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In this present communication, one-pot synthesis of bis(indolyl)methane derivatives (3a-t) achieved from the
condensation of indole (1) with various substituted benzaldehydes (2a-t) using [DSIM][AICI3]x-@CS chitosan
supported ionic liquid (CSIL) as catalyst in ethanol at mild reaction was reported. The main advantage of this
present methodology using chitosan supported ionic liquid was leads to effective formation of products were
achieved under optimized condition without an inert atmosphere. In addition to this, shorter reaction time,

simple work-up procedure, easy preparation of the catalyst and chemoselectivity were significantly noted.
Further, the newly synthesized compounds were fully characterized by the spectroscopic methods.

Introduction

Indole and its derivatives were important class of nitrogen hetero-
cyclic compounds that have been recognized as significant scaffolds
found in many biologically active pharmaceuticals and natural products
[1-5]. Bisindole alkaloids obtained either synthetically or from nature
revealed broad pharmacological activities [6-12]. In the past one
decade or so several bis(indolyl)methanes have been isolated from
natural sources [13]. Particularly bis(indolyl)methanes are known to
enhance estrogen metabolism in humans and is likely to be drug of
choice for breast cancer preventive [14] and antibacterial agent. Bis
(indolyl) methanes are the most active cruciferous substances for pro-
moting beneficial estrogen metabolism in women and men [15].
Because of these interesting biological activities, development of pro-
tocols for the synthesis of bis(indolyl)methanes is of current interest.
However, most of the existing methods involve toxic metal ions and
solvents, have high costs, use corrosive reagents and have cumbersome
work-up procedures. Consequently, new procedures that address these
drawbacks are desirable.

Tonic liquids (ILs) are green alternatives; the search for non-volatile
and a recyclable alternative is holding a key role in the field of
research. Ionic liquids are emerging as effective promoters and solvents
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for green chemical reaction. Recently, use of ILs has attracted an
increasing interest in the area of organic synthesis due to their unique
properties such as their hydrophobicity and/or hydrophilicity as well as
their good solvating capability, easy recoverability, reusability and non-
flammability. An acceleration of the various reactions of ionic liquid in
comparison to conventional solvents are reported [16-19]. There has
been significant progress made in the application of ionic liquids in
catalytic process for the development of various heterocyclic com-
pounds [20-21] revealed in the literature. The ionic liquid catalyzed
synthesis of bis(indolyl)methane at optimum temperature has been re-
ported in the recent literature [22-26].

The different ionic liquid supported materials such as chitosan [27],
silica [28], graphene oxide [29], and zeolite [30] have been used so far
to synthesize supported ILs as heterogeneous catalysts. Among the solid
support materials, chitosan and chitosan natural biopolymer, is an
excellent support material because of its exclusive properties such as
unique three dimensional structure, biodegradable nature, chemical
reactivity due to the presence of hydroxyl and amino groups, excellent
chelating and mechanical properties, and so forth reported [31-35]. In
an efforts to develop clean alternative methods for the synthesis of bis
(indolyl)methanes using catalyzed by heterogeneous CSIL is prompted.
Therefore, the solution for reducing both the harmful effects of chemical
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processes on the environment and enhancing synthesis effectiveness are
desirable. The chitosan catalyst as well as the ionic liquid solvent could
be recovered in essentially pure form after being used in the reaction,
and they could be reused several times without significant degradation
in efficiency.

Result and discussion

In continuation of our research and interest in the development of
green approach for novel synthetic methodologies herein, we would like
to report an efficient [DSIM][AICl3]lx-@CS chitosan supported ionic
liquid (CSIL) catalyzed synthesis of bis(indolyl)methanes in one pot two
component reaction of an indole and various substituted aldehydes. The
electrophilic substitution reaction of indole with various substituted
aromatic aldehydes using CSIL in ethanol stirred on magnetic stirrer at
50 °C temperature afforded the corresponding bis(indolyl)methane (3a-
t) derivatives within 1-3 h (Scheme 1). Initially we applied chitosan
catalyst 15 mol% for reported reaction it required 12 h for completion
with yield observed 40% yield (Table 1, entry 1). In order to synthesis of
bis(indolyl)methane, we screened with various catalysts such as acetic
acid (15 mol%), trifluoro acetic acid (15 mol%), hydrochloric acid (15
mol%), ferric chloride (15 mol%) and ferric oxide (15 mol%)in ethanol
required 3 to 24 h with 10-15% yield (Table 1, entries 2-6). By refluxing
[DSIM][AICI3]x-@CS (30 mol%) in tetrahydrofuran, dichloromethane,
ethyl acetate, chloroform and methanol solvents, it required 6-10 h for
completion of reaction with 45% to 70% yield (Table 1, entries 7-11). In
tetrahydrofuran solvent using [DSIM][AICl3]x-@CS catalyst, stirred at
room temperature for 12 h it gives 45% yield. By using ethanol solvent at
mild reaction condition with 30 mol% of [DSIM][AICI3]ly-@CS, it
observed 95% yield in 1 h (Table 1, entry 13).

In order to select the most suitable reaction conditions, a reaction
involving condensation of indole (2 mmol) and benzaldehydes (1 mmol)
in ethanol to give bis(indolyl)methane (3a-t) at mild reaction temper-
ature condition was chosen as the model reaction (Scheme 1) for opti-
mizing various reaction parameters such as different catalysts, solvents
and catalyst loadings. After ascertaining optimized reaction conditions,
series of bis(indolyl)methane derivatives were synthesized using
condensation of indole (2 mmol), with various substituted benzaldehyde
(1 mmol) in the presence of the catalyst [DSIM][AICl3]x-@CS (30 mol%)
in ethanol at 50 °C. Many efficient heterogeneous catalysts have been
reported for the synthesis of bis(indolyl)methane derivatives. A com-
parison with these catalytic systems reveals that the present catalyst was
more efficient in terms of time period and reaction temperature
(Table 2).

Encouraged by above results, we report the CSIL as a catalyst at mild
reaction condition, the electrophilic substitutions of indole with a
various sustituted aromatic benzaldehydes to afford bis(indolyl)meth-
anes (Scheme 1). To investigate the scope and the generality of this new
protocol for various substituted benzaldehydes under optimized condi-
tions, as shown in Table 2, a series of various substituted aromatic
benzaldehyde smoothly underwent electrophilic substitution reaction
with indole to afford a wide range of substituted bis(indolyl)methanes in
good to excellent yields. The electron deficiency and nature of the
substituents on the aromatic ring affect the conversion rate; aromatic

[DSIMIIAIC],-@CS
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Table 1
Optimization the effect of catalyst and solvent at reaction condition.
Entry  Catalyst Catalyst Solvent Reaction Time  Yield®
loading condition (h) (%)
(mol%)
1 Chitosan 20 EtOH reflux 12 40
2 CH3COOH 15 EtOH reflux 04 55
3 CF3COOH 15 EtOH reflux 04 50
4 HCl 15 EtOH reflux 03 40
5 FeCl3 15 EtOH reflux 15 20
6 Fe203 15 EtOH reflux 24 10
7 [DSIM] 30 THF reflux 10 45
[AICL3]x-
@cCSs
8 [DSIM] 30 DCM reflux 10 55
[AICL3]x-
@cCSs
9 [DSIM] 30 Ethyl reflux 10 50
[AICl3]- acetate
@cCs
10 [DSIM] 30 CHCl3 reflux 10 55
[AICI5]x-
@cCSs
11 [DSIM] 30 MeOH reflux 06 70
[AICI5]x-
@cCS
12 [DSIM] 30 THF rt 12 45
[AICI3]y-
@cCSs
13 [DSIM] 30 EtOH reflux 01 95
[AICI3],-
@cCSs

Reaction conditions: Indole (2 mmol); benzaldehyde (1 mmol). *Isolated yield.

aldehydes having electron withdrawing groups on the aromatic ring
(Table 2, Entries 2, 4, 6,7, 8,9,12,13, 14, 15 and 18) react slowly than
electron donating groups (Table 2, Entries 1, 3, 5, 10, 11, 17, 19 and
20).

The exact role of the catalyst composition can be to provide the
synergic effects of cationic and anionic parts leading to increased ac-
tivity. Individually, the role of the imidazolium cation was to provide
enough acidity to the catalyst (pH = 1.2) due to the presence of AlCl4
provided the Lewis acidic sites to bind with hydroxyl and amine groups
of chitosan, and the role to chitosan was to introduce heterogeneity into
the catalyst (Figure-1). A plausible mechanism for the formation of bis
(indolyl)methanes catalyzed by CSIL was showed in Fig. 1. Various
substituted benzaldehyde (I) undergo the first activation of the carbonyl
group due to the catalyst’s surface add to the electrophilic substitution
of indole (II) leads to the formation of (3-hydroxy(phenyl)methyl-3H-
indol-1-ium) (I) followed by dehydrogenation to form (E)-3-benzyli-
dine-3H-indol-1-ium (IV). The (E)-3-(E)-3-benzylidine-3H-indol-1-ium
(IV) on reacted with second molecule of indole (II) to obtained an in-
termediate 3-((1H-indole-3-yl) (phenyl)methyl)-3H-indol-1-ium (V)
followed by rearrangement to affords the final product bis(indolyl)
methanes (VI) with 95% yield (Fig. 2).

@)
N N H
2 + |
N [
H
1 2

EtOH, 50 °C

Scheme 1. Synthesis of bis(indolyl)methane catalyzed by chitosan supported ionic liquid 3(a-t).
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Experimental

Chemicals were obtained from commercial sources and used without
further purification. All known organic products were identified by
comparison of their physical and spectral data with those of authentic
samples. Melting points were determined with a digital thermometer
and were uncorrected. 'H NMR spectra were recorded on a Bruker

Table 2
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Avance-400 spectrometer. Chemical shifts () were reported in parts per
million (ppm) relative to tetramethylsilane (TMS) as an internal stan-
dard and coupling constants (J) in Hz. Spin multiplicities are shown as s
(singlet), brs (broad singlet), d (doublet), dd (doublet of doublet), t
(triplet), and m (multiplet).

Chitosan supported ionic liquid catalyze synthesis of bis(indolyl)methane derivatives.

Entry Indole Aldehyde Product?® TimeP® Yield®
Ty e .onl
N 3a 95
\ 1
H N NH
NO,
2 &
m o Q 3b O O 15 93
N N
H 2 VE A S
OMe
CHO O
) Coy C 2 (L
N = c 85
MeO 2
H VA W
CF,
Lo s
4 Q O 25 80
N FsC 3d 7\
HN NH
Me
CHO O
: N Ly 2w (O O
N Me e 7Y 1 94
HN NH
cl
> cHo 3f O O 1 94
6 N VA
H cl HN NH
o™
CHO
CD 39
7 N 74 2 93
H Mo, HN NH
Br
CHO
: o O an (0 LS | s
H Br Hn - NH
o
9 @\/\3 CHo O Q@ 15 90
N 3i N
H VL W
Br
OMe
10 2 80

3j
OMe HN

NH

IZ/E
=
@
b
(@]
T
o
o
O #
@

(continued on next page)



G.M. Patel et al. Results in Chemistry 4 (2022) 100436

Table 2 (continued)

Entry Indole Aldehyde Product? TimeP Yield®
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General procedure for the synthesis of [DSIM] [AICl3] x--@ CS
ionic liquid catalyst

The CSIL ([DSIM][AICI3]lx-@CS) catalyst was prepared by the re-
ported procedure. Imidazole (0.340 g, 5 mmol) was taken in a round
bottom flask containing 50 mL dry DCM, and chlorosulfonic acid (1.188
g, 10.2 mmol) was added dropwise over a period of 20 min at room
temperature. After the complete addition, the reaction mixture was
stirred for 12 h under inert atmosphere. A viscous pale yellow oil, settled
down at the bottom, was separated using a separating funnel, washed
with dry DCM (3 X 50 mL), and dried under vacuum to get [DSIM]CI™ as
a viscous pale yellow oil. In the second step, AlCl3 was added to the

prepared [DSIM]Cl™ and the mixture was heated at 50 °C for 30 min to
get [DSIM]AICIy. The final catalyst [DSIM][AICl3]x-@CS was obtained
by employing an impregnation method. Chitosan powder was suspended
in the mixture containing IL [DSIM]AICL4 in DCM for 4 h. Excess solvent
was evaporated to dryness to give the catalyst [DSIM][AICl3]x-@CS as
yellowish brown powder [36].

General procedure for the synthesis of bis(indolyl)methane 3(a-t)
A mixture of appropriate indole 1 (2 mmol) and various substituted

aromatic aldehyde 2 (1 mmol) and [DSIM][AICI3]x-@CS (50 mol%) in
ethanol was stirred at 50 °C mild temperature. The progress of the
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Fig. 1. Synthesis of chitosan supported ionic liquids (CSIL).
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Fig. 2. Plausible mechanism of bis(indolyl)methane.

reaction was monitored by thin layer chromatography (TLC). After
completion of the reaction, the reaction mixture was poured onto ice
cold water and extracted with ethyl acetate (3 X 15 mL). Organic layer
was separated, dried over anhydrous sodium sulfate (NaySO4) and
concentrated under reduced pressure. Chromatographic purification
was performed with silica gel (100-200 mesh) using ethyl acetate: pe-
troleum ether as an eluent to afford bis(indolyl)methane 3(a-t)

derivatives in high yield [22].
Spectral data for selected compounds
3,3'-(Phenylmethylene)bis(1H-indole) (3a)

Colorless solid; M. F. Co3HygNy; M. p. 128-130 °C;'H NMR (CDCls,



G.M. Patel et al.

400 MHz): §H 10.69 (brs, 2H, NH), 7.31,-7.16 (9H, m, ArH), 7.05 (t, 2H,
CH), 6.84-6.80 (m, 4H, ArH), 5.79 (s, 1H, CH); '*C NMR (CDCls, 75
MHz): 143, 136, 128, 126, 126, 123, 121, 119, 110, 40; IR (KBr): 3415,
3030, 1614, 1600, 850 cm ™ '; LCMS (m/2): 323 (M + 1); Anal. Caled. for
CosHigNo: C, 85.68; H, 5.63; N, 6.69%; Found: C, 85.72; H, 5.58; N,
6.62%.

3,3'-((4-Nitrophenyl)methylene)bis(1H-indole) (3b)

Red SOlid; M. F. C23H17N302; M. p. 218-220 OC;IH NMR (CDC13, 400
MHz): 6H 10.94 (brs, 2H, NH), 8.21 (s, 1H, ArH), 8.10 (d, 1H, ArH), 7.79
(d, 1H, ArH), 7.62 (t, 1H, ArH), 7.47 (m, 4H, ArH), 7.11 (t, 2H, CH), 6.92
(m, 4H, ArH), 6.10 (s, 1H, CH); 3C NMR (CDCls, 75 MHz): 153, 146,
137,129, 124, 123, 121, 119, 118, 112, 40, 39; IR (KBr): 3455, 1637,
1506, 1456, 1414, 1341, 1101, 744 cm™}; LCMS (m/2): 367 (M + 1);
Anal. Calced. for Co3H17N305: C, 75.19; H, 4.66; N, 11.44; O, 8.71%j;
Found: C, 75.23; H, 4.56; N, 11.35; O, 8.82%.

3,3'-((4-ChlorophenylDmethylene)bis(1H-indole) (3f)

Reddish brown solid; M. F. Co3HCINg; M. p. 231-233 OC;lH NMR
(CDCl3, 400 MHz): 6H 7.87 (brs, 2H, NH), 7.31-7.24 (m, 8H, Ar-H), 7.14
(d,J=7.9 Hz, 2H), 7.06 (d, J = 8.3 Hz, 2H), 6.74 (s, 2H), 5.88 (s, 1H, Ar-
CH); 13C NMR (CDCls, 75 MHz): 143, 135, 132, 130, 128, 127,119, 118,
117, 111, 110, 39, 11; IR (KBr): 3415, 3055, 1490, 1450, 1090 cm™};
LCMS (m/2): 257; (M + 1); Anal. Calcd. for Co3H17CINy: C, 77.41; H,
4.80; Cl, 9.93; N, 7.85%; Found: C, 77.51; H, 4.69; Cl, 10.03; N, 7.78%.

3,3'-((3-Nitrophenyl)methylene)bis(1H-indole) (3g)

Reddish brown solid; M. F. C3H;7N309; M. p. 218-220 °C;'H NMR
(CDCl3, 400 MHz): 6H 8.11 (brs, 2H, NH), 7.50-7.15 (m, 12H, Ar-H),
6.75 (s, 2H), 5.96 (s, 1H, Ar-CH); 13¢ NMR (CDCl3, 75 MHz): 148,
139,136, 135,129, 127,125,123,121,120,119,118,112,111, 53; IR
(KBr): 3420, 3050, 1595, 1510, 1455, 1340 cmfl; LCMS (m/2): 368 (M
+ 1); Anal. Calc. for Co3H17N304: C, 75.2; H, 4.7; N, 11.4%; Found: C,
75.3; H, 4.5; N, 11.6%.

3,3'-((2-ChlorophenylDmethylene)bis(1H-indole) (31

Red solid; M. F. Co3H;7CINg; M. p. 220-224 °C;1H NMR (CDCls, 400
MHz): 8H 8.11 (s, 2H), 7.72 (d, J = 7.8 Hz, 1H), 7.52 (d, J = 7.9 Hz, 2H),
7.44 (d,J = 8.1 Hz, 2H), 7.32 (s, 1H), 7.25 (s, 1H), 7.17 (s, 2H), 7.147.06
(m, 1H), 7.01 (d, J = 15.0 Hz, 2H), 6.62 (s, 2H), 6.40 (s, 1H); 13C NMR
(CDCl3, 75 MHz): 141, 136,133,130, 129, 127,126,123,122,119, 118,
111, 36; IR (KBr): 3414, 1627, 1605, 1458, 1417, 1338, 1093, 744 cmfl;
LCMS (m/2): 357 (M + 1); Anal. Calcd. for Cy3H;7CINo: C, 77.41; H,
4.80; Cl, 9.93; N, 7.85%; Found: C, 77.46; H, 4.68; Cl, 9.96; N, 7.88%.

4-(Di(1H-indol-3-yl)methyl)benzonitrile (30)

White solid; M. F. Cp4H17N3; M. p. 213-216 °C; 'H NMR (CDCls, 400
MHz): 8H 8.14 (brs, 2H), 7.64 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 8.2 Hz,
2H), 7.42-7.06 (m, 8H), 6.75 (s, 2H), 5.98 (s, 1H); 3¢ NMR (CDCl3, 75
MHz): 149, 136, 132, 129, 126, 123, 122, 119, 118, 111, 109, 40; IR
(KBr): 3406, 2225, 1736, 1651, 1460, 1363, 1215, 1091, 740 cm™};
LCMS (m/2): 348 (M + 1); Anal. Calcd. for Co4H17N3: C, 82.97; H, 4.93;
N, 12.10%; Found: C, 83.02; H, 4.80; N, 12.15%.

4-(Di(1H-indol-3-yl)methyl-N,N-dimethylaniline (3q)

Pinkish crystalline solid; M. F. Ca5H23N3; M. p. 169-171 °C;'H NMR
(CDCl3, 400 MHz): 6H 7.96 (brs, 2H, NH), 7.51 (d, J = 8.1 Hz, 2H), 7.44
(d, J = 8.1 Hz, 2H), 7.24-7.17 (m, 4H), 7.14 (t, J = 7.5 Hz, 2H),
6.70-6.64 (m, 4H), 5.83 (s, 1H), 2.91 (s, 6H); 13C NMR (CDCl3, 75 MHz):
148,136,131,127,123,121,119,118,112,111, 54, 41; IR (KBr): 3470,
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3051, 1624, 1520, 1462, 1350, 1226, 761 cm71; LCMS (m/2): 366 (M +
1); Anal. Calced. for CasHo3N3: C, 82.16; H, 6.34; N, 11.50%; Found C,
81.25; H, 6.28; N, 11.42%.

3,3'-((3,4-Dimethoxyphenyl)methylene)bis(1H-indole) (3s)

Pinkish crystalline solid; M. F. Ca5H2oN202; M. p. 198-200 °C; H
NMR (CDCl3, 400 MHz): 6H 7.96 (brs, 2H, NH), 7.56 (d, J = 7.8 Hz, 2H),
7.66 (d, J=8.1 Hz, 2H), 7.27 (t,J = 7.8 Hz, 2H), 7.10 (t, J = 7.2 Hz, 2H),
6.88 (d, J = 8.1 Hz, 1H), 6.77 (d, J = 8.1 Hz, 1H), 6.68 (s, 2H), 5.98 (s,
2H), 3.93 (s, 6H); '*C NMR (CDCls, 75 MHz): 148, 147, 136, 127, 125,
124,123,121, 120,119, 112, 110, 55, 39; IR (KBr): 3412, 2950, 1610,
1510, 1438, 1216, 750 Cmfl; LCMS (m/2z): 383.13 (M + 1); Anal. Calcd.
for CosH2oN-209: C, 78.51; H, 5.80; N, 7.32; O, 8.37%; Found: C, 78.53;
H, 5.72; N, 7.38; 8.45%.

Conclusion

In summary, we have developed and demonstrated the application of
chitosan supported ionic liquid ([DSIM][AICI3],-@CS) as an excellent
catalyst for the one-pot synthesis of bis(indolyl)methanes at 50 °C re-
action temperature. The synthesis of bis(indolyl) methane derivatives 3
(a-t) from indole and various substituted benzaldehyde were obtained in
excellent yields. This simple protocol using chitosan supported ionic
liquid under mild reaction temperature condition has many advantages
like without the need of an inert atmosphere, shorter reaction time,
simple work-up procedure. In addition to this, easy preparation of the
catalyst and chemoselectivity of the products were main significance of
the present methodology.
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