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Abstract
The synthesis of bis(indolyl)methane derivatives in the reaction between indoles and aldehydes was carried 
out in a short reaction time (10-20 minutes) with good yield (78-96%) by using 1 mol% of nanoγ-Al2O3in 
H2O as a green solvent at room temperature. Moreover, we usednanoγ-Al2O3 as an effortlessly accessible, 
less costly, and possible under eco-friendly conditions catalyst in this method. Consequently, this method 
presented significant benefits containing a low amount of the catalyst, purification of target molecules by 
non-chromatographic process, use of recyclability of the catalyst, simply efficient, green, and suitable for 
the synthesis of a broad range of bis(indolyl)methane derivatives. This method achieves to have a numerous 
scope concerning the difference in the aldehydes and indoles. Moreover, water was the only by-product, 
which added to its attractiveness. Bis(indolyl)methane derivatives have a varied range of bioactive metabo-
lites of native and marine sources. The hydrothermal and chemical stability of γ-Al2O3 is a severe point for 
catalytic applications. The melting point, FT-IR, and 1H NMR spectra of the selected product showed that 
these products were synthesized successfully.  
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INTRODUCTION
Nanoscience is defined as the investigation of 

phenomena on a scale of 1-100 nm. Nanometer-
sized particles hold great potential for application 
in chemical, electronic, and mechanical industries, 
other than in applicable technologies containing 
magnetic materials, catalysts, superconductors, 
structural and engineering materials [1]. Metal 
oxide nanoparticles are interesting remarkable 
attention as they can change the possible unusual 
to conformist materials in numerous fields of 
solid-state chemistry. Metal oxide nanoparticles 
are being essentially applied as a heterogeneous 
nanocatalyst in various organic transformations 
as they enclosed high surface area than their 
corresponding bulk item [2-3].

Among the several transitions, alumina is 

recognized, γ-Al2O3 is possibly the most important 
with direct use as a catalyst and catalyst carrier in 
the automotive and oil sectors. The efficiency of 
this oxide may be found at a good combination of 
its textural properties such as the volume of the 
pores, the distribution of the size of the pores, 
surface area, and its acid/base characteristics that 
are primarily related to the local microstructure, 
surface chemical, and phase composition. 
However, the hydrothermal and chemical stability 
of γ-Al2O3 is a serious point for catalytic uses [4-6].

The focus on green chemistry using 
environmentally friendly reagents and reaction 
conditions is one of the most interesting advances 
in synthesizing broadly applied organic molecules 
[7-8]. Particular attention has been given to the 
use of water as a solvent favourable to organic 
reactions has received considerable attention 

http://creativecommons.org/licenses/by/4.0/.
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in the field of organic synthesis as a result of its 
green identifications [9-13], and organic synthesis 
in aqueous media, suggesting important benefits 
for instance rate, improvement, and insolubility of 
the goal products, which simplifies their isolation 
by informal filtration [14].

The syntheses and the reactions of indoles 
have established considerable attention since 
numerous their derivatives happen in nature 
and display multipurpose biological activities 
[15]. Organic chemists are givingconsideration 
to synthesize several kinds of indole compounds, 
containingbis(indolyl)methanes [16], 
β-indolylnitro [17], β-indolylketone [18], and 
β-indolylalcohols [19]. Bis(indolyl) methanes has 
engrossed much consideration attention because 
of their synthetic as well as biological uses [20-22]. 
The most ubiquitous of the identified bioactive 
alkaloids are based on the indole tag [23-24]. 
These compounds are very active cruciferous 
boilding block employed for developing valuable 
estrogen metabolism and containing apoptosis 
in human cancer cells [25]. The most common 
process and some catalysts have been applied 
for this transformation containing AlPW12O40 
[26], [PCBS] and [TCBDA] [27], Cu1.5PMo12O40 [28], 
[Fe(III)(salen)]Cl [29], PEG-supported sulfonic 
acid [30], TiO2 nanoparticles [31], PSFSI/SBA-15 
[32], {Fe3O4@SiO2@(CH2)3-Urea-SO3H/HCl} [33], 
[MIMPS]3PW12O40 and [TEAPS]3PW12O40 [34] and 
catalyst-free condition [35].   

As part of our continuing program focused on 
the improvement of facile approaches in organic 
reactions [36-42], herein we introduce nanoγ-
Al2O3 as an efficient and recyclable catalyst for the 
synthesis of bis(indolyl)methanes in the reaction 
between indoles with numerous aldehydes (Fig. 
1).

MATERIALS AND METHODS
General methods

γ-Al2O3 nanoparticles were purchased from 
commercial centers. All of the chemicals and 
reagents were purchased from Merck and 
Aldrich. All reactions were observed by thin-
layer chromatography (TLC) and all yields refer to 
isolated products by using silica gel F254 pre-coated 
sheets and were visualized by using a UV-lamp 
at a wavelength of 254 nm. Melting points were 
achieved on the Thermo Scientific apparatus in 
open capillary tubes and are uncorrected. 1H was 
recorded in CDCl3 by using tetramethylsilane (TMS) 
as the internal reference on a Bruker DRX-400 
MHz spectrometer. Infrared spectra (FT-IR) of the 
reaction products were recorded on a Bruker FT-IR 
(WQF-510) spectrometer in KBr pellets. 

A typical procedure for the synthesis of bis(indolyl)
methanes catalyzed by nano γ-Al2O3

To a stirred aldehydes (1 mmol) and indoles 
(2 mmol) in water (3 mL) as a solvent was 
added 1 mol% catalytic amount of nanoγ-Al2O3. 
Then, the reaction mixture was stirred at room 
temperature for an appropriate time (Table 2). 
The progress of the reaction was detected by TLC 
(n-hexane/ethyl acetate; 4 : 1). After the end of 
the reaction, the hot ethanol was added to the 
reaction mixture and the nanoγ-Al2O3 catalyst 
was recycled for six successive runs without 
any noteworthy deactivation. At that moment, 
the reaction mixture was filtered, dried, and 
recrystallized from hot ethanol to eliminate any 
remaining reactants and dried, which resulted in 
precipitation of the desired product.

 
Spectral data for the selected product
3,3’-((4-Chlorophenyl)methylene)bis(1H-indole) 

 

Fig. 1. Synthesis of bis(indolyl)methanes catalyzed by nano γ-Al2O3. 

   

Fig. 1. Synthesis of bis(indolyl)methanes catalyzed by nano γ-Al2O3.
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(Table 2, 3c): White solid, M.p.: 77-78oC; Yield: 
98%; FT-IR (KBr)(υmax, cm-1): 3409, 1500,1462, 
1157; 1H NMR (400 MHz, CDCl3): δppm = 8.12 (s, 2H, 
–NH), 7.49-7.50 (d, 2H, J = 8.0 Hz, Ar–H), 7.37-7.39 
(d, 2H, J= 8.0 Hz, Ar–H), 7.14-7.32 (dd, 4H, J1 = 8.0 
Hz and J2 = 4.0 Hz, Ar–H), 7.14-7.17 (t, 2H, J= 6.0 
Hz, Ar–H), 6.97-7.00 (t, 2H, J = 6.0 Hz, Ar–H), 6.68 
(s, 2H, –CH), 5.98 (s, 1H, –CH aliphatic). 

RESULTS AND DISCUSSION 
To attain the optimum results in terms of yield 

and reaction time, we studied the effectiveness of 
several reaction media and catalyst amounts in the 
condensation reaction of 4-chlorobenzaldehyde 
and indole as a model. As revealed in Table 1, a 
substantial improvement of the reaction rate and 
enhancement of the yield of model product 3c were 
detected when 1 mol% of nanoγ-Al2O3 catalyst in 
water at room temperature was used (Table 1, 
entry 2). In the absence of nanoγ-Al2O3 catalyst, 
no formation of the 3c was identified even after 
2 hours. Therefore, to afford the 3c, the catalyst is 
required for the reaction under the above reaction 
conditions. To assess the effect of the catalyst 
concentration, the reaction was also conducted in 
the presence of numerous amounts of the catalyst 
(0.5 and 2 mol%) under similar reaction conditions 
(Table 1, entries 1 and 3). Decreasing the amount 
of the catalyst to 0.5 mol%, shrank the yield of the 
3c, whereas increasing the amount of the catalyst 
to 2 mol% did not increase the yield remarkably.

The model reaction was performed in 
various solvents such as water, acetonitrile, 
dichloromethane, ethanol, and ethyl acetate. 
From this investigation, it was confirmed that 

water is the best solvent to achieve this synthesis 
(Table 1, entry 2). Similar results were attained 
when ethanol was used as a solvent (Table 1, 
entry 6). Scince focus on green chemistry using 
mild environmental conditions has been one of 
the most attractive advances in the synthesis of 
organic compounds. Water as an optimal solvent 
for organic reactions has received considerable 
attention. Water is certainly the least expensive 
solvent among the many solvents used in organic 
synthesis. Lack of explosive, flammable, mutagenic 
and carcinogenic properties are satisfactory 
aspects of water in researches. In addition, water 
is confirmed as one of the suitable solvents in 
terms of environmentally friendly.

We also examined the model reaction at 
numerous temperatures to find out its influence 
on the enhancement of the reaction by using the 
optimized amount of catalyst (1 mol%) in water. 
The maximum reaction rate was achieved at room 
temperature as the optimum temperature for the 
synthesis of 3c. When the reaction was heated to 
reflux condition, it did not further enhance the 
yield and shrinkage time of reaction.

We also assessed the number of necessary 
reactants in the synthesis of 3c. It was found that 
maximum yield (90 %) was attained when the 
reaction was carried out using a 1:2 molar ratio 
of aldehydes vis indole under optimum reaction 
conditions.

To find the synthetic scope of this reaction, a 
varied range of structurally numerous aldehydes 
were studied under this process to provide the 
corresponding bis(indolyl)methanesin appropriate 
yields. As revealed in Table 2, it can be established 

Table 1. Reaction conditions evaluation for the synthesis of 3c.a 
 

 
Entry  Amount of catalyst (mol%)  Solvent  Time (min)  Yield (%)b 
1  0.5  H2O  20  87 
2  1  H2O  10  90 
3  2  H2O 10 90 
4  1  CH3CN  20  89 
5  1  CH2Cl2  20  87 
6  1  C2H5OH  15  90 
7  1  CH3CO2Et 15 88 

Reaction condition: a 4‐chlorobenzaldehyde (1 mmol; 0.140 g), indole (2 mmol; 0.234 g), r.t.; b Isolated yield. 
 
   

Table 1. Reaction conditions evaluation for the synthesis of 3c.a
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Table 2. Synthesis of bis(indolyl)methanesby using nano γ‐Al2O3 catalyst.a, b 
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Yield: 85%
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OH
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Yield: 78%
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Reaction condition: a aldehydes (1 mmol), indoles (2 mmol),nanoγ‐Al2O3 catalyst (1 mol%), H2O solvent (3 mL) r.t.; b Isolated yield. 

 
   

Table 2. Synthesis of bis(indolyl)methanesby using nano γ-Al2O3 catalyst.a, b
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that the presence of the electron-withdrawing 
groups on the aromatic ring can increase the 
reaction rate and, as a result, the reaction times are 
decreased and the yields are increased whereas 
the electron-releasinggroupspossess diverse 
effects. When 2-methyl indole and 5-bromoindole 
as a replacement for indole were used in the 
reaction, the reaction times shrank and the yields 

increased (Table 2, entries 3q-3v).
The application of heterogeneous and 

recyclable catalysts is one of the greenest 
processes in chemical knowledge. Furthermore, 
the heterogeneous catalysts should not only be 
stable and active but also need informal separating 
and recycling for valuable uses [38]. For this 
intention, diethyl ether was added to the reaction 

 

Fig. 2. Reusability studies of nano γ-Al2O3 in model reaction after 10 minutes. 

   

 

Fig. 3. Proposed mechanism for the synthesis of bis(indolyl)methanescatalyzed by nano γ-Al2O3. 

 

Fig. 2. Reusability studies of nano γ-Al2O3 in model reaction after 10 minutes.

Fig. 3. Proposed mechanism for the synthesis of bis(indolyl)methanescatalyzed by nano γ-Al2O3.
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mixture, and the solid catalyst was separated by 
filtration, washed in ethyl acetate, and dried at 
100oC for 120 minutes, and lastly was reused 
for a similar reaction procedure. It is essential 
that catalysts could be recovered accurately and 
recycled, in contrast, shrinkage in the yield of the 
model product was detected in the course of the 
first recycle. Additionally, in the sixth run, it was 
established to be an insignificant shrinkage in 
the yield of 3c in the standard reaction (Fig. 2). 
The small decrease in catalytic activity of nanoγ-
Al2O3 most probably was due to the loss of catalyst 
during washing process. Thus, the smaller amount 
of catalysts was used to the next reaction run. 
To avoid the such mistake the amount of used 
reactants should be recalculated to the new mass 
of reused catalyst.

A suggested route for synthesizing bis(indolyl)
methanes 3 catalyzed by nanoγ-Al2O3 is 
offered in Fig. 3. First, nanoγ-Al2O3 activates 
the carbonyl group of aldehydes 1 to afford 
intermediate 1’. Then nucleophilic attack of 
indoles2 to aldehydes1’to provide intermediate 
4. At that point, intermediate 4 tautomerized to 
intermediate 5 which elimination of one molecule 
of H2O from intermediate 5 to give a zafulvenium 
salt 6. In the next step, the nucleophilic attack of 
the second molecule of indole 2 to 6 to afford 
intermediate 7, which finally tautomerized to 
bis(indolyl)methanes 3.

To display the importance of the current work 
in comparison with the reported results in the 
literature, we shortened some of the results for 
the synthesis of 3a in Table 3, which illustrations 

that nanoγ-Al2O3 can act as aproper catalyst with 
concerning the reaction time, temperature and 
shows broad applicability in terms of yield. 

CONCLUSION 
In summary, we have established a clean, 

efficient, and eco-friendly approach for 
synthesizing bis(indolyl)methanes in up to 96% 
yields, from aldehydes in combination with indoles 
in 1 : 2 molar ratios by using readily available nanoγ-
Al2O3 as a catalyst. This synthetic catalyst process 
appears facile, worthy yields, workup procedure is 
informal and provides pure target molecules. We 
feel that this process is an appropriate addition to 
the presently reported approaches.

 
SUPPORTING INFORMATION 
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images of FT-IR, 1H NMR, and 13C NMR of selected 
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