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A simple and effective approach for the synthesis of benzaldehydes from benzylic bromides is reported using
sodium nitrate as an oxidant with 10% sodium hydroxide. Benzyl bromide is oxidized to benzaldehyde in
91% yield with 98% conversion at 120 °C, whereas 82% of benzyl alcohol is obtained at a temperature of 80
°C in 80 min with 20% sodium nitrate solution.

Introduction

Aromatic aldehydes can be prepared by the direct introduction
of a formyl group onto an aromatic nucleus through reactions
such as the Gatterman-Koch reaction,1 the Reimer-Tiemann
reaction,2 and the Vilsmeier reaction.3 Moreover, the formyl
group can be generated from an appropriate precursor group
such as a hydroxymethyl, an acid chloride, a halomethyl, or a
methyl group, attached the aromatic ring. In preparation of
aromatic aldehydes from benzyl alcohols, long reaction times
at high temperature may cause undesired autoxidation, which
may produce benzoic acid. There are many methods in ben-
zaldehyde preparation from benzyl alcohol to avoid over
oxidation.4-10 One of the most important methods is the
oxidation of benzylic halides to benzaldehydes because of its
selectivity and lack of formation of benzoic acid. Benzylic
halides can be prepared easily through the photohalogenation
of the aromatic methyl group11 or by the Blanc chloromethy-
lation reaction.12 Benzylic bromides can be simply prepared in
very good yield by two-phase electrolysis of 20-50% NaBr as
an aqueous phase and chloroform containing alkyl aromatic
compound as an organic phase.13

Radical bromination14-16 on benzylic positions has been
achieved using bromine and N-bromosuccinimide.17,18 In ad-
dition, the bromine complex of the styrene vinylpyridine
copolymer19 and bromotrichloroethane20,21 and copper(II) bro-
mide22 have been reported to be effective for benzylic bromi-
nation. The majority of brominating agents require the presence
of peroxide or another radical initiator. Side-chain bromination
using sodium bromate and bromotrimethylsilane has also been
reported23 but in only low yields. By using electrochemical
technology, it is possible to carry out a desired reaction via a
two-phase electrolytic reaction, resulting in high yields and
selectivity. In a two-phase electrolysis system, the reactive
species formed by the electrolytic oxidation of a halide ion in
the aqueous phase can be taken continuously into the organic
layer and then reacted with the substrate to give the products
regioselectively either nuclear24 or side-chain brominated prod-
ucts.13 After the completion of the electrolysis, separation and
concentration of the organic layer affords the product.

By this two-phase electrolysis method using 20-50% sodium
bromide solution containing a catalytic amount of HBr, a
number of alkyl aromatics and substituted alkyl aromatic
compounds gave the corresponding bromo alkyl aromatic
compounds in very good yield [60-91%].13 The reaction
proceeds under mild conditions and in an efficient way in the

presence of a less hazardous brominating agent than Br2,
N-bromosuccinimide and pyridinium tribromide.

The advantages of the electrochemical bromination process
include the in situ generation of bromine, high yield and lower
reaction temperature than the conventional chemical method.
Hence, the preparation of aromatic aldehydes from benzylic
halides, especially from bromides is an attractive route as it
involves no special conditions such as very high temperature,
pressure, and proceeds smoothly without any special catalyst.
Several methods have been developed to carry out this conver-
sion. One such reaction is the Sommelet reaction using hexamine
as a reagent.25 Reagents that convert benzyl halides to benzal-
dehydes include 2-nitropropane-NaOEt in EtOH,26 mercury-
ethanolic alkali,27 p-nitrosodimethylaniline and water(the Krohnke
reaction),28 NaIO4-DMF,29 IBX,30 trimethylamine oxide,31

4-dimethylaminopyridine-N-oxide,32,33 pyridine N-oxide under
microwave irradiation,34 K2CrO4 in HMPA in the presence of
a crown ether,35 and MnO2

36 polyoxy metalate-hydrogen
peroxide.37 In the Kornblum reaction, benzyl halide is refluxed
in DMSO along with sodium bicarbonate to get the correspond-
ing aldehydes.38 The reaction was recently attempted under
microwave irradiation.39

Very recently, Lin et al. reported the oxidation of benzyl
halides to corresponding benzaldehydes using CTAB as phase
transfer catalyst and KNO3, KOH as reagents.40 Major disad-
vantages of the above-mentioned processes are the use of
catalysts, costly reagents, and lengthy reaction time. Even though
HNO3 is used as an oxidant,41 its sodium salt, NaNO3, which
is easy to handle has very few reports as an oxidant.42 To explore
the oxidizing capacity of NaNO3 and to overcome the drawbacks
of above-mentioned preparation methods, herein we report the
oxidation of benzylic bromides to the corresponding benzalde-
hydes using sodium nitrate as an oxidizing agent without using
an organic solvent (Scheme 1).

Experimental Section

To a 100 mL two-neck round-bottomed flask fitted with a
water condenser and dropping funnel, benzyl bromide (1.71 g,
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Scheme 1. Synthesis of Benzaldehydes from Benzyl Bromides
Using NaNO3

a

a R ) H, Cl, Br, t-butyl, CH3, CH2Br, NO2.

Ind. Eng. Chem. Res. 2010, 49, 6670–66736670

10.1021/ie901986g  2010 American Chemical Society
Published on Web 06/25/2010



10 mmol), sodium nitrate (0.850 g, 11 mmol), and water (1.5
mL) were taken and sodium hydroxide solution (0.440 g, 11
mmol, in 5 mL water) was added dropwise over a period of 4 h
at 120 °C with vigorous stirring. The reaction was monitored
by HPLC (Shimadzu) using methanol and water (80:20) as
eluent. When the reaction is over, then the reaction mixture was
cooled and extracted with diethyl ether (3 × 25 mL), washed
with cold water to remove any alkalinity, and dried over
anhydrous sodium sulfate. The removal of solvent affords 1.0 g
benzaldehyde (91% yield).

Result and Discussions

This protocol demonstrates the direct conversion of benzylic
bromides to the corresponding benzaldehydes in good yield.
The conversion of benzyl bromide to benzaldehyde was taken
as a model reaction for optimization. The reaction was carried
out at different temperatures with different concentrations of
sodium nitrate. At optimum conditions, benzaldehyde was
obtained in 91% yield as a product at 120 °C, while benzyl
alcohol, an industrially important compound formed in 82%
yield with a minor amount of benzyl nitrate at 80 °C using 20%
sodium nitrate solution. Hence, the reaction temperature plays
a crucial role in the formation of different products. Among
the other nitrate salts used, potassium nitrate performs equally
well, but sodium nitrate is preferred due to its low cost. During
the reaction, the reaction mixture was stirred well at a stirring
rate of 400 rpm.

The oxidation mechanism of the present reaction is well-
documented in the literature.27 The formation of benzyl nitrate
followed by the treatment of sodium hydroxide results in the
transformation of nitrate esters to the corresponding aldehydes.
The reaction takes place in the following manner.

Under optimized conditions, various benzyl bromides were
treated with sodium nitrate solution at 120 °C to obtain the
corresponding benzaldehydes (Table 1). In the present method,
we are using NaNO3 and sodium hydroxide as cheap reagents
and aldehydes are obtained in high yield.

Though there are two phases (organic and aqueous) present
at the start of the reaction, it become homogeneous at higher
temperature and vigorous stirring. After completion of reaction,
the phase separation occurs when the reaction mixture attains
room temperature. The phase separation has the advantage of
isolating the product by simple extraction with organic solvent.

It is observed that the benzyl bromides of unsubstituted,
substituted with electron donating groups undergo the reaction
in shorter duration with a high yield of benzaldehydes (entry
1,2), while the mild, strong electron withdrawing group
substituted benzyl bromides require 2-5-fold reaction time for
the same conversion to occur (entry 6,7) along with benzyl
nitrate as side product. In all the cases, the conversions are
>95%. This process is carried out in organic solvent free
conditions and affords high product yield. In the case of

substrates carrying hydrophobic substituents of large size (Table
1, entry 4), use of polar organic solvent such as 1,4-dioxane
reduces the reaction time to 5-fold. The use of cheap sodium
nitrate, sodium hydroxide as reagents, and water as solvent
makes the process economic and attractive.

In the conversion of benzylic bromides to benzylic
alcohols, 20% sodium nitrate solution was used as oxidant
and the temperature of the reaction mixture was maintained
at 80 °C for a specific time as mentioned in Table 2.
Unsubstituted benzyl bromide gave 82% benzyl alcohol, and
the other bromides substituted with electron donating or
electron withdrawing groups gave only 30-35% benzyl

Table 1. Distribution of Products in the Conversion of Benzylic
Bromides with Sodium Nitrate As Oxidant at 120 °C

a The structures of the products were established from the spectral
data (1H NMR, FTIR) and by comparison with the authentic samples by
HPLC analysis. b Isolated yield. c Reaction time is reduced to 4.5 h
when 1,4-dioxane is used as solvent.
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alcohols along with an equal amount of benzyl nitrate ester.
The formation of benzylic alcohols when the temperature is
80 °C is probably suggesting an initial nucleophilic substitu-
tion of the bromine, to form a nitrate which could evolve
both by hydrolysis or oxidation depending on the reaction
conditions.

Conclusion

In summary, the oxidation is carried out at 120 °C with
sodium nitrate solution under organic solvent free condition.
Under optimal reaction conditions a wide range of benzylic
bromides can be converted into corresponding aldehyde in
high yield. Benzylic alcohols are formed from benzylic
bromides using 20% sodium nitrate at 80 °C. This method
avoids the usage of harmful organic solvent and the reaction
occurs under very mild conditions with simple and clean
workup.
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