1 Method for manufacture of escitalopram Technical field of the invention
5 The present invention relates to a method for manufacture of the
well-known anti- depressant escitalopram. Background of the invention 10
Eseitalopram is a well-known antidepressant drug that has the following
structure: NC O F 15 Itis a selectivé, centrally active serotonin
(5-hydroxytryptamine; 5-HT) reuptake inhibitor, accordingly having
aﬂf&ﬁ%{?ﬁﬁaﬂfﬁ‘?}%@ﬁ% %?Q@Q@&gpﬁlﬂnd the pharmaceutical activity
thereof are disclosed in US Patent No. 4,943,590. Two methods for
preparation of escitalopram are disclosed. In one of 20 them

At fdimstpdrmipRsabeidiigophenyl)-1-hydroxybutyl]-3-(hydroxymethyl
) benaonitrile Is fractionally crystallised as a salt with (+)-O O'-d p-toluoyl-
(S,S)-tartaric acid in 2-propanol. The crystalline product produced in this
wey Cconsists i Mgl amRishakiiain very siowand BnthioweRiniig ant-
mother liquors. Insufficient removal of the mother liquors gives a product
wigPE oM iaHAIPIaAE 25 purity and therefore additional purifications are
required. Purifications are time and solvent consuming. These problems
are more evident on an industrial scale. 2 Summary of the invention It has

nBadigsnundof thainselioion of

' 4-[4-(dimethylamino)-1-(4'-fluorophenyl)-
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1:-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile by fractional crystallisation

of&italopram 1s a well-known antidepressant drug that has the following structure:
4-[4-(dimethylamino)-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl
)

NC

It is a selective, centrally active serotonin (5-hydroxyiryptamine; 5-HT) reuptake

inhibitor, accordingly having antidepressant activities.

Escitalopram and the pharmaceutical activity thereof are disclosed in US Patent No.
4,943,590. Two methods for preparation of escitalopram are disclosed. In one of
them 4-{4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl}-
benzonitrile is fractionally crystallised as a salt with (+)-0,0-di-p-toluoyl-
(S,S)-tartaric acid in 2-propanol. The crystalline product produced in this way consists

of small crystals that drain very slowly and tend to retain -the mother liguors.

 Insufficient removal of the mother liquors gives a product with a low enantiomeric

purity and therefore additional purifications are required. Purifications are time and

solvent consuming. These problems are more evident on an industrial scale.
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benzonitrile as a salt with (+)-(S,S)- or (-)-(R,R)-O, O'-dil)-toluoyl-tartaric
acid in a solvent system comprising 1-propanol wherein not more than
0.5 mol (+)-(S,9)- or (-)-(R,R)-O, O'-di p-toluoyl-tartaric acid is used per
mol 4-[4-(dimethylamino)-
1-(4'-fluorophenyl)-I-hydroxybutyl]-3-hydroxymethyl)-benzonitril.e results
in a 10 crystalline product wherein the crystals are larger and of a different

S . 2-propanol. This process has proven to be a
o] dE e Ao

able met or producing crystals with good filtering
properties. This results in much better draining properties and reduced

fiw&ewﬁwe&wﬁ&f&ﬁd@ﬁ%@f&@lﬁﬂ@ﬂ@ﬁm&mﬂé@sﬁ%ﬁm1anqﬂlfaitaghenyn-

Typical filtration times for an industrial scale batch is'a few Hours or less.

15—mqmldﬁﬂmﬂmm@@1§§mw@@imﬁﬁuf@btuf@@f(é@éitalmﬁa}hs»aﬁon of
Dgt '1?8891% 1':8&1%d52f1 Et"ﬁ? NG ?1@1%%9 Qﬁfﬂﬁ%&%ﬂtlﬂbﬁ@ﬁ&ﬁg%nﬁe&yl)—

invention Is to provide a method for résolution o
AYanpeinitstieydarn . 5ab) Vit CHucréphenyh-(R.R)-0, O -di-p-toluoyl-tartaric acid in a

-Nyr ey DUt 3a &8&@&&&59@%%&@!&&#&& IRCONHS 05 mol (+)-(S.S)- or

non-racemic enantiomer mixture into ]tS |§0Iated enantiomers, Sal‘d .
metiBaRdof ptisiig fletustdpaokmigcthsithllis csdliRgagmol  4-{4-(dimethylamino)-
A{4Adi enyydr i35 X wl
¥ smilatunilieRaniatiiealv b i vl alae

0 Ovdiplislupiadesttaticratidlia ersorentsiaEh dshidrisiferspiapanpthan those
etigRo b%r@ﬁ%%’ﬂitrfﬁs In. 3 pactigylanembodimentnaliinare i ehethod for
rt

more particularly not more than 0.5 ‘mol, of the (+)-(S,S)- or o
(- MRt erior acod dilsrisripynartssc HurdrRsule iseyghebetion draining
4'&%6&%%@&@%%&T(ﬁfa{{ﬂﬂfm%i&mﬁg%%%}ﬂknmt impact on large scale

3-(hydroxymethyl)-benzonitril.e. In one embodiment (+)-O,0'-di
petduyiies, S)-pareddidterdiondimse doramHutrEria seabdnsieniy o daggs or less,
p-toluoyl-(R,R)-tartaric acid is used. In a particular embodiment | -propanol

is the major constituent of the solvent system. .
This resolution method is useful in the manufacture of escitalopram.

Detailed description of the invention

One aspect of the present invention is to provide a method for resolution of
4-[4-(dimethylamino)-1-(4"-fluorophenyl)- 1 -hydroxybutyl]-3-(hydroxymethyl)-
benzonitrile as a racemic or non-racemic enantiomer mixture into its isolated
enantiomers, said method comprising the step of fractionally crystallising
4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-
benzonitrile as a salt with the (+)-(8,S)- or (-}-(R,R}-enantiomer of O, O -di-p-toluoyl-

tartaric acid in a solvent system comprising -propanol, ethanol or acetonitrile.

In a particular embodiment not more than 1 mol, more particularly not more than 0.5
mol, of the (+)-(S.S)- or (--(R.R)-enantiomer of 0,0 -di-p-toluoyl-tartaric acid is
used per mol of 4-[4-(dimethylamino)-1-(4 -fluorophenyl)-{-hydroxybutyi]-
3-(hydroxymethyl)-benzonitrile.
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5 In a more particular embodiment 1-propanol constitutes at least 50 % of
the solvent system, such as at least 75 %, at least 90 % or at least 95 %
and in a most particular embodiment 1-propanol is the only solvent. In an
equally particular embodiment ethanol is the major constituent of the
solvent 10 system. In a more particilar embodiment ethanol constitutes
at least 50 % (v/v) of the solvent system, such as at least 75 %, at least

o /b0X Ahigagkent® @A Mst RAUISAn ampediment SNARRL N gnother

y solvent. In an equally particular embodiment acetonitrile is the major
combtidiernof the $olvBrn-teBieys{Balt HrEaTie AC W/ Har embodiment
acetonitrile constitutes at least 50 % (v/v) of the solvent system, such as
at least 75 %, at least 90 % or at least 95 % and in a most particular '
ebsophirtientaacabaitinens thereriyoddi/distmalaheshsiembodite prltrat system.

SRIVEM SYSHRM QAR RNSESIANEL | PRS- QI NG AAEORAMRIEY % of the solvent

particularly selected from the group consisting of toluene, diethylether,

ethiglcazetach, asichlsesmBittane degtaibtorming leas 8t anly @R marticular

'%ﬁl%@fﬁeﬂ?ﬂiﬁ}ﬁlﬁé‘ﬁm%@ﬂﬁﬂ; {bg @mount of co-solvent is in the range
of 0-20 % (v/v) of the solvent system, such as 0-15 %, 0-10 %, 0.5-8 %,

1-5 % or 1.5-3 %. 25 In yet another embodiment the solvent system

COMANISERANRIBE AN ereoRasticHIakBmACdimenh he: AmauRl ok Watek Sotvent

in the range of 0-8 % (v/v) of the solvent system, such as 0.05-5 %, 0.1-3

oSO SR IRONT PatiubtherbrBaIhehan soNERtey st pricey) of the

a@om{asly%ﬁlr, WSS , 30 £aPRPle Ofi RIQQNAIING or at least 95 % and in a most
4-[4-(d|methylam|no)-1-(4'-f|uoroghen [)-1-hydroxybutyl]-

3Ry FRdthdisE he baneldstoe @BE5sabigiecipitate the
4-[4-(dimethylamino)-
1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile as a

san # sseadhppeserteoriahishisicnt acpianisilaiehbBEeerHEwsEhphhe solvent
agid s sele Gt fLom: e 4 oMB LORRISING R MYRNIGRG RS YERAS FOMiCy/v) of

acid, acetic acid, trifluoroacetic acid ,
the solvent system, such as at least 75 %, at least 90 % or at least 95 % and in a most

particular embodiment acetonitrile is the only solvent.

In another embodiment the solvent system comprises one or more organic
co-solvents, particularly selected from the group consisting of foluene, diethylether,
ethyl acetate, dichloromethane and acetonitrile, more particularly toluene. In a more
particular embodiment the amount of co-solvent is in the range of 0-20 % (v/v) of the

solvent system, such as 0-15 %, 0-10 %, (.5-8 %, 1-5 % or 1.5-3 %.

In vet another embodiment the solvent system comprises water. In a more particular
embodiment the amount of water is in the range of 0-8 % (v/v) of the solvent system,

such as 0.05-5%, 0.1-3 % or 0.13-2 %.

In yet another embodiment the solvent system comprises an achiral acid, which 1s
capable of protonating 4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl}-
3-(hydroxymethyl)-benzonitrile but does not precipitate the 4-[4-(dimethylamino)-

1-(4"-fluorophenyl)-1-hydroxybutyl}-3-(hydroxymethyl)-benzonitrile as a salt in the
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and methanesulfonic acid, more particularly acetic acid. In a more
particular embodiment the amount of achiral acid is in the range of 0-0.5
equivalents relative to 5 the amount of
4-[4-(dimethylanmino)-1-(4'-fluorophenyl)-lI-hydroxybutyl]-
3-(hydroxymethyl)-benzonitrile, such“s 0-0.4 eq. In a further embodiment
the solvent system together with the dissolved

4%%%%%%@@%5%@%&% ) é?q é{@ﬁsm%% iyl Mwsdggwaﬁt@@m the

enzonit -di p-toluoyl-tartaric acid
igoouledisoiing fifsotemperaidretinithe lamye A 2B® wrihardiigroacetic acid

teaﬁ?c? rﬁ%tllrj %é%é%giéo%?@t %@gﬁaﬁ%m&q r%g@c CaQd/ Otz én%gre Pamcular

particula to 50 C, to a second temperature in the range of 0
4@rl®0§an¢@mﬁﬁﬂ>ammt@%@mrahm@ isanidglameeDTHE. Q@@l‘rﬁlwts relative to

pgfiiculagemppdiment the differencehetween the 14 %@dﬂsh? ﬁg&%&gimyl

temperature Is in the range of 5 'C to'50 C, particularly 10 C fo” 40 C,
mofeydartizuiaiy S eto8oit. shch p&&n@ﬁﬂ@ﬂembodlment the mixture of
4-[4-(dimethylamino)-1-(4'-fluorophenyl)-
1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile, (+)-(S,S)- or

(J(ReR)oti@: 2endipdiohsoy|-thetariel seid am;tgmvetﬁggl}@sem%lkemeatdrﬁéolved

NP SeARAIETAL R PRAOH I hJANGS 8L T:d.NeH(5 DSTAte 00y -

articufarly 0.5-3 hours, and most particularly hours. In"another

péﬁ@@gmﬁémﬁﬂ{m)e(fﬁ e onikiufB.Bh-42[ (dintetplyariissic( acktisrepcds] from
yH-benzo +
PO D 0T e (5 T e v

crystats, afdheuttebiréd §é]ttat"lhé’¢lrshtempamm:ﬁlgrﬂhﬁﬁg@d@hﬁ@, to a second

ically the amqunt of see ryst is.in the range 0£0.4-0.8 9, . ]
Sggam:éa&%tms% ialegfdﬁge hya I%ﬁ? d artzcuigr?y i8 CO 10730 °C, more
1-{4refbaeraphenyd-lshydraxyhuly Bastcdislr exyraathdhoepzantitacestveen the

typically 30 in the range of 0.45-0.7 g/kg most gyplcally in the range of
058 gné/[@e spcond temperature is in the range of 5 °C-to 30 °C, particularly 10 °C to

40 °C, more particularly 15 °C to 30 °C.

In a particular embodiment the mixture of 4-[4-(dimethylamino)-1-(4"-fluorophenyl)-
1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile, (+)-(S.8)- or (~R.R)}-0,0*
di-p-toluoyl-tartaric acid and solvent system is kept at the first temperature for a
period in the range of 0-4 hours before cooling, more particularly 0.5-3 hours, and

most particularly 1-2 hours.

In another particular embodiment the mixture of 4-{4-(dimethylamino)-1-(4"-fluoro-
phenyl)-1-hydroxybutyl}-3-(hydroxymethyl)-benzonitrile, (+)}-(S,S)- or (-)-(R.R)-
0,0 -di-p-toluoyl-tartaric acid and solvent system is seeded with crystals of the
desired salt at the first temperature or during cooling. Typically the amount of seeding
crystals is in the range of 0.4-0.8 g seeding crystals’kg 4-[4-(dimethylamino})-
1-(4"-fluorophenyl}-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile, more typically
in the range of 0.45-0.7 g/kg. most typically in the range of 0.5-0.6 g/kg.
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In an equally particular embodiment the cooling is done within 8 hours,
particularly within 4 hours, more particularly within 2 hours. In another
equally particular embodiment the precipitated salt is separated from the
mother liquor within 8 hours after onset of precipitation, more particularly
within 4 hours. In yet an equally 5 pafticular embodiment the separated
salt is washed within 4 hours, more particularly within 2 hours. In yet a

fyther emgdiment.ihe seRaiaiedSal Bigmiuliader desiysklingd %ﬂicmlaﬂy

or more times in a solvent system comprising 1-propanol or ethanol )
heliiry tb hows, tengperaaiisuinthe yafye fomrso Clib #ethsflusqually particular

tCRBSEMS ML R SAlVaRk ATk %@ﬁgﬂ%é%”ﬁ&ﬁ hdnRRey RllRWeRd 8 nours

cooling to a temperature in the range of 0 C to 40 C, particularly 10 C to
3efEr wore perisetipletse mors carfivelgshrtiviibin ehmboimdht vet an equally

Lpraranelansianc isihe paipcanstitvent.of thamavens gy¥siame l%'?%é%icularly

more particular embodiment 1-propanol or ethanol constitutes at leas
opiihing hswslvent system, such as at least 75 %, at least 90 % or at
least 95 %, and in a most particular embodiment ].-propanol or ethanol is
the only solvent. In a particular embodiment the major constituent of the

shivepl systder pseloRimens e iTriTsiedesaknih dcatl YHE f aJoTes et At one or
ofibg St%‘{é‘s“h%%%méfﬁ%qz_é%‘f&f{ﬂ&éﬁﬁﬁgﬁf?ﬁ-m&%ﬁﬁ%h&f agpast MhvthRating o a
oda 10

present invention is to provide a r manufacture of escitalopram
comnpesing Teschaiomes 4npm(dméiHyldhairolur (GuiRBrepRdRyIfhe solvent, more
1-hydroxybutyl]s3-(hydraxymethyl itrile intQ i tio cn o
R e SRR Bt oro o
ofid{d-{@irpatiyiamiind)-°C to 30 °C, more particularly 15 °C to 25 °C. In a particular

T o e PO . 1
embediaeiiSnddddcitnaihyllapaipaid -4 Sihanop kenyl)idayairdeast 30 % of the
DU (ydroxymetiyd-penzoniire 19 SLerearPlectiveM Sans et a most
particular embodiment 1-propanol or ethanol is the only solvent. In a particular
embodiment the major constituent of the solvent system used for re-slurrying is the

same as the major constituent of the solvent system used for crystallisation.

Another aspect of the present invention is to provide a method for manufacture of
escitalopram comprising resolution of 4-[4~(dimethylamino)-1-(4"-fluorophenyl)-
1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile into its enantiomers as described

above,

In one embodiment one of the isolated enantiomers of 4-[4-(dimethylamino)-
1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)}-benzonifrile  1s  stereo-

selecetivly transformed into escitalopram.

In a particular embodiment S-4-{4-(dimethylamino)-1-(4 -fluorophenyl)-1-hydroxy-
butyl]-3-(hydroxymethyl)-benzonitrile  is  stereoselectively  transformed into

escitalopram.
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escitalopram. 6 In a more particular embodiment the
S-4-[4-(dimethylamino)-1-(4'-fluorophenyl)-
1-hydroxybutyl]-3-(hydroxytnethyl)-benzonitrile is reacted with a reactive
acid derivative such as an acid chloride or acid anhydride, in particular
methane sulfonylchioride or p-toluerfe sulfonylchloride, in the presence of
a base, such as 5 triethylamine or pyridine. As used throughout the

dgSCrRLioR mﬁlﬂ@ seIHﬁot&'iH&t"rﬁﬁio Lo ~&ﬂﬁl] e{ﬁfﬁhﬁ%)- 'i@fg r—?ﬁl@‘rophenyl)-

process wherein the enantiomeric purity of'a racemic or non-racemic -
mittifecotbnamlidrifed isinerdudedeneatitiden fromastedvheilin ghaeactive  acid

PrRPQHiRR of fhe 19 unwanted -gRapHomer i dhe MPHHER. iSiFeMFERY ahethane

least 20% provided that the” enantiomer ratio in the resuiting mixture is in

favdlangtobenidanes doankirisnsaHasy Khiariphfidd Bletmecfnshing awsse, such as
emﬁa@mﬁ@ixture (50:50) is transformed into a mixture with

an enantiomer ratio of at least 60:40, or 15 ii) a 80:20 mixture is
transformed into a mixture with an enantiomer ratio of at least 84:16. As

u%&dugy@ﬂggg%ﬁ&ﬁﬁtgg%gm%ﬁ%&l@f-ﬁl‘ﬁ§hﬁet%ﬂﬁga‘f@s‘&ﬁﬁi&lm%Hrer'ésolved”
means a 50:50 mixture of enantiomers, whereas the term "a non-racemic
mister el ndeBifs ey WhOrRiik e SRENEMBIACPEINAtIS ACKESOMIT. Al Mgroemic

theughe lé)tft&‘?dﬂ?&ﬁ@@i%W@é}gaglﬂmﬁéﬂ%stec{%5@%@%@?@@5@%56&101} of the

means an enantiomer that is at least 95 % enantiomerically pure,
pARKEEIETY SAREEINIY Th tehaiidwieritaRisare Pard et ety iedsthat the
98 GBI AMENIGARYPHEIBRE R MASEPR! IGWRIYALIRALAR Y oenantiomer as

enantiomerically pure. As used throughout the description and claims the
tepreriRitiRshiy ey dedinsansivareardrocess wherein one enantiomer

crystgflises gs @ SAlEWitRidGRIralRCY) is transformed into a mixture with an
enantiomer ratio of at least 60:40, or
ii) a 80:20 mixture is transformed into a mixture with an enantiomer ratio of

at least 84:16.

As used throughout the description and claims the term “a racemic mixfure” means a
50:50 mixture of enantiomers, whereas the term “a non-racemic mixture” means any

mixture of enantiomers that is not 50:50.

As used throughout the description and claims the ferm “isolated enantiomer” means
an enantiomer that is at least 95 % enantiomerically pure, particularly at least 97 %
enantiomerically pure, more particularly at least 98 % enantiomerically pure, and

most particularly at least 99 % enantiomerically pure.

As used throughout the description and claims the term “fractional crystallisation”
means a process wherein one enantiomer crystallises as a salt with a chiral acid
preferentially over the other enantiomer and in said process the crystallisation may

start from a solution of the salt or a suspension of the salt.
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preferentially over the other enantiomer and in said process the
crystallisation may 30 start from a solution of the salt or a suspension of
the salt. 7 As used throughout the description and claims the term
"solvent system” means the combination of organic solvents and water,
when present. The term "organic solvent" encompasses any protic or
aprotic solvent, such as alcohols, esters, alkanes, ethers and aromatics

b%seé&!& qﬁfbﬁ%%ﬁﬂﬁ@d@?cﬁ?ﬁw)ﬂ{ﬁ %Famﬁsaﬂl% ?&ﬁ?s§%&§§ﬁ@ﬁ‘e%&ns the
As used throughout the description and claims the term "re-slurried"” refers
tcambiveées oeeairiclieleepttalih evmenenbib s maspendee km Sofganicatolvent”

a lemperalue, wherely. (g chystialingmatarial fissolyesfadialy tllowgdrs and

by cooling wheréupon the dissolved material crystallises partially again.
16rAs st rowiingatidsdeshristiorbantl s airts el leases vodhastalmeess:
refers to a process wherein the crystalline material is dissolved in a
solvent at a temperature, optionally filtered to remove insoluble material,

arleh folelvér pyebolinge wirersnpon hé Gigsmivdbeniareridrenstatisegefers to a
p%%@géls?\gﬁé%iﬁf’tﬁgt@%@aﬁﬁleoﬂ{é%ﬁiiai@ §is‘§(3nded in a solvent at a temperature
R-4-[4-(dimethylamino)-1-(4'-fluorophenyl)- - _

1-¥heraxy HrydRaialyar oxpieathylispreines maria by dellerved (yirfg 9tta theereupon
meihadas disalesed bsreimisphatficigntly, high which may occur inter

alia when using mother liquor as the product, the chiral purity may be
further improved by 20 precipitation of racemic

4-Jd-(pethyiaming) s (4 fuqraphend)s Ly draxyHy B ecrystallised” refers to a
3-(hydroxymethyl)-benzonitrile from a solution of the product enriched in
spgrcess wherein the crystalline material is dissolved in a solvent at a temperature,

oﬁﬁ[l%'r@ﬂ@ Silamineats(4 Huoranbenys LN xR 35y WBt reupon

R-
hyl)- benzonitrile leaving a further enriched S- or

Riberdisemnedpaipinbyrsitisepopartially again,

If the chiral purity of an S- or R-4-[4-(dimethylamino)-1-(4 -fluorophenyl)-
1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile product resulting from the method
as disclosed herein is not sufficiently high which may occur infer alia when using
mother liguor as the product, the chiral purity may be further improved by
precipitation of racemic 4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-
3-(hvdroxymethyl)-benzonitrile from a solution of the product enriched in S- or
R-4-[4-(dimethylamino)}-1-(4"-fluorophenyl)-1-hydroxybutyl}-3~(hydroxymethyl)-
benzonitrile leaving a further enriched S- or R-4-[4-(dimethyiamino}-1-(4 -fluoro-
phenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile in solution as disclosed in
W02004/056754,

S-4-14-(dimethylamino)-1-(4 -fluorophenyl)-1-hydroxybutyl}-3-(hydroxymethyl)-
benzonitrile may be stereoselectively transformed into escitalopram as disclosed in

EP034700606.

R-4-[4-(dimethylamino}-1-(4"-fluorophenyl)-1 -hydroxybutyl]-3-(hydroxymethyl)-

benzonitrile may be transformed into escitalopram as disclosed in WO03/000672.
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phenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile in solution as
disclosed in 25 W02004/056754.
S-4-[4-(dimethylamino)-1-(4'-fluorophenyl)-I-hydroxybutyl]-3-(hydroxymeth
yl)- benzonitrile may be stereoselectively transformed into escitalopram as
disclosed in EP0347066. 30 8
R-4-[4-(dimethylamino)-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymet
h s ir i : _ i A
O 0 g sclosd
frogrethésmetisoffiasetisdhige s heremysorerssiffici efitdyieghusiiginathgt liquor as
O LIRIRI AT DRRH NG AIeTIANANRS IEBIRAUR, G ANIAR B acemic
may be further improved by precipitation of racemic citalopram from a
selttioprantiieprodudtiénriehdebinsdscarpighsdaaingalfmerersaving a further
eariobed -¢iialopraminssAllinn &% dIRRos s RYORNREIR99672.
Experimental section Throughout the description and claims the following
abbreviations are used: 10 Eq means equivalents and is calculated as the
eIl e amount o
4-[4-(dimethylamino)-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl
)- benzonitrile. V means volumes and is calculated as millilitre solvent per
grﬂ%ﬁ%ﬁé[ﬁ’@é@&t&%‘%ﬁ and claims the following abbreviations are used:
amino)-1-(4'-tfluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile
frég wases Mpaelgels st ascenbralated asghe molar ratio relative to the amount of
Sl MINY- 11 (4] i) 3- ;
D ek et Do e e a1 oyt
relsavinitpie.
4-[4-(dimethylamino)-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl
)- benzonitrile starting material.

V means volumes and is calculated as millilitre solvent per gram of 4-[4-(dimethyl-

amino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl}-benzonitrile free

base.

Molar yield is calculated as mol S-4-[4-(dimethylamino)-1-(4 -fluorophenyl)-
1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile in the product per mol racemic
4-[4-{dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-

benzonitrile starting material.

Seeding erystals

Seeding crystals can be prepared by mixing of a solution of S-4-[4-(dimethylamino)-
1-(4"-fluorophenyl)-1-hyvdroxybutyl]-3-(thydroxymethyl)-benzonitrile (10 g) in
1-propanol (9.5 mL) with a solution of (+)-0 0 -di-p-toluoyl-(8,S)-tartaric acid
(11.6 g) in 1-propanol (88 ml) or by mixing of a solution of R-4-{4-(dimethylamino)-
1-(4 -fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl}-benzonitrile (10 g) in
l-propanol (9.5 mL) with a solution of (-)-0.0’-di-p-toluoyl-(R,R)-tartaric acid
(11.6 g) in 1-propanol (88 ml). Alternatively seeding crystals may be made in a

similar way using ethanol as the solvent instead of 1-propanol. Preferably the seeding
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Seeding crystals 25 Seeding crystals can be prepared by mixing of a
solution of S-4-[4-(dimethylamino)-
1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile (10 g) in
1-propanol (9.5 mL) with a solution of (+)-O,0'-di p-toluoyl-(S,S)-tartaric
acid (11.6 g) in 1-propanol (88 ml) o by mixing of a solution of
R-4-[4-(dimethylamino)-

15@544%9&&%@5%&%5%%%é—é&@a%%%@-ﬁeﬁqgeeigvﬂ%z@éatg)ﬂnvhere

3071-propanol’ (9.5 mL) with a solution of
(Hhey, Ol 18- tetadyReR s taresiecdcigcp1dimegpithe srsparies (gdawynay also be

A\gg%ﬁwggiggégiﬁg% g, crystals may be made in a similar way using ethanol
as the solventinstead of 1-propanol. Preferably the seeding 9 crystals are

crystallised from the same solvent as the one for the crystallisation where

thigy. shall b used. & ?l%ﬂﬁ%ﬁ"—‘?—?g'Q@E&rhgﬁ%gr%g)t—heh?ﬁ%ﬁﬂﬁﬁlwpmydmxyl—

may also be used as seéding crystals. 5 The S- or _
Rt ehreietayisitineed {ar-thio roppreripR 10h yare RH GEy s spaIrbkybtained as

metdlenzopitieased rd0s pigagsation of seeding crystals can be
obtained as disclosed in EP0347066 or W003/006449. Experiment 1 10

(+)-0,0'-Di-p-toluoyl-(S,S)-tartaric acid (0.39 eq) was dissolved in
1¥xppeinuintd 44 V). The mixture was heated up to ca. 40 C and acetic
acid (0.2 eq.) was added. This solution was transferred within one hour to
a solution of 4-[4-(dimethylamino)-

1{(@r-fhardpharighiayl ek acithy iRy methyirbelisshise fred-propanol
b%ﬁ%ﬁin\]]) 5H:PIARARR! QIR M AAININUG. V0l 1QlUgP G 1HNG PeSPIHaR added.

mixture, containing now in total 4.4 V 1-propanol was seeded with seed
criBiagpbsinprisigransierred within one hour to a solution of 4-[4-(dimethylamino)-

AL ST Nttt e

stimeigrardg(G%rV) containing 0.1 V of toluene. The resolution mixture, contaming
now in total 4.4 V l-propanol was seeded with seed crystals comprising
S-4-[4-(dimethylamino)-1-(4 -fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-
benzonitrile and (+)-0, O -di-p-toluoyl-(S,S)-tartaric acid and then stirred at 40 °C for
2 hours. The mixture was cooled to 20-25 °C within 2 hours. The product was filtered
and washed twice with 1-propanol. The enantiomeric purity was typically i the range
from about 91% to about 98% S.
The product was re-slurried in 1-propanol (2.5 V) at around 50 °C for 2 hours. The
mixture was cooled to 20-25 °C. The product was filtered and washed with

1-propanol. The enantiomeric purity was typically about 99.3% S.

The molar vield was typically 34-36%.
Experiment 2

(+)-0, 0 -Di-p-toluoyl-(S.S)-tartaric acid (0.4 eq) was dissolved 1n 1-propanol (3.3
V). The mixture was heated up to ca. 40 °C, acetic acid (0.2 eq.) was added and then
the solution is transferred to a solution of 4-[4-(dimethylamino)-1-(4"-fluorophenyl)-

1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile free base in 1-propanol containing
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2 hours. The mixture was cooled to 20-25 C within 2 hours. The product
was filtered 20 and washed twice with 1-propanol. The enantiomeric purity
was typically in the range from about 91% to about 98% S. The product
was re-slurried in 1-propanol (2.5 V) at around 50 C for 2 hours. The
mixture was cooled to 20-25 C. The pbduct was filtered and washed with
1-propanol. The enantiomeric purity was typically about 99.3% S. 25 The

mplag wigldwas il 3en 3R EXRSIIeRL 0w in total 4.5 V 1-propanol was
(+)-O,0'-Dip-toluoyl-(S,S)-tartaric acid (0.4 e? was dissolved in |-propanol

(35dad vjtiThectistiralbarompstent B 1o bl dnehganiaakia((o-SwggphenyD-

wagaddeda ]I@q'ﬂyﬁasﬁ%{igm%i%éféeﬁfﬁﬂ@d to ggplution:gfo,0’-di-p-toluoyl-
4-[4-(diméthylamino)-I-(4'-fluorophenyl)- i
-6y dioRyBLity ACHL @yHEBSY HBTH Witfe%z(«srfﬁmwé@%sg b mpispanss cooled to

coptaining 10 +Qol Nhioluang. JhadasqidionmbdureGonaRingMeWMiRshed with

total 4.5 V 1-propanol was seeded with seed crystals comprising
Sldpfﬂp@}%ethylamino)-l-(4'-fluorophenyl)-

L-ycixisiydl 3 #hmer adnathvbanzanitrie;ang: ()6:O-dip-toluoyl-
(S,S)-tartaric acid and then stirred at 40 C for two hours. The mixture was
coelEaeER Ry Dah SR BMETMCHEN PGt SRR ST ihliet T 84k tor)
and washed with 1-propanol. The enantiomeric purity was typically
around 97% S or higher. An exemplary batch gave molar yield: 33.8%,
eHSREBHERE Durity: 99.0% S. 10 Experiment 3 The general procedure of
Experiment 2 was applied, however 0.5 eq of (+)-O,0'-di-
p-toluoyl-(S,S)-tartaric acid and 10V of 1-propanol were used, No toluene

or BEdifecH @R Bre SéheTRcR R steris BRI xR hatth gale-0.0™-di-
mala el dis29) 2B RaRIOMRICOUIHY 1 3FcnS! were used. No toluene or acetic

acid was present in the system.

An exemplary batch gave molar yield: 29.5%; enantiomeric purity: 99.2% S.
Experiment 4

The general procedure of Experiment 2 was applied. To the 4-[4-(dimethylamino)-
1-(4 -fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl}-benzonitrile ~ free  base
solution in 1-propanol was added 0.05 V of water. No toluene or acetic acid was
present in the system.

An exemplary batch gave molar vield: 29.3%; enantiomeric purity: 99.3% S.
Experiment 5
The general procedure of Experiment 2 was applied using only 0.25 eq of (+)-0,0-

di-p-toluoyl-(S,S)-tartaric acid. No acetic acid was present in the system.

An exemplary batch gave molar yield: 29.4%; enantiomeric purity: 99.0% S.
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Experiment 4 The general procedure of Experiment 2 was applied. To the
4-[4-(dimethylamino)- 20
1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile free

-base solution in 1-propanol was added 0.05 V of water. No toluene or

acetic acid was present in the systerhl An exemplary batch gave molar
yield: 29.3%; enantiomeric purity: 99.3% S. 25 Experiment 5 The general

pﬂﬁe%ﬁa 9{ xperiment 2 was applied using only 0.25 eq of (+)-O, O'- di
p-toluoy -fS,S -tartaric acid. No acetic acid was present in the system. An
exemplary batch gave molar yield.: 29.4%; enantiomeric purity: 99.0% S.

3fht %eﬁé@?%‘@@é&u@eﬂﬁ%&%?éﬂ? GeAUG AL RS UMARLLWAS ARRIER in the

No acetic acid was presentin the system.5 An exemplary batch gave
mokieyield: 32.6%); enantiomeric purity: 98.0% S. Experiment 7 The

9%eé%ﬂn&%%gﬁl{%&g%@@ﬁ%ﬁﬁ?%?d‘."@s.6@%’?&'&&%&;&98%&@?’9‘8’@% S

present i tem. The experiment was carried out with a small
amount of water (0.01 V) An exemplary batch gave molar yield: 32.5%;
eqantiomeric purity: 98.7% S. Experiment 8 15 The general procedure of
Experiment 2 was applied. No acetic acid was present in the system. The
experiment was carried out with a higher amount of water (0.05V)

g’fﬁzg‘ é%%?i?n%%gt%g@g? EMAIAMARIS: B4k GXpIRAARICREHIC RN OOt in the
.system. 19}13 experiment was carried out with a small amount of water (0.01V)

An exemplary batch gave molar yield: 32.5%; enantiomeric purity: 98.7% S.
Experiment 8

The general procedure of Experiment 2 was applied. No acetic acid was present in the
system. The experiment was carried out with a higher amount of water (0.05V)
Exemplary batches gave:

Molar vield: 34.7%; enantiomeric purity: 99.0% S.
Experiment 9

The general procedure of Experiment 2 was applied. Additionally a small amount of
water (0.05 V) was added to the 4-[4-(dimethylamino)-1-(4 -fluorophenyl)-
1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile free base solution in 1-propanol.

An exempiary batch gave molar yield: 33.0%; enantiomeric purity: 99.1% S.
Experiment 10

100 g (0.292 moles) of 4-(4-dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl)-
3-(hydroxymethyl)-benzonitrile were dissolved in 150 ml of pure ethanol at 40 °C.
Maintaining the temperature around 40 °C, a solution made of 57.5 g (0.148 moles) of

(+)-0, O0'-di-p-toluoyl-(S,S)-tartaric acid and 350 ml of pure ethanol was added in one
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amount of water (0.05 V) was added to the
4-[4-(dimethylamino)-1-(4'-fluorophenyl)-
1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile free base solution in
1-propanol. 25 An exemplary batch gave molar yield: 33.0%; enantiomeric
purity: 99.1 % S. Experiment 10 100 g (0.292 moles) of

A %P'”?%‘J‘Xﬁ}ﬁ}/l d wis Gedleranheny)) Ladrox YRy Rerdferature overnight. The

3-(hydroxyme benzonitrile were dissolved in 150 ml of pure ethanol at
Agnepenvigintamiteptae e Mperad flecnfdimeddo C, a solution made of 57.5

ORIkl (3o el BgAlvoN-{5S)-taraic acid and 350 m o

pure ethanol was added in one 12 hour. The mixture was seeded and
then cooled to room temperature overnight. The suspension was cooled
t%)?emgemgﬂﬁltered. Mola.r yield 29.5%, enantio.meri.e purity 98.2 % S.
EXperiment 11. (+)-O,0'-Di p-toluoyl-(S,S)-tartaric acid (0.25 eq) was
dissolved in 1-propanol (200 ml). The mixture was heated up to ca. 40 C

angh then the salutiom wes trapsferred ten tion..of: . |
SR g SIS Rl STER L ol n arans 00

miethylberzonkrieiiesisdsw (08 (N ind méuobe souhircoatami1ed o a
9 {OIERE- of h@-l%?giﬁmwméﬁ—'lg@? RGN I ftal 3 M bRy OPAIRY droxyl-

was seeded at with’seed crystals comprisin o
Swcfay{tipratepisiiioye e il sphedypropanol (g 100 ml) containing 11 g toluene.
1-hydroxyibutvli3rhndroxmetngsbanzopitiie; and @R T dWR-teliilar 40 °C
(S,S)-tartaric acid and then stirred at 40 C for two hours. The mixture was

covldd toes 20Tyifiahio IFeMREIAHREKe pt-4t ol dmedgptirhk{droduetophenyl)-
wag, {ilirredh B@@QM whdyashed with; i-propapgl. Mofas.yieldl. di-p-toluoyi-
31.8&, eﬁgontig]?nenc urity: 95. 090 S. Experiment 12 alj ' P
(8.S)-tartaric acid and then stirred at 40 °C for two hours. The mixture was cooled to
20 °C in two hours and kept at 20 °C overnight. The product was filtered ({ilter
reactor) and washed with 1-propanol.

Molar yield: 31.8%, enantiomeric purity: 95.5% S.
Experiment 12

Experiment 11 was repeated except that the total volume of 1-propanol was 10 V.

Molar yield: 30.7%, enantiomeric purity: 98.9% S.
Experiment 13

Experiment 11 was repeated except that the total volume of 1-propanol was 4.3 V and
0.39 eq of (+)-0,0 -di-p-toluoyl-(S,S)-tartaric acid was used. This example was
repeated several times. The crystallization batches were kept at 20 °C for up to 16 h,
typically up to 8 h.

Molar vields: about 35%, enantiomeric purity: > 98% S.
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20 Experiment 11 was repeated except that the total volume of 1-propanol
was 10 V. Molar yield: 30.7%, enantiomeric purity: 98.9% S. Experiment
13 25 Experiment 11 was repeated except that the total volume of
I-propanol was 4.3 V and 0.39 eq of (+)-O,0'-dip-toluoyl-(S,S)-tartaric
acid was used. This example was repeated several times. The
crystallization batches were kept at 20 C for up to 16 h, typically up to 8 h.
’?:ﬂg Xkﬁ’% about 35%, enantiomeric purity: > 98% S. 13 Experiment
xperiment 11 was repeated except that the total volume of 1-propanol
was 4.5V, 0.50 eq of (+)-O, O'-di-p-toluoyl-(S,S)-tartaric acid was used,

apd fhehalding &Qgeregéﬁ?ég rexfiliratnn wasBml LdMalar Hield38%Mel was 4.5 V,

enantiomeric purity 2% S. Experiment 15 10 Experiment 11 was

réhatet @xeebﬂﬁbtdh@ﬁiawb@n% Bracgrosihorawasels apd dhschelfie time

(ReRr Oty L ($1S)-tartaric acid was used, and the holding time
before filtration was 0.5 h. Molar yield: 38.9%, enantiomeric purity: 82.8%

SMobERpldiifent TR Rigraems NIty Was ('eﬁeated except that the total
volume of 1-propanol was 4.5V, 0.675 eq of (+)-O,
O'-dip-toluoyl-(S,S)-tartaric acid was used, and the holding time before
filraperimess ddernight. 20 Molar yield: 35.2%, enantiomeric purity: 76.2%
S.

Experiment 11 was repeated except that the total volume of I-propanol was 4.4 V,
©0.60 eq of (+)-0,0 -di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time
before filtration was 0.5 h.

Molar yield: 38.9%, enantiomeric purity: 82.8% S.
Exﬁeriment 16

Experiment 11 was repeated except that the total volume of I-propanol was 4.5 V,
0.675 eq of (+)—0,0’-di-p—toiuoyl-(S,S)ntartaric acid was used, and the holding time
before filtration was overnight.

Molar yield: 35.2%, enantiomeric purity: 76.2% S.
Experiment 17

Experiment 11 was repeated except that the total volume of 1-propanol was 6 V,
0.75 eq of (+)-0,0 -di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time
hefore filtration was 0.5 h.

Molar yield: 24.8%, enantiomeric purity: 99.4% S.
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Experiment 17 Experiment 11 was repeated except that the total volume
of 1-propanol was 6 V, 25 0.75 eq of (+)-O,0'-dip-toluoyl-(S,S)-tartaric
acid was used, and the holding time before filtration was 0.5 h. Molar
yield: 24.8%, enantiomeric purity: 99.4% S. 14 Experiment 18 Experiment
11 was repeated except that the totall folume of 1 -propanol was 6 V,

0.75 eq of (+)-O, O'-di p-toluoyl-(S,S)-tartaric acid was used, and the

hE 'anﬁmﬁ &before filtration was overnight. Molar yield: 31%,
enahtiomerl.c purity: 99.4% S. Experiment 1.9 10 Experiment 11 was
repeated except that the total volume of 1-propanol was 4.5V, 0.75 eq of
( Jﬁer%éq{&@'%%'i@é%@@@%fﬁwé used wsHibeRalding HIe was 6 V,
before tiltration was overnight. Molar yield: 30.3%, enantiomeric purity:

99. 0966 of 6-ELberient oD ER g Sritrdaaricws raps ditileRBe phihapifipe time

'qiehyelmeRLiRiaRaRabnes 4.5 V. 075 eq of -
(+)-O,0-dip-toluoyl-(S,S)-tartaric acid was used, and the holding time

bMeter filieltich Weenardieyacomiolsr §9etdt 52.29%, enantiomeric purity:
92.8% S. Experiment 21. Experiment 11 was repeated except that
acetonitrile was used as the solvent in stead 25 of |I-propanol in a total
vélupezinfend 18 0.25 eq of (+)-O, O'-dip-toluoyl-(S,S)- tartaric acid was
used, and the holding time before filtration was overnight. Molar yield:

30.0%, enantiomeric purity: 96.0% S. i
Experiment 11 was repeated except that the total volume of 1-propanol was 4.5V,

0.75 eq of (+)-0, O -di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time
before filtration was overnight.

Molar yield: 30.3%, enantiomeric purity: 99.0% S.
Experiment 20

Experiment 11 was repeated except that the total volume of 1-propanol was 4.5V,
0.75 eq of (+)-0,0 -di-p-toluoyl~(8,S)-tartaric acid was used, and the holding time
before filtration was 4 days.

Molar yield: 32.2%, enantiomeric purity: 92.8% 8.
Experiment 21

Experiment 11 was repeated except that acetonitrile was used as the solvent in stead
of 1-propanol in a total volume of 10 V, 0.25eq of (+)-0 O -di-p-toluoyl-(S.5)-
tartaric acid was used, and the holding time before filtration was overnight.

Molar yield: 30.0%, enantiomeric purity: 96.0% 8.
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15 Experiment 22 Experiment 11 was repeated except that acetonitrile

was used as the solvent in stead of 1-propanol in a total volume of 4.5V,

0.50 eq of (+)-0,0'-di p-toluoyl-(S,S)- 5 tartaric acid was used, and the

holding time before filtration was overnight. Molar yield: 24.7%,

enantiomeric purity: 99.2% S. Experﬂrﬁent 23 10 Experiment 11 was

repeated except that a mixture of | -propanol and dichloromethane

(32 R0kRasused as the solvent in stead of 1-propanol in a total volume of

2V (The (+)-O,0'-di-p-toluoyl-(S,S)-tartaric acid and
4-[4-(dimethylamino)-1-(4'-fluoro-

PR&B ARy dioxvRUblRs o Ime T RRRFONILIG L8R DBREWIRERL in stead

dissolved in 4.5 V dichloromethane, 3.5 V dichloromethane was distilled
offfahdpRanchriaparieid saamadfed) o256ty 61 (HJ-65)-0. O -di-p-toluoyl-(S,5)-
Odipstoluyis Rktatalit,adidiwvas sisedand heahelting inehefere
filtration was overnight. Molar yield:'18.5%, enantiomeric purity: 96.9% S.
Expdanyerld 22420 & 2perinerrIcPWAS r8Peatett except that a mixture of
1-propanol and dichloromethane (95:5) was used as the solvent in stead

of 1-propanol in a total volume of 4.5V, 0.35 eq of
(Bxpeomegsiidfioyl-(S,S)-tartaric acid was used, and the holding time

before filtration was overnight. 25 Molar yield: 3 5.7%, enantiomeric purity:

78.8% S. Experiment 25 Experiment 11 was repeated except that a
mMRDPEIBERL plopyanBInsA HRMISRb ARt (@5 1y Reasliiadligdhipromethane

sQlyeRtiRyvatead otk mopatalinasteial volupeRhd 3nva il €818fe of 2 V (The

(+ -0,0'-dlp-toluoyl-(lS,S)-tartarlc_: acid was used, and the holding time
+)-0, 0 -di-p-toluoyl-(S,8)-tartaric  acid and - 4-[4-(dimethylammo)-1-(4"-fluoro-
phenyl)-1-hydroxybutyl]-3-(hydroxylmethyl)-benzonitrile free base were dissolved n
4.5 V dichloromethane, 3.5 V dichloromethane was distilled off and 1 V 1-propanol
was added), 0.25 eq of (+)-0,0 -di-p-toluoyl~(S,S)-tartaric acid was used, and the
holding time before filtration was overnight.

Molar yield: 18.5%, enantiomeric purity: 96.9% S.
Experiment 24

Experiment 11 was repeated except that a mixture of 1-propanol and dichloromethane
(95:5) was used as the solvent in stead of 1-propanol in a total volume of 4.5 V,
0.35 eq of (+)-0,0 -di-p-toluoyl-(8,S)-tartaric acid was used, and the holding time
before filtration was overnight.

Molar vield: 35.7%, enantiomeric purity: 78.8% S.
Experiment 25

Experiment 11 was repeated except that a mixture of 1-propanol and dichloromethane
(85:15) was used as the solvent in stead of 1-propanol in a total volume of 4.5 V,
0.4 eq of (+)-0, 0 -di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time

before filtration was overnight.



before filtration was overnight. 16 Molar yield: 31%, enantiomeric purity:
98.2% S. Experiment 26 5 Experiment 11 was repeated except that a

- mixture of 1-propanol and dichloromethane (50:50) was used as the
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solvent in stead of 1-propanol in a total volume of 4.4 V, 0.5 eq of (+)-0O,
O'-di p-toluoyl-(S,S)-tartaric acid wasl@ised, and the holding time before
filtration was overnight. Molar yield: 16.4%, enantiomeric purity: 98.9% S.
191%9?{@3@@1% Expedment ﬁ&rﬁ?@@‘?ﬁ%"ﬂé‘?d except that a mixture of
1-propanol and dichloromethane (75:25) was used as the solvent in stead
of 1-propanol in a total volume of 4.5V, 15 0.5 eq of (+)-O,
%giggmwlz@,sytartaric acid was used, and the holding time before
filtration was overnight. Molar yield: 34.2%, enantiomeric purity: 98.8% S.
Experiment 28 20 Experiment 11 was repeated except that the

ciystalization miure,did-pak.contain: aleRgedMiXiEablaRidgiRkomethane

and dichloromethane (85:15) was used as the solvent in stead of

1(pPopBntRm ustetas VR oT4is veu pbd wrepol dndipagiuggiume of 4.4 V.
(%@)éﬁaﬁﬁgﬁ)a@,%"\!&é;}!ﬁﬁgoﬁ ophridiptimehaia@dithatiomwasiding time
overnight. 25 Molar yield: 37.8%, enantiomeric purity: 98.8% S.
ERpiereidnagorEXpevsEHEN was repeated except that a mixture of

Lyrapanel ang dighigramsthane 3085519 weas used as the solvent in

stead o 1-propanof in a total volume of 4.5V,

. Experiment 27

Experiment 11 was repeated except that a mixture of 1-propanol and dichloromethane
(75:25) was used as the solvent in stead of 1-propanol in a total volume of 4.5 V,
0.5 eq of (+)-0,0 -di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time
before filtration was overnight.

Molar vield: 34.2%, enantiomeric purity: 98.8% S.

Experiment 28

Experiment 11 was repeated except that the crystallization mixture did not contain
toluene, a mixture of 1-propanol and dichloromethane (85:15) was used as the solvent
in stead of 1-propanol in a total volume of 4.5 V, 0.5 eq of (+)-0,0 -di-p-toluoyl-
(S,S)-tartaric acid was used, and the holding time before filtration was overnight.

Molar yield: 37.8%, enantiomeric purity: 98.8% S.

Experiment 29

Experiment 11 was repeated except that a mixture of 1-propano! and dichloromethane
(85:15) was used as the solvent in stead of 1-propanol in a total volume of 4.5 V,
0.5 eq of (+)-0,0 -di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time

before filtration was overnight.
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0.5 eq of (+)-0,0'-di p-toluoyl-(S,S)-tartaric acid was used, and the
holding time before filtration was overnight. 17 Molar yield: 36.6%,
enantiomeric purity: 97.6% S. Experiment 29 5 Experiment .1 was
repeated except that a mixture of 1-propanol and dichloromethane

(90:10) was used as the solvent in sttad of 1-propanol in a total volume of
4.5V, 0.5 eq of (+)-O, O'-dip-toluoyl-(S,S)-tartaric acid was used, and the

holdingime Refore Jiralignas aysiniglb Ris experiment was

perfornied twice with the following résults. 10 Molar yield: 38.9%,
enantiomeric purity: 97.7% S. Molar yield: 35.8%, enantiomeric purity:
Qﬁxsg&ﬁneﬁwgriment 30 15 Experiment 1.1 was repeated except that a
mixture of 1-propanol and dichloromethane (92.5:7.5) was used as the
solvent in stead of 1-propanol in a total volume of 6.0 V, 0.5 eq of (+)-O,

O-dip-pluayi(Sy2) 1aitania acld wastsedand e ;%‘?e!g;%figﬁ% hefsRymethane

filtration was overnight. This experiment was perfor twice with the

fdfoWing wesuissd e Mhslaplien:iB5teed, eharitisneat putitiptgsyedens of 4.5 V,
MptaL yigid: 399 % gNARHRIANIG RYHNYBL- 38 S wkxResNaRl 3k Rolding time

Experiment 11 was repeated except that a mixture of 1-propanol and )
dietfisrodibtateR (95 3)vEmighsed S EPSORERt Wbt Brmasrdpasol With the
afgialyg Rf4.5V, 0.5 eq of (+)-O, O'-dip-toluoyl-(S,S)-tartaric acid

was used, and the holding time before filtration was 0.5 h. Molar yield:

350l Bskhtichiericpurtynggiapygy: 97.7% S.
Molar yield: 35.8%, enantiomeric purity: 98.5% S.

Experiment 30

Experiment 11 was repeated except that a mixture of I-propanol and dichloromethane
(92.5:7.5) was used as the solvent in stead of 1-propanol in a total volume of 6.0 V,
0.5 eq of (+)-0,0 -di-p-toluoyl~(S.S)-tartaric acid was used, and the holding time
before filtration was overnight. This experiment was performed twice with the
following results.

Molar yield: 35.1%, enantiomeric purity: 98.6% S.

Molar yield: 39.0%, enantiomeric purity: 81.3% S.

Experiment 31

Experiment 11 was repeated except that a mixture of 1-propanol and dichloromethane
{95:5) was used as the solvent in stead of 1-propanol in a total volume of 4.5V, 0.5 eg
of (+)-0,0’ -di-p-toluoyl-(S,S)-tartaric acid was used, and the helding time before
filtration was 0.5 h.

Molar yield: 35.0%, enantiomeric purity: 98.4% S.
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30 18 Experiment 32 Experiment 11 was repeated except that a mixture
of 1-propanol and dichloromethane (90:10) was used as the solvent in
stead of 1-propanol in a total volume of 4.6 V, 5 0.6 eq of (+)-O, O'-di
p-toluoyl-(S,S)-tartaric acid was used, and the holding time before
filtration was overnight. Molar yield: 38.5%, enantiomeric purity: 99.1% S.
Experiment 33 10 Experiment 11 was repeated except that a mixture of

1&3{;28%%}5@3? acetonitrile (15:85) was used as the solvent in stead of
1-propanol in a total volume of 4.5 V, 0.5 eq of (+)-O,0'-di

p-toluoyl-(S,S)-tartaric acid was used, and the holding time before

f @%@Hn‘é@ﬁq ks epMRIREvield a2 WigNANGP m%b%ﬂﬂ'%@ 2@ Pmethane

Experiment 34 Experiment 11 was repeated except that a mixture of
1(prolfnsrangedcetchitriel veot (85 sisvwisloBewparelhe soloehtiplsadiof-6 V.

1U%%Q[aﬂplé@-@F@am@mgl‘@o?fwﬁs%ytaga%@Ch&fd("{f}é@’&tgiand the holding time

p-toluoyl-(S,S)-tartaric acid was used, and the holding time before
filbeatisniiesiovarasghicvigiir yield: 18.5%, enantiomeric purity: 99.4% S.

2%@@?{%@%%/@%{2%%%& was repeates except that a mixture of

1-propanol and acetonitrile (90:10) was used as the solvent in stead of
1-propanol in a total volume of 4.5V, 0.5 eq of (+)-O,0'-di

PyiQlugylHSyStartaric acid was used, and the holding time 30 before
filtration was overnight.

Experiment 11 was repeated except that a mixture of l-propanol and acetonitrile
(15:85) was used as the solvent in stead of 1-propanol in a total volume of 4.5V,
0.5 eq of (+)-0,0 -di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time
before filtration was (.5 h.

Molar yield: 25.9%, enantiomeric purity: 99.2% S.
Experiment 34

Experiment 11 was repeated except that a mixture of l-propanol and acetonitrile
(85:15) was used as the solvent in stead of 1-propanol in a total volume of 4.3V,
0.5 eq of (+)-0, O -di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time
before filtration was overnight.

Molar yield: 18.5%, enantiomeric purity: 99.4% S.
Experiment 35

Experiment 11 was repeated except that a mixture of 1-propanol and acetonitrile
(90:10) was used as the solvent in stead of 1-propanol in a total volume of 4.5 V,
0.5 eq of (H)-0,0 -di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time
‘before filtration was overnight.

Molar yield: 29.9%, enantiomeric purity: 99.3% S.
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Molar yield: 29.9%, enantiomeric purity: 99.3% S. 19 Experiment 36
Experiment 11 was repeated except that a mixture of 1 -propanol and
ethylacetate (31:69) was used as the solvent in stead of |.-propanol in. a
total volume of 4.5V 5 whereupon extra 2 V 1-propanol was added, 0.25
eq of (+)-0,0'-dip-toluoyl-(S,S)- tartadi acid was used, and the holding
time before filtration was 0.5 h. Molar yield: 28.6%, enantiomeric purity:

?{{ Fg(ggrlment 37 10 Experiment 11 was repeated except that a
mixture of propanol and ethanol (50:50) was used as the solvent in
stead of 1-propanol in a total volume of 4.4 V, 0.5 eq of

-@]g(c?e Q{R tﬂlu‘%{L (é ttggtg{gge 'ﬁ’@ﬁ’ fﬁ%@%@ t1h§ rﬁ!ﬁ&ga%ﬁ?%thylacetate

tratlon was 0. 5 .15 Mo ar y|eI 2/7.4%, enantiomeric purity
9B A%9% W&Xp@mmi@ssp\lmnfg@cﬁ%eﬂm@@wekem@nm@te@lume of 45V

eXamining the gsolytion.of %W WL g0 62 SEPI ;)”1?(998? Ao luoyl-(S,9)-

procedure Is described and the details and results for ea

rdaciann auid iasbieds aRbisrhiv died (2oegeberd itimohwass dissbived in

am% sg“a@'%é’é%%ﬁﬁﬁt@%\é?ﬂt pHSRA fRrgeexperiment at 40 C.
T.H20O (quantity specified in the table) 25 was added as a

solutlon in the other half of the solvent. The solution was held at 40 C and
Wﬁﬁ?&"ﬁﬂ%ﬂt‘@hin two minutes with crystals of (S)-diol.'/z(+)-(SS)-DTT
(approximately 5 mg). Crystallisation typically began within 5-10 minutes
after seeding. After 2 hat 40 C, the temperature of the solution was

loweraehionf Covelo e llcanddag saibton:was NAd AtdBim I MREEAERS! (50:50)

for a further 1 h. The product was
was used as the solvent in stead of 1-propanol in a total volume of 4.4 V, 0.5 eq of

(+)-0,0 -di-p-toluoyi-(S,S)-tartaric acid was used, and the holding time before
filtration was 0.5 h.

Molar yield: 27.4%, enantiomeric purity: 99.4% S.
Experiment 38

A range of experiments were conducted examimng the resolution of diol with (+)-
(S,S+DTT. The general procedure 1s described below, and the details and results for

each reaction are in table 1.

Racemic diol (20 g, 58.4 mmol) was dissolved in approximately half of the solvent
used for the experiment at 40 °C. (+)}~(S5.5)-DTT.H,0 (quantity specified in the table)
was added as a solution in the other half of the solvent. The solution was held at 40 °C
and was seeded within two minutes with crystals of (S)-diol.Va(-+)-(S,S)-DTT
{approximately 5 mg). Crystallisation typically began within 5-10 minutes after
seeding. After 2 h at 40 °C, the temperature of the solution was lowered to 20 °C over
2 h, and the solution was held at this temperature for a further 1 h. The product was
then separated by filtration, washed with the approriate solvent (2 x 20 mL) and dried

overnight at 60 °C under reduced pressure.



30 then separated by filtration, washed with the approriate solvent (2 x 20
mL) and dried overnight at 60 C under reduced pressure. 20 Table 1:
Results of experiment 38 Experiment Solvent or solvent Total Equivalents
Yield Ratio Number mixtures (mixtures are volume DTT used (%) SIR
expressed as vlvo%) solvent used (ml2(38a 1-propanol 60 0.25 16.7
96.0/4.0 38b 1-propanol 86 0.39 19.9 97.0/3.0 38c 1-propanol 90 0.5 26

7135 TR38fL g

90 9468 15.8 98.4/1.6 38e 1-propanol 120 0.75

11.596.6/3.4 38f Acetonitrile 200 0.25 9.4 91.8/8.2 38g Aeetonitrile 90
0.517.2 78.7/21.3 38h 1-propanol/aeetonitrile 90 0.5 14.2 99.3/0.7

L acetomi o 60 0.6 130 90.4/8 (20/10] 35K 1 propanailethyl "
DO DEBLES. 1|9%ig8res Hpethtet31¢69) 38umgprd pélmifemﬂm 90’05 15.45R
D9.3/0.7 (50 SO&%QQS&_{)&QQW&/@&/D(ZM%R,&@5 11.7 96.0/4.0
used (mL}
38a 1-propanol 60 0.25 16.7 96.0/4.0
38b I-propanol 86 0.39 19.9 97.0/3.0
38¢c 1-propancl 90 0.5 26 77.3/22.7
38d [-propanol 90 0.68 15.8 98.4/1.6
38e 1-propanol 120 0.75 11.5 96.6/3.4
38f Acetonitrile 200 0.25 9.4 91.8/8.2
38g Acetonitrile 90 0.5 17.2 L 78.7/21.3
38h 1-propanol/acetonitrile 90 6.5 14.2 99.3/0.7
{15/85)
38i 1-propanol/acetonttrile 90 0.5 9.8 99.0/1.0
(R5/15)
3§j I-propanol/acetonitrile 90 0.5 13.9 99.4/0.6
(90/10)
38k I-propanol/ethyl 90 0.25 15.1 94.0/6.0
acetate (31/69)
381 1-propanol/ethanol 90 0.5 15.4 99.3/0.7
(50/50)
38m 1-propanol/DCM 40 0.25 11.7 | 96.0/4.0
(50/50)
38n 1-propanol/DCM 90 6.4 34.6 98.6/1.4
(85/15)
380 1-propanol/DCM 90 0.5 26.6 08.4/1.6
(75/25)
38p {-propanol/DCM 90 0.5 33.7 08.8/1.2
(85/15)
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(50/50) 38n 1-propanol/DCM 90 0.4 ( 34.6 98.6/1.4 (85/15) 380
1-propanol/DCM 90 0.5 26.6 98.4/1.6 (75/25) 38p 1-propanol/DCM 90 0.5
33.7 98.8/1.2 (85/15) 21 38q 1-propanol/DCM 90 0.5 35.8 99.3/0.7
(90/10) 38r 1-propanol/DCM 120 0.5 37.6 99.0/1.0 (92.5/7.5) 38s
1-propanol/DCM 90 0.5 36.6 99.4/0.62195/5) 38t 1-propanol/DCM 90 0.6
29.6 99.1/0.9 (90/10) 38u Ethanol/DCM (50/50) 60 0.5 0 n/a L 38v

Wr@@%@m 96 /d.bge")dw tthan(@j_/'g)uw 'bbjj._':g‘) 9090 3/0.7
D.5 9.9 98.8/1.2 33x Ethanol 100 0.5 20.7 . 99.6/0.4 Although the

experiments above allal® been performed using (+)-0O, O'-di-

g-totuyl=(S;9)-t hprecipitgies togeth ith
5 4[4 Tdimethy l:f nﬁfbaﬁ&‘ré‘i’/ﬁ’@h% 19 0.3 37.6 | 99.0/1.0

.L-(4'-f|uorop}‘enyl) 1@9@/dr‘6>59butyl] 3-(hydroxymethyl)-benzonitrile leaving

hen ‘h.w IIL{UUIIBII o . _ 0406
R-4-[ -(sdlme1 hyla ﬁ%ﬁuorophenyg-l-hyd roxy-0 . 366 |
butyl]-3-(hydroxymethgﬂ)‘ifdénzonltrlle the skilled!person will see that h

19}

LOUId:%% weillu O-Odhiprtptuoyt=(R R )-tartaricagig-which
precipitates tage&é@ﬁﬁﬁovﬂ@w 90 s 29.6 | 99.1/0.9

(90/10)
38u Ethanol/DCM (50/50) 60 0.5 0 n/a
38v Ethanol/DCM (75/25) 90 0.5 0.7 96.5/3.5
38w Ethanol/DCM (85/15) 90 0.5 9.9 98.8/1.2
38x Ethanol 100 0.5 20,7 1 99.6/0.4

Although the experiments above all have been performed using (+)-0 0 -di-
p-tolﬁoyl-(S,S)-tartaric acid which precipitates together with S-4-]4-(dimethylamino)-
1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl}-benzonitrile  leaving  the
mother liquor enriched in R-4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxy-
butyl]-3-(hydroxymethyl)-benzonitrile, the skilled person will see that he could as
well use (-)-0,0’-di-p-toluoyl~(R,R)-tartaric acid which precipitates togeiher with
R-4-[4-(dimethylamino)-1-(4-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-

benzonitrile leaving the mother liquor enriched in S-4-[4-(dimethylamino)-

1-{4"-fluorophenyl)-1-hydroxybutyll-3-(hydroxymethyl)-benzonitrile.

Although the standard mode of addition is: (+)-0, O -di-p-toluoyl-(S,S)-tartaric acid
added to 4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxyl-
methyl)-benzonitrile; this addition procedure can be inverted (4-[4-(dimethylamino)-
1-(4"-fluorophenyl}-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile added  to
(+)-0,0’-di-p-toluoyl-(S,S)-tartaric acid).
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R-4-[4-(dimethylamino)-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxym.et

hyl) 10 benzonitrile leaving the mother liquor enriched in
S-4-[4-(dimethylamino)-
1-(4'-fluorophenyl)-I-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile.

Although the standard mode of additiéh is:

(+)-0,0'-dip-toluoyl-(S,S)-tartaric acid added to

4&1( jmethylamino)-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxyl 15
methyl)-benzonitrile; this addition procedure can be inverted
(4-[4-(di.methylamino)- ‘

1y(4-Augranfe i dsfIvaEeyP QIYJI]: QueAvarRmenylyb eﬂ?@&%ﬁﬂ@iﬂ?qeﬂydroxy
to (+)-0, O'-di p-toluoyl-(S,S)-tartaric acid). 22 Claims 1. A method for
resolbgioh of ey Uie- Mg oRopIS B -hy@ibigremic enantiomer
butyll:3e(hydraxymethydiReaZeRitiiR 352 raGRMIG AhAPNHICRTIRe the step of

enantiomer 5 mixture into its isolated enantiomers, said method
comptsiigneldy stepyaipthsitbn dilfcgaestiaiagnino)-1-(4'-fluorophenyl)-1-hydroxy-
4-[4-(dirmathyipin ity Qephanyl: Y droxy-with the (+)-(S.S) or (--(R.R)-
butyl]—3{}zﬁydrd(?@me%hyl)-ate%zonitriIe as a salt _vvith“{llqe (+§-((S,)SS or) or . )
(-)-(ReFRRtETRAeHi O &7, OF Glior-Wil petdriRsiatareme dgid inel salventisysteppprising
compyising.dsPrananal e lerglkefacetonitrile. 10 2. A method according
to claim 1 characterised in that not more than 1 mol, in particular not
more than 0.5 mol, of the (+)-(S,S) or (-)-(R,R)-enantiomer of 0,0 '-di
poluoylariatic acidiisd'sedReh Mot idd-(dimethylamingdt more than 1 mol, in
1-(4'-fluorophenyl)- 1-hydroxybutyl]-3-(hydroxymethyl)-benzonitril.e. 15 3.
A mepaBiraeEoraing es-cllith Dot 2ehardctBfisad-ffthaer (-)-(R.R)-enantiomer of
(+)- O dligr-iphsnuk (Sam)rtartasis acicis usesl. 4op mathodapcomtingliftamino)-
claim 1 or 2 characterised in that (-)-O, O'-dldp-toluoyl- .
1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile.

3. A method according to claim I or 2 characterised in that (+)-0,O’-di-p-toluoyl-
(8,8)-tartaric acid is used.

4. A method according to claim 1 or 2 characterised in that (-)-0, O’~di-p-toluoyl-
(R,R)-tartaric acid is used. |

EJI

A method according to any one of claims 1-5 characterised in that 1-propanol is

the major constituent of the solvent system.

6. A method according to any one of claims 1-5 characterised in that ethanol is the

major constituent of the solvent system.

7. A method according to any one of claims 1-5 characterised in that acetonitrile is

the major constituent of the solvent system.
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20 (R,R)-tartaric acid is used. 5. A method according to any one of claims
1-5 characterised in that 1-propanol is the major constituent of the solvent
system. 25 6. A method according to any one of claims 1-5 characterised
in that ethanol is the major constituent of the solvent system. 7. A method
according to any one of claims 1-5 cRéracterised in that acetonitrile is the
major constituent of the solvent system. 30 23 8. A method according to

agy one oficlaims dfLhayagieriseddp thakihe SolERLSYSIEM SOMANERS solvent

one or more organic co-solvents, particularly selected from the group
consisHisgofaBiaIRs, Aoty e 0T seetatucatid preRtofaietpigsied from the

mor rgréf%ﬂgﬂ%{ﬁglb‘ﬂ&‘?u&&-ﬁbfﬂ?@lﬂgr,aéﬁﬁﬂdi@&éfé ANy QRAISIFIRIMS e, more

1-8c cterised in that the solvent system comprises water. 10. A
methesdtisadordituenany one of claims 1-9 characterised in that the

solvent 10 system comprises an achiral acid which is capable of

protonating 4-[4-(dimethyl- -

athind) ineahad sesprEnglyoL anydraryBUSIHLEBS Wy dreRgreaiashsh 2bithe solvent

but dogs nat prsciaitaethe
4-[4-(dimethylamino)-1-(4'-fluorophenyl)-1-hydroxy-

butyl]-3-(hydroxymethyl)-benzonitrile as a salt in the present conditions.

130t L Amethogascerding 19:Claim 40 gharrciesisedin tialheaghirahe solvent

acid is selected from the group consisting of organic acids such as formic

acid, et ﬁ@ﬂé@rw&é‘ré’é@é@&ﬁ' Elorarehritetramsoie eRitnnbrit-(dimethyl-
particilariy, aCeitCraith methaeh 2e6rding a3y Qasof Slaims dnitdic  but
character?ged% that thﬁgﬁént go system t%]gegth}??wxi?h the dissolved

4-[4-@Hirse i amiaseiiag - fipordpiferiymethylamino)-1-(4 - fluorophenyl)-1-hydroxy-

butyl]-3-(hydroxymethyl)-benzonitrile as a salt in the present conditions.

11. A method according to claim 10 characterised in that the achiral acid 1s selected
from the group consisting of organic acids such as formic acid, acetic acid,

trifluoroacetic acid and methanesulfonic acid, more particularly acetic acid.

12. A method according to any one of claims 1-11 characterised in that the solvent
system together with the dissolved 4-[4-(dimethylamino)-1-(4 -fluorophenyl)-
1-hydroxybutyll-3-(hydroxymethyl}-benzonitrile and (+)~(S,8)- or (-)-(R,R)-0,0 -
di-p-toluoyl-tartaric acid is cooled from a first temperature in the range from 20
°C to the reflux temperature for the solvent system to a second temperature in the

range of 0 °C fo 40 °C.

13. A method according to claim 12 characterised in that the mixture of
4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyli-3-(hydroxymethyl)-
benzonitrile, (+)-(8,8)- or (-)}-(R,R)-0, 0 -di-p-toluoyl-tartaric acid and solvent
system 1is kept at the first temperature for a period in the range of 0-4 hours before

cooling.
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1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile and (+)-(S,S)- or
(-)-(R,R)-O, O'- d p-toluoyl-tartaric acid is cooled from a first temperature
in the range from 20 C to the reflux temperature for the solvent system to
a second temperature in the range of 0 C to 40 C. 25 13. A method
according to claim 12 characterised id4hat the mixture of
4-[4-(dimethylaniino)-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl

)-enzopitiile; (:(249): Q% () @) 'gl)ip-l l-tartaric acid and__.
R e el L B T A migre of

0-4 holits( disfiorey 3Gzeotihg? 20udwphemdinbdatrosrdiy Hedelhimdr a2y oretig/ )-

char ised-in that ixtur o
O ) L Ao A A otvnt
)- bervsseitrite s¢edeSyaih orsiIRIRIO @stiplteilioyl tafiericanigande or during
solv%tol%lgtem is seeded with crystals of the desired salt at the first

temperature or during 5 cooling. 15. A method according to any one of
claims 12-14 characterised in that the cooling is done within 8 hours. 10

1§5AAIT}1%[}%(§1 QES&{&H?@&%@ 368@8%&&1&%%- -J-e %ﬂ%?ﬁ%%t&%si%%ﬂhgt tﬁ]l%tcoo]ing is

the precipitated salt Is'separated from the mot iquor within 8 hours

after &nsevhipfebipitation. 17. A method according to any one of claims

1-16 characterised in that the separated 15 salt is washed within 4 hours.

18. A method according to any one of claims 1-17 characterised in that
thtbsépargtead sateigdmg|upried oraeerydtatlision ohd br theretimes! iim that the

Solve&%@ﬁm gﬁﬂ@@%ﬁ};ﬂa}é@ rﬂBMeqlhg{HQtnﬂ&Qgr ORI Srs after onset of

temperature in the range trom
precipitation.

17. A method according to any one of claims 1-16 characterised in that the separated

salt 1s washed within 4 hours.

18. A method according to any one of claims 1-17 characterised in that the separated
salt is re-slurried or recrystallised one or more times in a solvent system
comprising I-propanol or ethanol by heating to a temperature in the range from
30 °C to the reflux temperature for the solvent, more particularly 40 °C to 60 °C,

followed by cooling to a temperature in the range of 0 °C to 40 °C.

19. A method for manufacture of escitalopram comprising the method of any one of

claims 1-18.

20. A method according to claim 19 further comprising a stereoselective
transformation of one of the isolated enantiomers of 4-[4-(dimethylamino)-
[-(4"-fluorophenyl)- 1 -hydroxybutyl]-3-(hvdroxymethyl)-benzonitrile mto

escitalopram.
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20 30 C to the reflux temperature for the solvent, more particularly 40 C to

60 C, followed by cooling to a temperature in the range of 0 C to 40 C.

19. A method for manufacture of escitalopram comprising the method of

any one of claims 1-18. 25 20. A method according to claim 19 further
comprising a stereoselective transfofmation of one of the isolated
enanti.omers of 4-[4-(dimethylamino)-

1@ Aluorepheay)athyatiaxybutyll-B-hydraxymethdinberzeniftig ity tamino)-
escitalopram. 30 25 21. A'method according to claim 20 wherein_ .
S_4{h—(&jﬁﬂ"@@p@@§ﬁﬂﬁ@)1-hydroxybuty1]-3~(hy roxymethyl)-benzonitrile 18 stereo-
1-(4'Jygrarenvdstsvdroybutvltdsfasroxymethyl)-benzonitrile is

stereo- selectively transformed into escitalopram. 5 22. A method

according to claim 21 wherein the S-4-[4-(dimethylamino)-
1-64'-fluorenheaykhysigxylutyll:3s(hydroxymethyiRengonitiil@itethylamino)-
reacted with a reactive acid derivative such as an acid chloride or acid

anhythiitiellporpabgasiin nh@f}qg)}(ghw}bﬁ;ﬂp@ﬁgg{ﬁpﬁﬁﬁ{g@%zonmﬂe 15 reacted

Sulfgwy!HMSf&@ti% the presentaofahaseasuiastigthylamingioihydride, in
ridine. 1
by particular methyl sulfonylchloride or p-toluene sulfonylchloride, in the presence

of a base, such as triethylamine or pyridine.



