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Abstract.

An eco-friendly and expedient procedure for one-pot synthesis of bis-(indolyl)methane derivatives

via electrophilic substitution reaction at C-3 position of indole with various aldehydes has been developed by
using silica-diphenic acid as a novel heterogeneous catalyst. This method has various promising features such as
short reaction time, easy work-up procedure, good yield of products and remarkable activity and selectivity of

the catalyst.

Keywords.

1. Introduction

Indole, the most important heterocycle present in
natural compounds, has become an important struc-
tural moiety required in many pharmaceutical agents'
due to its extensive pharmacological and biological
activities.> One of the most important groups of indole
derivatives which possess such activities and those
found in cruciferous plants and marine sources are bis-
(indolyl)methanes.? They exhibit different pharmaceutical
activities such as anti-cancer, anti-bacterial, cytotoxic,
anti-oxidative, insecticidal, anti-hyperglycaemic, anti-
viral, and anti-microbial activities.*® Bis-(indolyl)me-
thane derivatives are also known to promote oestrogen
metabolism in both men and women and are expected
to have an application in the prevention of breast
cancer.” These derivatives also possess significant anti-
proliferative activity and induce apoptosis in human
prostate cancer cells.®

Due to the unique biological properties of bis-
(indolyl)methane derivatives, many research groups
have shown interest to find feasible and efficient syn-
thetic methods for this class of compounds. The best
synthetic route towards bis-(indolyl)methane deriva-
tives is the condensation reaction between indole and
carbonyl compounds using different catalysts.”!°

In literature, a number of synthetic methods for
their preparation have been reported. Of these meth-
ods, the acid catalysed electrophilic addition reaction
of indole and aldehydes is one of the most simple
and straightforward approaches for the synthesis of

*For correspondence

Heterogeneous catalysis; Indole; Aldehydes; Diphenic acid.

bis-(indolyl)alkane derivatives. Many reagents such as
silica-supported boric acid,'" [cmmim]Cl,'* silica gel,'?
n-dodecylbenzene sulfonic acid (DBSA),'* B-cyclo-
dextrin sulphuric acid,” cyclic phosphonic acid anhy-
dride (T3P),'® monoammonium salt of 12-tungstophos-
phoric acid [(NH4)H,PW,04],"” nanocatalyst Hs
PW,,V,0,/TPI-Fe;0,4,'®  1,3-Dibromo-5,5-dimethyl-
hydantoin (DBDMH)," BF;-Et,0,* N-butyl-pyridi-
nium bromide,?! PEG-SO3H,?* triphenylphosphonium
perchlorate,” iodine,?* silica sulphuric acid (SSA),»
fruit juice of citrus-lemon,?® Ni-nanoparticles,”’ etc.
Although some of these protocols are valuable, most
of them suffer from one or more drawbacks, includ-
ing long reaction times, low yields of products, harsh
reaction conditions, and use of expensive and/or toxic
catalysts and solvents. Therefore, there is a strong
demand for the development of mild, clean, and highly
efficient procedures for the synthesis of bis-(indolyl)
methane derivatives.

In this context, we report here one-pot synthesis of
bis-(indolyl) methane derivatives by reaction of indole
and aromatic/heteroaromatic/aliphatic aldehydes in the
presence of silica-diphenic acid as a heterogeneous and
recyclable catalyst in acetonitrile at 60°C (scheme 1).

2. Experimental

All the chemicals and solvents were purchased from
Sigma-Aldrich and Merck and were used without fur-
ther purification. The mass spectra were recorded on
Esquire 3000 Bruker Daltonics spectrometer (ESI). 'H-
NMR and *C-NMR spectra were recorded in DMSO-d;
on Bruker Avance III 400 MHz spectrometer using
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TMS as an internal standard. TGA was recorded
on Linesis Thermal Analyser with heating rate of
10°C/min. FTIR was recorded on SHIMADZU pres-
tige spectrophotometer. SEM images were recorded
on JSM-7600F scanning electron microscope. TEM
images were recorded on CM200 PHILIPS transmis-
sion electron microscope. All physical and spectro-
scopic data of products were compared with those
reported in the literature.

2.1 Preparation of Activated Silica

Activated silica was prepared by adding silica gel (15
g, K 60) to a solution of 1:1 HCI (150 mL) and H,O
(150 mL) in a 500 mL round-bottom flask and the reac-
tion mixture was stirred at 120°C for 12 h. The acti-
vated silica was filtered at pump, washed with water till
washings were neutral, and dried in oven at 110°C for
5h.

2.2 Preparation of silica supported diphenic acid

In a round-bottom flask, diphenic acid (1 mmol, 0.242
g) was dissolved in ethanol (10 mL). To this solution,
the activated silica gel (1 g) was added. The mixture
was shaken for a few minutes and then refluxed for
12 h. After refluxing, the solvent was evaporated under
reduced pressure of 250 mm Hg (333.3 mbar) for 25 h
to give free-flowing powder. The complete preparation
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Silica-diphenic acid catalysed synthesis of bis-(indolyl)methane derivatives.

procedure for silica-supported diphenic acid is repre-
sented in scheme 2.

2.3 Characterization of Silica-Diphenic Acid

Silica-diphenic acid was characterized by FTIR, ther-
mal gravimetric analysis (TGA), TEM, and SEM
analysis.

2.3a FTIR: The anchoring of diphenic acid onto
the surface of silica was confirmed by FTIR spectra
(figure 1) of the catalyst silica-diphenic acid. The
spectra showed the characteristic absorption peaks at
1089.78 cm™', 800.46 cm™' and 466.77 cm™', which
were assigned to asymmetric stretching, symmetric
stretching, and bending modes of Si—O-Si bonds,
respectively. Due to the anchoring of diphenic acid
onto the surface of the activated silica through one of
the carbonyl group (C=O) of diphenic acid by ester
linkage, the absorption peak of carbonyl group (C=0)
appears at 1720.50 cm™~! and peaks at 1487.12 cm™! and
1392.61 cm™! were related to asymmetric and symmet-
ric stretching vibrations of another carboxylic (-CO;)
group. The formation of ester linkage between diphenic
acid and silica was further confirmed by absorption
peaks at 1359.52 cm~! and 1151.50 cm™!, which were
attributed to Si—O—C bonds. The FTIR spectrum of the
catalyst also shows the absence of characteristic -OH
stretching vibration of -COOH group near 3300-3000
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Figure 1.

cm~! and the absorption peak at 3676.32 cm~! may be
due to the presence of some of the free Si-OH groups
in the catalyst. Further, the absorption peak at 1656.85
cm™! corresponds to the stretching mode of vibrations
of benzene rings of diphenic acid. From the above spec-
tral data analysis of the catalyst, it has been concluded
that diphenic acid was chemically adsorbed onto the
surface of activated silica by forming ester linkages.

2.3b Thermal Gravimetric Analysis: The stability of
the silica-diphenic acid was determined by thermal
gravimetric analysis (figure 2). The curve showed an
initial weight loss up to 90°C, which may be due to

FTIR spectra of Silica-Diphenic acid.

the removal of surface-adsorbed solvent and gases. The
next weight loss up to 263.7°C was probably due to
the loss of structural water within amorphous SiO,.
The weight loss up to 340.7°C may correspond to the
decomposition of two benzenes of diphenic acid, fol-
lowed by continuous weight loss up to 560.7°C, which
may be attributed to the loss of CO and CO, groups.
This thermal analysis indicates that catalyst is stable up
to 100°C and hence it is safe to carry out the reaction at
60°C.

2.3¢c  Transmission Electron Microscopy (TEM): The
TEM micrographs of the catalyst provide a direct
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Figure 2. Thermal gravimetric analysis of Silica-Diphenic acid.

observation of the morphology and distribution of
the diphenic acid in silica-diphenic acid catalyst. The
TEM micrographs indicated that diphenic acid is uni-
formly distributed onto the surface of silica as shown
in figure 3 and the mean diameter was found to be
5.27 nm.

2.3d Scanning Electron Microscopy (SEM): The
microstructure and morphology of silica-diphenic acid
was studied using a scanning electron microscope
(SEM). The surface of silica-diphenic acid was found
to be fine homogeneous powder with porous struc-
ture and it was observed that diphenic acid particles
are adsorbed onto the surface of silica as shown in
figure 4.

2.4 General Procedure for the One-Pot Synthesis
of Bis-(Indolyl)Methane Derivatives

To a mixture of aldehyde (1 mmol), indole (2 mmol)
in a round-bottom flask (25 mL), silica-diphenic acid
(0.05 g) and acetonitrile (1 mL) were added and the
reaction mixture was stirred at 60°C in an oil bath
for the appropriate time. On completion of the reac-
tion (monitored by TLC), the reaction mixture was
cooled to room temperature and EtOAc (20 mL) was
added to it. The reaction mixture was then filtered to
separate the catalyst, followed by washing of filtrate
with distilled water and, finally, dried over anhydrous
Na,SO,. After removal of solvent under reduced pres-
sure, the residue was purified by passing through a col-
umn of silica gel and elution with EtOAc: petroleum

Figure 3. TEM images of Silica-Diphenic Acid (scale bar: 200 nm).
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Figure 4. SEM images of Silica-Diphenic Acid (a) 50,000 X; (b) 3,000 X.

ether. The products obtained from column were further
recrystallized in EtOAc: petroleum ether so that these
were obtained in pure form. The structures of the prod-
ucts were confirmed by IR, 'HNMR, *C NMR and
mass spectral data and compared with authentic sam-
ples available commercially or prepared according to
literature methods.

2.5 Spectral Data for the Synthesised Compounds

2.5a Phenyl-3,3"-bis-(indolyl) methane (Entryl, Table 5):
IR (Upax in cm™', KBr): 3460, 3221, 1599, 1475, 1420,
1109, 1017, 756. 'H NMR (400 MHz, DMSO-d):
8 5.90 (s, 1H, methine-H), 6.67 (s, 2H), 7.12-7.56
(m, 13H), 10.13 (bs, 2H, NH). '*C NMR (400 MHz,
DMSO-dg): § 51.33, 109.45, 112.12, 118.52, 120.56,
121.63, 122.46, 126.23, 127.82, 128.45, 130.31,
136.44, 139.59. MS: m/z 321 (M-1).

2.5b 3, 4-Dimethoxyphenyl-3, 3'-bis-(indolyl) methane
(Entry 2, Table 5): IR (Up, in cm™!, KBr): 3480,
3020, 2928, 1629, 1556, 1445, 1029, 758. 'H NMR
(400 MHz, DMSO-dy): § 3.76 (s, 3H, OCH3), 3.85
(s, 3H, OCHs), 5.83 (s, 1H, methine-H), 6.65 (s, 2H),
6.45-6.54 (m, 3H), 7.1-7.22 (m, 4H), 7.41(d, 2H), 7.59
(d, 2H), 10.86 (bs, 2H, NH). *C NMR (400 MHz,
DMSO-d¢): § 42.41, 48.64, 111.30, 112.44, 114.21,
11546, 119.80, 120.31, 121.02, 122.10, 122.52,
122.90, 131.11, 136.82, 146.34, 148.97. MS: m/z 381
(M-1).

2.5¢ 4-Methoxyphenyl-3,3'-bis-(indolyl) methane (Entry
3, Table 5): IR (U in cm™', KBr): 3480, 3018, 2853,
1615, 1507, 1346, 1088, 783, 742. 'H NMR (400 MHz,
DMSO-d¢): § 3.94 (s, 3H), 5.85 (s, 1H, methine-H),

6.71 (s, 2H), 6.88-7.27 (m, 4H), 7.85-7.92 (m, 8H),
10.63 (bs, 2H, NH). '*C NMR (400 MHz, DMSO-d):
8 48.23,51.18,111.10, 112.53, 115.70, 119.19, 120.08,
122.19, 124.73, 127.16, 130.02, 130.90, 136.42,
148.86. MS: m/z 351 (M-1).

2.5d 4-Methylphenyl-3, 3'-bis-(indolyl) methane (Entry
4, Table 5): IR (U in cm™', KBr): 3475, 3145, 3020,
2970, 1636, 1506, 1086, 736. 'H NMR (400 MHz,
DMSO-dg): 6 2.51 (s, 3H), 5.77 (s, 1H, methine-H),
6.79 (s, 2H), 6.85-6.87 (m, 4H), 7.22-7.39 (m, 8H),
10.8 (bs, 2H, NH). '*C NMR (400 MHz, DMSO-d): §
39.90, 111.03, 112.23, 116.58, 117.90, 118.57, 121.33,
123.90, 128.64, 129.07, 131.21, 132.13, 135.80,
139.21. MS: m/z 335 (M-1).

2.5e 2-Flourophenyl-3, 3 bis-(indolyl) methane (Entry 5,
Table 5): IR (uy in cm™!, KBr): 3440, 3059, 1601,
1508, 1457, 1038, 865, 738. 'H NMR (400 MHz,
DMSO-dg): § 6.10 (s, 1H, methine-H), 6.83 (s, 2H),
7.03-7.09 (m, 4H), 7.24-7.26 (m, 4H), 7.35-7.37 (m,
4H), 10.87 (bs, 2H, NH). '3C NMR (400 MHz, DMSO-
de): § 49.07, 112.27, 115.55, 117.04, 118.55, 119.12,
121.76, 124.21, 124.53, 126.83, 128.35, 128.63,
130.70, 137.03, 161.74. MS(-ESI): m/z 339 (M-1), °F
NMR (400 MHz, DMSO-dg): -118.65.

2.5t 2-Chlorophenyl-3, 3'-bis-(indolyl) methane (Entry
6, Table 5): IR (Upy in cm™!, KBr): 3413, 3055, 1618,
1095, 748. 'H NMR (400 MHz, DMSO-dy): § 5.95 (s,
1H, methine-H), 6.88 (s, 2H), 6.6-6.7 (d, 2H), 6.91—
7.05 (t, 2H), 7.10-7.21 (m, 4H, Ar-H), 7.35-7.45 (m,
4H, Ar-H), 10.98 (bs, 2H, NH). '*C NMR (400 MHz,
DMSO-dg): 6 39.33, 111.36, 112.21, 118.32, 118.90,
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119.87, 120.23, 123.42, 126.88, 127.29, 128.90,
130.04, 134.52, 136.38, 138.49. MS: m/z 355 (M-1).

2.5g 4-Chlorophenyl-3, 3'-bis-(indolyl) methane (Entry
7, Table 5); IR (Upa in cm™!, KBr): 3468, 3018, 2920,
1615, 1529, 1210, 759. 'H NMR (400 MHz, DMSO-
ds): 6 5.85 (s, 1H, methine-H), 6.82 (s, 2H), 6.8—
7.05 (m, 4H, Ar-H), 7.2-7.39 (m, 8H, Ar-H), 10.87
(bs, 2H, NH). ®C NMR (400 MHz, DMSO-dy): §
40.11, 111.97, 118.01, 118.73, 119.48, 121.44, 126.91,
128.46, 129.85, 130.72, 131.67, 137.03, 144.46. MS:
m/z 355 (M-1).

2.5h 4-Bromophenyl-3, 3'-bis-(indolyl) methane (Entry
8, Table 5): IR (Uny in cm™!, KBr): 3413, 3055, 1618,
1095, 748. 'H NMR (400 MHz, DMSO-ds): § 5.83 (s,
1H, methine-H), 6.83 (s, 2H), 6.89-7.08 (m, 6H, Ar-
H), 7.34-7.46 (m, 4H, Ar-H), 7.85-7.86 (d, 2H, Ar-H),
10.86 (bs, 2H, NH). '*C NMR (400 MHz, DMSO-ds): §
40.51, 111.97, 117.93, 118.74, 119.47, 121.45, 124.07,
126.90, 129.17, 131.37, 132.79, 137.03, 144.89. MS:
m/z 400 (M-1).

2.51  2-Nitrophenyl-3, 3'-bis-(indolyl) methane (Entry
9, Table 5): IR (Upa incm™', KBr): 3416, 1578, 1458,
1357, 1223. 'H NMR (400 MHz, DMSO-d;): § 5.89
(s, 1H, methine-H), 6.33 (s, 2H), 6.56-6.61 (m, 4H),
7.27-7.37 (m, 4H), 7.60-7.62 (m, 3H), 8.07 (d, 1H),
10.86 (bs, 2H, NH). '*C NMR (400 MHz, DMSO-d;): §
38.54, 111.42, 112.83, 118.63, 120.30, 121.58, 122.23,
122.91, 125.80, 127.43, 130.21, 132.11, 134.22,
136.54, 148.70. MS: m/z 366 (M-1).

2.5] 3-Nitrophenyl-3, 3'-bis-(indolyl) methane (Entry
10, Table 5): IR (um in cm™', KBr): 3405, 1526,
1459, 1352, 1049. '"H NMR (400 MHz, DMSO-dg): &
5.99 (s, 1H, methine-H), 6.07 (s, 2H), 7.11-7.23 (m,
4H), 7.48-7.55 (m, 4H), 7.16 (d, 2H), 7.99-8.01 (t, 2H),
10.91 (bs, 2H, NH). *C NMR (400 MHz, DMSO-dj): §
39.42, 111.21, 112.63, 118.92, 119.56, 120.40, 122.01,
122.80, 124.52, 127.55, 129.81, 135.41, 136.64,
139.73, 147.82. MS: m/z 366 (M-1).

2.5k 4-Nitrophenyl-3, 3'-bis-(indolyl) methane (Entry
11, Table 5): IR (umy in cm™!, KBr): 3426, 1589,
1456, 1345, 1229. '"H NMR (400 MHz, DMSO-dg): &
6.029 (s, 1H, methine-H), 6.58 (s, 2H), 6.89-6.91 (m,
4H), 7.27-7.37 (m, 4H), 7.62 (d, 2H), 8.16 (d, 2H),
10.94 (bs, 2H, NH). *C NMR (400 MHz, DMSO-d): §
40.26, 112.06, 117.12, 118.91, 119.36, 121.60, 123.90,

R Vaid et al.

124.30, 126.79, 129.91, 137.02, 146.20, 153.58. MS:
m/z 366 (M-1).

2.51 2-Bromophenyl-3, 3'-bis-(indolyl) methane (Entry
12, Table 5): IR (Uma in cm™', KBr): 3410, 3063,
1565, 1086, 750. 'H NMR (400 MHz, DMSO-dg): §
6.02 (s, 1H, methine-H), 6.77 (s, 2H), 6.99-7.05 (m,
4H, Ar-H), 7.24-7.36 (m, 4H, Ar-H), 7.64 (d, 1H, Ar-
H), 7.85-7.86 (d, 2H, Ar-H), 7.9 (d, 1H, Ar-H), 10.89
(bs, 2H, NH). 3C NMR (400 MHz, DMSO-d;): §
39.51, 111.0, 116.98, 117.74, 118.49, 121.46, 123.78,
12591, 126.68, 128.17, 130.33, 131.79, 132.39,
135.02, 145.58. MS: m/z 400 (M-1).

2.5m 2-Furfuryl-3, 3'-bis-(indolyl) methane (Entry 13,
Table 5): IR (Upma in cm™', KBr): 3457, 3029, 2359,
1610, 1466, 1429, 1226, 1095, 1031, 759, 720. 'H
NMR (400 MHz, DMSO-dq): § 5.94 (s,1H, methine-
H), 6.05 (d, 1H), 6.30(d,1H), 6.87(d, 1H), 7.08(t, 2H),
7.17(t, 2H), 7.29-7.48(m, 5H), 10.95(bs, 2H, NH). *C
NMR (400 MHz, DMSO-dy): § 42.61, 104.98, 110.32,
111.13, 112.45, 119.13, 120.16, 122.34, 122.99,
127.52, 136.55, 142.42, 152.66. MS: m/z 311 (M-1).

2.5n [-Ethyl-3, 3'-bis-(indolyl) methane (Entry 14,
Table 5): 1R (Upg in cm™!, KBr): 3457, 3022, 3061,
1466, 1226, 1085, 1042, 766, 690. 'H NMR (400
MHz, DMSO-dq): § 1.52 (d, 3H, CH;), 4.66 (q,1H,
methine-H), 6.81 (s, 2H), 7.18-7.22 (m,8H), 10.06 (bs,
2H, NH). 3C NMR (400 MHz, DMSO-dy): § 23.67,
39.67, 111.12, 115.98, 119.33, 120.12, 122.34, 122.67,
127.58, 136.54. MS: m/z 259 (M-1).

2.50 I-Butyl-3, 3'-bis-(indolyl) methane (Entry 15,
Table 5): 1R (Upe in cm™', KBr): 3466, 3019, 3052,
1501, 1196, 1079, 1038, 775, 691. '"H NMR (400 MHz,
DMSO-dg): § 0.99 (t, 3H, CH3), 1.29 (m, 2H, CH,),
1.75(q, 2H, CH,), 4.66 (t, 1H, methine-H), 6.84 (s, 2H),
7.18-7.24 (m,8H), 10.59 (bs, 2H, NH). 3C NMR (400
MHz, DMSO-dg): § 14.5,19.9,44.5,52.3,111.3, 115.6,
119.7, 120.1, 122.4, 122.9, 127.8, 136.8. MS: m/z 287
(M-1).

3. Results and Discussion

A number of synthetic methods for the preparation of
bis-(indolyl)methane derivatives have been reported; of
these methods, the acid catalysed electrophilic addi-
tion reaction of indole with aldehydes is one of the
most simple and straightforward approaches for one-pot
synthesis of bis-(indolyl)methane derivatives.
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To the best of our knowledge, the catalytic efficiency
of diphenic acid in organic transformation has been less
studied. According to the literature, it has been mainly
explored as a ligand in inorganic chemistry?®? and also
as co-catalyst in a few organic syntheses.** Therefore,
we explored the catalytic efficiency of diphenic acid for
one-pot synthesis of bis-(indolyl)methane.

3.1 Optimization of the Reaction Conditions

The reaction conditions for the synthesis of bis-
(indolyl)methane derivatives were optimized by select-
ing indole and benzaldehyde as test substrates and the
reaction was carried out under a different set of condi-
tions with respect to different types of catalysts, differ-
ent amounts of catalyst, temperatures and solvents. Ini-
tially, the reaction with test substrates was carried out
using different types of catalysts as shown in table 1.
From the results mentioned above, we found that
diphenic acid completes the reaction in less time than
silica-diphenic acid. But, the use of diphenic acid as
homogeneous catalyst in the above mentioned reac-
tion of test substrates did not provide easy work-up

Table 1. Effect of different catalysts on the synthesis of
bis-(indolyl)methane derivatives.*

Entry Catalysts Time (min) Yield (%)
1 No catalyst 25 -
2 Silica 25 30
3 Diphenic acid 15 80
4 Silica-Diphenic acid 25 90

20ptimized Reaction conditions: Indole (2 mmol), ben-
zaldehyde (1 mmol), catalyst (0.05 g) and 60 °C as the reac-
tion temperature. The reaction was carried out under air
atmosphere.

bYields based on separation by passing through a column of
silica gel and elution with EtOAc: petroleum ether.

Table 2. Effect of different amounts of silica-diphenic
acid.?

Amounts of Silica-

Entry Diphenic acid (g) Time (min) Yield (%)°
1 0.01 25 72
2 0.05 25 90
3 0.1 25 86
4 0.2 25 88

20ptimized reaction conditions: Indole (2 mmol), benzalde-
hyde (1 mmol), silica-diphenic acid (x g) and 60°C as the
reaction temperature. The reaction was carried out under air
atmosphere.

bYields based on separation by passing through a column of
silica gel and elution with EtOAc: petroleum ether.

procedure and, moreover, the selectivity of the reac-
tion also decreases after sometime. Therefore, the use
of silica-diphenic acid as a heterogeneous catalyst over-
comes the disadvantages of the homogeneous condi-
tions and provides easy work procedure and also main-
tains the selectivity of the reaction.

To select a proper amount of catalyst required to pro-
duce excellent yield of products, the reaction of test
substrates was carried out using different amounts of
silica-diphenic acid. It was found that 0.05 g of silica-
diphenic acid was sufficient to carry out the reaction in
lesser time with good yield of products. There was no
significant change in the yield of products when large
amounts of silica-diphenic acid were used instead of
0.05 g. The results are summarized in the table 2.

The reaction of test substrates was also carried out
using polar and non-polar solvents like acetonitrile,
methylene chloride, toluene, and water and also under
solvent-free condition. It was observed that the reac-
tion carried out in acetonitrile gave the best results in
terms of yield, selectivity, and reaction time. Therefore,
acetonitrile was selected as the solvent system for the
synthesis of bis-(indolyl)methane derivatives. The
results are shown in table 3.

Table 3. Effect of solvents/solvent-free condition on the
synthesis of bis-(indolyl)methane derivatives.?

Entry Solvent Time (min)  Yield (%)°
1 Water 25 40
2 Methylene chloride 25 15
3 Toluene 25 12
4 Acetonitrile 25 90
5 No solvent 25 30

20ptimized reaction conditions: Indole (2 mmol), benzalde-
hyde (1 mmol), silica-diphenic acid (0.05 g) and 60°C as the
reaction temperature in different solvents/solvent-free con-
ditions. The reaction was carried out under air atmosphere.
bYields based on separation by passing through a column of
silica gel and elution with EtOAc: petroleum ether.

Table 4. Effect of temperature on the synthesis of bis-
(indolyl)methane derivatives.?

Entry Temperature (°C) Time (min) Yield (%)°
1 30 25 35
2 60 25 90
3 80 25 75
4 100 25 70

20ptimized reaction conditions: Indole (2 mmol), benzalde-
hyde (1 mmol) and silica-diphenic acid (0.05 g) in acetoni-
trile at x°C. The reaction was carried out under air atmosphere.
bYields based on separation by passing through a column of
silica gel and elution with EtOAc: petroleum ether.
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Table 5. One-pot synthesis of bis-(indolyl)methane derivatives® by reac-
tion between aromatic/heteroaromatic/aliphatic aldehydes and indole in the

presence of silica-diphenic acid.

Entry Aldehyde Time (min)  Yield(%)P M.p. (°C) (Lit. M.p.)
CHO
1 © 25 90 87-88/93-943!
CHO
HaCO™ i
2 OCHg 35 75 195-197/198-200%
CHO
3 OCHg 30 86 217-219/22219
CHO
4 CHs 30 89 94-96/98-100°!
CHO
@F
5 20 81 70-74/76-7932
CHO
©/CI
6 15 78 68-70/72-743!1
CHO
7 Cl 12 88 70-73/76-773!
CHO
8 Br 15 82 108-110/110-11217
CHO
9 10 78 94-97/98-100°!
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Table 5. (continued).
Entry Aldehyde Time (min)  Yield(%)® M.p. (°C) (Lit. M.p.)
CHO
10 f NO> 8 88 85-86/88—90°!
CHO
11 NO, 5 95 213-215/217-2193!
CHO
@Bf
12 18 80 85-89/89-913
o)
D—CHO
13 25 75 108-110/113-115%
Pt
14 H 40 65 89-91/90-921°
P
15 H 55 60 77-79/80%*

AReaction conditions: Indole (2 mmol), aldehyde (I mmol), silica-diphenic
acid (0.05 g) and 60°C as the reaction temperature in acetonitrile. The reaction

was carried out under air atmosphere.

bYields based on separation by passing through a column of silica gel and

elution with EtOAc: petroleum ether.

Further, to make the reaction conditions even more
effective for the synthesis of bis-(indolyl)methanes in
less time with good yields, the test reaction was also
attempted at different temperatures such as 30°C, 60°C,
80°C and 100°C and it has been found that the reaction
was very slow at low temperatures, whereas at higher
temperatures, it becomes highly reactive but loses its
selectivity and gave multiple products. Thus, 60°C was
selected as the optimum reaction temperature at which
the reaction proceeded effectively to give a better yield
of products with good selectivity. At 60°C optimized
reaction temperature, 90% yield was observed during
the reaction of the test substrates, as shown in table 4.

To study the generality of the newly developed
protocol, different aromatic aldehydes substituted with
electron-donating and electron-withdrawing substit-
uents and some heteroaromatic/aliphatic aldehydes were
selected and good to excellent results were obtained.
The results are summarized in table 5.

From table 5, the structure—activity relationship
has been inferred and found that aromatic aldehydes

substituted with electron-withdrawing groups undergo
faster reactions than aromatic aldehydes substituted with
electron-donating groups. Moreover, aliphatic aldehydes

80

3

Yield (%)

20+

1 2 3 4 5
Number of runs

Figure 5. Recyclability graph of Silica-Diphenic acid in
case of indole and 4-nitrobenzaldehyde.
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took longer time than aromatic/hetero-aromatic aldehy-
des and also provide lower yield of products.

To study the effect of silica-diphenic acid as catalyst,
the reaction of test substrates was also carried out in the
absence of catalyst. It was found that without a catalyst,
the reaction was very slow and did not proceed to com-
pletion. The reaction was also tried under microwave
conditions as well as by the grinding method, but satis-
factory results were not obtained as it took a very long
time for completion and selectivity was also reduced.

3.2 Recyclability and Heterogeneity
of Silica-diphenic Acid

To classify the catalyst as a heterogeneous cat-
alyst, recyclability of the catalyst required to be

N\ @

+ )J\ H*
. —_—
N R H silica-diphenic

b\
H acid (‘

N

H

R Vaid et al.

examined. A series of five consecutive runs were
carried out in case of 4-nitrobenzaldehyde and indole
(Entry 11, table 5). Slight drop in the activity of
the catalyst was observed. The results are shown in
figure 5.

The hot-filtration test has also been performed for
testing the heterogeneity of the catalyst using benzalde-
hyde and indole as test substrates. First, in this test,
the reaction has been carried out in the presence of
silica-diphenic acid in acetonitrile at 60°C. After 10
min, catalyst was filtered off from the reaction mix-
ture and the rest of the reaction mixture was further
monitored for 20 min. It was found that the reaction
had not proceed further in the absence of the catalyst.
Therefore, it may be concluded that there is no leak-
ing of the diphenic acid from the silica-diphenic acid
catalyst.

silica-diphel
+

Ol\:‘\)\“H H+ H+ ?H
C—H H C—H
A&\ =\
R o R
W
|
H
c|>H
C—H
\
N R
N
|
2 H

silica-diphe
VHY

HO™ W H+ H
&

|

H
\
|
H

Scheme 3. Plausible mechanism for the reactions of indole with various aldehydes in presence of

heterogeneous catalyst (silica-diphenic acid).
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3.3 Mechanism

A plausible mechanism for the reaction between
indole and aldehydes in the presence of a catalyst
(silica-diphenic acid) has been proposed, as shown in
scheme 3. In the first step, an aldehyde was proto-
nated by the acid catalyst (silica-diphenic acid) and an
electrophilic substitution reaction at the C-3 position
of indole was carried out to give an intermediate (1)
which undergoes proton rearrangement to give interme-
diate (2). After loss of water from an intermediate (2)
activated by proton, an intermediate (3) was obtained,
which serves as an electrophile to be attacked by a sec-
ond molecule of an indole to form the corresponding
bis-(indolyl)methane derivatives (4).

4. Conclusions

Silica-diphenic acid was found to be an effective cata-
lyst for the electrophilic substitution reactions of indole
with aldehydes, giving selectively bis(indolyl)methane
derivatives in good to excellent yields. The use of
this inexpensive, heterogeneous and recyclable cata-
lyst under mild conditions provides short reaction time,
greater selectivity, easy work-up and ecologically clean
selective procedure which make this protocol practical
and economically attractive.

Supplementary Information

The 'H-NMR, C-NMR, and mass spectra of 2-
Flourophenyl-3, 3’-bis-(indolyl) methane have been
shown in the supplementary information available at
www.ias.ac.in/chemsci.
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