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Aerobic photo-oxidation in the presence of catalytic allylbromide
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Abstract—Alkyl groups at aromatic nucleus and alcohols were found to be photo-oxidized to the corresponding carboxylic acid in
the presence of catalytic allylbromide.
� 2007 Elsevier Ltd. All rights reserved.
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The notion of green chemistry is becoming well estab-
lished in organic chemistry, and the development of
environmentally benign processes is the goal of various
research projects.1 Oxidation is the foundation of syn-
thetic chemistry, and recent methodology using molecu-
lar oxygen is one way consistent with this notion due to
its high atomic effect or E-factor as an oxidant.2,3 With
this background in mind, we have been engaged in aer-
obic photo-oxidation of alcohols and a methyl group
at the aromatic nucleus in the presence of organic or
inorganic bromo sources.4,5 We believe that the bromo
radical, formed by continuous aerobic photo-oxidation
of the bromo anion, promotes these reactions. Regarding
the organic bromo source, we have already reported a
method with N-bromosuccinimide;4 however, in this
reaction, generation of succinimide is unavoidable and
additional post-treatment is necessary to remove it. This
is the driving force of our further studies on this oxida-
tion with a new non-metal organic bromo source, which
releases the bromo anion easily, and the organic group
residue does not remain in the reaction mixture, and
we have found that allylbromide is suitable for this pur-
pose. Thus, we now report our detailed study on the
generality of aerobic oxidation of alcohols and an aro-
matic methyl group in the presence of a catalytic
amount of allylbromide (Scheme 1).

Table 1 shows the results of our study of reaction
conditions for the aerobic oxidation conducted with
4-tert-butyltoluene (1, 0.3 mmol) as test substrate in
the presence of allylbromide in typical solvents equipped
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with an oxygen balloon under irradiation by a 500 W xe-
none lamp.6 Among the solvents and the amount of allyl-
bromide examined, ethyl acetate and 0.3 equiv of
allylbromide were found to be suitable for the reaction.
Furthermore, the residue arising from the allyl group
could not be detected by NMR.

Table 2 shows the results of our study on the scope and
limitation of this oxidation conducted with several sub-
strates under the reaction conditions mentioned above.
Regarding oxidation of the aromatic alkyl group, an
electron-donating group at the aromatic nucleus acceler-
ates the reaction, and afforded the corresponding
carboxylic acids in high yield; however, electron-with-
drawing groups retarded the reaction, and yields of the
products were zero to moderate (entries 1–7). 2-Methyl-
naphthalene afforded a trace amount of 2-naphthoic
acid, and cleavage of the carbon–carbon bond was ob-
served when using propyl benzene (17) as the substrate,
and afforded 4 in 51% yield (entries 8 and 9). Benzyl
alcohols show similar reactivity to aromatic methyl
group mentioned above, and an electron-donating
group at the aromatic nucleus was found to accelerate
the reaction and an electron-withdrawing group re-
tarded the reaction (entries 10–13). On the other hand,
dodecanol (23), an aliphatic alcohol, unfortunately,
was intact under this condition, and the starting mate-
rial was recovered quantitatively (entry 14).
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Table 1. Study of reaction conditions of aerobic photo-oxidation

tBu tBu

CO2H
500 W-Sun lamp

O2-balloon, allylbromide

solvent1 (0.3 mmol) 2

Entry Equivalent Solvent Time (h) Yielda (%)

1 0.1 EtOAc 10 38
2 0.2 EtOAc 10 81
3 0.3 EtOAc 10 90
4 0.5 EtOAc 10 88
5 0.3 EtOAc 7 66
6 0.3 MeCN 10 41
7 0.3 Acetone 10 0
8 0.3 MeOH 10 0
9 0.3 Hexane 10 Trace

a All yields are for pure, isolated products.

Table 2. Aerobic photo-oxidation of alkyl group at aromatic nucleus in the

hν (500 W-Sun lam
allylbromide (0

EtOAc, 10
substrate

Entry Substrate

1
tBu

1

2
3

3
MeO 5

4
Cl 7

5
NC 9

6
O2N 11

7
Ph 13

8
15

9
17
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We present in Scheme 2 what we assume is a plausible
path of this oxidation, which is postulated by consider-
ing the necessity of a catalytic amount of allylbromide
and of molecular oxygen in this reaction. The radical
species 24 is thought to be generated by abstraction of
a hydrogen radical with a bromo radical, formed by
continuous aerobic photo-oxidation of the bromo anion
from allylbromide (Scheme 2, Eqs. 1–3). Then, bromine
was formed by aerobic photo-oxidation of hydrogen
bromide, which is generated in Eq. 3, and bromo radical
was generated under photo-irradiation condition (Eqs. 4
and 5). Hydroperoxide 26 was afforded through peroxi-
radical 25, which was generated by the reaction of 24
with molecular oxygen (Eqs. 6 and 7). Aldehyde 27
was given by dehydration from 26, and the re-generated
bromo radical abstracted the hydrogen radical from 27
presence of allylbromide

p), O2-balloon
.3 equiv.)

 h
product

Product Yielda (%)

CO2H

tBu
2

90

CO2H

4
72

MeO

CO2H

6
79

Cl

CO2H

8
80b

NC

CO2H

10
57b

O2N

CO2H

12
0b,c

Ph

CO2H

14
50

CO2H

16
Traced

CO2H

4
51



Table 2 (continued)

Entry Substrate Product Yielda (%)

10
18

OH

tBu 2

CO2H

tBu

83

11
19MeO

OH

6

CO2H

MeO

75

12
20O2N

OH
— 0e

13

21

OH

22

O 47

14
23

OH
10 — 0

a All yields are for pure, isolated products.
b The reaction was carried out for 24 h.
c A total of 59% of 11 was recovered.
d The reaction was carried out for 48 h.
e A total of 9% of 4-nitrobenzaldehyde was obtained.
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Scheme 2. Plausible path for aerobic oxidation of methyl group at
aromatic nucleus.

T. Sugai, A. Itoh / Tetrahedron Letters 48 (2007) 2931–2934 2933
to give radical species 28 (Eqs. 8 and 9).7 The carboxylic
acid was formed by reaction with hydroxy radical, gen-
erated in Eq. 7 (Eq. 10).8 The final structure arising from
the allyl cation, which is shown in Eq. 1, is not clear yet;
we believe the product could not be detected in the reac-
tion mixture due to its low boiling point.9

In conclusion, we have found a facile oxidation of an
alkyl group at the aromatic nucleus and alcohols in the
presence of a catalytic amount of allylbromide under
irradiation of a xenon lamp. This method is more useful
than that using N-bromosuccinimide from the viewpoint
of easy post-treatment and the use of inexpensive reagent.
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