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Scheme 1. Aerobic photooxidative synthesis of diacylamines.
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In this Letter, we report the aerobic photo-oxidative synthesis of diacylamines from benzylamides in the
presence of molecular oxygen and catalytic amounts of 2-chloroanthraquinones under visible light irra-
diation from a fluorescent lamp.

� 2014 Elsevier Ltd. All rights reserved.
Diacylamines are important structural motifs as starting
materials for the preparation of N-containing heterocycles such
as triazoles,1 oxazols,2 and imidazolins.3 Furthermore, diacylam-
ines have also been studied from the viewpoint of biological activ-
ity.4 In general, the preparation of diacylamines involves the
acylation of amides with carboxylic acid anhydrides,5 acyl chlo-
rides,4,6 ketenes,7 a,a,a-trichloromethyl carbonyl compounds,8 or
enol esters;9 however, these methods suffer from various draw-
backs such as low product yields, strong environmental impacts
of the solvents used, or wastes produced. Other methods for the
synthesis of diacylamines is oxidation of amides, which using tran-
sition metal catalysts (Ru,10 Cr,11 Cu,12 Co,13 Mn,14 Fe,15 Ag/Cu16)
combined with stoichiometric reoxidants. On the other hand,
metal-free oxidation of amides with stoichiometric amounts of
organic reagents such as DMP,17 tert-butylperoxyiodane,18 and
DDQ19 has been reported to date. From these perspectives, we have
studied oxidation processes based on the use of molecular oxygen,
and have observed that benzylamides were oxidized to the corre-
sponding diacylamines successfully under external photoirradia-
tion in the presence of catalytic amounts of iodine20 or HBr.21

Although these methods are interesting from a green chemistry
perspective due to the non-use of heavy metals, waste reduction,
the use of molecular oxygen, the use of inexpensive reagents,
and the use of environmentally low-impact solvents, the use of
halogen reagents remains an obstacle to the development of a
more environmentally benign method. Recently, we have studied
photo-oxidative reactions with organo-photocatalysts such as
anthraquinones.22 Here we report our detailed study of the aerobic
photo-oxidation of benzylamides to the corresponding diacylam-
ines under visible-light irradiation in the presence of an organop-
hotocatalyst (Scheme 1).

To explore this approach, we selected N-benzylacetamide (1a)
as a test substrate to optimize the reaction conditions (Table 1).
Among the solvents and catalysts irradiated with a fluorescent
lamp under an oxygen atmosphere (entries 1–13), ethyl acetate
in combination with 2-chloroanthraquinone (2-Cl-AQN) provides
N-acetylbenzamide (2a) most efficiently (entry 4). Addition of base
and acid resulted in a slight reduction in the yield (entries 14 and
15). Reducing of the catalyst-loading to 0.05 equiv gave lower yield
of 2a (entry 17). Furthermore, increasing of the catalyst-loading to
0.2 equiv also resulted in lower yield probably because of low sol-
ubility of 2-Cl-AQN in ethyl acetate (entry 18). Finally, prolonging
the reaction time to 30 h gave the best result (entry 16). Notably,
2-Cl-AQN, visible-light irradiation, and molecular oxygen are nec-
essary for this reaction because 2a cannot be satisfactorily
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Scheme 2. Plausible reaction mechanism.

Table 2
Aerobic photooxidative of diacylaminesa

substrate product

O2, hν (fluorescent lamp)
2-Cl-AQN (0.1 equiv)

EtOAc, rt

Entry Substrate Product Time (h) Yieldb (%)

1 N
H

O

1a

N
H

O O

2a
30 88 (76)c

2 N
H

O

Cl
1b

N
H

O O

Cl
2b

30 93

3 N
H

O

t-Bu
1c

N
H

O O

t -Bu
2c

20 82

4 N
H

O

MeO
1d

N
H

O O

MeO
2d

50 83

5 N
H

O

Ph
1e

N
H

O O

Ph
2e

20 99

6 N
H

O
Cl

1f

N
H

O
Cl

O

2f
30 81

7 N
H

O

1g

N
H

OO

2g

30 30

8 N
H

O

1h

N
H

O O

2h
30 80

9 N
H

O
O

1i

N
H

O
O

O

2i
30 71

10 N
H

Ph
O

1j

N
H

O
Ph

O

2j
70 74

11 N
H

O

10
1k

N
H

OO

10
2k

70 0

a Reaction conditions: 1 (0.3 mmol) and 2-Cl-AQN (0.1 equiv) in ethyl acetate
(3 mL) were stirred and irradiated externally with a fluorescent lamp under oxygen
atmosphere at room temperature.

b Isolated yields.
c Compound 1a (3 mmol) and 2-Cl-AQN (0.1 equiv) in ethyl acetate (30 mL) were

stirred and irradiated externally with a fluorescent lamp under oxygen atmosphere
at room temperature for 15 h.

Table 1
Study of reaction conditionsa

N
H

O
N
H

O O

1a 2a
solvent, rt, 10 h

O2, hν (fluorescent lamp)
catalyst

Entry Catalyst (equiv) Solvent Yieldb (%)

1 AQN (0.1) EtOAc 61
2 2-tBu-AQN (0.1) EtOAc 66
3 1-Cl-AQN (0.1) EtOAc 0
4 2-Cl-AQN (0.1) EtOAc 88
5 AQN-2-CO2H (0.1) EtOAc 85
6 Anthracene (0.1) EtOAc 6
7 Benzophenone (0.1) EtOAc 2
8 Methylene blue (0.1) EtOAc 1
9 2-Cl-AQN (0.1) Hexane Trace

10 2-Cl-AQN (0.1) iPr2O 0
11 2-Cl-AQN (0.1) CHCl3 13
12 2-Cl-AQN (0.1) AcOH 75
13 2-Cl-AQN (0.1) H2O 0
14 2-Cl-AQN (0.1) EtOAc 81c

15 2-Cl-AQN (0.1) EtOAc 86d

16 2-Cl-AQN (0.1) EtOAc 95e

17 2-Cl-AQN (0.05) EtOAc 49
18 2-Cl-AQN (0.2) EtOAc 76
19 — EtOAc 0
20 2-Cl-AQN (0.1) EtOAc 0f

21 2-Cl-AQN (0.1) EtOAc 26g

22 2-Cl-AQN (0.1) EtOAc 73h

a Reaction conditions: 1a (0.3 mmol) and catalyst in solvent (3 mL) were stirred
and irradiated externally with a fluorescent lamp under oxygen atmosphere at
room temperature for 10 h.

b 1H NMR yields.
c The reaction was carried out with K2CO3 (0.1 equiv).
d The reaction was carried out with AcOH (0.1 equiv).
e The reaction was carried out for 30 h.
f The reaction was carried out in the dark.
g The reaction was carried out under argon.
h The reaction was carried out under air.
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obtained without them (entries 19–21). Interestingly, this reaction
proceeded in good yield, even under an air atmosphere (entry 22).

Table 2 shows the scope and limitations of this oxidation pro-
cess under the aforementioned optimized reaction conditions.23

N-Benzylacetamides that possess an electron donating or
withdrawing group at their aromatic nucleus, produce the
corresponding diacylamines in high to excellent yields (entries
1–6). N-(1-Naphthylmethyl)acetamide (1g) produced the
corresponding product (2g) in only 30% yield (entry 7). N-Benzyl-
3-methylbutylamide (1h), N-(phenylmethyl)-1,1-dimethylethyl
ester carbamic acid (1i), and N-benzylbenzamide (1j) were
converted into the corresponding diacylamines in good yields
(entries 8–10). Unfortunately, N-dodecylacetamide (1k), an
aliphatic amide, was intact under these conditions (entry 11). It
should be noted that this reaction can easily be performed on a
3 mmol scale to give 2a in 76% yield without further optimization
(entry 1).

Scheme 2 shows a plausible mechanism for this oxidation. The
proposed mechanism takes into account the necessity of continuous
irradiation, a catalytic amount of 2-Cl-AQN, and molecular oxygen
for this reaction. The amide initially reacts with AQN⁄, which is gen-
erated from AQN by irradiation with a fluorescent lamp,24 to give
benzyl radical species 3. The radical species 3 trap molecular oxygen
to afford peroxyradical 4, which is subsequently transferred to
hydroperoxide 5 by abstraction of a hydrogen radical from 1 or
AQH. A diacylamine 2 is formed through dehydration from 5.
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In conclusion, we report a novel and practical method for the
preparation of diacylamines by the aerobic photo-oxidation of
amides in the presence of the catalytic amount of 2-Cl-AQN under
visible-light irradiation. This oxidation is a facile and convenient
method from the viewpoint of synthetic organic chemistry and is
relevant from a green chemistry perspective.
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