-99.5% of R-diol, or 90%~99.9% of R-diol.

The process may be repeated uniil a racemic mixture of R- and S-diols is obtained

and/or until the desired degree of enantiomeric purity of the R- or S-diol is obtained.

According to one embodiment of the invention, the RS-diol of the residue/precipitate
is in the form of a free base and/or an acid addition salt; and independently thereof the
R- or S-diol of the final solution phase is in the form of a free base and/or an acid
addition salt. Accordingly, when the RS-diol comprised jn the residue/precipitate is in
the form of a free base, then the R- or S-diol comprised in the final solution phase,
may be in the form of a free base, an acid addition salt or a mixture of a free base and
an acid addition sait. Furthérmore, when the RS-diol comprised in the
residue/precipitate is in the form of an acid addition salt, then the R- or S-diol
comprised in the final solution phase, may be in the form of a free base, an acid
addition salt or a mixture of a free base and acid addition salt. Finally, when the RS-

diol comprised in the residue/precipitate is a mixture of a free base and an acid



10

15

20

25

30

or by cooling to below ambient temperature. The precipitate is then
separated from the mother liquor, preferably by filtration or decanting. 20
A residue of RS-diol free base may be formed by selective dissolution of

Wy 96S0€lieds free base and/or acid addition salt into a solvenpfroadh@sooa907
initial non-racemic mixture of R- andg-diols free base and/or acid
addition salt in said solvent. The residue is then separated from the

IERRIC ARJALARUSEYS Phase sasiitng:fran ﬁ%i%ﬁﬁﬁ?ﬁﬁ%%%%ggg% the

of R- or S-diol. If the residue/precipitate is crystalline, y
Eppit ire bapsiam el GAdIEM Hiorerfrabiareorie e hake ansl srédaddiion
damen, racemic citalopram free base may be formed from the racemic diol
free base by ring closure. The free base of racemic 30 citalopram may
optionally be converted to an acid addition salt thereof, preferably the
Tilrel inttid micter sadin Q- A0RAIORE 754 P GibIDKA0Q3HQROOEs b tHetherention
ique/precipitate formed is an qil or. an amorphous.soljd, steps i) and ii)
R e e B R RS R L
obtained are optionally recrystallised one or more times to form racemic

fiRlftaahass. Racemis stalopambies hese aeg%gaggpg r%&i&&% s

racemic diol free base by ring closure. 5 The fr ! acemic
it spHs Shsprdroalng pacs et e dintrontrinsd ererrrdeally
sssierakliobadydiahrenidesaall of haRaaliohtaRhAsERIRIASE ined are

according to the invention is optignally converted to acid addition salts
PREFSBIY PRI (BB SOk R RERe R e TP rshoss At tojthose
diitiehallihsabjected to conventional purification processes. The RS-diol
free base prepared according to the invention may contain a minor excess

Precipitation of the RS-diol free base may be carried out by obtaining or dissolving
the non-racemic mixture of R- and S-diol free base and/or acid addition saltin a
suitable solvent, optionally by applying heat, and then allowing the solution to cool,
or by cooling to below ambient temperature. The precipitate is then separated from

the mother liquor, preferably by filtration or decanting.

A residue of RS-diol free base may be formed by selective dissolution of R- or S-diol
free base and/or acid addition salt into a solvent from the initial non-racemic mixture
of R- and S-diols free base and/or acid addition salt in said solvent. The residue is then
separated from the organic and/or aqueous phase resulting from the selective

dissolution of R- or S-diol.

If the residue/precipitate is crystalline, the crystals are optionally recrystallised one or
more times to form racemic diol free base. Then, racemic citalopram free base may be
formed from the racemic diol free base by ring closure. The free base of racemic
citalopram may optionally be converted to an acid addition salt thereof, preferably the
hydrobromide salt.
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15 of the S-diol (or R-diol). It may thus be necessary to repeat steps i) and

i) (in particular crystallisation) of the RS-diol free base one or more times

in order to obtain racemic diol. The final solution phases may be pooled
wogathesanrd the diol enantiomer contained herein may be isetateghas/006907

described below. 20 Suitable solventg{for obtaining the residue/precipitate

comprising the RS-diol free base are apolar solvents for example

ikanesidigapheriaien ol RexanLR RAICHMIRERIRANS @%'a ﬁ:’f;rﬁg?rs

oluene, henzene and xylene, polar solvents such as acetonitrile, a

e BB A R s B BB b e Sl PR tet

igolounly ketorstalbsathinturesiber ¢ak2b form @ﬁ@éﬁﬂ@di@fﬁ*é@@l[ﬁ%'%&&ﬁﬁ?
 RQ-dlol is obtained.in step i), preferably .in ¢rystalline form.

S R B R el i g closre.

Ehpshismhesdiol ragiticcalopram@s 20041083 ¢5dvRGE D K2 A0/ 0RH96H sd12

feeaesinitalionaf Rendighagie addition salt may be carried out by

obtaining or dissolving the non-racemic mixture of R- and S-diql free base
or acid addition salt in a suitable solvent, if necessary by applying heat,

Bhel REIdiopiRR Baid pfep A3aEHRIS A5 AU A MY LA SARI000LA%:1 3
gas. 3 The acjd ysed for the precipitation of a RS-diol acid addition salt is
an aci %v%éﬁ tf)ﬁé%ﬁﬁ ates a mixture of R- and S-enantiomers and leaves

the mother liquor enriched with either the R- or S-diol enantiomer of the

| free ba r an aci dition salt. 10 The acid used for, the
e S e A eni P ol et
conventional purification processes.

The RS-diol free base prepared according to the invention may contain a minor excess
of the §-diol (or R-diol). It may thus be necessary to repeat steps i) and ii} (in
particular crystallisation) of the RS-diol free base one or more times in order to obtain
racemic diol. The final solution phases may be pooled together and the diol

enantiomer contained herein may be isolated as described below.

Suitable solvents for obtaining the residue/precipitate comprising the RS-diol free
base are apolar solvents for example alkanes, such as heptane or hexane, aromatic
hydrocarbons such as toluene, benzene and xylene, polar solvents such as acetonitrile,
alcohols such as methanol and iso-propylalcohol or ketones such as methy! isobutyl

ketone; or mixtures thereof,

In a preferred embodiment, a free base of the RS-diol is obtained in step 1), preferably

in crystalline form.

If necessary, crystallisation may be initiated by seeding with racemic crystalline diol

free base.
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added after the initial non-racemic mixture of R- and S-diol free base

and/or acid addition salt is obtained or dissolved in a suitable solvent;

and/or 15 present in the solvent during and/or prior to dissolution of the
waitiadsaggrgacernic mixture of R- and S-diol free base and/opagig@additiags 7

salt; and/or present in the initial non-racemic mixture of R- and S-diol

free base and/or acid addition saltlﬁuring and/or prior to dissolution in the

solvent. 20 A residue of RS-diol acid addition salt ma%tl%e fcgr ed b\ér

Thegressamdatas offtiAIB s B PR pRRRS Pacid a {@}?]ﬁ%nrﬁsalt into

diRcioMemdiam theinitialinancraCrmicl SHiitltefiRseand.Gddiditivesdave
and/or acid addition salt in said solvent, if .necessar ing gg@ggql
SUgP Sitk 4 ngcggi%ytabsﬁaﬂ?ﬁ%g%{ %%hfﬁgr? ogr% %égéﬁgg% mixtures
solite eelifuith enacidictiparooissaR&-diol acid addition salt of the residue
formed in step i) is an acid, which allows the selective dissolution of either
R- or S-diol free base and/or acid addition salt and leaves the |
Theratidswled dontheanatipinidprafpifis e REMRINHISE F0! RFHASHISH Hhe
prgéi wsed fnrdarnire thedRSseinkarid addition sathotibmdehigios endyhbe:

2004/056754 PCT/DK2003/000907 13 present in the solvent before
e P S FRRPSOA e e SEn R 66 AR AR A A on
sa@ddition salt is mixed with the solvent; and/or mixed with the solvent
together with the initial non-racemic mixture of R- and S-diol free base
and/or acid addition salt; and/or 5 mixed with the solvent after the initial
ThomideeribmbdprecofiRtiemaf 8 Rdididlecit additier /ot sty Beidition salt is

mixed it {he Solvent, Ao, ISR I RAJUER! RANSRRSITE Bikkre of
R- and $4i61 fre@ base and/or . .
and/or acid addition salt is obtained or dissolved in a suitable solvent;
and/or
» present in the solvent during and/or prior to dissolution of the initial non-
racemic mixture of R- and S-diol free base and/or acid addition salt; and/or
o present in the initial non-racemic mixture of R- and S-diol free base and/or

acid addition salt during and/or prior to dissolution in the solvent.

A residue of RS-diol acid addition salt may be formed by selective dissolution of R- or
S-diol free base and/or acid addition salt into a solvent from the initial non-racemic
mixtare of R~ and S-diols free base and/or acid addition salt in said solvent, if
necessary by adding an acid, for example as a solid, a liquid, in a soluiion or as a gas,

or mixtures thereof.

The acidic part of a RS-diol acid addition salt of the residue formed in step 1) is an
acid, which allows the selective dissolution of either R- or S-diol free base and/or acid
addition salt and leaves the undissolved material enriched with the RS-dio] acid

addition salt.

The acid used for forming the RS-diol acid addition salt of the residue may be:
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acid addition salt during and/or prior to the mixing with the solvent. 10
Suitable acids for the formation of a residue/precipitate of RS-diol acid
addition salt from an initial non-racemic mixture of R- and S-diol free base

wangigwaeidsaddition salt are inorganic acids such as hydrookdarisxacideoee07
hydrobromic acid and sulphuric acig, or organic acids such as oxalic acid,
p-toluenesulfonic acid, methanesulfonic acid and acetic acid.

Hydrobromlc acid, hydrochloric acjd and oxalic acid.are.preferr,
acids® WHERHhis %%?é‘ée’&trgeé cfh%w}f?d}ﬁ)fbﬁ‘%ﬁgnsaﬁ Eurocf:elgorlade Salt
or oxalatﬁosﬂﬁediaﬁeeaﬂ%ﬂmid&mmhrﬂfmbmmtyst@llmttcmd/or

Suitably uwalen s of cid i ed..Accordin f
acid maﬁ?‘i%‘ﬂfgg%ﬁ ¢ RN Fn“é]l,ﬁlcl)"!rE Ef).lﬂl-@ "ol 399(8‘ n%%%ngg%lg
1.8-2.2 med idicidiis hsﬂrhﬁovqac&ﬂmﬁdiﬁﬁlssaéhdrﬁlfcﬂol comprised in 20

the Intia} pony aeemic i el R- e 2ot fes basnandlonecidy s

addition saﬁd suc as 0.4-0.6 mol, or 0.9-1.1 mol or

1.8-2.2 nirdldfeadl@sméém afi mhm@abﬂm%m&ﬁﬁ@éa%m@/or
residye/precipi tﬁ}?ﬁéﬁtﬁpﬁgﬁm@iﬂ%mﬁﬂgw'&atse@aimeé%e and/or

solutlon sa?ts such as NaCl may be added to the solution before, during
or after thedvgdifion-selt g endanprosBeihromrng sy IhbeRESEExilled
in the art will know how to adjust the amount of salt added to obtain the

desired effect. 30 Suitable solvents for the forma
Sdahin s G o EPRAST S WA RETP AR ot i AR o el

ﬁmtxwﬁlﬁfa&@p@&rﬂﬂ@m@xbﬁezamww goldradditomdalt aril pdthheand

olar solvents s Ia iethyle
I R PC N GO BE0 T A et SOl Sphusi
aﬁ@q@rmgyiﬁtcmd& sachmuﬂbq avid, pewnw&@éwlasaa@mﬁ@mﬂﬁ@&hwid

'!éé%t a‘m% %&% ac'ldﬂiﬁrcfﬁﬁﬂfci%/cp{t@fa%é@x@{%ﬁl'&éfﬁ@f&m‘éd

CI‘ S a ine, rysta S are separate
acids. When these acids are used, a hydrobromide salt, hydrochloride salt or oxalate

salt of the RS-diol is formed, preferably in crystalline form. Suitably, up to 10
equivalents of acid is used. Accordingly:

s 0.2-10 mol of acid may be used, such as 0.2-0.4 mol, or 0.4-0.6 mol, or 0.9-1.1
mol or 1.8-2.2 mol of acid is used for each mol of S- and R-diol comprised in
the initial non-racemic mixture of R- and $-diol free base and/or acid addition
salt; and/or

s 0.3-4.0 mol, such as 0.4-0.6 mol, or 0.9-1.1 mol or 1.8-2.2 mol of acid is used

for each mol of RS-diol comprised in the residue/precipitate.

In order to increase the ionic strength of the solution, salts such as NaCl may be added
to the solution befare, during or after the RS-diol acid addition salt is obtained in step
). Those skilled in the art will know how to adjust the amount of salt added to obtain
the desired effect.

SQuitable solvents for the formation of a residue/precipitate of RS-diol acid addition
salt from an initial non-racemic mixture of R- and S-diol free base and/or acid

addition salt are polar and apolar solvents such as toluene, ethyl acetate, diethylether,
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5 from the final solution phase, preferably by filtration or decanting. The
crystals are optionally recrystallised by dissolving the crystals in a
solvent, preferably by heating, and allowing the solution to cool, or by
wapalingiebelow ambient temperature. Racemic citalopram ggayne8o03/000907
formed from the crystalline racemic diol acid addition salt by ring closure.
The racemic citalopram may be conterted to a pharmaceutically 10
acceptable salt thereof, preferabI%/ the HBr salt. If the residue/precipitate
THEprlsehlstBehipid e eRdekinhel Bertamaiisnarb st amssoirclpaRtigRsand
méhsiaeiostepsthadlduid trayrbe repeated until a crystalline product is
obtained. The crystals obtained are optionally recrystallised one or more
times as 15 described above. Racemic citalopram may be formed from

If the iesysialfine it findial iastdpdl titersteiinbythingritdtise: Fperatabmic
citalopra .be converted in ceut t

U R R B A Al A SRR e

opssetlbrrphasiellseptip digsy s ing deesaysinle dndomlermiopripabcatbating.

R ESRRESERIR e R Sstioh A aldiE 96 salPrenaeadiacpersting. to the

invention"may contain a minor excess of the S-diol (or R-diol). It may thus

Rissrpiscaisdanya v praspitam i mpptianarchadiniaishidring
saRR BydiabagithadditiensathRnetslopateniines toalensdes tophbimimartically

racemic mixture. The f'n%} ot%}ti hase may be pooled together and the
acﬁﬁgf@ﬁﬁﬁi‘}amﬁ‘ﬁgﬁ’ﬂg#‘?é ﬁ(e ﬁ%%p%e isolated as described below. If
necessary, crystallisation of the RS-diol acid addition salt may be initiated

B R R BRI a0 T o

omwinerte dhisreo Hitiepsadiend didmen baleportedaeidl ryenbing fredshise.
oBMERLO0A{0 é%%s%@ty%%peo 090287+l 3, ALERIHIBR8- 3RS RIS s

embodiment of the invention, a free base of the RS-diol or a ..
deseribed above. Racemic citalopram may be formed from the crystalline racemic diol

acid addition salt by ring closure. The racemic citalopram may be converted mmto a

pharmacentically acceptable salt thereof, preferably the HBr salt.

An oily phase separated from the final solution phase is optionally subjected to

conventional purification processes.

Thus, the RS-diol acid addition salt prepared according to the invention may contain a
minor excess of the S-diol (or R-diol). It may thus be necessary to repeat precipitation
(in particular erystallisation) of the RS-diol acid addition salt one or more times in
order to obiain a racemic mixture. The final solution phase may be pooled together

and the diol enantiomer contained herein may be isolated as described below.

If necessary, crystallisation of the RS-diol acid addition salt may be initiated by

seeding with the racemic crystalline diol acid addition salt.

The RS-dio] acid addition salt prepared according to the invention is optionaily

converted into other acid addition salts or the corresponding free base.
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hydrochloride salt, hydrobromide salt or oxalate salt of the RS-diol is
obtained, preferably in crystalline form in steps i), iia) and iib). 5 The final
solution phase, extracts thereof, or a phase enriched with R- or S-diol free

v&z@§_@_;§m§¢g@ acid addition salt may be subjeqted to conventigRalyr2003/000907
purification processes (such as treatment with active carbon,

chromatography etc.) before evapo}%ltion of the solvent, and/or it may be
subﬁcted to one or more further Erecjpitations of RS-diol 10 g(%e base or

Areyding Wadrdemssrabedust dhihednrive Attt 1856 RrpPO 08 2
hylie anantiomericatisaldbentiol eranicmesHedREdidhis Stdngkdiol

free base and/or.acig addition salt.may be.isolated from the final solution
PSR G S NGRS gﬁdpﬁ? B Ulégs"}égéw is evaporation of the solvent,

or in 15 case the final solution phase is acidic by basification followed by
separation of phases or by extraction of R- or S-diol free base and/or acid
addition salt followed by evaporation of the solvent. The final solution

Tiphése sekttimot s hhessestratatisee arriimes QrkiRd Bith Biorpeliobfee
bﬂ@ﬁﬁ(ﬁﬂ%&ﬁ%@&@tﬁ%ﬁﬁ%ﬂ%%j basubisstediaaNYRMIONRI processes
uc

purification processes (such as treatment with active carbon, . _
(sueltararaERaphY EraSHErHD He TUSRRRTRBRY i PEOSYaRTREP 1 s
sanionagis: addiior: salifeciditalahs R-nesrs faitlanpyedipitienipiftediad a

phosphat |t or an oxalate salt by methods known.to those, skilled in the
98 T e A T & G e B e s el e
thhenwainiadris ey afdd¢kibosamntiobwthpiodnwers) of the S- or R-diol free

base and/or and addition salt left in the final solution phase maybe as

high as 97-98% or even higher (i.e. better) depending on the Egcific
ThoRditoFidlioSe 20saodielingy 2dditisndml rerrivisnatebivag dog it
s&&{%ﬂﬂﬂl}é@ Ql‘s?.ﬁg PRt procedures such as evaporation of the solvent, or in
case the final solution phase is acidic by basification followed by separation of phases
or by extraction of R- or S-diol free base and/or acid addition salt followed by

evaporation of the solvent.

The final solution phase, extracts thereof, or a phase enriched with R- or S-diol free
base and/or acid addition salt may be subjected to conventional purification processes
(such as treatment with active carbon, chromatography etc.) before the isolation from
the R- or S-diol free base and/or acid addition salts. Suitably, R- or $-diol may be
precipitated as a phosphate salt or an oxalate salt by methods known to those skilled
in the art.

Tt has been found that the enantiomeric purity (the ratio between the wanted isomer
and the sum of both isomers) of the S- or R-dio} free base and/or acid addition salt left
in the final solution phase may be as high as 97-98% or even higher (i.e. better)

depending on the specific conditions used.

Accordingly, the S-diol (or R-dio]) free base and/or acid addition salt prepared
according to the invention may contain a minor amount of the R-diol (or S-diol) fice

base and/or acid addition salt. In one embodiment this minor amount may be less than
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according to the invention may contain a minor amount of the R-diol (or
S-diol) free base and/or acid addition salt. In one embodiment this minor
amount may be less than WO 2004/0556754 PCT/DK2003/000907 16

wYes@uoxeee preferred less than 2%, or most preferred less thafdeHodiReose7
ratio between the isomer contained 12 a minor amount and the sum of
both isomers). The R-or S-diol free base and/or acid addition salt may be

rified and isolated from 5. said solvent qr final solutio se as
BB HOR B A e TGRE PEOMEHIQE BAHD O mUF Atyveen
tsaltisnebtaiiethed Gnl o ahoihemembadtintenins dibbihasdnass)or and
addition salt is obtained. When R- or S-diol free base is obtained, it is
optionally converted to acid addition salts thereof. When R- or S-diol acid
TagditionSsdiklisrobbairaudiorseoistividsiion sdhvetdy ofldraditseldigdidiom
RIS R e LAERRONdIRG IacRast.4 ahgntiomerically-pure R- or

S-diol-free base and/or acid addition salt may be mixed with a
non-racemic mixture of R- and S-diol free base and/or acid addition salt to

1nbtaiRtaeamied|ol-ire Haseaaneiatiaciddadditian ralbtiacgmic diol free
base and/or 20 acid addition salt may then be obtained by one or more

precipitations of racemic diol free base and/or an acid addition salt
Ithareihfrfatibudieh byt r Setivd thllisadiervosid eddithadabivehtiRnal
S-citalopram free base and/or acid addition salt may be formed from the
25 corresponding R- or S-diol free base and/or acid addition salt by ring
WioguRe withdiekéistidassieohidguadtibiy. Gtimalbp cany (oeRieraidpidinytree
BRseaRafonarid Rddiion-saliMaraptanely ir.cruyaried aamgeid

addition salt thereof, pre_f.erabél%/ the oxalate salt and o§tlonally
e etheseddrgErmuraisrie Re sprsaendiag Berbaahd/or acid

addition salt may be performed via a labile ester intermediate, e.g. in the
presence of tosyl-chloride, in a basic
Enantiomerically-pure R- or §-diol free base and/or acid addition salt may be mixed
with a non-racemic mixture of R- and S-diol free base and/or acid addition salt to
obtain racemic diol free base and/or acid addition salt. Racemic diol free base and/or
acid addition salt may then be obtained by one or more precipitations of racemic diol
free base and/or an acid addition salt thereof, followed by recrystallisation as

described above.

R- or S-citalopram free base and/or acid addition salt may be formed from the
corresponding R- or S-diol free base and/or acid addition salt by ring closure with
retention of configuration. S-citalopram (or R-citalopram) free base and/or acid
addition salt may optionally be converted to an acid addition salt thereof, preferably

the oxalate salt and optionally recrystallised.

Ring closure of the R- or S-diol free base and/or acid addition salt may be performed
via a labile ester intermediate, e.g. in the presence of tosyl-chloride, in a basic
environment, as described in EP-B1-347 066. Then, the ring closing reaction proceeds

with retention of the stereochemistry. R- or S-citalopram free base and/or acid
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environment, as described in EP-Bi-347 066. Then, the ring closing
reaction proceeds with retention of the stereochemistry. R- or
S-citalopram free base and/or acid WO 2004/056754
WREDE663/000907 17 addition salt of an enantiomeric pupigstpi2003/000907
substantially equal to the starting dioHs then obtained. Ring closure of the
obtained racemic diol free base and/or acid addition salt may be 5
rformed in an acidic environment, as crihed in 4.650,884..0r. via
BRI ARG SR AR EET IR0 B e et et
obbrmierbd. The thus-obtained enantiomerically-pure R- or S-citalopram free
base and/or acid addition salt may be mixed with a non-racemic mixture
of R- and S-citalopram free 10 base and/or acid addition salt to obtain
W@&SHB%%‘%@@B%%%&@%%W%@ peldlitaon;galt may be
pektfansam heechasemndiaharidhageitioneat Uiy therde wRiainemiy

one or more precipitations of citalopram free base or an acid addition salt
B BT E By eI SR - ABEEAB A BYELL5 One

particular embodiment of the invention relates to a process for the

reparation.of ,racemic diol free base or an.agid addition, salt thereof .
R e B el SRR O R e R an i
sgdijera ol whnheimikddolilracemiscenicumebirRo bidesd dictitaidpiano feee

dhan 83 ohi@ueat RS ANBYAMALL IR A kaGHam 2R D610 Sarshrghwith

S-diol or R-diol and a fraction consisting of RS-diol wherein the ratio of

adifiopgatiidtis st aitedorag figp baraant/ortrrif sditionsakirraxtee o r-
elRadiol oMb ereini} RecdighinprecigitatpdifiomarsaiviaeidediRn salt

ase or.as an acid 25 additign salt th%ﬁl‘of' i) the precipitate formed is

b
tBErsa Rl SRR B FRETERHEB A iR BP¥Riitate is crystalline it is

optionally recrystallised one

One particular embodiment of the invention relates to a process for the preparation of
racemic diol free base or an acid addition salt thereof and/or R- or §-diol as the free
hase or an acid addition salt thereof by the separation of an initial non-racemic
mixture of R- and S-diol with more than 50% of one of the enantiomers into a fraction
being enriched with §-diol or R-diol and a fraction consisting of RS-diol wherein the
ratio of R-diol:S-diol is equal to 1.1 or closer to 1:1 than in the initial mixture of R~

and S-diol wherein

i) RS-diol is precipitated from a solvent as the free base or as an acid
addition salt thereof;
ii) the precipitate formed is separated from the mother liquor;

ila)  if the precipitate is crystalline it is optionally recrystallised one

or more times to form racemic diol;

iib)  if the precipitate is not crystalline, steps i) and ii) are optionally

repeated until a crystalline precipitate is obtained and the
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30 or more times to form racemic diol; iib) if the precipitate is not
crystalline, steps i) and ii) are optionally repeated until a crystalline
precipitate is obtained and the WO 2004/056754 PCT/11K2003/000907
wiBzesystattiae precipitate is optionally recrystallised one or mere/iaas D007
form racemic diol; iii) the mother liquor is optionally subjected to further
purification and S- 5 diol or R-diol idisolated from the mother liquor; iv) the
free bases of the diols gbtained agre optionally onverte%to cid addition
salts thereof or acit’ 3@8?&83@%@?}?&?@%@&5%3 Pée%%t‘i%ﬁ%ﬁ%?“
converted to othetiagisltadelitioncalie atocid addition salts 10 of the diols
obtained are optionally converted to the corresponding free bases.
Another particular embodiment of the invention relates to a process for the
15 piigiparationoétecéqiordiodfrEadisenbicatedisi dratanivniSantwierad -

and/or R- 05‘}§I 8@9&-&%%&%&%&@{@%@@1@%@“ salt thereof by the

separation of an initial non- racemic mixture of R- and S-diol with more
than 50% of one of the enantiomers into a fraction being enriched with

S-dighgr R-giglragadiasties aensisingealRstiohanhetivetha tatoiof
R-diol:S-diol is_equal to 1:1 or_closer to 1:1 than ir#fhe i%i’%al %O mi>(<iture of
R- and S-diBfsersait) Reeof OF R AL B HATR Foth SR SP R He
base or as aptagisllpdsditiencdat tieseafidrddition Satisoiigckisabliterh istibsa
solvent from the initial non-racemic .25 mixture of R- of.S-di e f
base or as gr%l?g%i %I%aﬁ%lr?esaﬁretﬁgtrlgg?%' sait %%?gét%t, gegg\)ll?r%%ﬁ?’g%%l%l%%

ii) the precipitate. formed is separated from the mother liquor;

Another particular embodiment of the invention relates to a process for the
preparation of racemic diol free base or an acid addition salt thereof and/or R- or 5-
diol as the free base or an acid addition salt thereof by the separation of an initial non-
racemic mixture of R- and S-diol with more than 50% of one of the enantiomers into a
fraction being enriched with S-diol or R-diol and a fraction consisting of RS-diol
wherein the ratio of R-diol:S-diol is equal to 1:1 or closer to 1:1 than in the initial

mixture of R- and S-diol wherein

1) RS-diol is precipitated from a solvent as the free base or as an acid
addition salt thereof; or
R- or S-diol is dissolved into a solvent from the initial non-racemic
mixture of R~ or S-diols as the free base or as an acid addition salt

thereof in said solvent, leaving a residue;
i) the precipitate formed is separated from the mother liquor;

iia)  if the precipitate is crystalline it is optionally recrystallised one

or more times to form racemic diol;



30 iia) if the precipitate is crystalline it is optionally recrystallised one or
more times to form racemic diol; WO 2004/056754 PCT/1DK2003/000907
19 iib) if the precipitate is not crystalline, steps i) and ii) are optionally

wepeadeskmtil a crystalline precipitate is obtained and the crysiadit®os/000907
precipitate is optionally recrystallisel(g one or more times to form racemic
diol; 5 iii) the mother liquor is optionally subjected to further purification

and S- diol or R-digl is isolated from the mother liquar, iv) the free base
o1 the ciots BPkainb R B SRR RIS A QO ahpaany
thereof or acid addéfiesteshiltsibh thestitiiscoptaipidiate objsiimdaiyddbeverted
to other acid additjon salts or acid. addition. salis of the dinls;obtained are
optionally converté %gaigﬁ%e Srrepspo_n%ﬁ% %ree ﬁ6asce}g. 15 The inventign is
illustrated by the fEtuwitecfessurapsiake diich may not be construed as

5 limiting. Examples 20 In the following examples optical purities were

measured by Chiral SCFC (super critical fluid chromatography) HPLC.
Exariple 1 55 PaiteiBives sotenally shssieddo B ha i thop 0 9s

hydrochlorigg.$ait RGies1esaksneth aebririxioreepfiRroand S-diols (as

defined in the table below) (10 g) was dissolved in toluene (60 mL).

Aqueous hydrochloric acid solution (32 mL, 1 M) was added, and in
) the free bases of the diols obtained are optionally converted to acid

10 addition salts thereof or acid addition salts of the diols obtained are
optionally converted to other acid addition salts or acid addition salts
of the diols obtained are optionally converted to the corresponding free

bases.

15
The invention is illustrated by the following examples, which may not be construed as

Hmiting.

Examples
20  Inthe following examples optical purities were measured by Chiral SCFC (super
critical fluid chromatography) HPL.C.

Example 1
25  Purification of S-diol by precipitation of racemic diol as the hydrochloride salt

General method:

A mixture of R- and S-diols (as defined in the table below) (10 g) was dissolved in

toluene (60 mlL.). Aqueous hydrochloric acid solution (32 mL, 1 M) was added, and in
30  some cases solid sodium chloride was added (enough so that the concentration of

NaCl in the water was approximately 1 M). The mixture was stirred overnight, and

fittered. The residue was dried to give crystals of racemic diol hiydrochloride,

contaminated by some S-diol hydrochloride. The mother liquor was basified with
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30 some cases solid sodium chloride was added (enough so that the
concentration of NaCl in the water was approximately 1 M). The mixture
was stirred overnight, and filtered. The residue was dried to give crystals
waj sacaimdesdiol hydrochloride, contaminated by some S-diolpcy/pk2003/000907
hydrochloride. The mother liquor was basified with WO 2004/056754
PCTIDK2003/000907 20 aqueous &fhmonia solution to pH > 9, and the
toluene layer was separated. The aqueous layer was washed once more
SR HERET &8 AR MRt BN e R Y RS SRR br e
adhagRaesimvwsidliaiehan dsaporatiach ustiensetiiond pratinte tlgiveextracts
w2 RSl contaminated with,a small amoupt of R diol, Seelaple for
qetaits, ?—Efeco@lry Of Material was \Artua y quantitative, fith the expected
mpartitifdied obniweiglatderitbersiimd! respattivitisdivipiss. Bdfole details.
RESSERIEHANAler DieclnliaHp pMinue OHIRABR SELecpialk thixbe of
R and Oil after basification, "S-diols) separation and evaporation
WENAEYSIcha AERNPESeBIR0h S% R% S% R% 98.4 1.6 54 46 97.9

2.1* 95.44.6554598.7 1.3* 90.39.7514996.7 3.3 80 2051 49 96.7
3.3 6931505094852 50 41 * i

Bigteduaagitativie mixtufe, sufficient so thattHer FdsGinig Water phase was

MIRRFOSFageS VN Niebohtdl (eIl Wi axa0 D e Oblsatatmy 1S
measured by Chiral HP TS‘C—:diois) separation and evaporation
(enriched S-enantiomer)
S% R% S% R% S% R%
98.4 1.6 54 46 97.9 2.1%
85.4 4.6 55 45 ‘ 98.7 1.3*
po.3 9.7 51 49 96.7 33
80 20 51 49 96.7 3.3
69 31 S0 50 94.8 5.2
59 41 54 46 92 8.0

*Denotes that solid NaCl was added to the mixture, sufficient so that the resulting

water phase was approximately 1 M in NaCl.

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

Example 2

Purification of S-diol by precipitation of racemic dicl free base

A solution of S-diol in acetonitrile (500 mL, ca. 50 — 55% w/w, S:R ratio 95.72:4.28)
at room temperature was cooled with stirring to —14 °C. The mixture was seeded with

almost-racemic diol (S:R ratio ca. 60:40) after every drop in temperature of 2 °C.
After 16 hours the mixture was filtered, and the filter cake was dried. Analysis of the
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Example 2 15 Purification of S-diol by precipitation of racemic diol free
ba_se A solution of S-diol in acetonitrile (500 mL, ca. 50 - 55% w/w, S:R
ratio 95.72:4.28) at room temperature was cooled with stirring to -14 C.

whsmisdiig was seeded with 20 almost-racemic diol (S:R rafiQ sa-834be7

after every drop in temperature of 2 C. After 16 hours the mixture was
filtered, and the filter cake was dried! Analysis of the WO 2004/056754
PCT/0K2003/000907 21 filter cake indicated that the S.R ratio was
filgr okandisatan syt bosReatitome STTu2 Pdidsala s of the Babealiguhs
indR00Pik P8R ExaRRIe 2 HBysifiastion of S-diol by precipitation of

racemic diol free base A solution of S-diol in acetonitrile (500 mL, ca. 50 -
55% wi/w, S:R ratio 95.72:4.28) at room temperature was cooled with
F.Shinkjsle 30 -10 C with cooling at a rate of 1 10 C/h. The mixture was seeded
with almost-racemic diol (S:R ratio ca. 60:40) after every drop in
temperature of 5 C. After 40 hours at -10 C the mixture was filtered, and
pilpiififtdoc ak®-diabripckclpiaitisic affrverfiied iod Keetisaited that the S:R
ratio was 59.19:40.81. Analysis of the mother liquor indicated that the S:R
ratio was 98.52:1.48. 15 Example 4 Purification of S-diol by precipitation

Acbhatenvit Hibbhintreteypiirdeioidels st F0-CoferinétR uindhidif< Br

at%&@%’eﬁg?@ 5,05 efingdin thedahls Relowlainvasidisselyaddor |
toluene (10 mL). Aqueous h%drochlorlc acjd solution (1,0 eq%i(}/_%%rgtﬁer

*Cbn Ebn iRiRRcakas seeded with almost-racemic diol (51R ratio ca.

every drop in temperature of 5 °C. After 40 hours at —10 °C the mixturs was filtered,
and the filter cake was dried. Analysis of the filter cake indicated that the SiR ratio
was 59.19:40.81. Analysis of the mother liquor indicated that the S:R ratio was
98.52:1.48.

Example 4
Purification of S-dio] by precipitation of racemic diol as the hydrochloride salt

General method:

A mixture of R- and S-diols (as defined in the table below) (1 g) was dissolved in
toluene (10 mL). Aqueous hydrochloric acid solution (1.0 equivalent; concentration as
defined in the table below) was added, and solid sodium chloride was added (enough
5o that the concentration of NaCl in the water was approximately 1 or 2 M; see table
below). The mixture was stirred overnight, and filiered. The residue was dried fo give
crystals of racemic diol hydrochloride, contaminated by some S-diol hydrochloride.
The mother liquor was basified with aqueous ammonia solution to pH > 9, and the
toluene layer was separated. The aqueous layer was washed once more with toluene,
and the combined toluene extracts were dried over magnesium sulfate and evaporated
under reduced pressure to give mainly S-diol, contaminated with a small amount of R-
diol. See table for details. Recovery of material was virtually quantitative, with the
expected partitioning of weight between the respective samples.



defined in the table below) was added, and solid sodium chloride was
added (enough so that the concentration of NaCl in the water was
approximately 1 or 2 M; see table 25 below). The mixture was stirred
weyarhigbdrand filtered. The residue was dried to give crystals-fgReaI G007
diol hydrochloride, contaminated by some S-diol hydrochloride. The
mother liquor was basified with aqu@ous ammonia solution to pH > 9, and
the toluene layer was separated. The aqueous layer was washed once
more with toluene, and the combined toluene extracts were dried over

magnestsuiateandeyaporatet-SprunmdeT TeUHCEB BEeHon0 JIve

mainly S-diol, contaminated with a small amount of R- digl. See table for
Mathite oRboovassy |oh avgeard| s AP GRIEAGEIERith th&bifiected
partitioning of weight jegween tha-fespegtige.samaeg) WO 2068400654
PCT/DK2003/000R07 22 Before Predipitation After Precipitation  Mixtur.
of Isomers Aqueoli<BG DS Brebipltate (mixture Oil after RSB PBF R
and S-diols) basification, Cgnc. (M) Cpne. (M) separationian@vaporation
evaporation (enrigthed S enantiomer} S% R% S% R% S% g%ﬁggégég.?
1.01.058.441.699.40.6 §2.317.7 2.01.049.7 50.3 97,7 2. .
17.71.0 2.0 81.3 18.7 86.2 [13.8 82.3/17.7 2.0 2.0 60.1 39.9WQIHigIBr)

&

Examnle-& Durifleatinn-af € Aol by HE £ : Lk
Exgmpt ; %%unl cation-of-H-aotrny lcugl%ju.lun OTR@EETNIC QI as Roy,
u

p-tolueniesulionyl,
82.3 17.7 1.0 1.0 58.4 41.6 99.4 0.6
82.3 17.7 2.0 1.0 49.7 50.3 97.7 2.3
82.3 17.7 1.0 2.0 81.3 18.7 86.2 13.8
82.3 17.7 2.0 2.0 60.1 39.9 99,7 0.3
Example 5

Purification of S-diol by precipitation of racemic diol as p-toluenesulfonyl,

methanesulfonyl or acetate salts

General method:

A mixture of R- and S-diols (as defined in the table below) (1 g) was dissolved in
toluene or ether (10 mL; as described in the table below). Aqueous NaCl solution (1
M, 3 mL) was added. The acid (as defined in the table below) was added neat as a
liquid. The mixture was stirred overnight, and filtered or decanted. The residue was
dried to give an oil or a solid. The mother liqnor was basified with aqueous ammonia
solution to pH > 9, and the toluene or ether layer was separated. The aqueous layer
was washed once more with toluene or ether, and the combined organic exfracts were
dried over magnesium sulfate and evaporated under reduced pressure to give mainly a
solid or an oil. See table for details. Recovery of material was virtually quantitative,

with the expected partitioning of weight between the respective samples.
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15

methanesulfonyl or acetate salts General method: 10 A mixture of R- and
S-diols (as defined in the table below) (1 g) was dissolved in toluene or
ether (10 mL; as described in the table below). Aqueous NaCl solution (1

W 2307835 égs added. The acid (as defined in the table below)\Waskagiaroon
neat as a liquid. The mixture was stirred overnight, and filtered or
decanted. The residue was dried té%give an oil or a solid. The mother
liuor was basified with aqueous ammonia 15 solution to pH > 9, and the
toluene or ether Iayer was separated The aqueous layer was Washed

drled over maqnesm te and evanorated under redl mari pressure to

Miamanisomessljd 2taenbil. Sebdidble eeieiite REE Ry oﬁﬂéﬁ%ﬂal
was virtually quarttitative, withighgiexpectaknadisaisg of wesgltication,
between the respéctive samples. WO 2004/056754 PCT/DK2003/0009Q7
23 Before Precipitation Aftef Precipitatipn Mixture of ison erS BONent Acic
Precipitate ixture ©il after (¢quiv.) of Rfand S-diols) basificatimporation
separation and eyaporatior| (enriched S- enantiomer) S% R4, 5% R%
S% R% 82.3 17.7 TolueneLgsOH (1) 64.4 35.6 94.35.7 |8 é 17.7

Toluene MsOH (2) 48.2 51.8 90.0 10.082.3 17.7 Ether MsOM#1jB0e0)

82.3 177 | Toluene | MsOH (1) | 64.4 | 35.6 | 943 | 5.7
§2.3 177 | Toluene | MsOH (2) | 48.2 | 51.8 | 90.0 | 10.0
823 175 | Lther | MsOH (1)| 629 | 371 910 | 9.0
§2.3 197 | Fther | MsOH (2) | 55.1 | 449 | 893 107
§2.3 177 | Toluene | AcOH (1) | 71.3 | 28.7 | 962 | 3.8
82.3 17.7 | Toluene | AcOH (2) | 65.9 34.1 94.8 | 5.2
823 179 | Ether | AcOH ) | 650 | 350 | 916 | 84
82.3 179 | Tither | AcOH (2) | 65.7 | 343 | 872 | 128
Example 6

Purification of S-diol by precipitation of a racemic diol sait in the absence of

water

General method:

A mixture of R- and S-diols (as defined in the table below) (1 g) was dissoived in
tolunene or ether (10 mL; as described in the table below). The acid (as defined in the
table below) was added neat as a solid. The mixture was stirred overnight, and
filtered. The residue was dried to give an oil or a solid. Water was added to the mother
liquor, and the mother liquor was basified with aqueous ammonia solution to pH > 9,
and the toluene or ether layer was separated. The aqueous layer was washed once
more with toluene or ether, and the combined organic extracts were dried over

magnesium sulfate and evaporated under reduced pressure to give mainly a solid or an
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82.3 17.7 Toluene -Ac-OH(2) 65.9 34.1 944.8 5.2 82.3 17.7 Ether
-Ac-OH(l) 65.0 35.0 91.6 8.4 5.7 34.3 87.2 12.8 82.3 17.7 Ether AcOH (2)
[=1--]-4 Example 6 5 Purification of S-diol by precipitation of a racemic
wdichealisirdhe absence of water General method: 10 A mixtp¢e @kRraashos7
S-diols (as defined in the table belowﬁ? (1 g) was dissolved in toluene or
ether (10 mL; as described in the tabfe below). The acid (as defined in the
table below) was added neat as a solid. The mixture was stirred oyernight,
oikrRperible for AR esRRGR WAL G ALV SR BT HEUHE Vattl b
casded indheomatharwigiehanddhtmeiperiiguamprs. basified with
agueous ammonia solution to pH > 9, 15 and the toluene or ether layer
was separated. The aqueous layer was washed once more with toluene

orether, apéfthegemmmyatenorganic extracts wereAdie®reegritanagnesium
atead under.raeduced drecciroto-aivie Aty H
gﬁ% aé%%%é%%%ﬁ? g@%‘(é&%@gg& )%ff?&;’fagﬁl Iéxgutrlé%gi;l?or 13 e!alfs.
Recovery of materjal was virtudHguipaniitatie podif-divds)ex peasidication,
partitioning of weidht betwegn the respective samples. Be{org ,aration and
Precipitation After Precipitation Mixturelof Isomers Solvent Acid )
Precipitate (mixturg Oil after] (equiv.) of R and S-diols) basificaffigration
separation and evaporation| (enriched $- | (enriched S-
enantiomer)
S% R% 5% R% S% R%
82.3 17.7 Toluene | TsOH (0.4)] 54.9 45.1 90.9 8.1
82.3 17.7 Ether |TsOH (0.4)] 574 42.6 98.1 7.9
82.3 17.7 Toluene | (CO.H) 78.4 21.6 93 7
0.2)
82.3 17.7 Toluene | {COzH); T2.1 27.8 99.97 | 0.03
(0.4)
82.3 17.7 Toluene | (CO,H), 82.2 17.8 99.6 04
(1)
82.3 177 Fther | (CO:HM). | 58.0 420 97.7 | 2.3
0.2) _
82.3 17.7 Ether | (CO.H): 55.4 44.6 98.4 1.6
(0.4)
82.3 177 Ether (CO:H), 72.0 28.0 99.5 0.5
ey
Exampie 7

Purification of S-diol by precipitation of a racemic diol salt in the absence of

water using various solvents
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enantiomer) S% R% S% R% S% R% 82.3 17.7 Toluene TsOH (0.4) 54.9
45.190.9 8.1 82.317.7 Ether TSOH (0.4) 57.4 42.6 98.1 7.9 82.33 17.7
Toluene (C0211)2 78.421.6 93 7 (0.2) 82.3 17.7 Toluene (CO2H)2 722.1

W 28099:97.0.03 (0.4) 82.3 17.7 Toluene (CO2H)2 82.2 17.8,98.6 Ryt £ddu007
82.3 17.7 Ether (CO2H)2 58.0 42.0 97.7 2.3 (0.2) 82.3 17.7 Ether

(CO2H)2 55.4 44.6 98.4 1.6 (0.4) 823 17.7 Ether (CO2H)2 72.0 28.0 99.5
0.5 (1) 5 Example 7 Purification of S-diol by precipitation of a racemic diol
Gsarrm wrshabsence of water using various solvents 10 WO 2004/056754

APHTRKZOR3DA%0RI0124s GanRiaMalhad: Helbbiyiephias aasRdials

(as defined in the table below) (1 ggwas dlssolv%%(in %ﬁ golvent t%10 %\]IL; as
SeREEH BRI BLIAS PR RelaTds! Ge bl RETSDIE RiBws
baaw pelgesinedbas & solididTTRemikitiie wasssiirse davaighghindifitidiiéed
dgganted if a precipitate had formed. Where a precipitate had formed, the residue was
dried to give an oil or a solid. The mother liquor was evaporated, and the residue was
taken up in a mixture of ether and water. This mixture was basified with aqueous
ammonia solution to pH > 9, and the ether layer was separated. The aqueous layer
was washed once more with ether, and the combined ether exiracts were dried over
magnesium sulfate and evaporated under reduced pressure to give mainly a solid or an
oil. See table for details. Recovery of material was virtually quantitative, with the

expected partitioning of weight between the respective samples.



5 decanted if a precipitate had formed. Where a precipitate had formed,

the residue was dried to give an oil or a solid. The mother liquor was

evaporated, and the residue was taken up in a mixture of ether and
wWalghnEbissmixture was basified with aqueous ammonia sop¢tope P07

9, and the ether layer was separate%The aqueous layer was washed

once more with ether, and the combined ether extracts were dried over 10

magnesium sulfate and evaporated under reduced pressure to give mainly

a solid or an oil. See table for details. Recovery of material was virtually

quantitativizefets PaerigXiasied partition|ng of weighizbebatesitatie
j mples WO 20Q4/056754 RCT/DK2003/000907 2R.Rei3.‘tore
Prﬁﬁ' W’é‘?i8§ Affer PRIBHatipn iure &%&ggﬁ(%ﬁuﬁerecipi%%a o
(miXtorac@il aftgr Isomers (efjuieguof R anaf B-ahdlS)dialksifi¢atibasification,
separation and |evaporation |(enriched $- enanti.omer) S% %%9%@0 R4
82.3 17.7 McOHI TsOH (0.4) [No Precipitation 82.3 17.7 McOH (CO2H)2
No Precipitatior (0.2) 82.3 17.7 IPA Ts|DH (0.4) 51.5 48.5 91¢%2Bgatgm 3
17.7 IPA (CO2H)2 54.9 45.1 8.3 1.7 (0]2) 82.3 17.7 Acetonitrile:TsQh:
(0.4) No Precipitation 82.3 17.7 Acetonitrile (C0211)2 57.2{42.8 97.2 2.8
(0.2) enantiomer)
S% R% 5% R% S% R%
82.3 17.7 MeOH |TsOH (0.4) No Precipitation
§2.3 17.7 MeOH {CO,H)2 No Precipitation
6.2)
82.3 17.7 IPA TsOH (0.4)] 51.5 48.5 91.6 8.4
82.3 17.7 iPA (CO,H), 54.9 45.1 98.3 1.7
0.2)
82.3 17.7 } Acetonitrile | TsOH (0.4} No Precipitation
82.3 17.7 | Acetonitrile | (CO.H), 57.2 42.8 97.2 2.8
(0.2)
82.3 17.7 THF TsOH (0.4) No Precipitation
82.3 17.7 THF (CO,H), 53.2 46.8 98.9 1.1
0.2)
82.3 17.7 Acetone {TsOH (0.4) No Precipitation
82.3 17.7 Acetone (CO;H); 56.7 43.3 98.2 1.8
0.2)
82.3 17.7 MIBK TsOH (0.4)]  56.8 43.2 98.5 1.5
823 | 177 MIBK (CO.H), | 587 413 99.6 | 0.4
0.2)

Example 8

Purification of S-diol by precipitation of racemic diol oxalate
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82.3 17.7 THE TsOH (0.4) No Precipitation 82.3 17.7 THE (C02H)2 53.2
46.8 98.9 1.1 (0.2) 82.3 17.7 Acetone TsOH (0.4) No Precipitation 82.3
17.7 Acetone (CO2H)2 56.7 43.3 98.2 1.8 (0.2) 82.3 17.7 MIBK TsOH

W8 Ah56:843.2 98.5 1.5 82.3 17.7 MIBK (CO2H)2 58.7 41.3:89:61&¢h3/000907

(0.2) Example 8 5 Purification of S-%%)I by precipitation of racemic diol
oxalate WO 2004/056754 PCT/DK2003/000907 27 General method: A
@ixtuie of R- and S-diols (as defined in the table below) (1 g) was
disSOIVEG TH %

1986 ve&t%ho 'oluene (10 mL). An aqueous solution of NaCl was added (1

AMpinie)odiit xbledindio(atisfadihedlia tidathblerddlop) wastzddeeiinat
e B Biie e arpiotiant ey fane L

(ovcds Bmstiinaegiablmbelpsn a sondienmeatienneeliduBhavaik BmsRsHiies
AGHEOMS AN EIRRR Soluianite I fiRnethaitRlnGBe MYRIAS ecipitate
separated. The aqueous layer was washed once more with toluene, and
hptEBRMiee e S e wRRB G PhIEPITaghe RIS HifkRT 3d
eyaRdratad qaeers educetd LoIpessu kgl givimdadylacseligyer wrsoil.
See tg?gleft‘[f)r detalils. Re(_:over‘x 0 r’%aterial was ) 'rri_u?llél quaratj[hative, i‘)Nithd
TR SRR RO AINY SFR AR SR It & o S dtie ik Hip feaibime
tBleforecRrecipitatio diicvBrecigitation sulfate and evaporated under reduced
pressure to give mainly a solid or an oil. See table for details. Recovery of material
was virtually quantitative, with the expected partitioning of weight between the

respective samples.

Before Precipitation After Precipitation
Mixtare of  |Oxalic Acid[Precipitate (mixture| Oil after basification, separation
Isomers (equiv.) | ofR and S-diols) ; and evaporation (enriched S-
| enantiomer)
S% R% 5% R% S% R%
82.3 17.7 0.2 51.8 48.2 98.5 1.5
82.3 177 6.4 62.6 37.4 99.8 0.2
82.3 17.7 1.0 58.6 41.4 97.0 3.0
82.3 i7.7 2.0 56.7 43.3 92.7 7.3
Example 9

Purification of S-diol by precipitation of racemie diol hydrochloride in water

General method:

A mixture of R- and S-diols (as defined in the table below) (1 g) was stirred with an
aqueous solution of HCI (1 equivalent; see table for concentration). The mixture was
stirred overnight, and sufficient NaCl was added (as a solid) so that the concentration

of NaCl was 1 M. The mixture was filtered to give a solid. To the mother liquor was
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expEaBEEARFRIHG of wejght between the FEspE&RIE S8 Mples. Before

Mixture of Oxalic Acid Precipitate (mixture Oil after basification, separation
Isomers (equiv.) of R and S-diols) and evaporation (enriched S-
enantiomer) S% R% S% R% S% R% 82.317.7 0.251.848.298.51.5
wolRddsd§4 62.6 37.499.8 0.2 82.3 17.7 1.0 58.6 41.4 97p@thikk 83400907
17.72.056.7 43.3 92.7 7.3 15 Exagyple 9 Purification of S-diol by
precipitation of racemic dial hydrochloride in water 20 General method: A

iXt fR-.and S-diol fined in the table bhel i
o AR RO B e e eAlE (R i) S-S} 1168
theanaritption)s Tyewmtbdubangscativlerroventigihedrisuivien tater,
m%ﬁeago%%&égﬁ gp%g lid) sadhattheiconsaniation; of Nagtevaa Liborhes

mixture was ed to give a solid. To the mother liquor was WO
498 eTbH POTHIK 2003100 g idriRied wetdrind e tttiviscovery
oPasfisd Witk AANGAYSARRRANA SN Rl Sranshilicoeibeastayer
was s%zgrated. The agueous layer was washed once more with ether,
belerEAdESRIBRTEISHEP SR tracts were dried over magnesium sulfate and

evaporated under reduced pressure to give mainly a solid or an oil. See

—

PraGpiesion ATer Bieotpildiosipitate (erdithte] I@ib ntePres foitdim sepdacreon
Oll %fter basific}tion par atgﬁ{ Ll%%rﬁf%ﬁ% 1g,'lyl) Ofaﬁdae%ﬁf&j&%lﬂ&?ﬂhed 5-

evaporaton (enrich -
enantiomer)
S% R% 5% R% S% R%
82.3 17.7 1 59.4 40.6 99.2 0.8
82.3 17.7 2 63.7 36.3 99.3 0.7

Example 10

Purification of S-diol by preferential dissolution of S-diol hydrochloride in water

General method:

A mixture of R- and S-diol hydrochloride salis (17.7 : 82.3; 5.5 g) was stirred with an
aqueous solution of NaCl (1 M, 12 mL). The mixture was stirred overnight, and was
filtered to give a solid. To the mother liguor was added water and ether, was basified
with aqueous ammonia solution to pH > 9, and the ether layer was separated. The
aqueous layer was washed once more with sther, and the combined ether extracts
were dried over magnesium sulfate and evaporated under reduced pressure to give
mainly a solid or an oil. The residue from filtration contained R-diol and S-diolina
ratio of 1.0 : 99.0. The product from work-up of the filtrate contained R-diol and 5~
diol in a ratio of 38.8 : 61.2. Recovery of material was virtually quantitative, with the

expected partitioning of weight between the respective samples.



enantiomer) S% R% S% R% S% R% 82.3 17.7 1 59.4 40.6 99.2 0.8 82.3
17.7 2 63.7 36.3 99.3 0.7 10 Example 10 Purification of S-diol by
preferential dissolution of S-diol hyd%achloride in water General method:
15 A mixture of R- and S-diol hydrochloride salts (17.7: 82.3; 5.5 g) was
cialiped with an aqueous solution of NaCl (1 M, 12 mL). The mixture was
stirred overnight, and was filtered to give a solid. To the mother liquor
whs Adgdedessater dnd Rthentvasdasiiade Witﬁi@ﬁﬁﬁo&ﬁiaﬂ%ll%@ satboRcid
to nd,th erJayer was separated.The aquequs layer was.
Wag%gg%%%e&r!’rgogr%gé%thfeé? é{;‘,cé%g%én C(%r(ﬁb%eeedqé% el extrad é%@gvggir%n salt
driecCoVEF HIgGrEBRIFH IR iafitlavageratdid uhder reiRiead pratsopauodiol
give il llsae angelidan aaugibnTsJag efgidluﬁefmﬂti fi@ﬂwﬂpan&%@k;a;h%@ﬁ%@%s into
and S-diolin a .ratio of 1.0 = .. The product from work-up of the filtrate
contéifr?%“ =2 ?é‘?%%‘%ﬁ‘é*ﬁ%a‘a’ftﬁn a“ T4 %‘pf“ag.% Ot S HABDLHY I v i or
was wittialitgo antitative fnitiotherexpanteth panitionaingiof fkgidhte and/or acid

betwgenitie R SRRAIN S AMBIEB R2eIAMSaibi AREREESEHOLNG equal 1o 1: 1
preparation of racemic citalopram diol free base and/or acid addition salt

and/8F BOST SCcitaloPraihuiBr fuba duturdrd ratid apami gl aiitatopram  diol
comphismgaisapardtian of an initial non-racemic mixture of R-and S-
citalopram diol free base and/or acid addition salt with more than 50% of
one of the enantiomers into a fraction being enriched with S-citalopram

diol & R- cifatSHr&mr b k& Baleafiilor asidcrdditiniomia ineinitfredtiom a
compsising RSheitalepramn diehilemkase @ndian 3cidaRERQRS Al IVAS 8l /or
the ratig of R- citalopram diql : S-citalopr iol [s equa to 1:_%l r closer, |
to 1:afl%g%ﬁﬁo{héal}%iﬁglllpm(g(tu'ré:%a? ]-ﬂ?:[lﬁa 6%5%6 a%’ﬁ%ﬁ§%/t(z’arlc? f rara%ffb‘i'] salt is
dissolved into a solvent from the initial non-racemic mixture of R-and S- citalopram
diol free base and/or acid addition salt in said solvent, leaving a residue comprising

RS-citalopram diol free base and/or acid addition salt;
i) the residue/precipitate formed is separated from the final solution phase;

iia} if the residue/precipitate is crystalline it is optionally recrystallised one or

more times to form racemic citalopram diol;

iib) if the residue/precipitate is not crystalline, steps i) and ii) are optionally
repeated until a crystalline residue/precipitate is obtained and the crystalline
residue/precipitate is optionally recrystallised one or more times to form

racemic citalopram diol;

i) the final solution phase is optionally subjected to further purification and -
citalopram diol or R-citalopram diol free base and/or acid addition salt is

isolated from the final solution phase;



characterized in that i) RS-citalopram diol free base and/or acid addition
salt is precipitated from a solution og e initial non-racemic mixture of
R-and S-citalopram diol free base and/or acid addition salt; or R-or S-
citalopram diol free base and/or acid addition salt is dissolved into a
solvent from the initial non-racemic mixture of R-and S- citalopram diol
free hase apd/or acid additjon,salt in said solvent, leaving a residue, »
combiing T B R S R BT S on
residue/pre&ipiafefsimed deid eaddiagadspionrthirtiv sSohhigneg harseopt)nslly

the residuefrreipitats isiery stadlingdiliis: 0RIONR! Y-8 GUFIRNSEHONG e diols

more times to form racemic cjtalopram diol; iib) if the residue/precipitate is
not crystalIiﬂ%fig'teedpasﬁ)‘)gﬂ%f"ﬁxté% c‘)"ﬁﬁ%‘gwg’ll@er‘é SR8ENRIEC RrERalline
residue/precipitate is obtained and the crystalline residue/precipitate is

optionaiysesrystalised fanexa%mpn%gim@%}%mgmﬂr%?eﬁuﬁa%&ﬂmrw or R-

diol; iij) the final solution phase is optionally subjected to furthér

puriffEBHPIHG S Terirsp AR g R AediERE Rer i ardsiesd Butetand/or

acid addition salt is isolated from the final solution phase; 30 iv) the free
bases ofthe digls obfali %gl ar. éig II% nverted.to acid.addition. sal
thereof o)r acid addiltipnl%alts § ﬁ)@e di%%s o‘%%i%cééag%ggﬁtsl%ﬁglIg/ref:lgﬁt(?ee@r‘m
to other acid addRigHSMSteT Bl dtititns Bid sifseodiBiznbbteifalegrarediol
optionally conviestesidoqdhPcacie spandingiiree bases. 2. A process
according to claim Lfar the pre tion of S-cjtalopram diol or R- . -
citalopram diol F%Iékbcalélogﬁw(()Er)ga%aeab&a‘?t?gfsl} g%?f% %grzia’%?éirf?gdsiﬁiﬁﬁoa{mj into
RS- citaloprampdioyéré droradheantid masicherd itivmsait o8 HradiSietedpiromdiol
a solution of thgdnitilnnsiaceamicamixisi el Branfh SRR3Rl residue

free base and/or acid_addgio.n ?alt; or . , -
comprising RS-citalopram diol free base and/or acid addition salt;

ii) the residue/precipitate formed is separated from the final solution phase,
and
iii) the final solution phase is optionally subjected to further purification and

S-citalopram diol or R-citalopram diol free base and/or acid addition salt

is 1solated from the final solution phase.

3. A process according to claim 2 wherein the diol prepared is the S-citalopram diol free

base and/or acid addition salt.

4. A process according to claim 2 wherein the diol prepared is the R- citalopram diol free

base and/or acid addition salt.

5. A process according fo claim 1 for the preparation of racemic citalopram diol free

base and/or acid addition salt characterized in that



R-or S-citalopram diol free base and/or acid addition salt is dissolved into
a solvent from the initial non-ra(:emic\3 ixture of R-and S-citalopram diol
free base and/or acid addition salt in"said solvent, leaving a residue
comprising RS-citalopram diol free base and/or acid addition salt; ii) the
residue/precipitate formed is separated from the final solution phase, and

iii) the final solution,phase is optionally subjected to.further purification and
S-citalopran? diol (;}ra‘iQ-QC-I(E,Ell 3%%%%?10{;% %r%lé %’égoéﬁﬁ%?@ém)%ﬁ?jhf&? Iggjpitated
is isolated from thefirakseiion pifate. Bitebrovesscatconditigréod]afmn@ S-

wherein the diol prapasgd:isdberS:cialopan dinl ftegidase. ard/or acid
addition salt. 4. A process according to ¢claim 2 wherein the diol prepared

is the R- citaloprarhy ol fFECHSYLSRh S slie hitndoir ¥ant Eom hedptianon-
according to claimrictoritheiprepargicmoéfSaceshipraiiadogpréer dekitae/or acid

base and/or acid agitian saif shagagiarizedinithal 3L, L RFclalonam, ks

diol free base and/or acid addition salt is precipitated from a solution of the
initial non-racemic AaeRdtiet G crdierrsihadbtioe®base and/or
acid addition salt; or R-or S-citalopram diol is dissolved into a solvent from

the initial ncm- rac.%hrglgerrlﬁugwe of Rjtg' Séc? I}.s?'lso I.::l?“& eéi ! rlo];{leﬁ'xg ?’15;1%1 ﬁg‘fion

X
and/or acid addition salt in said 50 ven?,niréavmg residue comprising
citalopram diol fre@88%e and/or acid addition salt; ii) the
residue/precipitate formed is separated from the final solution phase, iia)

if the residue/preci |i‘at is crystalline it is. qptionally recrystallised one or
more times to formi?? Céefmit(lzle i 6ﬁsulue/prec1p1 ate 1s “crystafiine 1t is optionally

recrystallised one or more times to form racemic diol;

iib) if the residue/precipitate is not crystalline, steps i) and ii) are
repeated until a crystaliine residue/precipitate is obtained and the
crystalline residue/precipitate is optionally recrystallised one or more

times to form racemic citalopram diol.

6. The process according to any one of claims 1-5 wherein the initial non- racemic mixture
of R-and S-citalopram diol free base and/or acid addition salt with more than 50% of one of
the enantiomers contains more than 50% of S-citalopram diol, more preferred more than 70%

of S-citalopram diol or most preferred more than 90% of S-citalopram diol.

7. The process according to any one of claims 1-5 wherein the initial non- racemic mixture
of R-and S-citalopram diol fiee base and/or acid addition salt with more than 50% of one of
the enantiomers contains more than 50% of R-citalopram diol, more preferred more than 70%

of R-citalopram diol or most preferred more than 90% of R-citalopram diol.

8. The process according to any one of claims 1-7, wherein the ratio of R- citalopram diol : §-
citalopram diol in the RS-citalopram diol of the residue/precipitate is 0.5 : 1.50r 0.9:1. 1 or
0.95:1.050r0.99:1.01 or 0.98: 1.02 or preferably 1: 1.



jib) if the residue/precipitate is not crystalline, steps i) and ii) are repeated
until a crystalline residue/precipitate 'Etobtained and the crystalline
residue/precipitate is optionally recrystallised one or more times to form
racemic citalopram diol. 6. The process according to any one of claims 1-5
wherein the initial non- racemic mixture of R-and S-citalopram diol free
base,and/or acid addjtion salt with mare, than 5Q% of one of the. .
o O S D o v e ol
morEHRAIFAVE SfeSasidiie/preainieits] br okt Seafentd Moy dakrand(%oaf acid
S'Cit&iﬁﬁf@{@d]ﬁﬂlel%oﬂ_%@Eﬁ’&%@%@sﬁﬁ?@@%m%&@ecﬂgﬁamaoﬁmmprised
wher.eirt}lthg iqitia{ [[10n- acemic mixture. of R-gnd S-citalopram diol free
base ant/of acid AddliaR St With Motk iR 584, BriEne v fAgd addition salt
enarttionidrs contains more than 50% of R-citalopram diol, more preferred
more than 70% of R-citalopram diol or most preferred more than 90% of
R-citalopram diol. 8. The process according to any one of claims 1-7,
wilerdlf RS TSRS ST o ita8h AR Uitiei e kR adsreim it apram diol free base
RS-citefopranh glidliiithsatrasideeipreeipitate dssOLiiod & @iSitial nbOrracemic
0.95; 000,99 L. 8::1.Q2 or preferably 1: 1..32 9. The process
acconr]gljii ragé et((){ fz%}?l/gg n% e%?}a(g{g?h% d119ir39\$\(7 ﬁogéeg?n%({e%ﬁ%é: ﬁ%‘i@ lp? ra ?ﬁltd iol
comprised in the residue/precipitate is in the form of a free base and/or an

acidhadgiienssalichenaoft ang independently thaeaftbRiR-8 acid used for

S-cjtalo .diol comprised in the final solution phase is in.form of a. free
Preg Rt S P ol e SR OO M B SR R A A oo

theaRyansh S-epaitimers - fesresin RS vitlioplammdioifcdedbait efgfothacicbr &-

enAdeitignsalt isArecpiaiedfemna salutigngf the initial non- racemic
mixture of R-and S- citalopram diol free base and/or acid addition salt.

11.The process according to any one of claims 1-10 wherein the acid
uked Terppresipitatingnk $ citalogramhdiolatha salt imgtep Rdigaaragiche initial

whiclh, precinifalae A fs e B5ARd fsPRADIQT IS AP YRS D u is
mother liquor enriched with either the S-or R-
obtained or dissolved in a suitable solvent; and/or present in the solvent during and/or
prior to dissolution of the inifial non- racemic mixture of R-and S-citalopram diol free
base and/or acid addition salt; and/or present in the initial non-racemic mixture of R-
and S-citalopram diol free base and/or acid addition salt during and/or prior to

dissolution in the solvent.

13. The process according to any one of claims 1-9 wherein R-or S-citalopram diol free
base and/or acid addition salt is dissolved into a solvent from the initial non- racemic mixture
of R-and/or S- citalopram diol free base and/or acid addition salt in said solvent, leaving a

residue comprising RS-citalopram diol free base and/or acid addition salt.

14. The process according to any one of claims 1-9 and 13 wherein the acidic part of the RS-
citalopram diol acid addition salt comprised in the residue formed in step i) is an acid which

allows the selective dissolution of either R-or S- citalopram diol free base



enantiomer of the diol free base and/or acid addition salt. 12. The process
according to claim 11 wherein the a?' may be: added after the initial
non-racemic mixture of R-and S-citalépram diol free base and/or acid
addition salt is obtained or dissolved in a suitable solvent; and/or present
in the solvent during and/or prior to dissolution of the initial non- racemic
mixtur citalgpram. diol free bas /or acid addition sa
and/or%pﬁéégglnt %(?te ini g ng;r% racetr%?cu}h& L?%ae%flﬁwﬁﬁ egrfﬁig?omilrﬁhe RS-
citgligraadiphaddaddibeaeili addition salt during and/or prior to dissolution in
the solvent. 13. The process according to any one of claims 1-9 wherein

or S-citalopram diol free base and/or acid addition salt is dissolved into
ESRF 8@/38?%?8%%? %ﬁ?ﬁi%r% r %rﬁﬁ?cﬂ?ﬁi‘}&l‘}r@%ibﬁ and/or S- citalopram
dml frescha setbnebbreactd fackditio imsialt mnsﬂiﬁhﬁ@d\/tﬁhﬁubeaaﬂmgaad ®Bsiduepram

comariing. Brcliiopiam allieehienaaMlonasd.atdiion sl 14. The

process according to any one of claims 1 herein e aC|d|c part
of theves. Y‘filféléﬁréﬁﬁ"%Ita%qﬂl%fdﬂlthwgaw%mpﬁmnhqm@wgd@f& and S-

formeichispsipmiibiganasidahichi@lauvsshaselgagiive dissolution of either
R -or S-ci alo‘glﬁg diol free base 33. and/or acid addition salt and leaves

the uRAISSONEd HhaPAYFAF BRFCHEdith TR REST S Bt otk citalopram
addltiaﬂl Kedthass afidver protedstancaldingitediaitn thad suhaﬁelﬁnﬂm aC|d may
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S- citalopram diol free base and/or acid addition saft 1 mixe
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non-racemic mixture of R- and S- citalopram diol free base and/or acid

additi alt; L d/or ixed e solv nt after the initial non-racemic
e mglxtuﬁg %%f dn§ cita Slpsrﬁ? didifree a}?s% e ?8?%‘@ e{] ?l(%f%éécﬂl jgalt is
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diethyiether, , water, alcohols such as 1s0- propylalcohol, acetonitrile, and ketones such

as acetone and methy! isobutyl ketone ; or mixtures thereof.

7. The process according to any one of claims 1-16 wherein the acid used in step i) is HCI,

HBr, H2504, p-toluenesnifonic acid, methanesulfonic acid, acetic acid or oxalic acid.

18. The process according to claim 17 wherein the the acid used in step i) is HCI, HBr, or
oxalic acid; thereby a hydrobromide salt, hydrochloride salt or oxalate salt of the RS-

citalopram diol is formed, preferably in crystalline form.

19. The process according to any one of claims 1—18, wherein 0. 2-10 mol of acid may be
used, such as 0.2-0. 4 mol, or 0.4-0. 6 mol, or 0. 9-1. 1 mol or 1.8-2. 2 mol of acid is used for
each mol of S-and R- citalopram diol comprised in the initial non- racemic mixtare of R-and

S-citalopram diol free base and/or acid addition salt.



16. A method according to claims 1-15 wherein the RS- citalopram diol
acid addition salt is obtained from ﬂé e initial non-racemic mixture of R-and
S-citalopram diol free base and/or Ad addition salt in a solvent selected
from the group consisting of toluene, ethylacetate, diethylether, THF,
water, alcohols such as iso- propylalcohol, acetonitrile, and ketones such
acetone and meth |ISOb tone ; of mixtures thereof. 17. The
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coﬁ%%%d@&@lé}%ﬁ&@é@@&%atw The process according to claim 17 wherein
the the acid used in step i) is HCI, HBr, or oxalic acid; thereby a

hydrobromide salt, hydrochloride salt or oxalate salt of the RS- citalopram
21 di8id pformetcpréfer abhninoorystallanesfori. 4b8. [Bhehpreeesfactaxdiighio RS-

ciiil TR0 £laimda 18y rﬁ#&&a&fgmmﬂ%@rmay be used, such as
-0. 4 mol, or 0.4-0. 6mo or 0. 9-1. 1 mol or 1.8-2. 2 mol of acid is

used for each mol of S-and R- citalopram diol comprised in the initial non-
22racemindnicdoréinf (R aandnS ogitalpgr amodial ifﬂ@b&ﬂ@@ﬂdf[&rmhitadﬁi&iﬁmmi
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hyfesiguepresipitaiaoRibng h&@i&@&ﬁda&i?%inﬁoﬁﬁraﬂ%@% Qhglaimskdirile,
ram diol is obt

here| a free base of the cit ined in step
i T T B TBTR 32 b A SHEhD (L Pl one
or glaginrssitbt@:01.3 and 21 wherein the RS-citalopram diol free base is
obtained from the initial non-racemic mixture of R-and S-citalopram diols
in.a solvent selected from the group consisting of alkanes such as

231 & B abTBG  RSeA N S B ARt O RyRIr SRS ohid s ity 5 Bt dina! BRiHg@mhase is
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ketone; or mixtures thereo The process according to any one o
Phgims 1-22 wherein the final solution phase is

24. The process according to any one of claims 1-4 and 6-23 wherein the S-citalopram diol (or

R- citalopram diol) is isolated from the final solution phase by evaporation of the solvent.

25. The process according to any one of claims 1-4 and 6-24 wherein the final solution phase
is acidic and the S-citalopram diol (or R- citalopram diol) is isolated from the final solution
phase by basifying the final solution phase, followed by phase separation or extraction with a

solvent followed by evaporation of the solvent.

26. The process according to any one of claims 1-4 and 6-24, wherein S-citalopram diol (or R-
diol) free base and/or acid addition salt is isolated from the final solution phase by
precipitation of the R-or §- citalopram diol free base and/or acid addition salt; suitably a

phosphate salt or an oxalate salt of R-or S- citalopram diol is precipitated.



subjected to one or more further separations of RS-citalopram diol as

described under steps i) and ii) beforﬁ isolation of the S-citalopram diol or

(R-citalopram diol) from the final sola on phase. 24. The process

according to any one of claims 1-4 and 6-23 wherein the S-citalopram diol

(or R- citalopram diol) is isolated from the final solution phase by

aporation of tge solvent. 25. T?ﬁe rocess, acc r%in toanyoneof
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or extraction with a solvent followed by evaporation of the solvent. 26.

The process according to any one of claims 1-4 and 6-24, wherein

S-citalopram diol (or R- diol) free base and/or acid addition salt is isolated

fr final saluti ipitation of the R-or S- citalopram diol
28 TAML DG fnal salution RRAsS by prasipiiatia on ~

free basg ané/or aégi)rgpgdg%tion sallt; S i%ﬁly ge p aé%p \ate salt or aﬁ(%d%\ gtéah'

and/arbeiRIgan Eiealbipeandanriepifadditsenlamdar Rislppserdige base and/or
as aeﬂoiﬁizﬂﬁglaﬁ%ﬁﬂ)é@ﬂﬂi@ﬁ@@iﬂ}ﬁrlti&ﬁﬂﬂlﬁ?@ﬁa%ﬁﬁﬁifdiﬂ]ﬂ"r&-;‘l:i&@éoﬁﬁﬁ&‘ ghalcid
r R-dio taiped containg.a minor amount of the apposite enantiomer
adé%gﬂ 3%{tle‘)isn§;t)%an" %ﬁ()ff)prl%lreab%e%?frze%a%é“m% o,cbgr %%gfoﬁresﬁe]trr%@%r &
citpdapsahahip|dscdBispambieh a8l dod dediprepaltatorrdhgiabopreimldree bagdollowed
by fg/base.acid addition salt and/or S-citalopram free base and/or as acid
addition salt and/or R-citalopram free base and/or as acid addition salt
comprising preparation of RS-citalopram diol free base and/or as acid
addition salt and/or S-citaloprarn diol free base and/or as acid addition salt
and/or R- citalopram diol free base and/or as acid addition salt according
to any of claims 1-27 followed by ring closure.



