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Abstract

MCM-41-SO3H was found to be an efficient catalyst for the condensation of Indoles with
various carbonyl compounds to afford the corresponding bis(indolyl)methanes in good yields

under solvent-free conditions using ball milling at room temperature.
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1. Introduction

Indoles and their derivatives are known to possess various pharmacological and biological
properties, including antibacterial, cytotoxic, antioxidative, and insecticidal activities [1].
Bis(indolyl)methanes (BIMs) are important biologically-active compounds that the indole unit
forms the basis of them. Many of the most important BIMs were widely isolated from various
terrestrial and marine natural sources. These natural products have novel structures and many
BIMs are known to demonstrate growth inhibitory activity on many cancers [2]. As BIMs are
important compounds, a number of synthetic methods for the preparation of them have been
broadly explored with conventional Bronsted and Lewis acids; but these catalytic systems
involve harmful wastes and pose environmental problems. On the other hand, there are
drawbacks in these catalytic systems, such as the requirement for a large quantity of catalyst,
long reaction times, and poor yield of products, drastic conditions for catalyst preparation, or
tedious workup procedure that leads to the generation of large amounts of toxic waste [3]. With
the rapid development in the field of catalytic and synthetic chemistry, researchers have started
to pay more attention to develop eco-friendly and reusable catalysts to avoid or minimize these
harmful environmental pollution problems [4].

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 their reusability [5].
Recently, development of mesoporous materials (MCMs) has attracted extensive interest as
potential heterogeneous catalysts to replace the homogeneous catalytic systems [6]. A possibility
to develop modified mesoporous materials is the modification of their surfaces by covalent
anchoring of different acidic functionalities. For example, several types of mesoporous sulfonic

acids have been reported in the recent years. However, their applications as catalyst in chemical



transformations has not been thoroughly explored [7]. Along this line, mesoporous MCM-41
ordered silica material with covalently bonded sulfonic acid groups (MCM-41-SOsH) has been
found to be an effective solid acid catalyst for different organic reactions under environmentally
friendly conditions [6]. In this work, an efficient and simple method is presented for the
synthesis of BIMs via the condensation reaction of indole with aldehydes in the presence of a
catalytic amount of MCM-41-SO3H nanocatalyst in good yields at room temperature using ball

milling under solvent-free conditions (Scheme 1).
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Scheme 1. The synthesis of BIMs via condensation of indoles with aldehydes.

2. Experimental

2.1. General

All chemicals and reagents were purchased from Merck and Aldrich and used without further
purification. Tetraethylorthosilicate (TEOS) and cetyltrimethylammonium bromide (CTAB)
were used as source of silicon and structure directing agent, respectively. MCM-41-SOs;H was
synthesized according to the reported procedure and was characterized by FT-IR spectroscopy
and scanning electron microscopy (SEM) [7]. Infrared spectra were recorded using a Shimadzu
FT-IR 8400S instrument. SEM micrographs were obtained, using a JEOL microscope model

JEM 6300 (Japan).



2.2. Typical experimental procedure for the preparation of bis(indolyl)methanes

To a mixture of 4-nitrobenzaldehyde (0.5 mmol) and MCM-41-SOsH (0.01 g) in ball mill
container was added indole (1.0 mmol) and the mixture was ground over a period of 10 min at
room temperature. After completion of the reaction as indicated by TLC, the reaction mixture
was suspended in EtOAc (25 mL), filtered and the catalyst was washed with hot ethyl acetate.
Then filtrate was washed with a saturated solution of NaHCO5; (2x20 mL), saturated solution of
NaHSO; (2x20 mL), and water (2x20 mL). The organic layer was separated and dried with
Na,SO,. Then, the filtrate was then evaporated under reduced pressure to give the crude product.

The pure product was crystallized from ethanol/water.

3. Results and Discussion

In a pilot reaction, the reaction of indole with 4-nitrobenzaldehyde in the presence of MCM-
41-SOsH nanocatalyst was studied. Thus, to a mixture of 4-nitrobenzaldehyde and MCM-41-
SOsH was added indole and the resulting mixture was mixed with ball milling at room
temperature for 10 min. The completion of the reaction was monitored with TLC. Then, ethyl
acetate was added and the reaction mixture filtered. The catalyst was washed with hot ethyl
acetate. Then filtrate was washed with a saturated solution of NaHCQOs, saturated solution of
NaHSOs;, and water. The organic layer was separated and dried with Na,SO,.The filtrate was
then evaporated under reduced pressure to give the product. A similar procedure was then used
for different aromatic aldehydes carrying electron withdrawing and or electron releasing

substituent (Table 1).



Table 1: Preparation of bis(indolyl)methanes catalyzed by MCM-SOsH.

Entry Aldehyde Time (min) ‘({;Zl)d Mp (°C) [Lit.]
CHO
1 © 10 92 225 (217-219) [10]
CHO
2 @\ 10 90 220 (218-220) [10]
NO,
CHO
3 © 10 91 82 (78-80) [8]
Cl
CHO
4 © 15 85 97 (97-99) [11]
CH;,
20 80 190 (191-193) [12]
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4. Conclusion
In summary, MCM-41-SOsH is a strong and effective nanocatalyst for the synthesis of

bis(indolyl)methanes using ball milling at room temperature. The procedure offers several



advantages, including mild reaction conditions and simple experimental and isolation

procedures, which makes it is a useful process for the synthesis of bis(indolyl)methanes.
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