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ABSTRACT 
 

Efficient electrophilic substitution reactions of indoles with various 

aromatic aldehydes were carried out using [bmim] BF4 ionic liquids 

under solvent-free conditions to afford the corresponding 

bis(indolyl)methanes in excellent yields.  

Kewords: indoles, aldehydes, (indolyl) methanes, ionic liquids. 
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1. INTRODUCTION 

Indoles and their derivatives are important 

intermediates in organic synthesis and exhibit 

various physiological properties and 

pharmacological activities. Bis(indolyl)methanes 

are found in cruciferous plants and are known 

to promote beneficial estrogen metabolism and 

induce apoptosis in human cancer cells. 

Therefore, the preparation of indoles has 

received much attention from synthetic organic 

chemists and biologists .  Synthetically, the 

reaction of 1H-indole  with aldehydes or ketones 

produce azafulvenium salts that react further 

with a second 1H-indole   molecule to form 

bis(indol-3-yl)methanes. In recent years, 

synthesis of this class of molecules under mild 

conditions have been reported with promoters, 

such as Montmorillonite clay    K-10 , trichloro-

1,3,5-triazine, AlPW12O40, sodium dodecyl 

sulfate (SDS), ZrCl4 , sulfated zirconia¸ 

ZrOCl2/SiO2 , I2, zeolites, bentonite, CuBr2 , InCl3, 

metal hydrogen sulfates37, tetrabutylammonium 

tribromide, NBS , Ph3CCl and LiClO4 . However, 

most of the existing methods involve toxic metal 

ions and solvent and high cost work-up  

 

 

 

procedures that address these drawbacks are 

desirable. 

An ionic liquid is a salt in which the ions are 

poorly coordinated, which results in these 

solvents being liquid below 100°C, or even at 

room temperature (room temperature ionic 

liquids, RTIL's). At least one ion has a 

delocalized charge and one component is 

organic, which prevents the formation of a 

stable crystal lattice. The absence of volatility is 

one of the most important benefits of ionic 

liquids, offering a much lower toxicity as 

compared to low-boiling-point solvents. The 

dipole characteristics of ionic liquids translate 

into rapid excitation by microwaves, and 

consequently faster reactions. Ionic liquids not 

only have the potential to increase chemical 

reactivity and thus lead to more efficient 

processes, but are also non-flammable and are 

less toxic.  

In recent years ionic liquids are attracting 

increasing interest as green recyclable 

alternative to classical molecular solvents for 

synthetic organic chemistry. Motivated by 

these observations, we have accomplished 

synthesis of bis (indolyl) methanes mediated 
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by ionic liquid, [bmim] BF4. The reaction is 

fairly general, facile and devoid of any side 

products. The process is environmentally 

benign. The experimental procedure is very 

simple.  

The initial studies were focused on the 

optimization of the reaction conditions for the 

synthesis of bis(indolyl)methanes by choosing 

the reaction between 2-methylindole 20 and 

benzaldehyde 21 as a model reaction (Scheme 1). 

The model reaction was carried out by taking a 

2:1 molar ratio of indole and benzaldehyde 

respectively in Lewis acidic ionic liquid, 

[bmim]BF4  was stirred at  room temperature for 

5.0 hr. Work-up of the reaction mixture afforded 

phenyl-3’,3’-bis(indolyl)methane 22, in 92% 

yield. This reaction was also carried out without 

the catalyst and it was observed that there was 

no conversion of indole even after 6.0 hr of 

reaction time. These studies indicate that 

catalysts are highly active in this present 

protocol.  
 

3. MATERIALS AND METHOD 

In order to show the general applicability and 

efficiency of this method, different 

benzaldehydes 2b-j are allowed to react with 

two equivalents of 2-methylindole 1 in the 

same conditions and found that the reaction 

proceeded smoothly and furnished the 

corresponding bis(indolyl)methanes 3b-j in 

90-95% yields within  5.0-6.0 hours and the 

results were recorded in  Table-1. The 

influence of electron withdrawing and 

electron donating substituents on the aromatic 

ring of aldehydes upon results of the reaction 

was investigated. Interestingly, the results 

showed that both electron withdrawing and 

electron donating substituents had   no 

significant effect on the reaction times and 

yields. After completion of the reaction 

(monitored by TLC), the reaction mixture was 

poured into cold water. The separated solid 

was filtered, washed with water and purified 

by silica gel column chromatography to 

produce pure bis(indolyl)methane derivatives 

as solids 90-95% yields. 

 

4. CONCLUSION  

 The present investigation offers a convenient 

and alternate method for the synthesis of 

bis(3-methyl-1H-indolyl)methane derivatives 

where the reaction is rapid,  the yields are 

very good, the purity is excellent , the 

procedure is simple and minimum 

environmental impact.  

 

Spectral data of 3a-g (Entry Table 1) 

Phenyl-3,3’-bis(indolyl)methane (3a): IR (KBr):  

3451, 1661, 1597, 1445, 1423, 1037, 738 cm-1; 1H-

NMR (500 MHz, CDCl3): δ 5.85 (s, 1H, -CH), 

6.50-6.60 (d,2H, J=2.4Hz), 7.30-7050 (m, 9H, Ar-

H), 7.75 - 7.85 (brs, 2H, NH); GC-MS: m/z 

322(M+). 

4-Methylphenyl-3,3’-bis(indolyl)methane (3b): 

IR (KBr):  3447, 1636, 1506, 1457, 1416, 1086, 736 

cm-1; 1H-NMR (500 MHz, CDCl3): δ 2.65 (s, 3H, 

CH3), 5.65(s, 1H, -CH), 6.35-6.50 (t, 2H, J=7.8Hz), 

7.00-7.10 (t, 2H, J=7.8 Hz), 7.10 - 7.20 (m, 4H, Ar-

H), 7.20-7.35(m, 4H, Ar-H), 7.80-7.90(brs, 2H, 

NH); GC-MS: m/z 336(M+). 

 

4-Methoxyphenyl-3,3’-bis(indolyl)methane 

(3c): IR (KBr):  3396, 1610, 1508, 1454, 1417, 1336, 

1244, 1172, 1092, 1024, 783, 742  cm-1; 1H-NMR 

(500 MHz, CDCl3): δ 3.75 (s, 3H, OCH3), 5.80 (s, 

1H, -CH), 6.60-6.75 (d, 2H, J=2.4 Hz), 6.80-6.90 (t, 

2H, J=8.1 Hz), 6.90-7.00 (t, 2H), 7.10-7.15(t, 2H), 

7.20-7.40 (m, 6H), 7.80 (brs, 2H, NH); GC-MS: 

m/z 352(M+). 

4-Nitrophenyl-3,3’-bis(indolyl)methane (3d): 

IR (KBr):  3405, 1708, 1615, 1470, 1421, 1336, 

1103, 744 cm-1; 1H-NMR (500 MHz, CDCl3): δ 

5.95 (s, 1H, -CH), 6.65-6.75 (d, 2H, J=2.4 Hz), 

6.80-6.95 (t, 2H), 7.05-7.15 (t, 2H), 7.20-7.25 (d, 

2H, J=8.1 Hz), 7.35-7.40 (d, 2H, J=8.1 Hz), 7.50-

7.60 (d, 2H, J=8.0 Hz), 8.05-8.10 (d, 2H, J= 8.0 

Hz), 10.45(s, br, 2H, NH); GC-MS: m/z 367 (M+). 

2-Chlorophenyl-3,3’-bis(indolyl)methane (3e): 

IR (KBr):  3412, 3056, 1616, 1093, 742 cm-1; 1H-

NMR (500 MHz, CDCl3): δ 6.35 (s, 1H, -CH), 

6.60-6.70 (d, 2H, J=2.1 Hz), 6.95-7.05 (t, 2H, J=8.0 

Hz), 7.10-7.25 (m, 6H, Ar-H), 7.35-7.45 (m, 4H, 

Ar-H), 7.95 (s, br, 2H, NH); GC-MS: m/z 356 

(M+). 
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4-Hydroxyphenyl-3,3’-bis(indolyl)methane 

(3f): IR (KBr):  3441, 1632, 1166, 746 cm-1; 1H-

NMR (500 MHz, CDCl3): δ 4.85 (s, 1H, OH), 

5.85(s, 1H, -CH) 6.65 (d, 2H), 6.85-6.90 (t, 2H, 

J=1.6 Hz), 7.00-7.95 (d, 2H, J=7.6 Hz), 7.05-7.15 

(m, 3H, Ar-H), 7.20-7.25(d, 2H, J=7.6 Hz), 7.30-

7.35(m, 3H, Ar-H), 10.15 (s, br, 2H, NH); GC-

MS: m/z 338 (M+). 

2,4-Dimethoxyphenyl-3,3’-bis(indolyl)methane 

(3g): IR (KBr):  3450, 3060, 1620, 1490, 1230, 105, 

750  cm-1; 1H-NMR (500 MHz, CDCl3): δ 3.75 (s, 

3H, OCH3), 3.85 (s, 3H, OCH3), 5.75 (s, 1H, -CH), 

6.65-6.75 (d, 2H, J=2.4 Hz), 6.75-6.85 (d, 2H, J=8.0 

Hz), 6.85 (s, 1H), 6.90-7.00 (d, 2H, J=8.0 Hz), 7.05-

7.15 (t, 2H, J=8.0 Hz), 7.30-7.40 (t, 4H, J= 8.0 Hz), 

7.90(s, br, 2H, NH); GC-MS: m/z 382(M+). 

 

REFERENCES 

 

[1] Liu B, Song C,  Sun C,  Zhou S &  Zhu J, J Am 

Chem Soc, 135, 2013,  16625. 

 

[2] Ji X, Huang H, Wu W,  Li X &  Jiang H, J Org 

Chem., 78,  2013, 11155. 

 

[3] Bonnamour J & Bolm C, Org Lett, 13, 2011, 

2012. 

 

[4] Burkholder T P, Cunningham B E, Clayton J 

R, Lander P A, Brown M L, Doti R A, Durst G L, 

Montrose-Rafizadeh C, King C, Osborne H E, 

Amos R M, Zink R W, Stramm L E, Burris T P, 

Cardona G,  Konkol D  L,  Reidy C   Christe M E 

&  Genin M J, Bioorg & Med Chem Lett, 25, 

2015, 1377. 

 

[5] Tarunkumar Nanjibhai Akhaja & Jignesh 

Priyakant Raval, Eur J Med Chem,             46, 

2011, 5573. 

 

[6] Antonio Garrido Montalban, You-An Ma, 

Steve Johannsen, Sagun Tandel,                   

Martinelli J M, Tetrahedron Lett, 56, 2015, 378. 

 

[7] Mukund Jha, Connor Davis, Julia Fazzari  & 

Mario Vitali,   Tetrahedron Lett., 55, 2014, 7043. 

 

[8] Fan Zhang, Yanfang Zhao, Li Sun, Lu Ding, 

Yucheng Gu & Ping Gong, Eur J Med Chem, 46, 

2011, 3149. 

 

[9] Vivekanand B, Mahendra Raj K &  

Mruthyunjayaswamy B H M, J Molecular 

Structure, 1079, 2015, 214. 

 

[ 10] Francis Giraud, Pascal Marchand, Delphine 

Carbonnelle, Michael Sartor,         Francois Lang, 

Muriel Duflos, Bioorg & Med Chem Lett,  20,  

2010, 5203. 

 

[11] Aurelien Putey, Guy Fournet, Olivier 

Lozach, Lionel Perrin, Laurent Meijer,  Benoît 

Joseph, Eur J Med Chem, 83,  2014, 617. 

 

[12] Kazuhiro Higuchi, Yukihiro Sato, Shigeru 

Kojima, Mei Tsuchimochi, Kenta  Sugiura, 

Masatoshi Hatori, Tomomi Kawasaki, 

Tetrahedron, 66, 2010, 1236. 

 

[13] Pascal Marchand, Maud Antoine, 

Guillaume Le Baut, Michael Czech, Silke 

Baasner, Eckhard Günther, Bioorg & Medal 

Chem, 17, 2009, 6715. 

 

[14]  Sreevani R, Manjula A, Vittal Rao B, 

Ramalinga Murthy, Nishant J,                        

Venkata Ramya B & Madhava Reddy B, Eur J 

Med Chem, 66, 2013, 91. 

 

[ 15] Kazushi Watanabe, Akio Kakefuda, Minoru 

Yasuda, Kentaro Enjo, Aya  Kikuchi, Takashi 

Furutani, Yoichi Naritomi, Yukio Otsuka, 

Minoru Okada, Mitsuaki Ohta, Bioorg & Med 

Chem, 21, 2013, 5261. 

 

 [16] Venkatanarayana M & Dubey P K, Indian J 

Chem, 52B, 2013, 810. 

 

[ 17] Sunil G S, Sanjay kumar B B, Agarwal P & 

Kumkum S, Indian J Chem,    52B, 2013, 1236. 

 

[18] Kumar A & Rao V K, Synlett, 2011, 2157-

2162. 

 



International Journal of Research and Applications  

Oct – Dec © 2015    Transactions 

  . 
IJRA | 2015 | Volume 2 | Issue 8                                                                               P a g e  | 385 

[19] Judeh Z M A, Ching C B,  Bu J &  

McCluskey A, Tetrahedron Lett., 43, 2002, 5089. 

 

[20] Sundberg R J, the Chemistry of Indoles 

(Academic Press, New York),     1996.   

 

[21] Glasby J S, Encyclopedia of the Alkaloids 

(Plenum Press, New York), 1975. 

 

[ 22] Chakrabarty M, Ghosh N, Basak R &  

Harigaya Y, Tetrahedron Lett, 43, 2002, 4075. 

 

[23] Reddy A V, Ravinder K, Reddy V L N, 

Venkateshwer Goud T, Ravikanth V & 

Venkateswralu Y, Synth Commun, 33, 2003, 

3687. 

 

[24] Remers W A, Heterocyclic Compounds 

Indoles, edited by Houlihan W J, ( Interscience 

Publications, New York),, 1972. 

 

[25] Chakrabarty M, Ghosh N, Basak R &  

Harigaya Y, Synth Commun, 3, 2004, 421. 

 

[26] Sharma G V M, Reddy J J, Lakshmi P S & 

Krishna P R A, Tetrahedron Lett, 45, 2004, 7729. 

 

[27] Firouzabadi H, Iranpoor N & Jafari A A, J 

Mol Catal A Chem, 244, 2005, 168. 

 

[28] Deb M L & Bhuyan P J, Tetrahedron Lett, 

47, 2005, 1441. 

 

[29] Zhang Z H, Yin L & Wang Y M, Synthesis, 

12, 2005, 1949. 

 

[30] Reddy B M, Sreekanth P M & Lakshmanan 

P, J Mol Catal A Chem, 237, 2005, 93. 

 

[31] Firouzabadi H, Iranpoor N & Jafarpour M 

& Ghaderi A, J Mol Catal A Chem,  253, 2006, 

249. 

 

[32] Bandgar B P & Shaikh K A, Tetrahedron 

Lett, 44, 2003, 1959. 

 

[33] Karthik M, Tripathi A K, Gupta N M, 

Palanichamy M & Murugesan V, Catal 

Commu, 5, 2004, 371. 

 

[34] Penieres-Carrillo G, Garcia-Estrada J G, 

Gutierrez J L & Alvarez-Toledano , Green 

Chem, 5, 2003, 337. 

 

[35] Mo L P Ma Z C & Zhang Z H, Synth 

Commun, 35, 2005, 1997. 

 

[36] Ramesh C, Banerjee J, Pal R & Das , Adv 

Synth Catal, 345, 2003, 557. 

 

[37] Niknam K, Zolfigol M A, Sadabadi T & 

Nejati A, J Iran Chem Soc, 3, 2006, 318. 

 

[38] Lin X F, Cui SL & Wang Y G, Synth 

Commun, 36, 2006, 3153. 

 

[39] Koshima H & Matsuka W, J Heterocycl 

Chem, 39, 2002, 1089. 

 

[40] Khalafi-Nezhad A, Parhami A, Moosavi 

Zare A R, Hasaninejad A & Panahi F, Synthesis, 

4, 2008, 617. 

 

[41] Mehrazma A, Azizi N & Saidi M R, Lett 

Org Chem, 3, 2006, 161. 

 

[42] Welton T, Chem Rev, 99, 1999, 2071  

 

[43] Sheldon R, Chem Commun, 2001, 2399. 

 

[44]Yang D H, Chen Z C, Chen S Y & Zheng Q 

G, Synthesis, 12, 2003, 1891. 

 

 

 

 

 

 

 

 

 

 

 

 



International Journal of Research and Applications  

Oct – Dec © 2015    Transactions 

  IJRA | 2015 | Volume 2 | Issue 8                                                                               P a g e  | 386 

 

Scheme 1 
 

Table-1: Condensation of 3-methylindole with various aldehydes  

Entry Aldehyde (21) Product (22) 
Time 

(hr) 

Yield 

(%) 

1 

 
 

5.0 92 

2 

 
 

5.5 91 

3 

 
 

6.0 94 

4 

 
 

5.0 92 

5 

  

5.5 93 
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Table-1:  Condensation of 3-methylindole with various aldehydes 

Entry Aldehyde (21) Product (22) 
Time 

(hr) 

Yield 

(%) 

6 

 
 

5.5 94 

7 

  

5.0 95 

8 

  

6.0 93 

9 

 
 

5.5 

 

91 

10 

  

5.5 93 

 


