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Chiral dioxiranes have been shown to be effective reagents
for asymmetric epoxidation of olefins.1,2 Recently we reported a
highly enantioselective epoxidation method for trans- and trisub-
stituted olefins using a fructose-derived ketone1 as catalyst and
Oxone as oxidant.3 The epoxidation has been shown to proceed
primarily through a well ordered spiro transition stateA (Scheme
1).3b Since dioxiranes are expected to be sensitive to sterics, an
existing chiral center adjacent to the double bond provides the
possibility for kinetic resolution.4 Herein we wish to report our
preliminary studies in this area.

Our initial studies have been focused on cyclic olefins with
the chiral center at the allylic position. The rigid conformation
and proximity of the chiral center to the olefin make them
promising candidates for kinetic resolution. Therefore, we began
the study with 1,6-disubstituted cyclohexenes (3) (Scheme 2).
Transition statesB andC represent the spiro transition states for
the epoxidation of each enantiomer. Transition stateC is expected
to be disfavored compared to transition stateB due to the steric
interaction between R2 and one of the dioxirane oxygens.
Consequently one enantiomer would be epoxidized faster than
the other.

To test this hypothesis, we used (()-1-phenyl-6-(trimethyl-
siloxy)cyclohexene (4) as our initial substrate. When the epoxi-
dation was carried out with 35% ketone1 at -10 °C for 2.5 h, a
49% conversion was obtained as judged by1H NMR assay of
the crude reaction mixture (Scheme 3). The1H NMR spectra
showed that the trans epoxide was formed predominantly (trans/
cis > 20:1).5 Analysis of the unreacted substrate using HPLC on
a chiral support (Chiralcel OD) showed a 96% ee. The fact that
the major epoxide product was trans and the recovered olefin
was enriched in theS isomer supports the above transition state
analysis.
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The feasibility of the kinetic resolution of (()-2-phenyl-2-
cyclohexenol derivatives led us to investigate the kinetic resolution

of 1,3-disubstituted cyclohexenes (6) (Scheme 4). The kinetic
resolution efficiency would be dependent on the energy difference
between repulsive interactionsa andb. Subjecting the TBS ether
of 3-phenyl-2-cyclohexenol (7)6 to the typical reaction conditions
(with 40% ketone catalyst1 at -10 °C for 1.5 h) led to a 70%
conversion of the substrate (Scheme 5). The product was a 4:1
mixture of trans and cis epoxides (8) favoring the trans isomer.7

This result demonstrates that transition stateD is favored over
E, suggesting that the interactionb is greater than the interaction
a.8 The enantiomeric excess of the unreacted substrate was
determined to be 99%.

Encouraged by the result obtained for compound7, we prepared
and investigated a number of 1,3-disubstituted cyclohexenes
(Table 1, entries 6-12). The resolution efficiency for these
substrates is reasonably good. On the basis of the reaction model
presented in Scheme 4, the unreacted substrates presented in
entries 5-10 and 12 are likely to haveR configurations. To
confirm the configuration, the pivaloate in entry 12 was converted
to 3-tert-butylcyclohexanone by hydrolysis (NaOMe-MeOH). The
resulting ketone was determined to indeed have theR configu-
ration by comparing the measured optical rotation with the
reported value for the ketone.9

In summary, we have shown that the kinetic resolution of 1,3
and 1,6-disubstituted cyclohexenes via chiral dioxirane is feasible.
High-resolution efficiency was obtained for a number of trisub-
stituted cyclic olefin substrates,10 which provides a valuable way
to prepare certain chiral intermediates in a straightforward manner.
Since the dioxirane-mediated resolution is expected to rely largely
on steric interactions, this process could potentially be applied to
olefins with a variety of substituents. Extension of this resolution
to other classes of substrates is currently under study. In addition
to the synthetic value, such a study will yield useful mechanistic
information.
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Table 1. Kinetic Resolution of Representative Olefins by Ketone1
Catalyzed Asymmetric Epoxidationa

entry substrate
temp
(°C)

con.
(%)b

recov’d
SM ee
(%)c

trans
epoxide
ee (%)

epoxide
(trans/cis)d

krel
e

(kf/ks)

1f R ) TMS -10 49 96g (S)h 95g >20 >100
2i R ) Me -10 65 99j (S) 85k 6 16
3l R ) COMe 0 54 96m(S) 88j 12 39
4n,o R ) COOEt -10 51 94g (S) 97j >20 70

5p R ) TBS -10 70 99g (R) 81q 4 11
6r R ) Me -10 61 95g (R) nd 6 14

7r 0 72 81m (R) nd 1.7 4

8r R ) TBS -10 49 75s (R) nd 13 18
9r R ) TBS 20 66 96s (R) nd 8 11

10n R ) OTMS -10 61 91m (R) 76k 4 11
11t R ) iPr -10 59 93m (S) 85k 8 15
12i R ) tBu -10 54 99m (R)u 84k >20 61

a All reactions were carried out with substrate (1 equiv), ketone
(0.25-0.75 equiv), Oxone (2.3 equiv), and K2CO3 (9.5 equiv) in
CH3CN-DMM-0.05 M Na2B4O7‚10H2O in aqueous EDTA (4× 10-4

M) solution (1:2:2, v/v/v). Oxone was added over 2.5 h except for entry
5 and entry 6 (1.5 h).b Conversion was determined by1H NMR of the
crude reaction mixture after workup. In cases where the ee of the
epoxide was determined and one diastereomer of the epoxide was
formed predominately (entries 1, 4, and 12), the conversion could be
cross-checked applying the ee’s of the olefin and epoxide to the
following equation: ee(olefin)/ee(epoxide)) C/(1 - C). In these cases
the meassured conversion was consistent with the calculated conversion.
c The absolute configuration was tentatively assumed on the basis of
the spiro reaction mode unless otherwise noted.d The ratio of trans
and cis epoxides was determined by1H NMR. e The relative rate was
calculated using the equationkrel ) kf/ks ) ln[(1 - C)(1 - ee)]/ln[(1
- C)(1 + ee)], whereC is the conversion and ee is the percent
enantiomeric excess of the recovered starting material (ref 12).f 0.35
equiv of ketone used.g Enantioselectivity was determined by chiral
HPLC (Chiralcel OD).h The configuration was determined by compar-
ing the measured optical rotation with the known alcohol after
desilylation (ref 11).i 0.45 equiv of ketone used.j Enantioselectivity
was determined by chiral HPLC (Chiralcel AD).k Enantioselectivity
was determined by1H NMR shift analysis using Eu(hfc)3. l 0.50 equiv
of ketone used.m Enantioselectivity was determined by chiral HPLC
(Chiralcel OJ).n 0.60 equiv of ketone used.o 2.8 equiv of Oxone used.
p 0.40 equiv of ketone used.q Enantioselectivity was determined by
chiral HPLC (Chiralcel AD) of the corresponding benzoate.r 0.25 equiv
of ketone used.s Enantioselectivity was determined by chiral HPLC
(Chiralcel OD) after desilylation with TBAF.t 0.75 equiv of ketone
used.u The configuration was determined by comparing the measured
optical rotation with the known ketone after hydrolysis (ref 9).
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