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ABSTRACT

The reaction of indoles with aromatic aldehydes in the presence of 5 mol% p-toluenesulfonic acid as a catalyst in

acetonitrile media afforded high yields of bis(indolylymethane via conventional and ultrasonication methodologies. It was

observed that the ultrasonication method produced a higher yield of products in shorter reaction times. All synthesized

compounds were evaluated for their antioxidant activities. Among them, compounds 3a, 3f, 3g, 3j, 3k, 3p, 3q and 3t

showed moderate to good antioxidant activity. 3D-QSAR analysis was performed to the obtained compounds and

investigated using comparative molecular field analysis (CoMFA) method, helping to better understand the structural

requirements of lead compounds with high antioxidant activity and biological compatibility.
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1. INTRODUCTION

In recent decades, indole bearing compounds as valuable
N-heterocyclic precursors have great importance for
researchers. These compounds are widely found in
pharmaceuticals, materials, biomedicals and agro-
chemicals [1-3]. Bis (indolyl) alkanes possess all-purpose
of biological studies such as antimicrobial [4-7],
antitumor [8, 9] Cytotoxic [10-12], analgesic, anti-
inflammatory [13, 14] and antioxidant [15-17]. One of
the very renowned derivatives of indole is bis(indolyl)
methane (BIM) which helped to explore various physical
and biological features. BIMs are frequently studied in
various research [18, 19] BIMs are very active cruciferous
material that helps in exploring the importance of
estrogen metabolism and covers apoptosis in cancer cells
in human beings [20]. Some of the important drugs
involving indole as a functional moiety are indomethacin,
sumatriptan, frovatriptan [21, 22]. Due to the special
pharmacological activities and the dispersion of indole
moiety in several natural products, a considerable
interest has been focused on the evaluation of efficient
synthetic procedure for the synthesis of bis (indolyl)

alkanes. A number of synthetic prescripts for their
synthesis have been studied [23-27]. However, the
utilization of toxic reagents, high temperature, and
alterable organic solvents are among the drawbacks of
most of this procedure [28-33]. Hence there is a
requirement for a novel, efficient, and reasonable
synthetic methodologies depend on green chemistry
procedures in organic synthesis. Ultrasound irradiation as
a noteworthy technique has been broadly used in several
research areas such as biomedical, organic, inorganic and
materials chemistry [34]. Synthesis of organic compounds
led to shorter reaction time, higher yields and benign
conditions under ultrasound irradiation [35, 36]. In the
present work, we studied the use of p-toluenesulfonic
acid as a catalyst for the synthesis of bis (indolyl) methane
derivatives under conventional and ultrasonic irradiation
process (Scheme 1) and studied their antioxidant activity.
Additionally, we have performed the 3D-QSAR on our
synthesized molecules using the CoMFA module through
researching structure-activity relationships, which may be
used further in designing and predicting the antioxidant
activity of novel molecules.
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2. MATERIAL AND METHODS

2.1. Chemicals

All the chemicals purchased from Sigma-Aldrich and
Merck India and used without purification to carry out
this work. Melting points were measured by open
capillary tube. The purity of the compounds was
examined through thin-layer chromatography (silica gel
60 F254), using hexane/ ethyl acetate in the ratio of 7:3,
on F254 silica-gel pre-coated sheets (Merck).

2.2, Instruments

The infrared (IR) spectra were recorded on a FTIR
Bruker Alpha II ECO-ATR spectrometer. The 'H-NMR
spectra were studied on a JEOL 500 MHz spectrometer
in DMSO-d, using TMS as the internal standard and "C-
NMR spectra were recorded on JEOL 125MHz using
DMSO-d; as solvent. Mass spectra were recorded with
Electronspray ionization-MS-spectrometer (WATER-Q-
TOF, Premier-HAB213). The antioxidant activity was
carried out by DPPH assay method, and absorbance of
standard and test solution were observed using
Systronics-2201 UV/Vis Double Beam spectrophoto-

meter.

2.3. Synthesis of bis(indolyl) methane derivatives
under conventional method (3a-v)

Electrophilic substitution reaction was performed to a
vigorously stirred solution of substituted indole (2.0
mmol) and variety of aromatic aldehydes (1.0 mmol) in
CH,CN (5 mL). P-TSA (0.05 mmol) was mixed followed
by stirring to excellent yields of bis(indolyl)methanes at
room temperature for 1-3 h. Finally, the reaction was
monitored by TLC, then the reaction mixture was
removed and washed with DCM. The organic material
layer was washed with salt solution (NaCl+H,0), dried
over Na,SO, and isolated by filtration. The solvent was
separated under reduced vacuum pressure. The finally
ultimate crude product was purified by column
chromatography (silica gel, 100-200 mesh) using n-
hexane- EtOAC (7:3) as an eluent.

2.4. Synthesis of bis(indolyl)methane derivatives
under ultrasound irradiation method (3a-v)
To a solution of substituted indole (1) (2.0 mmol) and
variety of aromatic aldehydes (2) (1.0 mmol) in CH,CN
(4 mL), p-TSA (0.05 mmol) was added and subjected to
ultrasound irradiation (Model No. KS-750F) at a
frequency of 20 KHz at room temperature for 10-30
min. Finally, the reaction was monitored by TLC, the
reaction mixture was then removed with DCM. The

organic material layer was washed with salt solution
(NaCl+H,0), dried over Na,SO, and isolated by
filtration. The solvent was separated under vacuum, and
finally ultimate crude product was purified by column
chromatography (silica gel, 100-200 mesh) using n-
hexane- EtOAC (7:3) as eluent.

2.5. Antioxidant Activity
Free radical scavenging activity (RSA) of bis(indolyl)
methane derivatives was measured by in vitro, 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
assay [37,38]. Approximately 0.1mM DPPH solution was
prepared by dissolving 4mg of DPPH in 100ml of
methanol and stored at 4°C until required. Approxi-
mately 3 mL of this stock solution was added to 2 mL of
methanolic solution containing test sample of different
concentrations (20, 40, 60, 80 and 100 ug/mL). The
solutions were incubated for 30 min in dark and
absorbance was measured at 517 nm. Ascorbic acid was
used as standard control. This radical scavenging activity
(RSA) was calculated using the following equation.

%RSA = [(AC-AS)/AC] X 100
Where AC is the absorbance of the control and AS is the
absorbance of the tested compound.

2.6. 3DQSAR studies
The QSAR studies using the SYBYL-X 2.1.1 package
USA). The biological activity of

synthesized compounds was reported in IC50, which

(Tripos, Inc.,
were converted to the corresponding negative logarithrn
of IC50 (pICy,= -loglCy;) (Table 4). Initially, the energy
of the molecules was optimized by Tripos force field and
Gasteiger-Huckel charge [39].

2.7. Spectral and physical data for compounds
2.7.1. 3,3’—(Phenylmethylene)bis(Z—PhenyI—IH—
indole)(3a, C;;H,N,)
Olive solid; M.p.: 258-260°C; FT-IR (KBr): v= 3574
(NH), 1520 (C=C), 3500 (=C-H), 2919 (C-H) cm'; 'H
NMR (500 MHz, DMSO-d,): § = 5.46 (s, 1H, Ar-CH),
7.02-7.89 (m, 23H, Ar-H), 10.60 (bs, 2H, NH) ppm;
"C NMR (125 MHz, DMSO-d,): d = 37.7 (Ar-CH),
111.2, 119.4, 120.3, 122.3, 126.6, 125.7, 127.4,
128.2, 129.1, 128.6, 128.9, 129.2, 130.1, 135.6,
136.3, 142.4, ppm; MS: m/z = 475.20 (M").

2.7.2. 3,3’-((4-fluorophenyl)methylene)bis(2-Phenyl
-1H-indole) (3b, C;;H,;FN,)

Purple solid; M.p.: 240-241°C; FT-IR (KBr): v= 3364

(NH), 1620 (C=C), 2910 (=C-H), 1200 (C-F) cm'; 'H
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NMR (500 MHz, DMSO-d,): d = 5.35 (s, 1H, Ar-CH),
6.69-7.82 (m, 22H, Ar-H), 7.85 (bs, 2H, NH) ppm; "°C
NMR (125 MHz, DMSO-d,): 6 = 40.3 (Ar-CH), 112.4,
118.4, 121.3, 121.7, 123.6, 124.7, 125.4, 126.2,
128.2, 129.4, 130.5, 133.4, 135.6, 136.2, 139.7, 143.5
ppm; MS: m/z = 492.20 (M").

2.7.3. 3,3’-((2-Chlorophenyl)methylene)bis(2-
Phenyl-1H-indole) (3¢, C;;H,;CIN,)

Light gray solid; M.p.: 239-242°C; FT-IR (KBr): v =
3392 (NH), 1625 (C=C), 3060 (=CH), 2920 (C-H)
cm'; '"H NMR (500 MHz, DMSO-d,): 0 = 5.48 (s, 1H,
Ar-CH), 6.99-7.89 (m, 22H, Ar-H), 7.97 (bs, 2H, NH)
ppm, "“C NMR (125 MHz, DMSO-d,): J = 39.2 (Ar-
CH), 111.4, 119.4, 120.3, 121.7, 123.5, 126.6, 125.7,
127.4, 128.2, 130.4, 131.2, 131.9, 129.2, 132.1,
135.6, 139.2, 145.4 ppm; MS: m/z = 509.11 (M+ 1)".

2.7.4. 3,3’-((4-Chlorophenyl)methylene)bis(2-
Phenyl-1H-indole) (3d, C;;H,;CIN,)

Dark gray solid; M.p.: 240-241°C; FT-IR (KBr): v =
3360 (NH), 1619 (C=C), 3056 (=C-H), 2925 (C-H)
cm'; '"H NMR (500 MHz, DMSO-d,): 6=5.35 (s, 1H,
Ar-CH), 6.69-7.59 (m, 12H, Ar-H), 10.40 (bs, 2H,
NH) ppm; "C NMR (125 MHz, DMSO-d,): 0=40.5
(Ar-CH), 111.4, 117.4, 119.3, 121.7, 126.6, 125.7,
127.4, 128.2, 129.6, 130.2, 131.9, 131.3, 133.1,
135.6, 139.2, 145.4 ppm; MS: m/z=508.17 (M"),
509.11 (M+1)".

2.7.5. 3,3’-((4-bromophenyl)methylene)bis(2-
Phenyl-1H-indole) (3e, C;;H,;BrN,)

Yellow solid; M.p.: 260-261°C, FT-IR (KBr): v = 3425
(NH), 1620, 1520, 1456 (C=C), 3050 (=C-H), 550 (C-
Br) cm’'; '"H NMR (500 MHz, DMSO-d,): 0 = 5.45 (s,
1H, Ar-CH), 7.02-7.59 (m, 22H, Ar-H), 10.15 (bs, 2H,
NH) ppm; "C NMR (125 MHz, DMSO-d,): 6 = 39.8
(Ar-CH), 112.4, 119.4, 120.0, 122.7, 123.6, 126.7,
126.4, 127.4, 128.4, 129.5, 131.4, 132.2, 133.6,
135.7, 138.2, 140.7 ppm; MS: m/z = 552.17 (M").

2.7.6. 3,3’-(p—tolylmethy1ene)bis(Z—PhenyI—1H—
indole) (3f, C;;HxN,)

Yellow solid; M.p.: 246-248°C; FT-IR (KBr): v = 3494
(NH), 1640, 1454 (C=C), 2923 (C-H) cm'; 'H NMR
(500 MHz, DMSO-d,): 0 = 2.28 (s, 3H, Ar-CH,), 5.41
(s, 1H, Ar-CH), 6.95-7.89 (m, 22H, Ar-H), 10.65 (bs,
2H, NH) ppm; "C NMR (125 MHz, DMSO-d,): § =
33.2 (Ar-CH,), 40.8 (Ar-CH), 111.2, 116.7, 119.4,

122.9, 124.2, 126.9, 127.5, 129.3, 130.2, 132.9,
136.3, 137.6, 139.2, 140.2, 142.5, 144.4 ppm; MS:
m/z =488.23 (M").

2.7.7. 3,3’-((4-Methoxyphenyl)methylene)bis(2-
Phenyl-1H-indole) (3g, C;H,N,0)

Greenish gray solid; M.p.: 258-260°C; FT-IR (KBr): v =
3389 (NH), 1635 (C=C), 3050 (=C-H), 2950 (C-H)
cm’; '"H NMR (500 MHz, DMSO-d,): 0 = 3.64 (s, 3H,
OCHy,), 5.72 (s, 1H, Ar-CH), 6.87-7.75 (m, 2H, Ar-H),
10.71 (bs, 2H, NH) ppm; "C NMR (125 MHz, DMSO-
d,): 0 = 41.2 (Ar-CH), 55.5 (Ar-OCH,), 105.4, 115.4,
117.3, 121.7, 124.6, 125.7, 126.4, 127.2, 128.6,
128.9, 129.5, 130.8, 133.1, 136.6, 139.2, 140.2 ppm;
MS: m/z = 504.86 (M+1)".

2.7.8. 3,3’-((4-111'trophenyl)methy]ene) bis(2-Phenyl-
1H-indole) (3h, C;;H,;N;0,)

Yellow solid; M.p.: 245-246°C; FT-IR (KBr): v = 3364
(NH), 1625 (C=C), 2925 (C-H) cm', '"H NMR (500
MHz, DMSO-d,): § = 5.68 (s, 1H, Ar-CH), 6.74-8.19
(m, 22H, Ar-H), 10.29 (bs, 2H, NH) ppm; "C NMR
(125 MHz, DMSO-d,): 6= 40.8 (Ar-CH), 111.5, 117.6,
118.3, 119.8, 122.1, 123.4, 125.6, 127.5, 128.5,
129.2, 129.7,132.4, 134.2, 134.8, 136.6, 142.3, 145.3
ppm; MS: m/z = 518.2 (M-1)"

2.7.9. 3,3’-((3-nitropheny])methy1ene) bis(2-Phenyl-
1H-indole) (3i, C;;Hx;N,0,)
Brick red solid; M.p.: 190-191°C, FT-IR (KBr): v =
3338 (NH), 1540, 1326 (C=C), 2919 (C-H) em™, 'H
NMR (500 MHz, DMSO-d,): 6 = 5.78 (s, 1H, Ar-CH),
6.64-8.29 (m, 22H, Ar-H), 7.89 (bs, 2H, NH) ppm; "°C
NMR (125 MHz, DMSO-d,): § = 39.8 (Ar-CH), 111.2,
118.2, 119.4, 121.3, 122.1, 123.4, 123.6, 126.5,
128.5,129.2, 129.7,132.4, 134.2, 134.8, 136.6, 142.3,
144.3 ppm; MS: m/z = 518.2 (M-1)".

2.7.10. 2-(bis(2-phenyl-1H-indol-3-yl)methyl)-5-
methoxyphenol (3j, C;;Hy;N,0,)

Light yellow solid; M.p.: 190-191°C; FT-IR (KBr): v=
3392 (NH), 1610, 1508 (C=C), 3057(=C-H), 3525
(OH) cm™'; '"H NMR (500 MHz, DMSO-d,): 6 = 3.73 (s,
3H, OCH,), 5.52 (s, 1H, Ar-CH), 5.31 (s, 1H, Ar-OH),
6.27-7.85 (m, 21H, Ar-H), 10.73 (bs, 2H, NH) ppm;
“C NMR (125 MHz, DMSO-d,): 0=41.3 (Ar-CH), 55.6
(Ar-OCH,), 105.4, 116.4, 118.3, 121.3, 124.6, 125.7,
127.4, 127.2, 128.6, 128.9, 129.5, 129.8, 130.1,
136.6, 139.2, 140.2 ppm; MS: m/z = 520.01 (M+1)".
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2.7.11. 3,3’—(Pbenylmethy]ene)bis(Z—MethyI—1H—
indole) (3k, C,;H,,N,)

Reddish pink solid; M.p.: 182-183°C; FT-IR (KBr): v =
3364 (NH), 1625 (C=C), 2980 (C-H) cm'; 'H NMR
(500 MHz, DMSO-d,): 6 = 5.58 (s, 1H, Ar-CH), 2.29
(s, 6H, 2CH, ), 6.68-7.59 (m, 13H, Ar-H), 11.14 (bs,
2H, NH) ppm; "C NMR (125 MHz, DMSO-d,): J =
40.2 (Ar-CH), 12.7 (Ar-CH,), 110.4, 116.4, 120.3,
121.7, 123.6, 124.7, 125.4, 126.2, 130.4, 135.6,
136.2, 139.7 ppm; MS: m/z = 349.16 (M-1)".

2.7.12. 3,3’—((4—j]uoropbenyl)methylene)bis(Z—
methyl-1H-indole) (31, C,;sH, FN,)

Purple solid; M.p.: 130-131°C; FT-IR (KBr): v = 3366
(NH), 1620, 1508 (C=C) cm; 'H NMR (500 MHz,
DMSO-d,): 6 = 5.62 (s, 1H, Ar-CH), 2.49 (s, 6H,
2CH3), 6.99-7.69 (m, 12H, Ar-H), 10.72 (bs, 2H, NH)
ppm, "C NMR (125 MHz, DMSO-d,): J = 43.2 (Ar-
CH), 12.7 (Ar-CH,), 111.7, 112.4, 119.3, 121.7,
123.6, 124.7, 125.4,126.2, 132.4, 134.6, 136.2, 146.7
ppm; MS: m/z = 368.54 (M+1)".

2.7.13. 3,3’-((2-chlorophenyl)methylene)bis(2-
Methyl-1H-indole) (3m, C,;H,,CIN,)
Brownish red solid; M.p.: 150-151°C; FT-IR (KBr): v =
3376 (NH), 1624 (C=C), 2937(C-H) cm'; 'H NMR
(500 MHz, DMSO-d,): 6=5.42 (s, 1H, Ar-CH), 2.29 (s,
6H, 2CH3), 6.99-7.79 (m, 12H, Ar-H), 10.54 (bs, 2H,
NH) ppm; “C NMR (125 MHz, DMSO-d,): 0 = 45.2
(Ar-CH), 12.6 (Ar-CH,), 110.7, 113.4, 118.3, 119.7,
120.6, 121.7, 123.4, 126.2, 127.2, 129.2, 131.4,
134.6, 137.2, 141.9 ppm; MS: m/z = 384.64 (M+1)".

2.7.14. 3,3’-((4-cblorophenyl)methylene)bis(2
Methyl-1H-indole) (3n, C,;H,,CIN,)

Brownish red solid; M.p.: 180-181°C; FT-IR (KBr): v =
3380 (NH), 1626 (C=C), 2940(C-H), 600 (C-Cl) cm';
'H NMR (500 MHz, DMSO-d,): d = 5.52 (s, 1H, Ar-
CH), 2.28 (s, 6H, 2CH3), 7.22-7.99 (m, 12H, Ar-H),
10.84 (bs, 2H, NH) ppm; "*C NMR (125 MHz, DMSO-
d,): 0 = 46.2 (Ar-CH), 12.5 (Ar-CH,), 111.7, 114.4,
118.3, 119.7, 120.6, 121.7, 126.2, 127.2, 129.2,
130.4, 134.6, 141.2 ppm; MS: m/z = 384.64 (M+1)".

2.7.15. 3,3’—((4—bromopbenyl)methylene)bis(Z—
Methyl-1H-indole) (30, C,;H,,BrN,)

Brick red solid; M.p.: 175-176°C; FT-IR (KBr): v =

3420 (NH), 1619, 1508, 1450 (C=C), 2982 (C-H) cm'';

'H NMR (500 MHz, DMSO-d,): 0 = 5.56 (s, 1H, Ar-
CH), 2.28 (s, 6H, 2CH3), 6.86-7.89 (m, 12H, Ar-H), &
10.90 (bs, 2H, NH) ppm; "C NMR (125 MHz, DMSO-
d,): & 43.9 (Ar-CH), 12.3 (Ar-CH,), 111.4, 117.4,
118.1,120.8, 121.5, 124.2, 126.4, 127.8, 130.0, 133.4,
136.5, 138.9, 12.4 ppm; MS: m/z = 429.1 (M+1)".

2.7.16. 3,3’-((4-methoxyphenyl)methylene)bis(2-
methyl-1H-indole) (3p, C,.H,,N,0)

Wine red solid; M.p.: 140-143°C; FT-IR (KBr): v =
3364 (NH), 1625 (C=C), 2958 (C-H) cm'; 'H NMR
(500 MHz, DMSO-d,): d = 3.72 (s, 3H, -OCH3), 5.42
(s, 1H, Ar-CH), 2.2 (s, 6H, 2CH, ), 6.97-7.59 (m,
12H, Ar-H), 10.78 (bs, 2H, NH) ppm; “C NMR (125
MHz, DMSO-d,): 0 = 45.4 (Ar-CH), 12.4 (indolyl-
CH,), 55.5 (Ar-OCH,), 111.4, 112.4, 114.3, 118.7,
119.6, 121.7, 125.4, 126.2, 130.4, 133.6, 136.2, 146.7
ppm; MS: m/z = 381.09 (M+1)".

2.7.17. 3,3’-((3-methoxypbenyl)metby]ene) bis(2-
methyl-1H-indole) (3q, C,;H,,N,0)

Gray solid; M.p: 130-131°C, FT-IR (KBr): v= 3364
(NH), 1626 (C=C) cm’'; 'H NMR (500 MHz, DMSO-
d): 6 =3.72 (s,3H, -OCH3), 5.54 (s, 1H, Ar-CH), 2.5
(s, 6H, 2CH, ), 6.76-7.79 (m, 12H, Ar-H), 10.78 (bs,
2H, NH) ppm; "C NMR (125 MHz, DMSO-d,): 8 46.4
(Ar-CH), 12.4 (indolyl-CH,), 55.8 (Ar-OCH,), 111.4,
112.4, 114.3, 118.7, 119.6, 121.7, 125.4, 126.2,
130.4, 131.2, 133.6, 136.2, 139.5, 148.7 ppm; MS:
m/z = 381.09 (M+1)".

2.7.18. 3, 3"-((4-nitrophenyl) methylene) bis (2-
methyl-1H-indole) (3r, C,;H,,N;0,)

Light orange solid; M.p: 217-219°C; FT-IR (KBr): v =
3368 (NH), 1628 (C=C), 2940 (C-H) cm'; 'H NMR
(500 MHz, DMSO-d,): d = 5.58 (s, 1H, Ar-CH), 2.5 (s,
6H, 2CH, ), 6.72-7.92 (m, 12H, Ar-H), 10.90 (bs, 2H,
NH) ppm; "C NMR (125 MHz, DMSO-d,): 6 = 41.3
(Ar-CH), 12.4 (indolyl-CH;), 111.5, 112.8, 118.6,
119.3, 120.8, 121.0, 123.3, 124.9, 126.1, 129.4,
136.7, 145.6 ppm; MS: m/z = 395.16 (M").

2.7.19. 3, 3"-((4-nitrophenyl) methylene) bis (2-
methyl-1H-indole) (3s, C,;;H,N;0,)

Light orange solid; M.p.: 217-219°C; FT-IR (KBr): v=

3368 (NH), 1628 (C=C), 2940 (C-H) cm'; '"H NMR

(500 MHz, DMSO-d,): 6 = 5.58 (s, 1H, Ar-CH), 2.5 (s,

6H, 2CH, ), 6.72-7.92 (m, 12H, Ar-H), 10.90 (bs, 2H,
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NH) ppm; “C NMR (125 MHz, DMSO-d,): 0 = 41.3
(Ar-CH), 12.4 (indolyl-CH;), 111.5, 112.8, 118.6,
119.3, 120.8, 121.0, 123.3, 124.9, 126.1, 129.4,
136.7, 145.6 ppm; MS: m/z = 395.16 (M").

2.7.20. 3,3’-(thiophen-2-ylmethylene)bis(2-Phenyl-
1H-indole) (3t, C;;H,,N,S)

Yellow solid; M.p.: 196-197°C; FT-IR (KBr): v = 3310
(NH), 1590 (C=C), 2923 (C-H) cm’’; 'H NMR (500
MHz, DMSO-d,): 6 = 5.38 (s, 1H, Ar-CH), 6.48-7.79
(m, 21H, Ar-H), 10.62 (bs, 2H, NH) ppm; "C NMR
(125 MHz, DMSO-d,): 6 = 40.1 (Ar-CH), 109.4,
111.4, 119.3, 119.7, 120.5, 123.6, 124.7, 126.2,
126.9, 127.4,129.6, 130.2, 131.7, 133.2, 136.7, 142.5
ppm; MS: m/z = 481.10 (M+1)".

2.7.21. 3,3’-(thiophen-Z-yImetherne)bis(Z—methyI—
1H-indole) (3u, C;;H,N,S)

Chocolate brown solid; M.p.: 130-131°C; FT-IR (KBr):
vV = 3330 (NH), 1625 (C=C), 2920 (C-H) cm’'; 'H
NMR (500 MHz, DMSO-d,): 6 = 5.7 (s, 1H, Ar-CH),
2.5 (s, 6H, 2CH, ), 6.97-7.89 (m, 11H, Ar-H), 10.60
(bs, 2H, NH) ppm; "'C NMR (125 MHz, DMSO-d,): d
= 39.8 (Ar-CH), 12.4 (indolyl-CH;), 111.4, 112.4,
116.4, 119.3, 121.7, 123.6, 124.7, 1254, 126.2,
130.4, 135.6, 138.2 ppm; MS: m/z = 356.13 (M").

2.7.22. 3,3’- ((5-n1'trofuran-Zyl)metbylene) bis(2-
methyl-1H-indole) (3v, C;;H,,N;05;)

Light yellow solid; M.p.: 130-131°C; FT-IR (KBr): v =
3372 (NH), 1635 (C=C) cm; 'H NMR (500 MHz,
DMSO-d,): d = 5.7 (s, 1H, Ar-CH), 2.5 (s, 6H, 2CH, ),
6.99-8.16 (m, 10H, Ar-H), 10.59 (bs, 2H, NH) ppm;
“"C NMR (125 MHz, DMSO-d,): d = 39.7 (Ar-CH),
11.7 (indolyl-CH;), 110.4, 111.2, 116.4, 119.3, 121.7,
123.6, 124.7, 125.4, 126.2, 130.4, 139.6, 140.2 ppm;
MS: m/z = 385.14 (M").

3. RESULTS AND DISCUSSION

The efficient utilization p-toluenesulfonic acid as a
catalyst for different organic reactions is due to its cost-
effectiveness and easy availability. Initially, the reaction
between indole (1) (2 mmol) with benzaldehyde (2) (1.1
mmol) utilizing water as solvent was carried out in
presence of p-toluenesulfonic acid as a catalyst for 6 h, at
room temperature, and the yield of 72% was obtained. In
accordance to the result obtained, different Lewis acids
have been utilized using acetonitrile as a solvent for the
former reaction between compound 1 & 2, in order to

know their catalytic efficiency. Among the reactions
observed with different catalyst, p-toluenesulfonic acid
(Table 1, entry 1), indicated its highest catalytic activity
with the completion of reaction within 2 h. In order to
optimize the reaction conditions, the effect of different
solvents was also observed (Table 2), and the acetonitrile
was found to be an effective solvent. It was also observed
from the results (Table 2, entry 6) that optimum
concentration of 5 mol % of p-Toluenesulfonic was
required to achieve high yield in shorter reaction times.
Thus, the reaction of indole (1) with carbonyl
compounds (2) led to the formation of new bis(indolyl)
methane derivatives 3(a-v) (Scheme 1) under the
optimized reaction conditions in both conventional
method and ultrasound irradiation method (Table 3).

Table 1: The reaction of indole (1) with benzal-
dehyde (2) in the presence of various catalysts
using acetonitrile as solvent

Entry Catalyst® Time (h) Yield (%)"
1 CH,CH,SO,H 1.5 86
2 ZrCl, 2.5 79
3 Fe,0, 3 74
4 ZrOCl, 3.5 78
5 H,BO, 12 65
6 Sulfamic acid 10 70
7 HF 8 72
8 FeCl, 9 68
9 HCIO, 3 78
10 LiClO, 10 45

“5 mol% of the catalyst was used, * Yields referred to the isolated
)/ie]d

Table 2: The reaction of indole (1) with benzal-
dehyde (2) in the presence of various catalysts
using acetonitrile as solvent

Entry Solvent Time (h) Yield (%)*
1 Water 6 72
2 Methanol 10 60
3 Ethanol 9 65
4 1-Propanol 12 62
5 Tetrahydrofuran 8 80
6 CH,CN 2.5 90
7 Dichloromethane 7.5 68
8 Toluene 18 40
9 Acetone 8.5 62

10 Benzene 10 55

* Yields referred to the isolated yield
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(i) P-TSA (5 mol%), CHsCN, O O
rt. (13 h
% + R'—CHO a-sh N\ /N
N~ R (i) P-TSA (5 mol%), CH,CN, H RR H
H Ultrasound (10-30 min)
1 2 3(a-v)
— G S o]
R=Ph,CH; R'=§ 7;3[/),MN02

Scheme

Table 3: Preparation of bis(indolyl)methanes (BIMS) 3(a—v) catalyzed by P-TSA in acetonitrile under
conventional and ultrasound irradiation methods

@1 + R'—CHO
N R

(i) conventional method

Resiey

N (i) ultrasound irradiation method H RR H
1 2 3(a-v)
, , Time (min) Isolated Yield (%)
Entry R R’CHO R o) ) o) i)
1 Ph PhCHO CH; (3a) 90 18 86 92
2 Ph 4-FC,H,CHO 4-FC,H, (3b) 90 22 79 86
3 Ph 2-CICH,CHO 2-CICH, (3¢) 82 25 81 89
4 Ph 4-CICH,CHO 4-CICH, (3d 90 26 79 85
5 Ph 4-BrC,H,CHO 4-BrC.H, (3e) 92 25 74 81
6 Ph 4-CH,CH,CHO 4-CH,C.H, (3f) 95 30 74 85
7 Ph 4-OCH,C,H,CHO 4-OCH,CH, (3g) 90 28 78 88
8 Ph 4-NO,CH,CHO 4-NO,CH, (3h) 85 16 85 90
9 Ph 3-NO,CH,CHO 3-NO,CH, (3i) 80 25 82 89
10 Ph 2-OH,4-OCH,C,H,CHO 2-OH,4-OCH,C.H; (3j) 120 30 80 90
11 CH, PhCHO C.H; 3k 80 16 89 92
12 CH, 4-FC,H,CHO 4-FCH, (31) 90 25 74 85
13 CH, 2-CIC,H,CHO 2-CIC(H, (3m) 90 20 76 86
14 CH, 4-CICH,CHO 4-CICH, (3n) 920 22 79 87
15 CH, 4-BrC,H,CHO 4-BrCH, (30) 120 23 76 82
16 CH, 4-OCH,C,H,CHO 4-OCH,CH, (3p) 96 20 80 86
17 CH, 3-OCH,CH,CHO 3-OCH,CH, (3q) 120 25 79 84
18 CH, 4-NO,CH,CHO 4-NO,CH, (3r) 90 14 82 92
19 CH, 3-NO,CH,CHO 3-NO,CH, (3s) 90 18 80 90
20 Ph C,H,SCHO C,H,S (3t) 85 22 82 92
21 CH, C,H,SCHO C,H,S (3u) 80 16 89 94
22 CH, 5-NO,C,H,O0CHO 5-NO,C,H,0 (3v) 90 20 79 85

3.1. In vitro antioxidant activity of compounds
by DPPH assay method

The compounds 3(a-v) were evaluated for antioxidant

(DPPH)

assay method. Ascorbic acid was used as standard. The

activities by  2,2-diphenyl-1-picrylhydrazyl

percent radical scavenging activity (RSA%) of free

radical production from DPPH was calculated by the
following equation.

%RSA = [(Ac-Ag)/A] X 100 (1)
Where A is the absorbance of the control and Ag is the
absorbance of the tested samples. The antioxidant
activity was expressed in terms of ICy; value which is
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defined as the concentration (lig/mL) of compound at
which 50% of DPPH reduction was observed, this may
be to the presence of electron donating Substituents
such as methoxy/hydroxyl at para position and the meta
position in phenyl ring of bis(indolyl)methane
derivatives as shown in Table 4 and Fig. 1. The
compounds 3g, 3t, 3j, 3p and 3u, showed potent
antioxidant  activity.  2-(Bis(2-phenyl-1H-indol-3-yl)
methyl)-5-methoxyphenol (3j) exhibited highest DPPH
radical scavenging activity and minimum ICy, value
when compared with other compounds. The
compounds 3a, 3f, 3g, 3j, 3k, 3p, 3q and 3u showed
good to moderate antioxidant activity, whereas the
compounds 3b, 3¢, 3d, 3e, 3l, 3m, 3n, 30 and 3v
displayed least activity. However, the compounds 3h,
3i, 3r and 3s exhibited no activity.

Table 4: Antioxidant Activity of Synthesized
Compounds

Compound IC;, (ug/mL) pIC,o(ug/mL)
3a 65.18 4.1859
3b 78.15 4.1071
3c 79.2 4.1013
3d 76.52 4.1162
3e 74.14 4.1299
3f 63.12 4.1998
3g 54.22 4.2658
3h NA NA
31 NA NA
3i 46.51 4.3325
3k 62.72 4.2026
31 77.14 4.1127
3m 80.22 4.0957
3n 79.46 4.0999
30 72.54 4.1394
3p 52.12 4.283
3q 61.17 4.2135
3r NA NA
3s NA NA
3t 57.18 4.2428
3u 52.7 4.2782
3v 92.15 4.0355

Ascorbic acid 40.35

3.2. 3D-QSAR Studies

The 18 indole derivatives of our research work are
subjected to QSAR studies using the SYBYL-X 2.1.1
package (Tripos, Inc., USA). The biological activity of
synthesized compounds was reported in IC,,, which
were converted to the corresponding negative logarithm

of 1C;, (pICyy= -loglCy;) (Table 4). Initially, the energy
of the molecules was optimized by Tripos force field
and  Gasteiger-Huckel charge [39]. The energy
minimization was accomplished with 10000 iterations
and 0.01 Kcal mol’ energy gradient convergence
criterions. In the next step, the molecular alignment
was done by pharma-cophore-based module (Fig. 2).
Bis-indole scaffold is used as pharmacophore for
molecular alignment (Fig. 3). The statistical parameters,
the cross-validated correlation (q’), the non-cross-
validated correlation coefficient (r’), and the standard
error of estimate (SEE) are used for evaluation of the
model. The partial least square (PLS) was used for
cross-validation analysis, which regarded the descriptors
of force fields as independent variables and the pIC;,
values as the dependent variables for 3D-QSAR analysis.
To develop a good model, the selection of training and
test set was carried out in such a way that both the sets
contain structurally diverse compounds and activities of
all ranges. In the CoMFA method steric and
electrostatic fields were calculated using Lennard-Jones
and Coulombic potentials respectively. A 3D cubic
lattice having a grid spacing of 2.0 A was generated
automatically to surround the aligned molecules in all
directions. These grid points were generated using the
Tripos force field, a sp3 carbon atom probe with a Van
der Waals radius of 1.52 A, and a charge of +1.00
(default probe atom in SYBYL) to calculate various
steric and electrostatic fields. The default energy cut off
for steric and electrostatic fields was 30 kcal/mol [40].
The statistical result for the best CoMFA model was
summarized in Table 5. In the best CoMFA model, the
PLS regression analysis obtained the q2 of 0.192 and the
ONC of 2. Then, the non-cross validation gave the r2 of
0.864 with the SEE of 0.031. The residual values are
shown in the table which is the difference between the
predicted p IC, and the actual p IC,; were obtained
near to zero shown in Table 6. The contributions of
steric (Green region represents desirable steric bulk
whereas yellow region represents undesirable steric
bulk) and electrostatic (blue region represents
requirement of positively charged substituents and the
red region represents negatively charged substituents)
fields to CoMFA model shown in Table 5.

The 3D contour map revealed that steric bulk near the
green colour area is required to improve the activity
shown in Fig. 4(a). While Fig. 4(b) revealed that
addition of positive charged substituent near the blue
region which indicated over phenyl ring, can improve
the activity. While red region over one of the indole
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rings indicated that the negative charged substituent can considering above all points may lead to development of
reduce the activity. Therefore, in future design a better molecule.
100 .
== DPPH 92.15
90

80

7O

60

50

40

30

Concentration(pug/ml)

20

10

3a 3b 3c 3d 3e 3f 3g 3h 3i 3j 3t 3k 31 3m 3n 30 3p 3q 3r 3s 3u 3v Asc

Tested compounds

Fig. 1: 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and IC,, values

Fig. 2: Molecular alignment of 18 compound Fig. 4: 3D contour map of CoMFA model. Green
region represents desirable steric bulk whereas
yellow region represents undesirable steric
bulk (a). Blue region represents requirement of
positively charged Substituents and red region
represents negatively charged Substituents (b).

Table 5: PLS Statistical Results of CoMFA
Entry Statistical parameter CoMFA values

i Q2 0.192
2 r2 0.864
3 SEE 0.0305
4 ONC 2
Field contribution
5 Steric 0.47
Fig. 3: Bis-indole template for alignment 6 Electrostatic 0.53
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Table 6: Experimented and predicted activity of synthesized molecules

Compound Experimented value Predicted value Residual value
3a 4.1859 4.1515 0.0344
3b 4.1071 4.1068 0.0003
3c 4.1013 4.159 -0.0577
3d 4.1162 4.1549 -0.0387
3e 4.1299 4.135 -0.0051
3f 4.1998 4.2018 -0.002
3g 4.2658 4.1746 0.0912
3h NA NA NA
3i NA NA NA
3j 4.3325 4.1545 0.178
3k 4.2026 4.1562 0.0464
31 4.1127 4.1084 0.0043
3m 4.0957 4.1326 -0.0369
3n 4.0999 4.1267 -0.0268
30 4.1394 4.1324 0.007
3p 4.283 4.2578 0.0252
3q 4.2135 4.2091 0.0044
3r NA NA NA
3s NA NA NA
3t 4.2428 4.259%4 -0.0166
3u 4.2782 4.2518 0.0264
3v 4.0355 4.0044 0.0311

4. CONCLUSION

The reaction of indole (1) with carbonyl compounds (2)
in the presence of P-TSA (5 mol %) as a catalyst in
acetonitrile was carried out to obtain bis(indolyl)
methane derivatives 3(a-v) adopting conventional and
ultrasonication methodologies. It was observed that the
reaction completed in shorter reaction times, higher
yields, in ultrasonication methodology, as compared to
conventional methods. The synthesized compounds
were tested for antioxidant activity, and it was observed
that, 3j was the compound which showed the maximum
antioxidant activity. Furthermore, to enhance the
antioxidant property, computational investigation based
on CoMFA models was performed. The best model
suggested that by changing the steric and electrostatic
property may lead to development of a potent
molecule. Our suggested requirements of the molecular
structures identified through 3D-QSAR are consistent
with the experimental results, which can help in
designing more active antioxidant activity.

Conflicts of interest
The authors declare no conflict of interest.

5. ACKNOWLEDGEMENTS

Authors are thankful to University Grants Commission
(UGC), New Delhi, India for financial assistance.
Authors are grateful to the IIT Kanpur, India for
providing the necessary facilities tocomplete the work.
Authors would like to thank Dr. Sushil K. Kashaw for
his technical support during this work.

6. REFERENCES

1. Da Silva Mendes MC, Fazolo BR, De Souza JM, De
Vasconcelos LG, De Sousa Junior PT, Dall'Oglio
EL, et al. Photochem. Photobiol. Sci., 2019; 18:1350.

2. Méesangeau C, Amata E, Alsharif W, Seminerio M],
Robson M]J, Matsumoto RR, et al. Eur. J. Med.
Chem., 2011; 46:5154.

3. Leev CW, Lee JY. Adv. Mater., 2013; 25:5450.

4. Gunasekera SP, McCarthy PJ, Kelly-Borges M. J.
Nat. Prod., 1994; 57:1437.

5. Olgen S, Altanlar N, Karatayh E, Bozdayr M.
Naturforsch. C, 2008; 63:189.

6. Al-Qawasmeh RA, Huesca M, Nedunuri V, Peralta
R, Wright ], Lee Y, et al. Bioorg. Med. Chem. Lett.,
2010; 20:3518.

Journal of Advanced Scientific Research, 2021; 12 (1): Feb.-2021



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Das et al., | Adv Sci Res, 2021; 12 (1): 212-221 221

Butler MM, Williams ]JD, Peet NP, Moir DT,
Panchal RG, Bavari S, et al. Antimicrob. Agents
Chemother., 2010; 54:3974.

Andreani A, Burnelli S, Granaiola M, Leoni A,
Locatelli A., Morigi R, et al. . Med. Chem., 2008;
51:4563.

Potier P. J. Nat. Prod., 1980; 43:72.

Halawa AH, Abd El-Gilil SM, Bedair AH, Eliwa
EM, Frese M, Sewald N, et al. Med. Chem. Res.,
2018; 27:796.

Sakemi S, Sun HH. J. Org. Chem., 1991; 56:4304.
Bao B, Sun Q, Yao X, Hong ], Lee CO, Sim CJ, et
al. J. Nat. Prod., 2005; 68:711.

Sujatha K, Perumal PT, Muralidharan D, Rajendran
M. Ind. J. Chem., 2009; 48B:267.

Jaratjaroonphong ], Tuengpanya S, Saceng R,
Udompong S, Srisook K. Eur. J. Med. Chem., 2014;
83:561.

Praveen C, DheenKumar P, Muralidharan D,
Perumal PT. Bioorg. Med. Chem. Lett., 2010;
20:7292.

Simha PR, Mangali MS, Kuppireddy GD,
Venkatapuram P, Adivireddy P. J. Heterocycl. Chem.,
2017; 54:2717.

Nemallapudi BR, Zyryanov GV, Avula B, Guda
MR, Cirandur SR, Venkataramaiah C, et al. Bioorg.
Chem., 2019; 87:465.

Shiri M, Zolfigol MA, Kruger HG, Tanbakouchian
Z. Chem. Rev., 2010; 110:2250.

Bahe A, Das R, Naikoo G, Kosti P, Kashaw S. Adv.
J. Chem. Sect. A, 2020; 3:722.

Weng JR, Tsai CH, Kulp SK, Chen CS. Cancer Lett.,
2008; 262:153.

Flower R], Moncada S, Vane JR. Goodman and
Gilman’s the Pharmacological Basis of Therapeutics,
MacMillan, 1985.

Kochanowska-Karamyan A]J, Hamann MT. Chem.
Rev., 2010; 110:4489.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sadaphal S, Shelke K, Sonar S, Shingare M. Open
Chem., 2008; 6:622.

Deb ML, Bhuyan PJ]. Tetrahedron Lett., 2006;
47:1441.

Bai GY, Ma Z, Shi L, Li T, Han ], Chen G, et al.
Res. Chem. Intermed., 2012; 38:2501.

Azizi N, Rahimi Z, Alipour M. RSC Adv., 2015;
5:61191.

Wang L, Wei W, Guo Y, Xu ], Shao S. Spectrochim.
Acta A, 2011; 78:726.

Nagarajan R, Perumal PT. Tetrahedron, 2002;
58:1229.

Beltra J, Gimeno MC, Herrera RP. Beilstein. J. Org.
Chem., 2014; 10: 2206.

Veisi H, Maleki B, Eshbala FH, Veisi H, Masti R,
Ashrafi SS, et al. RSC Adv., 2014; 4:30683.

Kalla. RM, Hong SC, Kim I. ACS Omega, 2018;
3:2242.

Azizi N, Gholibeghlo E, Manocheri Z. Sci. Iran.,
2012; 19:574.

Karthik M, Tripathi AK, Gupta NM, Palanichamy
M, Murugesan V. Catal. Commun., 2004; 5:371.
Alimohammadi O. Adv. J. Chem. Sect. A, 2020;
3:289.

Li JT, Dai HG, Xu WZ, Li TS. Ultrason. Sonochem.,
2006; 13:24.

Joshi RS, Mandhane PG, Diwakar SD, Gill CH.
Ultrason Sonochem., 2010; 17:298.

Biradar |S, Sasidhar BS, Parveen R , Eur. ]J. Med.
Chem., 2010; 45:4074

Altuntas TG, Yilmaz N, Coban T, Olgen S, Lett.
Drug Des. & Dis., 2017; 14:380.

Jian Y, He Y, Yang ], Han W, Zhai X, Zhao Y, Li
Y. Int. J. Mol. Sci., 2018; 19:630.

Cramer RD, Patterson DE, Bunce |D. J. Am. Chem.
Soc., 1988; 110:5959.

Journal of Advanced Scientific Research, 2021; 12 (1): Feb.-2021



