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Letters
Bromamine-T/RuCl3 as an efficient system for the
oxidation of tertiary amines to N-oxides
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Abstract—A variety of tertiary amines were efficiently and selectively oxidized to the corresponding N-oxides by bromamine-T using
ruthenium trichloride as catalyst in alkaline (pH8.4) acetonitrile/water (1:1) at 80 �C.
� 2004 Elsevier Ltd. All rights reserved.
N-Halo-N-metallosulfonamides, due to their ability to
act as sources of halonium cations, hypohalite species,
and N-anions, which act both as bases and nucleophiles,
have proved to be valuable intermediates for a variety of
functional group transformations.1 Bromamine-T and
other related reagents act as strong oxidants both in
alkaline and acidic media and have been widely used for
the oxidation of alcohols,2 aldehydes,3 primary amines,4

thiols,5 and esters.6 N-Oxides are synthetically impor-
tant building blocks and are extensively used as oxi-
dants.7 A variety of stoichiometric8 as well as catalytic
methods are reported in the literature for the oxidation
of tertiary nitrogen compounds to N-oxides.9 In con-
tinuation of our studies on oxidation,9i;j;10 we report
herein a new and simple method for the oxidation of a
variety of tertiary nitrogen compounds 1 to N-oxides 2
in near quantitative yields using bromamine-T as oxi-
dant and ruthenium trichloride as the catalyst (Scheme
1).
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Oxidation of a variety of tertiary nitrogen compounds
was achieved by using a catalytic amount of ruthenium
trichloride in acetonitrile/water (1:1) at 80 �C with
bromamine-T, the substrate/bromamine-T ratio being
(1:1.2) under alkaline pH (8.4) to yield N-oxides in
excellent yields.11 These results are summarized in Table
1. In general substituted anilines were found to be more
reactive compared to pyridines and among substituted
pyridines those substituted with electron donating
groups were found to be more reactive and required
shorter reaction times for their oxidation.

The reaction was found to be highly dependent upon the
pH of the system. To evaluate the effect of pH, oxidation
of 4-picoline was carried out under similar conditions at
different pH’s. At neutral pH, the oxidation of 4-picoline
was found to be very slow and the reaction required 8 h,
while at pH 8.4 the reaction was complete within 4.5 h. It
was also observed that at higher pH’s (9–11) the rate of
the reaction became very slow and was not com-
plete even after 12 h. This type of pH dependent
behavior for bromamine-B has been reported in the
literature.12 The oxidation of 4-picoline was found to be
very slow at room temperature (20 �C) requiring 10 h for
completion.

The effect of various solvents was also studied using
4-picoline as substrate. Among the solvents examined
[acetonitrile, 1,2-dichloromethane, ethanol, and an ace-
tonitrile/water (1:1) mixture], the mixture of acetonitrile/
water (1:1) was found to be the best solvent system,
perhaps due to the high dielectric constant of water.

The oxidation of 4-picoline was found to be very slow
using chloramine-T in place of bromamine-T under
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Table 1. Oxidation of tertiary nitrogen compounds to N-oxidesa

Entry Substrate Time (h) Yield (%)b

1

N
3.0 75

2

CH3

N

2.5 85

3

CH3N
3.0 80

4 C-NH2

N

O

6.0 50

5

CN

N

4.5 65

6
CH3

N

10 65

7

N
12 50

8

C2H5
N

C2H5 2.5 92

9

N
CH3

CH3
2.5 90

10 (C2H5)3N 5 92

a Reaction conditions: substrate/bromamine-T (1:1.2), RuCl3 ÆxH2O

(0.5 mol%), acetonitrile/water (1:1), pH 8.4 at 80 �C.
b Isolated yields.
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similar reaction conditions. The enhanced reactivity of
bromamine-T is probably due to the weak bonding
between nitrogen and bromine.

Although mechanism of this reaction is not clear at this
stage, the reaction probably involves the RuCl3 cata-
lyzed formation of HOBr from bromamine-T in aque-
ous alkaline medium,13 which effects the oxidation of
tertiary amine to N-oxide.

In summary, we have developed a simple ruthenium
catalyzed oxidation of tertiary nitrogen compounds to
N-oxides using bromamine-T as oxidant under mild
reaction conditions.
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