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{54) Beseichnung: VERFATREN ZUR HERSTELLUNG DER ENANTIOMEREN FORMIN VON CIS-KONFIGURIERTTN

(57 Abstract:  The invention relales o a
method for producing chiral, non-racemic. ¢is
1.3-disubstituted cyclohexanols of [ormutla t1).
tn which the groups are defined as cited in the
description, using an cozymatic resoiution of
racemales.

o {57) Zusammenlassung: Verfahren zur Hersteliung der enantiomeren Tormen von cis-konfigarierien 1.3-Cyclobexandiol-Deriva-

W

len s ist ein Verfubren zur Herstellung chiraler, nichi-racemischer. cis-konligunicrier 1,3 -disubstivierter Cyelohexanole der Formel
{1y worin die Reste die angegebenen Bedeutuagen haben, mitels enzymabischer Racernatspaliung beschrichen.
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Variously substituted, cis-configured 1,3- dlsubstltuted cyclohexane
derivatives (compounds of the formula (l) where R ;tR ) are central
building blocks or precursors -of the active pharmaceutical ingredients
which are described in WO 03/020269 and are generally suitable for
treating lipid metabolism disorders, type |l diabetes 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 mulii-kg scale cannot be carried out safely (C&EN, September 13,
1982, 5). Moreover, the alkylation by the Bu2SnO 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 usuaily
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. '




(1) (57) Abstract: The invention relates to a nethod
for producing chiral- non-recemc- cis
- 1.3-di suhstituted cycl ohexanols of fornula (1). in
~which the groups are defined & cited in the
description, using an enzymatic resol ution of
r a@ii‘relt eethddsAyhich deestbeenf desibgd |Nﬁfe‘raﬂur@foraynth68fzmg cis-
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b SRAFLTRe Y The 58l BHERkRST So8s IRt BR AP istigctigioher

10 O_TRey tanfb) b&/aonsidsieyd asuindtistriat pohcessas.conf i gur ed

LA SRS o L AR ol A RHYES (BRI i, i

buﬂIl’dﬁ-rﬁ?gCl@Ih@!SR@etaﬂ' pr @Eur Su%.6isct, ttheyaehexpmetriol  derivatives
Phar miGRBHIeFaM. I(l‘wﬂsduevbﬁ dér Bhbkdh, acesAaskel Red/aitewalle,

a‘é?;’ hadoe, At 889" ‘%ygga% gbledor L1 @il in,

15 SyNﬂMmﬁd% K.18akmi, Jetrahedivn: spsyinerds WIO9Rh 3r €97-306) are
GRS AR A IR a0 8508 gRbe Hhe hin
denuvﬂuarve'é stagest ahbe therefore unsuitable for industrial use. The
enzymatic reaction of the cis/trans mixture of 1,3-cyclohexanediol with S-
ethyl thiooctanoate cannot be considered as an industrial process. Apart
20  from the odor nuisance which can barely be avoided when working with the
| sulfur compounds and the fact that to achieve the required conversion, the
ethanethiol which is released has to be removed continuously, the reaction
described leads to a mixture of 9 isomeric forms or derivatives of
cyclohexanediol, i.e. the unconverted isomers (S,S)-diol, (R,R)-diol and
25 (R,S)-diol, also the monoacylated products (S,S)-monooctancate, (R,R)-
monooctanoate and (R,S)-monooctanoate, and thirdly the group of the
diacylated products (S,S)-dioctanoate, (R,R)-dioctanoate and (R,S)-
dioctanoate. The optically active, 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. '




consi dered as industrial processes: for exanple,
al kylations with NaH/ DM on the multi-kg scal e cannot
be carried out safely (C&EN, Septenber 13, 1982, 5).
- Moreover, the alkylation by th@ Bu2SnO net hod on the
industrial scale entails unacceptably high cost and
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separating nmethods are used. The disposal of the tin

co : r : r ;
con AP dh pHRLLE B e AR e oRA} Sirocel which
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I nconveni ent and too expensive. In addition, it is 30
necessary for .chropatographi c enanti oner resol ution .
t haiher Hesaile dityent ONUESs 3yr BIOSRBS | FPTgRBPRMRGN alchiral
PUlichyacemic dontmundefakdif@wadain  many cases by - :
addi tional, preceding chromatography. 2 O her nethods
~whi ch have been described in literature for
synt hesi zing cis- 1,g8-cycl ohex%nedi ol building bl ocks
or derivatives, Ror eXappl e~phe ‘G%?ni ng of :
- epoxycycl ohexanes (P. Q V. Bussol o,,, L.
anucci, G Renw, G

-~ Favero, M Pineschi, F
10AM ci, G Roselli, Tetrah®dron 2000, 56, 7513 5 7524
and cit. lit.) or the netallized-catal yzed

hydr obor ati on of cycl ohexene derivatives (J. A
Br wilef@nn, T.T. Nguyen, J.R Sawa, Jr., Og. Lett.
2000, 2, 981-983; C.E Grrett, GC Fu, J. Og.
Ch%gn, 1998, 63, 1370-1371) are predom nantly
ungat!Ssfactory with regard to the regioselectivity and
the stereosel ect_i%‘icty. The total nunber of stages is
additional ly disti g hi gker . ol0 R8y cannot be
consi dered as industrial progesgéesyyThe synthesis of
cis- 1, 3-cycl ohexanedi Tva iv4 starting from
cis,cis- 1,3,5-cycl ohs { ol )gFoks,. Ci s-
1, 3, 5-cycl ohexanetri ol dgrivatives (@Hﬂﬂm)rti er, M
Carda, J. Van der EyckengsG Snatzke, M Vandewall e,
15 Tetrahedron: Asymetry 1991, 2, 789-792; H. Suenune,
K. Matsuno, 15 M Uchida, K Sakai, Tetrahedron:

Asymmetry 1992,. 3, 297-306) are
where:

ring A is phenyl, 5-12 membered heteroaromatic ring which may contain
20 from one to four heteroatoms from the group of N, O and S, 8 to 14
membered aromatic ring, (C3-Cg)-cycloalkyl;
R3 is H, F, Cl, Br, OH, NO2, CF3, OCFj3, (C1-Cg)-alkyl, (C3-Cg)-
_ cycloalkyl, phenyl;
25
R* R® are H, F, CI, Br, OH, NO2, CF3, OCF3, OCFoH, OCF2-CF3,
OCF2-CHF>, SCF3, O-phenyl, (C4-Cg)-alkyl, O-(C1-Cg)-alkyl, O-
- (C1-Cg)-alkyl-O-(C1-C3z)-alkyl; E .

30 n. _is from 110 3;




i kewi se very conplicated and uneconom c as a
consequence of the high nunber of stages and
therefore unsuitable for industrial use. The
enzymatic reaction of the cis/4rans m xture of

1, 3-cycl ohexanediol with S- ethyl thiooctanoate cannot
beaodnsi dered as an industrial process. Apart 20 from
t he odor nui sance which can barely be avoi ded when
working with the sulfur conpounds and the fact that
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reaction_ “describ a m xture

Storms offisyeptiteRd b¥stofl, %'yc@ o eixBin &1 NHACe NH'%%C "NH-CO-
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e SRR ke OB R, N, N, o
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' the PRABETEIOs ot FE R Rar baPisl. S cado or

cycl ohetedrazdieplos, A preparation and isolation of this
product on the preparative scale has not been
desgribpd, but in view of the ratios of amounts and
hB sepigr &ni R prretRadingo gtaum 8G6) c dan sixapwle ceenmtaxymethyl,
In addi | ed di-
or pol yﬁé@‘féfacﬁﬁiﬁ%u R
m grations. Wen this occurs, for exanple 35 in the
Cowhith smprisespuri fication of the (R, S)-nonooct anoat e
(for exanple in the chromatography on silica gel or
i n agueous extraction) or in the course of a
suB¥equent reaction (for exanple during the al kylation
of ,{ he £R9EHOHKQ&Q¥%EWQBG p), this leads to a distinct
reduction’in 2ur|ty or to racem zation
3 The ci s- conflgured (R, S)-diols and the diacyl ated
( ve and
tlf{aer%)ec |ﬁ§g%gg{3d'§/c?cfrﬁetx§ﬁéglt098fih‘é?ﬂg}w ?ore an obj ect
of the present invention to develop a process which

HO,G .OH .

with a compound of the formula (II!)
x!.r? (it
where R2 is as defined above and

X1 is Cl, Br, I, OMs (O-mesyl), OTs (O-tosyl), OTf (O-triflate);

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




5 does not have the di sadvantages nentioned. The
present invention provides a process for preparing a
chiral, nonracenic conmpound of the formula | RI'O™"
R2 (1) 10 where: RL is R4 R5 ¥where: ring Ais
phenyl, 5-12 nmenbered heteroaromatic ring which may
contain 20from on'? to four heteroatons fromthe group
of N, 0 and S, 8 {¥8.14.1

(C3-C8) -cycl oal kyl ;
OCF3, (Ci1-Cg)-alkyl, ¥
25R4, R5 are H, F, d, ,
OCF2- CF3, OCF2-CHF2, SCF3, O-phenyl, (G -0C6)-alkyl,
O (C1-C6)-al kyl, 0- (C1 -C6)-alkyl-O(C 1-C 3)-al kyl;

g?W#%F%hgﬂééstc%fﬁeci%‘avﬁz is (Ct-Cg)-al kyl where one

70, he aromatic ring,
' . F, , Br, O NO2, CF3,
5) - cycl oal kyl ,(Wheny! ;

OH, NO2, CF3, OCF3, CIZFZH,

groupsTin e al kyl groups may be

replaced by 0, CO S, SO or 502, and al kyl may be one

SnplL. | R R dlon () Yepaifon (B 102 NS
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O (Cl-C6)-al kyl, COOH, CO benzoxy, CO (QC1l-C6)-alkyl,
te%ﬁl@é@ilﬁg tﬁé"ré@tﬂhhéj'cﬁﬁip%uﬁﬂg'cﬁnlﬁe fordalLemdo stereoselectlve

1o) -ar 2,4-d d
9nzy{n§m ﬁgt% formation (Elfa)Z ?n which thie' alcohols are rjsldmlxé/d with an

acyl donor, for example a vinyl ester RS-O-CH—CHQ or an acid anhydride
R6-O- Rs, where R6 is as defined above, and the enzyme in an organic
solvents, for example dichloromethane, and the resulting mixture is stirred
at -20 to 80°C and, after the reaction has ended, one stereoisomer is
present as an ester of the formula (V)

Re—Or.. LN,
, (v}
where

R6 is C(=0)-(C1-C1g)-alkyl, C(=0)-(C2-C1g)-alkenyl, C(=0)-(C3-C1s)-
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, Cl, Br, CF3, CN, NO2, hydroxyl,
methoxy, ethoxy, phenyl and CO-0O(C1-Cg)-alkyl, CO-O(C2-C4)-
alkenyl, which may in turn be substituted by 1-3 substituents from
the group of F, Cl, 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 Rt values or
solubility differences in water or other solvents) (separation S), for example
by simple chromatography on silica gel, by extraction (for example
heptane/methanol or org. solvent/water) or else by a further subsequent




substituted by F, d, Br, CF3, CN, NO2, NHAc, NHTs,
NHBoc, 10 NHCbz, NH CO C(CH3)3, hydroxyl, OCF3,
- 0-(C1-CB)-al kyl, COOH, CO benzoxy, CO QCl-Cg)-alkyl,
- (C1-C6)-al kyl, 0O-(Cl-C6)-al kylgor tetrazole, or; R2
is an OH protecting group (PG, for exanple
bewrhghieg! rehbydn, fod Bxdapkybf theaaldonel pxwhisnie ester does not
er%h- bf%%l di met hyl silyl; which conprises A) 2 20 a)
BADKTOn (al k- R al k-PG 25 reacting
cis-1, 3-cycl ohexanedi ol of the formula (I 1) HO CH
Wi t;h a compound of the formula (111) X1 -R (I'l'1) 30
where R2 is as defined above and XlisCl Br, I, OV
5(0-nmesyl), OTs (O-tosyl), OTf (O-triflate); in the

pr%ﬁ?nC%an‘/mBﬁée%s&é} ahwbry@@,' e=%ﬁle)=’rﬁ6‘él téét@r':ﬁt%tlén (CE) +
racem c Coplga ﬁ% theforrrula( V) where R2
as CHEYTAbY '&hés*s hi)l grsgrasation E2k er forrratl on (EF) +

separation (S) subjecting the resulting conmpounds of

t oEHBBES Bast 1ot ROBRECRER B ke Gratly VR B <Bhelpotive
10 anenaymhbticoaster hydrolysiypine vehich njHe ewtemidtaltoi@hi=EH2nitially

deﬁ nec%’fécgcgnmé?ﬁlggfﬁét%n@at%n Gf@E)aV’I‘BF ?(aﬁﬁalé %ﬁeanf. of acid
F oFhBYdap RG] hPeIdARIYREAES Rnd- Fos 1t BiDtasaofiof bases, for
| s eghinbletiethylamine, to the racemic ester of the formula (V)

RG/ OI,"' “\\ 0\ R2
v}

where R6 and R2 aré each as defined above,

15

which, to carry out the stereoselective enzymatic ester hydrolysis (EH), is

20 then taken up in homogeneous or heterogeneous, aqueous, agueous-
organic or organic media, and reactied, 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 (IV)

25 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 alcohol is further
processed as described under d), or

30
C) chemical hydrolysis (CH)

hydrolyzing the enantiomer of the formula (V) occurring as an ester to the
chemically enantiomeric alcohol by known methods and
35




at -20 to 80C and, after the reaction has ended, one
stereoi soner is present as an ester of the fornula
_ R6'---0,, 00.r ~ R2 (V) 15 where R6 is
C(=0 - (C1-C16)-al kyl, C(=0 -(@2-C16)-al kenyl,
(=0 -(C3-C16) al kynyl, C(=0 -(C3-CL6)-cycl oal kyl,
whd) e oakymtiondalk- Bafbon 20 atonms may be repl aced by
oxygen atons and be substituted by 1-3 substituents
fromthe group of F, d, Br, CF3, CN, NO2, hydroxyl,
metdasting fertherwyith preenypoumddfdioe Gmsigdyhal kyl ,
COQ(C2-C4)- alkenyl, which may in turn be substituted
by 1-3 substigqents from the %éoup of F, d, Br, CF3,
and 25 R2 is as xdefine nd the ot her
stereoi soner is{QGReRNY ¥ nged as the al copwyl of
the fornula (1Y), and/ans erefore separated from
each other by utNJ CHgnt&Erent chemical or
physi cochem cal ﬁgerties (for exanple Rf val ues or
Ssolubility differerites in water or other solvents)
(separation S), for exanple by sinple chromatography
n ﬁ%h;ca gel, by extraction (for exanple

e/ met hanol or org. solvent/water) or else by a
further subsequent 6 chem cal reaction, for exanple of
{ hiipgho RIOR', R il 9 hrd BaciPst %rﬂ@@%FBe;&h anake part,

2) enzynatlc ester em cal

10 estgrlflcatlon (CE) +

is Cl, Br, |, OTs, OMs, OTT;

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

15
e) detachment of the protecting group PG (detPG)
if F(2 is an OH protecting group (PG) as defined above and R?, converting
the compound of the formula (la)

20

0, .0
R - pg
(1a)

where R1 and PG are each as defined above,

25 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-
butyldimethyisilyl, for example with BugNF, :

30 to a compound of the formula (Vi)
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enzymati c hydronS|s (EH)] + separation (S) subjectlng_
the resulting conmpounds of the formula (IV) to a
stereosel ective 10 enzymatic ester hydrolysis, in

whi ch the racem c alcohol is Bnitially converted by
chem cal esterification (CE), for exanple by neans of

acid chlorides R6:4%.0r-aci dOdnhydrides R6-O R6, in
t he presence of ses, ‘exanple triethylamne, to
the racenmic ester of t mla (V) Re dVi}  ON, R2

(V) 15 where R6 and R2 are each as defined above,
which, to carry out the stereoselective enzymatic
ester hydrolysis (EH), is 20 then taken up in
howbgenBoisasdefiegedabgemeous, aqueous, aqueous organic
or organic nedia, and reacted, in the presence of an
enzynme in the casepof hydronS|s wWth water and in

t h® casekgation édkoRykis with an al cohol, for exanple
n- butanol, at a tenperature of 10-80C, and after the
reaction _has ended, one stereojsomer is present as

t hthesireasing bwithrrcompaund of thg fopmulgndilt he ot her i s
present unchanged as the ester of the formula (V) and
can thus be separated f1og§each ﬂ@er as descri bed
under bl), and the enan r of t formula (1V)
occurring as an alcohol is further processed as

ﬂs\%ﬁé#ebfua% afd) eadl a8 lefid cf?ﬁé@ef?or hydrol ysis (CH)

yZing the enanti oner mul a (V)
occurring as an ester to the chem cally enantioneric

al ol plR¥eKEOWR bABES IS lithnte sbvankYd divePl dothourfdlbf the

formula (1), the product or the enantiomeric form,

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

A)  alk-R%>—EF +SICE+EH + S [-> CH] - ak- R [ DetPG — alk-
R2] — product/enantiomeric form

{o:

B) alk- R1 — EF + S/CE + EH + S [ CH] — alk- R2 [ DetPG — alk-
R2] — product/enantiomeric form

or

C) ak-PG - EF+S/CE+EH+S —> CH — alk- R? 5 DetPG — alk-
R1 — product/enantiomeric form

or

2
D)  alkPG - EF + SICE + EH + S - alk- R' — DetPG — alk- R* —
product/enantiomeric form.




reacting further with a conpound of-the formula (VI) -
R4 NO where ring A R3, R4, R5 and n are each as

defi ned above and 10 X2 is d, Br, 1, OIs; Ow,; OIf;
in the presence of bases in agsuitable solvent to give
the conpound of the formula (1), and 15 e) detachnent
of Pb&eibierprbesds variadgmtoape Mistaietdfereinbeldiv insSeiterfiks 1 to [V:
protecting group (PG as defined above and R2, _
converting the conpound of the formula (la) 20 RL

G -PG where R and PG are each as defined above, 25 by
det achi ng the protecting group by known nethods, for
exanpl e detachnment of PG = benzyl oxynmet hyl or PG =
benzyl by hydrogenating over Pd/C, or detachnent of
PG = para- net hoxybenzyl with, for exanple DDQ

(2, 3-di chl oro-5, 6-di cyanobenzoqui none), or detachnent
of PG = tert- butyldinmethylsilyl, for exanple with
Bu4NF, 30 to a compound of the formula (M 1) 8 (W)
where RO is as defined above, f) alkylation (alk- R2

t hen reactlng it with a conpound of the fornula crer)
-R-
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12 X 10 15 where X1 and R2 are each as defined above,
in the presence of bases in a suitable solvent to give
a conmpound of the formula (1), the product or the
enantioneric form it being also possible to change
the sequence of .individual reaction steps as

descri bed above under A): A alk- R --+ EF + S/CE +
EH + S[-). CH -+ alk- Rl [-+ DetPG -4 alk- 20 R2]
productl enantioneric formgto: B) al k- 81 EF + SICE +
EH + S[---j CH - alk- R [-> DetPG -3 alk- 25 R2g
product/enantioneric formgor C alk-P&--+ EF + S/EBE +
EH + S -* CH al k- Rz-@épe- al k- 3Q RL -*
product/enantioneric fogm or al k- PG (—\a
EF+SI CE+EH+S. - . cal k- RL 2 fDet PGal k- R2¥+ 35 prod
uct/enantiomeric form % *Possi bl e pPocess vari an
illustrated hereinbel ow]‘ln Scherres I@ IV OI
OS %

P ct/
e%g%iomeric
D
@

~ =

O

Alk m’oU
e 1
Ospo Ak R1”

O.

.\ /Ol.. \\0-\ ’
Ri™ ™ TR
: >  Product
R2

HO

HO o '
\O/ “rz Alk R-[’OUO‘-RQ

Alk
CH

R6.__.C., el .
\n/ g oo R? CH HO " K
-
(o]

\\0‘\
" "R2

HO, O
4
R6 (8] Q.
Y &
O
0., O
cis, rac.

OH Al HO,,

Ho-f..O\.-\OH Alk HO:r.Ol-‘Omz EF+S
. . cis, rac.
N
O™
Cig, rac,

HO,,, O
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The process accordl ng to the invention is econonic;
sinple and rapid. The .process conpletely elin nates
the risk of acyl group migration, does not require
equi nol ar anmounts of optically pure starting materials
or auxiliaries,nany exgensive reagents, any optical
resol uti on by c;h_-rEmat ogfaphy on ral  pBpases, any
di sproporti onat @y | arge anounts<of sol vel§ or any
cost- ‘intensive workingssteps. The | oss ofg 50% whi ch
is typical for dpti calwiesol uti ons can b;e%vm ded by
usi ng both enangi orrercé nd changi t he %@uence of
the al kyl ati ons O rence i ven@@ what is
known as the en* r gent £t hod @sé&e Schene |V
or Method C and ich thegrocedure is, for
exanpl e, as fol®ows: %I kyl ati on of cis-
1, 3-cycl ohexan_eoFEoI ofxkthe fornul@g (11) I

- -

= X

< <
T
<

o, 0 '
- ““~pg EH+ S
O +
cig, rac.

O R6
PG CE

cis, rac,

HO,

b)
OH Ak

- SCHEME 1l
"HO
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~ hydrolysis to ax

it with a conpofind of the fo

with a conpound of the formula (I11) with a PG
sel ected as R2 such that PG can be detached again
sinply and selectively in the course of the further 15 .
synthesis, and PGis thus, for exanple, benzyl; or
par a- et hoxybenzyl or tert-Butyl di methylsilyl,

'subj ecting the resul ting corfpound of the fornmula (IV)

to stereosel ecti v&® epzynat | er formation or ester
hydrol ysis (see -é%ove) and, \af/t er conpl eti on of
separation of unconverted akcohol and ester,
converting them sdparately a@d by different routes to

the sane 2Q optically pure erduct by reacting the

al cohol (as descgibed in thestirst part), for
exanple, with a_onpound of the formula (M) to give a
a then converting it by
detaching the P a conpound of the
formula (VIl), afd Nifg it with a conmpound of
the fornula (Ikﬂ) where R24is as desired in the
product to give g conpound of 25 the fornula (1), and
converting the isqneric esté% by sinple ester :
aonpound of%ﬂhe fornula (1V), and
t hen reacting with a conpoung|of the formula (II1)
where R2 is as gesired in th@ product to give a

conpound of the *

conpound ' of thr mula (VWI) R2 0""Y YG-PG 30

(VI11) then con ' ng it by taching the PG group to
gi ve a conmpound &~ the for (1'V) and then reacting
la (VI) to give a
conpound of the Eormhula (1)2 5 Preference is given to
usi ng compounds oa4dhe formuka (111) X1 -R 2 (I11) 10
@ 4
| g O z
! 9

0y
or

@ o)
X

2 I

=S O

0] o

i 8 il

'] /
C ©

HO,
HO-,.,O,‘-OH Alk Hou._O.eo\pG EF+8S +
cls, rac.

a)

SCHEME IV




15

- (Cl-Ce)-al kyFE,

where is G, Br, I, OMs or OTs, 15 particul ar
preference to using those where is C, Br or I.
Preference is given to a process for preparing the .
conpounds of the 20 formula (1) .\/ where 25 R"' is

18 R4 R5 where ring ® is phenyE, 5- 12 ghenber ed

het er oaronatic ri ngOV\,hl ch Lontains one or nore
het eroatons from thegroup oR-&, 0 an

fused/ bi cyckic & @ h"ﬁege@ aromedic/ ri ng,
(C3-C8)-cychoalkyl ;5 is H GEX (d- ~al kyl ,

_(C3-08)-cyclkyl wphenyl , EQS are‘i—l FE{%Br, CF3,

OCF3, (d-Ca IkyI ,* O (Cl1- CIS)maI kyl ; B 52 s

(A -C8)-al kyl where one or nore CH2 grouﬁs in the

al kyl groupsy may be replaced by 0, CO & SO or S02,
and al kyl ma&,be one to trisubstituted F, d, Br,
CF3, CN, NO2% {NHAc, NHBoc, NH- CO- C(CH3)3 dr oxyl ,
OCF3, O (g -&8)-al kyl, COOH, CO benzoxy,

CO Q(C1-C6)-@ kyl, tetrazole, thiazoliding-2,4-dione,
indole and 20 (C6-Co)-aryl, in which -~ %

t hi azol i di ne52,4-dione and aryl may in t " be

substituted G, Br, CF3, CN, NO2, NEAc, NHTs,

"NHBoc, NHCbz;— NH CO C( CH3) 3, hydroxyl, 3,

O (C1-Co) - alokyl COOH, CO benzoxy, COCXQ,l Co6) - al kyl
O(Cl C6) - al kyl or tetrazodlte

v O

0

cis, rac.

HO., . ~OH Alk HO,, O RB 0 0 '
. W "y B PG CE . L +
SRR OREN A QR
cis, rac.

- SCHEME IV
b)




- Particular preference is given to a process for

15

.20

25

30

preparing the conpounds of the fornmula (1) 19 R4 R5
where ring Ais phenyl; R3 is (ClL-C4)-alkyl; R4, RS

are H (Cl-C4)-alkyl, O (Cl-C4y-alkyl; 10 is 1; Ris
(C.-CB)-al kyl where one or nore CH2 groups in t he

al e @p@mar@rm odhpdpyention lsyeconom@ sinplecand ragpg. The
an‘é)ré&é@é' CWIEM @F%lﬁ@tesltﬁet F él@'é gFo‘?%_éﬂ fatio! does not
hy (5‘11’%‘%9:“! éqlw%ar s@?@ﬁ s@‘)opélpﬁw pur mg@g@rq%?r auxiliaries,
COa By @xpEasivalréadents cdrmagstical rééﬂjltﬂkﬁi bﬁttﬁt@n‘?atégﬂ!p@?&m chiral

5, nPRgsrrarne Soaebidiatry el FhSunts ef,selgat or any cost

sub’ﬁensluewrlbyg Bfepd., Br, CF3, CN, NO2, NHAc, NHTs,
NHBoc 20 NHCbz NH-COC(CI—B)S hydr oxyl , OCF3,
d-C6)-a X CO- benzoxy COO(Cl Co6) - al kyl
(o h@dpS%lOWD/o @mmltsd@ptc@ﬂ kg opjical fesalutiasisecarThe avoided by

al Kl%ingr Bgirpéhénilé}néﬁe aﬁHbéﬁéﬁgJﬁ@ttﬁe@e UBAce st ﬂﬁl;'d dﬂ@[atlons .

25 st ht-chain or branched

ei t her I In
)ﬁé’tf%%{e”%? }?eEIéIPBaﬁOoWE??éS KRy, 8% dhe fiQ?”&'SPﬂ”Yﬁfﬂ%”t method
ancbés Sotleme M g sMeltieod r(g andmml) nnnwaichd tietrooedwasis, for

ot SRATRIE Aot SRl of B £y iRk peyOL ot A Hirmuia

f uwith,a GoMphuRG hEthe formﬂuwzﬁll)switbﬁa'zelwleqted asiRzsueh that PG

U1 4% YePdeB¥hed din Lihfig dIt selectively in the course of the further
-synthesis, and PG is thus, for example, benzyl, or para-methoxybenzy! or
tert-butyldimethyisilyl, subjecting the resulting compound of the formula (IV)
to stereoselective enzymatic ester formation or ester hydrolysis (see

- above) and, after completion of separation of unconverted alcohol and
ester, converting them separately and by different routes to the same
optically pure product by reacting the alcohol (as described in the first part),
for example, with a compound of the formula (V1) 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 (lll) where R2 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 (1ll) where R2 is as desired in the product to give a compound
of the formula (VIII)

o 0
-~ ~ -
R2 \O/ i (Vi)

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




‘qui nol i ne, i soqui nol.i ne, indole, benzothi ophene,
benzof uran, benzotriazole. Aromatic rings may be
nmono- or bicyclic and al so be fused, for exanple .
napht hyl, benzo[ 1, 3]di oxol e, 1di hydrobenzo[ 1, 4] di oxi n.
20 The racem c, cis-configured 1, 3-cycl ohexane
derivativea of the(%prnula (¥, and ofgthe formula
(VI'1) age” pMepareed” by nonoal kyl &t ci STR2

:cycl ohexanedi conpourrd of the la Il), but can
al so be prepared”by reductively opefing appropriatle
acetals (R Hunter et al., J. Org. Chem 5 1993, 85,
6756), and al so by reductive ether formation starting
fromsilyl ethers and al dehydes or ketones (J.S.
Bapmd, thEn feamtigg . wBhadecomipondisafd the GorrRelai ¢VI) Tia) .give a
B'g&%gp&&joFﬁ&JﬁHﬁﬂ&Pp)Lett- 2002, 43, 6709-6713). The
al kKyl'atirng reagents of 'the formula 1l are

S commercially obtainable or 10 can be prepared by
literature nethods, for exanple by free-radical side

chali Yagepat gpO(see literature p&u,,e hy ROC.
Lar ock;, Conprehdnsi v8' Organic Trﬁhsfor's 2

313, 1989 blishers, Ifc.) or fro al cohol s
or derivatives“preparable therefrom (see™terature
review by R C Larock, Conprehensive Organic

Tr t: iR l'ishers,
e RER 6 e BushsciffourdeR e Tolita . |
2275-2297; J. Chem Soc. 1922, 121, 2202-2215) is the
preparati on gf_y@?ig“§ 2- br ononet hyl benzoyl brom des
by free-radical brom nation, which nay then be

10 converted by 20 further reaction with alcohols to the
br aferet hyl benzoic esters belonging to the group of

~the alkylating reagents of the fornmula IIl. The

al kyl ating reagents of the formula (VI) or the

aI'KXhoI is CI2Br, IOOMMDCODTscan serve as precursors are
commerci ally obtainable or can be prepared 25 by
literature nethods [a). The Chem stry of Heterocyclic

15 CoppidigHias prefarencedo usingtwsegdiereE. C. Tayl or):

Oxazoles (Ed.: 1. J. Turchi); b) Methoden der
Cr%anispggn Chem e, Houben-Weyl, 4th edition, Hetarene
LR sulsdh BRer -

Preference is given to a process for preparing the compounds of the
20 formula (1)

0

’lt Ay
‘ . \Rz

R1




c)- 1. Simt, E. Chindris, Arch. Pharm 1971, 304; 425;
d) Y. Goto, M Yanamzaki, M Hanmana, Chem Pharm
Bul I . 1971, 19 (10), 2050-2057]. 30 The al kylating
reagents of the formula Il a8l VI are reacted with
1, 3- cycl ohexanedi ol or 1, 3-cycl ohexanedi ol
derivatives in theRa ence of base‘g Sui t abl e bases
- are, for exanple, hydyoxides, suo ?<O—| car bonat es
“such as Cs2CO8, al koxj geasg &ugh QBu and al so 35
i \hl KH, NaH and
NaHVDS. Suitable solven for “eipipmpl e, THF,
.MIBE, DVME, NWP, DMF and hl or obenzene. 21 For opti cal
resol ution of the alcohols, they are taken up in
organi c solvents, for exanple dinmethoxyethane (DMVE),
met hyl tert-butyl ether (MIBE), diisopropyl ether
(DvREe THF, n-hexane, cycl ohexane, tol uene,
chl orobenzene, acetone, dinethylformam de (DW),
di chl oronet hane, 1,2 5 dichl oroethane and

5 t eling Busaplenyl.asyi2 menhered figterparomalic rgewhich mayngentain
propi ongie, on\/'rﬂb}e bHét)éF@ﬁtSmsz,f?or@ {Hd fd.;ﬂég ogfhi, O and S,

oo i tr SsBIECHE B8 AGREbSEER SN 1R @r@&koycma*kvi
acethc danhydrldei p;oplgngg anhydri de, r?ucckﬂlgride
7o LR B IR G e s BRI out nyi 10
10 2H 62H-§erfl uor odecanoat e are added and the reaction
rej]n?zéyrurﬁ;s ghe:‘jHS?:urr:gﬁg%wgmgg?amygg)c?ciheé) c}g;orti on

of cosolvent in the solution is preferably 10 90% but
ityis iR fRARM tp3ses al so advantageous to carry out the
enzyrmtl c reaction in pure acyl donor, for exanple
Vi n% acetate, w thout cosolvent. 15 For opti cal

lu

15 reﬁt | tubsqn;1oc.f:gmﬁyleﬁhere tdﬁé IdrahoneeSHzfgmquanniﬁe alkyl groups
oo L gy e R e b G0Y's: U of S8 aha aikyi' Hidy Beone to
trisubstituted by F, Ci, Br, CF3, CN, NOz, NHAc, NHBoc, NH-CO-

C(CH3)3, hydroxyl, OCF3, O-(C¢-Cg)-alkyl, COOH, CO-benzoxy,
CO-0O(C1-Cg)-alkyl, tetrazole, thiazolidine-2,4-dione, indole and

20 _ (Cg-C1g)-aryl, in which thiazolidine-2,4-dione and aryl may in turn be
substituted by F, CI, Br, CF3, CN, NO2, NHAc, NHTs, NHBoc,

NHCbz, NH-CO-C(CH3)3, hydroxyl, OCF3, O-(C1-Cg)-alkyl, COOH,
CO-benzoxy, CO- O(C1 -Cg)-alkyl, (C1-Cg)-alkyl, O-(C1-Cg)- a!kyl or

- 25

tetrazole.
Particular preference is given to a process for preparing the compounds of
the formula (1)
o, Ns)
R1/ ‘e, A \Rz
. : : ()]

_ where
30




"het er ogeneous, agueous, agueous-organi c or organic
~nmedia, in the presence of a suitable enzyne, to
st ereosel ective hydrol ysis or al coholysis 20 (for
exanpl e with n-butanol) at a t®nperature of 10-80C
optionally in the presence of cosolvents (see above)
and of a buffer, the reaction mxture preferably

cont ai ni ng 2- 50% by Weight ~qf egtIERq'he
.

abovenenti oned ester dﬁrnlfgv‘@tvs n be prepared by
literature 25 nmethods, for : by reacting the

al cohol with acid chl ox s sucN as inl chloride or
anhydri des such as aceti anhydrl de, i the presence
of an am ne, for exanpl B3tri et hyl am ne or pyridine
(see literature review by R C Larock, Conprehensive
Organic Transformations, p. 978, 1989 VCH Publishers,
| nghere 30 When the reacti on has ended, the products or
the enantionmers can be separated in a sinple manner,
for exanple by extraction by literature nethods [a).

5 T.ringMeisphenyl; Ki kunot o, S. Yamanoto, K. Mwa, M

Kawada, T. Ito, T. Ikempto, K Tom matsu, Y. M zuno,
Chem Lett. 2000, 448; 35 b). B. Hungerhoff, H
SoRnensisHEirCa)Rlkythei |, J. Org. Chem 2002, 67, 1781
] or by enpl oyi ng chrormt ogr aphi c nmet hods. A further

net hodsi s, on conmpl eti o zyrrati c reaction, to
d.BtHﬁctalr? H, (GeCeaadky, (ﬁarﬁw %‘5 Yubility of the

10 rerral ning al cohol by derivatization, for exanple by
%I atlon with cyclic anhydrides, e.g. with glutaric
ydrl'ée' or 22 by conversion to a cholin ester [a).

H Kunz, M Buchhol z, Chem Ber. 1979, 112, 2145; b).

M 3 h -D.

M RECE IR0 B ARBEond o R Bh, o i 1R groups

achi evemsyze etplaced bpr@t(ﬁ@ W tSQ -arri30) abteliyl may be one to
15 Spari ”girbéuB@ﬁtEfeoeﬁgtﬁO'(?l reEirey Y rWAFONHB?fé NH-CO-

the separation |vat|z i on of

a
con Dol Gk RO GRS, S-(Gnbaralih. GASB YaDebenzoxy,
CO-0(C1-Cp)-alkyl, tetrazole, thlazolldme—24d:one indole and

(Ca-C1p)-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(CHa3)3, hydroxyl, OCF3, O-(C1-Cg)-alkyl, COOH,
CO-benzoxy, CO-O(C1-Cg)-alkyl, (C1-Cg)-alkyl, O-(C4-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, triazole, 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.




‘A particularly interesting neans for separating the
enantioners in the case of the enzymatic acylation is
to select the acyl donor in such a way that the
. acyl ated enantioner is distin2bly nore water-sol uble
than the unconverted 10 al cohol. Suitable acyl donors
ar Fhefracemicanjs-epniigyced ¢, Bcyolohexize dercftiass ofsthaciqnmu[a (IV)

he t,d o
Nt BRI (oo DErAEMTTA MRl o
mmwommﬂeei@fr(a@moumme fﬁrmul@ 1), mtﬁmmalw b&oﬁ!@@@@d by
eXFécﬁfctti\/Qig Wﬁ%%@r&pﬁé%@%éétsﬁsm fipintex @R & @Fg Chem

saol utl on n enzy tIC

514893 gg,nGB@EB)egngralﬁgdqyo[g;gchwetqt@erpfqg@@agpestggmg fC om silyl
pr efriralahy éldkfﬁy@%br&@tcﬁ‘ﬁets% DfB4jha, Koﬂlﬁ”ﬁga\i (SI)adelerPrasad

%n‘%%eoﬁ%lﬁp ogk. %e ' 8 rase

or | i pase and stirred. 20 It nmay be advantageous to

ondoralk e acils B he ARG fl e SRt L

10 buf:alerbe Prapaiddihy Vterators metbpdaxi;rrpemmw@ l@y dreetraglical side
MOLA%in I‘ﬁalf) tﬁ)tﬁl e@uﬁt& th Fea WR.C; I!é’rocﬂ_héomprehenswe
en(z;%rres us are refera ses romn‘rﬁw‘)r 2

ganict gansipematiang| R ?r1i 9r‘r/§rlﬁ popUshaispHifek agdrom the
(flald:bﬁblsd@f cﬂérwt@ﬂ%fr (gﬁdblénﬂweréfﬁdmet(@@mbrhu@@sﬁw&w by
ndi da_.ant argtica (Roche osiic i
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The alkylating reagents of the formula (V1) or the alcohols X2 = OH which
can serve as precursors are commercially obtainable or can be prepared
25 by literature methods [a). The Chemistry of Heterocyclic Compounds (Ed.:
A. Weissberger, E.C. Taylor): Oxazoles (Ed.: I.J. Turchi); b) Methoden der
" Organischen Chemie, Houben-Weyl, 4™ edition, Hetarene lil, subvolume 1;
c) I. Simit, E. Chindris, Arch. Pharm. 1971, 304, 425; d)Y. Goto,
M. Yamazaki, M. Hamana, Chem. Pharm. Bull. 1971, 19 (10), 2050-2057].
- 30
The alkylating reagents of the formula lil 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 CspCOQO3z, alkoxides such as KOtBu and also
35 compounds such as LDA, Buli, LIHMDS, KH, NaH and NaHMDS. Suitable
solvents are, for example, THF, MTBE, DME, NMP, DMF and
“chlorobenzene. ' |
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preferably containing 2-50% by weight of ester.

The abovementioned ester derivatives can be prepared by literature
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, 1889 VCH
Publishers, Inc.).

When the reaction has ended, the products or the enantiomers can be
separated in a simple manner, for example by exiraction by literature
" methods [a). T. Yamano, F. Kikumoto, S. Yamamoto, K. Miwa, M. Kawada,
T. Ito, - T. lkemoto, K. Tomimatsu, Y.Mizuno, Chem. Leit. 2000, 448;
~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
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20 It may be advantageous to buffer the solution mentioned, for example with
phosphate or TRIS [= tris(hydroxymethyl)methylamine] buffer. The additive
‘may, for example, be 0.01-1.0 molar. A favorable buffer range is pH 5-10.

The enzymes used are 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 esters used are glutaric acid derivatives, for example mono-(3-
benzyloxycyclohexyl) glutarate, it may be advantageous, instead of the
abovementioned lipases, to wuse 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.
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The examples which follow are intended to illustrate the present invention
in detail.

25 Examples:
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 Chiracel OD 250 x 4.6.

Scheme la:

Example 1

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

methylbenzoate




np 58-59C. 1 H NWR (CDC13):-S = 2.30 (s, 3H), 3.88 (s,
3H), 4.34 (s, 2H), 6.97 (dd, 1 H), 7.34 (t, 1 H,
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an optical resolution) without further purification; H NMR (CDCl3), 6§ =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), 3.91 (s, 3H), 4.58 (dd, 2H),
20 7.15(d, 1H), 7.20 (d, 2H), 7.27 (m, 1H).

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

25
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O rac. COMe

490 g of the crude, racemic methyl cis-2-(3-hydroxycyclohexyloxymethyl)-
o 8-methylbenzoate (see Example 1) were dissolved in 3.1 of methylene

30 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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of 4-chl oronet hyl - 2- (4- neth -5- et hyl oxazol e
were dissolved 10 in 120 of H and adm xed with
4.18 g (27.9 nmol) of Na e \xt re was stirred for
35h a further 1.5 g oy Nal wertt and the

m xture was heated tpge®5C. After 30 m nutes, the
salts were filtered off with suction and the filtrate
was concentrated under reduced pressure; yield: 10.1

3 1573 Wb of 4MRrSBI 21 oy s Tiinyigrazoe

2 Hiweréxhisgaheed’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 filirate was concentrated under reduced
pressure. After approx. 1-2 hours, the desired iodide solidified, yield: 216 g,
mp 58-59°C. 1H NMR (CDClg): 8 =2.30 (s, 3H), 3.88 (s, 3H), 4.34 (s, 2H),
6.97 (dd, 1H), 7.34 (t, 1H), 7.52 (d, 1H), 7.58 (d, 1H).

Example 4
Synthesis of methyl (1R,38)-2-{3-{2-(3-methoxyphenyl)-5-methyloxazol-4-
yimethoxy]cyclohexyi-1-oxymethyl}-6-methylbenzoate

. 0 \
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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.
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Exanple 7) were dissolved in 420 ml of ethanol. 45 ni
of 33% NaOH were added angd the mixture was heated to
reflux for approx. 20 hpuys. Ethanol was disti
of f under re&uﬁsed presg the resi d e Wg ssol ved
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199g (0.41mol) of methyl (1R,38)-2-{3-[2-(3-methoxyphenyl)-5-
methyloxazoi-4-ylmethoxy]cyclohexyl-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
distilled off under reduced pressure, and the residue was dissolved in
approx. 2 | of water and washed four times with 500 mi of MTB ether each
time. The aqueous phase was acidified to pH 1 using conc. hydrochloric
acid with cooling, and the oily product was exiracted using 1.5! of ethyl
acetate. The ethyl acetate solution was dried and concentrated under
reduced pressure. The residue was dissolved in 1.21 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
Chiralpak AD-H 250 x 4.6; 1 ml/min, 90:7:1 heptane/EtOH/CH3CN + 0.1%
TFA); 1H NMR (CDCl3), & = 1.14-1.38 (m, 4H), 1.80 (m, 1H), 1.93 (m, 2H),
2.41 (s, 3H), 2.44 (s, 3H), 2.61 (m, 1H), 3.40 (m, 2H), 3.86 (s, 3H), 4.33 (s,




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 di s8blved in 250 m of D PE
“with 20 heating. On cooling, the crystallization set
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29 6.0 g of -

“4-chl or onet hyl - 2- (4- net h enyIN~ t hyl oxazol e were

dissolved in 120 mM THE and adm xed with 4.5 g (30
nmmol) of Nal. The m xture was stirred for 5 h and

thew d ef 4- chR>r§ V@ fHe@hiph J -5 %@Hﬁbxé&olé herg Qlidgbived

and Tton of theflltr re

10 priBs AT S GhUET197b agmiked wehd. 4240 Terailil Nah The mixure
32Was ktitrélyFor B, %)furt'&e?— 125 g &f Naal wairk: ,adaeé%n(:isthe?vhbdure was

4 ﬁ’ea}g%éo ég)c At 3@3}3{ g{jﬁt\&%@l fﬂteggd Hé‘ 9] élﬂqlo%l and

R B8) -filtr4ta- [V\Zas( $ormehpratmbnm()er5mdndsﬁ mesgwe; 4yielkd 10.1 g,
mgtm?(g(b oYel (boe@”guln/bé ~(€; AR Ny IREZORYE 4.34 (s,

15R%|$) é‘(ﬁﬂ%}'@ra @c?bﬂexyl oxynet hyl )-6- 15
nmet hyl benzoate (see Exanple 2) were dissolved in 430
m _of tBuOve. 17.19 g (approx. 55%. 0.35 nol) of NaH
.vveEéarEBl?e%l and the mxture was stirred at 20-22C for

308 tngg.gs ofSEne‘thg ((@RJ(@ 2“?3%2-@4 "‘f’ethﬂﬁﬁﬁmlﬁﬂméﬂ(yﬁyxazol 4-
ad’é’ ﬂ%{ﬂ@}qxﬂs ! r%‘ly%@ﬁﬁ BhEFSInshI0R ) vere

20

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.
25 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-iodomethyi-2-(4-
methylphenyl)-5-methyloxazole (Example 68) were added. After stirring for 6
hours and leaving fo stand over 2 days, 400 ml of water were added and
the organic phase was removed. After drying (Na2S04) and concentrating,
30 the crude product (75 g) was chromatographed on silica gel (approx. 1 kg)
'(19:1 dichloromethanefacetone), vield: 42g of the dialkylated 1,3-
cyclohexanediol derivative as a yellowish oil;, H NMR (CDClg), 3 =1.16-
1.31 (m, 4H), 1.80 {m, 1H), 1.97-2.1 (m, 2H), 2.34 (s, 3H), 2.39 (s, 3H),




for 6 hours and |l eaving to stand over 2 days, 400 ni

of water were added 20 with cooling and the organic
phase was renoved. After drying (Na2SO4) and
concentrating, the crude prod&t (75 g) was

~chromat ographed on silica gel (1.2 kg) (19:1

di 2H0osodh.Hab2 (e dthndRy7 (m,dh), 347 @gnofHndt 88 (s, GH), 4.47 (s,

R, - -

S 8807459 (5, 20), 713 (d, 1H), 720:7.28 (m, 4b) 788 (d 1H).
cl ohexyl -1 oxyrret hyI} 6- et hyl benzoate H NMR (CDCl 3),
5Eép 1(m4|—|) 25 1.80 (m 1 H), 1.97-2.1 (m

5 2:$yﬁ_t%lﬁfis 3. (1% a‘g) &3&3{%'?ﬁmetfryﬁbhengl)g{)?r@ghylgﬁzo!A yl-

4. Aidtlf ohe4< 59— m -6-reth@tbénddic(avid 4H) , 7.78
(d, 1 @‘Y]@Q 84 ys, % EszT!)E}xarrpl egll 30 Synt hesi s of (1

R, 3S)- 2 {3-[2-(3- rret hyl phenyl ) - 5- net hyl oxazol -

yl met hoxy] cycl ohexyl -I met hyl } - 6- met h n20| c acid
30 C(12H49.0g(0.09 of rrethyl (1 O

'39)-2-{3-[2-(3-ng
hox ] cycl o}. - oxynet hyl } - 6- net
s“Exanpl e 10) ‘were di ssol%kld in 500

nmet hyl oxazol - 4-
hyl benzoat e (se®

m of ethanol. 50 m of 33% NaOH were added and the
m xture was heated to reflux for approx. 14 hours.

10 rEé 12?@;& wﬁg%égfb\ggd Ghbt der(m%)sz%gs pzaﬁmgt@ylpﬁé}ﬂ/n 5-
SO Ol'“g‘ir'f‘ v@@ﬁ&?’%’iﬁyél?h@?‘%?wmﬁ ' -mﬂw&@ezoqtso see

T) EﬁémM‘éBF’)atvbm" dls§bﬁedgmﬁ(20?'inb@|z@tﬁgm%l§ 4?“22?,{ 33% NaBH were
hd Bnf IR N Rl Bk o8 hoprog e Ethanol

_ Thwaetdiyﬂill@ceffaued@‘omduwd peessure, etthearebidum veas ditsetired in
15 4 g@ﬁ ) mi ro? %ﬁqg@ana the ‘éhﬁmo}'irb?ag %&Hé@ f&@rsnrﬂleé At R%ddh case

cr 189 mliaf MEB @th%retT heraqum@ﬁ nha@eomss,amdnf iegaiFbh) usigg conc.
F}?ocﬁ!ﬁﬂc fﬁd" @ fwith YoBfin dg‘ HHY tHee Qi 9&080&3 fasetactt using

Badeiatec TS ejfyh aketqiapaaiiin weh i R0 ApHge Resded under

4. I@dukem pressBured OTHe Jrebmbam@éEﬂ@sbﬁéBCN £60ImPof 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 117-119°C; > 98% ee (HPLC on

Chiralpak AD-H 250 x 4.6; 1 ml/min, 90:7:1 heptane/EtOH/CH3CN + 0.1%

TFA); 1H NMR (CDCl3), 6 = 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
30 -




TFA) 1 HNWR (CDCI3), 8 = 1.14-1.36 (m 4H), 1.80 (m

1 H, 1.93 (m 2H), 2.40 (s, 2 x 3H), 2.45 (s, 3H),

2.64 (m | H, 3.40 (m 2H), 4.53 (s, 2H), 4.68 (dd,
2H), 7.17-7.34 (m 5H), 7.81 2%, 1 H, 7.85 (s, 1 H).

20 Schene Il a Exanple 12 Optical resolution of

ci 6:03g b24(c$ﬂdirehmuyl+ﬁqelﬂy1elhsﬂpInmtw»lﬁfmxeth?loxézolé5vere dissolved

1 L SOE SRR B R i v

yI med)fqr]fctzandltbgarisfnta)ssta('lprce@magm Byreaterydval phipe solid and
o Eo:ipé)h"tr%ﬁlﬁb Qf? }ﬁé ({t}a’? gd pressure gave 10.2 g of the
-2- t -
5 d| deyraskigd nde “1@??3% ofQ en?’ @{aa{@ ﬁn)((s(e’dwkﬁv-&g (s. 3H),
f
20 23(@ 2Aﬁ?'7 82 YH®1 Hy; 332 HO1H),ame7 &, AY), 7rEd(atH).

er about m nutes, the enzynme was
filtered off and the solution concentrat ed under
regug,e.wepwssure crude product 25.8 g. After

év ﬁ%tgogr aél%3¥':}e%§y (|1 h@S)gf -{3 ([%?3 mgthylprl]\e [?%‘ng h%/ﬁtmfalzol 4.

10 S ﬂﬁetﬁe*ﬂej@ehm%dwmbyi}—sanmm&maml -4 5
yl met hoxy] cycl ohexan-1-ol and 11.3g of the (1
R, 3S)-acetyl conpound were obtained. Exanple 13
Preparation of (1
R, 3S) - 3- [ 2- ( 3- met hox}
met hoxy] cyckghe
R 3S)-acetate
approx. 15 1Q
NaOve (30% and~“stirred at 20-23T . After 3. 5 t he
m xture was neutralized with concentrated acetic
acid, taken up with ethyl acetate, washed w th NaHCG3,
dr 369 @29 mol) of methyl (1R,38)-2-(3-hydroxycyclohexyloxymethyl)-6-

15 methylbenzoate (see Example 2) were dissolved in 430 ml of {BuOMe.
. 17.19 g (approx. 55%, 0.35 mol) of NaH were added and the mixture was
stirred at 20-22°C for 30 minutes. 55.1 g (0.166 mol) of 4-iodomethyl-2-(3-
methylphenyl)-5-methyloxazole (see Example 9) were added. After stirring
for 6 hours and leaving to stand over 2 days, 400 ml of water were added
20 with cooling and the organic phase was removed. After drying (Na2SQ04)
and concentrating, the crude product (75 g) was chromatographed on silica
gel (1.2 kg) (19:1 dichloromethane/acetone), yield: 49 g of methyl (1R,3S5)-
2-{3-[2-(3-methylphenyl)-5-methyloxazol-4-ylmethoxy]cyclohexyl-1-
oxymethyl}-6-methylbenzoate; H NMR (CDClz), §=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-
yimethoxy]cyclohexyl-1-oxymethyl}-6-methylbenzoic acid




Na2SO4 and concentrated under reduced pressure. After
‘filtration through silica gel (10:1-0:1

n- hept anel et hyl acetate), 8.8 g of (1R 3S)-3-[2-(3 20
et hoxyphenyl ) - 5- net hyl oxazol 3@- yl net hoxy] cycl ohexan- |
-0l having 92% ee (HPLC on Chiral pak AD-H 250 x 4. 6;

1 mimn, 90:7:1 heptang/EtOH CH3CN + 0.
obt ai ned.: Exanple 14 Synt hesis of meth
3S)-2-{3-[2-(3- oh nylb 5- net hyhoxaz

_ -0 y - met-hy| SYenzoat e
Meo CO2Me . 30 |1 (4.4mm|) | CO.H
R, 3S) - 3- [ 2- (-:8- mefhoxyphenyl ) - 5- mettyl oxazol -492
yl met hoxy] cycl ohexanol (see Exanple 13) were taken up
in 15 mM of tBuOWe, adm xed at 24-27C with 1.20 g

(1896 @m’ﬁ% 09 mBH Burandngiy |fe<é1§%§)02 {\’?—?’.ﬂg@ﬁ]etﬁ’ﬂphenyl) 5.

m nut e mxture was CO
( apisitroxazpkdryimeiiany] cwlcﬁlepﬁ,fbﬂ -)oxajmemgﬂh%methyl%enzoate (see
5 gng&tgh “’)‘/‘ﬁ?'? cﬂ"@i&l)slétet’lﬂ’ﬁﬂw@hﬂ dﬂ@tﬁano@otstﬁml df gtsw RBOH were
for an initial
o SA0EE AR TS s hedtot fon TR fer PRRIN oAt Hitts-Fipano
hadas dissgiesditofir endér fecduppdopres20@, dhe aesitiub Wwasiidissolved in
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f ot 5@ mifaf A FBrethesu T hequeausi phpsef wag heidifsid/@it 1Lnsieg conc.
10 " eAA§BEh h@%%ﬂ:{ fuith %6@;&% %‘;kgrgﬁﬁéﬂ WHE cREAVBE With ethyl

water, an uct-contal nin

or geatate. pF%%eeth&'sap@f@éﬁ saJri méﬁﬁﬁ a@ﬂ%gcqmeetrgted under
reﬁadm@édp essuUres, The ré8idlied wasoHisgahvey! in( 250 ml of DIPE with

i ﬁ%%myée[yé?élwgﬁrgﬁaﬁ%ﬁd 13906 YR B erypilization hes
‘a gedédywansd afidr; dryingHuhli®? (eeCed) pre3surel at BOEC3 29 g of the
15 4*%3@08&@’&)%@: Eio £l %meglg‘{ﬁ 0 1%4):( D9gb de (HRLC on
H) Chgatgrak( H 250 51@ grmi/gnin 389 7 y heptans/EHM)I/C r&,@ +0.1%
(sTFAR TH &b (EBCI 5 = 6196168 (nk 4M), 1.80 (m, 1H), 1.93 (m, 2H),
2.40 (s, 2 x 3H), 2.45 (s, 3H), 2.64 (m, 1H), 3.40 (m, 2H), 4.53 (s, 2H), 4.68

(dd, 2H), 7.17-7.34 (m, 5H), 7.81 (d, 1H), 7.85 (s, 1H). ,
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Scheme lfa

Example 12
Optical  resolution of  cis-3-[2-(3-methoxyphenyl)-5-methyloxazol-4-
25 vyimethoxy]cyclohexan-1-ol

249g of the racemic cis-3-[2-(3-methoxyphenyl)-5-methyloxazol-4-
30 ylmethoxy]cyclohexan-1-ol (prepared by alkylating cis-1,3-cyclohexanediol
with 4-iodomethyl-2-(3-methoxyphenyl)-5-methyloxazole) were dissolved in
100 mi of vinyl acetate, admixed with 1.0 g of Chirazyme L-2, lyo., and
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15 7.12-7.35 (m 4H), 7.53-7.60 (m 2H). Exanple 15

Synt hesis of methyl (1
S, 3R) - 2-{3-[ 2- (3- met hoxyphenyl ) - 5- net hyl oxazol -

. ylnmet hoxy] cycl ohexyl - 1- oxynet Byl } - 6- net hyl benzoate 20

Meo CO2Me Starting from
( 1stigey a8 2023°%. Adfter@bopit 80yrhinutesydhd ehoyxaazobagtfiyeéred off and

”eiﬁ‘%é?%@%ﬁa@oﬁgéﬁﬁ?gd&%% ogdﬁég%ggﬁfrpsé'm‘% Blddiit 5 8 g.

3RAfEr { Ghrpmatagraphiioy psiics | 9ol 5¢ 11401 axheptane/atbyl acetate),
| et h |
 haoY § MR aefa or SRR Indtn BRI e Aty loxazol-4

Exg}me;t@qﬂcwph@@n wofid i bh3@g of the (1R,3S)-acetyl compound
Ci $yete bBtdided | uor ophenyl ) oxazol - 4-yl met hoxy] - 30

cycl ohexan-1-ol, preparation of

(1S, 3R) - 3-[ 2- (4 flu. orophenyl)oxazol

y| Bxahpiyligycl ohexan-1-ol 33 30 of racem c

i | 2, °B@??%5L§§2i9mh%%?@%%@3 SRRy

admetbdxyllwdiolm)(anm-@f .5 p-nitrophenyl acetate and
stirred at 20-23C with 10 ng of Novozynme 435. After

70 h, the immobilized enzynme was filtered off. The

determ nation of the optlc(g urity directly fromthe
reaction m xture whi ch had eé\ concentrat ed by

evapor ati on gaveéveO.g5s 4 AD 250 x
4.6; 1 m/mn, aceto ) for (1

S, 3R)-3-[2-(4-f| uor ophestyl ) oxazol -4 1

yl met hoxy] cycl ohexan- 1-ol and 95% ee for the (1

R, 3S)-acetate (HPLC on Chiral pak AD 250 x 4.6; '1
m/mn, acetonitrile). To isolate (1 S, 3R)-3-[2-(4-

f 1 ddrop oidhg (] Bx3S)cacetaty fiemhbxgmelec] dMexardissalved imapprox.
crygg i esf mn@owa%dnﬁhé@rw&w smﬂegf Nacbi @%ehnd stirred at

et hyl etate tan
( t20y23° After 3! 5 h tl‘?e mlxl)ure %vas neutrahngd with concentrated acetic

a0|d, taken up with ethyl acetate, washed with NaHCO3, dried over
NasSQO4 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-ylmethoxyjcyclohexan-1-ol having 92%
ee (HPLC on Chiralpak AD-H 250x4.6; 1ml/imin, 90:7:1
heptane/EtOH/CH3CN + 0.1% TFA) were obtained.

Example 14
Synthesis of methyl (1R,38)-2-{3-[2-(3-methoxyphenyl)-5-methyloxazol-4-
ylmethoxy]cyclohexyl-1-oxymethyl}-6-methylbenzoate

14g (44mmol) of (1 R,3S)—3-[2-(3—methoxyphenyl)~5—methyloxazol-4—
yimethoxy]cyclohexanol (see Exampie 13) were taken up in 15 ml of
tBuOMe, admixed at 24-27°C with 1.20 g (10.7 mmol) of KOtBu and stirred




96% ee. 15 Exanple 17 Synthesis of nmethyl (1 S,

3R)-2-{3-[2-(4-fl uorophenyl)oxazol - 4-yl met hoxy] -

cycl ohexyl - 1- oxynet hyl } - 6- met hyl benzoat e Co2Me 20
~Starting from (1 32

S, 3R) - 3-[ 2- (4-f 1 uorophenyl ) oxazol - 4-yl met hoxy] cycl ohex

ana‘oﬂa;ﬁprof(r 8btnninates. d hebmbdlileyas icoolad tch0B2Chyil.89 g (approx.

S, ?FAQ) 25@8% 27?FEEJ2¥tH‘%?@a% §Xcg+z1%lﬁ§H{Wf3n¥ g*ylbenzoate were

rretaﬁdstgi powt.seeﬁylld i.ha:wrmmwg\s estlﬂ'edhgt PehLodoe s dntial 30

3 ?fgmf%smet Ryl ﬂgﬁ*eﬁ I‘ﬂﬁbqgégg&fmiﬁh @Ralfa temperature of

5 me@RBIGY Ak aﬂ1-51 @urssoﬂ\f@i stisgng mefréglmaad (Rdcting approx.
R5260|T‘h et PE@tBﬁ Mae Hachod vds tbfplaiéedfted stirring at 22°C for a

e i 1%";&? KBlER b afe mﬁ\@yn'a?g@m'v%%uﬁyeﬁ RERFSHie. qpartitioning

vi tha rw@lab_etweeldwamohndgtﬂuwa ancbliry@iy thae proeluct-2ontaining
Y Broars btk g, 2Ref Konchhbine BT, ERELE iBSeure,
10 coﬁcﬁegt i %it Edneﬁ'iié,r G(Ia%‘;%)egﬁ{mmﬁh%mi h‘@@ybf‘\bu‘w{thyloxazoi 4
fnéthos¥] felohdAi t 2 al yellowish oit;

5 éu)wﬁ{ ety P4 )(mgt"'r%t?;"oﬁfﬁzgﬁ) 2§Dty 2.07
eyl qhﬁxzr:w(solsl-l ar2d4@§§ SH}%fz shqnd 1H8, 327 gaLtBl)e 3.37 (m,

% A AR TR Thedihye 450RT D odasols. . ASR4sy 1.

15] 7.12-7.35 (m, 4H), 7.53-7.60 (m, 2H).

Example 15
Synthesis of methyl (1S,3R)-2-{3-{2-(3-methoxyphenyl)-5-methyloxazol-4-
yimethoxy]cyclohexyi-1-oxymethyl}-6-methylbenzoate

O
MeO \i,O O\/@L
N

Starting from (18,3R)-3-[2-(3-methoxyphenyl)-5-methyloxazol-4-yl-
methoxy]cyclohexan-1-ol from Example 12, alkylation in a similar manner
to Example 14 gives (1S5,3R)-2-{3-[2-(3-methoxyphenyl)-5-methyloxazol-4-

25  ylmethoxy]cyclohexyi-1-oxymethyl}-6-methylbenzoate; the 1H NMR data
agree with those in Example 14.

20

 Example 16

Optical  resolution  of  cis-3-[2-(4-fluorophenyl)oxazol-4-yImethoxy]-
30 cyclohexan-1-ol, preparation of (18,3R)-3-[2-(4-fluorophenyl)oxazoi-4-

ylmethoxy]cyclohexan-1-0l




cycl ohexan-1-ol 20 6.8 g of the (1 R 3S)-acetyl

. conpound fromthe Exanple 18 were dissolved in

10

approx. 65 m of MeOH, adnmixed with 0.32 m of NaOwe
(30%9 and stirred at 20-23C. 3after 4 h, the mxture
was neutralized with acetic acid, concentrated under
reduced pressure, taken upO th et hyI acetate, washed

wi th NaHCO3, dried ( 2 SOAt cent r adied under
reduced pressure. er Nlltratlu rough silica
gel (10:1-0:1 n- h thyI aceta 8.8 g of the
desired (1

R 3S)-3-[2-(4-net hyI phenyl ) - 5- met hyl oxazol - 4- yl net hoxy
- cycl ohexan-1-ol with 95% ee (HPLC on Chiral pak AD

% $BZ§§ febpflc Sute )+ LoloEROt e Shinip heran

of 1colveze|taken aipyin aberithin! gichiypmet amﬁatmwd with 60 mg o
5 Cyﬁmﬁgﬁfﬁéhﬂ'a%éteﬁé ahdCst@relf aff 25:98%C with 10 mg of Novozyme 435.

. B2 704b e musab T PLBOS D Igia, phad Bt diegeminaion of

admaetbtmt fpdihtyl djrédtlychbhﬁzthﬁeréadﬁonl yroxtureinghishi hae@dbeen

fil
of PORFIEIRY b7 o TR drven ol e (a2l Ehfdipak AD
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S JEpaneieie e siain S B 9biuR % et ipc o
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e 21

Ry SBiprasBataptiesl oo SR IPb Y| AeeitalrheAlpne): yeld 12 m,

cy%%hee&an -0l 0.96 g of the (1 R 3S)-acetyl conpound

15from Exanpl e 20 was dissolved in 20 approx. 5-10 ni

of MeOH, adm xed with 0.1 m of NaOwe (30% and
st Ev(aemlaaﬂTZO 23C. After 3 h, the mixture was

nedl hiHelsie bf V‘Helﬂ'\)ﬁcF’fé,§R$%L{§-[§Q‘3—ﬂuorophenyl)oxazoi-4-ylmethoxy]-

cyclohexyl-1-oxymethyl}-6-methylbenzoate
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U CO,Me
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Starting from (138,3R)-3-[2-(4-flucrophenyl)oxazol-4-yimethoxy]cyclohexan-
1-ol from Example 16, alkylation with methyl 2-bromomethyl-6-
methylbenzoate gives methyl (1S,3R)-2-{3-[2-(4-fluorophenyl)oxazol-4-yl-

methoxy]cyclohexyl-1-oxymethyl}-6-methylbenzoate (see Example 35).

Example 18 |
Optical  resolution  of  3-[2-(4-methylphenyl)-5-methyloxazol-4-yl-
methoxy]cyclohexan-1-0l ' :

Sdlg)-3-[2-(4-
0. ﬂﬁor@)pﬂén?lb&&@ﬁﬂ)@lﬂbﬂﬂ)x@gyao%&an-qoﬂpQHBdcﬂﬁieamlxture was




~-.concentrated under reduced pressure, taken up with
et hyl acetate, washed w th saturated NaHCO3, dried
(MgS™) and concentrated under reduced pressure.
After filtration through siliga gel (10:1-0:1
n- hept ane/ et hyl 25 acetate), 0.84 g of the desired (1
R, 3S) - 3-[ 2- phenyl - 5- et hyl oxagzol - 4-
yl met hoxy] cycl ohexan-1-ol $aying 95% ee (HPLC on
Chiral pak AD .250x4._6; 1.4 g n, 025 0. oH
hept ane/ Et(}VCI—BCN ' i RA) 3i ned. 30
Exanpl e 22 Opti cal ution of
ci s-3-[2- (4- net hoXyphenyl ) - 5zgret hyl oxazol - 4-yl -
met hoxy] cycl ohexan-1-ol 36 OH MO 2.0 g of the racemc
ci s- 3- [24(4 met ho>g5yphenyl) o- et hyl oxazol -4-yl- 5
meihexy RCye paex &- 2 +bhnavR 6= Megsol ved in 50 m  of

~vinyl acetate, adm xed with 0.1 g of Chirazyne L-2,
lyo., and stirred at 20-23C. After about 5 h, the
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R 3S)-acetate were t al npl e 23 Prepara
of C@r)icentrate “under reduced pressure Merigs pro Uet 1%8 After

10 R, 3ordatbgrdphyneh MI%DPGIHWOH-@*WM@NQMW Zacyhtate},58.6 g of

Exgﬁééb%%h %gé"?ﬁ Q¥ %Fqg}ﬁlg}‘%%ﬂf%%tﬁ.ﬁgfyg?y&%xan 1-ol

- Me@nti 6a8igiofdioe (i R j3Q)-atetdte @re MatAked.30%9 and stirred
at 20-23C. After 3 h, the mxture was neutralized with

dilute acetic acid and concentrated
.Example 19

15 :Preparation of (1R,38)-3-[2-(4-methylphenyl)-5-methyloxazol-4-ylmethoxyi-
- cyclohexan-1-ol

20 6.8 g of the (1R,38}-acetyl compound from the Example 18 were dissolved

in approx. 65 ml 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 NaHCO3, dried (Na2S04) and concentrated under reduced pressure.

25  After filtration through silica gel (10:1-0:1 n-heptane/ethyl acetate), 8.8 g of

the desired (1R,3S)-3-[2-(4-methylphenyi}-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.

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




under reduced pressure, taken up with ethyl acetate,
washed with saturated NaHCO3, dried (MgSO4) and
concentrated under:reduced pressure. After filtration
through silica gel (10:1-0:1 gsheptane/ethyl 25
acetate), 0.84 g of (1

R, 3S) - 3-[ 2- (4- met hoxyphenyl ) - 5- et hyl oxazol - 4-

yl met hoxy] cycl ohexan-1-ol were obtained as a yell ow
oi I having 92% ee - (HPLC @ iral pak AD 250 x 4.6; 1
m/mn, 90:7:1 heptane/Et CIC\)I +0. 10/6I£)F|_,|A) . 37

Exanpl e 24 Optical 1 &sptU
ci s-3-[2-(4-fluorop l)-5-nethyl g gl -4-yl -
met hoxy] cycl ohexan-%<6l OH 1.70 g O e racem c

ci s-3-[ 2- (4-fl uorophenyl) - 5et hyl oxazol - 4-yl -
met hoxy] cycl ohexan-1-ol were dissolved in 50 m of

tate, adrg xed iLth 0,1 f [ L-
1y ot aederia S5 5 e meUdab iV mERG cysRpggan-1-
5 enoy wenasliésdived il GDmBR vingl sadethieonadraneentwitht @31 g of

' : - Af 4 h

o1 CrERegRE e, 1R 58 oo ACP0EEE RN ARLY . e enzyme
of was filtes®) offgral-the-solutionagsineantrates unddiyeducacbpressytfe. After
(1A sl Rl T 2 (@ lanefBil qostate), 109 of
Pr éﬁ,ﬁ i3l#-phenyl-5-methyloxazol-4-yimethoxylcyclohexan-1-ol was

10 R 3Blaifed Zrs( 4- bligtetr 98IAR Yolid Samdt(196 ¢x 87 Ghe 4acehyIRIEAOIIR, 3S)
]- &é@l ohaxan-l-lolI 0 g 75 g of acetate from Exanpl e
24° O4n ?@I@Qﬁofﬁs%B rox. 30 m of MeCH, adm xed
with 0.2 mM of NaOwe (30% and stirred at 20-23C.
Af the m xture was neutralized with dilute
acg%ft"@pi%_?& and concentrated under reduced pressure,
t akeepargtiont h eohyl a(ldr,3Bp3-[Repftenyl-bimathykxazalk-4rylnetoxy]-
15Na@§g|§hegéﬂ_q%!(l\/gso4) and concentrated under reduced

0.96 g of the (1R,38)-acetyl compound from Example 20 was dissolved in
20 approx. 5-10 ml of MeOH, admixed with 0.1 ml 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 (MgSO4) and concentrated under reduced
pressure. After filtration through silica gel (10:1-0:1 n-heptane/ethyl
25 acetate), 0.84g of the desired (1R,38)-3-[2-phenyl-5-methyloxazol-4-
yimethoxy]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.

30 Example 22 |
~ Optical resolution of cis-3-[2-(4-methoxyphenyl)-5-methyloxazol-4-yl-
methoxyleyclohexan-1-ol | : :




- pressure, yield: 059901‘ (1 _
R, 3S) - 3-[ 2- (‘4-f | uor ophenyl ) - 5- met hyl oxazol - 4-
yl met hoxy] cycl ohexan-1-ol as a white solid having 94%
ee (HPLC on Chiral pakO) 19 238x4.6; 1 mImn, 110:2:1
hept ane/ Et OH/ CH3CN + 0.05% TFA). 38 Schene lib
Exanpl e 26 Stereosel ective hydrol ysi s of
3:[2-(4-fluorophenyl)oxazol - 4-yt net hoxyl]- 5
cycl ohexyl acetate, preparafi
R, 3S)-3-[2-(4-fl uorophe Qxagol - 4y yi -

nmet hoxy] cycl ohexan-1 N, 10 ‘oafgy. 10 ny

of 3-[2-(4-fluorophe dxazol - 4- yl me /1 ] cycl ohexyl
‘fatlng

rac

acetate (preparagedy I
3- benzyl oxycycl ohexan-1-ol with acetic anhydride, in
a simlar manner to the synthesis of nono(3-

S SEUP LBl R AL 16 R ABMD SRz
57 Omemody]zydbheﬁarDﬂ/E)!amtesiimdwd in 56 nil.&B virpp aoztatd, admixed
of it DAY dhifary et 2. Ao 2808 Lrirlel aCPB2A*c. ARef hbBut 5 h,
The "reaction mxture eX rac e(?vm
di dhe areymehwas . filtered @lffgamﬂ theisaligionveanceairiesdunsiehreduced
t-o'gﬂséﬁxré”%fféf”%ﬁfarﬁ% P'a %\ha%ﬂfc%“ _p (onden rrﬁﬁé’ﬁ@ﬁe/ethy!
pressure. The determ I the tical pu 3/

(1 @e@?) (94 of Ig) 3%2 (4-metl oxyphen)ﬁs é thyloxazo|-4-
10fl Wdrhe }ow\,loh@mh 140|ylam1 hoxdl ¢y of oktexa(mR 38)-agatete  were
g) g HPLC on 20 Chiral pak AD 250 x 4.6; 1 m/mn,

‘lj1 le) and 98.9%ee for the (1S, 3R)-acetate

(HPLC on Chiralcel OD 250 x 4.6; 1 m/mn, 110:5:1

. he %1@5 CH3CN + 0.1 % TFA) . Schemallia 25
I{E g Synthesis of racemc

“Ci sPI'gngﬁﬁI@W ox Py cl GHbR&N31[20(4-methoxyphenyl)-5-methyloxazol-4-yl-
15 -methoxy]cyclohexan-1-ol

O OH
MeO

0.79 g of acetate from Example 22 were dissoived in approx. 5-10 ml 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 NaHCO3, dried (MgS0Q4) and concentrated under reduced
pressure. After filtration through silica gel (10:1-0:1 n-heptane/ethyl

25 acetate), 0.84 g of (1R,3S)-3-[2-(4-methoxyphenyl)-5-methyloxazol-4-
~ yimethoxy]cyclohexan-1-0! were obtained as a yellow oil having 92% ee
(HPLC on Chiralpak AD 250 X 4.6; 1 ml/min, 90:7:1 heptane/EtOH/CH3CN

+ 0. 1% TFA).




30 150.0 g (1.29 nol) of cis-1,3-cycl ohexanediol were
dissolved in 1.5 1 of NW, adm xed with 111.6 g (0.99
nol ) of potassiumtert-butoxide (K&Bu) 39 and stirred

. at 25-27C. After about 30 mmges, the m xture was

cooled to OC and adm xed dropwise with 78.1 g (0. 46
noExample@®hzyl bromi de. The mixture was stirred at

achbfcal o iesBlb o8 o B iRk plapPopyfia glffiGrazol 4y

- n- methanyteyalodedbrdaoldi ng 5 t he n- hept ane sol utions,

)

10

¢ g
T enanti oneri c exce 0 él S@%-

.15

20

25

t he aqueous solution was extracted four tines wth
500 mM of MIBE. The conbi ned MIBE phases were washed
twice with in each case |, | /of water, dried (Na2SO4)
and subsequently concentr At by evaporation under

reduced pressure. 48-8.g0f .t si-red..&hpound wer e
obtai ned as a cl ear Ilowoil; H(CDCIS), S =
1.29 (m 1 H, 1Q£4371.93 (m 6H\2:06 (m 1 H),

2.55 (s (br.), 1'H, 3.56 (Y 1 H), 3.74 (br, 1 H),
4.55 (dd, 2H), 7.25-7.36 (m 5H). Exanple 28 Opti cal

LEFGhL o9 of 3 beneyl oXyeyel hefn Ll A% 801G ek

m m_@fhdkiy]a;yblohéﬂanat-@lfwet@ digbolvéd o S0ehihyfl ang a‘.deitate% déetmixed
20M Y §lof Erfrabyfhell- 2 B4 ?@rré%%@ﬂ%%ﬁ:ﬁ@ﬁ%w 15h,
enthgnenzyaye Welst Bitered offf and thergulletionasondartiat ngded reduced

g@%@@ﬁk@? Rﬂ’elb%hr&’ﬁaﬁ)?;réﬁl;u? Mot rGAuEs.1Pf esHidbBane/ethyl

3-#@talg) oxyb§ @ orfxarkl®.3R)-Sud (4-flyomphepyl:Somethyloxazol-4-yl-

Chin ; ' -de btained.
S8k g 75 6 2 G40 wor i

enantioneric excess of the (1 R 3S)-acetate was 78%
( HRXdenple 2%Chiral cel OD 250 x 4.6; 1 m/mn, 100:1:0.5

h elglte%g?éd%%% %)—3-%—?&3‘@rgp%enyl)—5—methyloxazol-4-yimethoxy}-

cyclohexan-1-ol

- 0.759g of acetate from Example 24 was dissolved in approx. 30 ml of
MeOH, admixed with 0.2 ml 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 aceiate, washed with
saturated NaHCOg3, dried (MgSO4) and concentrated under reduced
pressure, yield: 0.59 g of (1R,38)-3-[2-(4-fluorophenyl)-5-methyloxazol-4-
ylmethoxy]cyclohexan-1-ol as a white solid having 94% ee (HPLC on
- Chiralpak OD/19 250 x4.6; 1 mi/min, 110:2:1 hept_ane_lEtOHlCH3CN +
0.05% TFA). ' ' S '




Optical resolution of 3-benzyl oxycycl ohexan-1-ol 30

rac. 40 100.0 g of ci s- 3- benzyl oxycycl ohexan-1-ol were
di ssolved in 170 mM of vinyl acetate and 630 m of

met'hyl ene chloride, adm xed vggh 5.0 g of Novozym 435
and stirred at 20-23C for 26 h. The enzynme was
figeRep@ BT, and a 5 sanple was w t hdrawn and
concentrated by evaporation under reduced pressure.
The enantionmeric excess of

(I Ex&Rplel2benzyl oxycycl ohexan-1-ol was > 99% (HPLC on

noplnr e aec Btelist: 191 i FhrPReteanpebtuimethont

5 excydchaxy! abetatd, prepg@itioncdt(ARS $ed- (D04l perRIpbeow!) oxazol-4-yl-

10

20

Chj X 46; 1 mM/mn, 10 100:1:0.5
heﬁe?nﬁﬁygﬁ%zg% .& Exanpl e 30 Isolation of (1
S, 3R) - 3- benzyl oxycycl ohexan-1-0l1l, separation of the
m xture -of acetate and al ol with pyridine-S03 15

1.9 g of the crude acet at /a\\cohob m xture fl_[omthe
t

stereosel ective epzZyns € 401 of.-
3- benzyl oxycycl ohej from Exa 29) were
stirred vvichQ_- i di ne- S03 at "&Q Cin 10 m of

pyridine and 2 m of DWF. After 4 h, the conversion
of the benzyl cycl ohexanol to the 20 pyridine salt of
the sulfuric ester was virtually quantitative. The

r eAppr'o&mo Mgt Uicf  Wegs[2{4 ﬂiﬁ(ﬂdpb\e 04@261 4@4m5ﬂfoﬁ?i]@@tbhexyl
oradedetes dntaiiaia nby redthg 3 her i Sniaiin 4P Wi Cacetic

quanrhydrdel, vehy.a Trsimilamaimanmngs atoettlmae fsymatdaealqueobs mono(3-

B8y B5cyRERERl) BRLARI0 1R ERRNBL 59 LORFYER LS Rz mi o
t heheaphede itwifesr Sibd, BbiT did)i aad ) of mVIE gnd ostirregl with

of di I G r -
- 15 %:BW k¢ genzsﬁ Ghlﬁi WL% I b€ 26532 ®r approx. 20-24 h. The

reactt n mixture as e racted Wltg‘l dichloromethane. The organic phase
was admixed with toluene and concentrated by evaporation under reduced
pressure. The determination of the optical purity for (1R,35)-3-[2-(4-
fluorophenyl)oxazol-4-ylmethoxy]cyclohexan-1-o0l 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 mi/min, 110:5:1
heptane/EtOH/CH3CN + 0.1% TFA).

Scheme llla

25

30

Example 27
Synthesis of racemic cis-3-benzyloxycyclochexan-1-ol

HO""O"HO\/Q
rac.

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 teri-butoxide (KOtBu)




were stirred at 55Cin 45 nm of THE, 4 mM of water and
1 mM of conc. sulfuric acid for 2 h. The m xture was

~adm xed with 40 mM of water, approx. 30 10 ml of MIBE

wer e added, the phases were sgparated and the aqueous
phase was extracted once with MIBE. The conbi ned

or gAdistirrelaseXs-PRTE. ARkl gbutNR fliteaNethecamaary wakeoled to

TR ARy Yobyite, iR B e G ) proBiaiiaRids. The

t hmixttes wias gstiofedt dteapyyok c@I1C for 15 migave theB s ¢ of water. were

?%@é%ﬁ&e# \ﬁ?%@bg QHre%f tirﬁés v%! h gﬁ)o ml of n-h<t-*-,p‘(aneoe*ndt g]igcarding

benzy ycl'chexan- separ at’i on

5 mi theun-beptangcealaliansa e aguenus salytiex weaesdrestesdifouptimgs with

of 58 fnISUAEBEC hat &rAbireA M TBEX S RER s/ Werd WiahBd ewidd with in

e ERe ca%0 1o Of galan e (NAESARENY ARSIl SORCERtAlgd by
ﬁ:é'ltigﬁr‘]cgéﬁorﬁgggg%reggﬁ?ﬂ}prr]%srdge.hw{)@t@f th-éh,lfqiasﬁir‘éﬂgdh%’c;und were
R e e et isel i T NIRRL (DS, G2, 1H)

10 comaBned3aen eBHIS 2pitgas 18 2 68s8ebr.agaH) 366 im, 1H), 3.74 (br,

o B  REBGT eyt oxyoyel ohexan 1 of

wer e obtai ned, and the concentration of the conbi ned

‘he ses gave 5.5 g of the (1 R 3S)-acetate. 10
eBianpses

anp 'nt hesi s of 4-iodonethyl -2-(4-fl
uo@%ﬁ%‘ﬁ?ﬁ?@%@ﬂ of é-bemzyloxygydlatexanndnel )  of

15 4-chl or onet hyl - 2- (4-f | uor ophenyl ) oxazol e were

20

25

30

di ssolved in 80 nml of THE and adm xed
(21.2 mol ) of Nal. The mxture jrred at 20-23C
for 3 h and at 50C f}q about ](? salts were

O

filtered off with suctig v T T ' ate was
concentrated under red pressure, yield: 6.1 g.
The product crystallized~upmp 1001d)2C, 20 1H NWR

(CDCI3): 8 = 4.34 (s, 2H), 6.97 (dd, 1H), 7.14 (m
2H), 7.68 (s,

:20.3 g of cis-3-benzyloxycyclohexan-1-ol were dissolved in 35 ml of vinyl
acetate and 125 ml of methylene chloride, 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 (15,3R)-
3-benzyloxycyclohexan-1-ol was >99% (HPLC on Chiralpak AD-H
250 x 4.6; 1 ml/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 mi/min, 100:1:0.5 heptanelEtO'HICHe,CN).

with 3.18 g

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

HO,,“O“,.O\Q
rac.




-1 H), 803 (m 2H). Exanple 33 Synthesis of (1 S,
3R) - 4- (3-benzyl oxycycl ohexyl -1 -oxynethyl)-2-(4- 25
fl uorophenyl )oxazole 2.0 g (9.7 nmmol) of
(1S, 3R) - 3- benzyl oxycycl ohexan4h-ol were dissolved in
30 35 mM of tBuOwe. 1.3 g (approx. 55% 43.7 mol) of
‘NaH were added and the m xture was stirred at 22C for

60 ni.nutes. .3

o dDo i ciss Deftrligriiciiachos o ere dispiued im 370 of viny

gd%étaﬂe@n’dlmo mil xof meethideaemlcrrrcmd agimig2ed &6 5.0rg abNovozym

r . |

i 281 8ng, SUER, 2R B ST SPYGHE GA el off, and a
5vxatsemple apas evithdsovind gndugeneenteatedi by evaporiatign awitierhgduced

cobtss rgt;”f’"ﬁﬁ ﬁ?ﬂ%gwe 68%2@3%2@%&%3%’2%*&“ -0

on WAy it 89 R QW@IWQ ePaberdbhe) T gulnaing. 25:1

9 ‘hfe @déﬁ@t@lemmm €05t %OTFAY Usied] thed @hiABibigrio Weess of the

? éylﬁrﬁcgiatgzua Cbﬁ‘!}q\,ﬁ,ﬁ?’% &?@]é’e?bql,?@s)\ga éﬂhﬂnmllmln

04H)10011 82 HeptaddlEtORI/OM3CM). 2H), 2.55 (m 1H), 3.38

(m 2H), 4.55 (s, 2H), 4.57 (s, 2H), 7.1.3 (m 2H),
7.25-7.35 (m 5H), 7.63 (s, I H, 802 (m 2H. 10
Ex &ralmgpl880Synt hesi s of (1

R %@na@oﬁ Efé hg%[.ggﬁﬁ@gyfgé@ﬁgka#w&ﬁgéﬂs%ﬁ&m R4 Sixcture
(19 QR? @g?%?b’ Weﬂm¢e§93|-oxyrrethy|) 2-(4-flu

5orophenyl) oxazol e were dissolved in approx. 40 m of

T 80 T A e O BEBRLL BB Forpoiss (Qkosctectve
enzymatic acetylation of 3-benzyloxycyclohexan-1-ol (from Example 29)
‘were stirred with 2 g of pyridine-SO3 at 20-22°C in 10 ml of pyridine and
2 ml of DMF. After 4 h, the conversion of the benzylcyclohexanol to the

20 pyridine salt of the sulfuric ester was virtually quantitative. The reaction
mixture was diluted with 40 m! of water and extracted twice with approx.
20 m! of MTBE. The MTBE phases contain the unchanged (1R,3S)-acetate
guantitatively. The remaining, acetate-free aqueous phase was
concentrated by evaporation under reduced pressure. The residue was

25 admixed with MTBE, and the sulfation product solidified; yield: 2.7 g.

27 g of pyridine salt of the sulfuric ester of (1S,3R)-benzylcyclohexan-1-ol
were stirred at 55°C in 45 m! 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.

30 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 (NapS04) 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.

35 o

' Example 31
Isolation of (1S,3R)-3-benzyloxycyclohexan-1-ol,
separation of the mixture of acetate and alcohol by extraction




20 under atnospheric pressure for approx. 8 hours.
Filtering off the catalyst and concentrating the
remai ni ng solution gave 1.8 g of the desired cis-
configured, nonoal kyl ated 1, 34¢ycl ohexanedi ol
derivative as an oil which crystallized when D PE was

addg@ ofyinel studie acitatelaiSdhdd Ahixtuté! iRdWR Ex@ﬁméfﬁb wére—taken up
%dﬁﬁawx ég}g\lf)@fgetgﬁpolzéﬂna agp%%( (é mllofporn%teé agé \rﬁﬁhed three

2 HiimebBvifhda! ach2&ke3aioR %90 mboanfapt@te. Shet berabmedfheptane
meb@%éé Qc? ain A’_eq?ru &angx é’}‘ﬁ/ I 8’%{\ z)o?re extTact?cF] W|th] 50 ml of 1:1

5 cymeéhmgidwaiebxw%mmt}m@d mmusmeareswasse@ Fgain with

uorop oxa XYy
rhﬁnzo/i%ﬁv@szaﬁaﬁﬂrwszl)we/c&somam@ﬁ apdithe gengentration

of of ﬁ@%bmé&'ﬂi@? éébﬁé‘sé& dRe®B 6@ §AhaMrR)3D adethtBy

and stirred at for —approx. 30 mnutes. The
m xture was cooled to 0-5C, 1.24 g (approx. 94% 5

‘% )Aﬁé Eancen na the aqueous ph 3.6 g of the desired
: pla r ’Eatl S g ? p ase, i t Ir
cy ‘

10 appxampled33 nmmol ) of net hyl

AR iR AR R %2 hour s

and at 20C for a further hour. The mxture is left to
stir overnight at 18-21C en td solvent is
distilled off. The re part fiti oned bet ween
wat er and tBuOwe. The G ,g_al c \; i gy dried (Na2SO4)
and concentrated under 10 reduced pr sure yi el d:
1.04 g of methyl (1 R 3S)-2-{3-[2-(4-

fl uor ophenyl ) oxazol - 4-yl net hoxy] cycl ohexyl - 1- oxynet hyl

15 } - 8-0nget H(}1B-S memdpatof ad-chloyarinethy-2H4eluoroghenyifioRazole were

20

25

30

(C@%@id%sowgﬂ% Ejradnggi véthé%‘l mml%ﬁm ) 9f Nal. The
( ninixdturg) was stpedgt 20:285C foar. 3 atgi@ C for 09512 dithe salts
g gfgré i Ite?é’& of? th 7s&906”bn@'1}1e fi ltr@% (\Was lcdicentrifed under
fg%@@ (Bisstiiny | USyL By bHorbe, Prodiss Austajiesdn i 100-102°C
HNMR (CDCIa): 5= 4.34 (s, 2H). 6.97 (dd, 1H) 7.14 (m. 2H), 7.68 (s,
~1H), 8.03 (m, 2H).

Example 33
Synthesis of (18,3R)-4-(3-benzyloxycyclohexyl-1-oxymethyl)-2-(4-
fluorophenyl)oxazole

2.0 g (9.7 mmol) of (18,3R)-3-benzyloxycyclohexan-1-ol were dissolved in
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-
jodomethyl-2-(4-fluorophenyl)oxazole (Example 32) were added and the
mixture was stirred at 22-23°C for about 3 hours. After leaving to stand




et hoxyphenyl ) - 5- met hyl oxazol e 20 MeO 4.6 g (22.3

~mmol ) of (1S, 3R)-3-benzyl oxycycl ohexan-1-o0l were

di ssolved in 70 m of chlorobenzene. 6.6 g (58.8

~mol ) of KO Bu were added, thg 25 m xture was stirred

10

15
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at 22C for 30 mnutes and then 10.3 g (31.3 nmol) of

'4 cb\fé#ﬁl@ﬁt hite Arixtgremaydiosyipse netl 22230t fay| #¥aApée 1WeT. eWater

t t t
COGPEIPY | ORI e Pt v o018 n Yier SR RIS, was
hon&mnve;@lf t &ryinpe (Nlabsmmemmenhahh@eémude styidld:ect.6fg) and

R PR 5ol (189 SEREMFelp AL G 2.4 g o
d rmeoﬂe{mﬂsmcmﬂg ucechceptioadly emre,nd@ikylated Uk 3eyclohexanediol
PrsiRige & ulgni Aol Hb é1-‘$2°('fhéHSvaﬁi CLTHRS 431,30

next reacti on enat i on, see Exa

V\A(ﬂmo‘ﬂﬂ) fuBZ ey Wik 20 cénnu, 8 , Ab5eanpHS %383931@{%)&%55 (s,
szm)l 4%7 %§)zﬁ) [72193(mrezmom)31¢rad gﬁxsﬂgl TGSVGSWEHIPOMJ]Z (m,
cycl’0hexanol by hydrogenation 0
S%’F‘?)-4 ( 3- benzyl oxycycl ohexyl - 1- oxynet hyI) 2 (3 nmet ho
xy- phenyl)oxazol e were dissolved in approx. 120 nml of
hangll 3491dm xed with 2 g of Pd/C (10% having 50%
P and hydrogenated at 20-23C under

_ at&wﬁbhﬂ's iof (PRSBI3-E2-(4-Buniaphenyidxazel-drgmetiioxytryclohexanol

c anski concentrating the remai ni ng sol ution,
pzsrflil]@gﬂl nglcé-gtween MIB et her and water and drying

the organi ¢ phase gave 6.4 g of the desired cis-

confi gured, nonoal kyl at ed cycl ohexanedl ol

derivative as a yeI | gw oi the sypstance was
chr omat agr aphed on a gel thy tat e): 0.8¢g
of a colorless oil wereg! obtained; R (CDCI 3), 8 =

1.25-1.90 (m 7 F

2.4 g of (1S,3R)-4-(3-benzyloxycyclohexyl-1-oxymethyl)-2-(4-fluorophenyl)-
oxazole were dissolved in approx. 40 ml of methanol, admixed with a
spatula tip of Pd/C (10%, comprising 50% water) hydrogenated at 20-23°C
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 01I which
crystallized when DIPE was added; yield 1.6 g; mp 81-82°C; HNMR
(CDCIg), 8 = 1.25-2.14 (m, 9H), 3.63 (m, 1H), 3.75 (m, 1H), 4.55 (dd, 2H),
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)oxazol-4-yimethoxy]-
cyclohexyl-1-oxymethyl}-6-methylbenzoate




15 H, 2.12 (m 1 H), 2.41 (s, 3 H), 3.61 (m 1 H),
3.7 (m 1 H, 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;
M5 (ES+): 318.27 (83%, 243.48 (100 % . Exanple 38 20
Synt hesis of nethyl (1 R

o { @- Qﬁrﬁol?]febﬁ OX{?I WES)AB)[%HHEK)MI‘@h@!k)@kazbktl-ylmethoxy]
' K/ere g irg %xetrﬁpl nﬁ\ga%gliglt rret hx[ %nzoa “tBuOMe,
R, 3@)1»@]{1[ ith3017idt dnaBygSheenyd!) -d5- K%Bthlyarukammed4a’yl22-27°0 for

a 7n_cbyd ' )

e e T
5 24amgxmma1nm» egmethyd 2-bresiomethyl-kopahyibaazeaterwerg added
Hro?ggéé”‘the Hxttird Wa%sstlrfgﬁxemmaﬂylé"t S°0asr 8 MuRIah@ a@20°C for

2 BriEHDABIRYI- BOS GUBAyP DBR-GAEE METBCRR Rbgw ien the
angblyéet ’%‘%‘2‘8{’“’?& Slahg rrg(s)ﬁdate 3 p'éﬁltfdnedabetvmdn atatdp and
et U e 0t g, Phash if Hhest e §RE' ifielirbled Ender
10 Af tegiickdaviprgséurest agiklatS.04gr ni ght methyddi (&, 3B)p2-¢3-[2-(4-
fJdﬁﬂsﬁﬁﬁ@&o@%@f-#—%?tﬁé&gl?ﬂdd’@@x%q"?*ﬁ&h g et
chb@nmza@rﬁa yakeuish Q1|edh|c|§MFb(@@§lﬁ)e3 ThAbit-BadMgH), 1.82
@%Iuct ‘cont gﬁpﬁ%y@aﬁ gsa L5@\€n aﬂ% 3 n'i‘gﬂtiﬁ% 39 (m,

af ter

Cotdbrit 9 %054 Hwaeﬁas Bt 7 366l o 63 (5, 1H),
- 15 meg gl (n{, RH3. 3S) - 2- {3 [2-(3-

nmet hoxyphenyl ) - 5- net hyl oxazol - 4- y| net hoxy] cycl ohexyl -1
-oxymet hyl }- 6- net hyl benzoate as a yeI low sh oil; 1H
NMBx4r6pi8 %,8—115132(m4 H, 1.81 (m 1 H),

< ntin%%sm (?ﬁ ] ﬁ)é,,gg)-%@%be @S/(@g %ﬁ%} 1 %ﬁ&beﬁml) 2-(3-

3 mtt(@gyptaenyt) 53netb1y(q1qazele|—|) 4.48 10 (s, 2 H) 4. 60
20(3,2H),696(m| H), 7.12-7.35 (m 4 H), 7.53-7.60

Q/O/V T

4.6 g (22.3 mmol) of (18,3R)-3-benzyloxycyciohexan-1-ol were dissolved in

_ 70 ml of chlorobenzene. 6.6 g (58.8 mmol) of KOiBu 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 chlorobenzene had been distilled off

under reduced pressure, the residue was partitioned between tBuOMe and

30 water. The organic phase was dried (NaxS0,) 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.




'Scheme I11b 15 Exanpl e 39 Synthesis of-

mono( 3- benzyl oxycycl ohexyl) glutarate HOrac. 20 3.0 ¢
of 3-benzyl oxycycl ohexan-1-ol, 2.15 g of glutaric
anhydride and 3.03 g of triedhylam ne were stirred at
21-23Cin 25 m of nmethylene <chloride. After conplete
coRxanplecd?” the m xture was added to water,

BB ERLcca®! pr cddBris a1s (g s R IDPER BB

- wec\e|afiEpainokbly hydiolgeRali@DCl 3), 25 8 = 1.20-1.28 (m

10

'232242(
(m 1 H, %

(m 3H, 2.05 (m 1 H),
4 55 (dd, 4. 69

Ig))ﬁ Exanpl e
40 30 Stereosel ec

nono( 3- benzyl oxycycl.glexyl ) gl ut arat reparati on of
(1 R, 3S)-3-benzyl oxycycl ohexan-1 -ol 46 H\/ 20 ng of
racem' c nmono( 3- benzyl oxycycl ohexyl) glutarate (from

B 6 (18R PE A BB HeaiRe Rp aethony-
Phﬁﬂyﬂ\)@mz?}ﬂ"eW&@S digselvedi rrr enp@tx 120 micof miethanol, admixed
APR{RS: %69%@@1@%%9% ety & %n%% a\‘h@& at 20-23°C

partitioned befweeh Satdrate sof utl on
an‘éf"iﬁrhﬁ fmogphgric epreweem?rm tF'ﬂtﬁf"%a@ fhes catalygt and
an@brﬁ!éﬂﬁﬁﬂﬁg alﬁ@dem‘.airﬁh% soﬁjti@iﬁ pgftltlbihmg between MTB ether and

4H, 1.82 (m 1 H),

1. 90-(-<€

* oxaler g Y 6 o RBR Bnagh pafbana. B 35 SEIed ois-
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1 ednfigured, Zrﬁomoalkﬁtatehbﬁt&nmlﬁhe}dr@dﬁm‘deﬂ\ﬁnm oasTEAyellow oil.
1 g of the substance was chromatographed on silica gel (ethyl acetate):
0.8 g of a colorless oil were obtained; *"H NMR (CDCls), = 1.25-1.90 (m, 7
H), 2.12 (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,38)-2-{3-{2-(3-methoxyphenyl)-5- methyloxazol -4-
ylmethoxy]jcyclohexyl-1-oxymethyl}-6-methylbenzoate

O/Al/ o o L

CO,Me

136 mg (0.4 mmol) of (1R,3S)-3-[2-(3-methoxyphenyl}-5-methyloxazol-4-yl-
methoxy]cyclohexanol (from Example 37, hydrogenation) were dissolved in
1 ml of chlorobenzene, admixed at 24-27°C with 120 mg (1.07 mmo!} of
KOtBu and stirred for approx. 30 minutes. The mixture was cooled to O-
5°C, 189 mg (approx. 94%, approx. 0.78 mmol) of methyl 2-bromomethyi-
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
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Exanpl e 41 Synthesis of (1 R

3S) - 4-(3-benzyl oxycycl ohexyl - | - oxynet hyl ) 2-(4-fluoro-
15 phenyl )oxazole Starting from

(I R 3S)-3-benzyl oxycycl ohexanggd-ol (see Exanple 40),
20 al kylation with 4 i odonet hyl -2- (4-f1

uoaoém bhearimEap 0% E@@ﬁ@beK@zﬂaurtﬁéuéaﬁudméécomplete

- oﬁﬁ%ﬁa@ et Bochof P\’ﬂra% R 3BE%, Pisglizatthe ghiorapgpgere under

33redﬁa:et:l heesaxaparitionihgtthe redilyd aetwaerolvater and tBuOMe and

-l RiTRONELAT o Carki e HE oA Hlating

n}auhqertmduoad elrerslsum 1160, marefenetbgb(R, 33b2{{322f{3mml )

o e TR Mg oSSt i St

(sDeimdbanzsmie ap st eloish ol T NV & BE ke Tahy Baha2 (m. 4

igH ;1;9? (gﬁ\fﬂem) 2tap/ m3€>H)1 PLOS B UH% 2@%513@'1)' 2.40 (s, 3 H),
CoR 3 8- £98 e, ARRE 0 8 435 B (.3, 4.4

pr gnaridy 4.6®(s, 24d)p6 .96 (hy, EY,hartal-§.3brm, 4tHp 7283-@.60 (m, 2

gﬁ: de (2-brononet hyl - 6- met hyl benzoyl brom de) or by

i nating nmethyl 2,6-dinethyl benzoate, are added

dropwi se. The 10 m xture is stirred at 5-10C for 1 h
an 20-23C overni ght. Water and nethyl
te?’?bgﬁ{éy@bet her (MIBE) are added, the m xture is
stirred vigorously, the phases are separated, the
aqgggmg@fg@se is washed once nore with MIBE and the

S e v A R R

SI lica gel (1 1 ethyl 15 acetate/n-heptane). 600 ng of

the desired conpound are obtained as a
10O
rac

3.0g of 3-benzyloxycyclohexan-1-0l, 2.15¢g of glutaric anhydride and
3.03g of triethylamine were stirred at 21-23°C in 25 ml of methylene
chloride. After complete conversion, the mixture was added to water,
extracted, and dried over MgSQg4. After concentrating under reduced
pressure, 4.3 g of the desired compound were obtained; 1H NMR (CDCl3),
8=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
Stereoselective hydrolysis of mono(3-benzyloxycyclohexyl) glutarate,
preparation of (1R,3S)-3-benzyloxycyclohexan-1-ol




light yellowoil, 1 HNWR (CDCI3), S=1.27 (m 1 H,
1.45 (m ‘1 H, 1.55 (m 1H), 1.74 (m 1H), 1.83 (m

AH), 2.05 (m 1 H), 2.34 (s, 3H), 3.47 (m 1H), 3.72

(m 1 H, 3.91 (s, 3H), 4.58 4gd, 2H), 7.15 (d, 1 H,
7.20 (d, 2H), 7.27 (m 1 H. 20 Exanple 43 Synthesis

of racem c nethyl :
- Ci s-2-(3-hydroxycycl ohexyl oxymet hyl ] net hyl benzoat e
25 rac. CO2Me 10.0 gHOR ), oof

p

ci s-1, 3-cycl ohexanedi ol aken up~in 150 m of
nmet hyl tert-butyl 'ether BE), adm xed at appr ox.
20C with 6.72 g (59.9 ) of potassi um
tert-butoxide (K& Bu) and stirred. After about 30 30
m nut es, the suspension was cooled to 5C and adm xed

dr2pwmge of t ltacemi g rapp(dblens08iycytlohexyiy| glutarate (from
2- _

rg gﬁgg@%@ Wefls gﬁh{%h@g%ﬁﬁ il of h%EHﬁ&e”ﬁYﬁé?e gH 8, and 3-5
br 6Tﬁpc§e0f (DM cﬁﬂiﬁ’éﬁﬂywl% feit Mgl bérﬁ@mzyﬁmﬁ@e@n%rstlb’?d at

br 9qixRag nﬂﬁ@iet%)/ﬁroxz @0%' ERn¥ IR Z GRd erea-E'ESn msékH"bﬂ was
d at 5C for h, heate

e partlibhed bty satmaterh: 2nlSals MBHGOA oo e ethyl
wascathid, nmé syl g@é@t@ 'phasé WeasPOASE nRschoBARAIGH §Rbld: 5 mg

t nh TSy RN Lo TR Sl AP ARIOME  diyGesy was

10 pregsts e. (Hﬂh.é: r oni dGhirghaB ghDvids. 230 pded;ogt agineid, 0r25:1:0.5

si hé@gngﬁt HiCl Py 1Acet & el n-heptane). 1.2 g of

S|re ound were obtained as a light yellow
0|I 1HNI\/R (CDCIS) 8 =1.27 (m 1H), 1.45 (m 1H),
1§§ar¥|le( 1H) 174(m1H) 1.82 (m 1 H, 2.05

3“1@@%5'53@‘ (41%%8 adB baq;yloxyqsezlqr@xytﬂnoxvme%vlila (4-fluoro-

15 2Hphenyl)oxazole

20

25

Yoo L
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Starting. from (1R,38)-3-benzyloxycyclohexan-1-ol (see Example 40),
‘alkylation with 4-iodomethyl-2-(4-fluorophenyl)oxazole (see Example 32)
Cresults  in (1R,38)-4-(3-benzyloxycyclohexyl-1-oxymethyl)-2-(4-fluoro-
phenyhoxazole, cf. Example 33.

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

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




"1, 3-dinmethyl -3, 4,5, 6-tetrahydro-2(

7.27 (m 1 H). Exanple 44 15 Synthesis of racemc

nmet hyl ci s-2-(3-hydroxycycl ohexyl oxynet hyl )-

6- met hyl benzoate rac. 20 5 g (42.8 mmol ) of cis- |, 3-

cycl ohexanedi ol were dissolvegzin 40 ml of

chl orobenzene and 10 m of
LE~_pyri m di none
@ at 20-23C with
hut 8xi de ( KOt Bu)

(DWPU, di et hyl propyl eneurea), ad

©3.36 g (30 nmol) oHcpot |uroter
- and stirred. After 107 nutes, tire m~xture was
~cooled to 15-20C and 3 (approx @f@ of 25 net hyl

2- br ononet hyl - 6- net hyi benz0at eraer e ddd dr opwi se.
The mxture was stirred at 20C for 1.5 h and then
added to water. The organi c phase was renoved and

{2 B s B TR i G B Wiy e S0 mi of

vvadlherlhomtma/\n(DMED raﬂm:aad atSQB%jGemthyS 36hee (30 mmol) of

D SHASLNR R BRIGBIGRE (R 835 SRS R, the

h'e CO Ses re was

- drm@de(eNaZB@lﬁ)d thﬁf@ aod Sehgr{apewxuhB¥) of suribrd-bromomethyl-
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gr?ﬁghﬂgeﬁﬁ:atéegvpﬁihemaget a?t%))a\‘@& ftﬁgﬁi?éﬁb%bgﬁﬂéﬁa%lyzmg
ed

¢ Hvegeag! byRIPEMGHI &-ae thdbarizgy] gﬁfqrg%e) or by
yeﬂ»ﬂoﬁ%@ﬂm mbl:hyNNBEImtBj(lbenﬁoa‘rtel aﬁe (aaided l-Blr Eﬂmé&ﬁ The
nﬂn )%urg)Si’s(ngrr@ ,‘g{"s 1%) ?Arfo(r rf_c‘{'}h% gt?ZP?%S 2; %er %Water
(nazndL ragthyl 3edbutd, ebher) (MIBE& gdrdd added]) the. mbdrt, id stirred
|ggro%9 &l e é es Zr@ggéé'ﬂattéd 'ﬂw H}s é)h%?qylv%}h% once

er' eose

f dmﬁ& wﬁh ME&E @dam@m@neﬁﬂrwic rpégéewre)ﬁormerﬁr@ttq:q/ under

%I:éﬁafz%@‘plﬁé!ﬁ&é)/?ﬁé r&siBBX Y4 endIRAtYtdpHed on silica gel (1:1 ethyl
acetate/n- Iz'neptane) 600 mg of the desired compound are obtained as a
light yellow oil, H NMR (CDCl3), 8 = 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), 3.91 (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-hydroxycyclohexyloxymethyi)-6-

methylbenzoate
HO"-.[ ] \/Q\

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 6.72g
(59.9 mmol) of potassium tert-butoxide (KOtBu) and stirred. After 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




10 rac. UL)21vie 730 ng of the racem c net hyl

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

nmet hyl benzoate are dissolved in 5 m of nethylene

chloride and 2 m of 15 vinyl 48cetate, heated to 38C

and adm xed with 100 ng of Novozym 435. After approx.

5 lﬁna}t Hee rprepaiesh fonsexampte, by f methanalygzing f thehacid bromide
" Borfidfhetty1e- PRSI | blorfiie) "8 265! AR methyi

converte

HP@@ @Hﬁfﬂb&f@@f‘é@@ecﬂ hednedyreqras strrgd atd)-51C ripy fhih heated to

10QUQ@C5aﬁw@ﬁ6%’tlEb%*WatéPh§§|a@GB@| il'@]*nfmwaﬁglrred
250x4 t ane/ Et OH CH3

S o Vs 9‘-{'-5,&} th?ngL Wﬁrﬁ aqqqﬂqate f q'f"ﬁ é’rﬁﬁ'i"f-’c%hasﬁu W%ywaShed
f oonoeigre WiBwhRI-and &*rdwtlheom‘gamml sHieeyWad concentrated under
XTI ST YRR B SRS BR AR RS, L o
r e§bll lﬁﬂnyimcetatal@t-lhgﬂtane) 1.2gof the desired compound were obtained

ci §s?alfg3ﬂ§/)éﬂ6\ﬂ>6ﬂ° A nmvébdagxw%gmkn 6IH£D1 45 (m, 1H), 1.55

nmet hyl b at e

10 r adtnl ) nbdylm, TH), 1.82'(m, 1H), 2.05 (m, 1H), 2.34 (s 3H) Ry (m,

15

. 0.1% TFA) were determ ned
HO”-.O \/Q\
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Ci sH? $ F2hywslr Iy /04 ggezm?,\/%ga?maegﬁylhg (ﬁr 1H) 7.20 (d, 2H),

%&?n ate were disso in or Obenzene
‘vinyl 50 acetate, adm xed at 22-25C with 8
rrg of Chlrazyrre L-2, lyo. (Roche), and stirred. After
apg&éﬁ] 6 the reaction was ended by filtering off
and the optical purity of the acetate
foSun’thleatsd of tracemmi: ormethybd cid-24Bdiydrasycgcloberylokyradthyl)-

by etate: Chiralcel OD 250 x 4.6, 1 m/mn,
o SfehvigeRt ept ane/ Et OH/ CH3ON;, HPLCal cChol : Chi r al pak

AD 250 x 4.6; 1 m/mn, 25:1:0.5 heptane/ Et O CH3CN +

CO,Me
rac.

5 g (42.8 mmol) of cis-1,3-cyclohexanediol were dissolved in 40 mi of
chlorobenzene and 10 mil 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 tc water. The organic
phase was removed and concentirated 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 (Nap;SQ4) 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 yellow oil;
"H NMR (CDCl3), 8 = 1.27 (m, 1 H), 1.45 (m, 1 H), 1.55 (m, 1 H), 1.74 (m, 1
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84% ee of net hyl

(3S, 1R) - 2- (3- hydr oxycycl ohexyl -1 - oxynet hyl ) 6-

nmet hyl benzoate and 95% ee of the (3R 1 S)-acetate. 10
Exanpl e 47 Optical resolutiond®f nethyl

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

metihyt B@r(zmdt ), D5 (mO1rid) 2. BOEVES H)p 314D (m, AfHS TR/ (m, 1 H),

Cotpn e AR IR R & 1720 AT R o Y

of 1, 2-dichloroethane and 2 m of vinyl propionate,

adﬁum@rm)zarm fesTBf the Bptiézl Fsdiution! ¥ st(eﬁﬁé‘élﬂécﬁ@@ ester
red at 624C for 4% F@srte” ng gff the enzyne,
Bation (Bl the filtrate under reduced 20 pressure

and chr omat ogr aphy of the residue on silica gel (1:1

et hyl cetat e/ n-heptane) gave 0.49 g of the (3R 1
E% & ?eogéte having 92% ee (HPLC on Chiral cel OD 250

X @pficall résofttion 160: nedhid heipi2afBehydrEk@yc@Moxyhethyl)-6-

Nwﬁeﬁﬁ@cﬁé = 1. 13 (t, 3H), 1.15-1.36 (m 4H), 1.79

(m 2.01 (m 1H, 2.30 (q, 2H,
2.34 (s, 235(m 251 H, 3.3 (m 1 H, 3.90
(s, 3H), 458(dd 2H), 4.67 (m 1H), 7.14 (d, 1 H),
0. 39 of the
droxycycl ohexyl -
98% ee (HPLC

unconverted nmethyl H&S, A ROZ-
-oxynmet hyl ) -6-m et hyl b bat e having

-on Chiral pak AD-H 250 x r‘,m/nCOMe?S 1:0.5

heptane/Et()—l/CI—BCN+01%TFA) 1 HNWR (CDCI3), S =
127(m1H) 30 1.45 (m 1 H, 1.55 (m 1 H, 1.74

m@(} ('-H Oi;h‘l-ﬁ raée%@lm?th& gﬁi-é%%g)gydygfcbhexxt- xm@thyl)-&

2HnethWldenzodte ate HissolvetD i &, mRIdf methiénenthldrid .arkil2 ml of

Elx\gﬂgl %%é%%ydr oxg/écof/gc} 3?2@%@1‘ h(g%?%fgt %ngmg of Novozym 435.
After approx. 5 h, the reaction was ended by filtering off the enzyme and
“the-optical purity of the acetate formed and of the unconverted alcohol were
determined by HPLC (HPLCacetate:Chiralcel OD 250 x 4.6, 1 ml/min,
100:1:0.5 heptane/EtOH/CH3CN; HPLCgicohoi: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,1S5)-
acetate.

- Example 46

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

HO ""O"‘\ 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 ml of vinyl




met hyl benzoate \f rac. CO2Me 10 ng of the racemc

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

nmet hyl benzoate were dissolved in 1 nl of vinyl

acetate, admi xed with approx9®04-6 ng of Lipase TL

(Pseud. stutzeri, Meito Sangyo) and stirred at 10
22agelgte, Adneiked am%%ﬁvmﬂs%ang of Kinaegei lod, lyas(Reatey, and
by sfifréd %ﬂ&%@éﬁxté‘ﬁ h@%éﬁﬁoﬁ%gtéggjeﬂpd)} rdriryuStt e Kizyme

't he unconvert
hy 8pesihe pefiem ity of g’}@/ﬁ‘éﬁtﬁw formegeand, phibr enoavared alcohol
detverdrideestmired 8% KRLCHRIFL :CRIrgials) D 280 x4.8. 6 mi/min,

s LT Tp. e ELEERL TR s fobat o s xas

CI S-rﬁHthr IEEdI Oy heptaregRiOCHET M 0. 6% TITEM}WéTerdétatrﬁlned

o) 85980 S Sl oIl oSS RIZS{F R R gRighexyi-1-oxymethy)-6-

nen‘rejzﬂnbberzzmte andras %lieesifltve (BR 1 S)@cetatef et hyl ene
chloride and 10 ml of vinyl acetate, heated to 45C

~and admi xed with 250 ng of Novozym 435. 25 After
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appxaxplesdss conversi on, the reactl on was ended by

n e
compan e ot e A PR R b e
geMetvlaenaad® acet at e/ n- hept ane) gave 1.9 g of the
(3R, 1 S)-acetate (> 95% ee, HPLC on Chiralcel OD 250 x
4.6, 1 mM/mn, 100:1:0.5 heptane/ EtQH/ CH3CN) and 1.9
g of the unconverted nethyl 30 (3
R) - 2- ( 3- hydroxycyclﬁ@nxyl 1- oesymet
e (82% ee HPLC on | Pk ~AD
25:1: 0.5 hept ane/ Et OH CH3

6- net hyl benzoat
A.6; 1 m/mn,

1.0 g of methyl cis-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-methylbenzoate
were dissolved in 10 ml of 1,2-dichloroethane and 2 ml of vinyl propionate,
admixed with 25 mg of Chirazyme L-2, lyo. (Roche) and stirred at 21-24°C
for 40 h. Filtering off the enzyme, concentrating the filtrate under reduced
pressure and chromatography of the residue on silica gel (1:1 ethyl
acetate/n-heptane) gave 0.49 g of the (3R,1S)-propionate having 92% ee
(HPLC on Chlralcel OD 250x4,6, 1ml/min, 100:1:0.5 heptane/-
EtOH/CH3CN), H NMR (CDCl3), 6 =1.13 (t, 3H), 1.15-1.36 (m, 4H), 1.79
(m, 1H), 1.91 (m, 1H), 2.01 (m, 1H), 2.30 (g, 2H), 2.34 (s, 3H), 2.35 (m,
1H), 3.34 (m, 1H), 3.90 (s, 3H), 4.58 (dd, 2H), 4.67 (m, 1H), 7.14 (d, 1H),
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 250x4.6; 1mi/min, 25:1:.0.5
heptane/EtOH/CH3CN + 0.1% TFA), 1H NMR (CDClI3), 6 =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), 3.91 (s, 3H), 4.58 (dd, 2H), 7.15 (d
1H), 7.20 (d, 2H), 7.27 (m, 1H).
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+ 0.1 % TFA). 52 Exanple 50 Opti cal resol uti on of
nmet hyl ci s-2-(3-hydroxycycl ohexyl oxynet hyl ) - 6-

et hyl benzoate HO, 5 rac. CO2Me 20 ng of the racemc

met hyl ci s-2-(3-hydroxycycl oh®kyl -1 - oxynet hyl ) - 6-
nmet hyl benzoate were dissolved in 2 ml of toluene and 1
m Exémpiend® acetate, admi xed at 20-23C with 6-8 ng of

y -22¢3d -
apaP Rl Teseldon L BRR6 e 22N Gle g ety
f i meéniibenzaste the enzynme and the optical purity of
t he (3R 1S)-acetate fornmed was determ ned: 94% ee
(HPLC on Chiralcel OD 250 x 4.6, 1 pd/mn, 100:1:0.5
hept ane/ Et OH CH3CN). 15 Exanpl e 51 cal resolution

of methyl cis-2-(3- Ip%rzo cygji) ) met hyl ) - 6-
nmet hyl benzoat e rac. ' " the racem c
nmet hyl ci s-2-(3-hydroxy hexyl - | - 0x t hyl ) - 6-
net hyl benzoat e were di sSokved irac.l Vi nyl

acetate, adm xed with approx. 4-6 ng of Lipase QL
(Al caligenes spec., Meito Sangyo) and stirred at

201(?@’@0 o fher re?dé‘?ﬁiexmeﬁﬁr;]/ éiﬁ QV(%r %&Bxycﬁ)&fbfﬁ%ﬁ 'oSng\é’ﬁﬂl) 8-

ende y 25 filteri
pu’?~l Rgnzogde é%%fteafj@spbfﬁﬁelﬂ‘ érﬂ?' ot vine a@ﬁt?é?vvé?’ﬂ'@éﬁd with

k W m gdsttiapadetd, (F"Q@ucﬂ)fsthi’i@:rlaIiilla‘:-Illil)t San@jb%a(nHFﬁ.t@red at
%@ ¢E§ﬁﬂ' gg&iﬁzon\gg&ogf t]fﬁT gh?rhwlz:\%?%qd by filtering off the
R) erzzyfrde andl dhey aypticah eusity- bf divg neidonivertéd neetihyl -(3S, 1R)-2-(3-
hydroxycyclohexyl-1-oxymethyl)-6-methylbenzoate was determined:
>98% ee (HPLC on Chiralpak AD 250x4.6; 1ml/imin, 25:1:05 |
heptane/EtOH/CH3CN + 0.1% TFA).

- Example 49
Optical resolution of methyl cis-2-(3-hydroxycyclohexyloxymethyl)-6-
‘methylbenzoate

HO""O‘"\O
rac. ©OMe

- 3.9g of the racemic methyl cis-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-
methylbenzoate were dissolved in 25 mi of methylene chloride and 10 ml 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,1S)-acetate (> 95% ee, HPLC on Chiralcel OD 250 x 4.6, 1 ml/min,
100:1:0.5 heptane/EtOH/CH3CN) and 1.9 g of the unconverted methyl
(35,1R)-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-methylbenzoate  (82% ee,
HPLC on Chiralpak AD 250 x 4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN
+0.1% TFA).
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benzoate: > 98% ee (HPLC on Chiral pak AD 250 x 4.6; 1
m/nmin, 25:1:0.5 30 - heptane/ Et OH CH3CN + 0. 1% TFA).

53 Exarrpl e 52 Optical resolution . of nethyl

ci s- 2- (3- hydr oxycycl ohexyl oxyd@t hyl)-6- methyl benzoat e

HO. Orac. CO2Me 10 ng of the racem c nethyl

Ci gXQmPgi ﬁ9droxycyc| ohexyl - 1- oxynet hyl ) - 6-

meOpyibale nraRigioner ef dhﬁéﬁMVeéﬁleJ(Slh%roQ?cyﬂldﬁé xylogymethy))-6-

-acet at adm xed with. approx -
P@@ﬁ}ﬁb FUOACa, Meito Sangyo) and stl rred at 10
20 23C. After approx. 52% conversion, the reaction was

ended by filtering off the enzyne
purity of the acetate forned and

al cohol were deternmyged, ce oé t he
on Chiralcel OD 250 x“f¢ 11,
hept ane/ Et OH/ CH3CN), ee the et Bl

R) - 2- (3- hydr oxycycl ohexy
benzoate: > 95% ee (HPLC on Chiral pak AD 250 x 4.6; 1
m/mn, 25:1:0.5 heptane/ EtOH CH3CN + 0.1 % TFA).

and the opti cal
he unconvert ed
gt ate: 90% (HPLC
00:1: 0.5
F)M 3§, 1
1- oxy#fet hyl'¥-6- net hyl 15

Ex20mige oﬁ&h@otacmhucrm@ﬂiwtmm- hyﬁ%bhwyclohexyi 1-oxymethyl)-6-

e PRSI BIsEBREY S 2YREPEtdens o) 4 migsigdagetate,

h agdmixed1at 302310 with -G8 meg hofy ICHezyme laRe ly@5 (Recte), and

o TR R D i Rl Ty Blerno

henenzsmenpnd the opticabputityrehithe (B3R 1§)-eretaie dayned was

4%téﬁﬁm@adgd% éét(HPL@ dnICHI@Ich GD P8Phe4 .6t AenIBREVTD:1:0.5

s filt the reaction m xture
ﬂ??@{@&"a éﬁ?@mat ography of the residue on 630 g

of silica gel (1:1 ethyl 30 acetatel n-heptane) gave

15 18E>?arﬁpI%f5'fTEt hyl (3S,1R)-2-(3-hydroxycycl ohexyl -

20

25

30

- Optical resolution ~of methyl cis-2-(3-hydroxycyclohexyloxymethyl)-6-
“methylbenzoate '

HO., O‘“\O
rac. COMe

10 mg of the racemic. methyl cis-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-

- methylbenzoate 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 (38,1R)-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-methyl-
benzoate: > 98% ee (HPLC on Chiralpak AD 250 x 4.6; 1 mi/min, 25:1:0.5

" heptane/EtOH/CH3CN + 0.1% TFA).




1- oxyrret hyl ) - 6- net hyl benzoate (>98% ee, HPLC on
Chiralpak ADH54 250 x 4.6; 1 mM/mn, 25:1:0.5

“heptane/ EtOH/ CH3CN + 0.1 % TFA), 1 H NV\R (CDCI 3), 8 =

127(m1H) 1.45 (m 1 H),58.55 (m 1H, 174 (m
,183 (m 1 H, 2205 (m 1H, 2.34 (s, 3H),

3 mRled2H), 3.72 (m 1 H), 3.91 (s, 3H), 4.58 (dd,

2"|)OptEaiL5 réébluﬁor{") of - s?t ?P' c%"%—@ Eyﬁ?q@@ct&hé’ky[o@methyl) -6-

e 54 tlca reso I on
C|§§§ Y'8eRZBBxycycl o hexyl oxymet hyl ) - 6-
nmet hyl benzoate 10 rac. CO2Me 20 ng of the racemc
nmet hyl ci s-2-(3-hydroxycycl ohexyl - 1- oxynet hyl ) - 6-
nmet hyl benzoate were di ssolved in of THE and 1 ni

of vinyl acetate, @nge atOZO-
(

Chirazyne L-2, lyo. st i .
as ended iltering off
purrat.y &ll%/ri\'{?e acetate

approx. 6 h, the reactip
the enzynme and the optise

Sfornmed and of the unconverted al cohol were deternined
' by HPLC (HPLCacetate: Chiralcel OD 250 x 4.6, 1 m/mn,

1030g o eeraoeh G RZ LB s Bo R S0l

Tpmethﬂbe@zoatﬁewm ifjgsob@d s, 11ml of vinyl acetate, admixed with
R a g WM?#%‘SU'PSEUBX YR, 'I\)I%fétg A@gﬁgV@gﬁﬁ@ ?ﬁ‘rtred at

ee of acetate

10 55§ @aﬁﬂpéggpm& gg Q)porﬁ\{ﬁl)ﬁ%n the reaction was endedngy filtering
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30

ci eﬁZhéSemw@WﬂisDbpwélopN tolihe Beefdfe formed and of the
éHé&%@%@délggéﬁl glzén@%rrqgnfz(pe of the %rcrzlefate 58% (HPLC on

ox@hﬁ’ﬂlwl @[BZE@MSbérmMmer 106 &:0cb beptansEiOH/LZHYCNY, ee of
fr%sb‘“ lHyla”do@s'%ﬁg-(g'Wy\ﬁ'ro@%%l%thylﬁ‘ﬂH&y’?ﬁgth?v )-6-methyl-
- 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-
methylbenzoate :

HO ’4,'0‘.\\ O
A rac. COMe

39 g of methyl cis-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-methylbenzoate
were dissolved in 250 mi of methylene chloride and 50 mi 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
acetate/n-heptane) gave 18.2 g of methyl (3S,1R)-2-(3-hydroxycyclohexyl-
1-oxymethyl)-6-methylbenzoate (> 98% ee, HPLC on Chiralpak AD-H




55 Novozym 435 and stirred. After approx. 24 h, the
reacti on was ended by filtering off the enzyne and
the optical purity of the acetate forned and of the
unconverted al cohol were det eb4i ned by HPLC:
(3R 1S) acetate 91 %ee (HPLC_ Chiralcel OD 250 x

4. 850 X 46y Hrint/minp 86:11:0 Schaptare/E4Q B/ GHEENCHOCp, T hw NMR

3 = knl 1+
W%%?Eﬁg I e T

- 418 . ) &641(603!51)116&@(1‘@/ HHDHE.CR3(ON 1HID .91 (s,
% FHN4. 58Xadmd 1P, F615L I e 0 t hyl
cis- 42\ (3- hyd roxycyclgiheq@ ?)%I(/}r#g §H?Uifi(ziwmmrre?h)lj/nlabenzoate
SHo .7 . ,Orac. CO2me 15 10 ng of the racem c nethyl
ci Exﬂmblbﬁnydr oxycycl ohexyl -1 -oxynmethyl)-6-

en di s Ived [
nooPlbd” BBl Lt Y ods A iRrogrortiqhbonymethyi)6-
(FHEUWIb@'IZlmrI, Meito Sangyo) and stirred at
20-23C. After > 50% conversion, the reaction was ended
by filtering off the enzyne and the optical purity of
t he - unconverted al cohol was deter 20 net hyl (3S,
1 R)-2-(3-hydroxycycl ohexyl - 1- oxy ') - 6- et hyl

benzoate > 98% ee {PPLC®q . 250 x 4.6; 1
m/mn, 25:1:0.5 hepttO—I/CHS

+ 0.1 % TFA).
Exarrple 57 25 Optical reso utlp%bofCOMe

10 ci s- 3- benzyl oxycycl ohexan-1-ol 35-40 ng of racenic
ci's- 3- benzyl oxycycl ohexan-1-ol were dissolved in 30

e Yoaniatbmic Rt - Canbong VSR PRS oL prYmsthy)-6-

andetiyibenzdatd waPe 2idsolviid kY 24nidely THF &6d 1rma©t lvirryl \WR8tate,

 CTARle bl 1702230 B 685086 BriraiRe 12! 0. BREAS, and

15 - stirred. After approx. 6 h, the reaction was ended by filtering off the enzyme

| and the optical purity of the acetate formed and of the unconverted alcohol

‘were determined by HPLC (HPLCggetate:Chiralcel OD 250 x 4.6, 1 ml/min,

100:1:0.5 heptane/EtOH/CH3CN; HPLCaiconol:Chiralpak AD 250 x 4.6;

1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA): ee of the methyl

- 20 (3S,1R)-2-(3-hydroxycyclohexyl-1-oxymethyl)-6-methylbenzoate 89% and
ee of the (3R,1S)-acetate 95% and

Example 55 .
Optical resolution of methyl cis-2-(3-hydroxycyclohexyloxymethyl)-8-
25 methylbenzoate

HO,,"O_“\O
| rac. COZMB

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




10

15

20

30

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

25:1:0.5 heptane/ EtOH. CH3CN + 0.1% TFA), and the ee

of the (1R, 3S)-acetate was 828 (HPLC on Chiralcel OD

250 x 4.6; 1 m/mn, 100:1:0.5 heptane/ EtOH CH3CN). 5

Ex Aiewpayrs 838pand stirneds Aifter iapprof. 24 h, the reaction was ended by

L e FOPherEymeiy e bplaltiy 4PeidalBtl g ara o

racem ¢ cils-3-b _
i nthey ycopverjeshy glcabel yvereadetesminedht byrHAPLGdni3ke#S)-acetate

\évizga%%éwrowmcm g@giﬁé}lggf@io h-é@o&r@e,sti !‘lrrﬁﬂnwgis, 100:1:0.5
cnaeRiaBs I OUGFIRor 1 TRenYh oy mbs S AR o MU gosclaripxv -
21; omn&h@%-aqﬁtl;ﬁy|bequt@x%wg@hgxanelz - o:lhir%@/%rﬁo 90%0 x 4.6;
257 W@“@ %gaﬁﬁe@%%%mg&r%ﬁﬁﬂs#)aarrpl e 59

Optical resolution of cis-3-benzyl oxycycl ohexan-1 - ol

20 ng of the racemc
Ci E&%%B!eeﬁg?/l oxycycl ohexan-1-ol were dissolved in 1 ni

of Optiegll wwsetudioa aptl Bathylof Cisd?- @rbyroxgeys)oheayioxganethyl)-6-

W ltthiodroRte 25 Novozym 435 and stirred at 22-25C

After "4 hours, the reaction was ended by filtering
off the enzynme. The optical purity of (1 S 3R)-3-
benzyl oxycycl ohexanol was 68% ee C on Chiral pak
AD-H 250 x 4.6, 1 nm/mn, 25:1:0 pt ane/ Et OH CH3CN

+ 0.1% TFA), and t hel@e_ of~(.h8 ric acetate
was 95% (HPLC on Chiral lau 250 x!{4.6; 1 m/mn, 30
100: 1: 0. 5 hept ane/ Et OH CKBeN) . &7 COMe

10 mg of the racemic methyl cis-2-(3-hydroxycyclohexyi-1-oxymethyl)-6-
methylbenzoate were dissolved 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-hydroxycyclohexyl-1-oxymethyl)-6-methylbenzoate
>08% ee (HPLC on Chiralpak AD 250x4.6; 1mlmin, 25:1:0.5
heptane/EtOH/CH3CN + 0.1% TFA).

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

35-40 mg of racemic cis-3—benzy!oxycyclohexan-1-oi were dissolved in
0.5-1 ml of vinyl acetate and 2-3 ml of methylene chioride, 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




“Exanmpl e 60 Optical resolution of

ci s- 3-benzyl oxycycl ohexan-1-ol rac. 5 10 ng of the
racem c ci s-3-benzyl oxycycl ohexan-1-ol were dissol ved
in | m of vinyl acetate and58 nl of cycl ohexane,

adm xed wi th approx. ng of Lipase Q and stirred at
22alzgtol, AtSBR 3 bﬁnaybxycmoln@m b weas >ePBfbdeehry(HPLC on

i cheaipag AHiH tf@@o QZE- MY mijin OBLS: ¢@|5 Hh’égdtéb{eEft (—IJCH3CN +

enzyl oxycycl ohexan- 1- 0! Yo ee

onOd?ﬁrXFﬁakam the 280 of thes (1R, 3§)faﬁe&ate2wa§ 6250 (HPLC on
heghaabém&mql\a 1 Ril/nifo TEON:0. ExepRire/BIOINTHLGN).

resol ution of cis-3-benzyl oxycycl ohexan-1-ol 15 10 ny
of the racem c cis-3-benzyl oxycycl ohexan-1-ol were

di Exanpeed58n 1 nl of vinyl acetate and 3 nl of

to 435 and

st PPREG reBO0 8 Be i BBy el Fihet f on vas
ended by filtering off the enzyne. The optical purity
of (1 S, 3R)-3- benzyl oxycycl ohexan- 1- was 70% ee
(HPLC on Chiral pak AD-H 250 x 4.6, mn, 25:1:0.5
hept ane/ Et OHl CH3CN }&59 % TFAX an ee of the (1
R, 3S)-acetate was 9 t OR ~Chi 0D 250x4. 6;
251 mMIimn, 100:1:0.5 e/Et()—l/CH3CN) Exanpl e 62
Optical resolution of ciss benzy) .oxycycl ohexan- 1 - ol
58 10 ng of the racem c cis-3-benzyl oxycycl ohexan- 1- ol

10 vvere dissolved in 1 m of vinyl acetate and 3 nl of

20

25

30

4350 B 0 e, BRE St Sl ARO G VB e BT et BRlved in
r ebmhctfmnwvasemedd@nﬂ of THIF, agmixéd with apprond mghaf Lipase
OP{i1e2hnBUstriet Ot 42135 Afler > 50% conversion, the reaction was
< ended by filiering off the enzyme. The optical purity of (1S,3R)-3-
benzyloxycyclohexan-1-ol was =90%ee (HPLC on Chiralpak AD-H
. 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

HO""O"“O\/Q
rac.

10 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
1 ml of vinyl acetate and 3 mi of chlorobenzene, 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-
benzyloxycyclohexanol was 68% 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
-enantiomeric acetate was 95% (HPLC on Chiralcel OD 250 x 4.6; 1 mli/min,

100:1:0.5 heptane/EtOH/CH3CN). |
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25

benzyl oxycycl ohexan 1-ol was 95% ee (HPLC on Chi ral pak
AD-H 250 x 4.6, 1 m/nmin, 25:1:0.5

-'heptane/EtO—VC|—|3CN+01%TFA% and the ee of the (1

R 3S)-acetate was 90% ( HPLC o# Chiral cel OD 250 x
4.6,- 1001 m/mn, 100105heptane/Et()—l/CH3CN)
EXEK%TPQQG@OQOU cal resol ution of

Ci @pﬁciﬂ%édﬂhﬂéﬂﬂ{6V§ib®§éﬁfylbxﬁycfb'ﬁe&§ﬁa1 40 nmg of the
racem c ci s-3-benzyl oxycycl ohexan-1-ol were dissol ved

in I m of vinyl acetate and 3 ml of cycl ohexane,
adm xed with approx. 5 ng of Lipase 10 and stirred
at 22-25C. After 24 hours the r eaqg was 20 ended

by filtering off thél@nz he of al purity of (1
S, 3R) - 3- benzyl oxycycl o C1-0o was > 95% ee (HPLC
on Chiral pak AD-H 250 g; 1 mM/mn, 25:1:0.5
hept ane/ Et OH/ CH3CN + 0. 19%°TFA) . "xanpl e 64 25 Opti cal
resol uti on of cis-3-benzyl oxycycl ohexan-1-ol 59

Approx. 10 ng of tHhe racemic
ci 10 srheh Ak oragemit adieSarerzyldxyapciehextins $all weerel distohvded in

1 Yrkerfl V"@ﬁ %}%Eﬁa%ﬁsﬁl re dﬁ%ﬁ( aggnbﬁriﬂie‘éf %ﬁh ]ag)p'ir&( 5 mg

th@c Hpgsei Sh apd stifgddat 89~25 G- efiterg 241 hourse ﬂé@lzf?ﬁ@tlon was

e Sy Vichhd e LB Ay o6 002
P ar T Bl  wheyo SAR et i é‘w@a AD-H

TI'—2350 x 4R} t mdde, 26: 1ﬂ&hemtaﬁeﬁpwaﬁg@rﬂ e @va% YBA).

(HPLC on Chiraicel OD 250 x 4.6; 1 m/mn, 100:1:0.5

hept ane/ Et OH CH3CN). 10 Exanple 65 Opti cal resol ution
of Exarsple-Genzyl oxycycl ohexan-1-ol HO ,

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

. HO""O"‘\O\/Q
rac.

10 mg of the racemic cis-3-benzyloxycyclohexan-1-o0l were dissolved in
1mi 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 (15,3R)-3-
benzyloxycyclohexan-1-ol was 70%ee (HPLC on Chiralpak AD-H
250 x 4.6, 1 ml/min, 25:1:0.5 heptane/E{OH/CH3CN + 0.1% TFA), and the
ee of the (1R,3S)-acetate was 95% (HPLC on Chiralcel OD 250 x 4.6;
1T mi/min, 100:1:0.5 heptane/EtOH/CH3CN).

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




~ 15 10 rTg of the racenic cis-3- benzyl oxycycl ohe>'<an-1-ol'

were dissolved in- .1 m of vinyl acetate and 3 m of

" chl orobenzene, admixed with approx. 5 ng of Lipase

L-10 and stirred at 22-25C. Af&er >_50% conversi on,
the reaction was ended by filtering off the enzyne.
The optical purity of (1S, 3R -3- -

benzyl oxycycl ohexan- 1.0l was 929 (HPLC on
Chiral pak AD-H 20 250 ‘%426; 1~w7 s, 25:1:0.5

hept ane/ Et OH CH3CN + 0. 1] A). Exanple 66 Opti cal
resolution of cis -3-ben oxycysd ohexan-1-ol HO , 25

rac. Approx. 10 ng of the racemc
ci s- 3-benzyl oxycycl ohexan-1-ol were di ssol ved in1m

OF 1Y or 36E" AERL bis? SR PRV YRR EL B B, BRotved in

221 28 ©f vitiyl acetatdand S mil bé cpdlohexaris, adrmm:' entbexppogx. 10 mg

64kl Hh8 S o7 be-CPAG Lo gl the repotn

. Z
mwaaamﬂe%@r Hy ltespgxoff the anzymeri hhe xpticab pgrity of (1S,3R)-3-

el 8 G R

10

15

20

25 |

b1 6QyHs 1955 Ak, ¢heoﬁe Ohiral §k AD-H.
éﬂﬁ:ﬁ)" PDTI-ZR) and the

Exgaif ethe 7( 1R, 88Y)-acslaté 689 WORNHPLC on Chiralcel OD 250 x 4.6;

A LN 2%"‘§bf’62§?>€‘{§>ﬁ/6ﬂi@é® 1ol were di ssol ved

in 10 1 m of vinyl acetate and 3 m of

cr%@ zene, adm xed with approx. 5 ng of Lipase SL
an rred at 22-25C. After >_ 50% conversion, the

refa@matnesmu@@ﬂb@&%bemzwqmyﬂgh@xan-ﬂmé enzyne. The
optical purity of (1S, 3R)-3- benzyl oxycycl ohexan- 1-ol

was > 87%ee (HPLC on Chiral pak AD
‘ HO’J"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 (15,3R)-3-

benzyloxycyclohexan-1-ol was >95%ee (HPLC on Chiralpak AD-H
- 250 x 4.6; 1 mi/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA).

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

HO:,"O\“\ O\/©
rac.




'S, @R)/Oé\traéﬁéﬁ'&(%m@ @y%zaﬁefﬁaﬁgqr 6|howess tb@%@h@mm@ ended
Onb?)ﬁlfeﬁlin@a@ﬁDtHé e Thel dpticl PuriBp ot A D3R)- benzyloxy—

10 Af Esampl
of bph@ﬁ régélwﬂﬁn of BR- QBéhEyﬁbxWEbHéxSﬁ 1-0l
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250 x 4.6; 1 m/nin, 25:1:0.5 heptane/ Et O CH3CN + 0.1

% TFA). 15 Exanple 68 Optical resolution of

ci s- 3-benzyl oxycycl ohexan-1-ol .20 10 ng of the
racem c ci s-3-benzyl oxycycl oh&%an-1-ol were dissol ved
in 1 m of vinyl acetate and 3 ml of diisopropyl

et Apploxadifixed wift the Orangrot  cideddrepayielgcyiuhesain:t-ed were
t f
?i P%@o@é@ mAI rtn?'bf ﬁlrﬁrf’%étatérﬁﬁd rseﬁx%F Wﬁn?&gﬁ‘é\iwbﬁ'o mg of

tering Q

he@@%ﬁ&%%@m (BELE Bk oot BBk 4. guimin,

1 5 Hh.5 hepm@e/ﬂonHgﬁNamaz EVOMFBHBENY .th8 oSt ¢1R,3S)-

Ci §g§gt?gﬁﬁl gg%cmFgﬁeQanff%FelﬁDr 0 xfbs‘nﬁ BYmin, 100:1:0.5

r abeplaoeftOHCHsEN) oxycycl ohexan-1-o0l were di ssol ved

in 1 m of vinyl acetate and 3 ml of MIBE, adm xed

W th 10q2rg®of 5 Novozym 435 and stirred at 22-25C.
the reaction was ended by filtering

(1S, 3R) - 3- benzyl oxy- cycl'ohexan-1-ol was 93% ee (HPLC
on Chlralpak AD-H 250x4.6; 1 m/mn, 25:1:0.5

hept ane/ Et OH CH3CN + 0. 1% TFA), and _tke ee of the (1
R, 3S)-acetate was 89% (HPLC on Chi r QD 250 x 4. 6;

1 mM/mn, 10 100: 1:HO% hent am®l ELAH CEBCN) . Exanpl e
70 Optical resolution of i
ci s- 3-benzyl oxycycl ohexa ol 15

rac.

10 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
1 mi of vinyl acetate and 3 ml of chlorobenzene, admixed with approx. 5 mg

~of Lipase L-10 and stirred at 22-25°C. After = 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

Approx. 10mg of the racemic cis-3-benzyloxycyclohexan-1-ol were
dissolved in 1 ml of vinyl acetate and 3 m! 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 opfical 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 +




rac. 10 ng of the racemc

ci s-3-benzyl oxycycl ohexan-1-ol were dissolved in 1 ni
of vinyl acetate and 3 ml of cycl ohexane, adm xed with
approx. 5 ng of Lipase SL anfi0stirred at 22-25C.

After 24 hours, the reaction was ended 20 by filtering
of 0. 1%e TEALy @ e emptafcthe {dRi3S)-atetate was 93% (HPLC on

( 18hiBlceP OTRDBY XoXH; 1 FIFhiAN¢H@NA: @-SCPJepY@f‘?e/Et@méFPﬁ)N)S
(HPLC on Chiral pak AD-H 250x4.6; 1 m/mn 17 0.
hept ane/ Et OH CH3CN + 0.1 %TFA) Exanple 71 25 Opti cal
reggbmm@e?of ci s- 3-benzyl oxycycl ohexan-1-ol rac. 62

5 i CRPOLE=PRTSN A o > DRy KRG 81 adm xed w th

65 ng of isovaleric anhydride and with 11 ng of
Novozyne 435 and stirred at 22-25C. ter 45-50%

conversion, 5 the reaction was ende filtering off
the enzynme. The opti purlty of
S, 3R) - 3- benzyl oxycyc 8 S Yo ee (HPLC on

Chi r al pak ADH250x4 m/mn, 25:1:0.5

hept ane/ Et OH/ CH3CN + 0. 1™ A) ,racand the enantioneric
excess of the (1 R 3S)-isovaleric acid derivative was
>95% (HPLC on Chiral cel OD 250x4.6; 1 mImn, 100:1:0.5

of 107 FClk, TR, B o B S/ o i o B8 hesied in

10 t hé mlxf &inyt acetats anddzyl okghigrobeneasne,-adroixedeovith approx. 5 mg
di §604%ed 31N and é’f‘qr falcﬁ‘ﬁ %@@eﬁggpg ?ﬂg}dﬁ%gr%ﬁ hy é%@actlon

ng of sucm nic_an g%
| ywas %nﬂ?dsbwrﬁ&fm Oﬁsm,??@zwwe ngmﬁmsourtth@f (1S,3R)-3-

benzyloxycyclohexan-1-ol was >87%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 68
Optical resolution of cis-3-benzyloxycyclohexan-1-ol
HO""O"‘\O\/@
rac.
20

10 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in

1 ml 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-

25 cyclohexan-1-ol was 90%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 90% (HPLC on Chiralcel OD 250 x 4.6; 1 ml/min,
100:1:0.5 heptane/EtOH/CH3CN).

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




* hept ane/ Et OH CH3CN HQ@5 Ol % TEA

20 reaction was ended by filtering off the enzynme. A
sanpl e whi ch had been concentrated by evaporation was
used to determne the optical purity both of the
unconverted substrate and of €he acyl ati on product
formed. The - optical purity of
(1S, 3R) - 3-benzyl oxycycl ohexan- | - ol
on Chiral pak ADH 250 x 4.6; 1 nl/

98% ee (HPLC
25:1: 0.5

he opti cal

was 94% ee
.6; 1 mM/mn, 25:1:0.5

purity of the succinic @
(HPLC on Chiral cel OD 2f
hept ane/ Et OH CH3CN + 0. 1™94"TFA) .ra83 Exanple 73 Optica
resol uti on of cis-3-benzyyl oxycycl ohexan-1-ol 200 ng
of the racemc cis- 3- benzyloxycyclohexan 1 -0l were

di ?5?111%96* ﬂﬁs éﬁllco&g%’\%e Wle%]n ]I0c9 ”greOfdsllssolved in

Succl CcC an r1de an I raz
and mlt iafr ytnyht acadater @ndaf3 o NHlBrFs adnexecéamth od0mg of

5 Waﬂoeaﬂgﬁﬁ A% drid s@rddst @i f25t>dj eARBrY %urs‘\tﬁ@f@&.o

10

15

20

g"%@ended
had en 10. ncentr at ed evapor at | on was use
deplér grng; RE g’}ﬁ ERZYMEu rTfﬁ/ Q:RS'PHI pofity (of UedRirdraasgyloxy-

chl@éxarﬁﬂ-dal ofwasheg3u\dent (HPLOT Qﬂ'lJCChfrﬁrpféRdAD Fh8250 X 4.6,
G exa
i@ﬁbg&% 16 SR herteD RHICPRER AT S5 AL 31 g e of the
m (1R,B5)-26etkt® . wah % n HELCHOEH3 Givaleel ODl%SUEA}B ahehl/min,
th t ' uccinic acid derivative was
15?2@87‘%/?24§p%ﬁ%*‘%"3’fc&4‘?§fce| OD 250 x 4.6, 1 ml/nin,
25 1:0.5 heptane/ Et OH/ CH3CN + 0.1 % TFA). Exanple 74

%bé"ﬁ@d ution of cis-3-benzyl oxycycl ohexan-1 -ol
f the racemc

ci QPIHIRIERY of cichbsaRaRsyclbesarilsdol ved in 3 m
of THE, adm xed with 100 ng of succinic anhydride and

10 ng of
HOI"’O-"\O\Q
rac.

10 mg of the racemic cis-3-benzyloxycyclohexan-1-o] were dissolved in
1 ml of vinyl acetate and 3 ml of cyclohexane, admixed with approx. 5 mg
of Lipase SL and stirred at 22-25°C. After 24 hours, the reaction was ended
by filtering off the enzyme. The optical purity of (18,3R)-3-benzyloxy-
cyclohexan-1-ol was >80%ee (HPLC on Chiralpak AD-H 250 x 4.6;

1 ml/min, 25:1:0.5 heptane/EtOH/CH3CN + 0.1% TFA).

25

Example 71
Optical resolution of cis-3-benzyloxycyclohexan-1-ol

HO,,"O“,\O\/Q
. | fac..




10

25 Chirazyme L-2, lyo., and stirred at 25-27C. After
29 hours, the reaction was ended by filtering off the

enzyme. A sanple which had been concentrated by

evaporation was used to deterfi2ne the optical purity
both of the unconverted substrate and of the
acyl ation product fornmed. The optical purity of (1

S QR)mé” o'P |8)@f§—§96é?ﬁ9%ﬁ<gcyci&llrﬁ)§%@xs1 %‘f'%‘ﬁ% dgé'ghféd:’ﬁﬂ 3 ml of

Chi T al pa

heﬁ% eihdere ch/anideciadmixed with 6%5myg of dsevaleric aphyeide and with
punittnyg @f Ndvez 6(‘435 Sn@GliFeditizas e AR £2 5899 ebh@stsion,

H LC Chi m /
TS TR0 Va5 aded By INsting ot 1 naraoy e astdabpurty of
re(s‘lﬁ GRu)-GPb@fzytnwc@elbbezaﬂ OWCM@EOBEX/aEel{HPLC 0 Ogralpak

ai 000, 2568 6. § el S8 (A RH IR GRSCNGR G 7,

wi ahd 169 elmgnbtbmeuc EXOESS @rﬁhlyeir(il R8Syrisovilengaoil derivative was
Oni ey hgirch R e Lﬁed2§¢| 627G mfiblifil  2fbo:1:05

hours, reactl on was en ed b ering t he
enQ?W@”e,E OkisHeCMi ch had been “concentrated by
evaporation was used to determne the optical purity

both o[?n}%e unconverted substrate and of the
%f‘%ﬁnP roduct formed. The 15 optical purity of (1

| S OBlied-rbsoitivo sy cic3-bbaxddxyyeloheran>1-98% ee (HPLC

15

20

25

on Chiral pak AD-H 250 x 4. 6; mM/mn, 25:1:0.5
hept ane/ Et OH/ CH3CN + 0. 1% TFA), and the opti cal

purity of the succinic acid derivatis#e~pwas 88% ee
(HPLC on Chiral cel OD 250x4 6; 1 m 25:1:0.5
hept ane/ Et OH CH3CN +H@. AP xanpl e 76 Opti cal

! F =X
resol ution of cis-3- bencycl ohexan- 1-ol HO ,,,\
0 ' -
" rac.

200 mg of the racemic cis-3-benzyloxycyclohexan-1-ol were dissolved in
3 ml of chlorobenzene, 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 > 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 ChiralcelOD 250x4.6; 1 mlmin, 25:1:0.5
heptane/EtOH/CH3CN + 0.1% TFA). | |
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rac. 25 200 ng of the racemc

ci s- 3- benzyl oxycycl ohexan-1-ol were dissolved in 3 ni
of acetone, adm xed with 100 ng of succinic anhydride
and 10 ng of Chirazyme L-2, 8#30., and stirred at
25-27C. After 29 hours, the reaction was ended by
fiExample’ df f the enzyne. A sanple which had been 30
coosﬁéﬁlrréécﬂdt.@dofea@@ eﬁ éloHéﬁe% HQpidet ermi ne t he
optical purity both t'he converted substrate and
of the acyl ation product forrred The optical purity

of (1S, 3R)-3-benzyl oxycycl ohexan- 1- s > 99% ee

(HPLC 65 5 10 on Chiral pak AD-H 250 6; 1 m/mn,
25:1: 0.5 hept ane/ Etg@CHS + 00. 1% , and the
optical purity of the sy i"d cdefivative was
78% ee (HPLC on Chiral ceg 250x4.6; 1 m/mn,

25:1: 0.5 heptane/ Et OH + Gad. % TFA). Exanple 77
Optical resolution of cis-3-benzyl oxycycl ohexan-1-ol,
separation of alcohol and succinic acid derivative

T a0 figlef the F8cem 5)3 %niﬁfxy{l\g&%ﬁb n- 1 Were dlsisglved in

CIS exan- | |sso

e #ﬁﬁéﬁﬁm& doith Hi0omg elasUesimGrANNYSFids R Alcmg of
atm)fy fﬁZgﬁﬁe anzl {90 a‘t’% i@flrr&igaft@!ﬁ"(b ﬂgtg/i 29. ho@8d the reaction
stirre appr ox 6 convel sl o
Sudd e 3 unl bf o316 SRS, Ao BATTIG Whishoiag been
chmnfcehtm@debwvasambenma esed tudetermihe tha pptam pueity both

| e ShpiR iR, SRl o, b SR RIE R AR pd. The

sa:tptlcahg@r@w@fmaa@) %@ieuavlenycypl@e@cagahpbwap Fa82%vess (HPLC

drdre ghirkipAAADAA R3PR AT AHIAin URFEr0 Serkinare BTSSFEHICN +
0.1% TFA), and the optical purity of the succinic acid derivative was
>97%ee (HPLC on ChiralcelOD 250x4.6; 1mlmin, 25:1:0.5
heptane/EtOH/CH3CN + 0.1% TFA).

Example 74
Optical resolution of cis-3-benzyloxycyclohexan-1-ol

HO.,, O_..,oﬁ
rac.

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
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 (15,3R)-3-benzyloxycyclohexan-1-ol was 84% ee (HPLC
on Chiralpak AD-H 250 x 4.6; 1 mlimin, 25:1:0.5 heptane/EtOH/CH3CN +
0.1% TFA), and the optical purity of the succinic acid derivative was




20 yield: 4.4 g; the optical purity of (1

S, 3R) - 3- 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/ EEOH/ CH3CN + 0.1 % TF®4. The optical purity of
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the succinic acid derivative dissolved in the
con¥idfegeaq(RBLe phaseChinalcebODIY260 x ¢18PLCT oWmin,  25:1:0.5
ChhémtbReIEtGP/8 c>N4cﬁ1%1TF'A mn, 25:1:0.5 25

heptane/ Et OH 0.1 % TFA). By treating with

conc. sodium hydrOX| de solution, the aqueous sol ution

of Exérh IeS'FFs?CI nic acid derivative was hydrol yzed

B oS gt PRI IR BIRBHGRETS 5.5 g, 30

Exan'pl e 78 Optical resolution of

ci s- 3-benzyl oxycycl ohexan-1-ol, sepatation of al cohol
and succinic acid derivative 66 ra6 g (24.5

- be | oX ohexan- 1- ol

mmol ) of the racem qy@i s-
THE ~ddntx@ed with 2.52 g

were dissolved in 75
(25.2 mol ) of succinic dride and 3.1 g of
Novozym 435, and stirred™at~ 22-2&€. After 28.5 h, the
reaction was ended by filtering off the enzyne. The
filtrate mas concentrated down to approx. 15 m under

[ OIBF ggéwﬁeemwesrfséﬁgsﬁﬁg@aoggw Qo' iubfe AhsBlved in
LrIET of EnsiaWang chlridee Admixed wish 108img af sucaigiseanhydride and

Nt eﬁgbgﬂrazymelﬁzlﬂydﬂ afd sﬂgﬁgr%tﬁzésiﬁ%unhﬁef 29 hours, the
T e i ar By WG S5 ety L SSHHE S had been
s eqarcahtrated bhevapgation washased ‘t@de’@mﬂmtr@pbhcfa‘ltpunty both
1o e ybolerit SHAMTRE AT Mok BhvEio? by g 5thea. The
aeuicak PNEIMGE 1 Ss3R 4B ibenzyicdy@elohexan-vat was =88% ee (HPLC
was ethir #Aw-ﬂfnﬁpxms of VRhIR" ggﬁh@ 1%&53@)2%9%%@1\1 +

was dri_e l)1 and_concent r at er o
0.1% TFA) and the optical purity of the succinic acid derivative was

88%ee (HPLC on ChiralcelOD 250x486; 1 mimin, 25105
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 (1S8,3R)-3-benzyloxycyclohexan-1-ol was > 99% ee (HPLC




pressure; yield: 2.52 g (509, [a] D20 +12.1 (c-=

- 1.0, McOH); the optical purity of
(1S, 3R) - 3- benzyl oxycycl ohexan-1-ol was > 99% ee (HPLC
on Chiralpak AD-H 250 x 4.6;6% m/mn, 25:1:0.5
heptane/ EEOH/ CH3CN + 0.1 % TFA). 20 The conbi ned
aq@B8dubirglnak Pk 280acBx damidnih 28 118.5 dteptanelEiQHICH3CN +

ﬁgpﬁiﬁeﬁgﬂchrxgadth%xbf?ﬁféle?uﬁtw GF t%tghc%% E”aac% Serivative was

g€ antHRbGcednr at@ﬂralgﬁléi’la 58 46( 4 7tanliting he25:1:0.5

suhépﬁn@/@t@f@@}%ﬂwato 1%, TFA? optical purity was > 99%
ee (HPLC on Chiralcel OD 250 x 4.6; 1 m/mn,

$25:1: 0.5 heptane/ Et O/ CH3CN + 0.1% 25 TFA): 1H NMR
(CBEhApIB771. 2-1.43 (m 4H), 1.82 (m 1H) 1.93 (m

1 .20 1 40 1 2.58-2 70 (m 4H)
3. é’“Eﬁ\ rg%iiwbﬂ.ogbﬂs(iibe%&'g}‘y‘%y@f’fee‘ %5 by 7.23-7.36
( nseﬁamtiommoeovancseumiaipm derivativer acem ¢
cis-3-(tert-butyl di methyl sil anyl oxy) cycl ohexanol
HO. , . OSi Me2tBu rac 67 TBDMSCl_(28.62 g, 1.1
eq)- was added sl oWy to a solution, -#00ked to 10C, of
1, 3-cycl ohexanedi ol (20.05 g, 0.173 m)I)], Et 3N (28.79
m, 1.2 eq) and £.0.844 g90-0,. 08¢y i n CH2Cl 2
(600 m). After stirring 20-23C for 18 5 hours, the
reaction mxture was wad ith HO (2 x 100 m). The
40 Organi ¢ phase was washed™W th d8f: NH4CI (2 x 100
m), dried over MgpSO4 and concentrated under reduced
pressure. Chromatography on silica gel, (20:1
n &dﬁtgar(@gﬁmyriolhmtmteeba@we dig8-3’Fenr i clohekdre1-ol were

| I'Sgﬁg%&EHS’i ot s g_l)hﬁ[lli E%Ell )’gycﬁ)é &%D%g’& ﬁg (? @m&h@f Wecinic
branhyﬁruelp argl 9@ iy of Bhirazyre L2 lyo., tand Sticeathae2BQ5°C. After
16 SHPEOR R Deamalrny e reaton o  oaisd by, fiferng off the
: .enzyme The fi Itrate was concentrated under reduced pressure. The

- residue was taken up with tBuOMe and extracted intensively three times
with in each case 100 ml of sat. aqueous NaHCO3 solution. The organic

. ~ phase was dried (MgSO4) and concentrated under reduced pressure;
20 yield: 4.4 g; the optical purity of (1S,3R)-3-benzyloxycyclohexan-1-ol was
70%ee (HPLC on Chiralpak AD-H 250x4.6; 1ml/min, 25:1:0.5
heptane/EtOH/CH3CN + 0.1% TFA). The optical purity of the succinic acid
derivative dissolved in the combined agueous phases was > 99% ee
(HPLC on Chiralcel OD 250 x 4.6; 1 ml/min, 25:1:0.5

25  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.
30

' Example 78

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

separation of alcohol and succinic acid derivative




HO - OSi Me2t Bu 15 770rTgof racenic
ci s-3- (tert butyldlnethyIS|Ianyloxy)cyclohexanol wer e
di ssolved in 10 m of acetone, adm xed with 0.36 m of

- vinyl acetate and 400 ng of ﬁ@vozym 435 and stirred

at 21.-24C. After 47 h (approx, 50% 20 conversion),
the reaction was ended by fipfertyng off the enzyne and
- the solution was concentrat $ evapor at i on under

reduced presé’lﬂe‘ 2phy of a portion of

silica gel (3:1 ane/ ethyl acetate) gave (1

S, 3R)-3-(tert-bu net hr%l si | anyl oxy) cycl ohexanol
having [a]" -12.8(c = 196, MeOH). WD 2004/ 076390
PCT/ EP2004/ 001580 68 Cl ainms: 1. A process for

f th
B o TN
R5dis{§elved ih 573 ingofATHS , pldetiyéd w’ﬁthlz 5‘285’()(@5@ mmolt) of succinic

5 PR HY 5L o NGRS Sifoq S0 8, Whor 28 5

rretﬁmerrealctmma enderdgby (figering) -offy the adreyime. RBhe sfiltdate was
’ cgﬁcﬁn%ra]'tc?(tpdom a)lﬁ%ﬁ'g}x 554 ur{ogr rQéé.céH Byés’su ecgrh%SPemdue

.20 cyc
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was admlxed w:th 30 ml of water and the remaining THF was distilled off
under reduced pressure. 15 mi of saturated aqueous NaHCO; solution, 15
mi of water and 30 mi of methylene chloride were added and the mixture
was stirred intensively for 15-30 min. After phase separation, the organic
phase was extracted first with 90 mi of saturated aqueous NaHCO;3 solution
and 150 ml of water, and then with 15 ml of saturated agqueous NaHCO;
~solution and 30 ml of water, and washed twice with 30 ml of water. The
organic phase was dried (MgSO,) and concentrated under reduced
~pressure; yield: 2.52 g (50%), [a]} +12.1° (c-= 1.0, MeOH); the optical
pufity of (15,3R)-3-benzyloxycyclohexan-1-ol was > 99% ee (HPLC on
Chiralpak AD-H 250 x 4.6; 1 ml/min, 25:1:0.5 heptane/EtOH/CHs;CN +
0.1% TFA).
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 (MgSQO4) 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 mi/min, 25:1:0.5 heptane/EtOH/CH;CN + 0.1%
TFA); 'H NMR (CDCl3) &: 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
Preparation of racemic cis-3-(tert-butyldimethylisilanyloxy)cyclohexanol

HO. : _.OSiMe,tBu

rac
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20

R4, R5 are H F, d, Br, OH NO2, CF3, OCF3, OCF2H,
OCF2- CF3, OCF2-CHF2, SCF3, O phenyl, (Cl-Cs6)-alkyl,
O (C1-C6)-al kyl, 0- (G -C6)-al kyl - O(Cl C3) - al kyl ;
25 nis from1lto 3; and 30 8 is (G -C8)-alkyl wher e
one or nore CH2 groups in the al kyl groups may be
replaced by 0, CO S, SO or S02, and al kyl may be one

h&gé@hﬁ!&;@ﬁ? Ciu‘i qdedawas a@lie Blow! @a SehitioNRoolbHAS 10°C,
R cpyodrpnedaheD Oécg,bﬁﬁ%xgnol EONARRE9-131 K2, e0) and

t eolmcml(@smfg @ZV\?? ed)i ?ﬁCIﬂz@{F Q%@U‘ﬂ’ll) |Aﬁ@?'sﬁrrﬁ‘l§fbt 20- 23°C for 18
er i azol i di on

5 L aofTh. e felstiol MEtiet Medodertiny Wik 0 X TeB3M g€ organic

I\Dﬁhasﬂ—w«as WwiaBlsed MifRosat. NHIHGiZ(Z NH00GNTD( @H%)Bover MgSQ, and

S efteftrast Giges E“f M%P%’é‘f&%f%ﬁ”ﬁ”é@ﬁ&e' (20

t epthgptans/etbyl aqgla gwea .CHopEat/ecef the desired e®ilyl ether;

f ofy b@dq rszxol@@ “FQP?'L' &g%‘?i{mtﬁH 1F%O(m 8H). 3.2 s,

10 cgh‘p'rﬁg)egoﬁ“ nzi) %Ww dHon (al k- R2/ al k- PG) 20

reacting cis- 1,3-cyclohexanediol of the fornula (I1)
O—E)\é\ér%laleas(?onpound of the formula (111) X1 2 -R (111)

- Preparation of cis-(1S, 3R)-3-(tert-butyldimethylsilanyloxy)cyclohexanol

HO. : _.OSiMe,tBu

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%
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 (1S5,3R)-3- (tert—butytd|methylsﬂanyioxy)cyclohexanoi having [a]?

+12.8° (c— 1.0, MeOH).




25 where R2 is as defined above and X1 is d, Br, I','

- Ok, OTs, OTf; 30 in the presence of bases in a

suitable sol vent to give a racem ¢ conpound _of

- foMWRI12004/QAB3%0) 70 where R2 is as defi neBCJIﬂéB%@O‘HQ?'waO

enzymatic ester formation (EF) + separation (S) 5
subj ecting the resulting conp @nds of the fornul a (1V)

- tocsdigfseosel ective enzymatic ester formation (EF), in

whi ch the al cohols are admi xed with an acyl donor and
the enzynme in an organic solvent and the resulting

m At ur eA ipsocsist f@dprdparing hoclBiRdl, aitthraddrhier cbr‘?\?ound of the
reacti n has ended, one stereoisoner is present as an
esoéfnug the formuila (V) 10 (V) where R6 is

5C(=0) - (Cl- C16) - al kyl , C(=0) - (C2-Gi 6) - al kenyl ,

C(=0-(C3-C16) 15 al nyI C(: ) - (C3- Co6) - cycl oal kyl

where one or noregedr ~By be replaced by
oxygen atons and - be sub ed by 1-3 u( stituents
fromthe group of F, O, CF3, CN, N2,*’hydroxyl,

nmet hoxy, et hoxy, phenyl and CO- (Ct - C4)-al kyl,
COQ(C2-C4)- al kenyl, which may in turn be substi t ut ed
by éﬁé.substituents.from 20 the group of F, O, Br,
CF3, "and R2 is as defined above, and the other

stereoi sonmer is present unchanged as the al cohol of

10 thr' 5 formula (1V), and are therefore separated from

15

20

25

30

each other by utilizing their different chemnical or
physi cochem cal pr@aert separ ati ggs S)

R5

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, OCF3, (Cq-Cg)-alkyl, (C3-Cg)-
cycloalkyl, phenyt,

" R* R® are H, F, Cl, Br, OH, NO2, CF3, OCF3, OCF3H, OCF2-CF3,

 OCFp-CHF2, SCF3, O-phenyl, (C1-Cg)-alkyl, O-(C1-Cg)-alkyl, O-
(C1-Cg)-alkyl-O-(C1-Cg)-alkyl;

n is from 1 to 3;
and

R is (C1-Cg)-alkyl where one or more CH2 groups in the alkyl groups.
may be replaced by O, CO, S, SO or §O2, and alkyl may be one to




- or 30 b2) enzymatic ester hydrolysis [=chenical
esterification (CE) + enzymatic hydrolysis (EH] +
separation (S) subjecting the resulting conmpound of
the formula (1V) to a stereos€fective enzymatic ester
hydrol ysis, in which the racem c alcohol is initially

35 convé&isubstitied Benf.cal. Bst@r3 fCNaNQn Nidag, NHBoc, NH-CO-
exanpl e n Ci cRlpri - Cl Cj
T SREEEPE g OCE3, 0104,y o Q0K ponaony

anhydri de ases,

racem ¢ 3P 1drehaleyls oletiazale; vihirgolgine-2 4adionge indples and
wher e REC&I oRanar #here hidsolfdifid-DeddiBReVéhd ¥R)I tRay P turn be

carry out the stereogsel ective enzynmatic ester
5 hydr o1y SHSties) by < Clheire 4 G- MORO M MET S NHBoC
net er OgAmBHE NRCOTISHAGURRISX CTRATDACHCEHERAL COOH,
0

medi um reacte t he. presence n enzyme_1.n
t he casg%ggeﬂ%yolggfé&\]' )‘\ﬂg‘tygr h@s}-ﬁ&yheac(gigeC@)ralkyl or
al cohol jgttaxod ot an al cohol, at a tenperature of

10-80C, and after the reaction has ended, one
sta?eoi soner is present as the al cohol of the fornula

10 (1 ant$ Bhe Qb haotdatingpgesent(PG)c Ham gadnase t henzytixgmethyl,

of the I r.af.ed from
each ot &gﬁiﬂsﬁdéﬁ?ﬁgggﬁ%ﬁ%iEpgqgﬁutg#?{ngﬁ@?s@ ant i oner
of the formula (1V) occurring as an al cohol is further
Pr @ARPSRAnFsgdescri bed under d), or 20 c) chemi cal
hydrolysis (CH) hydrolyzing the enantioner of the
formula (V) occurring as an ester to the chemcally
15 enantioneric al cohol by known nethods and 25 d)

g:‘}‘ﬁ/L:tllg?lﬁ.ﬁﬁél&iﬂmﬁ%zléﬁ%; ng further with a conpound

reacting cis-1,3-cyclohexanediol of the formula (l1)

’f" N OH

with a compound of the formula (lll)

HO

20

x'-R? )

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 (IV)
HO,, 0 - _
g - R2
(V)




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

defined above and 73 it being al so possible to change

.the sequence of individual reaction steps as
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descri bed above under A: A &k-rR2 -),. EF + SICE +
EH + S k- RL [-* DetPG - alk- 5 R2] --+
pr VEER ﬂ}%ﬁ%ﬁ@ﬁﬁ?@@bpw;mto: B) alk- RL -* EF + S/CE
+EH+S[ + CH -+ alk- R2 [-> DetPG -4 alk- 10 R?] -
uct/enant oneri¢c formor C) alk-PG - EF + S/CE +
B BY'S' eSRRRACBSHer forreatoniErbs Sameratien (S)5 -
product/enantl oneric formor 20 al k- PG +EF+SI CE+EH

5SSl ToSRCBH A 8 BFRRTE) 1 b poctecve
t hengyroalis ester @rmatnD)EF )aimewbighl ieealcolils Zire Hdenixed with an
St ATl o e
x1isi gtied @it | -40 ok @ngl, af errht epreraion dwscleadsdd one
| NsRAY0ISdME} B preséni £ 3n SWRPIGPIAE FRFRAH\AS

Rﬁ/o’n,l ot O\Rz
V)
where

R6 is C(=0)-(C1-C1g)-alkyl, C(=0)-(C2-C1g)-alkenyl, C(=0)-(C3-C1g)-
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, Cl, Br, CF3, CN, NO2, hydroxyl,
methoxy, ethoxy, phenyl and CO-O(C4-Cg)-alkyl, CO-O(C2-C4)-
alkenyl, which may in turn be substituted by 1-3 substituents from
the group of F, CI, Br, CF3, and

R?  is 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 hydrolysis [=chémical esterification (CE) +
c__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
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35 of the formula (111) X1 - R2 (111) are used where

74 is A, Br or I. 5. The process as clainmed in clains
1to 4, wherein a conpound of the fornula (1) .,

R11-.10 O--R2 (1) is prepared7there: Rl is 10 R4 RS
where 15 ring A is phenyl, 5-12 nenbered

hetblosidediat or achgpr\mduﬂerﬁh Y0e &t & the presemomef bases, to the
no group of N, 0 and S,

fugic Ih?i/c Alémrbered aromatic ring,

(C3-CH) - cycloalkyl 20 RBis H CF3, (Cl1-0C6)-alkyl,

(C3-C8) -cycl oal ky|l_.( ,p:heny X R4o R5 are H, F, Br, CF3,
OCF3, (Cl-C6)-al Kyt , o

) - aRky! ; nis froml to
2 and 25 R2 is (C1-Cqg)- where one or (vjore CH2

groups in the al kyl grou may be replaced by 0, CO
S, SO or S02, and al kyl may be one to trisubstituted
by F, d, Br, CF3, CN, NO2, NHAc, NHBoc, NH CO
C( BHBJSR® laydrRixaie, eaabias defifedlal)e, al kyl , OOOH,
CO benzoxy, CO QG -C6)-alkyl, tetrazole
t hi azol i di ne- 2, 4-di one, indole and
which, to carry out the stereoselective enzymatic ester hydrolysis (EH), is

then taken up in homogeneous or heterogeneous, aqueous, aqueous-
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 aicohol of the formula (IV) 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 alcohol 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

d)  alkylation (alk- R")
reacting further with a compound of the formula (V1)

0
M)
.
N (CH,)n - X

R5

where

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




5

30 .(C6-C1D)-aryl, where thiazolidine-2,4-dione and

aryl- may in turn be substituted by F, d,. Br, CF3,

CN, NO2, NHAc, NHTs, NHBoc, NHCbz, NH CO C(CH3) 3,

hydroxyl, OCF3, O .(Cl-C6)-alKyl, COOH, 75 CO benzoxy,

CO (C1- CB) - al kyl, (C1-C6)-al kyl, 0-(Cl-C86)-alkyl or

t eit bamgy alsofposEitde o @hasge dbe deguende iofl irdividoél wagtios steps

und 5 of the formula (1) o o

égdgsqmg%&ﬁ;f%{%s prepared where: is 10 R4 RS

vvhere 15 ring Ais phenyl; is (Cl-C4)-alkyl; R4, RS

ar gy H, k Q T Iy aIRORN (LS d _
SR) élcgh% E"Fl gl%erﬁngéz_ﬁbm Ci—g 5 U)pgé}l:ﬁ@_)alk

the al k@ ‘gerQEQC Q‘Iﬁm'@@"qf@ﬁpﬁ'ﬂed by 0, CO S, SO or

S02 and al kyl may be one to trisubstituted by F, d,

Br, CF3, CN, NO2, NHAc, NHBoc, NH CO C(CH3)3,

hyfél’roxyl, OCF3, O (C1-C6)-al kyl, COOH, CO benzoxy,

- CO-Q(Cl-Co)-al kyl, tetrazole, thiazolidine-2,4-dione,
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I ngpl e ARIR' 5 EF + S/CE + EH + S [ CH] — alk- R? [-> DetPG —> alk-
R? - product/enantiomeric form

or

C) alk-PG - EF + S/CE + EH + S = CH — alk- R? - DetPG — alk- R'
— product/enantiomeric form

or

D)  alk-PG - EF + S/CE + EH + S — alk- R' - DetPG — alk- R* -
product/enantiomeric form.

2. The process as claimed in claim 1, wherein the processes C) and D)
are employed.

3. The process as claimed in claim 1 or 2, wherein compounds of the
~formula (I11)

X'=R*
are used where
X' isCl Br, I, OMs or OTs.

4, The process as claimed in any of claims 1 to 3, wherein compounds
of the formula (Ill) '

X'—RZ

are used where




(C6- Cl0)-aryl, where thiazolidine-2-4-dione and aryl
may i'n. turn be substituted by F, O, Br, CF3, CN, NOZ2,
NHAc, NHTs, NHBoc, 30 NHCbz, NH CO C(CH3)3, hydroxyl,
'OCF3, O (Cl-CB)-al kyl, COOH, € benzoxy,
CO (C1- CB) - al kyl, (C1-Co6)-al kyl, 0-(Cl-0C86)-alkyl or
tetrazol e.

X' isCLBrorl

5. The process as claimed in claims 1 to 4, wherein a compound of the

5 formula (l)
o, o)
R17 ~" R2
_ ()

is prepared where:

R' s

E R4 ol RS
| 4 ]:
N™" eHyn-
R5

. where

10

15 -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;

R® is H, CF3, (C1-Cg)-alkyl, (C3-Cg)-cycloalkyl, phenyl;
20
R*, R®are H, F, Br, CF3, OCF3, (C1-Cg)-alkyl, O-(C1-Cg)-alkyl;

n is from 1 to 2 and

25 R2 is (C1-Cg)-alkyl where one or more CHz 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-(C1-Cg)-alkyl, COOH, CO-benzoxy,
CO-0O(C1-Cg)-alkyl, tetrazole, thiazolidine-2,4-dione, indole and

30 (Ce-C1p)-aryl, where thiazolidine-2,4-dione and aryl may in turn be
substituted by F, Ci, Br, CF3, CN, NO>, NHAc, NHTs, NHBoc,

- NHCbz, NH-CO-C(CH3s)3, hydroxyl, OCF3, O-(C1-Cg)-alkyl, COOH,
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CO-benzoxy, CO-O(C1-Cg)-alkyl, (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 (i) :
o,
R17 wOnps .
n

is prepared where:
R' is

R4 - R3

27 o

(CH,)n-

R5

where

ring A is phenyl;

R®  is (C1-Cyq)-alkyl;

R*, R® are H, (C1-Cg)-alkyl, O-(C1-C4)-alkyl;

n is1and

R2 Is (C1-Cg)-alkyl where one or more CHgz 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, NO3, NHAc, NHBoc, NH-CO-
C(CHg3)3, hydroxyl, OCF3, O-(C4-Cg)-alkyl, COOH, CO-benzoxy,
CO-0O(C1-Cg)-alkyl, tetrazole, thiazolidine-2,4-dione, indole and
(Cg-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)3, hydroxyl, OCF3, O-(C1-Cg)-alkyl, COOH,
CO-benzoxy, CO-O(C4-Cg)-alkyl, (C1-Cg)-alkyl, O-(C1-Cg)-alkyl or
tetrazole. | | |




