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Abstract—Sulfamic acid (SA) effectively catalyze the Michael addition of indoles and pyrrole to nitroolefins under solvent-free con-
dition to afford the corresponding Michael adducts in good to excellent yields.
� 2007 Elsevier Ltd. All rights reserved.
Table 1. The solvent effect on Michael addition of indole to b-
nitrostyrenea

Entry Solvent Temperature (�C) Reaction
time (h)

Yieldb (%)

1 MeOH 20 12 85
2 MeOH 65 4 92
3 CH2Cl2 40 12 78
4 C2H5OH 78 7 90
5 Solvent-free 60 0.5 96

a Reaction condition: indole 1 mmol, b-nitrostyrene 1.1 mmol, SA
0.01 g (10 mol %).

b Isolated yield.
Michael reaction is one of the most important carbon–
carbon bond-forming reactions.1 Among the Michael
acceptors, nitroolefins are very attractive, since the nitro
moiety is a strong electron-withdrawing group that can
be readily transformed into a range of different function-
alities,2 which lead to important building blocks and
products.3 Till date, a great deal of catalysts were used
to catalyze the Michael addition of indoles to nitroalk-
enes, however, most of them were Lewis acids.4,5 In
recent years, small organic molecules such as thiourea
were found to catalyze the above-mentioned reaction.6

Although many catalysts catalyzed for the alkylations
of indoles have been already described in the literature,
they were mainly focused on the (Michael) addition
reactions of indoles to carbonyls. With the correspond-
ing solid-base7 and solid-acid8 catalyzed 1,4-addition to
a,b-unsaturated compounds were remarkably less
explored. Herein, we report sulfamic acid (SA)9 which
effectively catalyze Michael addition of indoles and pyr-
role to nitroolefins under solvent-free condition to afford
the corresponding Michael adducts in good to excellent
yields.

In our initial study, indole was first reacted with b-nitro-
styrene in methanol at 20 �C for 12 h, the expected prod-
uct was obtained in 85% yield (Table 1, entry 1). To
improve the yield, the same reaction was performed in
refluxing methanol, which increased the yield to 92%
(Scheme 1, Table 1, entry 2). Furthermore, to know
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the effect of solvent, CH2Cl2 and ethanol were used,
the reaction resulted in less yields than that of methanol
(Table 1, entries 3 and 4). Finally the reaction was car-
ried out under solvent-free condition; interestingly, it
was completed in 0.5 h and afforded the product in
excellent yield (96%) (Table 1, entry 5).10 The accelera-
tion effect was probably attributed to the concentration
effect.11

The optimized procedure for Michael addition of indole
to nitroolefin was found to be as follows: the mixture of
indole (1 mmol), nitroolefin (1.1 mmol) and SA (sulfa-
mic acid, 0.1 mmol) was heated at 60 �C. The optimized
procedure was used for the reaction of different indoles
with b-nitrostyrenes, and the exclusive 3-substituted in-
dole derivatives 3a–k were obtained in good to excellent
yields (Scheme 2, Table 2, entries 1–11). Their structures
were confirmed by NMR, MS spectral data and X-ray
analysis of 3j (Fig. 1).12,13As seen in Table 2, the indole
bearing Br group resulted in a lower yield, and needed a
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longer reaction time (Table 2, entry 2). In contrast, the
indole bearing methyl group at the 2- and 4-position,
afforded the corresponding products in excellent yield
(Table 2, entries 3 and 4). In the case of 4-(benzyloxy)-
1H-indole, the yield was slightly lower (Table 2, entry
5), which was probably attributed to the steric effect of
the benzyloxy group. This reaction also tolerated differ-
ent substituents such as dimethyl-amino, methoxy group
at the phenyl ring in b-nitrostyrenes (Table 2, entries 6,
10, 11). Using 2-nitrovinyl furan derived from 2-furalde-
hyde instead of b-nitrostyrene, the similar product 3g
was obtained (Table 2, entry 7). On the basis of the re-
sults obtained, the reaction was extended to pyrrole, and
found that SA can also efficiently catalyze the reaction
of pyrrole with different b-nitrostyrenes, affording 2-
substituted pyrrole derivatives in good to excellent yields
(Scheme 3, Table 2, entries 12–14).
y SA under solvent-free condition
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Table 2 (continued)

Entry Indole (or pyrrole) Nitroolefin Product Product no. Time (h) Yielda (%)
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It is known that the 3-position of the indole is the pre-
ferred site for electrophilic attack. In the presence of
SA, the electrophilic attack uniquely occurred at the 3-
position of the indole ring (Table 2, entries 1–11), show-
ing that the SA catalyzed Michael addition had a good
regioselectivity. As anticipated if the 3-position was
occupied, the reaction could not proceed. In our exper-
iments, 3-carbaldehyde indole, 3-cyanoindole and 3-
hydroxymethylindole were used for the reaction; they
all remained intact with b-nitrostyrene under given
condition even after 12 h. In addition, substituents at
the 1-position could affect the reaction, 1-methylindole
could react with b-nitrostyrene to afford the expected
product (Table 2, entry 9); however, N-Boc and N-Ts in-
dole could not work at all under the same condition.
This could be attributed to the electron-withdrawing
of Boc and Ts groups, which deactivated the indole
ring. The Michael addition of pyrrole to nitroolefins cat-
alyzed by SA exclusively resulted in 2-substituted
pyrrole derivatives (Table 2, entries 12–14), which
also showed good regioselectivity of pyrrole at the
2-position.6d

In conclusion, we have developed a novel efficient and
cost-effective method for Michael addition of indoles
and pyrrole to nitroolefins catalyzed by SA. This meth-
od has advantages such as mild condition, high yields,
short reaction time, and is a green method for the syn-
thesis of important 3-substituted indole derivatives and
2-substituted pyrrole derivatives.



Figure 1. X-ray analysis of compound 3j.
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