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Abstract: Highly rapid and efficient synthesis of Bis(indolyl)methanes has 

been developed by using a mixture of phosphorus pentoxide in  

Methanesulfonic acid (Eaton’s reagent) at ambient temperature under solvent 

free condition. 
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Introduction 

It is an ultimate dream of organic chemist’s to perform reactions under solvent free 

conditions for providing green approach towards organic synthesis. In recent years emphasis 

is given on the development of environmentally benign procedures and reagents in organic 

chemistry. With the current global awareness in developing environmentally friendly 

technologies it was decided to carry out reactions in neat and non-hazardous conditions. 

This communication describes our efforts towards this. 

Eaton’s reagent
 
(1:10 phosphorus pentoxide in Methanesulfonic acid) is an inexpensive and 

commercially available substance synthesized by Philip E. Eaton in 1973, can be used to 

overcome the disadvantages of polyphosphoric acid as a catalyst for dehydration reactions, 

because it has a much lower viscosity, it is easier to handle and no complex separation 

procedures need to be employed. Combination of phosphorus pentoxide and 

Methanesulfonic acid (P2O5/MeSO3H) can also be employed as catalyst for Fisher-Indole 

synthesis, Beckmann rearrangement and Schmidt rearrangement processes
1
. Many processes 

that employ a mixture of  P2O5/MeSO3H are not only more economical, they are also more 

environmentally friendly and offers a number of distinct advantages such as safe in 

industrial scale, low environmental impact, easy work-up procedures, rapid reactions and 

high purity products with excellent yields. Mixture of P2O5/MeSO3H is found to be the 

efficient reagent mainly used for ring closure, McGarry and Detty successfully use this 
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reagent in cycloacylation reactions for producing chromones and flavones
2a

, recently Zewge 

and co-workers use Eaton’s reagent to promote the cyclization of aniline derivatives to 

produce 4-quinolones
2b

. P2O5/MeSO3H offers a simple means of producing 

poly(benzimidazoles) from o-phenylenediamines and aromatic carboxylic acids
2c

. 

Furthermore it is an excellent medium for producing substituted oxazoles by 

cyclocondensation aroyl amidoacetals
2d

. Kaboudin et.al. employed this system for synthesis 

of aryl mesylates
2e

. 

 

Indole is one of the privileged molecules of organic chemistry as several of its derivatives 

are valuable pharmaceuticals
3
. During the past few years a large number of natural products 

containing Bis(indolyl)methane
4
 and Bis(indolyl)ethane

5
 moieties have been isolated from 

marine sources. Bis(indolyl)methanes are cruciferous substances useful for promoting 

beneficial estrogen metabolism in men and women
6
. They are also effective in the 

prevention of cancer due to their ability to modulate certain cancer causing estrogen 

metabolism
7
. Moreover these compounds may normalize abnormal cell growth associated 

with cervical dysplasia
8
. The most ubiquitous of the known bioactive alkaloids are based on 

the indole moiety
9
. Vibrindole A has been demonstrated for the first time to exhibit 

antibacterial activity against S. aureus, S. albus and B. subtills. Gentamycin is in use as a 

standard antibacterial drug
10

. 

 

A variety of synthetic methodologies using acid catalysts, such as protic acids [11], Lewis 

acids
12,13

, heterogeneous acid catalysts
14,15

, ionic liquids
16,17

, P2O5/SiO2
18

 have been 

developed for the preparation of Bis(indolyl)methanes, but many of these reported protocols 

suffered from usage  of expensive reagents, prolonged reaction time, hazardous solvents, 

tedious workup methods and  give unsatisfactory yields. In view of this it was decided to use 

Eaton’s reagent under solvent free conditions at room temperature using simple work-up 

procedure for the synthesis Bis(indolyl)methane (Scheme 1). 

 

 

Scheme 1. Synthesis of Bis(indolyl)methanes using Eaton’s reagent. 

 

Experimental 

All melting points were recorded in open capillaries and are uncorrected, compared with 

reported values. The compounds were purified by column chromatography and the purity 

was checked by TLC on silica gel G (Merck). 
1
H NMR spectra were recorded in CDCl3 

using TMS as the internal standard on Varian 300 MHz instrument. IR spectra were 

obtained using Nujol on a Perkin-Elmer-1710 spectrophotometer. Mass spectra were 

recorded on a Thermo Finnigan (Model-LCQ Advantage MAX) mass spectrometer. 
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Table 1. Comparison of reaction conditions and the yield of product 3a with reported 

methods. 

Entry Reagent Conditions Time 

 

Yield 

(%) 

( % ) 

Ref. 

      

1 P2O5/SiO2 Grinding 30 min 94 18 

2 

3 

4 

HBF4-SiO2 

Silicotungstic acid 

Silica sulfuric acid 

Grinding 

Ethanol, U. S.,20
0
C 

Solvent free, rt 

10 min 

15 min 

40 min 

94 

93 

92 

21 

22 

25 

5 PEG-Suppo. sulfonic acid Methanol, rt 2.5 hr 95 26 

6 (CO2H)2.2H2O/CTAB Water, rt 1.5 hr 98 27 

7 1:10 P2O5/MeSO3H Solvent free, rt 2 min 93 

 

-- 

            
General procedure for the synthesis of Bis(indolyl)methanes:- 

 Eaton’s reagent (1.0 mmol) was added to a mixture of Indole (2.0 mmol) and aldehyde (1.0 

mmol) in a round bottom flask and stirred vigorously at room temperature for appropriate 

time (mentioned in Table 1). After completion of the reaction (monitored by TLC), the 

reaction mass was transferred to an excess saturated sodium carbonate solution. The solid 

product separated out, was filtered, washed with sufficient water and dried. The crude 

products were recrystalized from ethanol-water (1:1) or column chromatographed on silica 

gel using ethyl acetate / hexane as eluent to afford substituted Bis(indolyl)methanes in 78-

93% yield (Scheme 1).  

 

Table  2. Effect of molar ratio on the condensation of Indole(2 mmol) with benzaldehyde(1 

mmol) to produce (3a). 

Entry Eaton’s reagent Reaction time  Yield
a
 

1 0.5 mmol 4-5 min 88 % 

2 1.0 mmol 2 min 93 % 

3 1.5 mmol 2 min 93 % 

4 2.0 mmol 2 min 92 % 
a
Isolated yield. 

 

Physical and Spectral data for the selected compounds:-  

3-((1H-indol-3-yl)(phenyl)methyl)-1H-indole (3a)  

Pink solid; Yield 93%; mp 124-126 
0
C; IR(Nujol): 3389, 1598, 1458, 1377, 1215, 1122, 

1089, 739, 700 cm
-1

;
 1

H NMR (300 MHz, CDCl3): δH 5.88(1H, s), 6.64(2H, s), 7.00(2H, t, 

J= 7.6 Hz), 7.16(2H, t, J= 7.6 Hz), 7.21-7.40(9H, m), 7.88(2H, br s, NH); MS m/z: 321 (M-

1), 206, 116.  

3-((2,4-dichlorophenyl)(1H-indol-3-yl)methyl)-1H-indole (3d)  

White solid; Yield 92%; mp 140-142 
0
C; IR(Nujol): 3403, 1459, 1153, 1090, 863, 738, 722 

cm
-1

;
 1

H NMR (300 MHz, CDCl3): δH 6.27(1H, s), 6.63(2H, s), 6.99-7.44(11H, m), 

7.93(2H, br s, NH); MS m/z: 389 (M-1), 274, 146, 116.  

3-((2,3-dichlorophenyl)(1H-indol-3-yl)methyl)-1H-indole (3f) 

White solid; Yield 86%; mp 112-114 
0
C; IR(Nujol): 3384, 1459, 1151, 1086, 1038, 768, 722 

cm
-1

;
 1

H NMR (300 MHz, CDCl3): δH 6.36(1H, s), 6.63(2H,s), 7.00-7.39(11H, m), 7.94(2H, 

br s, NH); MS m/z: 389 (M-1), 274, 146, 116.  
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4-(Di(1H-indol-3-yl)methyl)phenol (3o)  

Pink solid; Yield 78%; mp 122-124 
0
C; IR(Nujol): 3444, 3400, 1612, 1596, 1510, 1459, 

1256, 1170, 1080, 795, 741 cm
-1

;
 1

H NMR (300 MHz, CDCl3): δH 5.83(1H, s), 6.66(2H, s), 

6.74(2H, d, J= 8.1 Hz), 7.0(2H,  t, J= 8 Hz), 7.14-7.40(8H, m), 7.92(2H, br s, NH); MS m/z: 

337 (M-1), 222, 116, 105.  

3-((1H-indol-3-yl)(3,4,5-trimethoxyphenyl)methyl)-1H-indole (3p)  

Yellow solid; Yield 81%; mp 222-224
0
C; IR(Nujol): 3377, 1592, 1459, 1219, 1121, 990, 

737 cm
-1

;
 1

H NMR (300 MHz, CDCl3): δH 3.71(6H, s), 3.83(3H, s), 5.81(1H, s), 6.59(2H, 

s), 6.69(2H, s), 7.01(2H, t, J= 7.4 Hz), 7.16(2H, t, J= 7.6 Hz), 7.34-7.42(4H, m), 7.94(2H, br 

s, NH); MS m/z: 411 (M-1), 296, 116.  

3-((1H-indol-3-yl)(4-methoxyphenyl)methyl)-1H-indole (3q)  

Pink solid; Yield 92%; mp 186-188 
0
C; IR(Nujol): 3484, 1607, 1507, 1459, 1417, 1243, 

1090, 1008, 782, 738 cm
-1

;
 1

H NMR (300 MHz, CDCl3): δH 3.78(3H, s), 5.84(1H, s), 

6.63(2H, s), 6.82(2H, d, J= 8.6 Hz), 7.00(2H, t, J= 7.4 Hz), 7.16(2H, t, J= 7.65 Hz), 

7.25(2H, d, J= 8.6 Hz), 7.33-7.40(4H, m), 7.86(2H, br s, NH); MS m/z: 351 (M-1), 236, 

116. 
 

Table 3. Synthesis of Bis(indolyl)methanes(3a-3q) using Eaton’s reagent
a
. 

Entry Aldehyde Product Time 

(min) 

Yield 

(%)
b
 

Melting Point (
o
C) 

Found Report. 

Ref.
 

1 
CHO

 3a
 

2 93 
124-

126 

125-126 

12a
 

2 CHOF

 
3b

 
2-3 93 82-84 80-82 

21
 

3 CHOCl

 
3c

 
2 91 74-76 78-80 

18
 

4 
CHOCl

Cl

 

3d
 

2-3 92 
140-

142 

141-143 

22
 

5 
CHOBr

 3e
 

2-3 90 
110-

112 

110-112 

24
 

6 
CHO

ClCl

 

3f
 

2-3 86 
112-

114 
-- 

7 
CHO

HO

H3CO
 

3g
 

5 89 
110-

112 

110-112 

23
 

8 
CHO

NO2

 

3h
 

2 90 
138-

140 

139-141 

18
 

9 
CHO

O2N

 
3i

 
2 90 

220-

222 

220-222 

18
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10 
CHOO2N

 3j
 

2 84 
222-

224 

217-219 

18
 

11 
CHOH3CO

H3CO

 

3k
 

4-5 82 
198-

200 

198-200 

19
 

12 
CHO

Cl

 

3l
 

2 83 72-76 70-71 
20

 

13 

CHOO

O
 

3m
 

5 83 
100-

102 
97-99 

19
 

14 CHOH3C
 3n

 
4-5 85 

176-

178 

176-178 

12a
 

15 
CHOHO

 3o
 

4-5 78 
122-

124 

119-121 

18
 

16 CHOMeO

MeO

MeO
 

3p
 

5 81 
222-

224 
-- 

17 CHOMeO
 3q

 
5 92 

186-

188 

186-187 

12a
 

a
Reactions conditions: Indole (2.0 mmol), Aldehyde (1.0 mmol), Eaton’s reagent (1.0 

mmol). 
b
Isolated yield. 

 

Result and Discussion  

Herein, we report an efficient protocol for the rapid synthesis of a variety of biologically 

important Bis(indolyl)methanes using Eaton’s reagent under extremely mild conditions. 

Eaton’s reagent is colorless, odorless liquid mixture of non oxidizing Methanesulfonic acid 

and a powerful dehydrating agent phosphorus pentoxide. The addition of phosphorus 

pentoxide increases the solubility of organic compounds in Methanesulfonic acid; this was 

introduced by Eaton and has been used enormously in organic synthesis.  

In a typical experimental procedure, 1.0 mmol of aldehyde, 2.0 mmol of Indole and 1.0 

mmol of Eaton’s reagent were stirred for 2-5 min at room temperature, (monitored by TLC). 

After completion of the reaction, using simple work-up offered Bis(indolyl)methanes in high 

yields. The products are purified by recrystalization from aqueous ethanol or purified by 

column chromatography using hexane-ethyl acetate as eluent. 

In order to standardize the reaction conditions for the condensation reaction it was decided 

to synthesize Bis(indolyl)methanes (3a) from indole and benzaldehyde using Eaton’s 

reagent (Table 1). The results are compared with the reported methods and it is clear from 

Table 1, that the present method is more efficient. 

The reaction was carried out by changing the amount of the Eaton’s reagent (Benzaldehyde 

used as model). By using 0.5 mmol of Eaton’s reagent it gives   88 % of yield, 1.0 mmol 

gives 93% yield (Table 2, Entry 2) and 1.5 mmol also provides 93 % yield, further 
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increasing amount of Eaton’s reagent did not affect the yield and reaction time. Therefore it 

was found that the 1.0 mmol of reagent was sufficient to push the reaction into completion 

with high to excellent yield (Table 2). 

To explore the scope of this reaction, we extended the procedure for the synthesis of variety 

of Bis(indolyl)methanes using various aromatic aldehydes possessing either electron-

releasing or electron-withdrawing substituent’s in the ortho, meta and para positions (results 

summarized in Table 3). It is observed that the reaction proceeds very efficiently with all the 

aldehydes, substituents on the aromatic ring effect the conversion rate, aldehydes having 

electron-withdrawing groups on the aromatic ring (Table 3,Entries 2-6, 8-10) react faster 

than electron-donating groups (Table 3, Entries 7, 11, 13-17). Important features of this 

procedure are that it is carried out under mild conditions; works well with all aldehydes 

having functional groups (methyl, methoxy, nitro and halides) and provides the final 

products in high yields. 

Conclusion 

In summary, the present methodology offers very attractive features such as shorter reaction 

times, simple operations with extremely milder conditions, green aspects avoiding 

hazardous organic solvents, toxic catalyst and waste, good to excellent yields with the help 

of an inexpensive and commercially available Eaton’s reagent as a powerful substance for 

the synthesis of Bis(indolyl)methanes at ambient temperature.  
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