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Three-component tandem reactions
of (2-arylsulfanyl-3-aryl-2-oxiranyl)(aryl)methanones
and o-phenylenediamine: formation of quinoxalines
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Abstract—A series of new quinoxalines has been obtained from a one pot, three-component reaction of (2-arylsulfanyl-3-aryl-2-
oxiranyl)(aryl)methanones with o-phenylenediamine in the presence of a catalytic amount of acetic acid. This reaction presumably
involves a tandem oxirane aminolysis–cyclisation–elimination–air oxidation–condensation sequence.
� 2007 Published by Elsevier Ltd.
One-pot tandem reactions1 by virtue of their conver-
gence, elegance, economy of cost, labour and time and
ease of execution are powerful for the rapid construction
of diverse organic molecules. These reactions fall under
the fold of green chemistry,2 as they obviate the isola-
tion and purification of intermediates leading to dimin-
ished pollution of the environment.

In continuation of our research programme on the syn-
thesis of novel organic molecules employing tandem
reactions,3 it was planned to synthesise a series of hith-
erto unreported 2,4-diaryl-3-(arylsulfanyl)-1H-1,5-benzo-
diazepines 6 (Scheme 1) from the tandem reactions
of (2-arylsulfanyl-3-aryl-2-oxiranyl)(aryl)methanones 2
with o-phenylenediamine 3, as benzodiazepines are of
paramount biological importance4 and reports on benzo-
diazepines bearing sulfur functionality are scarce.
Interestingly, this reaction, in the presence of a catalytic
amount of acetic acid, led to the formation of new quin-
oxalines 4 and the results are presented in this Letter.
Incidentally, it is pertinent to note that quinoxaline is
also an important pharmacophore which displays a wide
range of biological activities such as anticancer,5 antifo-
lic,6 human dihydrofoliate reductase,7 antibacterial,8

antiprotozoal,8 antiviral9 and antiproliferative.10
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In the present work, the starting materials for the syn-
thesis of quinoxalines, namely, (2-arylsulfanyl-3-aryl-2-
oxiranyl)(aryl)methanones 2 were obtained by the reac-
tion of 1,3-diaryl-2-(arylsulfanyl)-2-propen-1-ones 1
with alkaline hydrogen peroxide in ethanol in excellent
yields (95–98%) at room temperature (Scheme 1).11 Pre-
viously, only one oxirane of type 2 had been prepared by
Kroehnke et al.12 from the same reaction in acetone–
methanol mixture in a lower yield (87%) and longer
reaction time. The yields and melting points of (2-aryl-
sulfanyl-3-aryl-2-oxiranyl)(aryl)methanones 2 prepared
are given in Table 1. The structures of 2 were deduced
from NMR spectroscopic data. The 1,3-diaryl-2-(aryl-
sulfanyl)-2-propen-1-ones 1, in turn, were synthesized
in 70–75% yields by the condensation of substituted benz-
aldehydes with 1-aryl-2-(arylsulfanyl)-1-ethanones using
piperidinium acetate as catalyst.12

The reactions of (2-arylsulfanyl-3-aryl-2-oxiranyl)-
(aryl)methanones 2 with o-phenylenediamine in a molar
ratio of 1:1 in the presence of a catalytic amount of ace-
tic acid in ethanol failed to furnish the expected benzo-
diazepine 6 even in traces. Instead, this reaction led to
the formation of N-[aryl(3-aryl-2-quinoxalinyl)methyl-
idene]-1,2-benzenediamines 4 (Table 2). These reactions,
as expected, did not go to completion as 4 requires a 1:2
stoichiometry of the reactants and hence unreacted 2
was present in the reaction mixture. Consequently, sub-
sequent reactions were performed with a 1:2 molar ratio
of 2 and 3 which led to products 4 in a pure state after
column chromatography as viscous liquids in good
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Scheme 1. Synthesis of quinoxalines.

Table 1. Physical data of oxiranes 2

2 R1 R2 Yield (%) Mp (�C)

a p-Me p-Me 96 88–90
b H p-Cl 95 79–81
c H p-Me 95 81–83
d p-Me H 97 78–80
e p-Me p-Cl 95 87–89
f H H 97 73–75
g p-Cl H 98 91–93
h p-Cl p-Cl 95 90–92
i p-Cl p-Me 95 85–87

Table 2. Physical data of quinoxalinesa 4

4 R1 R2 Yieldb (%)

Reflux MW

a p-Me p-Me 57 67
b H p-Cl 57 65
c H p-Me 60 66
d p-Me H 61 68
e p-Me p-Cl 60 67
f H H 58 68
g p-Cl H 60 70
h p-Cl p-Cl 56 66
i p-Cl p-Me 55 67

a All the products are viscous liquids.
b After purification by column chromatography.

Figure 1. X-ray structure of 5a.
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yields (55–61%), considering the number of steps
involved.13 Presumably, the aromatic stability of 4
provides the impetus for the tandem transformation.

The structures of 4 were deduced from the 1H and 13C
NMR spectroscopic data. As all the quinoxalines were
viscous liquids, quinoxaline 4a was converted into its
solid acetyl derivative 5a14 and its structure deduced
from an X-ray crystallographic study of a single crystal
(Fig. 1), which, in turn, confirmed the structure of 4a as
well.

Quinoxalines 4 presumably arise from tandem reactions
and the mechanism (Scheme 2) envisages an acid catal-
ysed oxirane aminolysis–cyclisation–elimination–air oxi-
dation–condensation sequence. The elimination of
benzenethiol from 8, requiring the phenylthio group to
function as a nucleofuge, can probably be ascribed to
the stabilising conjugative interactions shown in 9 as
well as catalysis by acid (Scheme 2). That this reaction
gives quinoxalines 4 even when a 1:1 molar ratio of 2
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Scheme 2. Mechanism for formation of quinoxalines via tandem reactions.
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and 3 was employed shows that quinoxaline 10 is prob-
ably very reactive towards further condensation with o-
phenylenediamine to afford imine 4. This is probably
due to the protonation of the carbonyl oxygen and/or
nitrogen(s) of quinoxaline 10 by acetic acid, which could
enhance the electrophilicity of the carbonyl functionality
expediting the last step in the sequence.

Reaction between 2 and 3 under solvent-free microwave
irradiation in the presence of a catalytic amount of
acetic acid also furnished 4 in slightly higher yields of
65–70% compared to the thermal reaction in ethanol.13

To the best of the knowledge of the authors, this is the
first synthesis of quinoxalines from the direct reaction
of epoxyketones with o-phenylenediamine. Previously,
syntheses of quinoxalines have been reported from
epoxyketones by converting (i) the latter to 1,2-diones
by treatment with either alcoholic sodium hydroxide
or boron trifluoride, and (ii) reacting the resulting
1,2-diones with o-phenylenediamine or its dihydro-
chloride.15

The present work describes a facile, acid catalysed,
one-pot three-component tandem protocol for the syn-
thesis of novel quinoxalines from readily accessible
oxiranes.
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