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Selective Catalytic Oxidation of Arylamines to Azoxybenzenes with H,O, over

Zeolitest
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Catalytic version of the H,0,—TS—1 combination has been shown to display a good reaction selectivity in the
liquid-phase oxidation of anilines to symmetrical azoxybenzenes.

The oxidation of arylamines has attracted considerable
attention for quite some time and several methods of
oxidation have been reported.! Most of these are non-catalytic
and the product range corresponds to various oxidation states
depending upon the nature of the reagent, viz. MnO,,?
RCOOOH,* 03,4 RyC(p-Oz), ButOOH-MoVvl, VV.6
ButOOH-TilV,” H,O,~RuCl;-PTC,8 etc. In view of the
current interest in catalytic processes, it is appropriate to
develop a true catalytic oxidation reaction of arylamines using
inexpensive and non-polluting reagents. In this context, a
recent report? on this topic prompted us to communicate our
results. The above mentioned report concerns the cetylpyri-
diniumheteropolyoxometalate (PCWP)-catalyzed oxidation
of anilines by H,O; (30% ) wherein reaction parameters such
as temperature and medium have been shown to direct the
reaction selectivity mostly in favour of one or other of the
oxidation products, viz. nitrosobenzene, azoxybenzene and
nitrobenzene.

Catalytic oxygen transfer!® involving the reaction of an
oxygen donor with an organic substrate in the presence of a
catalyst holds considerable promise in commercial oxidation
reactions. Zeolites are endowed with distinct structures and
unique properties attributed to the presence of intracrystalline
cavities. In recent years, the zeolites, TS-1 (MFI) and TS-2
(MEL) have figured prominently for their remarkable cataly-
tic properties when used with dilute H,O, (=30%) as
oxidant.10-11 As part of our comprehensive ongoing pro-
gramme on zeolites at this laboratory, we wish to report a new
catalytic method for selective oxidation of anilines to azoxy-
benzenes using titanium silicate molecular sieve (TS-1) and
dilute H,O, employing acetone as solvent.

It may be mentioned that there are some naturally occurring
azoxybenzenes which possess potent biological properties. 12
Also, metal-catalyzed oxidation of amines is of interest
because of its relevance to the enzymatic degradation of
nitrogen-containing compounds in biological systems. Their
utility in liquid crystals is also well known.13

The zeolite catalysts TS-1,14 TS-2,15 Na-Y,6 La (80) Al-
ZSM-57 and H-Y16 were synthesized following literature
procedures. In a typical reaction, aqueous H,O, (30%, 0.05
mol) was added dropwise to a mixture of aniline (0.05 mol)
and the catalyst (1.0 g) in acetone (25 ml) and the reaction
mixture was refluxed for 5-6 h. The crude reaction products
were purified by flash chromatography and were readily
identified by their physical and spectral properties and by
comparison with the reported values.!® The results are
summarized in Tables 1 and 2.

Notably, the titanium silicates exhibit better activity and
selectivity as compared to other aluminosilicates studied here
and lead to the formation of azoxybenzenes in preparative
yields (Table 1). This result thus illustrates another example of
the efficacy of this catalytic system which has been shown to be
important for several commercial oxidation reactions in recent
years.!0 It may be mentioned here that unlike titanium
molecular sieves, aluminosilicates are characterized by the
presence of Lewis and Bronsted acid sites which are primarily
responsible for the catalytic activity. Presumably, the low
yields of product formation with these aluminosilicates could
be attributed to the poisoning and deactivation of the catalyst
upon long exposure to the nitrogen containing substrates.

In the case of 4-methoxyaniline, the yield was rather low

owing to the formation of many unidentified side products.
Also, cyclohexylamine under the reaction conditions, failed to
undergo oxidation.

The peroxo-species, >Ti(u~O;), generated in situ upon
reaction of the silica-bound titanyl (>Ti=0) active site with
H,0, followed by elimination of water, is believed to provide
the reactive O* species for oxidation.18 Work is in progress to
gain further insight into the mechanistic aspects of this
process.

In summary, the results described herein demonstrate the
novelty of TS-1 catalyst which exercises unique selectivity in
the oxidation of anilines to azoxybenzenes by dilute H,O,.
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Table 1 Zeolite catalyzed oxidation of aniline to azoxybenzene

o
H,0,/Zeolite 1
Ph-NH, ————— Ph-N=N-Ph
acetone, reflux
Azoxybenzene Unreacted
Entry  Zeolite yielda (%) aniline® (%)
1 No catalyst 25.5 43.4
2 TS-114 87.8 9.2
3 TS-215 64.2 29.220
4 Na-Y!6 342 333
5 La(80)Al-ZSM-517 17.3 49.6
6 H-Y16 6.7 77.1

2 Determined by vapour-phase chromatography.
¢ Unreacted aniline + unidentified products.

Table 2 Oxidation of anilines with H,O, catalyzed by zeolite, TS-1
(¢}

H,0, 1
Ar-NH, — > Ar-N=N-Ar
TS-1, acetone
1 reflux 2
Substrates, 1 Productz,2; Mp19/°C
Entry Ar th  Yield® (%)  (lit.)s
1 Phenyl 6 75 38(39)
2 3-Methylphenyl 5 4 40(39)
3 3-Methoxyphenyle 5 54 50(51)
4 4-Methoxyphenyl S5 10 117 (118)
5 3-Chlorophenyl 6 4 96 (97)
6 4-Chlorophenyle 5 55 155 (158)
7 2-Fluorophenyl 6 37 48 (48.5)
8 Cyclohexylamine 6 Noreaction —

2 Characterised by IR, 'H and '3C NMR and MS. ¢ Isolated yield, the
remainder is essentially unreacted aniline and other minor unidenti-
fied products. < The zeolite catalysts were recovered and reused three
times with virtually no loss of activity.
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