
Oxidation of benzoins is one of the important routes of the prepa-
ration of benzils. It has been reported that benzoins can be oxi-
dised to benzils by nitrosonitric acid, CuSO4/Py, Fe(CN)6

3-/OH-

and Bi2O3/H
+ in water solvent1–5 or by Ph3PBr2/MeCN6,

DMSO/(COCl2)2/CH2Cl2
7, PhCH2

+NEtBr3/MeCN,8 NBS/CCl4
,9

Clayfen/n-C6H14,
10 Bu2SnO and Bu2Sn(OMe)2,

11 Ti(OPr-i)12

and (CH3)2NHCrO3Cl/SiO2
13 in organic solvent. However, most

of the processes mentioned above suffer from drawbacks such as
extended reaction times, tedious purification and undesirable side
products. Consequently, easy, rapid, convenient and environmen-
tally benign protocols for the oxidation of benzoins are required.

Microwave irradiation has been successfully applied in
organic synthesis. Recently, reaction facilitated by
microwaves under solvent-free condition have attracted more
attention because of their enhanced selectivity, milder reaction
conditions and associated ease of manipulation. Therefore
microwave-assisted reactions for oxidation of benzoins14, 15

are popular. 
Hydrated ferric nitrate, Fe(NO3)3⋅9H2O, is an excellent oxi-

dant,10, 16–18 and has also been used as dehydrogenating
agent.19 In this paper, we report two new methods of prepara-
tion of benzils under solvent-free condition with
Fe(NO3)3⋅9H2O as the oxidant. A series of benzoins undergo
rapid oxidation with Fe(NO3)3⋅9H2O to afford vicinal dike-
tones, showing that Fe(NO3)3⋅9H2O is a useful oxidant for
these reactions. The benzils that were prepared are listed in
Table 1.

We found that Fe(NO3)3⋅9H2O can oxidise benzoins to ben-
zils in 15–20 minutes as long as certain temperatures are used
(method A). Here, we optimised the reaction temperature at
100°C (over 100°C the resulting products would be difficult to
filter and below 100°C the reaction time would be longer).
However, under the microwave condition, the reaction time is
shortened to 0.5–1 minute (method B). Thus it can be seen that

the reaction rate was accelerated by microwave irradiation.
The yields of benzils are good under both two conditions.

We find the reaction of oxidation failed to proceed when
Fe(NO3)3⋅9H2O was replaced with Fe2(SO4)3 or K3Fe(CN)6.

Compared with the reaction method using the clay-
supported Iron (III) nitrate (clayfen)10,16 as the oxidant,
Fe(NO3)3⋅9H2O was directly used as the oxidant in our
method. This resulted in a greater ease and simplification of
the oxidative reaction. Furthermore, the reaction time was
shortened dramatically and the strict procedures with potential
hazard and extended work-up and preparation were avoided.
The stability of the oxidant was taken into consideration.

Experimental

Melting points were determined with a Kofler micro melting point
apparatus and were uncorrected. The reactions were carried out in a
common oven or in a Galanz Cambi-Grill microwave oven (750 W)
at minimal power level. General procedure for the synthesis of ben-
zils 2a–2f by methods A, B are described below. All the products were
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Table 1 Prepared benzils by the oxidation of benzoins with Fe(NO3)3·9H2O as the oxidant

Entry
Method A Method B m.p./°C

Reaction times/min Yields/% Reaction times/min Yields/% Found Reported

2a 15 95 0.5 93 92–94 94–96 20

2b 20 91 1.0 92 130–134 132–13420

2c 15 93 0.5 95 80–82 8322

2d 20 90 1.0 94 193–195 195–19720

2e 15 94 0.5 95 102–104 101–10420

2f 20 92 1.0 90 160–163 162–16421

Scheme 1



characterised by comparing the melting point of the authentic sam-
ples.20,21

Method A: Benzoin (1 mmol) and Fe(NO3)3⋅9H2O (1 g) was mixed
thoroughly and then put into an oven which was kept at 100°C for
15–20 minutes till the colour of the mixture changed to red-brown.
Acetone (10m) was added to the crude mixture, then mixed thor-
oughly. After that, 30 ml of cold water was added and faint yellow
products were precipitated. The products was isolated by filtration,
recrystallised with methanol, the products were dried under vacuum.

Method B:Benzoin (1 mmol) and Fe(NO3)3⋅9H2O (1 g) was mixed
thoroughly and then irradiated in a microwave oven for 0.5~1 min.
The later steps in the procedure were the same as in method A.
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