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ABSTRACT. Phosphorus pentachloride (PCl5) can efficiently catalyze the condensation of indoles with 

aldehydes as well as ketones at room temperature to afford bis(indolyl)methanes and di-bis(indolyl)methanes in 

high yields and short reaction times. 
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INTRODUCTION 
 

Due to the potent biological activity exhibited by various indole derivatives [1-3], development 

of indole derivatives synthesis has been of considerable interest in organic synthesis. Among 

them, bis(indolyl)methanes are the most cruciferous substances for promoting beneficial 

estrogen metabolism in men and women [4]. They are also effective in the prevention of cancer 

due to their ability to modulate certain cancer causing estrogen metabolites [5]. Moreover, these 

compounds may normalize abnormal cell growth associated with cervical dysplasia [6]. The 

condensation of indoles with carbonyl compounds has been used as an useful route toward 

bis(indolyl)methanes synthesis [7-25]. Different reagents and catalysts have been applied to 

achieve this transformation, including AlPW12O40 [7],
 
ZrOCl2.8H2O [8], In(OTf)3 [9], Ln(OTf)3 

[10], Zeokarb-225 [11], LiClO4 [12], La(PFO)3 [13], Dy(OTf)3 [14], surfactant [15,16], CAN 

[17], PPh3.HClO4 [18], ZrCl4 [19], trichloro-1,3,5-triazine [20], aminosulfonic acid [21], HY-

Zeolite [22], silica sulfuric acid [23], silica chloride [24], and P2O5/SiO2 [25]. However, most of 

the reported methods suffer one or more of the following drawbacks: the necessity of large or 

stoichiometric amount of reagent, the use of expensive reagents, moderate yields, and long 

reaction times. Moreover, some methods can not be used for the condensation of indoles with 

ketones as well as the synthesis of di-bis(indolyl)methanes. 

Having the above facts in mind and also in continuation of our previous works on 

application of phosphorus-containing catalysts in organic synthesis [25-29], we now report here 

our results on the synthesis of bis(indolyl)methanes via the condensation of indoles with 

aldehydes and ketones in the presence of catalytic amount of PCl5 in CH2Cl2 at room 

temperature (Scheme 1). 

 

EXPERIMENTAL 

 

All chemicals were purchased from Merck or Fluka chemical companies. All compounds were 

identified by comparison of their melting points and/or 
1
H NMR data with the authentic 
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samples. Spectra were recorded on the following apparatus: 
1
H NMR (250 MHz) and 

13
C NMR 

(62.5 MHz) on a Bruker Avance DPX-250, FT-NMR spectrometer (δ in ppm), and mass spectra 

on a Shimadzu GC MS-QP 1000 EX. Melting points were recorded on a Büchi B-545 apparatus 

in open capillary tubes. 

 

General procedure for the condensation of indoles with carbonyl compounds 

 

To a mixture of carbonyl compound (6 mmol), PCl5 (0.6 mmol) and CH2Cl2 (60 mL) in a 100 

mL round-bottomed flask was added indole (12 mmol) and the resulting mixture was stirred at 

room temperature for the appropriate time. Afterward, the reaction mixture was washed with a 

saturated solution of NaHSO4 (2 x 50 mL) and NaHCO3 (2 x 50 mL) and then dried with CaCl2. 

The solvent was evaporated and the crude product was purified by recrystallization from 

EtOAc/petroleum ether (1/2) or column chromatography on silica gel eluting with 

EtOAc/petroleum ether (1/2). 

 

Selected physical and spectral data 

 

3-((1H-Indol-3-yl)(phenyl)methyl)-1H-indole (1a). Pink solid; m.p. 141-143 °C (lit. [17]
 
m.p. 

142-144 °C); 
1
H NMR (CDCl3): δ 5.86 (1H, s, ArCH), 6.66 (2H, s), 7.11 (2H, t, J = 6.9 Hz), 

7.14-7.22 (3H, m), 7.28-7.31 (2H, m), 7.35-7.42 (6H, m), 7.93 (2H, br, NH);
 13

C NMR (CDCl3): 

δ 31.6, 110.9, 111.9, 118.4, 119.5, 121.2, 124.0, 126.3, 127.1, 128.5, 128.6, 137.0, 145.2; MS 

(m/z): 322 (M
+
).  

 

3-((4-(Di(1H-indol-3-yl)methyl)phenyl)(1H-indol-3-yl)methyl)-1H-indole (2). Pink solid, m.p. 

191 °C (dec.) [lit. [15] m.p. 194 °C (dec.)]; 
1
H NMR (DMSO-d6): δ 5.87 (2H, s, ArCH), 6.54 

(4H, s), 7.09-7.18 (8H, m), 7.28-7.41 (12H, m), 8.14 (4H, br, NH); 
13

C NMR (CDCl3): δ 30.7, 

111.8, 117.9, 118.1, 119.4, 121.1, 124.0, 126.6, 127.9, 137.0, 142.7; MS (m/z): 450 (M
+
-

C8H6N).  

 

RESULTS AND DISCUSSION 

 

At first, we studied the reaction of indole with benzaldehyde (2/1 molar ratio) in order to 

optimize the reaction conditions with respect to temperature and molar ratio of PCl5 to the 

substrate. We found that 10 mol% of PCl5 was sufficient to produce the desired 

bis(indolyl)methane 1a in 95% yield within 25 min in CH2Cl2 at room temperature (Scheme 1). 

 

 

 

 

 

 

 

 

 

 

Scheme 1 

 

To choose the appropriate solvent for the reaction, we examined the condensation of indole 

with benzaldehyde in the presence of PCl5 in different solvents including CH2Cl2, CHCl3, 

CH3CN, THF, EtOAc and benzene in which CH2Cl2 gave the best results.  
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In order to emphasize the efficiency of PCl5 in comparison with the reported reagents, we 

have tabulated some of the results in Table 1. As it is clear from Table 1, PCl5 affords the better 

results.   
 

Table 1. Comparative the reaction of indole with benzaldehyde using the reported methods versus our 

method. 

a
Isolated yield. 

 
To establish the generality and applicability of this method, indoles were condensed with 

structurally diverse aldehydes and ketones to furnish bis(indolyl)methanes in high to excellent 

yields in short reaction times. The results are displayed in Table 2. As Table 2 shows, the 

presence of both electron-releasing and electron-withdrawing substituents as well as halogens 

on the aromatic ring of aldehydes had no significant effect upon the yields and the reaction 

times (Table 2, compounds 1b-f). However, aliphatic aldehydes and ketones needed longer 

reaction times and afforded the products in lower yields in comparison with the others (Table 2, 

compounds 1k and 1l). Using 2-methyl-1H-indole instead of indole in the reaction slightly 

decreased the yields and enhanced reaction times (Table 2, compounds 1m-o). This method can 

be successfully used for the preparation of di-bis(indolyl)methanes. When indole (4 eq.) was 

reacted with terephthaldehyde (1 eq.), di-bis(indolyl methane 2 was obtained in 88% yield after 

40 min (Scheme 2).  
 

Table 2. Preparation of bis(indolyl)methanes via the condensation of indoles with carbonyl compounds in 

the presence of PCl5 at room temperature. 

  

Indole Carbonyl compound Product Time (min) 
Yield

a
 

(%) 
M.p.°C (lit.) 

  1a 25 95 141-143  

(142-144) [17] 

  1b 25 93 94-96  

(93-94) [16] 

  1c 25 91 186-188  

(185-187) [17] 

Entry Reagent and solvent Time (min) Yield (%) Reference 

1
b
 PCl5, CH2Cl2, r.t. 25 95 Present method 

2 AlPW12O40, CH3CN 15 92 [7] 

3 ZrOCl2.8H2O, solvent-free 40 84 [8] 

4 In(OTf)3/CH3CN 25 71 [9] 

5 Ln(OTf)3/EtOH.H2O 720 95 [10] 

6 Zeokarb-225/CH3CN 450 95 [11] 

7 LiClO4/CH3CN 120 80 [12] 

8 La(PFO)3/EtOH 30 90 [13] 

9 Dy(OTf)3/ionic liquid 60 98 [14] 
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CHOMeO

N
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  1d 30 89 217-219  

(217-220) [16] 

  1e 30 91 222-224  

(221-223) [17] 

  1f 25 94 78-80  

(76-77) [16] 

  1g 30 88 161-163  

(163-165) [20] 

  3h 30 87 146-148  

(150-153) [16] 

  1i 30 89 315-317  

(>300) [16] 

  1j 30 89 162 (dec.)  

[160 (dec.)] 

[15] 

  1k 40 85 70-72  

(68-70) [19] 

  1l 60 81 163-165  

(162-164) [21] 

  1m 35 90 244-246  

(247-248) [16] 

  1n 35 87 175-177  

(174-175) [16] 

  1o 35 86 242-244  

(240-242) [22] 

a
Isolated yield.  
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Scheme 2 

 

In conclusion, we have developed a highly efficient method for the synthesis of 

bis(indolyl)methanes and di-bis(indolyl)methanes via condensation of indoles with aldehydes as 

well as ketones. This new strategy offers several advantages including mild reaction conditions, 

short reaction times, high yields of products, low cast, and simple experimental as well as 

isolation procedures. 
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