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a b s t r a c t

A modified one-pot method for the synthesis of unsymmetrical and heteroaryl benzils from substituted
acetophenones and unactivated or weakly activated arenes by the use of H2SeO3 and p-TsOH�H2O as cat-
alysts at 35 �C is established. The present method is regioselective and avoids the use of p-TsOH�H2O in
stoichiometric amount in the presence of H2SeO3 and afforded unsymmetrical benzils in good yields.

� 2012 Elsevier Ltd. All rights reserved.
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The versatility of benzils as organic intermediates is well known
as is evidenced by their practical applications, that is as starting
materials for the synthesis of heterocycles,1 and as photosensitive
agents.2 They also exhibit potential for various biological activities
like inhibition of mammalian carboxylesterases (CE).3 The last two
decades have seen a lot of efforts directed towards the synthesis of
both symmetrical and unsymmetrical benzils.4,5 The preparation of
these 1,2-diketo compounds has been accomplished by several
methods such as oxidation of olefins with selenium dioxide,6,7 or
potassium permanganate,8,9 a-hydroxyketones by atmospheric
oxygen,10,11 acetylenes with potassium permanganate,12 methy-
lene ketones by selenium dioxide,13,14 bismuth nitrate–copper(II)
acetate,15 or oxygen in the presence of Fe(III)–EDTA.16 Although,
the reported methods are quite effective, they are often limited
to the synthesis of symmetrical benzils in most of the cases with
the exception of a few where the preparation of unsymmetrical
benzils also requires the use of expensive starting materials.

Based on our earlier work17 and the ongoing study on the
synthetic application of SeO2 for C–C bond formation,18 we have
further established a modified method for the synthesis of benzils
by using selenous acid (H2SeO3) and catalytic amount of p-toluene-
sulfonic acid monohydrate (p-TsOH�H2O), in contrast to the previ-
ous method where equivalent amount of p-TsOH�H2O is required.
The present methodology thus describes the oxidative coupling
involving the use of substituted acetophenones and unactivated
or weakly activated arenes as the starting materials in the presence
ll rights reserved.
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of H2SeO3, catalysed by p-TsOH�H2O. It may be noted that contrary
to the usual pathway where the aryl methyl ketones are oxidized
by SeO2 to glyoxals17,19 and the reported intramolecular condensa-
tion of 2-([1,10-biphenyl]-2-yl)-2-oxoacetaldehyde to give phenan-
threnequinone,20 we wish to report here a modified one-pot
synthesis of unsymmetrical benzils by the oxidative coupling
between aryl/heteroaryl methyl ketones and unactivated arenes
in the presence of H2SeO3 and p-TsOH�H2O as catalysts at 35 �C
(Scheme 1).

In the initial reaction, when acetophenone (1a) (1.0 mmol) in
the presence of H2SeO3 (2.00 mmol), and p-TsOH�H2O (10 mol %)
in dry benzene (5 mL) was heated at 80 �C for 24 h, the product
(3a) was obtained in 30% yield. However, after optimization, the
same reaction in the presence of 30 mol % of the catalyst proceeded
to afford 3a in 65% within 14 h (Table 1, entry 1). During optimiza-
tion it was observed that the use of 1 and 1.5 equiv of H2SeO3

resulted in the low yields of the product in each case. Evidently
H2SeO3 is required in both the oxidation step where the ketone
Ar = aryl, Het = heteroaryl; Ar' = benzene, toluene, xylene,
anisole, naphthalene, anthracene

Scheme 1. Synthesis of unsymmetrical benzils.
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Table 1
One-pot synthesis of unsymmetrical benzils (3) via Scheme 1

Entry Substrate 1 (Ar/Het) Substrate 2 (Ar0) Time (h) Productb,c 3 Yielda (%)

1 C6H5 (1a) C6H5 (2a) 14

O

O
(3a)

c

65

2 4-BrC6H4 (1b) 2a 14

O

O
Br

(3b)c

63

3 1b CH3C6H4 (2b) 14

O

OBr
(3c)c

60

4 3-NO2C6H4 (1c) 1,2-(CH3)2C6H3 (2c) 14

O

O
O2N

(3d)c

65

5 4-NO2C6H4 (1d) 2b 14

O

O
O2N

(3e)c

68

6 3-NHCOCH3C6H4 (1e) CH3OC6H4 (2d) 14

O

O

O
H
N

O
(3f)c

70

7 1d 1-Naphthyl (2e) 12

O

OO2N
(3g)c

70

8 2,4-(CH3)2C6H3 (1f) 2e 12

O

O
(3h)c

62

9 3-CH3OC6H4 (1g) 2e 12

O

O
H3CO

(3i)c

65

10 2-OHC6H4 (1h) 2e 12

O

O

OH

(3j)
c

69

11 1e 2e 12

O

O

H
N

O

(3k)
c

75
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Table 1 (continued)

Entry Substrate 1 (Ar/Het) Substrate 2 (Ar0) Time (h) Productb,c 3 Yielda (%)

12 2-Furanyl (1i) 2e 12

O

OO
(3l)

c

57

13 5-Methyl-2-furanyl (1j) 2e 12

O

OO

(3m)

61

14 2-Thiophenyl (1k) 2e 12

O

OS

(3n)c

65

15 2-ClC6H4 (1l) 9-Anthracenyl (2f) 13

O

O

Cl

(3o)c

63

16 1c 2f 13

O

O
O2N

(3p)c

64

17 2,4,6-(CH3)3C6H2 (1m) 2f 13

O

O
(3q)c

56

18 4-OHC6H4 (1n) 2f 13

O

OHO
(3r)c

54

19 1j 2f 13
O

OO
(3s)

56

20 1k 2f 13

O

OS
(3t)c

58

21 2-Naphthyl (1o) 2e 12

O

O
(3u)c

70

a Isolated yields.
b Products were fully characterized by recording their 1H, 13C NMR, IR spectral and elemental analyses and comparing with the authentic samples.
c Literature Ref. 17.
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Scheme 2. Plausible mechanism.
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is oxidized to the glyoxal and the subsequent arylation step. It was
also observed that the use of anhydrous p-TsOH resulted in low
yields of the product besides the increase in reaction time. This
observation indicates that the presence of water may be necessary
to promote the reaction.

Similarly the substrate 1b furnished the product 3b in 63% with
H2SeO3 (2 equiv), and p-TsOH�H2O (30 mol %) at 80 �C (Table 1, en-
try 2).

In another trial the reaction of 1b with toluene (2b) afforded the
product 3c in 60% within 14 h at 35 �C without the need to raise
the temperature. The methodology was then extended to the reac-
tion of 1c and 1d with the weakly activated arenes 2b and 2c and
in both cases the substituted acetophenones reacted cleanly with
the arenes 2b and 2c at 35 �C to give the desired benzils (3c–d)
in good yields (Table 1, entries 4 and 5). Notably substituted ace-
tophenones bearing N-acetyl groups such as 1e also undergo the
same coupling reaction with stoichiometric amount of anisole
(2d) in acetonitrile at 35 �C (Table 1, entry 6).

Encouraged by these results the broad scope and limitation of
the methodology were studied by the reaction of various substi-
tuted acetophenones with polynuclear hydrocarbons such as naph-
thalene (2e) and anthracene (2f). Irrespective of the presence of
electron withdrawing or donating groups such as chloro, nitro,
methyl, methoxy and hydroxy on the ortho, meta or para-positions,
the aryl methyl ketones 1c–h and 1l–n reacted smoothly with stoi-
chiometric amount of polynuclear hydrocarbons 2e–f in the pres-
ence of H2SeO3 (2 equiv) and p-TsOH�H2O (30 mol %) in
acetonitrile at 35 �C (Table 1, entries 7–10 and 15–18) in consis-
tently good yields. Furthermore, the substituted acetophenone 1e
also reacted smoothly with 2e under the experimental condition
to give benzil 3k in 75% yield in 12 h. 21

The present method was further extended to the reaction of
heteroaryl or fused aromatic methyl ketones with 2e and 2f. The
same reaction trend was observed for the oxidative coupling of
1-(2-furanyl)ethanone (1i), 5-methyl-(2-furanyl)ethanone (1j),
1-(2-thiophenyl)ethanone (1k) and 1-(2-naphthyl)ethanone (1o)
with 2e and 2f to give the corresponding 1,2-diketone in 56–70%
yields (Table 1, entries 12–14 and 19–21)21. Notably, the reaction
goes to completion in each case as the starting ketone is com-
pletely consumed. Besides the isolated product, no other products
could be isolated except for several minor impurities which were
not further identified. However, the nitrogen containing aromatic
methyl ketones, for example, pyran and pyrrole, and the haloge-
nated arenes do not give the desired results. All the unsymmetrical
benzils synthesized were fully characterized by 1H, 13C NMR, IR
spectral and elemental analyses and by comparison with authentic
samples.17,22
It is important to highlight that the use of H2SeO3 and catalytic
amounts of p-TsOH�H2O offered a cleaner reaction with perceptible
increase in the yield of the products especially in the case of 3l, 3n
and 3t where, the isolated yields range between 57%, 65% and 58%,
respectively, which is a significant improvement from the earlier
procedure (Table 1, entries 12, 14 and 20).17 The present method
also allows for the regioselective formation of the products 3c–f
and also afforded the unsymmetrical benzils substituted at C1
and C9 for the reaction of 2e–f as shown in Table 1.

The initial conversion of the aryl methyl ketone 1 to glyoxals
(4)17,19 by H2SeO3 and the acid catalysed formation of the O–Se
bond through carbonyl oxygen of the aldehydic group in the pres-
ence of p-TsOH�H2O generate a strong electrophilic centre at the
aldehydic carbon of 5 (path a). The attack of the electron rich arenes
2 to the electrophilic centre presumably resulted in the formation
of the selenium intermediate (6). Finally, oxidative decomposition
of the selenium intermediate (Scheme 2) led to the formation of
unsymmetrical benzils (3). Alternatively, the glyoxal (4) may un-
dergo acid (H+) catalysed Friedel Craft reaction with arenes to give
the intermediate 6 as shown in Scheme 2 (path b).

In summary, we have developed a modified one-pot method for
the preparation of unsymmetrical and heteroaryl 1,2-diketones
from substituted acetophenones and unactivated or weakly acti-
vated arenes by the use of H2SeO3 catalysed by p-TsOH�H2O. The
present oxidative coupling process avoids the use of p-TsOH�H2O
in stoichiometric amount in the presence of H2SeO3 and in many
instances gave better yields of the products. The method is general,
regioselective and provides an important alternative for the syn-
thesis of unsymmetrical benzils.
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