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Abstract: A new convenient metal-free oxidation protocol of a
wide variety of alkenes with molecular oxygen and benzaldehyde
under visible light irradiation of fluorescent lamp afforded their cor-
responding epoxides in 49–99% yields
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Since epoxides are versatile intermediates for a variety of
chemicals, epoxidation of alkenes is a most important
functional-group transformation in organic synthesis.1

Generally epoxidations of alkenes have been carried out
with peracids; however, caution is necessary due to their
explosivility. As such development of new safe and effec-
tive oxidants for epoxidation has been studied. Molecular
oxygen is thought to be the most desirable oxidant with re-
spect to environmental and economic consideration, and
much effort has been made to develop direct epoxidation
of alkenes with molecular oxygen as an oxygen donor. Al-
though there have been many reports on the metal-cata-
lyzed epoxidation of alkenes with molecular oxygen as a
terminal oxidant,2 only a limited number of metal-free
methods have been reported.3 Among them, epoxidation
of alkenes using peracids, prepared by oxidation of alde-
hyde with molecular oxygen in situ, under photoirradia-
tion conditions is an important and a promising method;4

however, the previous methods were carried out under
UV irradiation or applicable to the limited alkenes.3a,d An
effective use of visible light appears optimal development
of novel energy conversion and energy-using technology.
Towards this goal, we have previously reported photo-
oxidation using visible light from a general purpose fluo-
rescent lamp;5 in this letter, we report a general and
convenient synthetic method for metal-free epoxidation
of alkenes using molecular oxygen and benzaldehyde un-
der visible light irradiation.

Table 1 shows the results of study of reaction conditions
for the epoxidation. The conditions were examined with
benzaldehyde under the molecular oxygen atmosphere
(O2 balloon) and visible light irradiation at room temper-
ature, followed by the reaction with trans-stilbene (1) un-
der nitrogen atmosphere at room temperature, and
acetonitrile was found to be most suitable solvent among
our examination (entries 1–6).6 A better result was ob-

served in the reaction with 2 equivalents of benzaldehyde
and initial exposure for 3 hours to afford stereospecifical-
ly trans-stilbene oxide (2) in 93% yield without the for-
mation of the cis-isomer (entries 7–11). It is worth noting
that the epoxidation proceeds in good yield under air at-
mosphere instead of O2 balloon (entry 12). Both molecu-
lar oxygen and visible light irradiation are necessary for
this epoxidation since 2 cannot be satisfactorily obtained
without them (entries 13 and 14).

Table 1 Study of Reaction Conditions

Entry Solvent Benzaldehyde 
(equiv)

Time 
(h)

Yield 
(%)a

1 CH2Cl2 2.0 5 0

2 THF 2.0 5 0

3 EtOAc 2.0 5 73

4 acetone 2.0 5 67

5 MeOH 2.0 5 0

6 MeCN 2.0 5 92

7 MeCN 1.5 5 69

8 MeCN 2.0 3 93

9b MeCN 2.0 3 82

10c MeCN 2.0 3 0

11 MeCN 2.0 1 65

12d MeCN 2.0 3 83

13e MeCN 2.0 5 24

14f MeCN 2.0 5 0

a The yields were determined by integration of 1H NMR with internal 
standard.
b 4-Methoxybenzaldehyde was used instead of benzaldehyde.
c 4-Nitrobenzaldehyde was used instead of benzaldehyde.
d The reaction was carried out under air.
e The reaction was carried out in the dark.
f The reaction was carried out under N2.
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Table 2 shows scope and limitation of this epoxidation
with various alkenes such as aromatic alkenes, aliphatic
alkenes, and allylic alcohols under the optimized reaction
conditions.7 Disubstituted aromatic alkenes, such as
trans-stilbene, cis-stilbene, trans-b-methylstyrene, cin-

namyl alcohol, and 1,2-dihydronaphthalene, afforded ste-
reospecifically the corresponding epoxides in good to
excellent yield without formation of the geometrical iso-
mers (entries 1–5). Monosubstituted styrenes with tert-
butyl and chloro groups at para position afforded the cor-

Table 2 Epoxidation of Aromatic and Aliphatic Alkenes

Entry Substrate Product Time (h) Yield (%)a

1 10 89c

2 10 80c

3 5 85

4 5 82

5 5 66

6 5 76c

7 10 73c

8 10 49c

9 24 81

10 10 70c

11 10 99

12 5 78

13 5 27 (89)b

a Isolated yields. Numbers in parentheses are 1H NMR yields.
b cis-Cyclooctene oxide is unstable under preparative TLC.
c The substrate recovery was 10%, 13%, 5%, 6%, 50%, and 8% for entries 1, 2, 6–8, and 10.
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responding epoxides in good yields; however, electron-
withdrawing nitro group retarded this reaction (entries 6–
8). Furthermore, both mono- and disubstituted aliphatic
alkenes gave the corresponding epoxides in good to excel-
lent yields (entries 9–13).

A plausible reaction path is shown in Scheme 1. Perben-
zoic acid, usual epoxidation reactant, is assumed to be
formed in situ, since we could detect perbenzoic acid in
50% yield when benzaldehyde was irradiated with visible
light under molecular oxygen atmosphere at room temper-
ature for 3 hours.8 This result agrees with the requirement
of two equivalents of benzaldehyde to complete this ep-
oxidation. Furthermore, perbenzoic acid was obtained
only in 15% yield when the reaction was carried out in the
dark, visible light was found to accelerate the generation
of perbenzoic acid.

Scheme 1 Plausible path

In conclusion, we have developed the convenient and en-
vironmentally benign metal-free epoxidation of various
alkenes in the presence of molecular oxygen and benzal-
dehyde under visible light irradiation of fluorescent lamp.
This method is of great value from the view point of using
visible light and applicable to a wide variety of alkenes.
Further application of this oxidation to other reactions is
now in progress in our laboratory.
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