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Scheme 1. M
A novel, convenient, and high-yielding method has been developed for the preparation of heterocyclic N-
oxides. The reaction uses the urea�hydrogen peroxide addition complex as a peroxide source for the
in situ generation of trifluoroperacetic acid. The advantages of this method are easy handling of a stable,
solid oxidant; high yields and simple removal of excess reagents and by-products.

� 2008 Elsevier Ltd. All rights reserved.
N-Oxides have important roles in organic synthesis, a recent
example being their use as a surrogate for heterocyclic boronic
acids in a Pd-catalyzed cross-coupling reaction.1 A wide variety
of N-oxidation reagents and conditions has been reported, for
example, acetic acid and hydrogen peroxide (AcOH/H2O2),2

m-chloroperbenzoic acid (mCPBA),3 monoperoxyphthalic acid,4

dioxirane5 and Caro’s acid (H2SO5).6 Some methods also employ
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echanism for the N-oxidation of he
transition metal catalysts.7 All of these routes are beset by limita-
tions of incomplete reaction, contaminating by-products and high
cost, in addition to awkward purifications or handling of hazardous
liquid oxidizing agents.

Trifluoroperacetic acid (TFPA) is a powerful and effective oxi-
dant due to the influence of the three electronegative fluorine
atoms. It is typically generated from high-concentration (60–90%)
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terocyclic compounds with UHP and TFAA.
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aqueous hydrogen peroxide,8 which is unstable, hazardous to
transport and requires specialist handling. Herein, we report an
adaptation of a Baeyer–Villiger oxidation procedure9 to the prepa-
ration of heterocyclic N-oxides. Urea�hydrogen peroxide (UHP), an
odourless, white solid which contains 35% of H2O2, acts as hydro-
gen peroxide source for the in situ generation of trifluoroperacetic
acid in the presence of trifluoroacetic anhydride (TFAA). The
process is outlined in Scheme 1. A significant advantage of this
method over the alternative reagents cited above is that all the
reagents and by-products are freely soluble in water. This
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a Conversion determined by 1H NMR; isolated yields are shown in parentheses.
means they can be separated from the desired reaction products
by partition between water and an organic solvent such as
dichloromethane.

The influence of solvent on the success of the conversion was
paramount. The reaction involves polar and ionic species that are
insoluble in low-polarity organic solvents, and also intermediates
that are sensitive to water or alcohols. Chloroform and 1,4-dioxane
(polarity index 4.1 and 4.8, respectively)10 were found to possess
suitable physical and chemical properties—stability, solubility of
reagents and boiling point. The yields of N-oxidation are shown
Yielda (%)

CHCl3 solvent Dioxane solvent

93 (90) 100 (97)

97 (93) 100 (97)

100 (96) 100 (96)

100 (94) 100 (95)

100 (96) 100 (95)

95 (86) 98 (88)

100 (95) 100 (96)

90 (81) No reaction
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in Table 1.11,12 It is apparent that 1,4-dioxane generally increased
the yield of the N-oxide, although pyrimidine 1h was not oxidized
at all. The reason for this remains unclear.

The generality of the method is demonstrated by the range of
pyridine, quinoline and pyrimidine substrates converted (Table
1). For heterocyclic compounds poorly oxidized by mCPBA and
other reagents because of electronic and steric hindrance, signifi-
cantly improved yields were achieved. For example, the yield of
5-bromopyrimidine-N-oxide 2g with mCPBA is just 29%13 and re-
ported yields of quinoline-N-oxide 2f are, respectively, 35% or
50% when using H2O2/Ti-MCM-4114 or RuCl3/bromamine-T.15 Even
for severely hindered biarylpyrimidines and pyridines, improved
conversion rates were achieved over alternative reagents, and the
straightforward purification rendered these preparatively valuable
procedures.

In summary, an improved, safe and convenient method has been
developed for N-oxidation. In most cases, very high conversion
rates were achieved; even so, a major advantage of this method is
that the products are easy to isolate, so the reaction is useful even
for sterically compromised substrates that are usually difficult to
oxidize.
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