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Introduction

In recent years, Indole moieties engrossed the chemists and
biologists due to their applications in pharmaceuticals, material
sciences & agrochemicals [1-3]. Acid catalyzed reactions of
electron rich heterocycles such as pyrroles and indoles with
para-dimethylaminobenzaldehyde is known as Ehrlich test [4]
and the analogous reaction of indoles with aromatic or aliphatic
aldehydes and ketones produces azafulvenium salts. Further
addition of second molecule of indole to azafulvenium salts
gives bis (indolyl) methanes [5]. Literature data reveals that
various catalytic systems were employed for the synthesis of bis
(indolyl) methanes such as protic acids [6] or lewis acids [7] via
electrophilic substitution reaction of indoles with substituted
aromatic or aliphatic aldehydes or ketones [8-28]. However,
lewis acids are required in excess because it is destroyed by the
presence of even small amount of moisture or when trapped by
nitrogen present in heterocycles. Though the synthesis of bis
(indolyl) methanes achieved by various protocols but still we
realize the need of an efficient method which avoid the use of
perilous solvents, expensive catalytic systems and longer
reaction time. Synthesis of bis (indolyl) methanes is also
achieved in the absence of catalyst using protic solvents [10] but
with great sacrifice of time.

Organic reactions in agqueous media attracted the attention
of the chemists due to able properties of water as a solvent
media in synthetic chemistry [29]. Many reagents, catalysts &
organic substrates are either sensitive towards water or
decomposed or deactivated in it’s presence, but still it is realized
that the extensive use of water as a cheap, safe non-toxic solvent
is greatly appreciated in organic processes to reduce the cost and
to develop the environmentally benign and green protocols [30].
In addition to this, the ease in work up procedure by utilizing the
water soluble catalysts & water insoluble products encouraged
the chemists to step up with water promoted reactions in organic
synthesis.

Exploring our efforts to develop neat methodologies in the
field of synthetic chemistry [31], we have investigated here an
efficient and environmentally benign protocol for the synthesis
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of bis (indolyl) methanes in aqueous medium in presence of
stannous chloride dihyrate.
Experimental

The chemicals required to carry out this research work were
purchased from S.D. fine chemicals (India). Melting points were
determined by an open capillary method and are uncorrected.
The IR spectra were recorded on Shimadzu FT-IR 157
spectrophotometer. *H NMR spectra were recorded using CDCly
or DMSO-dg as solvent and TMS as an internal standard either
on Brucker 300 MHz or 400 MHz NMR spectrophotometer. The
chemical shift values are expressed in part per million (ppm).
The mass spectra were recorded on EI-Shimadzu-GC-MS
spectrometer. The purity of the synthesized compounds was
checked by thin layer chromatography (TLC) technique on silica
gel plate using hexane and ethyl acetate (9:1).

Typical procedure for the synthesis of bis (indolyl) methanes
(3a-m)

To a mixture of indole (2 mmol) and 4-Nitro benzaldehyde
(2 mmol) taken in round bottom flask was added 5 ml of water
and catalytic amount of stannous chloride dihydrate. The
reaction mixture was stirred at room temperature for 90 min.
The progress of reaction was checked by TLC. After completion
of the reaction, the solid product was extracted with ethyl
acetate and the solvent was removed under vacuum. The crude
product so obtained is purified by column chromatography
(Ethyl acetate: Hexane, 1:9). The synthesized compounds were
authentified by comparing their physical and spectral analysis
data found in the literature.
3,37~ Bis (indolyl) phenyl methane (Entry 1, 3a)

Solid, M.P.: 150-155 °C ; IR (KBr) cm™: 3387, 3047, 2957,
2927, 1482, 1456, 1340, 1095, 736 ; 'H NMR (CDCls;, 300
MHz): 5.90(s, 1H), 6.65(s, 2H), 7.00(t, 2H), 7.20-7.24(m, 3H),
7.29-7.31(m, 2H), 7.33-7.37(m, 6H), 7.95(brs, 2H); MS (m/z):
322.40
3,37-Bis(indolyl)-4-Chloro phenyl methane (Entry 3, 3c)

Solid, M.P.: 94-96 °C; IR (KBr) cm™: 3410, 3040, 2930, 1600,
1510, 1215, 1050, 775.; '"H NMR (CDCl;, 300 MHz): 5.83(s,
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1H), 6.50(s, 2H), 7.05(t, 2H), 7.1(d, 2H), 7.25-7.29(m, 6H),
7.5(d, 2H), 7.98(br, s, 2H, -NH); MS (m/z): 355.1
3,3’-Bis(indolyl)-4-nitrophenyl methane (Entry 6, 3f)

Solid, M.P.: 216-218 °C; IR (KBr) cm™: 3420, 3050, 1595,
1510, 1455, 1340.; '"H NMR (CDCl;, 300 MHz): 5.99 (s, 1H),
6.82 (s, 2H), 6.87-7.59 (m, 12H), 8.11 (br, s, 2H, -NH); MS

(m/z): 367.20
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Scheme 2. Chemoselectivity of indole in reaction with
benzaldehyde in presence of acetophenone
Table 1. Synthesis of bis (indolyl) methanes in aqueous

medium
Entry Indole Carbonyl compounds BIM Yield
1 2 3 (a-m) (%) 2P
1 1 PuCHO 3a 80
2 1 4-OMePhCHO 3b 74
3 1 4-CIPhCHO 3c 80
4 1 2-CIPhCHO 3d 79
3 1 2. 4-CI;PhCHO 3e 76
6 1 4-NO;PhCHO 3f 80
7 1 2-NO; PhCHO 3g 78
8 1 4-OH PhCHO 3h 68
9 1 2-0OH PhCHO 3i 63
10 1 Thiophene-2-aldehvde 3j 73
11 1 Pyridine-2-aldehvde 3k 78
12 1 CH:COCH: 31 60
13 1 C¢HsCOCH; 3m 35

BIM- Bis (indolyl) methanes, ®Yield of the isolated pure
product, ® Products were compared with authentic samples.
Results and Discussion

While carrying out the reactions of indole with carbonyl
compounds we come to know that, this electrophilic substitution
reaction can be made to occur more efficiently by using water as
solvent medium in presence of catalytic amount of stannous
chloride (Scheme 1, as a model reaction).

The reaction was performed at room temperature via
stirring. The consumption of the reactants was observed since 30
min but the complete reaction or disappearance of the reactants
was observed after 90 min as evidenced by thin layer
chromatography. We utilized various carbonyl compounds to
check the applicability of this methodology and the results are in
agreement to declare the presented method as a fruitful approach
for the development of environmentally benign and eco-friendly
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protocols in organic synthesis. The results are summarized in
Table 1.

We have mentioned few of the distinguished reports out of
the box, available in the literature regarding the synthesis of bis
(indolyl) methanes which includes the use of hazardous
solvents, expensive catalytic systems and tedious work up
procedures [8-28]. Herein, we observed the similar trend i.e.
smooth reactions for aromatic aldehydes than ketones. However,
in our previous report [31c], we have performed this reaction by
using lemon extract as a natural catalyst. We have also
investigated the synthesis of these molecules without use of any
catalyst via grinding technique but it required more than 12 hrs
for the completion of reaction with the formation of by products,
hence the poor yield of bis (indolyl) methanes (8-10%) was
reported.

In addition to this, we have also investigated the
chemoselectivity of the present protocol by the competitive
reaction of aldehyde in presence of acetophenone (Scheme 2).
Conclusion

In this research article, we introduced water as a solvent
medium for the reaction between indole and various substituted
carbonyl compounds in presence of stannous chloride dihydrate.
Water promoted reactions, now a day’s creating the diversion
for the chemists towards green chemistry and could be a fertile
approach for the development of environmentally benign and
eco-friendly protocols in organic synthesis.
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