Met hod for manufacture of escital opram Technica

field of the invention 5 The present invention :
relates to a nethod for manufacture of the well-known
ant i depressant escital opram Background of the
invention 10 Escital opramis a well-known

anti depressant drug that has the follow ng structure:
NC 151t is a selective, centrally active serotonin

- (5-hydrorytryptam ne; 5-HT) reuptake inhibitor,

accordi ngly having anti depressant activities.

ESvethar doy marwfaetureef SHERIORABL i cal activity thereof

are disclosed in US Patent No. 4,943,590. Two net hods
for preparation of escital opramare disclosed. In one

of T@bnichkhield pithedaventipy _ :

| am no)-1-(4"-fluoroplitenyl)- 1-hydro xybuty

[1-3-(hyd ro xymet hyl)- benzonitrile is fractionally )
CI'iet prbdens adedBnarekhas tto wirhdthqd BrOpandfactugi ofptht oveliggepwn anti-
(S %@-tartaxic acid in 2-propanol. The crystalline

prds B SGERIRE™ n this way consists of small

crystals that drain very slowy and tend to retain

the nother |iquors. Insufficient renoval of the

noaskereynguditke iveREIORa product with a | ow

10

enantioneric 25purity and therefore additional
purifications are required. Purifications are tine
and.sabyents £ RA5 LAWY antliesespralheMs: 1as themallaviyittenie:
on an industrial scale. 2 Summary of the invention

It has now been found that resol ution of

444 di net hyl ani no) - 1- (4' - f | uor opheny1) - |

fractid Sallisation of 5 '
4 4- (dirweshytdni -1-N(4 ' -fluorophenyl)-1 '

- hydr oxybut yl ip‘(aa-?ﬁ/dl(r\oxyrr'et hyl.)- benzonitrile as a
salt with (3 S, S)- or (-)-(RR-0, O ,
"-di-p-tolup artaric acid in a solvent system

conpri sing fxpropanol wherein not nore than 0 5 nol
(+)-(S,S)- or|(-)-(RR-0,0"-di-p-toluoyl-tartaric
acid is used per nol 4-[4-(dinmethylamno)- 1 -(4
"-fluorophenyl) - 1- hydroxybutyll -3 -(hydroxynethyl)-b

enzqonitrile results in.a 10 crystall.ine product
15 Ll verserais g e gRl G Ra RS, SH revprke

20

25

s hiapiitbhancordinge hiviepuRidpprepaniciciiviies. s process has
proven to be a robust and stabl.e nmethod for producing
.(:Lgstal s wth t%OOd filtering propertjes.

[

3 _This, results .
SPCRPBR T PR BHRENDY Do ilgsain T Piat No.
fi 4 baas9mn Thiocn@sthwdy fh phapaertian dfnepdtaicpran arpdisfosed In one of
| arge I oduct i.on.,- Ry RI KK ' i-N .
B e
Thbenzewstt utsi drchapdeysaliisef (as ian sttheWifhndt-4b¢ ufier-toluoyl-
of (S?%ﬁ%ﬁcg&‘i@&@ 2 g:Inf@i. mak &fﬁys‘%allina pfddﬁ?ttpér‘r&&gﬁbih ithit ey eonsists
IS prov) de t or resol utl - - .
(orhramny Sidonia e vy EPOHag FpTie Srof g, mapy fiavs
- Sinsffigcbnoxymethyf fhe mother liquors giVes_a product with a Jow enanfiomeric’
purity and therefore additional purifications are required. Pusifications are time and

solvent consuming. These problems are more evident on an industrial scale.
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20 benzonitrile as a racem ¢ or non-racemnic

enantionmer m.xture into its isolated enantioners,
said nmethod conprising the step of fractionally
crystallising 4-[4- (dinethylam no)-1 -(4
'-fIuorophenyl)-1-hydroxybu2¥1]-3-(hydroxynethy|)-
benzonitrile as a salt wwth4he (+)-(S,S) or :
(-)-(R R-enantiomer of 0,0 '-di-p-toluoyl- tartaric

in vent .system conpri sing 1-propanol as the
n&PHPn% H@ﬁg?UEWPu %5 In a second aspect, there is

' prOV|ded a nethod for manufacture of escital opram

nEr|S|n% the nethod as defined above. Detail ed
fsasi pv Seerofound dhatrrgenivtieonm o8 6-[érdinmesipdaming)-1t(Refluorophenyl)-

reéﬁ%ﬂ%. R0 SR B SR Bl vstallisation of

4f[m(dfmlﬂﬁwﬂa)oa—1 (hyﬂn@mpbtﬂﬂ)l 1-h§drbhylﬂﬂﬁ?frwtbsfwk9’methyl)
benzonitrile as or non-racemni c enanti omer

nmPsazeRErileRs 2 %Etlgwrt& éﬁaf%%) Rt iR PO ~digr-tplwestl igdpric acid in a

SB35t PRI KGRI S 81 5.5 o

| h&{ﬂRd«}()y@ @ yiJp-toRrofyheaitacix y aeitthigl isedbqrez ombt r4-|4(dimcthylamino)-

(#)-(S,9)- or (-)-(R R -enantioner of X
POIBP{’%HYDWH‘%P%E’%WJ?écé‘HAIP%YIBg%@E ghonils effsults in a
celrp@{anﬁiquoéuc@ LARANP the &f&m Qle lgfgeiaﬁﬁd 8Pk Wifrdr&nt shibethan those
particul ar enbodi ment not nore than 1 nol, nore

- péom @tprapanyl nBiis moocess han pPoEN1® bola, robbstt frel stable method for

+ ti f. 0, . _ .
Bl gkpol Mihebs FUeSRE Bropers ofFipBistiin mpeh beter draining
Rfo%&(tiéb aBd Fédlu?;éﬂ foatioh tifriks ‘whidh e RAeAYbitant impact on large scale
oxybutyl] 3- (hydr oxynet hyl ) -benzonitrile. 3

op@ daetisad il preigal f{leytiqn tiges fogian paqustrigbscale(tBid)is pdew hﬂur@ or less.
acid is used. In another enbodi nent (+0,0
'-di-p-toluoyl-(R R -tartaric acid is used. In a
P@hisireddhationedbst WeRéfullmahe prnefaciuse sthecifd@im.

constituent of the solvent system 5 In-a nore

parti cul ar enbodi ment 1-propanol constitutes at | east -

_ 5Rc%r8%‘§w%%°h¥s“t‘ Nkp&ty g@f@ /155#13)%(1%3 aahleltfﬁ)%lsfor71‘§so ?ltl(ﬁlt of 4-[4-

% or at In a nost particu

e@adibytntind)- p(4o Fihmépheﬁylt)hehmbgybagﬁj\&ﬂiydrozdymeahyl)

-equal |y particul ar ,.enbodi nrent ethanol is the ngj

COFLOMTIEES 3 TARBIS G VBN afémé%/&%l}ﬂom% EITHRRQINTO its isolated
DafihlibbA! SDALUTANLoREIARS e WP bf ARl € A3kIRhs 4 [

% (v/v) of the sol vent sten1 such as at
afdimethstangao)ob-6t f‘aiordn:é)asyi){lgn}%@twutyh} h(llndsaxymethyl)

Rl TR o RaRk i i (Eriso et OGS bpie oY PLOG g otuovt-

aHefic 6Q8% b sa108t s@dterh RBMPBEM@NLpropanol as the major constituent.

In a second aspect, there is provided a method for manufacture of escitalopram

comprising the method as defined above.
Detailed descﬁption of the invention

One aspect of the present invention is to provide a method for resolution of
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15 system In a nore particul ar enbodi nent
acetonitrile constitutes at |east 50 % (v/v) of the
sol vent system such as at least 75 % at |least 90 %
or at least 95 %and in a nost particul ar enbodi nent
acetonitrile is the only solvent. In another

enbodi nent. t he sol vent systemygonprises one or nore
organi ¢ 20 co-solvents, particularly selected from
the group consisting of toluene, diethylether, ethyl
acet at e, dichloronethane and a.cetonitrile, nore

PR A B LR P Do B RO RIS, RERGEL TR -
(wénebnifilet Be aSselcesind o3y Bbefacemile Rna®iddel Smlktufd- o %xs isolated

0.5-8 % 1-5 %or 1.5-3 % _ 25 In yet another
eﬁw@PWéﬁt e gtﬂthﬂéntcosl}m% dBepricBe Lindiasionafly grystallising

R AR B0, TR OB B PP ARl S3h ok gni-
abe&oﬂﬁﬂﬁ% a@allvs@%tbaa ({) (1353)2% (-)-R Retenamaiieeof 0,0 -di p-toluoyl-
enbodi nent, the sol vent Sélten1conpr|s s an achira

p&smﬁr SRTE PR, rf:éhano or acetonitrile.
4[ 4- (di met hyl am no) -1 -
r-fluorophenyl)-1- hydroxybutyl]- ' '
3i( ayaitiodymetibydijnchent omreithdrel bl, Maegarisularly not more than 0.5

glrn%) g#f {hgf)@é éﬂghsfirlf i%ﬁﬁl}e e&?%‘lﬂ)%l{’ln?}]n 09 Q. ? h%? gg&}%ttﬁzﬁc acid is

- heRazopkt rifd asra 45[&!J-(fdnh8th§r ind)- (e IRBtophend)- iafoxybutyl]-
In a particul ar enbodi nent -the achiral acid i's
séi(kydrexyrhethyh-bérogitolep consi sting of organic acids

such as formc acid, acetic acid, trifluoroacetic

aci d and met hanesul foni c acid, nore particularly

acetic acid. In a nore particul ar enbodi nent the

anmount of achiral acid i-s-in the range of 0-0.5

equi valents relative to 5

- t heanount of 4[ 4- (di net hyl am no) - 1- (4' -fl uor opheny1) - 1-

hydr oxybut y11- 3- (hydroxynet hyl)-benzonitrile, such
as 0-0.4 eq. In a further enbodi ment the sol vent
systemtogether with the di'ssol ved :

4[ 4- (di met hyl am no) - 1- (4
"-fluorophenyl) - 1- hydr oxybut yl] - 3- Chydroxynet hyl )- 10
benzonitrile and (+)-(S,S)- or (-)-(RR-0, O :
"-di-p-toluoyl-tartaric acid is cooled froma first
tenperature in the range from20 C to the refl ux
tenperature for the solvent system particularly 25 C

~to 70 C, nore particularly 30 Cto 50 C, to a second
. temperature in the range of 0 Cto 40 C, particularly

10 Cto 30 C, nore particularly 15 Cto 25 C. In a
particul ar enmbodi ment the difference between the
15first and the second tenperature is in the range of
5 Cto 50 C particularly 10 Cto 40C, nore
particularly 15 Cto 30 C. In a particul ar enbodi nent
the m xture of

444- (clinet hyl am no)-1-(4'-fluorophenyl) -

1- hydr oxybut yl ] - 3- (hydr oxynet hyl ) - benzonitril e,

(+)-(S,S)- or 20 di-p-toluoyl-tartaric acid and

solvent systemis kept at the first tenperature for a
period in the range of 0-4 hours before cooling, nore
particularly 0.5-3 hours, and nost particularly 1-2
hours. In anot her partlcular enbodi ment- the m xture
of 4-[4-(dinethylarnino)-1-(4"-fluoro- 25

phenyl ) - 1- hydr oxybut y11- 3- (hydr oxymet hyl ) - benzoni tri
e, (¥)-(S, S- or (-)-(RR- 0, O
"-di-p-toluoyl-tartaric acid and sol vent systemis
seeded with crystals of the desired salt at the first
tenperature or during cooling. Typically the anount
of seeding crystals is in the range of 0.4-0.8 ¢
seedi ng crystal s/ kg 444-(di net hyl am no) -
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- partiGuharembedimeny ethangl igthe

30in the range of 0.45-0.7 g/kg, nost typically in
the range of 0.5-0.6 g/kg. In an equally particular
enbodi ment the cooling is done within 8 hours,
particularly within 4 hours, nmore particularly wthin
2 hours. In another equally particul ar enbodi nent the
precipitated salt is separated fromthe nother |iquor
within 8 hours after onset 3of precipitation, nore
particularly within 4 hours. In yet an equally

t I nmbodi { th ted |
In gps f%n%’b%@%{wﬁr@?-ééf 3SR RCRES Yo N I e

| emé!&ﬁm gﬁrdl SRR F{t&meaeﬁr@{&q salt is

re- s or recrys all'ised one or nore tinmes in a
solvent systen1conpr|3|ng 1- propanol or ethanol by

i RS R0 SREDEY el RIS STl o

In $Rlokd ﬁéi‘h@fﬂllryelﬂ@ocﬁnﬁzﬂt ﬁ@r(ﬁamﬁlcﬂohﬁmﬁl@s By1ceQ @0 Figoft the Rolvent
tenperature in the range of 0 Cto 40 C;qgartlcularly

systeo, Qudhoas30 1@st FbPle ap kaast i Veen §t least B Poamsing mpgf particular
rticylar e ropanol or ethanol is the
mnﬁg?%ﬁﬁ dﬂ?P?ﬁEEﬂﬁeBEWFHQ%QOIvent system In a nore
parti cul ar enbodi nent 1-propanol or ethanol-
constitutes at |east 50 % of the 15 sol vent sys

m L

In il PACCHERSTUPSiTIgN! AHhApelist o TR GROTG U g Solvent

% and_in t I
systginh grh% paore. p%rﬁo il n rﬁgé ta%thz[‘?rm g&isgglﬁscaﬁ eggtmctlv/\@ of the
sol@ﬂ’p Ofbtcie NHuck Be aﬂﬂda@ir 733%133111 ldaseHd "/’of)r tthleass GI5vérnd in a most

‘system used for re- slu&@ﬁéqg is the same as the major

V&t-em used for

crystallisation. 20 Another aspect of the present
invention is to provide a nethod for manufacture of -

o In aﬁ&:qu:ﬂ@l Rptiaiarenipdinémacetosiailats ta nejor constituent of the solvent

4[ 4- dlnethylanlno)-l (4' =fluora

SYSIETR I BOYHRATY arserrlmﬂdms&wemwf G&&@ﬁtﬁ? BLIRYSE 5P 7 v1V) of S
. the k&hcferg @%Erhoﬂﬁﬁ%s?ﬂegﬁsﬁr ;b 80cAR 098, 625 kAt one, and ina mostf e

nmbo nt’ ‘one of the isoflated enantloners of -

| .'parmm edibodinimpt acxitergirile is th¢ gnly solvent.

-fluorophenyl) 1- hydroxybutyII-S (hydroxynethyl) ben .
zonitrile is.stereoselecetivly transforned into -

In §86thé2cAbolent 1HR %oﬁf@ﬁtt |sf/btl3ﬂ1r cOfmpeisisMené or more organic
S-444- (di net hyl am no) - 1- fl uor ophenyl) - 1- hydr oxy30

co- dolnents] pan@hlydv origated H‘wryl th@mm qonpisting toluene diethylether,

ethyﬁ tﬁlgr eosglg %éjﬁc? &l acpﬁ%:%&ﬂﬁle St % g é)%ﬁ&hfaﬁgzotgfu@ﬂé % more

partufid 4nddHiRine ﬂieadﬂlé\ﬁl)t of cé-éol*v@:iltli@ irofBle @t Jof 0-20 % (v/v) of the
1- hydr oxybutyl ] - 3- (hydr oxynet h -benzonitrile is

solventaysteth, wahtas§- 124 Or Wk 0a B8 cﬁgrlrsvé’tqr\lé -3dth as an
‘acid.-chloride or acid anhydride, in particular
met hane sul fonyl chl oride.or p-tol uene : '

In yethdcomst| epdodirhéle thé Bolviast sm@ﬂea:mnapm:és wateada,a Blormpeaacular

5tr|ethylan1ne or pyr.i di ne. out .th
cmbgegeqyt i BPOEH AL BAETAS T e T rai Ofgé&/ﬁtq%ghﬂ Solt system,
suchﬁse@?f% \5@}3 0.1-8feg rhq 3% pfocess wherein the

enanti onmeric purit a racemc ‘or non-racenic
m xt ure of enantloners is increased, such as a

wh t f the 10
In 3B A BR ORI LD SRR AR AL 2005h is

‘capéﬁﬁ@vdfd gﬂ)t&{?ﬁhgt h!qmaﬁﬁﬁthﬁﬂi%ind)f:ltamﬂuarobh@ayu)emwo@gbutyu

m xt ur iIs In favour of the wanted enanti oner as

3-(hgotenpinifhiybebengortitride floit | does meptt mlelf@mheeé [4i(jlinethylamino)-

1 Rrahei By Spa i O SRR By B ™ YO e

80:20 m xture is transformed into a m xture vvlth an
enantloner rati o of
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at |l east 84:16. As used throughout the description
and clains the term"isolated enanti onmer" nmeans an
enantioner that is at |east 95 % enantionerically
pure, particularly at least 97 % enantionerically
pure, nore particularly at |east 98 %
enantionerically pure, and 25 nost particularly at
| east 99 % enantionerical |l ¢ pure. As used throughout
the description and clainms the term"fractiona
stallisation" nmeans a %_ocess mhe%ﬁln one

presspiapandisiane. by g Pericnfas embgdimeng fhq achirahacid as, selegted, frpgp the

. grov% gctn%fsﬁﬂé ﬁ?hl@r}émgva%[ s 508, U RABhiERAN tabélféed'czc? Aot acid

ocess Sstallisation nmay 30start from a
ands fletHaneyalfohict bads ahdre oparamﬂm:tpeamsﬁuo recf Inhe swie partigilar

embognons ke ST B SR TG RECS SO PG RS S (0

the SOl ¥&REE angt Wal & dihan RhRS R4 ARG obIRNG)- 10RERG Ybutyl]-

solvent enconpasses any protic or aprotic solvent,
3-(hydoixyasthyl cimhedsirilesneh as 0-8l4kemnes, et hers and

aromati cs but excludes acids such as carboxylic acids

and bases such as ami-nes. 5 As used throughout the

In 4eSGHhA iPiboditfert! MTBsol @t t Sysiem I rpsihef rwiH" ﬂ[eefcﬁmwed '
to a process wherein the crystalline material is _ '

4-[4s(@spethylenhing-la(4s dlupeopheayl) é—h)’érﬁé@bwnr%ﬂwﬁ@?{mﬂlﬂﬁe

I
benGglFIEipd Aol FhEC2hl SEaBblRnid {1 AR rom
a an@feEﬂ;ﬁHtﬁfreQH dhdrah@e Aont 26 4CLBI1AY %ﬂibttteﬁn Eratles ﬁo’rltﬁé k@lRent
and clainms the term"recrystallised" ers to a

systanp pasisulatie 26 IC thd0 CCy stoa mmuhdvéi{)l ‘%ﬂ td 80 dCsoh weepnd

hi a-solvent at a tenperatur i aI iltered to
tempEABe 17 Aa rRceoht & ita40 g dpﬁ’g‘\ %y c@o?@ & more:

RO 0 gt e v e

ﬁrst%nﬁ% é&bﬁﬁeﬁ%eﬁ{ﬂlﬂé% inlthé 4angdel 36T WPRHEIWL), particularly 10 °C to -
1- hydroxybutyl] - 3- (hydroxynet hyl ) - benzonitrile :

1_40 °ﬁ:n;nnbmparneﬁauﬂyilﬁngw 8th°€he nethod as discl osed herein

20

25

30

.8 not- suff|C|entIy hlgh ‘whi'ch may -occur. inter. alia:

7 ‘when using.nother . . liquor as the product, the chiral .- : .
B 111 a?}a:lgﬂ&ll’ar BybolRndid &lﬁé@ﬁxthf%f%?ﬁ%&fﬁeﬁﬁ?ﬁﬁmﬂi)tla@ Ghioffphenyl)-

em ¢ 4[ 4- (di net hyl am no)

|-uor ophen ’

* Ihympiosi kol besgeeitip- He SR oT DR 0,0-
7 '—-p%gll Ut 0 @1 QI?F{ § ;ﬁlfgxtltl%g ng I?se ?{e;l)tnat%he cHrst temperature for a

" period ﬁd Bféf ﬁﬁg@ BY D)4 ol Pel¥ \oblivg, Ln&e(ﬂay@bmwrmshyhc)ms and

benzonitrile leaving a further enriched S
Inmﬁymﬂmﬂ@&ﬂhﬁhwwan1no) 1- (41-fl uorophenyl) - 1- hydroxybu
tyl]-3- (hydroxynethyl) benzonitrile in solution as

di scl osed in 25 W2004/ 056754. S-4-

In abéthédparaeund éﬁb&ﬁ)ﬂeilt tHMmlﬁﬁﬂeLtﬁT@@?@jﬁylﬂ:ﬂlﬂhmo) 1-(4"-fluoro-

- hydr oxybut y1 hyd thyl)- b tril
phors) LD BV E G Rip TRAL OPTEREHED GE0TOM o Amk BeR)-

O, Oqldisnﬁ-t(?lﬁsgl-ﬂaﬂmlﬁ? Q27 98P -soRnt system is seeded with crystals of the
desired salt at the first temperature or during cooling. Typically the amount of seeding
crysfals is in the range of 0.4-0.8 g seeding crystals’kg 4-[4-(dimethylamino)-
1-(4’-ﬂudr0phenyl)-1-hydroxybutyl]-3-(hydroxymethy1)-benzonjtrile, 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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arhpuk@rcﬂymmm@fgsl-mqpanﬂ ok rHRPPY & Jes -
»r%;ffifenﬁgg¥%ent |ns Qgﬂg?h tc&ﬁh@@&v&&%ﬁg?ﬁ¥Q£@9$rﬁﬁﬂﬁ@ﬁng15ﬂw;f;-}f e
| -"E‘-(”;:-samQ a¢ theshajbisconsitruentyftlad dolwad systomusdidfos anystallishticent as~ 7
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8 If the chiral purity of an S-cital opram product
resulting fromthe nethod as disclosed herein is not
sufficiently high which may occur inter cilia when
using nmother liquor as the product, the chiral purity
may be-further inproved by precipitation of racemc
cital opramfroma solution of the product enriched in
S-cital opram | eaving a further 5enriched S-cital opram
in solution as:disclosed i n W20031000672.

Experi-nental section Throughout the description and

- In aplcqiunlly parécrlan eobpdimenbibe cophrg riong vty goury pegicularly |

il S5 A PR WAL Rl ol Ry paricua
embbtindd iR playipaaicd @)t 1s ée%:araftédJﬁbmahe moll)er Jhdu;md mathirb 8 thpurs

1] - 3- (hydr oxynet hyl ) - benzonltrlje ns_vol unes

afier psetsofc BTCeMtABY merenPHticyiagly sViln A ﬁiﬂuﬁer gfst At Faually

)
pardef SR, e PR 5 PO i s g sty
witlde Qikbtisl ef ree base. Mol ar yield is cal cul at.ed as nol
S- 414- (di net hyl ami no) - 1- (c-f | uor opheny1l) -
A1-hydroxybutyll-s-(hydroxynethyI) benzonitrile in the

' rREHINER B Rtystallidedl ¢
iﬁgﬁfﬁ%%%byl ?Lrﬁ%ﬁid oxy%)dlﬂj?éllg%s Iré( hydr ox E;&t}%y” one or

- morbeimenist & isblvestt systerm gomptising al-progewd e b byl keating to a

eSS VS 20, HEL LB DY e S Biven, mor

' partlocrllllfatrllyl Z{OQQ?%B‘X)]‘)C ]féﬂ%/l\%c%(% g(ﬁ%?ﬁgktg 2 Mé‘iﬁttﬂé’ fangl %P@ °C

1048 @Cuf)érﬁéhlﬁlfly (0“)’0% 80 °€dinoke pe@huﬂaﬂy (§°(S)o 2HPC Al a:partlcular

acid (11.6 g) in. propanol (88 m) or m xi ng of
embodingrit drpropanpl dr- cfthal(oéi igthe mgrrﬁqgg}meq of 3139_ solvent System. In a

- fl uar ophen drox u 0
more (Wb‘i“g%? Hélohw nt legﬁly(?r%rl e ﬁ’b Coﬁlmmtessat lf aStr%) 2 of the,
solveft: Sysfeh, st Bs & E@t s w0 apfeagt-+oD ?26 or at least 95 %, and in a most

' -di'-p-tol uoyl-(R R)-tartaric acid géé ﬁg%%¢y§ka|%?“°“mf'

pr opanol erably the:'seeding

the one for the:crystallisation where they shall be
"used. Crystals produced according to the exanples

| ‘Anokﬂf‘ek Od%é@%f %@5 BreQSJt UaRchtida i§ 86 %@@d& ﬁ)iﬁétﬁ(l)cﬁ foromAMEadnre of

esmﬁloﬁaﬁﬁ( dompridiyg arvsololier - ¢£4'4-F4-(dimotpiteming)- zlgm@mgmn_
bt LB BB S S IS e

abm;g scl osed i n-EP0347066 or WO03/006449. Experi ment 1

In one embodiment one of the isolated enantiomers of 4-[4-(dimethylamino)-
1-(4'-ﬂuorophenyl)-1—hydroxybutyl]-3-(hydroxymethyl)—benzonit1ﬂe is  stereo-

selecetivly transformed into escitalopram.

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

escitalopram.



10

15

 a{_‘st|rred at- - 40 “C for,, t wo h urs ni D
o Asysed @rg@g}éxgt%x #SPW%WS mlﬂ’?éh e?rgug? Ei(‘“‘V\i:;m%@c ?ﬁe&q{}&% ¥ BRI
T s(:50 i BE of @Akmlerandhaashag ot ‘Fa top- mﬁmnﬁjxmra’hmeans any .-

25

30

10 (+)-0,0"-Di -p-toluoyl-(S,S)-tartaric acid (0.39
eq) was dissolved in 1-propanol (3.44 V). The m xture
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 414-(dinethylamno)- 1 -(4

-fl uorophenyl) -1 -hydroxybutyl] -3

- (hydr oxynet hyl )-benzonitrPle free base in-

151- propanol (0.95 V) contalnlng 0 1 V of toluene.

In o e pamisP e SRR et g 2l e a4l g Spfin-
1 hydf'éé’b{lg)gnﬁw ?’[}?ﬁeﬁ%r %s(n)%(b)éltn;lflls r?ehc;/eéir gf(l)t/hnea; hrezilc)twe acid

denﬁem:om(mr iak emamdld ehlcdideQor acid anhydride, in” particular methane

ol uoyl- (S, S)-tart aC| and .t hen- st
suly opTide o DOEDS ST B eBhedt 4o e =
tndﬁ&ﬁ%ﬁ%%d}p%nhﬁﬁrs The product was filtered 20 and
washe

twce wth 1-propanol. The enantioneric purity
was typically in the range from about 91%t o about

h t- 149 ke
e G o S B ik BGRB8 2180
refef % 20prreds: whikeil s eaintioaerit i triey ed @amnabenwas e chontrbtemic

-propanol . The enantioneric purity pi cal |
mncalm)gf emng%es is dgcrgared nfch 2S iPEPLPSHE: ga %&QY?RPYHOH of the

6% e“ £)is t 20% provided that th
unwan eBa?tb n?xg rgﬁmgr i g?nge% ci:)iy dat (18?5 4 “ed p{l\(gls e | at the
enarfliof®® Iry@sl in l&lelrdSﬁHﬁgnﬁjxtL(rB i5 i/ favol of ltke wianted repantipgner as

heat ed - gto ca. 40 C acetlc acid (0.2 eqg.) was :
exeraplefead b e@ﬂkﬁ“ﬂﬁéwgﬁF@?Péﬁ is transferred to a

§ol ut 01%0 4&,141 éﬂ g s'fém(e‘(‘l hibuar aphaRY With an
- hydr oxy ynet )-benzonitrile free
-base mmmﬁmmaapanmfatbmﬁéﬂmmngf 10 0.1 V toluene. The
, resolutlon m xture ntalnln in total
i) pr ob&WaD TR i HERPRF R 2EoHOR Y ATS AL SHPE g of
S—4[4 +Ggises-hyl am no) - 1- (4.-f|uor0pheny1)
1- hyd?oxy ut'y1] - 3-(hydr oxynet hyl ) -benzonitrile and.
(+)-0,0" -di:p-toluoyl(S,S)- tartarlc aci'd and then

‘enant i oneric purlty was typlcally around 97% S or

mlxtmrfgttnfeananmnexéhqﬂlaw ¥%h gave rml ar yiel d 33, 8%':“
enantlomsrlc purlty 99. 0% S. :

‘As used throughout the description and claims the term “isolated enantiomer” means

an enantlomer that is at least 95 % ena.ntxomencally pure, particularly at least 97 %
enantzomerlcally pure, more partlcularly at least 98 % enantiomerically pure, and

most pa;rtlcu_larly 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 w1th a chiral acid
prcferenﬁally 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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10 Experinment 3 The general procedure of Experinent 2
was applied, however 0.5 eq of

(+)-0,0" -di p-toluoyl-(S,S)-tartaric acid and 10V of
1- propanol were used. No toluene or acetic acid was
present in the system 15 An exenplary batch gave
nmolar yield: 29.5% enantioneric purity: 99.2%S.
‘Experinment-4 The general f@rocedure of Experinent 2
was applied. To the 444 (dinethylanino)- 144

-fl uorophenyl)-1 -h but I -
Asu eﬁymgkmé%hﬁyd@scaﬁ 4 %hFé@nb S0bVeTb FYSB N MeAns the

& com;f)ggal[’tl?g %g 81%%0%%%9 vgaﬁerv%xﬁfen ﬁ@ts&ﬁ - THG et I“H@Qﬁic Qblvent”

resent stem An exenplary.

' enchiapazbesgay Groiil (ﬁrrapwm’.;l BlveRd sBH) aselllmhbllsmsmm alkaoes, ethers and

99.3% S. 25 Experinent rocedur e .of
arorpsiiss bithgsetudss %ﬁés SHEPI3S S eélﬁga%&fﬁ 35"%@ SEYH Gramanes.
(+)-10, 0 '- di-p-toluoyl-(S, S-tartaric acid. No

-acetic acid was present in the system An exenplary
irefers to a

99. 0% Experi ment . The eneral _pr ced ure of
Progess ¥ fribe rmgﬁlas SRR isgRagid pr e
w]:te!rébyI A8 BYEIBR nmatcf¥al %.i‘s‘é‘@lple@f)éﬁlbﬂﬁ ﬁd]lo@@ﬂ%yn%cﬂingywmr&;pon

2°6% €enantioneric-purity: 98.0% S. Experinment 7
the %ml@mﬂ@ﬂpﬂ@@hﬂtﬁ@aﬁfaﬂﬁfﬂg@m ment 2 was applied. No
acetic acid was present in the 10 system The
experiment was carried out with a small anmount of
As %Hechr&l@h&&\&e BBsSPEOR | Al Yeldiads Ahe Game realystallised! thfers to a

2.5% .enantioneric purity: 98.7%S. Experinent 8
process wherein the crystallme material is dissolved in a solvent at a temperature,

optionally filtered to remove insoluble matena] and followed by coolmg ‘whereupon

- the dissolved matenai crystalhses pamally again.

If the cthaI punty of an S- or R-4-[4-(dimethylamino)-1-(4’-fluorophenyl)-

l-hydroxybutyl] -3- (hydroxymethyl)-benzomtnle product resulting from the- method

. as dzsclosed herem is not sufﬁmenﬂy hlgh which may oceur mter alia when usmg -

-(.-,fmother hquor as the product the chlral purlty may be further unproved by )

R
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prempltatmn of racemlc 4 [4—(d1m8ﬂrlylammo) 1-(4 —ﬂuorophenyl) l-hydroxybutyl]— .

3- (hydroxymethyl) benzomtnle from a soluuon of the product: ‘enriched in § or”
R-4-[4- (dlmethylammo) 1-(47 ﬂuorophenyl) l-hyd:roxybutyl] -3-(hydroxymethyl)-
benzonitrile leaving a further em‘lched S- or R-4- [4—(d1meﬂ1y1am1no) 1-(4"-fluoro-

'phenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile in solution as disclosed in

WO2004/056754.

S_-4—'[4-(dimethylamino)'-1—(4'-ﬂuorophenyl)-1-hydroxybutyl]~3~(hydroxyinethyl)-
benzonitrile may be stereoselectively transformed into escitalopram as disclosed in

EP0347066.

R-4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxybutyl}-3 —(hyd_roxymetﬁyl)-
benzonitrile may be transformed into escitalopram as disclosed in WO03/000672.



10

15

. ‘._-J,rbenzonlinle Startmg materlal

25.

30

15 The general procedure of Experinment 2 was applied.
No acetic acid was present in the system The
experiment was carried out with a higher anount of
wat er (0.0W Exenplary batches gave: Ml ar yield:
34.7% enantioneric purity: 99.0%S. 20 Experinent 9
The general procedure of Experinent 2 was applied.
Additionally a small anoun® of water (0.05 V) was.
added to the 444-(di methyl am no) - 1- (4" -quorophenyl)-

L

her%ﬁ‘i’s%(d@ﬁﬂme)’nﬂ? 'i:%h whicR ?‘ﬁag%@tﬂhhz@ﬁ&f id Whewhdihy moBfr LiYfoor as

peri ment 100 g 292 nol es) of

- the @fc(dtedlﬂlmbhlydl a;mrmamay(’dé fifrtheo iprozed by -PIMW’@!WE@?@HC

ctaloprags o & 5pIeB & T ot SRR B hurter

emEﬁéMEﬁélH%ﬁnﬁh%Hﬁ@oﬂgs @sol@s&ﬂhlwomom'mf 57.5 g

es) of (+)-0,0"-di-p-toluoyl-(S,S)-tartaric
aC| d and 350 ni of pure ethanol was added in one 12
hour . %]{1 glxture was seeded and then cooled to room
Expecimental S¢FHo0 o1 nj ght . The suspensi on was cool ed to
oC and then filtered. Ml ar yleld 29 59@ enantioneric
purity 98.2 % S. 5 Experinent 11
Throughouisthe desesiption sncssvlaxr@% the f@lko“aﬁg %Pb(f@ﬂ%smé %€ %ﬁ@

di ssol ved.in 1 I .
Fa feictipeds Ml 68 2 Mo HIG MR E dmoun: of

4- [4L(rdﬁﬂ§1ﬂl?faﬁﬁﬁb)tp(ﬁﬁ fﬁﬁr@ﬁheﬁﬂ)mhydmxybutyl] -3-(hydroxymethyl)-
4-14- (di nmet hyl am no) - 1- (4
benzanitrii®r opheny1) - 1- hydr oxybutyl ] -3 - (hydroxyl - 10
met hyl ) - benzonitrile free base (100 g) in 1-propano
(100 m) containing 11 g toluene. The resol ution :
V nidiaké sokmes and a8 nalogiatedvasimillilgteasor&nt/par- mmptaﬁr@—l[ﬁl-@@ethyl-

alrnioeid?f?( Or’féﬁol}?gyﬁnrﬁgﬁ; CL(“ Y?‘}(@%ﬁ Co%ftg&omtﬂle - free

bas

o- hydroxybutyl ] - 3- (hydr oxynmet hyl ) -benzonitrile and
(+)-0,0" -di-p-toluoyl- (S,S)-tartaric acid and then
stirred at 40 C for two hours. The m xture vvas cool ed

Molgh o Bk dacEuheleh; PEeri S EBim B Ryl SR 2 Bibptans

141 1-hrb Ry bl t}ﬂg?)ﬂ?‘tﬁbx han-t b)éhﬁhﬂ‘nl@ln&% piﬂ&ﬁtttl per-emc(l: racemic

purity

4 t4 (dlmethylammo)-‘l-(4 ﬂuorophenyl)- _hydroxybutyl} 3 (hydroxymethyl)- c -

Seeding crystals

Seeding crystals can be prepared by mlxmg of a solution of S-4{4—(dimethylmﬁno)-
1-(4 '-ﬂubrophenyl)-1-hydroxybutyl]—3-(hydroxymethyl)»benzonihﬂe (10 g m
I-propanol (9.5 mL) with a solution of (+)-O,0-di-p-toluoyl~(S, S)-tartaric acid
(11 6 ) in 1-propanol (88 ml) or by mixing of a solution of R-4- [4-(dimethylamino)-
1-(4’-fluorophenyl)- l—hydroxybutyl] -3-(hydroxymethyl)-benzonitrile (10 g) .in
l-propanol (9.5 mL) with a solution of (-)-0,Q’-di-p-toluoyl-(R,R)-tartaric acid
(11.6 g) in 1-propanol (88 mb). Aitematively seeding crystals may be made in a
similar way using ethanol as tﬁe solvent instead of 1-propan61. Preferably the seeding
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Experiment 12 Experinment 13 25 Experinent 11 was
repeated except that the total volunme of 1-propano
was 4.3 V and 0.39 eq of (+)-0,0
"-di-p-toluoyl-(S,S)-tartaric acid was used. This
exanpl e was repeated several tines. The
crystallization batches we®e kept at 20 C for up to
16 h, typically up to 8 h. 30 Ml ar yields: about
35% enantlonerlc urlty > 98% S. 13 Experinent, 14

crystalsane; grevallised figm the pang e&v@k avhe qogfer ﬂﬂﬁ@rXS&lhsaﬁon where
they’ _ﬁ‘lél?’l_ % g 4 o%%?% d}l 2 ?‘Cgﬂ%én 10, tgg%xﬁlﬂgfseég(ﬂ%]gm?%lso be
usedhad @edigg civmlSbefore filtration was 0.5 h. Ml ar

yield: 36% enantioneric purity: 97.2% S. Experi nment

15 10 Experinent 11 was repeated except that the

Thet(fgl;ﬁj RM;O! U(faiﬁn&hyﬂm éoa pOLfNRSHHen fl) YohyRe S bEA1S- (hydroxyl-

-di - 1-(S,S)-tartari ¢ aci'd was use
metbt‘fﬁibtmnhnledmg fDI the IlzrelbaJatearf of seedingamysials can?o)erobtamed as

. | ar yi - 38. 99 tioneric purity: 82.8%S. 15
dlSC@B‘iH’%ﬁéﬁ“q%g%ﬁ@Qﬁ@%%l was repeated except that

the total volume of 1-propanol was 4.5 V, 0.675 eq of
Expliihidht 10 ' -di -p-toluoyl-(S,S)-tartaric acid was used,

and the holding tine before filtration was overnight.
20 Mol ar y| el d: 35.2% enantionmeric purity: 76.2% S.

(+)- 5)((5 uﬁég‘g} gflpqsv%zﬁ%}e eats cg @)gg E@) E}?Qaastea{sg Vecﬁ)molup@opanol

(3.44 =qu TR fodltiRWkad afdnipolaal 4¢ @ahd a&@i‘é a@ﬁie(%bz alfwhdfided.

ding time before filtration was O.
Tlu%Oéllltwn was ganstesrednwitbineamehopu k¢ tlys@luggn 9444~ (dlmethylamm'D)-

1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile free base in
1-propanol {0.95 V) containing 0.1 V of toluene. The resolution mixture, 'contajnjng
now in total 44 V 1-propanol was seeded with seed crystals comprising

S-4-[4-(dimethylamino)-1-(4" -ﬂuorophenyi) 1-hydr0xybutyl] 3 (hydroxymethyl)-

“benzonitrile and (+) 0,0 -di-p-toluoyl~(S,5)-tartaric acid and then stirred at 40 °C for
2 hours The rmxture was cooled to 20 25°C w1th1n 2 hours. The product was ﬁltered

E 20 : “‘and washed twme Wlﬂ’l l-propanol The enantlomerlc purlty was typlcally in the range'a; .

from abouf 91%‘:0 about 98%S.

25

30

‘The product was re slu;rrled in 1—pr0pan01 Q. 5 V) at around 50 °C for 2 hours The '
- mixture was cooled to 20-25 °C. The product was ﬁltered and washed with

l-propa:nol. The enantiomeric purity was typically about 99.3% S.
The molar yield was typically 34-36%.

- Experiment 2

(+)-0, O -Di-p-toluoyl-(S,8)-tartaric acid (0.4 eq) was dissolved in 1-propanol (3.5 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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14 Experinent 18 Experiment 11 was repeated except
that the total volunme of 1-propanol was 6 V, 0.75 eq

of (+)-0, 0 '-di-p-toluoyl-(S,S)-tartaric acid was

used, and the holding tinme 5Sbefore filtration was
overnight. Ml ar yield: 31% enantionmeric purity:
99.4% S. Experinment 19 10 HEgperinent 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

0.1 XcﬁOBJ%sTh?sféépluﬁ% MiRErch SORANE 1aYE ok ed M | Prepapelwas

s e
seedgﬁrwﬂﬂ Jeg% %ﬁ%%&f@;@%ﬁn@r g—4—ﬁ&(%‘ét€§%§?{lé Qﬂf og\ﬂ%henyl)-
-hy@@g%@d] M@&E@xﬁﬂ‘nﬁhylp-fbenzto@ttale vol ame of (&)-O[@’parp}koluoyl-
was 75 eq
(8.5) T%}'Faﬂﬁ aﬁsi fm%ele ens?d @taél»ﬂz a(? #‘Q,r tei hpugsa d he suigture s pppled to
b [
20- {/S?e(? &H%}S gEﬁl’rPenan }-Jél‘lnlgtltr I(»vgé gﬁ‘?}'éﬁaﬁit ° 1éeaqéé'c%or) 20dNRLREA with
1-preggel.i rent 11 was repeated except that acetonitrile
was used. as t he sol vent 25 o 1 propanol in
The SS{ogteris gReihes oy atpisd S0dp St piRge
An exclipidy 'b@dcy e {«éla%em 23t | &aﬁﬁéﬁeﬂ@ﬁ]ﬂ@e@ 0@ the
ho 5 tims before filtration was overnight. Molar
yield: 30 0% enantioneric purity: 96.0%S. 15
E 5? gent 22 Experinment 11 was repeated except that
PRI M Ptril e 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 ,
The general progeduse of Eﬁﬁ@rﬁgent@nwammiwé howaen i opl Ahe)-0.0"-di-
-to&?%g} glj{a%?lg(g lra?frreégtde g(gv of4: gr({%an%'ﬂ I QIR N RifenkYor acetic
acid was present in the system.

An exemplary batch gave molar vield: 29.5%; enantiomeric Iiurity: 99.2% 8.

Experiment 4

- The general procedure of Expenment 2 was apphed To the 4—[4 (dunethylammo) |
b 20

;.;selutlon in. 1-p1~0pan01 was added 0. 05 V of Water No toluene or acetlc a(:1d Was-

1- (4 ﬂuorephenyl) l-hydroxybutyl]-B (hydroxymemyl)-benzommle i ﬁee ) base

. 'present in the System.

An exemplary batch gave molar yield: 29.3%; enantlomenc pur1ty 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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10 Experinent 11 was repeated except that a m xture
of 1-propanol and dichl oronet hane (50: 50) was used as
the solvent in stead of 1-propanol in a total vol une
of 2 V (The (+)-0, 0 '-di-p-toluoyl-(S,S)-tartaric
acid and 4[ 4- (di met hyl am no) - 144
"-fluorophenyl)- 1- hydr oxybdtlyl ] - 3- (hydr oxyl net hyl ) - be
nzonitrile free base were dissolved in 4.5V
di chl or onet hane, 3.5 V dichlorornet hane was distilled
Expsrimesi@ 1 v 1- propanol 15was added), 0.25 eq of
(+)-0, O '-di-p-toluoyl-(S,S)-tartaric acid was used,
and the holding tine before filtrati on was overni ght.
Thelehatl proeddiire ABELSGrinesnd Btwaampplied. Nar dcesic ald wA¥opLesent in the
- Experinment 24 20 Experinment 11 was repeated except
SYStffat a nmixture of 1-propanol and dichl oronet hane

: . ' ) anol

A gy SR (SR B 1 S PR Py 3 04

-di -p-toluoyl-(S,S)-tartaric acid was used, and the

hQIding time before filtration was overnight. 25Ml ar
Experimest 735 794 enantioneric purity: 78.8% S.

Experi ment 25 Experinent 11 was repeated except that

a mxture of 1-propanol and di ehl oronmet hane 30
The (gsmr@romum@feﬁxmimem@ 2swus\apnlied. iNosacetielagifl was present in the

1- anal. in a total .volune of 4.5 V. 0.4 e
sysigipf TRPEGimght fud Gy Y8 s Sinaft ol el Vaea,
An &ehpll e bheh GhROmbig il I B4 ddabfighb@puas: B/EYIM.ght .
16 Molar yield: 31% enantiorneric purity: 98.2%S.
Experinent 26 5 Experinent 11 was repeated except
m xture of 1-propanol and di chl oronet hane

"
' EXP%E%%?%? was used as the solvent in stead of

1-propanol in a total volunme of 4.4 V, 0.5 eq of

(+)-0, 0 '-di- -tquoyl-(S,S)-t%{taric_ach was used,
The gaperehrrosrsiurs lgExnerEe 2 gras appligd- alo asRUGALD 3\A8 PRESERtID the
systifR! Plle Ripblifent 8ad iGN BB Eisg%elpﬁﬁblhﬂ gf %teggﬁ.&x)lo

Experiment 27 Experinment 11 was repeated except that.
Exemphirg batcles@havd:- pr opanol and di chl oronet hane (75:25)

Mol R bR o o n 2

(+)-0,0"-di-p-toluoyl-(S,S)-tartaric acid was used,
- and the holding tinme ~ . ' o

- The generél ,'préc‘edure’ of Experﬁheﬁt 2 was apphedAddltlonally :é-‘small amountof _

water - (0.05 V) wés added to the 4-[4—(dimetllylarrliﬁo)41-(4-’fﬂu0r0phenyl)¥ a
1-hydroxybutyl}-3-(bydroxymethyl)-benzonitrile free base sotuiion in 1-propanol.
An exemplary 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
{(H)-0, O'-di-p-toluoyl~(S,S)-tartaric acid and 350 ml of pure ethanol was added in one
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before filtration was overnight. Ml ar yield: 34.2%

enantioneric purity: 98,8%S. Experinent 28 20

Experi nent 11 was repeated except that the

crystallization mxture did not contain toluene, a

m xture of 1-propanol and dichl oronet hane (85:15) was

used as the solvent in sted@ of 1-propanol in a total

volune of 4.5V, 0.5 eq of (+)-0,0

"-di-p-toluoyl (S,S)-tartaric acid was used, and the

houp oL he Fyxiurarapatesied and thgnaeqabad RA@OBErmeThire oyemighis Th

98. 8% S.
sus;%}%ﬂwa%?(ﬁé%to%z%‘ n]jliﬂi(i&\&/ivzralst?r/epeat ed except that

Molar mebclwi%pénaﬂmmneﬂapmﬁtymdz @i $:hl or onet hane 30
(85:15) was used as the solvent in stead of
1-propanol in a total volunme of 4.5V, 0.5 eq of

Expleti 1-di-p-toluoyl-(S,S)-tartaric acid was used,

KpQn')c[imglhe hol ding time before filtration was overni ght
17 Molar yield: 36.6% enantiomeric purity: 97.6% S.

R NN R R NG ot B

ml). (9 A hurd@ds UsKed ﬁ? td bg 4@@’blﬁﬁthéxﬂth§ tsSl%ﬂoﬂfNas transferred toa
l-propanol in ato vol ume of 4.5

0.5
solugion - (4’[46ﬁdupethyjllaungo]) -8 ft)uqr@phea}'ll)d W@M’S’Hu%@@’dmxﬂ-

th h f. fil Ly
el e out5 83 bl 00T 1B Y e
The frédoll @inN@ixi@s UddrBainih ¥ BT toydl Gﬂ U 1-$BpR6l was seeded at 40 °C
enantioneric purity: 97.7% S. Ml ar eId 35.

WltbenaSﬁ@d onfﬁwtelSpuﬁomyﬂﬂgg 5 564s(4-Ehimethy @O)sb(415ﬂu0r0phenyl)

LRS- A PR ERREHE o bl SR8 BaRlotion

(S.Si-netagiolac®indndi thers tstﬁ&eﬂ af401°(b ﬁmimdiourm Tae mmlre was umied to

of 6.0V, 0.5 eq
20 °C. ig e hgpTsodpe. k@ts%t %ir@ Avieenighty dhgepgodict gvasafiliered filter
reac j&iﬂaﬁqb%&quf?aﬁdﬂ tration was overnight. This
experiment was perforned twice with the follow ng
Molaregeidt $1. S‘ZOeMmitiameyiic@Iudty 35.59845. enanti oneric purity:
98.6% S. Mol ar y| eld: 39.0% enantionmeric purity:
81.3% S.

Experiment 12

Experunent 1] was repeated except that the total’ volume of I-propanol was 10 V

'Molar yield: 30. 7% enantlomene purlty 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 yields: about 35%, enantiomeric purity: > 98% S.
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25 Experinment 11 was repeated except that a m xture
of 1-propanol and dichl oronet hane (95:5) was used as
the solvent in stead of 1-propanol in a total vol une
of 4.5V, 0.5 eq of
(+)-0,0"-di-p-toluoyl-(S,S)-tartaric acid was used,
and the holding tinme beforda3filtration was 0.5 h.
Mol ar yield: 35.0% enantionmeric purity: 98.4%S. 18
Experinment 32 Experinment 11 was repeated except that
Expgrimentdde of 1-propanol and dichl oronet hane (90: 10)
was used as the solvent in stead of 1-propanol in a
total volunme of 4.6 V, 50.6 eq of (+)-0, O
Expenﬂlientpl 1 olay Q&;iea(eﬁ Sceptathtitathie ot ivdlunwgsofl B—@ﬁbpaﬁdﬂdwﬁsh 45V,
ol di_n before filtration S overnig lar .
0. SQ/% ] (%zé’ Gogi-rtRlneyld fevitartaisy tﬂﬁ@ WaggIsgds, @d the '\ﬁﬂd%ng time
0 Experinment 11 was repeated except '
befoteﬁﬁﬁﬁéﬁﬁt%atsgﬁeﬂof 1-propanol and acetonitrile (15:85)
Molaagiclds 80%asndnhemedt penty: Ph.2% Bad of 1-propanol in a
totaI volume of 4.5V, 0.5 eq of (+)-O 0
"-di-p-toluoyl-(S,S)-tartaric acid was used, and the
Explpioflintdst i me before filtration was 0.5 h. 15Ml ar
yireld: 25.9% enantioneric purity: 99.2%S.
Experl nment 34 Experl ment 11 was repeat ed except that

Exrggieic bV reralecRoa i beBE) Bt o KBIwBRo fades v.
0.6(t & aF Wmedloﬁttﬂuc%d){s DIaricohcid -vﬁhs%sed and the holding time

O -di- p-toluo -(S,S)-tartaric acid was used and the
beforp filfratigntwand.bef ore filtrati on was overnight. Ml ar

MOlé%e% 3§%£ %%a@%egrﬂlcg%ﬁﬁ %% Bgl(:Jv\{aé t ?/ ep 2 gtAZod Sex g 2 pt that

a mxture of 1-propanol and acetonitrile (90:10) was
used as the solvent in stead of 1-propanol in a total

Expgpment 16 4.5 v,

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

Molar yield: 35.2%, enéntiomeﬁc purity: 76.2% S.

) “"-5f‘EXi)éﬁmeﬂt’_.l"r{

25

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

7 before filtration was 0.5 h.

Molar yield: 24.8%, enantiomeric purity: 99.4% S.
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0.5 eq of (+)-0, O '-di-p-toluoyl-(S,S)-tartaric acid
was used, and the holding tinme 30 before filtration
was overnight. Ml ar yield: 29.9% enantioneric
purity: 99.3%S. 19 Experinment 36 Experinment 11 was
repeated except that a m xture of 1-propanol and
et hyl acetate (31:69) was udéed as the solvent in stead
of 1-propanol in a total volune of 4.5 V 5 whereupon
extra 2 V 1-propanol was added, 0.25 eq of (+)-0,0
Experigleny180| uoy1- (S, S)- tartaric acid was used, and the
hol ding tine before filtration was 0.5 h. Mol ar
yield: 28.6% enantioneric purity: 98.4% S.
Expésipedt e tas Iépehedtapepi ﬂﬁﬂthelﬂotal!a@olmﬁpaﬁ"t Bgropanspias 6 V,
t hat m xture of 1- ano and et hano| (50 50)  was .
0755800 G- Rb- g ounn L SEiATRte Gt N ofsth i the Joidses fime
5 eq of (+)-0, O
befOY@ HHEIOH aég‘dr?tﬁ{tggQS) tartaric acid was used, and the
Molhnojndlldn@l%; ereinbeferie phiityt Pa#vdh was 0.5 h. 15I\/b| ar
yield: 27.4% enantioneric purity: 99.4% S.
Experinment 38 A range of experinents were conducted
Expgf/iﬁ{pnpwg the resolution of diol with (+)- 20

S,S)-DIT. The general procedure is described bel ow,
and the details and results for each reaction.are in

t abl Racem ¢ o s di so Y,
ExpirdRe 1 vhniaargdiabie Sfm e 3 TuliR e lBRephdng 28 v,
0.758%P&T wsmto 'afi- A 1foyl- (SS) ﬁﬁmﬁk -AoidT whild Qs Ut thé Yholding time

specified in the table) 25 was added as a solution iIn
befogqqﬁlt@pp@waﬁgwmtghtt he sol vent. The sol ution was held

Wo mnutes with

MOI%I éltga% %%)%Og‘%%?%%% ?Q@g DIT (approxi mately 5

rrg) Cryst aI lisation typically began within 5-10

m nutes after seeding. After 2 h at 40 C, the
ExpedmeBt 2 ure of the solution was | owered to 20 C over

2 h, and the solution was held at this tenperature

for a further 1 h. The product was 30 then separated
Expéyymént| tlr ebs oapeated sivecbtvthathiht etabppnmei aft epophnvd nwas(L5 V,

0.75X 20 Gﬂj) ?ﬁddl-%r-to?uoymlfgpta%g}m %tm \ca)vasculélé1 % tﬁe lfiofddmg fime -

before ﬁltrahon was 4 days.

Molar yield: 32.2%, enantiomeric purity: 92.8% S.

© " Expériment 21

25

Ekpe‘riment 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 (—i—jlb,"() ’-di—pétoluoyl-(S,S)—
tartaric acid was used, and the holding time before filtration was overnight.

Molar yield: 30.0%, enantiomeric purity: 96.0% S.
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- Experiment 11 was répeated except that a mixture of ll—propanol and dichlommethane

20 Table 1: Results of experinment 38 Experinent
Nunber Sol vent or solvent m xtures (m xtures are
expressed as v/v% Total volune solvent used (nmnL)
Equi val ents DTT used Yield (%9 Ratio SIR 38a
1- propanol 60 0.25

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 4.5 V, 0.50 eq of (+)-0,0’-dj—p;toluoyl—(S,S)-
tartaric acid was used, and the holding time before filtration was overnight.

Molar yield: 24.7%, enantiomeric purity: 99.2% S.

Experiment 23

Experiment 11 was repeated except that 2 mixture of 1-propanol and dichloromethane
(50:50)-was used as the solvent in stead of 1-propanol in a total volume of 2 V (The
()-0,0’-di-p-toluoyl-(S,S)-tartaric acid and  4-[4-(dimethylamino)-1-(4 "~fluoro-
phenyl)-1-hydroxybutyl]-3-(hydroxylmethyl)-benzonitrile free base were dissolved in
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

o - 495:5) was _;us__red- -aS.f[he. solvent in st_ead of 1-propanol in a total volume of 45 V,’

25

30

'0.3'5eq of (+)-0. O.’édi-p-toluoyl-(S,S)-taﬂaric -acid was uséd, and théholding,aﬁme B

before filtration was overnight.

Molar yield: 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.
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30

16.7 96.0/4.0 38b 1-propanol 86 0.39 19.9 97.0/3.0
38e 1-propanol 90 0.5 26 77.3122.7 38d 1-propanol 90
0.68 15.8 98.4/1.6 38e
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Molar yield: 31%, enantiomeric purity: 98.2% S.

Experiment 26

Experiment 11 was repeated except that a mixture of 1-propanol and dichloromethane

~(50:50) was used as the solvent in stead of I-propanol in a total volume of 4.4 V,

0.5eq of '(+)—O O’-di-p-toluoyl-(S,S)-tartaric acid was used, and the ho_ldjng time

‘before filtration was overmght

- Molar yxeld 16. 4%, enannomenc purlty 98.9% S

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 yield: 34.2%, enantiomeric purity: 98.8% S

Experiment 28

Experiment 11 was repeated except that the crystaliization mixturé did not contain

: to}uene a n:uxture of l-propanol and dlchloromethane (85:15) was used as the solvent- '

in stead of l-propanol in a total volume of 4. 5 V 0.5eq of (+) -0, O “di- p—toluoyl- x

(S,S) tartaric acid was used, and the holding time before filtration was overmght.
Molar yield-: 37.8%, enantiomeric purity: 98.8% S.

Experiment 29

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,
0.5eq of (+)-0,0’-di-p-toluoyl-(S,S}tartaric-acid was used, and the holding time

before filtration was overnight.
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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
78.7/21.3 38h 1-propanol/acetonitrile (15/85) 90

17

Molar yield: 36.6%, epantiomeric purity: 97.6% S.
Experiment 29

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 4.5 V,
0.5 eq of (+)-0,0-di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time
before ﬁlrtration, was overnight. This experiment was performed twice with the
following results.

Molar yield: 38.9%, enantiomeric purity: 97.7% S.

Molar vield: 35.8%, enantiomeric purity: 98.5% S.

Experiment 30

Experiment 11 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 (+)-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.

- ~'-’_’_5."'Exp1"ari'1i-1qrit;-3f1 |

Ekperirnent 11 was repeated except that a mixtare 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, 0.5 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: 35.0%, enantiomeric purity: 98.4% S.
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0.5 14.2 99.3/0.7 38i 1-propanol/acetonitrile (85/15)
90 0.5 9.8 99.0/1.0 38] 1-propanol/aceton trile
(90/10) 90 0.5 13.9 99.4/0.6 38k 1-propanoYet hyl
acetate (31/69) 90 0.25
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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,
0.6 eq of (+)-0,0 -di-p-toluoyl-(S,S)-tartaric acid was vsed, and the holding time

before ﬁltr_ation was overnight. ‘ '

Molar yield: 38.5%, enantiomeric purity: 99.1% S.

Experiment 33

Experiment 11 was repeated except that a mixture of 1-propanol and 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 (+)-0, O -di-p-toluoyl-(S,S)-tartaric acid was used, and the holding time
before filtration was 0.5 h.

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

Experiment 34

_ Experiment 11 was repeated except that a mixture of I-propanol and acetonitrile

(85:15) was used as the solvent in stead of T-propanol in a total volume of 45 V,
0.5 eq of (+)-0, G’-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 (+)-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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15.1 94.0/6.0 381 1-propanol /ethanol (50/50) 90 0.5
15.4 99.3/0.7 38m 1- propanol / DCM (50/50) 40 0.25 11.7
96.0/ 4.0 38n 1-propanol/DCM (85/15) 90 0.4 ,
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- 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 1-propanol in a total volume of 4.5 V
whereupon extra 2 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 0.5 h.

Molar yield: 28.6%, enantiomeric purity: 98.4% S.

Experiment 37

Experiment 11 was repeated except that a mixture of 1-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
(+)-0, O -di-p-toluoyl-(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-examining the resolution of diol with (+)-
(S,8)-DTT. The general procedure is described below, and the details and results for

each reaction are in table 1.

"*"Raceﬁﬁc, diol 7(2'0 g, 5 _8',4 mmol) Wa_s'dissol_ved in 'épproximately half of the sbi?ept -

used for the eXpeﬁﬁleIﬁ at 40 °C. (+)-(5.8)-DTT.H,0 (quantity 'siaeéiﬁed 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.l/z(-i-)-(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.



34.6 98.6/1.4 380 1-propanol/DCM (75/25) 90 0.5 26.6

98.4/1.6 38p 1-propanol / DCM (85/15) 90 0.5 33.7

98.8/ 1.2 21 38qg 1-propanol/DCM (90/10)

20
Table 1: Results of experiment 38
Experiment Solvent or solvent Total Equivalents | Yield | . Ratio
Number | mixtures (mixtures are | volume DTT used (%) S/R
expressed as v/v%) solvent
used (mL)
38a 1-propanol 60 0.25 16.7 | 96.0/4.0
38b 1-propanol 86 0.39 199 | 97.0/3.0
38c 1-propanol 90 0.5 26 77.3/22.7
38d 1-propanol 50 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 94 | 91.8/82
38¢g Acetonitrile 90 0.5 17.2 1 78.7/21.3
38h 1-propanol/acetonitrile 90 0.5 142 | 993/0.7
(15/85)
381 1-propanolacetonitrile 90 0.5 9.8 | 99.0/1.0
(85/15)
38 | I-propanolacetonitrile | 90 05 | 139 | 99.4/06
(90/10)
38k 1-propanol/ethyl 90 0.25 15.1 54.0/6.0
acetate (31/69)
-. 381 1-propanol/ethanol ~ 90 0.5 I 54 | 993/07
B GV~ W RN o S R
T%8m | i-propanolDCM | 40 025 117 | 96.0/40
(50/50)
38n 1-propanol/DCM 90 0.4 34.6 98.6/1.4
(85/15)
380 1-propanol/DCM %0 0.5 26.6 98.4/1.6
(75/25)
38p 1-propanol/DCM 50 0.5 33.7 98.8/1.2

(85/15)
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90 0.5 35.8 99.3/0.7 38r 1-propanol/DCM (92.5/7.5)
120 0.5 37.6 99.0/1.0 38s 1-propanol/DCM (95/5) 90
0.5 36.6 99.4/0.6 38t 1-propanoUDCM (90/10)

21
38q I-propanol/DCM 9% 05 358 | 99.3/0.7
(90/10)
38r T-propanol/DCM 120 05 376 | 99.0/1.0
(92.5/7.5)
38s 1-propanol/DCM 90 0.5 36.6 | 99.4/0.6
(95/5)
38t 1-propanol/DCM 90 0.6 20,6 | 99.1/0.9
(90/10)
380 | Ethanol/DCM (50/50) 60 05 0 o/
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 99.6/0.4

Although the experiments above all have been performed using (+)-0,0’-di-
p-toluoyl-(S,S)-tartaric acid which precipitates together with S-4¥[4-(din1ethylamjno)-

1-(4 '-ﬂuorophenyl)—1—hydroxybutyl]-3—(hydr0xymethyl)—benzoniﬁle leaving  the

mother liquor enriched in R-4-[4-(dimethylamino)-1-(4"-fluorophenyl)-1-hydroxy-
butyl]-3-(hydroxymethyl)-benzonitrile, the skilled person. will seé that he could as
well use (-)-0,0-di-p-toluoyl-(R.R)-tartaric acid which precipitates together with
-R~4~[4~(dimethy1amino)— 1-(4"-fluorophenyl)-1-hydroxybutyl]-3 —'(hydroxyrnethyl)—f |

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

. 1-(#"=fluprophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile.

Although the standard mode of addition is: (+)-0,0 -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 o
(+)-0, O’-di-p-toluoyl-(S,S)-tartaric acid).




90 0.6 29.6 99.1/0.9 38u Ethanol/DCM (50/50) 60 0.5 0
rila 38v Ethanol/DCM (75/25) 90 0.5 0.7 96.5/3.5 38w
Et hanol / DCM (85/15) 90 0.5 9.9
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, Claims

1. A method for resolution of 4—[4-(dimethy1amjno)-1-(4'—ﬂuorophenylj—l—ﬁydroxy-
butyl] 3- (hydroxymethyl)-benzonitrile as a racemic or non-racemic enantiomer

mixture 1nto its 1solated enantlomers said method comprising the step of

fractxonally crystallising  4-[4-(dimethylamino)-1-(4 -fluorophenyl)-1-hydroxy- .

butyl]—3—(hydroxymethyl)fbenzdnitrile as a salt with the (1)-(S,S) or (-)-(R,R)-
enantiomer of O,0’-di-p-toluoyl-tartaric acid in a solvent system comprising

I-propanol as the major constituent.

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 (+)-(5,5) or (-)-(R.R)-enantiomer of
0,0’-di—p—toluoyl-tartaric acid . is used per mol 4-[4-(dimethylamino)-
1-(4"-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-benzonitrile.

3. A method according to claim 1 or 2 characterised in that (+)-0,0-di-p-toluoyl-
(5,5)-tartaric acid is used.

4. A method 'accordjng to claim 1 or 2 characterised in that (-)-O,0 -di-p-toluoyl- .
(R,R)-tartaric acid is used. ‘



98.8/1.2 38x Ethanol 100 0.5 20.7 99.6/0.4 Although
t he experinments above all have been perforned using
(+)-0, 0 '-di- p-toluoyl-(S,S)-tartaric acid which
preci pitates together with S-444-(dinmethylamno)- 5
1- (4r-fluorophenyl)- 1- hydroxybutyl]-3-(hydroxynet hyl)
-benzonitrile leaving the 2ot her |iquor enriched in
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used
°C to the reflux temperature for the solvent system to a second temperature in the

range of 0 °C to 40 °C.

10. A method according to claim 9 characterised in that the mixture of
| 4—.[4—(dimethylamino)- 1-(4’-fluorophenyl)-1-hydroxybutyl]-3-(hydroxymethyl)-
benzonitrile, (+)-(S,S)- 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.



4. A method according to claim1 or 2 characterised
inthat (+0,0 '-di-p-toluoyl (R R.-tartaric acid is
used. 23 5. A nethod according to any one of clains
"1-4 characterised in that the sol vent system
. conprises one or nore organi c co-solvents,
particularly selected fromthe group consisting of
t ol uene, diethylether, ethyl "acetate and-
di chl oronet hane, nore particularly toluene, 6.
11t m@ﬂiloéc@@mlmgg tq laimy 9 opre 181 chardstessed Jn that ihe”mixture of

ed th
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achiral acid which is capab 5 top
M&tems rweedsg Ve %;tali 0( ,ﬂl de51re salt at the first tem%erature or during

grophenyl) 1- hydr oxybut yl ] - 3- (hydr oxyr net hyl ) - be
COO
nzonitrile but does not precipitate the
414- (dlnethylan1no) 1-(4' -fluorophenyl)-1- hydroxybuty

hyd hyl)-b I ; ' h .
125h sl SSAE RS BEY BE oA CHIPRGA BTG bdbih fpofine s
qﬂa&aﬁlgﬁg§£gmln that the achiral acid is selected ,

fromthe group consisting of organic acids such as
“formec aC|d acetlc aC|d trifluoroacetic acid and

t ha ul f oni nore pa t.icu I [
136K' WeH0n Beroaicer i Hy (BeaRl ot 1) SfEthg ' frat he
\‘;‘mﬁ@&ﬁ%ﬁ:@& gﬁ?ﬁ éeﬁarﬁﬂ?:@tﬁ&nh ﬁw&ﬁbﬁh@f‘hqﬁﬁ%ﬁﬂm Bagaishafter onset of
e dissol ved
4ifrdeipdatvet hyl ami no) - 1- (4" -quorophenyl)
1- hydr oxybut y1] - 3- (hydr oxynet hyl ) - benzonitril e and
(H)-(S,S)- or (-)-(RR-0, 0 '- di-p-toluoyl-tartaric ,
1488 irGkethéd s&@t@ﬂ% {d P éhef dfrSdintsenti clatrattarised it thet tharsgparated
' from20 Cto the reflux-tenperature for the solvent
sspfitiewrshedavider dM@Wsenper at ure in the range of 0 Cto
40 C. 10. A nethod according to claim9 characterised
in that the m xture of 4-[4-(dinethylamno)-1 -(4 _
15. Afrhathod pdrerdidg tolaryyattecofydbaitng! 1- l%e]@dnmrm@ mrethiat/the-separated

benzonitrile, (#%)-

saat i 15 1A OF b etralised (01 a i TaF RS §1§/sfi SRR system
t ARRI 8 188 érﬂdre' i thd@ange from
r an r?sgl%gt g%rédha[c}ﬁlr %II %ef or gyct:%e%lﬂﬂl(lér?go 15 A net hod g
R & 11g refhuc tempasraumrfoﬂmecsbareat mmre satﬁcularly HArCCithed0 °C,
m xture of 4- [4- (dinethy|am no) % o o
- foliowedl b coplingriy BICIPER &I BE Faier of 0 °C to 40 °C.
- 3- (hydroxynet hyl )- benzonitrile, (+)-(S,S)- or
(-)-(RR-0,0 "-di-p-toluoyl-tartaric acid and
16SAlMahbd sytshenfhdusaddsdtalpramcropgtraing thé nteltwdddsinyage of
~salt at the first tenperature or during cooling. 12.
Alpgshlodd-according to any one of clainms 9-11
characterised in that the cooling is .done within 8
hours. 13. A method according to any one of clains
171A12nethad aadcerdisgdtd nclainat 16 héurphree c cprinpratieg] & abtereogelective
separated fromthe ymt her uor within
oﬁa@é orgratipgp o | BNE A 151’1? BEHTF R 58 # 3‘9 K%}n}eﬁ‘%%‘m) |
i x{iethdbeiAdgitrile into
Sa?%%ggakﬁﬁghls mashegﬂafgﬁfﬁg zlrhouflz‘lb 15. A net hod
a&tﬂﬂdpmglto any one of. clainms 1-14 characterised in
that the separated salt is re-slurried or _
recrystallised one or nore tinmes in a solvent system
conprising 1-propanol or ethanol by heating to a
tenperature in the range from30 Cto the reflux
tenperature for the solvent, nore particularly 40 C
to 60 C, followed by cooling to a tenperature in the
range of 0 Cto 40 C. 16. A nethod for manufacture of
esci tal opram conprising the method of any one of
clains 1-15. 17. A nethod according to claim 16
further conprising a stereosel ective transformation




25 18. A nethod according to claim 17 wherein

S- 444- (di et hyl am no) - _

1- (4" -fluorophenyl)-1- hydroxybutyl]-3-(hydroxynet hyl)
-benzonitrile is stereo-selectively transfornmed into
escital opram 19. A nethod according to claim 18
wherein the S-444-(di met hydani no)- 1-(4
r-fluorophenyl)-1-hydroxybutyll-3-(hydroxynethyl) - ben
zonitrile is reacted with a reactjve, acid Ferlva

188‘ﬁ0hma§1|06n aepidingn| &0 | Fdalgy Adi dWASTRYdr Pefls|4-{dimet \14mino)-
ET e iy R RRHLE RO PRAOOHERE s stereo-

t sfele@tl{?dﬂ/ &ﬁilsf@'rﬁd ipyor esdlltaiﬁlpram

19. A method according to claim 18 Wherein the S-4-[4-(dimethylamino)-
1-(4"-fluorophenyl)-1 hydroxybutyl] -3- (hydroxymethyl)—bemomtrﬂe is reacted
with a reactive acid derivative such as an a<:1d chloride or acid anhydride, in
particular methyl sulfonylchloride or p-toluene sulfonylchloride, in the presence |

of a base, such as triethylamine or pyridine.



