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Abstract

A facile and efficient synthesis of bis(indolyl)methanes derivatives (3a-u) was reported via a
condensation reaction of adehydes and indole in the presence of silica-supported-3-
(triethoxysilyl) propane-1-ammonium chloride catalysis under solvent free conditions. We
studied the model reaction in different conditions, temperature, and amount of optimized
catalyst. The use of just 0.02 g of (silica gel-ammonium salt) is sufficient. The reaction was
carried out at 110°C under thermal condition. This method includes some advantages such as
mild reaction condition, easy work-up, and recoverable and reusable catalyst.

Keywords: Bis(indolyl)methanes;, multicomponent reactions; silica-supported-3-(triethoxysilyl)

propane-1-ammonium chloride; solvent-free conditions.

Introduction
Bis(indolyl)methane [1] and indole [2] are

beneficial estrogen metabolism in human [3]

and induce apoptosis in human cancer cells

important derivatives of indole in organic
synthesis and pharmaceutical chemistry and
they exhibit various physiological properties.
Bis(indolyl)methane is the most active

cruciferous  substances for  promoting
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[4]. Consequently, numerous methods have
been reported for the preparation of
bis(indolyl)methanes [5].

Generaly, bis(indolyl)methanes are

prepared by the condensation of indoles with
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various aldehyde or ketones in the presence
of either protic [6], or Lewis acids [7] such as
I, [8], LiClO4 [9], a variety of reagents such
as acetic acid [10], InClg[11], In(OTf)3[7],
InF3[12], Dy(OTf); [13], Ln(OTf)s [14],
FeCl3 [15], NBS[16], KHSO, [17], NaHSO5.
SiO; [18], PPhs. HCIO4 (TPP) [19], CAN
[20], zeolites [21], clay [22], H3PM012040.
xH>0 [23], and 1-butyl-3-
methylimidazoliumtetrafluoroborate or 1-
butyl-3

methylimidazoliuhexafluorophosphate ionic
liquids [24]

accomplish this transformation. Recently,

have been employed to

rare-earth  perfluoroocanocates [RE(PFO)3]
[25], trichloro-1,3,5-triazine [26],
hexamethyl enetetraamine-bromine [27], ion-

exchange resin [28], and ionicLanthanide

triflates are also found to catalyze these
reactions [29]. Herein, we investigated silica-
supported-3-(triethoxysilyl), propane-1-
ammonium chloride catalysis that could act
as a catayst (Scheme 1).The catalyst was
prepared and characterized by FT-IR and
identification with ninhydrine solution in
ethyl acetate solvent. Therefore, the
discovery of a new and an inexpensive
catalyst for the  preparation of
bis(indolyl)methanes under neutral and mild
conditions is of prime importance. For the
increasing environmental and economic
concerns in recent years, it is now essential
for chemists to search environmentally
benign catalytic reactions as much as

possible.
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Scheme 1. Preparation of bis(indolyl)methanes using of silica-supported-3-(triethoxysilyl) propane-1-

ammonium chloride as a reusable catalyst under solvent free conditions

Experimental

Reagents and equipment

All reagents were purchased from Merck.
Aldehydes were distilled before use. Melting
points were determined on an Electrothemal
digital
uncorrected. IR spectra were recorded on a

X6  microscopy, instrument,
Bruker Equinox 55 spectrometer using KBr
pellets. NMR spectra were recorded using
either a Brucker DRX500 machine at room
temperature. *H, *C NMR and “FNMR

spectra were measured using DMSO-ds as
solvent. CHN analyses were performed on
Exeter Analytica Inc. Model C-400 CHN
Anayzer Mass spectra were obtained using a
Micro Mass LCT machine in EI model
HRMS machine in GC-QT mode. All the
reactions were monitored by TLC using 0.25
mm silica gel plates (Merck 60Fzs;) UV
indicator.
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Preparation of the silica-supported-3-
(triethoxysilyl) propane-1-ammonium
chloride catalyst

A mixture of dry silica gel (10 gr 70-230
mesh) and 3-(triethoxy)propylamine (5 mL)
in dry toluene (20 mL) was stirred and
refluxed for 20 h.The precipitate was filtered
by centrifuges.The obtained solid was

washed with dry toluene and dried at 120 °C

for 10 h under reduced pressure, and then a
mixture of 2 g of slica-supported, 3-
(triethoxysilyl) propane-1-ammonium
chloride and 10 mL of HCI (2 N) was stirred
for 20 h a room temperature. The resulted
suspension was filtered by centrifuges. The
obtained solid was washed with water and
dried at 80 °C under reduced pressure for 10

h [30] (Figure 1).

H,N
~Q
./\/\
OH -5t NH,
HO HQ OH OH \/0 d HO OH
HO — HO OH
OH :
Sio, » SiO,
Dry toluene/Reflux
Silicagel unmodified
A H,N_CI B
HO OH
HO
OH
lwlCl(ZN)> sio,
C

Figure 1. Mechanism of heterogeneous catalyst synthesis
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General procedure for the synthesis of

bisi(ndolyl)methanes  under  thermal
solvent-free conditions in the presence of
catalyst

Heterogeneous mixture of aromatic aldehyde
(3 mmol), indole (2 mmol) and silica-
supported-3-(triethoxysilyl) propane-1-
ammonium chloride as catalyst (0.02 g) was
heated with stirring for 1-3 h at 100 °C, in an
oil bath. After completion of the reaction
(indicated by TLC), the reaction was cooled
to room temperature and ethanol or ethyl
acetate (10 mL) was added to the reaction
mixture and stirred for 5 min. The
undisclosed solid separated was filtered,
washed with cold water, the residue was
recrystallized from hot absolute ethanol to
afford a pure product and the solid on the
filter was the catalyst (recover the catalyst).
Characterization data of some
representative compounds

3,3"-(Naphthal en-2-ylmethylene)bis(1H-
indole) (3h). 0.448g (90%); white solid; mp
198-202 °C. IR (KBr): 3456, 3043, 2943,
1632, 1522, 1465, 1143, 803 cm™. 'H NMR
(DM SO-ds, 500 MHz): 5.75 (s, 1H), 6.87 (d,
1H, J=8.0 Hz), 7.43-7.56 (m, 4H, Ar-H),
7.62-7.98 (m, 10H, Ar-H), 8.04 (d, 1H, J=8.0
Hz), 8.21 (d, 1H, J=8.0 Hz), 10.82 (s, 2H,
indoleNH). *C NMR (DMSO-ds, 125
MHz): 6 41.43, 113.34, 119.43, 119.98,

120.32, 121.34, 12243, 122.58, 123.54,
125.34, 126.02, 128.54, 129.06, 130.35,
132.93, 133.09, 136.98, 137.44, 137.96,
141.65, 143.54, 147.34, 148.01, 148.79. MS
(El), miz (%) =372 (M*, 15), 227 (75).
HRMS (El) Found: M*, 372.1604. Cy7HaoN>
requires M*, 372.1602. Anal Cacd for
Co/H20N2: C, 87.07; H, 5.41; N, 7.52; Found:
C, 87.03,H, 5.45; N, 7.53.

3,3-(Naphthal en-1-ylmethylene)bis(1H-
indole) (3i).0.448g (92%); white solid; mp
233-235 °C. IR (KBr): 3434, 3076, 2932,
1645, 1555, 1461, 1132, 802 cm™. 'H NMR
(DMSO-ds, 500 MHz): 5.67 (s, 1H), 6.89 (d,
1H, J=8.0 Hz), 7.56-7.77 (m, 4H, Ar-H),
7.83-7.96 (m, 10H, Ar-H), 8.09 (d, 1H, J=8.0
Hz), 8.32 (d, 1H, J=8.0 Hz), 10.55 (s, 2H,
indoleNH). *C NMR (DMSO-ds, 125
MHz): & 43.65, 112.24, 118.23, 119.65,
120.04, 121.56, 122.03, 122.98, 123.04,
124.34, 12592, 127.94, 128.16, 131.55,
132.73, 13349, 135.08, 136.94, 137.96,
140.65, 142.84, 147.57, 148.31, 149.745. MS
(El), miz (%) =372 (M*, 25), 227 (65).
HRMS (ElI) Found: M*, 372.1603.
Co7H2oNorequires M*, 372.1602. Anal Calcd
for CyyHxoN2: C, 87.07; H, 541; N, 7.52;
Found: C, 87.03, H, 5.45; N, 7.53.

3,3-((4-
(Trifluoromethyl) phenyl)methylene)bis(1H-
indole) (3n).0.351g (95%); yellow solid; mp
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212-214 °C. IR (KBr): 3479, 3112, 2954,
1651, 1522, 1474, 1109, 802 cm™. 'H NMR
(DM SO-ds, 500 MHz): 5.86 (s, 1H), 7.11 (t,
2H, J=8.3 Hz), 7.51 (d, 2H, J=8.3 Hz), 7.61-
7.78 (m, 6H, Ar-H), 7.81 (d, 2H, J=7.9 HZ),
7.94 (d, 2H, J=8.0 Hz), 10.62 (s, 2H, indole-
NH). °C NMR (DMSO-ds, 125 MHz): 3
48.87, 59.42, 121.43, 122.54, 123.21, 123.98,
124.54, 125.65, 126.32, 127.08, 128.21,
129.76, 130.54, 131.32, 133.83, 134.12,
135.65, 136.09, 137.96 (q, “Jor=255.7 Hz),
147.34, 156.43. F NMR (DMSO-ds, 470
MHz): -111.4. MS (El), m/z (%) =390 (M",
15), 227 (56). HRMS (El) Found: M®,
390.1303.  CaH17FsN,
390.1301. Anal Calcd for CosHi7FsNy: C,
73.84; H, 4.39; N, 7.18. Found: C, 73.89, H,
4.36; N, 7.17.
1,3-Bis(di(1H-indol-3-

yl)methyl)benzene(3v).0.481g (85%); yellow
solid; mp 271-272 °C. IR (KBr): 3446, 3079,
2978, 1624, 1545, 1494, 1101, 801 cm™. *H
NMR (DMSO-ds, 500 MHZ): 5.62 (s, 1H),
6.85 (s, 2H, Ar-H), 7.11-7.31 (m, 9H, Ar-H),
7.40-7.51 (m, 6H, Ar-H), 7.53-7.72 (m, 4H,
Ar-H), 7.81-8.06 (m, 6H, Ar-H), 10.50 (s,
2H, indole-NH). *C NMR (DMSO-dg, 125
MHz): & 65.98, 118.63, 120.87, 120.93,
122.09, 122.93, 125.02, 126.92, 12854,
130.08, 131.98, 132.98, 133.76, 136.98,
137.16, 138.05, 139.38, 141.94, 142.80,

requires M",

143.92,. MS (El), m/z (%) =566 (M*, 15),
448 (56). HRMS (EI) Found: M™, 566.2519.
CaoH30N4 requires M™, 566.2521. Anal Calcd
for CqpHsoN4: C, 84.78; H, 5.34; N, 9.89.
Found: C, 84.75; H, 5.31; N, 9.83.
Results and discussion

catalysts have
attention in recent years due to economic and

Heterogeneous gained
environmental consideration. These catalysts
are inexpensive and easily available. They
can conveniently be handled and removed
from the reaction mixture, thus making the
experimental procedure simple and eco-
friendly. The activity and selectivity of a
reagent dispersed on the surface of a support
is improved as the effective surface area of
the reagent can be increased up to one
hundred-fold.

(triethoxysilyl)propan-1-ammonium chloride

Silica-supported-3-

catalyst was prepared according to the
method reported in the literature [30].
2shows

patterns of the silica gel sample and silica-

Figure X-Ray diffraction

supported  3- (triethoxysilyl)propan-1-
ammonium chloride sample synthesized. No
peaks are observed in the silica gel sample
except for the harrow like pattern at 20
degree between 15 °C and 24 °C attributed to
amorphous silica gel. XRD patterns of silica-
supported-3-(triethoxysilyl)propan-1-

ammonium chloride showed a high intensity
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peak at 20 = 20.7° with a basal spacing of 4.3 (triethoxysilyl) ammonium
A and broad hump in the region of 26 = 8-

11°.  This indicated that 3-

propan-1-
chloride can enter the interlayer space and

spacing link with silica.

Intensity (eps)

20 (degree)

Figure 2. The powder XRD patterns of silicagel (A), silica-supported 3-(triethoxysilyl) propan-1-

ammonium chloride (C)

In the IR spectra of dry silica gel (A),
silica gel-supported propylamine (B), silica-
supported-3-(triethoxysilyl)-propan-1-
ammonium chloride (C) (Scheme 4), all
samples showed the absorption bands for Si-
OH and Si-O-Si in ~800 cm™ and ~1100 cm”

! respectively. OH stretching band is

observed at 3300-3500 cm™ and strong
intermolecular hydrogen bonding occurs in
the hydroxyl groups or NH group. Therefore,
the resulting O-H absorption is very broad.
IR spectrum of catdyst (C) showed
absorption bands for Si-CH, at 2900 and
3000cm™ (Figure 3).
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Figure 3. FT-IR spectrum of dry silicagel (A), silica gel-supported propylamine (B), silica-supported 3-
(triethoxysilyl) propan-1-ammonium chloride (C)
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The cataytic efficiency of silica-
supported-3-(triethoxysilyl)propan-1-

ammonium chloride catalyst was evaluated
by conducting a model reaction of
benzaldehyde (2a) with indole (1) under

different catalytic conditions (Table 1).

Among these conditions, the reaction in the
presence of silica-supported-3-
(triethoxysilyl) propan-1-ammonium chloride
catalyst was found to be rapid, more facile
and high yielding under thermal and solvent-

free conditions (Table 1, Entry 22).

Table 1. Theresults of reaction of indole (1) and benzaldehyde (2a) under different catalytic conditions

Entry Catalyst Time(h) Yied (%)[Ref]
1 None 10 null

2 BiCls 5 87[31]
3 Bi(NOs)3.5H,0 4 86[31]
4 CuCl; 2 93[32]
5 InCl3 6 91[33]
6 INBr3 2 92[33]
7 In(OTf)3 0.8 78[33]
8 CoCl,.6H,0 24 37[32]
9 ZnCl; 24 11[32]
10 ZnBr, 24 20[32]
11 FeCl; 24 73[32]
12 Ga(ClOq4)3 8 90[32]
13 LaCl; 15 8[34]
14 LiBr 24 18[33]
15 LiCl 24 16[35]
16 SrCl,.6H20 15 25[35]
17 Ti(SOa4)2 4 92[33]
18 AICl3 15 89[33]
19 ZrS04.4H,0 8 84[33]
20 ZrOCl,.8H,0 20 62[34]
21 SbCl3 1 92[36]
22 SiO»-nPr-NH3"Cl7/110 °C, Solvent-free 45 90-Thiswork

A solated yield
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Recently, solid-supported reagents, such
as glica gel-supported acids, have gained
considerable interest in organic Synthesis.
One of these solid-supported catalysts is
silica-supported  3-(triethoxysilyl)propan-1-
ammonium chloride which was prepared, as
a reusable heterogeneous catalyst, from the
reaction of silica with 3-
(triethoxysilyl)propylamine, then stirred in
HCI (2N) [30]. The catdyst is a highly
efficient and economically viable catalyst for

the synthesis of bis(indolyl)methanes under
thermal and solvent free conditions.

Moreover, when the reaction was carried
out in solvent-free condition at 110 °C, good
conversion was achieved and the results
showed that, ‘no solvent’ is the ‘best solvent’
and complies with the green chemistry
principles (Table 2, Entry 6).

Table 2. Screening of the temperature of the model reaction®

Cl

S|I|cage| amonium salt

“Solvent free/110°C \ \ / O

H cl
1 2b 3
Entry T (°C) Yield (%)°

1 25 None

2 40 25

3 60 40

4 80 55

5 100 90

6 110 95

7 120 85

#Reaction condition: 4-chloro benzaldehyde (1 mmol) and indole (2 mmol) using 0.02 g catalyst in solvent-free conditions and 110°C
b solated yields

Optimization of the amount of silica-
supported-3-(triethoxysilyl) propane-1-
ammonium chloride on the condensation
reaction of 4-chloro benzaldehyde (1mmol)
and indole (2 mmol) under solvent-free
conditions were investigated. After many

studies on the above condensation, we found

that when less than 0.02 g was applied, lower
yields of the corresponding product (Table 3,
Entries 1-4) was resulted, whereas use of
more than 0.02 g did not improve the yield
(Table 1, Entry 6,7). So, 0.02 g catalyst is
sufficient to carry out the reaction (Table 3,
Entry 5).
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Table 3. Effect of the amounts of catalyst on
the model reaction®

Entry NH3".SiO, (gr)  Yield (%)°
1 None None
2 0.005 50
3 0.010 65
4 0.015 70
5 0.020 92
6 0.025 91
7 0.030 90

®Reaction condition: 4-chloro benzal dehyde (1 mmol) and
indole (2 mmol) in solvent-free conditions and 110 °C
b spl atedyields

With this result in hand, we went on to
study the scope of the methodology. Under
the optimized conditions, a variety of

structurally diverse alkyl/aromatic aldehydes

were investigated. Various substituted
aromatic aldehydes were reacted to obtain the
corresponding bis(indolyl)methanes in high
yields (Table 4). It was observed that the
aldehydes containing electron-withdrawing
substituents in the para position reacted faster
and gave a high yield of the product as
compared to those containing electron-
donating substituents. Reactions of aliphatic
carbonyl  groups with indole were
satisfactorily performed by the current
method but they needed longer times and
afforded lower vyields of products than
aromatic aldehydes (Table 4, Entries 15-17).
The yields, time reaction and melting points

of the products are reported in Table 4.

Table 4. Silica-supported-3-(triethoxysilyl) propane-1-ammonium chloride catalyzed of

bis(indolyl)methnes from indole and carbonyl compounds

v -

Entry R* R Product Time/min Yields(/%)® Mp/°C Mp/‘l’_(;t[.Ref.]
1 CoHs H 3a 45 90 149-151 150-152 [37]
2 4-CICgH,4 H 3b 100 90 78-79 79-80 [37]
3 2-CICeHs H 3c 70 97 71-73 72-74[37]
5 4-CH3CgH, H 3d 100 85 93-95 94-96 [37]
6 4-CH3;0CgH4 H 3e 110 85 184-186 186-188 [37]
7 4-HOCgH,4 H 3f 110 80 121-123 122-124[38]
8 3-CH30-4-OHCgH3 H 3g 110 85 125-127 126-127 [39]
9 2-Naphthyl H 3h 90 90 199-201 198-202
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10 1-Naphthy H 3i 9% EN) 233235  New Comp.
10 3-NO,CoH, H 3j 35 9%5 263-265  264-265 [37]
11 4-NO,CeH, H 3k 20 98 219-221  220-222[37]
12 4- CNCgH, H 3l 15 98 121-123  120-122[38]
13 4-FCeH H 3m 25 9%5 81-83 80-82[39]
13 4-CF4CeHa H 3n 25 95 212-214  New Comp.
14 2-Cl-6-FCeH H 30 65 83 209-210  93-95[40]
15 2-Furyl H 3p 25 85 320-322  321-322[38]
16 4-(CH3),N-CeH,  H 3q 20 90 171-173  170-172[38]
15 CHs H 3r 125 75 91-93 92-94[37]
16 NCsHu H 3s 145 70 66-69 68-70[37]
17 <:>:U - 3t 120 70 162-164  163-165[37]
A solated yield

Furthermore, di[bis(indolyl)methyl]benzene
can be achieved by this method. The reaction
of isophthalaldehyde (2v) with 4 equiv. of
indole (1) was performed in the presence of

silica-supported-3-(triethoxysilyl) propane-1-

ammonium chloride catalyst (0.02 g) under
optimized conditions and 1,3-bis(di(1H-
indol-3-yl)methyl)benzene (3v) was
produced in 85% vyields after 55 min
(Scheme 2).
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. -
H3NCI

OHC CHO @
+
N Solvent free/110 °C

[
H

2v 1

\J

Scheme 2. Reaction for the preparation of 1,3-bis(di(1H-indol-3-yl)methyl)benzene

The mechanism proposed for preparation
of bis(indolyl)methanes from aryl/akyl
aldehydes (2a-u) and indole (1) using silica-
supported-3-(triethoxysilyl) propane-1-
ammonium chloride as catayst under
solvent-free conditions is depicted in Scheme
3. In the presence of catayst , the
electrophilicity of carbonyl carbon has been

increased and it (I) readily reacts with

indole(1), affording the corresponding 3-
(hydroxydiaryl/alkylrmethyl)-3H-indol-1-

ium (I1), and H-transfer converts to ((1H-
indol-3-yl)diaryl/alkylmethyl)oxonium (I11).
Intermediate (111) on reaction with second
mole of indole converts to intermediate (1V)
and followed by rearrangement affords the
final product (3a-u) in good yield (Figure 4).
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H4NCI
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Ha,
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b H H

(|V) 3a-u

Figure 4. Proposed mechanisms for preparation of bis(indolyl)methanes using

silica-supported-3-(triethoxysilyl) propane-1-ammonium chloride as a reusable

catalyst under solvent free conditions

In view of the green chemistry, the
catalyst was further explored for the
reusability by a model reaction of 4-
chlorobenzaldehyde and indole under
similar conditions in the presence of
0.02 g catalyst. The catalyst was easily
recovered by washing the reaction
mixture with distilled water and directly

100 30

e |
g0 +~
60 ‘
a0 +
20 +
1 2

Yields {%}

"

reused after

evaporation of water under reduced

for the next turn

pressure. The recycled catalyst has been
reused five times to catalyze the model
reaction affording the corresponding
chromene in 90, 90, 89, 89, and 87%
appreciable

yields, and  without

decreases of yield (Figure 5).

29 Ba 87
3 4 5

Reaction cycles

Figure 5. Reusability of gel-supported ammonium salt as a reusabl e catalyst under

solvent free conditions. Reaction of 4-chlorobenzaldehyde and indole was used as

model reaction
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In summary, we describe a
practical and efficient procedure for the
bis(indolyl)methanes

through the three-component reaction

preparation of

of aromatic aldehydes (2a-v) and indole
(1) using silica-supported-3-
(triethoxysilyl)  propane-1-ammonium
chloride as a reusable catalyst under
solvent-free conditions. This procedure
offers several advantages, including
mild reaction conditions, cleaner
reaction, and satisfactory vyields of
products, as well as a smple
experiment and isolated procedure,
which makes it a useful and attractive
protocol for the synthesis of these
compounds. The catalyst reused another
cycle after evaporation of water. All of
the products are known and the data are
found to be identica with those that
reported in the literature (Table 4).
Conclusion

In conclusion, we have developed a
simple, convenient and effective
method for the one-pot synthesis of
bis(indolyl)methanes  using  silica-
supported-3-(triethoxysilyl) propane-1-
ammonium chloride which is not
expensive and easily available as a
recyclable heterogeneous catalyst under
solvent-free conditions. The simplicity

of the system, easy separation of

catalyst and products from the reaction
mixture, high yields, purification of
compound by crystalization method
and shorter reaction times make this an
improved protocol than existing
methods. Further silica-supported-3-
(triethoxysilyl)  propane-1-ammonium
chloride catalysts can be easly
recovered and reused without loss in
their activities. Therefore, the use of
these catalysts not only makes the
process economical viable but also help
to reduce environmental pollution to
achieve  environmentally  friendly
Processes.
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