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Abstract: Lipase-mediated acetylation of four diastereomeric and enatiomeric isomers
of 3-substituted cyclohexanols 2 has led to an efficient resolution to provide a single

+. mar (1D 2C) Inhavyl fata (1D 2TC\_ 2
stereoisomer, (1R,3S J-CYCionexyr aCliaie (1, 55 )j-5 ina ulsu h enantiomeric excess.
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common feature in a wide variety of natural products, lipase-mediated acylations are frequently used in
resoiutions of cycioaikanediois. In addition, enantioseiective hydroiysis of rrans-2-phenyicyciohexyi acetate”
and trans-2-t-butylcyclohexyl chloroacetate” using porcine liver esterase have been reported. Recently lipase PS
is employed in the kinetic separation of a diastereomeric mixture of the acetates derived from 4-r-butyl-
cyslohcx3,'lm<=:thanc>ls.4 Although enantioselective hydrolysis of 3-methyl-1-cyclohexenyl acetate with porcine
liver esterase has been described,” there is no report on the kinetic resolution of 3-substituted cyclohexanols.
Here we report that a lipase is applicable to the ready separation of a mixture of diastereomeric and enantiomeric

cyclohexanols 2 containing a subsutituent at C-3.

readily gave cyclﬁl‘"xanon"b 1a-1c¢, respectively, and subsequent oxidation of 1 ¢ quantitatively afforded 14
Treatment of 2-cyclohexenone with Grignard reagents in the presence of Cul generated cyciohexanones ie-ig
in high ylelds.

At first we prepared cyclohexanols (1R*,35*)-2 and (1R*,3R*)-2 by reduction of 1 with NaBH,, followed
by separation of the diastercoisomeric products using column chromatography. Treatment of equatorial
alcohols (1R*,35%)- 2 with lipase PS (Amano) and vinyl acetate led to enantioselective acetylation to provide
acetates (1R,35)-3 in high e.e., whereas the similar acetylation of axial alcohols (1R*,3R*)-2 did not result in

efficient resolution. For example, when (1R* 35*)-3-benzylcyclohexanol (IR* 35 %)- 2:! in benzene was
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henzvlcvelohexanol (1R* IR*).26 the time taken to reach S0% convercsion wacs 130 and after that fime
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-3 may be prepared readily by a combination of two procedures, the reduction of 1 with
a small hydnde reagent and the subsequent acetylation using lipase and vinyl acetate.
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Typical procedure: To a stirred solution of 3-benzylcylohexanone 1g (2 mmol) in methanol (10 ml) was
added NaBH, (1 mmol) at 0 °C and the resulting mixture was stirred for 1 h at room temperature before being
quenched with water. The aqueous phase extracted with ethyl acetate, and the organic phase was washed with
brine and dried. Evaporation of solvents left a viscous residue containing (1R*,35%)-2g and (1R*,3R*)-2¢g

[(IR* 3SXVIR* IR*)=T78/221. Without further onurtfication the crude mixture of 2¢ was digssolved in
RT3 UIRT ORT )=/8/225. without turther puniication (he cruge nmuxture of 2g was gissoived
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4A (1.0 g). The mixture was then stirred at 30 C for 6.5 h, and the reaction was
terminated by filtration of the enzyme. The filtrate was washed with brine, dried, and freed of the solvent.

and molecular sieve

wr

Purification by column chromatography [silica gel, eluent hexane-ethyl acetate (4:1)] afforded (1R,35)-3g
(35 % yield, >97% e.e.), (15,3R)-2g (31% yield, 88% e.e.®), and (1R*,3R*)-2g (19% yield).

In a similar manner described above, the acetates (1R,35)-3 were isolated as a major product, while the
enantiomer remained as the alcohols (15,3R)-2 (26-34% yield), and the axial alcohols (1R*,3R*)-2 were
almost recovered unchanged (15-20% yield). Acetylation was terminated after 45-55% conversion of

(1R* 3§*%).2 andee. of (1R.35)-3 was determined hv HPL.C analvsis usine chiral column (CHIRAL PAK
(IRT,037)-4, and e.€. Of (1K,3))-3 etermned riPLC analysis using chiral column
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Table 1. Preparation of (1R,35)-3

R ax/eq’ time (h)’  yield (%) ee (%) [«], (MeOH)
a  CH,NO, 20/80 4.5 37 86 -4.8
b  CMe,NO, 22/78 25.0 31 >97 3.7
¢ SPh 12/88 5.0 42 >97 -1.5
d SO,Ph 12/88 48.0 32 >97 2.5
e n-Bu 22/78 4.5 38 65 3.4
f Ph 21/79 7.5 36 >97 -4.5
g Bn 22/78 6.5 35 >97 -3.6

a, Axial (1R*,3R*) / equatorial (1R*,3S *) ratio of the alcohol 2 obtained by reduction of 1.
b, Reaction time for lipase-mediated acylation. ¢, Isolated total vield based on 1.

The relative configurations of (1R,35)-3 were determined by observation of NOE between H-C(OAc) and
H-CR in the NMR spectra. The absolute configurations possessing the (R)-configuration at the alcoholic center
(C-1) were estimated on the basis of the ”Kazlauslas‘rule”,lc’ 7 and moreover, those of (1R,35)-3a,¢.d,e were
confirmed by comparison of their enantiomers (15,3R)-3a,c.d,e prepared according to the literature

procedures. Asymmetric 1,4-addition of nitromethane to 2-cyclohexenone catalyzed by the rubidium salt of
L ‘r\rnhnp8 yipldpd ('XP\ 3- l’rn
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,3R)-3-(nitromethyl)cyclohexanol {15,3R)-2a (71% ee.) and
(nitromethyijcyciohexanol (1R,3R)-2a (71% e.e.). In a similar fashion to that described above treatment of
2-cyclohexenone with benzenethiol gave (3R)-3-(phenylthio)cyclohexanone,” followed by reduction generating
(1S,3R)-2¢ (6% e.e.). Oxidation of this sulfide (15,3R)-2¢ led to formation of the corresponding sulfone
(15,3R)-2d. Authentic acetates (15,3R)-3a,c,d were obtained by acetylation of the corresponding alcohols
(15,3R)-2a,c,d. In the presence of optically active aminoalcohol and Cul'’ treatment of 2-cyclohexenone with
n-butyllithium gave (3R)-3-butylcyclohexanone, which was then transformed to (15,3R)-3e (85% ¢.c.) by a
combination of the reduction and the acetylation as described above.

i fliiaan mn anihotitiinant artha 7 2 macitinn 1€ & ald ~AF /1 D% 2C%) D 1m tha radii tine ooy,
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is mcreasea the overall ylel(l of (IR
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35)-3 wiil approach 50%.
Calculation (MM-2) suggests that a group R is located dominantly at the equatorial position, for example, the
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CH NQO _eanatonial conformation of (1R * 3R ¥\ 2a ig favarad hv Q-1 In the linace-mediate.
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-diaxial interaction, and hence the minor conformer (1R,3R)-2,, ., plays an important role. The acetylation
of (IR*3R*)-2 is assumed to be affected by the rate of conformational inversion in two conformers.
However, at present we cannot exclude the mechanism that an axial OH group of (1R,3R)-2 or an axial R

group in (IR,3R)-2 ., takes part in binding to the lipase.

Details on the lipase-mediated acetylations of axial and equatorial alcohols under various conditions will be

H OH R H
Hw’“/;\“ - w7t on

R w7

(1R3RA)-2 {1R,3R)-2 eq-OH

reported in the near future.
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