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ABSTRACT

Benzyltriphenylphosphonium bromide (BTPB) has been applied as an efficient catalyst for the preparation of bis(indolyl)methanes (BIMs)
via electrophilic substitution of indoles with aldehydes in the absence of solvent.
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1. Introduction

Bis(indolyl) methanes (BIMs), which contain two indole or
substituted indole units in a molecule, feature widely in
bioactive metabolites of terrestrial and marine origin [1].
These types of compounds are also known to promote
estrogen metabolism in both women and men and is
expected to have an application in prevention of breast
cancer [2]. Therefore, significant efforts have been directed
toward the synthesis of these molecules. Synthetically,
bis(indolyl) methanes are obtained via the electrophilic
substitution of indoles with carbonyl compounds. To
improve the rate of this type of reactions, a variety of
catalysts have been reported, of them HCI [3], NBS [4], I,
[5,6], KHSO, [7], NaHS0,.SiO, [8], ZrCl, [9], InCl; and
In(OTf); [10], HCIO,.SiO, [11], ZrOClI,.8H,0/SiO, [12],
AIPW ;04 [13], H3PW1,04 [14], HeP,W1506, [15],
polyindole salt [16], montmorillonite K-10[17], trichloro-
1,3,5-triazine [18], dodecyl sulfates [19], TPA ZrO, [20],
sulfamic acid [21], aminosulfonic acid [22], RuCls.nH,O
[23], La(OTf); [24], La(PFO); [25], M(HSO,), [26],
V(HSO,); [27], SiO, [28], P,0s/SiO, [29], SQ [30],
HPAJ/TPI-SBA-15 [31], [hmim][HSO,] [32], ILIS-SO,CI
[33], [BTBACICI-FeCl; [34], [bnmim][HSO,] [35],
tetrabuthyl ~ammouim  tribromide (TBATB) [36],
Benzyltriphenylphosphonium tribromide (BTPTB) [37] are
examples. Most of the brominated catalysts which have
been used, accelerate the reaction through the production of
HBr [36, 37]. Despite their effectiveness, producing HBr
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can cause many restrictions on their use. Moreover,
disadvantages such as long reaction times, low product
yields, tedious work-up procedure, use of expensive
reagents, use of a larger stoichiometric amount of catalyst
and use of an additional microwave or ultrasound irradiation
are also reported in most of these procedures. Therefore,
introduction of new methods and catalysts for the
preparation of BIMs is still in demand.

2. Experimental
2.1. General

Chemicals were purchased from Fluka, Merck, and Aldrich
chemical companies. Melting points (Mp) were recorded on
a Barnstead electrothermal instrument and are uncorrected.
The IR and FT-IR spectra (cm™) were recorded on
Shimadzu Corporation 200-91-527 and Perkin Elmer RX1
spectrophotometers as pallets on KBr discs. The *H and **C
NMR spectra were recorded on Bruker AVANCEIII-400
spectrometer in CDClI; using TMS as an internal reference.
The purity determination of the substrate and reaction
monitoring were accompanied by TLC on silica-gel
polygram SILG/UV 254 plates. All yields refer to the
isolated products and the known products were
characterized by their physical constants and comparison
with authentic samples.

2.2. General procedure

To a mixture of indole (2.0 mmol, 0.234 g) and
4-chlorobenzaldehyde (1 mmol, 0.141 g), BTPB (0.3 mmol,
0.13 g) and kaolin (0.3 g) were added. The resulting mixture
was stirred at 110 for 20 min. The progress of the reaction
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Scheme 1. Synthesis of bis(indolyl) methane derivatives.
Table 1 Synthesis of bis(indolyl)methanes in the absence of solvent®®.

Entry Carbonyl compound R! Time (min) Yield (%)
1 4-NO,C¢H,CHO H 60 92 [30]
2 3-NO,C¢H,CHO H 50 95 [27]
3 2-NO,CgH,CHO H 45 92 [29]
4 3,4-(Me0),C¢H3CHO H 70 85 [31]
5 4-CIC¢H,CHO H 20 94 [27]
6 3-CIC¢H,CHO H 20 96 [37]
7 4-MeOCg¢H,CHO H 40 90 [37]
8 4-HOCgH,CHO H 30 95 [27]
9 3-MeCgH,CHO H 35 95 [28]
10 4-BrC¢H,CHO Me 30 93 [37]
11 4-HOCgH,CHO Me 30 93 [37]
12 3,4-(Me0),C¢H;CHO Me 70 91 [37]
13 4-NO,Cg¢H,C(O)Me H 90 -C
14 4-MeOCgH,C(O)Me H 120 -C

The desired products were characterized by comparison of their IR and *H NMR spectra with those of the known compounds.

PIsolated yield.
“Mixture of products.

was monitored by TLC. Upon completion of the reaction,
the mixture was cooled to room temperature. Then
diethylether (5 mL) was added, the mixture was filtered and
filtrate was washed with diethylether (3 mL). After
evaporation of the solvent under reduced pressure the crude
product was obtained. For further purification the product
was recrystallized from an ethanol:water solution (95:5,
v/v). Pure product was obtained as a pink solid in 94%
yield, m.p. 85-87 C (lit. 87-89°C [27]); FT-IR (KBr): v (cm
): 3228, 3053, 2879, 2785, 2848, 1587, 1103. 'H NMR
(400 MHz, CDCly): 6 5.81 (s, 1H, Ar-CH), 6.61 (s, 2H),
6.93-7.71 (m, 12H), 8.51 (s, 2H, NH).

The selected spectral data

The physical (m.p.) and spectral data (IR, *H NMR) of some
of thebis(indolyl)methane derivatives are presented below:
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Table 1, entry 1: Yellow needles. m.p. 220-223°C. IR (KBr,
cm '): 1244, 1417, 1615, 2830, 2920, 3050, 3452. *H NMR
(400 MHz, CDCl5): &= 5.99 (s, 1H), 6.68 (s, 2H), 6.99-7.70
(m, 12H), 8.03 (s, 2H, NH).

Table 1, entry 7: Red solid. m.p.197-198 °C. IR (KBr,
cm '): 1260, 2830, 2930, 3051, 3396. 'H NMR (400 MHz,
CDCls): 8= 3.78 (s, 3H), 5.84 (s, 1H), 6.65 (s, 2H), 6.80 (d,
2H), 6.97-7.03 (m, 2H), 7.13-7.41 (m, 3H), 7.93 (s, 2H,
NH).

Table 1, entry 9: Yellow solid. m.p. 85-87° C. IR (KBr,
cm'): 3400, 3047, 2964, 1591, 1253. 'H NMR (400 MHz,
CDClg): 6= 3.73 (s, 3 H), 5.86 (s, 1H), 6.67-6.75 (d, 2H),
6.93-7.37 (m, 12H), 7.90 (s, 2H, NH).
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Scheme 2. The plausible mechanism of the reaction.

3. Results and Discussion

In this study we wish to report the applicability of
benzyltriphenylphosphonium bromide (BTPB) in the
promotion of the preparation of BIMs via the electrophilic
substitution of indoles with various aldehydes. In order to
optimize the reaction conditions, we have used BTPB as a
catalyst for the condensation of 4-nitrobenzaldehyde with
indole at different conditions such as various molar ratios of
catalyst, solvent, solvent-free and temperature. A highly
sticky orange reaction mixture was obtained with the
formation of the desired bis(indolyl) methane in low yield
after several hours. Therefore, we studied the catalytic effect
of BTPB in the presence of kaolin for the similar reaction.
We have found that when the same reaction is carried out in
the presence of kaolin, in addition to decreasing of the
reaction time (1 h), the procedure became more easier (It
should be noted that in the absence of kaolin, the mixture
became very sticky, which causes the difficulty in the
mixing of the reactants). These studies showed that the best
result was obtained by carrying out the reaction of 4-
nitrobenzaldehyde (1 mmol) with indole (2 mmol) in the
presence of 0.3 mmol of BTPB and 0.3 g of kaolin at 110TC
for 60 min in the absence of solvent. These conditions were
chosen as optimal (Table 1, entry 1). Also, this reaction
examined in the presence of kaolin without using BTPB in
which the desired product was obtained in low yield within
several hours. After optimization of the reaction conditions
and in order to show the general applicability of the method,
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different types of aldehydes were subjected to the same
reaction under the determined conditions (Scheme 1). As
shown in Table 1, the corresponding BIMs were obtained
during relatively short reaction times in good to high yields.
Because of the formation of unidentified products, the
present method is not suitable for the synthesis of BIMs
from ketones (Table 1, entries 13 and 14).

A plausible mechanism of the reaction is shown in Scheme
2, based on our observations and obtained results. On the
basis of this mechanism and in the first step, the carbonyl
group of aldehyde is activated by BTPB as intermediate 1.
Then the reaction is followed by indole attack to 1 to give 2
and loss of H,O from 2 to afford 3. The other indole is
added to 3 in the following step to give the requested
product, which can catalyze the reaction in a catalytic
manner (Scheme 2).

The efficiency of the present method is shown by the
comparison of the results with some of those reported in the
literature (Table 2). As shown in Table 2, the corresponding
reaction is also accelerated in the presence of
benzyltriphenylphosphonium tribromide (BTPTB) and the
reaction was completed in shorter period of time. But as
mentioned in initial section, this compound, similar to most
of the other brominated catalysts, produces HBr in its
catalytic mechanism. This is followed by many restrictions.
While our discussed catalyst (BTPB) can causes the same
acceleration in higher yield without production of HBr. On
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Table 2. Compared performance of various catalysts in bis (indolyl) methane synthesis of 4-CIC¢H,CHO.

Entry Catalyst [Ref.] Conditions Time (h) Yield (%)
1 Zeokarh-225 [38] CHiCN, r.t. 8.5 70
2 V(HSOy); [27] Solvent-free, 80 °C 0.66 85
3 TBATB [36] MeOH, r.t. 15 85
4 BTPTB [37] Solvent-free, 90 °C 0.13 80
5 M(HSO,), [26] EtOH, r.t. 25-75 89-91
6 P,05/Si0O, [29] Solvent-free, r.t. 0.5 92
7 SQ [30] H,O0/r.t. 2-4 82
8 [hmim][HSO,4] [32] EtOH, r.t. 1 93
9 ILIS-SO,CI [33] MeCN, r.t. 55 93
10 BTPB [this work] Solvent-free, 110 °C 0.33 94

the other hand, BTPTB is synthesized from BTPB through
direct increasing of Br, in a separate synthetic step.
According to known chemical dangers of bromine and due
to economic considerations, BTPB is more appropriate and
reasonable to use than BTPTB.

4. Conclusion

In conclusion, we have reported the application of BTPB in
the efficient synthesis of BIMs. Relatively short reaction
times, good to high yields of the products, solvent-free
conditions, simple experimental procedure and lack of HBr
production in acid-sensitive cases are among the other
advantages of this method which make this procedure a
useful addition to the available methods.
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