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WD 2004/ 014821 PCT/ DK2003/ 000537 1 Method for the

separation of internediates which nmay be used for the
wonepanalion of escital opram The present i nvenPCoOMK2003/000537

relates to a novel nmethod for the preparation of

optically active 5 internedilates useful for the

preparation of escital opraminvol ving sel ective

Mlethydtbfor the Sehirationof MiterdfdiMeaivhh mBABK asqures tRé t he
invention 10 Citalopramis a well-known anti depressant

prepgration ofpseitiloprateen on the market for sone years.

It is a selective, centrally acting serotonin

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

‘Heccprestinh lventi@yielgesan tairdepl esiod for dlgd prepdrhiten ofldptically active
Cital gpram Is first disclosed.in DE 2,657,013, )
%ﬁm@g@&?ﬁ aﬁ%ﬁ fop thggreparafpng gscitplgpgam gpjobying selective enzymatic

Rl A R 4efkyat®n, OUtlines a process for preparation of
crial opram fromthe correspondi ng 5-brono-derivative

by reaction with cuprous cyanide in a suitable
ol.vent and by al kyl ati on of 5-brono-phtal ane. 20 US

%‘E@P“W@Oﬂ?@ﬁgf@gﬁ’%or respondi ng to EP-Bl-347 066

descri bes two processes for the preparation of

esci tal opram (S-enanti oner of citalopram. Both

Qitadoprenes avedl-kitpaviy antidepressantalrug thai hes navebdenromthamagiéet for

OH NC\ OHN F (1) WO 2004/014821 PCT/ DK2003/ 000537
spme ycars.

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 for

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

Both processes use the racemic diol having the formula

NC
S
N\
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as starting material. According to the first process,
the diol of formula (I) is reacted wth an

wenentoiereri cal ly pure acid derivative, such aBC{mK2003/000537

(-)-a-methoxy-a- trifluoroinethyl-phenyl acetyl

chloride to forma m xture of2 di astereoneric esters,

whi ch are separated by HPLC or fractional

ay ytettiak ImhatatialoAccantimgetn phe fitd @re@ebs thamiioh ob féigila (1) is reacted

cohr ect stereochem stry |s enantiosel ectively

VRV CRENHIRBICALY: | RUAF GiskdaAprivativeo pdings t(3) tde(-Fecosioxy-o-
h ' f Al ), IS rated into.

PlReRERem R cordl SHBHEE 8, bbb T RSERT R gelfic esters

wiich e segasaied byr#tHI€Abt Yragtivnal egkdllEttdh, vdreupon the ester with
e

+)-di p-toJuoyltartaric acid, whereupon the . )
%-"“e ﬁﬁlﬁ%to HEF"*C%}PG”E‘H% diolcnaptiaslect iy ponverted into escitalopram.
RBAIGSR! Bfe! bdtBhy a8 L@k O -
Esci_tla?opr gli(én has r%gv&\ége%@g%bgloggggﬁgé @fr?aﬁ] Sel)grated wto the
emnildpprsdysdgrcosclaghivecrystabizationswih de shargionfepicalésnpure acid such

IR S e R R i deich SR RREOPE oo e wrine ) af e formula
ef) it efididbselédiveBROWPertR WREditafprandd acyl at ed

derivatives thereof may be prepared by selective
enzymatic acylation of the primary hydroxyl group in

r ' .ol ain S-diol..or an acyl at . )
A5 BBRT s S ek SRR B e L e i i
foub hreprolvbdinethod fenaepiraies & Rbitaégiad. may be
separated by a series of isolation and purification
operations. 20 The invention Accordingly, the present .
' ' r ‘ e$Sq | th
4 A B L 83,8 BN OGRS P o s et
deglaiteigd drivetiter thredeaf @by bR prefarbd-8 sdlbctivalentyihatidMylation of the
2004/ Q14821 PCT/ 003/000537 3 wherein Ris cyano or
%Pf@?féj?{y e grovRyn Hie aerRisdieldoabiain Syliplorgmoasylated desivative

: = ' rel ' - 6- .
%?&%P %gt#dhlgi%gygﬁcﬁ]r%t%‘éﬁtﬁg dﬁrgeljgg%ﬁ 1R’ efhfofbisCoithitdd 'may be
separated by a series of isolation and purification operations.

The invention

Accordingly, the present invention relates to a novel process for the preparation of the

S- or R-enantiomer of a diol having the formula

Hal (I
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other to forma cyclic structure including the N-atom
to which they are attached, or Z is a group which may

woeomonyRited to a di net hyl am nonet hyl group, PO®DK2003/000537

dotted Iine 5 represents a double or a single bond and

Hal is hal ogen or a salt thereof, and/or the opposite
enanti oner of an acylated diol having the formula W O
WiereldR ifty@hb 4r a Bedup(Whidh dldy bbesdieiteRio Zoydnbereds, 786 a group
| ine_and Hal are aamgeflned above, Wis 0 or S, and Rgr
TeH-NRER ) whetewih 2pd K sare o solial WIR bR 1 Guaequsgted g each
§Rerld ﬁlnlﬂ{g%hcagtﬂucﬂﬁ‘e %Iﬁﬁ@y N—;?c QR thgﬁ are attached, or Z
substituted one or nore substltue

is @l gratpedthich amayQie- cb@versdddo )a}dlmé}hylhﬁnmmwhyl‘gmup, hlyeddcmeﬂ line
hal oge en, ni t ya Cl-10-al k m no,

eees FR‘;TW? Bk Apelediopand Fi ilvil OZgR §F ¥ bt Andor the
Jiﬁio@fc@@ﬂa&’lhom@f off¥h dc§latddvdiol MREIEhE fHM1alS Of the aryl

and heteroaryl groups may optionally be substituted

one or nore tines wth substituents selected from

Cl- 10-al kyl, C2-10-allcenyl, - 10- al kynyl

Cl _10-allcoxy, C1_10-alkylthi hydr oxy, hal ogen,

am no, nitro, cyano, Cl-10-al kyl am no and di - (Cl- 10-
alkyl)amno and Y is a bond,00, Ror NH, or a salt

t hereof, conprisiRg 20~3) bjecting a racem c

conpound of fornul a 04/ 014821 PCT/ DK2003/ 000537

4 OH ROH Z Hal (I ereDH R, Z, the dotted |ine
and Hal are as defined~above, _1-o~sel ective enzymatic

acyl ati on using an acyl ating agent Zhaving the fornul a
5

Hal av)

wherein R, Z, the dotted line and Hal are as defined above, Wis O or S, and R’ is
—Y—RI, wherein R! is Ci.10-alkyl, Ca.19-alkenyl or Cy.19-alkynyl all of which may
optionally be substituted one or more times with substituents selected from C;.1o-
alkoxy, Cy.jo-alkylthio, hydroxy, halogen, amino, nitro, cyano, C;.jp-alkylamino, di-
(C1.10-alkyl)amino, aryl, 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.ip-alkyl, Cs.10-alkenyl, Cy.10-alkynyl, Ci.jo-alkoxy,
Ci.10-alkylthio, hydroxy, halogen, amino, nitro, cyano, C.j¢-alkylamino and di-(Cy_o-

alkyl)amino and Y is a bond, O, S or NH, or a salt thereof, comprising

a) subjecting a racemic compound of formula
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UWWWRXR"' or RR Xit" R or V'J~ X-R (]Ha)
(I'1'Thb) (Inc) or an isocyanate having the fornula
W& 2006C+921 or an i sot hi ocyanate havi ng the for ROT®K2003/000537
R1- N=C=S; 10 wherein Xis O or S; Wis Oor S; Uis 0

or S, Vis halogen and Ris @l_|o-alkyl,

C2 lo-allcenyl or C2_10-al kynyl all of which may

optionally be substituted@iie or nore times with

substituents selegted from | o-al koxy, G -io-

al I cyl t hio, hydroX ggén, anino, nitro, cyano,

Cl | o-al kyl am no, di lo & al kyl')am no, aryl,

aryloxy, arylthio a el 93 yI/Zr Ris aryl,

wherei n any of the and het'eroaryl groups may

optionally be substituted gpe or nore tinmes with

substituents selected frgh 10- al kyl

C2 lo-allcenyl, C2 1o0-al Cl | o-al koxy, Cl1_io-

al kyl t hi o, hydroxy, hal oger,am no, nitro, cyano,

Cl _10-al kylam no and di-(Ci|. 10- alkyl)amno; 20 Rl is

as defined for R R2 is asHiéfined for (B or R2 is a

suitabl e | eaving group; WO 2004/014821

PCT/ DK2003/ 000537 5 or R and R together forma chain
t not

LerBuTe 22 HEARRY 1) % HaPAOL Ut Bby d P Bk

aepitation abing fn heylatingageht Daving the fdrarulds he R- or the

S-formand the opposite enantiomer of 5 the acyl ated

di ol having t he forrrula W OR3 R\ OHZ Hal (I1V)

aryl

V\hereln W Hal, R3, the cw,tted i ne andZareaw

def ith /ﬁ/iove or /U\ /U\
RZ=—X~ "R' or V™ "X—R'

(Illa) (IIIb) (IIc)

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

wherein X is O or S; Wis O or S; Uis O or S, V is halogen and

R%is Ci.10-alkyl, Ca.q0-alkenyl or C,.o-alkynyl all of which may optionally be
substituted one or more times with substituents selected from Ci-10-alkoxy, Ci.10-
alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy.i¢-alkylamino, di-(Cy.10-
alkyl)amino, aryl, 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 Cj_jg-alkyl, Cz10-alkenyl, Cy.10-alkynyl, C,.jp-alkoxy, Ci.1o-

‘. alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci-10-alkylamino and di-(Cy.1o-

alkyl)amino;

R!is as defined for RO;

R’ is as defined for R’, or R? is a suitable leaving group;



10 b) subjecting a racem c conpound of fornmula W O
RBR\ / OHHal (IV) wherein R Z, W Hal, the
wdabtddadsd2ine and R3 are as defined above; to SeCEMK20E/000537
15 enzymatic deacylation to forma m xture of
deacyl at ed conpound of formul’a WO 2004/ 014821
PCT/ DK2003/ 000537 6 OH R ~ OH Z Hal (I11) wherein
& Riled Rt Fegethor foeth 4 ¢hai eftito enborastontef | ned above i n
either the R- or the S formand the acylated starting
material of formula (1V) in the formof the opposite
BroR et AR MW ahd OPArk 6% tWheh &1k SWRAFIY 2 rhﬁﬂﬁé bRGE s g ’
isolation of the S or R-enantioner of compoun
wpterigh efufosmyle (3D) argithor thlise oo hEoSifdren amighe bppasite efartiomer of
V) or a salt thereof. 10 The

3 %%\riggﬂ#'{%gﬁﬁglhg mmerllfla{() u][ao nmet hods for the separation
of m xtures of an enantioner of fornula (1V) fromthe
opposite enantioner of forrmula (I1) and to the R and
S-enantioners of the conpoun of formula (1V) above.
Finally, the invention relat to a nethod for the
preparation of escital opraggantgi5 racem c cital opram
fromthe enantioners of a dqonpound of formula (I1)
obtained by theX& lye“enzymatic acylation or
deacyl ati on accor di nvention, or the

i ct 2 acyl derivative of

ective enzymatic

cordlng to the invention.

acyl ation or deacyl ati on ad

Hal Iv)
wherein R, W, Hal, R?, the dotted line and Z are as defined above; or

10 b) subjecting a racemic compound of formula

Hal av)

wherein R, Z, W, Hal, the dotted line and R> are as defined above; to selective

15 enzymatic deacylation to form a mixture of deacylated compound of formula
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20 Detail ed description of the invention Wen used in
connection with the conpounds of formula (11), (1V)

wanw4ows21t he terns "enantionmer” "R-enanti omePCT/DK2003/000537

"S-enantioner”, "R-fonn" "S-forn "R-diol" and
"S-diol" refer to the orienta&tion og the groups around
the carbon atomto which the 4- 25 Hal - phenyl group is
attached. WD 2004/014821 P@K\DK2003/ 000537 7 The
present invention_thus relates in one enbodinment to a
sel ective enzymat ati on as above and in anot her
enbodi nent to sel ect enNZyHR i ¢ deacyl ation as
above. 5 Sel ective enzypmti ¢ acyl avi on neans t hat
the' enzymatic acylation is preféerentially effective

of formula (11) prefere
enanti oner of the conpou formula (I1) unconverted
in the reaction m xture. el ective enzymatic
deacyl ati on neans that the [enzymati c deacylation is
preferentially effective fd@alconversi oiipf one of the

enantioners of a conpound of formula (1V),
whereiad Halaihp gottedlingand: faress Hefinasabove oneitheofhetRreor the S-

RSN 1L oV SPGB By i RS

¢mauoheon thus results in a m xture containing
preferentially the conpound of forrmula (11) in the
S-formand the conmpound of formula (1V) in the

¥ . ) Lo tai ni.

t - 3

PP 9 68 Ry LS SO Bl g
®Rofppund afifbriduts @D rpdion theafppdoteranbatidnhdofithe ddigoBnd of formula

@g m éﬂikike i se, the selective enzymatic deacyl ati on
iorr% § RN i xture containing preferentially the

compound of forrmula (IV) in the S-formand the
conmpound of formula (I1) in the R-form or it may
Thesinyention adsorrebatas te metheda fovithgsepretien efitixtintey of e enantiomer

e

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

y |l eaving the other

Finally, the invention relates to a method for the preparation of escitalopram and
racemic citalopram from the enantiomers of a compound of formula (II) obtained by
the selective enzymatic acylation or deacylation according to the invention, or the
enantiomers of the optically active acyl derivative of formula (IV) obtained by the

selective enzymatic acylation or deacylation according to the invention.

Detailed description of the invention

When used in connection with the compounds of formula (IT), (IV) and (V), the terms
“enantiomer”, “R-enantiomer”, “S-enantiomer”, “R-form”, “S-form”, “R-diol”” and
“S-diol” refer to the orientation og the groups around the carbon atom to which the 4-

Hal-phenyl group is attached.



10

15

20

25

30

The conposition mxture obtained after acylation or
deacyl ation according to the invention depend on the

weoepewioi#21 hydr ol ase used and the conditions un#er/DaDasiH00537

the reaction is carried out. Characteristic of the
enzymatic acylation/deacylatrbn 30 according to the

i nvention is that a considerably |arger portion of one
Eh%\mes@mvengon topveateeih adeembollinde toh bdectivBlazymatic

t he
Sy G Rt b o
ﬂmtvlecal resol ution nmethod of the present invention is

usually at |east 90% ee, preferably at |east 95% ee,
nore WD 2004/ 014821 PCT/ DK2003/ 000537 8 preferably at

S&\;\&étbfg%ﬁz/fflﬁﬁlcaa{?:gl ﬁ?ues se{h% @b leﬁwaéllgﬁa%slfqulg ;é p&pfglentlally

effatpt &hrlconvarkion st aid mﬂtge ermlelbh@is tharcoﬁﬁp%uﬁ@ 6?%&1& (1D

0 f the i ventlon i.s a racem c diol
IP%#%’%‘%H“& EI"‘)"lf’cgr %O‘ihslé"é}?fleoﬁéwf th@mmmw@f@orrmm ) a

liﬂc\cfhvérféd% Pdee[fe%tfoﬁ‘?n&{ﬁ?@d' ment of the invention Ris

hal ogen or cyano, nost preferred cyano. 10 In a _
further preferred enbodi nent of the invention Hal is
enbodi ment of the invention, the

%ﬂ&?@ga eP%W?éﬁ weﬂﬁaﬂtﬂ“én?%nﬁ haj the queymaticdencylafipnise
fﬁ@i&?@nﬁ&ﬁy Effe @R fSIRRGERRAF %3& S e LM BPJTE&rHyounﬁ

group that may be convert
@mm]@t( ) gmfwgmtraélofﬂyav,lng the atleu ememlubmee obibd icompbund éfSformula

referred, Hal is fluoro, R
@Y@%@%’%@ olie%{‘é[ﬁj é”?s a si ngI e bond and Z is
dlrnethylan1nornethyl 20 The acyl ati ng agent used for

t he enzynatlc acyl ation according to the invention may
Thyiselgsiiee #ylation apgording te thepovantion dfusfresulis ima (ﬂlXﬂlEB) qontalmng

LA 80 Ll R RS B PO
fbhﬁula agmou igkSR @61k, @ MiLth&y fekhit &) a ﬁﬁﬂu&lcbhﬁ)mng*p&%r&h&ﬁy the

Odl ment of the invention,

C&E%O&?fr H%f%%éﬁt(ﬂm deipeiRsfosm aug ik envepandiod fqrmuéa @V) irathe S-

form.

Likewise, the selective enzymatic deacylation may result in a mixture containing
preferentially the compound of formula (IV) in the S-form and the compound of
formula (II) in the R-form, or it may result in a mixture containing preferentially the
compound of formula (IV) in the R-form and the compound of formula (II) 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
according to the invention is that a considerably larger portion of one enantiomer is
converted than of the other. The optical purity of the diol of formula (IT) and/or the
acylated compound of formula (IV) obtained by the optical resolution method of the

present invention is usually at least 90% ee, preferably at least 95% ee, more
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30 According to a still another enbodi nent of the
i nvention, the acylating agent used is a conpound of

woanmmoias2(l 11 b). Accordi ng to anot her enbodi meRCTMK20G3H00537

i nvention the acylating agent is a conmpound of
formula (Illc). WO 2004/0148231 PCT/ DK2003/ 000537 9
When the acyl ating agent is a conpound of fornula
prefarably atlenst 93% ¢eadridan@t proférablytad EasoBe) té. TorGRA! lotvsr

ag gtié zﬂ Wis suitable O 5 Wen the

b %/(‘TS ’fﬁ‘ﬁogg‘é Pty 3R gecoptablre above X is suitable O
Suitable, the substituents R, RL and R2 in any of the
acylating agents (llla), (Il1l1b) and (l1l1lc) defined in
"By steting meateytab &uti the szyrelbio neetlardeo fake fnobhtonsis aaceRiic aid of

ndependent | y .sel cte fro 6- al kyl ,
@f@{agi[%h% Scgmif eor! deitstive Qg R EVss ahi oh may
optional |y be substituted one or nore times with
substjtuents selected from Cl_6-al koxy,
Ter metered eEkpimeny af BigyuventipoBdm halagéme, cynid, most pyefiereed
C(S;,;l - alkylamno and di-(ClL_6-allcyl)amno or R2 is a
uitabl e | eaving group, such as succinimdyl, HOBt

and pfp, or Rand Rl together forma chain of 3-5
C%L@OE atops nore suitable R Rl and R2 are

Faupiertgd smbedimsat ¢ hairventdomHplis flug, 4- al keny!

15 and C2_4-al kynyl all of which nmay optionally be
substituted one or nore tinmes with substituents
Isel fedhednitodim@t of tal iheamtipn, 168 détal kad i Ho@aulh MQ)"Q}’@)(IV) is a
hallo amno, nitro, cyano, Cl_4-alkylam no and

&ﬁg-? lld34 al kylamno or R2 is a sui itabl e | eaving group,
such as succinimdyl, HOBt and pfp or R and Rl

together forma chain of 3-5 carbon atons, nore
Ipoae embedinRnt Ris dimetiRtammmenietiyd pen genp rthat &&iy&xétoedvértsdrtb

e TP o7 hnt Py Pl SlindPini s Rebsbmbenisthy res

with substituents selected from Cl_3-al koxy,
Cl_3-allcylthio, hydroxy, halogen, amno, nitro,
Mo% meecferrad, :Haéls(@u%m R eyado,dhe datteddingliky kl)lgler’uond anéZan

ref Rand Rl is Cl_3-alkyl, in particular
un%t?lzn che ‘§ @9]3 alkyl and R2 is ClL 3-al kyl substituted
one or nore tines wth halogen or R2 is C2_3-al kenyl .

5 .
T[%e acylating agent used for the encymatic acylation according to the invention may
suitable be one of the compounds of formula (II1a), (ITTb) and (IILc).

In another embodiment the acylating agent used according to the invention is any of

the compounds of formula (Illa) and (I1Ib).

According to a further embodiment of the invention, the acylating agent used is a

compound of formula (Ila).

According to a still another embodiment of the invention, the acylating agent used is a

compound of formula (IIIb).

According to another embodiment of the invention the acylating agent is a compound

of formula (ITlc).
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Suitably, the substituents R and Rl in acyl ating
agents of fornmula (Illa) as defined in any of the

wenbadilsent s above, are as follows: R and Rl aPeT/DK2003/000537

i ndependently selected from Cl_6-allcyl, C2_6-al kenyl
and C2_6-allcynyl all of whi%h may optionally be
substituted one or nore tines with substituents
selected 30 from Cl _6-allcoxy, Cl_6-alkylthio,

t 1.6 .
e oy DR 98 bR G lF . St b e
and Rl are independently selected fromCl 4-allcyl,

4-al |l cenyl and C2_4-allcynyl all of which nmay
%’FP GizAop gt UBé ageh bsaiyaftteqiabeie, Wris suitable Ones wi t h
substltuents sel ected from Cl_4-al koxy, Cl_4 WO
2004/ 014821 PCT/ DK2003/ 000537 10 al kyl t hi o, hydr oxy,

Wéb@@@mcymng agenhist ang, of dlyedbowe, Gt idksuabklg I no and
i-(Cl_4- allcyl)amno, preferably R and Rl are

M@%ﬁﬁmﬁ RER o8 Ko e ol aooiépmisonta1) HET) and

S sdeifihed BT 18 e Bm ituents
(sog?cgct éd fromCl 3? al | coﬁlglt,bgﬁéve%épiﬁ)ﬁ? % hydr oxy,

KaRogehR Breamlmndmﬂo’rsolect@#@wm CC&amyBUz.%%ﬂ&ﬁWaﬁld&Dzdo
A rred Rand Rl are

q’iﬁ’é}é{ gf & 4(:%%%?’;@8#@? gtgtﬁ%: ong ORMOFT Wales with susituents

spleen‘eé IfroRel CR;-arkd | Salk@thid
aﬁ anched Cl SXjaleclch)S/%} ﬁgﬂl E@Eﬁ%&p?%%gfl@ agi t ggthi CYFH%s Cre”
1m0 gef i (Rus-allad)aweinp gr R34 mumglerlwg@grsup;fsuch as

sfl%ﬁfg{ %%{?ﬂ;)gggéfpd g{ gm glgd %gs%g apoéln aaq%]amﬁ 57 &arbon atoms
niordepieabtieR?, IR} ane REatemdbgenttly Sicatd@m c%aﬁcy@' d*2 Sftidny1

C2.6-a all of which may opti onal
ag@ géf‘ |a#wghalg%fgwgph Rsw ertippally be suhstiiuled one g@mpm tlmes with
sﬁlﬁtﬁfe&&dsefeﬁ%ﬂ‘ﬂn-@i ? 8%1{%%%’ 1%€ylgu ﬁl tgg(i Omhﬁ%dr O)c(iﬁ{riino nitro,

hal ogen, am no, nit
cﬂanog Ci 4@11<ar[lanu1;1b ﬁmirﬂn((!ijimallaa)ahﬁn@l‘jﬂkhﬁfa Sutablk v, g‘%ﬂ@up
ch as .15 P nmore suitab

padit B °
T il eatudd ikl gadlaten s’ weilecebe Seirgne s o xten
afbnfl; ahdsy Iprefs;@e(ﬂr{%ﬂw GRAR? a@@gl Qﬁ?enut i 31 Sy f? Pﬁ%»scz N

whi ch na optionally be one or
alkeny] and Bfadlg@m gll ebwhich mhyfqumnﬂﬂy B subbtitoy on@br ﬂrore times

R e O L T —
nmotmro Ceg’;mlks}gmﬂﬁ@bkm iS5 hans B 'abéH qlx%e erﬁﬁ%g ®0%,q

20 preferably Rl is sel ect'ed

pfp
@1- apliceln i paterl@nnbranckgt§i.o-alkyl atmfd Rl%hlsdh a-alkyl substltuted

one or more times with halogen or R?is Cy.3-alkenyl.

Suitably, the substituents R® and R! in acylating agents of formula (IlTa) as defined in
any of the embodiments above, are as follows:

R%and R' are independently selected from Cj.g-alkyl, Cy.-alkenyl and Cs.¢-alkynyl all
of which may optionally be substituted one or more times with substituents selected
from Cy.¢-alkoxy, C;¢-alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci4-
alkylamino and di-(C;.¢-alkyl)amino, more suitable R® and R! are independently
selected from Ci.4-alkyl, C,.4-alkenyl and Ca4-alkynyl all of which may optionally be

substituted one or more times with substituents selected from Ci.4-alkoxy, Cy4-



10

15

20

25

30

may optionally be substituted one or nore tines with
substituents selected from Cl_3- all coxy,

wQ20@/akd2cyl t hi o, hydroxy, hal ogen, am no, nit POT/DK2003/000537
cyano, Cl.3-allcylamno and di- (Cl_3-allcylam no and
R2 is Cl.4-al kyl substitutedi®mne or nore tinmes with
hal ogen, R2 is C2.4-alkenyl or R2 is another |eaving

Aythio, }@dﬁh(yafhaﬁigeﬁidﬁhﬁd) dittro, dyﬁﬁi @Q@ll@ﬂﬁnlnaanmf-gil -
referred [ I cyl 3-al

S ﬁL I ceng
erﬂsyl)aananp& rabésrR and ar@hndﬁ@yndeeaﬁv selnep ﬁomecr s-allyl, Co.-

SH5) YRR TS0l TS TB AR g o

thaéw\gem sulatlmmts saletted froml @ngalk@ix,@@}dllcylﬂmnhydroa@d hdiogen
allc s Cl 3-alk substituted one

aalrmﬁorlgotq%e%» ﬂf‘ﬂamg@e%d&l ](Cr:ealrkg wping. mopeRfpred K’ and
t A GU |Gy Oand R!j

b PESIAFLAAY) Bi oot Y Ao ana i
(ﬁlaj-a:igﬂmmparﬁmlalsmbﬁa_lﬁhal Ccealidy], smtvdblmmnpylsur tabl e Rl

is C1 _3- alkyl, in particular unbranched Cl_3-al kyl,

such as nethyl, ethyl or propyl and R2 is C2_

Srifablye ﬁi’é)@ubst%ﬁ@ﬁyfé&ﬂﬂgﬁﬂacw ihPKeHEORb 8PRRAMIa (1ﬂbﬁ?s deﬁned
meaning Cl_3-al kyl substituted one or nore tinmes wt
1hanmg’éﬂiere$r1“ﬁa>dsm¢mabb@el Fawb ijlOV@r oup i ncluding gr oups

Rrat et ufiekit 6 2Bk oo Seraf Gt Riatlomy

ANEOchioe ﬁIayQ%)tlbﬂzﬁlyi BevRBktitored ohél er 1@6196 tahégitR gestinRhts
formula (111 above is a conpound wherein R2 is

splagiad. frong &m illeexyt ©1-aplsy e, sleenyt ibelaggbominetitrefcyene Cie

UHEEHcER 06, SRS, R aftiner OV R0l shllles B °
shiociairhidg], Hﬂ)iBt aveEp, Smerepnidbie RédndiR mummeﬁgﬁﬂy @fected
t he i nventign, nanel y%d nyl but}xrat e., 15 Accordjng to

%Omlﬁjrlt‘ll”?élfyle%ﬁﬂ]lkﬁ@ﬂtan 2Rl Ahef whch mag orEgRallyteg
B1at08or GRTPMAL wah ORI deleplef ol }lRoly, €11°
a:lleflﬂne,dlyrdmmylahfgen rmm@rrbtmllcrym §1a{aﬁ§zséa,m1ao eandrsh (C1_4-
follo 2 C6al 6- al kenyl
SRR o B Kopmiothst leqping e oHe) B ot P, HOB and pfp,
i%%étﬂ_x} e ?sdse%?ed%orﬁ@rl & a!kym 3V!11Eé?1y§ WRBEI L HRDEY all of which

se ected from Cl _6-al koxy,
may optionally be subst1tuted one or more tlmes with substituents selected from Cj;-

alkoxy, Cys-alkylthio, hydroxy, halogen, amino, nitro, cyano, C;.3-alkylamino and di-
(Cy3-alkyl)amino and R? is Cy.4-alkyl substituted one or more times with halogen, R?
is C,.4-alkenyl or R*is another leaving group, such as succinimidyl, HOBt and pfp,
more preferred R! is Cys-alkyl, Cy.s-alkenyl or Cy.3-alkynyl all of which may
optionally be substituted one or more times with substituents selected from Ci.3-
alkoxy, Cys-alkylthio, hydroxy, halogen, amino, nitro, cyano, C;.3-alkylamino and di-
(C1.3-alkyl)amino and R? is C3-alkyl substituted one or more times with halogen or
R? is Cy.3-alkenyl, still more preferred R' is C;s-alkyl and R?is C;.s-alkyl substituted
one or more times with halogen or R%is Cy.3-alkenyl, and more suitable R'is Cis-
alkyl, in particular unbranched C;.;-alkyl, such as methyl, ethyl or propyl and R*is Cy.
s-alkenyl.
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al kyl t hi o, hydroxy, hal ogen, am no, nitro, cyano,
Cl 4-al kylam no and di-(Cl_6- al kyl)am no, nore

woeubianke1Rl is C1_4-al kyl, C2_4-al kenyl and PCT/DK2003/000537

C2_4-al kynyl all of which my optionally be

substituted one or nore tinmeslwith substituents

selected fromCl_4 25 al koxy, Cl_4-al kylthio, hydroxy,
Ramsgeing Caniatior] sehstitwed eneagronor€tingbs aﬂ'lﬂyliamgenos andtale leaving

K5 A AR 255 18800 thitpio,

pgpticdned, b p-thidustsbsiyl.t ut ed one or nore times with
Cl_3-al koxy, Cl _3- al kylthio, hydroxy, hal ogen, am no,
nitro, cyano, Cl.3-alkylam no and di-(Cl_3-

B d‘%ﬁeélﬁ gggyydfﬁ?én% 85&%]: ﬁ{{?‘?gn,%e gw&egl%rag %‘(g}/fjggll‘l‘liﬂ&% (ILIb) as

ghoive &bl eonRioving wlibrdn & hmhyl in particular unbranched
Cl. 3-al kyl, such as nethyl, ethyl or propyl. Vis
sui tabl e chloro. WO 2004/ 014821 PCT/ DK2003/ 000537 12

I&%r@ﬁg It@&ﬂd?ﬂer@?@dqﬁc %Sgdlﬁl%ﬁpgfqhggl r%l?tloéehﬁﬁ: %ﬂ%}g ggeﬁqt of

may al So be an Tsocyanate o f'oF Ml
ﬁosrutlhl(Hﬁabam alcempéundm aboverwharefRR N5 Grpyl. TIhis spéoific

t he |nvent|on t he acyl ating
%%ﬁ%"r#mf’%t Cé?ﬁefs 4 br %8%‘5 AKfatingageror thesinyetion; Rarmely NGO
Mﬁﬁ@ﬁﬁlng t o anot her enbodi nent of the invention, the
acyl ating agent is an isocyanate of fornula R -N=C=S.
10 Suitably, the substituent RL in the isocyanate and
the isothiocyanate as defined in any of the
enbodi ments above, are as follows: Rl is Cl_6-al kyl,
C2_6-allcenyl or C2_6-al kynyl all of which may
optignal |y be substituted one or nore times with
Awpsding iehfisthseerbedimont ofithomventidn, teapylating agent is a

hydr oxy, hal ogen, amino, nitro,
(Eégﬁgﬁaégﬁa@gaanghino and di-(Cl_6-al kyl)am no, 15
nore suitable Rl is Cl_4-alkyl, C2.4-allcenyl or
4-al | cyny] , of whi ch optional | be
ﬁfﬁ@t}’r {hg skt 16‘#?@" Br iyt GompREad of oFala BEIc) psdefingd in any of the
HloRshafls B drl adralldsaxy, CL-4- alkylthio, hydroxy,

al ogen, amno, nitro, cyano, Cl_4-alkyl am no and
ils CCa-alkyl, ﬁzl@dl&eamyi aml Cm—dkm;é Ia11y>f Rhldh&n@iglarcmlally Bt
n

SRR BAL PG oG ISR WOk GUbSiieehi scffsicd HmEsolony: Cra-
1Bl &%y, hitbgels, Ao, hith, @yardY 81 2XMylamino and di-(C, -

alkyl)amino, more suitable R' is Ci.g-alkyl, Cy.4-alkenyl and C,.4-alkynyl all of which
may optionally be substituted one or more times with substituents selected from C;_4-
alkoxy, Cy.4-alkylthio, hydroxy, halogen, amino, nitro, cyano, Cj.4-alkylamino and di-
(Ci-4-alkyl)amino, preferebly R' is Ci.5-alkyl, Ca.3-alkenyl and C,.3-alkynyl all of
which may optionally be substituted one or more times with C;_s-alkoxy, C;.3-
alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci.3-alkylamino and di-(Cy.s-
alkyl)amino, more preferred R'is Ci.3-alkyl, Cy.3-alkenyl or Cy.3-alkynyl, and more
suitable suitable R' is Cis-alkyl, in particular unbranched C;.s-alkyl, such as methyl,
ethyl or propyl.

V is suitable chloro.
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20 hal ogen, am no, nitro, cyan, Cl_3-al kyl am no and
i-(ClL_3-alkyl)am no, nore preferred RL is

wQ@2o@/akd2cyl , C2_3-al kenyl or C2.3-al kynyl, an#CmmK2003/000537

suitable RL is C1_3- alkyl, in particular unbranched

Cl. 3-allcyl, such as nethyl, 1&thyl or propyl The

i nvention aI So covers a met hod for selective enzymatic

dibagylatingomgent usad nemeding to 6 1mrmaumdy afsofberamidozyfayd of
defin ove. .Sujtable e racem_c, conpound of

PEP & R it oo astnns Rl me et NS 0. Cor

S. 30 According to a further enbodi nent the racemc

conpound of fornula (IV) used, is a conmpound wherein

Vhyss irgp furthes embpdimeot ofthe svbniinytiet acyhting egénticent i on

f la (IV) wusedis a
fé@ﬁ%‘%%ﬁ%&@&*ﬁ Y RN G 5004 014821
PCT/ DK2003/ 000537 13 In anot her enbodi nent of the

i nvention the racem c conpound of fornula (1V) used
fecordingrip aneilensehogimeny of ghednymmtian, e Seylatiy agent isen

ggg%gge ?@érﬁﬁ}ak theg 2 g acenic conpound (I1V) as defined

In-“any o nents above, is as foll ows:
Cl_| o-al kyI C2_10-al kenyl or C2_10-al kynyl all of

%q‘fp %ﬁtlonally be, substituted one or nore tinmes
v hs s ebptifurt daithedieyanste apd e ixhiaeyesrip,as defined in any

6%%hégm%&1¥1}em'a%v9>é% X105l ogen, amino, nitro,

ano al kylai ni'no and di-(C1_I o-al kyl)ami no,
€ 1stalldbCes- ﬂkemsd o€, -atlayhidydll ofGehitiomal |opﬂdmdlly<1fe stBstituted

C2 | o0-al k whi ch t [
R A SPbWEtSfSFWB@X\ﬁ%ghb?gglﬂfg%/iﬁtqe}érﬂﬂéﬂthlo
k6, Al AR B0, oAb TSI arl 1@, A0k hamino,

cyano, preferably pre era
mnmsalﬁ@lbﬂedi Q}lcllﬁa]klvk Qz 4-aﬂ<c¢n]vikméizm&lberyt eltl oRWhich may optionally

C4-1 0:
DR ong o e e P OGRS Pt Bo W vtk Cor
a;mymua dgidrox§0 MdidekeNEnifs! hﬁttr@ b, IO SUBRAERS 1208 di-(Cyu-

rolysis. Hydrolysis, which is the réverse reaction

hyd
%y b%nam@mbéth# sdetsradkyl, Ga;k@lkelml at €25-plkymyleall ¢fswhich may
@%@éﬁﬁ llaé Qubtsﬁﬁlt{de&%tdr%porei?' & éb%\?‘? (%[e?lt )ﬂ{héo hydroxy,

c acyla s pre S y
Ivdhd gein; fhi®, nitigadyato, Ci.s-alkylamino and di-(C;s-alkyl)amino, more
preferred R'is Cis-alkyl, Cys-alkenyl or C,.3-alkynyl, and more suitable Rlis Cia-

alkyl, in particular unbranched C;3-alkyl, such as methyl, ethyl or propyl

The invention also covers a method for selective enzymatic deacylation of a racemic

compound of formula (IV) as defined above.

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

orS.

According to a further embodiment the racemic compound of formula (IV) used, is a

compound wherein Y is O.

In still another embodiment of the invention the racemic compound of formula (IV)

used is a compound wherein Y is S.
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sol vent or al nost anhydrous organic solvent ( enzynes
normal ly require the presence of sone water to be

waaebia)s21 The exanpl es below, illustrate how a#ddimK2m3/000537

of water affects conversion. The percentage of water
allowed in a particular reaction system nmay be
determ ned by a person skilled in the art. 25 The
organi ¢ sol vent which may be used for the acylation

eact.ion, .i s no rticul.ar i nportant as long . as_it
IR MeE Propbioithd af e BHEMGE ibaedsBg Comph et S8 D gsed
isRGodRuNdMWHEREAVIORBoUCh as hexane, heptane, benzene

and tol uene; ethers such as diethyl ether,
di i sopropyl ether, tetrahydrofuran, 1, 4-dioxane,

ln1et her and 30 di e e ne..
SEEbIA i R Gh M ine ERoPowE GRS LS G s en e
erabdiinegtks Abbve, keds@oBowe L, §§-81k§H T, ABIKEBI Y C, ALALA A all of
e%h | acetate, ethyl butyrate, vinyl butyrate and
w Wﬁlmaéféi?i@a%f bggibsldatediang opipgrvimepwith sybstitueats selected
| e l®r i .1, .
BB Ak o Ol Ay 1618, BE0EY, Rl I dnind i eyomo. Gy,
edsylamnri]rtcT dndt {6} _é o-amylpm?gemgm rmtl'?zhblé R@_is&&bll_l\{-\?\om, GUealkeayl or
I e 0] , acetoam ae, or mam ae, . .

‘gemz?;@}iwg ol] ORI PRtOBRLAT SubaIHISEIasR OF PIoFe imggiwith

LeRk takdigd i xyo] 1.
SOR P SlhtS FEARRSG, biloR0h Hniff EThIY GHED, Heferably R'is

Gexaaltst hykferabdp tiwhrenched rCapatky] akhmogg prbfemed R! is unbranched
ydr gcar bons such as hexane, heptane, benzene and
”ollo'da@ﬂ’ - ethers 5 such as diethyl ether, diisopropyl
et her, 1,4-dioxane and tert-butyl nethyl ether and
esters such as vinyl butyrate, are preferred. For one
Aeroyding tq e imvpstioprseleet yaehzyweliv agyllatiomdy corded puinmidec

rhons..siich as benzene, or l.uene and. et hers,
DU OSSR PuPleeBRRSH Rl LRsioRaR. Sy Hedverse
B ionfufehesiodyelion QbACE B, IaltaR pidee ik ReF i§ pré&bltin d% reaction
1, 4-di oxane (see the exanples bel ow). The above
¥8lePent s may be used singly 10 or in a combination of
two or nore solvents. The concentration of racemc
diol of formula (I1) and acyl ati ng agent shoul d not be
Tlos, selghivasnaynhitighcylaieeitptatiably airiddeng @nh $ratdd-ffd®rganic
sol vent nay zln%%gq to non-sel ective acylation of the
PReehPcalposh anhydrops gleanic el vert{ oAy na 1smagy reques thepresence

SHsBheaferab Y aLUNY. Fhe ELAA bdiGw GRELREA W addi ﬁ%
nmore suitable bel ow 0?5 M" even nor eﬁrsagl tabf%dlgg ongater
affects 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 acylation reaction, is not particularly
important as long as it does not deactivate the enzyme used. Suitable solvents include
hydrocarbons such as hexane, heptane, benzene and toluene; ethers such as diethyl
ether, diisopropyl ether, tetrahydrofuran, 1,4-dioxane, tert-butyl methyl ether and
dimethoxyethane; ketones such as acetone, diethyl ketone, butanon, and methyl ethyl
ketone; esters such as methyl acetate, ethyl acetate, ethyl butyrate, vinyl butyrate and
ethyl benzoate; halogenated hydrocarbons such as methylene chloride, chloroform
and 1,1,1-trichloroethane; seconday and tertiary alcohols, such as tert-butanol;

nitrogen-containing solvents such as dimethylformamide, acetoamide, formamide,
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0,2 Mor even nore suitable below 0,1 M A person

skilled in the art will be able to determ ne the
wopbdidroaksaconcentrati on of racem ¢ di ol and acyParinm2003/000537

agent. Sel ective enzymatic deacylation is preferably

carried out in water or a m¥ure of 20 water and an

organi c solvent, suitable in presence of a buffer. The

aegaitiite Sdlprepibnitnite] atl apaytidilarseients stdteas daethytslfokile, N-

no articularly inportant %§ long as it does not

Pelgy QL@mFﬁ@déﬁ§§ﬁ@3ﬁ@gﬁW oipus BHEder gani ¢ sol vent s

are solvents mscible with water such as al cohol s,

acetonitrile, DW, DMSO dioxane, DME and diglyne. The
Atnioh} ésbnp duydmeanhiohs sush aabbxant chepthang behyeret dndrtolaend, athees

so] vents. erson skilled ip.the 25 art will he ahle
61 e st ALBE AESBpRRRAIeG bl Fg et uh snsg Bt and
SRIPAAGs Uyl beiyPas, ard prdfertba ey diheteﬁgyrﬁc?sqﬁé hfo8t pRrred
stereos electivity of the enzyne used, may be

sofesnisasadbd yprapaatiohiyidegocations biech ag bghzene ontaduene and ethers, most
deacyl. at.i on | resence of an organi aci d, and /or, an

BF pin Dlpdeetnd G TRIE Eaing Ve HREDIsTesg RO o ethers
B as 1 gldbemel(Secah®ERBRHAE BB L ThRe bhS/cQBEEAR A be used singly
acylation or the enzymatic deacylation is carried out

ol prreBbHEEoB P BYe of yars solvsatse or an organic acid or
a mxture thereof. WD 2004/014821 PCT/ DK2003/ 000537
15 In a particular enbodi nent, the invention relates

Tl @npEMeLiDs offeeriddibhel fonayladll) end Rtk ia@éht8hould not be
enzymati c deacylation is carried out in the presence .

tgp high asiagugh eongenigationfireagsnts i hesplyspt may: ead g yey-selective
é"&grialgion of tHE 1Bcdnit Hﬂﬂ&Slﬁ%Eth@&{cent}ﬁﬁn%?@X&ﬁﬁé fiol and acylating
acylation is carried out in presence of an organic

@egat issach ablber 196 Myrmyam istitabde tadosy 10L ScMa evah mGes suithible below

above nentioned. ar jc.acid is an aromatic .
G ARb BRoYPenaiEsuane b | Bhak persed FRlsd i e atgll begble o
ASerBfinOhe APtimaPSdrdePitiol ofBYchBc URRInd Royifithgl a%éﬁtt I on,
there may be nentioned, al kyl carboxyli'c acids,

cycl oal I cyl carboxylic acids, cycloal kyl al kyl carboxylic
S5 R oSO o B ) e PN
water and an organic solvent, suitable 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 enzyme used. Suitable organic solvents are solvents miscible with
water such as alcohols, 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 enzymatic
acylation or the enzymatic deacylation is carried out in presence of an organic base or

an organic acid or a mixture thereof.
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phenyl carboxylic acids. Suitable aliphatic carboxylic
acids, are carboxylic acids such 15 as form c acid,

wacaddioassaci d, propionic acid, n-butyric acid, PCT/DK2003/000537

I so-butyric acid, 2- ethylbutgrlc acid, n-valeric
acid, iso-valeric acid, pivalic acid, n-caproic acid,

caproic acid, decanoic acid, crotonic acid,
i&ﬂ I?ﬁlfl?‘garaf'@il@dlfé%l @seweahel@ Hﬂléj@sdybl a rogass Wherein the enzymatic

RS AR RN Parrigd picin dopressgeq of an organic acid
qmﬁebdplapromgnnmarb@qilid,acidr phenyl butyric acid, oxalic
acid, malonic acid and tartaric 20 acid. Suitable
aromati c carboxylic acids, includes aci ds such as
Theng I i r.obenzoi c
SR kb 6ELORMRIE Aol PRENERL 8
agdrds acids wiitable aaoirghninepixytit @c1aC| d, pht halic acid and
terephthalic acid, salicylic acid, hydrocinnam c acid
for instance. 25 Thus, according to one enbodi ment of

Su@biciNe M dve 'ﬁienhlaﬁed)&%%ﬁb ;5?]1@% gh H3GdsL galjbggy f aézlc} oL A1

st ereosel esel ectivity of e enzyne is se
ahippatispiahiixolinedid, i so-propionic "acid, n-butyric acid,
I so-butyric acid, iso-valeric acid, 2-ethy|butyric
acid, crotonic acid pahni tic acid,

Aynl egexansdanthexithy se asiddn i fé@(llﬂoq’l g&féima%@ FRhfioRS Hicyl

andp- toluic acid, salicylic acid

Csrbﬁﬁéh«ymls@ ﬁy@mﬂbyla@baxylmulsdm@aﬂkylakymbmhcmlds
t th i d d

oPUBEA TRBG e R MG Rt SAE sk Plraty St

ph&e}dcarBoX}&hb apidst SoitdtAs hlyphalls birbe AR, acﬂiét arb t&%b@?illﬁf acids such

tio relative to a substrate is usually O.
aﬁa? U afflyAcetipagid, propyonigmgidaprbet raefdersamuyyuc z@nd éz-
bl AL ARZL P BGOSR o o i
cgm“b@crctCldx ideganofc dcht cantanioresid, Iﬁlmhﬁfacﬁi @?@oﬁntdn@%h&%fhc acid,

Y pfiteathoalin pEd o eal T for Sy op ireiidscmelias 3-
phéﬂ I’Gpﬂonﬂ:rﬂcﬂie4 ﬂ?ﬁéﬁ*lght@/ﬁc aéldsc»gdl 'ﬁ@ltdhon_gm 2?@?&’ anfj 8?(2&10

pyridine is preferred. Suit bl & I ons
a@ﬂg aniteble axonehtig m:drboxglacnaq:ddo :mtudas ecibenhiag bagdott aid p-

e for ex The, amount the tertiary an ne
B Te o RERbSnis i drmyDpiirol abd, B bneld, o
totmbatid, fedoldc haHMapHiolCach, ;ﬂ%ﬁhﬁ Ei;&& ahc® te MY aQra®sdiRylic

3.0, and preferably 0.5 to
acid, hydrocinnamic acid for instance.

Thus, according to one embodiment of the invention, the organic acid used to Improve
stereoseleselectivity of the enzyme is selected from n-propionic acid, i1so-propionic
acid, n-butyric acid, iso-butyric acid, iso-valeric acid, 2-ethylbutyric acid, crotonic
acid, palmitic acid, cyclohexanecarboxylic acid, pivalic acid, benzoic acid and p-
toluic acid, salicylic acid and 3-phenylpropionic acid. According to a further

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

The amount of the organic acid to be used is not particularly restricted, but the molar
ratio relative to a substrate is usually 0.1 to 10, preferably 1.0 to 3.0, and more
preferably 1.0 to 2.0.
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The enzymatic acyl ation or deacyl ation according to

the invention is carried out using a hydrol ase, such
wa0@/oisgaase, an esterase, an acyl ase or a proPeamE2003/000537

Thus, according to one enbodi ment of the invention,

enzymatic acylation 15 is pelformed with a hydrol ase,

such as a |lipase, an esterase, an acylase or a

protease. The enzymes useful according to the

n r ch. en abl e of erform.n
%Rg 1 {Wf??/ A §%?§>lf 2&1}1’865%” @S&@ QLRI Ee %@é@pﬂﬂa{w eﬁtbéfen%me
@thefMBloye bV ﬂfg@%ﬁr with @ of the by BERIBnEd 6 q&s §u1tab1e

formula (11). 20 According to another e
QERIIE howriheismayhepastidned deetby] anmemyrshnqo m f or msd

by RO S AR Brosh Sl P Baial pgeanic

dof] arftEorignivie bhseute BERoRLUMIY ARZY TR LCBP RIS 101
perform ng R- sel ective deacylation or S-selective

deacyl ation of the acyl group in the racem c conpound
Ple 4 ' ]

s LAY Bull iy By 8 NS 25958 M ot
retic yeletiverte anssbstotte Bksyallyres enz.grand préftdbly ®.8to aloso

cul tured products containing the enzynme, such as

culture fluid containing a ceII body or a cultured
TRl dnzpRdNe a@MionRrAe i
B o PRSP 8o R S o gt o
Bydndlesw em@aaslaslrpam, an ebterasg mnacﬁhmt& adrokedse.

m croorganismor cell, a ground product of such
nicroorganisn1or cell, or the like). Additionally, t he
TRIBZABLAIY to ik GhrboaBiest B %‘vehﬂm Q:Ekylﬁ&%

enzyme itself or as a cell body by known t nlques

ippertormedbetlyg bmdrphw, srelbas 4 e, fapremterabb,ean\WBylase or a protease.

O 3/,00053 17 inmobilizati
A R IS e ietlion e R ey Shp e P oo
peffohhﬁlgal—tselectmcabylﬁﬁélh 868 sé186tvedBylatiOf ofha Bhi r%rfﬁid:rb
cross linking, encapsulation and "the

bondji n

STPHRsn tgﬁm&ﬁ@lce‘ff%muﬁ@ﬁf fgpuaHéDi nvent i on the hydrol ase
is used in the formof an inmobilized enzynme or
Cross- Li nked Enzyne Crystal (CLEC) enzynes. It has
ﬂneerdmg)tomjlotlteabmbnmmt mctha Qkention BnAGEMcHeng ko iBe

vent rr% ? car r
pe1 orme th drolase, suc 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 deacylation of the acyl group in the racemic

compound of formula (IV).

As used herein “hydrolase” and “enzyme” either generally or in relation to a specific
enzyme, means not only the enzyme itself, but also cultured products containing the
enzyme, such as culture fluid containing a cell body, or a cultured cell body, and
processed product of the cultured product (for example a crude extract, a freeze-dried
microorganism or cell, an acetone dried microorganism or cell, a ground product of

such microorganism or cell, or the like).

Additionally, the “enzyme” or “hydrolase” may be immobilized as the enzyme itself

or as a cell body by known techniques, and may be used in immobilized form. The
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out using Novozyne 435, from Candi da antartica,
Li poZyne TL IMfrom 10 Thernomyces | anugi nosus or

waizpampieei n Li pase pseudononas sp. (isol ated PCOMK2003/000537

Pseudononas Cepaci a and obtai ned from Fl uka), and
particularly good results havé been found when using
Novozyme 435, from Candi da antartica or Lipoprotein
mirpakidzatipsanaiobormsed put byindthods knavmao dieygeréod shilked in the art,

enbodi t. gf .the invention, the enzyne used is )

SRR Ao inclge, s Pl ot nopGist hbsimiane. searilticn and
fhepgse B or Thernonyces | anugi nosus |ipase. According
to anot her enbodi nent of the invention, the enzyne

used i s Pseudononas 20 sp. |ipoprotein |ipase or

di.d ica li . ti oned , of
EREC s SR &R o RS Fenion 55 MEEO s Pt fh fofeot an
it e¥iliz@Nera 5@ o QYT ihledl TABGnRFCIGstht (@L%t)%gﬁﬁést. S

contai ning the enzyne, such as culture flul
containing a cell body, or a cultured cell body,

. ture roduct. and an .
RhaChenTouRY Aot ey Bl 1S Rn ARt REREG o By Seloarriea
dittesingNawvbzany 485, ftdne Cahdive astprich 1ipar e TEMM 888d
nzymes according to_the invention also covers the
'ﬁ‘? fyReR Lamginosps 1 hiporrogsin hipse pieudemenasspofiselated from

- z . re
SO0 RR R i Shd R OB YRRl Mg b
teben dyuraitwinm wotNolvargnied 35 hieor IGaadide @ntartidasr Y adpadtem Lipase
or ui valents thereof may be isolated fromvarious
PS,SF’IJ‘%(%‘?1(§12‘(°)1513'Pseudom)nas, Candi da or Thernmomyces, or

any ot her source, or they may be prepared by nutation

of the DNA encodi ng the above nentioned enzynes
Thasdaasgrding tpanmiestibedindnt of the irsreintion,dbé ehzyommmsedist i on

b IR Thon i 30, BB B S

leniynRss Bpsevari ants and nutants where single am no
aci ds have been renoved or replaced by other am no
acids, and suitable the am no acid sequence of the

' | han.. 60 .% i dent i ,
AR ol Bkt e RG0S fpaeucppnas
spOligépirobeint ligzad ot Carididx aleaten HpRe Boned enzynmes. 5

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
culture fluid containing a cell body, or a cultured cell body, processed product of the

cultured product and any immobilized forms of these enzymes/cultured products.

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
encoding the above mentioned enzymes leading to variations in the amino acid

composition of the enzyme. Suitable the mutants or variants of the above mentioned
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Thus, according to one enbodi ment of the invention,
the enzyne used is Pseudononas sp. |ipoprotein |ipase

wonroa/oms2ant or variant thereof. Preferably PCT/DK2003/000537

Pseudononas sp. lipoprotein |ipase is used. 10
According to anot her enbodi mtht of the invention, the
enzynme used is Candida antartica |ipase B or a nutant
SVZYYRE Rreriariahie rad mutdtewberalsingle anhimo enidy hevelssed rérmoved or

SRS R AEEihieReids DR Sufibte Rl g et Redenct oY variant or
INGtAQZ s HRdre HeB60 %adérferag bﬂa@erﬁlﬂ& A drt GRinlSOPADE nfdst preferred

i mobi | i zed on acrylic resin, available fromthe
werphay 90 Moidentjenb & thg shoveapediodedgnaymest i | | anot her
enbodi nent of the invention, the enzynme used is
Ther nonyces | anugi nosus |ipase or a nutant or variant
They sebrdifl &f @fcabiboditient o theaAvahiiBn UB6 Bndyenehiel Iy ces
| anugi nosus | ipase. According to a further enbodi nent
Jorudoraonassankinaprotenpags o ABUEsEer vasiant therggfrETaferalily
I - f ] onpany Novozynes A/S. 25
%%%dgﬁggggﬁggkﬁgggPﬂf%&%gﬁgffions for enzymatic
acyl ati on/ deacyl ation differ depending on the
articular e zygg10 sed, ghether,it is imobilised or
o %P% to anathariembodinent gihg dRyeatipn the grzymeased rlandeds
P P oV SRt J5 RN, T epmrustlis
Enxlydrantatibelipesed.i s not particularly restricted, but
is usually 0.01-1.0, preferably 0.02-0.5 and nore
preferably 0.02-0.3, as weight ratio relative to
Ae2dinatea B2 886 AAARIr (RETHVEIERORE 992@/%%7 is l\ilq%ozlﬂge®435
reacti on may be carried as a batch process or It y
(bandide ritedicalipasesB amuwhilizad os acrplio oes aval tblecfiamy tige domypany
e used iin,@a plurality of batches repeatedly or
%ﬁ??ﬂﬁ%6£$& The reaction time is not particularly
restricted, and wll depend on the enzyne used and
the scale and type production nethod (batch or

Awnrdingisytill Sothes epbediarent ofthe nvieotiom ltisvenzginatuesd iso an
ﬁ{en%{)ln§ée>esqgﬁ11}éir?or§%sr liga]:se B 5 AR %9 Vgr?a\{llt ﬂr%retol}.ePreferably the

enzyme used 1s Thermomyces lanuginosus lipase.

According to a further embodiment of the invention, the enzyme used is Lipozyme™

TL IM, 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 preferably 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,

preferably 0.02-0.5 and more preferably 0.02-0.3, as weight ratio relative to substrate.



10

15

20

235

formula (I1V) W CGAR3 ROHZ ./ Hal (1V) 10 wherein
R Hal, R3, W the dotted line and Z are as defi ned

wahou@ienia salt thereof. According to one enbBOWDK2MN3/000537

of the invention, the optically active acyl derivative
above is the S-enantioner. Adtording to another

enbodi ment of the invention, the 15 optically active

‘Bl reagfiqn may by earibdesa bajch hwcBsen dnhiyobecarridt owradiakgntinous

e iment of the inyention the R or
ggg%g'n tT:ﬁ g%nngS'n%\eolg%%g? gseg mn 3@%&% d’r%\?ﬁtéﬁ%ﬁ PRty Al ogen
amtieyandy. Thekesthl timdisindt 648 AL G
further enbodi ment of the ?nvgﬁ?ﬁl%%s the’%l-l&]g?ﬁ@ep%ndonthe
eyzymg Hesb s the pealeandstypaiprodipioundetivbé (teitah deadoniisuos).
fluoro. According to a further enbodi nent of the
invention, the R~ or S-enantioner above is a conpound
Tirepresent triventitot diedreldtedao ba Sk 6 RMnsn@orértila®okPodnd BRving the

t&g/\D 209&)214821 PCT/ DK2003/ 000537 20 I n anot hér
HBB]&i t of the invention, the R or S-enantioner

above is a conpound wherein Z is dinethylam nonethyl
or a group that nay be converted to

di met hyl am nonmet hyl, nore suiwable Z is

di met hyl ami nonet hyl, and thﬁl&fher substituents are

as defined above. 5 In anoge odi mnent of the

i nvention, the R or S-enaftiomer above is a conpound
wherein Z is di mMRhyla nofrethyl, Hal is fluoro, the

dotted line represef sin%ie bond, and R is cyano
or hal ogen, suitabl e L

Hal avy
wherein R, Hal, R?, W, the dotted line 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-enantiomer. According to another embodiment of the invention, the

optically active acyl derivative 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 further embodiment 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

a compound wherein the dotted line represents a single bond.
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10 In a further enbodi ment of the invention, the R or

S-enantioner above is a conpound wherein Y is 0, or
weoq@roed2iably Y is O and the other substituenPeTaKR0@H00537

defi ned above. In a further enmbodi ment of the

invention, the R or S-enant?bner above is a conpound

wherein Y is S and the other substituents are as

hh@fnioti@d embodigent 6 ﬂhn irevefitiio, e R eortfH dinamivineodbdvieds a compound

vent nant| oner abo§e is a _compound

Sl gt

VRGP 7 ity lagainameul o erB i et BB 06 comisRied o b as
dafdimasmmbaietyl, ﬂl&eéui&éﬂié nes dlﬁ{é‘%%r%eheﬁ{ 1,18 the other

i nvention, the R or S-enantioner above |§’ compound
subetit@pnis yre as definedhabavhe ot her substituents are as
defined above. 20 Suitable, the R or S-enantioner as
defined in any of the enbodi nents above is a conpound

Inh@bgien eitbodignetl oftha kl¢htiorC2he®R 2dr S-@MkioRer above is a compound
C2_6-al kynyl all of which may  optionally be

wheieini% mchwe@a{éar@nomthél Hahtﬂélwct,Hhﬁsdm@dm@emrssents a single
e -al kyl thi o, hydroxy,
Oﬂdbﬁe(ﬁﬁ i %ﬁgg}hgto 5@%}160 " 6-allcylainino and di
25 (Cl 6-al kyl Jam no, nore suitable Rl is Cl.4-alkyl,
C2. 4-al kenyl .or C2.4-al kynyl all of which may
Bt fugﬁ%tl ?beqsiémglar&ftthq Iav@aloan@e& ofSreantiorae alaovws a
c%'tlxﬂﬁ)tuc 1 aI&I &y t i r 6 ;’Eﬁﬁgbﬁégg% @ :Jg%Qﬁ% other %ubstltuents are as
dfiaad pb@k. In a ﬁlrthyet atnbmrhmntdofdhe (Il@ﬂﬂltﬂ)natﬂe@-l oraveradtiomer
r ef er abl i s, CL al.l cen
Shows i < Cogforg W%?rsﬂg’ﬁh%%%ﬁ Ak 9%&1’[@%6@(? ssaedeove.
or nore times with 30 substituents selected from
Cl_3-allcoxy, Cl1_3-al kylthio, hydroxy, hal ogen, am no,
Ini & fgther w@dlm@ﬁ of tlagf 1hy¢mwnn‘fdle Radr Srm@ﬂiorﬁeraibbyd: Jseari no

lll‘lg}og.ﬂa h\g r ef dli) (%' ana gﬁ%l}lgﬁ?ﬁ%%s arc ag %eitine%ualb%\rfe

PCT/ DK2003/ 000537 21 Accor ding to another suitable
enbodi nent of the invention, the R or S-enantionmer as

Taex furiber qbogimensiof theaneerision; the Rr or §tﬁm\a@ti¢rgera1bom§@u nd
kyl
TR ok *5 R g i ¥ mntapetapore

optional ly be substituted one or nore times with

uk;gg tuents seI ected from Cl_to-al koxy
%I I8 Q- gnant gpiasdet 19641@4 aélgéﬁ thea‘?ﬁﬂ?ﬂshmﬁ‘iltﬁ above isa

i O R e e e N

apzioh@lyabk subgtitusdd onefor ere; hmﬂfmynth prtubgmtablhty sdlected from Ci¢-

alkoxy, Cis-alkylthio, hydroxy, halogen, amino, nitro, cyano, C;_¢-alkylamino and di-

(Cy-s-alkyl)amino, more suitable Rlis Ci4-alkyl, Cy4-alkenyl or Cy.4-alkynyl all of
which may optionally be substituted one or more times with substituents selected
from C;4-alkoxy, Ci4-alkylthio, hydroxy, halogen, amino, nitro, cyano, C.4-
alkylamino and di-(C;.4-alkyl)amino, preferably R' is C,.s-alkyl, Cy.3-alkenyl or Cy.3-
alkynyl all of which may optionally be substituted one or more times with
substituents selected from C,.3-alkoxy, Ci.s-alkylthio, hydroxy, halogen, amino, nitro,
cyano, Ci.3-alkylamino and di-(Cy.3-alkyl)amino and most preferred R' is C;_3-alkyl,

in particular unbranched C;3-alkyl.



10

15

20

25

30

substituted one or nore tinmes with substituents

sel ected from hydroxy, hal ogen, amno, nitro and
woyengidqaieferably Rl is Cl_lo-allcyl, preferabCy/DK2003/000537

unbranched Cl.1o- al kyl and nore preferred RL is

unbranched C4-10 10 After thel conpletion of the

acyl ation reaction or the deacyl ation reaction, an

Aeranding feanaghertshigatie embodinienasf tieinvepics ety cidiBomer as

h t
A b4t PR o & R Ve.8 i BTaE vheretUR s @ Gllovis: C.
]IJMK:B/I ICAG @Ayl 611@(}51 ABcyn§l élh@ffkvmgné) %'ph na‘-iggdgs%gﬂuted one

fromthe enzyme In“ofder to ire
@ raereitioms Wi substitrenta s¢lpdtyd fom/ (brm-éllléd)(y,vﬁlltlb alitydhio, hydroxy,

t a e it form
}faE o1 o;%gléllgt 1&1&6%%}/3%1?,0% ri%?less qq%'ﬂdéf) (é al]g\%an@pp)more
suétalple ®' iv/€] y-allkyl, @, @ififdngi &t 1@}&[1@%?1 alHOMGNiBH glngtoghénally be

difficult to efficiently separaté the enanti
ybstEits ope RhBWEE HRehwith S@@@Q@Q@ seleeted Grost hydroxy, ehaixsgen

308, S bl KSR o B -

abiyd sed mdreprfiredk hiavwebmadedidit,gnsi ve i nvestigations
and have as a result found that the enantioner of a
conpound of formula (Il1) in the formof a salt with an

@i@ér(ihé Som d}?létl&{ b @b ﬁwlgﬂonq]eé&fo'n%' ttﬁeed éag}glgtu%preggtu % %ﬂ?

l'ayer and the opposite enanti onmer _
chantimrher of the) dibhderivatiforepresénted bpthe ﬂaMnﬁlha (H)E‘ls @btathdds a

ffici di stri but.ed or anlclayer when
i b pPneRi e Bk eomapin of Tavoiad (801 egeaction

RiRtr@ i thBJo @AM SepelivERbma r in the presence
1olf an aci doﬁ T% e@ﬁ{accgr% ﬁﬂei&? anot her enbodi nent,

the invention relates to a nmethod for the isolation
U Thb s ) o SRSl B39 10
cRethic@Hburdy, it is necessary to separate it form the opposite enantiomer of formula
(IV) and (II), respectively, in an efficient manner. However, it is difficult to
efficiently separate the enantiomers by generally known methods because the
structure of the acyl derivative of formula (IV) is so similar to the structure of the diol
of formula (II).

The present inventors have made intensive investigations and have as a result found
that the enantiomer of a compound of formula (II) 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 (IV) in the form of a salt with the acid is efficiently distributed
into 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 embodiment, the invention relates to a method for the

isolation and purification of an acyl derivative having the formula
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15

Hal (IV) wherein Ris cyano or a group which may be
converted to a cyano group, Hal is halogen, the
wdabdad4d2ine i s a double or a single bond and ECT®K2003/000537

group -CH2-N(R R') 5 wherein Rand R' Cl1_6-al kyl, or
R and R' are connected to eagh other to forma cyclic
structure including the NNatomto which they are
attached, or Zis a group wwWch may be converted to a
di met hyl am nomet hyl group, Wjis 0 or S and R3 is -Y-
Rl wherein Y is a bond, O, OorpNH and RL is
Cl _10-al I kyl, C2_10-al kenyl} or -10- al kynyl all of
whi ch may opti ondk pa substituted with one or nore
substituents 10 sel ¢ fromCl 10- alkoxy,
Cl. 10-al kyl t hi 0, hyd albgen, zani no, nitro,
cyano, Cl1_  1o-al kyl arr 6|-(fﬁy10 al kyl') am no,
aryl, aryloxy, arylthio and heteroaryl, or Rl is
aryl, wherein any of the the<aryl and heteroaryl
groups may optionally be ituted one or nore
times with substituents eeted from Cl_10-al kyl,
C2_| o-al kenyl, C2-10- alky yl, Cl1_10- alkoxy,
Cl1_10-al kyl t hi o, hydr oxy, mﬁiogen am nitro,
cyano, Cl-1o0 15 al kyl am no and di - (C1. 10-"al kyl ) am no,
or a salt thereof and/or a diol of formula OH R OH Z

I ﬂ;: WO 2004/ 014821 PCT/ 003/ 000537 23 wherein

SIYANQBE # E9Up ivuchmay be sonveded it pyrea sasby Elal 1§
t I 0 ,

ﬁm rmﬂﬁ*&g&@@ﬁm fsTaQMBuBle o Mo gzﬁ kB O0RS MR R )
wkmpml R'end Ra) Ct edbyl, ogRsad R’ I’TathUIJIECtE(drtb ancli othertthdform a

&t Rttt N e b Btk BieSant iteRed pr 2t o ghoup

WHieh &0/ eQondtteddh & dnﬁéth?ﬁﬁﬁ'ﬁ&ﬁé H}fl &rb®, INHEO P SPHATE i is Y-

containing the diol of fornul (é as 'a salt of sa

1%0Wbﬂﬁﬂbﬁﬂ&mbﬁmiéhﬁw&bﬁﬁagbR bva&wléh1ma@mmﬂaﬁﬁha&e
%Wo? 'og g/ih §%§g$}§gptlongﬁ§ by Sal}bIS%{&lte%fWItd‘? one lo?m%'ré/gub%émgnts

selected from Cy.jo-alkoxy, Ci.jp-alkylthio, hydroxy, halogen, amino, nitro, cyano, C;.

1o-alkylamino, di-(C;.1p-alkyl)amino, aryl, aryloxy, arylthio 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 Ci.jo-alkyl, Cy.10-alkenyl, Cs.10-
alkynyl, Ci.jo-alkoxy, Ci.10-alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci.i¢-

alkylamino and di-(C;.jp-alkyl)amino, or a salt thereof and/or a diol of formula

OH

R
(Lo,

Hal 1o
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10 optionally isolating the conpound of formula (I1)

as the base or as a salt thereof and optionally the
woanpouesdiof fornmula (1V) as the base or as a BarmK2003/000537

thereof. According to one enbodi nent of the invention

R is halogen or cyan, preferdbly 15 cyano in the

nmet hod for isolation and purification above. According

VactgHoR ndal, Beislotipdriing ansk Z preeasidefinet ahoe Harla selt thdrens; from a

ST o PR i

¢anmmrisegpr esent s a single bond. | n another enbodi nent
%f the invention, Z is dinethylam nonethyl or a group

hat USARSSRIdaBRIES comfainmedhe ped oRfaramiaonet hyl gr oup.
o\ bAaPT [ | L am ccordin a
VLAV ol B oy eI ATBARE LN prer 47 AF S8y Pt Bpme
presendé pbarhgdidni nonet hyl, the dotted line is a single
ond and i§ cyano or hal ogen, preferably cyano. 30
e e Aot aEseoRang il oo LamsaLsns of
id 484 WehPhe bManidpHalBetoBBk A icl '@*m-
urification aagvczeb, i's 0a coﬁpggang%bmggeﬁdl g ggg}e ac??’l
TIVRHES el fgbnyla (W) as asaliedsaifiecidt her substituents are
as defined above. In a further enbodi nent of the
i nvention the conpound of fornmula (1V) in the nethod

dptionhi$pisalatifg R@Bnipeihd bEBIMOR (I]ROME bakcSorts GRAR I £ and
wherein Y is S. WD 2004/ 014821 PCT/ DK2003/ 000537 24

quiiogaliythe wempevisbeli feamela §FV )tasshd base ot pomsalttbersofrpound
of formula (1V) in the nethod for isolation and
purification above, is a conpound wherein Y is a bond

Aarvdrdihg toodrieesmbosiithsiitiof ek Serdion Fess HRIger 6flcaRBY S e febatly
a further enbodi pent, of the_ invention the conpound of
Parain he prethod; far isplatipp prdpurificstion 8bevet i on and
purification above, is a conpound wherein Y is NH and
the other substituents are as defined 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.

In another embodiment of the invention, Z is dimethylaminomethyl or a group that
may be converted to a dimethylaminomethyl group. Suitable Z is

dimethylaminomethyl.

According to a preferred embodiment of the invention Hal is fluoro, Z is
dimethylaminomethyl, the dotted line is a single bond and R is cyano or halogen,

preferably cyano.

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

above, is a compound wherein Y is S.
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10 In a preferred enbodi rent of the invention, the
conpound of formula (1V) in the nethod for isolation

wanaa4pasd2ii cati on above, is a conpound wher ei NPRL/DKR003/000537

Cl-6-al kyl, C2-6-al kenyl or C2-6-al kynyl all of which
may optionally be substituted one or nore times with
substituents selected from Cl_6-allcoxy,

Cl- 6- al kyI t hi o, hydr oXy, haI ogen, amno, nitro,

B ERRnpegniafnetarti edinhe odspotigte R N in R Rethod

132 isbiatoh GyiB phriAkdtioafabid, @sha ERMp iRk vRadih W R bond and the other
substituted one or nore ti rres wi th substituents

ybplialgertg ar asfetinediabgvecoxy, Cl1_4-al kyl thi o, hydroxy,
haI ogen, amno, nitro, cyano, Cl_4-al kyl am no and
-(d _4-alkyl)amno, preferably Rl is Cl _3-al kyl,

Kﬁ?a ), Sirthbr @sbodimanch@e Bvattlopehy borapdundfof WtinGila (I8Y in the method
fg)ptl onal Iy be substituted one or nore tines with
folatoneht SUEBrEONaOYs: 6 ey veisxsin Y 1s NH and the other

u@ﬁté%etaﬁ 111@(?aﬁ®(fgr oxy, hal ogen, ani no, nitro,

cyano, amno and di-(Cl1_3-al kyl)am no and
nost preferred Rl is C1_3-alkyl, in particular
I'n another preferred enbodi ment

b h | K
R ?‘ﬁeﬁ\?gﬁpﬁ nt Pﬁ@ee%‘f?ﬁs% DFoRRAYA @ff Forpyuly (Tvy in the

9% g 0, 0 LB M BURE .

C2s-dlBemll loe Ay ls-abkyngPall OF \a]nkly [Iwa optibnadfy bm;lubdrtlmmgi one or more

b PR e SSenuf M F8T R hedyal oyl Mleayondy, hatogen,
ﬁhm' hiltbOcyaly AT oaxaakymh@ge@ﬂ diR0]. flgllcyﬁa&fxﬁ; nfoY@RRferred R is

Cl 6-al E:yl am no and di-(G -i o- am no, nore

Sui-tlkpl £2Relkesylor Gbo- M all Q:mehamayc,ceqﬁrpnalbr be substituted one

na opt onal
T A PR R N -
Istbm] adinbl Biffo, %&nh)l@{ PRlYylaldOGrRINi-(aN-alsyl)Binido) pAsfgtably R'
cyano, prefera X is Cl |o-alkyl, prefer ablly
léﬁbrsz@#i@ﬁe@z ac-:qlkF 157 and (b-s-atkemplofprhaelemp @ptianally be substituted

Op4 e
| so Fia gﬁg};\%qpur@[%‘slh%ﬂg?tlsgﬁl,e&g&ggp} &5?"%{%%2&1'3%?@%10’
Iﬁzdeasv@nh thaﬂnma a’:’nﬁmo,amtromxanl md:lhaall Tyl gntrkoemﬁglli-l(iﬂ{_ﬁalkyl)émino and
Wi t acid. may seectl y extracte nto an WO
@Bﬁﬂ%gqg‘gk l—f@wﬁg unb@n vslkdyer and a
salt of the opposite enant| oner of a conpound of

formula (V) wth an acid may be sel ectively
Isleapaﬂ)at @defﬁnecbelahodimgamfdhda any entidny therceatpongd of formhla (IV) in

B GRER G Tor sol P A Purifep® A, R BppBGr perein R is as
1?“32’5 iNI Q?%fag%ﬂ o(fr,zglgrnaluiceﬁyl( dr\Qy.10-B RGBT ANofSRHIVE May BPHoddlS be
substituted one or more times with substituents selected from Cj_jg-alkoxy, Ci.10-
alkylthio, hydroxy, halogen, amino, nitro, cyano, C;.¢-alkylamino and di-(Cj.o-
alkyl)amino, more suitable R'is Ci-10-alkyl, Cy.jo-alkenyl or C,.jp-alkynyl all of which
may optionally be substituted one or more times with substituents selected from
hydroxy, halogen, amino, nitro and cyano, preferably R' is C;.1-alkyl, preferably

unbranched Ci.jp-alkyl and more preferred R! is unbranched Cy.10-alkyl.

By the above method for isolation and purification, a salt of the R~ or S-enantiomer of

a compound having the formula (IT) with an acid may be selectively extracted into an
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5 solvent and water, and in presence of an acid. In
this case, the salt of the enantionmer of fornmula (IV)

wana4ne2sal t of the enantioner of fornmula (11 PpCHmaK2beEs/000537

separated with Ilittle |oss of the desired

enantioners. According to oné enbodi ment of the above
nmet hod for isolation and purification, the 10

ausavmiey grmad asplt vheopppsiemanioniarafalcampbufd o&formula (IV)

ISPl R ti f th d.of .
AR ERREH B8 S5 RO CERn RoprebB erBAr e fpthe
pbssnee bEhBadidf @ mikiand @nyimt wh ddhtidh&afifoMaula (MPand the
S-enantioner of the diol of fornmula (I1) is isolated
TRPomte sanRoBanelt foaRela (BY), raaetiom Hlvany ndiide likea withi aneorgnic

TBD AL bt and FEPRERDL el Ll lF A piiphimer

efthpoula(\Ofanfl dhesdlizof(thd $nanticmesd Fformbla (Eyghay be Bepapitb®ith
t Ehe g@%r ction wth water, the reaction sol vent
lﬁﬁﬁ‘ﬁﬁo ﬁ%ﬁ%ﬁ PP mnEduce the anount thereof or 20

may be substituted with another organic solvent. The

acid which may be used in the above isolation and
pHeaording & omerempbaiimes of sheaiove prethdddot Bolayion esd purtfic@don, the

Bl SR BT B 8 o

B 0sRPSdCorasintlila @Pani ¢ acids, in particular 25
carboxylic acids, represented by aliphatic carboxylic

acids such as formc acid, acetic acid, propionic

id,: n:butvric acid, isp-butyric acid, .n-valeric . .
%%Ciogﬁimg gooe-m\?ﬁfeé em Oglél?e&:[ 3P ?}F @%%/\{ecmgtgf)@ ?orﬁgcg%&ﬂn(ﬂng pélgiﬁaz}tlon,
the §-chaftieth& odehdldioLyloARER (BNRGHIREX HbiCth8 RLhantiomer of the
cycl ohexanecar boxylic acid, oxalic acid, malonic acid
agwhdereyatiys ‘éffﬁéfil’éll?é (Bf)- aromatic carboxylic acids such
as benzoic acid, p-chlorobenzoic acid, p-nitrobenzoic
acid, p 30 methoxybenzoic acid, p-toluic acid,
Thetamhatine obwhidy tobet wkdiscl:2¢6 0:.100,36fhONLC1 366 0:50, as a ratio

ht hal jc acid and tel ephtalic acid. Among them _

e tre snpring o forutle (iDepd water. da pediton. airiog &y Heeyiraion

VAR HSite URDASH Il Db ﬁlta‘g be! §§b’o¥ﬁgcf{o%&uce he amount.thereof or
cycl ohexanecar boxyl 1 c C|§, pival 1 c acid, BERZGi ¢
ragy ok subdtimtedorith ancdludr drgamincksopant.i cul arly preferred is
pivalic acid. Needless to say, the above acids nmay be
used singly or in a conbination of two WO 2004/ 014821

THHIIRRLBMRIIRIbed ROhE BbERIiSol SRALIR uﬂﬁ%&i&mﬂwss %fnot
the acids to be used is not particularly restricted,
petftcularly 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, cyclopentanecarboxylic acid,
cyclohexanecarboxylic acid, oxalic acid, malonic acid and tartaric acid; or aromatic
carboxylic acids such as benzoic acid, p-chlorobenzoic acid, p-nitrobenzoic acid, p-
methoxybenzoic acid, p-toluic acid, o-toluic acid, m-toluic acid, naphthoic acid,
phthalic acid and telephtalic acid. Among them, organic acids are preferred, in
particular carboxylic acids such as n-butyrate, iso-valerate, cyclohexanecarboxylic
acid, pivalic acid, benzoic acid and o-toluic acid, and particularly preferred is pivalic

acid. Needless to say, the above acids may be used singly or in a combination of two
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the nolar ratio of the sumof the conpounds of fornula
(I'V) and (Il) and acid, is wusually 1:1 to 1:5, and
wonrefimaly 1:1 to 1:3. 5 The acid used in thePOT@®&K2M3/000537
i solation and purification step may be the sane as the
organi ¢ acid used in the acyP@ti on or deacyl ation
reaction according to the invention or my be a
ati Ihberspmies: rEhe afsovan obihg atids teled weedtis mhip@mcnmﬂybestﬂ&%d but
in the i on urificati step,. there may
%s il Bt e P B L TR gnd scta s
Hﬂ@]Jﬁquqﬁg r&@@g@nelﬁﬁp3 tol uene; ethers such as
di e et her etrahydrof I'ran, 1, 4-di oxane,
tert- butyl nmet hyl ether and dlnethoxyethane ket ones
uch.as one ket one. and net hyl et
B8 Bs RO R rencth R in ) Pt Gn b R (g s e
&@hivit abﬂdtu\éédiinethél Bey 1R dYdr d@%ﬂﬁﬁﬁﬁeacﬂ'&ﬁla(‘?&ﬁﬂ‘ﬁg &d the invention or
hydr ocar bons such ‘as net hyl éne chl oride, chl oroform
Ay bg a differe onej chl or oet hane. Anpng them aliphatic
hydr ocar bons, such as hexane and heptane and aronatic
hyder ocar bons, such as benzene and tol uene are
As e ergasid. soMest whigh @f§beaded@inetha isoMioh Gndd pohi BEAOR AR, there
and nost preferred is toluene. The above solvents nay
Bay be a&ng?mﬁglp {pr srampleghydsonsttoas isueh asthexes, Beptans; benzene and
lafi
tgglrel}ﬂ? Inzttclzirf %l%hl;\tg g%?lfl}gteg{eg, ftéeHrraa P.Fof%%ﬁ,oﬁ% d?cgcaﬁ%qert batyl methyl
athereand déxh ethadoy ephaat; KeBortes svkéh 45 aﬂélﬂnﬂmﬁdthjdﬂiefc@lé raﬁd nﬁihﬂ @thyl
to 30 C Foll ow n sep aratloQ of the salts of

kb GFTES SBeh #sgprYLAceiate cthikpcetats, etha{éé%tefentwlq %hrlrb@nzoate
1ONER 1B p@&,c&%ng sehat hﬁgl@@ cRidkd F' &lﬁrb elfﬁ'gﬂ?llr,%-

anount s of the 25 conpoun formu
tpighlok gztlmnze dxmqngahemgﬂllphwts: hyalyecartmfnss dueh sahé¢xant ahdkeptane

d with an Cld and the
SO el SatonS, shitbbuttapse RSty R erifieb ot
profeered whd ;i}oﬁl@u@h%ﬁrﬁéaﬁb&ﬁ'a\ﬁ& Most pR&rAli$ todlent NEhE LGSy Of
formula (I1) used as an aqueous solution of the

sphyents mpgbe defnghe@@@dt cobinpgipn lo€ twe eximares selwotsut i on
i n anot her solvent or a concentrate obtained by
concentration, solvent substitution or the |ike

mﬁmamftﬁwsbnﬁbm&puﬁﬁcaﬁa@ st 1§@€ﬁrab@§aﬁ) ©r30si@land
obt ai ned by crystal | ization or t | i ke operation.

TheRReRyelerabl ati 19'tg 43 and apost Pwéertﬁdcﬂt 28fto 30rGula (11) is

be used as a free diol form obtained by the foll ow ng
operations: A mxture containing the diol of formula
Edllo)wiag;ctepalamn‘lgﬁ‘rth@saﬂts log éretcoPor e fIddBA4 (11) and (IV)

P 7

acg(-)rr/dPnlfgzt%Q[ e gb%cw)/g ?nethod for isolation and purification, minor amounts of the
compound of formula (IV) which is partly mixed in an aqueous layer of the salt of the
compound of formula (II) 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 (II) 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 be used
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

operations: A mixture containing the diol of formula (II) and an organic solvent



10

15

20

25

30

27 and/or its concentrate is obtained by treating an
aqueous |layer with a general base such as sodi um

waypogiiste or pot assi um hydroxi de to control tReTDK2063/000537

the aqueous |ayer to be at least 9, preferably at
| east 11, then extracting thé’free am ne formof the
diol of formula (I1) wth an organic solvent, foll owed

W/ Qe tsiFoReenaate is QPtamﬁd fogttr'Gi:at‘jll%a?l]tc itrfueellxi layﬁtwitﬁl'lg generalé)ase
] . [ . t [ . Or | tain
BRI R B e e

lagerab by ableadt@aptcfOBORy 20lea5ar afhkY cfadigas Vi
CSr ef erabl y at | east 9%eand nost epr%eflergalénel @geagtmllngtggsr& of the

ol afofornayia (Hewithige orgrairdsolvent felbovpestindwashirdpamt doacdnt™ing
I.hed e operatio 1 e shed |
P PRMRE LY AR TR PG Bt PP oo R VBl afif sores of
ipalpdidryaraf purifieatior oethet is d5uallg enmea 09%0 brr@huy 1o 79,
may be o%iyal ned as a free amne form by treating the’
R aRS TGP DAt ticast 09 and sIvsbRisEraty pideasi09.504. V) |
obt ai ned by the above operations, with a base. The
chem cal purity of the diol of formula (1V) obtained
Bry thetditieer ond, dbe ofmpamt af fermundV obiafried &% itBNalsRt 86 aiisns
usulslllg aé l.east 95% preferably at 15 | east 97% nore
PPefeVEHIY Gt AN POBIRASHTE fio FrpHoEe gtnjicalipuridaet the
SdiR¥oThe HagpdRhd i t tal;
pzf ter separ EII)?_ [ onsgﬁonlt%l E% (g\yn)alﬂgslf gﬁg?tgfngg B oﬁr)%uﬂiglﬂ%?%“ by
tepating theyanamonionselt ofithe dosponpd of/feembiaf(DV e obtatriel &K the above

rocessing. .| ovenent . of .the opt.ical_ purity may be
BEOLERE sy vk oTR St oty A daidip Bk roBin (bained by
tRB4eikd 37 BoRkioR nd piisficatibh SRk dANs Qfuafll a8 fe%t?g%yé;ferably at
esters or salts wwth optically active acids’ &

lepst R opmgre prefosbhastdpast R and 9uBt perabiy abiedit9g. sta a
further enbodi ment of the invention, the m xture of
conpound of fornula (11) and conpound of formula (1V)
Thkiopticil pusiepef taé pebdbyt dblnabmiee sepatfRd of 3R ddhtiomers of
i sol ah:lon and purification has been prepared by the

frgpule {10 and{LY) 2t abgwe.apay heimpioteddefanibotionpracedsing. i
AR O S D LT B e

invention al'so re
i1 B2 103401 627 b1 iyharysRallisatiof-of dissterédimdrieragietLor(shitd with @ftically

t he acyl riyative of formula (I of the other
a‘éth‘éqﬂoﬂ%r?é ?i%s%%’eéxﬁéﬁé Wtepﬁ]élod‘ég‘i*i é%(/’? -conpound may be
i solated and purified. According to this other nethod

for isolation and purificationthe acyl derivative
Aggoiding totartherrembodiment of the invention, the mixture of compound of

formula (II) and compound of formula (IV) which is separated by the above method

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

another embodiment by selective deacylation according to the invention.

The invention also relates to another novel method for the separation of the R- or S-
diol of formula (I) from the acyl derivative of formula (IV) of the other enantiomer

whereby the desired compound may be isolated and purified.

According to this other method for isolation and purificationthe acyl derivative having

the formula
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OH Z Hal (I'V) wherein Ris cyano or a group which may

woeomonyRited to a cyano group, Hal is hal ogeRCTDIK2003/000537

dotted line represents a double or a single bond, Z is
a group 5 -CH2-N(R R') whereth Rand R' are

ClL 6-allcyl, or Rand R' are connected to each other
to forma cyclic structure i Wl uding the NNatomto

whi ch they are attached, or is a group which may be
converted to a di methyl am Ryl group, Wis 0 or §;
and R3is -Y-R wherin Y ig a bond, O S or NHand Rl
is Cl1_10-al kyl, @ o-alkeryl or C2_10-al kynyl all of
whi ch may optlonall Substituted one or nore tines
with 10 substituentd wctjﬁ fropy Cl_10-al | | oxy,

Cl _10-al kyl t hi o, hydroxy, fal o¢ amno, nitro,
cyano, Cl1_|o-al kyl am no, di[- (Cl_lO al kyl )am no, aryl,
aryl oxy, arylthio and heterearyl, or RL is aryl,
wherein any of the the a nd heteroaryl groups may
optionally be substituteo e or nore tinmes wth
substituents selected from|d -10- al kyl,

C2_10-al kenyl, C2_10-al kynyly; C1_1O-a|%g5y,

Cl. 1o-al kyl thi o, hydroxy, hal ogen, 15 am'no, nitro,
cyano, Cl _10-al kyl am noand di - (C1_10- aIkyI)anino or a

|t.thereof and/or the dio| of fornula OH R OH
‘P—’ﬁ?m’@i 1S VPN pHABIPTR gD SIeH iSRGy N9 EIoie H@l B

1Rlo gé%' ﬁhetdlaﬁe(fjﬁﬁé RArdsth€a ﬁ%lgoﬁé §ingf b@ﬁa' Agd, gbgye, or

a salt thereof, iso isolated fronta mxture
<Jit-AiRiRY ‘ahfzrgmlb endiROTaré C1-sralkal, (OF W arsiRl”” arcanpectadito each

OQEIIGI' 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! wherin Y is a bond, O, S or NH and Rlis Ci-10-alkyl, Cy.10-alkenyl or
Cy.10-alkynyl all of which may optionally be substituted one or more times with
substituents selected from Ci.jp-alkoxy, Ci.jp-alkylthio, hydroxy, halogen, amino,
nitro, cyano, Cy.jp-alkylamino, di-(C;.jg-alkyl)amino, aryl, aryloxy, arylthio 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 Cj.io-
alkyl, Cy.10-alkenyl, Cy.1o-alkynyl, C;.jp-alkoxy, Ci.jo-alkylthio, hydroxy, halogen,

amino, nitro, cyano, Cy.jp-alkylaminoand di~(Ci.jo-alkyl)amino, or a salt thereof
and/or the diol of formula

OH

Hal (I
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formula (11), by a nethod conprising: 5 a) treating
said m xture containing the conpound of formula (1V)

wana4one2di ol of fornula (I11) in a mxture of PGAMDE20032000537

protic organic solvent and an apolar organic solvent;
b) separating the aqueous phade containing the diol of
formula (I1), fromthe 10 organic phase to obtain an
organi ¢ phase containi ng the compound of formula (IV);

@H»l\i}l)eﬂln[@lljléﬁ S AbAbd sk %JHPZ di0 &3S defé% aébroge,ooﬁ(a I)tlﬂ}eéeofo 1s0

base and I ona
Isollat&aduﬁdn@fmfmnrmabmaﬁﬁﬂg a aﬁﬂpdlmﬂ off KA D) 88d & compound of

her eo 15 An 8f t he above isol ated phases (aqueous

Fguiy é% ﬁ%@ SO/IPYFiB&Eal |y be washed one or nore

tinmes mnth an organi ¢ or an aqueous solvent,

respectively to inprove the chem cal purlty of the

q:)r od Lrt(tctatlllg\emdrmipmlge tantanmgehdadipmrint of forbduta @VPued the diol of
]%2115; i | at i.on andg)rrfrcatroi the 20 S-diol

BRI SH Pnp 1€ (O §aniCSod Vg atagh WHPROLES 1P gaec

gah%ﬁantl onmer of the conpound of fornula (IV).

Accor di ng to anot her enbodi nent of the above nethod

Wor i ssptratingtheaquequs rphasemantaunng thehigol 8f doranfld (He fronif the

of fornula ratedfro the R
i TRR 8 By o S s e e e U formmula (V)
According to one enbodi nent of the invention Ris
hal o%en or .cyano, preferabl cyano in the nethod for

qréignaty @Waﬁmﬂﬁlﬁmlﬂf é«amvém(l\ﬁm r (B0 aA@da@searwg)ptmnauy
bR Ty

e nmet ho |so
Accordr ng to a preferred enbodi nent, the dotted |ine

eprgsents a single bond. WO 2004/ 014821
4589153k st ertasd phises (Aquamisne praswis) aiaradditionaliyee washed
dn@)\;)? ﬁ{edrggrﬁ\eéxz{ltg é’ﬂt ?Eal.rlliy&adﬂ ;ﬁ]@ sllx ve t{, ﬁe%Pgé’t%ﬁr b r1]1z1311£)1rove the

CBalintcabprerltzorfﬁaecpmmtclnyl am nomnet hyI 5 Accor ding to a
preferred enbodi nent of the invention Hal is fluoro, Z

i's
According to one embodiment of the above method for isolation and purification, the

S-diol of the compound of formula (II) is separated from the R-enantiomer of the

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

enantiomer of the compound of formula (IT).

According to one embodiment of the invention R is halogen or cyano, preferably

cyano in the method for isolation and purification above.

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

1solation and purification above.

According to a preferred embodiment, the dotted line represents a single bond.
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di met hyl am nonet hyl, the dotted line is a single bond
and R is cyano or halogen, preferably cyano. In a
wouodsvess2enbodi mrent of the invention the conporadpm2003/000537
formula (1V) in the method 10 for isolation and
purification above, is a conpound wherein Y is 0, or
S, preferably Y is O and the other substituents are
lasmddkr mablo«ﬁhmneof theirevefitiot, Hes dialmmzlhnm'ﬁrmmedﬁyltoha group that
i nvention t d of f nula n_t.he net hod
Py ?%ﬂ?@ﬁ? %mﬁWFW@gFF ﬁg“HBo§8“dﬂ§ZdSconpound
Mﬁﬁﬂg,ild}nﬁ{oﬁl%ﬂ@l_ 15 In a further enbodi nent of the
i nvention the conpound of formula (1V) in the nethod
for isolation and purification above, is a conpound

' nd t t.h ts.
ARFrFad p el b ifen OF uB i Sinse R e 21 ©
dlﬁl‘éﬁfy‘ldrﬁ)lﬁoﬁllaﬁlyp PiRd 19k 15 @glﬁgﬂe%ﬁa ¥id Rns Eﬁﬁor@'hmge

20 for isolation and purification above, is a conpound
ripksEadlycyanos NH and the other substituents are as
defi ned above. In a preferred enbodi nent of the

i nvention, the conmpound of forrmula (IV) in the nmethod

Ther fuithed etib cimantd Wlhffélﬁl@hitlﬁ&ﬂc@ﬁmﬂmd oESorﬁm@aD(fIV Piihe method
wherein R1L is . C _6-al kyl 25 C2 6-al ken

fezlselaapwﬂ‘} puzifi¢aTign abwecrﬁ Wn%mfl owiag rpby%ﬁz@ O, or S, preferably

ST B B Bl SRR gen o
1had3mgmnhe ccanpcmmd “ofifdrermla dyva iothe @et]ﬁechifok ;dohambn (andipdnﬂcatlon

%f(ClGalk ani no, %e preferred Rl is
Ve, 18 P egIpoEd, ¥hareii ¥ds B or C2. 4-al kynyl all of which

may optionally be substltuted one or nore tinmes with
substituents sel ected from Cl4-al koxy,

6k ﬂurtabﬂ anylbad&mgﬂ ofi fiekrioxgntio8 Ghdedngppemd odfirmula @V fothe method
tfg%l Blay ﬁlil’lh? Jo%lf é\pegf%?orrg g %@Aéf(eg]%l] 1|s )8?)0113 and the other

SaBstBuahth epegldeshdd Movihi ch may optional ly be
substituted one or nore times with substituents

sel ected from Cl1_3-al koxy, Cl.3-al kyI thio, hydr oxy,

al n m A0, .Nit,r o, _cyan al,l mn
Y PRSP A e N W G R e Shpsfi oY Gv3i e method
161 isdtaioh Gyl putificdtion ib6wd, & a ¢ouscuna hellereih YBisMHnd W ther
2004/ 014821 PCT/ DK2003/ 000537 31 In anot her preferred

PRBEYPHE Ate asfdefiped 3beyent i on, the conpound of fornul a
(I'V) in the nethod for i sol ation and purification
above, is a conpound wherein RL is as

In a preferred embodiment of the invention, the compound of formula (IV) in the

method for isolation and purification above, is a compound wherein R' is Cy.¢-alkyl,
Cs.¢-alkenyl or Cys-alkynyl all of which may optionally be substituted one or more
times with substituents selected from C.¢-alkoxy, C;.¢-alkylthio, hydroxy, halogen,
amino, nitro, cyano, Cy.¢-alkylamino and di-(C,.¢-alkyl)amino, more preferred R' is
Ci.4-alkyl, C;.s-alkenyl or Cy4-alkynyl all of which may optionally be substituted one
or more times with substituents selected from C;.4-alkoxy, C;.4-alkylthio, hydroxy,
halogen, amino, nitro, cyano, C;4-alkylamino and di-(C;.4-alkyl)amino, preferably R'
is Cy3-alkyl, Cy.3-alkenyl or C,.3-alkynyl all of which may optionally be substituted
one or more times with substituents selected from Cy.3-alkoxy, C;.3-alkylthio,
hydroxy, halogen, amino, nitro, cyano, Ci.3-alkylamino and di-(C;.3-alkyl)amino and

most preferred R!is Ci.s-alkyl, in particular unbranched C,.3-alkyl.
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follows: Cl_lo-allcyl, C2_10-allcenyl or C2_10-al kynyl
all of which nmay optionally be 5 substituted one or

waonoE/nigres Wi th substituents selected from  PCT/DK2003/000537

Cl_| o-al koxy, C1-10- al kylthio, hydroxy, hal ogen,

amno, nitro, cyano, Cl_6-al Ryl amino and di-(Cl1_10-

al kyl )anmino, nore suitable RL is Cl_lo-allcyl,

C2_10-al kenyl or C2_10-al kynyl all of which rray
ptignal |y be substituted one or re times wt

st pesferedambadimentiol dog mﬁ%wa%e cpmpewrhoL famnﬁa (IV) in

e b I RN S8 ion RLE L& AN Bhove ?O}xg) L
referably 10 Sﬁbr a%ched Cil % as%l ogllnlﬁ%vlheremR is as
letverCed- aliigyla S:-wralbireapboreCh- 1@¢H<§fﬁybdlkgﬂ witish mympubmaily be

FlrHRRd B0 o Bl e P By Ber el B -t ko, o
AR,y RGO hBbSers uﬁﬁhoaﬁltfﬂ%?ﬁﬁobi 6 @ﬁ%}ﬁﬁﬁho and di-(Cy.1o-
1- propanol 2- propano ut anol and

allsylankine apefe, suithlle qm@ m@ﬂ%éx@&owﬂgﬂnbhqr&a&aﬂ@nﬂ aAdfwhich
1915% Pgtloqiaﬁ ;IB%:S@@% 4 Sde § e 5r%o%rt%n%rvglg§ %@gtlauel?q]ts ﬁ%c%gd from

11138@(1»631; | Toho g Sarpinb] hitre ahd Gﬂarﬁ)t pRferabl R’ & ORY-dN8/1, preferably
menti oned, for exanple, drocarbons such as hexane

wdsanehed Gye mﬁléiarbandameretmp ERER & ynbranched Ge-asliglet hyl
ether, tert-butyl nethyl ether and di met hoxyet hane;

20 halogenated hydr ocar bons such as net hyl ene

A hwpiotie orgniosodfemt mhixhcndy He dsetl in thielisnlsiinhad @urifBRig step,

D B lclon PO SRHE: e Bhar ahisd T-gropanol,
NERIHAIAG; 1-HNBnEPL ORISR YE Heit-HiBM oD e’l‘l‘r@‘ﬁg)ge SIRGY b'erﬁsed

a combi hation of two or nore species cordln
sngdpetinf 4 corebibattimefitvool ndre specicent i on, the m xture of
the conpound of forrmula (IV) and the diol of formula
(1'1) used in the above method for isolation and

Ry A dt@idroshid 3SvER ShidH BRAHE HselYin BRAYIRE difarRPBich@h step,
according to the invention and in another enbodi nent

thgreanayrramprtianed.cipr exdname,dydmeaibags sushtan éexawdmmam benzene
{
385 S Lt PN L A st

I(alld@enaﬁd abénvearbomysudR e meth erﬁhe icH1kiaY, Q&ﬂll&@fo@h%nﬁ urt her
processi ng. Inprovenent 0 he optical purity may be

tosklsrasEngy AsnsiheragraisHyd ae dsecertvas suchras\hgxane, heptane,
3906449106 &Xn&ﬁ%éﬁé]? %‘eh%ﬁtl Réf)taﬁlfe q’h@%{)g\;e %rf%él{s may be used

esters or sa active "acl
segd¢ ot edcdmbibldiqred fawd oll\lﬂqoréls;&éiﬁs 590. WD 2004/ 014821

PCT/ DK2003/ 000537 32
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 to the invention and

m another embodiment by enzymatic deacylation according to the invention.

The optical purity of the product obtained after separation of the enantiomers of
formula (IT) and (IV) as above, may have to be improved before further processing.
Improvement of the optical purity may be obtained by chromatography as described
in WO 03/006449 or by crystallisation of diastereomeric esters or salts with optically
active acids as described in US patent No. 4,943,590.
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sel ected from Cl-10- al kox
“hal ogen, amino, nitro, cy @

The present invention also relates to a process for
the preparation of escitalopram having the fornmula NC

wo 2604{01)821 0or a pharmaceutical ly accept abl e sal PCraresiooos37

conprising preparation of the S- enantioner of a diol
having the formula OH R\ Z3210 Hal Ms) wherein Ris
cyano or a group which may be converted to a cyano
group, the dotted Iline represents a double or a
single bond, Z is a_dinethylam nonethyl group or a
Ghoppsseph irsntien Alppredges ransacess for thi prepargliemefrsaisalpyram

ﬁ%g§ Q:Fﬁé is halogen, 15 or a salt thereof, or
%%e Pgﬁan omer of an acylated diol having the
formul a WO 2004/ 014821 PCT/ DK2003/ 000537 33 W OAR3
ROHZ Hal (1Vs) _wherein R Z, the dotted |line and
Hal are as defin s R AS O or S, and R3is
-Y-R1l, wherein Rl is ¢yl ., C2-10-al kenyl or
C2_| o-al kynyl all of g/ 5 opti ly be
substituted one or nore’ti meE -t h substi t uents

y, A Cl 10-al kyl t hi o, hydr oxy,

1 10-al kyl am no, di -
(Cl.to-al kyl)am no, aryl, oxy, arylthio and
heteroaryl, or R is aryl, Wherein any of the aryl
and heteroaryl groups nay optionally be substituted
one or nore tines F @

or a pharmaceutically acceptable salt thereof comprising preparation of the S-

enantiomer of a diol having the formula

Hal (Is)

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

or a salt thereof,

or the S-enantiomer of an acylated diol having the formula
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15

20

with substituents selected from C1-10-al kyl,

C2_10-al l cenyl, C2_lo-al kynyl, Cil.1lo-al koxy, 10
wQ2omPHa2kyl t hi o, hydroxy, hal ogen, am no, nitPOT/DK2003/000537

cyano, Cl.10-al kylam no and di-(Cl. 10- al kyl)am no and

Y is a bond, 0, Sor NH or a3%alt thereof, in one

enbodi nrent by the nethod for selective enzymatic

acyl ation according to the invgntion as defined in any

of the enbodi ments above andr ||n anot her enbodi nent by

the nmethod for selective eng js>c deacyl ation

according to thelinventlon as defined in any of the 15

enbodi nents above, ™Soptropat’ly foll owed by, in either

order, conversion o

reduction of a doubl

l'ine, conversion of the grjoup Ztg a

di net hyl am nonet hyl group_#nd /or conversion of the

group Hal to a fluoro gro and ring closure under

basi c conditions of the § antiomer of forrmula (11s)

or (IVs) or a labile esteryderivative thereof to form

a 20 compound of fornmula W) 2004/014821

PCT/ DK2003/ 000537 34 R 0°2' Hal (V)(Dﬁﬁllomed by, in

either order; if Ris not cyano conversion of the

group Rto a cyano group, if the dotted |line

Wbepreieslérﬂ $haadcdtﬂ>dbine ahd) Hzil aredi defiged dbove Wiinol e S;)Cuihd R’ is
n met hyl conyersiaon of th

5? %ud” 12’“?18 1%1 ifrb"’t Lor Gprioapkynyhall o whish may
c?ﬁ‘ﬂbnﬁl'l}uﬁé ﬁ}bsﬁﬁ@d%n%'oﬁ) Eho% tiffRk wit sﬁbsftlltﬁjéﬂfsosegerc{%ldqiom Cioi0-

| owed ¥ i sol ation of escital opram or

Phearyheexalkgdiio yhydooaphabge, sairto, hiter eyfio, @\pfbmlldylﬁltglﬂoodl—
di t_ of th t th t f

SO E) dry b e B B, e estinair Rofs 485} e any

dfithsaryUaRIthdt@barky N Erok: Rf):@ﬁ‘l@{/ %ﬁ&ﬁtll?ﬁbe %%1%&991‘1@69 thére élmes

separated fromthe enant1 oner” of formula (I

V(flrrh yubsgigls spigeleq frope€ onalkylj Ggelabicuyk Cerdbymyln@l pelkoxy,
S5 2888 LR P PRl ROE, PED R ohel o SRR 8 ..o
deyd)natiho ekl i9h band, @USONIH @k afsit feted£,( Inl dnedtbodiment 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 deacylation 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 /or conversion of the
group Hal to a fluoro group and ring closure under basic conditions of the S-
enantiomer of formula (IIs) or (IVs) or a labile ester derivative thereof to form a

compound of formula
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the opposite enantioner of the conpound of fornmula
(I'V) obtained by enzymatic acyl ation has been

weoeepariaied from each other by the isolation an#CT/DK2003/000537

purification process according one of the above novel
met hods for isolation and puP#fication. According to
anot her enbodi nent, the m xture has been separated by
t he other of the abo¥ | nethods for isolation
and purification. Accorf kgill anot her

enbodi nent of the above r the preparation of
escital oprain the m xture~of tife R-~ar S-enantiomer of
a conpound of formula (11) and| the opposite

enanti onmer of the conpound o,/folnula (1'V) obtained by
enzymati c 25 deacyl ati on has| beef] separated from each
other by the isolation and ptiification process
accordi ng one of the above novel nethods for isolation
and purification. According t®alanother e di ment
the m xture has been separated by the other of the
above novel nethods for isolation and purification. WO

: I 35 According to anot her
e M S B I R g G B o 10 S
growpnif the (dbtts] linedepmserns a Ubgb1ShembriLaBRI to fside®s BAHRIF 7 is
(I g% ﬁsed.for the preparation of escitalopram is not
@@H ethdaminaspsteyiconrresrian of BieeroustZ taor dmeshylaninosethyl group

l; i vel r ' sur.e. ti.oned

b S\ AERREFRKE don BSIOR R 11 PARGO Gy Koo S¥1on of
eatiiadbpramyor ephannaveetidadly acceptably @il tasreap. 10 G oups
whi ch nmay be converted to a cyan group include hal ogen
such as chloro, brono, iodo or fluoro, preferably
ARLRTIR & o i ARSI oWLE B BB DS
to cy%%o incIudgngégﬁ?g%g)"-Segg%ggfg@%%Qg?ﬁﬂq§&%égauﬁ
ahowe or theyS-cagtiomer @HR @R la (B Nb¢2], for DdPNGRratioGHT @scitalopram is

- B . - o 2 NHRS, - . , - CONR6R7
GRS oS TR R RYRPBieh o bRreuRal 0 seg A sara o hefores
radloRfrear e sel ected from hydrogen, optionally

substituted C1_6 alkyl, aryl-Cl 6 alkyl or aryl and,
a group of fornula RRo RI1 R9

According to one embodiment of the above method for the preparation of
escitalopram the mixture 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 purification process
according one of the above novel methods for isolation and purification. 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 above method for the preparation of
escitalopram the mixture of the R~ or S-enantiomer of a compound of formula (IT) and
the opposite enantiomer 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 separated by the other of the

above novel methods for isolation and purification.
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XN R Z-jI (M1) 20 wherein Zis O or S; R8 - RO are

each independently selected from hydrogen and Cl1_6
wabkbayoi4ar R8 and RO together forma C2_5 al kyPem®K2003/000537

chain thereby formng a Spiro ring; R10 is selected

from hydrogen and C1_6 alkyl 33 Rl' is selected from

hydrogen, Cl1_6 al kyl, a carboxy group or a precursor

group therefore, or RI0O and R11 together forma C2_5

| ene_chain thereb rmng,.a i o ring. 25 Wen

L E RO ARt of (e ThiRingn e Sbntptitier of formmua (1)
abory er thePertadtiomey eNRriTEl (DBs) uS& fol Bt AondFS&it
in US 4,136, 193, WO 00/ 13(§48,) WO 00/ 1]%2%”%3 WO QSﬂram
19 1pirEparat dé@%&l@o@'@nﬁﬁloﬁl@f uSiormuBa I and@hvespsitivelpfoefore
Ig{egg[ggu&roup to a cyano group, is carried out by
reaction with CuCN. WO 2004/ 014821 PCT/ DK2003/ 000537

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

f a halogen or a triflate group to a cyano group by
1%/ qateR WAE Hecranp &e meany éﬁéaniorpfparﬂé’s@ti;@reg@ilp avigch onay be
Mhver&atial her processes for the conversion of

a %? ono gﬁp%ou%é) o the correspondi ng cyano

derivative involve reaction of the brono conpound with

agnesiumto forma, K Gignard reagent, followed by
Gigles thﬁlmywea@%ﬂmﬁ%éyw poPmsde hadaspasuchmsehloro,
2166 A8 of ﬁu%ﬂﬂ@f&ﬂy%ﬂoﬁf‘o%bﬁg. or a hydrazone which
is converted to a cyano group 10 by dehydration and

oxi dation, respectively. Alternatively, the brono

IS GRS AP HAR LR T S
1G9 0t RO CHOCN B OMP-AIDWHL, 1OHANO), SeM)HY -GIfiP-CH,, -NHR®, -
CHNOH, -COOR®, -CONR®R’ wherein R’ is hydrogen or Ci.s alkylcarbonyl, and R®
and R’ are selected from hydrogen, optionally substituted Cy.¢ alkyl, aryl-Cy.q alkyl or

aryl and, a group of formula

(VI
wherein Z is O or S; R® — R’ are each independently selected from hydrogen and C.4
alkyl or R®and R to gether form a C,.5 alkylene chain thereby forming a spiro ring;
R'% is selected from hydrogen and Cy.6 alkyl, R!! is selected from hydrogen, Cy
alkyl, a carboxy group or a precursor group therefore, or R'® and R!! to gether form a

Cy.s alkylene chain thereby forming a spiro ring.

When R is halogen, in particular bromo or chloro, conversion to a cyano may be
carried out as described in US 4,136,193, WO 00/13648, WO 00/11926 and WO
01/02383.

According to US 4,136,193 conversion of a bromo group to a cyano group, is carried

out by reaction with CuCN.
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15 A detail ed description of the above two procedures
may be found in WO 01/02383. Conpounds wherein the

waroup1R2is - CHO, may be converted to the correepmxidosgo0s37

conmpounds wherein R is cyano by nethods anal ogous to
those described in WO 20 99£©0210. Conpounds wherein
the group Ris NHR12, wherein R12 is hydrogen or

al | kyl carbonyl, may be converted to the correspondi ng

gnmpounds wherein the group Ris cyano b met hods
@’r%nﬁ% 8ot and WRHUY1 2o Geppthy thecanpengmiafmploges or a triflate

e R LS G Bl S M@ ofg P or N
oydps. by conversion to the am de via the corresponding
acid chloride or an ester thereof followed by

dehydration of the am de. WD 01/68632. Alternatively,
OtHePPRREREs WAGKE cRVERiori &I hidhY &?nrﬂ 8¢ t & theWobidsponding cyano
chl orosul fonyl 30 isocyanate in o é%r to fornlﬁke
¢rtveiive inmlve remtion ofi the rotehyempaindgwithembgrasthng to form a

| f i d d i bed. in D QO/ 44738.
Gier g A53eg: ST S5t ool o FPHRLS! liidea The
Aléhyde iLcon@ekted fom R¥HE 692 Ry BRI ReHidYis THRWe 4 §@yano group

alleyl, arallcyl or aryl may be converted to the
podehydmtigne andoTidBIE0 0SPOTDE 37 correspondi ng cyano
compound by net hods anal ogous to those described in WO

98/ 00081 and WD 98/19511. Conpounds wherein the group
Ritérdat@vely, 0P badmd @bipband Ml dehctb@ yvilbemagiveRint @l férer b hGrignard
5 correspondi ng cyano conpound by net hods anal ogous to
ieprdd folewed haderdiiopgvith @/ mpyynd comEbifgia (AN ereimbend to a
%§V$¢: GuH20H, - CH2NH2, - CH2NO2, - CH2Cl, - CH2Br, -CH3

or a §ro t he groups above, may be converted to the
correspondi ng cyano conpounds 10 by nethods anal ogous

o, t ho descri b in WO 01/68632. Racem c conpounds
%fdeYagP‘irgFS&ﬂPﬁl‘i“} 0@39 aﬂ%vw@@awé% e RGN0 01/02383.
described in the above nentioned patents or by the
all cylation nmethod described in US patent No.

@om &9 3viwrein Hbe guwpl R iy - CHORmhyr b converiediés ¢tid batesponding

CEOE’)np](-)Zl%dsg Lv"v elperin isag}%lm% O}l/'l Tnethods analogous to those described in WO

99/00210.

Compounds wherein the group R is NHR'?, wherein R'is hydrogen or alkylcarbonyl,
may be converted to the corresponding compounds wherein the group R is cyano by
methods analogous to those described in WO 98/19512.

Compounds wherein R is a —COOR® group, may be converted to the corresponding
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 chlorosulfonyl
isocyanate in order to form the nitrile, or treated with a dehydrating agent and a

sulfonamide as described in WO 00/44738.

Compounds wherein the group R is —-CONR!*R!, wherein R"> and R' are selected
from hydrogen optionally substituted alkyl, aralkyl or aryl may be converted to the
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15 net hods. Raceini c conpounds of formula (1V) may be
prepared fromracem c conpounds of fornmula (I1) by

waam4gedect i ve acyl ati on usi ng anhydri des, esteCs/DK2003/000537

carbonat es, isocyanates or isothiocyanates as defined

by formulas (llla), (Illb), @Tllc), R -N=C=0 and

R - N=C=S above. 20 In sone cases the racem ¢ conpound

QIfITemeI:rjdéuhg cyario) compoumel ‘ﬁwahdthﬁiseaﬂallbgﬁhﬁ td @llicliEbQiescrgjbd in WO
it such as the sul phate salt, and in

?ﬂ)@%@ ‘g&n%gzﬁdﬁése of the conmpound of fornula (I1)

may be obtained by treating the salt with a base in a

m xture or water and an organic solvent, to transfer
Corapewp othseein thef gronmpRas @l grc)up oﬁibrmullaévmlr) qayi e cpjmasleed to the

%%e)sﬁc%{d? ?yé’ﬂ(ol F?I%lgou(l 33 t 3¢ CE%ES%%%Q(%; Jep%di in WO

owe3431ano, conversi on of the group R to a cyano group
is suitably carried out after ringclosure to forma
compound of formula (V). 30 Preferably, Hal is fluoro

ok s GRS R R g 1GHYG: ~GBiler Chiapr, o

@fantyted tigr @oppsl-ﬁiové Omay bt uaivertbd testhie lcaRbspofdingicosho &Hﬁpounds
after ri ngaﬁl osure to forma conpound of forrmula (V).

B pethads & eoug iy thosedpseried i AYQ WH$P82-si on i s

descrl bed in Speciality Chem cal s Magazi ne, April
2003, page 36- 38. WD 2004/014821 PCT/ DK2003/ 000537

R chigeaupsindb bﬁfommla (0 nxyrbeqrépoed i) the methods described in the

%I ne}rﬁ\ézamd%%%s %&Véh% a&gﬁggﬁ msg:ghcorc]l d(aggqgibg:l p:@US patent No.
4. Gt 9(\SP &1%?9 double ar&‘%ﬁ%m%%s%dl\ilh@ﬂgl 71 $43%¢ Iﬂ%nalo gous
m@t}m(ﬂ:@l ﬁqcpmm@)@p@ﬂiﬁqf forro@aRI V)7may l‘iﬁ-ﬁreﬁﬂeﬁ\ltﬂ%m racemic

o o haTRI Y o AP fidhr it BhOLS s eerson

@ruptes figdcyathtébrotBioeyHateRAL At %oﬁﬁﬁas Ila), (IIb), (III
|ndeEendentIy selected fromCl_6 al LB% % ), (lIb), (TTe),

and@®-M¥=grRyhgve. and optional Iy al kyI
substltut ed aryl or aral kyl groups or R12 and R13
together forma chain of 2 to 4 carbon atons, each of
IRkdme cRES tlafﬁcéﬁlclclﬂlppﬁitﬂ@ﬂlbhﬂula elpahede by AmbRlnthe form of

| k 21.6 al kynyl and optionally Cl1 6
an ac}/c{ add1t1on saial such as the sulphate salt a31/1d in this cage a free bage of the
compound of formula (I) may be obtained by treating the salt with a base in a
mixture or water and an organic solvent, to transfer the compound of formula D) into

the organic phase.

Preferably, R is cyano in the compounds of romula (II), (Ifs), (IIr), (IV) IVs) (IVr)
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 (IT), (IIs), (IIr), (IV) (IVs) IVr)
and (V).If Hal is not fluoro, conversion of the group Hal to a fluoro is suitably carried
out after ringclosure to form a compound of formula (V). A procedure for carrying out
this conversion is described in Speciality Chemicals Magazine, April 2003, page 36-
38.
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all'lyl substituted aryl or aryl-Cl_6 alkyl, R19 is
hydrogen or nethyl and A", A2 and A3 are selected

wobanmwod4sand S; L is a | eaving group, such as haComarowy000537

-0 S02- A wherein Ais C .6 alkyl, C_5 allkenyl, C2_6
al kynyl or optionally Cl1_6 aPkyl substituted aryl or
aryl-Cd _6 alkyl. 15 I'n one errbodi ment of the invention
Z | s di met hyl ani nonet hyl , - - - CH2- NPg, Pg2,

%|gb°e‘1%’y 3@ iclnay %&“?&F& iq ﬂCHﬁH%@&H@&O%P &F&fﬁms sugh 39 |

LEMs L, -CBI-NO,, (Nidal( Epdad, A1y, a-@{z(t Pe, ¢ XS %CﬂFEfPQEQSCHQ-

wherein Z is - -0- Pg may -bé conver

WdlePes pohdiNgCHe offbdNds wWaerN(GHL, -€H(A'R'*)(A'RD),

g rbarmaones ol S B SR oA

whereiRriy ©n pbtetiith @beRRlanARHE] drouR Pel 8REPE| e %ﬁﬁéﬁnﬁﬁ
group and reaction of, the resulting conpoun
Ry PR AMIRS HPUR: Ral amdtl%eraé@mden@dbr;ﬂm@ﬂmdafmm €16 alkyl,

éz Jt%]lﬁéﬁﬁﬁiam 6 dﬁuﬁ?ﬂé? %ﬁ’& me@[bgﬁfl}( E%gfj%ﬁcbst\{t%{e%%at | Oéﬂlgll group)s or R

andrR Sqgetint lﬁ(gnam]ln&n afwto 4 babedhiosrs, faeh by R&t-1 1 agy
duc as._descri bed in WO 01/ 43525, WD

16 oneR. eﬁéFYOSFP@]\%%@& 5868 lkyh (ay alleayl o gllvayadoptignally Cr
FRPRAbAL S WARA B Ard, S gnqgg'%zlgls d&leﬂﬁag{ggh B Inebifl %ﬁ;ﬂw&d A3

group, nmay be converte yl'amn
ge oelpcted forineO sads; hana bavingeoppy sukd asthalogem oZ- (])-SOZ-A wherein

fﬁécﬁ;% ﬁfﬁ%@ﬁeﬂ%ﬁg G OF ey G4 ol Fgpstinied ] or

gsiwherein Z is WD 2004/ 014821
PCT/ DK20 3/ 000537 39 di net hyl am nonet hyl by reducti on
of the amde and if a pri rrary or secondary amne is

b q . . .

PPk WE e R Va8 Rt i R A R "

wzq@g@@; 5—0H2—I\Me@é{ G@WHWCHQMZOQC@@ Nt slde®yde
mpounds wherein Z is -CH2 ég}&){

chﬁ@% P& the pgpovds Oééorwflaa/@l)t &#)+(@lr), IV) IVs) (IVr) and (V).

Compounds wherein Z is -CH;-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 alcohol group to a

feasible leaving group and reaction of the resulting compound with

a) dimethylamine or a salt thereof,
b) methylamine followed by methylation or reductive amination, or
c) 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 ~-CH,-L, wherein L is a leaving group, may be converted to

a dimethylaminomethyl group in the same manner.

Compounds wherein Z is -CO-N(CHs), and -CO-NHR'", wherein R is hydrogen or

methyl, may be converted to the corresponding compounds wherein Z is
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the correspondi ng conpound wherein Z is _
di met hyl am nonet hyl by renoval of the protection

wQnroeups482i. e. to obtain conmpounds wherein Z i sPeTHK20MERA00537

or -CH2-NWe and thereafter nethylation of the am no
group or reductive ami nation3o forma 10

di met hyam nonet hyl group as described in WO 01/43525
dirnewy lgninegety] by résipctiemal the emaderpatl hf)wlpnmﬁmmtsamiﬁlary amine

KBy b et R iR 9 i £ 10 11

aimmiywhfmmﬂmegfmb B VeEBEQIEWO @1743525fc9fW0361 (68631 or by
al dehyde (conpounds where Z is - -CAlH) f
%@B%E@tli;m@ﬂ’é’ﬁiﬁnatl on with 15 di net hyI amne to form a

di met hyl am nonet hyl group as described in WO 01/43525
or WO 01/68631 or by anal ogous net hods. Conpounds

Uhapeirs Zvhesein Z(IAICHANMERE D ot ASRLS) P FBYP 22§ nfe§Hebohted to

othe c respondln compounds wherein IS
tii‘P RETFPrE ﬁ Gﬁ@i’ﬂ%d W])ICI B Zhip g piaglaminemethylhyaremoval of the

IR EepS o AR lnc ORGRA 2L CADRRER] i o
thel ebfier aétbplatdn gf ihapntio gr]?upﬁ eamdbcttazel mna;ti’oam tg rf@ftmpa
avin
DA b s B 5138 SR bt orty

HAeLSiehoat. t he carboxylic acid or an ester thereof

to \agﬁ amdg by reaction wth an amne of NH(M)2,

NH2Me, NH3 or a salt thqzreof followed by, in either 25
(orapqunds sdhgrsin ans FHEAR A R )amy lhef comyertarbtartye corresponding

TSRS R 7 SR b B ol o g dam p algghyce
(amp@lgmmumt 7egisCH,-ONTHY @dmﬁvedhsd@we émirfatioFWHR 7 may

be converted to the correspondi ng conpounds wherein Z

dimelviasing [afirnerimsiy launeraeby] Sewp abdsseribestiar Whgl/43525
0%"\?{76 d%ﬁfg,%ﬁg%hbg L%%th?d%t er. 30 Conpounds wherein

converted to the correspondi ng
conpound wherein Z is dinmeth Ian1nonethy| by treat nment
Qumnpounygp shateit? is (C(MR}ﬁ)(axz )@0BAY @ed B Iconverted to the

PCT/ 003/ 00053 pr.ima ne fol | owed by
e S T O C A B

ifm najy %r&l?sﬁ & 1O lafBRAONE 24T B Eﬁ?éﬁéij th&6tdhddBercatter
descri'bed WO 01/ 43525 or

reduction to form an alcohol and thereafter conversion of the alcohol group to a
feasible leaving group, followed by replacement of the leaving group with a
dimethylamino group as described above, or

i1) conversion of the carboxylic acid or an ester thereof to an amide by reaction
with an amine of NH(Me),, NH,Me, NH; or a salt thereof fqllowed by, in either
order, 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.

Compounds wherein Z is -COOR!” may be converted to the corresponding
compounds wherein Z is dimethylaminomethy] as described above, starting with the

carboxylic acid ester.

Compounds wherein Z is -CH,-CONH, may be converted to the corresponding
compound wherein Z is dimethylaminomethyl by treatment with hypohalide to form a
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WO 01/68631 or by anal ogous net hods. 5 Conpounds
wherein Z is -CH=CHRL18 nay be converted to the

woanwagggandi ng conpound wherein Z is PCT/DK2003/000537

di met hyl am nonet hyl by oxidation to form an al dehyde
whi ch may be converted to di A&t hyl am nonet hyl by
reductive am nation as described in WO 01/43525 or WD
pimeseadine follpwedriyl metbylatiordfthd $ree 2Micogmpop nogedubitreei n

Goipus) Bl s RHY aropes descbed In W 01/43525 or
wioret ey ansnBlabpbudetRdsict i on fol | owed by

nmet hyl ati on “or reductive am nation of the free of the
amino group fornmed to form dinethyl am nonet hyl as

i bed .in . WD.01/,68¢ b I t hods. ..
SR s e Y R
ERF RSN WA 760 apasiRFlahmoi@iye b§ o%idafion to form an aldehyde
di met hyl am nonmet hyl by reaction with

whiek ipiy berronseriadhp (dimylamirqmehyldty redrdiiyp gmination as described
SR AR @0 PRI DL Bl o fRuRk08029 or by

anal ogous t
di met hyl ami nonethyl. 1If Z is not dinethylam nonethyl,
éonversion 20 of Z to a dimethylam nonmethyl group is

P AEIds Vesrsin éds BYANOLR rEHrN Hyyey ba cenvertst tq Bisloprresponding

éﬁcrﬁuﬁﬁwé%%@gﬁgﬁﬁ%ﬂ pppinot iyl Wgﬁ@%ﬁd@%ﬁ\:ed by methylation
o1GSH IN(ICEBInRn atioEOORE Aredhiih¢ reind grdwgdfokmedto foepr esent s

band. 25 ounds .of f I ) or (LV) wherein Z
Gy maiohon grnyhe i B st br Bppaldaumgieniods
- CH2- NHCH3, or -CH2-NH2, in particul ar conpounds
OBaHEIHs & Hebeifl TR L MR BB NBrEs
CI-B_— NI—I_S, _aIe1 articul arl 35/, mweﬂgg%g for _toﬁgﬁlr%gtoﬁlggund
wherpinrZ fsi aethymisernethy by medivndiithy dimethilemiimesthylodkyl

[ ds of f | I
8 D LRI b AR O 588 o e s
fokthpds. (1V) (1Vs) (I1Vr) and (V), the dotted line is
preferably a single bond. Conmpounds wherein the dotted

line represents a double WO 2004/014821

L7003 008 PO 24 B SRR} crsin

of Z to a dimethylaminomethyl group is suitably carried out after ringclosure.

Suitably, Z is dimethylaminomethyl, -CH,-L, -CH,-NPg;Pg, , -CH,-NMePg;, -CH,-
NHCHj;, -CH,-NH,, aldehyde, -CO-N(CHs),, -COOR!” when the dotted line

represents a bond.

Compounds of formula (I) or (IV) wherein Z is dimethylaminomethyl,

CH,-NPgPg; ,-CH>-NMePg;, -CH,-NHCHj, or -CH,-NH,, in particular compounds
wherein Z is dimethylaminomethyl, -CH,-NHCHj3, or ~-CH,-NH,, are particularly well
suited for the method of purification isolation according to the invention, wherein the

compounds of formula (II) and (IV) are separated.

In the compounds of romula (IT), (IIs), (IIr), (IV) (IVs) (IVr) and (V), the dotted line

is preferably a single bond. Compounds wherein the dotted line represents a double
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singl e bond by the nethods described in WO 01/ 68630.

Preferably the reduction is <carried out after
woizogoierure. 5 Enanti osel ective ring-cl osure 8CTMK2003/000537

conmpounds of formula (1Vs) .or (Ils) to fonn the

conpounds of fornula (V) may4suitably be carried out

b%tretmsnt of a |abile ester derivative of the
BIBHARE Canverted @é@%cmhombn%@ﬁ(lmﬁfw}wnﬁn ldiemijtted line is a
FhHOKOYESy tHNGhL fhydr rie amne,
et%yl di ig%pr op)/tP(gdr%]ddr?g&g%db’@mpg&%@é' ];> 1§ bty the reduction is
Geamgserw tafteimsngatosare. i nert organi ¢ sol vent, such as

t et rahydrofuran, toluene, DMSO, 10 DMF, t-butyl nethyl

et her, di nmet hoxyet hane, di nmet hoxynet hane, di oxane,
Bt dofit It , i s nr S i
e b B R oDt o Syl e o dprm the

corporifiUivtala (Vo mmyl suitablyhe, caseds ottt tBolrdat@aht’ ¢2A1BHE oster

thent 15 wit. base as descri bed above in
dg%i‘é%t{e‘%goﬁ% @ Oé‘é‘ﬁn lﬁ’cajubﬁﬁlslé%%s KQ(h¢Hes and et dkoxides, NaH
agd outheM hyiirides RdtAREN IR CORPlai i ol , such..as
net hanesul f onyl oxyl,ﬁmp'- ol ue‘glglslgqpfré)gr}g?lgi%%, or “pyridine, at low
tppEaMioRsm merydrexyic sohvichl, socloas edtydhgdypfinnas] toluene, DMSO,

rief | U sul,f onyl.oxy and. hal ogen. 20 In some
]jcl\gg’eslfjgwrerrs&%ﬁgg St %@ﬁ%ﬁ@%c%@@om@emﬁﬂa@s dioxane,
acptomifrile nort échtaromethase. OThisOprPebd (d MSdoriph8! i 1T
4I ggli g group before ringcl gsgre 'S ca?grcing 8’01& .[fgglyghem No.
1461 P& groups (leaving groups) could typically be a
group sel ected from net hanesul fonyl oxy, p-to
| uenesul f onyl oxy, 10-canphorsul f onyl oxy,
Rinrgcldsunr ofathetopmpoyndind foinhilh I(Ie), @MBHRBRE SMkEQ r&ﬁ% BV Bment
htgl oaen. 2 'I;%/tg cally, the compound of formula (I stf
W & Bl e dr@ev%rn}/ﬁr%ertcs Ffannagehiecapablepafufodmifg a labile
fodp Mwhtd {hk! SoimW e b  SHch as OH, KOH or
sl (6] Bt BARIESP e DSE BHCl SO G,
tofyraasulaytoay, wi t hlGoaraghdradioagiokavi NOrighekAcetyRHGD aS and
e or tosylchloride in an

ex | e syl chl qri
tr{)rfﬁlé)goﬁ}l%ﬁ%gﬂl}gﬁ{y}{qxﬁ( @a@a{jogén-pr esence of an organic
base. The optical purity of the escital opram product
may have to be inproved after ringclosure.
I seprecrpatfeli maytberddsanpgdousto quhirgy thmyWoR® ehiupiin €% dYnpound

WO 4/ 014821 PCT/ 003/ 000537
o%ﬁﬁﬁﬁ?ﬂ%ﬂ%bg more %%He group%eg'ore rqlggc osure 1s carried out. Such labile
groups (leaving groups) could typically be a group selected from methanesulfonyloxy,
p-toluenesulfonyloxy, 10-camphorsulfonyloxy, trifluoroacetyloxy and

trifluoromethanesulfonyloxy or halogen.

Typically, the compound of formula (iVs) is subjected to hydrolysis to form the
compound of formula (IIs) with aquesous base, such as NaOH, KOH or LiOH in
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 optical purity of the escitalopram product may have to be improved after

ringclosure. Improvement of the optical purity may be obtained by chromatography
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42 on a chiral stationary phase or by crystallisation
of racem c cital opram base or a salt thereof

wacowrodis2g to t he nmet hods descri bed in WO 03/ 0808/DX2003/000537

The R-enaritionmer of the conmpounds of fornmula (11) and
(1V) obtained according to % the invention may be

used to prepare racem c cital opram and escital opram by

o1 A ghirel| $afigneryi phage priby: corstallisation of ravemr ciabeprine Habe or a salt

EDERARRE LR ool pelin BNl 2 “acia, &

carboxylic acid, a sulfonic acid or sulfonic acid
derivative, nore suitable H2S04 or H3PO4. 10 Thus in

MoR1FEANLRRS B Hhafomnobady effermile Ty andaf¥3 obtainad peacding to

' emc.cital opramagnd /or. .

S Ao DA 96 Bl enard AR le Pl BrsR BT s elouaf by rine
dérenf acidio apritainitgt frcephngid B8 nthddtRsdRiRA# WO MBI000672.
%.dgpl gﬁ\gn the formula OH R OH 15 Hal (~ erein

150l ACKIS JOLTArLY IR QJHF FCifi 11 Fasire aredningid aeid, & earboxylic acid,
LHAIQ; : tpd ki : n Lnal
e G S g A 2 et

whi ch may be converted to a di net hyl ami nonet hyl group
r.a salt 20 thereof, or the

d.Hal j hal .
TR0 i g i insr gt 86 injieBtomekiics fa i HRepas T thst BrapAatiD of

: 7 |
1008l DKL o D B o

cQeminge raepvationwfitiee B-epant®merrnd a bl ihavinythéRbrmulaer ei n
Rl is Cl1_10-al kyl, C2_10-al kenyl or C2_10-al kynyl all
of which may

Hal (IIr)

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 dimethylaminomethyl group or a group
which may be converted 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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5 optionally be substituted one or nore tinmes with
substituents selected from Cl-10- al koxy,

wQ2omPHa2kyl t hi o, hydroxy, hal ogen, am no, nitPOT/DK2003/000537

cyano, Cl | o-al kylam no, di- (Cl_10-al kyl)am no, aryl,
aryloxy, arylthio and heterod¥yl, or Rl is aryl,
wherein any of the aryl and heteroaryl groups nmay
optionally be substituted one W nore tinmes wth
substituents selected from Q 1(-al kyl, C2_1o0-al kenyl,
C2_10-al kynyl, C1_I o-al koxy,n*0>gl:_10-al | cyl t hi o,

hydr oxy, hal ogen,p am no, niyro, cyano,

Cl. 10- al kyl am no "ang -lo- allcyl)amno and Y is
a bond, 0, S or NH, sal OHt hereof, in one

enbodi ment by the proc~Qr §gL§ctive enzymatic

acyl ation according to the |iwentign as defined in any
of the enbodi nents above and. i n anot her enbodi nent by

the method for selective zymati c deacyl ati on

according to the inventi ag defined in any of the 15
enbodi nents above, optionalTy foll owed by, in either
order, conversion of the 9FQpP Rto g an group,
reducti on of a doubl e bond ?epresente F@é the dotted

line to a single bond, conversion of the group Zto a

di met hyl am nomet hyl group and /or conversion of the
wheseip HHad, thedettefl|hineaod Hrabisps dafined abget,0 s © anrfjemd R? is -Y-

R S 0 R O 2

S8 IR S e ).
2

1adisykhio gndrexymihatpgearapine, mtro,tdyano, Ci_jo-alkylamino, di-

rr ' ng.| fo wed in.either .
GRS, SPAGD, Aie, 5 bAERBR T RhgvD Bfperein any
dfeh@argy ambhaerobiyl giops Ay dptiddly lbe REbIRREE 58NGSmre times
doubl e . bond reduction to_a single bond, if Zis not
Wik ST ugRis ekt flome G mvalisildre-ofaltansl, Conoulsymylt 61-m-alkoxy,

[ ' h oyp- angd..i f l. ks n fluaro,, ..
LA OBEL o B R il oy, Lhr Sl o Cro
aligd)eatinoand 1y ie abohd | @E anNE) dt a e4lt thaeeili & dicteddbd@AMAHt by the

or hay maceuti cal.l cceptabl e salt thereof, b )
B e BITCAI RN GYYPAtS MR isFosAing i fedgvention as 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 order, conversion of the group
R to a cyano group, reduction of a double bond represented by the dotted line to a
single bond, conversion of the group Z to a dimethylaminomethyl group and /or
conversion of the group Hal to a fluoro group and ringclosure under acidic conditions
of the R-enantiomer of formula (IIr) or (IVs) to form a mixture of the compound of

formula
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10 base or a salt thereof and recovery of escital opram
formthe nother liquor of the precipitation.
waubd4znés21 t he above net hod for conversion of RediD&2063)00537
escitalopram is used for the preparation of
.escitalopram 15 The converst#bn of of the group Rto a
cyano group, reduction of a double bond represented
by the dotted line t®a skngl e bond, conversion of the
group Z to a dinethyla group and conversi on
of Hal to a fluoro grou arried out as
descri bed above. 20 Acco one~enbodi ment of the
above nethod for the preparatign of eécital opram the
m xture of the R or S-enanti® 2, of a conpound of
formula (11) and the opposi antiomer of the
conmpound of forrmula (I1V) obtakped by enzymatic
acyl ati on has been separated ffom each other by the
i solation and purification progsiss 25 acceyyling one of
t he above nethods for isolation and purification.
According to another enbodi nent, the m xture has been

Y. e other. of the abo nmet hods. f or
PRARLENGS- Riab s Rtiin? ore 5380 oo i i ot of the
FSBAPINAROCSR QAT DMer Ao 116660 bﬂ,i iNQith& c¥ldr! If rRRRMPEYano
enbodj nent. of the above nethod for the preparation of

EH¥EIN thengroupn B thiadyaresieopp.tihthemottod lige rapzaseits auloule

; YANp 0Si .
PR ) Rl i S N BRR RS Errvaioat e
MI#EZZ% Hﬁﬁﬂﬁethyh‘iﬁﬁﬁmhl' i ahjfl(mglhﬁa]dhfﬁm ﬁmaﬂg@@gcém@ﬁ‘idh&ﬁ'ﬁal
ot her by the_iso ion and purification 5 process.
tgacf_ﬁroa? ﬁ@)_uan@ﬂswea ﬁaaé_ igplaten elespicdertrrandsen ragqras cifplgpram or
. , . ..
R U
et boal salf ihereb§ addateboveranfiespitaloprianaformnhe Wother g of the
anoth%r enbodi nent of the invention, the S enantioner
BECPHI a (11r) 10 above or the S-enantiomer of
formula (I'Vr) used for the preparation of escital opram

is not separated formthe R-enantioner of formula (IV)
anably the abespmethioddpryconyekion@f R-diol to escitalopram, is used for the

preparation of escitalopram.

The conversion of of the group R to a cyano group, reduction of a double bond
represented by the dotted line to a single bond, conversion of the group Z to a
dimethylaminomethyl 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 preparation of
escitalopram the mixture 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 purification 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 above

methods for isolation and purification.
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ringcl osure. The optical purity of the escital opram
product may have to be inproved after 15 ringcl osure.
wonpuonerent of the optical purity may be obt aPaemK2903/000537
chromat ography on a chiral stationary phase or by
crystallisation of racenic cftal oprambase or a salt

_%hereof accordlng to the nmethods described in WO
o088 Testilhanatass embedisnent of e abevemahod ﬁsrathkpﬂeparaﬁem 8f

és@ltﬂoﬂ‘éﬂﬂﬁg @Hxﬂfe ME% %né g,ggl!}ti%xp%g[‘rfgg Hp (Z%’yflongula (II) and

fromone ten car

the bppdslte emhyiomei oﬁthémy)inpoand of PRl (v Wrﬁéﬁned%g%&?’xhaﬁc
g 2- et hy I-I-progé pentyl ex
ﬁl%‘plfaﬁl ce Itg “pgtaspddipmcasteothor by the fodtionadd @nrlﬁcatlon
ﬁ@@s@ﬁ?&%ﬁﬁn@ bHYbF @E gﬁ@/eqﬁéfth{;'c%ygo? %glagl an@plbrﬁé%x}gg ' Qxccordmg

atons i ncl usi ve, SucC as ne
to ap@tbpxyﬁmbﬁlmbmtt tHe, miztuivel hz}d heen Bcﬂﬁﬁtwby BreHRRWI the above

2- hyl - | - prop ntyl and hexyl. Cl_4-alkyl refers
1?%H§&%%f89%ﬁ8ﬂaﬁéBPg ﬁnched al kyl group having from
one to four carbon atons inclusive, such as nethyl,

ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl,
@cﬁg{npg,to. oied p@bo@n@nﬁef ﬂleuhzyth‘adm ;ﬂlﬂﬂ)}thantﬁineﬁ offdtilula (IIr)

b h Il cyl ha
A A T o TII0 B h S2r
isTRd vy parated iyrm thE-RRERRYbmeR o PfoRRYla- (TP and ('ﬁ{) k@s@lsé‘uvelﬁlégefore

C2_10-al l cenyl and C2_10-all cynyl ‘desi gna ranc

recloseanched al kenyl  and al kynyl groups,
respectively, having fromtwo to ten carbon atons,

i ncl udi ng one double bond and one triple bond

Tlhesqqﬁmhl valify; ofuhb «sitAbfiemy %Jrodﬁétoﬁﬁs})’haveb’abt %@yllmproved after
and butyny | cenyl

yn opynyl
r’éﬁ‘b}@ '%/YF ké‘%ﬂov&%{ﬂbﬂ%’{hé O@Flaﬂmﬂ@@’ BRy h@rﬂiﬁ@n@bﬂ chromatography

R e PSS BRI E ol e o

IRGRBEKAR0BL00 AE3idcthdds ddsattred ih Wed 0diongsone doubl e bond
and one triple bond respectively, such as ethenyl,
propenyl, butenyl, ethynyl propynyl and butynyl.

AG21s8d %er‘ﬁ? e té%HldCF%_eﬁk Psy {o Faﬁblgé’aa&eul%’rﬁ{b%hg gléﬁy group

unbranched al | ceny cyny groups, resp ect
hpwog rfgvm Pnofe teocarbor @tspmscmpluswe,amms thethyly d:t}fyg, Dpﬁ)pyl 2-

b d 5 ly,
A S i SRS o 16
hépljd)lﬂ}{kall@il@fers&b keetthclRA Gr %bl%néﬂehy‘eﬂ‘l 1 fg&ﬁi m from one to

branched or unbranched all cenyl and alk
six caphontaiqres ipclusive sugh as mﬁm@ﬂm -hropel, aambpyi amm,, 2-butyl,

leﬂ&hﬂdi Bﬂ)p?ﬂeZgﬁéfﬁgrl-el-propyl, pentyl and hexyl. Cig4-alkyl refers to a

branched or unbranched alkyl group having from one to four carbon atoms inclusive,

such as methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl, 2-methyl-2-propyl and 2-
methyl-1-propyl. C.-alkyl refers to a branched or unbranched alkyl group having

from one to three carbon atoms inclusive, such as methyl, ethyl, 1-propyl, 2-propyl.

Similarly, C,.jp-alkenyl and C,.jo-alkynyl designate branched or unbranched alkenyl
and alkynyl groups, respectively, having from two to ten carbon atoms, including one
double bond and one triple bond respectively, such as ethenyl, propenyl, butenyl,
ethynyl, propynyl and butynyl. Cs.¢-alkenyl and C,.s-alkynyl designate branched or

unbranched alkenyl and alkynyl groups, respectively, having from two to six carbon
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bond and one triple bond respectively, such as
et henyl, propenyl, ethynyl and propynyl. 10 The terns

wQ@romdi1a2koxy, CL 10 al kylthio, Cl1.10 al kyl am ROTAK1003/000537

di-(G _lo-alkylam no etc. designate such groups in

whi ch the alkyl group is Cl_%0 al kyl -as defined above.

The terns Cl1_6 al koxy, C1 6 allcylthio, Cl1_6

apmeyinghiding etrddaiblg Bindoarsl dnl tyipta bimdetespectidelg) grohtae ethenyl,

P BBV o b T g R, S R0y gyl and CLatiomy
@dskotlatdb@ncied_dt @lbkitched BkeANtiAl 4 %T&lﬂéigel)sﬁg@gfgglg’ having

etc. designate such groups 1n which'the al
framcva tefy carbon) éfdms dnelbding . onEhdoubie brsd @bd3one triple bond

V1<, G | kvl t hi Cl | i d
Rt ety def o ek PRt BB BB P S oo, Cao
ke dnde Cablaiidyngl degighate Grandhad loy | urdardBéd NBENFPAUE - alkynyl
20 Hal ogen neans fluoro, chloro, bronmo or iodo. The-

Farps: apspectiwlyripving Homoe tor thisiecsaehanc atemsh ssusiing one double
. | hace
SRR " B PG DSl sy T B} bl ctypyt an

@opyodp wherein aryl is as defined above. The term

heteroaryl refers to a 5 or 6 nenbered inonocyclic
het eroaromatic group or a bicyclic heteroaromatic

’Qﬁé)ﬂé{;}n '. ! - i Y [ H n I_ ];' 3
het er o%?g #?sﬁlgd éﬁ' ég godzh ﬁl{g%]&g?l'l algﬁ; _‘9 %8{ % (glﬁao ﬂ%y%rir}mo etc.
desgeateetuch @ronpa ivlveiich dfe BkyloréupcarGop aditydrs defihed above. The

f or i dride. .\WWD 2004/ Q14821 , ,
@E‘Wm mﬁ%o%@%gg Vr‘!"ggt%e Ff—z aﬁéy AR PR %(Flmg%)iaﬁnno etc.
e sueRHROGIs S WillcE %‘é"alﬁ%rlhgx{)uﬁ 9 QL g1 35 mg}rﬂégd above. The

structure including the NNatomto whic

gmpachedalkoke Eyel dlkyldiio.uhurakylimine gndulidCisatidyasino etc.
0 . ncl ude pi per.idin rrolidip, r pholj pyl ., and

B LRl 12 O s p IR gl B o PR 25 delite . The

teBANC e alkaky,u 0y 9PdlRAMio, Ci; alkylamino and di-(Cj.s-alkyl)amino etc.

designate such groups in which the alkyl group is C;.3 alkyl as defined above.
Halogen means fluoro, chloro, bromo or iodo.

The term aryl refers to a mono or bicyclic carbocyclic aromatic group, such as phenyl,

or naphthyl, in particular phenyl.

Aryloxy, arylthio refers to such a group wherein aryl is as defined above.

The term heteroaryl refers to a 5 or 6 membered monocyclic heteroaromatic group or
a bicyclic heteroaromatic group. Suitable the heteroaryl group contains 1-3

heteroatoms selected from O, S and N.

R® and R’ may together form a chain of 3 to 5 carbon atoms, thus forming an

anhydride.
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Experinentals 10 In the foll owi ng exanples %

conversion and optical purity were neasured and
woabauoiaeed as descri bed bel ow. HPLC anal ysi s eOmmK20a3000537

(for conversion rate) used for exanples 1-28: 15

Col um: YMC-Pack ODS-A 0.46 émml.D. x 25 cm (rmade by

YMC Co., LTD.) Eluent: 25 nmM Phosphate buffer /

Waen dhis tH26NR BO") i RGaudRat eonriec@iditd each other to form a

T t th: 23 7 20, HPLC
SRS LA Bt i
ﬁ%’l@@blﬁﬁs R0 42 grof iHPMde Hipkti&inr ﬁﬁn BP ARyH IR

250 X nm (5 mparticle size) uent ere
WEC¥EEt er prepared as fol l.ows: 1,1 m Et3N added to
150 M water, 10% H3PO4(aq) is added to pH=7 and
water is added to a total of 200 M. The 25 m xture

HoBaateds hpdrdxfbehzdoXd] aﬂ_@ﬁgﬂﬁé&tﬂd beataf@lropldmey rate: 1
m./mn Pressure: 16,0 MPa Det ecti on: {)JV 254 nm

I njection volune: 10 mcroL Conversion rate (% =

100, (P: anount of product, S: anount of
]?%‘é‘?gﬁ%\’fmssubstrat e). WD 2004/ 014821 PCT/ DK2003/ 000537

48 HPLC anal ysis condition (for optical purity) used

Iforﬁf( Ie3128 Iurm Chiral pak AD 0,46 cm1.D. X
35then{q ?ﬁg’a%g SYAPRICEEe SRS and QPUETRNERY WD, pegsured and

ngl&@ﬁgd ag—@éggmgelmt hanol / ethanol / diethylamne =
0.1 Flowrate: 1.On/mn

HPLC analysis condition (for conversion rate) used for examples 1-28:

Column: YMC-Pack ODS-A 0.46 cm LD. x 25 cm (made by YMC Co., LTD.)
Eluent: 25 mM Phosphate buffer / Acetonitrile = 60 / 40

Flow rate: 1.0ml/min

Temperature: 40°C

Detector wavelength: 237 nm

HPLC analysis condition (for conversion rate) used for examples 29-42:

Column: A Lichrospher RP-8 column, 250 x 4 mm (5 pum particle size)

Eluent: Buffered MeOH/water prepared as follows: 1,1 ml Et;N added to 150 ml
water, 10% H3POs(aq) is added to pH=7 and water is added to a total of 200 ml. The
mixture is added to 1,8 L MeOH.

Temperature: 35°C
Flow rate: 1 mL/min
Pressure: 16,0 MPa
Detection: UV 254 nm

Injection volume: 10 microL

Conversion rate (%) = P/(S+P) x 100, (P: amount of product, S: amount of residual

substrate).
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Tenperature: 30C Detector wavel ength: 240 nm

Conversion rate (%9 = P/(S+P) x 100, (P: anount of
wonronoe#821S: anmount of residual 10 substrat e) PEUDE2003/000537

critical fluid chromatogeaphy. Analysis condition (for

optical purity) used for ex#hples 29-42: 15 Col umm:

Dai cel AD colum with the dinensions 250 x 4,6 mm (5 m

particle size) Mbile phase Car bon di oxi de Modifier:

MWt h d|e Iam 5% andtrlfluoroacetlc
Ig/]ejlt‘g gly% /¢°°nd1%1a %Rl"@ %iH"r )n'fse foreyamples 1ndSiut es

(20161%1+ TP RUAES 0.480c:- B ko4 cPH gfglgﬁé bygDég&‘EL”c EMICAL

4 nut es 6-32%in 4 mnutes

ROTeRBEFAlI®) Ambi ent tenper ature Fl ow rate:

T Rebtafe Pk Bondtl) slBhdly e Bt 7 §2|7SLEQ?? S
Iﬂ@s)zra:ce(ﬂoﬁa)l/nﬁn(NB) x 100, (A and B represent

cor r espondi Q:g stereo isonmer, A>B) E-value = In
Yempegatago$0SC (1- Es/ 100)) / In ((1-c/100) x (1+Es/100))

ﬂg%&g%é@&é%é%mﬂmDKZOOS/OOOSS? 49 (c: convertion

cal purity of residual substrate)

Comeplion ftd (%P RS+ R e, F] aabne-dfproduct, S: amount of residual
(%‘t- ftl)uor ophenyl ) - 1- hydr oxybut yl - 3- hydr oxyrret hyl -
substrate

Super critical fluid chromatogeaphy. Analysis condition (for optical purity) used for
examples 29-42:

Column: Daicel AD column with the dimensions 250 x 4,6 mm (5 pm particle size)
Mobile phase: Carbon dioxide
Modifier: Methanol with diethylamine (0.5%) and trifluoroacetic acid (0.5%).
Modifier gradient: 1-2% in 4 minutes

2-4% in 4 minutes

4-8% in 4 minutes

8-16% in 4minutes

16-32% in 4 minutes

32-45% in 1,62 minutes

Temperature: Ambient temperature
Flow rate: 2 mL/min

Pressure: 20 mPa

Detection: UV 230 nm and 254 nm

Injection volume: 10 microL

Optical purity (% ee) = (A-B) / (A+B) x 100, (A and B represent corresponding stereo

isomer, A>B)

E-value = In ((1-¢/100) x (1-Es/100)) / In ((1-¢/100) x (1+Es/100))
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benzonitrile Water (200.7 g) and toluene (440.8 g) was
added to ()-4-[4-dinethylam no-1-(4'- fluorophenyl)-

wa-2madnezybut yl | - 3- hydr oxymet hyl benzonitril e, BCE/DK2003/000537

sul furic acid salt 10 (100.4 g, 0.257 nol), then
stirred for 15 minutes and th% tenperature thereof was
raised up to 60C. Subsequently, 30% NaCH (34.5 g,

(0: cmyerhonyatig Fsasptics! prrdpal ssidualsubstBatel nut es until pH
of aqueous | ayer reached 11.4, and stirred for 30

m nutes. After stirring, the mxture was allowed to
Btanpleflor 5 m nutes, and separated. The aqueous |ayer
was di scarded, and thus-obtained organic | ayer was
washed with 220.0 15 g of water, and further,

@oncar m&@mﬂ%@f- gaﬁusr%gha@;g.ﬂﬁmgg bu"g;i%i.gtgoxgg&mmve%ﬂ-

lmdpositrdd by addition of toluene, to thereby obtain
583.1 g of a solution of
4-[ 4-di met hyl am no-1-(4"-fl uorophenyl) -

Wty iy Bind thiudnd F%p%@ﬁ %%ngnfaﬁ(%y.h} (4 difetnf1abGhé T8

( tent Of pure
ﬂiqigpﬁdluk.)flebmmb)lt}d]—&-ylgdm?cymﬂﬂlyﬁtienﬂaﬂi}ty‘m, Axy s fulniy labilrsalt
QO 557 % P et i e DS
i@ b bd 8@C. TubYERAND BO%YNAERT4.5108255 G 1) lweks Hdell Ia?opwise

solution of 4

-[ 4-
QieHd DHyhigS nnt:iﬂa)&i { auepusioyespershed J 1.4, dnddtiooet tort 30 thirBds.

vret byl be itrile in .tof : dded,
ARG EETEL B BRIEEN bloRed P pe HES Bfiftes Al seap b cane
agubaeqpeitaag dissartied ofhd SRlsWbtaRe o3t MydgwRs WasHed wAgh $20.0

(28.7 g, 0.281 nol), vinyl 25 butyrate (29.2 gm 0, 256
o yatsn gngd Sirthenesopsmatiied undeigedusae araspire at 6ECab gemove away

. _ 0 g . q
% ifine B6hued THUhER B R R T M Sty SHELERE o
tl@éorbcby oletamm 58391 $ bfa soluticir ﬁ ébﬁlkjﬂifn%tﬁytiaifﬁﬁloslo(?ﬂtuﬁﬁ)phélyl)-
t he ture was _ stirred_for our a e sane

ltz‘]é\‘pﬁ@%‘}g}uﬁma‘é -hydepxymethy; tr?@zwggﬂg moigpeae (cprientpbiie 4ds

| _and £ W ' | e
S5 OR35S A S MMl
&anpinedd: 9TRG, 0366 emmd). | Bneey 525 gloditaieche5&3. pbutedafnta@l 7.5 g of
sol ut

i.on aof 4- )
AR B i Clovopmd35h s A5 § ok theatiRy Bhty# - 3
. L H H |_ 1 [ P .
S RRATEL 08-BEGS Bl L - Bydrb By} OB b fronitile in
telenowgheadded] aml thy thnpeyatere lof Kisanizone tras centrdBdGo ¢0°C.

S J8sh P RO FbhRe DS B bR B Fbatsssyiny

butyrate (29.2 gm 0,256 mol) and toluene (28.8 g) was added into the above mixture

over 20 minutes, and the mixture was stirred at 40°C for 12 hours under a slight flow
of nitrogen. Adfter cooling the mixture over 2 hours so as to be 20°C, the mixture was
stirred for 1 hour at the same temperature, and stirring was stopped. The enzyme was
filtrated, 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-hydroxybutyl]-3-hydroxymethylbenzonitrile
in toluene (content of pure (S)-4-[4-dimethylamino-1-(4'-flucrophenyl)-1-
hydroxybutyl]-3-hydroxymethylbenzonitrile: 36.0 g, yield through the enzymatic

resolution process: 41.1%, 0.105 mol).
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50 A mi xed solution containing the supernatant and

washing fluid was extracted three tinmes with water
w(0468/09482263 g x 2), and 1005.4 g of the obtai Red/DK2003/000537

aqueous |ayer was washed with 79 g of toluene for

five times. As a result, it %hs obtained 985.2 g of an

5 aqueous sol ution of

(S)-4-[4- dlnethylan1no | - -fl uorophenyl) - 1- hydroxybu

%‘%@%?‘i?ﬁlu Fa g%{‘?farérem%l%) Illegseugér%g ﬁé’{dh\ws‘g gﬁ’[i],ug |Was ext1 ac?eé three
tithéds with WRELRIEY| 2)63]g7m!)d Eu@d( Y@USUV brtd obtamed aqu]leous layer was

hydroxynethylbenzonltrl g rou
virbep roldeRss of toFrens éore“mertmqs; dns aniesult, W@robtt@nada%ihi 21@ of an
wi th

HEOUS s&?utu%no%)(sa)q g - %’cg}l 9521 ng-‘ %@rop%enﬁyﬁ-hy%r utyl] 3-
K@o;@nﬁe‘%hﬂbéf&bﬂ&ﬂﬂamm%d adi&lsaiff {cupfeadrRitys §S)L-Pyedr oxybu

tyll - hydroxynet hyl benzonitrile, pivalic acid salt

densthydpraigodr @ -Bugroghenyd)- héﬁ@oxyls&ﬂﬁdwémxmeﬂgdb@nm@mle
ival? ﬁ,3y1 'd. (911‘91? 8th ()ceé/%rﬁ #I%V\éix}(ra@tg&e‘gﬂﬁ %até? % W %‘ﬁdllfé Kith

irri aqueous layer feach
tb]lueﬁe) a0d %J‘(EO%MhUY}e T\mahuskéiﬂhmsd p83.2¢ dfan aq@édus solution of
ri.ng, the mxture was allowed to

nut e r. sti
@9 én[& cgm ﬁﬂﬂﬂ@e la@dﬂtlw@pli@slﬂ)oﬁ -y %@Xﬁw@ﬂ 3nas
r e- e tract e%&\?mn lﬂl% 1542 51{&({%1l t ol ugﬁ%bwﬁg ool ?Ihee
Sullseqreatly 3086 Na@d] (@i@3shgd. Q9®i8 ool ivahslo ey @idgddxﬁ thewaitxane with
%%Elgg? nﬁltnglﬁpg%é %%qe%%glag/gﬁd%%ﬁ:}{?ﬁqig)e 9111&) {h%Srr?ilSI({u?é Wtag képh[%{h?rgg for

icﬁ)mlfmésél - ARt 2 fetfixturé 4as hPEOBREMNI3D-rkinbid R R
'@gl hydroxynethylbenzonltrlle in toluene. Said

ene heesvpussperateslo nmdaihn é@m@mn@ agumls (layeo 935 rerextyactsid with

14205 3P e BRD PR oy HoBIER dhick WA LG Boe

whted Yoncnearplt 66C yaidet ﬁeﬁu@batpeéme@ th&¥by Bbieinveis0 88 4
% ee, and cheni cal ﬁ@{i i/_évvas 99.9 are

folransid§ hfd4-glimethy fiagrophenyl)- 1-hy{1roxybutyl]
{0 ARG A XU SAT R Vs 84

ove system

(L0936 yrriol) & (@M-@&dﬁﬁeﬂﬂylb[ynﬂohle(éf'mubﬁwhm@d) -@diydtoxgButyl]-3-
lgy%%%q%x E%J;{zlgmtlﬁ]@_py?rall ﬁq\{%a‘ldgg%é |4>y | ljhep_ptlcal purity determined

RN L GBI § LS, | g

fdahetbplajnino-((A-Baorephenyeterdraxytiutyt Jdrengyidutyrsteed} asea A0
30 (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 toluene) - (Area value derived from the system)] x 100

(area %)

Example 2
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Exanpl e 2 WO 2004/ 014821 PCT/ DK2003/ 000537 51 A test
t ube equi pped with a stopper was charged with 50 ng (

wO 2004 14m2m01 ) of ()-4- [4-dinethylamno- | PCT/DK2003/000537

-(4' -fluorophenyl)-1-hydroxybutyl]-3
- hydr oxymet hyl benzonitrile, °25 ng of various kinds of
of vinyl butyrate and 1

Aité’sgiu%se'egﬁ%ggg Wg%%cﬁ%é%ﬂrg? Ymgégwgwomth 6@ hbAf m. mEl0rof (+)-4-
UhEnRISIhAbE (- tﬂhmtogﬁ 1%?’)2 Fﬁg{ir g}% xtygleél?}g‘genzomtnle,

50% ee, E-val ues wer
%ﬁ']]@x&@f va;nqwski{mdslof lipasepn3s fgi(@.29 ﬁ@mgroi lvﬁﬁl Eﬁt‘yte&@!ind 1 ml of

Vi &, value (%.e.) Lipozyne
Bliebl 2B REUBhG R oy Fortaermbriracbt Fegrgionmuiy of at
1825t B0%%e/ ERluck weNOVA&M M43 0
Casndl daeant ar%t |cha 59, 7%‘% ghé@g%ﬁgﬁﬁa@?ﬁ%% abl e
1 10 Exanple 3 A test tube equi pped with a stopper was

charged vvith 10 to 100 nmg ( 0.029 to 0.29 m nol) of
-4 thytam-no-L-(4' - f|l uaraphenyl ) - 1- hydr oxybut

ul IIl,L T

y| ]-3- nzF1ydr oxynet hyl beRZni tri | &™Ber B o0 figgieggpion  Evalue
- : \/n7vm=q(/) 15 E*Sratio =

' “SJ(CTU"”B lanysinggs TRyl b@Fyrated@nd 1 1
fue°r‘1'%ymew%g @i “at 30¢"for 28 hour$) The 18
F8sults are shown in Table 2. Coneéntration Conversion
T@kiical purity Configuration E-value (% (% (%.e.)
152,993,7 (S 38 2054,288,6 (S 20 5 63,1187,9
(S) 9 10 65,0 92,6 (S) 9 Table 2 20 Exanple 4

Example 3

A test tube equipped with a stopper was charged with 10 to 100 mg ( 0.029 to 0.29 m
mol ) of (ﬂ:)-4-[4—dimethylamino-l-(4'—ﬂuorophenyl)- 1-hydroxybutyl]-3-
hydroxymethylbenzonitrile, 10 to 100 mg of Novozym 435 (product of Novozymes,
E/S ratio = 1.0), 33 to 333 mg ( 10 eq. ) of vinyl butyrate and 1 ml 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.)
1 52,9 93,7 ) 38
2 54,2 88,6 (S) 20
5 63,1 87,9 (s) 9
10 65,0 92,6 () 9
Table 2

Example 4

A test tube equipped with a stopper was charged with 100 mg ( 0.292 m mol ) of (&)-
4-[4—dimethy1amino-1-(4'—ﬂuor0phenyl)—1-hydroxybutyl)—3-hydroxymethyl—
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A test tube equipped with a stopper was charged with

100 ng ( 0.292 mnol) of ()- 4- [4-dinethylamno- |
WO (do4/0fiksaor ophenyl ) - 1- hydr oxybut yl ) - 3 - hydr oxy retmy2008000537
2004/ 014821 PCT/ DK2003/ 000537 52 benzonitrile, 50 ng

of Novozym 435 (product of N#vozynmes), 333 ng (2.92 m
inol ) of vinyl butyrate, 0.292 mnol of various
Henpastrig, Mdds bf Wesoand43s rodict bONomMea)d33 gigi ﬁrl@zjm mol )
O}t t)té% tenperature of 40C for, 16 hours. The results

VaE RERRAE - 32 manal of xgHeys Kisdsefipdditives anddp il @f foluene, and

. . Con 5 $  d
S g O el Sl B T8
Hydrochloric acid 27,1 16,2 (S) 3 Benzoic acid 62,9

65, 4 ) ,
92,0 (S) 8 Benzoic acid APyri @bae) 58,1 97,3 (S) 23

N H y JI, 4 O o apoT T A O D i
ourz-lcnecked flask equi p|c’)8ed vvithlé stirre )
AgsBgasisneter, 1.5 g ( 4388 10 ifbhol) of ) 24

fiyatscfiodidiedl Met hyl ami noydr (4' - f 1 wpy ophenylg)- 1- hydr oxybu
tyl]-3- hydroxynethyl benzonitrile was dissolved in 30
Farzdtactdol uene, then 0. % g of RRozym 489 (produdf of
N&r&@z?ﬁﬁes), 0. 3:(17 g (4748 mdrml 39, 0f pyri gine, 4. 381m|)
.. of various kinds o cids a 1.00 g 8.76 m
Ig?oldl\l}? nyl butyrate wer egsagded, g(%d st rrc(—éc? at 4OC1Fgr
Batoiersid AGrietipdhn2E. 5 hooh,&. The 9xBult i s(®hown in 8

3abl.e 4 A%?rid\ﬁg 2004/ Olglg‘?lZl PCT/ 9;(32003/ 00%37 33 43

None 73,5 97,4 ) 8

Table 3

Example 5

In a 200-ml four-necked flask equipped with a stirrer and a thermometer, 1.5 g ( 4.38
m mol ) of (&)-4-[4-dimethylamino-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-
hydroxymethylbenzonitrile was dissolved in 30 ml of toluene, then 0.45 g of
Novozym 435 (product of Novozymes), 0.347 g ( 4.38 m mol ) of pyridine, 4.38 m
mol of vartous 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 result is shown in Table 4.
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Acid Conversion Optical purity Configuration E-val ue

(%9 (%.e.) Salicylic acid 54,7 95,9 (S) 33 p
woBbdokenzoi c acid 64,9 97,5 (S) 13 o0 -Tol ui eCam®KL003/000537

64,5 97,3 (S) 13 in-Toluic ggid 66,3 96,6 (S) 11 p

-Toluic acid 55,4 98,9 (S) 4 o-Anisic acid 59,3 94,9

(S) 17 4-Chl orophenyl acetic acid 59,5 96,3 (S) 18
3-Phenyl propionic acid 46,2 74,4 (S) 31 1-Naphthoic

acid 6dd8 83, 3 ( SromversiBeNGsica &5 99, 37
Butyric acid 53,7 89,6 (S)ﬁg4pﬁ?%obl§%ﬁtiwg agiidgﬁél, 8

1 P if°85 3 94,8 (S) 27 Pivalic
birdicsgd 2 97,8 (S) 25 Caprobsg aci ) - 133 17
Aralphexangcar boxyl pc aci d 37 2 95’45(5) 30 1I\Ione 59,1
93, 5 (S% 18 Table 4 Exanpl 88 5 In® 200- m!3
$ObFcAEt ked flask effeli pped WiBh a stimrer anda
tenmaeet er, 3.0 g £38. 76 igg! nol ) o{%g 1
;Qr'14" L4- di met hyl am no-1-(4' -1l uoroph R\yl ) - 1- hydr oxybut
VT 820y dr oxymet hylBenzoni #891 e was(Sdi ssol ved in 30
arinigif addl uene, themsol. 9 g obg Novozymg)435 (pr@gduct of

\ . 0..693 8.76. mnol) of pyridine, 8.76 m
Jn\%\{&é%%%ze!\%?ﬁngus %l%%ds of &%ids and(Sg. 00 g (1817.52 m
Tieyylrfriopicasift. but yr4sze wer e7aqlded, a@ggl stirred at 40C
ihopnRgt ween 15.5 ang h%s The 5esu|ts are shown
/

16.5 .

in Table 5. WO 2004/514821 Dk200%/ 000537 ©
Benzoic acid 59,7 99,9 SH 37
Butyric acid 53,7 89,6 ) 24
Isobutyric acid 61,8 97,1 S) 16
Isovaleric acid 55,3 94,8 SH 27
Pivalic acid 58,2 97,8 ) 25
Caproic acid 60,3 96,1 S) 17
Cyclohexanecarboxylic acid 55,2 95,4 ) 30
None 59,1 95,5 S) 18
Table 4
Example 6

In a 200-ml four-necked flask equipped with a stirrer and a thermometer, 3.0 g ( 8.76
m mol ) of (i)—4-[4—dimethylamino-1-(4'—ﬂuoropheny1)-1-hydroxybutyl]-B—
hydroxymethylbenzonitrile was dissolved in 30 ml 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
various 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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54 Acid Reaction tinme Conversion Optical purity

Configuration E-value (lus) (%9 (%.e.) o -Toliicacid
woa)E/0BR_28 97,9 (S) 21 p-Toliic acid 19,5 35, BCEDKR003/000537

(S) 4 Benzoic acid 17 25,6 28,4 (S) 14 Pivalic acid

15 62,4 99,6 (S) 23 Cycl ohexfhnecarboxylic acid 16,5

59,4 97,0 (S) 20 Table 5 Exanple 7 5 In a 200-nl

four-necked fl ask eqU| pped with a stirrer and a

- ) 1} 1 T e
()-4 (4 di met hyl a%"ﬁrﬂ%f"’ﬁ?(CQ&%flﬁor%p%ﬁalﬂrﬁty Ry by BUE™
vve(%)eel) ssol ved in 30

h dr oxynmet h P‘E?enzonl ffi’)l | e
eneg. oduc

: Y, ()

2.68 ¢ 26. 2 l) f jvalic id and
ﬁl\g"lo‘%%% to 1.500 19(‘ m q_2§{g of Vi n&? 4
Butyraide were added]l? and st25|;6r ed at 280C for (524 hour si4
Fibgic h&pul ts are shoywn in Taple 6. Egyg;val entgsgf Vi nyl,,

but yrate Conversion Qptical purity Configuration
%VC{Pﬁixﬂ’éca@%‘w . e.1f°0, 6 45°% 73,8 f5) 32 008 54,4 20
i?% (S) 35 1,0 54,8 96,5 (S) 35 Table 6 15 Exanple

% a 500-ml separable flask equipped with a stirrer
and a thernoneter, 20.0 g (58.4 ntnol) of

4- (4 dlnethylan1no |- (4" -fluorophenyl)-1-hydroxybut
éw%nuﬂeZO hydr oxynet hyl benzonitrile was dissolved in
144 m of toluene, then pivalic acid (1.1 to 3 eq.),
4.0 g of Novozym 435 (product of Novozynes) and 6.67 ¢

103320010 FBr-he€lfed flask equipped with a stirrer and a thermometer, 4.5 g ( 13.1

m mol ) of (£)-4-[4-dimethylamino-1-(4"-fluorophenyl)-1-hydroxybutyl]-3-
hydroxymethylbenzonitrile was dissolved 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

(%) (%ee.e.)
0,6 45,8 73,8 (S) 32
0,8 54,4 95,9 (S) 35
1,0 54,8 96,5 (S) 35
Table 6
Example 8

In a 500-ml separable flask equipped with a stirrer and a thermometer, 20.0 g (58.4
mmol) of (+)-4-(4-dimethylamino-1-(4'-fluorophenyl)-1-hydroxybutyl)-3-
hydroxymethylbenzonitrile was dissolved in 144 ml of toluene, then pivalic acid (1.1
to 3 eq.), 4.0 g of Novozym 435 (product of Novozymes) and 6.67 g (58.4 m mol ) of
vinyl butyrate were added, and stirred at 40°C for 20 to 24 hours in a flow of nitrogen

(5 ml/min). The results are shown in Table 7.
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vinyl butyrate were added, and stirred at 40C for 20

to 24 hours in a flow of nitrogen (5 ral/mn). The
woesuloigs2are shown in Table 7. WO 2004/ 014821 PCT/DK2003/000537

PCT/ DK2003/ 000537 55 quivalent of Pivalic acid

Reaction tine Conversion Opt?tal purity Configuration

E-value (lirs) (%9 (%.e.) 0 21,5 70,7 98,0 (S) 9

1,1 21 59,9 98,2 (S) 21 1,5 20 58,0 98,0 (S) 26 2,0

21 56,9 98,0 (S) 31 3,0 24 55,2 97,3 (S) 35 Table 7

5 Exanple 9 A test tube equipped with a stopper was

qinzalgyed Pivelichicid Remgjon(tin@®. OQBvansianD| Pptiodl priky Lonfiguration  E-value

4-di met hyl am no-1-(4'-fl ugrophen - 1- hydroxybutyl]-3

: y é’ﬁg. tyil g@/{) o %@%’F'}@vamquy ]

(produdt of Novoz¥wes), 0.9 m nol %P vari od® kinds of

acyl 10 donor and;l m ofsedii sopropyl ethersy and 21

stirrefl at 30C for_16 hours. For the substrate with

the optfcal purity®of at I8dst 30%88, E-val¥es were?26

cal culaeed. The nresults awv® shownosn Table@® Acyl 31

donor nver si on tical ity Configurati E-val u
(99 (Oé’ e ) \inyl gg(‘et at epjgbz 0 35 gg’%S) 3 wnvl 55

0
ﬁ@ yonate 46,8 53,9 (S) 7 Vinyl butyrate 66,3 98,3
( ?80)713 Vinyl caproate 4,6 n -Butyric anhydride 69,0
76,7 (S) 4 iso -Valeric anhydride 38,6 5,80 (S) iso
-Butg{eigc anhydride 32,5 3,30 (S) Table 8

Exam

A test tube equipped with a stopper was charged with 10 mg ( 0.029 m mol ) of (x)-4-
[4-dimethylamino-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethylbenzonitrile,
10 mg of Novozym 435 (product of Novozymes), 0.29 m mol of various kinds of acyl
donor and 1 ml of diisopropyl ether, and stirred at 30°C for 16 hours. For the
substrate with the optical purity of at least 30% ee, E-values were calculated. The

results are shown in Table 8.

Acyl donor Conversion  Optical purity Configuration E-value
(%) (%e.e.)

Vinyl acetate 55,0 35,9 S) 3
Vinyl propionate 46,8 53,9 (S) 7
Vinyl butyrate 66,3 98,3 ) 13
Vinyl caproate 4,6
n -Butyric anhydride 69,0 76,7 ) 4
iso -Valeric anhydride 38,6 5,80 )
iso -Butyric anhydride 32,5 3,30 )
Table 8
Example 10

A test tube equipped with a stopper was charged with 10 mg ( 0.029 m mol ) of (&)-4-
[4-dimethylamino-1-(4'-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethylbenzonitrile,



10

15

15 Exanple 10 A test tube equipped with a stopper was
charged with 10 ng ( 0.029 mnol) of ()-4-

wo4ediome2hy| am no- | - (4' -fluorophenyl) - 1- hydr egymm29d3}000537

-3 - hydroxynet hyl benzonitrile, WO 2004/014821

PCT/ DK2003/ 000537 56 10 ng & Novozym 435 (product of
Novozynes), 33 ng ( 0.29 in nol) of vinyl butyrate
Hhag bf iNovotym 485 Guredikit nfiblovbzyemdsy, S8trag ( @126 ns hiol ) eflviayl

30C 6 . d
Pt B T80 BHEP of v onis SPQHAFY 8 O PO T A fer
tW@E@c’u@ﬂi|c@i:ﬂ/éﬁeﬁ(iatl&%dro%ﬁéﬁlﬁ)ﬁnﬁésewéﬂ%%Wﬂlyk&i R Salles were

oplculated. The results areshowninTabled, . ............. .. B
SOI‘VEﬂt Conver-si-on @t% cal pllrl t ¥ Conf-i-guir-at-i-0n

E—val ue (%.e.) i 9 13 tort, -Butyl thyl ether
59, 30Pdhi 8 1 (S) cldifterdiof!] BhtRNNRy :bgmﬁgurat—g% Fgy@EOT] I ran
619 nlcnprnnll et-her..66,3..98 13 ( ) 13 nlpfhy| et her
59,7 95, 8 (S) 17 ) 1 o(eee) L N .

I Anmynnpy; 11, 8 ] ’% Met hyl ’&l sobut \ﬁ) ketone 33.0 E
hWepiotans7, 09  But andll 6, 56 Et hyl jacetate 10,8 ... | Butyl
AGBL AR L, 7 ToI UgRe 152,79793777 (5387 Hexane 140, 7
4r o >

Difsopropyl ether 66,3 98,3 ) 13

Diethyl ether 59,7 95,8 ) 17

Acet01{e 11,8

Methyl isobutyl ketone 33,0

Ethanol 7,09

Butanol 6,56

Ethylacetate 10,8

Butyl acetate 11,7

Toluene 52,9 93,7 ) 38

E&éne e 40,7

Dichloroethane 13,8

Acetonitrile 255

Dimethylformamide 5,83

Dimethylsulfoxide 8,78

Vinyl butyrate 57,0 95,0 ) 22

Table 9

Example 11

A 200-ml four-necked flask equipped with stirrer and thermometer was charged with
0.9 to 1.35 g (E/S ratios are 0.2 to 0.3) of Novozym 435 (product of Novozym). A
solution of 4.5 g (13.1 mmol) of (£)-4-[4-dimethylamino-1-(4'-fluorophenyl)-1-
hydroxybutyl]-3-hydroxymethylbenzonitrile in 30 ml of toluene, 2.01 g of pivalic acid
(19.7 mmol), and 1.50 g ( 13.1 m mol ) of vinyl butyrate was added into the flask,
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WO 2004/014821 Di chl or oet hane 13,8 Acetonitril e~ 25P&T/DK2003/000537

D nethylformanmide 5,83 ........

and, stirred af between 33 and 45°C for 21 hours After the reaction, reaction fluid was
.......... Di net hyl sul f oxi de 8,78 Vi nyl

REAHehRY dopaniatiri ghq Gy rsmainngrergyge vas mashyd) with 40 Mgt A

3QRnHhnd AIHvREE KEERL ﬁnﬁﬁcﬁae@éﬂéh%@ ﬁgsc‘ﬁbfe@a V'ere&gé t 8 sing the

t hernoneter was charged with 0.9 to 1. E/

Tiea@venel ezEmg V@Strqaqatesl)fom tlmmtozcyrry 4>B‘6th(3 pwydlmtsacmrbn Enzyme

%? Yfﬁf&F ﬂe e c’:oél%lﬁc% %%nccg)gdlﬁé the f(%h) 13% %%?n%?rgsl) il‘?le results are shown

inyibexyhut yl ] - 3 hydroxynethylbenzonltrlle in 30 m of
toluene 2.01 pivalic acid 15 ( 19.7 in nol ),
. a@evgy (/8 =T gmasme prodyeecinse priagte (sl b

gﬂ%gm% gég%QF WO 2004/ 014821 PCT/ DK2003/ 000537 57

n irr bet ween 35 and 45C for 21 hours. After
the reaction, reaction fluid was separated by
decantation, and the remaining enzyme was washed w th
30 mM of toluene and recovered. The sane operation as

described pakpye €Xcept Tor UBLDE. Ik (WELOVEr ed enzyme
was repeated four

reaction. Enzyme 53a&tEF-78s 4het €S8P ul R e dES=0.20)
according ta the folTosging equatis The resuis are

shown in Tgble 10. E activity (Ug) _ r oduct
anmount prodgced per rlé)j[“s (mnl/rﬁ2 )/ (Eni{;

wei ght (g)) 3Batches EnZ¥me activiipo(U/ g) 35148
(E/S=0.30) 40 C (E/ S= 9§95) 45 C (1§|1§_0 20) L @& 61
12,75 17, 37 ’

9,01 11,14 13,10

Table 10

Example 12

(S)-4-[4-Dimethylamino-1- (4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

benzonitrile pivalic acid salt

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 (+)-4-[4-dimethylamino-1-(4'-fluorophenyl)-1-
hydroxybutyl]-3-hydroxymethylbenzonitrile in toluene, and the temperature thereof
was controlled so as to be 40°C. Then, 2.27 g (0.029 mol) of pyridine, 2.98 g (0.029
mol) of pivalic acid, 3.35 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 15 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 21.6 g of toluene. As a result, it was obtained (S)- 4-[4-
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2 10,31 12,93 17,70 3 9,75 12,50 15,48 4 9,39 12,16
15,06 10 5 9,01 11,14 13,10 Table 10 Exanple 12 15

wO3o4b1§s21 Di net hyl am no- | - PCT/DK2003/000537

(4' -fluorophenyl)-1-hydroxybutyl]-3-hydroxynet hyl -
benzonitrile pivalic acid sab® A four-necked flask

equi pped with stirrer and thernoneter was charged with
ﬁ@leﬂl}éami}ﬂb la(ﬂéﬂluqtdphmyb)‘ 1-b§ dfdxghtl] 329y dmtymedliylbenzonitrile
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under a slight flow of nitrogen and stirring was
stopped. 25 The enzyme was filtrated fromthe reaction
with Kiriyama fumel, and the enzyne was
ﬂgﬂhg%elvath 21.6 g of toluene. As a result, it was
obt ai ned (S)- 4 [4 WD 2004/ 014821 PCT/ DK2003/ 000537
thyl a
@gzﬂ' L%Dnmthylammm (4 -Ayerioghgyl Ly drox gty ldndgidr oxpymesliy-
yield: 36.0% optical

, 011 [,
%Zbﬁlltljﬂg ‘Kaﬁcgﬂgsaﬁ pi val Img acid salt. The conbi ned

t ol uene Iayer was washed t hree tlrres with water (50

R stwresiti s Sytopad it A Agow “%é’r“\%wl@%&%m §6.7 g
& ésd%&‘tﬁfnqamw ytd.o¥Hygoe ﬁ@tﬁ&h‘fé@ﬁﬂ&iﬁinw £ ﬂ(lémiﬁhgnyl) -1-

|, extraction yie , pivalic acid
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Was add%d into the above mixture. The reaction mixture was stirred at 40°C for 18

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 yield of 33.5% and an optical purity of 99.7

%%ee.

Example 14

(S)-4-[4-Dimethylamino-1- (4’-fluorophenyl)-1-hydroxybutyl}-3-hydroxymethyl-

benzonitrile cyclohexanecarboxylic acid salt

A four-necked flask equipped with stirrer and thermometer was charged with 250.0 g
of a solution 0f 25.0 g (0.073 mol) of (¥)-4-[4-dimethylamino-1-(4'-fluorophenyl)-1-
hydroxybutyl]-3-hydroxymethylbenzonitrile in toluene, and the temperature thereof
was controlled so as to be 40°C. Then, 5.77 g (0.073 mol) of pyridine, 8.33 g (0.073
mol) of vinyl butyrate, 9.52 g (0.073 mol) of cyclohexanecarboxylic acid, and 5.0 g of
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of a solution of 20.0 g (0.058 nol) of

()-4-[4-di nmethyl am no-1-(4'-fluorophenyl)-I- 15
waydumiyaut yl | - 3- hydr oxymet hyl benzonitril e i n POTDE203/000537

and the tenperature thereof was controlled so as to be

40C. Then, 5.93 g (0.058 nol §° of pivalic acid, 6.62 g

(0.058 rml of vinyl butyrate, and 4.1 g of an
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Byampleyisut yl ] - 3- hydr oxynet hyl benzonitrile in tol uene,
and the tenperature thereof was controlled so as to
be 40C. Then, 5.77 g (0.073 nol) of pyridine, 8.33 g

L4043DirAGha@inov 1 -y -f1ReHoyh rl-ﬁ @fgx u(t 1843/ drddyin iy 1-
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enzyme (Novozym 435) was added into the above m xture.
The reaction mxture was stirred at 40C for 17.5
AduiirsnddRee flagk esllui;gbdi wﬁﬂh@vmef armli thémgﬁaﬁbtaﬂdas cﬁatat’greﬂ ivﬁﬂl 250 Og
was st opped.
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mixture was stirred at 40°C for 21 hours under a slight flow of nitrogen, and then

stirring was stopped. The enzyme was filtrated from the reaction mixture with
Kiriyama funnel, and washed with 54.1 g of toluene. As aresult, a toluene layer
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-hydroxymethylbenzonitrile (7.8 g, 0.0228 mol,

extraction yield: 80%), o-toluic acid salt was obtained.
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and an aqueous | ayer containing
(S)-4-[4-di net hyl am no-1-(4' -fl uorophenyl)-1-
waydumiyaut yl | - 3- hydr oxymet hyl benzonitril e (7. 8BCG/DK2003/000537
0.0221 nol, extraction yield: 10 89%,
cycl ohexanecarboxylic acid @It was obtained. Exanple
15 (S)-4-[4-D i nethylam no-1I -
Examyflé W6r ophenyl ) - 1- hydr oxybut yl ] - 3- hydr oxynet hyl - 15
benzonitrile o-toluic acid salt A four-necked fl ask
equi pped with stirrer and thermoneter was charged wth

bhmm@daimbmyﬁ@adﬁ@ehdbxynet hyI benzonitrile i n tol uene,

and the tenperature thereof 20 was controlled so as to
be 40C. Then, 5.77 g (0.073 nol) of pyridine, 8. .33 ¢
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an agueous | ayer contal ni ng
4 I_E}dmeﬁhylajnmetlhw ﬁ!uvmphény(l)éu-hydﬂoupblﬁpﬂe nyl ) -
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Exanple 16 (S)-4-[4-D net hyl am no-1 -
(4 - fl uor ophenyl) - 1- hydr oxybut yl ] - 3- hydr oxynet hyl -
enzlgln zrl | e isobutyric acid salt 5 A four-necked
ui pped with stirrer and thernoneter was
charged with 33.3 ¢

(S)-4-[4-Dimethylamino-1- (4’-fluorophenyl)-1-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 (£)-4-{4-dimethylamino-1-(4'-fluorophenyl)-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 g of an
immobilized enzyme (Novozym 435) was added into the above mixture. The reaction
mixture was stirred at 40°C for 20 hours under a slight flow of nitrogen, and then
stirring was stopped. The enzyme was filtrated from the reaction mixture with
Kiriyama funnel, and washed with 108 g of toluene. As aresult, a toluene layer

containing (S)-4-[4-dimethylamino-1-(4'-fluorophenyl)-1-hydroxybutyl]-
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and the tenperature thereof was controlled so as to

be 40C. Then, 2.29 g (0.029 fbl) of pyridine, 2.57 g
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The conbi ned tol uene | ayer was washed three tinmes with
water (500 m x 3) at 60C, and an aqueous | ayer
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(S)-4-[4-di nethyl am no-1-(4"-fluorophenyl)-1 5
hydr oxybut yl ] - 3- hydr oxynet hylbbenzonitrile (21.0 g,
0.0614 nol, extraction yield: 96%, benzoic acid salt
was obtai ned. The foll ow ng exanples 18 to 28
illustrate the separation of S-diol fromthe reaction
m xture. 10 Exanple 18 A test tube equipped with a
?ts;apger was char gedc th 4. 3 Hafiflod defHcken Wak®I ) Of
[ 4- di net hyl ami no-1 - (4' - f1 uor opfenyl ) ¥2- hydr oxybutyl ] - 3
- hydr oxynet stz iRtiatiil | e offconpausn 83 6.8 ny
(0.0165 mol f.(R).-5-.cyano- 2-[.4-di et hyl ajg no-1 - (4'
fluor ophenyl"g'y%ohénégrl%%(/ibut yl] -Zlg’énzyl(f@ut yréat'e
(conpound B)Salicyliadcidof t ol uene,130 nl 0,f wakker, and
0.291 in nol,. ' ki nds gf aci (in e case of
a di basi ¢ adi %{m\!{g{eﬁ%%%gnol i7g’8used(§’j3:i and?'}s{i rred at
40C for 1 houfhlorqtsgrsicetit ai ned 2fBxed GBI vents7 was
separat ed i pi.enadbatcidayer and toldggne | gper, and
then the concentrations_ of ‘20 conmpound A and B in each
| ayer were meEuPRsErocedttiti o-%oef f4%i ent $23%ka or Kb
are cal cul atEebr@eeokdiing to tihe foldow ngimquati on.

The results shown .i.n Tabl 1. =

(Concent r at ipg]%tg%lfen?oﬁ@c%onpoung’zi in Jggueou?’q ayer) |/
(Concent r at ioefoluf actdhe conpourdd!A i m,asol uem2 | ayer) Kb
= (Concentraf i .. the conpo B iJn.aque | ayer) /
(Concentr at %28%?9{111e 25 cong%bgnd Bd’blg’n to?fuine | ayer)
WO 2004/ 0142ToCFADK2003/ 000537 620.08cid PHrtition
coefficient KaldRybeliRickBa0 - Nistfobenggi c agid 30,7
0,45 68,3 in -Ntrobenzoic acid 19,5 0,08 237
Salicylic adidethgvbengpivnsido12 9g3- Hy dbBxybehFoi ¢ aci d

70,8 0, 31 226Methoxybenzoic acid 12,3 0,10 122
4-Biphenylcarboxylic acid 0,87 0,04 24,9
3-Phenylpropionic acid 5,67 0,02 229
Benzoic acid 18,4 0,08 244
Isobutyric acid 39,2 0,17 225
Isovaleric acid 24,4 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 20,8 0,33 63,8
Isophthalic acid 7,43 0,29 25,4
Terephthalic acid 16,8 0,15 113
p -Toluenesulfonic acid 164 3,61 45,4
Malonic acid 38,5 1,29 29,8
Oxalic acid 1092 5,73 190
Succinic acid 24,1 0,44 54,6
Maleic acid 31,1 1,03 30,0
None 0,17 0,08 2,2

Table 11
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0 - Chl orobenzoic acid 22,8 0,30 76,7 in _
- Chl orobenzoic acid 4,98 0,04 122 p -Chl orobenzoic

weaehw/ 074021 0,06 123 p -Fl uorobenzoic acid 14, 2C0/pK2003/000537

120 p -Ethyl benzoic acid 2,28 0,03 73,0 o -Toluic
acid 9,11 0,05 172 in -Tol ub¥ acid 6,00 0,03 215 P
-Toluic acid 5,97 0,02 249 o0 -Mthoxybenzoic acid
Byamplg 8 71,1 in - Met hoxybenzoic acid 9,23 0,07 136
p - Met hoxybenzoic acid 12,3 0,10 122

4- Bi phenyl carboxylic acid 0,87 0,04 24,9
@ﬂh@n&inwtbﬂammdsl-8(0,?-ﬂu&o@ﬁergflp2h§&%xyﬁﬁ?ﬂ-@}%«ﬁ&tﬂmthyl_
18, 4 08 Isobutyrlc acid 39,2 0,17 225
b@mmtmlpmvahrs.aﬂdﬁgA 0,10 241 Pivalic acid 9,03 0,10
92,6 Caproic acid 5,04 0,03 181

Cycl ohexanecar boxylic acid 3,89 0,03 168 Phthalic

Hud ehz20he8va8,fBRat63 fibm the ephinhatchcticaChiktite 48tathed byadhe thethod
Cld 6,8 0,15 113 p -Tol uenesul fonic

hers Tatogpior s and osheheccait e, Thomogngs 11743 g of a
it Sclatbfodiiifing (47 A AN oG RLG 180! fudiGotongn®t

Im@m)gbmwu 3—hydr0xymethy1benzon1tnle (44 8 g, 0.131 mol), pivalic acid salt was

added 600.3 g of water and extracted. Further twice extraction with 359.7 g of water
gave 1375.9 g of an aqueous solution of (S)-4-[4-dimethylamino-1-(4'-fluorophenyl)-
1-hydroxybutyl]-3-hydroxymethylbenzonitrile, pivalic acid salt. The aqueous solution
contained 43.8 g (0.128 mol, yield: 97.8%) of (S)-4-[4-dimethylamino-1-(4'-
fluorophenyl)-1-hydroxybutyl]-3-hydroxymethylbenzonitrile. Optical purity:
98.4%ee, (R)-5-cyano-2-[dimethylamino-~(4’-fluorophenyl)-hydroxybutyl]

benzyl butyrate: 10.7 area%.

Example 20

(5)-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-dimethylamino-1-(4’-fluorophenyl)-1-
hydroxybutyl]-3-hydroxymethylbenzonitrile pivalic acid salt {content of (S)-4-[4-
dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethylbenzonitrile:
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 standing
for 30 minutes, the organic layer was discarded by separating the mixture solution,
and an aqueous layer containing (S)-4-[4-dimethylamino-1-(4’-fluorophenyl)-1-
hydroxybutyl]-3-hydroxymethylbenzonitrile (0.389 g, 1.136 mmol, yield: 97.3%)),
pivalic acid salt was obtained. By HPLC analysis, it was found that chemical purity
was 97.3 area % and (R)-5-cyano-2-[dimethylamino- (4’-fluorophenyl)-hydroxybutyl]

benzyl butyrate: 1.5 area % was contained.
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WD 2004/ 014821 PCT/ DK2003/ 000537 63 Exanple 19
(S)-4-[4-D et hyl am no- | -
wO4bo4foiasar ophenyl ) - 1- hydr oxybut yl ] - 3- hydr oxy mePayink2003/000537

benzonitrile pivalic acid salt 5 The enzyne was
filtrated fromthe enzyme re@ction m xture obtained by
the method according to Exanple 1, and washed tw ce
with toluene. Thus-obtained 1174.3 g of a toluene

ol utj containing (S)-

X‘{"Aplﬂi%:]ret hyl ai ni no- 1- (4' -l uor ophenyl ) - 1-

hydr oxybut yl ] - 3- hydr oxynet hyl benzonitrile (44.8 g,
0.131 nol), pivalic acid salt was 10 added 600.3 g of
(Wt -Rimektlslamot e d 4’ -Ruerohkenyiwi -bedrexytrugyi-B drydvaxtymethyl-
359. 7 of Fater ave 1375.9 g of an aqueous sol ution

1z VAR yl ani no- 1- (4' - f | uor ophenyl ) -
1- hydr oxybut yl ] - 3- hydr oxynet hyl benzonitrile, pivalic
acid salt. The aqueous solution contained 43.8 ¢
Tol2.68 qf@p aqygass golugon gBAS) i [4-dimethylamino-1-

S 4-

P RN SR A st ometdb v isileislia 2oid el
{cbﬁtenﬂM(SMI-HMIeﬂl‘ylamﬁ&-lqa —ﬂ%(emphenyl) 1-hydroxybutyl]-3-
(R) - 5-cyan- 2- (4' -fl uorophenyl)-hydroxyb
Idyexy %@ﬂwowlyr %fl & oL 168 mnéﬂléaw/blcwawp@raz@ygbtalned

%cgéldﬁghtérﬂ?p eny%i'o?%& %ﬂg reol)?i/ as a ded w1 hy L4 g)&() 013 rr1nc1l) of lithium

doéfaeo Mikien il l()eg pf toblene was adid@laﬁhdzreffmnﬂZh@mgxtmfe veds saqnaé Garsl 0
sol uti

@}Jte& ?A;b:ea ;stﬁgihﬁg iford q,]rglqutetsﬂfthe prgfg}co]ﬁﬁgms)dlsfarded by separating
Flﬁ%yéaém d; Ma&%@m@w&' BRAFRR (9)14-B1-BinedlyismAsid

cont ent ~ of
(éi’-ﬂubtmphaml)q b-tﬂydl(oxybmﬂyudr lmjph%yﬂle)thﬂbmnmmlpbmvqu acid st

et by B ik DR et A8 HEFR ot £ Wl BSima

th¥HeEcal 9111'1%8@3@&6”/& £hd](R‘} Schaﬁo-Ql ?dlﬁiémylzﬁﬁmo- (4’-

anmoni um acetate. Then 1. of toluene was ad
ﬂmw@lenyaﬁwdtmbwmh@ﬂ@'l\bam e 1.9 expaf/oivag gomfﬂlﬁgql es
After standing for 30 minutes, the organic |ayer was
di scarded by separating the nixture sol ution, 30 and
Bxarpkeus | ayer containing

(S)-4-[4-di net hyl am no-1-(4'-fl uorophenyl)-1I-

hydr oxybut yl ] - 3- hydr oxynet hyl benzonitrile (0.389 g,

&) 130 IR ny¥flodi - @ addophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

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-[4-
dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethylbenzonitrile:
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 g of
toluene was added therein and the mixture was stirred for 10 minutes. After standing
for 30 minutes, the organic layer was discarded by separating the mixture solution,
and an aqueous layer containing (S)-4-[4-dimethylamino-1-(4’-fluorophenyi)-1-
hydroxybutyl]-3-hydroxymethylbenzonitrile, pivalic acid salt (0.397 g, 1.159 mmol,
yield: 99.3%) was obtained. By HPLC analysis, it was found that chemical purity was
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pivalic acid salt was obtained. By HPLC analysis, it
was found that chemcal purity was 97.3 area % and

WOR)o4BH 320 - 2- [ di et hyl ami no- PCT/DK2003/000537

(4" -fluorophenyl)-hydroxybutyl] benzyl butyrate: 1.5
area % was contai ned. WO 20047 014821 PCT/ DK2003/ 000537
64 Exanple 21 (S)-4-[4-D nethylam no-1 -

Q47 atea Yo rod RRSHey arb-2rydinostirdamyr o} {48 - fiydosheny®thydtoxybutyl]

nzoni.trile pivalic acid.salt To 12.6 g of an aqueous
[gegﬁzﬁl??u%a 5t ﬁéﬁgag/-‘”[‘ﬁgsaﬁo ‘F@T am no-| -
(4' -fluorophenyl)-1-hydroxybutyl]-3-hydroxynet hyl benzo
nitrile pivalic acid salt {content of
EEﬁnﬂﬂqzﬁ-dinethylanino-l-(4'-f|uprophenyl)-l-hydroxybu
tyl]-3 10 hydroxynet hyl benzonitrile: 0.4 g, 1.168
mmol }, which was separately obtained according to the
(S hacDmhet il amrlos] -1®; -flwe pActd )1 Wydrdx Foviy1g-3(H:d8hS miBahy1-
f lithium sulfate. Then'1.0 g of toluene was added
itlepivplicgsidgallt yre was stirred for 10 ni nutes.

After standing for 30 mnutes, the organic |ayer was
di scarded by separating the m xture solution, and an

"By 2.6 1g=0f] aayaquecmlzs rsbhltiﬁh 3@ (&)Sbémdifx&tlgilﬁﬁing-@mﬂmgrﬁpgéﬁyl)- 1-
4' - [ e -1- roxybutyl | -3-nydroxymnet enzo

lfﬁdif?wlbﬁfyﬂgf -333%5 §héfﬁ’§a?<trﬁltﬂ§%¥1§£@ 9@213 a%l%c_yfn‘i?ﬁbgf, (8)-4-[4-

WhRtH1an9 @0 %4 %_%rdﬂﬁ%l%’lﬁ_‘f%}ydmgﬁ@@%@‘ﬁﬂrb{ﬂrﬁemﬂgbeﬂ%ﬁittﬂe:

found that chem cal purit area % an
Q4Res 516§ ameslp-whidh mas hgagately obtajued-according to the method of

ANREO RO iR V58 LR ot loshS0F ¥E sotil s3life. “rren 'S g ot
tomknd whé add BRI YA TRe tnixture was stirred for 10 minutes. After standing
4' -fl uorophenyl) - 1-hydroxybutyl]-3-hydroxynet hyl -
1{% AQ enntes, lthe et layehvpsidisedrdedisy separdting thy mifture solution,
Lyt fo o . : ,
BRSNS B i i it ol Sphiryeyiamno-1-(4-
fiyedosheyipl1yhydrSxtbyic PXhyeioRy b Eenzdnitil ©(0BMad, i16142Ghdol,
sal t _ic(pntent of (S)-4-[4- dlme_thﬁlamno- I -(4" _
Yieldy,3f- 8 8ty phtainedy d%élb@tawl_ym%l V& onydriehohaseinslavrity was

B Sl B a0 el Ve Rk o
tmddddurtte: 4.7 4rep %Gvad Lhntaide)l. of armmoni um sul fate. Then

1.0 g of 30 toluene was added therein and the m xture
was stirred for 10 m nutes. After standing

Example 24

(8)-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-dimethylamino-1-
(4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethylbenzonitrile pivalic acid salt
{content of (S)-4-[4-dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-
hydroxymethylbenzonitrile: 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

minutes. After standing for 30 minutes, the organic layer was discarded by separating
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for 30 mnutes, the organic |ayer was di scarded by
separating the m xture solution, and an aqueous | ayer

WO Qo401 #6820 Q PCT/DK2003/000537
(S)-4-[4-di nethyl am no-1-(4'-fl uorophenyl)-1-
hydr oxybut yl ] - 3- hydr oxynet hybbenzonitrile, pivalic
acid salt (0.397 g, 1.159 mmol, vyield: 99.3% was
ibb miKWQ@SOIEjoﬂ—IEhd?ammaieyBé layer dontadrEng pivaltic hdid talc be(s)-la)l4-

url t /r‘rﬁ]ﬁa 1\({\@) %@0%4 %J[ Iz}’lg;rc{ngZOﬁg/rnQE])E))SB? 65 94.7

i ﬂy&%kyhﬁéﬁptb%ﬁzdrﬁmﬁww @?ygb l1!t1>5b]rmn9f3 %Yd o8y 6k Sbtathed. By

ar ea% was  cont ai ned
](I@C@np]qzs@ mhﬁd@mt}mjchemlcal punty was 93.3 area % and (R) -5-cyano-2-

R by RRRR T o pheh B bl ceatl SONETE Vhigecanes
ckdibddon of

(S)-4-[4-di nethyl ai nino-1-(4"-fluorophenyl)-I- 10
hydroxybutyl] -3 hydroxynethylbenzonitrile pivalic

th 4!

B EhIE 2024 S Ph R Sttt 1 by o B S B Moy o e
aldzton dftselte : 0.4 g, 1.168 mmol }, Whl ch was
separately obtained according to the nmethod of
Exanpl e 19, was added with 1.4 g (0.0099 nol) of

' ulfate. Then 1.0 g of toluene was added
%ﬁﬂhg{pngand the m xture was stirred for 10 m nutes.
After standing 15 for 30 minutes, the organi c layer

1 xture s tion
oy ey mo-

Sl 6 laB LY i no- |- (4 © 11 uor ophenyl ) -
rhycmx%urw—]—z—hydr oxymet hyl benzonitrile (0.391 g,
1.142 mol, yield: 97.8% was obtained. By HPLC
BSR4 B Ge 578 e iniRiG obind by he'indihoa
dcordid e ERRHNY 1, )anb YebsRedytRiébith EudRNMENls-dbidiNeRI €4 g of a

4.7 area % was contai ned. Exanple 24
toleng s¢lytigy eastdiping i hg (3.92 mmol) of (S)-4-[4-dimethylamino-1- (4’

e DR B0 USRI M
ﬁlglllsi_ﬂf%dl sl?ghrsgf) bé 8{5) °@ -ahd-1d e bhyhiat Wanadded to the solution and

emaig;faiio ) afflmn @aﬁ%%&mmtwqwm 1-? imeohvetar.jte obtain a
s%ﬂtﬂ)nscﬁl(g) 4-[4-dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-

hydroxymethylbenzonitrile, pivalic acid salt. In the above aqueous solution, 0.886 g
(2.588 mmol, yield: 88.6%) of (S)-4-[4-dimethylamino-1-(4’-fluorophenyl)-1-

hydroxybutyl]-3-hydroxymethylbenzonitrile was contained.

Example 26

(S)-4-[4-Dimethylamino-1- (4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

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 g of a
toluene solution containing 1.0 g (2.920 mmol) of (S)-4-[4-dimethylamino-1-(4’-
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{content of

(S)-4-[4-di met hyl am no-I|-(4'-fl uorophenyl)-1-hydroxyb
wanyddoa®280 hydr oxynet hyl benzonitrile: 0.4 g, BRCL®K2003/000537

nmol }, which was separately obtained according to the

met hod of Exanple 19, was adféd with 0.7 g (0.012

nmol ) of sodium chloride. Then 1.0 g of toluene was

Beprephanybr ehydrandbutyid3 iydtaxymettadbenzomitrdel IﬂVHilchﬁld was

fter r.30 m nu ani ¢
T e b0 BR[O sl Aty e i shhion ana
&@%@KZ QB3 5EIE68Was 6hrdchal ftthérih®e Siadddbids.8 ﬁ{l‘}loﬁﬁ}ater to
({t%ueous | ayer cont ai ni ngyl pivalic acid salt of

m@_sphltloa,q#@h%[ﬁmm@ pmino4l-(4’-fluorophenyl)-1-hydroxybutyl]-3-

h dﬁbﬁ%ﬁ%&{iﬁe%ﬁ#}) enz R/lecy cilI'& Xa(l% Igéh;e adaovi ati%egum}ltlon 0.879 g

(21 587ch981, 396l 82.9%) ka,tfesmm digyethytithaoanead’ VhicsepHehyMas
found th %h mcal purity was 93.3 area % and
Tidroxybuly: ifﬁé o4 fogwlathﬁ&eﬁwnm%was contained.
(4" -1l uorophenyl) hydr oxybutyl ] benzyl butyrate: 5.8
area % was contained. Exanple 20-24 conpared to
Example2719 show t hat the separation inproves by the
addition of salts. 10 Exanple 25
(S)-4-[4-D et hyl am no- | -

2=l Jzh Vi _
R N M s G R S TR imety!
Yenremniledivialioasidlselt enzyme reaction mi xture obtai ned by
the method according to Exanple 1, and washed tw ce
with toluene. Thus-obtained 19.4 g of a toluene

B dilzi08 v HiRhted RGmLthe eﬂzefn% BActiFAGhiktRé obtained by the method
(S)-4-[4-dinmethyl am no-1-(4"- fluorophenyl)- 1

acpyrdingiy direyrle B-ang avashedrutionvite iodemiet Fidseobtanedal 0.4 g of

(Bfletle WGP ARIHRL It 20 B bRt (e Ta o iy g4
fh@itrd){iheﬁ?l)%ﬁydrd)bt}tbhe_yﬂ] E—ledmméthplheﬁﬁbn\imlé'l p¥vafic Btidafas added
Wal er 0O obtaln a

164y mk. Tfﬂ%i?ﬁwgéldﬁﬁfa%?%om@ ﬁ(oAutwrm WisrRetag frther Fyige ssiplS mL
lt.

I BB B,

Wioedhengy- IGH@drmfybutyl] 3-ydroxy1nethylbenzomtnle pivalic acid salt In the

a%ozle aqL{eous soqettlcply 089I glgn(g 7%6 gnmol y1e?<{ 905p E‘V%)ng% ZS) 4-[4-

dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethylbenzonitrile

was contained.

Example 28

(8)-4-[4-Dimethylamino-1- (4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

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 g of a

toluene solution containing 1.0 g (2.90 mmol) of (S)-4-[4-dimethylamino-1-
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25 hydroxybutyl ] -3-hydroxynet hyl benzonitril e was
contai ned. Exanple 26 (S)-4-[4-Di nethylam no-I -

wOQ4bo4foiasar ophenyl ) - 1- hydr oxybut yl ] - 3- hydr oxy mePOyiDK2863/000537

benzonitrile pivalic acid salt The enzyne was
filtrated fromthe enzyme refttion mixture obtained by
t he method according to Exanple 1, and washed tw ce

( -fioropheesal L -hyHipsybey Hi kwiragymethylbénzanittils) pieakc acid salt was

J: h i 2.92 ) .of .
R R ACELERD Bk e 8 0B s extracted with
?F’ﬁﬂ(ﬁ?@ﬁél??ﬂiﬁ&ﬁluéﬁ)ﬁ Wag fltlrt}llejr egtraﬁct%d twice Wtitﬁ 7|. Sme of Wéitef to
yor ophenyl ) - 1- hydr oxybut yl ] - 3- hydr oxynet hyl benzoni tr
qhtEn ap iaﬂ‘é?q%é selutien %@)-%Hr%meﬁwlwnad —é&fbl@mp@@ndha-

f 2 g . .Uti-on
b Bt OB ey B, D LA R g oo
stoism'ma, Wﬂﬁg@.sgﬁr?nmx_ﬂ, yiallde?iﬂ%}) lo@ tﬂ)aai-hm-ainfe;uﬂlylmiﬁﬁ{ja,-pt4,5
-4-[4-di e am no-1-(4'-fl ugrophen -1- Ir oxybu
fﬁ‘#‘]’lﬁﬁkél)ﬂy@@%%gyxbﬁalﬂ3}1%@%%&%@%1‘46@50 Nbcomgined.
salt. In the above aqueous solution, 0.879 g (2.567

ininol, yield 87.9% of
A Spmpafigondpirexangplardsn @6,1 27 4nd fA8usgoeptian yh )improved separation is

URRS] HEf o g RO Y ey Sperero bt i sgulaon of the
téfperblud® I CRAREHAVE cheIAMBNYOM WelseRariysl, oxy et hyl -

benzonitrile pivalic acid salt The enzyne was
filtrated fromthe enzynme reaction m xture obtained by

od 15 according to Exanple 1, and washed
lﬁ%?nc@gvtzmgth tol uene. Thus-obtained 10.4 g of toluene

solution containing 1.0 g (2.92 nmol) of
S) - 4- [ 4-di met hyl am no- | -1§14' -
®)- pilaminonly oy’ flurephony)-3-rydenxaRytyHt hhydiexvoethyl
Heh&midhyal ic acid was added 13.0 nL of water and
d. The solution was extracted further twce
with 7.5 nL of water to obtain an agueous sol ution of

S)-4-[4-di met hyl am no-1-(4'" 20 .
_?? )aéPBJ_ﬁﬁ a%ﬁ?n f_f F?;?’%@‘l%‘h}@fégl%lﬂ%}gﬁf‘ﬁ]éloﬁirpb@wi)ohhi’@roxy—
B il DA BBOUP BRYSBI iy e 3
8y, 40,5 4ml) iimresrtny s nh4-didxang 42,5 fhljiois ophiedy lipoprotein lipase
p_sélu_c%}/ndorn%( X;?“&%UU,’? rﬁgt}y ‘ng )f ac 181?3{5! Bea%gdz ?om317 r°ICJ e?nd 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 organic phases are
evaporated in vacuo and subsequently analyzed on super critical fluid
chromatography to give (R)-butyrate ester with 72% ee and (S)-diol with 28% ee.

Example 30

(5)-4-[4-Dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

benzonitrile

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 (0,58
mmol, 73,6 pl) in anhydrous 1,4-dioxane (3,0 ml) is added lipoprotein lipase
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was contai ned. 25 Exanple 28 (S)-4-[4-D nethyl am no-| -
(4' -fluorophenyl)-1-hydroxybutyl]-3-hydroxynet hyl -

woemamni#2ti l e pivalic acid salt 30 The enzyne Rras/DK2003/000537

filtrated fromthe enzynme reaction m xture obtai ned by

the nethod according to Exafple 1, and washed twice

Wi th toluene. Thus-obtained 19.4 g of a toluene
rerdemerescon(HhPnd meh Ble(@acg'@nrﬁﬁﬂie)atedfto 37 °C and followed by

g@?é%égﬁggg%%%%gnbersmn (%Oldg/p %, tﬁe enzyme is filtered off and

Wdshefl | with cplzanail] ymduhyel 0xydiskane] 13e hy&ﬁ&ﬁe/m%bﬂcb%ﬂééés are
nitrile, pivalic acid salt was added with 0
?Vip@f@dmﬁl )V‘ffprla\l?g| i ebsearenthyn danalredi sanur S1pGRS Ol“ltlcal fluid

%t&l%lﬁﬁ%ﬁghwt éﬁ tgléaté;) &tﬁ%ﬁ{ﬁﬂ'&% Taﬁ%#ﬁt (?18{'\8% §4% ee. The

shttainnwas alag umom‘&rabhmng dn4aind 8 equivalent vinylbutyrate as shown in
%§%1§X[4 di met hyl am no- 1- (4' -fl uorophenyl )-1 5
ybut yl ] - 3- hydr oxynet hyl benzonitrile, pivalic
acid salt. In the above aqueous solution, 0.947 ¢
(2.766 mol, yield: 94.7% of
(S)-4-[4-di nethyl am no-1-(4"-

$luor nnhan\ll \ 1 h\/rlr nvuhllf ul 1 -3 h\/rlr oxy et h\/l henzonitr

ile was contained. A corrparl son of Eéé@arrpl e 25 26,07

g@alnegy%y AESF .Sn"5#“%¢§§|fg ;E?%m§mgﬁﬁas ﬁ@rernﬂgﬂﬂl

wag hi ngsragnd regt) ati on (@f) t heEEt enpergdt ure dggs not oy
have great influence on the separation,  Exanple 29 15

(S) - 4°[ 4-@ et hylP4ni né-2 O3 - f or ophéRy| ) - 1- Hydr oxylH)
ty - 3- hydr oxy yl - itpile To stirr
L3 g oxYTRLRY - 1 HRRZEM ¢ b @ stirreg )
4 3{4 Di medqhyl aniing- | - {9t {2,00r ogphenyl YriL- hydr xy- (S)
but yl ] - 3- hydr oxynet hyl - benzonitrile (0,29 nmol, 100
and &ﬁqﬂw butl;%at e2?(@(490) 2086mo| 65 m) ﬂﬁ (S)
P : heH CREO) eaction i s
heated to 37 C and fol | owed by HPLC. After 162 hours
at a conversion of 33,9% the enzyne is filtered off
Pladhed with a small amount of 1, 4-di oxane. The
conbi ned organi c phases are

(8)-4-[4-Dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3 -hydroxymethyl-

benzonitrile

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) in anhydrous 1,4-dioxane (2,925 ml) is added lipoprotein lipase
pseudomonas sp. (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)-butyrate ester with 98,1% ee and (S)-diol with 30,3% ee.

The reaction was also monitored at 25, 37 and 65 °C as shown in table 13.
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evaporated in vacuo and subsequently anal yzed on super
critical fluid 25 chromatography to give (R -butyrate

web@rivih 72% ee and (S)-diol with 28% ee. Erampk0@D00537

(S)-4-[4-Di net hyl am no-1-(4'-fluorophenyl)-1-hydr oxybu
tyl -3-hydroxynethyl- 30 benZonitrile To a stirred

sol ution of racemc

4-[ 4- D met hyl am no-1| - (4-fl uoro- phenyl ) - 1- hydr oxy-
but yl ] - 3- hydr oxynet hyl - benzonitrile (0,29 nmol, 100
ng) and V|nylbutyrate (O 58 nnDI 73 6 I) in

dlllIyUI ous I A=droxane \o - ) s—ad =+ popTot e
| i pase WD 2004/ 014821 PCT/ DK2003/ ooo?g"’?r Diol

Eedomiads SHme((hPU ConvésidH)%) The;, T €6t i at' S Real@hfigurat
to 37 C and folléﬁgd by HPLEO)Aft%r 194 hours at a s

conversi on of 18 7 % the enzyme FB fildered offf and ion

su@sequgﬂcly anakyzed Qgs Ypsr cropty cal ud 35
chromat ogr aphy to give S(’? yrate estedrdvvlth 92%ee()

and (S)Xdfol wilbh 14@6@ 4(Tﬁé r@&dtlon(ﬂbs al 3®3 ()

noRpi t or usi n 4 ui v nt vipyl but te a
ML it <1 PR X e Lo T R bty e O
Cofver 6589C% CoaBBgurat R6Z(Topf i gendati  yryate £hy n (S)
(% EFE on FE on 1 1 eq 194 6.2 (0.5) 79 (R) 5(S) 2
Pabdey 13 Mumb@s in pracloys 98 comjersian w8houtInayrag). 194 19, 1
(2,0) 86 (R 14 (S) 4 8 eq. 194 22,6 (4,0) 8 (R 15
(S) Table 12 (Nunbers in brackets are conversion
Rkdhiplét3zenzyne) 10 Exanple 31 (S)-4- [4-Di nethyl am no-

| -(4" -fluorophenyl)-1-hydroxybutyl] -3

- hydr oxynet hyl - benzonitrile

(S)-4-[4-Dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

benzonitrile

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-dioxane (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 super critical fluid chromatography to give (R)-butyrate ester and (S)-
diol. The reaction was also monitored with (200 mg, 500 mg and 1000 mg diol and
respectively 150 pl, 375 pl and 750 pl vinylbutyrate and 2,85 ml, 2,625 ml and 2,25

ml 1,4-dioxane as shown in table 14.

Ester Diol

Entr Conc. Time Conversion % EE Configurati % EE Configurati
y (h) (%) on on
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15 To a stirred solution of racemc
4-[ 4-Di met hyl am no- 1 - (4-fl uoro-phenyl)-1-hydroxy-

wouabomoji4831 hydr oxynet hyl - benzonitrile (0,29 nmoPCT/D&K2003/000537

ng) and vinyl butyrate (0,59 mmol, 75 1) in anhydrous
1, 4-di oxane (2,925 nm) is added |ipoprotein |ipase
pseudonbnas sp. (160 U, 5 ng). The reaction is heated

t ol 500C1M1d f2<ﬁ)|9| owedOb)(Z,Z@ HPBL1 Aft eqRY65 hag s al a(s)
Wa;gvers § the enzyms is filtered off and
hed :?rO mal | 3 35689 of 64.94- di ofBhe. THES.7 (S)

copibi r@eﬂwprgmbc  Phasemoe gyapor at g8) I n vagp and )

subsequent |y anal yzed uper Critic flui

chf ondilblyr aptBP9t o PNR(GERY)- butyyT at e egRer wi td3,98, 1% (S)

Aad (S)-diol with 30 _3%ee The reaction mal SO
:ﬁ%&i‘bred at 25, 37 and 65 C as shown in table 13. 25
WO 2004/ 014821 PCT/ DK2003/ 000537 70 Ester Diol Entry
Temp Time (h) Conversion (% % Configurat % Confi gurat
Etampke 38BE ion 1 25C 238 5,8 (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

m}leExarrple 32 5 (S) 4-[ 4- Di net hyl ami no- | -(4'
-fl uorophenyl ) - 1- hydr oxybut yl ] - 3- hydr oxynet hyl -
benzonitrile To a stirred solution of racemc

To b %t196&rﬁblﬂﬁbﬁl Bt BRemid 4- ‘[ﬂ-IDiﬁl%ﬂWPﬂﬁﬁbﬂ 1)(4%‘1&&#%)9%‘1) 19ydroxy-

but hydr oxynet hyl - benzoni tri |

ﬁ-&dwd»wmqaml;hemo@np@ G525 amrobl, 199 he) 20d apspbitmate (0,59
1a|nh}6/iszg) upf’l) ih argny%%rs]el,&-zdio%(%ge rf&,)QZ m%d gise %d(l*ledo ?1%5191}0%11? lipase
pseudomonas sp. (160 U, 4 mg). The reaction is heated to 50 °C and followed by
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 result is shown in table 15.

Entry  Added water %(w/w) Time (h) Conversion (%)

1 0 473 33,9

2 0,1 ‘ 473 20,1

3 1,0 473 0,1

4 10 473 0
Table 15

Example 34

(5)-4-[4-Dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

benzonitrile
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pseudononas sp. (160 U, 4,5 ng). The reaction is

heated to 50 C and foll owed by HPLC. After 209 hours,
woheo4mnazspne is filtered off and washed with a BOEIDK2003/000537

anmount of 1, 4-di oxane. The conbi ned organi c phases

are evaporated in vacuo and gubsequently 15 anal yzed

on super critical fluid chromatography to give

TRp-sbirtey satugion St eaceanic 4¢[$)Dinditlpllamifibel -(defivdrb phemdy-1-hydroxy-

al nitore i.th (20 500 d 1000, ng di ol

%‘ﬂésﬁﬁﬁ?@sdﬁ%@ﬁ%@rwgﬁei}%%ﬂﬁrﬁe 438 gy Yol mg])vm |Vw?wﬁaf@t@ (5.9

2; ; 1d: -di . . .
ARk i dnggrol 130 oKk (|43t B0 QBroten. fipase
Bend@nsias spY B8 To2d ingy)r Thé r&tetidn Soldategiuioadd °C yand Hdllowed by

o R E S poves 0geel, rd o T
K(Sém%) lifaSe stags Fﬁ)dzi&%%fté@% Ro?s, it L%Qi%eéﬁm(sof(??? % 25 le was

(R720 1 ( 1.0 M 209 693 (66, 3) 8.7 (R )
elied 1hheRsnappicds 8Bersd (o) and-wishedintht shgnha hamount lof 1 (44dioxane.

T SRR P T K P PETR by amats on
ghpbdcididietiyd aon@tdgrdphy! Kaer 960 REMY | ak 2lcoRVEERNYof 62,8 %, the
but yl ] - 3- hydr oxynmet hyl - benzonitrile (0,29 minol, 100

rﬁ%tlognxﬁaqutqaggegu%W gigynyepis goterefoofit pm@) waslyl W?th arsmall gmount of
PR RIALAY ST Al 8RS liE pRERS T oVaBoRfSt] L APRISL B Bhuently

i pase pseudononas he reaction
dvahized oh sudd cEitiadldli® chrowgchgbsphy HPh& obtlinb € ee 4 dBed @disBown in
the enzyne is filtered off and washed with a small
taWsdft of 1, 4-di oxane. The conbi ned or gani ¢ phases
are evaporated in vacuo and subsequently analyzed
HPLC. The result is shown in table 15. 15

Ester Diol
Entr  Time Conversion % EE  Configuration %EE  Configuratio
y (b (%) n
1 399 55,7 75,7 R) 79,5 S)
2 560 62,8 59,5 R) 94,5 S)
Table 16
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 anhydrous 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 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 17.
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Entry Added water %{ww) Tinme (h) Conversion (%9 1 0

473 33,9 2 0,1 473 20,1 3 1,0 473 0,1 4 10 473 0
woahl4m14831 Exanpl e 34 20 PCT/DK2003/000537

(S)-4-[4-D net hyl am no-1-(4'-fluorophenyl)-1-hydr oxybu

tyl]-3-hydroxynet hyl - benzonfirile WD 2004/ 014821

PCT/ DK2003/ 000537 72 To a stirred solution of racemc

4-[4- Di net hyl am no-1-(4-fl uoro-phenyl)-1-hydroxy-

1 1 e T =YV 7= PPV nnni-ln 1! Inan-;nnlfrlln_/') (02’ aY 1000

UUL] ] Ty ot UI\] uuuuuuu

mg) and vi nyl but yr at (5,9 rinol, 750555% n anhyerug

14, Z ) 0 Tl 1
%%tgugg%%%?%p Tg%é C%‘%&lﬁ§1¥(@1§%g§ct |Cc§)ﬁlf| s e]g’\t ed-onf
tp 50 C and foll ov@@l by 5 HPLC. After 139 hours,

ditig se was added. Affer 155 hours,
gd:t: &E§r01nq5 rrg4l% pase 4 (%9led. Wter 39 hd@>s, S
ap a convgrsion ofysg5, 7 g@wgg:tgpl e \rﬁs7 cold ect eg.s The g
d e

enzyme is filtered off an d with a small anmbunt
of 1, Qadioyzxmile. The conbi ned organi c phases are

e apor a in vac and s ently alyzed o

per cf’sﬁgfigal ﬂﬂé chr o‘?‘gﬁglgy)aphy 982%[]ter iQ560 &8!%’8
an a CONgRloss ON of24ﬁ2 8 %oBtked)lo repaciionpvas 43 S
stopped. The enzyne is filtered of f and washed with a

sﬁrall érﬂfﬁmwlof ﬂ44 di ox%ﬁa%(S 3)16 ccﬁ%tﬁ nedPor garlB® S

T

obt ai ned ee-val ues are shown in table 16. Ester D ol
Entr Time Conversion % EE Configuration % EE
Exmnplgdbatio y (h) (W n 1 399 55,7 75,7 (R 79,5

(S)

(8)-4-[4-Dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-hydroxymethyl-

benzonitrile

To a stirred solution of racemic 4-[4-Dimethylamino-1-(4-fluoro-phenyl)-1-hydroxy-
butyl]-3-hydroxymethyl-benzonitrile (29 mmol, 10 g) and vinylbutyrate (58 mmol,
7,5 ml) in anhydrous 1,4-dioxane (142,5 ml) 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 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. Obtained EE-value ((S-diol) = 95% (S-diol/R-diol = 40:1).

Example 37

Isolation  of (S)-4-[4-Dimethylamino-1-(4’-fluorophenyl)-1-hydroxybutyl]-3-

hydroxymethyl-benzonitrile by flash-chromatography
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2 560 62,8 59,5 (R) 94,5 (S) 15 Table 16 Exanple 35
(S)-cital opramdi ol anal ogues 20 To a stirred

weoeabwutoienz1 of racem ¢ cital opram di ol anal ogue eOT/DK2003/000537
mmol , 100 ng) and vinylbutyrate (0,29 mol, 37 |) in
anhydrous 1-4-dioxane (2,925 ) is added 4-10 ngy
PspLL. The reaction is heated to 50 degrees cel cius
Anohixftote ofved2bmgHPic@talopfane rdiolr sailit Eomalnas9si%ppet 628hmg R-

e ne is filtered, of f. and shed. with smal . anount
%Pa% al?o‘ﬁ?ﬁe%@.yra %St?fo‘ﬁgﬁﬁga’\gﬁ?}grﬁ % Wa@ésgwfrdem a minimum of
@HFARCtat/MOpthRe YACWRh avd tSStRSIBAURN tThY S-8RAbYMERIBN was isolated
super_ critical fluid chromatography. Result is shown

ysing Aleplechirpmaiygranhy4in0 sthgaeetpieiepiaae 081 ooitis 30 trgthylamine to
. ' I I Ti,me ersion (Y % EE
FERhiftq Paping sehidio AR G-l R 56, 4 Es?,g) 67,1 R

46,3 S 2 5- 456 20,5 (5,0) 11,7 R 20,5 S Carboxam de
3 5-1o0do 143 28,0 (1,9) 98,9 R29,9 S 4 5-Chloro 244
Byamples8s) 54,7 R 24,3'S 5 5-Fornyl 244 33,9 (8, 3)
88,5 R 13,9 S Table 17 (Nunbers in brackets are
conversion w thout enzyne) Exanple 36 5

Ic&Iptidn [ 4- Bt et (§HbM-Dombthflainifid-Ug4 bfihaophonyD- Hiigdroxytyl]-3-
M_}Z j%_%&ﬁéﬁ&i wgghrllrzlg r;ll rEurxltllrg cgrgcai%insétthé rS—(:)dciol base
4-[4- D met hyl am no-1| - (4-fl uoro- phenyl ) - 1- hydr oxy-

but yl ] - 3- hydr oxynet hyl - benzonitrile (29 nmol, 10 Q)
Bnd mixtyb oftSreisleprem8dinliand R-citeloprard didl) butpragnbstelr @udg each)

%gsgﬁ%s&ﬂéﬁggﬂ (h%ggahg aH‘d )66i | %jageergmelztflgq%? r(?:tlﬁi”Phel i:l%grsseolution was

transferred to a separation funnel and organic phase was collected. Additional 10 mi

heptane was added to aqueous phase and mixed thoroughly. Organic phase was
collected. Ekstraction repeated additional 4 times. The combined heptane phases were
ekstracted with 20 ml water/methanol (2:1) and aqueous phases were combined and
evaporated to half volume and extracted with 3 times 10 ml ethylacetate. The
combined ethylacetate phases were dried with Na,SO,, filtered and dried in vacuo to

obtaine 0,15 g S-citalopram diol containing 2% R-citalopram diol butyrate ester.

Example 39

(S)-citalopram diol analogues using Novozymes 435

To a stirred solution of racemic citalopram diol analogue (0,29 mmol, 100 mg) and
vinylbutyrate (0,29 mmol, 37 ul) 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. After reaction was stopped, the enzyme is
filtered off and washed with a small amount of toluene. The combined organic phases
are evaporated im vacuo and subsequently analyzed on super critical fluid

chromatography. Result is shown in table 18.
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sp. (160 U, 250 ng). The reaction is heated to 50 C

and foll owed by HPLC. After 192 hours at a conversion
wohoi¥gs2addi ti onal 250 ng | i pase was added. APCEMK20¢B/000537

hours, at a conversion of 63 %the reaction was

stopped. The enzyne is filteted off and washed with a

smal I amount of 1, 4-di oxane. The conbi ned organic

phases are 15 evaporated in vacuo and subsequently
_an_aj%/wad on super critical fluid chronatoqgraphy

bt ai ned EE-value ((S-diol) = 95% (S-B®l / R-diol Diol

OPYEISIPR o YBBRenyt I - M dtoxy 5EnE
I']1-3- hydroxyi ngphyl - be itrile by
f%/ash chromat oqr aghﬁy VO 2 r~(('!3/{Z;[’)r1014821 PCT/ DK2003/ 000537
M A nbxBrone of 3723 nmg S-ci#al opram,di ol Rith 8élval ues

94, 5% and. 628 cital opgram di g utyrate e
Wi th ee-Val ue 59 o wWas dlgéolved %%?a |nun§L? S
et hyl aggbaigabept ane 4:1 with 496triethy|an1ne. The

S-citalopramdiol was isolated using
f3 ash- chiedmt ograpdy in et R§l acet 82%9 heptBne 493.5with S
4% triethyl am ne t 5 obt ned 1 S-gital am
J}ol (géﬂégiue 94,59 . Exan%le 38 §%Fat|%n ofgg% S
() - 4- b4robnget hyl & no- 1 - (43-f1 uor@phenyl k- 1- hydsoxybig
tvli1-3- 10 hvdroxvoethyl -benzonitrile by washing a
Tabke 18 e containing the S-diol base To a mixture of
S-citalopramdiol and R-citalopramdiol butyrate ester
(0,3g each) was added 24 m heptane and 66 m
pahple®dt hanol (2:1). The clear solution was
transferred to a separation funnel and organi.c phase
was col | ect ed. Addltlonal 10 mM 15 heptane was added

[ 'Yar " e %Q[Iic aBQﬁﬁ&l using

1 UIId.I

Nbﬁﬁ@nmghesconblned heptane phases wer e ekstracted
wth 20 ni water/nethanol (2:1) and aqueous phases
wer e conbi ned and evaporated to half volune and

| . gt at 1-hydroxy-
S RERELE Sl of phbfEe 418 I ne B BIAGH G uor Pl hvarony
Hutjzlqen@dr@ayﬁmmyléﬂnmmitvim: (®29 enmdD) 166tagnend vir@rllgltyrate (0,29

- 0 _

> | t 3 ;ﬁ égatn@ym a roolgﬁ gﬁ%g%rgl (glggg n%lﬁs%d%éctl I\foggzry%nrgs%ﬁl (0,2 mg) and

1,1 eq. Carboxyhc 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 in vacuo and subsequently analyzed on super

critical fluid chromatography. Result is shown in table 19.

Ester Diol

Entr Carboxylic Time Conversion %EE Conf %EE  Conf
v acid (b (%)

1 Acetic acid 24 18 92,1 R 65,7 S
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(S)-cital opram di ol anal ogues using Novozynes 435 25
To a stirred solution of racem c cital opram di ol

waned4mges1 (0, 29 mmol , 100 ng) and vi nyl but yr aPeT/(D&288/000537

inmol, 37 ') in anhydrous toluene (2,925 m) is added
0,2 my Novozynes 435 and (0782 nmmol, 33 ng) pivalic
acid. The reaction is heated to 40 degrees cel ci us

ahd fBilopwnedadiy HPRE. After34eacti 089, pas sRoppedd,the S
iltered off a?g washed with a smal |

a?rtznﬁg?Plg?gll‘i%ql‘Ejene he conbPhed or gifht ¢ phBses &r%e S

emapqp@l(ﬁ@xm{bayacugzland sub§§quentlgﬁ §1nal yped orggspper S
critical fluid chromatography. Resu i's shown i i

tabl e bpgyligwwid004/ 014821 PCT/ DK2003/ 000537 75 Ester

-Anlou i me Copyersio 0/EE nf%
B%ﬂ%@ fol %919% Bromo 3% 54 74% R o7 s %7%. S
96 Saﬁ&oam&nﬁl 7 $ Carboxagi de 3 ﬁrjodo ﬁ4 54 9% 9 Rg
99,5 S 4 5-Chloro 24 51 74,9 R96,3’S 5 5-Fornyl 24
33 61,1 7% 5 S Table 18 Exanple 40 5 The infl uence
of v S oxyh&Cc aci ds<pn the ymatjc ac ion
uzi nSIer vocz%ﬁr&és 4% To a s frred Sg%tl onkof ?&@t
48[4 Dembim)dcam no72- (4-f1 uss o- phergy,9 - 1- hxdr oxg6,9
% - h droxynethyl benzonltrlle (O 29 ol , 100
%iyrédse (O, 29 10 mmoi6,9 37 IR in 92,7
h d ene 925 is ad Nov ymes g 5,
?@ > C%{émkghld 1 egg Car boxyﬁl c aci d9TheoI;'(eactlg’gfl is
Héat eﬁethylbm}qdegr e2$ celcius0 and fd7llowed Ry HRUGE.
The enzyma is filtered off and washed with a smal|
amount offlol uene. The

12 Palmitic acid 48 54 71,3 R 93,3 S

v nn »run n wn

Table 19

Example 41

(R)-5-Cyano-2- [dimethylamino- (4’-fluorophenyl)-hydroxybutyl] benzyl butyrate

A four-necked flask equipped with stirrer and thermometer was charged with 219 g of
a solution containing 21.9 g (0.064 mol) of (+)-4-[4-dimethylamino-1- (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 mol) 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 hours under a
slight flow of nitrogen and stirring was stopped. The enzyme was filtrated off from
the reaction mixture with Kiriyama funnel, and washed with 50 g of toluene. The
combined toluene layer was washed twice with water (255 ml, 265 ml) and
concentrated to give 14.9 g of (R)-5-Cyano-2- [dimethylamino- (4’-fluorophenyl)-
hydroxybutyl] benzyl butyrate benzoic acid salt.
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conbi ned organi ¢ phases are evaporated in vacuo and
subsequently anal yzed on super critical fluid
woho@rmatagr aphy. Result is shown in table 19. pETBEK2e03/000537
Diol Entr Carboxylic Tinme Conversion % EE Conf % EE
Conf y acid (h) (% 1 Aceti® acid 24 18 92,1 R 65,7 S
WD 2004/ 014821 PCT/ DK2003/ 000537 76 2 Propionic acid
".[2»4& ﬁfkt&@ of r]ll@ 94f (R)S-C3artd-¥-dldimethylonhinidd (F5{18BophdryB5, 5
|.ohexancar 24 55 84,5 R 99,7 S boxyli¢ acid
hBélr?%aswa&eaZﬁ butyepte benyoje aegl salis7.4§ mypabg %ﬁaﬁw%a
n%fl 1Be1§e4w 2 i i
oA icSucts 89 sl g8 R by by afin,
tlh@mbdm}erwzcs lapt ﬂlrﬁﬁg £8 386niduiRs. ORfter sGrritly) thermixture ovaaelldwed
tq e 41 g ofug gt el U el g aned i 40
nﬁftmv@atégan@ééﬁ&lnﬁaéa aP4d B uﬁdéﬁf@d&e@ re[sﬁirérﬂb ey SWain 2.7 g
-quorophenyI)-hydro but y! ] benz butyrate A
of 615 oked- (Faisiaqunpydd b phens Vedconriayi] benzyl butyrate.

Wﬂéﬁ)ﬁ@\@‘%’a@ A5 )"‘%{%‘g G o7 Pls-736 31 4h). OB 6-7.23

(801; th), [”Aezisr%t(ml ﬁwnmruﬂ 641 14.9 Hz), 4.99 (1H, d, J = 14.6 Hz), 2.59-
f1 uor ophenyl ) dr oxybut
2.42 (1H, m), 240230(3¥1 2.26 (2 ¥1 dt, J=7.3 Hz, 1.5 Hz), 2.18 (6H, s), 1.68-

1.57 (2H, m), 1.67-1.46 (2H, m), 0.93 (3H, t, ] = 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 (100 mL). Triethylamine (13.0 mL, 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 stirred at room temperature for 20 min. then
added water (50 mL) and conc. 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
concentrated 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 mL). The precipitate was collected by
filtration to give Escitalopram, oxalate (14.0 g), which was re-crystallised from
ethanol (85 mL) to give the final product (12.2 g). The purity was determined to be
99.65% by HPLC. The ee was 98.5% determined by Chiral Supercritical Fluid
Chromatography.
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10 3-hydroxynet hyl benzonitrile in toluene. Then, 14.6
g (0.128 innol) of vinyl butyrate, 5.07 g (0.128 nol)

woho@ynssdine, 7.89 g (0.064 nol) of benzoi c acpPdTamt003/000537

2.19 g of an imuobilized enzyne (Novozym 435) were
added into the above mixture’® The reaction m xture
was allowed to warmup to 60 C and stirred for 15
fdaims: under a slight flow of nitrogen and stirring
was stopped. The enzynme was filtrated off from 15 the
reaction mxture with Kiriyama funnel, and washed wth
R0 g OmdtRbd R ehe pkBFarattABT G- bPRl-@ﬁﬁtlérﬁé’lﬁff a8l having the
washed twice with water (255 m, 265 m) and
feonelentrated to give 14.9 g of (R) 5- Cyano- 2-

[ di met hyl am no- (4'-fluor ophagg - hydroxybutyl]

benzyl butyrate bﬁnzm c acid WO 2004/ 014821

PCT/ DK2003/ 000537 Ra.a~m xture of 4.0 g of

(R) -5-Cyano-2- [di 4' -fl uorophenyl) -

hydr oxybutyl ] benzyl nzoic acid salt (7.48
mmwol), 40 M of water and 4 1 "ofy t ol uene were added

1.26 g of 30% sodi um hydroxt~de (9.45 nol) with
@
1

m nO'

stirring, the mxture t stirring for 30

m nutes. After stirring, I Xture was allowed 5 to
stand and the tol uene | aye as separated. The tol uene
| ayer was washed with 40 m .of water and concentrated
at 40 C under reduced pres -@- to thetlBby obtain 2.7

oS B BROACT Ref PN B o app s g o
VR -NR R 'MHwher&i® 3nd R(’ p’@dﬂ'ﬁl s-alkyb 901(H-’hhd R}, ard c&ﬁreZteﬁ@o each
(2H, m, 7.36-7.23 (2H .in), 7.02- (hé

C(t11¢q to éomg a eyclig sgrugpiye 1ng1u§1g1g(tfiq.N gjom jo hp.}z jre aﬁa@gd orZ

4 gl o1 by ol dcs o

adld&ibleloringl@ bbndgnd I@algﬁhz(lagd:n br a Saltthére6f Mnlyor thx appisée

42 15 Es tal o a ate
e(nﬁﬁltl‘lfn?%) [ﬁnrf’éi/ﬁgﬂﬂéﬂ?l ying thgformplasy ophenyl ) - 1- hydr oxyb
utyl)-3- hydroxynet hyl benzom :ﬁl: (15.8 g, 46.2 muol)

having a chemcal purity of 99% and an ee of 98. 7% as
determ ned by Chiral Supercr| Fl ui d

Chr omat ogr aphy, was 20 di ss@vean tol uene (100 ni).
Tri et hyl am ne (13R 2N nmol ) was added foll owed
by sl ow addition of ution_of tosyl chloride (9.4
g, 49.4 nmol) in tol OH

Hal vy
wherein R, Z, the dotted line and Hal are as defined above, Wis O or S, and R® is
-Y-Rl, wherein R is Ci.10-alkyl, Cy.q0-alkenyl or C,.10-alkynyl all of which may
optionally be substituted one or more times with substituents selected from C;_jo-
alkoxy, Cj.1¢9-alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy.jp-alkylamino, di-
(C1.10-alkyl)amino, aryl, 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 Cj.jp-alkyl, Cs.ip-alkenyl, Cs.19-alkynyl, C;.1¢-alkoxy,
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(I OOm). The resulting solution was stirred at room

tenperature for 20 mn. then added water (50 nL) and
woame/0148moni a (25 nl). The m xture was stirredCamK2B3®00537

for 2 mn, transferred to a separatory funnel. The

phases were separated and th® 25 organi ¢ phase was

washed with water (50 inL), dried wth MgSH4, filtered

(Gino-allydthie hy draxedhalagay, amewu oid, pyasesGr-r-alkylahine andeli-(C.1o-

bt L Ve B s W Sibef oreot b aavea

a solution of oxalic acid (3.95 g, 43.9 mol) in

et hanol (27 nlL). The precipitate was collected by

@i | t reabicofing aragemec esnauaf opfamuleoxal ate (14.0 g),
whi ch was re-crystallised from 30 ethanol (85 nL) to
give the final product (12.2 g). The purity was
deternmined to be 99.65% bpHHPLC. The ee was 98. 5%
determ ned by Chiral Supergritical Fluid

Chr omat ogr aphy. WO C
Cainms: 1. A netho
R-enanti omer of a dilql _hkayi sg~the zfornula OH R OH Z
5 Hal (I1) wherein RIS cy o a group which may be
converted to a cyano group,) Zis a group -CH2-N(R R'")
wherein Rand R' are Q 6- & or Rand R' are
connected to each other brm a cyclic structure
including the NNatomto i they are attached, or Z
s a group which may be corverted to a

di met hyl am nonet hyl group, Hahe dotted I(ilne is 10
adoubl e or single bond and Hal is hal ogen, or a salt

t hereof and/or the opposite enantioner of an acyl ated

v%e%inq&\ﬂ., "Wk éo'%%dfﬁ%re %& Hat 2\1/1\'/6 ag)dg%ned above, to selective enzymatic

acylation using an acylating agent having the formula

U W W b
RAX/U\RI or R%—XJ\R1 or \ /U\X—Rl
(IIb) ()

(M=)

or an isocyanate having the formula R-N=C=0 or an isothiocyanate having the
formula R! -N=C=S;

" wherein XisOorS; WisOorS; UisOor S, V is halogen;

R is Ci.io-alkyl, Cp-10-alkenyl or Cy.o-alkynyl all of which may optionally be
substituted one or more times with substituents selected from Ci.jp-alkoxy, Ci.10-
alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci.jp-alkylamino, di-(Ci.10-
alkyl)amino, aryl, 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 C;.jo-alkyl, Cy.10-alkenyl, Cy.1o-alkynyl, C;.jo-alkoxy, Ci-10-



OH zZ Hal (IV) wherein R Z, the dotted |ine and Hal
are as defined above, Wis 0 or S, and R3is -Y-Ri,
wohewn@i#s2Rl is Cl_lo-al kyl, C2_10-al kenyl or PCT/DK2003/000537
C2_10-al kynyl all of which nay 15 optionally be
substituted one or nore tim®8 with substituents
sel ected from Cl.10- al koxy, Cl_10-allcylthio,
atkytthimg tydibay, ogdogenaainiw, nitio; cyanoct ane]kylamino and di-(Cy.1o-
gﬁ 10- al kyl am no, di- (Cl_10-allcyl)am no, aryl,
YDRB¥3P arylthio and heteroaryl, or RL is aryl,
wherein any of the aryl and heteroaryl gr oups nay

OB A0n@inkd fdiR substituted one or nore times wth
substituents selected fromCl_|o-allcyl,

C2_10- al kenyl C2 10- al kenyl, C1_10- aIIcoxy, WO
004/ 9 1o al kyl t hi o,
5 )}% 3% %ﬁleﬁ icl)r Pﬁggﬂ%%ﬂ%é ? 1n§ o y

Cl 10- alkylan1no and di - (C1- 1o- aIIIyI)anino and Y is
ond 0, So or. a_salt thereof, conpr|3|ng a)

oS B Jaé@& ﬁggeéhqra”e@ﬁﬁ eh%ﬁﬁéa‘hé cHbORAOMBEa 5 OH R\ OH

Z Hal (Il1) wherein R Z, the dotted I|ne and Hal are

as defined above, to selective enzymatic acylation

pumiim@l that Weanddf isnpt Sgretren X dsv$;rig fodnea fnoxtond ef th@sthitMg Wiatgrial

10 obforgiy 58&9 shapdheB Pﬁtﬁleﬁﬁ%’@apﬂﬂpéf%)iﬁﬁ!&@g% bt Shpound

HaS b OfYAnat € having the 15 formula R1-N=C=S; wherein
ﬁlig %)or S, Wis Oor S Uis Oor S, Vis hal ogen;

Hal av)
15  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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Ris Cl_10-allkyl, Ca_lo-al kenyl or C2_10-allcynyl all
of which may optionally be substituted one or nore

woioE®1v2t h substituents sel ected from Cl_10- aPKDMK2003/000537

Cl-1o- 20 al kylthio, hydroxy, halogen, am no, nitro,
cyano, Cl1_10-al kyl am no, di-¢C1l. 10 al kyl)am no, aryl,
aryl oxy, arylthio and heteroaryl, or Ris aryl,
wherein any of the aryl andweteroaryl groups may
optionally be substituted onglor nore tinmes with
substituents sel ected fromyCl 40sal kyl, Ca_lo-al kenyl,
C2_10-al kynyl, C1 I o- alkox , Cl1.10 WD 2004/014821

PCT/ DK2003/ 00053 R. 3 t hi o, hydroxy, hal ogen,

am no, nitro, cyano, 0- alkylan1no and di-(Cl1_10-
allcyl)amno; Rl is ‘w for, R 5 RRis as
defined for R or RZ ' e |l eaving group; or R

SmmnXisS;tofmﬁa
jal 10 of fornula (I1)

provided that Wand U is
m xture of the starting
in either the R- or the S m and opposite enanti oner
of a conpound having the or mula W QCAR3 R OH Hal
(1v) 15 wherein R, W R3, the dokﬁgd line and Z
are as defined above; or sub ecting a‘racemc
conpound of formula WO 2004/ 014821 PCT/ DK2003/ 000537
8& WOARS R\ / OHZ 3

erein R, Z, W, Hal, the dotted line and R’ are as defined above; to selective

enzymatic deacylation to form a mixture of deacylated compound of formula

OH

Hal Im
wherein R, Hal, the dotted line and Z are as defined above in either the R- or the S-
form and the acylated starting material of formula (IV) in the form of the opposite

enantiomer;

optionally followed by, in either order, isolation of the S- or R-enantiomer of the
compound of formula (II) and/or the opposite enantiomer of the compound of formula
(IV) or a salt thereof.

2. The method according to claim 1 a).

3. The method according to claim 1 b).
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Hal (IV) wherein R Z, W Hal, the dotted Iine and R3
are as defined above; to selective enzynmatic

wdeemyoiaion to forma m xture of deacyl ated ceapPMIK2003/000537
of formula 5 OH OHZ Hal (Il1) wherein R Hal, the
dotted line and Z are as def®ned above in either the
R- or the S- formand the acylated starting nateri al

40f f @hewlethdd adpoiding then$ of olais 1-Bevimpgo dhe aylation of the

cgazg:uid%”f‘:fgm R ispilE e At i SORRBE Bdprippuigd,ef formula
ﬁnﬁyg%ﬁﬁ g&ﬂﬁt@o ggma %ﬁfa (I\?‘FxInQH@R%hﬁ.
e C formul a

antl oner o npoun (I'V) or a salt
thereof 15 2. The net hod accordi ng toclaiml1 a). 3.

The t ho cording to cl WD 2004/ 482

SpcT/ DR Gorabss e Rnis oy Sths et Aothelts GG Hes ohiy

Celfn Sllllﬁl moﬁn&a\m}éfe%m& 1hréﬁn§&ﬂfl: BbhtAmirf thé BempSRIRAYBEhula
formula (I1) results in a mxture containing the

(Hbm;ibcj Reifoon ang thagaanpound pf formukre(l'S) fngthenSafagmt he
conpound of fonnula (1V) inthe Rform 5 5. The
nmet hod according to any of clains 1-2 wherein the

gacy| atheenetBdd ddeerdinoisray vd cRimd DandiB avhetdin tHeeﬁhki}ﬂawnl’bf the
a m xture containing the conpound of fornula

cpmeowd ofrfernawla (F\heregBivp a mexre ¢ontaing thq quqnfi ﬁ% formula
. T f 1 and
R o] R B L0 AEEATCHA (0 Bk Rughe! OF + "

forrrula (1Vv) results |n a mxture cont ai ning the
corrpound of fornmu a orm an

S t he .
Te onpdisdngthog gfic T(’I %ny 0if ﬁ{]af of o gl”fhere?n g‘ﬁﬁga%?tf?@oof the
RPN T e i
(IV) ia the Rtforme andtiteaionipognd héforomadlinth b Sf~f@miul a

8. The method according to any of claims 1-7 wherein Hal is fluoro and R is

halogen or cyano, preferred R is cyano.

9. The method according to any of claims 1-8 wherein the dotted line represents

a single bond.

10.  The method according to any of claims 1-9 wherein and Z is
dimethylaminomethyl or a group that may 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 compounds of formula (I11a), (IIIb)
and (IIIc).

12.  The method according to claim 11 wherein the acylating agent is a compound

selected from the compounds of formula (I1Ia) and (IIIb).
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15 (I'V) in the R-formand the conpound of formula (I1)

in the S-form 8. The nethod according to any of
wolei4rma4821 7 wherein Hal is fluoro and Ris habPOogmK2003/000537

cyano, preferred Ris cyano. 20 9. The net hod

according to any of clainms 188 wherein the dotted |ine

represents a si ng_l e bond. 10. The method according to

h?hy ot hemathed agcaydipgde elain 43 avterdis the acylating agent is a compound

i l-afynomet hyl or a group that nmay be converted

%%g§£g¥ﬁgghylaninonethyl 25 group, preferred Zis a

di net hyl am nonet hyl group. 11. The nethod according to

ﬁ y o{, cl aj rrg 1-2, 4-5 and 8-10 wherein the acylating

‘Eent hemgthod apenmiing s Flatn &4 vherin theacyleting agris isof compound

(jf%ﬂﬂﬁlg(l(ﬁgt)] a), (lltb) and (Illc). 30 12. The nethod

according to claim 1l wherein the acylating agent is a

conmpound sel ected fromthe conpounds of formula

é%l I a%h and,. (LI Icg)d' WD 2004/ ?13821 PCT/ DK2003/ 000537
13" PeREthid AREEALE Ly Flaioh 41 pertimihsasvlatipggenhisiarempound
FaphablhgIggent is a conpound of fonnula (Il11a). 14.

The nmethod according to claim 12 wherein the acyl ating
agent is a conpound 5 of fornula (111b). 15. The

n mpound” 5 1116) _
B ent EraERRd BB o AoMiraimd 1R dyercie 30 Tho

nmet hod according to any of clains 11-13 wherein Uis
QO 17. The nmethod according to any of clains 11-16
Wher el mpthed egcordigg tory afwldiod 1adéoritireig Was Ol ai ns
11-17 wherein Xis O 15 19. The nethod according to
any of clainms 11-18 wherein R, Rl and R2 are

isndepEidesthby acwbdag edeliinem 10l ¢haklyX is 62_4- al kenyl
and C2_4-al kynyl all of which may optionally be
substituted one or nore tinmes with substituents
selected fromCl_4-

19. The method according to any of claims 11-18 wherein R®, R! and R? are
independently selected from Cj.4-alkyl, Cy4-alkenyl and C;4-alkynyl all of which may
optionally be substituted one or more times with substituents selected from C;.4-
alkoxy, Ci.4-alkylthio, hydroxy, halogen, amino, nitro, cyano, Cj4-alkylamino and di-
(C1.4-alkyl)amino or R is a leaving group, such as succinimidyl, HOBt and pfp or R”

and R' together form a chain of 3-5 carbon atoms.

20. The method according to claim 19 wherein R%, R! and R? are independently
selected from Cy3-alkyl, C,.3-alkenyl and Cy.3-alkynyl all of which may optionally be
substituted one or more times with substituents selected from Ci.3-alkoxy, C;.3-
alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci.3-alkylamino and di-(Cy.s-

alkyl)amino.

21.  The method according to claim 20 wherein R and R! are C1.3-alkyl and R? is

Ci3-alkyl substituted one or more times with halogen or R? is Cy.3-alkenyl.

22.  The method according to claim 13 wherein R% and R are independently

selected from Cy4-alkyl, Cy.4-alkenyl and Cy4-alkynyl all of which may optionally be
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al koxy, Cl_4-al kylthio, hydroxy, hal ogen, am no,
nitro, cyan, Cl _4-al kylam no and di 20

wOC4#Ma2kyl )amino or R2 is a | eaving group, SBCH/D&003/000537
succinimdyl, HOBt and pfp or R and R together form
a chain of 3-5 carbon atons.820. The nethod according
to claim19 wherein R, Rl and R2 are independently
sibbteated dnd meoﬁ:ﬂ_tiﬁeaWkthIsubsﬁﬁleﬁ‘esasleleeteyilfroanﬂil «4-alkoxy, Cy4-

of which.ma o 25 .
e o halogh ARG (o 2yt e d AR 8 AL di-(Cos
a‘;ﬁ}q peiigd. from Cl_3-al koxy, C1_3 aI kyI thi o, hydroxy,

ogen, am no, nitro, cyano, Cl.3-alkyl al nino and
-(C1_3- alkyl)anino 21. The nethod according to

i m.20 d ClL.3-a

%a'sr‘i;m POl b drE L2 Ssiit alee R # ogon
1ﬁﬂeﬁ€8dér§1y@%le3te§|ﬂdh€m{ L—alk 2.C,Ihexdim! &@az AARPEE NG hich may
claim 13 wherein R and are indéependently  sel ected

4k epiogally b subptitutegrone og mae Hiyples #id S@bstnqugﬁlgﬁredaﬁwm &t

I

(@, Lhlswastihd.uent s sel ected from Cl_4-al koxy, Cl_4-
al kyl t hi o, hydroxy, hal ogen, am no, nitro, cyano,
Cl_4-alkylam no and di-(Cl_4- alkyl)amno. 5 23. The

et hoﬁ”l gt‘ﬁ[)%em [uthﬁg ?c} iR %3?)?%1%1{ "‘%éfég%r ﬁjertl Ramgd. R

are pen ecte
C2 3- alkenyl or C2 3- alkynyl all of mhlch nay al |

1R -alkyl, suitable methyl,
O PR oS o BBt 2h it BS ol R ol st
&ﬁﬁﬁﬁ kﬁxﬁgﬂ&@mﬁ@¥§%9yy, halogen am no, nitro, cyano,

CI_3- mno and di- (Cl_3-allcyl)amno. 10 24. The
met hod accordl ng to clai m22 wherein R and Rl are

. 4-al 5. .Th f 24. whe R
2% o Ehecherod B et 18RS B' il R MeTapRony ibsedind from
f—‘ﬁlﬁfflr %—Qﬂ@ﬂ}\/ﬂ and 15 _,2flcyniN gl BEWARE nely dptidhiylve subst1tuted

er el n are i ndependent lé is Selected from
la

@ of ngdri yimes @athssubbticeents sderdeddom -Glaallaxly, &l-6-alkylthie ch
Mo ha?ong%hl 1?18 SHQSt 'a{ﬁg t& s~alkylamino and di-(C;.s-alkyl)amino or
R?is a leaving group, such as succinimidyl, HOBt and pfp.

27. The method of claim 26 wherein R' is selected from Ci3-alkyl, Cy.5-alkenyl or
C,.3-alkynyl all of which may optionally be substituted one or more times with
substituents selected from C;_s-alkoxy, Ci.3-alkylthio, hydroxy, halogen, amino, nitro,
cyano, C;.s-alkylamino and di-(C;.3-alkyl)amino and R? is C,.4-alkyl substituted or

more times with halogen or R? is C,4-alkenyl.

28.  The method according to claim 27 wherein R!is Ci.s-alkyl, Cy3-alkenyl and
C,3-alkynyl all of which may optionally be substituted one or more times with
substituents selected from C;.s-alkoxy, Ci.3-alkylthio, hydroxy, halogen, amino, nitro,
cyano, C;.3-alkylamino and di-(C;.3-alkyl)amino and R? is Ci.s-alkyl substituted one

or more times with halogen or R? is Cp.3-alkenyl.

29. The method according to claim 27 wherein R!is Ci.z-alkyl.
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one or nore times with substituents selected from
Cl _4-al koxy, Cl1_6-al kylthio, hydroxy, hal ogen, am no,

waizbwmidseeyano, CL_4-al kyl ami no and di - (Cl_4- al RgIT)paIdesm00537

or 20 R2 is a |eaving group, such as succinimdyl,
HOBt and pfp. 27. The net hod8of claim 26 wherein RL is
sel ected from Cl. 3-al kyl, C2_3-allcenyl or
C2_3-allcynyl all of whi ch may optlonally be
bst fute ne o Sti
I ec léede&‘B PECLr ng??&) E@f’ h§reé‘F Rciﬁué? T %{ flé’ﬁ?lethyl
?Poé)y@ a]hcng1 3 BIKYT @;bs%te@@%r nfete $mds Wh%ﬁld@@n 8PH% is Cy.s-
Jamno and R2 is Cl_4-allcyl substituted
QikenYﬂmre ti mas with hal ogen or R2 |s C2_4-al | cenyl .
28. The nethod according to claim27 wherein Rl is
ClL 3-alkyl, C _3-allcenyl and C2.3-allcynyl all of
3hi Cthﬁ@Met‘hbﬂla@cfba&hgt@@laﬁUBGthtéﬁ@RZi@WQnﬂf nore tines
with 30 substituents selected from Cl_3-al koxy,
Cl. 3-al kyl thi o, hydroxy, hal ogen, am no, nitro,
an - al ] t al )am no and
SThthetiof el 0o RREa Hymtede R B arliit) BT 00 e
hal ogen or R2 is C2_3-allcenyl. 29. The mat hod

ccor o.claim?27 n RL.is,Cl, 3- yl..
04/ heiisthopesoaia s %E%W heggin Rjis Cﬁﬁe"ﬂ ¢‘{%wal<eny1 and

cc t I
CEFRLPIRL i g SRy of st et imeHih. 4
smlbetltucntsrmlected frem Witdlkdngl, €genlikytthie2hydroy IBlogenk emydo, nitro,
5 31. .Th t hod ac ding to claim30 wherein R2 is
Waﬂ?/’lcl 4'33123.%1?1@ %@t(ﬁ%@lﬁ&@%ﬁﬂ%ﬁ’ to claim31 wherein
Rl is propyl. 10 33. The method according to claim 15

wherein R1 is Cl_4-al kyl, C2.4- allcgnyl and
®_4- "élllmnswod awor@lhg\ﬁmd@m AR yvbersin BnislCrys-ableyl, Cos-alkenyl and

e ubstituents

Copal i b YR e Bp o TR RS sy o
A1RG:60 €07 5-a8filthid, hidiokP, hal6ye)amifel ndroaty-ci| @-aikyRAdno and di-

i-(Cl 4-alkyl)am no. 15 34. The nethod according to
EharWodRmiperein RL is CL_3-al kyl, C2_3-al kenyl and
C2. 3-allcynyl all of which nay optionally be
substituted one or nore tinmes with Cl-3- al koxy,
Bl. 3- Bﬂlé(mbﬂlbd@ccdit&ldgwylmﬂnah edersin Bhisi@,s-alltly 0, 5-alkeamd or C,.

Cl _3-allcylamn ?
s-alkynyl, preferred R 1 3-al <y1 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 R!-N=C=O0 or an isothiocyanate of the
formula R'-N=C=S.

37. The method according to claim 36 wherein the acylating agent is an

isothiocyanate of the formula R'-N=C=S.

38.  The method according to claim 36 wherein the acylating reagent is an

isocyanate of formula RI-N=C=0.

39, The method according to any of claims 36 -38 wherein R'is Cia-alkyl, Cys-

alkenyl or C, 4-alkynyl all of which may optionally be substituted one or more times
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(Cl.3-allcyl)am no. 20 35. The nethod according to
claim34 wherein RL is Cl1_3-alkyl, C2_3-allcenyl or

wQ2004/034821 kKynyl , preferred RL is Cl. 3-al kyl, SBCI/D&2003/000537

nmet hyl, ethyl or propyl, preferred propyl 36. The

met hod according to any of cB&@ins 1-2, 4-5 and 8-10

wherein the acylating agent is an i socyanat e of

Wﬁh raubstitRantisaleaBedfromr( iusadkdnyp Cy.ankktybhiof hydrexy, 2falogen, amino,
.or mul a T according to claim 36
8?@'%0&@ Q@F‘é’ﬂ%ﬁ’d ngﬁﬂ-ﬁa Cygﬁmu} ot hi ocyanat e of

the fornmula R1-N=C=S. 30 38. The nethod according to

clai m 36 wherein the acylating reagent i §.an

40 o cy Bheamethef! agenréine do RIY oEatms 399vheTéin Ry ﬁodalkyl Cy3-

102D 3

BESEY S PEyni By COrfiBl My 3Rioy BREhRfeH ohfpr mpre times

whh ofy_EYK00RI0, ailyitid) Bydioks, hilviedaaie, fitro)Byfo! CIES

WD 2004/ 014821 PCI/ DK2003/ 000537 86 with substituents

‘%Ué}’lé@ﬂlgﬁa@r‘gﬁpeiauiygﬁmg@xy, Cl. 4- al kyl t hi o, hydroxy,

haI ogen, amno, nitro, cyano, Cl 4-al kyl am no and
-(Cl1_4-allcyl)anino. 40. The nethod according to any

4)]1‘ cl Ehmeﬁﬁd\abmrémg t6Relains 4Civharedt Ryis,C1GAlBy1SCal-kikewyl or

@ % -allcynyl all of which may optionally be
vh&EY 8t ed one or nore times with CL 3-all coxy,

Cl_3-allcyl thio, hydroxy, halogen, am no, nitro,
cyano, C _3- al kylam no and d| (C1_3-allcyl)am no.
4@1 Themethol of chog éi dvhmgelmR ol ma¢thyld ethylher giropyR1 i s
| k C2_3-al kenyl or 10 C2_3-allcynyl. 42. The
feﬁfSa ré%yld aim 41l wherein RL is nethyl, ethyl, or
propyl, preferredpropyl. 15 43. The nethod according
to any of clainms 1, 3 and 6-10 wherein the racemc
fb?onpoﬁhmm@ﬂmﬂ@pmdlag (o 8y efseaimisd , 3 apdfdumizereindhei n Y
ar .S,

accordin cl.aigm
{ihehis Rmppnd 3%@5?181&3@\41[1%83%8 SR et s og s
conmpound wherein Y is
44.  The method according to claim 43 wherein the racemic compound of formula

(IV) is a compound wherein Y is O.

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 wherein 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. The method according to any of claims 43-47 wherein Rlis Ciao-alkyl, Coo-
alkenyl or Cs,.1p-alkynyl all of which may optionally be substituted one or more times
with substituents selected from C,.j-alkoxy, C;.jp-alkylthio, hydroxy, halogen,

amino, nitro, cyano, C;_jpo-alkylamino and di-(C;.j¢-alkyl)amino.
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45. The net hod according to claim43 wherein the
racei ni c conpound of formula (IV) used is a conpound
woher@iss2Y is S. 46. The nethod accordi ng to aRgT®K2003/000537
claims 1, 3 and 6-10 wherein the racemc 25 conpound
of formula (1V) used is a coifpound wherein Y is a
bond. 47. The et hod accordi ng to any of clains 1, 3
490d Ghd hetlivelrefichims wiaaaniRe is CagpaikyldCaf,-dloenylibaci.iV)

d d wh Y NH. 4 Th th
U I@li ﬁéW{clJ&hélgal;yn%ﬁloggliyel:;ésu@gtl_lti'qedmg,%gm?qqtimpgwit sul?s%tuents

%ﬁ%ﬁ ﬁ%lnl‘(M dro&? H‘«??%/e’ﬁl ke 0t Adclial kynyl all of

may optiona be substituted one or nore tines
mnth substituents sel ected from Cl1_10-al | coxy,

1 -allc hi o, 0 itro,
0 o SRy m S alohote w2l broro,
WO 2004/ 014821 PCT/ DK2003/ 000537 87 49. The net hod of
claim48 wherein RL is Cl_iO-alkyl, C2_10-al kenyl or
582_1CCheahithog hecardingto ankyi of ivlaimy ld’pﬂ'ri)mlléi -2 péserein the
eglarlgatft it glgﬁﬁﬂ}%ﬁoﬁa%ﬂgﬁ a7 drgfa%{ems%c basstﬁa,I lip%gemgﬁ gsterase an
#RYREOor Pplolbasdlhe met hod according to claim49 wherein
Rl is C1_10-al kyl. 51. The nmethod according to any of
clains 1-2, 4-5 and 8-42 wherein the enzymatic

ﬁ?%;afﬂeorﬂetjhgd? Jof (ﬂ{lgﬁ)dan\y otflgla]%npxdg (g P ind §(5] w?éﬁl %’ﬁ

se, ‘an esteras >0r a protease
ehgmad Hl@dylaﬁﬁlofsqjeﬁ@nhéd @ity a(hfydfdlalemdl as 3 lipfselh esdstase, an
40-50 wherein the enzymatic deacylation is perforned
agylepe o hY9ESFase, such as a |ipase, an esterase, an
acyl ase or a protease. 15 53. The nethod according to
any of clains 51-52 wherein the hydrolase is used in
$3he fHiemethodnacdondingid aryedf clainny b-5@rwliereis shd hiyukaldse is used in

G ey i g as By &N BT LRl (ST RO
&h3;

eg_s 20 sel ected from Pseudononas sp. |ipoprotein
I'1 pase, Candida antartica |lipase B and Thernonyces
| anugi nosus |ipase or a nmutant or variant of these

sA'2Y "Ffs method according to any of claims 51-53 wherein the enzyme used is
selected from Pseudomonas sp. lipoprotein lipase, Candida antartica lipase B and

Thermomyces lanuginosus lipase or a mutant or variant 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.

lipoprotein lipase.

56. The method according to claim 55 wherein the enzyme used is Pseudomonas

sp. lipoprotein lipase.

57.  The method according to any of claims 51-54 wherein the enzyme is Candida

antartica lipase B or a mutant or variant of Candida antartica lipase B.

58. The method according to claim 57 wherein the enzyme is Candida antartica

lipase B.
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55. The nethod according to any of clainms 51-54
wherein the enzyne is Pseudonpbnas sp. |ipoprotein

woOipE®ae4al a nmutant or variant of Pseudononas BET/DK2603/000537

| i poprotein |ipase. 56. The nmethod according to claim
55 wherein the enzyme used i 8 Pseudonobnas sp
i poprotein |ipase. 30 57. The nethod according to any
of clains 51-54 wherein the enzyne is Candi da

tartj ca J,i pase or nutant or. vari ant of _Candid
$t o ThEelioB A8 Grfindln folih s Hnefintieng e RNTR EmaRys.
57 wherein the enzyne is Candida antartica |ipase B.

WO 2004/ 014821 PCT/ DK2003/ 000537 88 59. The net hod
@& cor havgethod @redrding 8o wheofailaimsd - Enwhereinithe enzyme is

e L K S

ligeelgi nosus | i pase or a nutant or variant of
Ther nonyces | anugi nosus |ipase. 61. The nethod
according to claim60 wherein the enzyne is

her I X - . 6 The +et hod
O Cor T Eod PR 15 WRich KO WErer he D6 & TRl mesr
Thhugihddus GipaseThe net hod according to any of clains 1-

62 wherein the enzymatic acylation 15 or the
enzymati c deacylation is carried out in presence of an

‘gan Eodling 85 9 61 ARk @q%i r
%ﬂ. T'%?ﬁ%?ﬁgg'%ccgﬁd§ng tglclagﬁggg%m er%#&sgﬁgﬁﬁgmiTL
dMhizymatic acylation or enzymatic deacylation is
carried out in the presence of an organic acid. 20 65.

The nmet hod according to claim64 wherein the enzynmatic

6y aihOReth®d 48EdrdiBe to MY of dlaiRk 85 82 Ghefiin R ALARAM Cacylation
acid. 66. The nethod according to any of clains 64-6g
uittbe enzymatie dengydation imedrded gutdn presence of an organic base or an

organic acid or a mixture thereof.

64.  The method according to claim 63 wherein the enzymatic acylation or

enzymatic deacylation is carried out in the presence of an organic acid.

65.  The method 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.  The S- or R-enantiomer of a compound having the formula (IV)
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25 aromatic carboxylic acid or an aliphatic carboxylic
acid. 67. The nethod according to any of clains 63-66
wohera@iss2i he organic acid is selected from n- pCODK2N3000537
acid, iso-propionic acid, n-butyric acid, iso-butyric

acid, iso-valeric acid, 2-&8hylbutyric acid,

cycl ohexanecar boxylic acid, pivalic acid, benzoic 30
acid, p-toluic acid, salicylWc acid and

3- phenyl propi oni c acid. 68. [The nethod according to
claim67 wherein the orgag gkd is pivalic acid.

69. The S- or R-enantioner] of a conpound having the
formula (1V) WO RQ04/Q14821 PCT/ DK2003/000537 89 WO
R3 ROH Z Hal (I

o ¢YHno, Zz is a group - CH2-

" are C1:6{alkyl, or Rand R' are

connected to each other 5 to forma cyclic structure
including the NNatomto they are attached, or Z
IS a group which may be erted to a
di net hyl am nonet hyl group,. Hal is halogen, Wis O or
S, the dotted line represents a double or a single
bond, R3 is -Y-R1, mhereiqiﬁn is Cl_ ?Ikyl,
C2_l o-al kenyl or C2_10-al kynyl all of which may
optionally be substituted one or nore tines with
substituents selected from Cl_10-al koxy, ,

wierelORAp RYANOHIT @, SrawP Whigh &ay, berransgiad, o 5o Z ifp gFp —CHo-

o 1 - -an. o, e ( , ¥ j ’
N R S e e
toRefed &yolibytradtutetincladink tierid-abeh ér whichiltheygpre agiachedyor Z is a

optionally be substituted one or nore tines

| t .

RO R bE PeOREEIoddd 2 B AR R Ry gouD; HAl Is halogen, W is

1 MDY or £tnd0b8hK ®Ys -Y-R!, wherein R is
(%éf%gﬁgbﬁéﬁ¥ﬁ¥3§5ﬁ%%koxy, Hgiogg%, am'no, nitro, )
Gy @atiyl, Ch.; d-alkahyor & rralkamd atliof (bichiday priydnadsnba substisnted

Yis a 15 bond, O,. S or r a.salt, thereof, . 70Q..

of 6t BRI IRGR I T sL iR R o o - Here L il o,
1y BRSO hafdghis aRBhOIRRo, @Fand: YRANPalkPleies, LEHC R olafkydManie, aryl,
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 Ci.ip-alkyl, C.10-alkenyl, Cy.10-alkynyl, Ci.1p-alkoxy, Ci.10-alkylthio, hydroxy,
halogen, amino, nitro, cyano, Ci.ijp-alkylamino and di-(C1.o-alkyl)amino and Y isa

bond, O, S or NH, or a salt thereof.

70.  The enantiomer according to claim 69 wherein Hal is fluoro, R is halogen or

cyano, preferred R is cyano.

71.  The enantiomer according to any of claims 69- 70 wherein the dotted line

represents a single bond.

72.  The enantiomer according to any of claims 70-71 wherein Z is
dimethylaminomethyl or a group that may be converted to a dimethylaminomethyl

group, preferred Z is dimethylaminomethyl.
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20 71. The enantionmer according to any of clainms 69-
70 wherein the dotted line represents a single bond.
w@2004fne2enant i oner according to any of cl ai msPC0AMKR003/000537
wherein Z is dinmethylam nomethyl or a group that nay
be converted to a di net hyl anffhonet hyl 25 group,
preferred Z is dinmethylam nonethyl. WO 2004/014821
PCT/ DK2003/ 000537 90 73. The enantioner according to
ny of clains 69-72 wherein is 0 or S 74, .The
Bhant TsHRRneRe: eSO hRP R ans Fer2 Mhorpin ¥ ip0 575
The enantioner according to claim73 wherein Y is S
76. The enanti omer according to any of clainms 69 - 72
her elhe enahgoraerpsperdinglto clafm 7Bhwehezeiand isdder accor di ng
to any of clainms 69-72 wherein Y is NH 78. The
enantioner according to any of clains 69-77 wherein Rl
15 CTifk élaktidmer dodardlind th @D 7BIwikefeifi-iskenyl al | of
whi ch may optionally be substituted one or nore tines
with substituents selected from Cl_4-all coxy,

AR s AR, APPSR o S 20B4y il Ly

The enanti omer according to claim78 wherein RL is

Cl 3-al kyl, C2_3-al kenyl or C2,3-alkynyl all of_ which

Tay obtd dnatiegenrscdhg tprgy eficlaimes @'7%%@614 ¥as NR-t h

substituents selected from Cl_3-al koxy,

Cl_3-al kyl thi o, hydroxy, hal ogen, am no, nitro, 20

& andTheGhaRtiahécackandinpato any oflclaini1687 AkvhytelmRl 8., 8ky],
he enanti qmer_accor di to claim79 wherein R is

%4;@13%4311 oy 2 Héynﬁr?éld%tﬂvgmfhBﬂﬁxppae%ailefdaeﬁag%tﬁwaﬁynw more

. i : . Y -

T Ra g S G R rtaffod; S, BRrony, halogen,

apndontb) gyabe, Gupakylominecnd ie-(Or4-alsyBaminones wi t h

substituents selected from Cl_10- al koxy,

Cl1_10-al kyl thi o, hydroxy, hal ogen, am no, nitro,

7Y aNGhe Chaftiodhdf bRIRAL taBding 78 WhbrdiPRAld ¢ ARVING, 8ikenyl or
The enantioner according to claim81l wherein RL Is
Cs-alyrapl|alyaf whizh may gptieaaily be gepstifutehonecprangay digaes gtith

ich ' | | ' . .
S BRI BECP SRR BHRLE, Bl ! Sine, o
Aahegen-alkylkino dandtdi-gCanalkeyanino.

80.  The enantiomer éccording to claim 79 wherein R' is Ci3-alkyl.

81. The enantiomer according to any of claims 69-77 wherin R!is Ci.0-alkyl, Cs.
10-alkenyl or C,.10-alkynyl all of which may optionally be substituted one or more
times with substituents selected from Ci.jp-alkoxy, C;.jp-alkylthio, hydroxy, halogen,

amino, nitro, cyano, C;.¢-alkylamino and di~(C;.jp-alkyl)amino

82. The enantiomer according to claim 81 wherein Rlis Ci.10-alkyl, Cy.qo-alkenyl
or Cy.1g-alkynyl all of which may optionally be substituted one or more times with

substituents selected from hydroxy, halogen, amino, nitro and cyano.

83.  The enantiomer according to claim 82 wherein R'is Cy.jg-alkyl, preferably

unbranched Ci.jg-alkyl.



10

15

20

83. The enanti oner according to claim82 wherein RL is
Cl lo-al kyl, preferably wunbranched ClL lo-allcyl. WO

waQosk/oa4s2821 PCT/ DK2003/ 000537 91 84. A net ho#CT®K2003®00537

isolation and purification of the compound having the
formrula W OAR3 R\ OH/Z ®lHal (1V) wherein Ris
cyano or a group which may be converted to a cyano
group, the dotted Iline represents a double or single

bond, Hal h Zis a_grou

Sher eﬁmeﬁi%farﬁ? gﬂ?@%fnépém fionge th%?ﬂiﬂﬁ@ﬂﬂﬁ#%Vlﬂg the
ERngcted to each other to forma 10 cyclic structure
Including the NNatomto which they are attached, or Z
is a group which may be converted to a

di met hyl am nonet hyl group,~V$%s Oor Sand R3is -Y-
Rl wherein Y is a bond, 0, Sjor NHand RL is

Cl i O-al kyl, C2.10-al kenyl opl C2-10- al kynyl all of
which may optional Iy be suBstitRited with one or nore
substituents selected from C1_10-al koxy,

Cl _10-al kyl t hi o, Fh v~ hal ogen, am no, nitro,
cyano, Cl1_ 15 10- aI« noopfli - (C1_10- al kyl ) am no,
aryl, aryloxy, aryl g hetercaryl, or Rl is
aryl, wherein any of the the aryl and heteroaryl
groups nmay optionally be slipbstituted one or nore

times with substituents g€l egted from Cl_10-al kyl,
C2_| o-al kenyl, C2.10- al , Cl1_10-al koxy,
Cl_10-al kyl t hi o, hydroxy,~hal ogen, am no, nitro,

cyano, Cl.10- al kylam no amnd di-(Cl_10-al kyl )am no, or
a salt thereof 20 and/or tHel diol of f&Viula WO

2004/ 014821 PCT/ DK2003/ 000537 92 OH

wherein R is cyano or a group which may be converted to a cyano group, the dotted
line represents a double or single bond, Hal is halogen, Z is a group ~CH>-N(R'R"")
wherein R'and R are Cy¢-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, W is O or S and R%is-Y-
R! wherein Y is abond, O, S or NH and R'is Ci-0-alkyl, Cy.q0-alkenyl or Cy 10~
alkynyl all of which may optionally be substituted with one or more substituents
selected from Ci_jp-alkoxy, Ci.1¢-alkylthio, hydroxy, halogen, amino, nitro, cyano, C;.
10-alkylamino, di-(C;.j¢-alkyl)amino, aryl, aryloxy, arylthio 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 Cy_1¢p-alkyl, C;.10-alkenyl, Cy.10-
alkynyl, C;.jo-alkoxy, Ci.jo-alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci.i0-

alkylamino and di-(Cy.1¢-alkyl)amino, or a salt thereof

and/or the diol of formula
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ROHZ Hal (Il) wherein R Z, Hal and the dotted
line are as defi ned above, or a salt thereof, froma

woisddme2cont ai ni ng the conmpound of fornula (1 YTaKt003/000537

the diol of fornmula (I11), which 5 conprises: a)
treating said mxture contai®ing the conpound of
formula (IV) and the diol of formula (Il) in a mxture
of water and an organic soD¥ent in the presence of an
acid; b) separat5£g t he agyeous phase contai ning the
diol of formula ( asalt of 10 said acid from
the organi c phase tg Al N &R organi ¢ phase
cont ai ni ng the comnmpos ormuta (1V) as a salt of
said acid; and optionally ifsol ating the conpound of
formul a (II) as the base og_as a salt thereof and
optionally isolation of t* onpound of formula (IV)
as the base or a salt the 15 85 The net hod
according to claim84 where the S-enantioner of the
diol of formula (I1) is sgqparated fromthe
R-enantiomer of the acyl d&lmivatitive ¢f) formul a
(I'V). 20 86. The nmethod according to claim84 wherein
the S-enantioner of the acyl derivative of formula

[ I @l
s in S 25 PSR G0 bR B R o of & S Bl it o
Bi4H86 colieinaigrthe bempouvddurfdomiuls (18) Rad dre dsel dtBormula (II), which
enanti omer of an acyl derivative of fornmula (1V) and
COCR®TSPposi te enantioner of an diol of fornmula (11)
z;ed thedtifig 6Rd ﬁhxmcd%@ﬁ BRAnRY uR¢ 6PfRnAg to the

th In clainms 1- 2004/ 014821
(POTmﬁKm ol Oﬁﬁﬁs@mla (913 1188 mix{ureetthpaterf and angwpani¢ smiventch the
Igurific tion of the acyl derivative having the
GEReH %ta 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 (II) as the base or as a salt thereof and

optionally isolation of the compound of formula (IV) as the base or a salt thereof.

85 The method according to claim 84 wherein the S-enantiomer of the diol of
formula (IT) is separated from the R-enantiomer of the acyl derivatitive of formula
av.

86. The method according to claim 84 wherein the S-enantiomer of the acyl

derivative of formula (IV) is separated from the R-enantiomer of the diol of formula

(1D).

87. The method according to claims 84-86 wherein the mixture of the R- or S-
enantiomer of an acyl derivative of formula (IV) and the opposite enantiomer of an

diol of formula (IT) used in step a) has been prepared according to the method in
claims 1-62
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W OR3 ROHZ5 Hal (N wherein Ris cyano or a

group which may be converted to a cyano group, Hal is
woabages21t he dotted |ine represents a doubl e BCT®K2003/000537

single bond, Zis a group -CH2- N(R R') wherein R and

R' are Cl_6-alkyl, or Rand R3 are connected to each

other 10 to forma cyclic structure including the

N-atomto which they are attached, or Zis a group

ich, ma converted,to. i me | ami ponet hyl gro
1 < b T Tof R, g biikafiof L e s34 JeEE Ry HegliBs
formidkl and R1 is Cl1_10-al kyl, C2_|o-al kenyl or C2_
lo-al kynyl all of which nay optionally be substituted
one or nore times with substituents selected from
Cl_10- al koxy, Cl.lO-aIkyIthigv hydr oxy, hal ogen,
am no, 15 nitro, cyano, Cl1_ljjo-al kyl am no,
di - (CL. 10- al kyl ) am no, arylylgf loxy, arylthio and
heteroaryl, or Rl is aryl,Omheﬂéln any of the the aryl
and heteroaryl grpups may Joptionally be substituted
one or nore tinmes W spbstituents sel ected from
Cl-1lo- alkyl, C2_10 enylpog C2_10- al kynyl ,
d _1lo-all coxy, C1_|o~abkyhihi'o, hvdroxy, hal ogen,
am no, nitro, cyano, Cl1_104allcyl am no and
di -(Cl_10-al kyl )am no, or _a salt thereof 20 and/or
the diol of fornmula WO 2 14821 PCT/ DK2003/ 000537
94 COH R\ OH/Z Hal (11] rein R Hal, Z and the
dotted Iine are as defi nedydbove, froma mxture
containing the acyl derivative of fornula (1V) and
the diol of formula (I1), HAl ch conpriggg: 5

wherein R is cyano or a group which inay 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 Cj.¢-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, W is O or S; and
R’ is -Y-R' wherin Y is 2 bond, O, S or NH and R'is Ci-10-alkyl, Cy.q0-alkenyl or C,.
10-alkynyl all of which may optionally be substituted one or more times with
substituents selected from Cj.jo-alkoxy, Ci.1o-alkylthio, hydroxy, halogen, amino,
nitro, cyano, Cy.jg-alkylamino, di-(Ci.jp-alkyl)amino, aryl, aryloxy, arylthio 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 Ci.10-
alkyl, Cy.j0-alkenyl, Cy.1p-alkynyl, C;.jp-alkoxy, Ci.jo-alkylthio, hydroxy, halogen,

amino, nitro, cyano, Cj.jo-alkylamino and di-(C;.jp-alkyl)amino, or a salt thereof

and/or the diol of formula
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a) treating said mxture containing the acyl
derivative of formula (1V) and the diol of fornula
wOROM/01#828 m xture of water, a protic organi c BOTADE2003/000537
and an apol ar organic solvent; b) separating the
aqueous phase contai ni ng thé*diol of fornula (rn),
fromthe 10 organic phase to obtain an organi c phase
containing the acyl derivdHve of formula (1V); and
optionally isolatjng the dfol of fornula (1) and/or
t he conpound of 1 ~8 V) from the aqueous/organic
phase, and opti onal
formula (11) 15 ano p ~{o-dalt thereof. 89. The
nmet hod according to claim88 wherein the S-diol of the
diol of formula (Il) is separated fromthe
R-enantioner of the acyl“derjvatitive of formula (IV).
20 90. The nethod accordi o claim88 wherein the
S-enanti oner of the acyl rivative of formula (1V)
is separated fromthe R-enantioner of the diol of
formula (I11). 91. The netHeld accordi ndDto cl ai ns
88-90 wherein the m xture of the R- or S- 25
enanti onmer of a conpound of formula (1V) and the
V\ﬁﬁ&gﬁ Rl B2 PRI (REB6 A iR ar& A RIMBE aBdvel B6MH Rixthrle)containing
use

In step a) has been prepared according to the
tieeddybderiviative bafomsule-(9) a0 the dipl of fgmula (II), which comprises:
PCT/ DK2003/ 000537 95 92. A process for the
preparation of escital opramhaving the fornula NC O
aF (1 hredtifd sdld RitRLARGatinisatHecHCleivhiN o foahilal(her@dfihe
conprising preparation of the S- enantionmer of a diol
did wif ;ﬁ(g:ntq}@(IBdn Az tuoeof waley,|a protic organic solvent and an apolar

organic solvent;

a

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 (II) and/or the compound of formula (IV) from
the aqueous/organic phase, and optionally conversion of the compound of formula (II)

and /or (IV) to salt thereof.

89. The method according to claim 88 wherein the S-diol of the diol of formula

(I) 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

(ID).

91. The method according to claims 88-90 wherein the mixture of the R- or S-
enantiomer of a compound of formula (IV) and the opposite enantiomer of a
compound of formula (II) used in step a) has been prepared according to the method

in claims 1-62
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~wherein any of the aryl

Hal (Its) 10 wherein Ris cyano or a group which may
be converted to a cyano group, the dotted 1|ine

woepugdents a double or a single bond, Z is a PCI/DK2003/000537

di met hyl am nomet hyl group or a group which nmay be
converted to a dinmethyl am n8bhet hyl group and Hal is
hal ogen, or a salt thereof, 15 or the S-enantioner of
an acyl ated di ol having the fornula WD 2004/ 014821

PCT/ DK2003/ Q00537 96, W O R3. R OH '*' ~ Z_ Hal (V&)
Yrher glKR%FO‘F@,SS 2 ﬂf‘%@ea%rﬁl%O%Sﬁ’éalgﬁ’fé%‘“n&t@e Sl i ned

above, Wis O or S, and R3is - Y-Rl, wherein Rl is
Cl 10-al kyl, C2_10-al kenyl or C2_10-al kynyl all of

whi ch may 5 optiNkal | y~he substituted one or nore
times with substit ue ed from Cl.10- all coxy,
¢ /

Cl _10-al lcylthio, hyd il ogen, am-no, nitro,
cyano, C _10-al kyl ami e . CA~10-a¥¢cyl ) ami no,
aryl, aryloxy, arylthio eteroaryl, or Rl is aryl,
yet eroaryl groups nmay
optionally be substituted or nore tinmes wth
substituents selected fro ~| o-al kyl, C2_10-al kenyl ,
C2_10-al kynyl, Cl1_Io-al koxy,| 10 d _lo-al kylthio,

hydr oxy, hal ogen, am no, ni¥ro, cyano, (I)

Cl_10-al kylam no and di-(C -io- alkyl)amno and Y is a
obapbigrm@cewically Meepablesal shareallvempoising pyeperpionef Hsd-i n
any. of | ai 1-6 tionally followed by, in either
e%?%@??r8gﬁ35$§?%ﬂgﬁk ﬁﬁ@u%roup Rto a cyan group
conversion of the group Z to a dinethyl am noi net hyl
group, reduction of a double bond represented by the
dotted line to a single bond and /or conversion of the

Hal (ITs)

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

or a salt thereof,

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



15 group Hal to a fluoro group and then ringcl osure

under basic conditions of the S enantioner of fornula
woORbE)jo1em21 (W) or a | abile ester derivative thecemK20/000537

forma conmpound of formula R1 0 Z Hal (V) 20 W

2004/ 014821 PCT/ DK2003/ 000538 97 fol l owed by in

either order; if Ris not cyano conversion of the

group Rto a cyano group, if W is not

di met hyl am nonet hyl conversionjof the group Z to a

di met hyl am nomet hyl group, | sdotted line

represents a doull e bond reduction to a single bond

and if Hal is no : conversion of Hal to a

fluoro group, follad

or a pharmaceuti cal tccedt abl e salt thereof. 93. The

met hod according to claim?$ th?QZn the m xture of

the R- or S enantioner oa compound of formula (I1)
(]

and the opposite enantio f the conpound of

formula (1V) obtained by Umati c acyl ati on has been
separated from 10 each other by the isolation and
purification process accor;Hng to anyaﬁ; cl ai rs 84-87.
94. The method according to%claim 92 W& ein the R- or
S-enantioner of a conpound of fornula (11) and the
opposite enantioner of the conpound of formula (1V)
vileigih e d, the dottzy tiné ined Haldrahs defined abbreciV scPar 8t edd R’ is -

from each gther by the 15 jsolation and purification
ngéé%re@é?gdﬁ Gi-tgilkd, Qmo-%#erefﬂ & s togBay alésf WhicheRHod

scital opramor a pharmaceutically acceptable salt
alllkoaty £ Of .. oeatitgdthiis ihydropuy £ halog e, amitd, nitive ciren Gnj d-divglamind, di-

(%1-?J-§J<ylpa%\{iirlg,gar§lllj grytlggycmally?thl%o aI%_LeteF\;oaryl, 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, Cy.q0-alkenyl, Cy.jp-alkynyl, Ci.jp-alkoxy,
Ci.10-alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci.jp-alkylamino and di-(Ci10-
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 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 S-

enantiomer of formula (IIs) or (IVs) or a labile ester derivative thereof to form a

compound of formula

Hal V)



OH Z Hal (Ilr) wherein Ris cyano or a group which

may be converted to a cyano group, the dotted 25 line
woepgdents a double or a single bond and Z i sPaT/DK2003/000537

di met hyl am nomet hyl group or a group which nmay be

converted to a di nmet hyl am nof®t hyl group and Hal is

hal ogen, or a salt thereof, WO 2004/014821

foUswBkBp (81060 bR1er; 0B isnottdyen(RecmvamidIInfethe grfouatR toa cyano

I d di the. f I
SOt 26 Siiimp RV ot iy pdign OF 8 S £ s

d8fet AbR¥Ey1 Woln @t&rdoﬁ dﬁﬁ@' Efts 2 Yolble b M%d%w
Rlell‘ls?‘ﬁ%%1 10- ay %fyo B e réﬁ%}s Cgalo aeky?ny ontoa

Scblﬁglvth@dwanﬁalf Haptsinoh ﬁlllDl;@, b@vessmcvf HaJtt@eI ﬂcun@ gmumfokiowed by

ubst tuent sel d fr oxy,
s i 8 iR drvh a%y irafasc ot G Rph
cyano, Cl1_10- alkylan1no -(Cl.10 10 aIIcyI)anino
aryl, aryl oxy, lIthio and heteroaryl, or is aryl,

Qher eThe laﬁt}wéﬁcctom ing 39 olpine i wiheredt b myixtuge @ﬂtbg Rerwy S-

RRLANR Aok QRRHBI bR @RSl TBpGritd dtidihinbrane |
ﬁlplﬂné lok Yomyriula (OV) biotaimledt by ynzy@latibatcylahkly hidteen separated from
hy drox hal.ogen, ami no,. ni.tro, cyano

10 f@f féleabmedﬁ? Ao R}irlfl(céioanOC%ﬁﬁ REGOFHRE oamnef ofaims 84-87.
bond, 0, S or NH, or a salt thereof, by the nethod
according 15 to any of clainms 1-62, optionally
94! | ofeimbihpd iaccoeding éo cloingd 82 whemm/@le H-on Sednahhiemgr afiagp

Faiule Y Bl QHBng B RO R e e of formute
(04840 By Ghzy Aot 9RO hCocn dbiRd Y ham DERBIRY by the

group and
15  isolation and purlﬁcatlon process according to any of claims 88-91.

95. A method for the preparation of racemic citalopram and /or escitalopram or a
pharmaceutically acceptable salt thereof comprising preparation of the R-enantiomer
of a diol having the formula

20

Hal (IIr)

wherein R is cyano or a group which may be converted to a cyano group, the dotted
25  line represents a double or a single bond and Z is a dimethylaminomethyl group or a
group which may be converted to a dimethylaminomethyl group and Hal is halogen,

or a salt thereof,
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conversion of the group Hal to a fluoro group and then
ringclosure under acidic conditions of the

we2enansg2oner of formula (l11r) or (1Vs) to for RC&DK2003/000537

m xture of the S 20 enantioner .of the conpound of
formul a WD 2004/ 014821 PCT/ BR2003/ 000537 99 R O Z
Hal (V) and a m nor anobunt of the correspondi ng
R-enantioner, followed by, in either order; if Ris
not cyano, conversi on of .t roup R to. a cyano group
op Hig, Riepanfiomer ﬁgf‘n %cyéﬁltﬁi @@ﬁ%\ﬁ%@lﬁﬁw}ﬂ% onver si on of
the group Z to a dinethyl am nonethyl group, if the
dotted line represents a double bond reduction to form
a single bond and if Hal is t fluoro, conversion of
Hal to a fluoro group, follo by isol ation of
esci tal opram and/ or racenpe” chkjal opramor a

pharmaceuti cal | ypaccept abl ¢ salt thereof. 10 96. The
nmet hod accordi ng to SN

escitalopramis recovered|f™omt not her | i quor of

the precipitation. 2 thod according to claim

95 wherein the mxture o B R- or S 15 enanti omer

of a conpound of fornul a ) and the opposite

enant.i omer of the conmpound of formula (1V) obtained

by enzymatic acyl ati on haﬁigeen separgﬁg from each

ot her by the isolation and purification process

according to any of clains 84-87. 98. The nethod
according to claim95 wherein the R or S-enanti ongr .
vaferein R) Zg trepivtind line Habannas definad)abarel WheOspPegindeR™ is -Y-R,

R RO R R
AbiRhited¥nt Bemotesihad WhR sastnRbisisticced ifom O petissy, Ciio-
according to any of clains 88-91. 25 ] )

alkylthio, hydroxy, halogen, amino, nitro, cyano, Cy.jo-alkylamino, di-(Ci.10-
alkyl)amino, aryl, 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 Cj.1¢-alkyl, Cy.1o-alkenyl, Cy.10-alkynyl, Ci.io-alkoxy, Ci.10-
alkylthio, hydroxy, halogen, amino, nitro, cyano, Ci.10-alkylamino and di-(Cj.10-
alkyl)amino and Y is a bond, O, S or NH, 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, conversion 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 mixture of the S-

enantiomer of the compound of formula
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V)

and a 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 to a dimethylaminomethyl group, if
the dotted line represents a double bond reduction to form a single bond and if Hal is
not fluoro, conversion of Hal to a fluoro group, followed by isolation of escitalopram

and/ or racemic citalopram or a pharmaceutically acceptable salt thereof.

96.  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 (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 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 (IT) 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 88-91.



