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Introduction

Oxidation reactions are of great importance in organic chem-
istry for the transformation of functional groups. Numerous 
methods and reagents have been developed for performing 
such reactions [1]. However, many existing methods have 
serious drawbacks. These include extremely reactive oxidant 
mixtures [2,3b], and, as a consequence, weak chemoselectiv-
ity, highly toxic products [3], complex methodologies and 
expensive reagents [4].

Here we present a new methodology of green chemistry 
that has several advantages over previous methods: inexpen-
sive reagents, the use of H2O as the sole solvent, reactions at 
room temperature or no higher than 90 °C and short reaction 
times.

The oxidizing power of manganese salts on organic sub-
strates is well known [5]. The manganese acts as a Lewis acid 
to facilitate cleavage of the O-O bond [5e]. Moreover Mn3+ 
salts in non-aqueous systems are excellent catalysts for oxi-
dation of benzyl groups to the corresponding aldehydes via 
electrochemical methods [6]. Oxidation reactions promoted by 
Oxone® [7] have also been reported, but under drastic condi-
tions with the assistance either of patented catalysts or com-
pounds whose structure is extremely complex [8].

In a general way we can describe the oxidation reaction 
(MnSO4/Oxone®/Water) described here as follows: (Scheme 1)

Scheme I

The tests were performed on the following aromatic func-
tional groups (Table 1): amines, alcohols and benzylic methyl 
groups. Good to excellent results were obtained in all cases.

Results

Discussion and Conclusions

Using the method here described, aromatic rings without 
substituent or electron-rich groups (CH3, OCH3 and N(CH3)2, 
exhibited high yields and short reaction times, possibly 
because these groups stabilize the intermediates produced 
along the reaction pathway for the incorporation of oxygen 
into the molecule. This hypothesis is reinforced by our results 
for the oxidation reactions of anilines. For these compounds, 
the electron-rich group was directly oxidized, and thus the 
appropriate reaction occurs immediately and with excellent 
yield.

For compounds with rings containing electron-attracting 
groups or groups at positions not favored by stabilizing charge 
resonance effects (i.e., meta position), by contrast, the yields 
are lower and the reaction times longer. These findings pro-
vide further support for the hypothesis that the efficacy of the 
oxidation reaction relies on the stabilization of intermediates 
by electronic resonance effects.

In both cases, it is important to control the stoichiometric 
amounts of reagents to ensure complete oxidation. In general, 
the best results were obtained using an excess of the oxidiz-
ing agent (MnSO4/Oxone®/Water), although this was not the 
case for oxidation reactions requiring chemoselectivity such as 
those of primary alcohols.

In the oxidation reactions of primary alcohols, che-
moselectivity could be achieved if an appropriate quantity 
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of oxidizing agent was used, and the corresponding acid was 
obtained in excellent yield when an excess of oxidizing agent 
was present.

The method described here provides a new alternative for 
the oxidation of various functional groups. Notably, the pro-
posed method uses low-cost reagents, a simple experimental 
procedure friendly to the environment and byproducts whose 
waste treatment is simple. This method also achieves excellent 
yields, and involves mild reaction conditions and short reac-
tion times, following green chemistry protocols.

Experimental

General Remarks: Thin layer and flash column chromatogra-
phy were performed on silica gel using hexane, ethyl acetate 
as eluent. GC analyses were performed on a Hewlett Packard 
5890-SERIE II equipped with a HP-5MS column (95% 

dimethylpolysiloxane), mobile phase (Helium). The infrared 
spectra were recorded on Perkin Elmer 1600 FT spectrometer. 
NMR spectra were acquired in CDCl3, at 300 and 400 MHz 
for 1H. Chemical shifts are reported in d from teramethylsilane 
as the internal standard. 13C NMR (75 and 100 MHz) spectra 
were recorded on a Oxford NMR 300 spectrometer. Mass 
spectra were measured at 70 eV (EI) on JEOL SX-102 .

All of the oxidation reactions of activated anilines were 
conducted using the following procedure:

Preparation of Nitrobenzene (a) [9].

In a flask of 50 mL, aniline (250 mg, 2.68 mmol, 1 eq) was 
placed with a magnetic stirrer. In a 100 mL beaker, oxone (4.2 
g, 6.72 mmol, 2.5 eq.) and MnSO4•H2O (0.65 g, 4 mmol, 1.5 
eq) were placed. H2O (7 mL) was then added and the mixture 
was stirred for 3-5 min. The resulting mixture was then added 
to the flask containing the aniline, with continuous stirring. 

Table 1
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The reaction mixture immediately changed color and a dark 
precipitate formed. The mixture was stirred for a further 30 
sec, and then it was extracted with ethyl ether (5 mL × 4). The 
organic phase was collected and washed with 5% NaHCO3 
(5 mL × 1) and with saturated NaCl solution (5 mL × 2). The 
organic phase was separated and dried on anhydrous Na2SO4. 
The extract was concentrated under vacuum and the crude oil 
was purified by column chromatography to afford 0.30 g of 
Nitrobenzene (a) (92%).

In the case of p-aminoacetophenone (d) and all other 
substrates (e-k), the following operation was performed: after 
adding the mix down, Oxone®/MnSO4•H2O the mixture is 
warmed to 90°C in a reflux system during the time specified 
in each case. After this time, the mixture was left cool to room 
temp for 15 min and then the procedure continued as described 
above.

In the case of benzaldehyde (e), 1.2 eq. of Oxone® and 0.5 
eq. of MnSO4•H2O were placed to keep the chemoselectivity.

(a) Nitrobenzene: 1H-NMR d: 8.18 (m, 2H), 7.5 (m, 2H), 7.71 
(m, 1H). Lit. [16a]; mp 5-8°C. lit. [17], 6°C

(b) p-Nitrotoluene: 1H-NMR d: 8.15 (m, 2H), 7.85 (m, 2H), 
2.48(s, 3H). Lit. [15]; MS: m/z: 137 (100%); mp 53-55°C, 
lit. [17] 53-54°C

(c)	p-Nitroanisole: 1H-NMR d: 8.25 (m, 2H), 6.99 (m, 2H), 
3.93(s, 3H). Agree lit. [4c] MS: m/z: 153 (100%) mp 52-
54°C, lit. [17]; 54°C

(d)	p-nitrosoacetophenone: 1H-NMR d: 8.21 (m, 2H), 7.95 (m, 
2H), 2.42(s, 3H). Lit. [10b]; MS: m/z: 149 (100%)

(e)	Benzaldehyde: 1H-NMR d: 10.05 (s, 1H), 7.88 (m, 2H), 
7.48(s, 2H), 7.54(m,1H). Lit. [16b].

(f)	 Benzoic acid: 1H-NMR d: 11.58 (s, 1H, D2O disappears), 
8.10 (m, 2H), 7.46(s, 2H), 7.54(m,1H). Lit. [16d]; mp 118-
120°C, lit. [17]; 122°C

(g)	Acetophenone: 1H-NMR d: 7.96 (m, 2H), 7.57(s, 1H), 
7.47(m, 2H), 2.61 (s, 3H). Lit. [16c]; mp 20-22°C, lit. [17]; 
20.5 °C

(h)	Benzophenone: 1H-NMR d: 7.96 (m, 2H), 7.57(s, 1H), 
7.47(m, 2H), 2.61 (s, 3H). Lit. [16c]; mp 46-48°C, lit. [17]; 

48.5 °C
(i)	 m-Anisaldehyde: 1H-NMR d: 9.96 (s, 1H), 7.42(m, 2H), 

7.25(m, 1H), 7.11 (m, 1H), 3.78 (s. 3H) Lit. [15].
(j)	 2-Methoxy-4-methyl-Benzaldehyde: 1H-NMR d: 10.39 

(s, 1H), 7.74(d, 1H, J 7Hz), 6.84(d, 1H, J 7Hz), 6.78 (s, 
1H), 3.91 (s. 3H), 2.41 (s, 3H). Lit. [13b]; mp 40-43°C, lit. 
[13b]; 42-43°C

(k) p-N,N-dimethylaminobenzaldehyde: 1H-NMR d: 9.70 (s, 
1H), 7.71(m, 2H), 6.69(m, 2H), 3.01 (s, 6H). Lit. [15]; mp 
71-73°C, lit. [17] 74°C
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