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Abstract

The synthesis and advancement of catalysts have gained significant attention in
research due to the growing global need to replace expensive and environmentally
harmful reagents used in inefficient non-catalytic processes with cost-effective and
environmentally friendly (green) catalytic methods. The characterized
heterogeneous catalyst supported on fly ash was subjected to analysis using
techniques such as X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FT-IR), and scanning electron microscopy coupled with energy
dispersive spectroscopy (SEM-EDS). The catalytic potential of the synergistically
doped fly ash material was evaluated through a one-pot synthesis of bis (3-indolyl)
methane derivatives, resulting in higher yields achieved in a shorter time frame.
This outcome indicates that the catalyst prepared has an ample number of active
sites that play a pivotal role in its catalytic activity.

Key words: 5 wt. % H;BO;/fly ash. bis (3-indolyl) methane derivatives

1. Introduction

In recent years, heterogeneous catalysts have become increasingly popular due to
their low cost, ease of availability and handling, ability to be easily removed from
the reaction mixture, and environmentally friendly nature. Heterogeneous catalysts,
particularly those with catalytically active sites dispersed on the surfaces of porous
solid supports, have been widely used in a variety of chemical transformations. The
use of heterogeneous catalysts, such as sulfated zirconia, zeolites, and acidified
silica. as alternatives to traditional homogenous Lewis and Brensted acid catalysts
can be a more environmentally friendly approach to conducting organic reactions.'”
Nitrogen atom containing heterocyclic compounds are biologically active.™™ Bis (3-
indolyl) methanes as well as indole and its derivatives, are recognized as crucial
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compounds in the field of organic synthesis and pharmaceutical chemistry. They
display a range of significant physiological characteristics.” Among the diverse
array of indole derivatives, bis (3-indolyl) methanes have broad medicinal utility.
They can induce apoptosis in human cancer cells normalize irregular cell growth
linked to cervical dysplasia,” promote favorable estrogen metabolism in both
genders, aid in breast cancer prevention’ and enhance the body's natural hormone
metabolism.” As a result of the extensive biological potential exhibited by bis(3-
indolyl) methanes and their broad spectrum of medical uses, numerous synthesis
methods have been documented in the literature.
Nonetheless, nearly all these approaches have utilized traditional Lewis acids and
protic acids as catalysts to facilitate the electrophilic substitution reaction between
indoles and different aldehydes or carbonyl compounds.” A various kind of catalyst
was used to synthesis of bis 3-indolyl methane derivatives such as H-Y zeolite,"
Montmorillonite clay K-10,"" sulphamic acid,'” SBA-15/SO;H." oxalic acid."
vanadomolybdophosphoric acid,” silica bonded S-sulfonic acid,'® Cu(BFg;.SiO;,”
In(OTf)," LiClO," bis(cyclopentadienyl)ZrCl, ,* CuBr., ZrCl,* CAN.”
Zn(HS04),.™! acetic acid,” polyindole salt,” N-tert-butanesulfinyl aldimines,”
NBS.™ Ln(OTf):,” Dy(OTf)s,” InCls,”" InF5,” [P(4-VPH)HSO,].” FeCls.6H,0,"
Ph-PMO- SO:;H.*” glycerin and CeCl;,*® B(C¢Fs)s, ¥ HePaW 506" phosphated
zirconia,”  PhsCCL" have been reported for the synthesis of bis (3-indolyl)
methanes. However, the majority of the current techniques employ hazardous metal
ions and solvents, result in elevated expenses, utilize corrosive reagents, and entail
complicated purification steps. Hence, there is a need for novel procedures that can
overcome these limitations. Solvent-free reaction condition has been demonstrated
to be an efficient technique for various organic reactions. It often leads to
remarkable decrease in reaction time, increased yields, easier workup, and enhanced
regio- and stereo-selectivity of reaction.” ™ In continuation of our work in bis (3-
indolyl) methane synthesis herein, we reports a green and efficient protocol for the
synthesis of bis (3-indolyl) methane derivatives using mild and inexpensive fly ash
catalyst from indole and aromatic aldehydes under appropriate reaction condition in
excellent yields.
2. Experimental
2.1 Material
The chemicals such as indole, substituted aryl aldehydes, boric acid, ethanol, and
ethyl acetate were obtained from Sigma Aldrich, and fly ash was collected from the
thermal power plant in Parli Vaijnath, Maharashtra, India.
2.2 Catalyst preparation
Collected fly ash was crushed using ball milled and calcined at 400 ®Cupto 1 hin
muffle furnace. About 10 gm of fly ash is treated with 1-9 wt. % of boric acid,
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separately. Homogeneous slurry was prepared by adding a fixed amount of 0.5 M of
(5 mL) sulfuric acid and 100 mL of deionized water to the mixture, stirring
constantly for 12 h. Then, the slurry was left for aging for 5 days. The mixture was
evaporated at 100 °C to obtain a dry powder, which was then calcined at 400 °C for
I h to prepare fly ash-based hybrid material.

2.3 Characterization

The synthesized fly ash-based hybrid material was characterized using X-ray
powder diffraction (XRD) patterns taken at room temperature using a Bruker AXS
D8 model with monochromatic Cu radiation (40 kV and 30 mA). The particle sizes
of the materials were determined by X-ray powder diffraction consistence of
maximum intensity peaks. Surface morphology and elemental analysis of the
samples were performed using a dispersive spectrophotometer (EDS) (Jeol: JED-
2300), Temperature preprogrammed desorption (NH;-TPD) were performed on a
chemisorption analyzer (Autosorb-iQ-C, Quantachrome Instruments). The acidity
determination was supported by the TGA studies using 2, 6 dimethyl pyridine at
room temperature for 24 h and then subjected to thermal analysis in N, atmosphere
at a heating rate of 10 °C min™. The fraction of weight loss in the range of 300-600
°C was calculated and taken as a measure of Bronsted acidity of the samples. The
FT-IR analysis of samples was carried out using a Shimadzu-8400 spectrometer in
the range of 4000-400 cm™'; '"H NMR and “C NMR spectra were acquired using a
Bruker Avance instrument operating at frequencies of 400 MHz and 100 MHz,
respectively. The measurements were conducted in CDCl; and DMSO solvents.
Chemical shift are denoted in & ppm relative to tetra methyl silane, while coupling
constants are expressed in units of Hertz.

2.4 Catalytic activity

The performance of catalyst was tested by synthesis of bis (3-indolyl) methane
derivatives from indole and p-chlorobenzaldehyde in the presence of inexpensive,
eco-friendly and heterogeneous fly ash based hybrid material as a model reaction
was described in scheme L

(0]
| + Fly ash hased hybrid materilas
Refluxed,m 60-80 'C, Evhanol
N Ph H
H
1 2b

Scheme L Synthesis of bis(3- indolyl) methane using various fly ash based hybrid
materials from indole with 4- chlorobenzaldehyde.
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2.5 Screening of catalyst

Table 1 shows the screening of fly ash-based hybrid materials for their ability to
catalyze the synthesis of bis (3-indolyl) methane derivatives of p-
chlorobenzaldehyde, indole was mixed in etrhanol and refluxed up to 60-80 °C for
appropriate reaction time. Results shown in table 1 refers H,SOy/fly ash and 1-3
wt.% H>SOy/fly ash shows less catalytic activity as compared to 5 wt. % H,.SOy/fly
ash due to the insufficient formation of acidic sites formed on surface of fly ash
materials. It should be noted that modification of the fly ash with synergistically
doped sulfuric acid and boric acid increases the textural parameter more effectively.

Table 1. Screening of Catalyst for the Synthesis of bis (3-indolyl) methane
derivatives

Amount of Reaction Yield
Entry Fly ash  based catalyst loadedin rate (min) %
Catalysts gm
1 H,SO,/fly ash 0.5 30 86
2 1 wt. % H;BOy/fly ash 0.5 22 88
3 3 wt. % H3;BOs/fly ash 0.5 14 92
4 5 wt. % H3;BOs/fly ash 0.5 10 94
5 7 wt. % H;BOy/fly ash 0.5 10 94
6 9 wt. % H,BOy/fly ash 0.5 10 92

The results indicate that 5 wt. % H;BO,/fly ash is the preferred catalyst for synthesis
of bis (3-indolyl) methane derivatives of p-chlorobenzaldehyde and indole.

2.6 General reaction procedure for the synthesis of bis (3-indolyl) methane
derivatives

A mixture of (2.0 mmol) indole, (1.0 mmol) benzaldehyde and catalytic amount (5
% wt. H;BO4/Fly ash) in beaker was stirred in ethanol and reflexed up to 60-80 °C
for appropriate time. The completion of reaction was monitored by TLC. After
completion of reaction the mixture was poured onto crushed ice to get desired crude
product. The crude product was recrystallized by alcohol in high yield in short
reaction time.

2.7 Selected spectral data
3, 3’-Bis (indolyl) phenylmethane (Table 4, entry 3a)
FT-IR (KBr) ; 670, 757, 1017, 1090, 1216, 1416, 1456, 1520, 1600, 3020, 3476 cm’
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'H NMR (CDCl;) § = 5.8 (s, 1H), 6.6 (s, 2H), 7.0- 7.5 (m, 13H), 7.9 (bs, 2H); ES-
MS E/Z 322 (M").

3, 3-Bis (indolyl)-4-chlorophenylmethane (Table 4, entry 3b)

FT- IR (KBr); 670, 758, 1015, 1090, 1216, 1416, 1455, 1524, 1600, 2928, 3020,
3480 cm™.

'"HNMR (CDCly): §=5.8 (s, 1H), 6.6 (bs. 2H), 7.0- 7.7 (m, 12H), 7.9 (bs, 2H): ES-
MS E/Z 322(M_).

3, 37-Bis (indolyl)-4-methylphenylmethane (Table 4, entry 3f)

FT- IR (KBr) : 668, 758, 1020, 1092, 1216, 1416, 1514, 1600, 3020, 3480 cm'.

'H NMR (CDCly); § = 2.3 (s, 3H), 5.8 (s. 1H), 6.6 (s, 2H), 6.8-7.4 (m, 12H), 7.9
(bs, 2H); ES-MS E/Z 336 (M")

3, 3’-Bis (indolyl)-4-methoxyphenylmethane (Table 4, entry 3g)

FT- IR (KBr) ; 758,1032, 1090, 1216, 1336, 1417, 1454, 1452, 1508, 1610, 2838,
3020, 3480 cm™.

'"H NMR (CDCl,): § = 3.7 (s, 3H), 5.8 (s, 1H), 6.6 (d. 2H), 6.8 (d. 2H). 7.0 (t. 2H),
7.2(t,2H);7.2-74

(m, 6H), 7.8 (bs. 2H); ES-MS E/Z 352 (M").

3. Result and discussion

3.1 XRD Study

To understand the phase symmetry of the synthesized samples, a systematic XRD
study was conducted. Fig. 1(a) shows the XRD pattern of pure fly ash calcined at
400 °C for | h in air. Sharp peaks at 20 =20.97° and 26.77° corresponding to (111)
and (021) were observed, which are associated with the monoclinic crystalline
structure of fly ash [ASTM card No-86-0680].*

o (02

Q) = Quartr
M = Mullite

(111)

Intensity(a.u.)

20 30 40 50 60 '] Bo
2(8)°
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Fig. I(a-g); X-ray Diffraction Patterns of (a) pure fly ash and (b) H,SO /fly ash, (c)
I wt. % H;:BOy/fly ash, (d) 3 wt. % H;BO/fly ash, (e) 5 wt. % H;:BOy/fly ash, (f) 7
wt. % H:BOyfly ash, and (g) 9 wt. % H:BOy/fly ash powders with a fixed amount of
H;BO,, calcined at 400 °C for 1 h.

Fig. 1(b) shows the XRD pattern of H,SO,-doped fly ash, which exhibits a
crystalline phase of silico-aluminate species that is reduced to an amorphous phase
possibly due to the interaction between the anions of sulfuric acid and the silanol
groups present on the surface of the fly ash. Further, Fig.1(c-g) shows the XRD
pattern of (¢) 1 wt. % H:BOs/fly ash, (d) 3 wt.% H;BOy/fly ash, (e) 5 wt. %
H.BOy/fly ash, (f) 7 wt.% H;BO./fly ash, and (g) 9 wt. % H;BO./fly ash powders
with a fixed amount of H,SO,, calcined at 400 °C for 1 h. A single monoclinic
structure with a crystalline phase was obtained for the entire range of H;BO;
concentrations. It was observed that the peak intensity of the doped fly ash
increased due to the direct synergistic effect on the silica-alumina species in the fly
ash. The average particle sizes of the samples at the major peaks were calculated
using the Debye-Scherrer formula based on XRD peak broadening analysis
techniques. The particle size was found to be as large as 60-85 nm for 1 wt. %, 3 wt.
%, 7 wt. % and 9% wt. H;BO,/fly ash, and as small as 50 nm for 5 wt. % H;BO,/fly
ash. This apparent fall in the particle size will ensure high catalytic activity for the
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sample with 5 wt. % H;BO;, when it is used for catalytic applications. We have
doped 1-9 wt. % H;BO; to enhance the surface area of catalyst. However, we
observed a drastic fall in the particle size with 5 wt. % H;BO;, because for this wt.
% of H;BO; in activated fly ash grain boundary inhibits crystallite growth of the
catalyst which is responsible for reducing particle size of the prepared catalyst.

3.2 FT-IR analysis

Fig. 2(a-g) shows the FT-IR spectra of (a) pure fly ash, (b) H,.SO/fly ash, (¢) 1 wt.
% H;BOy/fly ash, (d) 3 wt. % H;BO/fly ash, (e) 5 wt. % H;BO,/fly ash. (f) 7 wt. %
H;BO,/fly ash. and (g) 9 wt. % H;BO,/fly ash samples in the range of 4000 to 500
cm’'. Within this it shows up the band corresponding to surface hydroxyl groups at
3300-3000 cm™.

(b)

fa)

438
1w

% Transmittance

500 1000 1500 2000 2500 3000 3500 4000
Wavenumber( cm b

()

e

% Transmi

1500 2000 2500 3000 3500 4000

Wavenumber (cm’')
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Fig.2 (a-g); FT-IR spectra of (a) pure fly ash, (b) H.SOyfly ash, (¢) 1 wt. %
H;BOyfly ash, (d) 3 wt. % H;BOy/fly ash, (e) 5 wt. % H;BOy/fly ash, (f) 7 wt. %
H;BO/fly ash, and (g) 9 wt. % H;BOy/fly ash powder with a fixed amount of H.50
calcined at 400 °C for 1 h.

This indicates the presence of strong hydrogen bonding in the samples, as indicated
by the broad band, which is attributed to the surface Si-OH groups and absorbed
water molecules on the surface.* The widening of this spectral feature signifies the
existence of robust hydrogen bonding within the samples.*® The intense peak
observed in the region between 1000 — 1300 cm™ is attributed to the valance
vibration of the silicate oxygen skeleton (Si-O-Si) bond. After acid treatment, the
increase in silica content resulted in a distinct and significant increase in the
broadening of the -OH peak at 3000 ¢m™ in all samples in comparison to pure fly
ash, as shown in Fig. 2(c-g). This suggests that the increase in surface hydroxyl
groups™ is due to the acid treatment, which enhances the silica content. After acid
treatment, an intense band in the range of 1050-1350 cm™, which is usually assigned
to the valence vibration of the silicate oxygen skeleton and corresponds to the
amorphous silica content, was observed. This indicates an increase in amorphous
silica content after acid treatment. The region between 800-500 cm™ shows the
symmetric stretching of Si-O-Si and Al-O-Si bonds, which corresponds to the
formation of amorphous to semi-crystalline alumina-silicate materials. The band
below 500 cm™ shows a bending vibration of Si-O-Si and O-Si-O bands.*” The
increase in silica content and surface hydroxyl groups is responsible for the
development of acidic sites on the catalyst, which helps to enhance the catalytic
activity.

3.3 SEM-EDS analysis
The effect of dopant and co-dopant on the morphology of synthesized samples was
investigated by SEM.

",
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[ e it
14 e a8

Fig. 3(a-e); SEM micrograph of (a)l wt. % H:BOyfly ash, (b) 3 wi. % H;BO:/fly
ash, (¢) 5 wt. % H:BO/fly ash. (d) 7 wt. % H;:BOy/fly ash and (e) 9 wt. % H;BO/fly
ash calcined at 400 °C for 1 h.

Fig. 3(a-e) shows SEM images of (a) | wt. % H3;BOs/fly ash, (b) 3 wt. % H;BOy/fly
ash, (¢) 5 wt. % H;BO;y/fly ash, (d) 7 wt. % H;BOy/fly ash and (e) 9 wt. %
H;BOs/fly ash calcined at 400 °C for | h. It is observed that surface morphology of
fly ash doped with 1, 3, 7, and 9 wt. % of H:BO; were found to have an irregular
shape and were clumped together, with an average primary particle size of less than
Ium. However, fly ash doped with 5 wt. % of H;BO: has regular shape with particle
size less than 0.5 pm. These results are inconsistent with XRD analysis.A chemical
analysis of the elements was done and confirmed the presence of Si, Al, O, C, Ca,
Fe, K, Mg and Ti in the sample as represented in Table 2. From these values it is
evident that the percentage of Al, Si and O in 5 wt. % H;BOs/fly ash found to be
higher in comparison with pure fly ash. The increases in silica-alumina content
increased the surface hydroxyl groups on the catalyst surface.
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Table 2. EDS analysis of pure and 5 wt. % H;BOy/fly ash calcined at 400 °C for 1h
Elements Pure Fly ash At.% 5 wt. % H;BO,/fly ash At.%

Si 3.63 24.53
Al 231 11.19
0 47.96 54.90
45.28 3.08
Ca 0.16 0.75
Fe 0.68 2.28
K 0.09 2.06
Mg 0.11 0.55
Ti 0.08 0.66
Cu 0.09 =
Zn 0.08 =
Zr 0.03 -
Total 100 100

3.4 NH ;- adsorption measurement

To understand the acidity of catalyst it was determined with the help of very special
technique temperature- programmed description of ammonia (TPD). The amount of
ammonia that was removed from the catalyst during this process was measured and
it was reported in Table 3.

Table 3. Summary of acidity measured by NH ;- TPD of synthesized catalysts

Fly ash based Catalyst Aekdic stes (:mmol NH./e)

. T, (<200 °C) T, (>500°C) Total
H,SO/fly ash 0.196 0.183 0.379
1 wt. % H;BO,/fly ash 0.206 0.189 0.395
3 wt. % H;BO,/fly ash 0.214 0.202 0.416
5 wt. % H;BO,/fly ash 0.227 0.204 0.431
7 wt. % H;BO,/fly ash 0.223 0.197 0.420
9 wt. % H;BO,/fly ash 0.224 0.202 0.426

It shows that surface acidity and total number of acid sites in H,SO,/fly ash were
found 0.379 mmol/g, and fly ash doped with 1, 3, 7, and 9 wt. % of H;BO; were
found 0.395 mmol/g, 0.416 mmol/g, 0.420 mmol/g and 0.426 mmol/g respectively,
while for 5 wt. % H;BOy/fly ash showed 0.431 mmol/g due to the presence of
synergistic effect of boric and sulfuric acid with fly ash surface. With reference to
above value it can be concluded that catalyst shows sufficient acidic character are
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well developed on the surface of fly ash to carry out the synthesis of bis (3-indolyl)
methane derivatives from indole and aromatic substituted aldehydes.

3.5 Catalytic performance
The activities of catalyst were investigated for synthesis of bis (3-indolyl) methane
derivatives using reaction of aromatic aldehydes and indole in the presence of fly

ash based hybrid material.
Ph

(0] /K
i AN
| | ]l " )_I\ 5 We. % HiBOy/Mly ash OJ\ /]l L [
N Ph H Refluxed.at 60-80 "C, Ethunol W N H /
H 3] .
l 2 sz 32"]]1
-CeHs
4-Cl-CgH,
4- OH- CgH, 3a,Ph=-C,Hs 3¢, Ph=4-CH;-C H,
4 NO»-CeHy 3b, Ph=4-CLCgH,  3f, Ph=4-OCH-CgH,
4-CH,-C H, 3¢, Ph=4- OH-CgHy  3g, Ph=2-Furyl
4-0CH;-CgH,y 3d, Ph=4-NO>-CgHy  3h, Ph= 2-Thiophene
2. Furyl
2-Thiophene

Scheme II. Synthesis of bis (3-indolyl) methane derivatives by 5 wt. % H;BO./fly
ash catalyst.

It shows that 5 wt. % H;BO4/fly ash catalysts accelerate the rate of reaction as
compared to all other synthesized catalyst. 5 wt. % H;BO+/fly ash catalysts
possesses significant acidity due to well synergy established in between sulfuric
acid and boric acid on the support of fly ash material as compared to other prepared
hybrid material. A various kind of bis (3-indolyl) methane derivatives was prepared
by the reaction of substituted aldehydes with indoles in the presence of 5 wt. %
H,BO./fly ash catalyst under the optimized reaction condition was shown in scheme
II and their results has been summarized in table 4.

Table 4. Catalytic activity of bis (3-indolyl) methane derivatives by 5 wt. %

H;BO+/fly ash
Entry Substituted aldehyde Time (min) Yield Melting point Ref
(%)  in°C

3a -C.H; 20 90) 122-124 FREE
3b 4-C1-CgH, 10 94 118-120 s
3¢ 4-OH-C:H, 12 92 126-128 Rar s
3d 4-NO,-C:H, 08 94 220-222 Rel. 43
3e 4-CH;- C¢H, 18 94 94-96 et 48
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3 4- 0CH3- CﬁH'l 16 92 190-192 Ref, 48
3g 2-furyl 10 90 322324 Ref. 48
3h 2- thiophene 10 92 150-153 Ret. 50

3.6 Proposed reaction mechanism

Scheme III - Proposed reaction mechanism of bis (3-indolyl) methane derivatives.
The proposed mechanism pathway for generating bis (3-indolyl) methane
derivatives is outlined in Scheme III. To initiate the process, the carbonyl group of
aromatic aldehydes is activated by the presence of 5 wt. % H;BOy/fly ash catalyst
(acidic proton), which facilitates a nucleophilic attack by indole, results in the
formation of bis (3-indolyl) methane derivatives.

3.7 Reusability of catalyst

After the reaction is complete, the catalyst is removed from the mixture by
filtration, cleaned with ethyl acetate, and then heated to 110°C to prepare it for
future use in subsequent reaction cycles. Table 5 demonstrates that the regenerated
catalyst retained efficient catalytic activity throughout four reaction cycles, resulting
in conversion rates of bis (3-indolyl) methane derivatives between 94- 90%. This
suggests that the acidic sites on the catalyst do not become depleted during
regeneration this was the advantage of heterogeneous catalyst.
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Table 5. Reusability of 5 wt. % H;BO,/fly ash catalyst

Run 1 2 3 4

Yield 94 93 92 90

4. Conclusion

This research presented a novel application for a waste substance as a catalyst in
organic reactions and created a potent heterogeneous acid catalyst by subjecting it to
both chemical and chemical activation using various mineral acids. Subjecting fly
ash to both thermal and chemical processes leads to an elevation in amorphous
silica content and surface hydroxyl groups, ultimately resulting in heightened
surface acidity. The 5 wt. % H;BOs-treated fly ash exhibits potential as a
heterogeneous acid catalyst for synthesizing xanthene derivatives. This reaction is
carried out in a one-pot, single-step procedure under optimized conditions. The
catalyst can be conveniently filtered and reused up to four times with consistent
effectiveness, suggesting that the catalyst's acidic sites maintain their stability
throughout the reaction. What sets this research apart is its use of readily accessible
natural waste material, fly ash, as a solid support to produce an exceptionally
efficient heterogeneous acid catalyst.

Acknowledgement
Authors are thankful to Principal, New Arts commerce and Science College
Ahmednagar Maharashtra (India) for providing necessary laboratory facilities to
carry out this work.

References

1. Kuriakose, G.; N. Nagaraju, N. Selective synthesis of phenyl salicylate
(salol) by esterification reaction over solid acid catalysts. J. Mol. Car. A
Chem. 2004, 223, 155-159.

2. Gulec, F.: Ozen, A.; Niftaliyeva, A.; Aydin, A.; Simsek, E. H.; Karaduman,
A. A Kkinetic study on methylation of naphthalene over Fe/ZSM-5 zeolite
catalysts. Res. Chem.Intermed. 2018, 44, 55-67.

3.  Gilchrist, T. L. Heterocyclic chemistry. 3rd Ed. Pearson College Div.; 1997.

4. Lednicer, D. Strategies for organic drugs synthesis and design, Wiley V.C.H.
Weinheim. 2008.

3. Sundberg, R. J. The Chemistry of Indoles; Academic Press: New York, 1996;
pp 113-114.

6.  Bell, M. C. Placebo-controlled trial of indole-3-carbinol in the treatment of
CIN. Gynecol. Oncol. 2000, 78, 123-129.

329



10.

Il.

2

14.

13:

16.

17.

18.

19.

330

RECENT ADVANCES IN SCIENCE AND TECHNOLOGY
Ge, X.: Yannai, S.;: Rennert, G.: Gruener, N.: Fares., F. A. 33'-
Diindolylmethane induces apoptosis in human cancer cells. Biochem.
Biophys. Res. Commun. 1996, 228, 153-158.
Michnovicz, 1. J.; Bradlow, H. L. Induction of estradiol metabolism by
dietary indole-3-carbinol in humans. J. Natl. Cancer Inst. 1990, 82, 947-949.
Deb, M. L.; Bhuyan, P. J. An efficient for the synthesis of Indolo [3.2-b]
carbazoles from 3,3 Bis(indolyl)methanes catalyzed by molecular iodine.
Synlett. 2008, 3, 325-328.
Vijender Reddy, A.: Ravinder, K.; Niranjan Reddy, V. L.; Venkateshwer, T.;
RavikanthV.:Venkateswarlu, X Zeolite Catalyzed Synthesis
of bis(Indolyl)methanes. Synth. Commun. 2003, 33, 3687-3694.
Chakrabarty, M.: Ghosh, N.; Basak, R.; Harigaya, Y. A Facile and Efficient
Synthesis of 2, 2-Bis (3'/2"-1indolyl) ethylamines and Three Bisindolic Natural
Products. Synth. Commun. 2004, 34, 421-434.
Singh, P. R.; Singh, D. U.; Samant, S. D. Sulphamic Acid—A Mild,
Efficient, and Cost-Effective Solid Acid Catalyst for the Synthesis of Bis(1H-
indol-3-yl)methanes. Synth. Commun. 2005, 35, 2133-2138.
Naik, M. A_; Sachdev D.; Dubey A. Sulfonic acid functionalized mesoporous
SBA-15 for one-pot synthesis of substituted aryl-14H-dibenzo xanthenes and
bis (indolyl) methanes. Catal. Commun. 2010, 11, 1148-1153.
Vaghei, R. G.; Veisi. H.; Keypour, H., Firouzabadi, A. A. A practical and
efficient synthesis of bis(indolyl)methanes in water, and synthesis of di-, tri-,
and tetra(bis-indolyl)methanes under thermal conditions catalyzed by oxalic
acid dehydrate. Mol. Diversity. 2010, 14, 87-96.
Ratfiee, E.; Zolfagharifar, Z.; Joshaghani, M.; Eavani, S. Facile condensation
of indole with benzaldehyde over Keggin-type heteropoly compounds: An
initial effort toward catalyst design. Appl. Catal. A. 2009, 365, 287-291.
Niknam, K.; Saberi D.; Baghernejad, M. Preparation of Silica-Bonded S-
Sulfonic Acid: A Recyclable Catalyst for the Synthesis of Bis-
Indolylmethanes. Phosphorus, Sulfur Silicon Relat. Elem. 2010, 185, 875-
882.
Meshram G. A.; Patil, V. D. Simple and efficient method for synthesis of
Bis(indolyl)methane with Cu(BF4)2.Si02 under mild condition. Synth.
Commun. 2010, 40, 29-38.
Ji, S.J.; Zhou, M. F.; Gu, D. G.; Wang, S. Y.: Loh, T.P. Efficient Synthesis of
Bis(indolyl)methanes Catalyzed by Lewis Acids in lonic Liquids. Synlett.
2003, 13, 2077-2079.
Yadav, J. S.: Reddy, B. V. S.; Murthy, V. S. R.; Kumar, G. M.;: Madan.
Lithium Perchlorate Catalyzed Reactions of Indoles: An Expeditious
Synthesis of Bis(indolyl)methanes. Synth., 2001, 5, 783-.787



I~
J

23.

26.

27.

29.

30.

31.

32.

33.

National Conference

Kantam, M. L.; Aziz K.; Likhar, P. R. Bis(cyclopentadienyl) zirconium
dichloride catalyzed acetylation of phenols, alcohols and amines. Catal.
Commun. 2006, 7, 448-487.

Mo, L.: Ma, Z.: Zhang, Z. CuBr2-Catalyzed Synthesis of
Bis(indolyl)methanes. Synth. Commun. 2005, 35, 1997-2004.

Nagawade. R. R.; Shinde, D. B. Zirconium (IV) Chloride - Catalysed
Reaction of Indoles: An Expeditious Synthesis of Bis(indolyl)methanes. Bull.
Karean Chem. Soc., 2005, 26, 1962- 1964.

Zeng, X. F.; i, S. J.; Wang, S. Y. Novel method for synthesis of
unsymmetrical bis(indolyl)alkanes catalyzed by ceric ammonium nitrate
(CAN) under ultrasonic irradiation. Tetrahedron, 2005, 61, 10235-10241.
Niknama, K.; Zolfigolb, M. A.; Sadabadia, T.; Nejati, A. Preparation of
indolylmethanes catalyzed by metal hydrogen sulfates. J. Iran. Chem. Soc.
2006, 3, 318-322.

Sayeda, M.; Mahmouda, K.; Hilgeroth, A. Glacial acetic acid as an efficient
catalyst for simple synthesis of dindolylmethanes. Curr. Chem. Lett. 2014, 3,
7-14.

S. Palaniappan, S.; John, A. Facile synthesis of bis(indolyl)methanes using
polyindole salt as reusable catalyst. J. Mol. Catal. A: Chem. 2005, 42, 168-
172.

Ke, B.: Qin, Y.; Q. He, Q.; Huang, Z: Wang, P.; Preparation of
bisindolylalkanes from N-tert-butanesulfinyl aldimines. Tetrahedron Lett.
2005, 46, 1751-1753.

Koshima, H.; Matsuaka, W. N-Bromosuccinimide catalyzed condensations
of indoles with carbonyl compounds under solvent-free conditions. J.
Heterocycl. Chem. 2003, 39, 1089-1091.

Yu. Li.; Chen, D.; Yu, L.; Wang, P. G.; Preparation, Characterization, and
Synthetic Uses of Lanthanide (III) Catalysts Supported on lon Exchange
Resins. Tetrahedron Lett., 1997, 62, 3575-3581.

Mi, X-L.; Luo, S-Z.; He, J.-Q.;: Cheng, J.-P. Dy(OTf); in ionic liquid: an
efficient catalytic system for reactions of indole with aldehydes/ketones or
imines. Tetrahedron Lett. 2004, 45, 4567-4570.

Babu, G.; Sridhar, N.; Perumal, P. T. A convenient method of synthesis of
bisindolylmethanes: Indium trichloride catalyzed reactions of indole with
aldehydes and Schiff’s bases. Synth. Commun. 2000, 30, 1609-1614.

Bandgar, B. P.; Shaikh, K. A. Organic Reactions in Aqueous Media:
InF3 Catalysed Synthesis of Bis(Indolyl)Methanes in Water Under Mild
Conditions. J. Chem. Res. Synop. 2004, 34-36.

Khaligh, N. G.; Shirini, F. “Ultrasound assisted the chemoselective 1, 1-
diacetate protection and deprotection of aldehydes catalyzed by poly(4-

331



34.

35.

36.

37.

38.

39.

40.

41.

45.

332

RECENT ADVANCES IN SCIENCE AND TECHNOLOGY
vinylpyridinium)hydrogen sulfate salt as a eco-benign, efficient and reusable
solid acid catalyst. Ultrason. Sonochem. 2013, 20, 19-25.

Ji, S. J.; Zhou, M. F.; Gu. D. G.; Jiang, Z. Q.; Loh, T. P. Efficient Fe"-
Catalyzed Synthesis of Bis(indolyl)methanes in lonic Liquids. Eur. J. Org.
Chem. 2004, 1584-1587.

Karam, A.; Alonso, J. C.; Gerganova, T. L; Ferreira, P.; Bion, N. Sulfonic
acid functionalized crystal-like mesoporous benzene—silica as a remarkable
water-tolerant catalyst. Chem. Commun. 2009, 7000-7002.

Silveira, C. C.; Mendes, S. R.; Libero, F. M.; Lenardao, E. 1.; Perin, G.
Glycerin and CeCl3-7H20: a new and efficient recyclable medium for the
synthesis of bis(indolyl)methanes. Terrahedron Lett. 2009, 50, 6060-6063.
Chandrasekhar, S.; Khatun, S.;: Rajesh., G.; Reddy, C. R. B(C6F5)3: an
efficient catalyst for reductive alkylation of alkoxy benzenes and for
synthesis of triarylmethanes using aldehydes. Tetrahedron Lert. 2009, 50,
6693-6697.

Heravi, M. M.; Bakhtiari, K.; Fatehi A.; Bamoharram, F. F. A convenient
synthesis of bis(indolyl)methanes catalyzed by diphosphooctadecatungstic
acid. Catal. Commun. 2008, 9, 289-292.

Nadkarni, S. V.; Gawande, M. B.: Jayaram, R. V.. Nagarkar, J. M.;
Synthesis of bis(indolyl)methanes catalyzed by surface modified zirconia.
Catal. Commun. 2008, 9, 1728-1733.

Khalafi-Nezhad, A.; Parhami, A.; Zare, A.; Zare, A. R. M.; Hasaninejad, A.;
Panahia, F. Trityl Chloride as a Novel and Efficient Organic Catalyst For
Room Temperature Preparation of Bis(indolyl)methanes under Solvent-Free
Conditions in Neutral Media. Synthesis, 2008, 4, 617-621.

Tanaka, K.; Toda, F. Solvent-free organic synthesis. Chem. Rev. 2000, 100,
1025-74.

Martins, M. A.; Frizzo, C. P.; Moreira, D. N. Solvent-free heterocyclic
synthesis. Chem Rev. 2009, 109, 4140-82.

Ghoshir, U. G.; Kande, S. R.; Muley, G. G.; Gambhire, A. B. Synthesis and
Characterization of Co-Doped Fly Ash Catalyst for Chalcone Synthesis.
Asian J. Chem. 2019, 31, 2165-2172.

Jain, D.; Khatri, C.; Rani, A. Synthesis and characterization of novel solid
base catalyst from fly ash. Fuel, 2011, 90, 2083- 2088.

Jain, D.; Mishra, M.; Rani, A. Synthesis and characterization of novel
aminopropylated fly ash catalyst and its beneficial application in base
catalyzed Knoevenagel condensation reaction. Fuel Process. Technol. 2012,
95, 119- 126.



46.

47.

48.

49.

50.

National Conference

Sharma, A.; Srivastaval, K.; Devra, V.; Rani, A. Modification in Properties of
Fly Ash through Mechanical and Chemical Activation. Am. Chem. Sci. J.
2012, 2, 177- 187.

Fauzia , A.; Nuruddin, M. F.; Malkawi, A. B.; Abdullahb, M. M. A. B. Study
of Fly Ash Characterization as a Cementitious Material. Procedia. Eng. 2016,
148, 487-493.

Nagawade, R. R.; Shinde, D. B. Zirconyl(IV) Chloride - Catalysed Reaction
of Indoles : An Expeditious Synthesis of Bis(indolyl)Methanes. Acta Chim.
Slov. 2006, 53, 210-213.

Pore, D. M.: Desai, U. V.; Thopate, T. S.; Wadgaonkar, P. P. A mild,
expedient, solventless synthesis of bis(indolyl)alkanes using silica sulfuric
acid as a reusable catalyst. Arkivoe, 2006, 12, 75-80.

Deb, M. L.. Bhuyan, P. J. An efficient and clean synthesis of
bis(indolyl)methanes in a protic solvent at room temperature. Tetrahedron
Letr. 2006, 47, 1441-1443.

333



About the Book

Dr. Monika Dakshene is presently working as a Professor and Head of the Department
of Chemistry, Government College Kota. She has done her M.Sc., M.Phil & Ph.D from
University of Rajasthan, Jaipur. She has completed two research projects and one
student project. She has published text books and several International & National
research papers in reputed journals. One student has completed Ph.D under her
guidance.

Dr. Manju Bala Yadav is presently working as Professor in Chemistry at Government
College Kota, Kota (Rajasthan). She completed her B. Sc (Honours) and M.Sc. from Raj
Rishi College, Alwar and Ph.D. from University of Kota. She is NET-JRF qualified. She has
completed one Minor Research Project under UGC. She has published several research
papers in national & international peer reviewed reputed journals. Three students have
completed Ph.D. under her guidance.

Dr.Seema Agarwal Professor, Department of Chemistry Government College Kota, Kota
Rajasthan. She did her M.Phil. from Agra University and Ph.D. from the University of
Kota, Kota. She has published many research papers in national and international
journals. She has more than 26 years of teaching experience.

Dr. Renuka Jain Department of Chemistry Government College Kota, Kota Rajasthan.
She did her M.Sc. from MD College Shri Ganganagar and Ph.D. from the MGS University
Bikaner. She is NET-JRF qualified. She has published many research papers in national
and international journals. She has more than 21 years of teaching experience.

ISBN: 978-93-92953-93-4




