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-Method for producing the enantioneric fornms of cis

1’3X?§§i463? gdiol 5 derivatives The invention

rel 0 ocess for preparing chiral, Rén/EP2604/001580
cis- configured 1,3-disubstituth cycl ohexanol s of the
formula (I) Rl~o ""0"" R2 (1) " 10 Variously

substituted, cis-configured 1, 3-disubstituted

cyckphexane derivatives (conmpounds of the formula (1)
WwhePESRIIPUWOTRY) are central  buil ding bl ocks or

precursors of the active pharmaceutical ingredients 15

whi re described in WO 03/020269 and. are generall
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synt heses which are described in the patent
application 03/020269 of 20 the nonracemic,
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be carried out safely (C&EN, Septenber 13, 1982, 5).

Moreover, the al kylatjon by the Bu2SnO net hod on the

i ndustrial scal 'emoaj,J s -maccept ably high cost and
i nconveni ence; t r emoy "theR& tin conpounds
fromthe desired product very difficult {#nd

usual Iy inconplete even™h€n chromat ogr aphic
separating nmethods are used. The disposal of the tin
conpounds is a further problemand a cost factor. The
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addreatiogdipid pretabolisny didurder, egierlMabetes and syndrome X, inter
alia. '

The syntheses which are described in the patent application 03/020269 of
the nonracemic, cis-configured 1,3-cyclohexane derivatives cannot' be .
considered as industrial processes: for example, alkylations with NaH/DMF
on the multi-kg scale cannot be carried out safely (C&EN, Septémber 13,
1982, 5). Moreover, the alkylation by the Bu2Sn0O method on the industrial
scale entails unacceptably high cost and inconvenience; the removal of the
tin compounds from the desired products is very difficult and usually
incomplete even when chromatographic separating methods are used. The
disposal of the tin compounds is a further problem and a cost factor. The
separation of the enantiomers (optical resolution) by chromatography on a
chiral phase is likewise inconvenient and too expensive. In addition, it is
necessary for chromatographic enantiomer resolution that the racemic
compound is present in good chemical purity, which can be achieved in
many cases by additional, preceding chromatography.




O her nethods which have been described in literature
for synthesizing cis- 1, 3-cycl ohexanedi ol buil di ng

bl ocks or derivatives, for exanple the opening of
epoxycycl ohexanes (P. Crotti, M D Bussolo, L.
Favero, M Pineschi, F. Mrianucci, G Renzi, G

Ani GtheGnefazR) Whlch Tﬁvédﬁ%‘ﬁfd&c?@@@ in ﬁﬁ‘—zra glﬁé?or%yﬁ?éklzmg cis-

and Il zed-catal
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g: :S%r%"s?}%c“g' ﬁ%i@%{?@?ﬁé&f‘)ﬂ%ew aqditionglly distinctly higher.
10Dunbhey eanndﬂbecmrfﬂderéd aédnddstriabByekessesc Snat zke, M
Vangﬁ%%h’hﬁ*esff Sk,afsgﬁﬁ %@%ﬁ%%p 1% ]ﬁ?!%l vg§a§tg7rt§r?g ?ron% cis,cis-
Tet harkeydeheangtiialt r yor 092is, ds-1293-Sefohexanetriol keweswatives
ver(y_ D@lﬁi&rhéiat l@ldC% ,UpegaN Mg, Cltz.ﬁékr th C@@ﬁ%gg(?,t %Qf@ndewalle

ore u

t} St ages and
' ‘?F%lﬁqr PR aI gumetry e T9%h 2 e 8% 7P8addi Buemtinehel. Matsuno,
150| ant Uahiglapi Kt SahatofTétr&é‘df@hOWGW' 199%“ F 29}7@66) are

L R B oS3 S el e DR cat & mReae e of the high
barreimbére ofvstafes vdreh therdforeg iiduitablke fos Uliddugtrial use. The
conavi 'e*?ﬁ'ﬁ%g‘ﬁ{'gﬁ i i isiftons TiRfulle "1 aredslBdaagSio, with s-

yidhiapciainate wansoy bet tensideredi as andipsiastriab hroesds Apart

20t 0 fﬁJnthfé BHSr ﬁﬁlsgnbéwmf]eﬁaﬁ BarE B{e ag%ﬁdeaﬁ%béﬁ%o%mg with the

hexanedi o uncon
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L Sl g FMpoRdANg; e TabidNAE Y Reldpvetis requitasl corersion, the
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i nManeactannate nand (ROS)-mnnonmogteat and thirdly the group of the
cy elriyutaac drshicrs A (BISPFHELNBAAN IR SRHRANAL W° (R S)-

produ on the prep ve sca
de 819G Q{@Qﬁ teputhg nonhcg\uy ofictivge monoacylated, cis-configured (R,S)-

monooctanoate takes up only a proportion of about 12% in the fraction of

30 the monoacylated cyclohexanediols. A preparation and isolation of this
product on the preparative scale has not been described, but in view of the
ratios of amounts and the separating problem outlined, cannot be
economic. in addition, it is known that partially acylated di- or polyhydroxy
compounds tend to acyl group migrations. When this occurs, for example,

35 in the course of the purification of the (R,S)-monooctanoate (for example in
the chromatography on silica gel or in aqueous extraction) or in the course
of a subsequent reaction (for example during the alkylation of the free
hydroxyl group), this leads to a distinct reduction in the optical purity or to
racemization.




rati os of anpunts and the separating problemoutlined,
cannot be economc. In addition, it is known that
partially acylated di- or polyhgdroxy conmpounds tend
to acyl group migrations. Wen this occurs, for

ex aﬁ'ﬁTeEC'S%HﬁQUIddG(RSW@S ahdtthe dlaldEYIétbﬁé(R Silc8inpboldfids are not
in
chr omtalteg@pgeiy on sﬁgvlé@ge g’é?ggw??rﬁsﬁqueous extraction)

or in the course of a subsequent reaction (for
exanpl e during the al kylation of the free hydroxyl .
%C loged kerpisdia s processiwhichnmay netiaid he dishdvaftages mentioned.
ptlcal purity or to racenization. 3 The
cis-configured (R S)-diols and the diacylated

(R B ok plstpgre not pt| cally active and
t he P"é’é’i e%amrge@esﬁsé@r brepering i chiral, no
pr oé@zg& §Ethﬁé "?HJ? have the di sadvant ages o 'nracemlc
mentioned. |In one aspect, there is provided a process
for preparing a chiral, nonracem c conpound of the
formula I R11~04' "' & ~R2 (1) O10 where: Rl is R4 R3
( wher €sn,ring A is phenyl,

5-12 nmenber ed het eroar one i ng %I ch may contain

20 fromone to four hete 5 fromthe groﬂb of N, O
10and S, 8 to 14 nenbered arvmatic ring,

(C3-C8)-cycloalkyl; RBis H F, d, Br, OH N2, CF3,

OCFV’{;helgec_ll- C6) - al kyl, (C3-C8)- cycloal kyl, phenyl;

1

R'is
‘R4
o R3
9
N (CH,)n-
15 R5
where:
ring A is phenyl 9-12 membered heteroaromatic ring which may contain
' 20. from one to four heteroatoms from the group of N, O and S,810 14
membered aromatlc rmg (C3-Cg)-cycloalkyl;
3 . ‘
R Is H, F, Cl, Br, OH, NO;, CF3, OCFj3, (C1-Cg)-alkyl, (C3-Cg)-
cycloalkyl, phenyl;
25 :

4 _5 ‘

R, R” are H, F, Cl, Br, OH, NO2, CF3, OCF3, OCF3H, OCF2-CFs,
OCF2-CHF2, SCF3, O-phenyl, (C1-Cs)-alkyl 0-(C1-Cg)-alkyl, O-
(C1-Cg)-alkyl- 0—(C1-03)-alkyl

1

30 n is from 110 3;




25 R4, R are H F, d, Br, O4 N2, CF3, OCF3, OCF2H,

OCF2- CF3, OCF2-CHF2, SCF3, O phenyl, (Cl-C6)-alkyl,
O (Cl-CO alkyl, O (C1-Ce)-alkyl-O(C 1-C 3)-al kyl;
30nis fromlto 3; 4 and R4 s (G -Cg)-al kyl where
one_or nore CH2 groups in the al kyl groups may be
rep?ré ed by 0, CO S, SO or 502, and al kyl nay be one

- to b5 trisubstituted by F, d, Br, CF3, CN, NO2, NHAc,
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co%% B E AR BB REN g SR s A€ R roups
t hi azol mam@ezrewlaneariey Q, z10) S 8Gdor §Cy; @nd)alkylyhay be one to
B et { ATty ek B0 Rl YU iAo KR NH-cO-
NHBoc, 1&(GYERz hydrexyh QCER) ©- (fhyﬂiebﬁildyl OOGH (lso benzoxy,
o (C

(Ct( OG)CGQ k f@ O Cl- té}%ﬁ?ﬁ?’ or ?Eﬁazg1 a @ le and
is an (}ﬁ%ﬁ %wcﬁwlngv r@ufbl@é;}“nef%ﬂ -cicnerand aryl may in turn be
benzyl oxumetiltitéd by ¥, benzg},, chal TNENEXY YL NBfTs, NHBoc,

Whi

AR B ht R 0 e, oo
1, 3-COHepix f 1

15 SemsemssaicamInGI A, OF G o

1R230 S i s as defined above and X1l is d, Br
I, O (O nesyl), Ols (Otosyl), OIf (O-triflate);

2 . .
R is an OH protecting group (PG), for example benzyloxymethyl,
benzyl, para-methoxybenzyl or tert-butyldimethylsilyl;

which comprises

A)
a) alkylation (alk-R*/alk-PG)

reacting cis-1,3-cyclohexanediol of the formula (1)

I". ot OH )

with a compound of the formula (Iif)

HO,

x'-R? )

wherea'R2 is as defined above and
1 .
- X is Cl, Br, 1, OMs {(O-mesyl), OTs (O-tosyl), OTT (O-triflate);

in the presence of bases in a suitable solvent to glve a racemic compound
of the formula (IV)



" in the presence of bases in a suitable solvent to give

a racem c conpound 35 of the formula (1V) 5 HO, o~
R2 (I1V) where R2 is as defined above; 5 bl) enzymatic
ester formation (EF) + separation (S) subjecting the
resul ti ng conpounds of the formula (IV) to

st ereosel ecti ve eHIZyrmt' C esger formation (EF), in
whi ch the al cohol s ar’e hxed g h an  acyl donor,
for exanple a vinyl es 6- O- CH=CH2 or am,aci d
anhydride 10 R6-O R, ere R6 is as defined above,
and the enzyne in an organic solvents, for exanple
di chl oromet hane, and the resulting mxture is stirred
at -20 top,80C and, after the reaction has ended, one
st e¥eerednisy as defipedsbove;as an ester of the fornul a
(V) 116~0"1,. 011 RZ (V) 15 where R6 is

5C(::tg) (C1- C16) al kyl, C(=0 - (C2-C16) - al kenyl ,

( EzEIBtic esteylopnatian 4EF) ¢ Sepetatjonoi®) | oal kyl

where one or nore carbon 20 atons may be repl aced by

oxy to and be substituted b%/ 1- substituents
@%%ﬁ@ngn%@pre@pltpg eempepndeces thekprmga, (I tr siereoselective

netdmmatletémmyforﬁhﬁﬁu|(EF§10inQ@uQG@He%ofﬁ‘iéé%te admlxed \glth an
by A/50908% Tof BEMElS A i G Roty CHEGHa @ amacicemydide

10ancR 20-R i where EReflsrmj defiost aband, hhe théf@izyme in an organic
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e oRRLRR TR ﬁ&#‘ee S Blonp RS P L sl P s stimec

ea@h 8Phisr 89YCuand,i after) thehgeactid0 hasf émded)t ond estéreadisomer is
O ppEt GRAIE R bf HPRRhLILR/) (T Or exanpl e Rf val ues
or

Rs_-“ol,l' “‘\ O\Rz
o v)
where

R6 is C(=0)-(C1-Cyp)-alkyl, C(=0)-(C2-C1g)-alkenyl, C(=0)~(C3-C1g)-
alkynyl, C(=0)-(C3-C1g)-cycloalkyl, where one or more c¢arbon
atoms may be replaced by oxygen atoms and be substituted by 1-3
substituents from the group of F, Cl, Br, CF3, CN, NO2, hydroxyl,
methoxy, ethoxy, phenyl and CO-O(C1-Cg)-alkyl, CO-O(C2-Cy)-
alkenyl, which may in turn be substituted by 1-3 substituents from
the group of F, CI, Br, CF3, and

R2 is as defined above,

and the other stereoisomer is present unchanged as the alcohol of the
- formula (IV), and are therefore separated from each other by utilizing their
different chemical or physicochemical properties (for example Rs values or
solubility differences in water or other solvents) (separation S), for example
by simple chromatography on silica gel, by extraction (for example
heptane/methanot or org. solvent/water) or else by a further subsequent




solubility differences in water or other solvents)
(separation S), for exanple by sinple chromatography
on silica gel, by extraction (for exanple

hept ane/ met hanol or org. solveﬁilmater) or else by a

of - PRGN SRERET ol PG thel B obplodt WRch fhsaster does not

par takegpart,5 b2) enzymatic ester hydrol ysis [=cheni cal

esterification (CE) + enzymatic hydrolysis (EH)] +
separation (S) subjecting the resulting conmpounds of
the®formula (IV) to a stereoselective 10 enzymatic
gster hydrolysis, in which the racem c al cohol is

for

i ni lt‘_)'gal I converted by chem cal esterification (CE),
anpn@/Mlice gsterof hyskplysisc Hisshpmieal Reesterifinatiani (CE) +

anhgnizyristic REdrolysRE(EH) Hpapatsee of bases, for
exanple triethylamne, to the racem c ester of the

formula (V) R2 OM 15 where R6 and R2 are each as

def suhjectiigthe resuitiriy, campouridsyobitie foReukd ﬁWQﬁQ'sﬁér@o%élective

1T HE IS Sr OB, cne Biten L. ddeomi, wBo@ W inialy

15(I\/) occurring as an al cohe
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or geRvenied by ghemicateestarificationr (), ddr example byrreeans ®f acid
of EHlordey RE-CNort 86id or§8ridds hf%gk)ﬁs'ir?hﬁ(’ﬁ br@es}é@?@ bf B88es, for

in the case of alcoholySis with an afco
exdNRPIR-tHgthylamineato terappmicestes obthelioreokV)and
after the reaction has ended, one stereoisoner is
present as the alcohol of the fornmula (1V) 25 and the

other is present ygehfnged~as {be ester of the formula
@o fr &t each other as

(V) and can thus be sep
descri bed under bl), and enanti oner of {Wje formul a
is further processed as

descri bed under d), or 30 c¢c) chem cal hydrolysis (CH)

where R6 and R2 aré each as defined above,

which, to carry out the stereoselective enzymatic ester hydrolysis (EH), is
then faken up in homogeneous or heterogeneous, aqueous, agqueous-
organic or organic media, and reacted, in the presence of an enzyme in the
case of hydrolysis with water and in the case of alcoholysis with an alcohol,
for example n-butanol, at a temperature of 10-80°C, and after the reaction
has ended, one stereoisomer is present as the alcohol of the formula (V)
and the other is present unchanged as the ester of the formula (V) and can
thus be separated from each other as described under b1), and

the enantiomer of the formula (IV) occurring as an alcoho!l is further
processed as described under d), or

C) chemical hydrolysis (CH)

hydrolyzing the enantiomer of the formula (V) occurring as an ester to the
chemically enantiomeric alcohol by known methods and




hydrol yzi ng the enantioner of the formula (V)
occurring as an ester to the chemcally enantioneric
al cohol by known nethods and 35 7 d) al kylation (al k-
Rt) reacting further with a cornpound of the formula

(VI R NO N X(CH,)n-Xz 5 R5 where
ri na %I%ﬂ%@ é\ d n are each as defi ned above and
10 X2 is da, Br, I, QOrs, in the presence of

Chacert %rﬁ*é(“f'“ émfﬁﬂﬁjog %Eﬁ?{ﬁ%&%@"?ﬁi””d ”

protecting group PG (detPQ if RZ is an OH protecting
group (PG asPde c~above andrf2, converting the
conpound of the fornul a (L4 R10 LPG (ia) where R1
and PG are each {a&ingek ire@ ad ve, 25 by det acHVHg t he
protecting group ﬁ o exarrpl e

det achnent of PG = 2) T PG = benzyl by

renzyl oxynet

shydrogenating overRPd/C, or detachnment of PG =

10
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par a- net hoxybenzyl with, for exanple DDQ

(2, 3-di chl oro-5, 6-di cyanobenzoqui none), or detachnent
of vi®re tert- butyldinethylsilyl, for exanple with
Bu4NF, 30 to a conpound of the formula (VII)

. 3 4
ringA,R", R, R5 and n are each as defined above and

X* s Cl Br, 1, OTs, OMs, OTf:

in the presence of bases in a suitable solvent to give the compound of the
formula (1), and

e) detachment of the protecting group PG (detPG)

if R is an OH protecting group (PG) as defi ned above and R?, convertlng
the compound of the formula (la)

‘e, (3]
. o \pG
‘ (1a)

where R1 and PG are each as defined above,

0
R1”

by detaching the protecting group by known methods, for example
detachment of PG = benzyloxymethyl or PG =benzyl by hydrogenating
over Pd/C, or detachment of PG = para-methoxybenzyl with, for example
DDQ (2,3-dichloro-5,6-dicyanobenzoquinone), or detachment of PG = tert-
butyldimethylsilyl, for example with BugNF, :

to a compound of the formula (VII)
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8 RI~-OOH O (VIlI) where RI is as defined above, 5
f) alkylation (alk- R21 then reacting it with a

compound of the forrmula (I11)

X1-R2 (111) 10 where

X1 and R2 are each as defined §bove in the presence
of bases in a swtabI@ sol vent oh° gi ve a conpound of

t he

A

as descri be ve under

formula (1), Rife pro “or the enantioneric
form 15 it being also p oIe to changedy ﬁ sequence
of individual reaction ep abo

A) alk- R2 -* EF + SSCE+ EH+ S [-* CH -* al k-

RL [-4 DetPG > al k- 20 R2] -+ product/enantiomsric
for\pp,érgR @a@ég-g eEF+S/CE+EH+S[ CH -*

25 R2] -*

product/enantl omeric for mor C)
5al
product/enantionmeric formor D) alk-PGEF + S/CE + EH
+ Salk- RR DetPG -+ alk- R2 35 product/enantioneric

f orthen feadhing st Whﬁaﬂfd?ﬁ@@@d’éﬂhé%ﬁn@é%lli)' lustrated
her ei nbel ow in Schemes Ito |V: E

PG ‘dilytidaRaire)acH al k- R2 Det PG +al k- 30 Rl -+

x'-r? ()

where X1 and R2 are each as defined above,

in the presence of bases in a suitable solvent to give a compound of the
formula (J), the product or the enantiomeric form,

it being also possible to change the sequence of individual reaction steps
as described above under A):

A)

to:

B)

or

C)

30

35

or

D)

alk- R — EF + §/CE + EH + S [ CH] — ak- R [— DetPG — alk-
R 1 = product/enantiomeric form

alk- R — EF + S/CE + EH + S [ CH] - alk- R [ DetPG — alk-
R ] — product/enantiomeric form

all-PG — EF + S/CE + EH + 8 - CH - alk- R? > DetPG —» alk-
R — product/enantiomeric form

alk-PG — EF + S/CE + EH + S — alk- R' — DetPG —» alk- R2 —
product/enantiomeric form.
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Possible process variants are illustrated hereinbelow in Schemes | to IV
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Wa 012 Oyi OWQ W16 The process accordi ng
to the invention is economc, sinple and rapid. The
process conpletely elimnates the risk of acyl group
m gration, does not require egsinolar anmounts of

opt+cal re rting materjials or auxiliaries, . any
o pEE Pl Fech@hb A hE FRRlSh o S iisn splS dnd Pl The
chr pieeesg capipieiely elimirates thdaisksof acyl group migration, does not

di I L. t . e
| BRI S BRI By SAAHE o i,
i s FPpEXRENSE reggentsalany epdicat iesakitionhyeshramaitardpby on chiral

SUS rehdeat @rﬁf‘@iﬁdr@ﬁ%ﬁ%nﬁ@ qg@geg igRSburis 3@@5%9? dI)r;any cost-

the al kylations. . 10 Preferende is given to wha
kndﬂ%rﬁﬁ’eﬂﬂ%&é’fﬂaﬁtﬁpﬁconvergent met hod (see Schene |V

or Method C and D)) in which the procedure is, for

ex | ows; .al kyl ation af . .

ci ?ﬁﬁé Ipssith s 8B 8 0 o Splipahiesolutieps o e avoided by
corystnghdadh erantiooreral and Idhiahginigt thea sBGueate wfetheaalkifitions.

AT E i L PRI ey

andSe% PehemeadV ebMethadplCe andeBy)yiin wanich the procedure is, for
| y i g vl
ParedaffiId Xy RABS: afkylatfoRl df diLy }d-&'{(?@f{\%%érﬁgd gf the fymula (1)

bj.ecting th | d
t 0 VUiT? SORoliRe! o dhe Torpa D 9iies PG BRBCISHaS R dickrthat PG
hy dizal bys idetdchee agﬁiﬁ\@hpgng?% gﬁeteeﬁigﬁlgmnggei &SUréé of the further

15 onyai el PHERCRIER: B, e, birevicPerr Biathaybgnayl or

20

25

30

t hder-butyldineatbylsityl) sybjecting theadsalting congsmiridngf thedormula (IV)
oo RerediiRe’ ERgimallc 05, fombplBl o1 sk dgrqlesiy (see
co@pouRAH apd, wafier eanpietian (ofapeparaéion cohuaconverted atphol and
PN Gk R B3
for example, with a compound of the formula (VI) to give a compound of the
formula (la), then converting it by detaching the PG group to give a
compound of the formula (Vil), and then reacting it with a compound of the
formula (Ill) where R™ is as desired in the product to give a compound of
the formula (1), and converting the isomeric ester by simple ester hydrolysis
to a compound of the formula (IV), and then reacting with a compound of
'_the formula (l1l) where R” is as desired in the product to give a compound

of the formula (VIII)

| /0 0\ .
R2 U PG (Vi)

then converting it by detaching the PG group to give a compound of the
- formula (1V)



formula (111) where R2 is as desired in the product to
gi ve a conpound of 25 the formula (lI), and converting
the isomeric ester by sinple ester hydrolysis to a
conpound of the fornula (1V), Bhd then reacting with a
compound of the formula (111) where R2 is as desired
in the progct +Q giowe a conpdithd of tle formula
(VIl1) RO @- (M L1) 30t‘c')nve'i<3ting it by
det achi ng the group to give a ( gund of the
formula (1V) I'™"R2 OH HO O-R2 and~then reacting iV

with a conpound of the fornmula (VI) to give a
compound of the formula (1). 5 001, RL Rl O~ R2

Pr ef f the f

(1147 s redeflng i wilo' Siaeboud 1@ Bhe Temulp, (Aistoogive a
OT sconigoyral ¢f thelfarmplagf)er ence to using those where X

is d, Br or I. Preference is given to a process for

preparing t he conpounds of the 20 fornmula (1) RL "',.
.~ O-R2 (1) vvheroe 25 Rl is 18 R4 8R3

-~ . .0

Preference is given to using compounds of the formula (IH)

U

X'—R® ()
where
X' isCl, Br, I, OMs or OTs,
particular preference to using thosé where
X' isClBrorl.

Preference is given to a process for preparing the compounds of the

formula (1)
4, \ 0
T R2
()]



Ring A~ N(CHZ)n- R5 where 5 ring Ais phenyl, 5-12
nmenbered heteroaromatic ring which may contain one or
nore heteroatons fromthe grougsof N, 0 and S,

fused/bicyclic 8 to 14 nmenbere

aromatic ring,

(C3-C8)-cycloalkyl; R3is H CF3, (Cl-C6)-alkyl,

(C3-C5) -cycl oal kyl , :
CF3, OCF3, (C1-C6)-alk

groups in the al kyl
S, SO or S02, and al kyl

O R4, Rpszare H F, Br,

1- Go
y Re T

[¥O b
/Y be one t

1

al kyl; nis from
e one or nore CH2
epl aced by 0, CO
o (CHaM"subst i t ut ed

by F, d, Br, CF3, CN, NOR5 NHAc, NHBoc, NH CO
C(CH3) 3, hydroxyl, OCF3, 0-(Cl-Co6)-alkyl, COOH,

CO benzoxy, CO Q(Cl-C6)-alkyl, tetrazole,

t higzol i di ne-2, 4-di one, indole and 20 (C6-Clo)-aryl,

1

10

15

20

25

30

in
be

' t hi azol i di ne- 2, 4- di one and aryl may in turn
substituted by F, d, Br, CF3, CN, NO2, NHAc,

o- (B RS ey S e rork il whier gy contain
( C1- C6) -k yor, rapfeclheteioaiomypl fram thet rgroopeof 28, O and S,
Par ti cul fagedbRYENEHES 14méinbefed &réhn lgﬁﬁ,id%%@igycloa!kyl;

preparing the conpounds of the fornu
R?(I) .where: 30 Ris 19 R4 ORS

O"""

R

is H, CF3, (C1-Cg)-alkyl, (C3-Cg)-cycloalkyl, phenyi:

4 .5
R, R are H, F, Br, CF3, OCF3, (C1-Cg)-alkyl, O-(C1-Cg)-alkyl;

n

is from 1 to 2;

is (C1-Cg)-alkyl where one or more CHp groups in the alkyl groups
may be replaced by O, CO, S, SO or SO», and alkyl may be one to
trisubstituted by F, Cl, Br, CF3, CN, NO», NHAc, NHBoc, NH-CO-
C(CH3)3, hydroxyl, OCF3, O-(C1-Cg)-alkyl, COOH, CO-benzoxy,
CO-O(C1-Cg)-alkyl, tetrazole, thiazolidine-2,4-dione, indole and
(Ce-C1g)-aryl, in which thiazolidine-2,4-dione and aryl may in turn be
substituted by F, Cl, Br, CF3, CN, NO2, NHAc, NHTs, NHBoc,
NHCbz, NH-CO-C(CHg)3, hydroxyl, OCF3, O-(C1-Cg)-alkyl, COOH,
CO-benzoxy, CO-O(C¢-Cg)-alkyl, (C1-Cg)-alkyl, O-(C4-Cg)-alkyl or
tetrazole. '

Particular preference is given to a process for preparing the compounds of
the formula (1)

O O
o, W
R1 ‘e n \Rz



Ring A~ N (CHz)n- R5 where 5 ring Ais phenyl; R3
is (Cl-C4)-alkyl; R4, R5 are H (Cl-C4)-al kyl,
O(Cl-A4)-alkyl; 10nis 1; R2is (Cl1-C8)- aIkyI
where one or more CH2 groups i¥® the al kyl groups may
be replaced by 0, CO, S, SO or S02 and al kyl may be
one to 15 trisubstgrtuted-l F, d, CF3, CN, NO2,
NHAC, NHBoc, NH- CO C{ CH qydro %CF3

O (C1-C5) -al kyl, COCH, ‘ l COO(Cl-OB)-aIkyI,
tetrazol e, t hi azol i di \ (ndol e and
(C6-Clo)-aryl, in where~thidzoli'di ne-@GHhndi one and
aryl may in turn be ituted by F, O, Br, CF3,
CN, NO2, NHAc, NHTs, NHBoc, 20 NHCbz, NH-COC(CHS)B,
hydr oxyl, OCF3, O(Cl-C6)-aI kyl , COO—I, CO- benzoxy,
CO (C1-C6) -al kyl, (C1-C6)-al kyl, 0-(Cil-C6)-al kyl or
t etwherel e. The al kyl radicals in the substituents R2,
R3, R4 and R5 may be either 25 straight-chain or
branched. In this context, a heteroaromatic ring

5r of B¥95A 15 PBBRY: mono- and bi cyclic rings having a
maxi mum of 4 heteroatons, in particular those which
congdin.u 0 jbtrogen atons and/or | oxygen or 1
sul'tur a\?ggﬁh“&a"gkanpl e furan, 30 thiophene,

t hi azol e, oxazole t hi adi azol e, triazole, pyridine,

ber o Ao e Ry, SRR ool e aromatic

10ri ngs may be nmono- or bicyclic and al so be fused, for
exghpl e jg Rapht hyl, benzo[ 1, 3] di oxol e,
dlhydrobenko[l 4]d|0X|n 20 The racem c,
ci s-configured 1, 3-cycl ohexane derivati ves of t he

f oRful a g KM—ngJmkfowﬁéié drity BEhioreMbH) 6EpPiERY afkyPY¥roups
ronoa “nar beYeplaced by O, CO. S, SO or SO, and alkyl may be one to
15 trisubstituted by F, Cl, Br, CF3, CN, NQ3, NHAc, NHBoc, NH-CO-
" C(CHas)s, hydroxyl, OCF3, O-(C4-Cg)-alkyl, COOH, CO-benzoxy,
CO-0O(C1-Cg)-alkyl, tetrazole, thiazolidine-2,4-dione, indole and
(Cs-C1o)-aryl, in where thiazolidine-2,4-dione and aryl may in turn be

substituted by F, Cl, Br, CF3, CN, NO>, NHAc, NHTs, NHBoc,

20 NHCbz, NH-CO-C(CH3)3, hydroxyl, OCF3, O-(C1-Cg)-alkyl, COCH,
CO-benzoxy, CO-O(C1-Cg)-alkyl, (C1-Cg)-alkyl, O-(C1-Cg)-alkyl or
tetrazole.

The alkyl radicals in the substituents R2, R3, R4 and R5 may be either
25  straight-chain or branched.

In this context, a heteroaromatic ring refers to both mono- and bicyclic rings

having a maximum of 4 heteroatoms, in particular those which contain up

- to 4 nitrogen atoms and/or 1 oxygen or 1 sulfur atom, for example furan,

30 thiophene, thiazole, oxazole, thiadiazole, ftriazole, pyridine, triazine,

' quinoline, isoquinoline, indole, benzothiophene, benzofuran, benzotriazole.

Aromatic rings may be mono- or bicyclic and also be fused, for example
naphthyl, benzo[1,3]dioxole, dihydrobenzo[1,4]dioxin.



cycl ohexanedi ol (conpound of the fornula I1), but can

al so be prepared by reductively opening appropriate
acetals (R Hunter et al., J. Og. Chem 5 1993, 85,

6756), and al so by reductIve &bther formation st art| ng
fromsilyl _ ethers_and al dehydes or ketones (J

Baj Re raxemic apig-configwesdb 3-qyclobexsnse derl@atlwaoo&theﬁonnwa (V)

Bl l;@rlﬁ Olﬁk tHet 'T@f'r??gé&[(\ﬁl tt%,—eZO&% alfjerq @?Ogm%ﬁéﬁh(yla’fhﬁ cis-
r%@% gnﬁ'eﬁf r@I %fe"he ”EH‘FI‘ e bHF éﬁﬁ@&P bg prepared by

I Ih tredaﬁtuuew mpbhw@Saprpr@@mbml@fo F-Ifﬁmtéraét af| JSiGrg. Chem.

SEnHshel YR S WS o RN S ol S fom iy

31@th&|$8&91ck/ﬂﬂeﬁ>mdiﬂs shiestones HL&.5) Ba]wai r)ﬁrdlam@ J. Bladdyd{.Prasad,

I
e SRl T BIRERR, TR BRLORT o 02735, 600 87 15F
Tr ansformatl ons, p. 353- 363 1989 15 VCH Publ i shers,

' 2275 : I‘N_yFaQ nb”%@geﬁﬁse@f the E5BIa $0Car elggrﬁme}giéry obtainable or

m. . Soc 21, 220
Opr &38r B iRSRPBIC Vllg%f@t@-ebm Hor seARR)e by rsmra%zal side
by dﬁeﬂeham@leﬁatlorbr(m Nigdrafte rebie@hbyay, G IL@ﬂoéle Comprehenswe

O furth h | s t
T M e frn R (e
thal@h@ﬁ airi derivativgsn psepdrablee thenefrohm (see litehature revnew by
I i h h
2 Ky Bl LG RIRB \Iﬁneﬂﬁlkcgﬁégémﬁgé}grgnéﬂﬁmg B, 353-363, 1989
coﬁﬂf@ﬁﬁ'—ﬁ»’lhﬁbe@b{@habl e or can be prepared 25 by
literature nethods [a). The Chemi stry of Heterocyclic

ou i ssherger., | or). azgl es
(eSS Knbuinr (s hgmnSaeodaead2?. Gofnedthion Chem. Soc.
Che922, 1RiouR202-P8Y5) is4hb préparation dfieaitase- bﬂdmomethyibenzoyl
E. Chindris, Arch. Pharm

SUBYShES by 6 skl Biiniof” iR, T "5 e ercd by

20 ChéunthétheeactioBwith altdidls tbgthembmcﬁﬁémym&lc estersThelonging

25

2l R B! GAAE MG ind 1RBGERIT g bimad ! 2 e

reac
1, 3- cycl ohexanedi ol derIvatIves in the presence of

basnh% alﬁglahﬁelr afBReLIANe fofrfliadtAYBl the BKHRN Rg& OH which

such car bonat es such al koxi d
su@ﬁnﬁmupmr@@@re@mmwsoaww argm|n B@mfepafed

Li byDferaite Mathouzda heﬁ“WB‘f PletSRIcYERd Eofibunds (Ed.:

fogﬂ\ %gingllagfger l_E 'C. ayII:'dr) D8Eazcwes (EQNFI JBl nIdurchl) b) Methoden der

30

35

Organischen Chemie, Houben-Weyl, 4™ edition, Hetarene lil, subvolume 1;
¢) . Simit, E. Chindris, Arch. Pharm. 1971, 304, 425; d)Y. Goto,
M. Yamazaki, M. Hamana, Chem. Pharm. Bull. 1971, 19 (10), 2050-2057].

The alkylating reagents of the formula Ill and VI are reacted with 1,3-
cyclohexanediol or 1,3-cyclohexanediol derivatives in the presence of
bases. Suitable bases are, for example, hydroxides such as KOH,
carbonates such as CspCO3, alkoxides such as KOtBu and also
compounds such as LDA, Buli, LIHMDS, KH, NaH and NaHMDS. Suitable
solvents are, for example, THF, MTBE, DME, NMP, DMF and
chlorobenzene.



chl orobenzene. 21 For optical resolution of the

al cohols, they are taken up in organic solvents, for
exanpl e di net hoxyet hane (DME), nethyl tert-butyl ether
(MIBE), diisopropyl ether (DIZHE), THF, n-hexane,

cycl ohexane, toluene, chlorobenzene, acetone,

di e 1apticat ieseiudion @i alashels, @Inemtmtak@n up i @ganic soivents,

di Q‘bﬂ %x@ﬁﬁﬁlénaurﬁélﬁok@éthaﬁéﬂ ‘?ﬁé(t'h b%tﬁuéthe?s(MTBE)

VI n acet vin EI: Vi nyqum

'EOP'HF’IV uc?rﬂ&%rt h erf F‘d&ﬁ’@d@carﬁy {c@exane toluene,
et rqumberyier@eio'etme %mEtHyﬂonﬁénﬁUé? I(IIDI‘»?‘IF‘)JO!Eii%ﬁbdrom(-:'thane 1,2-

S S4BT 3L B0 o B 0, St i
i sgvepionate, awhyldbut;eatez 22 2-trifluctdathyle Phiy2Hipetrfjucaabdecanoate,
2, =k <10 £l

d%tlgo)gfv d‘fy)l %8& glhglglo r%%@t %&%hen&P@?&%&@%ﬁb& eBlets, acetic
ad @Apdride.t m)r@pi@mq aphydrisiez yswceimia snhydriste, aglutarismanbgdride,
to |sc§)@|?érlcTh9nﬁ¥@fﬁt§Et 2D erlcﬁﬁﬁleéﬁﬁzﬂt H ng’a?@ S?bgirﬁlﬂoroethyl

ra %. but It I'n so :
wad\?gﬂts'&g‘&fﬁggﬁogeE%??%teoﬁret Rdasd; yaad | dhe edeastign mixture s
pusabwqﬂrerdwnadmm‘e@rwﬂhmbﬁaueréﬂzyﬁ%?tahﬁestlrmd BPEbm —20 to

{ t
b(éfff’b% §rgpgr$| )Ogﬁ ; Calvgg&rdh% IS&HP% t%ngﬂfera%?y 10-90%, but
bugtys yih soone ghsesaigo-advaniagenus utgrer betl thenenzymatic reaction
ho
A EearE AT dohor, 16F SLAHERAMT acBE Minout cpsglvent . o
Sa suitable enzyne, to stereosel ective hydrolysis or

aI F@hobwﬁéaﬂ £Esdiliin SofaIRs ee¥et hd@n@éﬂv&%‘" %rab)@mgle acetyl-,

in presenc

erat re of 0 tignally
009 ?9‘8@’ a%\/éjﬂaéﬁ' evaaﬁ%fs@ect?ﬁemr Bamogsneous or

m hetmegemm@j@rahWo@sqntaguaongoi’%éﬂ% b{ WM mﬁadla in the
e erivat |

. t
o= onhd VIO 085, 5 LB Y B acononeis
- 20r eéfOt engmpie walhcrobotanal) &t aderdpetdtors dB4080CE, aptionally in the

EF% g@l & é&ﬁ%nﬁt@@ggg ra'bgeé §H8 hof?ﬁ? rﬁﬁ‘@,} oﬁ‘l Sleacpa mixture

trPEﬁfﬁ'&ﬂbéYTﬁWétaUHnQ) r3Q90 by weight oi esfeat ure revi ew by
R C. Larock Conpr ehensi ve Organi c Transformations, p.

972? 9 VCH Pubélshers Inc.). 30
he a ovementioned ester derivativés can be prepared by literature

25 methods, for example by reacting the alcohol with acid chlorides such as
acetyl chloride or anhydrides such as acetic anhydride, in the presence of
an amine, for example triethylamine or pyridine (see literature review by
R.C. Larock, Comprehensive Organic Transformations, p. 978, 1989 VCH
Publishers, Inc.).

- 30

When the reaction has ended, the products or the enantiomers can be
separated in a simple manner, for example by extraction by literature
methods [a). T. Yamano, F. Kikumoto, S. Yamamoto, K. Miwa, M. Kawada,
T. o, . T. Ikemoto, K. Tomimatsu, Y. Mizuno, Chem. Lett. 2000, 448;
35 b). B. Hungerhoff, H. Sonnenschein, F. Theil, J. Org. Chem. 2002, 67,
1781] or by employing chromatographic methods.
A further method is, on completion of the enzymatic reaction, to distinctly
increase the water solubility of the remaining alcohol by derivatization, for
example by acylation with cyclic anhydrides, e.g. with glutaric anhydride, or



Wien the reaction has ended, the products or the
enantioners can be separated in a sinple manner, for
exanpl e by extraction by literature methods [a). T.
Yamano, F. Kikumoto, S. Yamanm22o, K. Mwa, M Kavvada
T. Ito, T. lkenoto, K. Tom matsu, Y. M zuno,

Che
Lety. congmsionaty azshpln asterfagét: fomez, N 'Buchholz, Chem. Ber
Sonpgyscheirn, Fpqdkei |b M. SEeintem §Q§%m&7a ]Mslliansler

o Phdd 4R o it LA Enapid8Be, 108 bebAnd; us to

di sichiesl Seﬁ)alﬁﬂbﬁaﬁ%@mg Itm m%@t-utssdlumw oit Ep@flnglyewater-soluble
nl al,co vall Z | O exa

5 acyritp Y Sty Alter His yaparalen Be geyapRa i pf iilaiconols
anlepdrbedreyvemedd®y cismicaheeespnatiohydrolysisin ester [a).

H. . , \ .

v ARy Ry MERg RS e PRpara il the Sdnidigphe case
H. ofithel pazrmatithgexdatianisto sged theey! gonordnsuchusway that the
achic I‘é?ecf@ﬁéﬁl?ém&glsf @ﬂhéﬂlﬁrﬁ@ﬁ‘é%a&éf@@ihﬁ@ fhatf the  unconverted

e 5 esters extracti on.

par r-s
10¢ h@@%&r%@!ﬁﬁe acKdeRerns, ake, fak %@me!e {elic, pabydiides such as
. casubeiniceartydeide b@nadishipletibn of tl@éumﬁat@c awié@d:wsmé aciation

t [,arl t ti
P Bl Heats ' lreg hbEMIOTRIR MBlch, SHRHIES Al fioyal of the
t o psedunt bytdueicauy lexttaction undsubasia coagitiohstfot brample with sat.
acghgéﬁgs ﬂ%ﬂﬁﬂ) ggﬁltbéodl stinctly nore water-sol uble

e unconv rte al cohol . Suitable acyl donors
15are, for exanple, cyclic anhydrides such as succinic

an'né/déh at@n o?aﬂHQt' ‘?ééé][ltu@rfn IB e?&azwblgsécwhat bRdbedure is
the |on oduct bears a free
I‘é’s E’pﬂ‘ dan efBles| obit h?h@m}b'll%o(u)ct °6ye a#@!ﬁjé"’here

exR &SOCﬂDHyndHDCHQSI-% WHQCIOM(SHzCHQCe)@HDIrﬁ anl talqueous or
sat

Na | ut 15 1 t |
e SlqolioT SOBORSVEN anyhteiase i IbaRe MAGKYRG e i o”
20 pr #freagteyadvantayeousaio ksfferthefsdlltior memtibaed | for eixkample with
ex e = r "
BB B e G R B e
or mayp ireexamples be Odil-1ImiolamAyfaierabtb/buffergaoge is pH 5-10.

buffer the solution rrentioned for exanple with

phosphate or TRIS [=tris h?/drox ymet hyl ) met hyl am nel
buffherenzymesayged iaje preferably hydrolases from mammalian livers, for

- 25 example lipase from porcine pancreas (fluka), or from microorganisms, for
example Lipase B from Candida antarctica (Roche Diagnostics), Lipase OF
from Candida rugosa (Meito Sangyo), Lipase SL from Pseudomonas
cepacia (Meito Sangyo), Lipase L-10 from Alcaligenes spec. (Roche
Diagnostics), and Lipase QL from Alcaligenes spec. (Meito Sangyo). When

30 the esfers used are glutaric acid derivatives, for example mono-(3-
benzyloxycyclohexyl) glutarate, it may be advantageous, instead of the
abovementioned lipases, to use glutaryl-7-ACA Acylase (Roche
Diagnostics).

Particular preference is given to using Lipase B from Candida antarctica

35 (Roche Diagnostics), and it may be advantageous to use the free enzyme
or an immobilized form of the enzyme, for example one of the three
products which are currently obtainable commercially.



may, for exanple, be 0.01-1.0 rmolar. A favorable

buffer range is pH 5-10. The enzymes used are

preferably hydrolases from mammalian livers, for 25

exanpl e |ipase from porcine p@idcreas (fl uka) or from

m croorgfanl sns, for exanple Lipase B from Cand

antkAh 9T dhe ensymes meptirnad eay) be usgdde free orfip cmmoblhzed form

Ca ﬁi&@%ﬂli@@s@oﬁé@!ﬁ&s quyﬁatmetérpﬁmn@brfwmg Berlin, 1988).
S

JXe dBAuat %p%%v%@c%’éecfsﬂia@?%gfﬂ%e@d'ﬁw fb@prges{@ rate or
f r c:m Necdesigeineactipr dimé eidt on e dype) of Wmanﬁﬁmef(&)r example

e e

ad\easpea@@ots herenzyate ofin thecrecaberednwnireered rymg;a'Ele@ removal
Lo 48§ o héﬁé}ﬁ %r Fe&%‘?d?“fﬂé @ﬁgyrﬁg%‘éﬁ%e é% @%P:ilzatlon.
o] L| pase

Partlcu ar preferencé 1s glven usi ng rom
Candi da antarctica 35 (Roche Diagnostics), and it nay

be SifeBRE 36886tEh tedrt? AlRys' QQC@Edé”% @lﬁtaﬂﬂng at least one
mmblllzed forrr?]ﬁzlf the enzy

for e t he
10 pSBENIGMEE i PRSI FHrS faTRy, Y ROFSERT iS debited, the
cormave:nswd . thé%as&aﬁmménzymeamsftaeﬁ)rmm@h@dld:be ldss than

US98t A 150, Pl FRERaLS 880 iTnalik FVBRMAIE B atconolysis,
19m§ater than (regual &) 50y WMéhérs opticaliytpede faleadiof is desired, the
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AII isolated products and crude product mixtures were identified by
H NMR and mass spectra or by HPLC.

The optical purity of the esters and alcohols was determined by HPLC, for
30 example on Chiralpak AD 250 x 4.6 (Daicel) or Chiracet OD 250 x 4.6.

Scheme la:
Example 1

35 Synthesis of racemic methyl cis-2-(3-hydroxycyclohexyloxymethyl)-6-
methylbenzoate
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7.15 (d, 1H), 7.20 (d, 2H), 7.27 (m, 1H).

Example 2
Optical resolution of methyl cis-2-(3-hydroxycyclohexyloxymethyl)-6-
methylbenzoate

HO.,, 0
O rac,  COMe

490 g of the crude, racemic methyl cis-2-(3-hydroxycyclohexyloxymethyl)-
6-methylbenzoate (see Example 1) were dissolved in 3.11 of methylene
chloride and 850 ml of vinyl acetate, admixed with 18 g of Novozym 435
and stirred at 21-24°C. After 28 h, a further 2 g of Novozym 435 were
added. After a total of 44 h, the reaction was ended by filtering off the
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150.0 g (0.63 mol) of 4-chloromethyl-2-(3-methoxyphenyl)-5-methyloxazole
were dissolved in 2.7 | of THF and admixed with 106 g (0.71 mol) of Nal.
The mixture was stirred for 4 h and left to stand overnight, the salts were
filtered off with suction and the filtrate was concentrated under reduced
pressure. After approx. 1-2 hours, the desired iodide solidified, yield: 216 g,
mp 58-59°C. 1H NMR (CDCl3z): 8 = 2.30 (s, 3H), 3.88 (s, 3H), 4.34 (s, 2H),
6.97 (dd, 1H), 7.34 (, 1H), 7.52 (d, 1H), 7.58 (d, 1H).

Example 4

Synthesis of methyl (1R,35)-2-{3-[2-(3-methoxyphenyl)-5-methyloxazol-4-
yimethoxy]cyclohexyl-1-oxymethyl}-6-methylbenzoate

-
MeO N o, K¢
N : '
CO,Me

184 g (0.66 mol) of methyl (1R,3S)-2-(3-hydroxycyclohexyloxymethyl)-6-
“methylbenzoate (see Example 2) were dissolved in 2.21 of t-BuOMe.



150.0 g (0.63 nol) of

4- chl or onet hyl - 2- ( 3- net hoxyphenyl ) - 5- net hyl oxazol e
were dissolved in 2.7 | of THE and adm xed with 106 ¢
(0.71 nol) of Nal. The mixturé®was stirred for 4 h
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and.9@{m, 1),st.42 .36 émnibhi 7.53Hs, SH)i68I(d: Me)s stirred
for a further 4 h and then, with cooling, 200 m of
vvater vvere added cauti ously, and later a further 1.5

15I @ani c phase was renoved, dried (Na2SO4) and
ed yder L )5 -4-
"?m* e S o
appioR 5Io 1e Pxymgéhyly qthylbenzou: ac:d

d| chl or onet hane/ acet one), Vi eI d: 199 g of a 10
yellowsh oil; 1H NWR (CDCI3), S =1.15-1.32 (m 4H),
1.81 (m 1H), 2.00 (mo , 2.07 (m 1H), 34 (s,
3H), 2.40 (s, , 2.51 ( 1H),, 3,27 4m ‘
(m 1H), 3.87Me(%;? Ny 3NG0 FQ’"- A‘S N) |
4.60 (s, 2H), 6. m 1 H, 7. 35 (m 4H), 7.53
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199g (0.41mol) of methyl (1R,3S)-2-{3-[2-(3-methoxyphenyl)-5-
methyloxazol-4-ylmethoxylcyclohexyl-1-oxymethyl}-6-methylbenzoate (see
Example 4) were dissolved in 2 | of ethanol. 250 ml of 33% NaOH were
added and the mixture was heated to reflux for 15 hours. Ethanol was
25 distilled off under reduced pressure, and the residue was dissolved in
approx. 2 | of water and washed four times with 500 ml of MTB ether each
time. The aqueous phase was acidified to pH 1 using conc. hydrochloric
acid with cooling, and the oily product was extracted using 1.51 of ethyl
acetate. The ethyl acetate solution was dried and concentrated under
30 reduced pressure. The residue was dissolved in 1.2 | of DIPE at approx.
40°C. Crystallization and drying under reduced pressure at 60°C resulted in
132.5 g of the desired carboxylic acid; mp 103-105°C; > 98% ee (HPLC on
Chlralpak AD-H 250 x 4.6; 1 ml/min, 90:7:1 heptane/EtOH/CH3CN + 0.1%
TFA); H NMR (CDCl3), & = 1.14-1.38 (m, 4H), 1.80 (m, 1H), 1.93 (m, 2H),
35 241 (s, 3H), 2.44 (s, 3H), 2.61 (m, 1H), 3.40 (m, 2H), 3.86 (s, 3H), 4.53 (s,
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; of Nal. The m xture was stirred for 3.5
h, Synthegiheof Imethyl of 1REBS)VE {2 [t akthyiphemd)-Bimetinytoxazol-4-

DG BRI A iR B beni el o vere

0]
. \&/0 O\Q
N .
O CO,Me

36.0 g (0.129 mol) of methyl (1R,3S)-2-(3-hydroxycyclohexyloxymethyl)-6-
methylbenzoate (see Example 2) were dissolved in 430 ml of tBuOMe.
17.2 g (approx. 55%, 0.35 mol) of NaH were added and the mixture was
stirred at 23°C for 30 minutes. 55.1 g (0.166 mol) of 4-iodomethyl-2-(4-
methylphenyl)-5-methyloxazole (Example 6) were added. After stirring for 6
hours and leaving to stand over 2 days, 400 mi of water were added and
the organic phase was removed. After drying (Na2S04) and concentrating,
the crude product (75 g) was chromatographed on silica gel (approx. 1kg)
(19:1 dichloromethane/acetone), yield: 42g of the dialkkylated 1,3-
cyclohexanediol derivative as a yellowish oil; 1H NMR (CDClgz), &= 1.16-
1.31 (m, 4H), 1.80 (m, 1H), 1.97-2.1 (m, 2H), 2.34 (s, 3H), 2.39 (s, 3H),



“the filtrate was concentrated under reduced pressure;
yield: 10.1 g, nmp 104-105C, 1 HNWR (CDCI3): S = 2.29
(s, 3H, 2.39 (s 3H), 4.34 (s 15 2H), 7.24 (d, 2H),
788 (d. 2H). mple 7 Synthed s of nethyl (1
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o~ 2H), ¥/58 (s, 2HD 'CCIBI\(H 186.7020-7(28 &A24pp| 7.88f(d eyl (1
R, 3S) - 2- ( 3- hydr oxycycl ohexyl oxynet hyl ) - 6-
met hyl benzoate (see Exanple 2) were dissolved in 430
m bfare@ed@ve. 25 17.2 g (approx. 55% 0.35 nol) of NaH

vver angyft he X
.Sl (o QRO LT bRl oo
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After stirring for 6 hours and |eaving to stand over

2 days, 400 M of water were added and the organic

phase was renoved. Aftey_drying (Na2SO4)

concentrating, 30 the fruge p{)oduct >(§7 S

chr omat ogr aphed "G 19:1
di chl or oret hane/ a , yield g of the
di al kyl ated 1, 3= cycl ohexanedi ol ~derivative &s a

yeIIovvishoiI;tHNl\/R(CDClS),8—116 1.31 (m 4H),
1.80 I—819721(m2H),234 (s, 3H, 2.39
10(34231-51 28.02mud) (sof 3Hmetlyl52 (1R,38)-B){3-[2-@/méthylghenyl)-5-

(S’m2h§3x5%| -4 H)hethé }_gﬁ%yé;él%%)w @éy gth&ﬁg -n%"%\gbf e (see
H) E L were d@qgv%ynsd,zg m{i of ethanol. 45 ml of 33% NaOH were
R aied itk the MRS WA to A for! 4p5t20! 20 nblirs, Ethanol

mst hoxéj el or}%}/ &‘?rdeéﬁ?%ﬁ dﬁ’e 6r5-;n§t2 n%s@n%—:‘o%m%sagllsgolved in
15 R 58))-@- ¢fawater (ahdthichsdlpfienywas-washed four times with in each case
100 ml of MTB ether. The aqueous phase was acidified (pH 1) using conc.
‘hydrochloric acid with cooling and the oily product was extracted using
ethyl acetate. The ethyl acetate solution was dried and concentrated under
reduced pressure. The residue was dissolved in 250 ml of DIPE with
20 heating. On cooling, the crystallization set in. When the crystallization had
ended, and after drying under reduced pressure at 60°C, 28.4 g of the
desired carboxylic acid were obtained; mp 117-118°C; > 98% ee (HPLC on
Chiralpak AD-H 250 x 4.6; 1 ml/min, 90:7:1 heptane/EtOH/CH3CN + 0.1%
TFA); H NMR (CDCl3), 8 = 1.14-1.36 (m, 4H), 1.80 (m, 1H), 1.91 (m, 2H),
25 2.39 (s, 3H), 2.40 (s, 3H), 2.46 (s, 3H), 2.64 (m, 1H), 3.40 (m, 2H), 4.54 (s,
2H), 4.68 (dd, 2H), 7.17-7.30 (m, 5H), 7.91 (d, 2H).

Example 9
Synthesis of 4-iodomethyl-2-(3-methylphenyl)-5-methyloxazole
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met hyl oxazol - 4-yl met hoxy] cycl ohexyl - 1- oxynet hyl } - 6- net
hyl benzoate (see Exanple 7) were dissolved in 420 m
of ethanol. 45 m of 33% NaOH were added and the
m xture was heated to reflux fof approx. 20 hours.

d off reduced pressure,

di st
e Btk olSER e TBtUE Amet dden) eiayiBrazaie wae dissolved
solint12hmhdstFnast ednfioed withne.s g\f(smmrﬁo@@‘ﬁ Nt aFRe mMiRflre was

n1
) Sl L 0T BB BB a T bagT o RSt and
0| | gonseptration \mfsthexf lirate emldaswaguceazl rwéssuretga\&a 10teg of the

set fuésu@a%afﬁ@ ﬁffJ uiben: Y MR‘ @b@ﬁ ?@‘g ﬁk@ég 40 (s, 3H),

under reduce essure.
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e desired carboxyllc aci d were obtained;
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1.91 (m 2H), 25 2.39 (s, 3H), 2.40 (s, 3H), 2.46
(s 3H) 2.64 (m 1 H), 3.40 (m 2H), 4.54 (s, 2H)),
4.68 (dd, 2H), 71770 (m 5H), 7.91 (d,
Exanpl e 9 Synthesis

4-1i odonet hyl - P ) t 30 1
29 6.0 g of
4-chl or onet hyl 4- met hyl pheny - met hyl oXe@dMe were

di ssolved in 120 mMi THE and admi xed with 4.5 g (30
mml) of Nal . The m xture was stirred for 5 h and

ef nd, ov t e.renpoval of the solid
mol) -
andB 45Dl RoNoor St IR 35y axa uRavvoyabedoxymethy)-6
15p‘r2 emthylbegavatel (a2 Exaf‘npﬂéle Swetes disgdivieddind 430l of tBuOMe.
-3 gz 129 E(%o(xcg%{z %33 1119]; o?gla&-;\nﬁre dj_jdzﬁg On,é %e m'_%uie was
|—|) stired &t 2D-22°CHfor Ex aniplies165Jyg {0 cS6smol ofst-lndomethyl-2-(3-
(1 b2
Bl bl A ol Y S aadf s
for 6 hours and leaving to stand over 2 days, 400 m! of water were added
20  with cooling and the organic phase was removed. After drying (Na2S04)
and concentrating, the crude product (75 g) was chromatographed on silica
gel (1.2 kg) (19:1 dichloromethane/acetone), yield: 48 g of methy! (1R,3S)-
2-{3-[2-(3-methylphenyl)-5-methyloxazo!-4-ylmethoxylcyclohexyl-1-
oxymethyl}-6-methylbenzoate; 'H NMR (CDCl3), §=1.13-1.31 (m, 4H),
25 1.80 (m, 1H), 1.97-2.1 (m, 2H), 2.34 (s, 3H), 2.40 (s, 3H), 2.41 (s, 3H), 2.52
(m, 1H), 3.27 (m, 1H), 3.37 (m, 1H), 3.90 (s, 3H), 4.48 (s, 2H), 4.59 (s, 2H),
7.12-7.33 (m, 4H), 7.78 (d, 1H), 7.84 (s, 1H).

Example 11
30 Synthesis of (1R,38)-2-{3-[2-(3-methylphenyl)-5-methyloxazol-4-
ylmethoxy]cyclohexyl-1-oxymethyl}-6-methylbenzoic acid
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Example 12
Optical  resolution of cis-3-[2-(3-methoxyphenyl)-5-methyloxazol-4-
25  ylmethoxy]cyclohexan-1-ol

24.9g of the racemic cis-3-[2-(3-methoxyphenyl)-5-methyloxazol-4-
30  ylmethoxy]cyciohexan-1-ol (prepared by alkylating cis-1,3-cyclohexanediol
with 4-iodomethyl-2-(3-methoxyphenyl)-5-methyloxazole) were dissolved in
100 ml of vinyl acetate, admixed with 1.0 g of Chirazyme L-2, lyo., and




heating. On cooling, crystallization set in. Wen the
crystallization has ended, and after drying under
reduced pressure at 60C, 29.9 of the 15 desired
carboxylic acid are obtained, 109-111C;, > 98% ee (H
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IS 100 r f vi nyl acetate, adm xed
Odd%g'lﬁ’?g@{\" 2 lyo., and 31 stirred at

20-23C. After about 30 m nutes, the enzynme was
filtered off and the solution oncentrat ed under
reduced pressure, crude pro 25.8 g. After

chr omat ogr aphy o lica gel ( 0:1-Q: 1 n-he ne/ et hyl
acetate), 13.7 Megi N 8 %t]_?

S, 3R) -3-[2-(3- rrethox [')-5-methyl ¢ gl -4 5

yl met hoxy] cycl ohexan- and 11.3g of

(1R 3S)-acetyl compound were obtained. Exanple 13
Prepar ation of (1

N AR B 0 it oo

15R, ﬂﬂélsétfd’tﬂe(}l‘i oadimixed With1 0.5l ef iNa©dle 80%) and stirred at
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ap 920323° 1§ﬁér0§ 5, fﬁfa rﬁﬂg{l'e RIS AL d withocdHcehtrated acetic

(i?» and stirr
acud aken up with ethy! acetate, washed with NaHCOQ3, dried over

NazS04 and concentrated under reduced pressure. After filtration through
silica gel (10:1-0:1 n-heptane/ethyl acetate), 8.8 g of (1R,3S)-3-[2-(3-
methoxyphenyl)-5-methyloxazol-4-yimethoxyjcyclohexan-1-ol having 92%
ee (HPLC on Chiralpak AD-H 250x4.6: 1mlimin, 90:7:1
heptane/EtOH/CH3CN + 0.1% TFA) were obtained.

Example 14
Synthesis of methyl (1R,3S)-2-{3-[2-(3-methoxyphenyl)-5-methyloxazol-4-
ylmethoxylcyclohexyl-1-oxymethyl}-6-methylbenzoate

14g (44mmol) of (1R,38)-3-[2-(3-methoxyphenyl)-5-methyloxazol-4-
ylmethoxy]cyclohexanol {see Example 13) were taken up in 15ml of
tBuOMe, admixed at 24-27°C with 1.20 g (10.7 mmol) of KOtBu and stirred
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Starting from (1 S,3R)-3-[2~(3-methoxyphenyl)—5-methonxazoI-4-yI-
methoxy]cyclohexan-1-ol from Example 12, alkylation in a similar manner
to Example 14 gives (18,3R)-2-{3-[2-(3-methoxyphenyl)-5-methyloxazol-4-
ylmethoxy]cyclohexyl-1-oxymethyl}-6-methylbenzoate; the HNMR data
agree with those in Example 14.

Example 16 _

Optical  resolution  of  cis-3-[2-(4-fluorophenyl)oxazol-4-ylmethoxy]-
cyclohexan-1-ol, preparation of (1S,3R)-3-[2-(4-fluorophenyl)oxazol-4-
yimethoxy]cyclohexan-1-ol



15 7.12-7.35 (m 4H), 7.53-7.60 (m 2H). Exanple 15
Synthesis of nethyl (1
S, 3R)-2-{3-[2-(3-net hoxyphenyl 5 met hyl oxazol -
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Starting from (18,3R)-3-[2-(4-fluorophenyl)oxazol-4-yimethoxylcyclohexan-

1-ol from Example 16, alkylation with methyl 2-bromomethyl-6-

methylbenzoate gives methyl (1S,3R)-2-{3-[2-(4-fluorophenyl)oxazol-4-yl-
25 methoxy]cyclohexyi-1-oxymethy!}—6-methylbehzoate (see Example 35).

20

Example 18 ;
Optical resolution of 3~[2-(4-methylphenyi)-s-methyloxazol-4—yl-
methoxylcyclohexan-1-ol

30
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S, 3R)-2-{3-[2-(4-fl uorophenyl)oxazol - 4-yl nmet hoxy] -

cycl ohexyl - 1- oxynet hyl } - 6- met h‘;)(l benzoate O N 20 F /
CO2Me Starting from (1
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3-[ 2- (4- net hyl phenyl) 5- met h{#oxazol - 4-yl -
met hoxy] cycl ohexan-1-ol 30 34 off N .O rac. where
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" and 6.8 g of the (1R,3S)-acetate are obtained.

Example 19
Preparation of (1R,3S)-3-[2-(4-methylphenyl)-5-methyloxazol-4-ylmethoxy}-

cyclohexan-1-ol
0
@/Qﬁ/o . ~OH
QO

6.8 g of the (1R,3S)-acetyl compound from the Example 18 were dissolved
in approx. 65 m! of MeOH, admixed with 0.32 ml of NaOMe (30%) and
stirred at 20-23°C. After 4 h, the mixture was neutralized with acetic acid,
concentrated under reduced pressure, taken up with ethyl acetate, washed
with NaHCOg, dried (Na2S04) and concentrated under reduced pressure.
After filtration through silica gel (10:1-0:1 n-heptane/ethyl acetate), 8.8 g of
the desired (1R,3S)-3-{2-(4-methylphenyl)-5-methyloxazol-4-ylmethoxy]-
cyclohexan-1-ol with 95% ee (HPLC on Chiralpak AD 250 x 4.6; 1 ml/min,
90:7:1 heptane/EtOH/CH3CN + 0.1% TFA) are obtained.

Example 20 -
Optical  resolution  of  cis-3-[2-phenyl-5-methyloxazol-4-ylmethoxy]-
cyclohexan-1-ol ' '




cycl ohexan-1-ol 0 0,.. ,0H N 20 6.8 g of the (1

R, 3S)-acetyl conpound fromthe Exanple 18 were

di ssolved in approx. 65 m of MeOH, adm xed with 0.32
n of NaOWVe (30% and stirred3at 20-23C. After 4 h,
the m xture was neutralized with acetic acid,
concentrated under reduced pressure taken up with
ethyl acetate, washed with dried (Na2SO4) and
concentrated under reduced essure 25 After
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% TFA) are obtained. 30 Exanple 20 Optical resolution

desrred (1

o; Clz ghe)bz; E&eaﬁmwé-sgzg}é%l sljﬂéﬂﬂ&c%(a&bﬁmﬁlﬁéﬁrﬂox%]cgclohexan 1-
52. Ol Wese  dissof dix 8% oYinyL. ﬁ%tﬁoxﬂ%r@?‘@ﬂo%ﬁa@ 1g of

1 Ghivhzyme ¢.-2j lyeql aredl stined Gitn20-28°Q] After 2B@LAGER, the enzyme

o2 b B8 FREN et o oo, e

f i | ehwpwdtegraphyidon tadlicaopel (- t3nodweptanedethyhdeetate), 1.0 g of

re _Af el
%]béseﬁhpeqégmesw; ﬁer@ﬁrhyaoggg ggaéqegr c9apﬁéké&% He was

(1§ fined. po % r@lﬁm ﬁ9licb 0-96 g1 e theagptyatedhdR,35)

xarcdmpwd)uwmash%mmefgsr@n as a bright yellow solid and

0.968 of the acetylated (1R 3S) conpound as a

colorless oil. Exanple 21 Preparation of
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CYPRPGKAST O of  (1R,38)-3-[2-phenyl-5-methyloxazol-4-yimethoxy]-

15 cyclohexan-1-ol
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0.96 g of the (1R,3S)-acetyl compound from Example 20 was dissolved in
approx. 3-10 mi of MeOH, admixed with 0.1 mi of NaOMe (30%) and stirred
at 20-23°C. After 3 h, the mixture was neutralized with acetic acid and
~-concentrated under reduced pressure, taken up with ethyl acetate, washed
- with saturated NaHCO3, dried (MgS04) and concentrated under reduced
pressure. After filtration through silica gel (10:1-0:1 n-heptane/ethyl
acetate), 0.84 g of the desired (1R,3S)-3-[2-phenyl-5-methyloxazol-4-
ylmethoxy]cyclohexan-1-ol having 95%ee (HPLC on Chiralpak AD
250 x 4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA) was
~ obtained. '

Example 22
- Optical resolution of cis-3-[2-(4-methoxyphenyl)-5-methyloxazol-4-y-
methoxy]cyclohexan-1-ol



NI I 0.96 g of the (1R 3S)-acetyl conpound from
Exanpl e 20 was dissolved in 20 approx. 5-10 ml of
McOH, admi xed with 0.1 m of (30%9 and stirred
at 20-23C. After 3 h, the m xtuMe was neutralized wth
acetic acid and concentrated under reduced pressure,
taken up with ethyl acetate, washed wth saturated
NaHCO3, dried (MgSO4) and concepdtrated under reduced
pressure. After filtration t ra gh silica gel
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Exanpl e 22 Optical resolution of
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(1R, 3S)-acetate were obtained. Exanple 23 Preparation

of é;R, 3S) - 3-[ 2- (4- net hoxyphenyl ) - 5- net hyl oxazol - 4-yl -

15 mpley2&ycl ohexan-1-ol ~ 0,.. ..OH N

- ‘Preparation of  (1R,38)-3-[2-(4-methoxyphenyl)-5-methyloxazol-4-yl-
15 - methoxy]cyclohexan-1-ol

O OH
MeO

| 0.79 g of acetate from Example 22 were dissolved in approx. 5-10 mi of
- 20 . MeOH, admixed with 0.1 ml of NaOMe (30%) and stirred at 20-23°C. After
3 h, the mixture was neutralized with dilute acetic acid and concentrated
‘under reduced pressure, taken up with ethyl acetate, washed with
‘saturated NaHCOg, dried (MgSO4) and concentrated under reduced
. pressure. After filtration through silica gel (10:1-0:1 n-heptane/ethyl
25 acetate), ‘0.84g of (1R,38)-3-{2-(4-methoxyphenyl)-5-methyloxazol-4-
ylmethoxylcyclohexan-1-ol were obtained as a yellow oil having 92% ee
(HPLC on Chiralpak AD 250 x 4.6; 1 mllmin; 90:7:1 heptane/EtOH/CH3CN

+ 0.1% TFA).
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‘Preparation of (1R,35)-3-[2-(4-fluorophenyl)-5-methyloxazol-4-yimethoxy]-
cyclohexan-1-ol

0.75 g of acetate from Example 24 was dissolved in approx. 30 ml of
MeOH, admixed with 0.2 m! of NaOMe (30%) and stirred at 20-23°C. After
1 h, the mixture was neutralized with dilute acetic acid and concentrated
under reduced pressure, taken up with ethyl acetate, washed with
saturated NaHCOg3, dried (MgSO4) and concentrated under reduced
pressure, yield: 0.59 g of (1R,3S)-3-[2-(4-fluorophenyl)-5-methyloxazol-4-
yimethoxyjcyclohexan-1-ol as a white solid having 94% ee (HPLC on
Chiralpak OD/19 250 x 4.6; 1 ml/min, 110:2:1 heptane/EtOH/CH3CN +
0.05% TFA). |
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Th(if‘q:rH tﬁe'g(?:t%/'i on m%xt %%@Ia’vrvagﬁ] gﬁ(ﬁ?ﬁc?%d%t h@yn%esns &4 friono(3-
di bgnaylerayelohexylirglutaratenses FExasyple 38} veatei taken wipt im 2 mi of
t ophesshaBdbGASE O @Il G9H & WA | Upﬂﬁé i
prgssufhe. The igr‘lmmhg@?o-yn?'g?/ t e%@?irqa puré@ﬁ@%d with
(1 3RPE 5mao0f Ghirazyme L-2, Ilyo., at 20-33°C for approx. 20-24 h. The

f | veactiohemyti) X 28! extratia® Wit ichysrbReeans.| TR r%@é{rﬁc phase
: m n

o 85, P IER Wi ldgn apd BPGrniraled Ty evasigratipe uader réduced

( HpreSsare.Clihealdetérn@ifals® of 4hé; ogtiodl / purity 130 (PRBS)-3-[2~(4-
fluorophenyl)oxazol-4-ylmethoxylcyclohexan-1-ol gave 99.4% ee (HPLC on
Chiralpak AD 250 x 4.6; 1 ml/min, acetonitrile) and 98.9% ee for the
(18,3R)-acetate (HPLC on Chiralcel OD 250 x4.6; 1 ml/min, 110:5:1
heptane/EtOH/CH3CN + 0.1% TFA).

Scheme llia

Example 27
Synthesis of racemic cis-3-benzyloxycyclohexan-1-o}

HO.,_'O‘NO\/Q
rac.

30 -

150.0 g (1.29 mol) of cis-1,3-cyclohexanediol were dissolved in 1.51 of
NMP, admixed with 111.6 g (0.99 mol) of potassium tert-butoxide (KOtBu)




hept ane/ Et O/ CH3CN + 0. 1% TFA). Schene Ilia 25
Exanple 27 Synthesis of racen1c

ci s- 3- benzyl oxycycl ohexan- 1 - O" 0 rac. 30 150.0
g (1.29 nol) of cis-1, 3- cycloﬁg%anedlol wer e dlssolved

in 1. of ed with 116 0.99 nol)
pot%&‘fﬁl} ?&f%;%?gﬁ f(a@l&% BYnUigRathe: MV Wes 'oooled to
25-(FTandfadmixat alrbpRidenithit78s1 gt {14 Eb'Tmﬂl)Uéﬁb IW@Mtﬂa The
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each Case%qlﬁ’r wat er, dri ed Na2804
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r echixteitiedr @ssar eleats y@ll@wOf:nI‘t gy N 1 @Udﬂd 2®1(fh, 1H),

100825085y cF) S3m 481 WG 2hb oot M SR ), 374 o

2. 581), 4.8D(dd, 2HH.25F.56 (hpbH)H) , 3. 74 (br 1H), 4.55

- (dd, 2H), 7.25-7.36 (m 5H). Exanple 28 Opti cal
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resol ution of 3-benzyl oxycycl ohexan-1-ol 15 HO, 0",
0- 'Example 28 20. 3 g of cis-3-benzyl oxycycl ohexan- 1- ol

WerSptitiat pol@ibri 6F RBefity Ig’{gxcycgiﬂv?nxaﬂolebﬁte and 125 m

of met hyl ene chl ori de, 0 g of Novozym
20 435 and stirred at 20-23C for 6 h. After leaving to

stand overnight, the enzynme was filtered off. A
sanpl e was wi thdrawn and concentr at ¢
HO.,'_O“\.O
rac.

-20.3 g of cis-3-benzyloxycyclohexan-1-ol were dissolved in 35 ml of vinyl
acetate and 125 ml of methylene chioride, admixed with 2.0 g of Novozym
435 and stirred at 20-23°C for 6 h. After leaving to stand overnight, the
enzyme was filtered off. A sample was withdrawn and concentrated by
‘evaporation under reduced pressure. The enantiomeric excess of (1S,3R)-
3-benzyloxycyclohexan-1-ol was >99% (HPLC on Chiralpak AD-H
250 x 4.6; 1 mi/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA), and the
-enantiomeric excess of the (1R,3S)-acetate was 78% (HPLC on
Chiralcel OD 250 x 4.6; 1 ml/min, 100:1:0.5 heptane/EtOH/CH3CN).

Example 29
Optical resolution of 3-benzyloxycyclohexan-1-ol

HOf,_'O“.\O\Q
rac.



‘evaporation under reduced pressure. The enantioneric

excess of (1S,3R)- 3-benzyl oxycycl ohexan-1-ol was >
99% (HPLC on Chiral pak AD-H 250 x 4.6; 1 nm/mn,
25:1: 0.5 heptane/ Et OH/ CH3CN + 8019% TFA), and the 25
enantioneric excess of the (1 R 3S)-acetate was 78%
(HPLC on Chiralcel OD 250 x 4.6; 1 m/mn, 100:1:0.5

hept 60.€ ot C-BaMyloxyyalublesar 9 -6ieradiss§196d ¥ 1 PO ndifof vinyl

s DA e, ot oo

170489 astd slingd at 20:231@ fan@6880The enkzymetvigs dittered off, and a

ghl g5
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h. i 1 R 39)- t at 90%
1 o A e p AR U 6 Sk T 10

100: 1: 0. 5 heptane/ Et OH/ CH3CN). Exanple 30 Isol ation of
“‘ﬁi?&ﬁ%b% nzyl oxycycl ohexan-1-ol, separation of the
m xture’ of acetate and al cohol with pyridine-S03 15

1. dsglagipntafd18:3R)e3-heszyiosyeyaiehrranad -ol, meparation ohthe mixture

st esfenmtheEndvacoldlWitRby fdiae B4 ation of
3- benzyl oxycycl ohexan-1-ol (from Exanple 29) were

13stirred with 2 g of pyridine-S03 at 20-22Cin 10 m of

p%/r‘l.giglgofaﬁﬁtla Erﬂﬁehcﬁce@tﬁlazléétzcﬁr nfzixfﬂlret ﬁgrrP %\éelrst?ér@]@seiective
0 nzyl cyel.ohex o .the pyridine salt o

heS; Bost R S8 S bebubRipyalatR R 4Fore Example 29)
r eaeneostirred it 2 gnak pyidine 80 yiat 204R278 ioflOwat ef pgridine and

ZOSE?S @gt ‘?g'%w. Cﬁf{%}ﬂe& Eﬁ 3&%9&3'39[3_2{8@% §§%fe a%%i%ﬂb%e%ﬁ& to the
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pyridine salt of the sulfuric ester was virtually quantitative. The reaction
mixture was diluted with 40 ml of water and extracted twice with approx.
20 m! of MTBE. The MTBE phases contain the unchanged (1R,3S)-acetate
quantitatively. The remaining, acetate-free aqueocus phase was
concentrated by evaporation under reduced pressure. The residue was
admixed with MTBE, and the sulfation product solidified; yield: 2.7 g.

2.7 g of pyridine salt of the sulfuric ester of (1S,3R)-benzylcyclohexan-1-ol
were stirred at 55°C in 45 mt of THF, 4 ml of water and 1 ml of conc.
sulfuric acid for 2 h. The mixture was admixed with 40 ml of water, approx.
10 ml of MTBE were added, the phases were separated and the aqueous
phase was extracted once with MTBE. The combined organic phases were
dried (Na2S04) and concentrated by evaporation; yield: 640 mg of a bright
'yellow oil. The NMR data agree with the data quoted in Example 16; the
testing of the optical purity gave > 99% ee.

Examble 31 _
Isolation of (15,3R)-3-benzyloxycyclohexan-1-ol,
‘separation of the mixture of acetate and alcohol by extraction



quantitatively. The renai ning, acetate-free aqueous

phase was concentrated by evaporation under reduced
pressure. The residue was 25 adm xed with MIBE, and
the sulfation product solidifi4l; yield: 2.7 g. 2.7 g

of P%rl c%i Be salt of the sulfuric ester of

( 1S BR)QTHER AFLEG AcstRigMcohobmixiwse drom iExampla2958ers taken up

45 ifappiroX M0 mit ofimethaM&itiid amstok. b rdf o RaYer gnd_w%shed three
e was adm xed wth 40

sultfuric.tcidf r 2 h. Theéﬁ'r);‘i)u% ]
n res i Sashicste Hnprax 5 mbpt fhsplars-o hederstbingd dieptane
phasesesqcentaip predaminantly titeasstatdusre Haedvdsth 50 ml of 1:1

' E T nmbi ned ' h o
o RIS, M Rinecl M SR BteS SRl GRBRA S it
yi en-bepme. iftest cendenitiging thel aquemis phabe, BIFY dift the desired
SRR U AR AUREN-1 8, FETRIAaRR, LY $5H:BAvaton
| sdifdbe sﬁrr@ﬂnqdlgsemape A3 gays yc§ gl afttae 4HR139tacetate.
separation of the m xture of acetate and al cohol by

10ex§é acti!o%l 10 g of the crude acetate/al cohol
mi Xt eP'P Exanpl e 29 were taken up in approx. 90

m  Syintimextis af dliodometiplod-lutdopherdfosateke and washed
three tinmes with in each case approx. 50 m of

n- hept ane. The conbi ned heptane phases (contain
predom nantly the acet at ( acted with 50 nl of
1: 1 5 net hanol / wat er . FFhé pi-ded jpqueous phases are
washed again with n-hepthaag. Afjereopdentrating the
aqueous phase, 3.6 g of the desired

(1S, 3R) - 3- benzyl oxycycl ohexan- 1-ol were obtai ned, and

th nc e} of the conbipe t ane phases ve
155, 3§07 CREA TR, o8& SiGRETe By SRR ety o were
Zf dissiobtmhint 80 hl 2f [ anod adpivetyWith 318 gg21@ mmdy oflNal. The
. Tfturd el S 26202050 1513, 799,24 507G Taghout 12 h, the salts
di yssevaliiered of withosudtish and Hhivifitisatenivias SohBenfrated under
(Zl;e&déé‘)'p}eéguré?lyiela—.*€1 g. The product crystallized; mp 100-102°C;
20 HNMR (CDCI3): 3 =4.34 (s, 2H), 6.97 (dd, 1H), 7.14 (m, 2H), 7.68 (s,

1H), 8.03 (m, 2H).
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Example 33
Synthesis of (1S,3R)-4-(3-benzyloxycyclohexyl-1-oxymethyl)-2-(4-
25 fluorophenyhoxazole

2.0g (9.7 mmol) of (1S,3R)-3-benzyloxycyclohexan-1-oI were dissolved in
30 35 ml of tBuOMe. 1.3 g (approx. 55%, 43.7 mmol) of NaH were added and
the mixture was stirred at 22°C for 60 minutes. 3.9 g (12.9 mmol} of 4-
iodomethyl-2-(4-fluorophenyljoxazole (Example 32) were added and the
mixture was stirred at 22-23°C for about 3 hours. After leaving to stand



m xture was stirred at 20-23C for 3 h and at 50C for
about 12 h, the salts were filtered off with suction
and the filtrate was concentrated under reduced
pressure, yield: 6.1 g. The pr‘b%luct crystallized np

100- 102C: '8 = 4.34 (s,
(advernight,the, ickie Wgs Shires s 22.05°) Torgaciipar Hy. Water
Exa(laipbm)833®mly heas sadfed With cooling and te organic phase was
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st |dqréfatla@ Fpe woite golici mp 63-62309 (jﬁ NMR qCiRGiE), o 1411-1.39

I f4umo yl ( )
ad%%ﬁ"'"‘““‘?’ I B2 DR 2H 2 Bl 180588, 28655 ¢
s &-5($.e2H), e@w . th'|)st7a2@-74i5 (rov 8H)I G168, (st Heél), 8.02 (m,
mogH) e was stirred at 22-23C for a further 11 h.
Water (approx. 30 m) was added with cooling and the

organi ¢ phase was renoved. Drying (Na2SO4),
corto@mplatddng (crude yield: 4.5 g) and chromatography

on t hapne/ acet.one ave 2

o St YIRS B IR oS oy iy Sichexanol
d| Bydwidse@enatios: cycl ohexanedi ol derivative as a white
solid; nmp 61-62C, 1H NMR (CDCI3), 3 = 1.11-1.39 (m
4H) , 1.82(m 1H), 2.07 ( 2H), 2.55 (m 1H), 3.38
(m 2H) 4.55 (s, 2H), s, 2H), 7.13 (m 2H),
7.25-7.35 (m 5H), 763 2.0 ~ORH) . 10
Exanpl e 34 Synthesis
(1R, 3S)-3-[2-(4-flxorqpfienyl )oxazol - met hoxy] cycl oh

15exanol by hydrogenation OO0,,,.0,,0Hd N

10

2.4 g of (15,3R)-4-(3-benzyloxycyclohexyl-1-oxymethyl)-2-(4-fluorophenyl)-
oxazole were dissolved in approx. 40 mi of methanol, admixed with a
spatula tip of Pd/C (10%, comprising 50% water) hydrogenated at 20-23°C
20  under atmospheric pressure for approx. 8 hours. Filtering off the catalyst
and concentrating the remaining solution gave 1.8 g of the desired cis-
configured, monoalkylated 1,3-cyclohexanediol derivative as an oil which
crystallized when DIPE was added; yield 1.6 g; mp 81-82°C: 'H NMR
(CDCl3), & = 1.25-2.14 (m, 9H), 3.63 (m, 1H), 3.75 (m, 1H), 4.55 (dd, 2H),
25 7.13(m, 2H), 7.64 (s, 1H), 8.02 (m, 2H); MS (DCI): 292.3 (100%).

Example 35

Synthesis of methyl .(1R,38)-2-{3-[2—(4—ﬂuorophenyl)oxazo!~4—ylmethoxy]-
cyclohexyl-1-oxymethyl}-6-methylbenzoate

30



F/ 15 2.4 g of

(1S, 3R) - 4- ( 3- benzyl oxycycl ohexyl - 1- oxynet hyl )-2-(4-flu
orophenyl)- oxazole were dissolved in approx. 40 nl of
mat hanol , ~ adni xed W|th a spattd a tip of Pd/C (10%
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43 tBOOWIeg Tﬁelﬁ amiel phade (sl dried ﬁN ZfSOg;) and concentrated under

105, i, o F“#'HE% R s o™ e RASR-3-12-6-
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el o RO, (1116329 5,4, 122

apfinosd H) 41.88bl(in, @H)n2Bdy(s, 3H), 250 (m 1H), 3.27 (m 1H), 3.39 (m

T B T T B T8 10

a further hour. The mxture is left to
stlr over ni ght at 18-21C, then the solvent is
?é‘?"gpﬁd 8 The residue is partitioned between
tBu(]Vb The organi c phase is dried (Na2SO4)

an@yathesisnt r abtd uiiti®3R)AU-(BHanegoRy-epsionexylYi-8kfhethyl)-2-(3-

%I %ﬁ@oﬁfgﬁﬁ&@@ g%{hﬂo%l' 2hf)>?<’y][ §y<(:I4;)hexyI -

20-oxyrret hyl }- 6-met hyl - benzoate as a yeI | owi sh oil; 1H
NVR (CDCI3), 8 = 1.15-1.32 ( 4 .82 (mlH)
1.98-2.1 (m 2H), 234(s 50(m 1 3
(m 1 H, . s, 454(s
4.60 (s, 2H)E’?ef5

4.6 g (22.3 mmol) of (1S,3R)-3-benzyloxycyclohexan-1-ol were dissolved in
70 ml of chlorobenzene. 6.6 g (58.8 mmol) of KOtBu were added, the
25 mixture was stirred at 22°C for 30 minutes and then 10.3 g (31.3 mmo!) of
4-iodomethyl-2-(3-methoxyphenyl)-5-methyloxazole were added. The
temperature rose to 35°C. The reaction was cooled slightly and stirred at
22-23°C for a further 2 hours. After the chiorobenzene had been distilled off
under reduced pressure, the residue was partitioned between tBuOMe and
30 water. The organic phase was dried (NaéSO,;) and concentrated under
reduced pressure; crude yield: 10.6 g. The substance was used in the next
reaction (hydrogenation, see Example 37) without further purification.
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15 8.02 (m 2H). Exanple 36 Synthesis of

(1S, 3R) - 4- ( 3- benzyl oxy-cycl ohexyl - 1- oxymet hyI) 2-(3-
nmet hoxyphenyl ) - 5- met hyl oxazole 20 O MeO ""0", O04.6 ¢
(22 3 mml) of (1S, 3R)-3-benzWoxycycl ohexan-1-ol were

ol veld 70 mM of chl orobenzene. 6.6 g (58.8
Bu were added, the 25 m xture was stirred
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under reduced press t heNf estdue 'Wa af'titioned
bet ween t BuOve and ter. The org3 phase was
dried (Na2SO4) and sgricent rat ed under gduced

pressure; crude yield: 10.6 g. The substance was used
in the next reaction (hydrogenation, see Exanple 37)
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h
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M‘Ith 2 g of Pd/C (10%, having 50% of water) and hydrogenated at 20-23°C
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50%Watér mﬂeﬁ}ytﬁgdtHé’dfrgﬁﬁﬁabﬁﬂs@ R B4 g ?fj%ﬁ desired cis-

at nospheri,c _pressur ver.ni ght te
caFQP{/D% fedn gionpalioirte; 1t %h%n%fﬁil %Haﬂwaetw@"ow oil.
paritg of diné rsybistanveewabchreiatsgrapted i enucargblotemw Gicetate):

the 9§92y SIBhaSCoPRLfe %bf‘auﬁeaof’#ﬂﬁnf?ébb‘fﬁ 57 25.1.90 (m, 7

H), 212 (m, 1 H), 2.41 (s, 3 H), 3.61 (m, 1 H), 3.75 (m, 1H), 3.87 (s, 3 H),
4.48 (dd, 2 H), 6.96 (d, 1 H), 7.33 (t, 1 H), 7.53 (s, 1 H), 7.58 (d, 1 H); MS
(ES+): 318.27 (83%), 243.18 (100 %).

Example 38
Synthesis of methyl (1R,3S)-2-{3-[2-(3-methoxypheny!)-5-methyloxazol-4-
ylmethoxylcyclohexyl-1-oxymethyl}-6-methylbenzoate

136 mg (0.4 mmol) of (1R,38)-3-{2-(3-methoxyphenyl)-5-methyloxazol-4-yl-
methoxyjcyclohexanol (from Example 37, hydrogenation) were dissolved in
1 ml of chlorobenzene, admixed at 24-27°C with 120 mg (1.07 mmol) of
KOtBu and stirred for approx. 30 minutes. The mixture was cooled to 0-
5°C, 189 mg (approx. 94%, approx. 0.78 mmol) of methyl 2-bromomethyl-
6-methylbenzoate were added dropwise and the mixture was stirred at 0-
5°C for an initial 30 minutes. Without further cooling, the reaction mixture
had a temperature of approx. 20°C after 1.5 hours. After leaving to stand



configured, nonoal kyl ated 1, 3-cycl ohexanedi ol

derivative as a yellowoil. | g of the subst ance vvas
chr omat ogr aphed on silica gel (et hyI acetate): 8 ¢
of a colorless oil were obtainéﬁl HNI\/R(CDCIB) '8 =

1.25-1.9 15 2.12 2.41 (s, 3
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( 10'6"’«9()‘39‘3l %x%%r% ﬁe%éefrl u%gemgeﬁ;wagei and tBuOMe and
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ﬂetmemﬁwéffzbagge?ﬁﬁq}euér{dﬂ% MRIRAR @Dd‘yd 0£08L1 90)km, 4
38T . T3 A9 hr3106 tm. T Ko Ba4eacs £ 2éets, 3 H),
forz awmmox: HR® .2 (mtﬁa 3T9@ (M nmrgamé 9@1?' @?ot@ %H) 4.48

103 HeoRbHob a0l a8 H rﬁz reHE%s 29455 laag i 14 ubum, 2

andHx he m xture was stlrred at 0- 5C for an initial 30

m nutes. Wthout further cooling, the reaction mxture

had a tenperature of approx. 20C after 1.5 hours.

Af t3g¢heragilllag to stand 45 overnight and addi ng

approx 20 ng of KOt Bu, the reaction was conplete

af%_:e %{ther hour of stirring at 22C, D|st|II|ng
PR %r obenzene under reduced pressure,

parSyrithesls bYmond(3-8ehgpexigicisiyl i Gtaraed tBuOMe and
dryi ng the product-containi'ng organi c phase gave,

after concentrating 5 under reduced pressure, 160 ng
of nethyl (1 R 3S)-2-{3-[2-(3-

nmet hoxyphenyl ) - 5: met hyl oxazol - 4- yl met hoxy] ohexyl -
- oxymet hyl } - 6- i ‘ eProwrsk oil; 1H
NVR (CDCl 3), 3 = a15-1.32}{(m , 1.81 (m 1 H),

2.00(m 1 H, 2208 (m 1@, 2 s, 3 H, 2.40 (s,

3 H, 2.51(m 1H),( 3.27 (m 1 H), 3.36 (m 1 H),
3.87 (s, 3 H), 3.90 (m 3 H), 4.48

20 3.0g of 3-benzyloxycyclohexan-1-ol, 2.15g of glutaric anhydride and
3.03g of triethylamine were stired at 21-23°C in 25 m! of methylene
chloride. After complete conversion, the mixture was added to water,
extracted, and dried over MgSO4. After concentrating under reduced
pressure, 4.3 g of the desired compound were obtained: 1H NMR (CDCl3),

25 6=1.20-1.28 (m, 4H), 1.82 (m, 1H), 1.90-1.97 (m, 3H), 2.05 (m, 1H),

- 2.32-2.42 (m, 5H), 3.39 (m, 1H), 4.55 (dd, 2H), 4.69 (m, 1H), 7.25-7.33 (m,
5H), 8.7 (br., 1H).

Example 40

30  Stereoselective hydrolysis of mono(3-benzyloxycyclohexyl) glutarate
preparation of (1R,38)-3-benzyloxycyclohexan-1-ol



10 (s, 2 H, 4.60 (s, 2 H, 6.96 (m 1 H, 7.12-7.35
(m 4H, 7.53-7.60 (m 2 H). Schene Il1lb 15 Exanple

- 39 Synthesis of nmono(3-benzyl oxycycl ohexyl) glutarate

HOB ~ ~ ~0,,, ,01i0lt ~ OO r4&. 20 3.0g of
3- benzyl oxycycl ohexan-1-ol, 2.15g of glutaric
anhydride and 3.03 g of triethylamn '
21-23Cin 25 m of methyl ene
conversion, the mixtuf@
extracted, and dried over
under reduced pressure, 0 of t he desired conpound
wer e obtained; 1H NWR ( ), 25 3 = 1.20-1.28 (m

4H), 1.82 (m 1 H, 1.90-1.97 (m 3H), 2.05 (m 1Iﬁ,

2 2 42 H, 4.55 (dd, 2H),

zéage)f@@ (moég%be@v’vowsvciohqwa %&%ﬁ%ﬁee (from
40 Bihrﬁplerw)smreﬁarﬁ&orhwdﬁrﬁb)@hﬂ dﬁfphosphate buffer, pH 8, and 3-5

o' s " DI KSR it 3 8 b vorin g 4 g shred at
of 1hedift.c Ntmo(&ppb@nz;ﬂ&%ycpnvmwl theg| retsgtian e sofutiom was
Copiil) SEESH S BRESATAS IBED LRI Spa, o
my asetaley dhemihyizealate Blﬂasé‘r waisadrie and 3oncentrated, yield: 5 mg
apFUf‘{NR @f/s%ﬂ!ﬂbﬂlcﬂfbloﬂéi@nwéﬂéﬁﬁ‘tl’?é’bﬂé@&go excess was

100 Bb¥y1 (MEE: o685, Ctaloaky|AGHL: 4 bAdsc LaYn od5:10.5

15

20

25

anmecpdmumfﬁt(DIdICH%CMHeom%ﬂ'ﬁm of (1

R, 3S) - 3- benzyl oxycycl ohexan-1-o0l, and the enantioneric
excess was 10 > 95% (HPLC on Chiral pak AD-H . 250 x

4. &xampie/4tin, 25:1:0.5 heptane/ Et OH/ CH3CN + 0. 1%

TF@ynthesis of (1R,38)-4-(3-benzyloxycyclohexyl-1-oxymethyl)-2-(4-fluoro-
phenyljoxazole

Starting from (1R,3S8)-3-benzyloxycyclohexan-1-ol (see Example 40),
alkylation with 4-iodomethyl-2-(4-flucrophenyl)oxazole (see Example 32)
results in  (1R,38)-4-(3-benzyloxycyclohexyl-1-oxymethyl)-2-(4-fluoro-
phenyl)oxazole, ¢f. Example 33.

Further examples of the alkylation of cis-1,3-cyclohexanediol
Example 42

Synthesis of racemic methyl cis-2-(3-hydroxycyclohexyloxymethyl)-6-
methylbenzoate



Exanpl e 41 Synthesis of (1
R, 3S) - 4- ( 3- benzyl oxycycl ohexyl - 1- oxynet hyl ) - 2- (4-f | uor
o- 15 phenyl)oxazole ONO O F Starting from

(1R, 3S) - 3- benzyl oxycycl ohexan4l- ol (see Exanpl e 40),
20 alkylation with

4-i odonet hyl - 2- (4-f | uor ophenyl ) oxa
32) results in

(1R, 3S) - 4- ( 3- benzy! dRy.cyetqhekd hyl)-2-(4-flu
oro- phenyl)oxazol e, cf anpl e”33. FurtRer exanpl es
of the al kylation of ci ;-cyclohe&%gqqgol 25
Exanpl e 42 Synthesis of tdcCeni crafet hyl 2

ci s-2- (3- hydroxycycl ohexyl oxynet hyl ) - 6- net hyl benzoat e

see Exanpl e

47 HO, ",,,00rac. CO2M 5 g (42.8 mmol ) of
ci % d. @29 /Msxenedlph. dg%loﬁnga&hﬁtéeiovﬁg%ﬂg" dﬁ%om dogn 50 ml of

h t
o Seang HSMEL admkad ation 29 GWitRca 86)6 A3@hmol) of

5st ipotasdiunf teattbitbride ROBUY HRE stifr6@.  AftE Bbout S0CRMRES, the

10

5

20

25

30

o HREWDT B fodiefl 6 R R0 @éﬁé’ HipBebiibl of et Bl ety
b32/ Sﬁneﬁadhftqmate; whiblk naay be kprepamhel for example, by methanolyzing
0
(r(t)ﬁrrgl ngﬁaﬁgmr?ent"hel (tg%] W%&' enzogﬁ)engéyl y%ré’&%’ae) or by
dr QWEE‘@th‘héanby'm 2Budimethyleénzoate, ares-apgieds aropwise. The

?gﬁlktgﬁl ifktif8d 2t G-quer theAth a\%ttﬁbn ﬁ%-ﬁgﬁ@yévemlght Water

st ?Ppe@&l@yleiﬁrgbgfyw etﬁ%a(bﬁa@s %ée mr ﬁ%d’“’xhﬁ@ is stirred
aq ug@mst%;ahe p@mﬁm%mﬂegmf?%?%%ﬁgs@mmhﬁed once
u
- SR s LA En8 38 SPmBia SR piiss A mincaited under
Slh recggeglepﬁgssum éfhwtestﬁzea:s%f&baéaﬁegraphef?é}] sifi€d gag(’nﬂ ethyl
TS S0 bty %eri‘ o‘?h&d %P Wed as a
g t(y%l&w opz%N%ﬁ ?CDCI3) 7 (rirc? 1H), 1 45%(m 1H), 1.55 (m,
1H), 1.74 (m, 1H), 1.83 (m, 1H), 2.05 (m, 1H), 2.34 (s, 3H), 3.47 (m, 1H),
3.72 (m, 1H), 3.91 (s, 3H), 4.58 (dd, 2H), 7.15 (d, 1H), 7.20 (d, 2H), 7.27
{m, 1H).

Example 43
Synthesis of racemic methyl cis-2-(3-hydroxycyclohexyloxymethyl)-6-

methylbenzoate
H 0’1,' ot O\Q

rac. COMe

10.0 g (86 mmol) of cis-1,3-cyclohexanediol were taken up in 150 ml of
methyl tert-butyl ‘ether (MTBE), admixed at approx. 20°C with 6.72¢g
(569.9 mmol} of potassium tert-butoxide (KOtBu} and stirred. Afier about 30
minutes, the suspension was cooled to 5°C and admixed dropwise with
7.4 g (approx. 50%) of methyl 2-bromomethyl-6-methylbenzoate, which
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1H, 1.74 (m 1 H, 1.83 (m 1 H, 2.05(m 1 H),

2.34 (s, 3H), 3.47 (m 1 H, 3.72 (m 1H, 3.91 (s,

3H), 4.58 (dd, 2H), 7.15 (d, 1 H, 7.20 (d, 2H), 7.27

(m 1 H. 20 Exanple 43 Synthetf s of racenic nethyl

ci s-2- (3- hydroxycycl ohexyl oxynet hyl ) - 6- net hyl benzoat e

HO may chespreparedOdne eb@niplg, (186 methianobfzing the acid bromide

Ci S(lergh%éiﬁgﬁé@ﬁ‘@tﬁy W&r@hﬁd@ur’oﬂ nb%5%rcm1m%ftlng methyl

@ &;, r;qgaltybl;erbzoagggﬂge AHiure maspgmrggcg et @5°C for 1 h, heated to
t erag- BBIT(Déthei& ks fRUOverAGhS thfe#dNasAéd@éd aheHhixR e b stirred

m nut es ensi on was co C ‘and adm xed
ar o Suslyy TS PHERSS' Wesh Renaratery et ofaang phase was washed
2- lorwetmetehwithGratet aytithen diaé ergamic (phaéé we[muorb@ntrated under

pr %Bagggd Pgé)%su?é(a’m% ﬁeﬁslgée Rgtfﬂ@n@gﬁ ﬁgm@ e ach?d 8p §jlica gel
br de@ﬂ’lNh@C&tﬁtelﬁly-lhepmr@-)di 2eg hﬁ/lhbei&smde:ormbmnd weta ebtained
WaSasSé ighepkiRi 81 5 WR\JX&C*DCIQfMtEq dzfg#@ﬁz%%’s‘% 1H), 1.55

to.stir overni

| ef

Was(mst"ﬁ)r de? % (W, éé‘f)ofls?r%/(mt ﬁb'),pa&é'?e@'n.v\éﬂé %éﬁaﬁsaﬁéﬂ,, 3.46 (m,

theIH)f gevrz mPhage3as(vaH)ed 5O e g& M\H?efzer(e 2H),
gn%.}; g'l){T]?Tanl C phase was concentrat ed un 'educed

pr e residue (4.6 g) was chromat ographed on

silica geI (1:1 ethyl acetate/n-heptane). 1.2 g of

th co ond vvere obtained as a light yellow

oi ﬁt‘)&ﬁlﬁ@% o0 3 = 1.27 I(m 1H), 1. 459(my1H)

1. Synileesisn CIF |—|chem|¢4 methyl  Hyis-2H(Baydnoxytydidhedlddmethyl)-

(me.helfhbe i > 3.46 (M 1H), 3.72 (m 1H),

58 (dd 2H), 7.15 (d, 1H), 7.20 (d,
2H), 7.27 (m 1 H. Exanple 44 15 Synthesis of

racem c met hyl cis-2-(3-hydro cl ohexyl oxynet hyl ) -
6- met hyl benzoate HO,, O
HO,,,_O

20

25

30

CO,Me
rac.

9 g (42.8 mmol) of cis-1,3-cyclohexanediol were dissolved in 40 ml of
chlorobenzene and 10 ml of 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone (DMPU, dimethylpropyleneurea), admixed at 20-23°C with
3.36 g (30 mmol) of potassium tert-butoxide (KOtBu) and stirred. After 10-
15 minutes, the mixture was cooled to 15-20°C and 3.7 g (approx. 50%) of
methyl 2-bromomethyl-6-methylbenzoate were added dropwise. The
mixture was stirred at 20°C for 1.5 h and then added to water. The organic
phase was removed and concentrated under reduced pressure. The
residue was taken up in NMP/water and, to remove impurities, washed
twice with n-heptane. Subsequently, the product was isolated by extracting
twice with MTBE. The combined MTBE phases were washed with water,
dried (Na>SOs) and concentrated under reduced pressure. The residue
(1.2 g) was chromatographed on silica gel (1:1 ethyl acetate/n-heptane).
580 mg of the desired compound were obtained as a slightly yeliow oil;
'H NMR (CDCls), 8 = 1.27 (m, 1 H), 1.45 (m, 1 H), 1.55(m, 1 H), 1.74 (m, 1



CO2Me rac. 20 5 g (42.8 mmol) of

cis-1, 3-cycl ohexanedi ol were dissolved in 40 m of

chl orobenzene and 10 m of

1, 3-dinethyl -3,4,5,6-tetrahydrgn 2(1H) - pyri m di none

(DWPU, di net hyl propyl eneurea), adm xed at 20-23C with

3. 36),d.§3(mmH)) 2d55 mtasﬁ); .grmt(%rta ML B (e, { KRt B2 (m, 1 H),

coot B4 €510 45 77 45 Goh T 760 2. 22 R

2- br ononet hyl - 6- net hyl benzoate wer e added dropw se.

l.éﬂ%lé}: lé&?n’(iﬁﬁsrséf El{eeq)r@fcaqo%sfo‘?ﬁtl&n By & gga%ﬁé}:tive ester

was renove

5corf@émaﬂ'@t"e@ﬁ]nder reduced pressure. The residue was

taken up in NMP/water and, to renove inpurities,
ed lfﬁ,\géce W th n-heptane. Subsequently, the
P i sol ated by extracting 30 twice with MIBE.
Th Opieddi medoMiibl fasaetiwer Q:IMS(GGIWdﬁbNtymh@kyloxymethyl) 6-
Iéﬁgh& 2804 and concentrated under reduced
h n‘FRgere& due (1.2 g) was chromat ographed on

1OS| lica gel (1:1 ethyl acetate/n-heptane). 580 ng of

20

25

30

t he desired conpound were obtained as_a slightly
yellow oil; 1H NWR (CDCI3), 6 = m 1 H), 1.45

(m 1H, 1.55 (m 1HE), 1.74.dm H, 1.83 (m 1
H, 2.05 (m 1 H), 2.34] > 397 1 H, 3.72
(m 1H, 3.91 (s, 3 H)58 dd, oMe 7.15 (d, 1

H, 7.20 (d, 2 H, 7.27 (m 1 H® Further exanples of

the optical resolution by stereoselective ester 5
for tion EF) Exanpl e 45 Optical resolutjion of neth

J3p.mg- W@Pdﬁ@t@fﬂ &@%ﬁHwOYOWCYﬁ@hﬁWb%ﬁZw?@YU 6-
10 mahééﬁn@éte éﬁzwﬁsﬁﬁéd% 8fmi Bﬁtn*ri]ét Bhé ¢MéM¥e and 2 mi of
CI S X ne
5 e CHp BeYel 5T aod S BeH Wit Boimgictdovozym 435.

chlAfteromeoxi 2 hpithereactiornvivag| eradeet by diltelingiotidtieoefB@ne and

angy, 2ABtiESbutty 8f the%dBa rohR¥E 4G SFiRe unconverted alcohol were
determined by HPLC (HPLCgcetate:Chiraicel OD 250 x 4.6, 1 ml/min,
100:1:0.5 heptane/EtOH/CH3CN; HPLCgicoholi:Chiralpak AD 250 x 4.6;
1 mi/min, 25:1:0.5 heptane/EtOH/CH3CN +0.1% TFA). The determination
of the optical purity for methyl (3S,1R)-2-(3-hydroxycyclohexyl-1-
oxymethyl)-6-methylbenzoate gave 98% ee and 86% ee for the (3R,1S)-
acetate.

Example 46
Optical resolution of methyl cis-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-
methylbenzoate

HO.,, 0
O rac. COMe

20 mg of the racemic methyl cis-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-
methylbenzoate were dissolved in 2 ml of chlorobenzene and 1 mi of vinyl



After approx. 5 h, the reaction was ended by filtering

off the enzyne and the optical purity of the acetate
fornmed and of the unconverted al cohol were determ ned

by HPLC (HPLCacet ate: Chiral cel5®@D 250 x 4.6, 1 m/mn,

100: 1: 0. 5 hept ane/ Et OH CH3CN; HPLCal cohol : Chi r al pak AD
250Reetete, 2dmixed Ah2A2596 wWitho8 g @pcawetﬁnaﬁl ZH3ENRoche), and
]jg Qt%éﬂg'?ﬁl)fters r&e 6 %B%éé’ﬁb }Jﬁ?eawqénnﬁlﬁﬁﬁ% enzyme

r oxycyc

r
yﬁ‘g h}ﬁy?P@C H%M ‘Bfeéi'?o%fieéa éﬂgd%r@eofatha weonuerted alcohol
t hewé@RdéteBnineat by #R.C XHPEmp{ag @hir&lel OBl 250 x 4.6, 1 mi/min,

52?2?(‘55*% g"ﬁyg\eg%%{ QHGHICN: o kPG aigahpiGhiralpak AD 250 x 4.6;

rret hyiloeinz Q&t‘eOJﬂ@epl@neKEt(ﬁWClﬁm‘WEl- 030%20F Ap wafre t ddtermined:

c. lreth
Ci g§ /(e? hyarox%?}gylohegaﬁ 1R)gxPrydigxrycyglohexyl-1-oxymethyl)-6-
metgthylrenzaate and 5% es off thexl(3R) 18)-acetidte.chl or obenzene
and I m of vinyl 50 acetate, adm xed at 22-25C with

8 of Chirazynme L-2, lyo. (Roche), and stirred.
10Af{%a’6®|§r47x

6 h, the reaction was ended by filtering
ff I '
0 Oﬁ)ﬂ’t%!eﬂa?s)dl'[ﬁ:onarﬁ? MahgPidigal (3%}1rf)i(yd\i!glrob@ggit@‘g-?ﬁn(?&%gwyl)-G—

forne nd of the unconverted al o] ne
BP®Scet ate: Chiralcel OD 250 x 4.6, 1 m/nin,
5 100 1: 0. 5 hept ane/ Et OH CH3CN; HPLCal cohol : Chi r al pak

AD 250x4.6; | m/mn, 25105hepte/Et()—l/CH3CN+
0.1% TFA) were determ ned: 84% ee
(3S, IR -2-(3- hydroxg_gécl ohexyl 1- oX yl) - 6-
net hyl benzoat e and

7@€ O s SN
Exanpl e 47 Opti cal reson of math
Ci s- 2- ( 3- hydr oxycycl ohexyl_~%- oxyggt h @21\@

nmet hyl benzoate HQO,,, ,. Ol Orac. CO2Me 15

15

1.0 g of methyl cis-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-methylbenzoate
were dissolved in 10 ml of 1,2-dichloroethane and 2 mi of vinyl propionate,
admixed with 25 mg of Chirazyme L-2, Iyo. (Roche) and stirred at 21-24°C
for 40 h. Filtering off the enzyme, concentrating the filtrate under reduced

20 pressure and chromatography of the residue on silica gel (1:1 ethyl

acetate/n-heptane) gave 0.49 g of the (3R,1S)-propicnate having 92% ee
(HPLC on Chlra!cel OD 250x4,6, 1ml/min, 100:1:0.5 heptane/-
EtOH/CH3CN), H NMR (CDCl3), 8 =1.13 (t, 3H), 1.15-1.36 (m, 4H), 1.79

(m, 1H), 1.91 (m, 1H), 2.01 (m, 1H), 2.30 (q, 2H), 2.34 (s, 3H), 2.35 (m,

25 1H), 3.34 (m, 1H), 3.90 (s, 3H), 4.58 (dd, 2H), 4.67 (m, 1H), 7.14 (d, 1H),

30

7.19 (d, 1H), 7.26 (m, 1H), and also 0.3 g of the unconverted methyl
(3S,1R)-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-methylbenzoate having
98%ee (HPLC on Chiralpak AD- H 250 x4.6; 1mi/min, 25:1:.0.5
heptane/EtOH/CH3CN + 0.1% TFA), H NMR (CDCls), & = 1.27 (m, 1H),
1.45 (m, 1H), 1.55 (m, 1H), 1.74 (m, 1H), 1.83 (m, 1H), 2.05 (m, 1H), 2.34
(s, 3H), 3.47 (m, 1H), 3.72 (m, 1H), 3.81 (s, 3H), 4.58 (dd, 2H), 7.15 (d,
1H), 7.20 (d, 2H), 7.27 (m, 1H).



1.0 g of nethyl
ci s-2- (3- hydroxycycl ohexyl - 1- oxynet hyl ) - 6- net hyl benzoa
te were dissolved in 10 m of 1,2-dichloroethane and
2 m of vinyl propionate, adfixed with 25 ng of
Chlrazyrre L-2, lyo. (Roche) and stirred at 21-24C for

0 Bxanrled8ri ng of f the enzyme, concentrating the
fl Iometae l*e%ﬂﬁftioheq}fcﬁibtﬁﬂ F?;'iseéflgfrﬁ‘yd?d}éirc%lbﬁEﬁ{rlogbﬂﬁhéthyl) 6-

esidue on silica gel (1:

acé‘iI ¥|53ﬁ"f71 @}fane) gave 0. 49 g of the
(3R, 1S) - propi onate having 92% ee (HPLC on Chiral cel OD
250 x 4,6, 1 m/mn, 100:1:0.5 heptape% EtOH CH3CN),
1H NVR (CDCI 3), 8 = 1.13 (t, 3H),
1.79 (m 1H), 1.91 @o
2H), 2.34 (s, 3H), 235 Y3,
3.90 (s, 3H), 4.58 (dd, 4.67 (mMeolpd 714(d 1
H) 7.19 (d, 1H), 7.26 (m 1H) ratand aPso 0.3 g of the
unconverted methyl (3S, 1 R)-2-(3-hydroxycycl ohexyl -
- oxynet hyl ) - 6- net hyl benzoate having 98% ee (HPLC on
Chifoahgads e Ha&é@nc?( rﬂetﬁaﬂ buml(mwdrcﬁ@cgcclahéxyl 1-oxymethyl)-6-

175 ﬁ‘fﬁ’e&zwe 869 SiSSqikgd n)§ ml O Myl aaetefe, adrpixed with

( mapp:rdat) A-8 n&pof hipaseH)L (Psdifd. Stotzdri, eit@ SHhgyby andistired at

10 SH?E %‘5‘535 T >3ﬁ %Ic(d@ %&T Otﬁe%%sétﬁi? @5& Fnﬂea%fﬁfegafg off the

15

Ex@ﬂ'éyfﬁe48n@ﬁhﬁc igad spurity | @fnthsf ungonyerted methyl (3S,1R)-2-(3-

Ci ﬁ qy&kﬁﬁ@tﬁﬂ) -d- nfé’ﬂWlEé ARk 6- was  determined:

nzo 5 10 of
rag-e@fé % eout 21;}% on ' Chiralpak AD 250 x 67" 1 milmin, 25:1:0.5
Ci heptane/EOH/OHAON oDaRy TFA) oxynet hyl ) - 6-
nmet hyl benzoate were dissolved in 1 m of vinyl

acetate, adm xed with approx. 4-6 ng of Lipase TL
( PExarhples#8t zeri, Meito Sangyo) and stirred at 10

by OREERLr Togpuarry o TRV Sl STae B ek SenER P R RE Y &
t henathybenzoated net hyl (3S, 1R) - 2- ( 3-

hydr oxycycl ohexyl - 1- oxynet hyl ) - 6- net hyl benzoat e was
determ ned: > 98% ee (HPLC on Chiral pak AD 250 x 4. 6;

1 mM/mn, 25:1:0.5
RO
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3.99 of the racemic methyl cis-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-
methylbenzoate were dissolved in 25 ml of methylene chloride and 10 mi of
vinyl acetate, heated to 45°C and admixed with 250 mg of Novozym 435.
After approx. 45% conversion, the reaction was ended by filtering off the
enzyme and the reaction mixture was concentrated. Chromatography of the
residue on silica gel (1:1 ethyl acetate/n-heptane) gave 1.9g of the
(3R,18)-acetate (> 95% ee, HPLC on Chiralcel OD 250 x 4.6, 1 mi/min,
100:1:0.5 heptane/EtOH/CH3CN) and 1.9 g of the unconverted methyl
(3S,1R)-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-methylbenzoate (82% ee,
HPLC on Chiralpak AD 250 x 4.6; 1 mi/min, 25:1:0.5 heptane/EtOH/CH3CN
+0.1% TFA). -



hept ane/ Et OH/ CH3CN + 0.1 % TFA). 15 Exanple 49 Opti cal

resol ution of nethyl

ci s- 2- (3- hydroxycycl ohexyl oxynet hyl ) - 6- net hyl benzoat e

HO O Orac. C2Me 20 3.9 g &2 the racem c net hyl

ci s-2-(3- hydroxycycl ohexyl -1 - oxynet hyl ) - 6-

net&%ﬁ R te mere dissolved in 25 m of nethyl ene

chioplicie asdolllon! off metiy! ceot@t W%h -6-

and %%n]xed th 250 ng gﬁ”hbvoz%m S Fgw6§ﬁnemy06
version, the reaction was ended by

fllterlng off the enzyne and the reaction m xture was

concentrat ed. Chronat ography of the .residue on silica

gel (1:1 ethyl acetate/n-heptane) 1.9 g of the

(3R 1S)-acetate (> 9pH ee,. HPLL o al cel OD 250 x

4.6, 1 m/mn, 1001o-|5ta/E A OHBCN) and 1.9

g of the unconverted net CO.Me _
5(3S, 1R) - 2- ( 3- hydr oxycycl ohéxyl - 'Pﬂoxyma%hﬁyl) 6- et hyl be
nzoate (82% e, HPLC on Chiral pak AD 250 x 4.6; 1
m/mn, 25:1:0.5 heptane/ Et OH/ CH3CN +0. 1%FA). 52

Exéa@phg 6P thptiacamic enelhyt ich24B- h”yﬂdech clohexyl- 1-oxymethyl)-6-

in&h&@%ﬁét%%%ﬁ% h@y&ij m%gﬁlt %\/&pbeﬁ&q{ﬁ IP ¥l o‘% vmﬁl acetate,

CI admixad Btd 26:385¢c mithe By8 mig wfy Ghiragymed-2, Iyo. (Roche), and

10 m?tsh bﬂe@?ﬁit@?ta?gw g9, igﬂv%?sgoﬂgtnth%of%ggén %&gﬂgeé‘w Iﬁiterlng
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chiofiathgnenzyme anghihe rBtieal) purity pfithesi3R ﬂ%hacatateefformed was
ap@remfmuﬂéa/omw PG drhehirarel OPN288% £69¢¢hifin, 100:1:0.5

e RO N T o) oo et or i nedt 043 o

(HPLC on Chiralcel OD 250 x 4.6, 1 m/mn, 100:1:0.5
Example 51

- Optical resolution of methyl cis¥2-(3-hydroxycyclohexyloxymethyl)-B—
methylbenzoate

HO., OO
fac. Cone

10 mg of the racemic methyl cis-2-(3-hydroxycyclohexyi-1-oxymethyi)-6-
methylbenzoaie were dissolved in 1 ml of vinyl acetate, admixed with
approx. 4-6 mg of Lipase QL (Alcaligenes spec., Meito Sangyo) and stirred
- at 20-23°C. After approx. 52% conversion, the reaction was ended by
filtering off the enzyme and the optical purity of the acetate formed and of
the unconverted alcohol were determined, ee of the acetate: 91% (HPLC
on Chiralcel OD 250 x 4.6, 1 ml/min, 100:1:0.5 heptane/EtOH/CH3CN), ee
of the methyl (3S,1R)-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-methyl-
benzoate: > 98% ee (HPLC on Chiralpak AD 250 x 4.6; 1 ml/min, 25:1:0.5
" heptane/EtOH/CH3CN + 0.1% TFA).



hept ane/ Et OH CH3CN). 15 Exanple 51 Optical resol ution

of methyl cis-2-(3-hydroxycycl ohexyl oxynet hyl) - 6-

net hyl benzoate HO,, , Orac. CO2Me 20 10 ng of the

racem c net hyl 53

ci s-2-(3- hydroxycycl ohexyl - 1- oxynet hyl ) - 6-

met AR te were dissolved in | m of vinyl

aceDpfical a@bi&BnW & RIARF 0Xcis2-B- ch-hi&g -6-
(Al cg@yﬂ%es ? ec., Meito Sa)r%ig@a%rggyﬁ ed t@(ymethyi) °
20-PSEYIRLA% ppr ox. 52% conversion, the reaction was
ended by 25 filtering off the enzyne and the optical

purity of the acetate formed and of _the unconverted
al cohol were determ ned, ee of the hate: 91% (HPLC

on Chiral cel OD 250 yp4.6,. 1 i/ m O: 1:0.5
hept ane/ Et OH CH3CN), ee""(‘he et Iy

(3S, 1R) - 2- ( 3- hydr oxycycl yl - 1- oxyp ;@gl ) - 6-net hyl -
benzoate: > 98% ee (HPLC™s Chi rad. pak 250 x 4.6; 1
Si/nmin, 25:1:0.5 30 heptane/ Et O CH3CN + 0. 1% TFA) .
53 Example 52 Optical resolution of nethyl

: 3, s
f;i‘fﬁfg& E/E MH% 0??\5&@& gﬁéme %%gg%hﬁ}d}r%&cﬁ%&bﬁﬁ%%%ynﬁ-
Ci gngmy@_qwgatg(wg disealyed 1inodymbhyvinylacetate, admixed with
gtgtdpﬂr@;eml@&hg ggﬁ\flﬁséi&g Gbs’?(ég;ﬂ:i ic%_pécﬁ‘, M(ﬁito‘ﬁ?égdéyg) gnd stirred at
| 10(P§?€%§" G IR APPIRE W%ﬁwaﬁior&ﬁgeﬁﬁw%\n@ﬁ ergied by filtering
20-0f3the Ahzpmeappd dke c?ﬁ%at Qwity 9f dthe éc{:?atee&?medramsof the
en e opt.i

o tad Y bl A6 B ! BEcBR 7 gL on
al &onlceld 204 ¥ df, nbmi/mis, dP0the Sakentane/EtOMYCHIPIN), ee of

on ir D ' 4l
on &n%e / Eb%@"cm Cﬁ@nﬁgf‘%&-h}dmg}&oh&%’n Lomethyl)-6-methyl-
15 benzoate: > 95% ee (HPLC on Chiralpak AD 250 x 4.6; 1 ml/min, 25:1:0.5

“heptane/EtOH/CH3CN + 0.1% TFA).

Example 53
Optical resolution of methyl cis-2-(3-hydroxycyclohexyloxymethyl)-6-
20  methylbenzoate -

HO""Q“‘O
: rac. COMe

_ 39 g of methyl cis-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-methylbenzoate
25 were dissolved in 250 ml of methyiene chloride and 50 ml of vinyl acetate,
- heated to 45°C and admixed with 1.0 g of Novozym 435. After 25 h, a
further 0.5 g of Novozym 435 was added. After a further 6.5 hours, the
enzyme was filtered off and the reaction mixture concentrated.
Chromatography of the residue on 630g of silica gel (1:1 ethyl

30 acetate/n-heptane) gave 18.2 g of methyl (3S, 1R)-2-(3-hydroxycyclohexyl-
' _1—oxymethyl)-G-methyIbenzoate (>98% ee, HPLC on Chiralpak AD-H



the nmethyl (3S,1

R) - 2- ( 3- hydr oxycycl ohexyl - 1- oxynet hyl ) - 6- net hyl 15
benzoate: > 95% ee (HPLC on Chiral pak AD 250 x 4.6; 1
m/min, 25:1:0.5 heptane/Et OFCH3CN + 0.1 % TFA).

o B F 4R s TPl 2 SRea e ARsRE I THECN ¢ 0.1% TFA), 'H NMR

met(Gyidign soat 27H@, 1 ams @2M8), 3058 (6Y, mat Ayt4 (m, 1H), 1.83

ol el O Y YL ANEK Y %%Xsy%‘?t(ﬁ%tw 2 L B ¢

ancBl-ﬁO4r58 @, 2HNYT. 18.¢e! 2R, 7. 206t 2, TR7AGS, By adni xed

5vv|th 1.0 g of Novozym 435. After 25 h, a further 0.5

g of Novozym 435 was added. After a further 6.5 hours,
th&xaaBIﬂ?r@é was filtered off and the reaction mxture

a r t h
of SI !:atrge Iutcﬂ‘ %W?h@?{r% )aec':é(;%a{?e/ nF'ﬁ@C? g\ﬁg?%g%@ngthyl)G
-18.meth y nﬁ%@ﬁyl (3S, 1R) - 2- ( 3- hydroxycycl ohexyl -
1- oxynet hyl ) - 6- met hyl benzoate (>98% ee, HPLC on
Chiral pak AD-H 54 250x4.6; 1 m/mn, 25:1:0.5
hept ane/ Et OH/ CH3CN + 0. 1% TFA), 1 H (CDClI3), 8 =
1.27 (m 1 H, 1.45 1 H, 155 1 H, 1.74 (m

1H, 1.83 (m 1 2@«11 X234 (s, 3H),
3.47 (m 1 H, 3.72 (m ., 3.91 (5, 3H), 4.58 (dd,
oH), 7.15 (d, 1 H), 7.20~(e, 2Hhe 7.09:Men 1 H). 5

OExanpl e 54 Optical resolution of nethyl

ci s-2- (3- hydroxycycl ohexyl oxynet hyl ) - 6- net hyl benzoat e

r a‘?zozrﬁgﬁ ;c/héelg?(t;&v@ 5@%@{"%f-%‘-gg-mﬁ;ﬂr}&;:{h{;ohexyl 1-oxymethyl)-6-

mersthylbanzeate weneedigsslvetdviad? mi of FHF afindT HEnkafi vinyhiacetate,

of Iapg{z?%ér% 3e08rc Wo P'?b‘ Ochipbaythé 18 B Urche), and

15 apﬁ?laﬁd Rfter anL}fQXr%acthQ)feaﬁ;ﬁgnwﬁfe@nctgﬂ by fi H%rnnmgﬁdhe enzyme
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t h%nﬂ_f’tﬁé ‘Hptical purity of the acetate formed and of the unconverted alcoho!
were determined by HPLC (HPLCacetate:Chiralcel OD 250 x 4.6, 1 ml/min,
100:1:0.5 heptane/EtOH/CH3CN; HPLCgjconol:Chiralpak AD - 250 x 4.6;
1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA): ee of the methyl
(3S,1R)-2-(3-hydroxycyclohexyl—1 -oxymethyl)-6-methylbenzoate 89% and
ee of the (3R,1S)-acetate 95% and

Example 55
Optical resolution of methy! cis-2-(3-hydroxycyclohexyloxymethyl)-6-
methylbenzoate '

HO.,, O, 0O
rac. COMe

Approx. 15mg of the racemic methyl cis-2-(3-hydroxyCycIohexyI-1-
oxymethyl)-6-methylbenzoate were dissolved in 2 mi of tert-butanol and
1ml of vinyl acetate, admixed at 20-23°C with approx. 6mg of



and the optical purity of the acetate forned and of

t he unconverted al cohol were determ ned by HPLC
(HPLCacet ate: Chiral cel OD 250 4.6, 1 m/mn,

100: 1: 0. 5 hept ane/ Et OH CH3CN; LCal cohol : Chi ral pak AD

25%4'%‘&;/%%351 hz-/gﬂrgplﬁég : é@gi Saplg%); bty E%h(g_vrgégtgﬁ vtas0 e%%)ed by
(3§1mmng23f( thegdrymy el thieeaptical panily et the dcdtatetdiveleand of
nzotﬂge uﬁgg/ﬁ Idcg c@ioggp%{é Bﬁeép)n (ﬁt At Pl a@g( 1S)-acetate

ci sgnB%(eie hy riBkGey c|Ghiealge! XD et 260 )(468 251 mifmin,  100:1:0.5

TRABRETHOIEN, O o2\ (e R oo -

oxyhemsthy)-6 -m@thﬂbmm 86%eee_= (HRG! v@blralpakﬁrﬁ) 850 x 4.6;

t ert mwdinnob: 1ang heiatéﬂe/EfOHIG]%!},CﬁqeGQ%T m xed at

20-23C with approx. 6 Novozym 4 and

stirred. After approx. 24 h, the reaction was ended by

filExamhpe 5% f the enzyrre and the optical purity of the
rted al cohol

ac e for d and unco
- 1050 Rl o de sofutien ¢ of E@ st sy dbaxycveiohemyloxymethyi)-6-

Chimethyibenamatd50 x 4 6 1 m/mn, 100:1:0.5 5
hept ane/ Et OH CH3CN), net hyl

~ (3S, 1R) - 2- ( 3- hydr oxycycl ohexyl -

oxymet hyl ) - 6- net hyl benzoate 96% ee C. Chiral pak AD

250x4.6; 1 m/mn, '1;0.5 t@pta OH/ CH3CN + 0.1
% TFA). Exanple 56 1 A Te + of nmet hyl
ci s-2- (3 hydr oxycycl ohex nmet hyl) (s nmet hyl benzoat e
i HO,,' ,,00 rac. CO2 51Gacrrg%2b43neracemc

met hyl cis-2-(3- hydroxycyclohexyl- - oxynet hyl ) - 6-
met hyl benzoate were dissolved in 1 m of vinyl

15ac Ca03hg. o e &QEemud '?nel‘ﬁ Pleia. (§hﬁgﬁ%f&&clbggﬁie‘| Skymethyl)-6-
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q(ﬁl stut zeri, angyo
ylbenzoate were dlssolved in 1 ml of vinyl acetate, admixed with

approx. 4-6 mg of Lipase TL (Pseud. stutzeri, Meito Sangyo) and stirred at
20-23°C. After > 50% conversion, the reaction was ended by filtering off the
enzyme and the optical purity of the unconverted alcohol was determined:
methyl (38,1R)-2-(3-hydroxycyciohexyl-1 -oxymethyl)-6-methylbenzoate
>98%ee (HPLC on Chiralpak AD 250x4.6; 1mimin, 25:1:0.5
heptane/EtOH/CH3CN + 0.1% TFA).

Example 57
Optical resolution of cis-3-benzyloxycyclohexan-1-ol

HO ,O 0\/©
rac.

35-40 mg of racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
0.5-1 ml of vinyl acetate and 2-3 mi of methylene chloride, admixed with
~ approx. 8-10 mg of Novozym 435 and stirred at 22-25°C. After 4 days, the
‘reaction was ended by filtering off the enzyme. The optical purity of the



20-23C. After > 50% conversion, the reaction was ended
by filtering off the enzynme and the optical purity of
t he unconverted al cohol was determ ned: 20 nethyl
(38 1R- 2 (3 hydr oxycycl ohexy?€ 1
| lg yI benzoat? > 98% ee (HPLC o )
Ch| gtpfb e&nzgloxyic qhﬁpﬁln bol, 1 Wass > 98/0 ee {(HPLC on
hep@ﬂrﬁb&k@tﬂlﬁl—ﬁlﬂﬂ»ﬂﬁ 11%nilini,. 26xBOW méiz)_t’at?@E@Hl@lﬂ{a,CN +

reSé)H%% ﬂ'-gl\ Ofargclﬂ Sﬁhgcg%néy tﬁéyﬁﬁ 3%?%)6%pate was 59/0 (QPLC on

rac

ci sCmraieaizQD&@&yélﬁmamﬁmrl HO: Wtk & hdptame/BASH/TCH3CIN).
0.5-1 m of vinyl acetate and 2-3 m of nethyl ene
chloride, adm xed with approx. 8-10 ng of Novozym 435
anoEéﬁmiaﬁ‘éiB at 22-25C. After 4 days, the reaction was

end@ﬁnéﬁ»{ réédhfx rLBFchfsfbéﬁ?yic%%)ﬁE‘BheIQﬁ 194t cal purity

(1S, 3R) - 3- benzyl oxycycl ohexan-1-ol, was > 98%e (HPLC

on Chiral pak AD-H 250 x 4. 6; 1rr1/m 25:1:0.5

hept ane/ Et OH. CH3CN + 0. 1% TFA) and ee of the

(1R 3S)-acetate was Bo ( eI O) 250 x
. J J“‘

(HRLC
4.6; 1 m/mn, 100105 ane
Exanpl e 58 QOtlcaI resol
ci s- 3- benzyloxycyclohexa qhﬁac 10 10 ng of the

racem c ci s-3-benzyl oxycycl ohexan wer e di ssol ved

10in 1 m of vinyl acetate and 3 ni of THF adni xed

\é\" iy rﬂ@pbp)fhe 5raE!Qm‘§H cld-B Pz, be}&f‘ﬁ&%r eac o?duvéﬂ-:- dissolved in

ter > % COI’]VGI‘S

en&éHFﬁf/V'f‘Vi @f&fﬁtﬁ»‘g&'& # rakf EﬂEyﬁ@nIXﬂdeN@pap@mx §ngtqf Lipase
of LA, &g sﬁrréE ﬂeaz;dsa&yca(ﬁérobw éorﬁ)eré/i@ﬁ ﬂq@%’a@tﬁan was

§ ceniigBE bl HaNES Kofring enpmey. The, pptisal Buiihy of £3S.3R)-3-

15@p1b|enaylox¢syﬂlmhexan bbl cinvas3- 0% kex Y ENtI®hexarCHiralpak AD-H
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;250 x 4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA).

~ Example 59
Optical resolution of cis-3-benzyloxycyclohexan-1-ol

10 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
1 ml of vinyl acetate and 3 ml of chiorobenzene, admixed with 10 mg of
Novozym 435 and stirred at 22-25°C. After 4 hours, the reaction was ended
by fitering off the enzyme. The optical purity of (18,3R)-3-
benzyloxycyclohexanol was 68% ee (HPLC on Chiralpak AD-H 250 x 4.6,
1 mi/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA), and the ee of the

enantiomeric acetate was 95% (HPLC on Chiralcel OD 250 x 4.6; 1 mi/min,
100:1:0.5 heptane/EtOH/CH3CN).



20 HO, . O~ Orac. 10 ng of the racemc

ci s- 3- benzyl oxycycl ohexan-1-ol were dissolved in 1 ni
of vinyl acetate and 3 m of or obenzene, adm xed
with 10 ng of 25 Novozym 435*dnd stirred at 22-25C.

Af t 4 h s, the reaction was ended by filtering off
th @} .. The optical purity of (1S, 3R)-3-

b e r{2pticak yesohitameofaio3-veawyifdcpeoherCiar Chiral pak
AD-H 250 x 4.6, 1 m/mn, 25:1:0.5 heptane/ Et OH CH3CN
+ 0.1% TFA), and the ee of the enantioneric acetate

was 95% (HPLC on Chiralcel OD 250 x 8% 1 m/mn, 30
100: 1: 0. 5 hept ane/ EtO—VCHSCN) 57 [
oexan

le 60 Optical

resol ution of cis- 3- B&hz) o l1-ol HO,,,O
rac. 5 10 ng of the racg
Ci s- 3- benzyl oxycycl ohexakr ol re dissolved in 1 ni

of vinyl acetate and 3 ml of cycl'Ohexane, adm xed with

gsapprox. 5 ng of Lipase QL and stirred at 22-25C

After 24 hours, the reaction was ended gy filtering
of f10AE ehiRgreacemic sist3-benzpaxyeyeiaiiexan ghwe;elmssoived in

benzml Okymybh@étateaand@hl ]gé%%%é Hilrkixed v E%EBW 5mg

+ BT LiGR-RL Bl fied Gt 2p2BeGi Afbsod ogke ofne reaction was

ci enﬁedebgyfkbarytg/odff)htbieasznie IEeraptlcallﬁuﬂ@ af (18,3R)-3-

107 S8 Aoy BHRSHR B G Ol pleter 6 <3fliog o
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wi 2RO ARy dsml/nzm RBisD-PriverdsnaiRIOLYCHEEM H0. P5- T,
After 4 hours, the reaction was ended by filtering

of L the enzynme. The opti cal urity of (1S, 3R)- 3-
Exampe %y P P y ( ) -

Optical resolution of cis-3-benzyloxycyclohexan-1-ol

rac.

10 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
1ml of vinyl acetate and 3ml of toluene, admixed with 10 mg of
Novozym 435 and stirred at 22-25°C. After 4 hours, the reaction was ended
by filtering off the enzyme. The optical purity of (1S,3R)-3-
benzyloxycyciohexan-1-ol was 70%ee (HPLC on Chiralpak AD-H
250 x 4.6, 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA), and the
ee of the (1R,3S)-acetate was 95% (HPLC on Chiralcel OD 250 x 4.6;
1 ml/min, 100:1:0.5 heptane/EtOH/CH3CN).

Example 62 |
- Optical resolution of cis-3-benzyloxycyclohexan-1-ol



benzyl oxycycl ohexan- 1-ol was 70% ee (HPLC on Chiral pak
AD-H 250 x 4.6, 1 m/mn, 25:1:0.5 heptane/ Et OH CH3CN
+ 0.1 % TFA), and the ee of the (1 R 3S)-acetate was
95% (HPLC on Chiral cel OD 250%08.6; 25 1 ni/nin,

100: 1: 0.5 heptane/ Et O/ CH3CN). Exanple 62 Opti cal

resol ution of cis-3-benzyl oxycycl ohes 1-ol 58 HO,
rac. 10 ng of the raggmc o

ci s- 3-benzyl oxycycl oheXar g Wer€ th-ssolved in 1 n
of vinyl acetate and 3 mcycl ohexane, adm xed wth
approx. 10 nmg 5 of Novozym435 armt. stirred at 22-25C.

After approx. 4 hours, the reaction was ended by
filtering of f the enzyne. The optical purity of

on AT 1, 10 TR 55 B85 ABiojeyoniBan0d! fegecikSoned in

heptahef Eﬂﬂ-ﬂ@%@l\ﬂﬂd 6.ml of ayeiyhexand, aﬂmix@bwmh alppem( 10 mg

5R, %ﬁNo%gymt@%ﬁd Wl r']égg?ane /"gtw 3@&6@[& E)é(grsx e gliactlon

quMaéa?"ﬁT%% d%? P%Hﬂ%foffcu the mwﬁ@w%@y@p@p@!h@uatry at §1S.3R)-3-
HObenzﬂbxycqmohekanlﬂorrg wals tbS"/Jéée LC on Chlralpak AD-H.

ot 258 XOFRy N b 2" A e E@#ﬁ&%&?ﬁ"'ﬁ Yarghedgand the

w ek abpﬂn©>(1 R33 Bpacethtel wass @0 YBPAM ot iOHiredbs?OD 250 x 4.6;

10 2212Rfmirf OBL1:85 H%B{Eﬁe/étbwé?@pt Biyon was 20 ended by

fllterlng I‘'cal purity of
(1S, 3R) - 3 benzyl oxycycl ohexan-1-ol was > 95% ee (HPLC

- ONECA ak AD-H 250 x 4.6; 1 m/mn, 25:1:0.5
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he ane CH3CN + 0.1 % TFA). Exanple 64 25 Opti cal
liga &ﬁ iogjof cis-Bhengylexyeysiohgxenahol- ol HO, O -~

_ HO,,"O“.\O\/@
rac.

10 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
1 ml of vinyl acetate and 3 ml of cyclohexane, admixed with approx. 5 mg
of Lipase L-10 and stirred at 22-25°C. After 24 hours, the reaction was
ended by filtering off the enzyme. The optical purity of (1S,3R)-3-
benzyloxycyclohexan-1-ol was >95%ee (HPLC on Chiralpak AD-H
250 x 4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA).

Example 64
Optical resolution of cis-3-benzyloxycyclohexan-1-ol



- Orac. 59 Approx. 10 ng of the racemc

U‘I

ci s- 3-benzyl oxycycl ohexan-1-ol were dissolved in 1 ni

of vinyl acetate and 3 m of THF, adm xed with 10 ng

of Novozym 435 and stirred at5®2-25C. After 4 hours,

the reaction was ended by filtering off the enzyne.
ThePRpoxcalOpag i o Hie ("BSeBW) - Siskdhepkyayydyclohexan-1-ol were

Zycdl@i‘.tﬂ%‘éd‘% 1Viﬂ§oﬁﬁ?{wp§cétﬁtﬁcgg/@g_?%gqﬁ%%8 %@ﬂ 10 mg of
TFAYOVRZYH {‘Pﬁg ad Siredat 2r2R GditerA Bpats@ tfmge@h%\ was ended
( HRWC fitterichi offl hel eMyrRB0 Thed oﬁtlcél @Osli)-Q-b'énzy!oxy-

of péa%ﬂoﬁée%ﬂv@s‘:&%{m%ﬂ?@ﬁp fkf (Rl Fimin

25110+ heptans/EtQHC 3Bz . ‘b%yTb'?Ab ohed dhe Beobf ther €1R,3S)-

d d
'hfaoscgct) YE0wal 9&0/%&%‘%{“@{, %gcgg@ﬁ @%%%11@'@% 100:1:0.5
L- Teepriare/BtOHVCH3aN)22- 25C. After >  50% conversi on,

the reaction was ended by filtering off the enzyne.
The_optical_ purity of (1S, 3R)-3-

10pe ARG SR | ohexan- 1- ol was > 92% ee (HPLC on
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Chi@gticai kestiatitn Qpc@a'ﬁobénz‘\}kﬁ%c}clﬂhéﬁérm -5 1: 0.5
hept ane/ Et OH/ CH3CN + 0.1% T Exanpl e 66 Opti cal
resol ution of cis-3-benzyl oxycycl ohexan-1-ol / HO,
Orac. 25 Approx. 10 ng of the racem
ci s- 3-benzyl oxycycl ohexan-1-ol were §solved in 1 m
of vinyl acetate andHODl 8

m4 and stirred at

with approx. 10 ng of '
Fhe opfdCal purity of (1

22-25C. After 4 hours, t reacti on was ended by
filtering off the enzyne.
S, 3R) - 3- benzyl oxycycl ohexan-1-ol was 77% ee (HPLC on

10 mg of the racemic cis-3-benzyloxycyclohexan-1-0l were dissolved in
1 ml of vinyl acetate and 3 mi of chlorobenzene, admixed with approx. 5 mg
~of Lipase L-10 and stirred at 22-25°C. Afier > 50% conversion, the reaction
was ended by filtering off the enzyme. The optical purity of (1S,3R)-3-
benzyloxycyclohexan-1-ol was >92%ee (HPLC on Chiralpak AD-H
250 x 4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA).

Example 66
Optical resolution of cis-3-benzyloxycyclohexan-1-ol

HO O 0\)@
rac.

Approx. 10mg of the racemic cis-3-benzyloxycyclohexan-1-ol were
- dissolved in 1 ml of vinyl acetate and 3 ml of ethyl acetate, admixed with
approx. 10 mg of Novozym 435 and stirred at 22-25°C. After 4 hours, the
reaction was ended by filtering off the enzyme. The optical purity of
(1S,3R)-3-benzyloxycyclohexan-1-ol was 77% ee (HPLC on
Chiralpak AD-H 250 x4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN +



Chiral pak AD-H 250 x 4.6; 1 m/mn, 25:1:0.5

hept ane/ Et OH/ CH3CN + 60 0.1% TFA), and the ee of the
(1R; 3S)-acetate was 93% (HPLC on Chiralcel OD 250 x
46 1 mM/mn, 100105hepta@1@e/Et()—l/CH3Cl\l) Exanpl e

t esol ution
Ci séé%e‘lfz& ﬁy@?oﬁ@x& e (1R3§)-acetatey was. 93% HIPLC on
of Chicalcalc@bi 250k 4-63-TomilYmih 010 Y . @h@ﬁﬁﬁeﬂEt@Hm{ﬁ:N)
dissolved in 10 1 m of vinyl acetate and 3 m of
chl orobenzene, adm xed with approx. 5 ng of Lipase SL
andExamplediV at 22-25C. After > 50% conversion, the

S, OBl et RS Bl Bl BH B BSaPC Y e T

was > 87%ee (HPLC on Chiral pak AD-H 250 x 4.6; 1
mM/mn, 25:1:0.5 heptane/ Et O/ CH3CN + Q.1 % TFA). 15
Exanpl e 68 Optical .resol ution of

D 10 ng of the

ci s-3-benzyl oxycycl oh.qa@an- 0l g0 @

racem c ci s-3-benzyl oxycy hexam-1- 0 ere di ssol ved
in 1 m of vinyl acetatq 3 m of diisopropyl
ether, adm xed with 10 ng™e Novagzym 435 and stirred

at 22-25C. After 4 hours, the reaction was ended by
filtering off the enzyne. The optical purity of

(19,03RYy- &f l?l?é‘4&5%?YCAE%H§¥%6&QE§?&%O%§3W-O9gqoﬁ%r%e dissolved in

(HPLC op .Chira
okl i (@tgfer@ nd 3 miogfohlg robamenqa@daux@ witheapprox. 5 mg
R bss)upasa 8L eantpstirdéd et fﬂ@%‘@ ﬂwﬁbg% c@EM&%QM tl‘}e §eaction

1 A ngpd ]‘%)g g?lﬁpp%rpqgﬁﬁe enzyme 'ﬁteB%@tlcaF purity o m? (15,3R)-3-

.ci beﬁizbbwywmnmul-‘bbbxwasl 2B76lee HQHPLT \ on Chiralpak AD-H
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250 x 4.6; 1 ml/min, 25:1:0.5 heptanelEtOHlCHgCN +0.1% TFA).

Example 68
- Optical resolution of cis-3-benzyloxycyclohexan-1-ol

HO,,,' O"“O\/@
rac.

10 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
1 mi of vinyl acetate and 3 ml of diisopropyl ether, admixed with 10 mg of
Novozym 435 and stirred at 22-25°C. After 4 hours, the reaction was ended
by filtering off the enzyme. The optical purity of (1S,3R)-3-benzyloxy-
cyclohexan-1-ol was 90%ee (HPLC on Chiralpak AD-H 250 x4.6;
1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA), and the ee of the

- {1R,3S)-acetate was 90% (HPLC on Chiralcel OD 250 x 4.6; 1 ml/min,

. 100:1:0.5 heptane/EtOH/CH3CN).

Example 69
Optical resolution of cis-3-benzyloxycyclohexan-1-ol



rac. 10 ng of the racemc

ci s- 3-benzyl oxycycl ohexan-1-ol were dissolved in | m
of vinyl acetate and 3 m of BE adm xed with 10 ny
of 5 Novozym 435 and stirred 122-25C. After 4 hours,
the reaction was ended by filtering off the enzyne.
The optical purity of (1S, 3R)- 3- benzytox V-

cycl ohexan-1-ol was 93% ee (HPLC on [Chirgl pak AD-H 250
X 4.6; 1 m/mn, 25H0.0. ept@ue BRQH.EH3CN + 0. 1%

TFA), and the ee of the ] ' 3S) “acetate was 89%
(HPLC on Chiralcel OD 25 .6; 1 M/mn, 10
100: 1: 0. 5 hept ane/ Et OH/ . EX@%mple 70 Optical

resol uti on of cis-3-benzyl oxycycl ohexan-1-ol HQ,,
0"", 0- 15 rac. 10 ng of the racemc

ci ST(?nigleﬁi)th@égggﬁix@gﬁ%@;gbé EJ &W&éﬂé(a?gﬁleo\re\geﬂé”ms olved in

w thmdppf invts Segtete Sy Al o MECE: | adaiest wih pbemg of

SAI ; Namvc%rnhéw and tsieretest - w&mei'fﬂdﬁtﬁhrgotﬂékefachb@ Waended
0 url

(1 £, B and Enffihe Ine dhlical Blrjysof 445, 3R-3hepaiow-

on U&ﬁiqhékmﬁ ~dD-wae5®34% ep (HFHjC mon, QCBirdlpak AD-H 250 x 4.6;

hept @R{ikt 234 G5 Mot alQe/iE%F) ok Cﬁxﬁrﬁjll% Tﬂ:ﬁﬁS %tthé%le of the

ohexan

resolution of cis- benz oxycyc
4? ~“Oragetatgo was7 89( (@/-I I.ée?ﬁ Chiralcel OD 250 x 4.6; 1 ml/min,

1OCI SI{I&heI&bémaMQAEiOWG}@QGNI)-oI were dissolved in 3 m
of methylene chloride, admxed with 65 ng of
i soval eric anhydride and with 11 ng of Novozyne 435
ancExahiuple&ﬂ at 22-25C. After 45-50% conversion, 5 the

|It r|n off th nzyme. The
opt%lgﬁct!e\ :J@?ﬁ{tf?ﬂ %dC'%)J?’Sb Qi}?mifil ohexan- 1- ol
was 87%e (HPLC on Chiral pak ADH 250 x 4.6; 1

m/mn, 25:1:0.5 heptane/ EtOH/ CH3CN + Q.1 % TFA), and
the enantioneric excess of the (1R 3&J-igjovaleric acid

derivative was HO,,, '00
: rac.

10 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
1 ml of vinyl acetate and 3 m! of cyclohexane, admixed with approx. 5 mg
of Lipase SL and stirred at 22-25°C. After 24 hours, the reaction was ended

20 by filtering off the enzyme. The optical purity of (1S,3R)-3-benzyloxy-
cyclohexan-1-ol was >90%ee (HPLC on Chiralpak AD-H 250 x 4.6;
1 mi/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA).

15

Example 71
.25 Optical resolution of cis-3-benzyloxycyclohexan-1-oi



>95% (HPLC on Chiral cel OD 250x4.6; 1 m/mn,

100:1: 0.5 10 heptane/ Et OH/ CH3CN). Exanple 72 Opti cal
resol uti on of cis-3-benzyl oxycycl ohexan-1-ol HO,, O
rac. 15 200 ng of the racem

ci s- 3-benzyl oxycycl ohexan-1-ol were dissolved in 3 n
of chl orobenzene, adm xed with 100 ng of succinic

2tn ihar’i(riﬁ‘i @%@mld@ls@b@ﬁzﬁbyc@émxhnz‘l,-oi Were didBfived in 3 ml of

er, 2 e reacti on was
encf@ﬂ ﬁfer'ﬂﬁgaswxe(%w'ttér@%@ o ‘sé)é(ﬁ%r@ Apxkidgagnd with
beeft n*@oultﬂnt/ozymeldlﬁﬁ amdapiireext ab Q2vIEES CUFdtertas-50% conversion,

S urer pgud vy Shg 4 g istogten s 68 S Buriy of

opt(il &3 R)p&hengtyloﬂyo;ymm)ans’t-bb nags o8y Uyed ofldRlad - drolChiralpak
MSAB—I—?%O%?MG"P# IR,

m/mn, 25:1: ept ahe Et%?gég%e%@lg%@@F 5,0.1% TEA),

' ancﬁftdwﬂleogﬁa%tmm@f it Pxsesst of the EIR.8Bisovalsris ai@dudmwatnee was

Wa& 0§%% qeIFIdPL RN ERiraRLFOD O'%@&Q ><s4 figgi'/m@/ m1@o105

103 R BRI 0+ 0 TR

20

25

determ ne the opti call_ggurl ty bot h
substrate and of the 2
optical purity of (1S, 3R enzyl oxycycl ohexan- 1- ol
was > 95% ee (HPLC

15

ci s- 3-benzyl oxycycl ohexan-1-ol HO, O O, rac. 5 200
Ny Of cem c ci s-3-benzyl oxycycl ohexan-1-ol were
di %”ﬁfgg?{zﬁ 3 m of DME, adm xed with 100 ng of
sudptivat resciytibn ofecisBcberxylaxyoyclokikaradyoie L-2, |yo.,
and stirred at 25-27C. After 29 hours, the reaction

was ended by filtering off the enzynme. A sanple which
had been 10 concentrated by evaporat as used to

> unconvert ed
f-or red. The

rac.

200 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissclved in
3 ml of chlorobenzene, admixed with 100 mg of succinic anhydride and
10 mg of Chirazyme -2, lyo., and stirred at 25-27°C. After 29 hours, the
reaction was ended by filtering off the enzyme. A sample which had been
concentrated by evaporation was used to determine the optical purity both
of the unconverted substrate and of the acylation product formed. The
optical purity of (1S,3R)-3-benzyloxycyclohexan-1-ol was > 98% ee (HPLC
on Chiralpak AD-H 250 x 4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN +
0.1% TFA), and the optical purity of the succinic acid derivative was
94%ee (HPLC on Chiralcel OD 250x4.6; 1mimin, 25:1.0.5
heptane/EtOH/CH3CN + 0.1% TFA).



on Chiral pak AD-H 250 x 4.6; 1 m/mn, 25:1:0.5

hept ane/ Et OH/ CH3CN + 0. 1% TFA), and the opti cal

purity of the succinic acid derivative was 15 > 97% ee

(HPLC on Chiralcel OD 250 x 48 1 m/nin, 25:1:0.5
g:_tcﬂ ane/ Et %l/ CH3CN + 0.1% TFA). Exanple 74 Opti cal

AWR!I8{ %f ci s- 3- benzyl oxycycl ohexan-1-ol 20 HO,,

O rGystical ZEKbIMEbrOdf dide-iar 6§ cyclohexan-1-ol

ci s- 3-benzyl oxycycl ohexan-1-ol were dissolved in 3 m

of THF, admi xed with 100 ng of succinic anhydride and

10rrgof 25 Chirazyne L-2, lyo., and gtwred at

25-27C. After 29 hours, the react i on H ended by

filtering off the enEIQ)ms A _saipl e had been
concentrated by evapor af’ ‘s us¥ed tY determ ne the

optical purity both of nconverted substrate and
of the acyl ation product Yerned. rdtie optical purity
of (1S, 3R)-3-benzyl oxycycl ohexan-1-ol was 84% ee (HPLC
930 on Chiralpak AD-H 250 x 4.6; 1 m/nmin, 25:1:0.5

hﬁmltlanﬁgfﬁiqueecﬁtgﬁmt ci€-319én ?rx; Sgr.tﬂlgcé% -OR ividre dlsso!ved in
oo ML MECAiRL M0l ng of Sicckieyanyiide ani dbang o
heﬁlfmmylﬂed:VZ}mNaﬂdOSﬁtr@d BEAS-2BGinffter 28 Houmdt theateaction
O SUte'nagg C'Fﬁ?ﬁhgﬁgéﬁﬁgga%ﬂ‘ﬁh%heﬁaga}np% which’ had' been

- 10 ¢j gonceydrated &Vy%\gaﬂ%ﬁ@rawas usieduier determinel thecbpitical pority both

mM qpf 0
of th@&iﬁbﬂn@@ﬁe&@ﬁs’hﬁ% aﬁ‘@"bg?ﬁ%‘g‘%xéjhtfbﬂ EBB Eformed The

succj.ni.c an y
PSR RERY B S SR & bagmeyay clobaxan- Lolavas 5,987 (HPLC
vvasne@tiwlphk ADJH @50ng4.8f f1 rhhmnenzsrlﬁ) 5AqmlEt®HV@H3CN +
e OnC ate y_ev on was use
oDt T BRE Tined bbficdl! pRiBRaE Ahé Cfugiiie (Rse detiatiye was
15 subét?r%tee alﬁHPbC t loa aOhiralded Opr o280 k 4@ madnl/mire  25:1:0.5
heptane/EtOH/CH3CN + 0.1% TFA).

Example 74

Optical resolution of cis-3-benzyloxycyciohexan-1-ol
20

200 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
3 ml of THF, admixed with 100 mg of succinic anhydride and 10 mg of
25  Chirazyme L-2, lyo., and stirred at 25-27°C. After 29 hours, the reaction
was ended by filtering off the enzyme. A sample which had been
concqntrated by evaporation was used to determine the optical purity both
of the unconverted substrate and of the acylation product formed. The
optical purity of (18,3R)-3-benzyloxycyclohexan-1-ol was 84% ee (HPLC
30 .on Chiralpak AD-H 250 x 4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN +
0.1% TFA), and the optical purity of the succinic acid derivative was



15
S,

on
he

pu

optical purity of (1

3R) - 3- benzyl oxycycl ohexan-1-ol was > 98% ee (HPLC
Chiral pak AD-H 250 x 4.6; 1 m/mn, 25:1:0.5

pt ane/ Et OH CH3CN + 0. 1% TFA84, and the opti cal
rity of the succinic acid derivative was 88% ee

(HPI.@S%rBeChi(H;E’ILﬂeI o@D Iﬂﬂralce‘l@ 1250 ked.@&, ASnlimin,S5 25:1:0.5

he
re

@@ b 81, Qﬁ:]\ 20 Exanple 76 Opti cal

soI ut| on of Ci benzyl oxycycl ohexan-1-ol , O

HO., Orac. 25 200 ng of the racemc

Ci
of

Benhgezy oxycycl ohexan-1-ol were dissolved in 3 m
acgﬁne adm xed with 100 ng of succinic anhydride

5 an@plisahpssiutionpfds-prrenzyxyeydohexamd i rred at

25-
fi

co
op
of
of

27C. After 29 hours, the reaction was ended by

[tering off the enzyne. A sanple which had been 30
ncentrated by evaporation was used determi ne the
tical purity both @f the ungj)nve substrate and

the acyl ati on product, e d. e~optical purity
(1S, 3R) - 3- benzyl oxycy gxan-1-ol was > 99% ee

(HPLC 65 on Chiral pak AD~E250 pged.6; 1 m/mn,

25:

op

1: 0.5 heptane/ EtOH/ CH3CN + 0.1% TFA), and the
tical purity of the succinic acid derivative was

7% ﬁQ%Tthnf i ﬁ%@%@cs‘i‘c@ﬁ%ﬁﬁ v%{gngllsgolved in

10 77 3apk tpfd'aethy mlonde ,oAdmixed with 100 mg of succinic anhydride and
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Ci
an

IO ONRIIRS L deflarcd RRY 10 Rl e v

mER3Ctign W epded hych ltermgsoiiﬁélhezﬁnawgﬂ@ya SHER vwhlqbq had been
Weegncentrated by evaporation was used to determine the optical purity both

of the unconverted substrate and of the acylation product formed. The

- optical purity of (18,3R)-3-benzyloxycyclohexan-1-ol was > 98% ee (HPLC

on Chiralpak AD-H 250 x 4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN +
0.1% TFA), and the optical purity of the succinic acid derivative was
88%ee (HPLC on ChiralcelOD 250x4.6; 1 ml/min, 25:1:.0.5
heptane/EtOH/CH3CN + 0.1% TFA).

‘Example 76

Optical resolution of cis-3-benzyloxycyclohexan-1-ol

200 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
3 ml of acetone, admixed with 100 mg of succinic anhydride and 10 mg of

_Chirazyme L-2, lyo., and stirred at 25-27°C. After 29 hours, the reaction

was ended by filtering off .the enzyme. A sample which had been

~ concentrated by evaporation was used to determine the optical purity both

of the unconverted substrate and of the acylation product formed. The

. optical purity of (18,3R)-3-benzyloxycyclohexan-1-ol was > 99% ee (HPLC



di ssolved in 120 m of THF, adm xed with 3.9 g (39.0
mmol ) of succinic anhydride and 390 ng of Chirazyne
L-2, lyo., and stirred at 22-25C. After 15 approx. 40%
conversion, the reaction was egeled by filtering off
the enzynme. The filtrate was concentrated under

r em%al‘@ﬂfﬁﬂélﬁ\[ﬁH ThE x 4,851 W%W%hst flen hﬁ@t&ﬁemq]wcmcr\: +
Alg

eac c(%\s
or gSthee phaRLOvasodr i ehiralBFOH apsh cawentr di/ffh, 25:1:0.5

o B GR GEER L BB o ket 1161 vis 7006

extqﬂacéed |ntenS| vely three
¢ Qrtical iy U NI@—@@GC@GJ @cidolerivative was

5ee (HPLC on Chiral pak AD-H 250 x 4.6; 1 ml/mn,

pur | t
t hOrinm reraiutionuebeis-obenadoxysychohegan-deol, (HPLC on

Chig ghdSs 0.5 25

hem?ﬁg?g@%é@‘% ”&’Wr égHrHeéﬁép\}e

conc. sodi um hydr oxi de sol uti on, the aqueous sol ution
the succinic acid derivative was _hydrol yzed

chem cally. The (1R 3S)-3- benzyl ox phexan- 1- ol

formed was extract edH@,t B C Yl

Exanple 78 Opti cal resol’

BUQG
ci s-3-benzyl oxycycl ohexl , Separation of alcohol
and succinic acid derivatihvwe 66 ra,, O- Orac. 5.06 g

Fﬁ #¥ept ane/ Et OH/ CH3CN + 0. 1% TFA). The opti cal
F the succinic acid derivative dissolved in

reating wth

h 2.9 g. 30

'10(24 5 mol ) of the racenic
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CIS 3-benzyl oxycycl ohexan-1-ol were dissolved in 75

5 PR SR e SRRl S v

vegl lf'eﬂZQS'n'SOﬁ HFheadrBa@dl with .8 6320 rbnol) of succinic

f i Iahnydrrwe ahé adm&ngwrﬁraz% %'d Wdﬂ gn%ﬁrrgd at 22-25°C. After

concent r a&&% down
e cpegf-m fﬁaﬁﬁ'%dﬂlﬁﬁ tendssl Ay (ﬁﬁem epff the
anénzyraer €Tt rfiltrgtel Wras\esordiehtraldde dindler redided pRAYERY The

75 PR vtk Yl BN S idreeed iy L e

adwb inrrAGihease X00rmal of sat. aqueous NaHCO3 solution. The organic

phase was dried (MgSOg4) and concentrated under reduced pressure;
yield: 4.4 g; the optical purity of (1S,3R)-3-benzyloxycyclohexan-1-ol was
70%ee (HPLC on Chiralpak AD-H 250x4.6; 1mlmin, 25:1:0.5
heptane/EtOH/CH3CN + 0.1% TFA). The optical purity of the succinic acid

“derivative dissolved in the combined aqueous phases was > 99% ee

(HPLC on Chiralce!l OD 250 x 4.6; 1 ml/min, 25:1:0.5
heptane/EtOH/CH3CN + 0.1% TFA).

By treating with conc. sodium hydroxide solution, the aqueous solution of
the succinic acid derivative was hydrolyzed chemically. The (1R,3S)-3-
benzyloxycyclohexan-1-ol formed was extracted with tBuOMe: yield: 2.9 g.

Example 78

Optical resolution of cis-3-benzyloxycyclohexan-1-ol,
‘separation of alcohol and succinic acid derivative



was stirred intensively for 15-30 mn. After phase
separation, the organic phase was extracted first
with 90 ml of saturated agueous NaHCO3 sol ution and
150 m of water, and then wt 5 mM of saturated
aqueous NaHCO3 solution and m of water, and

washed twice with 30 ml of wate The 15 organi ¢ phase

was dried (MgSO4) and concent Fated under reduced

pressure 2.52 g+ 50%, [4a]20 D +12.1 (c 1.0,
t he oq-tlclgc . rlq f\

(1S 3R) 3- benzyl 0 | ohexan-1-ol was > 99% ee (HPLC
on Chiral pak AD-H 250 X fgb, 1 m/nmin, 25:1:0.5

hept ane/ EEOH/ CH3CN + 0.1 % TFA). 20 The comnbi ned
aqueous phases were adm xed with 20 m of (glacial)

%fhm§ eqqgﬁzé §| %%ﬁ‘ mét Silehitt s WL séhz%%xgt,&aéhe&(an 1-0f were

e organi c g ase

(N@mve&hw ¢8rpkat Mat eoadrwxaddwn %52 g (257%marolx Bk succinic

SSU%Wthﬁdéi@h@I :{iﬂgaaﬁnw rﬁmsoréhﬁcsﬁine%ﬂ 22/2% AfEPYB 5 h,

e the eschion Wit 1dad @ascﬁﬁemn@ 464 sRgyme] i Thavitrate was
( Cigbhdentated.ddvin &Bapprox4 b, mluﬁael( fédubéhi préséi&e( Mhe residue

3%3 %ﬁ]l%%ﬁ%ﬁna\l iﬂ.@? Tﬁo?‘%t& a&d}line rﬁ{naiwg Or-}-‘ﬁ'gvaf}_%igttlled off

( munaey reMresmyesosFmbp‘ésamrated @queans NaHCO; solution, 15

10C '(%1!301‘(\»5{& reglgt | %I%Bbé@ %@%%E@ME%{'& Sﬁg@cp%d tﬁ% rH:xture

sl ¥asystireedy I@@P%W'&rfor d&oP@ dnipo Ai@cphaée separatlon the organic
1, phaye vafressanresdfirst aﬁthfo £hl o@séﬂﬁat@ala)queﬁhé Nér?@o?%oiutnon

44
(600,756 M ate) Fid B ving15 Tl o satupRted assiees NRHCOs
r egolution smdk B0rml vhvatas el washetAWide? with 130 mill of walter, The

18 %@%ﬁ?eﬁnﬁ%rw@%ﬁé&; SO0, g iR s ppooed

pr BEagsuEe; vkld )@l i tildd° der= 1@oMeOH); the optical

de? gﬁ%?/(?‘sﬁ@l @%%h?ilSiy%YW Cﬁeﬁgi % 895 tdal?ae(HPLC on
6thu@!g;al@A§) t—lm 28y 46;21 anfminy 2§40 3haptg:gelEt@bll H30N +
br0,1% 1HA).3.-8 (m 1 H), 3.95 (m 1 H).

20 The combined aqueous phases were admixed with 20 ml of (glacial) acetic
acid and extracted twice with 20 ml of methylene chloride. The organic
phase was dried (MgSQOs) and concentrated; yield: 3.55 g (47%) of the
succinic acid derivative; the optical purity was > 99% ee (HPLC on
Chiralcel OD 250 x 4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1%

25 TFA); 'H NMR (CDCl) &: 1.2-1.43 (m, 4H), 1.82 (m, 1H), 1.93 (m, 1H),

' 2.04 (m, 1H), 2.40 (m, 1H), 2.58-2.70 (m, 4H), 3.39 (m, 1H), 4.54 (m, 2H),
4.71 (m, 1H); 7.23-7.36 (m, 5H).

Example 79
30 Preparation of racemic cis-3-(teri-butyldimethylsilanyloxy)cyclohexanol

HO._ : .-OSiMe,tBu

rac



Exanpl e 80 Preparation of cis-(1 S, ,
3R)-3-(tert-butyl di net hyl sil anyl oxy) cycl ohexanol HO.
OSi Me2tBu . 15 "0 770 ng of racemc
cis-3-(tert-butyldinethylsilargt oxy)cycl ohexanol were
di ssolved in 10 m of acetone, adm xed with 0.36 m of
vinyl acetate and 400 ng of Novozym 435 and stirred

ol b L e b 1
solaft1,6reysithexanediol (20.68 QY0.4V3rAGKRL EAN WHIRY medused) and
0L TRFF (0,548, BBkt 3R ety BARY’ ARePStiing 'ai 20%dec for 18
5(h 19)BRY -tBe (reactiorbmixti wg‘s e shiekamiyH H%@)(g)&ﬁﬂ@ﬂ;ﬁﬂﬁﬂﬁie organic
+ =
pofrERsO3T grrtey Wi s3!S 10 ad Bded v Moo ana
pr é}?@gﬁﬁtﬁafgddmggigﬁmf; amc@hpgg%%:phwﬁcz 2:?:‘55 gel, (20:1
f oIy Stahefet etatgfgale 18, @gﬁ?% f e desfred iyt ether;
o 181 MR P 0ETR 8t LOTRAGTRARD, g S 9 k2 2hine) BH), 3.2 (5,

10f r &m, AkB, 38 (hurhhetoy @atme fromthe group of N, 0
and S, 8 to 14 nenber@g g?);natic ring,

(C3-C8) -cycl oal kyl ;
Example 80

Preparation of cis-(18, 3R)-3-(tert-butyldimethylsilanyloxy)cyclohexanol

HO._ : .-OSiMe,tBu
15

770 mg of racemic cis-3-(tert-butyldimethylsilanyloxy)cyclohexanol were
dissolved in 10 ml of acetone, admixed with 0.36 ml of vinyl acetate and
400 mg of Novozym 435 and stirred at 21-24°C. After 47 h (approx. 50%
20  conversion), the reaction was ended by filtering off the enzyme and the
solution was concentrated by evaporation under reduced pressure.
Chromatography of a portion of silica gel (3:1 n-heptane/ethyl acetate)
gave (15,3R)-3-(tert-butyldimethylsilanyloxy)cyclohexanol having [o] 7

+12.8° (¢ = 1.0, MeOH).



R3is H F d, Br, OH NO2, CF3, OCF3, (Cl-C6)-alkyl,
(C3-C8)- 20 cycloal kyl, phenyl; R4, R5 are H F, O,
Br OH, NO2, CF3, OCF3, OCF2H, OCF2-CF3, OCF2-CHF2,

(C1-C6)-al kyl, O (Cl-Co)-al 5
(01 &?OWE?#?Q(CL C3)-alkyl: 25 n is frorr'%‘thﬁ?;Mmmsso
and 30 R2 is (C1-C8)-al kyl whesrse one or nore CH2
groups in the alkyl groups be replaced by 0, CO
S, Gams: S02, and al kyl may be one to 69
trisubstituted by F, d, Br, CF3, CN, NO2, NHAc,
NHBoc, NH CO- CH3)3 hydr oxyI OCF3,
O(’C—| - @5)RTarRss | focqmaparqmg keemﬁy nonracemic compound of the
COt6Xn%ia¥0) - al kyI tetrazol e, thiazolidine-2,4-dione,
i ndol e and (Cé6- Clo) aryl, where

5t hi azol i di ne- 2, 4- dlone and aryl may in turn be 5

substituted by F, opr,
NHBoc, NHCbz, Hmdc(-
O (C-0Co)-al kyI COCH, @NZOoXy, CO(XCQ)CG)-aI kyl ,
(C1-C6) - al kyl, O(Cl C6) =8 | or tetrazole, or; 10
R2 is an OH protecting group (PG, for exanple

benzyl oxynet hyl, benzyl, para-nethoxybenzyl or

t evthepet vyl di met hyl silyl; which conprises 15 A) a)

al kyl ati on (al k-R2/al k-PG reacting cis-

1, 3- cycl ohexanedi ol of the formula (I1) HO OH O

3 N, NC2, NHAc, NHTs,
~“hytgoxyl , OCF3,

10(13 i$20 V\nthaconpound of the fornula (111) t-R2 X
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(111)
o R3
.
N (CH)n-
RS
where:
ring A is phenyl, 5-12 membered heteroaromatic ring which may contain

from one to four heteroatoms from the group of N, O and S, 8 to 14
membered aromatic ring, (C3-Cg)-cycloalkyl;

R®* is H, F, Cl, Br, OH, NOj, CF3, OCFs, (C1-Cs)-alkyl, (C3-Cg)-
cycloalkyl, phenyl;

R4 R5 are H, F, Cl, Br, OH, NOz, CF3, OCF3, OCF2H, OCF2-CFs,
OCF2-CHF2, SCF3, O-phenyl, {C{-Cg)-alkyl, O-(C1-Cg)-alkyl, O-
(C1-Ce)-alkyl-O-(C1-Ca)-alkyl;

n is from 1 to 3;

and

R is (C4-Cg)-alkyl where one or more CH2> groups in the alkyl groups
~ may be replaced by O, CO, S, SO or SO2, and alkyl may be one to



- 25 where R2 is as defined above and Xt is d, Br, I,
Ovs, OTs, Orf; 30 in the presence of bases in a
suitabl e solvent to give a racem c conpound of the
formula (1V) HO 0% LJ R2 (IV) where R2 is as
defined above; bl) enzymatic ester formation (EF) +

Chef or i%}?dt%’ £r 81, BE PR, 80 B SRR, R-co-

format i &l 3., hiydromyl,c@GHe +-EbhCbpalkye GOHOHReCWitemzoxy,
|

an acylcd 4 ng -akaF ?&Fé(ﬂﬁe' rilh?&ogtﬁlﬂ@@ géﬁc?{é’ g@oie and

and the res
and, af t&p- Q‘rﬁé Wa(‘!\th%ﬁ th@gotmaed? 4-giene gndrangi m@yein turmn be

51 S presgibsgitan b@SFercpr:thS EOW' NAY)NHAS NMrs, NHBo,

oot - ((AiShE) N%@@%{CH&{&@M@ @6F 3. ©5(Ga-Rphgliyl, COOH,

(=0 - (m%ﬁ.)zomrcb@ gh-CHhakE, R0§-CY)-dIRIE C-atRoy)-alkyl or
at ons n3¥ be .repl aced by oxygen atoms and be

subst it (¢%RFUS 9= 3 substituents fromthe group of F,

ad, Br, CF3, CN, N02 hydr oxyl, methoxy, ethoxy

R A e TR g S Lg e T r—

from 2benky, paa:mettioNybeflyl drtertGdyldiamathiiBilyls as
defi ned above, and the other stereoi soner is present
unchanged as the al cohol of the 25 fornula (1V), and
ar Whitlee@mpriges epar at ed from each ot her by utilizing
their different chem cal or physicochemn cal

1spr %r))erti es (separation S)

a)  alkylation (alk-R¥alk-PG)

reacting cis-1,3-cyclohexanediol of the formula (I1)

WOH

with a compound of the formula (lII)

20

x'-R? an

25
where R? is as defined above and

x' iscl Br, 1, OMs, OTs, OTF

30 in the presence of bases in a suitable solvent to give a racemic compound
of the formula (1V)

HO,,

o o\ij
)



or 30 b2) enzymatic ester hydrolysis [=chem cal
esterification (CE) + enzymatic hydrolysis (EH)] +
separation (S) subjecting the resulting conmpound of
the formula (1V) to a stereos ctive enzymatic ester
hydrol ysis, in which the racemic alcohol is initially
35 e Bhdeffriaeind .esterification (Cg), for
exanpl e by nmeans of atglﬁj(?'7l chloride R6-Cl or acid
anhydride R6-O- R6, in the presence of bases, to the
radeni c eryRiatiefestéifofbibh KV sBafdtiondsy R2 5
where R6 and R2 are each asﬂtzje)fi ngg abovgsymhi ch, to
carry out the stereosel ective enzymatic ester

Shy dubjgading thEHesulting ¢drapotirdeaf tifte formMaaqOEN RO Bferébselective

het , - ' .
oA ¥ifer AAMERT (ERT IR e We ActRBls" o o ith an
t heacyhdenert ang theoepzyrse in tEn orgaaic soldentrarchthecrsealtivly mixture

I hat: .S i 4 ol f
Toigodtined catl bl #, 801C JaRM, dtierd el JELANN Rad ended, one
st SIYEPSOMET I$ presest agansestenef thedemouladV)t he for nul a

10(1V) and the other is present unchanged as the ester
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of the formula (V) and can thus be 15 separated from

each ot her as desns*i’kﬂad,' reler «91) . and the enanti oner
@o as F#n al cohol is further

of the fornmula (IV) occ
processed as descri bed d), or 20 c) ¥heni cal

hydrolysis (CH) hydrolyzihg the enantioner of the
formula (V) occurring as an ester to the chemcally
enantioneric al cohol by known nethods and 25 d)

al Mflesgi on (al k- R) reacting further with a conpound

of Rthe foree)-C4L 16, BENEH-h-alleh§t 2210)-(Ca-C 1)
alkynyl, C(=0)-(C3-C1g)-cycloalkyl, where one or more carbon
atoms may be replaced by oxygen atoms and be substituted by 1-3
substituents from the group of F, CI, Br, CF3, CN, NO3, hydroxyl,
methoxy, ethoxy, phenyl and CO-O(C1-Cg)-alkyl, CO-O(C2-Ca)-
alkenyl, which may in turn be substituted by 1-3 substituents from
the group of F, Cl, Br, CF3, and

R? s as defined above,

and the other stereocisomer is present unchanged as the alcohol of the
formula (IV}, and are therefore separated from each other by utilizing their
different chemical or physicochemical properties (separation S)

or

b2) enzymatic ester hydfolysis '[=chémical esterification (CE) +
enzymatic hydrolysis (EH)] + separation (S)

subjecting the resulting compound of the formula (IV) to a stereoselective
enzymatic ester hydrolysis, in which the racemic alcohol is initially
converted by chemical esterification (CE), for example by means of acid



30 where . ring A, R3, R4, R5 and n are each as defined

above and 72 x 2is d, Br, |, OrIs, Ovws, OR

in the

presence of bases in a suitable solvent to give the
conmpound of the 5 formula (I)C51 and e) detachnent of

the protecting group PG (detP

ound of ™ the

if RR is an OH

P QiHSHde gs—‘l'.'fllgﬂﬁ]cgf%h ridjeehhft?-dRak%ﬁgﬁﬁjﬁ;l?éjs?%qc%zofﬁasgﬂto the

convertin

PG Técemnig esighef thedormbg G are each as defined above,
15 by detaching the protecting group by known nethods
to a conmpound of the forrrulangj/\ll) RI11TO" OH O.

Oés, 3 NC

(M) 20 where RR6iS ove, f) a

| kyl ati on

(alk- R) 25 then reacting wi th™a conpou of the
formula (I1l1) t 2 -R ) where X1 4 R2 are
each as defined above, 307in the presence of bases in

5a suitable solvent to give a conpound of the

(1) r Loneric form 73
bei%hgérgﬁ%qgé%ggzi%l';?eea%%gﬁ%ﬁg%dt ng)vglEquence of
i ndi vi dual reaction steps

f or mul a
it

10

which, to carry out the stereoselective enzymatic ester hydrolysis (EH), is
then taken up in homogeneous or heterogeneous, aqueous, agueous-
organic or organic medium, and reacted, in the presence of an enzyme in
the case of hydrolysis with water and in the case of alcoholysis with an

' alcohol, at a temperature of 10-80°C, and after the reaction has ended, one

stereoisomer is present as the alcohol of the formula (IV) and the other is
present unchanged as the ester of the formula (V) and can thus be

15 separated from each other as described under b1), and
the enantiomer of the formula (IV) occurring as an alcohol is further
processed as described under d), or

20 ¢ chemical hydrolysis (CH)

hydrolyzing the enantiomer of the formula (V) occurring as an ester to the

chemically enantiomeric alcohol by known methods and
25 d) alkylation (alk- R")

reacting further with a compound of the formula (VI)

o
.0
N (CHn - X2

| R5
30
where

ring A, R®, R*, R® and n are each as defined above and

M)



as descri bed above under A): A alk-R2 EF + S/CE + EH
+ S[-+CH -4 alk- RL[-+ DetPG-* alk- 5 R2] ->
product/enantioneric formto: B) al k-R -*EF+S/ CE+EH
+S[ - +CHI -,aIk-R2[-,DetPG*aIl§- 10 R2] ->
product/enantionmeric form or 8) alk-PG -a EF + S/ICE +
EH+S a CH->alk- R -* DetPG -, alk- RL 15

ct/e antioneric formor D) alk-PG-> EF + S/CE +
BHA S Sl DO ToddMs, OTTa k- R2 20
product/enantl omeric form 2. The process as clai med
in.claiml, wherein the processes C) and D)

alr e
em? e Aresence of hases p @guitable épb[ﬁﬁé@ givedhaigempasind of the

52, fodmewiai(h), sadrpounds of the formula (111) X - R2

(111) 30 are used where X is d, Br, I, Ow» or OIs.

4. The process as clained in any of clains 1 to 3,

whe)ei n detanhmentof s podtettieg §roupPG (GéiFPG) X - R2

(1r1) are used where 74 X1 is d, Br or 1. 5. The

proce;s as clainmed in clalrrslto4 vvherelna
oiffduiscanPH prtedingroups PQ@))asRiefined-atirve( inderi R2, converting

10 pr ERAESHPBIRA BF the formula (la)

o,
R1/ ‘. NN O\PG
_ (Ia)

where R' and PG are each as defined above,

16 .

20

25

- 30

by detaching the protecting group by known methods to a compound of the

O‘- "H
R I/ T thd

where R is as deﬁned above,

f) alkylation (alk- R?)

then reacting it with a compound of the formula (l}1)
x'.r? ()

where X' and R? are each as defined above,

in the presence of bases in a suitable solvent to give a compound of the
formula (1), the product or the enantiomeric form,



RLis 10 R4 OR3 ~ Rng AIll N (CHZ)n- R5 where 15
ring Ais phenyl, 5-12 nenbered heteroaromatic ring
whi ch nmay contain fromone or nore heteroatons from
the group of N, 0 and S, fusegfbicyclic 8 to 14
menbered aromatic ring, (C3-C8)-cycloalkyl; R 3 is H,

CF3t béing- 4190 paskivle td EBakde tl‘i%%le?%ﬁé’&?f ﬁaﬁ‘"yﬁ\"‘lfé' re28tion steps

R4, R ar ¢ H_ _F, Br, Cﬁg OCF i
O (E198s§ybgfiabove UndeE Ay om 1 to 2 and 25 R 2 i s
(C1-C8)-al kyl where one or nore CH2 groups in the

al kyl gr b pl d 0] S, or_S

and”al kﬁ?l%'-@y»@g-nglélg * Eﬂeg Lﬁ!ht—)i ?Hféqd aiv Fg,pha I;)et%‘,%, — alk-
5CF3, CNRNe2 prodimt/enthBomeriblfei@® C( CH3) 3, hydr oxyl

OCF3, O (C1-C6)-al kyl, COON, CO benzoxy,

CO (C1l-C6)-al kyl, tetrazole, thiazolidine-2,4-dione,

i nd®l e and 30 (C6-Clo)-aryl, where

t hi azol i di ne-2, 4-di one and aryl may in turn be

substitute y ., Br, CF3, CN, NO2, NHAc, NHTs,

NH%jc, aﬁlhgz)ﬁ Eﬁt@l@ECF@)Hs,* $irar 6k > atherR’ [ DetPG — alk-
100 ( C1- CRA a spoducterbhtictheri©Rraenzoxy,

CO (Cl-CB) -al kyl, (C1-Co6)-al kyl, O (Cl-CB)-al kyl or

tetrazole. 6. The process as clained in any of clains

1 oo 5 wherein a conpound 5 of the fornmula (1) R1O

R2 O (i)

C)  alk-PG - EF + SICE +EH + S - CH — alk- R? - DetPG — alk- R
15 — product/enantiomeric form

or

D) ak-PG — EF + S/CE + EH + $ — alk- R! - DetPG — alk- R -
20 product/enantiomeric form.

2. The process as claimed in claim 1, wherein the processes C) and D) |
are employed.

25 3. The process as claimed in claim 1 or 2, wherein compounds of the
formula (111)

X'—RZ ()
30 are used where
X' isCl, Br, I, OMs or OTs.

4. The process as claimed in any of claims 1 to 3, wherein compounds
35  of the formula (i)

X'—R? ()

are used where
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is prepared where: RlLis 10 R4 OR3 Rng Al I

NX(CH2) n- R5 where 15 ring Ais phenyl; R3 is

(Cl-A)-alkyl; R4, R5 are H, (Cl-C4)-alkyl,

O (Cl-4)-alkyl; 20 nis 1 anggR 2 is (Cl1-C8)-al kyl

where one or nore CH2.9roups in the al kyl groups may

be replaced by 0, COL S, SO or S02 and al kyl nmay be

02&5{0 izg‘ytéisu stituted by F, d, Br, CF3, CN, N2,
, ) O C(CH3) 3; hydroxyl, OCF3,

O (Ct-C6)-al kyl, COOH, CO benzoxy, CO(XCl-CG)-aI kyl ,

t et | | d
18 225" YRR BT BTN 151G cormpgyna of e
yformu L(i)n be substituted by F, O, Br, CF3, CN,

NO2, NHAc, NHTs, NHBo@,, 3i H% NH- CO- C( CH3) 3,

hydr oxyl , OCF3, OR(1C1- CB BRODOH, CO benzoxy,
COQ(Cl-CB)-al kyl, (Ct-G6 kyI O (C1- Ce)pal kyl or
tetrazol e.

is prepared where:

R' is
R4 o RS
.4
N (CH,n-
RS

ring A is phenyl, 5-12 membered heteroaromatic ring which may contain
from one or more heteroatoms from the group of N, O and S,
fused/bicyclic 8 to 14 membered aromatic ring, (C3-Cg)-cycloalkyl;

where

R®  isH, CFs, (C1-Cg)-alkyl, (C3-Cg)-cycloalkyl, phenyl;
R?, R®are H, F, Br, CFa, OCF3, (C1-Cg)-alkyl, O-(C1-Cg)-alkyl;
n is from 1 {0 2 and

R is (C1-Cg)-alkyl where one or more CHy groups in the alkyl groups
may be replaced by O, CO, S, SO or S0z, and alkyl may be one to
trisubstituted by F, CI, Br, CF3, CN, NO», NHAc, NHBoc, NH-CO-
C(CH3)3, hydroxyl, OCF3, O-(C1-Cg)-alkyl, COOH, CO-benzoxy,
CO-O(C1-Cg)-akkyi, tetrazole, thiazolidine-2,4-dione, indole and
(Ce-C1o)-aryl, where thiazolidine-2,4-dione and aryl may in turn be
substituted by F, Cl, Br, CF3, CN, NO2, NHAc, NHTs, NHBoc,
NHCbz, NH-CO-C(CHg)3, hydroxyl, OCF3, O-(C1-Cg)-alkyl, COOH,
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CO-benzoxy, CO-O(C4-Cg)-alkyi, (C1-Cg)-alkyl, O-(C1-Cg)-alkyl or
tetrazole.

6. The process as claimed in any of claims 1 to 5, wherein a compound
of the formula (1)

0,
R17 = Ogg
L))
is prepared where:
R'" s
R4 .
o R3
Ring A \ I
N, (CH,)n-
R5
where

ring A is phenyl:

" R® s (C1-Ca)-alkyl:

R*, R® are H, (C1-Cy)-alkyl, O-(C1-Ca)-alkyl;
n is 1 and

R2 is (C1-Cg)-alkyl where one or more CH2 groups in the alkyl groups
may be replaced by O, CO, S, SO or SO, and alkyl may be one to
trisubstituted by F, Cl, Br, CF3, CN, NO2, NHAc, NHBoc, NH-CO-
C(CH3)3, hydroxyl, OCF3, O-(C4-Cg)-alkyl, COOH, CO-benzoxy,
CO-O(C1-Cg)-alkyl, tetrazole, thiazolidine-2,4-dione, indole and

| (Cs-C1p)-aryl, where thiazolidine-2-4-dione and aryl may in turn be
substituted by F, Cl, Br, CF3, CN, NO», NHAc, NHTs, NHBoc,
NHCbz, NH-CO-C(CH3)a, hydroxyl, OCF3, O-(C1-Cg)-alkyl, COOH,
CO-benzoxy, CO-O(C1-Cg)-alkyl, (C1-Cg)-alkyl, O-(C1-Cg)-alkyl or

" tetrazole. |



