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Abstract 
Silica sulfuric acid (SSA) was found to be a mild, efficient and reusable solid acid catalyst in 
electrophilic substitution reaction of indoles with carbonyl compounds to afford the 
corresponding bis(indolyl)alkanes in excellent yields under solvent-free conditions. 
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Introduction 
 
The acid catalyzed reaction of electron rich heterocycles such as pyrroles and indoles with p-
dimethyl aminobenzaldehyde is known as Ehrlich test[1] and analogues reaction of indoles with 
other aldehydes and ketones affords corresponding bis(indolyl)alkanes,  a useful class of organic 
compounds. A few bioactive members of this class like Vibrindole-A and others have also been 
isolated from natural sources[2] and are found to be pharmaceutically important.[3] Especially, 
bis(indolyl)methane is known to promote estrogen metabolism in both women and men and is 
expected to have an application in the prevention of breast cancer.[4] Due to such 
pharmaceutical importance the synthesis of bis(indolyl)methane and its derivatives is receiving 
considerable attention these days.[5] 
 The electrophilic substitution reaction of indoles with carbonyl compounds to produce 
bis(indolyl)alkane is an acid catalyzed reaction and both protic[6] as well as Lewis acids[7] are 
known to promote this reaction. However, many Lewis acids are prone 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.[8] To overcome such 
problems, recently Montmorillonite K-10,[9,2a] triphenylphosphonium perchlorate, lithium 
perchlorate,[10,11] iodine,[12] zeolites,[13] triflate of lanthanides[14] and cyanuric chloride[15] 
have been reported to catalyze this reaction. However, many of these reagents are expensive, 
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[10,11,14] need longer reaction time and are not environmental friendly which warrants the 
development of a new, practical, economical and environmental friendly protocol for the 
synthesis of bis(indolyl)methanes. 
 The use of solid acid catalysts has received considerable attention in organic synthesis due 
to their environmental compatibility, ease of handling, non- toxic nature and above all their 
reusability[16] and the development of solventless protocol has an added advantage in green 
context. Recently, silica sulfuric acid (SSA) has been used as a solid acid catalyst in many 
organic transformations[17] including the chemoselective tetrahydropyranylation of alcohols[18] 
as well as chemoselective dithioacetalization of aldehydes[19] reported by us and most recently 
in Dakin -West reaction.[20] Herein we wish to report the use of SSA as a reusable solid acid 
catalyst for the synthesis of bis(indolyl)methanes. 

 
 
Results and Discussion 
 
As a case study when a mixture of p-methoxybenzaldehyde (2 mmol), indole or indole derivative 
(4 mmol) and SSA ( 100 mg, 0.26 mmol) was stirred at room temperature, corresponding bis 
(indolyl)methane was formed (TLC) in a short reaction time (Scheme 1).  
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Scheme 1 
 
 To prove the generality of the protocol, the reaction was then extended towards a variety of 
aldehydes as well as ketones with indole as well as indole- 3- acetic acid and the results are 
summarized in Table-1. Though the reactions of indole with various aldehydes were fast, the 
reaction with ketones took relatively longer time (Entry 7, Table 1). As expected the electron 
rich aldehydes reacted faster than the aldehydes with electron withdrawing group (Entry 2-5, 
Table 1). Instead of indole, when the reaction was extended towards indole-3-acetic acid, the 
electrophilic substitution occurred at C-2 in acceptable yields (Entry 8, Table 1). 
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Table 1. Silica Sulfuric acid catalyzed synthesis of bis(indolyl) methanes  

Entry 
 

Indole Aldehyde/ 
Ketone 

Product Time  
(min) 

Yield 
(%)a,b 

mp oC 
Obs (Lit) 

 

1 

 

N
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H

NN
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    82 

123-125  
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a  Yields refer to pure, isolated products; b    All the products gave satisfactory spectroscopic ( IR, 
1H, and 13C NMR) analysis; c   Time in hours. 
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 To check the reusability of catalyst, when the reaction of indole with carbonyl compound 
was over the product formed was extracted with chloroform and the catalyst was filtered. It was 
washed with chloroform repeatedly, dried and reused for the reaction of indole with the same or 
different aldehydes. It was found that catalyst can be recycled for atleast three cycles without any 
change in activity. 
 In conclusion, silica sulfuric acid was found to be a mild, efficient and reusable solid acid 
catalyst for the reactions of indoles with aldehydes and ketones to furnish bis(indolyl)alkanes, 
under solvent-free conditions. 
 
 
Experimental Section 
 
General procedure. A mixture of aldehyde (2 mmol), indole / indole-3-acetic acid (4 mmol) and 
SSA (100 mg, 0.26 mmol) was stirred at room temperature for specified period. On completion 
of reaction (TLC) chloroform (20 mL) was added and the reaction mixture filtered. The catalyst 
was washed with chloroform (2x10 mL). Removal of solvent from combined filtrate gave the 
residue, which was filtered through a column of silica gel to afford pure bis(indolyl)alkane which 
was  characterized by spectral methods. The spectral data of some of the bis(indolyl)methanes is 
summarized below.  
Spectroscopic data 
3,3’-Bis(indolyl) phenylmethane  (Entry 1). Mp 125-127 oC; (Lit.[12b] 125-126 oC)  
 IR (KBr): 3478, 3019, 1601, 1522, 1456, 1419, 1215, 1093, 1017, 757, 669 cm-1; PMR (CDCl3): 
δH 5.89(1H, s), 6.67(2H, s), 7.09-7.58(13H, m), 7.94(2H, bs, NH); CMR (CDCl3): δC 143.5 
136.6, 128.5, 126.8 123.5, 122, 119.8, 119.4, 119.1, 111, 40.  
3,3’-Bis(indolyl)-4-methylphenylmethane  (Entry 2). Mp 97-99 oC; (Lit.[11] 95-97  oC) 
 IR (KBr): 3480, 3020, 1602, 1512, 1456, 1417, 1215, 1091, 1021,759, 669 cm-1; PMR (CDCl3): 
δH  2.31(3H, s ), 5.84(1H, s), 6.64(2H, s), 6.85-7.40(12H, m), 7.94(2H, bs, NH); CMR (CDCl3): 
δC  136.7, 128.9, 127.1, 123.5, 121.9 119.9, 119.2, 110., 55.9, 39.8.  
3,3’-Bis(indolyl)-4-methoxyphenylmethane  (Entry 3). Mp 178-181 oC; (Lit.[13] 179-181 oC) 
IR (KBr): 3480, 3019, 2838, 1610, 1509, 1455, 1456, 1417, 1336, 1216, 1091, 1033, 759 cm-1; 
PMR (CDCl3): δH 3.77(3H, s), 5.84(1H, s), 6.64(2H, d), 6.83(2H d), 7.03(2H t),  7.2(2H, t); 7.26-
7.40(6H, m), 7.89(2H, bs, NH);  CMR (CDCl3): δC  136.7, 136.2, 127.1, 123.5,  121.9, 120, 
119.9, 119.4, 119.2, 113.6,  110.9, 55.2, 38.6. 
3,3’-Bis(indolyl)-3,4-dimethoxyphenylmethane (Entry 4). Mp 196-197 oC;(Lit.[11] 198-200 
oC) IR (KBr): 3480, 3020, 1604, 1512, 1456, 1418, 1336, 1216, 1091, 1033, 759  cm-1; PMR 
(CDCl3): δH  3.76(3H, s ), 3.85(3H, s ), 5.83(1H, s), 6.65(2H, d), 6.78(2H, d), 7.0(3H, t),  
7.17(2H, t), 7.29-7.43(4H, m), 7.91(2H, bs, NH); CMR (CDCl3): δC  147.4, 136.7, 127.1, 123.5, 
121.9,  119.8, 119.2, 112.3,  111, 55.8, 39.8. 
3,3’-Bis(indolyl)-4-chlorophenylmethane (Entry 5). Mp120-122 oC; (Lit.[13] 104-105 oC). 
 IR (KBr): 3478, 3020, 2927, 1600, 1523, 1456, 1417, 1216, 1091, 1015, 759 670 cm-1; PMR 
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(CDCl3): δH  5.88 (1H, s), 6.63 (2H, brs), 7.00-7.70(12H, m), 7.92(2H, bs, NH);  CMR (CDCl3): 
δC  136.7, 130.1, 128.1, 126.8, 123.5, 122,  119.8, 119.4, 119.3, 111, 39.8. 
3,3’-Bisindolyl(2-furfuryl)methane (Entry 6). Mp113-115 oC; (Lit.[13] 113-115 oC) IR (KBr): 
3477, 3019, 2399, 1600, 1456, 1419, 1216, 1093, 1021, 757, 670 cm-1;  PMR (CDCl3): δH  5.94 
(1H, s), 6.06 (1H, d), 6.30(1H, d), 6.87(1H, d), 7.08(2H, t), 7.17(2H, t), 7.29 -7.48(5H, m), 
7.95(2H, bs, NH).  
1,1-(3,3’-Bisindolyl)cyclohexane (Entry 7). Mp116-118oC; (Lit. [14] 118-120 oC); IR (KBr): 
3478, 3020, 2935, 1603, 1522, 1421, 1335, 1216, 1099, 1017, 758, 669 cm-1; PMR (CDCl3): 
δH1.56(6H,m), 2.48(4H, m), 6.81(2H, t), 7.03(4H, m), 7.20 (4H, m),7.50(2H, d), 7.87(2H, bs, 
NH). 
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