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Abstract—We describe InBr3-catalyzed cyclization of 2-alkynylaniline derivatives having a variety of functional groups producing
polysubstituted indoles. This methodology could be applied to the one-pot synthesis of an amino acid precursor by the addition of a
catalytic amount of the indium salt, an imine, and TMSCl.
� 2005 Elsevier Ltd. All rights reserved.
Table 1. Examination of indium(III)-catalyzed intramolecular cycli-
zation of 1a leading to 2-phenylindole 2aa

PhMe, reflux
NH2

Ph

N
H

Ph
InX3

1a 2a

Run Cat (equiv) Time (h) Yield (%)b

1 InBr3 (0.05) 1 95c

2 InCl3 (0.05) 4 90
3 InI3 (0.05) 3 6
4 InBr3 (1) 0.2 98
5 — 24 18
6d InBr3 (0.05) 24 15
Practical syntheses of substituted indole derivatives have
attracted considerable attention in organic, pharmaceu-
tical, or medical chemistry, since this basic skeleton is
broadening in natural products and biologically active
substances.1a,b Among them, palladium,2 copper,3 other
metal,4 and base5,6 mediated cyclization of 2-alkynyl-
anilines is one of the most convenient methods for the
preparation of polysubstituted indoles. Although a
number of the examples have been reported in this com-
munity,1c,d there are still several disadvantages involving
an introduction of a substituted group, such as an elec-
tron-withdrawing group on the nitrogen atom, a large
amount of a loading catalyst, and limitation of a reac-
tion substrate, which is sensitive to a strong base. On
the other hand, we previously reported that InBr3 effec-
tively catalyzes Sonogashira-type coupling reaction to
produce a variety of alkynes derivatives, and that the
coordination of the indium to the alkyne p bond assists
an intramolecular nucleophilic attack by the tethered
amino group of o-alkynylaniline leading to 2-substituted
indole.4,7 In the previous work, we found that a catalytic
activity of the indium was not lost by the unsubstituted
amino group during the reaction. However, the cycliza-
tion reaction examined was only limited to one example.
Hence, we became interested in the scope and limitation
of the intramolecular cyclization of a 2-ethynylaniline
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derivative by the indium catalyst. We report herein the
results of the indium-catalyzed cyclization of 2-ethynyl-
aniline derivatives leading to the synthesis of polysubsti-
tuted indoles. We also disclose an efficiently one-pot
synthesis of an amino acid precursor by sequential intra-
molecular cyclization of a tethered amino group, inter-
molecular addition of an imine.

Table 1 shows the results of the cyclization of 2-phenyl-
ethynylaniline (1a), which was prepared by the
a Reaction was carried out using 2-phenylethynylaniline (0.5 mmol)
and indium trihalide (0.05 equiv) in toluene (2 mL).

b NMR yield.
c Isolated yield.
d Reaction was carried out at room temperature.
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procedure previously reported,8 under several condi-
tions for optimized conditions.9 On the basis of previous
work, when the reaction using InBr3 ran, the desired
indole 2a was obtained in nearly quantitative yield within
1 h (run 1). InCl3 also showed a similar effect for the
reaction, however, the reaction time slightly prolonged
(run 2). In contrast, employment of InI3 resulted in
the formation of a complex mixture (run 3). The cycliza-
tion using a stoichiometric amount of indium bromide
was completed faster than while using a catalytic
amount of that (run 4). On the other hand, the reaction
without an indium catalyst, or the reaction at room tem-
perature did not afford the desired product in practical
yield (runs 5 and 6). Consequently, we found that the
toluene reflux conditions using 0.05 equiv of indium
bromide from the viewpoints of reactivity and an
economical cost showed the best result for the
cyclization.10,11

Next, to extend the generality of this reaction, cycliza-
tion of various N-unsubstituted ethynylaniline prepared
was carried out under optimized conditions, the results
are displayed in Table 2. Cyclization of the ethynylani-
line having not only an electron-donating group but also
an electron-withdrawing group on a benzene unit was
complete in a short time, producing the corresponding
indole derivatives 2 in good to excellent yields (runs 1–
6). In addition, when the reaction of substrates 1 con-
taining an alkyl group, such as a hexyl and tert-butyl
group next to a triple bond also underwent the reaction
to produce the desired polysubstituted indole derivatives
in good yields (runs 7–13). Moreover, attempts to
cyclize N-substituted ethynylaniline having a benzyl or
an acetyl group in the presence of the indium catalyst
also were highly successful to produce N-substituted
Table 2. Intramolecular cyclization of ethynylaniline 1 leading to 2-substitu

1

R4

NH

R1

R2

InBr3 (0.05 e

toluene, re

R3

Run Ethynylaniline 1

R1 R2 R3 R4

1 H H H Ph
2 Me H H Ph
3 Me Me H Ph
4 NO2 H H Ph
5 F H H Ph
6 CN H H Ph
7 Me H H C6H13

8 Me Me H C6H13

9 NO2 H H C6H13

10 F H H C6H13

11 CN H H C6H13

12 Me H H t-Bu
13 H H H t-Bu
14 H H Bn Ph
15 H H Ac Ph

a Isolated yield.
indoles 2n and 2o in good yields (runs 14 and 15).12

These results strongly support the fact that the coordina-
tion of the indium to the alkyne p bond increases the
electrophilicity of the triple bond facilitating the sub-
sequent nucleophilic attack of the tethered amino group
to form the desired indole.13

We then attempted to develop a simple method for a
one-pot synthesis of an amino acid precursor involving
an indolyl group via sequential intramolecular cycliza-
tion, intermolecular addition. After several examina-
tions, we found a proper procedure for the desired
reaction.14 Thus, a catalytic amount of indium bromide
initially undertook an intramolecular cyclization of eth-
ynylaniline 1 producing in situ indole; the addition reac-
tion of the indole with imine 3 in the presence of the
further added indium salt and TMSCl occurred to pro-
duce indolyl amine derivative 4.15,16 Table 3 shows the
results of one-pot synthesis using four types of ethynyl-
aniline 1 and imine 3 having a trichloromethyl group,17

the group of which is not only broadly found in a num-
ber of biologically active molecules, but also could be
hydrolyzed by an alkaline solution to produce the ester.

In conclusion, we have reported that quite a small
amount of InBr3 efficiently catalyzes the cyclization of
2-alkynylaniline derivatives having a variety of func-
tional groups to produce polysubstituted indoles in
good to excellent yields. This simple catalytic system is
remarkably tolerant to a variety of functional groups
on the o-ethynylaniline and the unsubstituted amino
group. We also succeeded in development for the one-
pot synthesis of an amino acid precursor by the addition
of a catalytic amount of the indium salt, the imine, and
TMSCl. Further investigations toward the synthesis of
ted indole 2

R1

R2 N
R4

quiv)

flux

2

R3

Time (h) Yield (%)a

1a 1 2a 95
1b 0.5 2b 98
1c 1 2c 90
1d 2 2d 90
1e 2 2e 91
1f 2 2f 98
1g 1.5 2g 62
1h 1.5 2h 52
1i 8.5 2i 77
1j 8.5 2j 86
1k 7 2k 89
1l 4 2l 59
1m 4 2m 59
1n 0.5 2n 78
1o 2.5 2o 71



Table 3. A one-pot procedure for amino acid precursor 4a

Ph

NH2

1) InBr3 (0.05 equiv)
PhMe, reflux

4

N
H

Ph

NH
Cl3C

R1

R2

R1

R2

1

2) PhCH2N=CHCCl3
3

InBr3 (0.2 equiv)
TMSCl (1.2 equiv)
PhMe, rt

Ph

Run Ethynylaniline 1 Time (h)b Yield (%)c

R1 R2

1 H H 1a 2.5 4a 89
2 Me H 1b 1 4b 75
3 Me Me 1c 0.5 4c 88
4 F H 1e 7.5 4e 84

a Cyclization of ethynylaniline 1 (0.5 mmol) and subsequent addition
of imine 3 (1 mmol) was carried out in toluene (4 mL).

b For a reaction time in the first step, see Table 2.
c Isolated yield based on 2-phenylethynylaniline derivative 1.
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biologically active substances by using the present meth-
od are currently in progress.
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