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Aza-Michael reactions with vinyl sulfones and
Amberlyst-15 as catalyst
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Abstract—Vinyl p-aminophenylsulfone and methyl vinyl sulfone were shown to react, as Michael acceptors, with a broad range of
secondary and primary amines using Amberlyst as catalyst. The reactions occurred, generally, with high yields and in a short time.
� 2007 Elsevier Ltd. All rights reserved.
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Scheme 1.
The aza-Michael addition constitutes a very useful syn-
thetic method for the construction of the C–N bond, in
particular, in the preparation of b-aminocarbonyl or
nitrile compounds.1 This type of reactions is well docu-
mented in the literature under experimental conditions
that often use various Lewis acids as catalysts. However,
these methods are usually associated with some draw-
backs, namely, the price and toxicity of the catalysts.
Several milder conditions and promoters of aza-Michael
reactions have been developed, for example, ionic
liquids,2 water,3 Cu-nanoparticles,4 DBU,5 CAN6 and
pyrrolidine–thiourea organocatalysts.7 Amberlyst-15
proved to be an efficient reusable heterogeneous catalyst
for aza-Michael reactions of aliphatic primary and
secondary amines with a,b-unsaturated carbonyl and
nitrile compounds, under solvent free conditions, at
room temperature.8

Similar reactions using vinyl sulfones as Michael accep-
tors are not frequently described,9,10 however dyes with
ethyl sulfonyl groups, which b-eliminate to form the
reactive vinyl sulfone species, are common reactive dyes
for wool (Lewis 1995).11

As part of an ongoing research project related to the
synthesis of fluorescent N-glycopeptides12 we prepared
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sulfone 2 (unpublished results). This Letter reports the
synthesis of several amines, containing the vinyl sulfone
moiety, by aza-Michael approach.

In this work we used the commercial methyl vinyl
sulfone 1 and p-aminophenylvinylsulfone 2 as aza-
Michael acceptors.
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Compound 2 was easily prepared from the correspond-
ing alcohol13 (Scheme 1).
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Table 1. Conjugate addition of amines to methyl vinyl sulfone 1 and p-aminophenylvinylsulfone 2 catalyzed by Amberlyst-15

Entry Amine Vinyl sulfone Product Time (h) Yielda (%)

1 CH3CH2CH2NH2

O
S

O

O
S

O

H
N 1 66

2 NH2CH2CH2CH2NH2

O
S

O

O
S

O

H
NH2N 3 98

3 HOCH2CH2NH2

O
S

O

O
S

O

H
N

HO 2 99

4 NH2

O
S

O

O
S

O

H
N 0.5 73

5 (CH3CH2)2NH
O
S

O

O
S

O
N 5 62b,c

6 [(CH3)2CH]2NH
O
S

O

O
S

O
N 24 No reaction

7 HC„CCH2NH(CH3)
O
S

O

O
S

O
N
CH3

24 80

8 NH
O
S

O

O
S

O
N

1

2
1'2'

3'
4'

0.5 95

9 NH
O
S

O

O
S

O
N 24 74b,c

10 NH2

O
S

O

O
S

O

H
N 48 Tracesd,e

11 NH2H3CO
O
S

O

O
S

O

H
N

H3CO

48 21d,f

12 CH3CH2CH2NH2

O
S

O NH2

O
S

O NH2

H
N 0.83 77

13 NH2CH2CH2CH2NH2

O
S

O NH2

O
S

O NH2

H
NH2N 0.17 98

14 HOCH2CH2NH2

O
S

O NH2

O
S

O NH2

H
N

HO 3 98

15 NH2

O
S

O NH2

O
S

O NH2

H
N 0.5 95

16 (CH3CH2)2NH
O
S

O NH2

O
S

O
N

NH2

5 89

17 [(CH3)2CH]2NH
O
S

O NH2

O
S

O
N

NH2

24 No reaction

18 HC„CCH2NH(CH3)
O
S

O NH2

O
S

O
N
CH3

NH2

24 86

19 NH

O
S

O NH2

O
S

O
N

NH2

1'

2'
3''

4''

3
2

65

1''2''

0.5 82

20 NH
O
S

O NH2

O
S

O
N

NH2

1 80

a Yields refer to the residue isolated in a pure form with no further purification.
b After column chromatography.
c CHCl3–MeOH 10:1.
d After preparative layer chromatography.
e EtOAc–light petroleum 2:1.
f EtOAc–light petroleum 1:1.
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Vinyl sulfones 1 and 2 were reacted with several
aliphatic primary and secondary amines using
Amberlyst-15 as the catalyst according to experimental
conditions described in the literature8 (Scheme 2). The
reactivity of some aromatic amines was also investigated
under the same experimental conditions. The results
obtained are summarized in Table 1.

Aliphatic primary amines (Table 1, entries 1–4 and
12–15) reacted under smoothly experimental condi-
tions14 (10 min–3 h; room temperature) either with
sulfones 1 or 2. The reaction gave moderate to high
yields (66–99%). Some of the final products were iso-
lated in a pure form with no further purification (Table
1). Acyclic (diethyl amine and N-methyl propargyl
amine) and cyclic (pyrrolidine and piperidine) secondary
aliphatic amines underwent the conjugate addition suc-
cessfully (Table 1, entries 5, 7–9, 16 and 18–20). Surpris-
ingly, when diisopropylamine was reacted with both
sulfones, only starting materials were recovered even
after a long period of reaction. The lack of reactivity
of diisopropylamine as nucleophile in this aza-Michael
reaction may be due to steric hindrance. In fact, after
the work-up procedure, the starting vinyl sulfone was
recovered unreacted in a pure form. Analysis of 1H
NMR spectrum of the residue showed no evidence for
an addition–elimination equilibrium.

Ethanolamine was reacted with both vinyl sulfones 1
and 2 in a completely chemoselective fashion affording
the expected amine in quantitative yields (Table 1,
entries 3 and 14).

When sulfone 1 was treated with aniline (Table 1, entry
10) only traces of product were detected and a slight
improvement was obtained with p-methoxyaniline
(entry 11). These results seem to be consistent with the
lower reactivity of the aromatic amines in comparison
with cyclohexylamine (entry 4).

All compounds were identified from spectroscopic
data.15

Piperidine and methyl vinyl sulfone 1 were reacted for
24 h in the presence and in the absence of the catalyst.
The yields obtained were 74% and 55%, respectively.
These results showed the efficiency of the Amberlyst-
15 as catalyst for this type of reaction.

The reusability of the catalyst was studied performing
the reaction of methyl vinyl sulfone 1 and N-propyl-
amine. The catalyst was used for three runs. Analysis
of the 1H NMR spectra of residues showed no sulfone
1 after the first run. After second and third runs, 6%
and 37% of vinyl substrate were detected, respectively.

In conclusion, this clean, simple and cheap experimental
procedure proved to be an efficient methodology for
aza-Michael reaction using vinyl sulfones as Michael
acceptors and aliphatic (primary and secondary) amines
as nucleophiles. The catalyst displays an important role
in the improvement of the yields. Although the catalyst
may be reused a slight to moderate decrease in the yields
is observed. Aromatic amines are less reactive under
these experimental conditions probably due to their
lower nucleophilicity.
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2.73–2.78 (4H, m, 1 0-H2 and 40-H2), 3.01 (3H, s, CH3),
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(4H, m, 200-H2 and 300-H2), 2.48–2.52 (4H, m, 100-H2 and
400-H2), 2.88 (2H, app t, J 8.5/7.4 Hz, 2 0-H2), 3.31 (2H, app
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(C-1) ppm; HRMS (FAB) m/z 255.1169 (100%).
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