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N-aryl substituted oxazolidinone-containing ketones.

A beneficial substituent effect
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Abstract—Asymmetric epoxidation of substituted cis-b-methylstyrenes using N-aryl substituted oxazolidinone-containing ketones
as catalysts shows that substituents on the phenyl group of the olefin have significant positive effects on the enantioselectivity of
the epoxidation, indicating a beneficial interaction between the phenyl group of the olefin and the phenyl group of the ketone
catalyst.
� 2004 Elsevier Ltd. All rights reserved.
Asymmetric epoxidation of olefins is an important
method for synthesizing optically active epoxides. Great
success has been achieved for the epoxidation of allylic
alcohols,1 the metal-catalyzed epoxidation of unfunc-
tionalized olefins,2 and the nucleophilic epoxidation of
electron-deficient olefins.3 In recent years, chiral dioxir-
anes have been shown to be powerful asymmetric epoxi-
dation agents.4–6 In our earlier studies, we have shown
that fructose-derived ketone 1 (Scheme 1) gives high
enantioselectivity for the epoxidation of trans- and tri-
substituted olefins.7 Subsequently, we have found that
ketone 2, resulting from the replacement of the spiro ke-
tal of ketone 1 with an oxazolidinone, provides encour-
agingly high ee�s for the epoxidation of cis-olefins and
styrenes.8 Our earlier studies suggest that the asymmet-
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Scheme 1.
ric induction is likely due to an attraction between the
Rp group and the oxazolidinone moiety of the ketone
catalyst in the transition state (Scheme 2). This elec-
tronic interaction was further illustrated by our recent
studies with N-aryl substituted oxazolidinone ketone
3.9 To further probe this interaction, we have investi-
gated the epoxidation of various substituted cis-b-methyl-
styrenes and have found that the olefin substituent has a
significant effect on the enantioselectivity of the epoxi-
dation. Herein we wish to report our preliminary efforts
on this subject.

The epoxidation was initially investigated using ketone
3a as catalyst. Subjecting cis-b-methylstyrene to the
epoxidation conditions with 10mol% of ketone 3a at
�10 �C gave (1R,2S)-cis-b-methylstyrene oxide with
99% conversion and 84% ee (Table 1, entry 1).10 The
epoxidation of cis-b-methylstyrene with 3a was found
Scheme 2.
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Table 1. Asymmetric epoxidation of olefins catalyzed by ketones 3a and 3b

Entry Substrate Ketone 3aa Ketone 3bb

Conv. (%)c ee (%)c Conv. (%)c ee (%)c

1 99 84 100 90

2

Me

86 88 80 92

3
Me

94 91 100 93

X

4 X = Me 100 88 96 92

5 X = Et 87 90 91 93

6 X = F 99 87 100 91

7 X = Cl 79 92 90 95

8 X = Br 82 93 86 96

9 X = CN 94 96 98 96

10 X = NO2 86 98 91 97

11

Me
Me 72 92 100 97

12

Me

Me

75 91 97 96

13

Me

Me

97 91 100 94

14

Me

Me

98 92 100 94

a All reactions were carried out with olefin (0.2mmol), ketone 3a (0.02mmol), Oxone (0.197g, 0.32mmol), and K2CO3 (0.185g, 1.34mmol) in DME/

DMM (3:1, v/v) (3mL) and buffer (0.1M K2CO3–AcOH, pH9.3) (2mL) at �10�C (bath temperature). The reactions were stopped after 4h.
b The reactions with ketone 3b were carried out in a similar fashion to ketone 3a. All reactions used 15mol% of ketone except entries 11 and 12 where

20mol% was used. For ketone 3b, the epoxides (both cis- and trans-isomers) were isolated in 61–95% yield.
c The conversions and ee�s were determined by chiral GC (Chiraldex B-DM). For entries 2–14, the olefin substrates contain 16–37% trans-isomers.

The conversions indicated are those for cis-olefins.
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to be stereospecific and no trans-b-methylstyrene oxide
was formed during the reaction as judged by GC assays
of the crude reaction mixture. Introducing a methyl
group to ortho, meta, and para positions gave rise to a
4–7% ee increase (Table 1, entries 2–4).11 Further studies
with various para substituted cis-b-methylstyrenes
showed that the ee�s of the epoxides increased across
the board from the electron-donating Me group to the
electron-withdrawing NO2 group (Table 1, entries 4–
10). Up to 98% ee was attained with the NO2 substituted
olefin (Table 1, entry 10). The ee�s also increased when
two methyl groups were introduced at various positions
(Table 1, entries 11–14). A similar trend was observed
when the epoxidation was carried out with ketone 3b,
which contained an electron-withdrawing sulfone sub-
stituent on the phenyl group of the ketone catalyst.

The significant substituent effect observed with ketone 3
is rather interesting. The results suggest that there is an
additional phenyl–phenyl interaction between the olefin
and catalyst in the transition state aside from the attrac-
tive interaction between the phenyl group of the olefin
and the oxazolidinone moiety of the catalyst (Scheme
3).8,9 The crystal structure of 3a shows that the phenyl
group in this ketone is coplanar with the oxazolidinone.9

Therefore, this phenyl–phenyl interaction is more likely
to be an �edge-to-face� interaction.12 While electron-
withdrawing groups on the phenyl group of the olefin



Scheme 3.
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show a stronger effect, electron-donating groups can
also enhance the interaction, suggesting that nonbond-
ing interactions such as van der Waals forces and/or
hydrophobic interactions could be involved in the phe-
nyl–phenyl interaction in addition to electrostatic inter-
actions.12b A precise understanding of the interaction
for the current system awaits further studies.

In summary, asymmetric epoxidation of various substi-
tuted cis-b-methylstyrenes using N-aryl substituted oxazo-
lidinone-containing ketones 3a and 3b has shown that
the substituents on the phenyl group of the olefin have
significant positive effects on the enantioselectivity of
the epoxidation. These results reveal a beneficial interac-
tion between the phenyl group of the olefin and the phe-
nyl group of the ketone catalyst. Although the precise
nature of this phenyl–phenyl interaction is not clear,
such interactions could provide us additional opportuni-
ties to explore asymmetric induction. At the same time,
the current epoxidation system could be used as a tool to
further study such interactions. Synthetically, the ob-
served beneficial substituent effect further enhances the
practical aspect of ketone 3, which is readily available
from glucose.9
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Bouérat, L.; Jierry, L. Eur. J. Org. Chem. 2001, 4557; (o)
Matsumoto, K.; Tomioka, K. Tetrahedron Lett. 2002, 43,
631; (p) Stearman, C. J.; Behar, V. Tetrahedron Lett. 2002,
43, 1943; (q) Denmark, S. E.; Matsuhashi, H. J. Org.
Chem. 2002, 67, 3479; (r) Shing, T. K. M.; Leung, G. Y. C.
Tetrahedron 2002, 58, 7545; (s) Bortolini, O.; Fantin, G.;
Fogagnolo, M.; Forlani, R.; Maietti, S.; Pedrini, P. J. Org.
Chem. 2002, 67, 5802; (t) Armstrong, A.; Ahmed, G.;
Dominguez-Fernandez, B.; Hayter, B. R.; Wailes, J. S. J.
Org. Chem. 2002, 67, 8610; (u) Klein, S.; Roberts, S. M. J.
Chem. Soc., Perkin Trans. 1 2002, 2686; (v) Shing, T. K.
M.; Leung, Y. C.; Yeung, K. W. Tetrahedron 2003, 59,
2159.

7. (a) Tu, Y.; Wang, Z.-X.; Shi, Y. J. Am. Chem. Soc. 1996,
118, 9806; (b) Wang, Z.-X.; Tu, Y.; Frohn, M.; Zhang, J.-R.;
Shi, Y. J. Am. Chem. Soc. 1997, 119, 11224; (c) Shu, L.;
Shi, Y. Tetrahedron 2001, 57, 5213.

8. (a) Tian, H.; She, X.; Shu, L.; Yu, H.; Shi, Y. J. Am.
Chem. Soc. 2000, 122, 11551; (b) Tian, H.; She, X.; Xu, J.;
Shi, Y. Org. Lett. 2001, 3, 1929; (c) Tian, H.; She, X.; Yu,
H.; Shu, L.; Shi, Y. J. Org. Chem. 2002, 67, 2435.

9. Shu, L.; Wang, P.; Gan, Y.; Shi, Y. Org. Lett. 2003, 5, 293.
10. The epoxidation was carried out under more basic

conditions as compared to the one described in Ref. 9.
The conversion was improved under the current reaction
condition.

11. The substituted cis-b-methylstyrenes were prepared by the
Wittig olefination of substituted benzaldehydes and con-
tained a mixture of cis- and trans-isomers.

12. For recent reviews on aromatic interactions see: (a)
Jennings, W. B.; Farrell, B. M.; Malone, J. F. Acc. Chem.
Res. 2001, 34, 885; (b) Waters, M. L. Curr. Opinion Chem.
Biol. 2002, 6, 736.


	Asymmetric epoxidation of cis- beta -methylstyrenes catalyzed by N-aryl substituted oxazolidinone-containing ketones. A beneficial substituent effect
	Acknowledgements
	References and notes


