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ABSTRACT
A simple, environmentally benign and highly efficient synthesis of Bis(indolyl)methane by using Microwavepromoted Zirconium (IV) Chloride as a catalyst in PEG as a reaction solvent. Zirconium (IV) Chloride is an
attractive catalyst for the electrophilic addition reaction of indole with aldehyde to afford the corresponding
bis(indolyl)methane. The procedure is simple, rapid and high yielding. The catalyst exhibited a remarkable
reactivity and is reusable in PEG-400 as a solvent. The ZrCl4 in PEG-400 can be reused up to 4 times without
significant loss in yields and selectivity.
_____________________________________________________________________________________________
INTRODUCTION
The acid catalyzed reaction of electron rich heterocycles such as indole or pyrrole with 4-dimethyl
aminobenzaldehyde is known as Ehrlich test [1,2] and the same reaction of indole with other aldehydes gives
corresponding bis(indolyl)alkanes, which is the useful class of biologically active organic compounds[3,4]. The
synthesis of bis(indolyl)alkane has attracted interest because of their occurrence in various natural products
possessing biological activities and usefulness for drug design [5]. A large number of these compounds have been
isolated from earthly and marine sponges and from cruciferous plants [6,7]. Bis(indolyl)methanes have many
applications in material sciences, agrochemicals and pharmaceuticals [3-5]. Especially, bis(indolyl)methane is
identified to promote estrogen metabolism which is expected to have an application in the prevention of breast
cancer in both women and men [8,9]. Due to such biological importance, in the recent years the synthesis of
bis(indolyl)methane and its derivatives received considerable attention.
For the synthesis of bis(indolyl)alkane by an acid catalyzed electrophilic substitution reaction of indoles with
carbonyl compounds, A variety of protic as well as Lewis acids are known to promote this reaction. However, many
Lewis acids are prove to undergo decomposition in the presence of nitrogen containing reactants and this
necessitates the use of excess and sometimes stoichiometric amount of Lewis acid catalyst. A variety of catalysts
such as PPh3·HClO4[10], InCl3 [11], Ln(OTf)3 [12], cyanuric chloride [13], Iodine[14], ZrCl4 in acetonitrile [15] and
1-butyl-3-methylimidazolium tetrafluoroborate or 1-butyl-3-methylimidazolium hexafluorophosphate ionic liquids
[16] have been reported to catalyzed this reaction. However, many of these reagents are expensive, need longer
reaction time and are not environmental friendly which warrants the development of a new, practical, economic and
environmental friendly protocol for the synthesis of bis(indolyl)methanes.
Many chemists have made a great deal of effort to design environmental benign and clean synthetic procedures to
replace the classical synthetic methods. Microwave heating is an eco-friendly approach and a valuable tool for
synthetic chemists because it is possible to increase the reaction rate and product yields as well as exploits a variety
of factors such as milder and more efficient conditions, shorter reaction times, energy conservation, formation of
purer products and waste minimization. There is an enormous growth of interest in this promising technique for
promoting reactions. [17-22]
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On the other hand, the development of green and clean synthetic methods, those involving solvent-free or the use of
alternative solvents, such as water, ionic liquids and polyethylene glycol (PEG), has increased in recent years. [2327] solvents play a critical role in mixing the ingredients to allow molecular interaction. Despite several advantages,
the solvent-free methods are restricted to systems where at least one of the reagents is liquid at room temperature,
whereas the use of ionic liquids, especially imidazolium systems with PF and BF anions, have some drawbacks,
6

4

such as the high cost and liberation of hazardous HF during recycling and ionic liquids safety is still debated and the
reactions in water do not give good yields because of the hydrophobic nature of the organic reactants. Thus, the use
of PEG and other alternative non-volatile solvents has been shown as an attractive way to cleaner organic synthesis.
Recently, polyethylene glycol is found to be an interesting recyclable and eco-friendly solvent system in synthetic
chemistry for various organic transformations with unique properties such as thermal stability, commercial
availability and immiscibility with a number of organic solvents. In general, PEG is an inexpensive, non-toxic and
completely non-halogenated. Green synthetic routes are the main concern of the present century and current
synthetic efforts are directed to achieve this goal. Certainly, there is increasing pressure on chemist to replace toxic
catalyst and volatile solvents, Currently, PEG is finding extensive use in organic synthesis as it is a well-known
green solvent and more suited to microwave irradiation. Also, the use of PEG under MW irradiation is reported in
several organic reactions claiming green protocols.[28-31]
In conventional bis(indolyl)methane synthesis reaction highly toxic Lewis acid catalysts have been used and during
aqueous reaction workup leave toxic gases which are released in to the environment. Due to the low cost and easy
handling of zirconium chloride and the green nature of recyclable PEG encouraged us to combine them together and
used their utility for the synthesis of bis(indolyl)methane.
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Scheme 1.Synthesis of Bis(indolyl)methane

In continuation of our work on the development of useful synthetic methodologies for the carbon-carbon bond
formation [32-34]and biologically active compound synthesis [35-38] reactions we have developed an
environmentally benign and highly efficient synthesis of bis(indolyl)methane by using Zirconium (IV) Chloride as a
catalyst in PEG as a reaction solvent under microwave irradiation(Scheme-1).However, to the best of our
knowledge, no such recyclable Zirconium (IV) Chloride in PEG as a homogeneous catalytic system has been
explored for the bis(indolyl)methane synthesis.
EXPERIMENTAL SECTION
All chemicals and reagents required for the reactions were procured from Sigma-Aldrich and Loba chemicals with
purity >98% and used without further purification. The products were characterized using 1H NMR, 13C NMR
spectrometer with TMS as the internal standard. Column chromatography was performed on silica gel, Merck grade
60-120 mesh size. TLC was performed on 0.25 mm E. Merck precoated silica gel plates (60 F254). The compounds
are already well known in the literature.
Typical procedure
General procedure.
A mixture of indole (2 mmol), aryl aldehyde (1 mmol) and ZrCl4 (5 mol%) in 3mL PEG-400 was taken in a round
bottom flask fitted with a guard tube was subjected to domestic microwave (Kenstar, Microwave output 800W
±10%; microwave frequency 2450MHz ) irradiation for a 4 min. On completion of reaction (checked by TLC)
chloroform (10 mL) was added and the reaction mixture was separated through separating funnel. The catalyst was
washed with chloroform (2x10 mL). Removal of solvent from combined filtrate gave the residue, which was
purified through a column of silica gel to afford pure bis(indolyl)alkane. The PEG and catalyst was recovered and
recycled without affecting the yields of the products. The spectral data of some of the bis(indolyl)methane is
summarized below.
Spectroscopic data
3,3’-Bis(indolyl)-4-methylphenylmethane (Table 2, Entry 2). mp 96 oC; (Lit (94-96 oC [15]); PMR (300 MHz,
CDCl3): δ = 2.31(s,3H ), 5.84(s,1H), 6.64(s, 2H), 6.85-7.40(m, 12H), 7.94(br s, 2H); CMR ( 75 MHz, CDCl3): δ=
136.7, 128.9, 127.1, 123.5, 121.9 119.9, 119.2, 110., 55.9, 39.8.

242

Bhikan J. Khairnar and Bhata R. Chaudhari

J. Chem. Pharm. Res., 2015, 7(5):241-245

______________________________________________________________________________
3,3’-Bis(indolyl)-4-chlorophenylmethane (Table 2, Entry 4). mp 78 oC; (Lit. (76-77 oC [15]); PMR (300 MHz,
CDCl3):δ= 5.88 (s, 1H), 6.63 (br s, 2H), 7.00-7.70(m, 12H), 7.92(br s, 2H); CMR ( 75 MHz, CDCl3): δ= 136.7,
130.1, 128.1, 126.8, 123.5, 122, 119.8, 119.4, 119.3, 111, 39.8.
Bis-(4-Nitrophenylmethylene)-Bis-(1h-indole) (Table 2, Entry 7): mp 218°C (Lit. (221-223 °C [15]); PMR (300
MHz, CDCl3): 5.92 (s, 1H), 6.63 (d, 2H), 6.94 (t, 2H), 7.10-7.31 (m, 6H), 7.43 (d, 2H), 7.96 (br s, 2H), 8.16 (d, 2H);
CMR (75 MHz, CDCl3): 40.3, 111.3, 118.1, 119.4, 119.6, 122.5, 123.6, 126.5, 129.7, 136.7, 151.8.
RESULTS AND DISCUSSION
At the onset of the research, we made a conscious effort to develop a catalytic system that would address the
limitations of the previously reported Lewis acid-catalyzed bis(indolyl)methane synthesis reaction. During the
preliminary studies indole (1) was reacted with benzaldehyde (2a) used as the model system in PEG under
microwave irradiation. A series of experiments were performed to optimize various reaction parameters, such as the
catalyst, catalyst loading and time (Tables 1). Initially we screened various Lewis acid catalysts such as FeCl3.6H2O,
SnCl4, AlCl3, ZrCl4 and ZnCl2 (Table 1, entries1–5). Among the catalysts examined, ZrCl4 was found to be the best,
providing excellent yields of the desired product 3a. We further studied catalyst loadings ranging from 3 to 10
mol%; increasing the catalyst concentration from 3 to 5 mol% increased the yield of 3a to 91%, a further increase to
10 mol% did not improve the yield further (Table 1, entries 4, 6 and 7). On the other hand, the yields of these
reactions did not exceed more than 48% under thermal conditions (100 °C) even after long reactions times. The
reaction was not successful in the absence of catalyst or MW irradiation.(Table 1, entries 8 and 9). In these reactions
no corrosive substances were used and no waste formation was observed. The experimental procedure for these
reactions was remarkably simple and required no toxic organic solvent or inert atmosphere. We found that the
transformations could be accomplished by exposing a mixture of indole (2 mmol), benzaldehyde (1 mmol), and
ZrCl4 (5 mmol) in 3mL PEG-400 to MW irradiation (170 W, 100–120 °C) for 3.0–5.0 min. The reaction time was
optimized at 4 min. (Table 1, entries 4, 10 and 11).
Table 1. Optimization of reaction parametersa

CHO

+

MW
PEG-400

N
H
1

NH
2a

N
H

3a

Entry Catalyst
Mol % of catalyst Time (min.) Yield (%)b
1
FeCl3.6H2O
5
4
67
2
SnCl4
5
4
59
3
AlCl3
5
4
76
4
ZrCl4
5
4
91
5
ZnCl2
5
4
73
6
ZrCl4
3
4
72
10
4
94
7
ZrCl4
8c
ZrCl4
5
600
48
9d
--4
34
10
ZrCl4
5
3
68
11
ZrCl4
5
5
92
a
Reaction conditions: Indole (2 mmol), Benzaldehyde (1 mmol), PEG-400 (3 mL), Microwave Irradiation.bIsolated yield, cBy thermal method,
d
Without catalyst.

Having optimized reaction conditions in hand, we explored the substrate scope of the ZrCl4 in PEG-400 catalyzed
various aryl aldehydes containing different functional groups were investigated (Scheme 2). Products containing
electron-donating 3b and 3c, as well as electron withdrawing groups3d–hwere obtained. Gratifyingly a variety of
common functional group, such as alkyl, ether, halo, nitro, amino and cyano were tolerated regardless of the metaor para-position, however ortho substituted aryl aldehyde gave lower yields of 3e, possibly due to steric hindrance.
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Table 2. Substrate study for bis(indolyl)methane synthesis reactiona
R

ZrCl4, PEG-400
CHO

+

MW, 4 min.
N
H

R

NH
2a-h

1

3a-h

N
H

Entry Aldehyde RProduct Yield (%)b MP (°C)Obs. (Lit)
1
2a
-H
3a
91
126 (124-126)[11]
2
2b
-4-CH3
3b
88
96 (94-96) [11]
3
2c
-4-OCH3
3c
84
188(190-192) [11]
4
2d
-4-Cl
3d
90
78 (76-77) [11]
5
2e
-2-NO2
3e
68
224 (220-222)[39]
6
2f
-3-NO2
3f
90
220 (220-222) [39]
3g
92
218 (221-223) [11]
7
2g
-4-NO2
8
2h
-4-CN
3h
87
208 (212-214) [39]
a
Reaction conditions: Indole (2 mmol), arylaldehyde (1 mmol), ZrCl4(5mol%), (PEG-400 (3 mL), Microwave Irradiation (4 min). bIsolated yield

Additionally, a reuse study of the ZrCl4 in PEG-400 system was carried out for the reaction of 1a with 2a to obtain
3a. After irradiation for 4 min, the reaction mixture was extracted with a mixture of hexane/ethyl acetate 95/5 (3x
3.0 mL). The upper organic phase was removed, the solvent evaporated and the product 3a was isolated. The
remaining inferior phase containing a mixture of ZrCl4/PEG-400 was dried under vacuum and directly reused for
further reactions, simple by adding more reagents 1a and 2a. 3a was obtained in 88%, 76%and 68% yields after
successive cycles showing a good level of efficiency. (Table 3).
Table 3. Recycle study of the catalytic systema

ZrCl4, PEG-400
CHO

+

MW, 4 min.
N
H
1

NH
2a

N
H

3a

b

Entry Run Yield (%)
1
1st
91
2
2nd
88
rd
3
3
76
4
4th
68
a
Reaction conditions: Indole (2 mmol), benzaldehyde (1 mmol), ZrCl4 (5mol%), (PEG-400 (3 mL), Microwave Irradiation (4 min). bIsolated yield

CONCLUSION
In conclusion we have developed an efficient ZrCl4 mediated, green method for the synthesis of bis(indolyl)methane
by using PEG-400 as the solvent medium under microwave irradiation. The mild reaction conditions, operational
simplicity, and volatile-solvent free conversion, application of a nontoxic and recyclable catalytic system, high
yields and rapid formation of the products are the notable advantages of this method. These remarkable
characteristics made this new protocol economically and eco-friendly attractive, inexpensive and offering the
possibility of perform the reaction in the absence of toxic organic solvents.
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