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Abstract: Sodium percarbonate was found to be an ideal and effi-
cient oxygen source for the oxidation of tertiary nitrogen com-
pounds to N-oxides in excellent yields in presence of various
rhenium-based catalysts under mild reaction conditions.
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The development of metal-catalyzed green and environ-
mentally benign synthetic methodologies using hydrogen
peroxide and molecular oxygen as oxidants is an area of
tremendous importance.1 Rhenium-based systems, owing
to their unique properties such as higher oxidation ability,
versatility and non-productive decomposition of hydro-
gen peroxide have attracted particular attention in recent
years in various oxidation reactions. Methyltrioxorheni-
um (MTO) first reported by Herrmann et al.2 due to its
ease of synthesis, commercial availability and stability in
air has proven to be an exceptionally versatile oxygen
transfer catalyst for various oxygenation reactions with
aqueous hydrogen peroxide in both organic and aqueous
solvents. The major drawback of this efficient system is
the limited stability of MTO due to its decomposition in
water. Solid peroxy compounds such as sodium perborate
(SPB) and sodium percarbonate (SPC) owing to their ease
of synthesis, safe handling and storage stability have
proven to be safe alternatives of dangerous anhydrous
hydrogen peroxide.3 However, potential of these solid
oxidants in MTO-catalyzed oxidation reactions has
remained largely unexplored and to the best of our knowl-
edge there is only one literature report on the use of sodi-
um percarbonate as oxygen source for the epoxidation of
alkenes using MTO as catalyst.4 In continuation to our
studies on the development of green synthetic methods5

herein we wish to report an efficient and simple method-
ology for the oxidation of tertiary nitrogen compounds us-
ing sodium percarbonate as solid oxidant6 in presence of
various rhenium-based catalysts such as MTO, Re2O7 and
HReO4 under very mild reaction conditions (Scheme 1).

To evaluate the efficiency of various rhenium-based cata-
lysts we carried out the oxidation of 4-picoline (10 mmol)
with sodium percarbonate (20 mmol) in the presence of
acetic acid (20 mol%) and Re catalyst (1 mol%) at 50 °C.

The results are summarized in Table 1. Among the vari-
ous catalysts studied, methyltrioxorhenium was found to
be the most competent for this transformation. To evalu-
ate the effect of catalyst, blank oxidation of 4-picoline
with sodium percarbonate was also carried out under
similar reaction conditions in the absence of catalyst. The
reaction was found to be very slow and afforded a poor
yield of the corresponding N-oxide (Table 1, entry 1). In
order to compare the effectiveness of this solid oxidant,
we also studied the oxidation of 4-picoline using aqueous
hydrogen peroxide as oxidant in place of SPC in the
presence of various Re catalysts under similar reaction
conditions as shown in Table 1 (entries 2–4). All the reac-
tions were found to be slow and afforded poor yields of
the N-oxide, confirming the deactivation of Re catalyst
due to the presence of water

To generalize the method, a variety of tertiary nitrogen
compounds was subjected to the oxidation using substrate
(10 mmol) with a catalytic amount of methyltrioxorheni-
um (1 mol%) and sodium percarbonate (20 mmol) in the
presence of acetic acid (20 mol%) in acetonitrile at 50 °C

Scheme 1
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Table 1 Comparison of Results of Rhenium-Catalyzed Oxidation 
of 4-Picoline with Sodium Percarbonate/Hydrogen Peroxide 
Oxidantsa

Entry Catalyst Sodium percarbonate 30% H2O2

Reaction 
time (h) 

Yield (%)b Reaction 
time (h)

Yield (%)b

1c – 8 30 8 Trace

2 MTO 1.5 92 3.5 90

3 Re2O7 2.5 85 4.5 30

4 HReO4 2.0 90 5.0 50

a Reaction conditions: 4-picoline (10 mmol), oxidant (20 mmol), 
AcOH (20 mol%), catalyst (1 mol%), MeCN (3 mL) at 50 °C.
b Isolated yields.
c Experiment carried out in the absence of Re catalyst.
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under nitrogen atmosphere.7 All the substrates were selec-
tively converted into the corresponding N-oxides and the
results are presented in Table 2. In general triethylamine
and substituted anilines were found to be most reactive
(Table 2, entry 9–11) while among the various pyridines
studied, those substituted with electron-donating groups
were found to be more reactive and required shorter reac-
tion times for their oxidation (Table 2, entry 3, 4 and 7).
The presence of acetic acid was found to be essential for
these reactions and in its absence reactions were found to
be very slow and gave very poor yields of the oxidized
products, probably due to the fact that presence of acid
may help in releasing the hydrogen peroxide from both
sodium percarbonate and sodium perborate reagents. The
use of triflouroacetic acid in place of acetic acid also
yielded comparable results while the use of inorganic
acids such as hydrochloric acid and sulfuric acid gave no
oxidation. It was also observed that the addition of acetic
acid in one portion gave poor yields of the products while
its dropwise addition gave better yields of the oxidized
products. The reaction mixture of substrate, MTO and so-
dium percarbonate in acetonitrile upon addition of acetic
acid gave vibrant yellow color indicating the formation of
activated peroxo species during the reaction, while the
disappearance of the yellow color indicates the comple-
tion of the reaction. To compare the efficiency of both
solid oxidants, we carried out the oxidation of pyridine
with SPB instead of SPC in presence of catalytic amount
of MTO under similar reaction conditions. Neither the
yellow color of the reaction mixture upon addition of
acetic acid nor the oxidation was observed as shown in
Table 2 (entry 2).

The effect of various solvents was studied by carrying out
the oxidation of 4-picoline under similar reaction condi-
tions using different solvents such as acetonitrile, di-
chloroethane, toluene and ethanol. Among the various
solvents studied acetonitrile and dichloroethane were
found to be the good solvents for this transformation.

A plausible mechanism of these reactions may involve the
formation of active peroxo species of rhenium by the re-
action with sodium percarbonate in the presence of acetic
acid as shown in the Scheme 2. The subsequent oxygen
transfer from these reactive peroxo species to tertiary
nitrogen compound yields the corresponding N-oxide.

Table 2 Methyltrioxorhenium-Catalyzed Oxidation of Tertiary 
Nitrogen Compounds Using SPC as Oxygen Sourcea 

Entry Substrate Product Time 
(h)

Yield 
(%)b,c

1 2.5 90

2d 8.0 –

3 1.5 92

4 2.5 89
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5 4.0 75

6 6.5 70

7 2.75 90

8 8.5 55

9 1.25 92

10 1.0 94

11 1.0 95

a Reaction conditions: substrate (10 mmol), MTO (1 mol%), SPC 
(20 mmol), AcOH (20 mol%), acetonitrile (3 mL), at 50 °C under 
nitrogen atmosphere.
b Isolated yields; purity >99% as determined by GC.
c All the products were characterized via their physical (mp) and 
spectral (IR and 1H NMR) data.8
d Experiment carried out using SPB as oxidant in place of SPC.

Table 2 Methyltrioxorhenium-Catalyzed Oxidation of Tertiary 
Nitrogen Compounds Using SPC as Oxygen Sourcea  (continued)
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Scheme 2

In summary sodium percarbonate was found to be an
efficient and versatile oxygen source for the oxidation of
tertiary nitrogen compounds to N-oxides using various
rhenium-based compounds as catalysts under mild reac-
tion conditions. The safe and ease of handling of the SPC
in place of anhydrous hydrogen peroxide, controlled re-
lease of the hydrogen peroxide, easy workup and better
yields of the products makes this a facile and valuable
protocol for the oxidation of tertiary amines.
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