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Abstract

A simple, atom economy and highly efficient green protocol have been developed for synthesis of bis(indolyl)alkane by the reaction of indole
derivatives with aldehydes and ketones in the presence of small amount of the heteropoly acids in water.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Bisindole; Environmental friendly; Heteropoly acid; Indole; Water

1. Introduction

There has been tremendous interest to develop highly effi-
cient transformations for the preparation of organic compounds,
as well as, biologically active materials, with potential appli-
cation in the pharmaceutical or agrochemical industries, from
the commercially available compounds. There is also a need for
synthetic chemists to find new, efficient, and strategically impor-
tant processes, which are environmentally benign and lead to the
greater structural variation in a short period of time with high
yields and simple work up procedure. For this reasons, over the
last few year’s enormous advances have been made to chemical
processes to achieve the ultimate goal of hazard-free, waste-free,
and energy-efficient synthesis [1]. In this context, organic reac-
tion in water has played an important role in these processes and
several organic reactions have been shown that are accelerate in
water [2-6].

Indole framework is present in many substances com-
monly found in nature [7,8], as well as in many compounds
that show pharmacological and biological activities [9-12].
The bis(indolyl)alkane moiety is also present in various natu-
ral products possessing important biological activity [13—18].
Therefore, a number of synthetic methods for preparation of
bis(indolyl)alkane derivatives have been reported in the litera-
ture by reaction of indole with various aldehydes and ketones
in the presence of either a Lewis acid [19,20] or a protic acid
[21-30].
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In fact, the acids commonly used are generally toxic cata-
lysts, difficult to handle, stoichiometric amount maybe needed,
and require tedious aqueous work-up, along with the use of envi-
ronmentally harmful organic solvents. In view of the importance
of bis(indolyl)alkane derivatives, these problems were over-
come to some extent by recently reported green methods under
solvent-free conditions or using ionic liquids as reaction medium
[31-41]. However, to the best of our knowledge, only few reports
have been published for the synthesis of indole derivatives in
water [37,42-45].

2. Experimental section

2.1. General procedure for preparation of
bis(indolyl)methanes

To the mixture of indole (2 mmol), an aldehyde or a ketone
(1 mmol), water (4 mL), H3PW 2040 (10 mg) or H3PMo012049
(10 mg) was added and stirred vigorously at room temperature
until the disappearance of the starting indole (1-8 h). When the
reaction was complete, the reaction mixture was filtrate and
washed with water. The crude product was analyzed by NMR
and purified by recrystallization or column chromatography
(EtOAc—petroleum ether) to afford the pure bisindole.

2.2. General procedure for preparation of
di(1H-indol-3-yl)acetic acid (6)

To the mixture of indole (2 mmol), glyoxylic acid (50% solu-
tion in water, 3 mmol), H3PMo012049 (10 mg, 0.14 mol%) was
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added and stirred at room temperature for 4 h. After the comple-
tion of the reaction, the mixture was diluted with ethyl acetate
and purified by flash column chromatography (Et;O-hexanes)
to give the desired product.

3. Results and discussion

Due to the commercial availability, ease of handing, remark-
ably low toxicity, environmentally friendly, and economically
feasible solid catalyst, organic reactions using heteropoly acids,
HPAs, received more attention in recent years [46—49]. In con-
tinuation of our ongoing interest in using water as reaction
medium [50-56], we herein report the use of HPAs as cata-
lysts in the electrophilic substitutions of indole and substituted
indole with a variety of aldehydes and ketones in water to afford
bis(indolyl)methanes at room temperature with excellent yields
(Scheme 1).

At first, the reaction of indole with 2,4-dichlorobenzaldehyde
catalyzed by heteropoly acids in water and other solvents was
investigated, and the results are presented in Table 1. Ini-
tial screening studies identified water as the optimal solvent
for this reaction. Organic solvents, such as CH3CN, CH,Cl»,
CH,CICH;Cl and THF, were also proved effective with longer
reaction time, although, the reaction in ethanol was carried out
with 5 mol% of catalyst [27].

Furthermore, we also tested the catalytic activity of differ-
ent catalysts such as HC1O4 and p-toluenesulfonic acid (TsOH),
RuCl3z, WClg and ZnCl,, and we obtained only moderate yields
in water. One of the most interesting point in this work is
the difference of the catalytic activity between simple mineral
acids (HC1O4 and H,SOy4, Table 1, entries 14, 15) and het-
eropoly acids in water. The reaction rate at the low conversion
of substrate shows the high catalytic activity of heteropoly acids
more clearly. In addition, H3PMo1204¢ has been compared with
H3PW,04¢ and we found out the same results for both of these
heteropoly acids in this reaction in water and other solvents

L

H3PW‘[2040
(0.12 mol %)
+ RCHO —— >

Water, rt, 2-8 h

N" 'R
R’ 2
1aR'=H, R=H
1b:R'=CH,, R=H
1c:R'=H, R=CH,

Table 1
Reactions of indole with an aldehyde in different reaction conditions
Cl

H CHO
N Cl Cat.
/ + —_—
Solvent, rt
Cl

Entry Solvent (2 mL) Catalyst (mol%) Yield (%) Time (h)
1 Water - 5 1
2 Water H3PMo012049 (0.12) 86 1
3 Water H3PW 2049 (0.12) 90 1
4 THF H3PMo012049 (0.12) 90 6
5 THF H3PW 2049 (0.12) 90 6
6 CH3CN H3PMo02049 (0.12) 85 3
7 CH3CN H3PW 2049 (0.12) 90 3
8 CH,Cl, H3PMo012049 (0.12) 88 2
9 CH,Cl, H3PW 2049 (0.12) 90 2

10 CICH,CH,Cl H3PMo012049 (0.12) 86 2

11 CICH,CH,C1 H3PW 2049 (0.12) 88 2

12 Water ZnCl, (5) 45 1

13 Water RuCl; (1) 48 1

14 Water H,S04 (1) 55 1

15 Water HCI1O4 (1) 74 1

16 Water CeCl3.7H,0 (5) 58 1

17 Water WClg (1) 60 1

(Table 1). The reactions were carried out in the simplest manner,
only by stirring the mixture of indole, an aldehyde and catalytic
amount of commercially available heteropoly acids in water at
room temperature in a test tube.

These results prompted us to investigate the scope and
the generality of this new protocol for various aldehydes and
ketones under optimized conditions (Table 2). A series of aro-
matic aldehydes and simple ketones underwent electrophilic
substitution reaction with indole, 1-methyl indole, and 2-

Scheme 1. Reaction of indol with aldehyde in the presence of a heteropoly acid.
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Scheme 2. Chemoselectivity of aldehyde in reaction with indol in the presence of a ketone.
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Table 2
Synthesis of bis (1H-indol-3-yl) methanes in water
Entry Aldehydes Indole Time (h) Yield (%)
1 CHO la 2 84
2 1b 1 92
3 1c 2 80
4 CHO 1a 3 88
5 1b 1 95
6 Cl 1c 2 84
7 CHO 1a 2 80
8 1b 2 93
9 Br 1c 2 84
10 CHO 1a 1 88
11 1b 1 90
12 Cl Cl 1c 1 80
13 CHO la 4 84
14 1b 4 88
15 Nojy 1c 4 78
CHO
16 la 2 80
17 1b 2 86
18 1c 2 30
No,
19 S CHO la 2 92
20 1b 2 94
21 @/ 1c 2 86
22 CHO la 6 80
23 1b 4 84
24 1c 6 76
25 CHO 1a 8 78
26 1b 8 82
27 MeO 1c 8 74
CHO
28 /©/ la 5 86
29 MeO,C 1b 5 90
30 —0 la 8 84
31 1b 8 90
32 /\H/\ 1b 8 76
(0]
(0}
33 00

~
=x
p—
o
[

methyl indole smoothly to afford a wide range of substituted
bis(indolyl)methanes in good to excellent yields. This method
is equally effective for aldehydes bearing electron withdraw-
ing or donating substituents in the aromatic rings. Furthermore,
acid sensitive aldehydes worked well without any decomposi-
tion or polymerization under these reaction conditions. As it
is expected, 1-methyl indole provided better yields of prod-

0._0OH
H,PW,,0,,
©\/> )S]’OH 0.12 mol % O 7Y O
Water, rt, 4 h N i
ater, H H
4 A 6 86%
OCOMe
SuAw®
N N
H o7 H

Scheme 3. Preparation of di(1H-indol-3-yl)acetic acid from indole and gly-
oxylic acid.

ucts in compare with indole and 2-methylindole under the same
reaction conditions. Furthermore, simple ketones like cyclohex-
anone and 2-butanone reacted at the same reaction condition
albeit with longer reaction time. However, hindered ketones did
not participate in this reaction.

This method is also highly chemoselective for aldehydes. For
example, when a 1:1 mixture of 2,4-dichlorobenzaldehyde and
acetophenone was allowed to react with indole in the presence of
H3PW 2040 in water, it was found that only 2,4-dichlorophenyl-
3,3-bis(indolyl)methane (3a) was obtained, while acetophenone
did not give the corresponding product under this reaction con-
ditions (Scheme 2). The reactions were clean and the products
were obtained in high yields without the formation of any side
products such as N-alkylated product.

Finally, the high yield, simple reaction protocol, and orig-
inality of this novel process is further demonstrated in the
synthesis of biologically active bis(indole), such as streptin-
dole (7), with pharmacological activity (Scheme 3) [57]. Thus,
the electreophilic reaction of indole was carried out with gly-
oxylic acid (50% solution in water), and the expected product
was obtained in good yields under these reaction conditions.

4. Conclusion

In conclusion, we have described a simple, convenient and
efficient protocol for the synthesis of wide range of bis(1H-indol-
3-yl)alkane in water. The simplicity, efficiency, mild reaction
condition, high yields of products, easy work up procedure,
and using very small amount of heteropoly acids make it
the preferred procedure for the preparation of different kind
of bis(1H-indol-3-yl)alkane. Another important feature of this
methodology is the use of heteropoly acids as catalyst, water as
reaction medium, and avoidance of hazardous organic solvent.
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