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Hypervalent iodine oxidation of benzil-a-arylimino oximes:
an efficient synthesis of 2,3-diphenylquinoxaline-1-oxides
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Abstract—A mild and efficient synthetic protocol for the oxidation of benzil-a-arylimino oximes 3 utilizing iodobenzene diacetate
(IBD) as an oxidizing agent has been developed. Oximes 3, obtained by the condensation of (E)-benzil monoxime 2 with various
appropriately substituted anilines 1, on treatment with iodobenzene diacetate in dichloromethane at room temperature underwent
oxidative cyclization to afford 2,3-diphenylquinoxaline-1-oxide 4 in excellent yields.
� 2006 Elsevier Ltd. All rights reserved.
Among various classes of heterocyclic compounds, quin-
oxalines constitute an important component of pharma-
cologically active compounds. The quinoxaline ring is a
part of various antibiotics, for example, echinomycin,
levomycin and actinoleutin,1,2 which inhibit the growth
of Gram positive bacteria and are active against various
tumours.3 In addition, quinoxaline derivatives, espe-
cially, quinoxaline-N-oxides are associated with a wide
spectrum of biological activity ranging from antiinfec-
tive4–6 and anticancer7 to antimycobacterium tuberculo-
sis8 and angiotensin II receptor antagonists.9 Moreover,
quinoxaline-N-oxides are also of great synthetic utility
since they permit functional group and structural modi-
fications which are not easily accessible by other
methods.10,11

A perusal of literature revealed that most common syn-
theses of quinoxaline-N-oxides involved oxidation of
the parent heterocycle by oxidants such as Ac2O–H2O2,
m-chloroperbenzoic acid, monoperoxyphthalic acid,
etc.11 However, the versatility of this method is some-
what limited as the reaction lacks regioselectivity and
results in the formation of mixtures of mono and di-N-
oxides. Also, most of these reagents require carefully
controlled reaction conditions as, though uncommon,
explosions may occur. Recently, Maroulis et al.12

reported an alternative synthesis of quinoxaline-N-oxi-
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des involving oxidative cyclization of benzil-a-arylimino
oximes with lead tetraacetate (LTA). Though regioselec-
tivity was achieved using this approach, the high toxicity
associated with LTA makes its use rather undesirable.
Keeping these observations in mind and in continuation
of our efforts to explore the utility of iodine(III)
reagents13–15 in the synthesis of a wide variety of hetero-
cyclic compounds possessing various biological activi-
ties, we herein report an efficient method for the
synthesis of 2,3-diphenylquinoxaline-1-oxides 4 using
iodobenzene diacetate (IBD) as the oxidant. The proce-
dure is facile, regioselective and avoids the use of highly
toxic and hazardous reagents.

The general method employed to prepare the title com-
pounds 4a–i is outlined in Scheme 1. The key intermedi-
ates, benzil-a-arylimino oximes 3 were prepared in
varying yields by condensation of (E)-benzil monoxime
2 with appropriately substituted anilines 1 in aqueous
ethanol according to the literature method.12 Subse-
quently, oxidative intramolecular cyclization of oximes
3 with 1.1 equiv of IBD in dichloromethane at room
temperature provided the desired 2,3-diphenylquinoxa-
line-1-oxides in 60–75% yields (Table 1).16

The known products 4a–f were identified by comparison
of mps with those reported in the literature. The struc-
tures of novel compounds 3g–i and 4g–i were confirmed
from their spectral data17 (IR, 1H, 13C NMR and
HRMS) and elemental analysis. The IR spectrum of 3
revealed a characteristic absorption band for the @N–
OH functional group at 3153 cm�1. The 1H NMR
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Scheme 1.

Table 1. Physical data of the 2,3-diphenylquinoxaline-1-oxides 4

prepared

Compound R1 R2 R3 Mp (�C) Lit.12 mp
(�C)

Yielda,b

(%)

4a H H H 206–207 205–206 60 (48)
4b H CH3 H 202–204 203–204.5 66 (64)
4c CH3 H H 182–184 180–182 62 (51)
4d H OCH3 H 225–226 227–228 65 (27)
4e H Cl H 211–212 210–211 70 (66)
4f Cl H H 156–158 156–157 60 (41)
4g H Br H 200 75
4h H F H 180 62
4i H F Cl 152–154 70

a Isolated yield.
b Reported yield given in parentheses.
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spectra of 3 displayed the oxime proton (@N–OH) as a
broad singlet in the range d 10.83–11.27. The disappear-
ance of this singlet confirmed that benzil-a-arylimino
oximes 3 has been converted into cyclic 2,3-diphenylqui-
noxaline-1-oxides 4. Also, the IR spectrum of 4 showed
the disappearance of the stretching @N–OH band.

A plausible mechanism for the transformation of 3 to 4 is
outlined in Scheme 2. Initial electrophilic attack of IBD
on the oxime 3 gives an I(III) intermediate 5, which
undergoes reductive loss of iodobenzene along with elim-
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Scheme 2.
ination of acetic acid to afford nitroso derivative 6. Cycli-
zation of 6 via an entropy favoured electrophilic process
gives intermediate 7, which loses a second mole of acetic
acid to yield quinoxaline-N-oxide 4.

In summary, the reported oxidative cyclization offers an
interesting entry to 2,3-diphenylquinoxaline-1-oxides.
PhI(OAc)2 is a valuable substitute for Pb(OAc)4 in oxi-
dation reactions. This is a useful modification as it has
advantages of milder and safer reaction conditions and
higher yields.
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