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A B S T R A C T 
 

The biological activities and therapeutic qualities of indoles as well as 
their derivatives have garnered significant attention. I n this study, the 
solid acidic organocatalyst (sulfanilic acid) was examined for the 
synthesis of derivatives of bis(indolyl)methanes (BIMs) at ambient 
temperature and in water and ethanol as solvent. BIMs was prepared 
and characterized by appearance, TLC, FT-IR, and melting point and 
were further supported by CHNS analysis. The approach has a lot of 
advantages, including a clean reaction, operational simplicity, a simple 
experimental work-up process, waste minimization, non-toxicity, 
quicker reaction times, and high yields of the compounds. 
 

   

Introduction 

he biological activities and 
therapeutic qualities of indoles as 
well as their derivatives have 
garnered significant attention [1]. 
Certain derivatives of BIM have the 

ability to enhance the body's inherent hormone 
metabolism and stimulate the production of 
beneficial estrogen (2-hydroxyestrogen) [2]. In 
addition, certain derivatives of 
bis(indolyl)methanes are used as antibiotics 
[3] Some of BIMs possess promising biological 
effects for instanse cardiovascular, antipyretic, 

anti-fungal, anti-inflammatory, anti-
convulsant, [4] anti-cancer agents [5], anti-HIV 
[6],  anti-proliferative agents [7],  
antileishmanial [8], antiangiogenic [9], 
antihyperglycemic [10],  antimetastatic [11], 
and exhibit various physiological properties  
[12]. Building Information Models (BIMs) 
possess a wide range of pharmacological 
properties, including the ability to enhance 
hormone synthesis inside the body via the 
regulation of natural metabolic processes. They 
significantly influence both women's and men's 
estrogen metabolism. They contain anti-
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carcinogenic activity and inhibit the abnormal 
growth of cells. They are also effective in 
treating fibromyalgia and cervical dysplasia 
[13]. 3,3-bis-(indolyl)methane has an 
important role in breast cancer prevention 
[14]. 

Green chemistry prioritizes the use of 
environmentally friendly reagents, non-toxic 
chemicals, and reagents in catalytic quantities. 
It also promotes the use of water as a 
sustainable solvent and the avoidance of 
volatile organic solvents [15].  

Solid acidic substances have the capacity to 
substitute powerful liquid acids, hence 
mitigating corrosion issues linked to them and 
the resulting environmental risks. Solid acids 
have been widely used in chemical 
methodologies due to their significant benefits, 
such as their high reactivity, lack of toxicity, 
affordability, compatibility with the 
environment, operational simplicity, and ease 
of isolation compared to powerful liquid acids 
[16]. In this study, the catalytic activity of 
sulfanilic acid as an efficient and safe solid 
acidic catalyst toward the fabrication of 
Bis(indolyl)methanes derivatives in 
H2O/ethanol and ambient temperature is 
describe. 

Experimental 

The compounds used in this study were 
procured from Alfa Aesar and Aldrich, and 
were employed without undergoing further 
purification. The identification of the products 
was accomplished by the comparison of their 
physical data with that of established samples 
or by analyzing their spectrum data. The 
measurement of melting points was conducted 
using a Buchi 510 melting point instrument, 
and the results obtained uncorrected. The 
PerkinElmer RXI spectrometer was used to 
record Fourier-transform infrared (FT-IR) 
spectra. Thin layer chromatography (TLC) 
analysis was used to monitor the progress of 
reactions using Merck pre-coated silica gel 60 
F254 aluminum sheets, with visualization 
facilitated by ultraviolet (UV) light. 

General Method for the Fabrication of 
Bis(indolyl)methanes (3a–3k) 

A solution containing 1 mmol of aryl aldehydes, 
2 mmol of indole derivative, and 10% mol of 
sulfanilic acid, together with a 5 mL 
combination of water and ethanol, was agitated 
at room temperature. Upon the conclusion of 
the reaction, as verified using thin-layer 
chromatography (TLC) analysis, the resultant 
precipitated product was subjected to 
filtration, followed by a thorough washing with 
distilled water. Subsequently, the product was 
dried to get the corresponding products with 
exceptional purity. 

Characterization of Synthesized BIMs  

3a: IR (KBr, cm-1): 3399.87, 3055.06, 1610.21, 
1489.61, 1301.26, 1218.23, 1010.92, and 
597.93. 

3b: IR (KBr, cm-1): 3382.4, 3055.08, 1596.08, 
1484.27, 1302.28, 1221.94, 1018.35, and 
597.91. 

3c: IR (KBr, cm-1): 3385.98, 1610.81, 1457.67, 
and 1329.50. 

3d: IR (KBr, cm-1): 3388.75, 3056.55, 1595.74, 
1459.96, 1302.86, 1271.02, 1093.60, and 596.2. 

3e: IR (KBr, cm-1): 3397.45, 3053.84, 1593.21, 
1487.88, 1305.08, 1224.23, 1016.14, and 
606.54. 

3f: IR (KBr, cm-1): 3379.08, 3056.53, 1559.99, 
1460.34, 1305.17, 1263.61, 1016.13, and 
596.32. 

3g: IR (KBr, cm-1): 3391.40, 1526.38, 1396.51, 
1243.94, 1018.94, and 597.98. 

3h: IR (KBr, cm-1): 3389.75, 1615.76, 1457.3, 
1302.08, 1221.93, 1013.99, and 596.22. 

3i: IR (KBr, cm-1): 3390.46, 1584.97, 1462.72, 
1339.07, 1218.29, 1011.36, and 599.97. 

3j: IR (KBr, cm-1): 3393.60, 3051.58, 1608.26, 
1457.72, 1299.56, 1219.33, 1015.82, and 
594.12.
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3k: IR (KBr, cm-1): 3384.10, 3047.19, 1481.36, 
1304.08, 1222.28, 1019.00, and 599.93. 

Results and Discussion 

In this study, aldehydes and 2-methyl indole 
reacted in water/ethanol at ambient 
temperature in the presence of sulfanilic acid to 
produce bis(indolyl)methanes (3a–3k). To 
improve the reaction conditions, the reaction of 
2-methylindole and 4-hydroxy benzaldehyde 
were used as the model reaction. Model 
reaction was performed at ambient 
temperature in a mixture of H2O/ethanol. 
Optimized reaction condition is indicated in 
Table 1 and the desired condition was chosen 
that is illustrated in bold (Table 1, entry 3). 
Presence of catalyst is urgent for this reaction 
and the reaction did not occur in the absence of 
catalyst even after a long time (Table 1, entry 
1).  

A set of bis(indolyl)methanes with various 
substitutions were effectively synthesized, and 
the findings are presented in Table 2. The 
desired products were fabricated in 
satisfactory yields (3a-3k) (76-100 %) 
(Scheme 1). 

Mechanism of the Reaction 

The reaction mechanism was likely regulated, 
as depicted in Scheme 2. In the proposed 
mechanism, aldehydes 1 were activated and 
subsequently nucleophilically attacked by 
indoles, resulting in the formation of a 2-
hydroxy(2-indo-3-lyl) derivative (B). This 
intermediate (B) then undergoes a nucleophilic 
substitution reaction with another indole 
molecule, leading to the production of 
bis(indolyl)methanes through the removal of 
water. 

Table 1 Optimization of the reaction condition for the synthesis of 3a 

 
 

Entry Catalyst (mol%) Solvent Time (min)a Yield (%)b 

1 None H2O-EtOH (1:1, v:v) h N.R. 

2 5 H2O-EtOH (1:1, v:v) 75 90 

3 10 H2O-EtOH (1:1, v:v) 60 100 

4 15 H2O-EtOH (1:1, v:v) 120 87 

5 17 H2O-EtOH (1:1, v:v) 120 70 

6 20 H2O-EtOH (1:1, v:v) 90 92 

7 10 EtOH 7 h 87 

8 10 n-hexane 7 h 87 

9 10 H2O 7 h 80 

10 10 None 7 h trace 

Reaction was performed with 2-methylindole 1a (2 mmol), 4-hydroxy benzaldehyde 2a (1 mmol), solvent (5 
mL), and catalyst at ambient temperature 
a Reaction progress was monitored with TLC 
b Isolated yield
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Scheme 1 Synthesis of the bis-indolyl methane derivatives 

Table 2. Sulfanilic acid catalyzed synthesis of bis-indolyl methane derivatives  
Melting point (°C)  

Obs. (Reported) [Ref.] 
Yield (%)a Time 

(min) 
Product Entry 

 
 
 
 
 

222-224 (224) [17] 

 
 
 
 
 

100 
 

 
 
 
 
 

60 
 

 
3a 

 
 
 
 
 

2 

 
 
 
 

215-218 (220) [17] 

 
 
 
 

92 
 

 
 
 
 

90 
 

 
3b 

 
 
 
 

3 

 
 
 
 

188-190 (190) [18] 

 
 
 
 

86 
 

 
 
 
 

30 
 

 
3c 

 
 
 
 

4 

     
 
 
 
 

241 (240) [19] 

 
 
 
 

97 
 

 
 
 
 

60 
 
 

 

 
3d 

 
 
 

5 
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Melting point (°C)  
Obs. (Reported) [Ref.] 

Yield 
(%)a 

Time 
(min) 

Product Entry 

 
 
 

235-237 (235-241) 
[19] 

 
 
 

98 
 

 
 
 

10 

 
3e 

 
 
 

6 

 
 
 
 

279-280 (281) [20] 

 
 
 
 

81 
 

 
 
 

30 

 
3f 

 
 
 

7 

 
 
 

245-247 (247) [17] 

 
 
 

80 
 

 
 
 

30 

 
3g 

 
 
 

8 

 
 
 

185-186 (186-188) 
[18] 

 
 
 

98 
 

 
 
 

15 

 
3h 

 
 
 

9 

 
 
 

225-227 (229) [19] 

 
 
 

96 
 

 
 
 

60 

 

 
3i 

 
 
 

10 
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Table 2. Continued 

Melting point (°C)  
Obs. (Reported) [Ref.] 

Yield (%)a Time (min) Product Entry 

     
 
 
 
 

230-231(233) [17] 

 
 
 
 

76 
 

 
 
 
 

120 

 
3j 

 
 
 
 

11 

 
 
 

172-174  
(174-175) 

[18] 

 
 
 

96 
 

 
 
 

60 

 
3k 

 
 
 

12 

a Yields refer to isolated products 

 
Scheme 2 The suggested mechanism for the formation of BIMs (3a-3k) catalyzed by sulfanilic acid 

 

Conclusion  

Sulfanilic acid was used as a heterogeneous 
catalyst to synthesis a sequence of BIMs. The 
experimental approach is easy, 

straightforward, and capable of 
accommodating a wide range of substrates, 
resulting in a diverse array of BIMs. There is no 
significant influence of the functional groups in 
the aromatic ring of the aldehydes in the yield 
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percentage of the reaction products. The 
products were identified as 
bis(indolyl)methanes and have been further 
ascertained by Fourier transform-infrared (FT-
IR) spectroscopy as well as melting point and 
elemental analysis. 
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