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12 February 2007 WD 2004/014821 PCT/ DK2003/ 000537 i
Met hod' for the separation of internediates whD&ebmmayy 2007
be used for the preparation of escital opram The
present invention relates to a novel net hod for the
tion of optically active 5 internmg
WOR}W@Q{ ilf or the preparation of escital opr am [ nvoiﬁ'ﬁ"mns”T
sel ective enzymatic acylgtion or deacyl ati on.
Background of the invention 10 Citalopramis a .

: een on
Mtfibd %ﬁg@@gﬁ&ﬁgﬁ@@@@%ﬁﬁam Bly 1R Pol che
preparatial dfjescictloprgmser ot oni n ( 5- hydroxytrypt am ne 5- HT)

reuptake inhibitor, accordingly having antidepressant
activities. 15 Cltal opramwas first disclosed in DE
Thé pRBdht BikntichQEhRS RPN vetmbtBod 8r ﬂw%’%aéa%n ofldpiitallyPRtiat

publication i.a. outlines a:process for preparation of
intermegiatss nagrlfpn e Preparation frf@sq@t@hmaﬁgmsolwe yeleetive ienamatio
th cuprous cyanide in a suitable
wﬁH%F%g%?E%ﬁ%hﬁﬁ al kyl ati on of 5-brono-phtal ane. 20 US
Pat ent No 4, 943 590 correspondi ng to EP-Bl-347 066
ocesses for the preparation of

Ba %cr ‘FB’SWQFHV&E{‘%am.oner of citalopram). Both

processes use the racem c diol having the formula 25

OH NC OH N F (~).12 February 2007 WD 2004/014821
Citgdommaps o 9l doown mﬁdepressant drug that has now been on the market for

some years.

It is a selective, centrally acting serotonin (5-hydroxytryptamine; 5-HT) reuptake
inhibitor, accordingly having antidepressant activities.

Citalopram was first disclosed in DE 2,657,013, corresponding to US 4,136,193. This
patent publication i.a. outlines a process for preparation of citalopram from the
corresponding 5-bromo-derivative by reaction with cuprous cyanide in a suitable

solvent and by alkylation of 5-bromo-phtalane.

“US Patent No 4,943,590 corresponding to EP-B1-347 066 describes two processes fo‘r

the preparation of escitalopram (S-enantiomer of citaldpram).

Both processes use the racemic diol having the formula

o




2 as starting material According to the first
process, the diol of formula (I) is reacted wRtFabaary 2007

enantionerieally pure acid derivative, such as (+i or

WO 200§01BHet hoxy-a- trifl uoromet hyl - phenyl aceRGHVDIEIPIMNIPIE
to forma m xture of diastereoneric esters, which are .
separ at ed by HPLC or fractfonal crystallization, =

< G RORALTGEFH S o n
m&@aﬁraiaﬁﬂmﬁ&mm;e PRRC8AE RUEOAHSS sudh s g#)g r U)-d QLAY R

mé is separated’into the enahtione
vapaetyl-phepylpestd r ghlaride] fozfati on mikdure af d1astereomenc esters,

ur i d, suc :
iRt LOIRULEBY L PG BE0d: SYCh A8 wherempon tho cter vith
] theS—oenam istersechendisttyh dis derahtickbletth@lf QofvdrRd (o &s&talopram,
nt| os&eect [ veI convert ed to escital opram

%%%?éndlale9€| £H) amseparated into the

ena&ﬁbmgﬁwy%&@e%@électﬁe a@?,qﬁﬁ |

| mproved rret hod foPﬁﬁtrepar atiron o esm%lclaﬁo’g{mggmflts“c}l
as (fhrdi-prsoluesd W@th“{hﬁmmes-eammmaﬁhe diol bhige frmhla
: |l as 15. acylated

' (A)ggeﬁa\%&%egtsl&ég%ereo V@ B8bar ed by sel ective

10 enzyrmtl c acyl ati on of the primary hydroxyl group in

era i 0 q%géaln S-diol or an acyl ated
?R’@‘Et thﬁ’é? AS AR gntidspressent. Hanes, tﬂyerama desire
for wﬁwﬁm (EPRIoh AT BRG] ned My be
separ ated by a series of 1solation and purification

operations. 20: The'invention Accordingly, a first .
et hod for

1t 6 el b iP5l o&“iﬂ%’?ﬁﬁ%ﬁ by elie

e prepar

15, .acylhtaa idagvitives thereoTingy gkklgwgam orffhe .
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- Cl. 6-a
separated by a series of isolation and punﬁcauon operauons

20:  The invention -

Accordingly, a first aspect of the present invention provides a method for the preparation of

~ the S-or R-enantiomer of a diol having the formula
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other to forma cyclic structure including the N-atom

to which they are attached, or Z is a group WiFebruay2007

be converted to a di net hyl am nonet hyl group, the
dotted Iine 5 represents a double or a single bond and
26d@h1dey hal ogen or a salt thereof, and/or Lfr?n e .
wo en)glﬁ‘tl oner of an acyl ated di ol haV| ng the fornu ?’%%I[
OlIR ROH\Z Hal (1V) 10;wherein R Z, the dotted |ine
and Hal are as defined above, Wis 0 or S, and R3 IS

Wheréfn @ ' 15 %9 %’/ f{' gljagil? ngh\'#& lc%ﬁérerte%gotﬁl + EA%G% z 8% grouP

—Cfézbﬂﬁ@i R WivbereipRamt R ThareeC it -alied, opiR mdsRy/| b sltelcbmted to each

d_f l. | 0-al yd )
o5 S5 oot B g abasces o Pty etecupe 2
is a gfup richl dsayl Be@ﬂh%d &y &me&fylﬂnﬁﬁdfnefﬁﬁﬁdu ' iﬁe a&%d line

het er oar wher ei n an he aryl

ar
reprg%f:atswaoegls aF Wm@lﬁ B@ﬁ%ﬂfﬁ‘é‘iﬁl srlogampt 3/ éhﬂg‘tﬂfsftﬂdfouﬂ@d
Qf.s selected from
opp8dlfé ciniihi Oftahg.sﬁl%te% %3@%%#’8‘ anyl, CL-1o-all koxy,

CI -I o aI kyI thio, hydroxy, halogen, amno, nitro, _
~cyano, 01.10-ai kyl ami no ang_di- (G -10- al kyl)amn no and
Yis-a bond, O S or NH onja salt thereof; conprising
20 a) subj ecti ng a racemc rrpound of for mJI a 12
February 2007 WO 2004/0482 PCT/ DK20031 000537 4 OH
It, Z, the dotted |line and Hal
are as defined aj to selective enzymatic

[ 2 | a DH; agent having the for mul a

5

wherein R, Z, the dotted line and Hal are as defined above, W isOor S, and R is
YR, wherein R" is Cy.1o-alkyl, Cp.qo-alkenyl or Cs.o-alkyny] all of which may
optionally be substimt_ed-one or more tin_les with substituents selected from Cy.1o- _
alkoxy, Cy.jp-alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy.jo-alkylamino, di-
(Cr1g-alkylamino, afyI, aryloxy, arylthio and heteroaryl, or R is aryl; wherein any
of the aryl and heteroaryl groups may optionally be substituted one or more times
with substituents selected from Cy.o-alkyl, C jg-alkenyl, Cy3¢-alkynyl, Cr.1-alkoxy,
Ci.ro-alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy.jp-alkylamino and d1—(Cl 10~

- alkyl)amine and Y'i is abond, O, S or NH, or a salt thereof; compnsmg

a). - _ subjecting a racemic compound of formula
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UWWW R XAR or R? XAR or VAX-R (llla) (lI[b)

(I'l'lc) or an isocyanate having the fornul a R 1)NFEe@a6r2007

an isothiocyanate having the formula RL -N=C=S; 10

wherein Xis Oor S; Wis Oor S; Uis Oor S, Vis
wozdﬂ@bﬂﬂﬁn and R is Ciro-alkyl, C2-io-al keny 8003000537

C2-10-al kynyl all of which may optionally Cbe

substituted one or nore t4nmes with substltuents .

sel ected from Gi-10-al koxy, Cr-lo- alkylthio, hydroxy,

haI ogen, am no, nitro, gpano, G -io-al kyl am no,

-(G-io0 15 al kyl )am ng, aryl, aryloxy, arylthio and

heteroaryl orRg I, wher ei n any of the aryl

and heter oaryl g optionally be substituted

one or nore tinmes SHD /Zuents sel ected from

C-io-allcyl, C2-i0 nyI C2-1i o-al kynyl ,

C _io-al koxy, G -io- ylt hi o, hydroxy, hal ogen,

am no, nitro, cyan, Oyal | cyl am no and di -(Cl-i o-

al kyl)am no; 20 Rt i gefined for R R2 is as

defined for R, or R2 &4 suitable |eaving group; 12

February 2007 WD 2004/p14521 PCT/ DK2003/ 000537 5 or

R and R1 together formHEalchain of @)to 5 carben atons;

provided that Wand U are not S when Xis S; to forma

m xture of the starting material of fornmula (Il) in.
Whe&h:im@[ the itk 109 ankB SrefaQ Héﬁxiéﬁgb oQPIBAR/e! eﬁ@m?atlc

enantjonmer of 5 the acyl ated aV| ng t ormul a
acylafiprusingarpeylating agnyhaving ibe Girmul, vv Hal, R3, the

dotted line and Z are as defined above; or 10 b)

subj ecting a racem c¢c conpound of fornula

uoow W i
R‘)LXJLR‘ or RE—X/”\R' or V/lkX_Rl

() (UTb) | (ITic)

or an isocyanate having the formula R:-N=C=0 or an isothiocyanate having the
formula R'-N=C=; |

wherein XisOorS; WisQorS; Uis 0 or S, V is halogen and

R’ is Cyyp-alkyl, Cy.1g-alkenyl or Cp.1g-alkyny! all of which may optionally be

substituted one or more ttmes with substituents selected from Cy.jo-alkoxy, Ci.0-
alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy.y9-alkylamino, di-(Cp.1o-

‘ alkyDamino, ‘aryl, aryloxy, aryithiq and heté_roaxyl, or RY is aryl, wherein any of the

“aryl and heteroaryl groups may optionally be substituted one or more times with
substituents selected from C;. mualkyl Cg_m-alkenyl,'Cz,] o-alkynyl, C,. m~'a]k0xy, Cii0-

' Haﬂcylthlo hydroxy, halogen, amino, mtro cyano Ci- 1o-alkylam1no and dl—(CI 10

E : alkyl)ammo

20

R! isasdeﬂned forR% -

" R’is as defined for R', or R* is a suitable leaving group;




W OLR3 R OH Hal (IV) wherein R Z, W Hal, the

dotted line and R3 are as defined above; to sdb@ebiuds; 2007
15 enzymatic deacylation to forma m xture of

deacyl at ed conmpound of formula 12 February 2007 WO

WO%IQ‘%MQ}LBZ:L PCT/ DK2003/ 000537 6 OH R CH ¢

wherein R Hal, the dotted |line ang*f?kgorﬂgmggﬂ

defined above in either the R- or the S formand the

acyl ated starting material of formula (1V) in the form
or & aiid R’ @e@S) foftn 2 ERANLF P 6a mta'aﬁ%a' l'y followed by,

in either order, isolation o% the S© or R-enantioner

of the conpound of fornmula (11) and/or the opposite,

AR R ) 0 S SRR NI B b sBrtngne
mgperiabeffbrrindy G ih Gither tHea¥-@r i SPfodiiafle theloBfosite elhtibner of
5 ﬂl{%?(ﬂ%g%ﬁa qof @g&;}_glpgggnd having the formula (IV) R

7 wherein Ris cyano or a group
whi ch may be converted to cyano, Zis a group -CH2-

N(R R ) wherein Rand RI' are Q 6=al kyl, or Wand R' are

connected to each other t%forma cyclic structure
including the NNatomto ich they are attached, or Z

is a o "RrR®

| Hal avy
wherein R, W, Hal, R®, the dotied line and 7 are as defined above; or

10 b) subjecting a racemic compound of formila

whercin R, Z, W, Hal, the dotted line and R® aro as defined above; to selective

- 15, enzymatic deacylation to form a mixture of deacylated compound of formula




group which may be conaverted to a di met hyl am nonet hyl
group, Hal is halogen, Wis Oor S, the dott ed Hebhery 2007
represents a double or a single bond, R3is -Y-Rl,
wheglp Rt is Cl40-al kyl; Qjo-alkenyl o -

WO al k)}%F all of which may optionally be SUE’E%{‘%@é’H""S”’
one or nore tinmes with sulstituents selected from
g -to-al koxy, Ctao-al kylthio, hydroxy, halogen, ~
amno, nitro, cyan, Ct-tggalkylam no, _ )
di-(Ct-to-al kyl)amno, aryl, aryloxy, arylthio and
heteroaryl, or Bt 71, wherein any ,of the aryl and
het ervaryl groupf ionally be substituted one

or nore tines wt istent sysel ected from

Gto-alkyl, G-to-a . Ono-al kynyl , Cl4o-al koxy,

G -io-al kyl thio, hydroxy, - hal ogen, am no, nitro,

cyan, C, -lo-al kyl am ng g di-(Ct-,0-allryl)aniino and

Yis a bond, O S or or a salt thereof D sclosed
separation of m xtures of an

are al so nethods for v
enantionmer of formula (I1V) fromthe opposite
enantiomer of formula (Ha) and to t@® 'R and

S-, tj f th : ds of f I I bove.
vt ol (2 deBodine mod 4y Filefibpbdovoin diber e Bownibo .

) . here | s H .
t-‘mmil_s'ol a%i on and pufiinféﬁegéllgygn g}a Qﬁe B%eg%%ﬁh&ﬁlﬁﬁmoﬁﬁet he

enapiigpetil a WO R R OH Hal (1V) 12 February 2007 6b
wherein Ris cyan or a group which rmay be converted to
a cyano group, the dotted |ine represents a double or
opticriaily fellobved By, itaither orded 00BN of the S- 8r AlcAM o Bl RR')
- wherein Wand R' are CL.6-al kyl, or Wand R" are
componnd of fospuladI1) apdiordheepposits enautianer of fhe lcpmpaind of famela
(IV)lopg katfinBgof e N .-atfom to which they are attached; or
Zis a group which may be converted to a
"~ di net hyl am nonet hyl group, Wis Oor S and R3 is -Y-
InacRidwhere'bn Yis abond, O Sor NHand R is -
- 1N ACcEoedGe R ¢ secqnsl gspedh Pl A presept imyentian, thereis mydvidag the$- or R-
enantidiiet bf aBynpaQitd RNAG ke igmukypsti tuted with one or nore
substituents selected from Cl-io-al koxy, '
Cl-io-al kylthi o, hydroxy, halogen, am no, nitro,
cyano, G -




lo-al kyl am no, di-(Cl-1o0-al kyl)am nQ aryl, aryl oxy,

arylthio. and heteroaryl, or R is aryl, wheid2iFebramy 2007

of the the aryl and heteroaﬁrayl groups nay optionally
wh&em@i&s:yﬁotﬁracgmwhﬂi maPbEcdniveres] tmdcyimogﬂkisaﬁ 'gxbtqenmz-

OB i 0 6 e Ut R R 1 COmpelr ey s
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di {Cgﬁjﬁo al kyl )l%m noé)ﬁlgr a sa?t tchereeof and/ or the

gropp Which tnay deeomverted @me@ylammoneemyj)gmw@ales halpgeny W is
| | d.
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sal er eo
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2 hilsd Beino] it _
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frorc Cnyaithyt] Czﬂﬁ-aﬂfﬂll)fh-ﬂ:ﬁlo'@]my]ﬁ@m&aﬁ@ky (thmvﬂlnaﬁwdtomnd |

halo O%bl onal R | soI at ap' co%ggh‘gc ﬂllﬁYle %};{,&@ as

bond,%PBQirMPoQEsﬂhﬁle&Bﬂpound of fornmula (1V) as the base
~or ‘a'salt thereof In accordance with.a fourth aspect

of the present invention, there, is provided a nethod
for isolation and puri fi cation of the acyl derivative
Discldr@ iarecpldomaetiicais o ltize (Saratid dDhixtuded ofwhenaitiom® i s cyano

of o3 BOR. b FbeRENhahoniE DY R (o aft 4R'° O 0L

R-and S—enantlomets of the compounds of formula (IV) above.

-+ In accordance with a third aspect of the present invention, there is provided a method for the

" isélation and purification of the compound having the formula




hal ogen, the dotted line represents a double or a
single bond, z is a group -H2- N(R R ) wher ei n2Rabdaf¥'2007
are Cl.4-alkyl, or Rand R' are connected to each other
- to forma cyclic structure éwcluding the NNatomto
_ which they are attached, or Zis a group which may be
wher@inRds ¢yado boa gom whtchy!iaarbpnmmtt agquagrow,ltbe dtigd  S;

tine 8 espts Oyt o1 Snglt S el Sl 225 = ehgup i N B2, R

wheBdin Ritng R Ty CRphikphal R ¥nd R Sudhxhhéctddad eaieothir tofme a
times with Substitaents selected from Cl lo- al kaxy,

cycle strpgiurg ipglpding e N%méw oh ey gesrrttagheder FAREY Fh

whiGQV Ry be%n%?feﬁluﬁ ﬁ#nfus Ay b)cﬁ@ zﬁl‘aw% W
ary oxy arylthio an eteroa I's aryl,

R vittesaire Y ris :abgudoﬂ 8 he NHhand &uyCI-ﬁ-mﬂcybélzwdkﬁng ogChups may

sl B ok e DRy PO RSHEE i O3 b8 Hbohbefhs
selefted ﬁ'&n@;.lﬁﬁd]kdxy, Cf folalkyBBa[ il droxpa Bald g a0 ¥ivino, nitro, cyano, Cy-

G to-al kYl th ydr oxy halo en am no, nitro,

w-alllanpioedin(Gi arﬂﬂw)amrlo@wt esyloxy, wliﬂy? yeafasroagyl of B REf

ey S Y R o sy

one amnmlort Himes|with enbshments aclectesirabe Cj - fasﬂk)d,kﬁ‘me-alkbnyin(lmo-

ur e, cont the ac erivat.ive; of for
RN FSAREY el ing %, SBlr Kl )
alkylah@ dnd Ai-ECY, ‘;ialrytjixﬂﬁla &GQhieileiesy the acyl der| vative

of formula (IV) and the diol of formula (11) in a
n1xtureofmater a protic organic solvent and an apol ar
t b) separating the aqueous phase
con alnlng e dIO| of formula (11), fromthe -
; organi c phase to obtai n an organi ¢ phase contai ni ng

t he acyl derivative of formula (n'); and optionally
~isolating the diol of fﬁ mula (11) and/or the conpound

of formula (IV) iron tje aqueous/organic, phase, and
- optionally coM® ' t he conpound of forrmula (I1)
" and /or (IV) to K t her eof

whefein R, Z, Hal and the dotted line are as defined above, or a salt thereof, from a
_mixture containing the compound of formula (IV) and the diol of formula (ID), which

comprises:
a) - treating sa;ld mixture containing the compound of formula
V) and the diol of formula (I in a mixture of water and an. orgamc soIvent in the .

- presence of an acid,;




Finally, disclosed is a nethod for the preparation of

esci tal opram and racem c cital opram from thei2 February 2007
enantioners of a conpound of fornmula (11) obtained by

the sel ective enzymatic ac?Fation or deacyl ation as

di scussed herein, or the enantioners of the optically

At MGk ofjflobY Al GontiHlint 1B firihiaqll) 8 et oy
b) thé%%e %?3g&%%%@%%¥§?'acy-a€§on or deacyl ation as
said diid Glonsthe organic phase td chtse bn orgagic phase conleining theeosmenné
Wi t fift t.pof the present invention, there is
0fﬁ5m%£6§@§§aﬁg#géﬁgﬁmﬁﬁg% rati on of escital oprarn having
the fornula NC O F or a pharmaceutically acceptable -
salt thereof conprising preparati on of the &
optienally isolsting thecompepnd|of Ffm“hg&ﬁ Rethe Basor &5 ﬁqﬁ'ﬁ?rﬁﬂﬁ ang
i | b fobHARBARTDas thealt Br YHlherbd¥y be
QWN%%Qzé%%é%“%@ﬁéa%@%ﬁgdgféhp,-t eaéotted {ine '
represents a double or a single bond, Zis a
di met hyl am uonet hyl group or a group which may be

COnVer LaR at t . WPH R FRRIdIA] method for
In ackg a&'ﬁ%r‘?’,ﬁﬁl aofgu'% %gptfg ongm%snﬁ% 6 S ena‘?}}t i omer of an
isolatmo phdpweification bf thaaéyhderivative havinatheforpulgebr uary 2007 WD

2004/ 014821 6 f PCT/ DK2003/ 000537 W OR R OH

Hal - Iv).

wherein R is cyano or a group which :tr.:lay be converted to a cyano group, Hal is
halogen, the dotted line represents a double or a single bond, Z is a group —CH,-
N(R'R"") wherein R‘and R are Cy.¢-alkyl, or R“and R*” are connected to cach ofher
to form a cyclic structure including the N-atom to which they are attached, or Z is a |
- group which may be converted to a dimethylaminomethyl group', WisOorS;and

R’ is -Y-R! wherin Y is a bond, O, S ot NH and R s Cy.1o-alkyl, Cy.yo-alkenyl or G-

~ o-alkynyl all of which may optionally be substituted one or more times with
substituents selected from Cy.1¢-alkoxy, Cryo-alkylthio, hydroxy, halogen, aniro,

itro, cyano, Cyyg-alkylamine, di-(Cy.1p-alkyl)amino, aryl, aryloxy, arylthio and

heteroaryl, or R! is aryl, wherein any of the the ary} and heferoaryl gioups may
optionally bé substituted one or more times with substituents selec_téd from Cy.10- .
alkyl, Caao-alkenyl, C;.10-alkynyl, Cy.10-alkoxy, Cy:1o-alkyithio, hydfOiY, ‘halogen, ~

' amino, itro, cyano, Cy.1p-alkylamino and di-(Cy.io-alky)amino, or a salt thereof




Z Hal (IVs) wherein R Z, the dotted |ine and Ha

areas defined above, Wis Oor S, and R3 is - 1¥FeRuary 2007
wherein R is Cl.lo-al kyl, C2.1lo-al kenyl or

C2.1o-al kynyl all of which fdy optionally be

substituted one or nore tinmes with substituents

sel ected from Cl-1o- al koxy, Cl-to-alkylthio, hydroxy,

Ao Aol dffar@nlani tro, cyano, Clao-al kyl amino, di -

G -1o-al kyl)am no, aryl, aryloxy, aryltbio and .
hetemaryl, or Rl is aryl OHvherein any of the aryl and
het er oar yl gro optJi onal Iy be substituted one or
more tinmes ‘witirs uents sel ected/from Cl-1lo-a~
C2- 1o-al kenyl, C 1 yknaCn 10- alkoxy,

Cl-1o: alkyltblo IWAEBXRY, . , am no, nitro,
cyano,.- Cl- lo-al kyl am no .nd di - (Cl-1o- al kyl)anl no

and Y is a bond, O S or] H, or a salt thereof, by the

,\_

nmet hod in any of clai 62, optionally followed by,
«in either order, conve ' of the group Rto a cyano

group, conversion of theygroup Zto a

di met hyl am nonet hyl ‘group, reduction.of a double bond

represented by the dott-«ﬂ ine to av¥single bond and

/or conversion of the group Hal to a fluoro group and

t hen nngcl osure under basi'c conditions of the S-

wherear R/ Halg% amkthé dotted| e @y dofinddl abioye, Gromea misiireccoptainng

e E AR5 ok B o S o SO i SR
or der, |f R is not cyano conversion of the group R to

a cyano group, if Zis not dinethylan nomethyl
a) conireitiog snd pixtugsopipiping the peyl ém‘@hmﬁy%wm e

ciof Yt 1 S Lk S0 T OB G Bl R oPRE

oq@ﬂmgaﬁaﬁpn of Hal t.o a fluofo group, follomed by

B gig‘%ggrlaon f escit Z pram Qr %mﬁﬂace jl.g%/l%lﬂfﬁﬂ
wsg'ﬁ?ﬁﬁ% Rlobulfa? %?%‘*kr i Bl o6 51 Gkt OF IR

{(vyndd or eSC|tanpran1or a pharmaceutically acceptable _
salt thereof conprising preparation of the
R-enantiomer of a diol having the formula

memmﬂykwhﬁng&mdkﬂofﬁnnnﬂa@ﬂ)manTbnxqumndofﬁnnnﬂaGNOihnn
the aqueous/organic phase, and optionally conversion of the compound of formula (1)
and for (IV) to salt thereof. '

.Finélly, ‘disclosed is a method for the preparation of escitalop.ram and racemic citalopram from
the. enanﬁomers of a compound of formula (11} obtained by the selective enzymatic acylation
or deacyiatlon as dlscussed herein, or the enantiomers of the optically active acyl derivative
of formula (IV) obtalned by the selective enzymatic acylatlon or deacylahon as disclosed

‘ hereln




OH ROHZ Hal (Ilr) wherein Ris cyano ora group

whi ch may be converted to a cyano group, the dotFeBgiary 2007

line represents a double or a single bond and Z is a

di met hyl am nomet hyl group or a group which maybe

converted to a dinmethyl ammonet hyl group and Hal is

hal ogen, . or a salt thereBf, or the R enantioner of

an acylated diol having the formula % R OH ~'Z

InHagcodenge) witle aFEffr gepept 0GP Presenftiaveation, fherg is phgrocess for the
' jiged above, Wis Oor S, and

p%gér%@q-é{(b%lﬁﬁmaﬂziﬁg?%ﬁ%%ggCl- 10- al kyl, C2-1o0-al kenyl

or Cz-lo-alkynyl all of which may optionally be

substituted ene or nore tinmes with substituents

sel ected from o~ RO Cl-1o- al kylthi o, hydroxy,

hal ogen, am no, nit Cl- 1o- al kyl am no,

2
di - (d an- al kyl)am R 'mﬁgar%ﬂmi 0 andI
retvr"any o e ary

heteroaryl, or RL is aryl,
y 8 ptional |y be substituted
"one or nore tines wth ituents sel ected from
(

and heteroaryl groups nm
Cl- 1g-al kyl, C2-i o0-al kemny al o- al kynyl, Clao-foxy,
Gao- al kylthio, hydroxy, hglogen, am no, nitro, cyano,
Cl-1o0-al kyl ami no and di-(QQ-1o- aikyl)anmno and Y is a
bond, O S orNH, or a salt thereof, ﬂbthe nmet hod

i . _ i - B2 @HE '! Qﬁﬁ glsl. owned
© ) mac{eélg??iagl?aor té‘?{“%%)%\b/é&;g%oo of “the grotgf{hR to a
emytiomergfaudiol heeidg thei formdd a doubl e bond represented by
the dotted I[ine to a single bond, conversion of the
group Z to a dinmethyl am nomet hyl group and /or
conversion of the group. Hal to a fluoro group and then
ri ngcl osure under acidic ‘

whegein R is cyano or a group which may be converted to a cyano group, the dotted

 line repreécnts adoubleora single bond, Z is a dimethylamitiomethyl group or a

 group which may be converted toa dimiethylaminometiryl group and Hal is halogen,
or a salt thereof, -

or the S—enanﬁomet of an acylated diol having the formula




conditions of the R-enantioner of formula (Ili) or
(I'Vs) to forma mxture of the S- enanfioner qb HeBgary 2007
compound of formula R\ . OZ Hal (V) and a m nor
anmount of the corresponding R enantioner, followed by,
WO 3000/ ddZkher order, ifR isgpot cyan conver sPGHDE2003/4(8537
group Rto a cyan group and, if Z is not
di met hyl am nomet hyl conversion of the group Z to a
di met hyl am nomet hyl group, if the dotted Iine
represents a doubl e bond r&@&duction to forma single
bond and if Hal is not fliloro, conversion of Hal to a
fluor group, followed byolsolgti on of escital opram
and/ or racemg cital opfam or a pharmaceutically

acceptabl e salt \ February 2007 6i Detail ed
description of tf
wi th the conpounds>o6f

n When used in connection

mia _(11), (EV) and (V), the
ternms "enantionmer”, "R enantiéner”, "S-enantioner’,
"R-forni, "S-forni, "&dbpl" and "S-diol" refer to
the orientation og t pups around the carbon atom
to which the 4 Hal-phe group is attached. 12-
February 2007 WO 2004/{014821 PCT/ DK2003/000537 7 The
present invention thusHakl ates i n(@¥ep enbodi nent to a
sel ective enzymatic acylation as above and in another
enbodi nent to selective enzymati c deacyl ati on as

wheRRPX 7, tfle GRS Fihé et A Mh%ﬁneﬁ%bﬁt i %iﬂt"?{}? ! Lhe

enzyhetic acylation 1s preferentially Sor
Y-RE ovhersis Rbis (hfio-alkid, Gf 1o-tlkenyd on 6. jociomyl af ofavhidrpound of

formula. ()] referentially |l.eaying th her

optigs b Skt o RO Jien B R A £ ot oo
alkokylC8 Ry QkY o, , Refl6ch, findinktkd) bano )0, ol hiinG di-

enzynmati ¢ deacyl ation neans that the gnzymatic .
(Cigaliyhpminoeryl, atyloxy, arylthio and heteroaryl, or R” is aryl, wherein any
‘of the aryl and heteroaryl groups may optionally be substituted one or more times
with substituents selected from Cy.jg-alkyl, Cs.j0-alkenyl, Ca.1o-alkynyl, Cy.yp-alkoxy,
Cy.io-alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy.ie-atkylamine and di-(Cy.10-
alkyl)amino and Y is a bond, O, S or NH, or a salt thereof, by the method in any of
claims 1-62, optionally followed by, in either order, conversion of the group R to 2

©

cyano group, conversion of the group Z to a dimethylaminomethyl group, reduction of
a double bond repfcsented‘by the dotted line to a single bond and for conversion of-thé
group Hal to a fluoro group and then ringclosure under rbasic conditions of the S-
enantiomer of formula (IIs) or (IVs) or a labile-ester detivative thercof to form a

. compound of formulé |




preferentially effective for conversion of one of the
enantionmers of a conpound of formula (1V), 12 February 2007
preferentially | eaving the _other enantioner of the

conpound of formula (1V) S converted in the reaction

fﬁp %h T e S ect*ve ac atLonfggcordhg to the
0 FBW O £ CORIHY  Cyano
erdipeirerie abd &h&tﬂym:hﬁoﬁ@mypme@fonfogﬂ%@ @bl i N the

S-formand the coq$ound of fornul a in the

dmthﬂmmnomethﬂgrﬁ@y tb%@ntteduhne EePrRsate R o'@ d grdygtion to 2

RIS ] iSRRI S o b, g
mthmunf&mnwkmnmmosephmmmmﬂmmmﬂﬂammpw@hzyhﬂmnmideacyIation
may result in-a mxture containing preferentially t he
conmpound of formula (IV) in the S-formand t
In asenrpanen withp sixingrsaest of the Present inversion-these i Profdefia ifyod for the
' prepfStidhior | Fé?:e lt:'@it%ﬂ&dl‘érﬁ aﬁ&?ﬂrt @écffél&lﬁarﬁ eh %ﬁﬁ'ﬁ'ﬁab@‘tlbéﬂy tb&ptable salt

compound formula (1V) he R-form and t
ther@gfmqmnsingﬂrenamtm pfathe( lifyantlﬁmﬁh%f agiliol E‘?z""?ng?ﬁ"mW‘%
conposi tion m xture obtained after acylation or
deacyl ation according to the invention depend on the
speci fic hydrol ase used ang,the conditions under which
the reaction i carrled 0 Characteristic of the
enzymatic acyl ‘ 2eyl ation 30 according to the
I nvention is that si dgrpbly |l arger portion of one
enantioner is co _ ‘han of the other. The
optical. purity of the dijo \\ﬁprnula (I'1) and/or the
acyl at ed- conpound of fagesu|a (1V) obtained by the:
opti cal resolution net Jf the present invention is
usual Iy at |east 90% e& !eferably at | east 95% ee,
more 12 February 2007 Wg 2004/ 014821
PCT/ DK2003/ 000537 8 preferably at st 97% ee and
" nost preferably at |east™98% ee. Ho er, |ower
values for the optical purity are acceptable. The
starting material for the enzymatic nethod of the .
whensie Rtis oyano or a grong which nefiydie cohvertsd o eivina group,) the dotfed

g d
RN TR T S T
gdﬂ#%h@ﬁﬁﬁybé&ﬁwmﬁwﬁﬁﬁdmmﬂnmummmmmﬂndgmmpandEhlmlmkgmL
orasﬂt&mmoﬁ _

or the R—enanhom_er of an acylated diol having the formula




10 In a further preferred enbodi nent of the invention

Hal is f luoro, In a further enbodi nent of thda2February 2007
invention, the dotted line@m fornmula (11) and (1V) is

a single bond. 15 In one enbodinment Z is
dinethylaninonethyl or a group that may be converted

i 2y B B R s e b BpR S PP RS
wh%z’émqyﬁ@gmtah@ﬂ,d?ﬁs-iaﬁed% a%i:&akyiﬁyimuloémm@wﬁ?a;lsbc |
am noneg e -ac al |l e S or
= wbsf;tigteeéﬁs?ﬁwwwmaﬁsswhmféﬁﬂgqﬁg;%g&ﬁ@ ‘H{‘R%é' ‘?H@n may
a]kﬁ%l% %%1%39 (?ﬁsgen,oimﬁlhwemwﬁ faating) laad,\p) -

I'n anot Rer enbodi pent - t he acyl ati ng

Ypesrino, wsd carglon ragilinip awl heteroarylvemRI dearyls wherginghy ofthe

”Yg“?lh‘;{%ﬁé’ﬁ S5m s RpEtply ool bid Srhora GEEORATD 1
subgtiifetits deleetbdifonaC) HURYD O sh-aikenlyl IOT- ﬂka)Ct-lé”ﬁlkOXY, Cr10-

m@%{g%&g&y}m stil I?,Ianot her e&gg_d nﬁnt o;négﬂ‘g%ﬁd y
alky TR At id Dbond 0, 0@61‘*11@,%:1%%1@{11@&8? b e GalitRgIocdling e

iI'nvention the acyl ating a Is a conpound of

to appofaliims(1H42, aplionally fellowed gr,yn 2itler ordan comGayign of gl group

R FOB OB Ph (L pphd GRS e BOBR b8 |
singdEcnid! ¢diﬂe@ﬁﬁﬁfthe9grcﬂ@z toh diiethibeiremeldil groapliriddbt e O

5 Wen the ac atln agent is any of the a ve X 1S,
COn¥HIOmBT féem 1019 grevpaskthe Rgclosur under agidie Ro | n

OOD.%H¥I neéﬁl n any a#e Gﬁfoﬁ&ﬁ%gﬁ' &]@l@ta %%F&E‘Qggfﬁm)

cnaﬂtrd:ﬂemmﬁthclapm&uminﬂfmﬂhre i ndependent 'y sel ected from
Cl4-al kyl, C2_6-al kenyl and C2_G 10 al lcynyl all of
which may optionally be. substituted one or nore tines

" with substituents @-- from CL. 6-al | coxy,
(

d _6-al kyl thio, hydr hal’ggen, amino, nitro, cyano,
- Cl.6- |

and 2 minor amount of the corresponding R-enantiomer, followed by, in either order;
ifR is not cyano mnvérsion of the group R to a cyano group and, if Z is not
: d:methylammomethyl conversion of the group Z to a dimethylaminomethyl group, if
E the dotied line represents a double bond reduction to form a single bond and if Ha! is
not fluoro, conversion of Hal to a fluoro group, followed by isolation of esc1talop1_'am
- and/ or racemic citalopram or a phannaceﬁtica]ly acceptable salt thereof.




al kyl am no and di-(Cl.6-al kyl)amno or R2 is a

sui tabl e | eaving group, such as succini m dyl 12keBtuary 2007

and pfp, or e and R together forma chain of 3-5.

carbon atons nore suitabl® R Rl and R2 are

i ndependently sel ected from Cl. 4-al kyl, C24-al kenyl 15
Detaitell de2crtiptidrkyfhk irdentiof whi ch may opti onal | y be

substituted one or nore tines with substituents

sel ected from Cl4-al koxy, Cl.4-al kylthio, hydroxy,
Wh ﬁﬂmmm% withl

Elﬂtb@@ 108 withithd &mpo%BPfonQJﬁ(?gli¥\t)aﬁﬁl egg)l %erms

« - (G, alkyl)an1no or sul
, “Begm

FtigmeE’y CrPrniiony, “R-oBr”,di5foph’ “&mﬂ” amid R1

R TR

IE&Q&m@dngyh&aﬂﬁﬁwa 20 aIkenyI and C2. 3-al kynyl all of
whi ch nay optionally be substituted one or nore tines
with substituents selected from Cl1. 3-al koxy,

A -3-al kyl thi o, hydroxy, halogen, amno, nitro,

cyano, O _3-al kylam no and di-(C _3-al kyl)am no, even
more preferred e and R is Cl1'3-alkyl, in particular
unbranched Cl1. 3-allryl and e is,d _3-al kyl substituted
one or nore times with halogen or R2 is C2.73-al kenyl .
25 Suitably, the substituents e and R in acylating
agents of formula (I111.) as defined in any of the
enbodi nents above, are as follows: R and R are

i ndependently sel ected from Cl. 6-al kyl, C2-6-al kenyl
and C2_6-al kenyl -all of which nay optionally be
substituted one or nore tinmes with substituents
selected 30 from Cl-6-al koxy, d.b-al kylthio,

hydr oxy, hal ogen, amno, nitro, cyano, C 4 allcylam no
and di-(C,.6-alkyl)am no, nore suitable Rand R are
independently selected from Cl-4-alkyl, C2-a-alkenyl
and C24-al kynyl all of which nmay optionally-be
substituted one or nore tinmes with substituents

- selected from Cl-a-al koxy, C 4 12 February 2007 WO
2004/ 014821 PCT/ DK2003/ 000537 10 al kylt hi o, hydroxy,
hal ogen, am no, nitro, cyano, Cl4-al kyl am no and

i-(C-4- allcyl)amno, preferably R and R are
i ndependently selected from Cl -3-al kyl, C2_3- al kenyl
and C2.3-allcynyl all of which may all optionally be
substituted one or nore tines with substituents
sel ected from Cl . 3-al koxy, Cl.3-al kyl thi o, hydroxy,
hal ogen, 5 amino, nitro, cyano, Cl-3-alkylamnno and
-(d -3-alkyl)am no, nore preferred R and




10

15

20

25

30

R are independentlyCl4-al kyl and nost preferred, and
most preferred Rand R is Cl1-3-al kyl, in parsFesthat 2007
unbranched Cl. 3-al kyl, suitable propyl: Suitably, the

" substituents R1L and R2 in acylating reagents of

wofogaﬂdﬂﬂzf‘ (M) as defined 10 in any of thep @iﬁgﬁgbg@,ﬂgﬁ

ove, are as follows: RI and R2 are independently

sel ected from Cl1. 6-al kyl, 7C2- 6- al kenyl and

C2-6-allcynyl all of which may optionally be h
Ths phsért invetbnane relmemmﬁletetdﬁs&m&hﬁ th a 34188k LS BEC

el. ect ed fromCl -al koxy -al kyl t hi o, hydroxy,

acﬁ%l‘i‘%‘g'*‘é qoovgandh i angfhey %nbo@w fo wme @Z)R’Jyﬂtu a0y lationl as
abdbe (G . -alkyl)amno or R2 is another |eaving group,

such as 15 succinimdyl, HOBt and pfp, nore suitable

R and R2 are i ndependent ly selected fromC, 4-al kyl,

Se op4‘fe%n cagﬁgmgz Jlﬁl?éégg%‘f?%inla‘i‘géﬁ :’ggﬁé@f’fﬁlﬁaﬂy

effsams forth:@\F&sior&ﬁloﬁé bBitle ErizRtibiidrs 4 AbdtpYnd Qtﬂfoﬂnuza

Q En‘)_/bﬁroxy hal ogen, am no, nitro,

YL‘%?T”& &tl%?ﬁalaatmre@cfaw famym)daaﬁfmular HIRZ is
m@,ﬁg&@g%{hé%bﬁ&m@ such as succini mdyl, HOBt and

pfp, 20 preferably R is selected fromCI-3-aI kyl,
C2- 3-al kenyl and - 3-al kynyl all of which my

j A stitut ne or nore tines wth
Seleql St%%)ﬁde&ﬁ @F@%‘i%&"“? Foaymalip deaeylation s 3. g k
pres‘,élntﬂmiaby effetivoy corfvalsipg @f oned¥ tﬁ@enaﬁﬁdnﬁe&’s of@c8BPound of

kyl am no and di - 3-al kyl)amno and R2 i1's
f"r’é}‘h Rﬁy? ferentiplbt leevimeadhe eﬁsi’éf eentasres of thasempiund ofiforoylen,

(IVhR8nconPerfed it thd késBiloH mRfur&2 1S another |eaving group,

such as succinimdyl, HOBt and pfp, 25 nore preferred
i.s Cl-3-al kyl, CZ 3-al kenyl or C2.3-alkynyl all of

T e

uen
prefetenfialiy ﬂhy b:blhpcﬁmd byﬁmy (Hmlﬂﬁwrhnn@mi B combéifdof CY AN,

‘ no and di - 3-al kyl)amno and R2 is
f°n€1ﬂa§“§ é?&?ﬁg{ Lt pRsere fénérml?meecoptﬂm Ripetentiallydhen

oo bRl G BRI g

Oanre times with hal ogen or R2 is C2-3-al kenyl, and
nore suitable R is Cl1-3- alkyl, in particular
unbranched d-3-allcyl, such as nethyl, ethyl or

Likgwiog yhe saledii@Zniyandfiz dea@}aablk fay resull ﬁﬁi&hﬂ@wﬁtaﬂﬁg WO

004/.014821 PCT 03/ 11 z meani ng
pre engalgr]tkg ?0“%’8’%4 %%’E"@g qﬁe AP @Wﬁh@cqmnonnc}@ﬂ ogen
forongla ATSH ltﬁeqtlhﬁm' &av inﬁﬁresult In a mixture containing preferentially the
compound of formula (IV) in the R-form and the compound of formula (1) in the S-

form.

The composition mixture obtained after acylation or deacylation according to the
invention depend on the specific hydrolase used and the conditions under which the
reaction is carried out. Characteristic of the enzymatic acylation/deacylation

accordjng to the invention is that a considerably larger portion of one enantiomer is

- ~ converted than of the other. The optlcal -purity of the diol of formula (I) and/or the

acylated compound of fom:mla {IV) obtained by the optical resoluhon method of the

_ -present mvenhpn is usuaﬂy at least 90% ce, pr;:ferably at least 95% ee, more. - .
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smgl%&ﬂi

group including groups such as 2,2,2-trichoroethyl and

2,2,2-trifluoroethyl, in parti cuI ar 12 February 2007

2,2,2-trifluoroethyl. 5 In a specific enbodi nent of
the invention, the acylating agent of fornula (IM as

Wozoﬁﬁﬂ%(sﬁe' S a conpound wherein R2 is vinyl. éﬁﬁ%@h@&sgp

r specific enbodi nent of the |nven on
acyl ating agent of formya (111b) is a conpound as
above wherein Rl is propyl. This specific 10
refé t] of ‘the
Dol o RO X Rl By SHCRT AL HaB R o,
Vﬂu@ﬂ&tﬁ@pp@nbpdﬁﬁamﬂmmﬁﬁbhﬁ i nvention, the acylatlng
agent is a conpound of fornula (IIIc). Sui tably, the
substituent R1L in the conmpound of forrmula (M) as

- The sterfiing adtdrial BNthe @hzyintiic nRARRAGE %ﬁﬁ@n@@ﬂ‘é 8 racemic diol of

easfollows: 20 R is Cl-6-al , C2.6-al kenyl and
fom’@%(%?% JappRpRic apy! demivafie @ﬁfoﬁlﬁ\}la@é’ﬂl onal ly be -
substituted one or nore tinmes with substituents
sel ected from Cl1-6-al koxy, Cl.6- alkylthio, hydroxy,
In a prgfegrgé pmbeditens of HictineptioyBis haBigén af dyyhamasdprafitred
cyan%2-(CI 6-" al kyl )am no, nore suitable R is Cl4-alkyl,
_g-al kenyl and C2.1-al kynyl all of which my
optional Iy be substituted one or nore tines wth
]%itgst it uents seI ected from Cl4 25 al koxy,
In a fagther pryfrRuad ambedmpepliplghs invpationddahis fieramo, nitro, cyan,
Cl-1-al kylamno and di- (Cl4-al kyl)am no, preferebly
Rl is Cl-3-al kyl, C2.3-al kenyl and C2. 3-al kynyl all of
In a fapthesiembadimspt ofdinzinygntioe, theidsttet fine mdormda () amg (B/)tis 4es
Cl. 3-al koxy, Cl1.3- al kylthio, hydroxy, hal ogen,
amno, nitro, cyano, Cl-3-al kylam no and di-(Cl - 3-
al kyl )am no, nore preferred Rl is Cl. 3-al kyl,

C2-3-al k 3 I k d 30 bl
In ong grbafimeti s ABhesis TamippRgtiotarg e et v oo Bttt o
V
dimefBlylaBritnkefiyl, Iﬁﬁ%ﬁt% éﬁ%dﬁ}ﬂlent 784 %})ﬂ ﬂ\%ﬁ“%%{4 82'15

sui tabl e chloro. 12 February 20
PCT/ DK2003/ 000537 12 The acyl ati ng agent used

o3 b P R B LR

dimethglaminomeRiyd. N=C=S.

The acylating agent used for the encymatic acylation according to the invention may
stitable be one of the compounds of formula (Hla), (ITb) and (Wlc).

In another embodiment the acylai:ing agent used according to the invention is any of

the compounds of formula (Illa) and (XIb).

Accordmg to a further embodiment of the invention, the acylating agent usedis a

compound of formula (Ia).

Accordmg to a still another embodnnent of the invention, the acylating agent used is'a
= _ compomld of formula (Iﬂb) '

Accordmg to another embodlment of the mventlon the acyiaimg agent isa compeund

- of formula (]IIc)
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Thus, in a further enbodi nent of the invention, the

acylating agent is an 5 isothiocyanate of the2febimdy®007

R -NC=0O. According to another enbodi ment of the
i nvention, the acylating agent is an isocyanate of

|a RL N=C=S. 10 Suitably, the substi |
woz{“%ﬁl@ocyanate and the isothiocyanate as Jé}et?%gglqﬂ{%sqpi

any of the enbodi nents apove, are as follows: R is

Cl.6-al kyl, C2.6-alkenyl or C2-6-alkynyl all of which

may optionally be substituted one or nmore tinmes with

substituents selected from Cl. 6-al koxy, Cl.-alkylthio,

Wherhthg pesslgting agens demconzmoimbof foimulo(IHe) 8o suifab k-Gl kyl am no

and di-(Cl _6-al kyl)am no, 15 nore suitable R is

Cl. 1-al kyl, C24-al kenyl or C2-4-al 1cynyl all of which
Wherethe epaltimgabént is 40§ of tleabbelWel seiBBleqh. More tines with

substituents selected from Cl. 4-al koxy, Cl-4-

al kyl t hi o, hydroxy, hal ogen, am' no nitro, cyano,

Whéﬁkhg Ak a. o : m no, preferebly
|g@2:1 géﬂliglﬁ?%@kag& by -3-al kynyl all of

optiponall e substltuted one or nore tines
Sui F’Hﬂ‘tﬂn% 00 (?@l @zblalanypﬂhc acyldiipg ngenys (1114), @Ebgen,

(chf?ﬂbfﬁﬁdlﬁ‘éﬁg cgvﬂin{ N imeity a%o@el a@no .and -

(CI 3 am no, nore

R, an@&\lﬂk@/llﬂdep@ﬁdéﬁtlla sélemad from CQaJ&yI@FE g:-)ﬂlﬂwﬂyl a@bgz o L ed
1 LA 1N parti cul ar unprancne
aﬂwﬁ’la@ i may hfio %@ilyr?sts% tutegiop pr Bereinegspyirpbstituents
seledtaV@th ICI?.@-aﬂdoﬁjﬂ, cqcasaﬁiyﬁhi@ ﬁg%&&i@d hhg g{gﬁlg,t llf,ﬁ_tfg ,rﬁ,g&a/ ?j?t ic

eacyl atjon of racem corrp
BT i 4
QfaBaII%a Sltlﬂablerlwmglgcouposquhamd of

wh
e ffﬁ*‘ﬂ‘%%‘%ﬁ%“é#ﬁﬁ%“ o SUTRRH R MIREE o ot st
morgitpla Ry Rofant & m mde@ﬁﬂ@enﬂjjsmt;cteﬂﬁom C%@ﬂﬁﬂyﬂﬁwﬂlﬁﬁfy@ n
{ t t
and ¢ Bty L o P B PR AP S ot gm0 BEMp B
substifveniieidlecibd FonSCy L AkbED CHAENyR80) hya e, zm&%etglﬁgaa nitro,
0

| n anot he; enbodi e

03/ 000537 13
_ cyanf’%é%gﬂmﬂﬂ 8¢ die(emi-ellglapon AR ofs afsvitzble Iaaxdmg/groumed

suchla§ S@CMQHH@B@@SJ Fibdr X° bt @ ljagéﬁger form a chain of 3-5 carhon
atomns, more preferred R, R! and R? are independently selected from C;.3-alkyl, Cya-
alkenyl and Cy.3-alkynyl all of which may optjonally be substituted one or more times
W_ith substituents selected from Cy.3-alkoxy, Cy.s3-alkylthio, hydroxy, halogeﬁ', amino,

nitro, cyano, Cy s-alkylamino and di-(C).s-alkyl)amino, even more preferred R? and

R'is Cys-alkyl, in particular unbranched Cy.s-alkyl and R? is Cra-alky! substituted

one or more times with halogen or R is C, 3-alkenyl.

Suitably, the substituents R0 and R' in acylating agentis of formula (]]Ia) as defined in

any of the embodunents above, are as follows: -
RYand R are mdependently selected from Cl.g-allqu Cz.g—alkenyl and Cg.f,-alkynyl all

- of which may optionaily be substituted one or more times with substituents selected
) from Cl.ﬁ—alkoxy, CM-allcylﬂruo hydroxy, halogen, amino, nitro, cyano, CM-
 alkylamino and di-(C;.¢-alkyl)amino, more suitable R® and R are mdependently
- selected from C-alkyl, Cy-alkenyl and Cz4—a1kyny1 all of which may optlonally be

. '_subst:tated one or’ more tlmes with, substltuents selected ﬁ:om 01_4-a]koxy, C1_4- '
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5 Suitably, the substituent R in the racem c conpound
(1V) as defined in any of the enbodi ments abo¥Bebrusry 2007
as follows: dio-al kyl, C2 10-al kenyl or C2-ro-al kynyl
all of - which may optionally be substituted one or
wo IBifadzi "es Wi th substituents sel ected fre®Mypxaoese0s37
ig)- I 4C}al koxy, Cl.1lo-al kylthio, hydroxy, hal ogen,
amno, nitro, cyano, Cd-tg alkylamno and _
di -(Cl_10-al kyl )am no, nore suitable R is
30572y hai6nd Db SRR by B, &0 FRnB LY, B! [ of
m%]?ig:’%yﬁiay¥bpt %ﬁh RX ‘be s’%ig{ol’?ﬁ'te one or no éj‘ti mes
alkyl)arhino surefstably e rind RS ededwdependentiynschopidd d_w!, Cibedllohdys- -

' it f R i 0-al kyl ,
GRS Gor DR CVEER e loBa v el Spiar aPR
tiroB¥ with subitituame beebtedGonl Cr philkyty, CLPalRylans, Wydoxy, Chaldpen,

| nvention, selectjve enzymtic acylation is carried

amgig; nifdRno. Copaikylaaiy di{amalalepmn.peregadrrgl R and
0
R! gr%%tﬁcﬁégé!agy y O iR %ad ﬁlpstﬁfi’ét?gﬁie and P6st gl%;fe?feﬁ% aﬁc?R‘sst' on

ationreactio s plac wat er |
- Cy-prlégh it particulan snbrenched Crs-alkylssudable p®pThus, sel ective
enzymatic®acylation is preferably carried out in a
water-free organic solvent or al nbst anhydrous
Suigbla Meaubinwai R’ GneRZ e glatie iRBdeht of et laqIIT) @s defined
. presence_ qf song wat e[ﬁéﬁ be active). The exanpl es
in g5y108 the eobodigentsroveotie 8H9IPYSN of water affects
R GRS Fﬂ?l@pen E}RIPrP&[e%ﬁ@ RAEC L alNAL &/ - lkenPI¥RE Oglalaﬁcynyl
particular reaction system ~nay be determned by a
all pEwhioh mei icptiedlly be subsiitaied oned® niire timegyeith subsidigrint

whi b f t.h | ' cti ' t
o b B Sy A A B30, orel
alkﬁl&ﬂﬁﬂh ; d M&E@(@;&&H@*ﬂhﬂwﬂb rt]iﬂRéii.an%bﬁltaﬁm @*gdp{ arh3s | ngl l_,lde

ydrocarbons su as hexane, hept ane enzene .an
SucEITISH HQRtred Bipse swiablg téw?#@ a&“lﬂ%@?ﬂﬁﬁ?ﬁ% Risiaoesl
fmlg drf]“%[alk}tl,%{.ﬁﬂ%ﬂﬂr%ﬂ QR alichnyl aflic@WRIRE maly@pliordalty ¥ et hyl

er and 30 di et hoxyet hane; ketones such as acet one,

subgftittadyoine Remorsdimep withgehstitugnld seleditd frore Chyilkosse Cosre, |

. h ) , 6t _ethyl
BB ARG UndS T, fAES LARS: CRL I RGE A & LY
alkpmnige 0aREM atwyihir deagin gremp such aa sacoimirhiy i HOBt hndpfpde,

prefaitly e F SHeeBhOvE i, GGeBr et G pHi ol of e

mal bhi RABY HE AbkRLRA B GAMHE s FHE BubAStuents selected from C3-
di met hyl f or mam de, acetoam de, fornmam de, 12 February

alkogQ 13 iy oo drydns 3.2 hal ggen/ adnoow @ 0pEeyCis-alkylamino and di-
(Cy.3-alkyDamino énd R? is C;4-alkyl substitated one or more times with halogen, R?
is Cp4-alkenyl or R*is another leaving group, such as succinimidyl, HOBt and pfp,
mofe preferred R is C)s-alkyl, Cy.s-alkenyl or C2_3-a1kyny1 all of which may
optionally be subsﬁtuted one or more times with substituents selected from Cy.3~

alkoxy, Cy.3-alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy.3-alkylamino and di-

 {C3-alkyl)amino and R? is Cy3-alkyl substituted one or more times W1th halogen or

30

' R? is Cps-alkenyl, still more preferred R is Cy.3-alkyl and R*is Cy3-alkyl substituted

one or more times with halogen or R?is Cy.s-alkenyl, and more suitét_)le R'is Ci3-
“aliyl, in particular nbranched Cy.a-alicyl, such as methyl, ethyl or propyl and R2is Cs.
s-alkenyl. B o
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14 acetonitrile and propionitrile; and aprotic polar

sol vents such as dinethyl sul foxide, N 12 February 2007

nmet hyl pyrrol i done and hexanet hyl phosphorous triam de.
Anong them hydrocarbons such as hexane, heptane,

e and toluene, ethers 5 such as di €]
Woz@?}iaégg‘r opyl ether, 1,4-dioxane and tert-Dbut ﬁmﬁib&ﬁ({?FT

ether and esters such asyvinyl butyrate, are
preferred. For one enzynes the nost preferred

R MOdtQ S, TN st AEAIGAL bEmble A MBS R AR RALAENE

or toluene and ethers, nost preferred toluene an
grogniehiding gropphaich ko2 Adstricioretbylrand 290 ridnbmetiml i e
hS 2.8t A, 4-di oxane (see the exanples bel ow).
Parie abbzve sgrlove S may be used singly 10 or in a
conbi nation of two or nore solvents. The concentration

of racem c.diol_ of formula (11).and acyl ati ng agent
T & SRR OFf 6 SRR AoTHtNG 86 Hivrmele (B of
abo{feagaﬁi_@oﬁrﬁ“tﬁéﬁﬂ@wlggﬁﬁd_rray | ead to non-selective

acyl ation of the racemc diol. Suitable the
concentration of racem c diol and acylating 15.reagent

Accp R ol Skl sModREF ol b3Sl i abiee VSl o

forryl4 (IND) iéapenpamd sk hbdve dvhiereirt Rieis propyMiThis pecigbl e t o
bdﬁ%frgi ne the 2 t] .concentration of racemc_diol
emboripent SAVaE Bl oY g et af oY el PEREEZEV at | on

butyrstepr eferably carried out in water or a mxture of 20
wat er and an organi c solvent, suitable in presence of
a buffer. The organic solvent which may be used in
the reaction, is not particularly inportant as |ong as
it does not deactivate the enzynme used. Suitable
organi c solvents are.solvents mscible with water

such .as .al,cohal s, acgetonitrile, DVF, DVMSO, dioxane,
A°°B’1Léﬁ‘géﬂaﬁﬂ+h§’f Vﬁ@“‘?‘ﬁg 0%‘3? IERProbe aofatitezeenés &bl e to
comb&gatof FormalalBIc)sui t abl e sol vents: A person skilled in

the 25 art will be able to determ ne the opti mal

concentration of racem c conpound of fornmula (1V)

; ' ted . ClivEty .of t
St e Rkt A2 b Corhafnd b 2005 ALBRL el i e
embgdiyientss nboveoare aiefallywsit i on i n presence of an organic

1. 6I /or,_an organi £ base. . 30 Accordi ngly, the
R lfa(gléﬁg&euﬁ)tid(i:zﬁ?/%eflﬁo d ‘é’gﬁ‘?”éﬁﬁﬁé’g“’g’&h 1y PB’E‘E?@V erein
substififcdesnz yimbleGimed Githaiuboitu@ks dlteted ReMMBL LAk HAGacYl at i on
I.s. carried out in presence of an organic base or an
m@@aﬁﬂd@% halogsn, 3mine,Bilg, €Y409eF poflkylamino and di-(Cr.s-

e

alkyl)amino, more suitable R' is Cy-alkcyl, Ca.4-alkenyl and Cy¢-alkynyl all of which

may optionally be substituted one or more times with substifuents sefected from Cy4-

~alkoxy, Cy4-alkylthio, hydroxy, halogen, amine, nitro, cyano, Cs-alkylamino and di-
* (Ci4-alkyl)amino, preferebly R' is Cy3-alkyl, Cy.3-alkeny! and Cy.3-alkynyl all of .

which may optionally be substituted one or more times with Cl.g-élkoﬁcy, Cis-

alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy.s-alkylamino and di~(Cy.3-

| ~ alkylamino, more preferred Rlis Cs-alkyl, C_z.g-alkenyl or Cy3-alkynyl, and more

30

suitable suitable R' is Cy 3-alkyl, in particular unbraniched C; y-alkyl, such as methyl,

| ethyl or propyl.

" Vis suitable chloro.
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I'n a particular enbodiment, the invention rel at @sbraery2007
process wherein the enzymatic acylation or enzynatic
deacylation is carried out in the presence of an

d, i tabl [ b
woz@ﬁﬁﬁ@#c aci suitable an organic car o;slydf &#&1053.?

at her errbodi ment, the enzymatic ac Ion1s
carried out in presence of, an organic acid, suitable
an organic carboxylic acid Suitabl e the above -

ThERIaHiAD L OiAA0N or b R 46 pE R RAMhLE RO d

| phatic car oxy I'Cc acl rgani

formala R MFEHD oran ibwhiogyadate of the ﬁ)rmﬁE(RH-NSﬁ:—S her e may be
menti oned, al kyl carboxylic acids,

cycloalkylcarboxyllc aci ds, cycloalkylalkylcarboxyllc

Thtﬂpmdﬁ?urth@ Bmhsajﬁiehmfsubuﬁwnhuﬁ,% Ry agrhiqyhgar boxylic
S an ptionall subst ituted phenyl carboxylic

3 dso i&?mﬁggﬁpéﬁm%l%Ruﬁ' e carboxylic acids, are.
carboxylic acids such 15 as formc acid, acet i c aci d,
propionic acid, n-butyric acid, iso-butyric acid, 2-

Accerdiyg mugthercenmmnenho ¢ bwergionghelacylaing ugdneisan aci d,

iso Ma%é&ﬁo%ﬂg _sro! c acid, iso caproic acid,
Cro

ecanoi c aC| onic acid, palmtic acid,
cyclopentanecarboxyllc acid, cycl ohexanecarboxylic

.aci d, phenyl - Cl.4- al kyl earb lic acids such_ as. 3-
10 S‘ﬂ%ﬁ’l@n% 5‘?’6%%6% %Eﬁeasoclﬁnﬁﬁ@wi fhe drofhiecyanats a8 defined ingmy

of tRCdrfhodRdn@ beve alehs Fifbwisar tari ¢ 20 acid. Suitable
aromati c carboxylic acids, includes acids such as

R'ipEneaikl, Bri-tlkenyl ocGi.erlgmyhabofovindi wigpeptionalibiersmbstituted
[0)'¢ Z Ci toluic
one 3¢ hire IS SHEANER SafihonPol S, ki Biac ¢ 'and
.hydioawhmtml arinaiitlo, csaiol, cw, ﬂkyélamio?nd Y7 LT qr;b . acif d
n hu cordrn 0 _ohe € odi nen 0
15 morp ﬁ‘é‘t%lb@%ﬁ %%bhﬂﬂ%?l %%f‘er Goerdiomelal efgvhighymay eptionall
 be sEbSHNAAEEH:F Blofhirhd With SlbslifiEntS AR ﬂo?n é:?meﬁﬂ drom

n-propionic acid, iso-propionic acid utyri ¢ aci d,

alkyitig, hydroy, élabﬁﬁfd ammnnwra; @R Camaﬂkylaanm gl i€y
oo BEREAN K586 o B Rkl 80 S alomy! aghwbich may; 4

| oPuGIaiﬂpble Buﬂstﬁunedame dr msmlﬂmbﬁlvmg Gpﬂ-ﬂkde?zg alﬁylthm, hydroxy,

_ n I onl Cc ccordi, further 30 ‘

20 nalogp R R e, X caliiion sl el oG Bt o used

prefeFed R MaC| £al@l Qz_g-a.]kenyl or Cz.g,—alkynyl, and more suitable R! is Cy3-

alkyl, in particular unbranched Cy.s-alkyl, such as methyl, ethyl or propyl

The invention also covers 2 method for selective enzymatic deacylation of a racemic
25  compound of formula (IV) as defined above.

Suitable, the racemic compound of formula (IV) used, is 2 compound wherein Y is O,

-or 3.,

30 Accordmg toa furlher embodiment the racemic compound of formula. (IV) used, isa

compound wherein Y is O.

. In stlll another embodnnent of the invention the racemic compound of formula <

* used i is a compound wherem Yis$.
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_ and 1,1,1vtrlchlorqet_han¢, seconday and tertiary alcohols, such as tert-butanol,_ |

The amount of the organic acid to be used is not
particularly restricted, but the nolar rati 012 Bb@liye007
to a substrate is usually 0.1 to 10, preferably 1.0 to
3.0, and nore - preferably 1.0 to 2.0. 12 February
2007 WD 2004/ 014821 PCT/ DK2003/ 000537 1
WO 208818 at i vel y, atertiary am ne nay be ug"&a’ﬂl‘&“‘l-”%"r%(/e
selectivity of the enzyngy; either alone or together
wi th any of the above nentioned organic acid. As
suitable organic base there nmay be nentioned,
triethyl amne, pyridine, 4 5 dinethylam nopyridine
In agoilkrpynbodineat ofthpinedmtinn &o.radSuiic edmmpund obionails V3 usdd
an| ac1dg or.gani ¢ base are benzoic acid and
isa %ﬁ% %Hﬁﬁpg KJ The ampunt of the tertiary
am ne to be used is not particularly restricted, but
the nolar ratio relative to a substrate is usually

Suitghly, theysubstifuent R inthe rasemisi oymooml @v )zasoieﬁll@i nmey of the

{ e
ot R R0, 2L ARGE X SADIGET SIS,
whidhi mpasseptionallyeist wbatwed ane oamdr@amemmmmmmecféﬂu S,

' i ng>t o ope emodi nent. of the inyention,
ﬁongﬁco{‘?g{ F‘g’(;‘d 'f’%?'ﬂ?}%grl?‘g %’raﬁﬂ%‘l’ %&f"h I HOPf Al ase,
aJkywﬁﬁb aal a-C} R&tﬂ@l)aﬂihoeﬁlbﬁrs@ﬁﬁﬁe Rhis rrtgxd aﬁyﬂ Ofso ,hxalkenyz or

protease. The enzynes_useful acco

Ca1q-#ibd pb af whish giay epidenallyrbe subsiaistl eneer mtpie ﬁlms withg
t
subsﬁfu%ﬁl!s %&Eﬁgﬁﬁ&ﬁﬁgﬁ%#qg urha?(fgeng,' aﬁ%ﬁ@ ﬁ&ovﬁd%gﬂﬁpa%ﬂe%%bg R ﬂe

Ci- uf aikyﬂ:bmfetabﬂg unhi‘ﬁlcl@ezb Gr-dmﬂgrl tuod mnmtlinﬁbrr@mfad unbeadched
C th F| nventi on, enzymatic deacylation is perforned
+18% “a hydrol ase, such as a |lipase, an esterase, an
acyl ase or a protease. The enzynes useful according
to. the invention are such enzynes capabl e of

Accydingde faeigvention; srlective ouzymetie 9dviation is eried ogbmmdet i ve :
d
condiHE XA b A RON o R Py R B Grep gL

 reactiemnefithedcybitivh esaciipon taked flace of witer is ptemrtt brth¢ maetionpeci fi c
gnzyne, neans not only the enzyne itself, but also :

&t ur ed products containing the

syste

Thus, selective enzymatic acylation is preferably carried out in a water-free organic
solvent or almost anhydrous organic solvent ( enzymes normally require the presence
of some water to be active). The examples below, illustrate how addition of water
'a:tfccts conversion. The percentage of water allowed in a particular reaction system,

may be determined by a person skilled in the art.

- The organic solvent which may be used for the acylatioﬁ reaction, is not particularly
important as long as it does not deactivate the enzyme used. Suitable solvents include
hydrocarbons such as hexane, hﬁptane benzene and toluene; ethers such as diethyl
ether, diisopropyl ether, tetrahydroﬁ:ran 1 4-d10xane tert-butyl methyl ether and

duneﬂloxyethane ketones such as acetone, diethy! ketone, butanon, and methyl ethyl

* ketone; esters such as methyl acetats, ethyl acetate ethyl butyrate, vmyl butyrate and

' ethyl benzoate; halogenated hydrocarbons such as methylene chloride, chloroform

nifro geﬁ—cont_aining solvents such as dimethy}formamide, acetoamide, formanﬁde,
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o can orgamc acld ora mlxture thereof.

enzyme, such as culture fluid containing a cell body,

or a cultured cell body, and processed produ¢? Februbdye2007

cul tured product (for exanple a crude extract, a
freeze-dried 30 mcroorganismor cell, an acetone

wozd%'hﬁgz m croorgani smor cell, a ground pr?@&'&ﬁaﬁs{ooo%k‘ﬁh
the

ntcroorganlsntor cell, or the like). Additiona
‘enzyne" or hydrolase aRYy be i mmobilized as the
enzyme itself- or as a cell body by known techni ques,

[ J. F
B L U e
methylpptsilidpuecanii bexamefhyiphosphordue thapude. by net hods known to

the person skilled in the art, such nethods include,
for exanple carrier bonding, cross |inking,
Am&pah@s Hydiocabomstdch atshextuekleptaﬁe,ﬂamee ard oen< bihedi ment

of the |nveH_§|ont hydr ol ase i s used |ntheformof
suchygs nfﬁ%ﬂﬁ%% BN bt@wﬁ.wlm@
estetsGh& Qs Worte, lu‘é é&ﬁ?& ol LRk oA

acylatio accordln to the invention nay be carrled

solvoufs may be grqmﬁmg hydrecat3B1s shichawnb@manti et dolnerteaund iethars, most

Preéf‘?egﬁzprﬁgtel n IM ;se Bzglﬁ%% %g{;a/fg mch%igﬁ{gnos r%’?rs

such%auﬂdaﬁﬁdiﬁfése@&rb&&maplaﬂﬁblml Thegbvé sodvenis! hideehe usad singly
particul arly good resylts have been found when usi ng

or Il cABRRRALion SEIWOrT B SaYETa ant artica or Li poprotein
Li pase pseudononas sp. 15 Thus, according to one
enbodi nent of the invention, the enzyne used is

The peacivation aSraggnic digh obfounela 00 dndacdatingagetit dhowdneirtici ca

o g 85 i PoerR BTN BEs B DR i B fonciRle ™

acylblﬁmg)f I(tj]& Rsaticldioh Sﬁ'ﬁable?tﬁe Sﬁlceﬂﬂaﬂombﬂh&nﬁca Hiog asPaclating f
Can | nt rtlca | ti one a ove use O

reaggitds wﬁt}ﬁe t%ﬁ%‘ade@& VERRGFUHEPLE Belpe

0,2 MIb¥ @rl sRbte %&@1@1@% ARYION %&@orpef]ﬂlfédllﬁ tHeft vﬁ{l@)@ WgfeSo
contai ning the enzyne, suc culture fluid

deteqraine tieroptigalroeaniralingdf, ragamie diel pudyedatingsigenth o dy
processed product of the 25 cultured product and any
i mmobi lized fornms of these enzynes/cul tured products..

Selediive: engpmatic damylaubn islpeefaiahlyeampé outfin eatet yr ampidtiron€d
wate(le‘ gft grne c?rga?n(l:g s% ven{,] gm%a%le in presence of a buffer. The organic solvent
which may be used in the reaction, is not particularly important as long as it does not
deactivate the enzyané used. Suitable organie solvents are solvents miscible with

water such as alcohelé,‘ acetonitrile, DMF, DMSO, dioxane, DME and diglyme . The

“skilled person will be able to identify other suitable solvents. A person skilled in the

art will be able to determine the optimal concentration of racemic compound of

- formula (IV) used in the reaction

‘The stereoselectivity of the enzyme used, may be increased by carrying out the

- acylation or deacylation in presence of an organic acid and /or an organic base.

Accordingly, the present invention also relates to a process wherein the enzymaﬁc

acylatlon or the enzymatlc deacylation is carried out m prescnce of an orgamc base or _
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i nvention al so covers the use of nutants, variants or

any equival ents of the above specifically nentFesasky 2007

enzymes, which are capabl e of perform ng the sel ective
30 acyl ation or deacylation according to the
' ion. The variants or equivalents t e
woz@%ﬁg{]ed fromvarious strains of Pseudom%gﬂﬁ%g%?‘sgg
or Thernonyces, or any qgiher source, or they may be
prepared by mutation of the DNA encoding the above
In SRRk RAGE: AT (ARGl AT AlhORRerki dd\G AL A0
cid'..; conposition of the enzynme. Suitable e
acy pliemereszgnatigaiepayition i cartind cabinvke presencorfed ot@nfeabidiar v
suitf0 .2 : PCT/ DK20031000537 18 enzynes are
mvar%é%%@]a%gé& g%f%é where single am no acids have
been renoved or replaced by other am no acids, and
i.t abl he i no aci.d sequence of the variant or
maﬁé‘#&?ﬁ?‘“ﬁ tg*ﬁf’ 0%3*533’@9#% @gled quf BrEesspterfgpr e
organitedeidB Suitih1e lan BBShicREMLRYIHAKIA, Or e than 90 % i denti cal
_ to the above nentioned enzynes. 5 Thus, according to
one enbodi nent of the invention, the enzyne used is
SuitiRSHA AR l ] i.n lipase or a.nmutagnt or
it HE A onlBpod d-PERL R EH B WoR AR ool Bt an
aliphatip opbartydic ncidi pase is used. 10 According to another
enbodi ment of the invention, the enzynme used is
Candida antartica lipase B or a nmutant or variant :
As anlvegaaRiacidRgéenapbdusel REHE RAYEER, H8R%ndySte 1oaRs]
antartjca Iipasgjb%. Accor di n%ﬁ% a fu?tstheer en%%%F 1nt

carbgyliceids, sydprlcderreeielie poifsreydlealivaliorsateguylid 35ids, 15

CBHLE B, e peigereylesliial 1
optidedafp SRR Al Ayl TicRoldT IR e AT Rl ) ©
phqu(b-‘@dlofijﬁﬁmglcidts.h Suitdble zﬂiphﬁﬂmh_eﬁjﬂﬁf_?ﬁm,rﬁm ol acids such

| nvent., on,. enzyne use | S, er no ces | anugl nosus
as fopii 301, st aqih pEOLIONC aqyd, mebmtiricyacid s PUBEIC @Fid: Abl y ¢ he

 ethyBOtysio 2ylaR-w8Est dcil, %%&ﬁmgﬁii@dm@ le@,ol?ﬁ%ﬂnb R&d Sso-

Accardjng to a further enbodinment of I nvent i on,
caproif; dci 1C, psids crotonyq 358k patanticacidr cydlepentanesagoxylic acid,
cycléhéRideaRbdxylié 8T RN XTRARY 1. - .e32 The

Y pref gr r ecg(.}rr eact’?ﬁgn %%%&%\S@c@ﬁ%éﬁﬁ% a|s§ :
phenyipyopsaniansidl dabyindinitynic abid, bealic acid, malonic acid and tartaric
acid. Suitable aromatic carboxylic acids, includes acids such as benzoic acid, p-

chlorobenzoic acid, p-nifrobenzoic acid, p-methoxybenzoic acid, p-toluic acid, o-

. toluic acid, m-toluic acid, naphthoic acid, phthalic acid and terephihalic acid, salicylic

acid, hydrocinnamic acid for instance.

Thus, according o one embodiment of the invention, the organic acid used to improve -
- stereoseleselectivity of the enzyme is selected from n-propionic acid, iso-propionic
acid, n-butyric acid, iso-butyric acid, iso-valeric acid, 2-ethylbutyric acid, crotonic |

 acid, palmitic acid, cyclohexanscarboxylic acid, pivalic acid, benzoic acid and p-

' | tolnic acid, salicylic acid and 3~pheny1propioﬁic acid. According to a further

embodiment of the invention, the carboxylic acid used is pivalic acid.

The amount of the org'aﬁic_ acid to be used is not particularly restricied, but the molar

: rﬁﬁo relative foa substrate is lisaally 0.1 to 10, preferably 1.0 to 3.0, and more =
‘p_r_e_férab'ly 1.0t020. - R : - ‘




depending on the particul ar enzyme used, whether it is

i mobi |'ised or not etc. A suitable tenperature2fFebrubiie007

reaction |ies between 0-80 C, nore preferably between
20-60 C, or nore preferred between 30-50 C. 30 The

AR of enzyme to be used is not parti
_ wo2 F&El is usually 0.01-1.0, gl!f'&?ﬂ%\swoms”

. 10
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restricted, but

0.02-0.5 and nore preferagly 0.02-0. 3, as melght(yatlo
relative to substrate. 12 February 2007 WO -
2004/ 014821 PCT/ DK2003/ 000537 19 The reaction may be
carried as a batch process or it may be carried out as

Altemaiiielyl, adutiary pmicessy. be Tival te pywee sehoctiviey @ﬁhﬂenzma,

che eat ed| conti. usl. The
i@t bRk ol ler WM TS SEROL Fienond prs bl Sifiblen | |
orgﬂﬂ@bﬂdﬂmnemhﬁbeﬁ&m{ﬂ&i tstiel1 améhe! RRidRfeAk-€ and type
p gﬁ‘ﬂ-‘tl on net hod (batch or conti nuos} . 5 The present
idjng gn M@gs prefepad. Suitahle cemehimationeeforgasic a

aci@ﬁﬂpﬂgﬁﬂl% 1RY LR Berl-BR acfd%ﬁﬂ}igidlﬁ%léﬁ F’@éﬁgﬁjt ROHZ Hal

(I'V) 10 wherein It ted line and Z
are as defined above or a salt thereof. According to

i.nvention I active
e R R ik B PR Wil PR ik Bintt
ratid welativo thesubsirdiom useliy 00 to BlogaddpremiabBi.5 fol2ey. 15
optically active aryl derivative above is the
R-enantioner. According to one enbodi nent of the :
[
O bt TSk S AR KBRS 12N i Sis B BOIRMRE
3hYAE&§ﬁ£ﬁ“ﬁ@aitfohmiS¢,@n§ﬁ€ﬁseemlamna pmbteaslae i nventi on,
the R- or S-enantioner above is a conpound wherein
Hal is fluoro. . :
Thus, according to one embodiment of the invention, enzymatic acylation

is performed with a hydrolase, such as a lipase, .an esterase, an acylase or a protease.
The enzymes useful according to the invention are such enzymes capable of
performing R-selective acylation or S-selective acylation of the primary hydroxy
group in the racemic compound of formula (). | |

According to another embodiment of the invention, enzymatic deacylatzon is-
performed with a hydrolase, such as a lipase, an esterase, an acylase or a protease. The
enzymes useful according to the invention are such enzymes capable of performing R-
selective deacylation or S-selective deaéylation of the acyl group in the racemic |

compound of formula (IV).

" Asused herein “hyd.rolase and “enzyme” either generaily orm relahon toa speclﬁc
enzyme means not only the enzyme itself, but also cultured products contalmng the
enzyme, such as culture fluid containing a cell body, or a cultured cell body, and

' ~ processed product of the cultured product (for exaniplc a crude extract, a freeze-dried

- 30

microorganism or cell, an acetone dried m;croorgamsm orcell, a ground product of

- such Imcroorgamsm or cell, or the like).-

-A_dditionally, lthe “enzyme or “hydmlase may be: immobilized as the enzyme 1tsﬁ‘lf = f"\-‘ . ) -
R o'r_as a '_ce]l body by lmown techniques, an_d may be used in immobilized form. The .
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‘encoding the above meni:toned enzymes leading to variations in the amino ac1d

According to a further enbodi nent of the invention,

the R- or S-enantioner above is a conpound WihEFebrary 2007

the dotted line represents a single bond. 25 12
February 2007 WD 2004/014821 PCT/ DK2003/ 000537 20 In

not her enbodi nent of the invention, theﬁ,g}m 003/000537

WOZ@‘-" ti omer above is a conpound wherei

di met hyl am nonet hyl or a;group that may be converted
to dinethylam nonethyl, nore suitable Z is

B8 SO A g AR 40

such methnds incipde, Fe eRmyde cfriartondingnoesss abﬁﬂg ehéa aﬂﬁwm@un d
the ié\fgereln Z is di methyl am nonet hyl , 'S ffpuoro, t he

fted |ine represents a single bond, and R is cyano

or hal ogen, suitable cyano. 10 In a further enbodi nent
of. the invention, the R- or S-enantionmer above is a
Thug,d gt Febagagnt pHhyinventpn thy hySrolase éf wedisl the Snnofen and

o e e PADLOn R G 2 IR, °

S-enantioner above is a conpound wherein Y is S and
e of herssubstituents.are as. defi ned apove. 15 In _a
it e P SRR SN Hor g (0 R e FRAy e camiod
out ¥i§ 15352 BOMECanSidd antaFieR g\ i s a bond
FI?@“dZﬁﬂ? antG IR LTy WREITEI £

and the other substituents are ‘as defl ned above. In a
Thegmppyees lapiaiagns s A dpaprotein & inasypssudonronas $pe (iaolawd from

R T A T

beeﬂoumhbhm ustdgéluﬁtezyme B5chantCandivs amtatickos: Iiggrotcindiyase
he enbodl ments above is a  conpound wherein RL is
pseuégmgn BRyl, C2 o-alkenyl or C2-6-allcynyl all of which
may optlonally be substituted one or nore tinmes with

substjtuents selected from Cl, 6- al koxy,
Thugzacasrding ip|onp prbodipert 6f the inremirrs fhe eammenisedist r o, cyan,

,PS eu@bm@nﬁlsﬁm@{ﬂo% Rk, @‘a&%ﬁ ’ &%‘H(?aa]]ﬁ{( B l)()?'gfrlé}&bm%ése

suil table is Ct. 1-al

lanugiposns fipseyny|  al | of which may optionally be

substituted one or nore tinmes with substituents’
sel ected from Cl. 4-al koxy, Cl4-alkylthio, hydroxy,
Accdréing gemotiRitmiBodimérd bPthe @i, Bk eAzyme used is Pseudomonas

sp. lipoprotein lipase or Candida antartica hpase B.

. As mentioned above, use of one of the above mentioned enzymes according to the

invention also covers the use of cultured products containing the enzyme, such as
colture fluid containing a cell body, or a cultured cell body, processed product of the
cultured product and any immobilized forms of these enzymes/cultured preducts.

The use of any of the above specifically mentioned enzymes according to the
invention also covers the use of mutants, variants or any equivalents of the above
specifically mentioned enzymes, which are capable of performing the selective

acylation or deacylation according to the invention, The variants or equivalents

. thereof may be isolated from various strains of Pseudomonas, Candida or

Thermomyces, or any other source, or they may be prepared by mutation of the DNA

| . compos_mon of the enzyme. Suitable the mutants or variants of the above mennon_ed
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- preferably 0.02-0.5 and more preferably 0.02-0.3, as weight ratio relative to substrate.

al kyl am no and di-(Cl-1-al kyl )am uo, preferably R is

Cl- 3-al kyl, C2.3-al kenyl or C2-3- al kynyl a! I 1@1361%5@?2007

may optionally be substituted one or nore tines with
30 substituents selected from G - 3-al koxy,

- 3-al kyl t hi o, hydroxy, hal ogen, am no, _n|
WOZ"“S‘ M3 i -3-al kyl amino and di-(Cl - 3-al kyFW"&”&%”

most preferred RL is Cl-g-allcyl, in particular_
unbranched Cl-3-al kyl. 12 February 2007 WO

L I S AN 100
replagedhioothéramero @els, ahdfsiiehde the aming 20k seipenendfit veelatsor

apove is a ound wherein R js as follows: C, -
s bt 66 TR Rl Mo Yoot oSt FEogRd. whi ch
mord¥a3h TPLii@natdl Yo 1he abaRHhdntibheddnSAfes. OF NDre tines with

substituents selected fromCl _io-al koxy,
C, -10-al kylthi o, hydroxy, 5 hal ogen, amno, nitro,

C . = ' | - | Yam no, nore
s BBYne 15 i enfbegRi B B ihridhe o Bidopd B
Pseu@fndngs gy kipeprbteiml Hpassf orwmwimt ovayarapt theeaf. Pyeflaebly
Pse éubstituﬁed one ,or nore . times wth substituents

udomanas sy PoRs iR E Uea) 6gen, anino, nitro and

cyano, preferably RL is O _1lo-al kyl, preferably
unbranched C, -10- al kyl and nore preferred R is

Accorhng tasapider cozbodignent of the invpntioncthe ergymstuserhis Slandifle
G e e an
ant enakt iéo]%grri%?&% i](g&gﬁ %[F gerolg'va ?4\1;%3*,2%%%2}%{3 'gge'ag@ t he
Candidarantattealipdsg B.s obtained as a mixture with the
opposi te enanti oner of the conpound of fornmula (1V).
This reaction mxture is then optionally separated
AccotdigifotalTerien 2xoBdimbht dfthedheRfiod e @RlRidis MNAGopRiamY
enantioner of forrmula (I1) andlor (1V) wth"high

(Candifepntetiva lingpe B ymmobiliped oneasedis aesjn, evrikblsdrom theicompaym

' 'Novotzgrﬁeso%?_Si te enantiomer of formula (TV) and (I11),
_ respect

vely, in an efficient manner. However, it is
difficult to efficiently separate the enanti omers by

oGS el SRR B HES, Mds i 1
Therth$ifydeb Ta6ibds8s Bhast Bea Sudht orQhrik iR Krbfedablythe

present 1 nventors have made intensive investi gatl ons

enzyrge psef) i/ Ehermomyges grginesys Hppse.

According to a further embodiment of the invention, the enzyme used is Lipozyme™
TL 1M, also available from the company Novozymes A/S.

The preferred reaction conditions for enzymatic acylation/deacylation differ

' depending on the particular enzyme used, whether it is immobilised or not etc.

A suitable temperature for the reaction lies between 0-80 °C, more préfcrably between

20-60 °C, or more preferred between 30-50 °C.

* The amount of enzyme to be used is not particularly restricted, but is usually 0.01-1.0,

E
et
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| ~ acompound wherein the dotted line represents a single bond.

that the enantiomer of a conmpound of fornmula (11) in

the formof a salt with an acid is 25 effici ¢nFkiruary 2007

di stributed into an aqueous | ayer and the opposite
enanti omer of a conpound of forrmula (1V) in the form
of a salt with the acid is efficiently distributed

WO 2040488 or gani c | ayer when the reaction nt GHPRRD03/Q00537

‘treated with a m xed sol vgnt  cont ai ning organic _
sol vent and water in the presence of an acid. 30'Thus,

g nbod ment, t ntion rel ates
Thﬁ%&%oﬁe OE%F or %%fﬁat s%rP%etsf’g tﬁ%’ﬁ}ﬂ E?) CF%%‘T DIPHROYn
pro&fsleMymEmagbhawdm@aplm@alﬁpbfw@egm catedtyor - - -

---------- 12 Febr uary 2007 WO 2004/ 014821

conpi Pl Fhs FgLme is 301 nyrésiferly restistedz and il depepd on the
t ed
enzy¥ae t€dhnRtiesc Ay pzlegwﬁeﬂ [ﬁ%)ég@eb'rc]l%‘atf?& i egéivef el

to a cyano group, line is
a double or a single bond and Z is a grou

Kk R and R’

The pres %onnélg?%aé?%%gggng\ﬁ&q{ MSSW%J %WPWhmg ©
formgla (IBfur e i ncl uding the NFatomto which they are

attached, “or Z is a group which may be converted to a

di met hyl am nomet hyl group, Wis 0 or S and.R3 is -Y-

R wherein Y is a bond, Oy S or NHand Rl is

Cl-lo-al kyl, C2-io-alkyny|| or C2_jo- al kynyl all of

whi ch may optionally b-‘ tituted with one or nore

substituents 10 selectef fr d -1 o- al koxy,

Cl. 1o- al kyl t hi ¥y, hal ogen, am no, nitro,

cyano, C - 1lo-al '

aryl, aryl oxy,

aryl, wherein an

groups may optionally b

times with substitue

C2-1o0-al kenyl, C2-10C

Cl-10 al kyl thio, hydraxy.,” hal ogen, amino, nitro,

cyano,- Cl-1o 15 al kylam no and di-(Cl-10-all cyl)am no,

or a salt thereof and/ gga diol ofghgrmula OH

Hd hegeroaryl, or Rl is
£“the-aryl and heteroaryl

e substituted one or nore
el ected from G -10 al kyl,
nyl, ClI-10 al koxy,

wherein R, Hal, R?, W, the dotted tine and Z, are as defined above,or a salt thereof,

According to one embodiment of the invention, the optically active acyl derivative

above is the S-cnantiomer. According to another embodiment of the invention, the

optically active acyl detivative above is the R-enantiomer.

According to one embodiment of the invention the R- or S-enantiomer above is a

' compound wherein R is halogen or cyano, preferably R is cyano.

According to a farther embodi_mel_lt of the invention, the R- or S-enantiomer above is

a compound wherein Hal is fluoro.

| According to a further embodiment of the invention, the R~ or S-enantiomer above is
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R OH Hal (11) 12 February 2007 WD 2004/014821

PCT/ DK2003/ 000537 23 wherein R Hal, the dot{z#echrung 2007

and Z are as defined above, or a salt thereof, froma
m xture containing a conpound of forrmula (1V) and a

wo sl 1 Ut o cont ai ni ng the acyl of  or miAHEPONRYg

the diol of forrmula (11)4n a mxture of water and an
organic solvent in the presence of an acid; b) ™
: RAalhbde t@"q%f’ %@@e MRk Lol of
In (gr m_?l a (I |e§‘ﬂ§s a sa tén’o s(gi%g am%ilé}r%%(]rsn‘g?%%%%?%og‘ﬁflc
wheptiag és dimethiytaaiivonmthyd oagioup fhaasey bortnadrtidng t he acyl

. rivatiyv f foroul.a.(l s,a.salt qf id acid; 10

cim@EtoméioR mor S Zi st icued o fs) “as

subdiift@naseasdefiae aBowal t thereof and optionally the
conmpound of forrmula (IV) as the base or as a salt
thereof. According to one enbodi nent of the invention

Tn afdthe? eRBLABRR Finci¥ARfon, gﬁe%i—etfr Ol Yntiokrer %%@gs: A %éﬁcd(}rﬁgd

method for I'solation and purification I ng
whetetn 4 itodimethylamiedicthyh tHabis fluoe, ithevdetted hime rejaksents afsingby o

i n e_net ho or isqlation and purification above.
bond 4nd R8s (e bl d¥en. sp U 5B eoa ment . ¢ he-dot tec
~line represents a single bond In another enbodi nent of
t he inventi on, | s di nmet hyl am nonet hyl or a group

y4
In a figther erphpdiment ebihg Bventipn; He &- or Sepanjiom dekelsityl gr oup.

Hah&eid ¥ 2 O gfrg,ﬁ]tng@fék‘ﬁw POIBLAY e gﬁéﬁé[%%% o b 2

comI‘preferred embodi of t'he 1 nventi uoro, Z

defitred abeiverbt hrfjprtheri cmboditdent of théviaveitipn,gbie Rt oreS-ermmtiorsémg| e
abov%%lg coa}aqlgouﬁd ' whefel P %s Emcp @1!3 08 subs reelftsearrg gsl %ﬁcngff zﬂ:%ire.

In a further embodiment of the invention, the R- or S-enantiomer above is 2

compound wherein Y is a bond and the other substituents are as defined above.

In a further embodiment of the invention, the R- or S-enantiomer above is a

compound wherein Y is NH and the other substituents are as defined above.

Suitable, the R~ or S-enantiomer as defined in any of the embodiments above isl a
compound wherein R'is Cy.s-alkyl, Ca.g-alkenyl or Czs-alkynyl all of which may
optionélly-be substifute_d one or more thmes with substituents selected from Cy -
alkoxy, Cs-alkylthio, hydroxy, halogen, amino, nitro, cyano, C; s-alkylamino and di-
(Ci-alkylyamino, more suitable R is Cys-alkyl, Cp-alkenyl or C; 4-alkynyl all of

* which may optionally be substituted one or more times with -substituents selected

from Cy4-alkoxy, C;4-alkylthio, hydroxy, halogen, amino, nitro, cyano, Cye-
alkylamino and di-(Cy.4-alkyl)ammino, preferably R' is Cy.a-alkyl, C.p-alkenyl or Cy 5~
alkynyl all of which may oiationally be substituted one or more times with
substituents selected _fromC';.;—aIkoxy, Cis-alkylthio, hydroxy, halogen, amino, nitro,

 cyano, Cy.s-alkylamino and di-(Cy.s-alkyl)amivo and most proferred R is Cr.p-alkyl,

in particular unbranched C,.s-alkyl.
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30 In a further enbodi nent of the invention the

compound of formula (1V) in the.method for i3$2Fabdugfy 2007

and purification above, is a conpound wherein Y is O,
or S, preferably Y is O and the other substituents

wo a1 on 1 he conpound of formil'a (1v) i necRE<AepAE

for isolation and purificgt or' above, is a conpound
wherein Y is S. 12 February 2007 WO 2004/ 014821 ™

: furt h t f th
Ao anief A codln e gyl B A T
deffned i mmthe@mbadnhemrabﬁmaa c@npaie %crehﬂllﬁs apfasnewm:.-
o ok o Cooro i gk T h el b aisged one
or ThéYé itich @ﬁmtsﬁ&nﬁfeﬁmae&e@ﬁmﬁ@; [dgoxd! (Y,)m- }gﬁa}&;@d

for isolation and purification above,
halQgva s wRiR0, Yilray Cmoaﬁds-ﬂﬂéamﬂfr@nd dls(l!ibsct-alk)dmo AIOTE AS

S B o S CL gt AP PR TR OT Ry Rl b

sub$tnteil oud ermian umesjw;msuﬁsnmams sdlecddGiten hydioxy, RRRaLNd

vvherel n R i 6- al kenyl or
enifl) S8, Tl gy o pefesmal ppraghed Chr
a]lqﬂuh@hiof%ﬁr&@rr&imlﬁﬁmﬁﬁﬁmedbl s with substituents
sel ected from Cl . 4-al koxy, C1.6-alkyltbio, hydroxy,

hal ogen, amino, nitro, cyano, Cl.b-alkylam no and

Angnd Sl Bh byl 303 o 6 BE G LT repciofim, 1 o
enantioymep pf tho dinll wataﬁvsmpnemntadtb@'dhmﬁnul@(ﬂﬁ%aahbm Wi th
mihife i S Guiofis HEe Sommmotad vt Be 693 Fscfactivnn
mixanélisdhen(dpliorkligls atamr@ﬁthe%gjﬁg ably R is.

Cl - 3-al kyl, C2-3-al kynyl and 'C2-3-al kynyl all of which
may optionally be substituted one or nore tinmes with

| )
In oﬁzlé?ﬁ)f d;)ttagls F{eﬁlﬁ‘%ﬂd %ﬁ&q%ﬁ%@ﬁ%&%@g ah&’/(y}}’ Wlth hi fo.

chetg&ca}mmtg@]_t 18n®le$syﬂyetﬂs¢1m‘amw fcnhna—ﬂée(dppﬁsml elnmitibalm' abfoﬁ‘ﬁﬁla
; .
VR R RS 3B dp eieeptat e Rk FiSieiBodi ment

_ eﬁic@éntlgrhqjdraiyﬂﬁfehmom%ﬁfby%@ﬁ@ﬂﬁﬂ&o%nﬁéﬂicﬂb'bébaﬁie\@lc in. the

t h or. jsolatign and purification above, is a
Sm%ﬁgﬂ%‘? geative A Torguia s samilarde thepiniesiaiok {he diol
off(;;&ujaqml kenyl or C2_to-al kynyl all of which may

optionally be
The present inventors have made intensive investigations and have as a result found
that the enantiomer of a compound of formula (IT) in the form of a salt with an acid is

efficiently distributed into an aqueous layer and the opposite enantiomer of a

- compound of formula (V) in the form of a salt with the acid is efficiently distributed

mto an organic layer when the reaction mixture is treated with a mixed solvent

‘containing organic solvent and water in the presence of an acid.

Thus according to another embod:ment, the invention relates to a meﬂlod for the |

- 1solat1c)n and punﬁcatlon of an acyl denvahve havmg the formula
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.15

substituted one or nore tines with substituents

sel ected from Cl-10-allcoxy, C-lo- alkylthioji2February 2007

hydroxy, hal ogen, amno, nitro, cyano, Cl.6-alkylan no
and di-(CQ-to- alkyl)anlino, nore suitable R is
woz&#@&%ﬁ" kyl, C2-to-al kenyl or C2_lo-al kynryé'r/ﬁﬂdoosmoﬁ’§‘37
I C may optlonally be substituted one of nore tl
wi th substituents selecteg from 30 hydroxy, halogen
amino, nitro and cyano, preferably Rt is C-to-alkyl,
preferably unbranched Ctyfo-al kyl and nore preferred
Rt is unbranched C4-to-al lyl. By the above nethod for
i solation and purificatj a salt of the R or
S-enantionlerof a conp unthavrng the formula (11)
with an acid nR ' ectively extracted into an 12
February 2007 0y 200%/ 014821 PCT/ 0K2003/ 000537 25
aqueous | ayer andl a | t Oaf th?%opposite enanti omer of
X7) an acid may be.
sel ectively separated i pfto an organic |ayer by
treating, in the presghse of the acid, a mxture
conprising an enantioper pf formula (11) and the
opposite &nanti omer o ofmula (1V), reaction solvent
.and the like with an organic 5 solvent and water, and
in presence of an acid.gjn this caggn the salt of the
enantioner of formula (1V) and the Salt of the
enantioner of formula (II) may be separated with
e | oss of the.desir enant onmers. According to
sl ey e S BT SRR T orie SRR and
halcﬁgbhj thé BétiedOie id A dublb@r Ssinga BbhdHarZ Rh g}d’h? ~eenprng of
nant i omer of

fornu%ﬁHi k? is isolated fromthe Re ‘the
158tk PRR Epd R apgcopnestaddo eeshafhist todprm a
cycﬁ['rgtﬂmbﬂ@ Bl@ing HON ARMYE WIS rr%’r ?ﬂ%cﬁgi gllt % Fsrh (@5\%0 crul 8

urification, - the S-enantio
which pay ibg conyetted toa dﬁmcthylamlaoﬁethmbgromp; Veis or § el R*i5-Bcy|

| rtlv The ter to
R’ gérﬁsedlsabo d 35 S¢r ﬁ%@ﬂl Sr%‘rlérﬁ%}’@%'%f‘% ¥ as a
alkrr@rl albof ‘blﬁblmerﬂ opmansdmmmtef wit® foft! bembre lsﬁbsﬁfh@ntwat er.

%P i on Eﬁﬁg the extraction with water, the
Selfrﬁ‘[@& -1 @lky o hrudserra thelpee apin, adrog gyano, Ci.

M *drl@ﬁﬁslaucﬂﬁméﬁo,w, apﬁmap Q@hbﬁ%ﬁ%&&ﬁz ﬁd?o%’hﬁr

ganlc sol vent. "The "a I"¢h may be use
woerein aap pEie 8ie agyldng I:.lﬁfrrfb ﬂrﬁwmqm nmyweemﬂy be mbistituted

one%?h{o!rec M&%g‘r{tlén?sts%%gtmgﬁ Iﬁf(,o ro-%i%%”& lo-alkcny r g.lg-!ay be

one mneral acl
alkynyl, C;. m~alkoxy, Ci-¢-alkylthio, hydroxy, balogen, amino, nitro, cyano, Cy.j0-

alkylamino and di-(Cy.19-alkyl)amino, or a salt thereof and/or a diol of formula

1),
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hydrochloric acid, sulfuric acid and phosphoric acid;

organic acids, in particular. 25-carboxylic acpp_@gbmaryzom

repr esent ed by al i phatic carboxylic acids such as
formc acid, acetic acid, propionic acid, n-butyric

wozﬂ&ifﬂgmzi so- butyrr c acid, n-valeric acid, |P%q.lﬂ/@0&rld08537
aci d,

pivalic acid, n-caproic acid, iso-caproic acil

cycl opent anecar boxyl ic acisd, cycl ohexanecar boxylic
acid, oxalic acid, malonic acid and tartaric acid, or

whevehHAL, thed@Kyd i 726k IS aerHed e, bﬁ%ﬂt ﬁlﬂ%&f ﬁnm a

mlﬁ-chl orobenzoi ¢ acid, p-nitrobenzoic acid

(eRGERRASPEPaEIdef fogmopdel @ kand @i dépl 06ftxm1ﬂe|(ﬁ) m«m
corfiprisgt;ui ¢ aci d, naphthoic acid, phthalic acid and
telephtalic acid. Anong them organic acids are

a) pr eﬁ@ﬁn@@ldmhﬁpmntmmugﬂxemﬂrdﬁomulac aci ds such as

R e B G g D & P YR R e rentindls

premcénitmlaaidj;y preferred is pival | c " acid. NeedI ess to
say t he above acids may be used singly or in a

) confsPHAmEdhe mequighasy contpining e @d@fformhzaw DsplgE]
¢
i AL € Soraf LRGSRt BRI .

the acids to sed I's not ted,
derfygiive affermuld (BY) asatsalbofsaid deal;sum of t he corrpounds of

formula (1V) and (I1) and acid, is wusually 1:1 to

1:5, and preferably 1:1 to 1:3. 5 The acid used in the
optipnsibeindlatingahedotupoumaing fufuld (1) at {reBaiof Bs A RGediad

B%rjg s the organic acid used in the acyl ation or
optig }ﬁ SEEmeupEfdppie G¥ b aythe heserpayasaltheeokt i on or

may be a different one. w As an organic sol vent which
%be used in the isolation and purification step,
Acoppingsto oneembadiyent nfithe un'nmnnn R trhabgangcganchpafaatdy bons

| d tol h
R S T S R A A IO

tert- but_yl nmet hyI et her and di nmet hoxyet hane; ket ones
di et ket.one and neth et hyl

_ h t
e g RO D o B e by o,

isolﬁidﬁ)éhdpﬁﬁﬂdaﬁ&@ab@{ag et hyl benzoate; halogenated
hydr ocar bons such as nethyl ene chloride, chloroform

and 1,1,1 15 trichloroethane. Anong them ali phati c
d h t ti
AccNBEAE 0RO 05, BEIROS BGCERL R G R g O €

preferred Most preferred are aromatic hydrocarbons
ed is tolu above

- In anaoqger %&%od:ﬁl%r%fo? fhe invenfion, Z is eethth x aminomethyl or a group that.

may be converted to a dnneﬂlylammomethyl group. Suitable Z is
dunethylammomethyl b

ﬁmemylmninomethyl, the dotted line is a single bond and R is cyano or halogen,

preferably cyano.

' Ina further embodiment of the invention the compound of formula (IV) in the method

for 1solat10n and purification above, is a-compound wherein YisQ,ors, preferably

| | YisO and the other substituents are as defined above. In a further embodiment of the
-mventron the compound of formula (IV) in the method for isolation and punﬁcatmn—z T

: above 1s a cornpound wherein Y is S.
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solvents may be used singly or in a conbination of two

or nore solvents 20 Tenperature of the isol atil9Fedry 2007

~purification step is preferably at 0 to 80 C, and
nore preferably at 10 to 40 C and nost preferred at 20

wo 20020238:C Fol Il ow ng, separation of the salt 537
|ng to t?r

conpounds of fornmula (Ii) and (IV) accor

above nmethod for isolati@ and purification, mnor
amounts of the 25 conpound of formula (1V) whi ch™i s
partly mixed in an aqueous |l ayer of the salt of the
conpound of formula (11) with an acid, and the |ike

In adyiien embpmentaf theymyasiion e compound of forgulaiV)n theouethod
for is@Mﬁén éﬂdtpgnﬁ&:ﬁ@ﬁ 968VeCis %%ﬂﬁg&lhd whEFsh $ 4 v@a e{nﬁ %mddtfér

formul may be uset as an aqueous SO
m$ﬂﬁma¢%mwa5d§ ®Ove.f needed, it may be used as a
solution in another solvent or a concentrate obtained
by concentration, solvent substitution or the like
Inn adipetroa biibotim Entrof Herineton th céiaporag opﬁﬂﬂuraqmqn eHeMadtRdd

otalnegp.%{ crystallization or the |like eration.
‘ﬁg‘ﬂ%‘i}’eﬂﬂ PRRfiGativn, dbpyp, i  sempaune Veisin KA NErand flg o) s

Sub%eﬁé%@%ﬁngdraggvéjl ol form obtained by the follow ng
operations: A mxture containing the diol of fornula

(11) and an organl c solvent 12 February 2007 WO

003/ O 37 27
Inai’ e%f:%ee%t]e?n%?e 1S o T FEHRY @ gtfqn%’ﬁlﬁbgﬂén Psyer
met]mdtfﬂr ﬁolg@cﬁﬁmd buﬁMon abin/B, 188 cobpiualwhFHIOR! €, Qhlkyl,

t assi %XI de to contral the pH of the aqueous

Caofalfsayl o bé’&é{?}’ 28 Q& Fhigh nﬁb’é’rﬂ%?rﬁﬂwe Ribsiistedtong or mpfgen
f ol I a

time§ Whithasibktitfent \Rickfe8 ?roﬁir@ 11%3"'1&%0 gg&loxgh 12l eHU

(I'l') with an organic S0l vent and
amigoy Atteneyeae.iChg-alkyldsene sd &d €. s-ﬂfhﬂ)mhmnmb pretiried R &f

mu| db .

CraplG St of Ceyiybh o oF WhEh SG oplorly ?‘iﬁsarﬂeﬁgggt
or m@fmearvafe mﬂishi;aexﬁk sdleasitfiony @4 4-alkonye Cpi-alkehiab) iy

| east . 990/ and noDsf pre erably at | east 99. 5% the ’

 halogen, aming-piio, GYRRP, “fealnaming, prsforaly By
is CllAboy LaIRRT Al R SilkyhO! Mw%h‘&ﬁ@%@oﬂﬂiﬁe%ﬁ%ﬁ%&?us'

phase in order to inprove chem cal "purity’o

one pfTBeIG dimes ViR selbrﬁmﬁﬁdsel@ﬁterl &om (a-allioyy, Capyalladthiht ai ned

hvaie %“,%S% SR i bR el P sl TR RS oha

mosigweicaed Bhis C, wiatkyl, mpﬂscaﬂaﬂihmmherhC@ﬁh]kphrl ty of the
di ol of formula (I'V) obtained by the series of
isolation and purification nethod is usually at |east

In aridfé pRéferteledibodin@nt of the invention, the compound of formula (IV) in
the method for isolation and purification above, is a compound wherein R? is as
follows: Cyp-alkyl, Cz_m-a.lkenyl or Ca.yp-alkynyl all of which may optionally be

* substitated one or more times with substituents selected from Cy.ig-alkoxy, Ci.10-

alkylthio, hydroxy, halogen, amino, nitro, cyano, Clg—a]kylamino and di-(Cy.0-
alkylyamino, more suitable R'is Cy.g-alkyl, C;-1o-alkenyl or Cy.19-alkyny! all of which
may optionally be substifuted one or more times with substituents selécted from |
hydroxy, halogen, amino, nitro and cyano, preferably R' is Cy.10-alkyl, preferably
unbrancﬁed ‘C;,m-_a]kyl and more preférr’ed RI is unbranched Cyo-alkyl.

_-By the above method for isolation and plmﬁcatmn, a salt of the R~ or S-enanﬁemerﬂf _—

a compound hawng the formula () W1th an acid may be selectwely extracted mto an a
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15 least 97% nore preferably at | east 99% and nost

preferably at |least 99.5% The optical purity2@ekbdibe 2007

product obtained after separation of the enantiomers
of formula (I1) and (IV) as above, may be inproved

wo2Rfopdse; further processing. | nprovenent OpcghofirfobB3!

purity may be obtained by chromatography as described
20 in WO 03/011278 or by mrystallisation of -
di astereoneric esters or salts with optically active

aquamitsdsyea andiemurdf tieechppositdSngatibast ofNTompodif38ehula (IV)
rther enbodi nent_ of the invention,

ccor, t 0.a f
W‘t@ %S%l?cﬁa to ap&r&@mcalas(er by tr@ﬁﬁrag,eaﬁhfound
preﬁ;ncé Sy lu}'i'd (alerthdﬁbﬂsﬁl 28 in’anﬁalﬁ %{éﬁe% (ﬁg get hod

5 for isolation and purlflcalon repared by
OPHOFFéC spaniécmer péfoaayle4EV)oreaction solversand theﬁlkewﬁhdn oegatic by

t tot t Th
sol L Bvale, SRS HHeP B ALERL 1o et kel LB st e
of formpda EV) amd e sztlm:-f the enantionfer oflfoRhuia (I} EYLE sephrhted wﬁtho m

e a der .ve of formula (1V) of the other
‘hmgﬂ%if‘]?f%ﬁg?me% By the desired conpound nmay be

i sol ated and purified. According to this other met hod
for isolation and purificationthe acyl derivative

Acosgdiniig one pebedimeiof tezbpeamethod fop rsol;anoxlvmdzmﬂmﬂ]mam
oot hivaitls om0 Righd s8R el dhmpting o

the copapoand pbHfepnuikidl).i s  hal ogen, the dotted line
represents a double or a single bond, Zis a group 5
- -CHz-N(R R") wherein Rand R' are Ci-s-alkyl, or Rand
AccBirdid 18 af@ieesitRMdinicdt S8R aboE Befholl Borf léb'iaﬁﬂoﬂ azg&’ I rﬁ(gation,

structure including the NNatomto wh

the %ﬁ%ﬂﬁ@@r offhe diol of, ramgzr D s ixplateth fromnthoB-comniivert efih¢ 0 a

Oierehnk Cﬁlﬁ@g group, Wis Oor S; and R3 is
oy eﬁ% vvher| n I'S a bond, 0, S or NHand R is
CI -lo-alkyl, C2-1o0-ai kenyl or Cz.lo-al kynyl all of

oo i b e iod 20 CHO e WP LS energo

betviden HR-catpyhrdd U fForntt¥LAMIY %id whies. O8 88ditidT R to the extraction
with water, the reaction solvent may be evaporated to reduce the amount thereof or

may be substituted with another organic solvent.

The acid which may be used in the above isolation and purification process is not

particnlarly restricted, but for example, there may be mentioned, mineral acids such as
hydrochloric acid, sulfuric acid and phosphoric acid; organic acids, in particular
carboxylic acids, represented by aliphatic carboxylic acids such as formic acid, acetic

'~ acid, propionic acid, n-butyric acid, iso-butyric acid, n-valeric acid, iso-valeric acid,

pivalic acid, n-caproic acid, iso-caproic acid, cyclbpehtanecarboxylic acid,

-cyclohexanecarboxylic acid, oxalic acid, malonic acid and tartaric acid; or aromatic

carboxylic acids such as benzoic acid, p—chlorobenzo1c acid, p—mtrobenzom acid, p-
methoxybenzoic acid, p-toluic acid, o-toluic acid, m-toluic acid, naphthoic acid,

phthalic acid and telgphtalic acid. Among them, organic acids are preferred, in

- particular carboxylic acids such as n—butyrate iso-valerate, cyclohexaﬁecarboxylic
acid, pivalic acid, benzo1c acid and o-toluic acld and part{mllarly preferred is plvahcxi_ e

'- acid. Needless to say, the above acids may be used smgly orina combmatlon of two -
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nitro, cyano, Cl-1o-alkylanuno,

~di-(d-lo-allcyl)anino, aryl, aryloxy, arylthiiaFemgary 2007

heteroaryl, or R is aryl, wherein any of the the aryl
and heteroaryl groups may optionally be substituted
WO 001481 nore tinmes wth substituents sel eciegpikiodsivooss7
d-lo- alkyl, Cz-lo-al kenYl, C2-10-al kynYl,
Cl-1 o-al koxy, C-10-al kyl t®i o, hydroxy, hal ogen, 15
am no, nitro, cyano, C-|o-al kylam noand di-(C1L
or lglmbf@és) it mdiilom blf m? Iﬁcial)ist totzbh %&fﬁﬁ notq;@igi'gg]%ﬂir \}l’%tdéteﬁ | maf
ornmul a , ebr uar
thegplar 4 GW%WH@P 8 ormyla (Rhkd () Fed aejgh is t he
usud 1 0o hisngndRekeribB1e B9 #lef i ned above, or a salt

thereof, 1so” isolated froma mxture containing a
conpound of formula (1V) and a conpound of fornula

! ina: B . i
T dckd naolty e BRLP TP a3 B esttin e sy B 11 46055
orghtie acld abeddh thefaoylmitndr (édcylation feadtioktabdoRdifg to¥BE Rirent@n or

g oti o%?ani c solvent and an apolar organic solvent;
ma ;"3%@%% Py the aqueous phase containing the diol of

formula (I'l), fromthe 10 organic phase to obtain an
organi ¢ phase_contai ning the conpound of formula (N);
As gipeigate solyent which mas §e used inl thylisoddtioh endmprrifichiidn) stepp thenr
: [ ' cagnversj on of, the
g b oo AR 10Blo- 2B oty VG 1P e ana
toltche rethefs sudibasAlisthyd kihir) etrabnirefinad Ol &dRetap) fsSsutl agHe o US
and_ qQrganic), may, additionally be_washed one or nore
eth?fi@ﬁ%@lﬂ?ﬁ_ FY 3’1@6&}96%3"8 a%.weéaaé%fgs%ﬂécaqo%m methy] othyl
ketdrRS BBES ¢R by mbByl d¥RHhe Veéthyl A6utats, REHTH BB braf Uil by Phenk e,
product. According to one enbodi frent” of the gbove
halegepsiedibdsecarbons wich ermethveqn phidride aghlagefornn hed 1,20- S- di ol

: 0 [IRTIR I [ eparated.tramthe
vl SR M ol S Bl
andAcanatihyderbartangtsher asbaivede apitbluede ddprefuned eMesst hod
preﬁa?rred are %lro%altig ﬂycﬁgcgaﬂﬂ)%g !m{d I(Elgstt Ipl(‘)e?érred istoluene. The above

solvents may be used singly or in a combination of two or more solvents.

Temperature of the isolation and purification step is _préferably at 0 to 80 °C, and |
more preferably at 10 to 40 °C and most preferred at 20 to 30 °C

Following, separation of the salts of the 'compoﬁnds of formula (II) and av)

according to the above method for isolation and purification, minor amounts of the |
compound of formula (IV) which is partly mixed in an équeous Jayer of the salt of the
compound of formula (IT) with an acid, and the like can be efficiently removed by

washing the aqueous layer with an organic solvent.

‘The salt of the diol of formula (I) may be used as an aqueous solution of the salt, and
if needed, it may be used as a solution in another solvent or a concentrate obtained by
concentration, solvent substitution or the like operation. Furthermore, it can beused -

as a crystal obtained by crystallization or the like operation. However, it is usual that

the diol of formula (II) is be used as a free diol form obtained by the following-i%,.«"

dpéraﬁons: A mixtare containing the diol of formula (IT) and an organic solvent.
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the S-enantiomer of the conpound of formula (N) is
separated fromthe R 25 enantiomer of the conp®irebtuafy 2007
formula (I1). According to one enbodi nent of the
invention R is hal ogen or cyano, preferably cyano in

wo 26098148Kt hod for isolation and purificati orbcqgﬁ&gﬂm'g@sy,

According to anot her enbodi nent of the invention
is fluoro in the method fr isolation and
purification above. According to a preferred

andemﬁmcbmmﬁazem betaiied betlediinRen b ﬁ‘@%&r nd
12 F br ary 07 V‘l)}eg%o4?014%Rb DKZC?%/ OOOS%%
sucl g5 &apﬂtérﬂmehycir% ¢ tvconEoldhe PHZOfth aqueous

Iayegrmmaam BRIRIEY ke 106 P, ARl AL o TR a5 IO S S

to a di nethyl am nomet group

diolcif el (Hrivith pe Digyhic scﬂvm,cbndw@ywmeraed edrkc@firating

di he, |
the S0 HEP Bheriol bRy o7 P io G eyt (bt fopeiopha
isolatio aﬁapmmmmahodrﬁhzmsr at 1eﬁ<rt9f5%r ArefYab®Y A MQist 9@% In a
%Aye ment of the invention the conpound of
mOIPB‘?el‘%‘iE? ﬁ‘l %P#@éﬂ?ﬁépﬁé?fabllgﬂﬁéﬂw?é%l ation and
purr ficatTon above, is a compound wherein Y is 0, or
referably Yis O and the other substituents are as

On the ﬂ&ﬁretmé,ﬁba/@mnonmhoﬂfgnm;ie grve Dbmmhﬁthe@boﬁeﬁ)@erano%s ;
' r a t he. met ho

may:tbg 'S o geongglfﬁg f F}o@g ghs) %I%%?szm‘iagp'ﬁl% 8hiBund,

prodnbieThd rmrﬁﬁotxﬁd (&‘ forkimid @VRrdalibE GBtain8d a0 &I Rthin@ Forkd ¥y

ound of fornul a in the nethod

h
et G D AOEA e BB G0, ttsined yGhpB
OPerM‘tﬁfs Qi ¥bds8. ﬁe%ﬂaﬁcﬂ .hgfrtﬁg rgggl(rjpffgr& ‘F‘S'f‘ﬁ“%ﬁ@‘% e as

defi ned above. In a

the sprigaead dsotntion W@lmﬁp@mdn@hoch. nsnalip a(lbz\é} 95%, iréferabBtanod
0 rificat Q compound

leaSt\/\?dﬁ/r’ g{oﬁé @%%e%h'olﬁ %%@tg %g ?preg i ?tﬁ'ﬁ?érégss % 4re as

defined above. In a preferred enbodi rrent of the -
ound, of formul a in the nethod

The ?lgjﬁaf AT tﬁ nB‘?}fﬂiﬂr# ﬁ%mraatseo P%anaoemé und

formwhQUPait (R/) dsSibbv; Brapbithproved before further processing,

Improvement of the optrcal purity may be obtained by chromatography as described

in WO 03/01 1278 or by crystalhsatmn of diastereomeric esters or salts with opucally

active acids as described in US patent No. 4,943 590

According to a further embodiment of the invention, the mixture of com?ound_ of
formula (IT) and compound of formula (IV) which is separated by the above method -

for isolation and pusification has been prepared by the selective acylation and in

© another embodiment by selective deacylation according to the invention. -

The invention also telates to another novel method for the separation of the R- or S-
diol of formula (IY) from the acyl derivative of formula {IV) of the other enantiomer
whereby the desired compound may be isolated and purified.

) Accordmg to this other method for 1solat10n and punﬁcauonthe acyl denvative havmg
the formula ' ‘ '
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15

25 C2. 6-al kenyl or C2.6-al kynyl all of which may

optionally be substituted one or nore tinmes wiglFebruary 2007

substituents sel ected from Cl. 6-al koxy, Cl4-al kylthi o,
hydr oxy, hal ogen, amino, nitro, cyano,
. | kyl'ami no and di- (G .6-al kyl)am no

woz%?me]?eér ed R is Cl4-al kyl, C24-al kenyl PCWO 10&0537
all of which may opti onalzky be substituted one
nore tinmes with substituents selected from Cl4- a1koxy,
Cl4-all cyl thi o, hydroxy, y$0 hal ogen, am no, nitro, '
-cyano, O -a-al kylamno a di-(g . 4-al kyl)am no,
preferably RL is C13- s C2- 3-al kenyl or
C2-3-al kynyl all of whith nRy optional Iy be
substituted ® Jrore times with substituents
sel ected fromd Cl- 3-al kyl thi o, hydroxy,
haI ogen, am no, Yano, - 3-al kyl am no and

i - (Cl -3-al kyl ) anrdb- aifd “w6st preferred R is

Cl 3-al kyl, in particuljar unbranched d _3-al kyl. 12
February 2007 WD 20Q4#044821 PCT/ DK2003/ 000537 31 In
anot her preferred e uw

( pnt of. the invention, the
conpound “of formul a

n the nethod for isolation
and purification above,] is a conpound wherein R is as
follows: ¢ _lo-al kyl, &t 1o-al ken r C2-1o-al kynyl
all of which may optionally be 5 substituted one or
nore tines with substituents selected from

whegn R?s t%) &&ya: grag})a‘%’%ch %ily él a(inR’)ﬂeélH‘%/ dr o h al ﬁ% 18 | 0-
halogd:ﬂg ;ﬂe)chm&ime mna uidoatile er Ring §bdad, ¥ Qraaérlﬁiﬂ

R A R B S o i o

. otheBtd¥onh h oRINE §tr|§c%!tr€ ﬁkﬁﬂ]ﬁ rtﬁéW—aM{chq tg@}L %}9 %ffach@d'”opz

nitro and c¥ preferably R 1s Cl
is 2 gypw whigh may @cwm elimehylamingiokifiy]l grenp, rﬁb’neo orS;

f t
LA 6 RSOl B e Sl
Cagpalkyrfyi alhof vdncM&poptlohhﬂy‘tm sobstinhel (mem moretiinestwith

subs S el b o AL G drom ALaBsb iy

mtrot efahotmitlé larnidd geall%*?jaiiﬁt[bt Uﬁwkﬁ;y &§Hhio Lmasi ngly

in a ;GO |nat|on 0 two or nore speci es As an

hefefawi & rlgarﬁfi avherstin,anof fsiteharyeapd betetoerydl gionps they
|
opticuifly & el iip ot by midr BNk SRk VBl BT B o
alkyh ?ﬁtoaa&@pt ylbémaliarnyhﬁlﬁiﬁtaﬂtm{]@bm&mmds, ey, ue ’aﬁ?ﬁ&ﬂ hyl
. e er u ] er . a i met hoxye ne;
_ o™ R g 065%9%1?188%{%&{ -@L?&WB%%?waEﬁ%mo |
chI ori de chloroformand 1,1,1 .

and/or the diol of formula

®
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trichl oroethane. Anmong them preferred are
hydrocar bons such as hexane, heptane, benzend2&ebruary 2007
toluene, and nore preferred is heptane. The above

solvents may be used singly or in a conbination of

nore species. 25 According to a sp 000537
WO 22%0%5 ﬁ?hﬁﬁﬁma/ 5

i ment of the invention, the mxture o
compound of fornula (I\/)29and the diol of formula (1)
used in the above nmethod for isolation and

purification has been prepared by enzymatic acyl ation
i n anot her enbodi nment

iS5t e i B P 5 et niecs Ssmiterpob il on
isofaibd Héin @ RiiKGA) coltdirlgVe gl AYERAAL (I0PLA a(ﬂ&%p%{,ﬁfsf

aration of the enantioners
O@ngﬂhéyamdcﬁ@yﬂme to be inproved before fiuther
processing. Inprovenent of the optical purity may be
obt ai ned by chronmat ography as described in WO .
a) 03/ fﬁﬁﬁﬂgﬂﬁicbmim;re cﬂwﬁmag me&a:fu?)&mdef ftumsd (@Vﬁgﬂ&l&é diol of
e . Ofr .s Wi, t tiin active acjds as
for i i i s S RO oroamigaelveb pad mspplobegaly 2007
sol¥éh; 2004/ 014821 PCT/ DK2003/ 000537 32 The present
invention also relates to a process for the

b) pr epRFaiing dhe agnews phasacoppining theediold forwslaf (@), fdnathdC O
el abl e sal.t .t.her
ouaiCrite 8 BB AR Bl A% gouBRATENE SuBndiPy b PRI o
having the formula OH R OH Z 10 Hal ~s) wherein Ris

oo PR i P e B potpmaoetnl

conSérsigh 6f thoespofind 6f BrrA B Wk AF (NPT bRyt ﬁ@feef'p or a

group which nmay be converted to & dlnet am nonet hyl
group and Hal is hal ogen,

Any of the above isolated phases (équeous and organic) méy additionally be washed

one or more times with an organic or an aqueous solvent, respectively to improve the

chemical purity of the product.

According to one embodiment of the above method for isolation and purification, the
S-diol of the compound of formuta (If) is separated from the R-enantiomer of the
compound of formula (IV).

According to another embodiment of the above method for isolation and puriﬁcaﬁoﬁ,
the S-enantiomer of the compound of formula (IV) is separated from the R- -

enantiomer of the compound of formula (H).

According to one embodiment of the mvenhon Ris halogen or cyano, preferably

.cyano inthe method for 1solat1011 and purification above.

According to another embodiment of the invention Hal is fluoro in the method for

isolation and purification above,

According to a preferred embodiment, the dotted line represents a single bond.--
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15 or a salt thereof, or the S-enantionmer of an
acyl ated diol having the fornula 12 February 20@ébru¥¥ 2007
2004/ 014821 PCT/ DK2003/ 000537 33 W QJ R "'Z Hal
(I'Vs) wherein R Z, the dotted line and Hal areas
wo 268fisaed above, Wis 0 or S, and R3 is - YeRprW9idein
Rl 1s Cl-21o-alkyl, C2 _1lo-al kenyl or C2- 10-‘§llﬁyny? a%l
of which may 5 optional | ysobe substituted one or nore
times with substituents sel ected from Cl-1lo- al koxy,
In afdthboenitodithdnbbCihe MY EHHONKYZ i BRI RmiMeNR1 ot 6@ that
cyano, ( -lo-alkylam no, di- (Cl-1o-alkyl)anino, aryl,
mayhegou¥srtedde ¢ dimathylamisomethl gyeuny | Suitahle RS i s ar vyl |
dimbf aﬁiﬁ'z‘iﬁnﬁ’eﬁ%r. of the aryl and heteroaryl groups nay
op?llrona y Ll)e substituted one or nore tines wth
substituents selected from Cl-1o-al kyl, C2-10-al kenyl,
C2-10:- al kenyl 1:j0-al koxy, 10 Cl-1lo-al ky]thio,
Acchii ) P etpodli of i fiveforda idtre, 28 " ©
dimEthylafrinkeyiyd The Wt @M Sndlisa(sfnkiclmaahk i) &h& Or 19 Is a
bond, O, S%r NH or a salt thereof in %% enb%e%ent
prefprablyfganget hod for sel ective enzymatic acyl ation
accordi ng®to the invention as defined in any of the

enbodi nents above andr in another enbodi ment by the
In arfestlivo dnbodimsetiof tieiimentigmtby vempounded forhalai () iadeandhad

1 he i,nvepti.on .as defined i of the 1 _
for SQtol S DEAS0 a5eiS P sEPri B ] of Srprefershiy
Y isaD ded the oReY RSt e INRAGEDIDve. B b Furthet ¥ARRAAER P the

reduction of a double bond represented by the dotted

invepfigr the compoud of Srmgle (Pdo Hregnphod fopisglation and purification
abotll gge‘;(gbly_{i;@gﬁ% W i@y oup and /or conversion of the
’ "t at '

group uoro group and ring closure under
basic conditions of the S- enantioner of fornmula (11s)

PRI RN T e
for 126106 xhd $RAHEE B0 (84 08@pehAad wherein Y is a bond and the other
substituents are as defined above.

In a further embodiment of the mvention the compound of formula (IV) in the method
for isolation and purification above, is a compound wherein Y is NH and the other
substituents are as defined above.

In a preferred embodiment of the invention, the compound of formula (IV) in the
method for isolation and purification above, is a compound wherein Rlis Cig-alkyl,
Cy.¢-alkenyl or Cy.¢-alkynyl all of which may optio_na]ly be substituted one or more

- times with substituents selected from Ci-¢-alkoxy, Cig-alkylthio, hydroxy, halogen,

amino, nitro, cyano, Cy.s-alkylamino and di-(C;_¢-alkyl)amino,; more preferred Rlis
Clg;-alkyl, Cy4-alkeny! or Cy4-alkynyl all of which may optionally be substituted one

'_ or more times with subs_ﬁtﬁents selected from Ci4-alkoxy, Ci.4-alkylthio, hydroxy,-

halogen, amino, nitro, cyano, Ci.-alkylamino and di-(C;.4-alkyl)amino, preferably R'

" is Cyg-alkyl, Cy3-alkenyl or Cy3~alkynyl all of which_ may _qptionally be substitated - |

one or more times with subst_ituents selected from Cy.s-alkoxy, Crs-alkylthio, -

. ydroxy, halogen, amino, miiro, cyano, Cys-alkylamino and di-(Crs-alkylamino and
 most preferred R is Cry-alkyl, in particular unbranched Crp-alkyl. . - |
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34 ROZ Hal (V) followed by, in either order; if R
~is not cyano conversion of the group R to a cyamebruary 2007
group, if the dotted line represents a doubl e bond
reduction to a single bond, if Zis 5 not
] | am nomet hyl conversion of the gro
W{)?.g H%I am nonet hyl group and if Hal is ggpﬁﬁ&ﬁn&ﬁ"
conversion of Hal to a flypro group, followed by _
i sol ation of eseital opramor a pharnaceutically ™
acceptabl e salt thereof. According to one enbodi nent
of the invention, the S-enantioner of fornmula (Us) 10
hnabﬁmemwﬁmmﬂemﬁemamhﬁmmhsnmﬁﬁmmﬂhnwmnmﬁm@oﬂﬁm&dﬂiawﬁhhe

SCI al.o mis d f r t he
R B RS S fr B RLP e & asomprio gLl ety
: fo]l@a&fsﬂﬂ;elmaﬂdy[] Q}%h@ﬂﬂé@l oACLQalkiyigt all‘bfﬂﬂﬂﬁ:h%[ﬂ%@:ﬁh&?éﬂ& vef

ove method far the preparation of

SR o5 Bt Rees Yy b itucgts spmted:afrormc@ ey, Comer  of

nantrﬁl‘q/gﬂrrg? &; g%ﬁ‘reamg%%%ﬁ)éyﬁpd?m' ?%J'ﬁb(tcé ed by

alkgDanginatmere sata}alaii ii96;. ha%kﬁhdéno-slkpml at @ﬁo-faﬁcgnyle»ﬂcdf which

he |
5 oR e LE et 3R P SpB eoft e b6 SIS Soat  on
hyditee, Haldghh, adiind) RitroAE ey aho efeﬂabw’t 861 1 2NAdirERAbLy t he

m xture has been separated by the other of the above
unbyanchert, &i-1aliod gad megr PreisEPGR| mbngachsd Cu-forallatdi on.

According to still another enbodl ment of the above

met hod for the preparation of escitalopramthe _
As g piotie ergahictsplrerR-whinh rSaychearsed irthe isolbtion and ppoficedion ktep,

fornul a i te.enan of the
el Gt bhed Pk o 5 afnh e g o Bapanol
pd@aﬁgu Bbinaivl [TRbuthed BndRADutheld Theabaveasel ﬁﬁy bB¥selihe
. isol ation_and purl fication process according one of

singly o IpRpEbIRAlER OHNOHEEROTS BlecieS ol at i on and
purification. According to another enbodi nent, the

m xture has been separated by the other of the, |,
As aapnoderegagic selyeriodycl may bewsed it thaisalatio a,ndm‘unﬁamwmeplz

thef qgf[yl’b%rﬂen%ggcd, fo\é\g(gl%ﬁ €, hg%%ﬁ%ong%éh%oga?ﬁ/eqpog ane, benzene

and toluene; ethers su_ch as diethyl ether, tert-butyl methyl ether and dimethoxyethane;

halogenated hydrocarbons such as methylene chloride, chloroform and 1,1,1-
trichloroethane.  Among them, preferred are hydrocarbons such as hexane; heptane, |
benzene and toluene, and more preferred is beptane. The above solvents may be used

singly or in a combination of two or more species.

According to a specific embodiment of the invention, the mixture of the compound of - .
formula (IV) and the diol of formula (II) used in the above method for isolation and
purification has been prepared by enzymatic acylation according o the invention and

in another embodiment by enzymatic deacylation according to the invention.

The optical purity of the prodilct obtained after separation of the enantiomers of
 formula (IT) and (IV) as above, may have to be improved before further processing.

Improvcment of the optical purity may be obtained by chromatography as descnbed
“in WO 03/006449 or by crystalhsahon of diastereomeric esters or salts with optmally

. actlve aclds as described in US patent No 4, 943 590.




35 According to another enbodi nent of the invention,
the S-enantioner of formula (Us) above or the2 February 2007
S-enantioner of forrmula (1Vs) used for the preparation
of escitalopram is not separated fromthe
- tiomer of formula (IV) and (I1) re

“K)ﬂ@%ﬁggg 5 ringcl osure. As nentioned above§e?ﬁﬁéM§9ME$7
means cyano or any other,group which may be conyerted
to a cyan group. 10 G oups which may be converted to a
cyano group include hal ogen such as chloro, bronbp,
i odo or fluoro, preferably chloro or brono. O her

The greserp mvaﬁucmfalmylahetmm&m ol tﬁe@r@yﬁﬂan bfléi;b ram

SO2 , wherein nis O-
ha"m%;ﬁrf%{m‘a NH2 - CH2NOR, - CH2CL, CHZBr, " CH3, - NABS,

- 15 CHNOH, COORG - CONR6R7 wherein R5 is hydrogen or
Cl.6 al kyl carbonyl, and R6 and R7 are selected from
- hydrogen, opti wsubstituted Cl -6 al kyl,
aryl -C1_6 al kyl and, a group of fornmula Rto
Ru R$' x Z 20 21s 0 or._ % Rs - RO are each
and Cl-6 al kyl
o a C2-5 alkylene chain

g; R10 is selected from
hydr ogen and Cl1.6 alk Rif is selected from
hydrogen, Cl_6 al kyl, “&Carboxy group or a precursor
group therefore, or R10 land R 1 together forma 2.5

5 al kyl ene chain thereby ﬂ%rn1ng a s%@ro ring 25 Wen R
rt Iar brom. or chl pro opQversi on
or o PRl ARELly o BB R B nl brepefo R BT U
emmﬁmmaﬁﬁh@&ﬂhﬂﬁh@ﬂklﬁﬁé&a WO 00/ 11926 and WO 01/02383. :
30 According to US 4,136,193 conversion of a brono
group to a cyan group, is cariib& out by reaction
with CuCN. 12 February 2007 WD 2004/014821
PCT/ DK20031000537

or e and RO together f
thereby formng a spir

10 (Is)
wherein R is cyano or a group which may be converted o a Gyano group, the dofted
line represents a double or a single'bond, Z is a dimethylaminomethyl group or a
~ group which may be converted to a dimethylaminomethyl group and Hal is halogen, -
15  orasalt thereof, -

- or the S-enantiomer of an acylated diol having the formula




10

15

20

36 WO 00/13648 and WD 00/ 11926 descri be the

conversion of a halogen or a triflate group 4®Fabruary2007

cyano group by cyanation with a cyani de source in
presence of a Pd or Ni catalyst. 5 O her processes
for the conversion of a brono conpound to
woz%'f“r‘%?%ﬁondi ng cyano derivative involve rgé’@f%ﬂﬁ%ﬂpsn
the bronp conpound with nesiumto forma G&ignard
reagent, followed by reaction with a formanide to form
an al dehyde. The al dehyde .i,s converted to an oxine or
a hydrazone which is converffed to a cyano group 10 by
dehydrati on and oxi dati on, gspectively.
Al ternatively, the bronmoQonmpBund is reacted with
magnesi um to fBxmex@ighard reagent, followed by
reaction with a dp nd(ﬁgntaining a CN group bound
to a leaving gra A"det ai | ed description of the
above two procedures may~he” d in WO 01/ 02383.
Conpounds wherein the ghoup R i’ -CHO, nmay be :
~converted to the corr di ng conpounds wherein Ris
cyano by net hods anal Qgou8 to those described in WO
20 99/ 00210. Conpounds~yfierein the group Ris NHR12,
wherein R12 is hydrogenlor al kyl carbonyl, may be
converted to the‘corresgﬂnding cor®%iinds wherein the
group Ris cyano by nethods anal ogous to those
described in WD 98/19512. 25 Conpounds wherein Ris a

 wherGiRBRE, thedotied Hryand Blatan veddined disve W i€OTr 5 RN g

V{3 AR B Koot oo et cE e orAay AL Sk iemRy
optigﬁﬁl subthteN\6itk RYaASINEY Wi Qibs@Rbedid Q11T @l%m (g}%_

]
1/68632. Alternatively, a conpound where

alkgiry Chu-alledibiop Hydipnh halpgeny ansind.frdiny cy8D, Csoalkylratieo, idir
or gde LLki]le ted, W th.a .

(C e eftnd ST e, bt ootk R 8 sy o,
of tMOrPlind ¢ taryTemupsimdy optioaakly e dubﬁitgﬂ?bt[b dar rr]mﬁe times

.. - CONVB\WI rein_ R13. a R14 are-4 from hydrogen
it BHaNY SIS G el Kyn kT G- BRI e
Cr.eanyBhibkl dcdxyt Melodeh, EﬁﬂbHﬁ&N, o9BHd! Cy.10-alkylamino and di-(Cy_yo-
alkylamino and Y is a bond, O_, S or NH or a salt thereof, in one embodiment by the
method for selective enzymatic acylation according to the invention as defined in any

of the embodiments above andr in another embodiment by the method for selective
enzymatic degcylation according to the invention as defined in any of the |
embodiments above, optionally followed by, in either order, conversion of the group
R to a cyano group, reduction of a double bond represented by the dotted line,
conversion of the group Z to a dimethylaminomethyl group and for conversion of the -
group Halto a fluoro group and ring closure under basic conditions of the S- |
enantiomer of formula {IIs)-or (IVs) or 2 labile ester derivaﬁve thereof to form a

compound of formula
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- - abovc novel methods for Isolatlon and punﬁcatlon

WD 2004/ 014821 PCT/ DK2003/ 000537 37 correspondi ng
cyano conpound by net hods anal ogous to those qg$emmmgtmn
in WO 98/00081 and WD 98/ 19511. Conpounds wherein the
group Ris a group of fornula (VIl) may be converted

5 correspondi ng cyano conpound by,

Wozg‘ﬂlaoltl%glous to those described in. WO 00/ 23%1&@%00537
Conmpounds wherein Ris OH4 -CH20H, - CH2NH2, - CH2NOZ,
-CH2Cl, -CH2Br, -CH3 or any of the groups above, may
be converted to tre pondi ng cyan conpounds © 10
by net hods anal ogous
01/ 68632. Racenic co formula (11) may be
prepared by the nethods in the above
menti oned patents or by theg a kyIaZion met hod
described in US patent 4. 136. 193 or the double
grignard reaction descrily EP 171 943 or by
anal ogous 15 net hods. Racewi€ conpounds of formula
(1V) may be prepared fromrjacem ¢ conpounds of
formula (11) by non-sel ect B4 acylati@ny using
anhydri des, esters, carbonates, isocyanates or
i sot'hi ocyanates as defined by fornul as (]Fb) (1'11b),

o e i ot Ypy e B o7 8% e SR iy o
groym, ifithedqtisd finefepresamtsecdatbledond redmtﬁ)ﬁ lid 2 sibgle Bordl ift A -

m’tg%ﬁr{%ﬁ’]@n&ﬁ%% %‘%ﬁé‘%‘{ |s ca {re ase of tgi%ﬁg

and i #¥dal Sauhdt fbriolcovérEise of Malao amh&blgs‘:&lp OfolI¥Rd §(¥1
ani c soI vent, tg transfer the conpound of fornu a
esclfai ant ff ppbappasenficgin pccepinble salt thereed; ef erably, R is.
cyano in the compounds of romula (1), (lIs), (Ilr),
(I1V) (Ivs) (TVvr) and (V). IfRis not cyano,
Accergingdp snoemlbsidimens offho inyeRianptha Sepamiongr oft orngla @)t abl y

su o form.a c oynd of,
ool ol b HTNGA B pE Pl P i
sepacasechivom dss Rbnantionitreof (drinula (V) gt (f ddpectivelyY befoteVs)
1_m‘é‘IVr and (V).If Hal is not fluoro, convérsion of the
g Hal to a fluoro is suitably carried out after
ringclosure to forma compound of formula (V). A
procedure for carrying out this conversion is

ACC%@%F? prscenihedigisatefihe ahpvemethiod firsheirgmition of Apr i |
escit40P3m MAGErE of the R- or S-enantiomer of a compound of formula (II) and

the opposite enantiomer of the compound of formula (IV ) obtained by enzymatic-

acylation has been separated from each other by the isolation and puriﬁcatibn process
according one of the above novel methods for isolation and puriﬁcatioﬁ. According
to another embodiment, the mixture has been separated by the other of the above

~ novel methods for isolation and purification.

According- to still another embodiment of the abovermeﬂmd for the preparation of
escitalopram the mixture of the R~ or S-enantiomer of 2 conipound of formula.(]l) and
the opposite énailtiomer of the compound of formula (IV) obtained by enzymatic
deacylation has been separated from each other by the isolation and purification
process according one of the above novel methods for isolation and purification. | . . |

According to another embodiment, the mixture has been sepaxated by the other ;Eth IS




38. 12 February 2007 WD 2004/014821 PCT/ DK2003/ 000537
38 Z groups which nay be converted to 12 February 2007
di met hyl am nomet hyl are groups such as -CH2-L,
-CH2- N2, - MgHal , cyano, al dehyde, -CH2-O Pg,
= -NPgi Pg2, -CH2- NMePgl, -CH2- NHCH3, - -
woz_o% V2. -CH(A RL) (A RL3), 5 SRS 31000537
- (A R14) (A2R1) (A3R16), -CEORI7,-CH2-CO-NH2, -CH=CH-R $
or- CONHR19, wherein Pg is a protection group for an
al cohol group, Pgl and Pg2 are protection groups for
an_am no group, R12 and R13 are independently selected
Acgrdiag to angthgr eyhodimenp obthe inention, the€S4naitioarsy bf fantula (1s)
j I ey [ d.arwl or aral kyl ups or
bRt 823 gt ot ST (54 0 Rt Rl gt el
is ngt ssparated from thé RRbdntionter 8f fatreuld Vi adﬁ@ RekpadivilySkdreet ed
5 n’n%c om Cl.6 al kyl, C2{ alkenyl, 21.6 allgnyl and :
Eﬁ}ughally Cl-6 alkyl substituted aryl or aryl-C, -6
al kyl, R19 is hydrogen or nethyl and A, A2 and A3

are selected formO _and S; Lis a |eaving group, such
As gnenigned gbavep ithe. gromDR. mesiiseyeianor Ay ehelgréum which, mE2 b6

conPbe@ny L agégg'}“?l | cynyl or optionally Cl -6 alkyl

substit 1 or aryl-C .6 alkyl. 15 In one
enbodi nent of the invention Z is dinethylam nonethyl,
- CH2-. - - NP 2, -CH2- NVePg,, - CH2- NHCHS,
10 Gropd Bhigh pay B KRR  crap depaueiods halogresh o shlome
bro@oTpdu it dRioft, pfe@iraBly shlblo bt brotddl S) . (111), (1V) (1Vs)
(I'vr) and M 20 Conpounds wherein Zis -CH2-0 Pg may

be converted to the correspondi ng conpounds wherein Z

i . l.am ot.ecti,on.
Ol TSI AR SOTREN DL AR I, 105, 81 Urt
1 is Okfie HQHS -CEIO, cCHyY@H S ITBHNGE, -CHENG), cOHalt], ArHBp, -CO, ANERS, -

_ i Qle b eavi rou d reaction of the resultin
15 O R BN R O B hiEces o8 ol tombpats sk’
and IR asebloptbd fomehyHRigh WpGodally Bibishbilea d, QAL afﬁstg_%talm or
arrgLnatlon, or ¢) wth an azide foll owed by reduction
arylapd A gopp H £OTERI4 espondi ng ami ne and  thereafter
nmet hyl ati on or reductive am nation, as described in WO
01/ 43525, WD 01/51478 or WD 01/68631 or by anal ogous-
met hods. RPRY : '

R _//

Z o
20 | whereinZ isQ or' S; R® R are each independenﬂy selected from hydfegen and Ci4
alkyl or R® and R together form a Cy.s alkylene chain thereby forming a spiro ring;
R is selected from hydrogen and Cy6 atkyl, R'" is selected from hydrogen, CLQ
~ alkyl, a carboxy group or a precursor group therefore, or R!%and RM together form a
C;_,s‘ alkylene chain thereby forming a spiio ring. |
25 :
' WhenRis halogen, in particular Brdmo or chioro, conversion to a cyano may be
carried out as described inUS _4,136,193, WO 00/13648, WO 00/11926 and WO
01/02383. - R '
30 ACGQrding-to US 4,136,193 conversion of aforomo groupto a cyané groﬁp, :is can'i“ed“'( _
| o_llth-Ieacti_Olilwi_th CuCN. ' o R o
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30 Compounds wherein Z is -CH2-L, wherein L is a
| eavi ng group, naybe converted to a 12 February 2007
di met hyl am nomet hyl group in the same nmanner Conpounds
wherein Zis -CONCH3)2 and -CO-NHRI 9, wherein R19 is
en or " methyl, may be converted t
woz@g@%‘g%pondi ng conmpounds wherein Z is 12 F‘o%%glglruw%g%%
WD 20041014821 PCT/ DK2003000537 39
di met hyl am nomet hyl by reduction of the amide and if a
primary or secondary amne is forned, followed by
met hyl ati on or reductive amnation to forma
WQmﬁb%ﬁ& krachWiSh 4L 1926 desedbiptha somessiomi dfedalogen/@ Dififl4B525

g o5 oni i B SRS BB RN

catabgniverted to the correspondi ng conpound wherein
di met hyl am nomet hyl by renoval of the protecti on
groups, i.e. to obtain conpounds wherein Z is -CH2- NH2
Oth& prodesiés WYBn @0 versid8 bEd bldio oﬂ?%ih@{d e fgjrresb&?dfgr%)gﬂo

gar oup or reductive amnation t
denmtmtinyrdm measterhf the bapjncasomgsmdl Withl magneue 1tb4REASa

et b, SRRy it A IO e R MR A ARRNAT S e

aldehjaderlesmﬁﬂh I ednig anﬁﬁms‘l ﬁd dﬂA@@ieerBiclﬁs b&lta'fertcd to acya?odgrﬁu%
t ammonet hyl by rotection to forman al dehyde
by d@t%ﬁ’ﬂﬁ‘ﬂg" aiop, Tespegtt ‘%HZ CAIN) followed reductive

amnation wth 15 dinethylamne to forma

di net hyl am nonet hyl gr oup as described in WO 01/ 43525
Altegnatively Othe $8884 cempdmnd as eﬂacig@ wgthrmeegnesism Gopo wn@sgnard

e L6 e converted

reagliCFohof o eaAF LR SRRl DB GO BYEH 6%
leavitigrpedulpy | am nonet hyl i) by hydr ol ysis to forma '

carboxylic acid or an ester thereof and thereafter 20

reducti-on to forman al cohol and thereafter conversion
A dékilell RescAbEONSH thISHRVE tPprBcedhiRd §1a9 e fhuRd Y R @I/m:s

fol | oned by replacenent” of the |eaving group with a

di met hyl am no group as descri bed above, or ii)
. r .Syl b I, ' t her gof
ConfiBRIR P e?ljé)e £Bp ROLD0K, 1y A Eor@Lut o RE Bornd PSIAY
compounds wherein R is cyano by methods analogous to those described in WO

99/60210.

Compounds wherein the group R is NHR", whersin R'?is hydrogen or alkylcarb(myl
may be converted to the corresponding compounds whercin the group R is cyano by
methods analogous to those deseribed in WO 98/19512.

Compounds wherem R is a —-COOR® group, may be converted fo the corrésp‘onding

- compound wherein R is cyano by conversion to the amide via the corresponding acid

chloride or an ester thereof followed by dehydration of the amide. WO 01/68632.:

Alternatively, a compound where R is —COOH may be reacted with chlorosutfonyl
isocyanate in order to form the mtrﬂe or treated with a dehydraﬁng agent and a

' sulfonamlde as described in WO 00/44738.

-'Compounds whelem the group R is -—CONR”RM ‘wherein R and R are- "s od
- from hydrogen apuonally substltuted alkyl aralkyl or aryl may be converted tothe - .
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‘thls conversmn is descnbed mn Speclaht'y Che:mcals Magamne Apnl 2003, pag&&ﬁ -.3-: :
S 38 '

with an am ne of NH(Me)2, NH2Me, NH3 or a salt thereof

followed by, in either 25 order, reduction of 12February 2007

am de and if necessary nethylation or reductive
amnation to forma dinethylamno group as descri bed

wozo\'t/)\ﬂmmlm/ 68631 or by anal ogous nethods. JCQRROHRGS0s37

erein Zis -COORI 7 maybe converted to the

correspondi ng conpounds sgherein Z is -
di met hyl am nonet hyl as descri bed above, starting with

con‘éslpend]ﬁglfczgjb)/édnﬁpoﬂﬁd @yetﬁ«t:tﬁé gﬁﬁ@&uﬁgs?e Waes danWOc'

be converte correspon

98/@8%@%‘6{@%‘9@11} Z is dinet hyI ani nomet hyl by treat nent
wi th hypohahde to fdfrri a 12 February 2007 WO

20041014821 PCT/ DK2003/ 000537 40 primary am ne
Confpotukdswardiy thegtdupl Raisi 0gro0 of femblh CRITRRLY Be bRl the
ok eductive am na{%f)g ttwél%{fm a_di met hyl am nonet hyl

SPTe SV mecmmsm Py o) Halsgensio tho GErEEEI. IO
00/2by31anal ogous net hods. 5 Conpounds wherein Z is

-CH=CHR' $ rmay be converted to the correspondi ng
compound wherein Z is dinmethylan norret hyl by oxidati on

Comgl rret hyege%%ggreé?%d@{%y reddc \,gﬁiﬁ ?’fﬂtéﬁpa 1,Br, -CHs

or aryesfdhé groups abnve\l\&a@bbé&‘,ﬁ&:&e@to Mecaiésﬁﬁﬁﬁﬂg fndddbmpounds
b anal,ogous ds. O‘i%ﬂm%\fé V\,herean|s cyan or
y e 5%330 s dsigab %rrespondl ng

conpound vvher ein Z is dinmethylan nonethyl by reduction
faoll owed by nethylation or reductive am nation of the

Racepnpip gorppoupgeolfpmmida @D auay Yedrepstedtby ticomethods described in the
L,
above ulbEHOMCABAR B b e B3GR ok deloBipodl 12%3%@%&9“ >

4. 13@é93cm1h@ddubtb grxgnarﬂeeactmt mmwm’ ¢PIP4BUGHhy kba e| n

meth sl%dlrreth {? ction with
95 *}%?F‘érﬁ mseraredriam woemic
comyfcubidy GNGInAD ﬁl)lbyhoﬁl@elé&ﬁré %bﬁﬁﬁn' Wi EEEE029e0" DY
anal ogous nethods. Preferably, Z s

carbopates FRAY AN SH ORispipeyanpies zs dafingbby Girmulah e (ORI, |
RLNGQOVEHA ROIN=LY %,BWZ to a di-met hyl am nomet hyl group | s

sui tably carried out - after ri ngcl osure. Suitably,.
i s di met hyl'am nonet hyl, - - -CHZ NPgl1Pg2 -,

AT AT TR

‘an acid addition salt, such as the sulphate salt, and in this case a free base of the
- compound of formula (I) may be obtained by treating the salt with abasein a.

mixture or water and an organic solvent, to transfer the compound of formula (II) into |

the organic phase

' Proferably, R is cyano in the componnds of romula (II), (IIs), (Ifx), (IV) (IVs) (V1)

and (V). IfR is not cyano, conversion of the group R to a cyano group is suitably

carried out after ringclosure to form a compound of formula (V).

Preferably, Hal is fluoro in the compounds of romula (D), (Is), (Tir), @AV) (IVs) (IVr)
and (V). If Hal is not fluoro, conversion of the group Hal to a fluoro is Stzitably carried

~ out after nngclosure to form a compound of formuta (V). A procedure for carrymg out




10

15

20

25

30

represents a bond. 25 Conmpounds of formula (I1) or

{1V) wherein Z is dinethylam nonet hyl, 12 February 2007

CH2- NPgi Pg2, - CH2- NMePgl , - CH2- NHCH3, or -CH2-NH2, in
particul ar conpounds wherein Z is

WO zdj,j,,gﬁ_gﬁyl am nonet hyl , CH2- NHCH3, or - CH2- N'i%?'m%ﬁ‘mmooss'i

particularly well suited for the nethod

purification isolation aggording to the invention,

wherein the 30 conmpounds of formula (Il) and (1V) are

separated. In the conpounds of romula (11), (IIs),

(H),. .(IV) (I'Vs) (Tvr) and (V), the dotted line ;. s
Z E@P%%%@%F?Y be aomiierted to dimpthybarineneiyd awtmowissucthes dot t ed

O e By A A B S P S P o £
NMbRen o CiryNIbeH effﬁfgﬁNHE,q —C@;nggpw}ﬁﬁbmﬁﬂhd@;p 0 {rﬁ ound
{ 1 1l S e n
A RO o ik G b0 e S e S PO MRS,
whefetitP€ fsiaQiotb@Gion @RS up i Moh & gk Gip P%I%&b%sdfé Frotcetig
he conmpounds o

Enanti osel ective fing-closure of _
ETOUP FH SOV g uPo R (Wig‘} t2e ndenendandy salestadotmd €:.98lkyl,

o< O Yt S DB e iR RS

and BiJegether foras HAEECRIB) Boabah aome eadhl oY 08 areNaH  and

. er,. hydr.i i et am ne, ethyl dij | am
inde OB R e B i D i Bkl B oo oy G
alkybsubbtitited ary Lerthryl <y s QKR IR U B dro 36 or bttt Bk ADMBGna 40

, . t.-butyl methyl ether, dinethoxyet'hane,
are s%@ Fosyhandn hds 2 dpaping aroup, seleesdilagen pe-QBO,-A wherein

et | . . o d i )

Ais O E AP QFPIRISE Crd B AP GARRA o IO WSl T o

arylCos alliyla (Us), is suitably carried out by treatment 15
with a base as described above in presence of an agent
capable of formng a labile group with the primary

In o) embbdilmeﬁfc;ﬂﬂlmejlnﬁénﬁbn %8@&&13&1%1%&({3;?@@5,%%' oxy, p-
t uenes /I_OXY - canpnor su onyl oxy,
PP Hor b NSy DG 1o ot AL b odahusty

ox GOt e 0o 1196110 @38, (il (TS Ay Al @geos

to exchange the -WR3 grolp 1|

Compounds wherein Z is ~CHz-O-Pg may be converted to the corresponding -
compounds wherein Z is dimethylaminomethyl by removal of the protection group to |
form the corresponding alcohol and thereafter conversion of the alc'ohéi grouptoa’
fegsible leaving group and reaction of the resulting cbmpound with

é,)/ | dimethylamine or a salt thereof, ‘

b} methylamine followed by methylation or reductive amination, or

" ¢)  with an azide followed by reduction to form the corresponding amine and

thereafter methylation or reductive amination, as described in WO 01/43525, WO
01/51478 or WO 01/68631 or by analogous methods. '

Compounds wherein Z is -CHy-L, wherein L is a leaving group, may be c,dnverted to |

a dimethylaminomethyl group in the same manmer.

 Compounds wherein Z is -CO-N(CHy); and -CO-NHR®, wherein R is hydrogénor”
' methyl,i may be converted to the corresponding compounds whereinZis - '
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, Compoundswherein 7 is -CH,-CONH, may be converted 'to‘the_COrre'sp.ondil_ig
. compound whersin Z is dimethylaminomethyl by treatment with hypohalide & %

of formula (1Vs), for a nore |abile group before

ringclosure is carried out. Such |abile groupgFebruary 2007

(l eaving groups) could typically be a group sel ected
from met hanesul f onyl oxy, p-tol uenesul f onyl oxy,
@?ﬁqhorsul fonyl oxy, trifluoroacetyl oxy
uor onet hanesul f onyl oxy or hal ogen. éﬂljr K20030P05?7
the compound of fornula (kys) is subjected to
hydronS|s to formthe conpound of fornula (Us) With
aRiteRASELy fd6elioR B e Shliad Wkl p(éﬁiﬁ[?nﬂ
&@!5 Y 3 ' en react e0 a‘[ﬁ

al cohol or m xture thereof and t
is fopmed; fllogved @a@qﬂgd@aog epreductiyekmimstiboto fomaapl e

aiBE ol P b LR AP bsD8 L IR EaBT ot By
anglogaus yetifods.he esci t al opram product nay have to be

i mproved after ringclosure. |nprovenent of the
optical purity may be obtai ned by chronatography s 12

B WherdWZ f‘@
g@?hl ral est at |I%\r§2§mghasé%gr2é% quﬁg I'I sat |%ﬁv%
theropmesAcndieg cemppnd AibsteineZ mduaetbﬂmmm&yéby rwmwairaflﬂmg

VA T
the(‘daﬁ)ar mﬁhﬁaiumnbfah@nmdo p@up or reBudtive ainiﬂéﬁ&i tdIBnﬂ&y be
ed to pre arera em.c Gi am_and _esci tal opram by
cinf g O o 8 Erioan Wty B o JuG Dok GE . tome
and;@goh@ﬂlemggg:rl bed in WO 03/000672. Suitable acids for
carrying out aci dIC rlng closure are mneral acid, a

carboxylic, acid, . pnic acid or sul fonic aci d
COH'BP fheRsin sy CHAR a)bfﬁ csppBEEd to the camvsporiding
corffifHh % iR ks Oy ifiorh B Ay oEe%fnSﬁ ol afIRIREE S
or the preparatlo racentrc cital opram and

(compoimnds MoreafrisoiCla- (E)‘hﬁ)ﬁdmsvﬂrmrhbﬂme mmnﬁm:ahtte sal t

cinf B BB AP RER RSB e o5 st o Y0 s

or WO 01/68631 or by analogous methods.

Compounds wherein Z is —C(AIJ.{M)(EER1 AR may be converted to the

corresponding compounds wherein Z is 'dimcthylmniﬁomethyl

i by hydrolysis to form a carhoxylic acid or an ester thereof and thereafter

reduction to form an alcohol and thereafter conversion of the alcohol group to a

feasible leaving group, followed by replacement of the leawng group with a

- dimethylamino group as described above, or -

- if) conversion of the carboxylic acid or an ester thereof i*o an amide by reaction

with an amine of NH(Me),, NH;Me, NH; or a salt thereof followed by, in either
ofder, reduction of the amide and if necessary methylation or reductive amination to

form a dimethylamino group as described in WO 01/68631 or by analogous methods,

Commpounds wherein Z is -COORY may be converted to. the corresponding

compounds wherein Z is dmlethylammomethyl as described above, starnng with the

carboxylic acxd ester.
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_ :In the compounds of ronmila (]I), (IIs), (IIx), (IV) (IV s) ([Vr) and (V), the dotte in ;

- s preferably a smgle bond Compounds Whercm the dotted line represonts a dou e e T

wherein Ris cyano or a group which may be converted
to a cyano group, the dotted |ine represents laFebruary 2007
optinal bond and Z is a di methyl am nomet hyl group or a
group which may be converted to a di met hyl am nonet hyl
wo 2648H8:2nd Hal is hal ogen, or a salt 20t

t he R% enantioner of an acyl ated di ol haw%?ﬁ%gumwss?
forrrul a 12 February 2007 4WDO 2004/ 014821
PCT/ DK2003/ 000537 43 OlLR R CH Z Hal (1Vr) wherei n

prinfcy &l TRIGHRISGndrhyicB0d oo bt lRfdr ReloAROVE, W

is Oor S, and i's -Y- , wherein
amiggtiondo frrya dlmerbnbmmmﬁwﬂ gonp GodesGibed kWl 0143529 br

| be substituted one or nore
WOy G Y ol e

t1nes sel ected from Cl1-10- al koxy,
Cno- al kyl t bi o, hydroxy, hal ogen, am no, ni tro cyano,

o s i
com{ybﬁi@dv]ibréﬁz is QimetHyPan@hothetBA By RSIRERAL ¥drmgffnc31lljtﬁax y

optionally be substituted ‘one or nore tines
which ggay be ensiveriedde ﬂw@émmﬂomtmﬂby@e@mm amiGRich as ddskibred |
0 | o-al kyl t hi o,
SR TSRy et ety
d-Io- alkylan1no and di - (Cl- 1o- aIkyI)anino and Y is a
bond It thereof; in one

Comoisads "ﬁ%ﬁﬁﬁm 398 ?}1%6 O RSHedNOr WY L a0 ommmdmg
compeitldaitiedsin B AR Bl mddS1 bVt ol?cﬁvédﬁ»% 1fn 2Ny

of the enbodi nents above and in anot her nt by
or redpelvisgimipsdiop f ths dee of the amine grappdeimed defoem| at | o n
dim t ned in any aof the 15
enbodi r?g% aasbd()é%é{b&égwggjg q%%z#jolbl aggla cby, 8‘& t her
order, conversion of the group R to a cyano gr oup,
Compeudlstwhsrein?. zwdgr@o Inezylbe woviespd Estl&mtomlzs;bmdmg eorfigduinéd

whelgi e R BB e S el pryeadtod 1o °
ethegoﬁibnmﬂhtCHﬁl\K}Hgﬁlﬂkﬁ agd@uibeattel Wo 09’6862@1& By BiRGus

acidic conditions of the R-enantioner of fornulla
meOAr) or (1Vs) to forma mixture of the conmpound of

g
'

Preferably, Z is dimethylaminomethyl. If Z is not dimethyljamimmethyl,l conversion

of Z o a dimethylaminomethyl group is suitably carried out after ringclosure.

Suitably, Z is dimethylaminomethyl, -CHy-L, -CH,-NPg;Pg, , -CH,-NMePg;, -CH;-
NHCHs, -CHz-NHp, aldehyde, -CO-N(CHa),, -COOR" when the dotted line

represents a bond,

“Compounds of formula () or (IV) wherein Z is dimethylaminomethyl, |
CHz-NPgngz »-CHy-NMePg;, -CH,-NHCH;, or -CHy-NH,, in particular compounds
wherein Z i dimethylaminomethyl, -CHy-NHCH3, or -CH,-NH,, are patticularly well
suited for the method of purification isolation according to the invention, Wherem the
compounds of formula (1) and (IV) are separated. '
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20 formula 12 February 2007 WD 2004/014821
PCT/ DK2003/ 000537 44 R 0 Z Hal (V) wherin HalFebeiaryR007
and the dotted |line areas defined above, and a m nor
amount of the corresponding R-enantioner, foll owed
i.n either order; if Ris not cyano 5 rsj f
Woz@%@%ﬁoup R to a cyano group, if the dot t%%&%@lﬂ%gﬁ?
represents a double bondjreduction to a single bond,
if Zis not dimethylaninomethyl conversion of the

bong mesybe Zoivextad i BoR AL AR W fhng HHR tﬁ@g?fk)]:(}ajjgglls :

. notf fluom conversion of uor o
singlg g

g dhegyethads daseribed infWO L 1a863( (rafkablydhe GHuGRGES C
canfédto@{ﬁ&;ﬁqg&(y ca pharmaceutically acceptable salt
t hereof, by preC| pitation of racemc citalopramfree

10 base or a salt thereof and recovery of
FrafiSsil pra orm e not her uor of the
ocslelte&lv PoP’Pfié 05 evalndViod (D) to form the

preci p|

compomde o f@mmf(VBnﬂy Qhitdh®y ﬁ‘é@dtﬁ@dsa& q}eaﬂnfcénygf q Hﬁaﬂ% e%?re

tion of escital opram convers

a
deri %‘i‘é’ af@a Fempaugd withw dasegiuok s ROEQUE)} amd otifer alkohauby, Bar
o Q0 Ol Byl 5 oot

conversion o

terupgeaiirps tnan inorivegasicosphednt, Habh b9 tétrab 0RO IAURCBYS
According to dne

ar,r as.,descti bed a ove.
rmm%nﬁé@ﬁ%eﬁyﬁgg Efhes 2 Hiheng féﬂnﬁh@WEwé@mrawmumn@f
acetesicilet at afivhivibhbiBanal X tiwie Rl‘ceéshﬁ oRbedSiE RN oI N
494% %ﬁnpound of formula (IP) and the opp05| e P . ’
24538 ht i oner of the compound of formula (IV) obtained by
enzymati c acyl ation has been separated from each
. other by the isolation and purification process 25
Ringgloguse of thy compowid ofhformia\(Hs)ey haelbly datridi Sk By RAHAGH

ccardin
with RUYabd hCbLAA HGSCh pres 880 L%¢ an agent capable of forming a labile
group with the primary alcohol of the diol, such as methanesulfonyloxy, p-

toluenesulfonyloxy, 10-camphorsulfonyloxy, mﬂuoroacetyloxy and
triflucromethanesulfonyloxy and halo gen. |

In some cases, it may be advantageous to exchange the —-W-R>" group in the compound
of formula (IVs), for a2 more labile group before ringclosure is carried out. Such labile
groups (leaving groups) could typically be a group selected from methanesulfonyloxy,
p-toluenesulfonyloxy, . 10-camphorsulfonyloxy, h“iﬂuoroacetyloxy and

trifluoromethanesulfonyloxy or halogen.

" Typically, the compound of formula tIVs) is subjected to hydroljsis' to fonﬁ the
compound of formula (Ils) with aquesous base, such as NaOH, KOH or LiOH 111
water or alcohol or a mixture thereof and then reacted with an activated leaving group,
such as for example mesylchloride or tosylchloride in an organic solvent in the

presence of an organic base.

" The optlcal purity of the esc1talopram product may have to be mproved aﬂer _

o .nngolosure Improvement of the opt:lcal punty may be obtained by chromatogsaphy‘




16

15

20

anot her enbodi nent, the m xture has been separated by

the other of the above nethods for isolationlamdbruary 2007
purification. 12 February 2007 WD 2004/014821

PCT/ DK2003/ 000537 45 According to still another

: Fvozaﬁﬂﬁﬁg nt of the above nethod for the prﬁgﬁﬁg%hgﬁmg%

esci opramthe mxture of the R or S-e
a conpound of formula (11} and the opposite
enanti oner of the conpound of formula (1V) obrtaihed

on hyhie 2tiedarE phA46 8F ¥ hvk@Allisham Wﬁ@&%ﬁ%&ﬁg phde ;A"

other hy the isolation and purification proces
thergebacPIfing tothe mesthadn dessibsdoin VEQ 93068067ar | sol ati on and
purification. According to another enbodi nent, the
m xture has been separated by the other of the above
TheRehrgitieménnf thewingounds dffctnpid (1) bEBTVPBbtaNeE RIEHIRG th O
mﬂﬂgthFr e odufent of the.invention, the S-enantjoner
OF VEPMALCCH54 P Proparepesmic gifalomrem endessitalprsmmiby sing
closfy ifgtidic(chMionménesbch SR Gk ) ram
R H W AR )

.1 s not separated formt
.S“ﬂaﬁ!e agifly 1)50r FEBfiREqut peifip ringelasurs areingel aidjnesarbbRylic acid,
BBkl ' £ |1 al rod have to
aSbe Fﬁ%?8€§%ﬁg¥fggiﬁﬁga$%%%§%3§%@%&£SﬁﬁP%@g' n¥ ofvthe

optical purity may be obtained by chromatography on a
iral. stationary, phase or by crystalljsation of

Thu c"“él&JLhSI %ﬁ‘atf"é‘%?% B aion relafbs. g aproqepsfoe b peperion o

racefuic ¢ifopi@t AeISr SeRAGHRAGT | aeiBHR0LGep
henein? t he ternlG_ECpafﬁg?Mggfergﬁgb a g@%ﬁ%ﬁ@%mgF

compr#papEpEYion affhe Ryerantompofinadivl hgvihg thmfommils 0 t en
carbon atons inclusive, such as nethyl, ethyl,
1-propyl, 2- propyl, 1-butyl, 2-butyl, :
2-nmet hyl - 2-propyl, 2-nethyl-1-propyl, pentyl, hexyl
and heptyL Cl.6-alkyl refers to a branched or
unbranched al ing fromone to six carbon
atons i ncl usi vey met hyl , ethyl, |-propyl,
2-propyl, 1-buty 2- et hyl - 2- propyl ,
2-met hyl - | - propy~N._=% and hexyl." d -a-al kyl
refers to a 25 branched o,“dﬁbzanched al kyl group
having fromone to foi;; arbon atons inclusive, such

as nethyl, ethyl, 1- 2-propyl, 1-butyl,
2-butyl, 2-nmethyl-2- and 2- nethyl -I-propyL
-Cl1-3-al kyl refers to apranched or unbranched al kyl
group-having fromone,}o three ca&?on at ons

i ncl usi ve, such as met hyt, ethyl, propyl, 2-propyl.

wherein R is cyano or a group which may be converted to a cyano group, the dotted
line represents an optinal bond and Z is a dimethylaminomethyt group or a group .
which may be convgrted to a dimethylaminomethyl group and Hal is halogen, or a salt

thereof,

or the R~enantiomer of an acylated diol having the formula
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15

30 Simlarly, C2-1o0-al kenyl and C2. lo-al kynyl
desi gnate branched or unbranched al kenyl and 12IFsyty 2007
groups, respectively, having fromtwo to ten carbon
atons, including one double bond and one triple bond
x ively, such as ethenyl, propenyl,
wo 2&@%@%& propynyl and butynyl. C2.6-al ken?&’gﬁy 03/000537
C2- 6- al kynyl designate brgncheed- unbranched al kenyl
and al kynyl groups, respectively, having fromtwo to
si x carbon 12 February 200%;; WO 2004/ 014821 ‘
PCT/ DK2003/ 000537 46 atogézvincluding one doubl e bond
Nely, 'such as et henyl,
yl, opynyl and butynyl.
kynyl designate branched or .
unbranched al ken 0 aldggynyl groups, respectively,.
having  fromtwo ouL/ car bon atons, including one
doubl e bond and one trip :'thq35 respectively, such

as ethenyl, propenyl, btenyl, ethynyl, propynyl and
@ C2- 3-al kynyl designate

and one triple bond resp

propenyl , but:ﬁyl,
C2- 4- al kenyl v

butynyl. C2-3- al keny
branched or unbranched lcenyl and al kynyl groups,

respectivély, having frgmtwo to three carbon atons,
i ncl udi ng one doubl e 3?ﬂond and ope.triple bond
respectively, such as enyl, pr yl, ethynyl and
propynyl. 10 The terns Cl. 1o al koxy, Cl-1o al kylthi o,
Cl. 1o al kylam no and di-(d -1o-al kyl)am no etc.

whegein Rg R athe dettedingand Hel is as definedhaidve, Wik @lor §r enp Rds -Y-

t G- JOAl - in above. The ter Cl. 6 al koxy,
R, el St o T g BBl G sy o oF S ey
opti\(;lmi]a]hf@bh sﬁbmnitigd Jreeiti poretines “gﬂﬁﬁb6' g:[taél 3 ]-_1@; &leaigd ];%ﬁuglg o-ib n

[ the C roup is Cl-6 al kyl as defined above.
kol C ot EronTo PiBags: st P Sms v o allpiuino, G

Cy. L alfyTREIARY) a8 Grds: C Cj _
et 1 o A o R i Ay
of threrylied halstoe] erpres maseontiondiy 13 substittg] or@lor Saced Eimbst hi o,

- Cla 3 ' di 3- m e
e o kb ek R G o 5
Cp;&ﬁl_kylthla,sh}defmy' nkalogdapaneing 0 ! Oﬁﬂﬂtﬂ@yﬁﬁﬁalnilm-ﬁatﬁlhf ihd!&ddi-(Cri0-

i Or o oy 0 0. .The tegrmaryl.refers o a_nono
ey niecip 3 B gt S NELE arsl Reomighione eberiment by e
metiJueoy Selectiof erdgRBd WL latibhladdaidigah RS inRRGBNY hs defined in any
of the embodiments above and in another embodiment by the method for selective
enzymatic deacylation according to the invention as defined in any of the

embodiments above, optionally followed by, in either ordex, conversion of the group

~ . Rto acyano group, reduction of a double bond represented by the dotted line to a

20

single bond, conversion of the group Z to a dimethylaminomethyl grdup' and /or

- conversion of the group Hal to a fluoro group and riﬁgclosure under acidic conditions
of the R-enantiomer of formula (IIr) or (IVs) to form a mixture of the compouud of
formula | |
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25 Aryloxy, arylthio refers to such a group wherein
aryl is as defined above. The term heteroaryl 12&kBrugary 2007
to a5 or 6 nenbered nono cyclic heteroaromatic group
or a bicyclic heteroaromatic group. Suitable the
ryl group contains 1-3 heteroat onf9tH
woz?brﬁfg?nc{sgl? S and N 30 R and R may toget he?ﬁ% orm?@ g|7n
of 3 to 5 carbon atons, tf#us form ng an anhydride. 12
February 2007 WO 2004/ 014821 PCT/ DK2003/ 000537 47
Wen Z is -CHZ-N(RR') erein Wand R' connected to
each other to form wel1 & structure including the
N-atomto which the att8ched, the cyclic
structure form group SUYR, as~groups i nclude -
pi peridin, gyrroli din, norlpholinyf and piperazinyl.
5 HOBt neans hydr oxybenzg azol and pfp means
pent af | uor ophenol .  Expe als 10 In the follow ng
exanpl es % conversi on and\gptical purity were neasured
and cal cul ated as descri bgd bel ow. HPLC anal ysis
condition (for conversion Hate) used (fvgr exanpl es
1-28: 15 Colum: YMC-Pack ODS-A 0.46 cm|.D. x 25 cm
(made by YMC Co., LTD.) Eluent: 25 nM Phosphate
fter kit ¥ 4 = Flow,rate: 1.0 /mn
i &, R MU It adlerredihots B b Biir anmiatien,
corrggpahding B-epantuhinter, dolldWed by cinreithersirdu; if Rti€dot ugad f or
conex‘aglgtl)ﬁﬁ 29-4171: Col um: . A -#ﬂfc r%f her RP-8 col um,
Vil B R SYEPP ietqus £ hedptt ppresspis peorkle vt OH
bondVRddacticRIie P singe basd, i sWBdimbintaindRt 1 i@ 0 M

wat er, .10% H3PO4(aq% is added to pH=/"and water Is
groupdelioc? dwethyleemometyl goup ad if Fiabis not fluoro, conversion of Hal

to a fluoro group, followed by isolation of escitalopram and/ or racemic citalopram or

a pharmaceutically acceptable salt thereof, by precipitation of racemic citalopram free
~ base or a salt thereof and recovery of escitalopram form the mother liquor of the

precipitation,

Suitably, the above method for conversion of R-diol to escitalopram, is-used for the

preparation of escitalopram.

The conversion of of the group R to a cyano group, reduct_ion of a double bond
represented by the dotted line to a single bond, conversion of the group Z to a _
dimethylaminomethy! group and conversion of Hal to a fluoro group may be carried

out as described above.

According to one embodiment of the above method for the preparaﬁoﬁ of
escitalopram the mixture of the R- or S-enantiomer of a cbmpoundr of formula (IT) and
the ojgposite enantiomer of the compound of formula (IV) obtamed by enzymatic
acylation has been separated from each other by the isolation and pm*iﬁcation process
according one of the above methods for isolation and purification. According to
another embodiment, the mixture has been separated by the other of the abdve

methods for isolation and purification.
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25 m xture is added to 1,8 L McOH. Tenperature: 35C
Flowrate: 1 nL/mn Pressure: 16,0 MPa 30 Detie@Eebmary 2007
W 254 nm Injection volume: 10 microL Conversion rate
(%9 = P/(S+P) x 100, (P: amount of product, S: anpunt

asgupl  substrate). - -- ----------- ~
Woiﬂi&‘orua?y 5007 V0 2004 014821 PCT) Dk2003/ EGHBEPOFessT
BPLC anal ysis condition (&pr optical purity) used for
exanpl es 1-28: Colum: Chiral pak AD 0.46 cm LD. x“"25

Acmr&@g&ﬂﬂ;ﬂ@omed @i@dﬁ[@bﬁﬁb abdvRIRlmbRIEF e rk #I%tlo%. of

t ane met hanol / ethanol / diet am ne =

ent
escglOtn e TP of th Ky o fegaptiomeeet Acoppbad of fonauia (m and

4
B 2‘.‘%&8‘?‘33‘%2%@‘%?‘{ LHBEFQE) st g
deagylaénndias besn sapasated frof cnelsithardly the]lﬁblﬂid;b&hﬂ pﬁlﬁcaﬁbm er
onat oge Anal ondl tion (for
profist bickftng o ol QPR IHSBRY i 08 i puticanion. chgearbins
to a@aﬁheled baDingmt, WingmiMiird hid R el e%‘é% S
rEIll cl.e siz Mobi | eepidggg@i(gf&lbon 5?%?&1?%)6@(
me%ﬁn%ﬁp figplati Wﬂé’ﬂ%ﬁ“ﬂkﬂ% di et hyl ani ne (0.5% and
trifluorodcetic acid (0.5%9. Mdifier gradient: |-2%

in 4 mnutes 2-4%in 4 mnutes 20 4-8%in 4 mnutes.
Acogrdiggitpianother embodinent of the invention, the S-enanfiomer of formula (Ir)

above or the S-enantiomer of formula (IVr) used for the preparation of escitalopram
is not separated form the R-enantiomer of formula (IV) and (II) respectively, before

ringclosure.

The optical purity of the escitalopram product may have to be improved -after
ringclosure. Tmprovement of the optical purity may be obtained by chromatography
on a chiral stationary phase or by crystallisation of racemic citalopram base or a salt
thereof according to the methods described in WO 03/000672.

As used herein, the term Cy.yo-alkyl refers to a branched or unbranched alkyl group
having from one fo ten carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-
propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl, 2-methyl-1-propyl, pentyl, hexyl and
heptyl. Cy.¢-alkyl refers to a branched or unbranched alkyl group having from one to
six carbon atoms in(;lu_s_ive, such as methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl,
2-methyl-2-propyl, 2-methyl-1-propyl, pentyl and hexyl.” Cig-alkyl refers to a

branched or unbranched alkyl group having from one to four carbon atoms mcluswc

* such as methyl, ethyl 1-propyl, 2-propyl, 1-butyl, 2-butyl, 2—methyl—2-propyl and 2-

methyl-1-propyl. C1_3-alky1_rcfers to a branched or unbranched a]kyl group having
from one to three carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-propyl.

Similarly, C;.g-alkenyl and Cy.1o-alkyny! designate branched or unbranched alkenyl
and alkynyl groups, respectively, having fiom two to ten carbon atoms, including one
double bond and one friple bond reSPectlvely, such as ethenyl, propenyl, butenyl,

o Veﬂlynyl propynyl and butynyl Cz.&—ﬂlkﬂﬂYI and Cg.ﬁ-alkynyl designate branehed or

unbranched alkenyl and. alkynyl groups, respectlvely, hamg from two to six. carbon -

S T
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16-32%in 4 mnutes 32-45%in 1,62 mnutes 25
Tenperature: Anbient tenperature Flow rate: 22Febduahy2007
Pressure: 20 nPa Detection: UV 230 inn and 254 inn
Injection volume: 10 mcroL 30 Optical purity (% ee)

wo 20001821/ (A+B) x 100, (A and B represent ‘Z}%&hﬁi%{ﬂﬁ%ﬂg

stereo isoner, A>B) LL. E-value =
(1-Es/lo0)) [/ In ((1-c/10@) x (1+Es/ 100)) 12 February
2007 WD 2004/ 014821 PCT/ DK2003/ 000537 49 (c:

atorGs) MeAIdin gOfhel d@luble, bolid 'and® Bhd €1Ble BUAHIr e&fvefye §dcglé§|etheny1
substrate mple 1 O 4-[4-D nmet hyl am no-1 -

propeayl, b fapfrﬂ@ﬁvl,)mwwa ragd uamm krﬂnétffnyrt&ﬂcynyl

dmlgtgzg@ gﬁh&ﬂe%itc;? ﬁfaﬁ&l%f(i g :ﬁg%irf grll?ﬂﬁéq ?es%ec%greg, Bviy

fronf |teiorto fhenydrhon atoyndy umyjdmgydqe Gubledbandy srett bod b@rbzemd r
ok M) b A i e )
aﬂcehj?leat&lotz !\@Ryﬁﬁl SR1bnbE BrancBOCor SHBSACHAE ikohy] W@% -
gr()1%‘34 5 259 nol) was added dropwi se ovéer 5 -mnutes

Bt rrrpeatrrear hat?aecfrfsn b by thres rarhon afoms inchuding oner daviile

b ct%d% Uik
ond 3t Ke NS Bend, iAol o B0 ol TSR M9 ona
Pfopaq}deous | ayer was di scarded, and thus- obt ai ned organic

| ayer was washed with 220.0 15 g of water, and
further, concentrated under reduced pressure at 60C to

The ERMDTR; AMRKy, CHE an@mﬁb 0, gJalkPlhifinid 8 dﬂtﬁ 1&9@%%@5& on

was adﬁust ed_by_addition of toluene, her eby
desigiiefugh grompy %Wérc dhesgkyitgrenp i61Ci0 alkyl 2% defined above. The

termef-‘Fﬁydr oe?%ut vl rzlkg"ﬂgﬂydr oxy%”ﬂﬁ?genzg?ﬁ)q MPRYDARIES) Sene
demgz@mhrgrwps pumich-the allyl group is Cis alkyl as deﬁned above, The
terms Cy4 alkoxy, Cy4 alkylthio, Ci4 alkylamino and di-(Cy.4-alkyl)amino etc.
designate such groups in which the alkyl group is Ci4 alkyl as defined above. The
terms Cy3 alkoxy, Ciz alkylthio, Ci3 alkylamino and di-(Cys-alkylamino etc.
designate such groups in which the alkyl group is Cy.3 alkyl as defined above. '

‘Halogen means fluoro, chloro, bromo or iodo.

The term aryl refers to a mono or bicy_clic carbocyclic aromatic groUp; such as phenyl,

- ornaphthyl, in particular phenyl.
“Aryloxy, arylthio refers to such a group wherein aryl is as defined above.

The term heteroaryl refers to 2 5 or 6 membered monocyclic hetercarbmatic group or

a bicyclic heteroaromatic group. Smtable the heteroaryl group ~contains 1-3

" heteroatoms selected from O, Sand N.

- R°and R' may to gether form a chain of 3 to 5 carbon atoms, thus forming an

anhydride,.
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20

25

_ iﬁ% 81 rml% vinyl 25 butyrate
cye

di met hyl ami no-1-(4'-fl uorophenyl)-1-hydroxybutyl]-3-hy

dr oxynet hyl benzonitrile: 20 87.6 g, yield: 99.1Z%ebruary 2007

0.256 nmol). Then, 52.5 g of toluene was poured onto
17.5 g of an imobilized enzyne (Novozym 435), then

of the solution of 4-[4-
wo zﬁﬁ’% 1433ﬁy| PCT/DIIN000537

am no-1- (4" -fluorophenyl)-I-hydroxy
droxynet hyl benzonitrile ig toluene was added, and the
tenperature of the m xture was controlled to 4OC
WhSmES@JLI@HEI R’9 wheteBR 300 Rt BPndoRAkAER %ggmgcb £ 2?8' d
gm

Hel chblid%ﬁhe HBtogyhlvha@ejam etached, thetoiyelicatrmvtere

_ e nd t r tirred
fonglg%dg% %r%%r 1H&1 endﬁ], gﬁfﬂ & S‘F?rlogen

urs u

pip@ftimyl. cool i ng the mixture over 2 hours so as to be
20C, the m xture was stirred for 1 hour at the sane
tenperature, and stirring was stopped The enzyne was

HOBt hdesat x?ngz(;ﬁa%};ﬂa ﬁlé C\Qﬁﬁj@ g twice with
105 g of toluene, and t%rfgse toI uene | ayers were
combi ned The toluene | ayer contained 583.1 g of a

| ExpePinttnk8 of 4-

[ 4- di net hyl am no-1- (4" -fl uorophenyl)-1-hydroxybutyl] - 3
- hydr oxynet hyl benzonitrile -in toluene (content of
ur S) - 4- [ 4-di et hyl ami no- | - -fl uor ophenyl ) -1 -
T B PUCTHE RO T GPUYSHEL A BEHSAR ARR Seropieemgpd and
caloiaedddis dbdcHb@ibdldd® enzymatic, resolution process:
41.1% 0.105 nol). 12 February 2007 WD 2004/014821
PCT/ DK2003/ 000537 50 A m xed sol ution containing the
HPIRYRETRAL d three
R BT o B3 o oYy S MR 0600 G
the obt ai ned aqueous Iayer was washed with 79 g of

ti me s._obt ai ned
oty FAE-18L OISCE b FBID a5t Gy Yarc 62 118
Elue(ua)zswtphdsﬁmetewﬁammemhmﬂé =dol/ugr ophenyl ) - 1- hydr oxybu
tyl]- hydr oxynmet hyl benzonitrile, pivalic acid salt
Flovy gag; &WVHGP pure (S)-4-[4- dimethylanmino-1-(4'-f .
Telﬂpléﬁ[@phﬁwu 1- hydr oxybut yl ] - 3- hydr oxynet hyl benzoni tri.
["e: g, yield (through the process fromthe :
Det@%trrvwﬂmﬂ’ﬂh\mﬂmvater to washing with toluene): 90.6
% 0.0952 nol}. To thus-obtained 985.2 g of an aqueous
solution of 10

H})I(csﬂ)nagfs{szeemﬂam (lﬁ;tlcaxmefﬁbnlmt@ﬂuseﬁ Fstek@pfiemd-d2: 1- hydr oxybu
tyl ] 3- hydr oxymet hyl benzonitrile, pivalic acid salt
Coluaps 8 golymny 210 jehmm (Ssubpatidesigtly, 30% NaOH

Elueﬁ@-:’%lﬁ‘faged ﬂfeaﬁﬁﬁata%&pmwkom AdErELR dd38a 'R 150

“water, 10% HiPOs(aq) is added to pH=7 and water is added to a total of 200 ml. The
~ mixture is added fo 1,8 L MeOH.

Temperatare: 35°C
Flow rate: 1 mL/min

| - Pressure: 16,0 MPa

30

Detection: UV 254 nm

" Injection volume: 10 microl.

_ Conversion rate (%) = PAS+P) x 100, (P: amount of product, S: amount Ofres‘iiduarlt o -

- substrate).
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stirring, until pH of aqueous |ayer reached 11.9, and
the m xture was kept stirred for 30 m nutes. 1AfFeBfuary 2007
stirring, the mxture was allowed to stand 30 m nutes

and the 15 tol uene | ayer was separated, and the

B Ng aqueous | ayer was re-extracted g
wo GRS Wiabkand fosdy

ol'uene. The conbi ned tol uene | ayer was Was
twice with 169.0 g of wafger, concentrated at 60C
under reduced pressure, to thereby obtain 64.0 g of a
sol ution of _ )
{S) -4-[4-di net hyl am no-1|-(4'-fluorophenyl)-1-hydroxybu
HPLG japalpsisspaditing (fot dpiciigurion usedi forexamplenl-28ne. Sai d

cobgl S48 1| PSSR P25 e oA Bl

INRYSTRIES, hyo)oxymnet hyl benzonitrile. Overall yield was
36.4% The tical pyrity determned by HPLC was 98.7
BI”%Qeé?Pt%ﬁgnﬁﬁ‘gﬁ?léaih ¢ fielhyimnere 8%/ 46 635941

Flow (4R 10eiamo- 2- [ di met hyl ami no- (4" -f

1l uorophenyl ) -hydroxybutyl] benzyl butyrate: 0.04 area
Temperapge139°Che above system the above "chemical purity”

' it the followi ng equation. (Chem cal
| De"%ﬁ”r’{”f“&)%ﬁéﬁﬁ@gggﬁal ue of 4-[4-dimethyl am no-1-(4' -f

Conlversion hte i{3) = /(S+P) x 100, (P: amount of product, §: amount of residual
b{%&aoxybutyl ] - 3- hydr oxynet hyl benzonitrile] / [(Area
U e of all detected conpounds) - (Area val ue of
tol uene) - (Area value derived fromthe systen)] x 100
30 (area % Exanple 2 12 February 2007 WO 2004/014821
Supnccr%mﬂzﬂm/c@ws@ze@hy- Analysist copditien éfyu bpirebpwityhusd for
6Xﬂ!?1§119§@§-[¥2:was charged with 50 ng ( 0.146 in nol) of

[ 4-di met hyl am no-1-(4'-fluorophenyl)-1-hydroxybutyl]-3

_ - hydr oxynet hyl benzonitrile 25 ng of various kinds of
Colw%iéﬂé@,{ §°ﬁ'§m<m§1. the dimensigns) 259rx 4,6 vy (Shum pactiele siael 1

Mobile pRise: E8bsERGKigaNd stirred at 40C for 16 hours. For
the substrate wth the optical purity of at 5 |east

Modsfgsy; dsthapolvithEeghylemine Q.5 W) had teidinorbinetic edd (0.5%ar e
ﬁﬁ]g kn. Tahle L. .Enzyme " Origin Conversion optical .
Mo pur}@l)(/ﬁ‘3 t'ﬁﬁ%ﬁ%ﬁngﬂesEval ue (% (%) Lipozyne TL 1M

(made byNawyzesinde® || n+er nonyces tanug"M 97,8 62;7
(R) Novozym 435 (made byNovozynes A/S j Caadi da
ant arct | cé‘%}n?‘lélﬁuff’s(S) i g

- 8-16% in 4minutes
16-32% in 4 minutes
32-45% in 1,62 minutes

Temperature: Ambient temperature

a FI'OW rate: 2 mL/min

Pressure: 20 mPa
Detection: UV 230 nom and 254 nm _

* Injection volume: 10 microL

Optical puity (% ee) = (A-B) / (A+B) x 100, (A and B represent corresponding stereo

isomer, A>B)

B-value =In ((1-/100) x (1-Bs/100)) / In ((1-c/100) x (1+B5/100))
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Now 1,16 Table 1 10 Exanple 3 A test tube equi pped
with a stopper was charged with 10 to 100 ny (2@eb8ry 2007
to 0.29 m nol) of
(f) 4-[ 4-di et hyl ami no-1-(4"'-fluonphenyl)-1- hydroxybut
4&!3 hydr oxynet hyl benzonitri ke, 10 to 100
WO%& 435 (product of Novozynes, 15 E/S PELP 003"000537
1.0), 33 to 333 ng ( 10 eg ) of vinyl butyrate and 1
m of toluene, and stirred at 30C for 16 hours. The
L& WAl - tration Conversion
(e Optl%:aglﬁr%toﬂg?% nr%%r%g%elglgﬁﬂﬁiﬁ%ﬁﬁé (%9 (%) (%.e.)
152,993,7(S) 3 254,2188,6 (S) 20 5 63,187,9
kkﬁ 10 65,0 92,6 (S) 9 Table 2 20 Exanple 4 A test
€ equi pped Wi th a stopper was charged with 100 ng (
0.292 in nol) of (d)-
4 4- d| nmet hyI am no- [ -(4' -fl uorophelr;yl

e Fdieth VPl 32_75 Ly I

-I-hydroxybutyk)
Betodraxyngthyl-

P PCTLRK2003/ 000537 52 benzonitrile, 50 ng of Novozym
roduct of Novozynes), 333 ng ( 2.92 mnol ) of
vinyl butyrate, 0.292 mnol of various kinds of .

b 1 f I d at
Vgl B pE e g o v o Bfetsrdimeh¥aniioet-Goun
ﬂucbrﬂpﬁl%ﬁjﬂb-@ h&dzo&ﬁmtﬂu-sezymﬁytﬁétﬁﬂwhzsﬁ&u@ a2 Mxh& Ycid salt
uration Hvalue (% (%.e.) Sulfric acid 39,8
(10@ &0, 2@’)’ mol), thewstiresd don 19 minutgs ang, the egpemre HgxgeHwesd ori c

raise@ ufl 1Pebrd. &fbseqderdly, 30% NaOH (34.5 g, 0.259 mol) was added dropwise
~over 5 minutes until pH of aqueous layer reachied 11.4, and stirred for 30 minutes,
After stiring, the mixture was allowed to stand for 5 minutes, and separated. The

aqueous layer was discarded, and thus-obtained organic layer was washed with 220.0
R of water, and further, concentrated under reduced pressure at 60°C to réméve away

the remaining moisture. The concentration was adjusted by addition of toluene, to

~ thereby obtain 583.1 g of a solution of 4-[4-dimethylamino-1-(4'-flucrophenyl)-

1-hydroxybuty]]-3-hydroxymethylbenzonitrile in tolucne (content of pure 4-[4-
dimethylamino-1-(4"-fluorophenyl)-1-hydroxybutyl}-3-hydroxymethylbenzonitrile:
87.6 g, yield: 99.7%, 0.256 mol). Then; 52.5 g of toluene was poured onto 17.5 g of
an immobilized enzyme (Novozym 435), then 583.1 g of the solution of 4-[4-
dimethylamino-1-(4'-fluorophenyl)-1-hydroxybutyl}-3-hydroxymiethylbenzonitrile in
toluene was added, and the temperature of the mixture was controlled to 40°C.
Subsequently, a mixed solution containing pivalic acid (28.7'g, 0.281 mol), vinyl
“butyrate (29.2 gm 0,25 6 mol) and toluene (28.8 g) was édded into the abové mixture
* over 20 minutes, and the mixture was stirred at 40°C for 12 hours under a slight ﬂOW
of nitrogen. After cooling the mixture over 2 hours so as to be 20°C ihe mixture was
- stirred for 1 hour at the same temperature, and stirring was stopped. The enzyme was
ﬁltmted and then the enzyme was washed twice with 105 g of toluene, and these
toluene layers were combined. The toluene layer contained 583.1 g of a solution of 4
[4-dimethylamino-1 —{4'-ﬂuorophenyl) 1‘~hydr0Xybuty1]~3—hydroxymefhylbenzonitrile
_m toluene (content of pure (S)-4 -[4-dimethylamino-1- (4'-ﬂuoropheny1) 1-

hydroxybutyl] 3-hydroxymcthylbenzomm13 36.0 g, yield through the enzyma e ,_f _

_' 'rcsolutlon process: 41 1%, 0.105 mol)
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' Example 2

Benzoic acid 62,9 98,2 (S) 16 Triethylanrine 74,8
99,7 (S) 11 Pyridine 65,4 96,5 (S) 11 Benzoilg Fabiudry 2007
ATriethylam ne 66,0 92,0 (S) 8 Benzoic acid APyridi ne
58,1 97,3 (S) 23 None 73,5 97,4 (S) 8 5 Table 3
e 51n a 200-nl four-necked flask ' '
WOZ@@{E?%% er and a thernoneter, 1.5 g ( 4. 3§>ng8$%/0 %’?
of . 50 ‘
()-4-[4-di net hyl am no-1-(4'-fl uorophenyl)-1-hydrdxybut
ylI']-3- hydroxynet hyl benzonitrile was di ssolved in 30
m of toluene, then 0.45 g of Novozym 435 (product of
A milipvispinties poniginidg thegugetna@ait androdshingflupd/ wadkixtrectedthd8 m
. mol..of v u in of | ds d 00 8.,76 m nol)
tim G Yoot s e Koy 20 004 o bl Ratpoti ks et o
washel wiglen9 & of dNRne for Bveames - AsEhRsule R4k ob&inSM 98YY b Bf an
Table 4. 15 12 February 2007 WO 2004/ 014821
aquespry sodperDd/ (Bbh s dimsthylampinet - Chrilrerephenyebtydrarybpltlid y
B " oRAIE P S LEHLR @54G454, 7 95,9
d (E Esﬁ ‘53%‘%%“%" £t hy) i Seia sef Ef%%%’@%’%s(g P%')% 13 o
dimetiplawinvat{4tl8arophaay)-3 -HySoxgiBitylirs hytioxpmetbikiciBbnigila6, 6

S) . = Tol ui id 4.98.9 44 . 0- Ani si i d
.45 YighdgnGugtnd hioeB nbmits i il i wSiatingnin 5. &
toluésfB): 0G5 %;30. 0952 mblpr DpitBobtainsd U89 g 3f AifaqheduBlsoldidon of

1-Naphthoi ¢ acid 67,8 83,3 (S) 6 Benzoic acid 59,7
(S)“ﬂ;@'é“?@}y é}jlqﬂno-l-(4f-ﬂuoropheny'l)~1- ydroxybutyl]-3-

hydroxymethylbenzonitrile, pivalic acid salt was added 218.2 g of toluene.
~ Subsequently, 30% NaOH (13.3 g, 0.0998 mol) was slowly added to the mixture with
stirring, until pH of aqueous layer reached 11.9, and the mixture was kept stirred for -

30 minutes. Adfter stirring, the mixture was allowed to stand 30 minutes and the

. toluene layer was separated, and the remaining agueous layer was re-extracted with

1425 g of toluene. The combined toluene layer was washed twice with 169.0 g of
water, concentrated at 60°C under reduced pressure, to thereby obtain 64.0 g ofa
solution of (S)«4-[4-dimethy1&miﬁo-l -(4'-fluorophenyl)-1-hydroxybutyl]- |
3-hydroxymethylbenzonitrile in toluene. Said toluene solution contained 32.0 g
(0.0935 mol) of (S)-4—[4—dimethylamino~1-(4'—ﬂuoropheny1)-1-hydr0xybuty1]_—3~
hydroxymethylbenzonitrile. Overall yield was 36.4%. The optical purity determined

by HPLC was 98.7 % ee, and chemical purity was 99.9 area %, {(R)-5-cyano-2-

{dimethylamino- (4’-ﬂuorophenyl)-hydmxyﬁutyl] benzyl butyraté: 0.04 area %.

In the above system, the above "chemical purity" is represented by the following

~ equation.

(Chemical purity) = [Area value of 4-[4-dimethylamino-1-(4'-fluorophenyl}-1-
hydroxybutyl}-3-hydroxymethylbenzonitrile] / {(Area value of all detected
compounds) - (Area value of tol_ﬁene) - (Area value derived from the system)] x 100

(area %)




Butyric acid 53,7 89,6 (S) 24 |Isobutyric acid 61,8
97,1 (S) 16 |Isovaleric acid 55,3 94,8 (S) 2712 Pebalc2007
acid 58,2 97,8 (S) 25 Caproic acid 60,3 96,1 (S) 17
Gycl ohexanecar boxylic acid 55,2 95,4 (S) 30 None 59,1
18 Table 4 Exanple 6 5 In a 2
Wozﬁé‘boﬁwggcked flask equi pped with a sti rrerlQ(;:\’ln%[‘Q?g03‘(00053"T
thernonmeter, 3.0 g 8.76 sanol) of
)-4-[4-di mat hyl ami no-1-(4' -fl uorophenyl)-1I-hydro%

A tf(aat tbglehuiBpedhwitty aastgppet m @ﬁfg@@ Rith 150 s Q}Pﬁﬁzﬁ% Ex%ﬂ)é’:ﬁ(%b

[4- %P‘ %Mﬁ %[]“81’ YB ](fllﬂif%%{ﬂbfgbfﬁ\;ffwfmghylbdnmmle
25 thg 68 vaRiow kindé o Q%ﬁe%ﬁ%ﬂﬂ%&b'zﬁﬂfm%ee teZ g?ngof

(17.52 m ol ) vinyl
tolughc, apd gixgad 2 6Cfor | GronroBor tﬁémﬁ)smeiwiltﬁtﬂé ﬁéﬂlg t}'&?at

oS T S e ¢ o

Conversion Optical purity Configuration E—val ue (hrs)
(% (¥%¢.e.) o -Toluic acid 16,5 59,8 97,9 (8) 21 p
cid 19 535 8 29.8 (S) 4 Benzoic acid 17 25,6
8, A0"S) T4 Pivali¥Ecid 150600 GG S)ie@®n  Evan
Jic acid 1654 59, %97, 0 (S) 20

. ] e m% :& enngnyces lanuginosus 97,8 62,7 (R) 1
Novozym 433 (mad lovozymes AIS §  Candida antarctica 59,7 96,4 ) 18

None . 116

Table 1

10 Example 3

A test tube equipped with a stopper was charged with 10 to 100 mg ( 0.029 t0 0.20 m -
| mol ) of (i)~4—[4—dhethylamjno-1-(4'-fiuoropheny1)— 1-hydroxybutyl]-3-
hydroxymethylbenzoniﬁile 10 10 100 mg of Novozym 435 (product of Novozymes,
15 E/Sratio=1.0),33 t0 333 mg (10 eq. ) of vinyl butyrate and 1 m! of toluene, and
stirred at 30°C for 16 hours. The results are shown in Table 2.

Concentration  Conversion  Optical purity Configuration  E-value

) (%) (%e.e)

I 59 937 ) 38
2 542 88,6 ®) . 20
5 63,1 87,9 )

10 65,0 92,6 (s) 9

Table 2 .
20
 Example 4

- Atest tube equipped with a stopper was charged with 100 mg { 0.292 m mol) of (&)- -
4'-[4—dimethylamino-1-(4'-ﬂuoropheny1)-I-hydxoxybutyl);B—hydroxymethyl— -
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In a 200-nl four-necked flask equi pped with a stirrer

and a thernoneter, 4.5 g ( 13.1 mnol) of 12 February 2007

(f)-4-[4- dlnethylan1no I-(4 - f I uor ophenyl) - 1- hydr oxybu
tyl]-3- hydroxynet hyl benzonitrile was dissolved in 30

wozﬁolof’&nto' uene, then 0.90 g of Novozym 43p. (0L %%ﬁﬁsa?f

ymes), 2.68 g ( 26.2 mnmol) of pivalic acl
10 O. 900 to 1.500 g (0.6560 1.0 eq.) of vinyl butyrate
were added, and sti rred at 40C for 24 hours. The
benfdild S0 E{%ﬁ |
but yr af e&l ﬁ@gﬁs on ‘gﬁur.t %36“?’%%& b"no}r%“m“’l)
of viEryl biriymate, (.992 wmiaf)raxmus kmﬁs &r aﬁmtxses(aﬁi)i 13&1 of@ol8ersdard

siaf g Bhptpps oA 10 8 Bk sl BN LA 1 o1

and a thernoneter, 20.0 g (58.4 mol) of

4 ' HRe b
)f_/it‘ﬂd‘t'? 20 hydr oxyﬂ?é‘l’el‘ﬁ%nbe%&’ﬁl"ﬁyl Ferfigationyi s E3plteed | % -

144 m of t ol uene, ¢hen pivakéx acid (1.1 to 3 eq ),
F1E ot :’*'7"-'“"—'—"_—6'a‘a'a'““*;*——*‘=;'7'=-~v """""""""" 267 0
um?%% 4 mnol) of i nS/I butyrai'{e wer e added,
Aceapifr ed at = 40C for 3@ to 244Gburs i nSh fl ow @fntrogen
Hydfoshld®c bdd N) . The resylit s ar eighown IDQZTabl e 7.512
February 2007 WO 2004/ 014821 PCT/ 003/ 000537 55
Bmﬁi‘fia lent of Pivali%®’acid R&%tion t¥he Convéfsion

: Tne@ﬂtdmeal pur i ty Conf'z4gur ati omE-val ugsy (I ns) (19

e)021 8,0 (S 1,1 59, 9 2 (9
il 1,5 20 58, o 98 65%(3) 262'659 0 21 56,9 98, §§(S) 31
Bﬂﬂ@w@c@&@sths@mw 3 (9035 92,0 )
- Benzoic acid APyridine 58,1 97.3 )] 23
None 73,5 97.4 ) . 8
Table 3 ,f
. Example 5

In a 200-ml four-necked flask equipped with a stirrer and a thermometer, 1.5 g (4.38
m mol ) of (x)-4-[4-dimethylamino-1 -(4'—ﬂuoropheny1)—1-hydrbxybutyl]fS- :
hydroxymethylbenzonitrile was dissolved in 30 ml of toluene, then. 0.45 g of
Novozym 435 (prodtict of Novozymes), 0.347 g (4.38 mmol } of pyridine, 438 m
inol of various kinds of acids and 1.00 g ( 8.76 m mol ) of vinyl butyrate were added,
and stirred at 40°C for between 16 and 21.5 hours. The resulf is shown .in Table 4.




Table 7 5 Exanple 9 A test tube equipped with a

stopper was charged with 10 nmg ( 0.029 m nol) 19Feknnad-2007
[ 4-di net hyl ami no-1-(4'-fl uorophenyl)-1-hydroxybutyl]-3

- hydr oxynet hyl benzonitnle, 10 ng of Novozym 435

&ErOdUCt of Novozynes), 0.29 mnol of variaqus_ |ands of
WOZN482Y 0 qonor and 1 m of diisopropyl et REFDEZF000537

stirred at 30C for 16 houss. For the substrate with
the optical purity of at |east 30% ee, E-val ues wvere
calcul ated: The results are shown in Table 8. Acyl
d“"i&'i Comverstor—Spi-eal— I|Q|||r.i 1y (‘nnf_i_gllr ation B-val ue
(%9 (9. e.) Vi n?PV%’SEt Qptisal gugityCopligueptions) Havalue
Vi nyl propi onate 48)8 53,(%e£H5) 7 Vinyl butyrate 66,3
Salicacd O) 1o VI T T , p=Bt-yet-c—arhly dr i de
| ]ﬁglgm‘%e,? (S) 4 “PLo ~Valelie anHoliride 3B.6 5,80 (S)
p-Eighenaoit 4fi6i ¢ anhy@#Pde 329%53,30 (§ Tabls 8 15

o-Tekiznpd e 10 A testkst ube egwpi pped %)%h a stgpper was
e Jlﬁ‘crc?%ﬁd with 10 3(0. 029 mnol) of (f)-4
' i; I'met hyl am no-1= (4’ - f Pdr opher$} ) - | - hyldr oxybut yl ] -3
- P-Tolpddibxymet hyl behzbnttri bsg 12 Fepyuary 2Q07 WO
0-230044014821 PCT/ Ryx003/ 09pp37 56,10 nmg of Novozym 435
4—Cél r oduct .of Novozynes), %%5 %29 m mol’) of vinyl
wheticas | nfdDf varPus ki nd® of solments, and
3-Pigtylprapilic adid 30C fagz 16 howys. Aftgg) the rgaction,

nERRverted ratios and optjcal purities were anal yzed
NSg’nc 1%!c{‘/ial ues wer 7%‘;’ncal cuf’st ed. THR result& are shown

Benpoie afidbl e 9. Sol vt Convesesi on Ogtyi cal pugity

ButfsoRdd gur ati on Bv,?gljje 80,6 ) 24
Isobutyric acid : 61,8 97,1 ) 16
Isovaleric acid 55,3 94,8 ) 27
Pivalic acid 58,2 97,8 s) 25
Caproic acid 60,3 96,1 (5} 17

- Cyclohexanecarboxylic acid 35,2 95,4 ) 30
None _ 59,1 8955 . 5 18
Table 4 -
Example 6

In 2 200-ml four-necked' flask equipped with a stirrer and a fhelmometer, 3.0 2(8.76
m mol ) of (:I:)—4—[4-diniethylamino.-1-(4_'-ﬂuoropheny1)-1-hydroxybuty1]—3-
hydroxymethylbenzonitrile was dissolved in 30 m] of toluene, then 0.9 g of Novozym
- 435 (product of Novozymes), 0.693 g ( 8.76 m mol ) of pyridine, 8.76 m mol of .
varjous kinds of acids and 2.00 g ( 17.52 m mol ) of vinyl butyrate were added, and
stirred at 40°C for between 15.5 and 16.5 hours. The resulis are shown in Table 5,
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. Example 8
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- (5 m]fmm) The results are shown in Table 7.

(%9 (%.e.) tert Butylnmethylether 59,3 91,8 (S) 14

1, 4Di oxane 11,1 Tet rahydrofuran 6, 19 Di i sopr op® Felguhgr2007

66,3 98,3 (S) 13 Diethyl ether 59,7 95,8 (S) 17
Acetone 11,8 Methyl isobutyl ketone 33,0 Ethanol 7,09

wo 284bf8al 6 56 Et hyl acetate 10,8 Butyl aﬁ%@%@?%ﬁ%"

ol'uene 52,9 93,7 (S) 38 Hexane 40,7 Dic

13,8 Acetonitrila 25,5 ¢ nethylfom anride 5,83

Di not hyl sul hxide 8,78 5 Vinyl butyrate 57,0 95,0 7 S)
22 ~Table 9 Exanple 11 10 A 200-ni | four-necked fl ask

i S 35 nga@"S"’F (?°6‘§Is’8? eoﬁ‘cﬂl"fné' 9"“@%““’6‘1‘“ 3% m
435 (product of mhsaozyn) %A SO|(EEEbDn of 4.5 ¢ (13 1
o-TOIPdci O () o+ 975 -7
hydroxybutyl] 3 h droxymst hyl benzonltr| I e in 30 m of
P-Tolge35¥ne, 2. 01 g 8 prvaR@Bagid #88(19.7 A nol ), %4and
Bendbica@d g (13.1 mnol) of wsayl butysate wgs) added isnto
.Pwaiurh%iif' ask, 12 Fefpyuary 2007 W0,2004/ 014821 23

D122003/ 000537 57
Cyclohexanecaboxylic acid 16,5 59,4 97.0 [63] 20

L)

Table 5

| Example 7

In 2 200-ml four-necked flask equipped with a stirrer and a thermometer, 4.5 g (13.1
m mol ) of (x)-4-{4-dimethylamino-1-(4'-fluorophenyl)-1-hydroxybutyl}-3-
hydroxymethylbenzonitrile was disselved in 30 ml of toluene, then 0.90 g of
Novozym 435 {product .of Novozymes}, 2.68 g ( 26.2 m mol ) of pivalic acid and
0.900 to 1.500 g { 0.6 to 1.0 eq.) of vinyl butyrate were added, and stirred at 40°C for
24 hours, The results are shown in Table 6. |

Equivalent of Vinyl butyrate  Conversion  Optical purity Configuration  E-value

(%) (%e.e.)
0,6 458 738 @) 32
0.8 544 95,9 ) 35
e 54,8 9,5 () 35
Table 6

.In a 500-m1 separable flask equipped with a stirrer and a thetmometer, 20.0 g (58.4
romol) of ()-4-(4-dimethylamino-1-(4-fluorophenyl)-1-hydroxybuty))-3-
hydroxymeﬂlylbenzommle was dissolved in 144 m! of toluene, then plvahc acui (1. {
to3 eq) 40 g of Novozym 435 (product of Novozymes) and 6.67 g (584 m ‘mol ) of
vinyl butyrate were added, and stirred at 40°C for 20 to QA hours in a flow of 1 m
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o [4-d1methylammo-1 (4‘-ﬂu0ropheny1)- -hydroxybutyl] -3- hydxoxmethylbenzommie

and stirred at between 35 and 45C for 21 hours. After

the reaction, reaction fluid was separated bY2 February 2007

decantation, and the remaining enzynme was washed wth
30 Ml of toluene and recovered. The sane operation as
escribed above except for using the rec
‘woz&ﬂﬁ‘&gbeated four tinmes to carry out the 8%@@%%@5&%¥HE
reaction. Enzyme 5 activigsi es were cal cul at ed
according to the followi ng equation. The results are
shown in Table 10. Enzyne activity (U g) _ (Product
anount produced per mnute (pmol/mn)) /  (Enzyne
wei ght (g)) Batches Enzyne act|V|ty (LVg) 35 C
qu&at{%ﬁt?)fﬂvaﬁydcld%c&fonkﬂeb'dﬁnv’e dibn ¥ pin hffourma A
2, 17,37 31 12,9 7, 9
4 9 39 12, 16 1@'”1)6 10 3%: 01 1@%8@4 13,10 Table 10
Exarrpl e 17 15 0 - 4 [ Z70% et NyTapi 1 N0-1 ¢5)
(4 - quorophenyI) - hy xybuty, 3- hydr gxynet hy,
benzénltrlle plvallc a%%% saltszfour-ngﬁked fléék
equilpped with Pirrer ah8l ther m8deter wéd charge¥ with
66. @ of a sghution @fel0.0 ggp0. 029 I) of 31
()-4-[4-di°met hyl am no- 1-(4"' -fl ugrophenyl ) -1 -
hydridkybut yI ] - 32 hvdroxgﬁéthylbéﬂ%onltrlﬁ% in toﬁﬁene :
1%b%8p the tenperature thereof was controlled so as to be
C. Then, 2.27 g (0.029 nol) of pyridine, 2.98 ¢
(0.029 nol) of pivalic acid, 3.35 g (0.029 nol) of
vinyl butyrate, and 2.0 g of an imobilized enzyne
¥8zym 435) was added into the above m xture. The:
reaction mxture was stirred at 40C for 15 hours
under a slight flow of nitrogen and stirring was -
A test wppeqiipreé withe sppstmsswhargéd with 30 mg (01036t el }@4@40 n

e Gt

10 mpbeiNovyp3B5 (produbt ofiiovorianes)r 0290 ] oM\ Bihad 891

P
donorclz/uH(izn? Of?’ k Osg;())rggyl ether, and stirred at 30°C for 16 hours. For the

substrate with the optical purity of at Ieast 30% ee, E-values were calculated. The -

~ results are shown in Table 8.

Acyl donor Conversion  Optical purity‘ Configuration = B-value

(%6) (%ee)

Vinyl acetate | 55,0 35.9 )

Vinyl propionate 46,8 53,9 ) 7
' Vinyl butyrate : 66,3 98,3 . (5) 13
Vinyl caproate 4,6 : '

7-Butyric anhydride 69,0 76,7 (s) 4
iso-Valeric anhydride 38,6 580 )
" iso-Buiyric anhydride 32,5 3,30 (5)
‘Table 8

Example 10

A test tube equipped w1th a stopper was charged with 10 mg ( 0.029 m mol ) of (i)~4~
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ey

58

di met hyl am no-1- (4' - fl uor ophenyl ) - 1- hydr oxybutiy IFEbrafi}2007

dr oxynet hyl benzonitrile
purity: 98.5 %e),
The conbi ned tol uene | ayer was washed three ti

nme
At 200, and POTRRHERNEY

36. 0%

opti cal

(3

WO PP 50 M, 30 M, 30 m)
| ayer cont ai ni ng

(S)-4-.[4-di met hyl am no-

10 ngsé m&%ﬁ 5%% " (Sadglché/ﬁtfo%)é

on yi

.6 g,

be

0. 011 nol,
pivalic acid salt.

i§(4'-fluorophenyl)- 5

o

tril

OB b

yi el d:

W th

3.5 0,
Oggﬁﬂ'galt

butyaets ambl @i ofxdiriomiangy of sdiBents) a6 dirfed aDBOTELERY] B0 -After

the

Gim R ol

lipyriiey werpag

dr oxybut yl ] - 3- hydr oxynet hyl -

AetRaalops weg
calc@Rtd PRGNS reShéwd BITaBRG, t her nometer was charged with

r (f)-I49[4-di

nethylanﬁno-l-(4'-f|uorophenyl);

N

- hydL.gxybuty
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40C. Then,
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Butadol! 10 P dr

metdpyt-ar
oxyIEet hy
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| - benzg

Ethylgyetteohexane

carlosxyl
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St W

th ﬁtlill
a_sol ut
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Cl almg—T1

ion of 4

0. g _of
Tolm(nf:) ;

metfayl ar

i nosy - (4

] .IA A
YT OetrZ Ot

4-1 4-di
Hexallllayu
and

tH=gpshyc
perat ur e

rroxXymett
t.her eof

was CgG

oxybut
the teq
Dichlpeetih@C. The

n, B877

g (0.07:

3 nol ) of

Acetoniily

255

DimethyTformarmide

5,83

Dimethylsulfoxide

8,78

Vinyl butyrate

570

95,0

®)

Table 9

Exainple 11

of a solution of 20.0 g (0.058 npol) of

ol ¢ Br g

val i ¢ ac

14é§3 ]:é égded

- 15

n tol uene,
SO as to be
id, 6.62 ¢

an
into the

rred at 40C
en and
trated from
and t he

AS a

hyl am no- | -
nmet hyl benzo
t he

an opti cal

1- hydr oxybu

ecked fl ask
harged with

) of

1

n tol uene,
so as to
e, 8.33 g

A 200-ml four-necked flask equipped with stirrer and thermometer was charged with
0.910 1.35 g (B/S ratios are 0.2 to 0.3) of Novozym 435 (product of Novozym). A
solution of 4.5 g (13.1 mmol) of (:i:)-4v-[4—dimethy1amino-1—'(.4'-ﬂuorophényl).-1—‘ _
hydroxybutyl]-3—hydroxyméﬂiy1benzonitxﬂe in 30 ml of toluene, 2.01 g of p1va11 ' acid’ :

(19.7mmol ), and 1.50 g  13.1 mmol ) of vinyl butyrate was added into the flask,
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nmol) of vinyl butyrate, 9.52 g (0.073 nol) of

cycl ohexanecar boxylic acid, and 5.0 g of 12 FebFusiry 2007

2007 WD 2004/ 014821 PCT/ DK2003/ 000537 59 an
i mmbi lized enzyme (Novozym 435) was added into the
ove m xture. The reaction mxture was stirred
WOZ“&‘U@‘?%r 17.5 hours under a slight flow ofPCmI?E;‘B@H"S%d
stirring was stopped. The,enzyne was filtrated, and
washed with 54.1 g of toluene. As a result, a toluene

and b e BV 4275 o5 21 s, AP reting Jeaeion fuid was
sepalfateli W&d@uﬁwﬂldn; axdhhafemamﬁg it e RO Wadhed bwith 68 ofl o8,
nol ield: 34.4% optical purity: 98.7% ce),
tolu@mflé ﬁf‘é’?‘&‘ﬁ 2H55me peraioncs dagorib %@OWWH&F usipgghe
e SRR LA P Rad BN i 85 Nl LYPul L BB
actiibestvedre pa:lg.llated accordmg to the following equation. The resuits are shown
mT%@% -[ 4-di net hyl am no- 1- (4' -fl uor ophenyl ) -1 -
iXybut yl ] - 3- hydr oxynmet hyl benzonitrile (7.6 g,
Enzgm@22iitpli/g) € XRrodwt maount ipflddcedlfdr mBR (unol/min)) /
cycl ohex?ﬂecar boxylic acid salt was obtained. Exanple
DZTB”(‘Q‘ $)4- Di met hyl ami no- 1 -
(4' -fluorophenyl)-1-hydroxybutyl]-3-hydroxynethyl - 15
benzonitrile o-toluic acid salt A four-necked fl ask
equi pped W|th stirrer and t her nonet er was charged with
2509 a—sotuttTom ot =250 973——ot—of
(f)- 4[2{“ met hyl anmi no-1 - 3 ‘%&o%henvl\-l}-
hydr oxybut yI ] - ﬁh?@’%ﬂ%ﬁﬁyﬁ’@ﬁ%%ﬂl # 1 @500 ol uene,
andﬁ*me {EMPET at ur g6 Ner eo 7 d So as to
be 40C. Then, 5.77 (0.073 ) of pyr| ine, 8.33 ¢
(0. 073, ; mol ) of v}"%;]z butyr:}?@; 9.93 g !¢ 073 nol) of
o-toluic3acid, and9330 g of a®s50i mobi liized enzyne
(Novozym,435) was ed into above mixture. The
reacti ondr m xture \%;31('353JI Sti rredltzqfe 40C fo?kgétl hour s
under a $light flo%®bf nitrodéd? and théhil stirring
toﬁBed' The enzyme was filtrated fromthe
reagfﬂ?]B m xture with 25 [ {iriyama funnel, and washed
with 54.1 g of toluene. As a result, a toluene |ayer
cont ai ni ng
Exapple 12 [ 4- di net hyl ami no- 1- (4' - f1 uor ophenyl ) - | - hydr oxybu
tyl]- 3-hydroxynet hyl benzonitrile (9.7 g, 0.028 nol,
yield: 38.8% optical purity: 97.8% ec), o-toluic
(S)Jam Dinsathytianins-1 o O dlunmghenyl)el -irviybei] |t ohydengmlethybr  was
ed. t hree tahtrres W th water (250 m;, 63 m, 63

benzom € pivalic acid s

A four-necked flask equipped with stirrer and thermometer was charged with 66.6 g

. of a solution of 10.0 g (0.029 mol) of (:'I:)—4-[4-'dimethylamjno-1_-(4‘-ﬂuorophel_1y1)—1_

20

25

hydroxybuj:yl] 3-hydroxymethylbenzonitrile in toluene, and the 'temperafure thereof
was controlled so as to be 40°C. Then, 2.27 g (0 029 moi) of pyridine, 2.98 g (0.029
mol) of pivalic acid, 3.35 g (0.029 mol) of vmyl butyrate, and 2.0 g of an 1mmob1hzed
- enzyme (Novozym 435) was added into the above mixture. The reaction mixture was
stirred at 40°C. for 15 hours under a sligl{t flow of ni&o gen a::id stirring was stopped.
The enzyme was filirated from the reaction mixturs with Kiriyama funnel, and the
enzyme was washed with 21.6 g of tolueﬁe_. As aresult, it was‘ obtained (S)_— 404
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wo 2ishlss] 12 February 2007 WD 2004/ 014821

30 mM) at 60C, and an aqueous |ayer containing

(S) - 4- [ 4- di net hyl anmi no-1 - (4" - 12 February 2007

fl uorophenyl ) - 1- hydr oxybut yl ] - 3- hydr oxynet hyl benzoni tr
ile (7.8 8,,0.0228 nol, extraction yield: 80%,

ﬂ c acid salt was obtained. Vcf_, ~s Ll osmson=-

PCT/ DK2003/ 000537 60 Exanple 16
(S)-4[ 4-D et hyl am no- | -

o P B ety PSS

(3.6 £ AN 1auplj igdB 6%, optical praty: M6 Yiehp pwa]maiceisaﬁas

Tk bt 5 Vi P s vl aten G i GRY £ 20
at jmmraﬁ&mbﬁ%bdﬂ&yew&{tﬂﬁﬁﬁg?sm [P eneaRabdind- & (4" TubRpHER -

he tenperature thereo was controlled so as to
1- hu@omwl]rﬁéyﬂrowﬂb%m@e P61 § Od¥LL mpl,icyirandion yiekk g
o I talme@-butyric acid, 3.33 g (0. 029 rml)
95,%}2;3\” ny%&) ﬁﬁ?ﬁag?é and 2.0 g of an i1imuobilized enzyne
(Novozym 435) was added into the above m xture. The
Exre@éﬁgon “m xture was stirred at 40C for 24 hours
a slight flow of nitrogen and stirring was
stopped. The enzyne was filtrated off fromthe
reaction mxture with Ki rlg funnel , and washed

S iéDimethylaging 11 (@4]-flueraphonyl)-1-hydegyybutyli 3 deyirosyrmethyly o
b %@%#i 1@) 15

. &3 bﬂ&a@ sl 0-1-(4'-fluorophenyl)-1-hydroxybutyl]
3- hydroxynethylbenzonltrlle (3.8 g, 0.011 rnol, yield:

B B b oS TN 8
of dsﬁllmén p#200 Eﬁl .68 sl ﬁﬂ(akl)—*!—ﬂ ghrtnetflg]rlanéunﬁ ld(4' -fluoro Izhen?rl) -1-
oro e y y uty ydar oxymne

d@lfw)é/'ﬁ@]f’ e dm fodene, @ﬂlﬁﬁ@&%ﬂlﬁtﬁwf

wase&ﬂtr&&%%\ﬁﬁ folbeSiohd. r’ﬁ{en,aﬁ‘ 93 LG OSHBN 6f pivaR oF25.88¢g W th

g
(0. 058 mol) of vinyl butyrate, and 4.1 g of an immobilized enzyme (Novozym 435)
was added into the above mixture. The reaction mixture was stitred at 40°C for 18

TR

‘hours under a slight flow of nitrogen and stirring was stopped. The enzyme was
filtrated from the reaction mixture with Kiriyama funnel, and the enzyme was washed
with 41.3 g of toluene. As aresult, 6.7 g (0.020 mol) of (S)-4-[4-dimethylamino-1~
(4'-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethylbenzonitrile, pivalic acid salt was
obtained in the toluene solution, with a yleld 0f 33.5% and an 0pt10al purity 0£99.7

Yeee.
Example 14

{S)-4- [4-Dnneﬂ1y1ammo—1 (4’-ﬂuoropheny1) -hydroxybutyl} 3—hydroxymethyl—

benzoniirile cyclohexanecarboxylic acid salt

A four-necked flask equipped with stirrer and thermometer was charged with 250.0 g -

- ofa so_lutlon of 25.0 g (0.073 mol) of (:E)—4-[4.—dlmethyiammo-1-(4'-ﬂuoropheny1)- 1~

hydroxybutyl]—B-hydtoxyﬁethbeenzoniuﬂe in tolilene,rand the temperature thereof

 was controlled 50 s to be 40°C. Then, 5.77 g (0.073 mol) of pyridine, 8.33 09737

AR

 mol) of vinyl butyrate, 9.52 g (0.073 mol) of cyclohexanccarboxylic acid, mnd 50 g of
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25 of a solution of 50.0 g (0.146 nol) of

(t)-4-[4-dinmet hyl am no- 1- (4 -fl uorophenyl ) - 1- 12 February 2007

hydr oxybut yl ] - 3- hydr oxymet hyl benzonitrile in tol uene,
and the tenmperature thereof was controlled so as to
40C. Then, 11.5 g (0.146 nol) of pyridi 33. 2
WOZE"U"’Q‘@F mol ) of vinyl butyrate, 17.8 g (0% %%K%?H")"“%?
benzoic acid, and 10.0 g f an imobilized enzyne
(Novozym 435) was added into the above mxture The

an SRR e A TNS o 35 Bl B e 007 a0 BB

reastivg nﬁkﬁlpfpﬁﬁh stifieé atc102) e IMSloﬁjsluhﬂ&ifaeﬂgﬁt o dffaéirogen and
rreaction m xture with a un nd ed
st s epRgeo i Qo s Allel g pephed i e et P s
As EPé?s | atbMehe la)trer containing (S)—4~£14~d1%nethyl 0—1 (4‘~ﬂuoro henyl)-1-
hyl am no-'| - | udro Ry dr oxybu

hydrquy uty}z-Sﬁ@fﬁr ﬂrxﬁmzomxv;ﬂem@gl@ﬂmgl yleld 34 4%, optical

@83’%&%@8@%@?%& P R 1y

ThdDohed eahencliser vacwahbedlfisaiiheswith wittn(l 886 ml 13§ at 20°C,

o i Uhinlil

ﬁt[yPl rdrox ethylbenzommle F 5 {g 0.0221 mol, ext:racuon feld:
4 am no- uor ophenyl ) -

S) -
/én)y mw@wﬁ'ﬁﬁW@@@l’W}@t@mﬂzom trile (21.0 g,
0.0614 nol, extraction yield: 96%, benzoic acid salt
was obt ai ned. The follow ng exanples 18 to 28
ExirhpledSrate the separation of S-diol fromthe reaction
m xture. 10 Exanple 18 A test tube equipped with a
stopper was charged with 4.3 ng (0.0126 mmol ) of

$)4 h—rﬁmeth lamino-1- 4’—ﬂuoro henyl)-1-h dro bu: i

pheny y y y
OTHE R B 15 (conpound A, 6.8 ng
(O 0165 rmol) of (R)-5-eyano-2-[4-dinethylam no-I|- (4
fl uorophenyl) - 1- hydnxybutyl ] - benzyl butyrate (conpound
A f@)r—nedkadiﬂadt ecpmipaéwﬁh stirreriand termabater, waanbar@ed@ith P0fbg

or hoiin o 508 (Gaufon B} daimatiprd ubroweibf- |

hydaskybuty [ 3UsdekxlmichoBeifonRtlie $0loURAL, and\Bie ttﬁmedt&e @drdofit O

aqueous | ayer and tol uene | ayer, and_t

wasconEeiRdsaer Brhe 491C. Bisncdihs (ho 3melhef ranﬂmee%%%g (0:978r
molfBF GinPRARKEED.93 R 0ld 75 1l GH8bRidcR bt 46 g BF D are

immobilized enzyme (Novozym 435) was added into the above mixture. The reactioji

mixtire was stirred at 40°C for 21 hours under a slight flow of nitrogen, and then.
stirring was stopped. The enzyme was filirated from the reaétion mixture with
Kiriyama funnel, and washed with 54.1 g of toluene. As aresult, a toluene layer

A containing (S)-4-[4-dimethylamino-1-(4-fluorophenyl)-1-hydroxybutyl]-

3-hydroxymethylbenzonitrile (9.7 g, 0.028 mol, yield: 38.8%, optical purity: 97.8%
 ee), o-toluic acid salt was obtained.
The combined toluene layer was washed three times with water (250 ml 63 ml, 63
ml) at 60°C, and an aqueous layer containing (S)-4-[4-dimethylamino-1-(4"- '
ﬂuorophenyl) 1-hydroxybutyl}-3-hydroxymethylbenzoniirile (7.8 g, 0.0228. moL
extraction yield: 80% , o-toluic acid salt was obtained. 0




10

15

20

25

cal cul ated according to the follow ng equation. The

results are shown in Table 11. Ka= (Concentr abireBruafy 2007

t he conpound Ai n aqueous |ayer) / (Concentration of
the conpound A in toluene layer) I b = (Concentration
of the conmpound B in aqueous layer) | (Cancentration
WO 2YOMRE o5 conpound B in toluene | ayer) ffﬁ%ﬁ@ﬁﬁp$g7
2007 WD 2004/014821 PCH%;%2003/000537 62 Acid
Partition coefficient KaiKb Ka Kb o -Nitrobenzoic
Exaacie_ 0,7 0,45 68,3 m-Ni trobenzoicacid 19,5 0,08 237
a1 ylic acid 13,0 0,06 212 Z-Hydroxybenzoic acid
70,8 0,31 226 o-Chlorobenzoicacid 22,8 0,30 76,7 m
-Cthrob oic acid 4,98 0, 04 122b p_- Cuor obenzoi c
‘,liv“” gileys p, Yo B9 OBREY & ’ B YH
bmuﬂﬁﬁﬁ@%%%%ﬂé@&ﬂi%ﬁid 2,28 0,03 73,0 o -Toluic acid
; ; -Toluic acid 6,00 0,03 215 p
- Tol ui cacid 5,97 0,02 249 o- Met hoxybenzoic acid 27,1
ol e SRR i ol
ofa ?hﬁ['ﬁmhﬁﬂl&b @002 o) &f gﬁ)hﬂ[ﬂi%ﬁl' €t 100l ﬂ-—(@—ﬂuorophenyl)a 1-
. 3-Phenyi propionic_acid 5 67 0,02 229 Benzoi c aci
hydrwb&tYéT,Y%_ opgymetyisnzapiile mdeliensoang the teaporatyre thereot
was oS BEEL0 & 1864 Hr@ A TherD 239 526829 mol) of pyridine, 2.57 g (0.029

mol) of iso-butyric acid, 3.33 g {0.029 mol) of vinyl butyrate, and 2.0 g of an

immobilized enzyme (Novozym 435) was added into the above mixture. The reaction
mixture was stirred at 40°C for 24 hours under a slight flow of nitrogen and stirring
was stopped. The enzyme was filtrated off from the reaction mixture with Kiriyama
fimnel, and washed with 21.6 g of toluene. As a result, a toluene layer containing (S)-
4-[4-dimethylamino-1-(4"-fluorophenyl)-1-hydroxybutyl]-
3-hydroxymethylbenzonitrile (3.8 g, 0.011 mol, yield: 38.0%, optical purity: 95.9%
ee), isobutyric acid salt was obtained. . |

Example 17

(8)-4-[4-Dimethylamino-1- (4’-fluorophenyl)- i-hydroxybutyl}-3-hydroxymethyl-

benzonitrile benzoic acid salt

A four-necked flask equipped with stirrer and thermometer was charged with 250.0 g
of a solution of 50.0 g (0.146 mol) of (:h)-4-{4-dimethyiamino-1-(4‘-ﬂuoropheny1)—1-—

' hydroxybutyl}-3-hydroxymethylbenzonitrile in toluene, and the temperature thereof

was controlled so as to be 40°C. Then, 11.5 g (0.146 mol) of pyridine, 33.2 g (0.291
mol) of vinyl butyrate, 17.8 g {0.146 mol) of benzoic acid, and 10.0 gofan

- immobilized enzyme (Novozym 435) was added into the above mixiure. The reaction

30

- containing (S)_-4-[4—dimethylam_ino-1-(4‘-ﬂuorophenyl)—1fhydroxybutyl]-

mixture was stirred at 40°C for 20 hours under a slight flow of nitrogen, and then

' stulmg was stopped. The enzyme was filirated from the reaction mixture with

Kiriyama funnel, and'washed‘ with 108 g of toluene. As aresuli, a toluene layer
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Pivalic acid 9,03 0,10 92,6 Caproic acid 5,04 0,03
181 Cycl ohexanecarboxylic acid 3,89 0,03 16812 Peroaly@007
acid 20,8 0,33 63,8 Isophthalic acid 7,43 0,29 25,4
Terephthalicacid 16,8 0,15 113 p- Toluenesulfonic acid
61 45,4 Malonic acid 38,5 1,29 29,8
WOZ%{’é{%‘si]ogz 5,73 190 Succinic acid 24,1 0, M’%‘&Z“W’“"SW
Mal eic acid 31,1 1,03 30, None 0,17 0,08 2,2 Table
11 12 February 2007 WD 2004/014521 PCT/ DK2003/ 000537

T e TR T —

ee)klxenmmdédlteﬁqsiobaiﬂed acid salt 5 The enzyne was.
f|| rate gn1the en ne reactlon m xt ur e obtai ned by

HEfiﬁ Heﬂe BELVa Wephed thesefmasavith waerdSQmhed) a0
and\/&ntaﬁuéoﬁé Mga%ontm(gﬁ&qmﬁ&tﬂﬂzrﬁﬁ 194%ncRopHeN 1y g Ne

sol uti on containin

byt e AT DS onis IR Oy o, pxtaction yied

: 96° %%?)%Qiﬁg%éﬂw;s gxynet hyl benzonitrile (44.8 g,

Irvallc aC|d salt was 10 added 600.3 g of
wat er and extracted. Further twice extraction with

' of° r ve 1375.9 g of an aqueous sol ution
TheJpilivéind aiacoples e 7S Mg o gapafyion of Shad ipmthe reaction
mixtr&ydr oxybut yl ] - 3- hydr oxynet hyl benzonitrile, pivalic
- acid salt. The aqueous solution contained 43.8 g

(0.128 nol, yield: 97.8% of

af]ﬁ)] [4 dlrrethylamnol-(4'
Ex uo?%phenyl ) - 1- hydr oxybut yl ] - 3- hydr oxynet hyl benzoni tr

ile. Optical purity: 15 98.4%e,
A te%@zlj)e equi/ppeg wEtg ag%%){)] rl“%g]c arge(d4' Lf g?nrgo %?Zn mmo?)yodfr(g) !-Y bu
{4-dimethylamino-1-(4'-fluorophenyl)-1 —hydroxybutyl]»3-hydroxymethy1benzomt1ﬂe
(compound A), 6.8 mg (0.0165 ‘mmol) of (R)-5-cyano-2-[4-dimethylamino-1-(4'-
fluorophenyl)-1-hydroxybutyl]-benzyl butyrate (compound B), 1 ml of toluene, 1 m!
“of water, and 0.291 m mol of various kinds of acids (in the case of a dibasic acid,
0.146 m mol is used), and stirred at 40°C for 1 hour. Thus-obtained mixed solvent
was separated into aqueous layer and toluene layer, and then the concentrations of
compound A and B in each layer were measured. Partition coefficients Ka or Kb ate
calculated according to the following equation. The results are shown in Table 11.
Ka = (Concentration of the compound A in aqueous layer) / (Concentration of the
compound A in toluene layer) | ‘
Kb = (Concentration of the compound B in aqueous layer) / (Concentration of the

compound B in toluene layer)




benzyl butyrate: 10.7 area% Exanple 20 20
(S)-4-[4-Dinmethylam no-1- (4'-fluorophenyl)-1ibydbary 2007
butyl]-3-h droxyneth~l benzonitrile pivalic acid salt
To 12.6 g of an aqueous sol ution of

S) - 4- [ 4- di met hyl am no-1-(4'-fl uorophenyl -
wo{? %‘P'é%?gbut yl ] - 3-hydr oxymet hyl benzoni tri i el’ﬁwg?qoﬁmﬁa"d
salt {content of (S)-4- [4 25 di nethylam no-1-(4"-f
| uor ophenyl ) -1 - hydr oxybut y% ] - 3- hydr oxynet hyl benzohi t nl
e: 0.4 g, 1.168 nmol }, which was separately obtained
according to the nethod of Exanple 19, was added with
1.4 g (0.018 nol) of anmonium acetate. Then 1.0 g of
t ol uene was—added—theren—ahd-the mxtue-nwas stirred
for 10 minutes. At er st aRdPgcoctige 3dFPnut es, the
organi c | ayer vas di scar dect(aby separating the mxture
SO| Utl On, gﬁ § Jouctuou uy\, UTTT 1] |]g
(S)-4-[4- 8|nue°t%17amn zo’flu%?%phengi -1 -
hydr oxybut”ylﬂljmbsﬂzﬁywdoxyrret A%$ bengeni t ril?ﬂe (0.389

g, 1. 136 nambytic el d: 97.3%3s0 piygdic geid salt was
obt ai ned. LC. anal ysi it was found that :

cheni cal %Eﬁ'ih?’?’ “W%cl 7.3 2‘?’8% o8-3nd
(R) - 5- cyan-Cﬁlol[obhmtahgll am nezs 0,30 76,7 ‘
(4" -fluorg r oxyl ytJ JQoenz butyrate: 1.5
area %vvas cont al ng%ﬂlz Fe%%ar 007 w\%o 20041014821
PCT/ DK200B/Dousspicgadd Exanple 210 06 123
Ei) ?l [4- Pm&my:lomilﬂodl 14b4 |0123.h L N
"-fluor ydr oxybut y Y, roxynet y
benzonltrf%g‘el%?f’i g acid %‘ﬁt 312. 6”@ of an aqueous
sol uti on offolfi&ycidl- [ 4- di et hyl am aw- | (#2-f | uor ophenyl)
| - hydr oxyhutilcha@- hydr oxyn@&hyl b@&zonl hgl e pivalic
f

acid salt {content o _
(S) - 4- [ 4-&iTle #A ani no- | - (2971 | uQa‘}zopheWI )-I - hydr oxybu
tyl%}B &gawdsz@veﬁmtaml belnmmbt radse On4: g,d_l 168 ]
o i arate otal cording to the
‘met hod of ™ %eglﬁz& % was a@ded w 1133 g (0.013 nol)
of |ithi urrMeherybeatois 2cidhen 1,30 g ©I0 toI uene was added
therein a!‘ﬂ;pﬁeﬁsﬁcm%bﬁé{&ﬁ waggstorgg fory,,30 mnutes.
After standin or 30 minut'es, the orgahic |ayer was
di scar de&WﬂYg’é’ﬁﬁwﬁc}dng th# ni x&%re sBPution, and an

aqueous | Byigicagi@Nnt ai ni ng (84 4- [odsdi meishyl am nQ-I

Isobutyric acid 392 0,17 225
Isovaleric acid 244 0,10 241
Pivalic acid : 9,03 0,10 | 92.6
Caproic acid 5,04 0,03 181
Cyclohexanecarboxylic acid 3,89 0,03 = 168
Phthalic acid 208 033 638
Isophthalic acid 7,43 0,29 254
_ Terephthalic acid 16,8 0,15 113
p-Tolienesutfonic acid 164 3,61 454
Malonic acid 385 129 298
* Oxalic acid 1092 5,73 190
. Succinic acid 24,1 044 546
Maleic acid ’ 351 0 1,03 300
Nome . - 017 008 22

, Tabie 11
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15

(4' -fluorophenyl)-1-hydroxybutyl ] -3-hydr oxynetbyebeagmoo7

nitrile, pivalic acid salt (0.394 g, 1.151 mol,
yield: 98.5% was obtained. By BPLC analysis, it was
found that chemical purity was 93.7 area % a

nd
WO 001482k y an- 2- [ di met hyl ami no- (4' - PCmezoosmooss?

f 1 uor ophenyl ) - hydr oxybut y‘Jﬁ] benzyl butyrate 5.5 area %
was contai ned. 20 Exanpl e 22 (S)-4-[4-D nethyl am™o-| -
Exgndi effouor ophenyl ) - I - hydr oxybutyl ] - 3- hydr oxynet hyl -
Rzonltrlle pivalic acid salt 25 To 12.6 g of an
aqueous sol ution of

9\

berbBhitril Ei@ﬁ'ﬁceiéid sraft' ( S) 2[4
et Ayl am =(4' -fluorophenyl)-1-hydroxybutyl]-3-hy
droxynethylbenzonltrile 0.4 g,.l 168 mol }, mhich

TS5BS Aot B B R R 605 B8R ohRa By et
accamiingtb Beranpie fl panel. W&'Eh&lrtwice@mﬂl tGﬁ;e&QThﬁﬂ—db@dli%dVﬁM tagd;@d
m nut es

t her nar'FdIhe tirred for
t"h}?\f“fﬁq‘il (gl,)i[% Sf“gg:‘lo"]r(‘i‘e fhaeraphen)layer was
hydid:S/5asy 0 Qﬁh : on?ﬂfeﬁi&ﬁmtﬂa?m BLOHA 54, PiVaBBacid MdvaN

agueous Ia er al nin

adde@ﬁﬂw paf wa%mdwﬁaﬁtwo Fmtber twick egicastibewith 59.7 g of water

sSSP LGS PYARBIARRAAL 1 S Bliphiso

~h}nh‘bmbn@dﬂ 3-BydrBRaGtelirhymsitsle, pivalivaid salmﬂ:letaﬁﬁow btﬁﬁmﬁlal

confiistcth % B3 il viskh 17 S0 956 it brotbuiamiroos i 65

flucd hén §-@ydfo ~hparE AR

é%) %quorophgjrﬁgu)i/!llt%quj g(?oxybut)é?e]ﬂ&&oenz%hﬁd&mgte 4.5
9% 4foeea K )- wEe g rodBtEmI B i hier zbenyd)-hy droxybuty T

| am no-1- (4' -fl uorophenyl)-i-hydro

beﬂ%ﬁ uﬁ’f'{t%’ Iﬁly(??o%net hyl - Benzonitrjle pivalic acid salt

To 12.6 g of an aqueous sol ution of
Exq(g;s@'g [ 4, di met hyl ami no-1-(4'-fluorophenyl)-1- 10

beutyl] 3- hydr oxynet hyl benzonitnle pivalic acid

salt {content of (S) 4-[ 4-

di et hyl am no- I-& 4' -fluorgphenyl)-1-h droxybutyl]1 3- hy
(S)-Aed Aritimetlominent, & rilyarephenyl)-1-hy oxybutyl -3-hydroxymethy

benzonitrile pivalic acid salt

To 12.6 g of an aqueous solution of (S)-4-[4-dimethylamino-1- -(4’-fluorophenyl)-1- -
hydroxybutyl]-3-hydroxymethylbenzonitrile pivalic acid salt' {content of (S)—4 14-
dimethylamino-1- (4’-ﬂuoropheny1) l-hydroxybutyl] 3—hydroxymethylbenzomtnle

0.4 g, 1.168 mmol}, which was separately obtained according to the method of

Example 19, was added with 1.4 g (0.018 mol) of ammonium acetate. Then 1.0 g of

“toluene was added therein and the mixture was stirred for 10 minutes. After standmg

for 30 minutes, the organic layer was discarded by separating the mixture solution,
and an aqueous layer containing (S)-4—[4—dimethy1amino—1-(4’-ﬂuoropheny1)-.l—

 hydroxybutyl}-3-hydroxymethylbenzonitrile (0.389 g, 1.136 mmol, yield: 97.3%),

pivalic acid salt was bbtaiﬁei By HPLG analysis, it was found that chemical purity

“was 97.3 area % and (R)- 5—cyauo—2~[d1methylammo- (4’»ﬂuoropheny1) hydroxybuiglf
_ benzyl butyrate 1 5 area % was contamed. '
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0.4 g, 1.168 mml}, which was separately obtained
according to the nethod of Exanple 19, was aqg@abm;,mom
1.4 g (0.0099 nol) of sodiumsulfate. Then 1.0 g of
tol uene was added therein and the m xture was stirred
for 10 minutes. After standing 15 for 30 mnutes, the
WO 2p4MP82L | ayer was di scarded by separati ngPEHRK#OXPI053
solution, and an aqueous_l ayer containing plvallc
acid salt of(S) 4-1 4- dlne?"hylamnol-(4- =
fl uor ophenyl) - 1- hydr oxybut yl ] - 3- hydr oxynet hyl benzeoni tr
ile (0.391 g,1.142 mmol, vyield: 97.8% was obtained.
Exsupld2tC anal ysis, it was found that chem cal purity
was 94.5 area %and (R)y - 5-cyano-2- [di net hyl am no-
(4" -fluorophenyl)-hydroxybutyl] 20 benzyl butyrate:
(5)41,1;21 Rty ANRS 150 “hﬁbx%ﬁﬁ’euyl)-’%@ﬁ&lx?b&ﬁ]e-hydmxymethyi-

-4- = et myr alrr1ro=
bex:(zd:htx*ﬂd:msalu:mqelnwlt) -1 - hydroxybutyl | - 3- hydro eth |- 25
benzonitrile pivalic acid salt To 12.6 g of an aqueous
solution of (S)-4-[4-dinethylamno-I- '
To (3 z/ofudteubplulod o SYucpay s ity dr Oxy et hyl benzo
t

itnle pivalic acid_sa (content of

(4 fgpropbauyl)drigwreryPuifhodreamethy lhenzepivds ywhqaq\@f gtloxybu

Areima) I
{cohbéhhﬁsf’ﬁ)- J]Eﬂwagéfyse a%atggﬁg&%%g#lﬁiﬁ accor ng to t he
hydnextymethyitensniiriist @4 391 m&mam@e whichtwas Geparatply chtgit@l

: L di . f

soolRhnlo SR oS bl 18y we et B o b #5535 B

sulfBie) Thes 1.0 Afof eilueb aias hdipd tiekeis Ond b mibaSe wab SHgdddeNi
Iayer was dj scarded, by sepagtlin - ---------------

12
minpisy Adeystandore foxnil mwieschogRaiplyresdisrdebysrryeting
ShHBE 40 dchiBbus (13;19 Hiaifitl ROUAL4 By BRALA N N

prva iC aCI

dumpmaqucybmuﬂkm@memylbmnwmm @tigtisylt

© 3%4&3/ grlsg%?@g %‘gg | ne Sjé&g éﬁ%}%ﬁgﬁgﬁgf'gg%{tbws

thatf cheital fugity wiedB Tata %wmit(R)-Mﬁatﬁ&— Bdime@glafiigon ¢4’-

} ﬂuogagh ylﬁéy%wén%ﬁbd' 'b%?fﬁj?% areayaiay FouiiRsd ate: 5. 8

area % was contained. Exanple 20-24 conpared to

exanpl e 19 show that the separation inproves by the
Example 22 ‘

(S)-4~_[4-Di1_nethylamino-1- (4’-ﬂuor0phenyl)—1—hydroxybutyl]-3-hydroxymethyl-

benzonitrile pivalic acid salt

To 12.6 g of an aqueous solution of (S)—4—[4-dj1ncthylamino-1-(4’;ﬂuorophenYI);1~ :
hydroxybufyl]—i-}-hydroxymethylbenzoniﬁi‘le pivalic acid salt {content of (S)-4~t4-
dimethylamino-1-(4’-fluorophenyl)-1 -hyd;roxybutyl]—_3-hydroxymethy1benzonih'ile:
0.4 g, 1.168 mmol}, which was separately obtained according to the method of
Example 19, was added with 1.4 g (0.01'1 mol) of ammonium sulfate. Then 1.0 gof
toluene was added therein and the mixture was stirred for 10 minutes. -Af_ter standing
for 30 minutes, the organic layer was discarded by separating the mixture solation, -
and an aqueous layer containing (8)-4-[4-dimethylamino-1-(4’-fluorophenyl)-1- =
hydroxybutyl]-3-hydroxymethylbenzonitrile, pivalic acid salt (0.397 g, 1. 159 ol

| . ‘yleld 99. 3%) was obtamed. By I—IPLC analysm, it was found that chemical punty was
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addition of salts. 10 Exanple 25
(S)-4-[4-Di methyl am no- | - 12 February 2007
(4" -fluorophenyl) - 1- hydroxybutyl]-3-hydroxynet hyl -
benzonitrile pivalic acid salt 15 The enzyne was
Il ted fromthe enzyne reaction m xtur ' y
Woz[j(h/éﬁ hod according to Exanple 1, and Vﬁgﬁ@%ﬁb%%@sg?
wi th toluene. Thus-obtaingd 19.4 g of a toluene
solution containing 1.0 g (2.92 nmol ) of

o et ot R Py s Tountdind- (& fuomostens ydspsbunl)

benfliélbubdra;taMi:araaﬂiﬁdWamn@ﬁledtdj usted so as to be 40 C and
13 nmL of water was added to the solution and
extracted. The solution was further extracted tw ce

Exahple23.5 m, of water, to obtain a solution of
(S)-4-[4-di nmet hyl am no-1-(4'-fl uorophenyl)-1-hydroxybu
tyl]-3- hydroxynethyl benzonitrile, pivalic acid. salt.

gS)hE[ﬂ]fl&ﬂ\@ﬁﬁﬁy@ fu@astorplenih g eyl By 193 AroR B! -

Benzemhﬂepmalmmw am no- 1- (4' =f | uor ophenyl)-1 25
“hydr oxybutyl | - 3- hydr oxynet hyl benzonitrile was
contai ned. Exanple 26 (S)-4-[4-D nethylam no-1-

~ To (246 ghf mqeanersyluhoxiof(ﬁqu-ylﬂwwﬁmﬁohmnﬂwehﬂ)1 30
ben trile piv c acid salt The enzynme was
hydrgpbitg-d dlYfimw ENrppiiLle pevakie schsals (asnien 0B (DA-He d by

d;mte«m?hﬁﬂohﬂ Qdﬂ)gl ﬁrﬁg@%ﬂ% ﬂydré&ﬂle E?ou AALe

h toluene s obtaln ene
0.4 gol. 148 Iomolc} owhlah Mias) gep&a&lsgomﬂn@lmeg Jo tbe method of

sl A oY 10810

toluéﬁamam&ﬁtﬁér):mlanbﬂfﬁxﬁmmmw Shiridd for d0exdites. Wi ensdast r
%(i “FPEV lic acid was _adjusted so_as to _be 40C and
for 30, mipy § OTRARIS Eav%*gﬂmé@ewfeﬁ@w the pipvEgsglution,

and 8 b RehE! erxaﬁaﬁﬂigwa@eama@aﬁswgl finde gﬁ \ho-i i€

times wt water to “obt i on of

ﬂnocosr}wmd)[ %hﬁﬁrﬁ@ﬂllﬁwlla?fhﬂboxmdhylbmfulﬁ(@ﬂﬂ B 1 14Mm91sybu
d.salt.
vl i DAY B S ORGP Bk

94.5 area % and (R)-5-cyano-2- {dimethylamino- (4’-fluorophenyl)-hydroxybutyl]

benzyl butyrate: 4.7 area % was contained.

Example 24

(S)-4-[4-Dimethylamino-1- (4’-fluorophenyl}-1-hydroxybutyl]-3 -hydroxymethyl-
benzonitrile pivalic acid salt

To 12.6 g of an aqueous solution of (S)-4—[4-dimethy1anﬁno~1é
(4 -fluorophenyl)-1-hydroxybutyl]-3-hydroxymethylbenzonitrile pivalic acid salt
{content of (S)»4—[4‘~dimethylamino~1—(4’-ﬂuorop}ieny1)-1~hydroxybutyi]—3m
hydroxymethylbenzonitrilé: 0.4 g, 1.168 mmol}, which was separately obtained

_ according to the method of Example 19; was added with 0.7 g (0.012 mol)of sodium
chloride. Then 1.0 g of toluene was added therein and the mixture was stirred for 10”




10

15

- 20

25

30

(2.567 mol, yield 87.9% of

(S)-4-[4- dlnethylan1no | - (4" -fluorophenyl) - 1- 12 February 2007
hydr oxybut yl ] - 3- hydr oxymnet hyl benzonitril e was

contai ned. Exanple 27 10 (S)4-[4-Di wethylanlno | -

(4" -fluorophenyl)-I-hydroxybu I'l-3-h dro_eth

WO 200484438hi tril e pivalic acid salt The enzyn’éC%@G(’?’m““s”

filtrated fromthe enzyng reacti on m xture obtained by
t he net hod 15 according to Exanpl e 1 and washed

e o B R OB b sl e £
dlmeaiyqz&)méi{(éf ﬂw&gﬂeﬁﬁynﬂh@m&yﬁﬁﬂ%

fluoro henyl) droxybut yl ] dr ox nethylbenzonltr
3-hygnogymethylherzenigde (iR7e hasamiozi 9&3%3/ Wmtémn@n y

HPLEXhAI9SE %&1 b thédp VA% £ o
W tfﬁ%’g% odsd\%/at Een%rﬁit&cl)l\eﬁg al nggn% ag%ujég%%@ on of
[dimg¢tiylamurod (4iiflvetdphémbi-rydrdxyputyl] Bézyl butyrate: 5.8 area % was
contz{.lel&or ophenyl ) - 1- hydr oxybut yl ] - 3- ydr oxynet hyl benzoni tri
1%, pivalic acid salt. In the above aqueous sol ution,
0.954 ¢ (2 786 mml yi eld 95.4% of (S)-4-[4-
_1_ -
Emm}gtf@s% é?ma)redlmw@%ﬁ}%w thatghesearrabignigrienneni t r i
addﬁ,i of\éﬁ% contai ned. 25 Exanple 28
- 4-14-D met hyl am no-1- (4'-fluorophenyl)-1-hydro
butyII 3- hydroxymet hyl - benzonitrile pivalic acid salt
e enzyne was filtrated fromthe enzyne reaction
Exalﬁ?%;ggre obt ai ned by the nethod according to Exanple
1, and vvashed twice with toluene. Thus-obtained 19.4 g
of a nmol ) of
S |—4d é)ngeEl_ﬂl

' benzg@@ﬂé@;é%m%g[/ DK2003/ 000537 68 |
[ )-1-hydroxybutyl]-3-hydroxymet hyl benzo

nitrile, pivalic acid salt was added W|th0439

4 2 . ival i i nd.t he, m x e
The E,&l)%{[m ngﬂ&?egﬁong %eégac Xhhﬁ:ﬁbtalgo(ﬁ \
accoxfiiﬂ’gtth Exaraple ﬂ;amieehsha& twﬁ:e\mﬂ:nholﬁe@ mhusefbtahwdap 4t g)ofa
ﬂ an

totucl yyon Spnb e (g EoA B R OF6)-4 HlimelbHemoy -4
fluorophenyl)-1-hydroxybutyl}-3-hydroxymethylbenzonitrile, pivalic acid was
adjusted so as to be 40 °C and 13 mL of water was added to the solution-and
extracted. The solution was further extracted twice with 7.5 mlL of water, to obtain a
solution of (S)~_4-[4»‘-djmethylam_ino~1-(4"-ﬂuorophenyl)-l—hydroxybutyl}-S-
hydroxymemylbeﬁzoninﬂe, pivalic acid salt. In the above aqueous solution, 0.886 g
(2.588 mmol, yield: 88.6%) of (S)-4-[4-dimethylamino-1-(4’-flucrophenyl)-1-

hydroxybutyl]-3—hydroxymethylbenzonitrile was contained.

Example 26

(S)-4-[4-Dimethylamino-1- {(4’-fluorophenyl)-1 -hydrokyhutyl}-3-hydroxy1’nethyl—

benzonitrile pivalic acid salt

_. The enzyme was filtrated from the enzyme reaction mixture obtained by the method )
‘according to Example 1, and washed twice with toluene. Thus-obtained 19.4 gefa:fﬁ

toluene ,éoluﬁon containing 1.0 g (2.920 mmeol) of (S)-4~[4~djmcthy1amiuo_-l~(4-’-
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5 hydroxybutyl ] - 3-hydroxynet hyl benzonitrile, pivalic

acid salt. In the above aqueous solution, 0. 94Felguary 2007

(2.766 mol, yield: 94.7% of
(S) 4-[ 4-di met hyl am no-1- (4" -
| uor ophenyl ') - 1- hydr oxybut yl ] - 3- hydr oxymet hyl benzoni t r
“KNP%y%ﬁglcontalned A conpari son of exanpl K29¢3/008537
and 28 show that an inprovgd separation is 10
obt ai ned by addition of pivalic acid mhereas nmor e*

S HBAR 1 30 6rok AR bRl cr SIRIL B ot iR 01 5
adjBeddo [ad ta herOP @ whahll. 61 | of (whter kilat added Rethy balutﬂonmndr ox bu
)%r}actF%r%lFﬁr 01(1%10? tygs thracteg iz'ur{ﬂe; trhlrele%m-lx;(s) w?ths"jtSI 1;1£ gg wgtoelr 1l:JOt on
obfehifi E%&]ﬁh@ﬁ@ig@) 44~ dnﬂeﬂ&%%ﬁn&@%ﬁyﬂﬁﬁr%ph?%‘ﬁ P)ﬁﬁgﬁgfybu%%&

but yl J-3 hydr ox benzonitri

hyidgxveiethylh eﬁ%ﬂmﬁuﬁéymmhe agig selt. Ohenholg agesusrsbiutivm 0.879 g

CRRTEEAG Fatt £7 900 X B9 M honisd. B FhorobBRRDTE- 7, ¢

 hydesxtybatyl]-8- Israro@ymaﬂytbaizbmuﬁdmycoﬂtme@ After 162 hours
(at a conversion of 33,9% the enzynme is filtered off

~and washed with a small anount of 1,4-di oxane. The

Exougle ppd organi c phases are evaporat ed in vacuo and
subsequent |y anal yzed on super critical fluid 25
chromat ography to give (R)-butyrate ester with 72% ce

| (S?&Sézx—b%t‘ﬂwf P2 iy AR OBRRLS hydroxymethl- |

=13 D ettty anrirg= oropirey )Ty ur-o

beﬁ:&arﬂrﬁe;ﬂvaﬁcaﬁ:ﬂsﬂl& 30 benzom trile To a stirred

sol ution of racemc

4-[ 4-Di et hyl am no-1 - (4-fl uoro-phenyl) - 1-hydroxy
THWh¥ne aadmﬁ\ﬁtewamﬁ%nzﬁﬁafe%ﬁdgrﬂm&o%m the H2fhofU)

andvi nyl but)frat e pl) in anhydrous

acqording tEsamwlq B 2pd whshed tviseiwel tqlmq@@p"ﬁb@s—ebmd ﬂ;&é@ 01"2 |
tdgggj %frt%% g%{?%%mg\?fégg# g#‘%%‘;f@‘gé r ea%ﬂ %%9:5)?7 eat ed

fmpnm@@n@%hhmmﬁxmﬂmﬂmﬂiubym¥Hﬁm@meﬂkmﬂnhxﬁmﬂhammBW£ﬂmkhd
n Si f % the.enz [ Ll tered of.f d
13K B VR et hr st T e @ ien it A e
ofmtdmﬁm@waque@s@mﬁ@soﬁsm [@dﬁmﬁﬁéﬁﬁourmacuo and
sub]sl en}] &; anal zed on super critical fluid
fluorop en%S ydroxy! ﬁ-B»ydroxymethylbenzomtrﬂe pivalic acid salt. In the
above aqueous solutlon, 0.954 g (2. 786 mmol, yield 95. 4%) of (S)-4-[4-
dimethylamino-1-(4°’-fluorophenyl)- 1-—hydroxybuty1] -3-hydroxymethylbenzonitrile

was contained.

Example 28

(8)-4-[4-Dimethylamino-1- (4*-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethyl- -
benzonitrile pivalic acid salt

‘The enzyme was fiitrated from the enzyme reaction mixture obtained by the method:
according to Example 1, and washed twice with toluene. Thus-obtained 19.4 g ofa
: toluene'solutiOxl containing 1.0 g (2.90 mmol) of (8)-4-{4-dimethylamino-1-
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5 chromat ography to give (R)-butyrate ester with 92%

ee and (S)-diol with 14%ec. The reaction was?2@&kb@ary 2007

nonitored using 1, 4 and 8 equival ent vinyl butyrate as
shown in table 12. Ester Diol Entr Vinylbuty Tine
Conversio % Configurati % Configurati vy rate

h) n
WO 2001482 on EE on 1 1 eq. 194 6,2 (0, 5) 791’(?“;‘3501@50@@905372

2 eq. 194 18,7 (1,0) 92 (R 14 (S) 3 4 eq. 194
19,1(2,0) 86 (R 14 (S) 4 8 eq. 194 22,6 (4,0) 86 (R

(4:.%@rﬁ@enylimy&o@%%g@%{m&%ﬁnemaﬁ@&maﬁi )|

out enzynme

- addgdsyitn0.43¢ (- 2k shiyb B of pivalic-acil anfl kheaniatrinewyd Jxirhethy ohith

1.0t ¥ backe EOIUERL I hiren RS0 1R i 70 NS

obtadh dr'aqibo® b1y fiaNe N8)-4-{4-dinfettyRinfind ey %
but}}/uléi]-g- h%droxy th)f/l -,b_enz_oni.tr{].l@j(;eT (O,T%Dg@r{nﬁr);)l , 100

hydroxyButylly3-byrgrmagtoylbgngoniile; givaliggcid salty &n the aboveaghepus ous

tuforf 0D49 % NP6 idf:bai75; i @%ﬁk; .[Pase

Soupgeugjorrgﬁgz éﬁm%?’?%%q )L%4 72)%5@%[:%1%?%% [ O%-il 4Igheat ed

fluoroph@ e -Tadeoxy bty iy dinxy@ethibe@oniils ems t@faihalir s at a
conversion of 30,4 % the enzyne is filtered off and
washed with a small anmount of 1, 4-di oxane. The

A capbistie of Qragpld 25,692 ImaNe sheWaRs! A Bthroved RFd AN
b su gsfgjﬁ nt 1y apalyzed on super . critical fluld

0 fﬂEﬁE PR SAPIMEEC grid vierees mrarg mashingssane rogilatioroef the

temr%%hﬁ@%e(s%bflﬁv@%re‘ﬁ! ihftuciie é%ﬂl%ge araEH% reaction was also

nmoni tored at 25, 37 and 6 S shown in table 13. 1--
25 12 February 2007 WO 2004/014821 PCT/ DK2003/ 000537

Exarble 20

(8)-4-{4-Dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

benzonifrile

To a stirred solution of racemic 4-[4-Dimethylamino-1-(4-fluoro-phenyl)}-1-hydroxy-

butyl]-3-hydroxymethyl-benzonitrile (0,29 mmol, 100 mg) and vinylbutyrate (3,9
ool ‘0,5 ml) in anhydrous 1,4-dioxane (2,5 ml) is added lipoprotein lipase
pseudomonas sp. (160 U, 5 mg). The reaction is heated to 37 °C and followed by
HPLC. After 162 hours (at a conversion of 33,9%) the enzyme is filtered off and
washed with a small amount of 1,4-dioxane. The combined orgamic phases are
‘evapora‘-ced in vacuo and subsequently analyzed on super critical - fluid
chromatography to give (R)-_butyrate ester with 72% ee and (8)-diol with 28% ee.

Example 30

| (8)-4-[4-Dimethylamino-1-(4° -fluorophexnyl)-1 -hydi:okybutyl]—3-hyd;oxymcﬂ1yl—

b'enzOnitr_ile

To a stirred solution of racemic 4-[4—Dimethylamino-1-(4—ﬂuoro-phenyl)-1-hyd:oﬁyl

jbutyl}B-hydro-xy'z‘nethy_rl—be;_]:lz.oniirile (0,2% mmol, 100 mg) and vmylbutyrate_{géf e
mmol, 73,6 p) in anhydrous 14-dioxane (3,0 ml) is added lipoprotein lipass
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s

20

.25

Ester Diol Entry Tenp Time (h) Conversion (%9 %
Configurat % Configurat EE ion EE ion 1 25C 23&ebpnfry 2007
(0,5) 97,9 (R 5,1 (S) 2 37C 238 12,5 (1,4) 99,1 (R
8,5 (S) 3 50C 165 30,4 (1,9) 98,1 (R 30,3 (S) 4 50C
238 32,2 (3,0) 97,3 (R 32,1 (S) 5 65C 238 26,3 (7,6)
WOGHMI4EEY 21 9 (8) Table 13 (Numbers in brBeKRKYOHEST
conversi on w thout enzyne).Example 32 5

(S)-4-[4-D nmet hyl ami no-1- (4" -fl uorophenyl)-1-hydr xybu
pde¥ddtord 49 COIYHTRS Wby, BERZOIA b Beadd & 574C L ottowed by
HBLCA4ABent$h jbasriah o convefsidd oD18)7 Phei|ehzyind 0@t ofAOnd

B AR L0 o
RMBI0US Dudotl BanTkduE Byl YOHph! POREE ol

| 1 pase pseudonobnas sp. ¢ e reaction
chremafagreplty to GISERED AL asiet with @2%yee aP(S)-didlfwitr 14908, The

t : [ {1 fer of f d. ed wth a .
rod il ag A5 GOAERY bene .o BHES BseBR AR et e
taphd3es are evaporated in vacuo and subsequently 15
anal yzed on super critical fluid chromatography to
give (R -butyrate ester and (S)- Biol. The reaction
was al so nonitored with (200 ng, 500 ng and 1000 ng
diol and respectively 150 Al, 375 1 and 750 |
vinylbutyrate and 2,85 m, 2,62%Fsmkr and 2,25 Dhel

Wj—é 20 Ester. Dial Entr
ne YR contfdt si‘CRYIRIEE Conf i(ufigerptiop g6 Configurati

?nfiggﬁgti, )(h) £99;) on @y 12 Felyuary @p07 VO
Q
l "

04/ 014821 PCT] DK2003/°000537 71

1 eq. 194 62(0,5 79 ® 5 ()
2 2 eq. 194 187(L,0) 92 ®) 14 ©)
3 4 eq. 194 19,1(2,0) 86 ®) 14 (S)
4 8 eq. 194  22,6(40) 86 ®) 15 (S)

Table 12 (Numbers in brackets are conversion Without oozyme)

Example 31

(S)-4-[4-Dimethylamino-1-(4"-finorophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

benzonitrile

To a stirred solution of racemic 4—[4~Dimethy1amino-1—(4—fluoro—pheny1)-1-hydroiy— |
‘butyl]-3-hydroxymethyl-benzonitrile (0,29 mmol, 100 mg) and vinylbutyrate (0,59
mmol, 75 pl) in anhydrous 14-dioxane (2,925 mi) is added lipoprotein lipase
pseudomonas ép. (160 U, 5 mg). The reaction is heated to 50 °C and followed by
HPLC. After 165 hours at a conversion of 30,4 ,%, the enzyme is filtered off and

' washed with a small amount of ‘1,4-dioxane. The combined organic phases are

‘evaporated in vacuo . and subsequently analyzed on super critical fluid
chromatography to give'(R)-bmyrate ester with 98,1% ee and (S)-diol with 30,3% ee.
 The reaction was also monitored at 25, 37 and 65 °C as_showh in table 13.




10,1 M209 30,6 (2,6) 84,1 (R 33,1 (S) 20,2 M 209
32,5 (4,9) 62,9 (R 28,7 (8 3 0,5 M 209 50, Qz(pggru@)yzgm
32,3 (R 29,1 (S) 4 1,0 M209 69,3 (66,3) 8,7 (R
24,9 (S) Tabel 14 Exanple 33 5
-4-[ 4- Di met hyl am no-1-(4'-fl uorophenyl).-1-

WO 20 ?%)152 [Jtyl | - 3- hzdroxymst h~1- benzonitril ﬁ?’b@oog{o?qsped
solution of racemc 7
4-[4-Di et hyl anl i no-1I - (4-?I uor o- phenyl ) -1 - hydr oxV-
but yl ] - 3- hydr oxynet hyl - benzonitrile (0,29 nmol, 100
nmg) and vinyl butyrate (0,59 10 nunol, 75 pl) in
anhydrous 1, 4-di oxane (2,925 n) is added |ipoprotein

s—sp—(160 1 4 ng). . The reaction is

heated to 50 C and foI I ovved by ﬁFfEIC Af ter 43.3331hours

En

a un

are evapor at ed in vacuo and sEbsequent | y mmal yzbﬁ
sult is-shown in tahle 15 15 Fntrv Added

—HEI,C-_Ihe._r.e
Inat ef> 6% w wi3%ri me (HF &Bhver 8780 (AR 1 05473 33(9 2

| 0,1 20, 3 1, 7 10 4 le 1
2Exan:‘g?I%g 34 é%go (S) qgf%[ 44§D)| ma?%ll annno- | - (E%bf Ieuofsgphen a

3y 1)50fChydr 86/bu yI3P;41i-1199dr02§'rﬂreth ®) benihitrif® 12
4o TEEL " SRyt on 200 Palkerm @75 WG 0 SEPT & 1O
54- [ 4632Cet hydgam no-283((#;68 | uoep1pheny) - 1- mgiroxycg)

Table 13 (Numbers in brackets are conversion without enzyme)

Example 32

(5)-4-[4-Dimethylamino-1-(4’-flnorophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

benzoniirile

To a stirred solution of racemic 4-{4-Dimethylamino-1-(4-fluoro-phenyl)-1-hydroxy-
butyl]-3-hydroxymethyl-benzonitrile (0,29 mmol, 100 mg) and vinylbutyrate (0,59
mmol, 75 pl, 2: eq.) in anhydrous 1,4-diexanc (2,925 ml) is added lipoprotein lipase
pseudomonas sp. (160 U, 4,5 mg). The reaction is heated to 50 °C and followed by
HPLC. After 209 hours, the enzyme is filtered off and washed with a small amount of

1,4~dioxane. The combined organic phases are evaporated in vacuo and subsequently
analyzed on sﬁper critical fluid chromatography to give (ﬁ}butyrate ester and (S)-

~ diol. The reaction was also monitored with (200 mg, 500 mg _and 1600 mg diol and
respecﬁvely 150 pl, 375 ul and 750 pl vinylbutyrate and 2,85 ml, 2,625 ml and 2,25
ml 1,4-dioxane as shown in table 14. |

_ 7 Ester Diol -
‘Entr Conc: Time - Conversion %EE Configurati % EE Configuraf
y ® ®% o on
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. (S)—4<{4—Dimethylan1jno-l-(4’-ﬂuorophenyl)—l-hydr.oxybutyl}-‘j—hydroxymethyl- o

but yl ] - 3- hydr oxynet hyl - benzonitrile (2,9 muol, 1000
nmg) and vinylbutyrate (5,9 nmmol, 750 |) in anbhydbaasy 2007
1,4-dioxane (14,25 m) is added lipoprotein |ipase
pseudononas sp. (160 U, 20 ng). The reaction is heated
to 50 C and followed by 5 HPLC. After 139 hours,

WO 20011¢52bnal 5 ng | i pase was added. After 1BSVRE}3/000537
additional 15 ng |ipase was added. After 399 hours,
at a conversion of 55,7 %a sanple was collected? The

vashed.. it h 3 s anuon
: I 4 orgd®c pha¥ek are (®
gvapur et ed2ps vacygs sugsgquent anal d on ¢
super_critical flui {:ggrong?fggraph ¥ Afte%s%ém h(gﬁ)rs
at &:xMnver8? on 80.660.8 9% 3Z.Be 10 (Rpacti A9, Mas  (S)
to . Thgy enz L SaNfi | ed of{,and ed wi,th a
gmaﬁ?ﬁglrmuggg of X%,gﬁﬁzal)oxaﬁg{ The nbi n%’égr gani()
Tajplages are evaporated 1Tn vVacuo and subsSequentty
anal yzed on super critical fluid chromatography. The
obt ai ned ee-val ues are shown in table 16. Ester D ol
Exiple 351 e Conversion % EE Configuration % EE
Configuratio y (h) (%9 n 1 399 55,7 75,7 (R 79,5
(S) 2 560 62,8 59,5 (R) 94,5 (S) 15 Table 16 Exanpl e
s 20 . T [

bepzoniglle 100 ng) and vinyl butyrae (02 mml, 7p1)
i n anhydrous 1-4-dioxane (2,925 nl) is added 4-10 ny
PspLL. The reaction is heated to 50 degrees cel cius

‘ AN eact j0 he

To @b St Mol g DBty b RGOS S B R ot
butyif-3gerdroxymethl-befnenitcitar (i), 2% thnml, g HO0 mgp hads emytbueyrate (0,59

e rated in vacu nd su ent | nal.yzed on.
600813 7 et e oy b e Al pomeon vare
psetidonicad 6p. X760 12 4hRbY T8k YealBSl is Nbled 0940 OB ollowed by

PCT/ DK2003/ 000537 73
HPLC. After 473 hours, the enzyme is filtered off and washed with a small amount of
1,4-dioxane. The combined organic phases are evaporated in vacuo and subsequently

analyzed HPLC. The resultis shown in table 15.

Eniry . Added water %(whw)  Time () Conversion (%)

T 0 73 33,0
2 o1 4713 201
3 1,0 413 0,1
4 10 473 0

Tabls 15 |

Example 34

~benzonitrile - -
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Ester Diol Entr Anal ogue Tine Conversion (% % EE

Conf % BE Conf y (h) 1 5-Bronp 409 56,4 (8, 9)i2&érkaRy 2007

46,3 S 2 5- 456 20,5 (5,0) 11,7 R 20,5 5 Car boxami de
p 3 5-1odo 143 28,0 (1,9) 98,9 R29,9 S 4 5-Chloro

.5 (4,6) 54,7 R 24,3 S 5 5-Fornyl
WOZE‘%&‘%Q’SS, 5 R 13,9 S Table 17 (Nunbers in %&2%%@9@003%

conversi on w t hout enzyne), Exanple 36 5
(S)-4-[4-Di nethyl am no-1-(4'-fluorophenyl) -1 -hydr"’*'o bu

To %%ﬁﬁed"scﬂﬁﬁb’ﬁ%ﬁﬁ&m@ @[%@@Ftﬁ%fafnﬁﬁdl ﬁtp*ﬂ)lﬁrfi %ﬁ ng(r) IRy ©

Di met hyl am no- 1 r o- phe

butﬂﬂ;ﬁ;hy]iwglylgyf@ﬂd)wmﬁsﬂéﬂ e lmnnci;, tHoDo eu%Zﬁldlmylbléﬁz&teg 15,9
78] B et R TRe a8 b ncnrgas

seREMARNTENAS6T, 26 #B9. The RRPAS b Baﬁt r Pt b foliSwed b
P heat ed t06(50 C and foll ovvedoby IT‘aPLC0 Af ter 0. ey

HeupBer 489 howsradditionad § neg lippsesvasaiified mus@s@m\gdmm e
.15 ftf%%p%d\%gs addel. Aﬁé%9 H&g}ér %tha (%nverscon f%rssf ?ct aeFa&Pq% 2

e 'reactlon was stop enzy
collectell. Whs lemgym it iltered nff Iahd avaxhed twithf a émaé} ﬂn@m&&@l ,&Hfm@ane.

conbi.ned ®rgani c phases 15 evaporated in vacuo, and
The GRRBIAGH ORGP BHISHS kel Aapraled b bacp 2R subsequeniiyypnalyzed on
~ sup &mrﬂiﬁﬂtﬂiﬁﬂ IRMdYhat og'l%ﬁj' ey ggﬂ\h%{lféeat Qa(cgn‘?érﬁﬁﬁ of 628%, the
S-diol/Rdiol =740:1) l'e 37 20 ‘I sol ation of

igp wgs prmdn%'hmmame%ﬁltmmo fang) waslsdhveith 4 yumall fmetmd of

1’4—?#’ éﬁihe] Tﬁ r omat ogr a ;5' "'Mas‘%%?%%#’h%ﬁ} %ﬁ %c}w i ubsequently

analREUIA SRS TRKEADORIONONS7 THe obtdinad ad-vulwss afe sBa@n iy
tab1§'18i talopramdiol with ee-value 94,5% and 628 ny R-

Ester Diol

Entr Time  Conversion %EE Configuration % EE Configuratio
y @) (%) | .
1 399 55,7 75,7 ®) 79,5 S
2 560 62,8 59,5 ®) 94,5 (S)
Tabls 16 | B
Example 35

{S)-citalopram diol analogues

To a stirred solution of racemic citalopram diol analogue (0,29 mmol, 100 mg) and
vinylbutyrate (0,29 mmol, 37 pl) in ashydrous 1-4-dioxane (2,925 ml) is added 4-10
mg PspLL. The reaction is heated to 50 degrees celcius and followed by' HPLC. After
reaction was stopped, the eﬁzyme is filtered off and washed with a small amount of
toluene. The combined orgamc phases are cvaporated in vacuo and subsequently

-analyzed on super critical fluid chromato graphy Result is shown i in table 17. '




.10

15

citalopramdi ol butyrate ester wth cc-val ue 59, 5% was
di ssolved in a m ninum of ethyl acet at e/ hept ane Fébduary 2007
with 4%triethylanmine. The S-cital opramdiol was
i sol ated wusing flash-chromatography in
| acetat e/ heptane 4:1 with 4%triethylanrine to 5
wo 28?5'(% $td 120 ng S-cital opram diol (ee-val BET/BK2083400537
. Exanpl e 38 Isolation of () -4- 4D|rrethylamnol-(4'-f
| uorophenyl) - 1- hydr oxybut yl I - 3- 10
hydr oxynet hyl - benzonitril e by washing a m xture
containing the S-di ol base To a m xture of
- S-citalopram di ol "and RCTtar 6pr am gihe DUTyT atg FSter
(0.3q each) was added 24 nml heptane and 66 ni
Entint eAnelognanol Time 1) Coftessianl @ar %aIRUT iConf wa% BB Conf
yt ransferred to % separation funnel and organi c phase
was col | ect ed. aditi onal 10 m 15 heptane was added
ito a@uhmm phast@9and nice@.ghor ogghl y. ROr ganks phage
s | ect ed. Ekst ractl on repeated additi onal 4
ti mes. he contfPfed hefb2@edphaséb?wer & ex20pact e
Wi t QarBBxdmtidyvat er / net hanol (2: 1) and aqueous phases
were conbimmed and evaporated to half vol une and
Bextrabtede with 93t i re8I0(M) et h98.2cet & e.

conbigr thyI tate riegd wt 2S
4fi I tg:agm‘gnd dri‘ed in @;%@eét 0 Z%gbt agn ?43]3\6 O§
5S- ci Gdloapylam di2dh cont33Nm) 2% .5 taRopr am gl ol g
[ Exanple 39 (S)-cital opram.diol
Tab, 1548 ﬁ@k%ﬁéﬁ%’m@lﬂﬂa@th@&m@ stirred
sol ution of racem e cital opram di ol anal ogue (0, 29
mml, 100 ng) and vinylbutyrate (0,29 mmwl, 37 1) in
Exmiyaﬁous tol uene (2,925 n) is added 0,2 ny
Novozymes 435 and (0,32 nmol, 33 ng) pivalic acid. The
reaction is heated to 40 degrees celcius and fol | oned

Me. The comnbi ned organi ¢ phases are evapor at ed
in vacuo and subsequently anal yzed on super critical
fluid chromatography. Result is shown in table 18.

To pstirrersobition 04 raperBBOA | 4-Iin il o4 8F FuBESTHHATNA HyAREF3 7
butﬁ]53~hydroxymethyl-benzommle (29 mmol, 10 g) and vinylbutyrate (58 mmo},
7,5 ml) in anhydrous 1,4-dioxane (142,5 mi) is added lipoprotein lipase pseudomonas
sp. (160 U, 250 mg). The reaction is heated to 50 °C and followed by HPLC. After
192 hours at a conversion of 41%, additional 250 mg lipase was added. After 504
hours, at a conversion of 63 % the reaction was stopped. The enzyme is filiered off
and washed with a small amount of 1,4- dioxane. The combmed organic phases are
evaporated in vacuo and subsequently analyzed on super critical . fluid
chromatography. Obtained EE-value ((S-diol) = 95% (S-diol/R-diol = 40:1).

‘Example 37

Isolation of (S)~4—[4-Dunethylammo- ~(4’-ﬂuoropheny1)— ~hydroxybutyl]- 3~
hydroxmethyl bcnzominle by ﬂash-chromatography
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Ester Diol Entr Anal ogue Tinme Conversion % EE Conf %

EE Conf 'y (h) (% 1 5-Bronmo 24 54 74,9 R 97, 128 cbeliaby 2007

96 33 81,3 R 41,7 S Carboxande 3 5-l1odo 24 54 99,9 R
99,5 S 45Ch|or02451749R9638 55Forny| 24

Wongglogéﬂ ous cl:aergxyI | (t:)l aci 3SE)(;nn.tph: enz éﬂl%gwg‘ﬁgﬂ)n

using Novozymes 435 To aystirred sol ut| on of racemc
4-[ 4-Di met hyl am no-1-(4-fl uoro-phenyl)-1-hydroxy™

A Bl e BRLSH s G155 s A

citabophapad diol) éumaltmm vith @2ealuvi §9,5% swaadtiaolved irna yuirisnd of

el il S8 bRt e Yoo ] Vehpeed

usingh ﬂa@%mmgaﬁhyl ﬁleétﬁﬂa&fafe/lﬂaﬁﬁné\ﬂsﬁ th % NriRith§iBlite to

amount of tol uen conbi ned organi ¢ phases are
btaé%"é’p’@?é‘tg&fc‘itﬂoﬁiﬁﬁ%’léfi?d’aghﬁi%é%ﬁ]entIy anal yzed on super
critical fluid chromatography. Result is shown in
table 19. 15 Ester Diol Entr Carboxylic Tine
Exapgrle 3% si on 9BE Conf % EE Conf y acid (h) (% . 1 Acetic
acid 24 18 92,1 R65,7 S ---- - - -- --- ------
-- 12 February 2007 WO 2004/014821 PCT/ DK2003/ 000537

Isoldtton 2 Rfopi B)i4e[4aDintbiiddandiAo-894 fiRrSsherdylS1 -hydroxybutyl]-3-
hydroxymethyl-benzonitrile by washing a mixture containing the S-diol base

To a mixture of S-citalopram diol and R-citalopram diol butyrate ester (0,3g each)
was added 24 ml heptane and 66 ml water/methanol (2:1). The clear solution was
transferred to a separation funnel and organic phase was collected. Additional 10 m!
heptane was added to agueous phase and mixed thoroughly. Organic phase was
collected. Ekstraction repeated additional 4 times. The combined heptane phases were
ekstracted with 20 m! water/methanol (2:1) and aqueous phases were combined and
evaporated to half volume and extracted with 3 times 10 ml éthylacetafe. The
combined ethylacetate phases were dried with Na2304, filtered and dried in vacuo fo
obtaine 0,15 g‘ SQoitalopram diol containjng 2% R-citalopram diol butyraie ester.

Example 39

(S)-citalopram diol analogues using Novozymes 435

- To a stirred solution of racemic citalopram diol analogue 0,29 mmol, IOOmjg) and

vinylbutyrate (0,29 mmol, 37 pl) in anhydrous toluene (2,925 ml) is added 0,2 mg
Novozymes 435 and (0,32 mmol, 33 mg) pivalic acid. The reaction is heated to 40

- degrees celcius and followed by HPLC. Afier reaction was stopped, the enzyme is

filtered off and washed with a small amount of toluene. The combined organic phases
are evaporated in vacuo and subsequently analyzed on super critical fluid

_chromatography Result is shown in table 18.




3 Pivalic acid 24 55 88,3 R 85,5 4 Cycl ohexancar 24 55

84,5 R 99,7 S boxylic acid 5 Benzoic acid 72 15FeBRiady 2007

R 86,7 S 6 Hydrocinnam 72 48 94,1 R 84,3 S c acid 7

| soval eric acid 48 $1 88,3 R 90,7 S 8 Decanoic acid

9 R86,9 S 9 Isobutyric acid 48

wo&ﬁ”“g’%@glo Crotonic acid 72 54 82.9 R 95 [PDR 30537

2-ethyl butyric 24 50 87,1-R 94,3 S acid 12 Palnmitic

acid 48 54 71,3 R 93,3 S Table 19 Exanple 41 5 ~

(R} 5- Cyano- 2- [di nmet hyl am no-

(4' -fl uorophenyl)-hydroxybutyl| benzyl butyrate A

four-necked flask equi pped wth STréger and  Diol

__I.JJ.ELIID.IJELEL_MB.E_.JLD.&L%Qd.JMth 219 g of . a solution
Enipnt afpalegyge21. 9Tigne( 0 ermmm‘ dHEE Conf %EE Conf

Az) - 4-[ 4-di net am no (4'-
| uor ophenyl ) - 1-*nydr oxykgd‘{)yl ] 10
B- hy ds.®xyfi@t hyl bpnzoni trsd €7 Tn ghhuener |heg*gl 177 g
0.12% mmol ) of vinyl butyrate 5. 07 g
yridiné; 7.89 ¢?%0.064 ¥bot) of b%nzm am‘ﬂ 7and 19
g ofcaétgb)gagggbl lized enzyme (Novozym 435) were added
into th ove m xture. The reaction m xture was
Al | owedlado war m2Mp to 6054C and $2,9rredfor 9955 hourss:

nder slight flow of nitroge irri was

Agtopp%g:m %he enZme was It'rat@h&off rom the S

3 eact§-Pomiyil Xt ur @4wi t h Kizz yana $ppnel ,Rand meshed guvi th

50 g of toluene The conbined toluene laver was
Tahtesked twice with water (255 mi, 265 m) and

concentrated to give 14.9 g of (R)-S—Q/ano- 2-

[ di met hyl ami no- (4'-fluorophenyl)- hydroxybutyll
Exnendy 40 but yrat e benzoic acid salt. 12 February 2007

WO 2004/ 014821 PCT/ DK2003/ 000537 .

5 The influence of various carboxylic acids on the enzymatic acylation using

Novozymes 435

To a stirred solution of racemic 4-{4-Dimethylamino-1-(4-fluoro-phenyl)-1-hydroxy-
butyl}-3-hydroxymethyl-benzonitrile (0,29 mmol, 100 mg) and vinylbutyrate (0,29
10 muol, 37 ul) in anhydrous toluene (2,925 ml) is added Novozymes 435, (0.2 mg) and
1,1 eq. Cafboxylic acid. The reaction is heated to 40 degrees celcius and followed by _
HPLC. The enzyme is filtered off and washed with a small amount of toluene. The
. combined organic phases are evaporated ir vacuo and subsequently analyzed on super
critical fluid chromatography. Result is shown in table 19.
15 '

, Ester - Diol
Entr .Carboxy}jc_ Time  Conversion %EE ~ Conf -~ %EE Coﬁf
'y add @ %) -
1 Accticacd 24 18 951 K
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15

77 To a mxture of 4.0 g of (R)-5-Cyano-2-

[ di met hyl am no- (4'-fluorophenyl)- hydroxybut yib]l:.‘ebmaryzo();r
" benzyl butyrate benzoic acid salt (7.48 mmol), 40 m

of water and 40 m of toluene were added 1.26 g of

.W02ﬁ9%4§ﬂdi um hydroxide (9.45 nol) with sti rﬂd;&ﬂﬁg?“ 0*3%37

m xture was kept stirring for 30 m nutes.
stining, the mxture was 7gl lowed 5 to stand and the
tol uene | ayer was separated. The tol uene | ayer was

2 WaPhghbonid 1dg 40 21 of waler andggz.pncerﬁrat-?l‘l?t—%—e—-
under reduced pressure, to thereby obtain 2.7 ¢ o?
3 (R Pyaliyegid- 2- 24i et hyl5ani no- 88,3 R 85,5 S
4 (403 - enyl ) - hydr oxybutyl ], benzyl_ buty e. 1H
NN%’%%%% 13) a(§§n) ' B (1R L 3)5,9?}7. 68-Y. 56
( 2Hpoxydic acdd 36-7. 23 (2H, in), 7.02-6.90 (2H, nm),
55.;%6(1]%1 d,..J =14.9 Hz), 4.99 (1H d, J = 14.6 Hz),
2. escido (114 ), 2590-2. 30%BH, B, 2. B 2H, Wit
6 JFifdrdciflamil. 5 H2). 2. 18g(61, 1.68p 1. 57,,(=2H, Ir%
1. 6%-1.46 (2H, in), O. 9%8(3H, ?4’1\] = 7.6 I—|z4.’32Exa | e
42 15° %4k t al opram oxal ate
( Sz A-Tx et am no) zd- (4" -f,,uor ophenyl ) -
7 h?&?@érg&u%ﬁ g%l hydr oxi)sl' t hyl t?é zoni ?ﬁi I e9(0§]L75. 8-gg,
8 46Dgcammilapidnavi®lg a chesdcal pupioty ofk 99%ggnd ary ee
of. 98. 7% as, det er m ned Chiral Supercritical Fluid .
9 Chlls‘gtﬂ'ﬁ’f"?ﬁ’gﬁc%Ylphy,‘1 s 20 o ssol vé&9in t 8 uen®2(7100 ).
10 Tr iceétbit agriine (723. 0 ni Lg4 93. 2 pwl ) was ad@?q g

foll owed by sl ow addition of a solution of "tosyl
11 chisthybatyig. 4 @4 49.4 n¥bl) i n87dl uenB (108p5L). The
resul ti;ag solution was stirred at roomtenperature for
20 mn. then added water (50 nL) and cone. Ammoni a
12 (2Baimiijic acthe nmid8t ure was4 stirrggsat 48 C bag 2 mg,

separataory. funpnel . The phases were
_ TablgLl?arated and the 25 organi ¢ phase was washed with -

water (50 nilL), dried with MgSH, filtered and,
concentrated under reduced pressure to give the crude
Examppledlict (14.2 g) in 95%yield. The crude product was
di ssolved in ethanol (17 nL) and. was added a sol ution
of oxalic acid (3.95 g, 43.9 nmol) in ethanol (27
(R)-5rCyanoTh ¢dipethglapinion (4 -asopbeby PRfdRskyBiyl] bedd/f Bl t O
give Escital opram oxalate (14.0 g), which was ‘
re-crystallised from30 ethanol (85 niL) to give the

A s 448 B BTN

a soltypn cantaigingl g (iGe4Imod) ofi(t)-4-Chdipmtitybayingihy (4
fluorophenyl)-1-hydroxybutyl]- ' .
3-hydroxymethylbenzonitrile in toluene. Then, 14.6 g (0.128 mmol) of vinyl
butyrate, 5.07 g (0.128 mol) of pyridine, 7.89 g (0.064 Iﬁol) of benzoic acid and 2.19

- g of an immobilized enzyme (Novozym 435) were added into the above mixture. The

reaction mixture was allowed to warm up to 60 °C and stirred for 15 hdurs under a
slight flow of nitrogen and stirring was stopped. The enzyme was filtrated off from
the reaction mixture with Kiriyama finnel, and washed with 50 gof folﬁene. The
'combined toluene layer was washed twice with water (255 ml, 265 ml) and

~ concenirated to give 149 gof (R)-S-Cyaho~2— {dimethylamino- (4’-flucrophenyl)- |

s hydroxybutyl] benzyl butyrate benzoic acid salt.
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d ai ns:

R- enan
5 Hal

1. A method for the preparation of tha2%ehary2007
tiomer of a diol having the formula OH R OH ~Z
wherein R is cyano or a group which may be

- To aﬁuﬁn%wn SUFRNS

WO?!&W@Z{ ed to a cyano group, Z is a group %)
wherein R and R' are Cl -6-al kyI or RandPC%MI%O 7

connected to each other s4o forma cyclic structure
including the NNatomto which they are attached, or z

B d28- dido 1@ -ﬁuorophenyl)

di nmet }jlamnomethl group, the dotted line is
hydmxabml beruy! mityrgledetimicacikhaltifans mmobatoné af water @dglﬁl t

o U550 0 AP e BRRBLL Sl 0 it
the wivdmeiwas Rept Stirring fordBiX hiddtek. Afeer ativeingjahe mixtura sraslalfdwedd

to {0 L7 fen IS SRR et 4T Vgsayensl Ty 0

ml ¥irdEdt 2H@YonkentPidid 230 FC Yinde r&i‘d frécit 8 Cho YRR ob Y B7 ¢

times With substituents selected from Cl-10- al koxy,

- -of (R)-5{Cyang-Ryldimpethylamipgr Mﬂoﬂﬁ'ﬂh@gﬁﬁyd@?ﬁfwll brngylutyrate.

Boog Wk STCIYABIRT . sdlimr ) shrsBiGYh), 4860

lHary ) XY, teroaryl, ryl,
(CHydng, 760276 KMEH af), 5.4E(13; d] T abd9 lﬁm,d{%’e{ﬂﬁ ,grbolmmmy 59-

2450 B ke 30 CBr R s oty 7 St o E58 absh Ay
1.57@0nd! Kynyhe (5, o008 kP 1, 7=7.6 Hz).

Example 42

Escitalopram,oxalate

(S)-4-(4-Dimethylamino)-1-(4 - fluorophenyl)-1-hydroxybutyl)-3-
hydroxymethylbenzonitrile (15.8 g, 46.2 mmol) having a chemical purity of 99% and
an ee of 98.7% as determined by Chiral Supercritical Fluid Chromatography, was -
dissolved in toluene (IOOImL); Triethylamine ( 13.0mL, 93.2 mmol) was added
followed by slow addition of a solution of tosyl chloride (9.4 g, 49.4 mmol) in toluene. -
(100mL). The resulting solution was _stifrcd at room temperature for 20 win. then
added water (50 mL) and con¢. Ammonia (25 mL). The mixture was stirred at 45 °C
for 2 min, transferred to a separatory funnel. The phases were separated and the
organic phase was washed with water (50 mL), dried with MgSO4, filtered and
concenirated under reduced pressure to give the crude product (14.2 g) in 95% yield.
The crude product was dissolved in ethanol (17 mL) and was added a solution of
oxalic acid (3.95 g, 43.9 mmol) in ethanol (27 mlL). The precipitate was collected by
filtration to give Bscitalopram, oxalate (14. 0 g), which was re«crystalhsed from
ethanol (85 mL) to give the final product (12.2 g). The purity was determined to be

99.65% by HPLC. The ec was 98.5% determmed by Chiral Supercntzcal Fluld

_ Chromatography | ‘
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G -to-al kyl thio, hydroxy, halogen, am no, nitri@Febyaiy, 2007
‘Cl-i O alkylam no and di-(Cl1-10- alkyl)amno and Y is a
bond, O, S or NH, or a salt thereof, conprising a)
fgsting a racem c conmpound of formula ﬁ@ z
WOZI@%@?%S \?\herei n R Z {Tﬁe dotted line an 00&08}5
defi ned above, to selectimge enzymatic acylation_ u3| ng
an acyl ating agent having the formula 10 U W\ , “or -
Chimgf VIXXR R X R R X (111b) (Die) (M) or an
i socyanate having the formula R -N=C--0O or an
i sot hi ocyanate having the 15 fornula R N=C=S;
wh | .\
L oo for S rlardion OF e 8P Btk oF Bl Hving o
form@dat o- al kynyl all of whi ch may opti onaIIy be
substituted one or nore tiges with substituents
sel ected from (t-to- aI kol Cl-to- 20 al kyl t hi o,
hydroxy, hal ogen < nitro, cyano, _
Cl-10-al kyl am no, Cl110Q }?I kyI )am no, aryl, aryl oxy,
~arylthio and het ergary is aryl, wherein any of
the aryl®and heteroaryl{ grou may optionally be
substituted one or norestinmes wth substituents
sel ected fromC -t o-al C2- 10- at kenyl ,
C2-to-al kynyl, Ctao-a M, t 12 February 2007 WO

| Hal @
wherein R is cyano or a group which may be converted to a cyano group, Z is a group
—CH,-N(R'R"") wherein R"and R"" are C;¢-alkyl , or R'and R’’ are connected to each
other to form a cyclic structure including the N-atom {o which they are attached, or Z
15 a group which may be converted to a djmethylaminoﬁaethyl group, the dotted line is

- adouble or single bond and Hal is balogen, or a salt thereof and/or the opposite

enantiomer of an acylated diol having the formula

wherein R, Z, the dotted line and Hal are as defined above, Wis O or S, and R’ is
“Y.R}, wherein R' is Cy.jp-alkyl, Cy.10-alkenyl or Cp.jo-alkynyl all of which may

- optionally be substituted one or more times with substituents selected from Cra0-
~ alkoxy, Cl-l-o—a]kylﬂﬁq, hydroxy, halogen, amino, nitro, cyano, Ci.ip-alkylamino, di-

. (Cr-alkyl)amino, aryl, aryloxy, arylthio and iieteroar’yl, or R! is aryl; wherein any

of the aryl and heteroaryl groups may optionally be substituted one or more times

~with substituents seleéted_ﬁom Crao-alkyl, C;jo-alkenyl, Cy.1o-alkynyl, Cl-m-all{%;gg"




80 al kylthio, hydroxy, halogen, amno, nitro, cyano,

Cl _10-alkylam no and di-(Cl_1- al kyl)am no; Ri12irebAgry 2007

defined for Rf 5 R2 is as defined for R, or RZis a
suitable Il eaving group; or R and Rl together forma
wo sdarasaf 3 to 5 carbon atons; provided thaprWkaingoddsis
not S when Xis S; to forma mxture of the starting
material 10 of formula (79) in either the R- or the
S-form and opposite enantioner of a conpound having
Cl-t-dﬂkjl I%Wdrom Fl&loggnl@!ﬂind;hitrg( ¢ydho, &5o-mm1md . i d'd&l gﬂﬂcl-w*

.. R3, e dott [ an are as defined above;
akfferipc g s Pt B sl & § SARBSIRLl o 12
February 2007 WD 2004/014821 PCT/ DK20031000537 81
OR ROH ro \| Hal (1LV) whereinlIt, Z, W Hal, the
a} dot ubiecingeragpraicRempguad gt fogeilaned above; to sel ective

5 enzymati c deacylation to forma m xture of deacyl ated
conpound of formula 5 OH R OH Hal (I1)
OH .

Fal a

wherein R, Z, the dotted line and Hal are as defined above, to selective enzymatic

acylation using an acylating agent having the formula

1 R 1.
R()J\X RI - or RLX)J\RI or v }(__:R.1 o

10

or an isocyanate having the formula R™-N=C=0 or an isothiocyanate having the
15 formula R1—N=C=S;'

" wherein XisOorS; WisQorS; Uis O or 8, V is halogen;

R i Cp.10-alleyl, Cp.1g-alkenyl or Cqq-alkynyl all of which may optionally be
7 sﬁbstituted one or more tlmes with-substituénts selécted from Cl-loaa]kﬁxy, Ci-10-
2 alkylthio, hydroxy,- halogen, amino, nitro, cyéno, Ci.io-alkylamino, di-(Cia0-
| ‘alkyl)amino, aryl, arjrloxy, arylthio and heteroaryl, or R? is aryl, wherein any of the
aryl and heteroaryl groups may optionally be substituted one or more timeswith ~

- substituents .se_lclactqd from Cy.y¢-alkyi, Cp.jp-alkenyl, Cg_m-a.]kynyl, Cl.m-a]koxy:si;g_sz; > g
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“wherein It, Hal, the dotted line and Z are as defined

above in elther the R or the S formand the ja¢ebabBd2007

starting material of formula (1V) in the formof the
opposite enantioner; 10 optionally followed by, in
wo 200k0fagrn order, i sol ation of the S or R- epaiiipkosBloodl7
the conmpound of formula (I1) and/or the opposite
enantionmer of the conpou#®d of formula (1V) or a_salt
thereof. 15 2. The nethod according to claim!l a) 3.
alkyliHie, hydtolydhahegenratiing ito, cimionCla)kyladnored disEiyio-2007
; .2004/ 014821 PCT/ DK2003/ 000537 82 4. The net hod
alky. ding to any of clains 1-2 wherein the acylation
of -the conpound of formula (I[) results in a mxture
R'is@oaéfedifa®’t he conpound of formula (11) in the S-form
and the conpound of formula (IV) inthe R-form 5 5.
The net hod according to any of clains 1-2 wherein the
R? is38 UbBfeh 98 10f ol H?es 2 SRANR YN %? rnul a (I1) results in
a mxture contalnlngthe co d of formula (I11) in
the R-formand the conpound of fornmula (1V) in the

oS e U5 B 2 o

formula (1V) results in a mxture containing the

conpound f for the S-formand the

PTOV@B%%WC@ v lﬁa?ﬁwﬁen@% H\g’lt?l ?‘% pixfuss o thestariing materinh

|

o Bl LB cB e S nd Byt PO} g

havirigthedfomowlaur e cont ai ni ng t he conpound of fornmula 15
(I'V) in the R-formand the conpound of fornula (1l) in
the S-form 8. The nmethod according to any of clains
1-7 wherein Hal is fluorgwand Ris hal ogen or cyano,
preferred Ris cyano. 20{] 9. The nethod according to
any of clainms 1-8 whergin e dotted line represents
a single bond. 10. Thejnethod according to any of
claims 1-9 ane Z is dinmethyl am nomethyl or. a
group that may : verhed to adi net hyl am nonet hyl

L

Hal a

wherein R, W, Hal, R?, the dotted line and Z are as defined above; or

- b) subjecting a racemic compound of formula
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15

25 group, preferred Zis a
11. The method according to
8-10 wherein the acylatiog
sel ected fromthe conmpounds
wo f08o4dg) - 30 12. The net hod
whereln the acyl ati og agent
fromthe conpounds of forgu
February 2007 WD 200410148
13. The net hod accordi ng
acyl ati ng. agent
The net hod according to

-agent is a conpound 5 f
met hod accor di mg j
agent is a conpo for

nmet hod accor di ng
0]
wherein Wis O .
11-17 wherein Xis O
~any of clains 11-18
i ndependent |y sel ect ed
and C24-al kynyl all of
substituted one or nore
sel ected from Cl1. 4- al koxy,
hal ogen, am no, nitro, cyan

9
n

iC

is a conpgpnd

Hcl aj

om C1. 4- al kyl ,

di met hyl am nonet hyl group.
any of claims 1-2124ebrant007
agent is a compound
of formula (1l1la), (Il1lb)
according to ?h%hﬁb&ﬁmossr
is a conpound selecte

la (I'l1la) and (Il1b). 12

21 PCT/ DK2003/ 000537 83
claim 12 wherein the

of formula (11Ta). 14.

i.m 12 wherein the acyl ating

mula (11b). 15. The

| wherein the acyl ating
mula (Illc). 10 16. The

11-13 wherein Uis
any of clains 11-16

met hod according to clains

. The nethod according to
R, Rl and R2 are
C2. 1- al kenyl

h may optionally be

Hal mes Wi th @gpstituents

Cl. 4-allcylthio,
, Cl _4-al kyl ami no and di

hydr oxy,
20

bRt e g D B o P SR sBOF o7 m o

eng/alio dedeyBtidn 16FHRONMAE TGS dedBylaitd SoriRuf@af fee@adi ng to

claim 19 wherein e, R and
sel ected from C1. 3-al kyl,
C2. 3-al kynyl all of whi
substituted one or
selected from G
hal ogen, am no, n
di - (Cl1- 3-

Hal
wherein R, Hal, the dotted line and Z are as defined above 111 _either the R~ or the S-

C2 3-al kenyl
may optionally be
nore jtinmes with substituents
koxy, Cl1_3 al kylthio,

c%ﬁgo, C13- al kyl am no and

R2 are independently
and :
25

hydr oxy,

L

ity

form and the acyla'ted starting material of formula (IV) in the form of the opposite

enantiomer;

optionally followéd by, i_n‘ either order, isolation of the S- or R-énantiomer of the

compound of formula (II} and/or the opposite enantiomer of the compound of formula

(IV) or a salt thereof.

2. Themethod according to claim 1 a).

3. - The method according to claim 1 b).
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15

20,

25

30 -

. selected from the compounds of fomwla([ﬂa_) and (IIb). -

al kyl )yam no. 21. The nmethod according to claim 20

wherein R and R are Cl3-alkyl and R2 is 30 12 February 2007

G _3-allcyl substituted one or nore tines with hal ogen
or R2 is C2.3-alkenyl. 22. The nethod according to
wo 0dn1a13 wherein R.and RL are independent bgrmprsiosoioss
fromCl..4-al kyl, C2.4-al kenyl and C2-1-al kynyl all of
whi ch nay opti onaIIy be 32 February 2007 WO -
2004/ 014821 PCT/ DK2003/ 000537 84 substituted one or
4, NOMhe hictidd avdokdingtolday bf clgindsd -3 eheeindble daytation of the

Cl. 4- al kox Ct A-. al kylthio, hydroxy, halo
comﬁplp}dd)f f@%ﬁﬁ)(ﬁ) PRSI R X G DS e((@Ppgu.tgde or}”formrEla
Y5 )EH AR thoodrbould6f BRRNSHVG EEMe @ Afn © cl Al m 22

erei n wherein are’ independently sel ected
fromCl. 3-al kyl, C2_3-al kenyl or C2.3-al kenyl all of

e

com@bun’ﬂ-cﬁ”lftmiuﬂd(m Iesh]ﬁ(tjﬁn@tmxtuk‘@dommﬁng ﬂﬁicﬁm;)ounﬂbti gmgzlﬁa ? ?1 :
( no an e
(D pebe Fﬁ?}ﬂlf%‘ng ngof(’i‘f]‘é‘é%%ﬁé]ﬂﬁ% n‘ia %}]?H'nd RL are

Cl. 4- aI kyI . 25. The nethod of claim 24 wherein R and

Rl are Cl.3-alkyl, suitable nmethyl, ethyl or tp
6. pr Ghenrcgwdpeconding torsy phclaimisd avdBidieren tb§|daw1amn0 e’

compSieRoihi3¥) ReaRF o LAMGAARENIatS SrdBUEFAbIO T

IV YiRYhedPforeral he dompswrdsififormtad(IT) dnthe ®-formre tines with
substituents selected from C1. 4- al koxy,
QA -4-alkylthio, hydroxy, halogen, amno, nitro,

7. cyfme mefibd 4cdidg @Bn Of Abchsdi md Glvihondik We)deabyEon6f tBO

is a leaving group, such as succinimdyl, HOBt and
compﬁ d afformplpe(TEreREis i mixtweroptgnizdhe pomneind of foEnde  ed

O i ol O (D B e et s

W|th substituents selected from d _3-al koxy,
drox

| kyl.th al ’
6 megdsCearpig WS oY e ? PR R B AP AR R B o
haldg%n gr]éraﬁé lo¥eferfadlIeisicyatioed or '

y

9. The method according to any of claims 1-8 wherein the dotted line represents

a single bond.

10. ° The method accbrdjng to any of claims 1-9 wherein and Z is
dimethylaminomethyl or a group that maiy be converted to a'dimethylaminomethyl
group, preferred Z is a dimethylaminomethyl group. |

11.  The method according to any of claims 1-2, 4-5 and 8-10 wherein the
acylating agent is a compound selected from the comi)ounds of formula (Ifla), (I1ib)

and (J@c).

12.  The method according to claim 11 Wher_ein the acylating agent is a compound
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22, Themethod according to olaim 13 wherein R® and R are independentl |
- selected from CH-a}kyI Cz.4—alkeny1 and C24~aﬂcyny1 all of which may 0131:1011 ally e

nmore tines with halogen or R2 is C24-al kenyl. 28. The

met hod according to claim27 wherein R is O _3-m@bkyky 2007

C2. 3-al kenyl and C2_3-allcynyl all of which nay
optional ly be substituted one or nore tinmes with 30

WO %Q&lﬁgﬁuent s selected from Cl1. 3-al koxy, PCT/DK2003/000537

-al kyl thi o, hydroxy, halogen, anmino, nitro,
cyano a _3-allcylam no ad di-(d -3-al kyl)am no and
R2 is C-3-alkyl substituted one or nore tinmes with
13hal dyemethod REordingId climl 1Rewherein & acyliting ABéd Qda compound
of?n%luiad(ﬁﬁ'a% to claim27 wherein Rl is C-3-alk
------ ---- - 12 February 2007 WO 2004/ 014821
PCT/ DK2003/ 000537 85 30. The method according to
cI aim?29 wherein R1 is Cl3-al kyl, such as nethyl,
14et hyfhe Bether apsprding e claimd 2 avheran e beylating et ismesootponmt e
of ¥R O(mggh hal ogen or R2 is C2-3- alkenyl. 5 31. The
met ho cording to claim30 wherein R2 is vinyl. 32.
The met hod accordi ng to claim31 wherein Rl is propyl.

10 d ording to Ia|m15v\,here|nR1|s
t5¢;. THembifa SRR f?waﬁ‘gm e ApWAE Pect 16 agPmpand,
ofﬂﬁmum(md),nal |y be substituted one or nore tinmes with

substituents sel ected from Cl-4-al koxy, Cl4-al kylthi o,
~ hydroxy, halogen, amno, nitro, tyan, Cl.4-alkylam no

1670 T el et S ) Ot E Rl TG emy . e

C2: 3- aI kynyl all of whi ch may optionally be

sub u nor i.me iL.th Cl-3- al koxy,
ﬁtbf’??ﬁcgr ,cawzb"ﬁnﬁ}vgﬁﬁiﬂn%lsﬁitro, cyan,

C13 aI kyl am no and d| (d _3-al kyl)am no. 20 35. The
according to claim34 wherein R is Cl. 3-al kyl,

1802 %h Ré?éj prdinggo clamush Il yhereipdeis @k red RL is -

C, .3-alkyl, such as nethyl, ethyl or propyl, preferred

propyl 36. The nethod accordi ng to any of cI ainms 1-2,

4-5 and 8-10 wherein the acylatin agent IS an

19.i soElrimehed weommg e pry Hrlaoo! bi8 wheien® hRooydRiare of

| deﬁbﬁdeIE@' sglgétg&'}i@m%l.f;—%, C§4-alkenyl and Cy4-alkynyl ali of which may

optionally be substituted one or more times with substituents selected from Cra~
alkoxy, Ci.4-alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy4-alkylamino and di-
(Cr.4-alkylamino or R?is a Icavmg group, such as succlmxmdyl ‘HOBt and pfp orR°

and R together form a chain of 3-5 carbon atoms.

20.  Themethod according to claim 19 wherein R°, R' and R? are ihdependénﬂy-

selected from Cy.3-alkyl, Cza-alkenyl and Ca3-alkynyl all of which may optionally be
substituted one or more times with substituents selected from C;.3-alkoxy, Cp.3-
alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy3-alkylamino and di-(Cy.3-

- alkyl)amino.

21. The method according to claim 20 wherein R and R! are Cl_3—aikyl' and R? is
Cy.5-alkyl substituted one or more times with halogen or R*is Cy s-alkenyl. -
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29, Themethod according fo claim 27 wherein R' i _Cl.3—aﬂgjr1.

37. The nethod according to claim 36 wherein the

acylating agent is an isothiocyanate of the fijomabhary 2007

R-N=C=S. 30 38. The nmethod according to claim 36
wherein the acylating reagent is an isocyanate of

wo 20mrmgta R1- N=C=0. 39. The net hod accor di ngysxaycsdsr

clains 36.38 wherein RL is Cl-4-alkyl C 4 f al kenyl
or C2.4-al kynyl all of ws8#ch nay optionally be
substituted one or nore tinmes 12 February 2007 WO
sub@itéd Qs 2orPnEDKRD BRsR0SHESEIBEd foint O saiksty] Cupgnt s
Lected from Cl4-al koxy, Cl4-al kylthi.o, hydrqxy,
i, S AR - i, O Cret e b Er i
alkfljardifel - 4- al kyl ) ami no. 40. The nethod according to any

of clainms 39 wherein Rl is G -3-alkyl, C2-3 5 al kenyl
or C2-3-al kynyl all of which may optionally be

' . 1 t - _ ,
T - T e e A,

indépbadentipbdtestedfrono Canalkyl] €4 CalkSryhdiGals)adipngball efwhichliney
th acgor.di to claim40 wherein RL is (O 3-al kyl,
ol Eonp i R R s G o g bl pHESHERTRI S ror
alkdiyaC l@hﬁliylwb?hﬁirﬁxﬁhalogeﬂlﬁhﬁﬁd, niti@! diho, (QL-alkyRiMthe and di-
preferredpropyl. 15 43. The nethod according to any of
Creply. 0. 3 and 6-10 wherein the racenic conpound of
formula (1V) used is a conmpound wherein Y is O, or S.
44. The net hod according to claim43 wherein the
24. r adheirethod spmouting tofcldim2dwharei R4ndiRe ape €opgikyind
wherein Y is 0. 20 45. The nethod according to claim
43 wherein the racem ¢ conpound of formula (IV) used

25,1 S The 6RHRA BNEla2S ®hétei R andR! 46 C) FaRylredibow margr di ng

to any of clainms 1, 3 and 6-10'wherein the racemc 25
ethyd grpreRidoreferredpiepYla (1) used is a conpound wherein Y
is a bond. 47. The method according to any of clains

1, 3 and 6-10 wherein the racem c conpound of formula
26. (i \Ihe usthad pEclaint bhwbereid RMand BY are iadegentlintly is selected from

Ci4-alkyl, Cy4-alkenyl and Cy4-alkynyl all of which may optionally be substituted

- one or more times with substituents selected from C, 4-alkoxy, Crg-alkylthio,

hydroxy, halogen, amino, nitro, eyano, Cg-alkylamino and di-(Cy-4-alkyl)amino or
Riisa leaving group, such as succinimidyl, HOBt and pfp.

27.  The method of claim 26 wherein R! is selected from ‘Cy.5-alkyl, Cy.s-alkenyl or
Co.3-allcynyl all of which may optionally be substituted one or more times with

substituents selected from Cy.3-alkoxy, Cy.s-alkylthio, hydroxy, halogen, amino, nitro,

cyano, Cy.s-alkylamino and di=(C;s-alkyl)amino and R? is Cy.4-alkyl substituted or

more times with halogen or R? is Cy4-alkenyl.

28. The method according to claim 27 Wherein R! is Cps-alkyl, Cp3-alkenyl and
Cy.s-alkynyl all of which may optionally be substituied one or more times with

Substituents selected from Cy.5-alkoxy, Cis-alkylthio, hydroxy, halogen, amino, nitro,
cyano, Cys-alkylamino and di-(Cy-alkyl)amino and R? is Cy.s-alkyl substituted one
or more times with halogen or R? is Cs-alkenyl. |




10

15

20

25

30

30 48. The method according to any of clainms 43-47

wherein R is Cl-10-al kyl, C2.1lo- al kenyl or G2.tebruary 2007

o-al kynyl all of which may optionally be substituted
one or nore times wth substituents selected from .
Woz@tmh&zf" koxy, Cl.1lo-alkylthio, hydroxy, hatpgRbesm00ss7
nitro, cyan, C-io-al kylam no and
(q -1 o-al kyl )am no. 12gsFebruary 2007 WO
2004/ 014821 PCT/ DK2003/ 000537 87 49. The net hod of
claim 48 wherein Rl is dio-alkyl, C2-io-alkenyl or

Glo- alkynyl all of which may gptionally be
30. s yBheimethadpceprding to Aigine29 Whersing: tlmcwﬁkyl; gl g methyl,

R R e e R R e

dhﬁWlls Cl lo-al kyl. 51. The nethod accordlng to any of
claims 1-2, 4-5 and 8-42 wherein the enzynmatic
acylation is perfornmed with a hydrol ase, such as a

311 I PBRSuetadl @S&rﬂhgﬁi@clmﬁﬂmﬁﬁéfbﬁ&@lﬁmﬁ protease. 10 52.
The nmethod according to any of clains 1, 3, 6-10 and
40- 50 mhiéfin the enzymatic deacylation is perforned
Wi t esterase, an

2acy §g%£%r‘§h%§§ éggémaﬁgw@35h$ﬁ%ﬁ%g od according to
any of cl ains 51 52 wherein the hydrolase is used in

3En %@@ﬂ’g ‘E@j“l“{ @e ShRE %ﬁmﬁ%&,@ﬂu ok el(jlauzld

@ﬂﬁﬁg@mnafxbﬁcmﬁy eftichbiy v@suﬁaut&t%d vhesrahdie tiiRs RNEY Me

is 20 selected from Pseudononas sp | i poprotein

S“bﬁt}%f‘é‘é%‘e eetsf doBCraratlsasy; Gm-ﬂkﬂﬁ%h aFy Dalogsp Ao atiro,
%.Eﬁﬁﬁ t or variant of these
cyaJé\(ﬁz@ygrr—1=: ; %& SgdLany ccord| ng to any of clains
51 54 mhereln the enzyne is Pseudononas sp.
rotein |i ant arlatof
ps TR R PoessRE S Ml HARER R s BRe srvisinoa
_ﬁaemﬂmn@fwmci@inay BpthimalBs @bﬁltﬁtﬁ@o@d’&me usRswith Cy;-
Pse ?b‘x I |£agpr otei,n Iipase. 30 57, The nethod
alkoxye mﬁ% %haﬁg?xxsf QESTr ARG, NP, GHEP - %lhém@wwﬁ%da
(C1-9%ﬂ€91)_§ﬁmo.

35.  The method according to claim 34 wherein R is Cy.s-alkyl, Cy.s-alkenyl or C,.
s-alkynyl, preferred Rlis Cis-alkyl, such as methyl, ethyl or propyl, preferred propyl

'36. = The method according to any of claims 1-2, 4-5 and 8-10 wherein the
acylating agent is an isocyanate of formula RN=C=0 or an isothiocyanate of the
formuta R'-N=C=S,

37.  The method according to claim 36 wherein the acylating agent is an
: isofhiocyanate of the formula R*-N=C=S.

.38. The method according to claim 36 wherein the acylating reagent isan
isocyanate of formula R™-N=C=0.

l39. " The method asccordmg to any of clalms 36 -38 wherem RI is CM—a]kyl; o
' 'alkenyl or C24-alkyny1 all of whlch may ophonally be substituted one or more txmes
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antartica lipase B or a nutant or variant of Candida
antartica |lipase B. 58. The nmethod according tlQP%bﬁiaE).?OW
57 wherein the enzyne is Candida antarti:Ga |ipase B.
- 12 February 2007 WD 2004/014821 PCT/ DK2003/ 000537 88
WO 200901495i€ et hod according to clai m58 whepgtBrbddSooossT
- enzyme is Novozynme(9435. 60. The nethod according to
any of clains 51-54 wher@& n the enzyne is 5
Ther nonyces | anugi nosus | i pase or a nutant or vari ant
witho ubktiemts selectsl froanCgi-alkduys C, J-hipgigto, hdroxyl eiloweh,hedno,

accord cl ai 0, whe n the enzyne is
mﬁol’ﬁ%‘?ﬂ‘?oh%@éﬁ &g‘;‘%cﬁéhrs ﬂl‘@bﬁ%@ﬂ 10 62. The met hod
according to claim6l wherein the enzyne is Lypozyme

TL 1M 63. The method accor di ng to any of clains 1-
40. 52 Tiipiethiod agqeediemioywrn of daime PP athewin R'i§CoralkfleCs -

alkeB A%y .t_l resenc of an
o Tk oy R B e SRl BBt ol G380
WlﬂBEI-s-ﬂh%mﬁﬁmﬁyﬂmduydﬂom hebogeh Aintind Ritwh) ey20b,7C;t;he
nzynmat on or enzymatic deacylation is
a]kygagf’“g %‘%ﬁf‘g&e”ﬁ‘]‘%(lj‘?@%'esence of an organic acid. 20 65.
The method according to claim64 wherein the enzymatic
acylation is carried out in presence of an organic
41." 5 ciThe mgihod Wﬁ:@rdmtﬁ@bmaéema@newgt tioCrralkydf Colt dkamy! @4- 65
Cz-s-\g{([:k?gﬁ' n the organic acid is an 25 aromatic carboxylic

or an aliphatic carboxylic acid. 67. The nethod
according to any of clains 63-66 wherein the organic

cted from opi oni.c_aci d SO- propi onic
B%?{ﬁ??’i“ c ]Tfre“i‘go{)m?ﬁv isthyh of d’mPYLso- val eric

prefafddgm ¢t et hyl butyric acid, cycl ohexanecarboxylic acid,

plvallc acid, benzoic 30 aC|d p-tol uic acid,

salicylic aC|d and 3- phenylproplonlc acid. 68. The
. pg@g?@aﬁﬁs&wcgfdgg th QuFordThb 1, IWA'6Cl Wil diéin Rlc02NT € aci d
racemic compound of formula (IV) used is a compound wherein Y is O, or S.

 44.  The method according to claim 43 wherein the racemic compound of formula

(IV) is 2 compound wherein Y isO.

45.  The method according to claim 43 wherein the racemic compound of formula

{IV) used is a compound wherein Y is S.

46..  The method according to any of claims 1, 3 and 6-10‘whérein the racemic

compound of formula (IV) used is a compound wherein Y is a bond.

~ 47.  The method according to any of claims 1, 3 and 6-10 wherein the racemic

compound of formula (IV) used is a compound wherein Y is NH.

48.  Themethod according to any of claims 43-47 wherein R is Cl_mQalkyl,ng-.m-

- ‘alkenyl or 'C}m-aﬂcynyl all of which may opﬁdnaﬂy be substituted one or more times

' W1th substltuents selected from C,.10-alkoxy, Cy.jp-alkylthio, hydroxy, halogen, o

amino, nitro, cyano, Cl_m-alkylammo and d1—(Cl-10—a]kyl amno.
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. 58.  The method accordmg to claam 57 wherein the enzyme is Candlda antarﬁj

69. The S- or R-enantioner of a conpound having the
fornula (1V) 12 February 2007 WO 2004/014821 12 February 2007
PCT/ DK2003/ 000537 89 OlLR R OH Hal (1Y) wherein R

is cyano or a group which may be converted to cyano, Z

' oup -CH2- N(R R') wherein Rand R’

Wo%?lﬂﬁ“#& p or Rand(R" a?re connected to eaﬁ’;}ﬁnlﬁﬁ}osmgss'l
forma cycl ic structure igacluding the N-atomto which
they are attached, or Zis a group Whl ch may be
co I I

9ha&}éggltﬁﬁg%%ﬁmdodm£%ﬁgls "[FB]E%“I |ne re 1rla(;sen s a
alkytybifll ef wiictamay opjlopalljorecspbsiButedsone ¥r Rbre tivhesrveitnsuBbtitiients
- 10- al kyl | o-al ken orC240aIIcynyI all of
Sel?%‘?flgﬁi?nﬂﬁ@%‘& %‘ﬂ%ﬁ%%&‘ﬁ%‘b G9PM%d one or nore tines
vvith substituents selected from Cl -10-al koxy,
| O al kyIthlo 10 hydroxy, hal ogen, anmino, nitro,
30. cyaﬂ’&meé}ﬂ eariips torleie 49avherain Rols&iiyd¥¥ni no, arvyl
aryloxy, arylthio and heteroaryl, or Rt is aryl,

- wherein any of the aryl and heteroaryl gr oups may
51. optTlmrmthqzl ab@r@ubwt anwqu eld!ntsriez (4|=5 andr8e42 whersinet h

cor GRS RO pRSSh Sl R i g ot
acy@ggd@-@btkasbt hi o, hydr oxy, haI ogen, am no, nitro,
cyano, Cl-to-al kylam no and di-(Cl-1o-al kyl)aniino and
Yis a 15 bond, O S or NH, or a salt thereof. 70.
52. Th erHe dl‘ig&ﬁdn%fb%@oﬁaaﬁtﬁql @Im&&d%@oewﬁbréﬁme S

| uoro, ogen or cyan, preferred I'S cyano.
enzﬁmﬁb]dea%ﬂ@oe irepret oot withcakgrddlasg, such amyhpase @h gitenaset ga
wher |n the dotted line represents a single bond.

acylf‘ﬁeor'ﬁ%og?’fgntl omer according to any of clainms 70-71
mhereln Z is dinethylam nonethyl or a group that may

g i L TR T
the ?cQQFof a0 A AR e &@FA@@Q&&W@@ (CLEC)

~ enzymes.,

54.  The method according to any of claims 51-53 wherein the. eﬂzynie used is
selected from Pseudomonas sp. lipoprotein lipase, Candida antartica lipase B-and-

Theﬁnomyces lanuginosus lipase or a mutant or vatiant of these enzymes. .

 55. ' The method according to any of claims 51-54 wherein the enzyme 'is‘

Pseudomonas sp. lipoprotein lipase or a mutant or variant of Pseudomonas sp.

lipoprotetn lipase.

56.  The method accbrdjng to claim 55 wherein the enzyme used is Pseuvdomonas
8p. lipoprotein lipase.

57.  The method according to any of claims 51-54 wherein the enzyme is 'C'andida

. antartica lipase B or 2 mutant or variant of Candida antartica lipase B.

'.,hpaseB
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90 73. The enantiomer according to any of clains
69-72 wherein Y is 0 or S. 74. The enanti onern2 February 2007
according to claim73 wherein Yis 0. 5 75. The
enanti oner according to claim73 wherein Yis S. 76.
wo 20bye4enant i oner according to any of cl ai meeE%hr2003200537
wherein Y is a bond. 10 77. The enanti onmer accordi ng
to any of clains 69-72 W&rein Y is NH 78. The _
enanti omer according to any of clainms 69-77 wherein R
is ClA-al kyl, C24 al kenyl or C2.y-al kenyl all of

h 0 n .be _substituted one nmore  tines
i RO o AP it s St e e s %Wrne@m |
C A-al kyl tbi o, hydroxy, halogen, 15 amino, nitro,

cyano, Cl.6-al kylam no _and di-(Cl A-al kyl)am no. 79.
60. Th ah@ﬁ@ﬂlori@%mm@cm Phejaims 53+ wherdn Weengime Rl i s

el Ishein e it 0eon i of MR Pl

lipaggubst i t uent s sel ected from Cl1- 3- al koxy,

Cl- 3-al kyl t hi o, hydroxy, hal ogen, am no, nitro, 20
. cyano, Cl-3-al kylammo and di - (Cl-3-al kyl ) ani no. 80.
61. Thehenatol @é&i‘d 16Q:6kh 80 wWherehd ik BhASn I eh&hBdnigces S

Cl - 3-al kyl . he enanti omer according to any of
lanusmawﬁlpe@ 77 V\herl n R is Cl-1o-al kyl, C2- 25

lo-al kenyl or C2-10-al kynyl all of whi ch may

optionally be substituted one or nore tinmes with
62. sulih¢ iethod hecostigioteliin i sie@in the emlykmiy Lypozyme™ TL -
™ ClL 1O al kyl thi o, hydroxy, hal ogen, amno, nitro,

"cyano, Cl.6-allcylam no and di-(Cl-10 al kyl)am no 82.
The enanti onmer according to claim81 wherein Rl is
Cl-1 0O al k C2-10-al kenyl 30 or C2-10-allcynyl all
63. of Thi meﬁogfﬁ«gﬂoma tgaay piclims dup wherginghe @m@megc gaylation
Ol‘ﬂ{(:; a\ﬂ'ctd %Qﬁfs'cﬁﬂﬁﬂbﬁt }egﬁ{cggg%ﬂ%%ﬂé(gﬁsg)é

e

nitro an yan enanti oner

| Orgaamaollddlrngtnxfmrﬁihamﬁ 82 wherein R is C. 10-al kyl,

prefer - unbranched Cl-1lo-al kyl. 12 February 2007 WO .
2004/ 014821 PCT/ DK2003/ 000537 91 84. A nethod for the

64. | SBheinkdod acdrdng tb tiaia 63 eheefn thbenarROLhibavt Ng the .

for . .
: enzymatlgﬁeacylation is carried out in the presence of an organic acid.

65. Themethod according to claim 64 wherein the enzymatic acylation is carried

out in presence of an organic acid.

66. The method according to any of claims 64-65 wherein the organic acid is an

aromatic carboxylic acid or an aliphatic carboxylic acid.

67.  The method according to any of claims 63-66 wherein the organic acid is
selected from n-propionic acid, iso-propionic acid, n—butyric acid, iso-butyric acid,
iso-valeric acid, 2-ethylbutyric acid, cyclohexanecarboxylic acid, pivalic acid, benzoic
acid, p-toluic acid, salicylic acid and 3-phenylpropionic acid. | '

68. The method according to claim 67 wherein the organic acid is pivalic acid. ~ ~

69. TheS-or R—éﬁanﬁomer ofa compound having the formula (IV) |
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. group, preferred Z is dimethylaminomethyl.

W O ROH-~Z5 Hal (IV) wherein Ris cyano or a
group which may be converted to a cyano group,2tHBruary 2007
dotted line represents a double or single bond, I
is halogen, Zis a group -CH2-N(R R') wherein V\and R’
wo 2004814654 6-al kyl, or Wand R' are connected §&ysdabsiqbier
to forma 10 cyclic structure including the NNatomto
whi ch they are attached,ggor Z is a group which nmay be
converted to a di net hyl am nonet hyl group, Wis 0 or S
and R3 is -Y- R1L wherein is a bond, 0, S or NH and
Rl is O _lo-al kyl, CZ.t(iIékenyl or C2-10- al kynyl all
of which may optionall}) Jubstituted with one or -
nore substituents selgcted from d _| o-al koxy,
A -1 o-al kyl t hRQ hal ogen, am no, nitro,

cyano, C _ 15 10 yl am no, di-(CLl-1o0-al kyl)am no,
aryl, aryl oxy, i 0 OfAnd Jeteroaryl, or R is
aryl, wherein any~ef Té€ the aryl and heteroaryl

~groups may optionally
times with substituen
C2- 1lo-al kenyl, C2-10
"~ d-lo-al ky"1th|o hyd

pe substituted one or nore

s~gel ected from Cl-10-al kyl,
dynyl , Cl- 1o-al koxy,-

Xy hal ogen, am no, nitro,

cyano, Clao- al kylam nd and di-(Cl-1o-al kyl)am no, or
a salt thereof 20 and/gghithe diol formula 12
February 2007 WD 2004/014821 PCT/ 003/ 000537 92 OR
R OH Hal (11) wherein R Z, Hal and the dotted |ine

o o RO B8 2 AR
NR R vilietdin Rfanfl @ st &, {-hlkyl, ovRiaedh R’ Tare cumptdtaiis cach other
to form a cyclic structure including the N-atom to which they are attached, or Zis a
group which may be converted to a dimethylaminomethyl group, Hal is halogen, W is
O or S, the dotted line represents a double or 2 single bond, R’ is -Y-R‘, wherein Rlis
Crao-2lkyl, Caio-alkenyl or Cy jo-alkynyl all of which may optionally be substitnied
one or more times with substituents selected from Cy.jo-alkoxy, Cy.io-alkylihio,
hydroxy, halogen, amino, nitro, cyano, Ci.so-alkylamino, di-(Cy.e-alkyDamino, aryl,
aryloxy, arylthio aﬁd,heteroa"ryl, or R! is aryl, wherein any of the aryl and heteroaryl
groups may optionally be substituted oﬁe or more times with substituents selected
from Cy.q0-alkyl, Cp.1o-alkenyl, Ca.to-alkymyl, Ci.10-alkoxy, Cr.io-alkylthio, hydroxy,
halogen, amino, nitro, cyano, Cy-j¢-alkylamino and d1~(C1.w -alkyDamino and Y is a
bond, O SorNH, ora salt thereof.

70.  The enantiomer according to-claim 69 wherein Hal is fluoro, R is halogen or-

| cyano, preferrcd R is cyano.

71. - The enantiomer according to any of claims 69- 70 wherein the dotted line

Tepresents a smgle bond.

72. The epantiomer accordmg to any of claims 70—71 wherein Zis

dlmcthylammomeﬂ;lyl ora group that may be converted toa dlmethylammom 'thyl
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a) treating said mxture containing the conpound of
formula (1V) and the diol of formula (Il) in a2FekiuaRe007
of water and an organic solvent in the presence of an
acid; b) separating the aqueous phase containing the

wo 208asQf formula (11) as a salt of 10 Sabénﬁf(b‘fbslﬁﬁo@ﬁ‘

73. a
74
75.
76.

7. p

78.

the organic phase to obtain an organi c phase

contai ning the conpound ¢pf formula (IV) as a salt of
said acid; and optionally isolating the conpound of
fornmuta (II) as the base or as a salt thereof and
optionally isolation of the conpound of_ fornula (1V)
as Thyenaghareer gpcoading forany E elaigts 69-75vigeir i ds Qr Bod
according to claim84 wherein the S-enantioner of the -
diol of fornmula (Il1) is separated fromthe

R- Fhaeatantemesr acfordihg toadaiin Bevlicyat Ytis Qe of fornmula (1V)
20 86. The nethod according to claim84 wherein the
S-enantioner of the acyl derivative of formula (1V)

| STEEARLAIRE abdopdhg Reoldiuemartie@ielis ©f the di ol of
formula 87. The nethod according to clains 84-86
wherein the m xture of the R or S 25 enantiomer of an

:(r:]g%? ‘lq%ﬁrr%arﬁérfax %I{OQ‘F‘W¥& or rrul gﬁ?ﬁt ﬁg@gﬁ’:ﬁ%ﬁ step a)

has been prepared according to the nethod Nt clains

1- 12 Feb 20 7 20 21
AT B0 R TR YN, | o and

purl fication of the acyl derivative having the

formula O R OH 5 Hal wherein Ris cyanp or agroup
m?ﬂs%ewawraem@s oy of elaims o8 7 grhstan RHﬁ Cripglky’

d I
cL G, Mt Sl oy,
hmeRVafhrwbmue@tsasbleytbd from (RantkoRry, GQueaikybhincksideakyt dalogah
amitk e, cyano, Cy.-allylamino and di-(Cy.s-alkyT)amino,

79.

The enantiomer according to claim 78 wherein R'is Ci.3-alkyl, Cy 3-alkenyl or

Ca.3-alkynyl all of which may optionally be substituted one or more times with '

substituents selected from Cy.s-alkoxy, Cis-alkylthio, hydroxy, halogen, amino, nitro,
cyano, Cy.3-alkylamino and di-(C;.s-alkyl)amino.

80.

81.

The epantiomer eccording to claim 79 wherein R” is Cl.g-a]kyl.

The enantiomer according to any of claims 69-77 whierin R” is Cl.lo-amyl, Cy.

10-alkenyl or C;-1o-alkyny] all of which may optionally be substituted one or more

© times with substituénts selected from Cy.ip-alkoxy, Cig-alkylthio, hydroxy, halogen,

amino, nitro, cyano, Cy.¢-alkylamine and di-(C;.jg-alkyl)amino

82.

The enantiomer according to claim 81 wherein Rlis Ciao-alkyl, Cypo-alkenyl

or Cyp-alkynyl all of which may optionalty be substituted one or more times with

substituents selected from, hydrdxy, halogen, amino, nitro and cyano.

83,
' unbranched C;-m-a]kyl

The enantlomer accordmg to claim 82 wherein R'is C;. lo-alkyl, prcfer'i e
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10 to forma cyclic structure including the Natomto

which they are attached, or Zis a group whighFraem 007

converted to a dinmethyl am nonmet hyl group, Wis 0 or S
and R3is -Y-R wherin Yis a bond, O, Sor NHand R

' -10-al kyl, C2-i o-al kenyl or C2- 10- f
woz%%’i"gﬁnnay optionally be substituted one glr&wgosﬂ'ﬂryr%g

Wi th substituents selectggd from Cl_10-al koxy, .
Cl_to-al kyltbio, hydroxy, halogen, am no, 15 nitro,
cyano, Cl-1o-al kylanuno, di-(C-1o0-al kyl)anmmo, aryl,
aryl oxy, arylthio and heteroaryl, or RL is aryl,

84. whey methodifoy thefisdldientshépaificktiand thetoamoand havinpdbeps may
optionally be substituted one or nore tinmes with

forrgfipstit uents sel ected from ClL.10- al kyl,

C2- 10- al kenyl, C2-10-ailcynyl, Ci-1o-alkoxy,

Cl1-10-al kyl thi o, hydroxy, hal ogen, am no, nitro,

cyano, Cl-1o-al kylam no d di-(Cl-1lo-al kyl)am no, or
a salt thereof 20 and/orjthe diol of formula - ------
---- 12 February 2007 04/ 014821

PCT/ 0K20031000537 94 R OH Hal (Il) wherein R
Hal , Z and thé™d S ine are as defined above, from

a m xture contai -tt‘@HacyI derivative of formula
(I'V) and the dio Oy L\a/fll), whi ch conprises: 5

derivative of forrmula (V) and the diol of fornula

(I'l) in a mxture of , a protic organic sol vent
and an apol ar organi vent; b) separating the
aqueous phase contai nfRg“the diol of formula (11),

~ fromthe 10 organic phase to obtain an organi c phase

~containing the acyl defl&ative of @}nula (1V); and
optionally isolating the diol of fornmula (11) and/or
t he conpound of fornula (1V) from

wherein R is cyano or a group which may be converted to a cyano group, the dotied

line represents a double or single bond, Hal is halogen, Z is a group -CH,-N(R'R")

| wherein R and R"” are C;.¢-alkyl, or R"and R"" are connected to each other to form a
cyclic structure including the N-atom to-which they are attached, or Z is a group
which may be converted to a dimethylaminomethyl group, Wis O or S and R is -Y-
R! wherein Y is a bond, O, S or NH and R' is Cy.19-alkyl, Cy.19-2lkenyl or Cy.10-
alkynyl all of which may optionally be substituted with one or more substituents
selected from Cy-jo-alkoxy, Cl-w—alkylttﬁo,l hydroxy, hAIOgen, amino, nitro, cyano, C;.
m—alkylamino, di~(Cy.1o-alkyl)amino, aryl, aryloxy, arylthi‘o‘ :‘and heteroaryl, or R} is

- aryl, wherein any of the the aryl and heteroaryl groups may optionally be substituted

one or more times with substituents selected from Cy1g-alkyl, Cp.1o-alkenyl, Co.10-

" alkynyl, Cy.so-alkoxy, Cy.io-alkylthio, hydroxy, halogen, amino, nitro, cyano, C.1o-

alkylamino and di-(Cy.1o-alkyl)amino, or a salt thereof

and/or the diol of formula
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t he a'queous/ organi ¢ phase, and optionally conversion

of the conpound of formula (11) 15 and /or (hYFeb@ary 2007

salt thereof. 89. The method according to cl aim 88
wherein the S-diol of the diol of formula (11) is

wo 26elasat ed fromthe R-enantioner of the acdrpkro03/000537
derivatitive of formula (I1V). 20 90. The net hod :
according to claim88 whezein the S-enantioner of the
acyl derivative of fornmula (1V) is separated fromthe
R-enanti oner of the di apgof forrmula 91. The net hod
according to c¢lains 88-B0 wherein the m xture of the
R- or S 25 enahtjomegof a conpound of fornmula (1V)
and the opposite tiop of a conpound of fornula
(I'l') used in step > been-prepared according to
the method in clainms 1462 -~ ------ ----- 12 February
2007 WD 2004/ 014521 PCIIDK2003/000537 95 - 92. A
process for the prepgf pn of escital opram having the
formula NC O F 5 or ar maceutically acceptabl e
salt thereof conprisi pr eparati on of the S-
enantioner of a diol having the formula OH R OH Z
Hal (11s)” 10 wherein Rfals cyano ofa group which may -
be converted to a cyano group, the dotted 1line
represents a double or a single bond, Zis a

whefbi R 18 Brdipeabtiedlling balus defindd abeve) bida sftitlidicofpfyorh @
converted to a dineth%laninonethﬁ; grouE)and

mixifyEg cogiating (e compoRnd of JoupRIB(IY) and the dfol of formula (1), which
COmpIises:

a) treating said mixture containing the compound of formula

a)
E

(IV) and the diol of formuia (I} in a mixture of water and an organic solvent in the

presence of an acid;

b) separating the aqueous phase containing the diol of formula (II) as a salt of

said acid from the organic phase to obtain an organic phase containing the compound
of formula (IV) as a salt of said acid; and

optionally isolating the compound of formula (IT) as the base or as a salt thérqof and
optionally isolation of the compound of formula (IV) as the base or a salt thereof.

85 . Themethod according to claim 84 wherein the S-enantiomer of the diol of

formula ([I) is separated from the R-enantiomer of the acyl derivatitive of formula
(V).

86.  The method according fo claini 84 wherein the S-enantiomer of the acyl
derivative of formula (IV) is separated from the R-enantiomer of the diol of formula

(.

87. The method according to claims 84-86 wherein the mixture of the R- or 8-

enantiomer of an acyl derivative of formnula (IV) and the oﬁposite enantiomer of :_m-' -

‘dio] of formula (II) used in step-a) has been prepared according to the metho@grﬁfs Ve | g
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©  apdfor the diol of formula

15 or the S-enantionmer of an acylated diol having the
formula ---- - - ----- 12 February 2007 WO 12 February 2007
2004/ 014821 PCT/ DK2003/ 000537 96 WO01R3 R OH Z Hal
(I1'Vs) wherein R Z, the dotted line and Hal are as
f above, Wis O or S, and R3is - Y- ﬁ@@ﬁr
wo%mbﬂ?%l lo-al kyl, C2-1o-al kenyl or C2-1o0 ﬁ]rkn eny 65?7
of which may 5 optlonallygbe substituted one or npre
times with substituents selected from Cl- 1o- alkoxy,
C1-10-al kyl t hi o, hydr oxy, halogen am no, nitro,
cyano Cl-1o-al kyl am no, &Cylo aIkyI)anlno aryI
8ar y Aongthodsfoyisplation @n@m@sﬁmaﬂ {he acy dexative bagying the
ﬁﬂﬁmgeln any of the aryl and heteroaryl groups may
optionally be substituted one or nore tines wth
substituents selected from Cl-1o-al kyl, C2-1o0-al kenyl,
C2- 1lo-al kenyl, Cl-1o0-al koxy, 10 Cl-1o0-al kylthio,
hydr oxy, hal ogen, am no, tro, cyan, Cl1-10-alkylamn no
and di - (Cl-to- alkyl)amngland Y is a bond, O S or
Nil, or a salt thereof, (hy t e nmethod in any of
claims 1-62, o tlonally foll owed by, in either order,
conver si o of S Sy R to a cyano group
conversion of the p Zpo a dinmethyl am nonet hyl
group, reduction © dHubl.e-tfond represented by the
dotted Iine to a singlebond and for conversion of the

15 group Hal to a fluorg~group and then ringclosure
‘Iof
i1

under basic conditionsg he S- enantioner of formula
(]J!s) or (IVs) or a Ib\ ¢l ester derivative thereof to
forma conmpound of formila RO Z

Hal @)

wherein R is cyano or a group which hlay be converted to a cyano group, Hal is
halogen, the dotted line represents a double or a single bond, Zisa group —CHj-
N(R'R") wherein R'and R”* are Cy.¢-alkyl, or R"and R’* are connected to each other
to form a eyclic structure including the N-atom to which they are attached, or Z isa
group which may be converted to a dimethylaminomethyl group, Wis O orS; and
R®is -Y-R! wherin Y is a bond, O, S or NH and R'is Cy.ig-alkyl, Cy10-alkenyl or Cs-
10-alkynyl all of which may eptionally be substituted one or more times with.
substituents selected from Cj.g-alkoxy, Ci.ip-alkylthio, hydroxy, halogen, amino,
nitro, cyano, Cl_-m-alkylanﬁno, di-(Cy.yg-alkyl)amino, aryl, aryloxy, arylthio and
heteroaryl, or R! is aryl, wherein any of the the éryl and heteroaryl groups may
optionally be substituted one or more times with substituents selected ﬁ'om Cri0-
alkyl, Cy-jp-alkenyl, Co-jo-alkynyl, Ci.10-alkoxy, Cy-o-alkylthio, hydroxy, halogen,
aﬁ;ino, nitro, cyano, Cy.1o-alkylamino and di-(Cy-1e-alkyl)amino, or a salt thereof




ICI Hal (V) 20 12 February 2007 WO 2004/014821
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R is not cyano conversion of the group Rto a cyano
group, if Z is not dinethylam nonethyl conversion of

Woigﬁlﬁmw pUP Z to a di met hyl am nonet hyl gr OEIETmiIéooEB&SM

10

15

20

25.
o compound of formula (IT) used in step a) has been prepared according to me‘p}ethod - o

 in claims 1-62

otted line represents a double bond reduction to a
single -bond and if Hal i%4not fluoro, conversion of

Hal to a fluoro group, followed by 5 isolation of

esci tal opram or a pharnggeutically acceptable salt
thereof 93. The nethod according to claim92 wherein
the mixture ofRthe R _of S- enantionmer of a conmpound
of formula (11) e osite enantionmer of the
conpound of for pht gi-led by enzymati c
acyl ati on has beensepafated from 10 each other by the

clainms 84-87. 94. Th hod according to claim92
. wherein the Ror S-en yner of a conpound of
formula (I1) and the OPpoSi te enantioner of the
compound of forrmula (1Y) obtained by enzynmatic
acyl ati on “has been sepakidt ed fron1éE%h ot her by the 15
i solation and purification process according to any of
clains 88-91. 95. A nethod for the preparation of
wheké& RIVHE1, 2iahad tHRAIoten aRdrd &defbed dbol€) Blofa Mixtire containing
phar maceuti cal |l y accept able salt thereoL%co%PrLsing
the grvkferivativenf fermulydV Rendrihndipkfdermuiz U, Whish coaRASIE t he
formula 20 OH R OH'Z Hal (Ilr) wherein Ris cyano
or a group which may be converted to a cyano group,
a) t hereadrig sl mizEire sontairiepthe sexl derivativo obfosmge () shdfice

| diolbo??cgml%Tad(]ﬁ 13:|L 2 m?xu%ie gF\EthXrl, %r&ort]l% %thalﬂ%l sofeR a8k agolar_

organic solvent;
b) separating the aqueous phase containing the diol of formula (iI), from the

organic phase to obtain an organic phase containing the acyl derivative of formula

(IV); and

optionally isolating the diol of formula (D and/or the compound of formula V) from
the aqueous/organic phase, and optionally conversion of the compound of formula (IX)
and for (IV) to salt thereof.

89.  The method according to claim 88 wherein the S-diol of the diol of formufa
(II) is separated from the R-enantiomer of the acyl derivatitive of formula (IV).

90. The method according to claim 88 wherein the S-enantiomer of the acyl
derivative of formula (IV) is separated from the R-enantiomer of the diol of formula

{n.

) o1. ﬂe method according to claims 88-90 wherein the mixture of the R- or S-

enantiomer of 2 compound of formula (IV) and the opposifé enantiomer of a
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group which may be converted to a dinethyl am nonet hy

group and Hal is halogen, or a salt thereof, 12%ebruary 2007

February 2007 WD 2004/014821 PCT/ DK2003/ 000537 98
t he R—enantloner of an acyl ated diol having the

R3 is -Y-Rl, wherein R gis Cl-1o-al kyl, C2-10-alken
or C2_10-al kynyl all of which may optlonally be
substituted one or nore tinmes with substituents

or

ROH"Z Hal IV 5 wh
WO%&{I@'&&?I i ne HaI are as defi n(ed ;Love, ergbgpgzooéoootgﬁg

Yl

sel ected from G - 1o-al koxy, d an- al kyl thio, hydroxy,

92. halAogrecess fonihegreparation of esyitaiopra@haviog tielfyrmita no, di - (
,0 10 al kyl)am no, aryl, aryloxy, arylthio and
heteroaryl, or R is aryl, wherein any of the aryl
and het er oar yln@r oup optionally be substituted
one or nore tines substituents selected from
Cl-1o-al kyl, C2-1{ C2-, 0- alkynyl,
Cl-, o- al koxy, G- Mdr oxy, halogen

C1

amno, nitro, cyano, C|-Io al ky am no and di-(Cl-1o-.

t hereof, by the method
1-62, optionally foll owed-by, in either order,
conversion of the group [Rto a cyano group, reducti
of a doubl e bond represehRted by thgrdotted line to a
si ngl e bond, conversion of the group Zto a

or agtharevpgatiasHiyrrepaptahla sali theemef seraprising prenseafion of B8 Sof t he
f, roup and then ringclosure und
maﬁ{o%%?of?{i:lgfn%vﬁx cigﬂrﬁésJ cl)”% he R-enantiomer of formnula
(1lr) or (1Vs) to forma mixture of the S 20
enanti oner of the conmpound of formula 12 Febr uary 20
WD 2004/ 014821 PCT/ DK2003/ 000537

(IIs)

wherein R is cyano ot a group which may be converted to a cyano group, the dotted
line represents a double or a single bond, Z is a dimethylaminomethy!-group or a
group which may be converted to a dimethylaminomethyl group and Hal is halogen,

or a salt thereof,

‘or the S-enantiomer of an acylated diol having the formula

on

er

07
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99 R OZ Hal (V) and a m nor anount of the

correspondi ng R-enantioner, followed by, in elmr[ebruaryzoo?

order, if Ris not cyan conversion of the group Rto
a cyano group and, if Zis not 5 dinethylam nomet hyl

ion of the group Z to a dinethyla &@F&
WOZ&%Y&? if the dotted |ine represents a ggou B‘g%b%”

reductlon to forma singbge bond and if Hal is not
fluoro, conversion of Hal to a fluoro group, folfomed
by isolation of escital oprgm and/ or racemc

cital opram or a pharmaceutjjcal |y acceptabl e salt
thereof. 10 96. The nethqduacgording to claim95
wherein the racemc citgaf opramis isolated by
preC|p|tatLohR xgem’c cital opramfree base or a
salt thereof ang talggramis recovered fromthe
not her | i quor of &ci pitation. 97. The nethod
according to claim95 ar-8i i he mixture of the R or
8- 15 enanti oner of aQmpound of formula (Il) and the
opposite enanti oner :

process according to agy, of claing 84-87. 98. The
met hod according to ctafm 95 V\,hern@Y the R- or
S-enantioner of a 20 conpound of forrmula (I1) and the
opposi te enanti oner of the conpound of fornula (I\/)

whmlut Ri%did do;tecélmqaudtﬂaé aza@y ﬂained AbdvasWhelrorse pad eR eld -

e T

optmnally be subsumted one or more times w1th substituents selected from C1_w-
alkoxy, Cj.1¢-alkylthio, hydroxy, halogen, amino, nitro, cyano, C; _mea]kylamino,' di-
(Ci-ro-alkyl)amino, aryl, aryloxy, arylthio and heteroaryl, or R' is aryl, wherein any
of the aryl and heteroaryl groups may optionaily be substituted one or more times
with substituents selected from Cy.g-alkyl, Co.jo-alkenyl, Ca.ig-alkynyl, Cy.jo-alkoxy,
Ci.o-alkylthio, hydroxy, halogen, amino, nitro, cyano, Ct.jo-alkylamino and di(Cy.10-
alkyl)amino and Y is a bond, O, S or 'NH, or a salt thereof, by the method in any of
claims 1-62, optionally followed by, in sither order, conversion of the group R to a
cyano group, conversion of the group Z to a dimethylaminomethyl group, reduction of
a double bond represented by the dotted line to a single bond and /or conversion of the
group Hal to a fluoro group and then ringclosure under basic conditions of the 5~
enantiomer of formula (IIs) or (IVs) or a labile ester derivative thereof to form a

compound of formula
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_group which may be converted'to a dﬁnethylaminbmethyl group and Hal is b

. or a salt thereof,

12 February 2007

WO 2604/014821 PCT/DK2003/000537

97 &

followed by in either order; if R is not c¢yano conversion of the group Rto a cyanb
group, if Z is not dimethylaminomethyl conversion of the group Z to a
dimethylaminomethyl group, if the dotted line represents a double bond reduction to a
single bond and if Hal is not flucro, conversioﬁ of Hal to a fluoro group, followed by

isolation of escitalopram or a pharmaceutically acceptable salt thereof.

93.  The method according to claim 92 wherein the mixture of the R-or S-
enantiomer of a c;mpound of formula (If) and the opposite enantiomer of the |
compound of formula (IV) obtained by enzymatic acylation has been separated from
each other by the iselation and purification process according to any of claims 84-87.

94.  The method according to claim 92 wherein the R- or S-enantiomer of a
compound of formula (II) and the oppesite enantiomer of the compound of formula
(IV) obtained by enzymatic acylation has been separated from each other by.the

isolation and purification process according to any of claims 88-91.

95. A method for the preparation of racemic citalopram and /or escitalopram or a
pharmacentically acceptable salt thereof comprising preparation of the R-enantiomer

of a diol having the formula

(1Ir)

wherein R is cyano or a group which may be converted to a cyane group, the dotted

line represents a double or a single bond and Z is a dimethylaminomethyl group or aﬁ'
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or the R-enantiomer of an acylated diol having the formula

Hal {dvr) .

wherein R, Z, the dotted line Hal are as defined above, Wis O or S, and R® is-Y-R',
wherein R! is Cy.yo-alkyl, Cy.10-alkenyl or Cy.io-alkynyl all of which may optionally be

. substituted one or more times with substituents selected from C.jo-alkoxy, Cr.1o-

alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci.io-alkylamino, di-(Ci.10-
alkyl)amino, aryl, arivloxy, arylthio and heteroaryl, or R' is aryl, wherein any of the
aryl and heteroaryl groups may optionally be substitated one or more times with |
substituents selected from Cy.1o-alkyl, Co.10-alkenyl, Cy.jo-alkynyl, Cy.1o-alkoxy, Cr.10-
-alkylthio, hjrdroxy, halogen, amino, nitro, ¢yano, Ci.jo-alkylamino and di~(Ci.10-
alkyl)amino and Y is a bond, O, S or NI, or a salt thereof, by the method according
to any of claims 1-62, optionally followed by, in either order, conversion of the group
R to a cyano group, reduction of a double bond represented by the dotted line to a
single bond, conversioﬁ of the group Z to a dimethylaminomethyl group and /or
conversion of the group Hal to a fluoro group and then ringclosure under acidic’
conditions of the R-enantiomer of formula (IIr) or (IVs) to form a meture of the S-

enantiomer of the compound of formula
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and 2 minor amount of the corresponding R-enantiomer, followed by, in either order;
if R is not cyano conversion of the group R to a cyano group and, if Z is not

dimethylaminomethyl conversion of the group Z {0 a dimethylaminomethyl group, if
the dotied line represents a double bond reduction to form a single bond and if Hal is

not fluoto, conversion of Hal to a fluoro group, followed by isolation of escitalopn;am

- and/ or racemic citalopram or a pharmaceutically acceptable salt thereof.

9. ~ The method according to claim 95 wherein the racemic citalopram is isolated

by precipitation of racemic citalopram free base or a salt thereof and escitalopram is

- recovered from the mother liquor of the precipitation.

97.  The method according to claim 95 wherein the mixture of the R- or S-
enantiomer of a compound of formula (ID) and the opposite enantiomer of the -
compound of formula (IV) obtained by enzymatic acylation has been separated from

each other by the isolation and purification process according to any of claims 84-87.

98. The method according to claim 95 wherein the R~ or S-enantiomer of a
compound of formula (i) and the opposiie _enantio:ﬁer of the compound of formula
(IV) obtained by enzymatic acylation has been separated from: each other by the
isolation and purification process according to any of claims 88-91,




