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Oxidation of aldimines to amides by m-CPBA and BF3·OEt2
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Abstract—Several amides were obtained in high yields by an efficient method from the corresponding imines which are readily
prepared from aldehydes. This procedure involves the oxidation of aldimines with m-CPBA and BF3·OEt2. In this reaction, the
product is strongly influenced by the electron releasing capacity of the aromatic substituent. © 2003 Elsevier Science Ltd. All
rights reserved.

Numerous methods for the oxidation of aldehydes have
been reported over the years.1 We developed a simple
one-pot procedure for the conversion of aldehydes to
methyl esters via dimethyl acetal formation from alde-
hydes and subsequent oxidation.2 The proposed oxida-
tion mechanism involves the formation and rapid
fragmentation of the peroxy intermediate II, as shown
below (Scheme 1). Other alkyl acetals and cyclic acetals
were also readily converted to the corresponding esters
by the same methodology.3

Although a number of oxidation methods for the con-
version of aldehydes to amides have been reported, a
few of these proceed through imines.4 Since imines are
readily prepared from the corresponding aldehydes,5 it
would be expected that the imine carbon could likewise
be activated via the coordination of the Lewis acid,
BF3·OEt2 on the lone pair of nitrogen atom as occurs
on the oxygen atom in the acetal oxidation. Another
possible reaction pathway could be through an
oxaziridine intermediate since there is literature prece-
dent for the formation of oxaziridines from the corre-
sponding imines with peroxyacid.6 Thus, Scheme 2

shows a plausible competitive reaction mechanism for
the oxidation of imines to amides by m-CPBA with
BF3·OEt2.

If the reaction proceeds as in the acetal oxidation, the
amide would be the only product formed via an inter-
nal hydrogen abstraction. If the reaction proceeds via
the formation of an oxaziridine, one might expect the
selective rearrangement of the aryl group or the hydro-
gen atom as in the Beckmann rearrangement and the
Baeyer–Villiger oxidation. We now wish to report an
oxidation of aldimines to amides by m-CPBA and
BF3·OEt2. The results are summarized in Table 1.7

The results in Table 1 would indicate that the reaction
product is strongly influenced by the electron releasing
capacity of the aromatic substituent. With the electron-
releasing substituent on the aryl group (entries 1–3 and
9–10), the oxidation of imines afforded formamides in
which aryl group migration occurred. However, an
electron-withdrawing substituent on the aryl group pro-
vided the amide formed from hydride migration (entries
5–8). In the case of the chloro substituent (entry 4), the

Scheme 1.
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formamide was obtained as the major product (83% yield)
along with 5.6% of the amide. These results suggest that
the reaction mechanism can be tentatively rationalized by
the oxaziridine ring formation and Lewis acid mediated
ring opening with subsequent migration of the aryl group
or the hydrogen atom, depending on the difference in the
migratory aptitude of those groups to an electron deficient
nitrogen atom (Scheme 2, bottom). Thermal reaction
studies of the oxaziridines by Splitter and Calvin8 and the
oxidative rearrangement of aldimines with sodium per-
borate by Ramsden and co-worker4b,c support the reac-
tion mechanism shown in the bottom of Scheme 2.
Contrary to our results, however, their procedures gave
very poor selectivity and yield in the oxidative rearrange-
ment of aldimines.

In contrast to entries 1–10, when p-anisidine is used for
the oxidation of aldimine (entries 11–14), the oxidation
affords only the N-(p-methoxyphenyl)-p-substituted-
benzamide along with a considerable amount of the
recovered arylaldehyde. It is presumed that the reaction
follows an internal hydrogen abstraction (Scheme 2, top)
and decomposition to the corresponding aldehyde. The
electron releasing group, i.e. the methoxy group of
p-anisidine, increases the electron density on the nitrogen
atom and helps the coordination of the Lewis acid on the
lone pair of the nitrogen atom. After the formation of
the peroxy intermediate by the attack of m-CPBA on the
iminium carbon, rapid fragmentation of the peroxy
intermediate presumably occurs to provide the amide
(Scheme 2).

Scheme 2.

Table 1. Oxidation of aldimines to amides by m-CPBA and BF3·OEt2

Yield (%)aProductEntry Imine

C6H5CH�NC6H51 HCON(C6H5)2 82
2 p-Me-C6H4CH�NC6H5 HCONC6H5 p-Me-C6H4 90

p-MeO-C6H4CH�NC6H5 HCONC6H5 p-MeO-C6H4 913
89b4 HCONC6H5 p-Cl-C6H4p-Cl-C6H4CH�NC6H5

715 p-NO2-C6H4CONHC6H5p-NO2-C6H4CH�NC6H5

79p-NC-C6H4CONHC6H56 p-NC-C6H4CH�NC6H5

p-F3C-C6H4CH�NC6H5 p-F3C-C6H4CONHC6H5 757
C6F5CH�NC6H58 C6F5CONHC6H5 71

9 80HCONC6H5 trans-C6H5CH�CHtrans-C6H5CH�CH-CH�NC6H5

HCONC6H5 trans-C6H5CH�CMe 82trans-C6H5CH�CMe-CH�NC6H510
11 C6H5CH�N p-MeO-C6H4 C6H5CONH p-MeO-C6H4 42c

p-Me-C6H4CH�N p-MeO-C6H4 p-Me-C6H4CONH p-MeO-C6H412 45d

p-MeO-C6H4CH�N p-MeO-C6H413 p-MeO-C6H4CONH p-MeO-C6H4 52e

p-Cl-C6H4CH�N p-MeO-C6H414 p-Cl-C6H4CONH p-MeO-C6H4 39f

C6H5CH�N p-Cl-C6H415 HCONC6H5 p-Cl-C6H4 84
16 p-Me-C6H4CH�N p-Cl-C6H4 84HCON p-Me-C6H4 p-Cl-C6H4

17 p-MeO-C6H4CH�N p-Cl-C6H4 HCON p-MeO-C6H4 p-Cl-C6H4 86
18 p-Cl-C6H4CH�N p-Cl-C6H4 HCON(p-Cl-C6H4)2 82g

a Yields refer to isolated products.
b Formamide and amide were obtained in a 14.8: 1 ratio.
c Benzaldehyde was also isolated in 51% yield.
d p-Tolualdehyde was also isolated in 50% yield.
e p-Anisaldehyde was also isolated in 43% yield.
f p-Chlorobenzaldehyde was also isolated in 51% yield.
g N-(p-Chlorophenyl)-p-chlorobenzamide was also isolated in 7% yield.
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However, with an electron withdrawing group, i.e. the
chloro group of p-chloroaniline (entries 15–18), the
reaction products were the same as in the aniline cases
and also follow the oxaziridine ring formation and
Lewis acid mediated ring opening with the subsequent
migration of the aryl group or the hydrogen atom to
the electron deficient nitrogen atom.

The products of this oxidation were identified by a 1H
NMR comparison with that of known compounds
(entries 1–8, 11–16, 18).4b,c,9 Otherwise, these were fully
characterized by IR, 1H and 13C NMR, and HRMS
analysis (entries 9, 10, 17).10–12 In the case of the
electron-withdrawing substituent on the aryl group
(entries 5–8) and in p-anisidine (entries 11–14), a deu-
terium exchange of the amide NH was observed in the
1H NMR spectra.

In summary, we have developed an efficient method for
the conversion of various aldimines to their correspond-
ing N,N-diarylformamides or amides by m-CPBA and
BF3·OEt2. The hydrolysis of N,N-diarylformamides will
provide diarylamines and this method could be a valu-
able alternative to the Chapman rearrangement13 and
the Ullmann–Goldberg condensation.14
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