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Concepts such as ‘atom economy’ and ‘green chemistry’ have fo-
cused significant interest on multicomponent reactions1 (MCR),
wherein at least three simple partners are added together to result
in a single diverse complex structure which allows the formation of
several new bonds. The strategy of multicomponent reactions has
been instrumental in playing a significant role in the preparation
of structurally diverse chemical libraries. The utility of MCR is well
represented in the synthesis of privileged medicinal scaffolds such
as 1,4-dihydropyridines, dihydropyrimidines, decahydroquinolin-
4-ones2 or substituted indoles3. Recently, indole derivatives have
become increasingly useful and important in the field of pharma-
ceuticals.4 Their biological properties have attracted many syn-
thetic chemists to explore different methods suitable for the
synthesis of substituted indoles. Despite several methods present
in the literature for the synthesis of substituted indoles,5 the devel-
opment of simple, efficient and environmentally benign ap-
proaches for indole derivatives is highly desirable.

In our previous reports, we have demonstrated that phospho-
molybdic acid (PMA) together with silica (SiO2) works efficiently
for organic transformations6 such as the nucleophilic substitution
reactions of aryl propargyl alcohols, propargylation of aromatic
compounds and synthesis of b-keto enol ethers. In continuation
of our efforts for exploring PMA–SiO2 as an acid catalyst for multi-
component coupling reactions,7 we herein describe a one-pot mul-
ticomponent condensation reaction of indole with aldehydes and
N-methylaniline to form a novel skeleton of 3-substituted indoles
(Scheme 1).

Initially, we investigated the multicomponent reaction of benz-
aldehyde, aniline and indole in dichloromethane in the presence of
5 mol % PMA–SiO2 as a catalyst at room temperature. Unfortu-
nately, the reaction did not proceed according to expectations.
However, we were delighted to find that the reaction proceeded
well when aniline and dichloromethane were replaced with N-
ll rights reserved.
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methylaniline and acetonitrile8 resulting in a novel 3-substituted
indole as a single product. This result encouraged us to investigate
further the scope of this methodology yielding 3-substituted
indoles.

In due course, owing to the importance of green chemistry, we
attempted similar transformations (coupling between benzalde-
hyde, N-methyl aniline and indole) in the absence of a solvent.
Interestingly, we found that the reaction occurs much faster
(1.75 h) than in the presence of a solvent (CH3CN, 3.5 h). To study
the role of PMA–SiO2, an experiment was conducted in the pres-
ence of silica without PMA and we found that the reaction pro-
ceeds with longer periods (36 h with 70% yield). However, when
PMA alone was used, the reaction occurred in 1.75 h resulting in
the formation of the desired product (80% yield) along with a
byproduct bisindolylmethane (10%). Thus the combination of
PMA–SiO2 was necessary to obtain a single desired product. With
respect to the quantity of the catalyst, there was no significant
enhancement in yields when the concentration was increased from
5 mol % to 20 mol %. Attempts were also made to study this proto-
col with TsOH and other Lewis acids such as NbCl5, FeCl3 and io-
dine (20 mol % each). With TsOH, the reaction progressed well
with the formation of the corresponding product (80%) along with
the byproduct bisindolylmethane (10%). In the case of NbCl5 and
FeCl3 the bis indolyl products were the major products formed
(>60%), whereas with iodine, the starting materials were recovered.

After optimizing the reaction conditions, different aldehydes,
both aromatic and aliphatic, aromatic aldehydes with electron-
donating and electron-withdrawing groups were investigated for
the present protocol.9 It was found that all the reactions proceeded
well and produced the corresponding products in good yields
(Table 1). All the products were characterized by 1H NMR, 13C
NMR, IR and mass spectroscopy.10 No significant change in yield
was observed when either substituted indoles or substituted aro-
matic aldehydes were used. Surprisingly, cinnamaldehyde, butyr-
aldehyde and n-octanal did not work under the present
protocol.11 Mechanistically, we presume that when N-methyl



Table 1
Synthesis of 3-substituted indoles via multicomponent coupling reaction

Entry Indole Aldehyde Product Yielda (%) Timea (h) Yieldb (%) Timeb (h)

1 N

H

CHO

N

H

N

1a
90 1.75 80 3.5

2 N

H

CHO

OMe N

H

N

OMe

2a

92 1.75 83 3.5

3 N

H

CHO

N

H

N

3a

93 1.75 85 3.75

4 N

H

CHO

NO2
N

H

N

NO2

4a

89 2.5 78 4.0

5 N

H

CHO

OH N

H

N
OH

5a

95 1.75 84 3.0

6 N

H

CHO

N

H

N

6a

85 2.5 65 4.5

7 N

H

CHO

Cl N

N

H

Cl

7a

91 2.0 75 3.0

N
H

CHO NH
CH3

N
H

N

CH3

R
R'

R'

R

+ +
PMA-SiO2

CH3CN, rt.

R = H, CH3, OH, OMe, Cl, NO2
R' = H, Br, OMe

Scheme 1.
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Table 1 (continued)

Entry Indole Aldehyde Product Yielda (%) Timea (h) Yieldb (%) Timeb (h)

8 N

H

CHO

N

N

H
8a

91 2.5 76 3.5

9
N

CHO

N

N

9a

92 2.5 80 4.0

10
N

CHO

N

N

10a

90 2.5 80 4.25

11
N

H

Br
CHO

Cl N

H

N

Cl

Br

11a

92 2.5 83 3.75

12
N

H

Br CHO

OMe
N

H

N Br

OMe

12a

90 2.75 82 4.0

13
N

H

MeO CHO

N

H

N
OMe

13a

90 2.5 83 4.25

14
N

H

MeO
CHO

Cl N

H

N

Cl

OMe

14a

93 2.25 80 4.0

a Reaction performed under solvent-free conditions.
b Reaction performed with acetonitrile as solvent.
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aniline is treated with aldehyde in the presence of acid, an iminium
ion intermediate is formed which is attacked by an electron rich in-
dole to get the 3-substituted indole (Scheme 2).

In conclusion, efficient synthesis of novel 3-substituted indoles
has been achieved by a one-pot three-component coupling reac-
tion of aldehyde, N-methylaniline and indole. Simple reaction pro-
cedures, inexpensive catalysts and single product formation make
this an attractive protocol over the existing procedures.
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