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Abstract—In the presence of Lewis acid catalysts, aldoximes react with �,�-unsaturated carbonyl compounds at room temperature
to give N-alkylnitrones in good yields. Combination of two Lewis acid catalysts, zinc(II) iodide/boron trifluoride etherate (50
mol%/50 mol%), is the best choice to mediate the reactions producing N-alkylated nitrones in excellent yields. In this procedure,
a variety of aldoximes and �,�-unsaturated carbonyl acceptors can be employed. © 2001 Elsevier Science Ltd. All rights reserved.

Nitrone generation by reaction of oximes with a variety
of alkylating agents offers one of the most convenient
nitrone generation methods.1–7 In 1988, Grigg and co-
workers discovered a new reaction, now known as
Grigg’s nitrone generation, which involves the N-alkyl-
ation of oximes through conjugate additions to elec-
tron-deficient alkenes to produce nitrone 1,3-dipoles
(nitrone formation step).7 The resulting nitrone inter-
mediates, under the reaction conditions, further
undergo 1,3-dipolar cycloaddition reactions to the same
alkenes to give cycloadducts (cycloaddition step). Con-
jugate addition step is often slower for most of elec-
tron-deficient alkenes than the subsequent cyclo-
addition step under heating conditions. Therefore,
cycloadducts instead of nitrones are usually produced
in the Grigg reaction, indicating that this method can
not be a highly powerful synthetic route to nitrones.

When an �,�-unsaturated carbonyl acceptor can be
activated by coordination to a Lewis acid catalyst, rate
acceleration of the nitrone formation step is expected.8

Although the subsequent cycloaddition step of the
resulting nitrone is also possible to be accelerated,9 this
Lewis acid-catalyzed nitrone cycloaddition is not so
easy. Accordingly, there is an opportunity to open a
new entry to the synthetic route to nitrones by the
Lewis acid-catalyzed activation of reactions between
oximes and �,�-unsaturated carbonyl acceptors. How-
ever, the Lewis acid-catalyzed versions of the Grigg
reaction have remained unsuccessful for the isolation of
the intermediary nitrones.8 We would like to present in
this communication the convenient synthetic access to
N-alkylnitrones from aldoximes and �,�-unsaturated
carbonyl compounds in the presence of Lewis acid
catalysts.
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Scheme 1.

is because (1) 2d has no substituents at the �-position so
that this acceptor must be most reactive for N-alkyla-
tion of oximes and because (2) 2d as bidentate acceptor
should be most effectively activated by a Lewis acid
catalyst.

After survey for some other acceptors, it has been
found that not only bidentate acceptor 2d but also
monodentate acceptors such as 3-buten-2-one (2a),
methyl acrylate (2b) and acrolein (2c) could be success-
fully employed, while reactivities are quite different
from each other (Table 1). The bidentate acceptor 2d
was most reactive under the catalyzed conditions as
readily anticipated and the �,�-unsaturated ketone 2a
was also highly reactive. On the other hand, the acryl-
ate ester 2b belongs to the least reactive so that heating
under reflux in benzene is necessary to complete the
reaction. As to aldoximes, more reactive than benzal-
doxime (1a) and its p-substituted derivatives 1b,c are
heteroaromatic aldoximes such as 2-thiophenecarbox-
aldehyde oxime (1d) and 2-furancarboxaldehyde oxime
(1e). �,�-Unsaturated aldehyde oximes such as (E)-cin-
namaldoxime (1f) and (E)-crotonaldoxime (1g) are
especially reactive and aliphatic aldoximes 1h,i are also
more reactive than 1a–c. Thus, a variety of N-alkylated

Benzaldoxime (1a)10 was allowed to react with 3-acryl-
oyl-2-oxazolidinone (2d) at room temperature for 24 h
in dichloromethane in the presence of mixed Lewis
acids such as ZnI2/BF3·OEt2 (50 mol%/50 mol%). The
corresponding 1:1 adduct 5, obtained in a quantitative
yield, was characterized as 3-[3-(benzylideneamino)-
propanoyl]-2-oxazolidinone N-oxide on the basis of
elementary analysis as well as spectral data (Scheme 1
and Table 1).11 The reason why 3-acryloyl-2-oxazolidi-
none (2d) was employed as acceptor in the present work

Table 1. Conjugate additions of oximes 1a–i to �,�-unsaturated carbonyl compounds 2a–d in the presence of ZnI2/BF3·OEt2

(50 mol%/50 mol%) leading to nitrones 3–17a

NitroneTime (h)Temp. (°C)XbAcceptors (equiv.)ROximesEntry Yield (%)

1 3 867Rt1a Ph 2a (1.5) Me
24 4 Quant.Ph 2b (2.0) OMe2c reflux1a
24 5 Quant.Ph 2d (1.1) Ox3 Rt1a

83624RefluxOMe4c 2b (1.0)p-MeOC6H41b
24 7 Quant.p-MeC6H4 2b (2.0) OMe5c Reflux1c

1d 2-Thienyl 2b (2.0) OMe6c Reflux 24 8 98
Quant.924RtOx7 2d (1.1)2-Thienyl1d

1e 2-Furyl 2b (2.0) OMe8c Reflux 24 10 79
1e 11 942-Furyl 2d (1.1) Ox Rt9 24
1f (E)-PhCH�CH- 2a (1.0) Me10 Rt 7 12 99
1f (E)-PhCH�CH- 2b (1.3) OMe11c Reflux 24 13 86
1f (E)-PhCH�CH- 2c (1.0) H12 Rt 6 14 Quant.

6RtMe2a (1.0)(E)-MeCH�CH- 151g13 Quant.
RtMe2a (1.5)n-C7H151h Quant.14 164

1i t-Bu15 981710RtMe2a (1.5)

a Solvent: dichloromethane unless otherwise noted.
b Ox: 2-oxo-3-oxazolidinyl.
c Solvent: benzene.

Scheme 2.
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nitrones 3–17 are accessible by the above reactions.
Structures of the resulting nitrones were finally confir-
med by 1,3-dipolar cycloaddition reactions. One typical
example is given in Scheme 2 where nitrone 4 was
reacted with N-methylmaleimide under various condi-
tions. Under the uncatalyzed conditions a 55:45
diastereomeric mixture of 18 was produced in a quanti-
tative yield.

However, ketoximes such as benzophenone oxime and
fluorenone oxime were totally sluggish compared with
aldoximes. This decreased reactivity of ketoximes
makes a sharp contrast to the Grigg’s reactions in
which ketoximes can be successfully applied, though
their reactions had been performed under heating.8b

Thus, the present nitrone formation reactions can be
generally applied to the combinations between a variety
of aldoximes and �,�-unsaturated carbonyl acceptors.
Although this nitrone formation is usually too slow at
room temperature without Lewis acid catalysts, it has
additionally been found out that (E)-cinnamaldoxime
(1f) as one of the most reactive aldoximes can react
with �,�-unsaturated ketone 2a and aldehyde 2c with-
out the acceleration by Lewis acid catalysts. Especially
the reaction of 1f with acrolein (2c) proceeds more
cleanly under uncatalyzed conditions at room tempera-
ture, than the catalyzed reaction, to give the corre-
sponding nitrone 14.12

Use of the mixed Lewis acids of ZnI2/BF3·OEt2 is
essential to attain high yields of nitrones in the present
nitrone synthesis. By use of an equimolar amount of
ZnI2 (1 equiv.) as bidentate Lewis acid catalyst in the
reaction of 1a with 3-buten-2-one (2a), rate acceleration
was observed not only in the nitrone formation step but
also in the undesired dipolar cycloaddition step giving a
mixture of nitrone 5 and the corresponding cycloadduct
(2:1 adduct between 2a and 1a, Table 2). On the other
hand, the reaction in the presence of an equimolar
amount of BF3·OEt2 as monodentate Lewis acid cata-
lyst is terminated halfway to recover part of the both
starting materials 1a and 2a. Use of the mixed Lewis
acid catalysts, ZnI2 and BF3·OEt2 each in half an
equimolar amount, effectively mediate the nitrone for-
mation step to produce high to quantitative yields of
the corresponding nitrones (Table 1). The reason why
use of the mixed Lewis acid is particularly effective has
remained so far unsolved. Heating has to be avoided in
the reaction using acceptors other than methyl acrylate

(2b), otherwise the nitrones formed undergo serious
decomposition leading to a mixture of complex
products.

The workup procedure to isolate the nitrones after
completion of reaction is also critical; the usual
aqueous workup of the reaction should be avoided.
N-Alkylnitrones are usually polar molecules and they
are quite soluble in water. Accordingly some serious
weight loss of nitrones takes place when the reaction is
worked up with water and purified through a long silica
gel column. The following procedure is recommended:
immediately after the reaction is complete (checked by
TLC), the reaction mixture is filtered without aqueous
workup through a short silica gel column. Usually this
procedure gives almost pure nitrones. If more purifica-
tion is needed, another step of chromatographic purifi-
cation is repeated.

In conclusion, Lewis acid-catalyzed conjugate addition
reactions between aldoximes and �,�-unsaturated car-
bonyl compounds at room temperature offer a conve-
nient synthetic access leading to N-alkylated nitrones.
Both aldoximes and �,�-unsaturated carbonyl acceptors
are readily and widely available, and hence the present
synthetic method can be applied to the synthesis of a
variety of nitrones by combination of these substrates.
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