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WD 2004/ 056754 PCT/ DK2003/ 000907 A process for the

preparation of racemic citalopramdiol and/or S- or R-
woib@lsprsam di ol s and the use of such diol s foPCTmEK2003/000907

preparation of racemc citalopram R-citalopram

and/or S-citalopram5 The invention relates to a

LA ' i r di ol

AJRBR ol e St PpBIRRTEA L Yol BEER o MALER: AR
citalnpraao didls anil theme affsuthh diodsofop shiepeepakatiamof racemic

-Ccital opr di ol - apd,
C@IQPTW(%C%}WPM?E'g'-c’(tﬂl"PF #or ophenyl ) -1 -
hydr oxybut yl ] - 3- (hydr oxynet hyl ) - benzonitrile) into a

fraction of racemc cital opram diol and a fraction
Theinvgniéen jelgiesdowi nrpeess fir dhe prepaRatiinodf radimeic icieloptaodiol and

bRt bR 38 b SB Aaco B B fna
Rc bidb-01apradNdioD(R-Snd $r4-R- @itnathgRindAd - P-(beﬂlfdiﬂ?l{ejn’ﬁEQ-
n a pharmaceutica conposi tion. Background of the

| I
hydroerinityir-(hgdierymebpbdenranitsleléno admsiian of racemic citalopram
b S B R A e B o L AR b G Rt o
the3ise b such@ddatedr c24lofsiatradiols farthefyrmadon befhercetespontingy

cl osur.e. of 4-[4-(dinethylamno)-1-(4"- | )
WF%%MW?L%PE%WO&&%@PWP%-be@mp&ﬁmma}mwﬁ%ﬂ
cohpdditfor{ racem c citalopram diol) as described in US

patent No. 4, 650,884. The product citalopramis a

racemc 25 mxture of the R- and S-enanti oners.

Furt her e S-enantionmer of cital opram (escital opram
Bf“gi{go\‘}gfiﬁggfeemgﬁ? "YLpressant of the selective

serotonin reuptake inhibitor (SSRI) type. Escital opram

may be prepared WO 2004/ 056754 PCT/ DK2003/ 000907
Citalopram 1s a well-known antidepressant drug that has now been on the market for

some years and has the following structure:

Citalopram may be prepared by ring closure of 4-[4~(dimethylamino)-1-(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

mixture of the R- and S-enantiomers.

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

the selective serotonin reuptake inhibitor (SSRI) type. Escitalopram may be prepared
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2 by ring closure of
S-4-[4-(di net hyl am no) -1-(4' -fl uorophenyl) -1 -hydroxybu
W@ 200403754 hydr oxymet hyl ) - benzonitril e (S-diol)P@I/DK2003/000907
retention of configuration as described in EP Bl 347
066. The ampunt of R-citalopram conpared to

S:-ci tal opr in the produc scital opr houl e
by R g 0 v 14 el -G BpRpRan O BRgeouts-3-
§RANGhY19BeRonitrild (SLUBE wWath BrenfbilofcdnifictaABh ATH¥CcHBed i
(h%rgﬁ{lha%%g%oof th()éStS-gnatl or?gr f(r)om Ifflvtgrahiaxture oc R‘-3 -
ERaRtl 347 66@| Theiapntounb o £R citalloprabogonafaredite SReitiilepraingn the product
descri 03 10 It appears fromthe above,
oS¢ ?prﬁpég%@ag\/\g?ss%éa@%c cital opram and escital opram
with the above-nentioned enantioneric purity are
required for the tgreparatl on of @ pharnmaceuti cal

Fusibayiasses 4 adhod Aer the atepprsienio a BlxErotrRrand wocitalopram with
G S BROATLB SRy P A OB 2y D481

5000 obthe Rediobis derdribed $n WOD03IA0O6TR. epar atl on of products
of racem c diol and S-diol being 15 correspondi ngly
enantionerically pure are required. Processes for the
1?&111 RH&t b Gt ARa@miEeitAbpramtind esBiE DGR Switt
Itgé&gaval ﬁ%%% Iﬁ[processgs |lnvlo vp for |er§st ance .
the alaoviehmers®ned Bmamaos;ent: ipestysarasequiasd forbb@pnep argfon of

0347066, .cl assi.cal l.ution an chro
e FoRBoR s AR RS 'SR ppoits
mhy'Be SRBAEd b rREQERER ¢HiHe RIRIiS10RE thlgl@dllt&@dlol e a
enantioneric purity of the S-diol product nay have to
comeequnmeomdmﬂequrtbe piepagtion of propuesieicraceic digkaad S¢el being
above uj ur [ it has now been
COF(?ERP&’%@F |ﬁ§al IR‘%J?%Ee(gls%gf the invention an 25
expensi ve, but appar ently usel ess S— d| oI product bei ng
contam nated with R-diol, nvert ed

Propessest e thewsensetivasme PHFIES%IBPSOf%r 8% §rﬁl%1 Hiﬁg clsjig available.
Slg'rl]ngn esse\g'hl!l\%kl]ve ﬂ? ?ﬁstin‘a@ efdhtY Sele &R s SschBERSP

I onmeric -ur t her nor e, usi ng the process
0347 Oﬁﬁelasm\zdﬁbscﬁmuomdmhpcmﬂo graphib sépaagijparas mesoyrib8d in

sel ess R-di ol ct b t t t h I
WOt Pependus Feiesacsi it Broopeny S EABN L Birde e
eﬂaﬁﬁ&ﬁéﬁ%@iﬂg ok Safdi ?foduw}fh SmARES bk Iﬁﬁpl%b@d’ Eefore the S-diol

require as regards enantiomeric purit
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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WD 2004/ 056754 PCT/ DK2003/ 000907 3 More particularly,

the present invention provides a process for the
w@epanst7son of an initial non-racem c m xt ur eP@f/DR2003/000907

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

hydr oxybut yl ] - 3- (hydr oxynet hyl ) - benzonitrile with nore

ti f {
MR8 Ry i B iRy g S B Binancet r B oRiblighogen
mmbn&amlaﬁnﬁufa of Rvb@EGLA[4- Qﬁnkaltylmﬁé) B(ﬂ"—ﬂlllor&t) ?l) -1-
is equal _to 1:1 or closer to 1: than i'n the ini

hydrRxy ey bp-(hydrarmes m)xhenzormlebwab awse grn A% ofmnsmfiten
eﬁaitibﬁ%%r ih@Y 0 BeL Hﬁgﬁé& Wlﬂll g’ (ﬁ)‘ﬁ & 'Rscﬁjioflﬁncpae ﬁ?&?o% It
provides a conveni en eap an 1

cdmmimﬁg)Rﬂqdmlnwhdsrameth@fatﬁ-of&hdhoBS‘ Hibldé equzl whi:T br dioes to 1:1
irements as regards

not, et. the. abov req
th@ﬂélhfq\% r F"t’#g ~diglyo val uabl e products,
RS-di ol and S- d| oI (or R-diol), which neet the above
requi renents as regards enantionmeric purity. In
Theproaess of ssipventiohes inmpaetant amd yary usafels inpparienlarheemtse it

PRATEE LB Tl GHE MERIAE R REY AREPRER AP RrGPf R-and 5-

diols whieR 1868 1@ theeLMhe iabevePRy AR mAMtS & lepadPERHEBMmeric purity into
i nvention, the Ig)r ocess for the production of racemc

twQ valrae aredasie Rediol aad Seil fomi-diala grhidhemeesidhs shovent s
re?l‘%irrélgr&g% ?%Pegr;}ds egat{{%ni(e?fc' NG approv al s has 20 becone

nore e M cal as regards the
sinplicity of the process and the utilisation of

reagents and resources. Summary of the Invention
I ler @pRech thesiakentionpapifes wwsm@%t ¢heap apd gificeant mﬁhod for

PP AR e PERTTNE iR o RARR PR %6

esstldperddi ti on salt conprising a separation of an
initial non-racemc mxture of R~ and S-diol free base
and/or acid addition salt with nore than 50% of one of

V&Féflﬁﬁh@ P%@Eﬁt%‘%nﬁoh Nhe peschésast ine ;Ibro%ﬁlcﬁ&a sﬁra@é}ﬁicfcfﬂt%gmrﬁ Bnd

or R-d free base and/or acid addition s
esgifelogray m@tmngwthe compenshisgf RS- rdémctife merkiotisg apprdyals has
bac i d addi tt on ] Aot wher ei n. tpe rati,o.of. R'ldi'tmﬁ di ol

TOUEJHAL® ' T OPOt BEBYTE rpeqrfis heisimplicdty; 4fitlag mpocess
antl thi WkiBisAfon RS rédentSafd fsoiaey. ei n

Summary of the Invention

Thus, the present invention relates to a process for the preparation of racemic diol free
base and/or acid addition salt and/or R- or S-diol free base and/or an acid addition salt
comprising a separation of an initial non-racemic mixture of R- and S-diol free base
and/or acid addition salt with more than 50% of one of the enantiomers 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 wherein
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WD 2004/ 056754 PCT/ DK2003/ 000907 4 i) RS-diol free
base and/or acid addition salt is precipitated froma

waeelunsam of the initial non-racenm c m Xture oOPCRPK200d/000907

S-diol free base and/or aciyd addition salt; or R or
S-diol free base and/or acid addition salt is
itial

di ss.ol ved sol nt gr the n

non-¥ ac enlf‘éé HW?@F%E%%@P 8t acjd 8@“8? 8‘1‘1 Boseepited fomdy or
aci d addi o pfdneAlkle 1hﬂ1a§ﬁ<')r§ira%@1|n‘i/@1ﬁixmﬂe QAL BEd B-diE T A Wase
conprising RS-diol free base and/or acid addition

salt; ii )alldl‘mf apléqudmenpalé,mrpu tate formed is separated

fromthe

o ey Bt 88 andil R AGiib: S GishiEedintg o

r ecr yst al dolwaffromeah® itk meniraddastc hdxthey Jh R-a@aisndi6] free base
diol; 15 iib) if the resi due/(EJrem pitate is not

cryst al | i ad/orgeidmddition salg i saj sleent Jpavingarasiduesprprisns
until a %S’ﬁ%ofi‘ eéggseraﬁﬁ)oguaflaﬁgfﬁoﬂ' §1ﬁte Is obtained

and the crys I'Tne residue/precrpitdte is optionally
recrystallised one or nore times to formracemc diol;

20 iJj) the fi sql uti n phase i s . op al .
subj Bkt edPeses meqlpl,!ﬁﬁ? PIBAR SR s By solution
R-diol frgedpase and/or acid addition salt is isolated

from the flnal sol ution phase; iv) the free bases of
the diols obtained are optionally converted to acid

25 addition sal reof or t g, of
Che di of s5o; attiereanueSisgBiiaRds FryRblinsart Rttt her
acid addition gahysmlidedd6t o e ﬁm@no&ahﬁ $aceBiic diBE

di ol s obtained are optionally converted to the

corresponding free bases. 30 Accordingly, the RS-diol

oo to Tt iR apeiah BB o B R AR i are

either the S Opsudi}aﬂy @épeﬁik&ﬁnbl&ﬁﬁy&taﬂhhe tesidvietprecipitate is
addition salt. The surplus of R- or_ S-diol free base
and/ or aci d adebteingshaedihe rigraliing sesidiie/nrecipitaiets aplignslly

the final sol uld.AR:MNATSneBr ABRihEER Bfh PWemic diol;

1i1) 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;

1v) 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.

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.
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WD 2004/ 056754 PCT/ DK2003/ 000907 5 According to a
specific enbodi nent, the invention relates to a
w@e@sesEesf or the preparation of racem c di ol PCEBKR@SH00907
and/or acid addition salt usj ng the process described
above. 5 According to another specific enbodi nent, the
[ ti.on rel.ates.ta a process for the reparation of
AgERfHe't3 3 sbreifip gmpoipical EdEvean srlaig to. L PrposdPt 8
prephriatios bNgictMf dibl PesthSe ARBEH dcREA BRIVt AFEIIhPedsO
sti]l_ another specific enbodi nment, the 1nventioh
dgseribgdaboye. t he use of the 10 prepared racem c di ol
free base and/or acid addition salt and/or S-diol (or
R-diol) free base and/or an acid addition salt for

Attredingép anathespedific embe dinteng ithinoertim relaths a6 a Process for the
opran) free base and/or acid

ci tal.opr r R-cita . Al :
Pr&B%{P{‘?lgﬂfag&;‘ﬁ (‘EQF-H@OQ %ﬁ%ﬁ base ardder anjacid pddiden sndl using the
proetsRideedindgapsdaPt i on of the invention Wenever used in

this docunent, the terns "S-diol" and "S-cital opram

diol" nean S 4-
AL B RIS 5 T ErbafivieRt e iyt imabaira o ade bhhe

plgiiiéorléﬁ mnggiri]@mm frb'Base @hWBr adkd diition 3MFands:%-4id) QR BEMb1) free

R-
bage pud/orameeie pditipp eylt for the frepasatismdingdemis cligldprmyindtor! S-

cifqobzddh{6! RN o i0é R or ds Caqelipn ol Mgty BoGess"
deRerilamcbeowli ol such as a 0.5:1.5 or 0.9:1.1 or

0.95:1.05 or 0.98:1.02 or 0.99:1.01 m xture of R~ and
S- diol and preferably a mxture with a 1:1 ratio of

D%ﬁﬁeﬁdgﬂ?%tﬁmddﬁheiﬁ%ﬁﬂﬁ‘,}{ef used in this docunment, the

erns enantioner” and "diol isonmer" nmean 30
either S- or R-diol. WO 2004/ 056754 PCT/ DK2003/ 000907

Whenever. used in this docunent, the term"racem.c
Wgﬁela Vier Hﬁegdgl’é‘%s %pciurpﬁr&,ttﬁ? terigs H?ﬁ‘é)l” and “S-citalopram diol” mean S-
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
such as 2 0.5:1.5 or 0.9:1.1 or 0.95:1.05 or 0.98:1.02 or 0.99:1.01 mixture of R- and S-
diol and preferably a mixture with a 1:1 ratio of the R- and S-diol.

Whenever used in this document, the terms “diol enantiomer” and “diol isomer” mean
either S- or R-diol.
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R- and S-diols. The term "non-racem ¢ m xtures of

di ol s" nmeans m xtures which contain R~ and S-diols in
wa@20ansasot her than 1:1. 5 Whenever used i n t hPGI/DK2003/000907

docunent, the terns "cital ogram enantioner” and

"“cital opram isoner"” nean either S or R-ci taI opr am

BEHeb s e Ao (S R G RioR Mg & 111 mixture of the

RSarfdll $-8oRD BB terhh en&ﬁfa%mﬁ%xﬁﬁ@se&ﬂ Hols? %Mﬁ!ﬁrem

m xtures which 10 contain R- and S-citalopramin a
cangain &- ench&dials zma tatid. ot themeldl.i n t hi s description, the
term"precipitation” nmeans formng a precipitate, in
the formof crystals, an anorphous solid or an oil or

Wikieévier @Sedtih €Hie abeurhér®tha tes@b BéitaWpra@fenbiteonhdi’ bh@lcitalopram
non-racenm c mxture of R and S-diol in a solvent. In

ispier” pResscithen & ofdSetalop®n, a precipitate maybe an

oi |, an anorphous solid or crystals or m xtures

thereof. As used in this description, the term
Whleﬁajed u&"d ingfiie decumertthhe teemi ‘darenmieoiedl sprag” afidags a 1:1 mixture

sso R- S-di into a solvent_froman initial
lﬂé %prfﬁnx{F b @ﬂa? npy-ragemis Citalopyprg| geansEESs abch
cdﬁ?ém?e bﬂdk*&‘ﬁalf ?fa%ﬁfaﬁa&%%& $han@Py . anor phous solid or

an ol | ures thereo As ‘used herein, the term
"resi due_/prec:| pitate” refers to either a preci pitate

or I e . f ned, above,. 25 herein,. the
AR th 36 Ferip e It ancomiatad e aNae At bitem
th% gomy 8t crglﬁﬁls Sﬁpﬁf]@ﬂph@ﬁb Joti@ ¥y b 6il BF BfxtRids MR eofAFomSELblution
herein, the term "oOrgani c and/or aqueous phase

ofrthe untlalrn@nframlp meixtes ek and S-&0l i assodyent.i brthe prerszento r

t hase wher
oo, 2T B BRAFPE S BRTHENE P B oSl Yytres
thefeof- di ol s. WO 2004/ 056754 PCT/ DK2003/ 000907 7 As

used herein, the term"final solution phase” refers to
a nother liquor or an organic and/or aqueous phase

A%ﬁ%ﬂlﬂo?x thid dte§ 1BH ghé Eeln%mrés\fcﬁled ki8Rt HleIBsifhe @ma%ng after

dissolving R— or S-dlol 1nto a solvent from an initial non-racemic mixture of R- or S-
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

as 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 R- or S-diol is dissolved from

an initial non-racemic mixture of R- or S-diols.
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5 As already nentioned, the above processes for the
preparation of citalopramfree base and/or acid
w@ewunseom sal t and/ or escital opram free base apdr/DK2003/000907
acid addition salt may result in a mxture of R and

S-citalopram free base and/or acid addition salt which

is not acceptable for pharmaceutical use. According
Asused Ieeeipy the savm ‘ifimabsalitinn phase efors i awgpthepkiqyarios A Ofgamc

f t
anBbiiedngiosd SR AE RO BHe e PERRER SR oP P g
defuse@dibbes. the preparation of raceinic citalopramfree

base and/or acid addition salt and R or S-cital opram
free base and/or acid addition salt has been found.

As Hl"eg‘dlj}ﬁg\ﬁtfbrngg Ghe aﬂ)d%?fréf%?setg Eﬁr tﬁ% Eﬁ:g%taheﬁl oP&tzﬁdSbrhﬂﬂ fdease

acemc m xture free base
andioplicid additich salichintlicorescldpramtfiee aser andfdrenidafdditionesdt may

free b aqdi ti on al t d .
st S i S o ot R L P oyt v
notaagz‘é Sthie forgﬁﬂahnac-gﬁﬁ‘caﬁ Le&t AQdbrdhg EPGe Préefli iV ertioasa bas e
or aci ddition salt is precipitated as_ an oi.l

sm?rhlsmgbr;qgf?ggst progese fasthe prepargomed raprmicshighang Rriox Sikiglsfree
er.eo r
o0 PP SR P BRpSea Pl S e

badd dHdlor 28idsAliition@alt BR@ge or ToRloptaaCRes ase ahdboguid mldltlele

base and/or acid addition salt and R- or S-cital opram
salf hesebdgndeunglnd/ or acid addition salt may be fornmed from

the corresponding racem c diol free base and/or acid

addition salt and R- or S-diol free base and/or acid
Thadkivi pradessahtol s the sparcdtios of en irﬁtﬁalenmacuﬁrxﬂg ntiptusnef Rreand

ok brarnRor arid oRllibs balf WGue BaUSpIGrGIG B e base
an@Y h&H%gdlﬁﬂh %al%&ndﬁ? RSt H- Qﬁr 8_Bolf k&I d¥8d addition

enric or R-di ol free base and/or acid
saladihe framtion aff tacamit diof frecbdso and/cnamd ﬂ@dl'ﬂ@jn s igipercifitagad as

base and/ r aci addi ti ; t wh
a3 AGTTPY 5316 By SR 9P g ge e pSavene
antl e RNbrt $-8o1 e bile@n@for Beid a04ition €alols 1§t)lat3@ fisixihe ginkhe
initial non-raceinic mxture of R and S-diol free

sobdioe phas Gherg ¢aq¢na@ gitalppram feegl hasqypnddorpcidhadgdatign splfnd R- or

al l.ow n r.ef e ase
SHRPEPId RIS EHEDY £id dadih G b B% Hnfbd BERERESSC.
coh@!slb&m@ fayersie ﬂ@d’l&ide@as@ind(?diewmlrmﬂﬂﬁm subendRR- odFaliol free
free base and/or acid addition salt residue fromthe

bage gadipracihaldbiomsplidyEnSHHARES- WO 2004/ 056754
PCT/ DK2003/ 000907 8

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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resulting fromthe selective dissolution of R or
S-diol free base and/or acid addition salt and
w0 swkasi’on of R- and S-diol free base and/ or apCTIDK2003/000907
addition salt fromsaid so%vent. 5 The sol vent used
according to this enbodi nent of the invention is any

sol vent which allow preferenti al I{ the R-or S-diol .
respiting e dhasedpchive dissalutienniR-on Ssdipt frembage sadfpyecid addition

G5 (0P T 450 S Tl sy empalars

soegntal to 1:1 or closer to 1:1 than inthe initial
m xture of R~ and S-diol as a residue. Useful
sol vents are solvents such as those nentioned for the

Th@ ggjeﬁf %Qri 'aQ&r&lg 95 thﬁsergﬂ)dﬁlmgﬁte& 1RO RO ﬁn}Ps%lQérfP kwhich

tion sarts. The initial non-racem c I xture
alloﬁv Refesamtially thei Rybr §+did fiva besecand/wrackcidditmudalt todissdye

e pRGHSTSREORT e s S0 gL Aoy ML wPlhefibe g0 of
R-B0@enbL is ThHial ke 51 by 010BEE6 1191 thah &n fhe e dfktee &P R- hndrBMdiol
be an oil, an anorphous solid or in crystalline form

as grregidud. Xisafub seliignte e solvrets sedi apfbpssraentioned i thoprrgipitation
I Y. [l1ine form 20

Of/&{g' %Pgﬁﬁe gﬁsgagﬁgfggﬁ‘?oggcpénatdﬁgﬁ Sﬁﬁsal nvention, the
initial non-racemc mxture of R~ and S- di oI free
base and/or acid addition salt used in the process of
the invention contains nore than 50% of S-diol, or

THERG P el Rre SER a0 bl eyt aRIGERA addiion sal

usad &t the prevesoal the itventiort inay bmmenﬂ; amrgmdrhieouisrsolid at in
non-racemc m.xture of 'R and S-diol free base and/or

crggialiing s opiEyres hELerf i n the process of the
invention contains |less than 99.9% of S-diol, such as
l ess than 99.5% of S-diol, or less than 99% S- di ol ,

Therrebidas/pteaipita@ddenodd i8-sttipd) magde s od al mgmyahom&h@hd or in

o o ST e 68 BB e g o
prefi 5@% Q¥ sthliive 98%.of S-diol, or 50%99.5% of S-diol,

or % 99. 9% of S-diol, or 70% 98% of S-diol, or
70% 99% of S-diol, or

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 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, 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-diol, or 50%-99.5%
of S-diol, or 50%-99.9% of S-diol, or 70%-98% of S-diol, or 70%-99% of S-diol, or
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WO 2004/ 056754 PCT/ DK2003/ 000907 9 70% 99. 5% of
S-diol, or 70% 99. 9% of S-diol, or 90% 98% of S-di ol ,

wOr0090836799% of S-diol, or 90% 99. 5% of S-di ol PCDDK2003/000907

90% 99. 9% of S-diol. According to another enbodi nent
of the invention, the initfal non-racemc nixture of
5 R and S-diol free base and/or acid addition salt
70%1928% dsm-hm,mrcyo%sw 8% dfifedibh we 80YeedB% obMdinlner Hkp-89% of
than 50% of R-di ]{) e ? erred nore than 70% of
S-dipl, @F 80%0P9-HHf S—%P%Pre 0ok &t SRS 9096 of R di o |
According to yet anot her enbodi nent of the invention,
the initial non-racemc 10 m xture of R and S-di ol
Acobrchng s tism dhbodiawing o fibid invieohios he initisd goR-Faqepyc mixture of
of . t he nvent i
R RIFEG0T 8 i qd b EER p oG Relin [ RogeRPBr P i hn
contdl SRR §0%lof ROdiol, 85 motdi8fedBlnedre Riatli 70l of R-diol or most

Accordi ngly, the initial non-racemic mxture of R and
prefermdil oiore thea W5 ef Bdéiflor acid 15 addition salt may

contain 50% 98% of R-diol, or 50% 99% of R-diol, or

50% 99.5% of R-diol, or 50% 99. 9% of R-diol, or
AcotRdn8 89 &fanbeidi ahbodimeﬂﬁ?/fetﬁéaﬁ'welﬂtldﬁ- ﬂleamtlabnon-me/mgag 5%

of R—dlol or 70% 99. 9% o 0% 98% of
i B - 2 SSTOb BERRH Reiehct) AT g B i profess o e
invlt o?ﬁo%%9a?nsglé§ﬁﬁmﬁ9§j9% of Ilz@ioi”éﬁclpﬁs(lﬁﬁstﬁaﬂlw S%Q)ﬂﬂimt@ dess

un% aracemc mxture R- and S-diols is obtained
thaR 9EYOR-divl] o ledshiBard@Ro o€ 8- ddelgr ee of enantioneric purity

of the R or S-diol is obtained. According to one

errbodi ment of the invention, the RS-diol of the

AckSi %}5?4194 Rigiap h&@hﬁ:emh&mbﬂu&f&ﬁﬁ- @ﬁmmﬁola&e‘erbaee halde acid
anc r"an acid addition salt; and independentl

additien exdf maj eoﬂ@mFﬁO%JPB% ocf.Roqhoi;pr B0 aF Rediphpf H4Y6-99.5%
of R piSpaiot oV B by b SRA PR R T Do ic, o

ri sed
70%)099 b Jres iUl FOSFINIYoaif R- msl ion 90%h28% of Rrdibl, ar 9@%@9%

ase, then the R- or S-diol r%l%]e in the final
of Beiolk poAYHHPI of Rediolper Q/"t%?eg fRdBPl a free base, an

acid addition salt or a mxture of a free base and an
acid addition salt. Furthernore, when the RS-di ol

Thé ?mesmdy ba régeated Antilesiaderaicpnistirp of Bt and $-dioks isiebtaingdm
an acid addition salt en the

ané/@npmlstb@ desired degHer PH@HP@P%B%%OE&*}G A %@B.h is obfained.
formof a free base, an acid addition salt or a
m xture of a free base and acid addition salt.

Adcbrihg 6, onsherbddireerR®{ 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 in 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 salt. 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
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diol conprised in the residue/precipitate is a mxture

of a free base and an acid WD 2004/ 056754
WEOADEZ803/ 000907 10 addition salt, then thePEE/DER003/000907

S-diol conprised in the fing) solution phase, may be

in the formof a free base, an acid addition salt or

.m a.fre se and .ac ition sa

“afh{% feﬁ%ﬂﬂt BR: ?tﬁ-ém? EOIHP%edrl%ﬂt?rfa gl sofigonsph adF’dP%‘%‘“e]al the
fdrih 3FRET R NEESH défd 4RI MR b M xtuk@YF ?Ee@ﬁﬁ% %ﬂ& 2@8 2l on

free base, as salts, or as a mxture of free bases an
safal t s, Furthernore, the free bases of the diols

obtai ned are optionally converted to acid addition

salts thereof or acid addition salts of the diols

Théinitidl @dnarcendphiioned dHR-1hd S0 aud ib&intiRe Mob&ss oBBicdnvention
addi ti on salts or acid addition salts of the diols

Mgl 05 Prsgntasdhe Bpr basaedsisplis on oer mururepfifire bases and salts.

correspondi ng free bases by methods known to those
skilled in the art. 15 Precipitation of the RS-diol
Fantleembees ¢henfiage H&se&:«aﬁthé: dilsoabitaibgd arbioptionally converted to acid

SSO e n-r.acemc of R-_and S-diol
QOB il Berrr % O SR a1 At ol dHiaihed S8 opiBRaLy
cSREMEN O ot AR dcﬁf‘ﬁdlﬂorpééltélgpécﬂl REHif6R alts%@qTet 4168 obtaéned are

al l owi ng the solution to cool or by cooling to bel ow
omﬁmakln ronverisd ﬁ@th@lcerregﬂwedlpgm aseatby methodsdmosmpatiatsed
S f tLhe not her |iquor, preferably by filtration or
]%é Ht 20 A residue of RS-diol free base may be
fornmed by sel ective dissolution of R or S-diol free
base and/or acid addition salt into a solvent fromthe
initial non-racemic mxture of R and S—diols free

P}%@@)ﬁaﬁ‘&%%e cﬂo?ﬁgé l;as? H’lé&?r Sar Soﬁ'tgxéggtjal %%f/ (ﬁs%lvmg

ue rst separ at e ani ¢
thadpbﬁaal&:rmb aﬁgtuteesﬂlki dndgS-dibbfied buze &ﬁ(ﬂ/@ﬁ hdid eddiBon salt in a
di tion of R- or S-diol If th
Svﬂ@Efecfe Seph opienallychy applyinghgag apd H@en llowing t}lﬁtsalruaowcecool
I
ot OB o DB AR 1R FYRARE FHo prbfbart 9 THeh dbatefldBrom
theas@herdiquioe, préferabbdbyf filbratiom er al@ammg: diol fr ee base by

ring closure. The free base of racem c 30 cital opram
may optionally be converted to an acid addition salt

AtrBaaRobt ROERN Bled Bhse hiiebe YHEODY MEAR eI sblution 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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WD 2004/ 056754 PCT/ DK2003/ 000907 11 If the
residue/precipitate fornmed is an oil or an anorphous

W@ oas6784 eps i) and i) may be repeated untiPCEHDK2003/000907
crystalline product is obtaijped. The crystals obtai ned
are optionally recrystallised one or nore tinmes to

[ ase. Raceinic cj.tal opram free
e B O borbfF B AR For ARG sl R bEaY ipymay
be iapgated ostilrecry&alline pfoduet abRimRl. TAE eRjsGlCoBtALOPERM | S

optignal | nverted to an acid addition salt
opifmally fecrytaliarcane,or s Rypas bbiosmracenyaiol frenbagsRebahic
r t e tion 1S

RAGRDORR TRCRAY BE BERAY El b Aol AR Ry Bpa glpsure.
Thofrppbase|of rasiense cisadpmnmt ie dptiomiiy thgveited 8 a5 adidbhidifon salt

hase_ i tionally subjected to conventional
t%bepifgr%%{ai%@n&ﬁﬂgg@& 1de$4b RS- di ol free base prepared
according to the invention nay contain a m nor excess
15 of the S-diol (or Rdiol). It may thus be necessary
TheRp-dird dtee dpeguprepred acbordipg {d the ip@ntioe isl ptionally converted to
a&&ﬁ&&iﬂ&ﬂ&ﬁﬁéﬁ&@%f_ of the RS-diol free base one or nore
times rn order 1o obtain racenmc diol. The final
sol uti on phases may be pool ed together and the diol
engnti oner contajined herein may be isol ated as
Ag ety phewdepripisd fropp the finahsaletianphaspisoptionalbtubjesieddo
'IgilH_Jpﬁ ecini conprising the RS-diol free
Cégggneﬁcg@e apo glrSﬁ?gc}c%%tﬁ?'s for exanpl e al kanes, such as
hept ane or hexane, aromatic hydrocarbons such as
ol ar solvents such as

to ne,. benzene and xyl ene
T G B B e e o s
o SeSRLORY REaRel 1 48 0GRS o FELI ) WPV
pastigydali aresiallisation) ebthb ASediolf frecHmsRGadiorhoiestimdat iaionds té Bbtain

. )., QI ef er apl . in crystalli form If .

rafrih cidls TRE ESE R ohfed s ponlb i eiiir and e diddect ng
endhtibn éresaiteddicy&h ahdyi BR8sdlhied as ddcfib&Erdicse. WO

2004/ 056754 PCT/ DK2003/ 000907

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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12 The precipitation of RS-diol acid addition salt may

be carried out by obtaining or dissolving the
wo4xosi ¢ mxture of R- and S-diol free baseCODKaaB@00907

addition salt in a suitable solvent, if necessary by

appl yi ng heat, and adding Zn acid, for exanple as a

solid, aliquid, in a solution or as a gas. 5 The acid
Theqﬁlecdpi_fuatbiontdﬁ &Sphielcicpl addifionsaifmay RSadiies) oW by PbEIINE 0B N

. salt is an acid which eci.pi t. s .a.m - R 4

aissaomesgmanersmus S o Shvod Braigl e Ref bl doff Sy tiofSattina
suit?tﬂ% 'sglli}%{, ifWeddls By b %f)%ltyﬁ‘% Rat, @hd &idh®hn ssidtor exmiplets a

the diol as the free base or an acid addition salt.
solldpgﬁmadapiwow@uﬁw aghe precipitation of a RS-diol

acid addition salt may be: added after the initia

non-racem c mxture of R and S-diol free base and/or
Thedsdhiduaddbi the Brezaditatibs o0HREidisicheiar additimoialt élari acidiwhich

sui tabl e solvent; and/or 15 present in Ehe sol vent
precipititana mvenerold-iad Stenagtieaes ghd Kavetthe othelapgy ighed

wit%%ﬁﬁ%rntﬁe R &Igf-_ﬁl%l Qlf(l]a]nﬁbm%? Br Be didtlas (eSRectRsE0PR4R adfitith

i'on salt; and/or present 1n the initial

Sﬂmon-racenic m xture of R and S-diol free base and/or
acid addition salt during and/or prior to dissolution
in the solvent. 20 A residue of RS-diol acid addition

Th%géé& u @?tﬁe%‘i&@ﬂta@%n%@h%ﬁdﬁ@c@d SEfioH daliin®f bdz-  or
-di ol free base and/or acid addition salt into a
sol veniddéd afertieinitidl nbrdraceoric misdureia R-ahs Sriiel fge trse

and S-diols free base,and/ar acid addit.i - ' .

ai d_seipead snion sas cury el PR Y S SupRId yd s

exanpu%ggﬁ asolid, aliquid, in a solution or as a
or

gas; m xtures thereof. The acidic part of a
RS- di qiresat 1h thelshlvénddusing endier pring to disseluidorn of the dnitipl non-

tep i) is ' i ch. all QCH V-
i SCol v e i N ot oG PR A aUbEy e andior
aci ¢ it {0fe fdidl Rt @RY AfxfufEo R dindPdivEtee base and/or

material enriched with the RS-diol acid 30 addition
sal t. 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
mixture 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 solution 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-diol acid

addition salt.

The acid used for forming the RS-diol acid addition salt of the residue may be:



10

15

20

25

30

The acid used for formng the RS-diol acid addition
salt of the residue nmay be: WO 2004/ 056754

w2803/ 000907 13 present in the sol ventPOEDER@3/000907
the initial non-racemc m jure of R and S- diol free
base and/or acid addition éalt is mxed with the
solvent; and/or mxed with the solvent together with
t heei niréseat inlomsalveané hiforathg initiel nob-rRcensin gnigiugs of R+ ausleS-

base apd/or .acid addition.salt: .and/or . i X '

Che s ool e rPirieid §Ri slrof Rty g Flpthglor
R gn qni%e% i@ thé 5RPerR BSRURP Vi@rthefitehl AAlrddefiic fktlrd &f R-
m xed wth the solvent;” and/or present in the initial
non- r amdrfi-diohfrse base and/oracidaddibonisadl; ahd/ee base and/ or

acid addition salt duri.ng.and/l.qor prior .to. b Xi
SUUR Rl RtdRe SOy ahRnE REliSncRn it fukhife S A 5
of a I 8§l HualRE 8sd/al dod Ridfioraldl fixcEokith e@dblviean afdlbot
froman initial non-racemic m xture of R~ and S-di ol

fr ee hasentindheinital indnadeintic orixtugadfiR-and S-diok Gembase and/or

id h h sl ' hydr ob ' ' d
Sl phuetgsediior g 3 br B ARSI EE

p-t ol uenesul foni ¢ acid, methanesulfonic acid and
acetic acid. Hydrobrom c acid, hydrochloric a%iggand
Sutsxlale iacida firdhefosmpiie ef & weaidue/pecsiniiate afifiSndiphrsad agifipn salt

are used, a _hydr.obromd : j .
ol 5 G 3 s Sy 00 584
sal€ keSihédghnio@cide &woh 2Stiytisdohloricupid bydrbbroariciacid lapd sw@plyiric

acid is_ used. Accordingly: 0.2-10 ml aof acjid My, be d

acidsu@reaniraridssugh os oxalicrgid, pdplugnesulionse agd, mgihapesyligmyg act
e ic Qi atjathdnforkse r i fepred

R P e T S R R A
acilis XWhES theke Ridsurd uSed]iadlydfobernida salt, aydroshlogide gait or oxalate

addition  salt; d/aor . 0.3-4.0 nol, such 0.4-0,6
safygl thed> giob T om e preffralyat ss R BFasngos LD
eqialBRUT 2Rl is Qed R RutbriingGeNPr i sed in the

residue/precipitate. 2571'n order to increase the ionic
ser enytlh nodl of heid mdylte wad, ssel 850.2tehmas oNAE-0-rayolper 0.9-1.1

added . to t he sal i on before urin r ter the . .
RS- dnehordcld ok dheh s B P eutirarngs” ek oftprised n
Thosge skilidilRH-rhébntib Gridbute 3¢ R andodiohBYE bade atd/of hcill Aadition

anmount of salt added to obtain the desired effect.
salt; and/or

e 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 before, during or after the RS-diol acid addition salt is obtained in step
i). Those skilled in the art will know how to adjust the amount of salt added to obtain
the desired effect.

Suitable 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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30 Suitable solvents for the formation of a
residue/precipitate of RS-diol acid addition salt
WO e@a0s4154 nitial non-racem c m xture of R andPGFUK003/000907
free base and/or acid addition salt are polar and
apol ar solvents such as t oluene, et hyl acetate,
di et hyl et her, WD 2004/ 056754 PCT/ DK2003/ 000907 14
THF Hfcolll Calohlas ispeprbpyda colsd, qoeiopittite, amhiodtones swehoas aceiope and
and ketones such,  as acetone and nethyl isobutyl
metjgl isplntybieeionta e Walfy  he resi due/ preci pitate forned
in step i) is crystalline, the crystals are separated

5 fromthe final solution phase, prefer ablf/ by
If tid debidas/poaciptatedioraet inrstep iV krecrestsliing (the eraalsgpt sepamtady

fronrsflgﬁqr, éﬁ%l?slob.\inz)felg)rhg%r grieiegc’;gt}qlé k?/ ?ﬂttéz’?ueongc{%ﬁé Li(T:‘l ‘f_,zV: ’ﬁbea%rﬁsetals are
optRRh t&By A1 &AWy: digkblvale e lystils in®: doblenty pasthiablytby heating,

tenperature. ~Racem c cital gpram nay&?l%for med from
and flloving gheaolution to sednerdydioshing tq belew @mbiesh tenapergiugsy,

rin |.osur e, j it O . .
Y
saliyefig¢ alokyte! Ties tab¥mis althloptain e be esincuted by @ phainageusically

formed in step i) is not _crystalline, but anorphous or
accgptable|salt ﬂéﬁ’feﬁ{) Rlie%ﬁ‘@éy ﬂﬁ'éﬂé’bgait' steps i) and ii) may be
repeated until a crystalline product is obtained. The

crystals obtained are optionally recrystallised one or,
If theraiduiceacipitatd foroled o steet) ishopweaystabhine Pitaeemphpearam oil,

may be formed fromthe crystalline raceinis:. .di id
or BaRipEEs rech tomy) Py b et B A Gyt pRiouefis
obiTBeaPahE @RNENS SflainBd SredptibhalyTeessthilised bie aaneptimseas

salt thereof, preferably the HBr salt. An oily phase ..
desseiped abast. Racamic letalpprasl may befaresd Sieas bejceysgplineiagemip diol

Subj.ected. to . 20, convent | |- ' GESISERy
aoifiglTop g AL riai S A PR U HAIR BOGRRRRR «
phAGEREE My hecdphdld fananérbef profytalslgniieafiBr salt. ni nor excess

of the S-diol (or Rdiol). It may thus be necessary to

repeat precipitation (in particular crystallisation)

Ol D, s Ree sl ' Litsb Rifion BhhseQ8 SpiiinallPkebjbdta®eo | N
Anz%ﬂyo]r?11 &F %p%ar%%c% g?%ld[g@ggégg Pn&?on‘? xtsue r e.8p TI’?gn?i neJII
cof@ntibhalpupifieaornmycdssespool ed together and the di ol

enanti oner contained herein may be isol ated as

descri bed below. If necessary, crystallisation of the
THS, tgla - 61 %i@ it PR R fardPat Ol olth@in@entiyh may contain a

seeding wth the racemc crystalline diol acid L
miadtétdesnofthé $-diol (or R-diol). It may thus be necessary to repeat precipitation

(in particular crystallisation) of the RS-diol acid addition salt one or more times in
order to obtain 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-diol acid addition salt prepared according to the invention is optionally

converted into other acid addition salts or the corresponding free base.
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30 The RS-diol acid addition salt prepared according
to the invention is optionally converted into other

w@eiod/osdsdi ti on salts or the correspondi ng freeP@EPE2009¥00907
2004/ 056754 PCT/ DK2003/ 000907 15 According to a
preferred enbodi ment of the invention, a free base of
the RS-diol or a hydrochloride salt, hydrobrom de
Accealitg iy a prefidratdeenstmidimertt of the im@ntion) a free base of AedRS-diol or a
preferably . rystalline form]j iy nd
hydmog;czﬂds s ﬁe‘?ﬁrﬁ# _ el P sl o BOFY: e
prei%ra_ﬁbl(ij‘)aﬁﬁcr?ﬁ!él'liﬁg eskmiinthepRi), G8) addity! free base and/ or
aci d addition salt may be subjected to conventional
purification processes (such as treatnent with active
carbon, chronatography etc.) before evaporation of the
sol vent, and/or it may be subjected to one or nore
ThefRﬂSﬁ%l QSlllhtiQﬁ 9131151%%]I ég@falctsnher@cff, 5S: pliast efficHed @athose Sdiol free
-di ol acid addition salt according.to the.invention
basp Aalpaerid pedifiapFULERY PREISHI SPRETIOTH R 7AgH rpgehses
(sugﬂ %J SRR AR LR QAMOh chfiRatBeraphy sicdibeforé ERpokARA of the
and/ or "acrd addition salt may De isolated fromthe
solfdnnaind/cs 4 mby basyijesel tosine gr none Butheoprarippriians @f Resdiol

frog basaior &1 1ol i e 1 sy 15 e nfintof, e GAa fmbAe
the{s%llg?ﬁi\ﬁé%ﬁjlrﬁfBPﬂf'étcii&lrén&ftioB{bil@ﬁﬁiucﬂr by extraction of

ree base and/or acid addition salt
foll owed by evaporation of the solvent. The final

sql ut |,.on ase, exfracts t '
Thg b i I e e bl o S oo 1R3 Eoff TS
solfifb phRY ubifeSuRi@ebed phetetnBy arvh asrahpqatidn dfdhe savent, or in

processes (such as treatnent. w.th ti b
castibolmiogoapnplerc: poiBisry BSERBIGNaTFY Ry PR oS Pheses
r S-di.o I f it
or T h o5y S8, PR e R et
evijtegihaifehsadlverts an oxal ate salt by nmethods known to

those skilled in the art. 25 It has been found that
the enantioneric purity (the rati o between the wanted

o IS ST 0 O S i
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-dio] free base and/or acid addition salts. Suitably, R- or S-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-diol 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-diol) free base and/or acid addition salt prepared
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
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in the final solution phase may be as high as 97-98%
or even higher (i.e. better) depending on the

W@ pmaiosd7e4 condi tions used. 30 Accordingly, thePCH/OK003/000907
(or R-diol) free base and/or. acid addition salt
prepared according to the ¥nvention may contain a
m nor anount of the R-diol (or S-diol) free base

3%arvd peare pusiferredidbs them2%e bt mostprefaaed s thand fe (thragio between

m nor ampunt. may be | ess t WD 20 6754

s ST Batm o af e i et BRI Dess ¢ nan
2% or nost preferred | ess than 1% (the ratio between
the i somer contained in a mnor anmpunt and the sum of

Thdt-r -isnteres paseransl/qeasid addifionsakt sy hsaysifigf gpdisoltsdyfom
saﬂds%i\}ehp{ﬁ' ltsolﬁﬁ%(nﬁ s@‘AE é§cﬁgec9ﬂ% ybsol ated from 5
sald solve

utlon ase as descri bed
above. In one enbodlnent R—dlol free base or acid
addltlon sal t |ned n anaot her enbpdi nent,

In gnpRboRmERt fadid! Fe Besear a&é aéﬁl&ﬁng%# £ QOERKE i ned.
Wen R- or S-diol free base is obtained, it is
optionally converted to acid addition salts thereof.

InAhetheiRembbodiBed, Stdieldiat taskior dcshadslitian jal ipbbtaingdd, it
is optionally converted to other acid addition salts
or to the corresponding free base. 15

WhBRR! bOSBIJ] Gl biseid bBtaBIedOﬂt isofliofhlly ERfreRes® Riddddition
acid addition salt may be mixed w.th a non-racemc

salth thetnod. WheRR- andtdis. abighaddition splhiscobisiarbit 1aepaonally

co%ggrl(t]ctd tggmtlf’e?la&dt %]d%tf%?lt tg]oxr tg‘ﬁgﬁ@oﬁr gﬂg(ﬁ{dlr%sge lga%%/eoranggor
acid addition salt may then be obtai ned by one or nore
precipitations of racemc diol free base and/or an
acid addition salt thereof, foll owed by

[

KRl Pk A0 s BRI i Kt aortial pay e mixed

witle aﬁlonnmérmc arixtuheofZ8 andiSkdishibeedhasg ail/ovacidadilition $alete
base and/ addi.tion.s ri cl osu

OBt GHEH Aok Lep Rre ik PO F0dtion Ve &%gsmfﬁf’f frec'bis andor

acitt Qd&l@érpé%ﬂﬁﬁly fHeB®e %B%?neﬁ%‘?/ oRE offigte pRE[ithHGY oTahdeniBHiol
optionally be converted to an acid addition salt

freeizase ofid/oparedad afdition sdlethoseaf, doliovenal by weanysiofispemas y

desc Cbe,ydS Jb%lv(le I sed.

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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30 Rng closure of the R or S-diol free base and/or
acid addition salt nay be perforned via a labile
wW@saoa0s54764 er redi ate, e.g. in the presence of PCI/DK2003/000907
tosyl-chloride, in a basicljenvironnent, as descri bed

in EP-B1-347 066. Then, the ring closing reaction
proceeds wth retention of the stereochemstry. R or
addjtien salf of#menantieacnapwitysubsmtialy sawabiotsslaoteydigl is then
ObEQEhDK2003/000907 17 addition salt of an enantioneric
urlty substantially equal to the starting diol is
then obtai ned. Ring closure of the obtained racemc

diol] free ba and/ or a ition salt 5
Ripg Flog¥aed theph %dcliaa?lewé#& %ﬁ‘é‘?ﬁn %ﬁcﬁ%@tﬂ%’eﬁi‘lti ey s
pefilfﬁ i «2%13%’ acfic é’ﬂv@roﬂlﬂeﬁp lad ﬁescﬁﬁ&?ﬁq 1G5 4‘3@@ (8'811 t&@lﬁﬁ’ ibdle

racemc cltal opramis obtai ned
esteh assdasbtizEdrebd ve rdietébymaceroml ditploprane 1SRabtmneds ci tal opram
free base and/or acid addition salt may be mxed with
a non-racemc mxture of R- and S-citalopramfree 10

THRARR-Hhed emtidmdeilly-fite Rabf SicRalopfadi freé B&RMnE/or acid
cital opram free base and/or acid addition salt.

adRigion sils ey tbanaippd i thraawonyaganis meixire alcRoendoRiritalopragifiqe
baaﬁ: %ré ! earéléj a 1t?ol?1 % 1§ gbg}él I%Q&‘m% (ﬁ:l’t%@ﬁ{f? KEE bQ% taﬁﬁ)o? QgidOf

ree ase or an
adtihfbh%@l&., Réoehlﬁ@mwoﬂryrnrfﬁaemsd aidl/olsaatd amltam st snayi thewbe

ahove. 15 One particul ar emhodi nent of the inventjon
ohtféneak@soned)ranw@é@é@taﬁlans elfatafopeam fige Pate Qsran afickaddfton salt

th egﬁL félgﬁgﬁdtﬁ@%gc@g r i (%g(g{geﬂggm%al t thereof and/or

ase or an acid addition
salt thereof by the separation of an initia
non-racemc mxture of R and S-diol with nore than
50% of one of the enantioners into a fraction 20 bei ng

01‘?@1?1 driigsk éﬂlﬁd?ln%elﬁ' FthOinvERtdnblafB tb & pfdcastfoPthe preparation of
consisting of RS-diol wherein the ratio of

ragengiic aliol Sredibabe qnsaneaspuhaddutmmsam thereef andar R-or §-diokasdie free

ba%gld‘!ﬂrb?m ACBH]%I& fsag{ R?lglieg)aggf a%gpa%tgln\?cgna}mﬁ{tﬁ oﬂ %acemlc

mB@$e 0P R- 88d SUiciGHith mdfe tBskd5 0% @ oB&bL the f&ﬁﬁrﬁﬁﬁneﬂs InYo & fiaction
precipitate forned is separated fromthe noth

beingensiched path Sdiot prelicd @n‘é pEapdon consisljng afﬁ?ﬁi@luvfher%n the
raflBY 5? ﬁpﬁgll.y-dfo? i éﬁﬁgﬂ!o 1'. $66:18%8 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;
i1) 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;

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 nore tinmes to formracemc diol; iib) if the
precipitate is not crystalline, steps i) and ii) are
wopomabdy repeated until a crystalline precP@i/DER@3/000907
i's obtained and the WD 2004/ 056754 PCT/ DK2003/ 000907
18 crystalline precipitate!§s optionally
recrystallised one or nore tinmes to formracemc
diol; iii) thaysmilineprecipitateris bptiaplly oeraystailishinscraesdre
to further purification and @8 5 diol or Rdiol is
i sol ated fromiPABOHBIRECIGHSE: i v) the free bases of
the diols obtained are optlonally converted to acid
addition salts thereof or acid addition salts_of_ the
di oliy obtha mmthlerdrqaor ispptionallyl sybjseied s fusther pusfieasion aed §-
addltlons or, .aci i.t1.0n I of the diols
obt ai nedd’Q 8%916%1313’%7%2% g}e %gt%?}ﬁql%og cor r espondi ng
free bases. Another particul ar enbodi rrent of the

invention relates to a process for the 5‘@%rat|og
of PAcei tediagibepesiof dhe dialsobiinedara eptéipngllyconvsried &g pol

ther eof {1(91{ Fﬁs tﬁ)e{r?lo%or %19' adaﬁlﬁh e §18Re Qi%%eob%mé’d‘are

acid addl oh €5 e separation of

initial Gptﬁbnaﬂﬁcamwtedn«btﬂleleaomd additiemshltSodhatl awintlhn salts
nore than 50%of one of the enantioners into a :
fracti onobiediplen ‘Pt?]élﬁg arevﬁﬂnﬁn%?yd‘?%lvg%‘?dstﬁ tg? gqrrespgnding free
fractiony gs%mstlng of RS-diol wherein the ratio of

R-di ol : is equal to 1:1 or closer to 1:1 than in
t he in|t|al 20 m xture of R and S-diol wherein i)
RS-diol is precipitated froma solvent as the free

base or as an acid addition salt thereof; or R or

Anstfdt Pﬁm'cﬁa{délﬁﬁ&hﬂl%ﬁt dfMhOinFednvenitesits @ dd&ﬁs foriite al
non-racem c m xture of R~ or S-diols as _the free

prd@asaaon of swiemm diol feclrst oF amacid pddition salebereofandipigh- or S-
f;
dlcﬁ as gl@péﬁ,ed:{ag% gllf :?r,]ng%@ ?‘I(gdg %rlmlf ﬁa’lt th{el)eoit l%}ﬁthe é%&kﬁiiﬂ% ﬁl‘hﬂﬁ%ﬂ-

radeffi€ ikt 6F R-Sin@ ISydibith ffdré thah SO%pdf lomaalf the enantiomers into a
recrystallised one or nore tines tq formracerfn S’ .

fragiion 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;
it) 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;
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WD 2004/ 056754 PCT/ DK2003/ 000907 19 sib) if the
precipitate is not crystalline, steps i) and ii) are

wopomabdy repeated until a crystalline precP@i/DER@3/000907

is obtained and the crystalline precipitate is
optionally recrystallised bhe or nore ti mes to form
racemc diol; 5 1iii) the nother |iquor tionally
subj ect eiib)t o if ﬁildﬂrewlpm:w isfriod atyistablingen steES» i) @n&l) &e Optlonally

R-diol is isolat dfr t her

free bases ofrePﬁage‘bﬁ“H %%%P%Weg?gatgﬁf?%ﬁlag% ahdfhe
converted to @Giidilind gre@qmatd 8 RpaSAly redrgstaitifedrneatinore
addition salts of the diols obtained are optionally

converted to tmheto fauhdacsade diobn salts or acid
addition salts of the diols obtained are optionally
converted to the corresponding free bases. 15 The

| NVRN | Otheirfothérd lifibr Rtopdiotyllyt Subjectald|tovartigr pafigHtios and S-
whi ch may not be construed as limt Exanpl es 20
In the féloll eiredol é&&ﬁﬁe@sﬂ%ﬁ%whﬁd“ﬂ‘?qres wer e
nmeasured by Chiral SCFC (super critical fluid

chr omat ogr aphy) HPLC. Exanple 1 25 Purification of

S- div byhepfrﬁdjapestaftth@dlotsfobltzan@me opliigriallsonyrsted to acid

hydr ochl or i de s thod: A xt U

and S-di afditippsa Hé]f‘?rﬁ%fgx aﬂldtﬁlqoﬁﬁﬁlés Iis( (llgamgﬁ s
di ssol vedyiifhali %H\‘feﬁ‘%d(t@@th'%i—imd éamﬁ@m:s;auam keidhkiaition sals
acid sol UPI on 1 M was added, and in 30 sgne

cases solbf thesthis uhuamd @rd eigionaldy Wéﬂect toribe gprrespoRging free
the concentration of NaC in the water was

approxi nef®Py 1 M. The mixture was stirred overnight,
and filtered. The residue was dried to give crystals
of racem c diol hydrochloride, contam nated by sone

S-di ol hydrochloride. The nother |iquor was basified

Th\é\ﬁirtlvhention is illustrated by the following examples, which may not be construed as

limiting.

Examples

In the following examples optical purities were measured by Chiral SCFC (super

critical fluid chromatography) HPLC.

Example 1

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 mL). Aqueous hydrochloric acid solution (32 mL, 1 M) was added, and in
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 of racemic diol hydrochloride,

contaminated by some S-diol hydrochloride. The mother liquor was basified with
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solution to pH > 9, and the toluene |ayer was

wGaepanst7ed. The aqueous |ayer was washed onceP@DDE2003/000907

with toluene, and the conbined toluene extracts were
dried over magnesium sul fat?® and evapor at ed under
reduced pressure to give mainly S-diol, contam nated

aqudoud) amnsmid sohaiomitn pHot 9 Rndithe toliBme laswb feas Smaraﬂ@ct dihes.
5 Reg ove

o onR YR WES B eRa s eTe i g andaf EARbink lohiSie qriracts

wekESRRLS JeY %a%ﬁéﬂ?ﬁrﬁ%ulfﬁ@%ﬂd SvapbREdDiddRt fe@ﬁceﬁf prédsure to give
Precipitation Mxture' of Isomers Precipitate (m xture

mapfly §-dint c@tamafatt@rwxﬂag spld amponnt, of Rdigl- Gies yabdeoa dateilon

P T G O R
welghd betvRn IhPredpolivdn@fiest 3.3 80 20 51 49 96.7 3.3

69 31 50 50 94.8 5.2 59 41 54 46 92 8.0 *Denotes
t hat solid NaCl vvas added to the m xture, sufficient

fe—festi+mg vvai—er-p'l'ragﬁ XTTet ey T
Beﬁﬁfeﬁ’f?ﬁé@*m he foll ow ng exarrpl 801&{‘& 0:IIlcaI purity

Mixfurf 8 akehiees by Ch Brédipitdtd @nixtird offRlad D115ft&llrasﬂ’ﬁlcﬁtactn on
of S-diol by prec|pitation of racem c|diol free base A
sol ution of S diofSdiglshcetonitrile (5@FEPFRtionand aygporation

55%ww, S:Rratip 95.72:4.28) at ro fcdoee)
was cooled with stirring to -14 C Th(-::t@r’#xt u%&%&nﬂ)

Soseeded Wm%h 20 alSthst-racef®% diol (8R ratio cakR%
60:40) after every drop in of 2 C
98.4 1.6 4 4 97.9 2.1%
95.4 4.6 55 45 ‘ 98.7 1.3*
90.3 9.7 51 49 96.7 3.3
80 20 51 49 96.7 3.3
69 31 50 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 diol 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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After 16 hours the mxture was filtered, and the

filter cake was dried. Analysis of the WO 2004/ 056754
weamADE2803/ 000907 21 filter cake indicated tPeIt/DKR@3/000907

S:Rratio was 57.97:42.03. Analysis of the nother

liquor indicated that the’’S:R ratio was 98.065: 1. 935.

Exanple 3 5 Purification of S-diol by precipitation
filtafcakandivat:ddhat!thé S Reratias@s A7.96143t030AnalfysiSolthgiméther liquor

. .acetonitrile (500 . - 55%ww, S:Rratio

indigated shaj thegy: R rgtio W&g%péﬁﬁgggt ure was cool ed with
stirring to -10 Cwith cooling at a rate of 1 10 C/ h.
The m xture was seeded with alnost-racemc diol (SR

Exampled3 ca. 60:40) after every drop in tenperature of 5
C. After 40 hours at -10 Cthe mxture was filtered,
and the filter cake was dried. Analysis of the filter

Pufifikation6f S-Aicl byt pratipitatioSoRrdcaiodioMieeBAsd 9: 40. 81.
Anal ysis of the nother liquor indicated that the SIR
ratio was 98.52:1.48. 15 Exanple 4 Purification of

S di al_Ry.precipit Atk r A el Ceddi ol as. .
Py iy
at 1886 tSm@éahise (vas colsled wat stimirighte 1 8 BCeviledavling @la tite obb

S pricarat TN e
evé}gg}c{gﬁﬂ tﬁrﬁg&gﬁré 8P4 ecbehkQW nRss AddedC (R ehiRake Whas filtered,
sodi um chlori

e was added (enough so that the )
anc theddter caltd voas diedNAGhLykia of the filker eakevindicaipd thak theat B ratio]

M t abl S5 b . The.m | d
wag R Aai o Baetiwor A QSR AIE T, o
ogbhYisigl s of racem c diol hydrochloride, contam nated

by sone S-diol hydrochloride. The nother |iquor was
basified with agueous amoni a solution to pH > 9, and

Ethel%gol uene | ayer was separated. The aqueous | ayer
¥ vashed once nore with toluene, and the conbined
tol uene extracts were dried over magnesi um sul fate and

evapor ated 30 under reduced pressure to. giVv { nl
Pusifisabion of SriliahPHRIeSIPHAtIoN of rafemic dislgishe by dpechloride 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
so that the concentration of NaCl in the water was approximately 1 or 2 M; see table
below). The mixture was stirred overnight, and filtered. The residue was dried to 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.
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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 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 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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material was virtually quantitative, wth the

we@zensast partiti oni ng of wei ght between the reSpPBERI03H00907
sanpl es. WO 2004/ 056754 PCT/ DK2003/ 000907 23 Before
Precipitation After Precipftation Mxture of |soners
Solvent Acid Precipitate (mxture Q1 after (equiv.)
of R and S-diols) basification, separation and

evaporation (enriched S. ena !
Rob  82.Befare Precipitaiione MsOH (1) 64. 4 é@t%/%’@&lfgag%

Q92 2 17 7 TAl . " AM=OLL 7 DY 120l a4 o -~
—3 —— 1Ot 40 : . U. U Oi84F
MiGis Qe PP I T b2 6Ky 1[FE TR gl #het
Et her MsOH () 55.1 44(Qudo) 3| bIR7andgRdi8ls) 7). 7bFuficatin,
AcCH (1) 71.3 28.7 9.2 3.8 B2.3 17.7 Tol uene. AcOH
(3? 068.1963;1. 1 94.8 5|2 82.3 17.7 Ether AcaH FRIEEN d
. . .4 82.3 17.7 Ethef AcOH (2) 65.{7 3% Slor?
12.8 Exanpleg 6 5 Pufificatiop of S-diol by aporitio
pr eci plegatl oln of a rdcenic dipl salt in the abeeibedst
wat er neral| method] 10 A m kture of R and S di
(as defined ip the tgble below (1 g) was d s?gﬁll\'}mﬁ?r%

tgf%ue e g, etper (10 as d pScRYped TRt he t&l e | R%
below). The akid (as|defined in the itable pel ow) was
ad8ed [nekl.7as| Zobene MIQH @ Xt 444 wals 3G r[ed43 | 57
rnilaht anH filtaordad Tha aci ol 1 . .
HHHgh (o a ) S p— —tCH " 1 eSS c |V I [ |
gﬁ'%m ol 73 shrelengd MO 15 AS2 | o e ot ;93.0’ 16:0
82.3 17.7 Ether | MsOH (1) 62.9 371 91.0 9.0
82.3 17.7 Ether | MsOH (2) 55.1 44.9 89.3 10.7
82.3 17.7 Toluene | AcOH (1) 71.3 28.7 96.2 3.8
82.3 17.7 Toluene | AcOH (2) 65.9 34.1 94.8 5.2
82.3 17.7 Ether | AcOH (1) 65.0 35.0 91.6 8.4
82.3 17.7 Ether | AcOH (2) 65.7 34.3 87.2 12.8
Example 6

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

water

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). 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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l'iquor, and the nother |iquor was basified wth
aqueous ammoni a solution to pH > 9, 15 and the
wo odowesasor et her | ayer was separated. The aqueOIPK2003/000907
| ayer was washed once nore with toluene or ether, and
t he conbi ned organic extracfs were dried over
magnesi um sul fate and evapor ated under reduced
oilpS estabiledor detajlsvBecraieryt of matsialiveasonrteally\WDanialhy @ 36 tshe

PCT/ DK2003/.000907. . 24 oil .. See table f detail s.
BRSOk W PTREE T TR GEARER L at | ve. wi ¢ h
the expected partitioning of weight between the

respective sanples. Before Precipitation After

Preci pi BafiareRrecifitetione of |sorfers SolAdéerntPregipigation
_Precipitate (mxture O afteds—(eguiv)—of Rapg
Mg PETsomges { i Sy sapdr adPrsHPaA (n{é{(/‘gfﬁ)r at Capfter
(enriched S- g¢nantionerg §%f% SPR R0 SR | 82baBiflcatidh,
Tol uene TsOH (0.4) 54 9 45.1 d0.9 8.1 82.3|17.7 Et her
TsOH (0.4) 57|4 42.6 p8.1 7.9| 82.3 17.7 Tol|ugtperation and
(CORH)2 78.4 21.6 93 |7 (0.2) |[82.3 17.7 Tol yen ,
(CeH)2 72.1 $7.8 99.b7 0.03 |(0.4) 82.3 177 Sraporation
(CoRH)2 82.2 17.8 99.b 0.4 (1) 82.3 17.7 Et|hefenriched S-
(CORH)2 58.0 42.0 97.f 2.3 (d.2) 82.3 17.7 |Ether .
(CCeH)2 55.4 44.6 98.14 1.6 (d.4) 82.3 17.7 |Et fgptiomer)
(EERH 725048099 p 05 ST R S TR
82.3 17.7 | Toluene |TsOH (0.4)| 549 | 45.1 90.9 | 8.1
82.3 17.7 | Ether |TsOH (0.4)] 574 | 42.6 981 | 7.9
82.3 17.7 | Toluene | (COH), | 784 | 21.6 93 7
0.2)
82.3 17.7 | Toluene | (COH), | 72.1 27.8 | 99.97 | 0.03
(0.4)
82.3 17.7 | Toluene | (CO-H), | 822 17.8 99.6 | 0.4
1)
82.3 177 | Ether | (COH), | 580 | 42.0 | 977 | 23
(0.2)
82.3 17.7 | Ether | (COH), | 554 | 44.6 | 984 | 1.6
(0.4)
82.3 177 | Ether | (COH), | 72.0 | 280 | 995 | 05
1)
Example 7

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

water using various solvents
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(1) 5 Exanple 7 Purification of S-diol by
precipitation of a racemc diol salt in the absence of
wowRi0e/054184 ng vari ous sol vents 10 WO 2004/ 0567 5BECT/DK2003/000907
PCT/ DK2003/ 000907 25 Ceneral nethod: A m xture of R-
and S-diols (as defined in The table below) (1 g) was
dissolved in a solvent (10 nL; as described in the
Gdnatadll enclieldow) . The acid (as defined in the table

bel d [ )
A grrirns el it Eidesttien i 8R4t bABwy Bl B Vit PR ina
soWeﬁPﬂl.'rﬁ]@ta% deagivb@iiee taﬁi@ﬁél@w? THeBRid ak défndddd the table

formed, the residue was dried to give an oil or

bekoot)ivwhs afided nest hen solidy (be nua@lresvaqaﬁrrmdefu'eﬁagm %rweﬁltered or
eﬁ,ﬂ%%cfj #]a)&r%crl%lt%‘\%g & %21?1 ere a qﬁteagéu he?cf ﬁ%e@ Qﬁie %fdﬁé was

dre@hélgivenntoft detd sblla T}&rldoﬁlbﬁh@idﬁ &fas bﬁg@ﬁﬁa’c%&m& elf.taj’eaﬂeﬂwas
The aqueous | aye

g was washed once nnrg mnag #her
talggchm 1 ln@ TREREP Aeathet e wes: L hsmaixties wag pptieqyeh aqgrous

v,
anRGNESHUELE 18 22, G ARG Bl ot REBRFat & HHE Blfucons Javer
wisowastied andesmorRenitly ethyr, ofid thetcembaded wtter extra;cﬂ;&inly: dried over

quant it with th xpe te art| i ani ng. qf .
g Bkl Svheed yadi roboed pieute 4 @ve g aggtgor an
0113@& P70 00909 Recodly gﬁfrﬁfeﬁaﬂ/%hﬁhﬁlg‘ %@.ﬁltlﬁtiv@ I'with the

Precipitation Mxture of Solvent Aci recipitate
exprttrd partitioning af weight betwieen the(respgttive)sagipl®. and S- di ol s)
basification, separation and evaporation (enriched

S enantioner)



S% R% S% R% S% R% 82.3 17.7 MeOH TsOH (0.4) No
Precipitation 82.3 17.7 MeOH (CO2H)2 No Precipitation

W@ 2002)p56782. 3 17.7 | PA TsOH (0.4) 51.5 48.5 91. BCBDK2003/000907
82.3 17.7 IPA (CO2H)2 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 (CO2H) 2 57.2 42.8 97.2 2.8 (0.2)
82.3 17.7 THE TsCOH (0. 4) No PreC| pitation 82.3 17.7

TLIC (ool DN 1N 460 O a /n 2 Q2 2. .17 2
LI ™ \vu

Acet onew@qﬁﬁclﬁﬁﬁm Preci pi thti on gA1tst Brecipitation e
Mitlrd 0P 6. | 4SpivedS- ¥ 1ARId (UPééc 157it-’ate3 rdiktufe[M BIO1] &ftd
(0.4) 56.8 $#3.2 98.5 1.5 82.3 gﬁCOZ 2 58.7
41l®n9ws 6 0|4 (0.2) Ex&give 8 05W|$d@ i jon bagification,
S-diol by pfecipitati gn of racem c diol oxalja

2004/ 056754| PCT/ DK2003/ 000907 | 27 General et g%%RORmd
m xture of R and S-djols (as gefined in the tabimration
below) (1 g] was diss¢lved in |toluene (10 ijnL). An
aqueous sol fiti on of d was added (1 M 3 nL) (epighed S-

oxalic acid| (as defiped in the table bel ow arﬁ%ﬂfé
neat as a splid. The g xture was stirred 5 overn {i)

B4 fjIRes ey or decanfed if a pres¥pit atR%ha‘d fomed. R%
%W% TsOH (0.4) No Precipitation
82.3 17.7 MeOH (CO.H), No Precipitation
(0.2)
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 (COH), 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
82.3 17.7 MIBK (CO,H), 58.7 41.3 99.6 0.4
0.2)

Example 8

Purification of S-diol by precipitation of racemic diol oxalate
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15

20

had forned, the residue was dried to give an oil or a
solid. The nother liquor was basified with aqueous
wa@pemnsassol ution to pH > 9, and the tol uene | BGYEDKHS/000907
separated. The aqueous | ayer, was washed once nore with
tol uene, and the conbined toluene extracts were dried
over nesi um sul fate and evaporated under reduced 10
Genesd é‘ﬁ‘?go do give mainly a solid or an oil. See table
f I I [
A SREUEERER: Sua SRRHY G HoledTh R P b5, ) maPdlskotuodin
tohenwémwmtj)xe/\n B@EpEL mlmwmfﬂﬁi@iswas Bdflat @ ¥ éch@l Etndtolx.h]c acid

Aft f Oxal d P I1at
¢ et o o Polgthelamisss 1eatsas » gl AE PUkrd SoRgied
oveBBhtY add ﬁfteﬂ@d dpdecantiGf £ reé‘Rig%Qat‘é\f@@ B BiddOWHeE, b&@i?ﬁat%

enantioner) S% R% S% R% 317.7 0.2 51
haglgfogmdd, the ®8idge was dried me: & @Y orla 991idB The motlg? l@uQr?was

58,6 41 .4 97.0 3. o 56,7 43.3 92,

bapt S pdy g Op BB B o o0 Bp o s 7
sepiREIAPThebd@oudlayto® iy &shed Bhcd B0t lhdhe, ind thet&hbined

20 General nmethod: A mxture of R and S-di ol's (as

toffiens FElERGE Wersalricdiomer Magnsspny sulfgie andsevaporpted andgrmrdugsd
pIRHEOT PO PR otla i i SEOMIAGP Blenils Rechil B inleria
wasirteally geantitdtivia&ith ngekﬂexﬂpz(raaomng of wdl)ghsbetWIaat thiehe
concentration of NaCl was 1 M The m xture was
reppactiys BHRIES - gi ve a solid. To the mother |iquor was WO
2004/ 056754 PCT/ DK2003/ 000907 28 added wat er and
ether, was basified with agueous anmbni a sol ution to

pH Befare laedpltaﬂ'rtm ether layer wasAdepareipgdtionhe
agueous Invpr Was_—\wa
t AMIXEEEOE ne OBt Icpcid[Hrpeipifate @X@ra rPié attenhasificalione seasstion

sulf Rh&s and [eYaRRF.ft POFR and S-diols) | and evaporation (enriched S-
enantiomer)

S% R% S% R% S% R%
82.3 17.7 0.2 51.8 48.2 98.5 1.5
82.3 17.7 0.4 62.6 37.4 99.8 0.2
82.3 17.7 1.0 58.6 41.4 97.0 3.0
82.3 17.7 2.0 56.7 43.3 92.7 7.3

Example 9

Purification of S-diol by precipitation of racemic 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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I PHEB:fSe PRlGpiationt! ::g‘: rayer Was AGRPPREpHatioll®
aqueous | ayer was hed once nore with ether, and the

under reduced pressure to give mainly a solid or an
oil. See table for details. Recovery 5 of material was
waoRoonsd754 quantitative, with the expected parPCT/DER200REH00907
of weight between the respgctive sanples. Before
Precipitation After Precipitation Mxture of HCl conc.
Precipitate (mxture QI after basification,
addechwpigr peshethers Biss basiiod) with aquegys) ammenis sojutionjo pH > 9, and

nEYBEPRRL PR LGIAEITER MR SN S

an %écc@nﬁned&h&@mabte Wbﬁb dRiikrd dviec aiagmfsuurﬁ s@fate ahd &maporated
prefere di ssol uti.o di ol dro hIo e i
R UCRSREPIe (eI dRein s SO Pl S (1 { ey Rpoovery
f'ila{aﬁé@aq K RIS Jubstithtlve, With tBLexbecRd Pastit Fhdigird
© an aqueoﬁlgiuso1 utﬁeonlo e’éec( 1%M 1{)2@%_) . T%]e
bem/emuh@ra&asctmelsamplés overnight, and was filtered to

give a solid. To the nother |iquor was added water and
ether, was basified wth aqueous ammoni a solution to

c Mifstunedf et h&Clenne. afPreigitteipnistude |Chbaﬂﬁré>as1ﬁa@ms$qpﬁration
sul fate and|ev ratjed.ynder, r.edude RL.essuLe t
rm:[Wr% sol i d%&ﬁ an 8f#.an$l‘$é 1ng Tey%Por?thnt(gm?thgﬁ 5

contained Rydiol andf S-diol in a ratl 0 OknahtiGmer)99. 0.
The product {fromwork-up of the filtrate contained

R%i o] Bhd p- diol i &%atiloBe 38.8 S%1.2.| Recdiéry

P TV =Y~ SR WIS 3 RP-N I W) A p - I}
vwas v I Tpal Y, qual LN A - U1l I
ﬁect ;de,'Za titiloni ng o '4vve| ﬁp 6lbetwee?}9' he respec '|8ve

Rampl €517, 50| 2004/ 056[/5%43BCT/ DlﬁB.QOS/ 000993 29| d ab.ms:
1. A process for thel preparation of racenic diol free

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

free base and/or acid addition salt conprising a 5

separation of an initial non-racemc mxture of R and
EfaflpRI10f ree base and/ or

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

General method:

A mixture of R- and S-diol hydrochloride salts (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 liquor 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 ether, 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-diol in a
ratio of 1.0 : 99.0. The product from work-up of the filtrate contained R-diol and -
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.
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w@d2aio05679¢ R- di ol

acid addition salt with nore than 50% of one of the
enantioners into a fraction being enriched with
free base and/or acid additiBCI/PERG03/000907
and a fraction conprising R$-diol free base and/or
acid addition salt wherein the ratio of R-diol:S-diol
hs equal to 1:1 or closer to 1:1 than in the initial
dr'ﬁ‘?lsure 10 of R and S-diol characterized in that i)
RS-diol free base and/or acid addition salt is
precipitated froma solution of the initia
Lnon- Aarreedss forithe preparatiorRof mnemis-dioldteeftraseatiemcidartilition
acid diti sal .., 00,15 R _or S.dipl. free base.
o SR o Bl e Fao/f adh fdlion foa B Sineene
f r omsépaeationiof laf linifigfItoha6€Mie niikkd/d LR OdndR: didDHesdke @hd/or
free base and/or acid addition salt in said solvent,
| eavPtig additien setiwith spase thand§” wngi ofithe ensetipmets intedy fpaction
acid I ¢ L) a: resi recl pi-tat
For n2gF ehtiGRa Rl Sraff ol Rl Hfed 35t BPOPIBEARIGAL Bt anco
i i a) friaftidohenieBimguRy-giok Gepbitaddios acitd waditibh salewhbreirbthe
optional |y rf_g,r stalli fed one or nore tinmes to form
r ac et Hiftsfliol:Ssieoliis gguaf fo 1 or ploserde d/lfhar indhe sitial pixture
not  6f ¥Shidl $1M¢ chaa@RFized ifthe 1) are optionally

repeated until a crystalline residue/precipitate is
obtai ned and the crystalline residue/precipitate is

opti gnal | .eC tallised ope or nore tines tq form
el o aRSToioLEse bars andie aeidadition wltiprepiiated fiom 4
opti onal | Yolstith 6£h6 shitifl orlrh&tefic Bukiutd S8R RA S-@BHfree base
S-diol or R-diol free base and/or acid addition salt

i s isol at &8d/py anid addigor saliapr sol uti on phase ; WO

2004 056758 PET BRI e 2ol ARG 545763 o

of the diols obtained are

addi tion selvés fidhetheahitia) ndicialerdiddhixtied oS AL irfd NHidl iRe base
diols obtained are_ . .. ) ) )
and/or acid addition salt in said solvent, leaving a residue comprising

RS-diol free base and/or acid addition salt;

i1) the residue/precipitate formed is separated from the final solution

phase;

na)  ifthe 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;

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 ;
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30.

optionally converted to other acid addition salts or
acid addition salts 5 of the diols obtained are

W@piokosabd y converted to the correspondi ng freRCT/DES@3/000907

2. A process according to chkgiml for the preparation
of S-diol or R diol free base and/or acid addition
salt characterized in that 10 i) RS-diol free base
and/or acid addition salt is precipitated froma

sol utw)on efe fddehakddl dfitd diBRLLIARKIArE pﬂﬁaﬁaﬂp%oﬂvfreréa t696d
S-diol free base and/or acid addition salt; or R or
S-di ol freddibensalisilrent caerid additionisalts efthe diods obtained are

di ssol ved j.r ol.vent fro i nitial . ..
non-r ac emolatrl](grﬁ%}} ? g %@V%Tw& Oélﬁﬁacé‘inaﬁa(gﬁoq jalts of aeid additign splts
aci d addi bf the déalh bbtaihes atetbptiohMBNéonvEREVionHe ok &pbillife free

conpri si n% RS-di ol free base and/or acid addition
salt; ii)P%& residue/precipitate forned i s separated
fromthe final solution 20 phase, and iii) the final

sol ution phase is optionally subjected to further
2puAi firooess penordiagth Gaidi bfordhe Rregamatiof o£§ dd e Rand/ or

acj. ddition,salt,is,.i.solated from the final
5041&%5%%?13%‘3@ w?éfdltﬁlb sacterizeddnthat o ¢l aim 2
wherein the diol prepared is the S-diol free base

and/or acid addition salt. 4. A process according to
cl ai bh 2 wRerdiolrfraethasaiingl onmcisharidéitbn wlttihprefipitated fifonea

30. base d/.or 1d.addition salt. 5. pr S

accor di ngg(%hol(l%rf %ﬁﬁﬁe F@%P(’Pﬂgceﬁ?lg BU¥EES %tﬁq'c?ﬁlaﬁg@i%ﬁﬁe base
di ol fr eeahdiseaci@ndiitdon &t 6r addi tion salt

characterized in that WO 2004/ 056754 PCT/ DK2003/ 000907

31 i) RS &rer Sdiaddrep hase ad@raeidadiidiongalt 15 dpsobeadtinjosn

precipita I .S [.O - 1 DLk pa Pr

non-race mgc?g?%l{tg% l% gleéﬁlagfﬁdél n%c%glging'?u#r? 8Iék b%nsdeS diol free base
and/or acid addition salt in said solvent, leaving a residue comprising

RS-diol free base and/or acid addition salt;

i1) 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-diol or R-diol free base and/or acid addition salt is isolated from

the final solution phase.

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

base and/or acid addition salt.

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

base and/or acid addition salt.

5. A process according to claim 1 for the preparation of racemic diol free base

and/or acid addition salt characterized in that



and/or acid addition salt; or 5 R or S-diol is
di ssolved into a solvent fromthe initial non-racemc
worRoossasof R- and S-diol free base and/ or aciBCT/DK2003/000907
addition salt in said solvept, |eaving a residue
conprising RS-diol free base and/or acid addition
salt; 10 ii) the residue/precipitate fornmed is
separated fromthe final solution phase, iia) if the
resi gue/ pregidiftdtbhsd shdfdrketaaldaltd shft id SreQiBfthiOf ﬁlom/a
recrystallised one or nore tinmes to formracem c dio
15 iib) i $olutinn ofdke mildg] poreigsintiamixtiee afdt- avd Ysdial frqzenlsa,se
steps i) eated until a crystalline
residue/p?ggﬂbci ?@%ﬁg 3§tgined and the crystalline
resi due/ preei $ifodisadissdlvratinenablvent ﬁ@xﬁ)tﬁé lithdl $6A raific
or nore tines to formracemc diol. . The process

accor di ngMigueRf fored Sidiel féﬁermsqalsi/mrcbadslﬂmesaﬂtﬂmsm
hon- rac 658 %\{fﬁﬁa Pefs cﬁe cgl?ngnﬁng 235041 lffr %ﬁﬁlﬁd/or acid

and/ or aC| Salt

of the enaﬂmmmmﬂts contains nore than 50% of S-diol,
nore preferred nore than 70% of S-diol or nost
preferred nore than 90% of S-diol. 25 7. The process

accofigli NgfcQedie/HBEipRhte ThididiBs gep%réﬁ&?ﬁ?x?@hé BfallsBivkibA!

non- tacemc mxture of R and S di ol base
and/ or acpbhsaddition salt with nore than 50% of one
of the enantiomers contains nore than 50% of R-diol,
nore preferred nore than 70% of R-di ol or nost

pref er r edjigpr eifttharbsRRUpadcigRath i@ |c§/ysta3lﬂleat isUpBioRAIBEESS

according to any one of "cl ai nms wherein the ratio
of R-diol:S- dresrystallisedeonrar giops tiges tonferm racemic diol;
residue/precipitate is 0.5:1.5 or 0.9:1.1 or 0.95:1.05
or 0.99:1.01 or 0.98:1.02 or preferably 1:1. WO

2004/ 056758) PCH/thK2Q{i3kpoadffate is not crystalline, steps i) and ii) are
repeated until a crystalline residue/precipitate is obtained and
the crystalline residue/precipitate is optionally recrystallised

one or more times to form racemic diol.

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

preferred more than 70% of S-diol or most preferred more than 90% of S-diol.

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

preferred more than 70% of R-diol or most preferred more than 90% of R-diol.

8. The process according to any one of claims 1-7, wherein the ratio of R-diol:S-
diol in the RS-diol of the residue/precipitate is 0.5:1.5 or 0.9:1.1 or 0.95:1.05
or 0.99:1.01 or 0.98:1.02 or preferably 1:1.



32 9. The process according to any one of clains 1-8
wherein the RS-diol conprised in the

WO e®imssbpreci pitate is in the formof a free PEEBK2003/000907
and/or an acid addition salsp thereof, and
i ndependently thereof the R~ or S-diol conprised in

t he hase is.i.n f f e ba
9 arEBloceS Ul BART Eaé & gitonspled wpreiy s dEcomprisea
pr oc asthe agtduetliredpite My e @rRlore il ‘Eﬁsela'n%/d‘i@ﬂ Rldhddition
RS—dlag§ free base and/or acid addition sa

pr ecF3t gteal apd éndeperdsntly thereod the RreoriShiliol q}mpmmd in the final
race f | ree bas
a1 gt ot & 18ieo o BBl Bhalof B G BHOD Gt

5 of clains 1-10 wherein the acid used for
i RS-diqgl as a salt in step i)_is an acid

rec BI tatin
16+ iR bRk e Eraedo 4ot of Cleims i vhbreli@S-diol froe base
S- engitl/broidRd Siddeish éaﬁeﬂﬁl%c%ﬁgtnﬁ‘?ﬁtoﬂ?ﬁ s&l*,lﬂ(?&ﬁéf t‘gl #ﬁ?l%don-

wth either the S- or tioner o ree
bas erageitliconixaue @f &d dind 5-divl fmk baselmdid? acifhditioncak s
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base and/or acid addition salt during and/or prior to
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15 12toam EesQhcr@ih free
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13. The process according to any one of claims 1-9 wherein R- or S-diol free base
25 and/or acid addition salt is dissolved into a solvent from the initial non-
racemic mixture of R- and/or S-diol free base and/or acid addition salt in said
solvent, leaving a residue comprising RS-diol free base and/or acid addition

salt.

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

an acid which allows the selective dissolution of either R- or S-diol free base



5

1

O

15

20

25

30

WO 2004/ 056754 PCT/ DK2003/ 000907 33 and/or acid
addition salt and | eaves the undi ssol ved nateri al

wepodobhaM with the RS-diol acid addition sal tPCI/BK2008600907

process according to claim k3 wherein the acid may be:
5 present in the solvent before the initial
non

o e RAatlet &g Tl thenaPhva § Gl Sichbrth e
m xe@Swidlhcidwids@dnv@nt toget her W t h the initial

non-racenm c nmxture of R- and S-diol free base and/or
acid addition salt; and/or mxed with the sol vent

1§fte'TPE E?oc%&' b &ldi 0[9 cia%? vghaerxr%lﬁttﬁgfm {n pedNd S- 10

di ol ase an or aci I"on sa <%ni xed with

t he solpreseht inahelsslient PeRSEMME inifiall dv@-fabérhicahixture of R- and S-
non-racenmic mxture of R and S-diol free base and/or

aci d addpliresrpaseppd/ %ﬂﬁoilch@fldafgﬂﬂ Bt ipmierd wigh th@élolﬂem, agd/or
he
1 15 e ST Ehe sl Oont o RPHM G B Mo i e ot -

obt ai nemdiSrdiol fréebdsaiahd/at adid BddidGesals and/st ure of R

and S- diol free base and/or acid addition salt in a
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al cohol s such as 1 so- acetonit

ket omepresgathinase ﬁﬁ?ﬁ%ﬂ@ﬁﬁ-rmﬁuﬂﬁﬁﬁufe dfFehit Sl diok@éb¥8e and/or
or m xtures thereof 20 17. The process according to

any onécadditignsalt dimine apdiprepriprie theanpaing wih thasodteah

i) is HO, HBr, H2SO4, p-toluenesul fonic acid,

nethanesulfonic acid, acetic acid or oxalic acid. 25
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17.  The process according to any one of claims 1-16 wherein the acid used in step

1) is HCI, HBr, H,SOy, p-toluenesulfonic 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-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-diol comprised in the initial non-

racemic mixture of R- and S-diol free base and/or acid addition salt.
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sol Lﬁnddwtqmasmhtaﬁ meathylasabiutyd eohe:t dienixfvésmbaicor, 25. The
process according to any one of clainms 1-4 and 6-24
wherein the final 25 solution phase is acidic and the
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(or R- d101) 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
25 solution phase is acidic and the S-diol (or R-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-diol (or
30 R-diol) free base and/or acid addition salt is isolated from the final solution
phase by precipitation of the R- or S-diol free base and/or acid addition salt;

suitably a phosphate salt or an oxalate salt of R- or S-diol is precipitated.
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10 free base and/or acid addition salt and/or
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free base and/or as acid addition salt and/or
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claing.1-27 followed ring closure. 20
aldition salt and/lor \S@Cﬁafg)%ram frge base and/or acid addition salt.

29. A method for the preparation of citalopram free base and/or as acid addition
salt and/or S-citalopram free base and/or as acid addition salt and/or R-
15 citalopram free base and/or as acid addition salt comprising preparation of RS-
diol free base and/or as acid addition salt and/or S-diol free base and/or as acid
addition salt and/or R-diol free base and/or as acid addition salt according to

any of claims 1-27 followed by ring closure.
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