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Abstract

In this work, a green, simple and highly efficient procedure for the
synthesis of bis(indolyl)methanes is described. The condensation of indoles
with carbonyl compounds catalyzed by citric acid in water affords
bis(indolyl)methanes in high yields and relatively short reaction times. The
advantages of this method are using of water as a low cost solvent and

efficient recyclability of the catalyst.
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Introduction

Solvents play essential roles in chemical processes
serving to put reactants into contact by dissolution and
also affecting rates of the reactions. Solvents are also
used in the later stages of a reaction for extraction and
purification of the products.

In the past years, organic solvents were the most
common and perhaps the only choices of solvents
among chemists. This scenario has been substantially
changed during the last decade or so due to the intensive
research towards environmentally benign substitutes for
volatile and toxic organic solvents. Now chemists have
to deal with the challenge of reducing the environmental
impact of the processes without loosing their efficiency
by using the so-called green solvents under the concepts
of Green Chemistry, which has emerged as an important
area of chemistry and has achieved outstanding
progresses towards the development of green reaction

processes [1].

A green solvent must ideally have a high boiling
point, a low vapor pressure, be non-toxic, dissolve a
great range of organic compounds, be inexpensive and
of course be recyclable. All these things put together
tend to narrow the possibilities of finding a compound
or a class of compounds that can effectively be called a
green solvent. However, many efforts from research
groups all around the world have enabled the
appearance of some good alternatives for organic
solvents, which include: supercritical fluids, ionic
liquids, low melting polymers, perfluorinated solvents
and water.

Water is a solvent with unique physical-chemical
properties. Its use as a solvent or co-solvent has unique
synthetic advantages leading in some cases to
exceptionally high selectivities or reaction rates.
Furthermore, organic reactions in water may lead to the
development of environmentally friendly chemical
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Scheme 1. Citric acid catalyzed condensation of indoles
with carbonyl compounds in water.

processes.

Indole and their derivatives are known as important
intermediates in organic synthesis and pharmaceutical
chemistry and exhibit various physiological properties
[2].

Several bis(indolyl)methanes have been isolated
from natural sources [3]. Some members from this class
have shown promising biological activity [4].

Because of these interesting biological activities and
other uses, development of protocols for the synthesis of
bis (indolyl)methanes is of current interest.

Bis(indolyl)methanes have been obtained by the
reaction of indoles with various carbonyl compounds in
the presence of either protic or Lewis acids [5-10]. Most
of the previously reported methods suffer from several
disadvantages such as using of expensive and toxic
catalysts or toxic solvents such as benzene [11].

Hence a more efficient and practical alternative
method using an inexpensive and environmentally
friendly reagent and solvent is still warranted.

In this investigation a green, convenient, mild and
efficient procedure for the synthesis of bis (indolyl)
methanes is reported using citric acid as catalyst and
water as solvent (Scheme 1).
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Materials and Methods

Carbonyl compounds, indole, N-methyl indole and
citric acid were purchased from Merck chemical
company and used without further purification. All
products are known and identified by comparison of
their spectral data and physical properties with those of
the authentic samples. Melting points were recorded on
an Electrothermal-9100 apparatus and are uncorrected.
NMR spectra were recorded on a BRUKER DRX-500
AVANCE NMR spectrometer using CDCl; as solvent.
General procedure for of  Dis-
indolylmethanes

To a mixture of indole (2 mmol), aldehydes or
ketones (1mmol) and water (5 mL), citric acid (0.5
mmol) was added and stirred vigorously at reflux
temperature until the disappearance of the starting
indole, checked by TLC. When the reaction was
completed, the reaction mixture was filtrated and
washed with water. Then, the reaction mixture was
recrystalized using ethanol.

preparation

Selected data

3, 3'-Bis-indolyl phenylmethane (Table 1, entry
1): *H NMR: & (ppm) 5.94 (s, 1H, CH), 6.68 (d, ] = 1.6
Hz, 2H), 7.06 (t, J = 7.2 Hz, 4H), 7.21-7.46 (m, 9H,
arom), 7.89 (s, br, 2H, NH).

3, 3'-Bis-indolyl (4-methoxyphenyl) methane
(Table 1, entry 8): 'H NMR: & (ppm) 3.84 (s, 3H,
OCHj3), 5.90 (s, 1H, CH), 6.64 (d, J = 1.6 Hz, 1H), 6.88
(d, J = 8.6 Hz, arom), 7.07 (t, J = 7.4 Hz, arom), 7.23 (t,
J=7.2 Hz, arom), 7.30 (t, J = 6.7 Hz, arom), 7.37 (d, J =
8.1 Hz, arom), 7.45 (d, J = 7.9 Hz, arom), 7.82 (s, br,
2H, NH).

Table 1. Synthesis of bis(indolyl)methanes using the citric acid as catalyst in water

Entry R? R? Time (min)  Yield (%) Mp (observed) Mp (reported) Reference
1 H CeHs 20 93 143-146 140-142 12
2 H 4-Cl-CgH,4 15 92 80-84 78-80 13
3 H 4-NO,-CgH,4 10 95 220-223 221-223 14
4 H 4-HO-CgH, 30 80 125-127 123-125 14
5 H 2-Cl-CgH,4 20 88 77-79 74-76 12
6 H 2-MeO-Cg¢H, 25 80 138-141 138 15
7 H 2,4-di-CI-CgH3 15 90 100-102 103-105 16
8 H 4-MeO-CgH, 25 85 192-195 191-193 14
9 CH3 CeHs 15 95 190-192 185-187 17

10 CH3 4-NO,-CgH,4 10 94 222-225 219-220 13
11 CH3 3-NO,-C¢H, 10 92 158-160 156-158 18
12 CH3 4-Cl-CgH, 15 90 144-147 142-145 18
13 CH3 2,4-di-Cl-CgHs 15 88 125-128 120-123 18
14 H cyclohexanone 40 76 158-161 148-150 18
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Scheme 2. A plausible mechanism for the preparation of bis(indolyl)methanes

Results and Discussion

First, the reaction of benzaldehyde with indole (1:2
molar ratios) was studied to optimize the reaction
conditions with respect to molar ratio of catalyst to the
substrate and reusability of catalyst. It was found that 50
mol% of catalyst was sufficient to obtain the desired
bis(indolyl)methane in 93% yield within 20 min in
water at reflux.

Encouraged by these successful results, various
aldehydes were studied under optimized conditions to
better understand the scope and generality of this
procedure (Table 1).

Table 1 shows a significant difference in the yield
and reaction time for different substrates. Aromatic
aldehydes bearing an electron withdrawing substituent
(entry 3) undergo reaction at a much faster rate as
compared to aromatic aldehydes with electron releasing
groups appended (entry4), and gave bis (indolyl)
methanes in excellent yields.

The following sequence of reactions appears to
afford a satisfactory explanation of the mode of
formation of products for the synthesis of
bis(indolyl)methanes catalyzed by citric acid from
carbonyl compounds (Scheme 2). An aldehyde was first
activated by proton and carried out an electrophilic
substitution reaction at C-3 of an indole. After loss of
water, an intermediate was generated. The intermediate
was further activated by proton and served as an

electrophile to attack a second molecule of indole to
form the final product.

In order to assess the efficiency of the present
method in comparison with the reported methods for the
preparation of bis(indolyl)methanes from indoles and
carbonyl compounds, the results of present method was
compared with reported methods which used water as
solvent (Table 2). As it is clear from Table 2, the
present method is more efficient when all terms
including yields, reaction times, conditions and catalyst
are taken into account.

Ease of recycling of the catalyst is a valuable
advantage of this method. After cooling of the reaction
mixture the product separated by filtration and the
aqueous solution was used again for the same reaction.
For the reaction of indole with 4-nitrobenzaldehyde (as
a model reaction), no significant loss of the catalyst
activity was observed when the aqueous solution of
citric acid was used after several times of recycling
(Table 3).
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Table 2. Synthesis of bis(indolyl)methanes in the presence of different catalysts in water as solvent

Carbonyl  Catalyst Catalyst  Conditions Time Yield  Reference
compound extent (%)
ratio
C¢H,CHO  squaric acid 10mg H,O/RT 2h 90 18
Meldrum’s acid 0.02 mol  H,Olultrasonic  4h 95 19
aminosulfonic acid 1.5 mol H,Olultrasonic 30 min 93 6
citric acid 0.5 mol H,O/reflux 20 min 93 Present work

Table 3. The reaction of indole with 4-nitrobenzaldehyde in the presence of recycled citric acid

Entry cycle Time (min) Yield (%)
1 1% run 10 95
2 2" run 10 93
3 3" run 15 90
4 4" run 15 90
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