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Several primary aromatic amines, substituted with electron-donating groups, were converted to their corresponding
nitro compounds in good to excellent yields with sodium perborate tetrahydrate (SPB) in micellar mediain the
presence of a catalytic amount of tungstophosphoric acid (HzPW-nH0).

I ntroduction

Oxidation of anilines to their nitro compounds is an important
chemical transformation. Oxidation of aromatic primary amines
has attracted the attention of chemists in recent years.l The
nature of the oxidation products formed depends on the type of
the oxidant used and the reaction conditions, i.e. agueous or
non-aqueous media and the pH employed for the reaction. For
this purpose methods are well documented. Various reagents,
including metal compounds, organic peroxides and hydrogen
peroxide, have been used to form oxygen-containing derivatives
of anilines.2 Some of the procedures described in the literature
suffer from harsh reaction conditions, over-oxidation, low
yields of the desired products, and unavailability of the
reagents. The non-toxic, inexpensive and easily available
peroxygen compound sodium perborate (SPB)(NaBOz-nH,0, n
= 1-4) is extensively used in the detergent industry as a
bleaching and antiseptic agent as well as in organic synthesis.
SPB isagood substitute for potentially hazardous concentrated
H,O,. SPB has been extensively used for functiona group
oxidation in organic synthesis and has recently been reviewed.3
McKillop has reported the use of a large excess of sodium
perborate (NaBOs) in acetic acid at 50-55 ° C for the oxidation
of anilines containing electron-withdrawing groups to the
corresponding nitro arenes. In contrast, anilines with electron-
donating groups were readily over-oxidized affording the crude
nitro arenes* in only low yields and the method was recognized
to be unsuitable for this type of oxidation. The use of water as
a medium for promoting organic reactions (and also as the
solvent in which thevast mgjority of biochemical processestake
place) is very important and in recent years has received much
attention.> Micelles, which are dynamic clusters of surfactant
molecules which possess both hydrophilic and hydrophobic
structures, may associate in aqueous media to form dynamic
aggregates.® It is well established that, in many cases, the rates
and pathways of many chemical reactions can be altered by
performing the reactionsin micellar mediainstead of pure bulk
solvents. Micelles can concentrate the reactants within their
small volumes; stabilize substrates, intermediates or products
and orient substrates so that ionization potential and oxidation—
reduction properties, dissociation constants, physical properties
and reactivities are changed. Thus they can alter the reaction
rate, mechanism, and regio- and stereo-chemistry.” Micellar
solubilization has been exploited to speed up and sometimes
change the product distribution of several types of reactions.®
Tungstophosphoric acid salts have also been used as catalysts

DOI: 10.1039/b100955i

for organic reactions and their properties and uses are
extensively studied.®

Here we report that a variety of anilines are smoothly and
efficiently oxidized to nitro compounds in the presence of a
large excess of SPB in aqueous basic media (rather than acidic
mediain the absence of organic co-solvents). The reaction was
conducted in the presence of cetyltrimethylammonium bromide
(CTAB) as the micelle source and tungstophosphoric acid
(H3F>\N12040'nHZO) as the Catalya

Results and discussion

The use of sodium perborate (SPB) in water as the reaction
medium, cetyltrimethylammonium bromide (10 cmc, 0.02 M)
as a surfactant and tungstophosphoric acid (HsPW-nH,0) as a
catalyst (0.01-0.2 mmol) promote facile oxidation of aniline
and anilines substituted with electron-donating groups.

In order to show the important effect of the micellar media
upon the reactions in this investigation, oxidation of anilinein
water by SPB in the absence of surfactants was studied.
Detection by GC showed that even after 24 h a room
temperature, nitrobenzene formation only reached 4%. Increas-
ing the temperature to 5560 °C affected the rate of the reaction

Green Context

The continued innovation in the deter gent industriesdriven
by demands for higher levels of cleaning, low temperature
efficiency and minimal environmental harm caused by the
discharge of enormous volumes of effluent has led to the
development of a number of safe and environmentally
benign oxidants. Such reagents are becoming increasingly
attractive to the environmentally-conscious chemicals man-
ufacturing industries. They are however water-soluble
which would normally restrict their value in organic
synthesis. Here we see how a micellar environment can be
used to overcome the incompatibility of an aqueous oxidant
and an aromatic substrate. The synthetically useful trans-
formation of anilines to nitroaromatics can be achieved
using an aqueous micellar catalytic system containing the
major detergency oxidant, sodium perborate, as the source
of oxygen.
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and nitrobenzene formation only reached 60% after 16 h. The
effect of several surfactants; cetyltrimethylammonium bromide,
CTAB (cationic), sodium dodecyl sulfate, SDS (anionic) and
TritonX-100 (neutral) at their critical micellar concentration
(cmc) inthe presence of SPB inwater, upon therate of oxidation
of aniline was also studied. The results show that CTAB at 10
cmc shows the best micellar activity and enhances the
chemoselectivity (nitro compound only formed) of the reac-
tion.

In order to avoid higher temperatures which causes genera-
tion of by-products, the catalytic effects of sodium tungstate and
tungstophosphoric acid were studied. Our investigation showed
that in the presence of tungstophosphoric acid the reaction rate
amost doubled and the oxidation of aniline reached 97% (GC).
Therefore, we applied this reaction condition for the oxidation
of substituted anilines. The results showed that in contrast to the
previously reported method,4 our procedure is suitable for the
high yield conversion of aniline and substituted anilines with
electron-releasing groups. The results are presented in Table 1.

Tablel Oxidation of anilinesin the presence of CTAB and H3PW:nH,0
by NaBOs-4H,0 at 55-60 °Ca

NH, NO,

Q SPB (7-10 mmol), Cat. (0.01-0.1 mmol) Q
R CTAB (10 cmc), 55-60 °C R

R =H, Me, OMe, Br, Cl

Entry Ar Yielde (%)
1 Ph 91
2 2-MeCgHg4 89
3 3-MeCgH4 7
4 4-MeCgH, 88
5 2-MeOCgH4 81c
6 4-MeOCgH, 85¢
7 3,4-(MeO),CeH3 68d
8 2-CICgH4 45
9 4-CICeH4 53

10 2-BrCeHa 48

11 4-BrCeHg4 58

a All reactions performed for 12 h unless otherwise indicated. P Yieldsrefer
to isolated pure products which were characterized by their physical
constants, IR, *H NMR and comparison with authentic samples. ¢ 10 h.
d4h,

Experimental
Typical procedures

1 Anilinessubstituted with electron-releasing groups. In
a50 ml round-bottomed flask, equipped with mechanical stirrer,
were added tungstophosphoric acid (0.025 mmol) and CTAB [5
ml (10 cmc)]. The mixture was stirred at room temperature for
5 min, sodium perborate tetrahydrate (17.5 mmol) added and
the temperature of the mixture raised to 55-60 °C. A warm
solution of the cleaned aniline (2.5 mmol) in 5 ml of CTAB (10
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cmc) was added slowly (1 h) to the mixture. The reaction
mixture was stirred at 55-60 °C for the appropriate time (Table
1). The progress of the reaction was monitored by TLC or GC.
The reaction mixture was cooled to room temperature and the
organic layer extracted with Et;O (3 X 25). The ethereal
solution was separated, and washed with agueous HCI (6 M, 2
x 10 ml), H,O (2 x 25 ml), and dried over anhydrous Na,SO,.
Evaporation of the solvent gave the amost pure target nitro
compounds. Further purification was performed by column
chromatography on silica gel using ethyl acetate-light petro-
leum (bp 40-60 °C) (3:7) as eluent.

2 Anilinessubstituted with electron-deficient groups. In
a50 ml round-bottomed flask, equipped with mechanical stirrer,
were added tungstophosphoric acid (0.25 mmol) and CTAB [10
ml (10 cmc)]. The mixture was stirred at room temperature for
5 min and then sodium perborate tetrahydrate (25 mmol) added
and the temperature of the mixture raised to 55-60 °C. The
aniline (2.5 mmol) added to the mixture. The reaction mixture
dtirred at 55-60 °C for the appropriate time (Table 1) and the
work-up of the mixture was performed as above.
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