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Abstract: Industrially useful class of intermediate such as
benzil can be obtained by the oxidation of benzoin, which has
been explored extensively. Until now, lanthanum oxide has been
not explored for the oxidation of benzoin. Here we report the
oxidation of benzoin by the rare earth oxide, lanthanum oxide,
which converted quantitatively the oxidized product, benzil,. The
product was characterized by FTIR and NMR
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I. INTRODUCTION

P

harmaceutical industry rely on the 1,2-Diketones for

the synthesis of medicinally active compounds. The most
viable method of preparation of 1,2-diketone is the SeO2
oxidation of monoketones having a free methylene group at
the α-position, which will be oxidized to ketone efficiently
[1]. However, SeO2 is the most toxic element, which can lead
to many medical complications, even in the trace amount
present in the drugs. The alternative synthesis of diketone,
especially aromatic diketone could be through the
intermolecular coupling reaction of benzaldehyde and its
derivatives to generate the α-hydroxy aromatic ketone [2]. A
simple example such compound is benzoin. Benzoin has been
synthesized from benzaldehyde and the reaction was
catalyzed by metal cyanides, thiamine and many others.[3],
[4], [5]. Thus, the conversion of bezoin to bezil becomes
important, because, benzoin often over oxidized or
rearranged to other unexpected product [6], [7]. Besides,
stability of benzil is unimportant for the quantitative
conversion of the oxidation of benzoin to benzil. Besides,
1,2-diketones are the starting materials for the synthesis of
glycoluril and its functionalized glycolurils have been
extensively used for the synthesis of cucurbiturils and its
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derivatives. Nakamura et.al [8] have utilized benzil for the
synthesis of diphenyl cucurbiturils and subsequently
functionalized benzils have been used for the synthesis of
diamino-diphenyl cucurbituril derivatives [9]. Therefore, a
facile synthetic methodology for synthesis of benzil and its
derivatives will be very useful for the Pharma industry and for
the research purposes.
Benzoin can be oxidized to benzil by several agents. There
are merits and demerits on these reagents. It can be
categorized based on the source of oxygen supply to the
benzoin. For example, Inorganic nitrates and metal oxides are
the excellent sources for the supply of oxygen to the starting
materials. Some of the representative nitrates are hallium
nitrate [10], ammonium nitrate–copper acetate [11], bismuth
nitrate–copper acetate[12], and ferric nitrate [13]. Many of
transition metal oxidation agents are excellent oxidation
reagents. Among them, a few representative examples are
ferric oxide–aluminum oxide [14], VOCl3 [15], chromium
trioxide on Kieselguhr [16], silica-supported MnO2 [17],
ammonium chloro chromate, adsorbed on alumina [18] or
silica [19], alumina or silica gel [20] and commercial alumina
[21]. Besides, metal nitrates and oxides, there have been
reagents such as (Mn (III) (pydx-en) Cl (H2O))-Y in
combination with H2O2 also used for this organic
transformation [22]. Benzoin can be oxidized by
electrochemically by the addition of KI as an electrolyte to the
basic media; which indicates that molecular oxygen can also
be used for such oxidation. Despite of all these methods
existing for the simple oxidative conversion of secondary
alcohol to ketone, there is potential possibility of over
oxidation or cleavage of benzoin to the starting materials such
as benzaldehyde and benzoic acid. On the other hand, the
reaction required highly basic condition, which led to many
unwanted rearranged products. Other drawbacks of this
reaction include the usage of corrosive acids or toxic metallic
reagents, which produced many undesirable products.
Therefore, a facile and convenient reagent for the conversion
of benzoin to benzil is high desirable for benefit of the
pharmaceutical industries and for the synthesis of new
cucurbituril derivatives. In this paper, we report an easy and
convenient method for the efficient and selective oxidation of
benzoin to benzil under reflux conditions in basic media
using lanthanum oxide as a oxidizing agent (Scheme 1)
II. EXPERIMENTAL SECTION
Chemicals and solvents were purchased from Aldrich,
USA; Avra Synthesis Private Ltd, Otto Chemie Pvt Ltd.
Fourier Transform Infrared Spectrophotometer were recorded
as KBr pellets on a Shimadzu
IR Tracer-100 IR Tracer 100.
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H NMR spectra were recorded at 400 MHz spectrometer
using CDCl3 as the solvent and tetramethylsilane as the
internal standard. Thin layer chromatography (TLC) was
performed On precoated TLC-aluminium foil (silica gel 60)
silica plates.
Synthesis of Benzil from benzoin

TLC was monitored, which indicated the formation of the
product, as the product was verified by the authentic sample.
As shown in Fig.1, the TLC indicates that benzoin was
quantitatively converted to benzil and the product could be
recrystallized by ethanol. The product was further confirmed
by the 1H NMR as represented in fig. 1. The significant peaks
of symmetrical benzene peaks of benzil appeared at 7.54, 7.65
and 7.99 confirmed the product formation.

Oxidation of Benzoin was performed using lanthanum oxide
as a oxidizing agent as given below. In a 50 mL round bottom
flask, 500 mg of benzoin ( 2.3 mmol) as taken and 30 mL of
ethanol and 700mg of La2O3 were added and to it 2 mL of
NaOH solution (1 M) was added. The reaction mixture was
stirred and refluxed for 4 hrs. The completion of the reaction
was monitored by TLC (petroleum:ethyl acetate). The
yellowish reaction mixture was filtered, and washed the solid
product using excess ethanol and the filtrate was evaporated
to obtain yellow solid, which was recrystallized in hot ethanol
to obtain pure benzil compound (yellow crystals). The
product was confirmed by the FTIR and NMR. Benzil:
1
HNMR (CDCl3, 400 MHz) δ (ppm): 7.54 (d, 4H, J = 7.6 Hz),
7.65 (t, 2H, J = 7.6 Hz), 7.99 (t, 4H, J = 7.6 Hz) IR (KBr) Cm-1
1650 (C=O, s), 1446, 1591(C=C, m), 719 (CH, m).
Fig. 1. TLC and NMR spectrum of Benzil

Scheme 1. Conversion of Benzoin to Benzil

III. RESULTS AND DISCUSSION
Synthesis of benzil was attracted to us, because we were
interested to prepare various substituted diketone for the
synthesis of functionalized cucurbiturils and anticipated that
such functionalized cucurbituril could be explored in targeted
drug delivery purposes. Our initial attempt to synthesis the
benzil compounds using SeO2 gave poor yields and unable to
isolate the product in pure form. Furthermore, selenium metal
deposition in the reaction flask caused serious problems. Our
next attempt to use hydrogen peroxide as an oxygen source
also failed to give good yield with benzil. Thus, our next
attempt was on the lanthanum oxide, which has not been
explored for the purpose of oxidation of secondary alcohol as
well as for the conversion of benzoin to benzil. We heated the
benzoin with lanthanum oxide for a long duration, which
showed no indication of product, despite of treatment of
benzoin subjected to microwave irradiation and long duration
of heating the reaction mixture. All our other attempts such as
stirring long duration at room temperature and addition of
organic acid and mineral acid also did not render the expected
product. When we examined the literature, we noticed that
many of the reactions have been carried out under basic
conditions. Thus, we added 2 mL of 1M NaOH solution to the
reaction mixture containing lanthanum oxide and benzoin,
which immediately turned the solution to yellow and that
indicated the hope of getting the expected product. Upon
optimizing the condition, we obtained the best results.
Briefly, 500 mg of benzoin was treated with 700 mg of
lanthanum oxide in ethanol solvent and to that 2 mL of 1 M
NaOH waa added and heated the reaction mixture for 4 hrs.
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As shown in fig.1, the significant peaks of benzoin hydroxyl
group at 4.6 and the adjacent hydrogen at 5.95 ppm
disappeared. Furthermore, multiple peaks at 7.2 – 7.4 slowly
changed to the symmetrical peaks at 7.54 and that indicates
the conversion of benzoin to benzil. This was further
confirmed from the FTIR obtained for the benzil as shown in
fig.2. The significant peaks of 1660, 1594 and 1579 indicates
the presence of C=O, arene C=C and the absence of hydroxyl
peaks indicates the conversion of benzoin to benzil (fig. 2)
We have proposed the following mechanism for the
conversion of benzoin to benzil (Fig. 3). The first step in the
conversion of benzoin to benzil could be the dehydrogenation
of secondary alcohol by the based sodium hydroxide, and
subsequently upon heating with La2O3 the sodium cation
could be replaced by the lanthanum and the oxide of
lanthanum could provide the source for oxygen for the
oxidation, which rendered the final product of benzil. As
mentioned above, lanthanum oxide alone could not able to
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Figure 2. FTIR of Benzil
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perform the oxidation of benzoin. Therefore we anticipated
the participation of base in the mechanism.

Figure 3: Proposed mechanism for the conversion of benzoin to
benzil

IV. CONCLUSION
For the first time benzion oxidation has been demonstrated
using lanthanum oxide in combination with sodium hydroxide
and the product, benzil was recrytallized by ethanol. The
reaction was performed in ethanol solvent under basic
condition. No conversion was observed in neutral condition
and by excluding the base, sodium hydroxide. Overall, the
present method provides a facile conversion of benzoin to
benzil with ease of isolation and purification.
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