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Microwave-assisted synthesis, molecular docking
studies of 1,2,3-triazole-based carbazole
derivatives as antimicrobial, antioxidant and
anticancer agentsy
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Herein, a new series of N-substituted 1,2,3-triazolylmethyl indole derivatives 4(a—u) was synthesized by
rationally incorporating a pharmacophoric active heterocyclic ring containing indole and triazole
moieties in one molecular frame via the conventional and microwave irradiation methods. Briefly, the
new compounds 4(a—u) were synthesized via the N-alkylation of tetrahydro-1H-carbazoles followed by
click reaction and copper-catalyzed Huisgen [3 + 2] cycloaddition in the presence of copper sulphate
and sodium ascorbate with various aromatic azides 3(a—m). All the newly synthesized compounds were
characterized via *H and C NMR, mass, and IR spectroscopy and evaluated for their antimicrobial,

antioxidant and anticancer activities. Among the synthesized compounds, 4d, 4j, 4n, 4p, 4s and 4r were
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Accepted 24th Novernber 2022 found to exhibit good antimicrobial, antioxidant, anticancer activities. The biological activity of the

synthesized compounds was further supplemented by molecular docking studies against the target
receptors caspase-3 and 17-beta-hydroxy steroid dehydrogenase type 1, revealing that the reported
structures best fit into the active site pocket of the target molecules.

DOI: 10.1039/d2ra05960f

rsc.li/rsc-advances

Open Access Article. Published on 19 Desemba 2022. Downloaded on 31/10/2025 13:13:13.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Introduction

Indole is an aromatic heterocyclic organic compound, which is
found in many natural products from animals and marine
organisms.! The core moiety of indole is present in various
natural products of plants such as jasmine, citrus fruits, orange
blossoms, and Robinia pseudoacacia. Indole and its derivatives
play a significant role in biological activities.” Thus, researchers
have been inspired to investigate the pharmacological applica-
tions of indole scaffolds for therapeutic applications.! Tetrahy-
drocarbazoles are a sub-class of indoles and an important part
of many naturally occurring alkaloids, such as ondansetron,*
ervatamine,® reserpine* and etodolac.® Tetrahydrocarbazoles
exhibit diverse biological activities, such as antibacterial,*’
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antitubercular, antioxidant,® anticancer,”’
antivascular, and antifungal®® (Fig. 1).

Some of the known indole-containing triazole-based moie-
ties have been found to exhibit wide variety of biological activ-
ities such as antibacterial,* antioxidant, anticancer,'**® and
antitubercular*® (Fig. 1). Among them, tetrahydrocarbazoles
containing a 1,2,3-triazole moiety are emerging for drug
discovery with multifunctional activities.* This is because 1,2,3-
triazoles are potent anticancer agents and act as inhibitors for
caspase-3 (ref. 21-23) and 17f-hydroxysteroid dehydrogenase.*

The main cause of death of living organisms is the growing
drug resistance of microbes and increase in the number of
microbial diseases." Therefore, it is necessary to find new
alternative scaffolds that have potential as lead molecules to
fight against multidrug resistance bacterial infections.* In
recent years, the microwave irradiation (MWI) method has
become popular in synthetic reaction processes to improve the
reaction yield, while avoiding harsh conditions.”®*” Further-
more, the MWI reaction technique is convenient, environmen-
tally friendly, clean, and economical. In the MW irradiation
method, two or more reactants in one reaction vessel give a new
product within a short period, in high yield and with a lower
amount of by-products.”® The products can be purified easily,
and occasionally the selectivity can be changed. In fact, micro-
waves can be used to execute new reactions and circumstances
that are not possible with ordinary heating.

antidepressant,"
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Fig. 1 Biologically active naturally occurring and synthetic indole derivatives.

A new series of 1,2,3-triazole-based molecules was designed
and synthesized in our laboratory,* which exhibited promising
antimicrobial activity,’**! and some of which are the subject of
detailed pharmacological investigations. Our designed scaffold
mainly originated from a multifunctional unit containing
a bioactive molecule (tryptamine core).?® The designed scaffold
contains three pharmacophoric parts including a multifunc-
tional indole nucleus, triazole unit, and aromatic and aliphatic
units to increase the additional pharmacophoric and biological
activity of the title compounds. In our continuing efforts to
develop new antimicrobial, antioxidant and anticancer agents,
followed by molecular docking studies, in the present work, we
designed and synthesized a series of novel N-substituted 1,2,3-
triazolylmethyl indole derivatives 4(a-u) employing the
conventional and microwave irradiation methods via copper-
catalyzed Huisgen [3 + 2] cycloaddition reaction. All the
synthesized compounds were tested for their antimicrobial,
antioxidant, and anticancer activities, followed by molecular
docking studies.

Result and discussion
Chemistry

The synthetic route for the preparation of a series of novel N-
substituted 1,2,3-triazolylmethyl indole derivatives is shown in
Scheme 1. Initially, substituted cyclohexanones were reacted
with phenyl hydrazine to furnish different tetrahydrocarbazoles
(1) according to a literature procedure.** Further N-alkylation of
the corresponding tetrahydrocarbazole (1) with propargyl

26 | RSC Adv, 2023, 13, 25-40

bromide in the presence of NaH (sodium hydride as a base) in
DMF (dimethylformamide) solvent gave 9-(prop-2-yn-1-yl)-
2,3,4,9-tetrahydro-1H-carbazole (2) in good yield following
a literature protocol.**** Subsequently, click reaction of the
resulting alkynes (2) through copper-catalyzed Huisgen [3 + 2]
cycloaddition reaction using CuSO, (copper sulphate) and
sodium ascorbate with different aromatic azides 3(a-m) gave N-
substituted 1,2,3-triazolyl methyl indole derivatives 4(a-u).

To improve the yield and reaction time, optimization of the
conditions for the copper-catalyzed Huisgen [3 + 2] cycloaddi-
tion reaction was carried out using different catalysts and
solvents employing the conventional and microwave irradiation
methods, as tabulated in Table 1. According to the preliminary
screening, among the tested conditions, CuSO, and sodium
ascorbate catalyst and a 2:1 ratio of DMF/H,0 as the solvent
were found to be the optimum conditions for both the
conventional and MWI (microwave irradiation) methods.
Between these two methods, we found that the microwave
irradiation method gave better yields (72-96%) together with
a shorter reaction time compared to the conventional method
(64-94%). The reaction time and yields of both methods are
presented in Table 2.

The obtained alkynes 4(a-u) were fully characterized via "H
and *C NMR, IR and mass spectrometry. The '"H NMR spec-
trum of compound 4a showed the N-CH, proton peak at 6 5.44
as a singlet (2H), while in the "*C NMR spectrum, the N-CH,
carbon appeared at § 38.58. The mass spectrum of compound
4a displays the molecular ion peak at m/z 329 [M + H]" (100). All
the other spectral data are shown in the Experimental section.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Synthetic route for novel N-substituted 1,2,3-triazolylmethyl indole derivatives 4(a—u).

Biological activity

All the title compounds 4(a-u) were screened for their antimi-
crobial, antioxidant and anticancer activities. The in vitro anti-
bacterial, antifungal, antioxidant and anticancer activities of
the synthesized compounds are tabulated in Tables 3, 4 and 5,
respectively.

Antimicrobial activity

All the synthesized compounds 4(a-u) were evaluated for their
antibacterial activity against two Gram-positive strains, ie.,
Bacillus  subtilis (MTCC 121) and Staphylococcus aureus

(MTCC96), and three Gram-negative bacterial strains, ie.,

Table 1 Optimization of reaction conditions for compounds 4(a—u)

Pseudomonas  aeruginosa (ATCC-27853), Escherichia coli
(MTCC43), and Klebsiella pneumonia (MTCC 530), at a concen-
tration of 10 uM and 20 pM using the well diffusion method.**
Ampicillin was used as the standard antibiotic, the zone of
inhibition around the well was measured in mm and the results
are demonstrated in Table 3. Among the synthesized
compounds 4d, 4j, 4n, 4p, and 4s were found to be the most
potent due to the presence of electron-withdrawing groups on
the triazole ring. Compounds 4h, 40, 4k, and 4e exhibited good
antibacterial activity against selected all the bacterial strains
compared to that of the standard drug. In conclusion, 4n, 4p,
and 4s exhibited excellent antibacterial activity against the
tested bacterial strains.

Microwave irradiation

Conventional method method
Entry Catalyst Solvent (Yield%) (Yield%)
1 N-Heterocyclic carbene catalyst Solvent- free 10 18
2 Cul Glycerol 17 25
3 Cul, NEt; DMSO 38 46
4 Cul, sodium ascorbate MeCN/H,0 (2:1) 58 67
5 CuSOy,, sodium ascorbate t-BuOH/H,0 (1:1) 75 80
6 CuS0,, sodium ascorbate THF/H,0 (1:1) 86 88
7 CuS0y,, sodium ascorbate DMF/H,0 (2:1) 82 95

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Physicochemical properties of synthesized compounds 4(a—
u)

Conventional MWI
Compound M.P. (°C) Time,h (Yield%) Time, min (Yield%)
4a 112-114 8 81 5 95
4b 100-102 8 76 5 90
4c 116-118 8 70 4 91
ad 155-157 8 80 5 83
4e 182-184 8 76 4 87
af 114-116 8 75 4 90
4ag 146-148 10 74 5 85
4h 126-128 10 79 6 85
4i 120-122 10 66 6 72
4j 173-175 10 64 5 76
4k 138-140 10 71 5 92
41 168-170 10 63 5 90
4m 150-152 10 75 6 96
4n 104-106 8 82 5 92
40 131-133 9 78 4 94
4p 145-147 9 68 4 90
4q 160-162 8 80 6 85
4r 147-149 8 71 6 87
4s 153-155 10 68 4 95
4t 121-123 10 77 4 90
4u 152-154 10 70 6 72

In addition, all the synthesized indole derivatives (4a-u) were
evaluated for their antifungal activity against one fungal strain,
Aspergillus flavus (NRRL-3357), at a concentration of 10 uM and

View Article Online
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20 uM using the well diffusion method,* and the zone of
inhibition was measured in mm compared with the standard
drug Nystatin. Among the synthesized compounds 4d (Ar = p-
OCH3), 4j (Ar = m-COCH3), 4n (Ar = 0-S-Ph) and 4p (Ar = o0-F)
showed high activity against Aspergillus flavus and the results
are depicted in Table 3.

Antioxidant activity

The antioxidant activity of all the synthesized compounds 4(a-
u) was investigated using the DPPH (2,2-diphenyl-1-picryl-
hydrazyl-hydrate)** and HRS (hydroxyl radical scavenging)®
methods at different concentrations (25 pM and 50 pM) with
ascorbic acid as the standard drug. Based on the antioxidant
activity of all the tested compounds, 4e, 4f, 4p, and 4q exhibited
highly potent free radical scavenging activity in the DPPH and
HRS methods. Among them, compounds 4e (Ar = p-COMe) and
4f (Ar = o-F) with electron-withdrawing groups in the triazole
ring exhibited the best antioxidant activity. Alternatively,
compounds 4b, 4i, 4m, 4n, 4t, and 4u showed equipotent
activity against Ascorbic acid as a standard drug. The radical
scavenging activity results are shown in Table 4.

Anticancer activity

All the synthesized indole derivatives 4(a-u) were screened for
anticancer activity using the MTT assay**™*° against two human
cancer cell lines, i.e., HeLa cells, which are derived from human
cervical cancer cells, and MCF-7, which is derived from human

Table 3 Antimicrobial activities of synthesized compounds 4(a—u) (zone of inhibition in mm)“

Gram positive bacteria

Gram negative bacteria

Fungal strain

B. subtilis S. aureus E. coli P. aeruginosa K. pneumoniae Aspergillus flavus
Entry 10 uM 20 uM 10 uM 20 uM 10 uM 20 uM 10 uM 20 uM 10 uM 20 uM 10 uM 20 uM
4a 5.13 12.04 3.90 9.52 6.03 11.02 8.15 12.04 10.50 16.10 6.51 11.03
4b 6.53 12.563 7.51 13.10 6.06 12.47 8.59 14.24 10.38 17.40 5.55 11.43
4c 9.60 14.08 7.97 15.24 8.43 15.64 7.50 14.82 11.02 15.59 5.63 12.50
4ad 11.22 21.02 12.3 15.2 10.13 22.46 7.82 12.32 10.92 19.92 10.25 20.14
4e 10.71 14.58 12.54 17.92 11.72 16.45 11.64 17.88 7.53 12.32 7.58 15.90
af 8.80 15.46 9.70 16.78 7.74 16.87 13.00 18.69 7.83 13.76 8.32 14.91
4ag 8.82 16.90 12.57 16.62 7.69 15.49 8.59 17.43 11.78 16.80 9.51 12.60
4h 10.50 15.10 9.76 17.73 8.81 16.51 12.20 18.73 7.48 16.80 8.74 15.90
4i 9.89 13.91 12.55 17.88 8.53 17.97 12.55 16.92 13.30 16.84 13.72 17.74
4j 10.75 22.62 12.45 21.73 11.34 18.97 11.82 19.86 8.99 17.15 12.71 21.52
4k 10.82 17.89 14.73 18.62 9.86 15.46 10.63 18.21 9.91 14.92 9.93 16.90
41 9.90 15.95 13.52 18.95 13.42 16.71 10.08 16.99 13.80 18.81 12.87 17.81
4m 12.32 16.72 10.10 18.80 8.98 16.98 13.56 17.50 13.52 18.80 9.70 15.60
4n 12.24 21.38 13.50 24.40 12.58 17.71 10.53 20.85 12.73 22.80 10.97 19.82
40 13.80 18.42 8.80 16.46 12.62 17.90 9.81 17.73 10.92 18.74 9.91 15.70
4p 12.65 23.90 11.62 21.94 12.13 21.92 9.64 17.75 11.92 20.60 12.75 18.92
4q 11.51 15.60 10.25 14.59 12.41 16.11 11.23 17.46 10.51 15.89 8.93 13.46
4r 10.44 15.16 9.46 16.44 12.13 14.56 10.32 14.56 10.77 15.13 9.16 12.03
4s 10.47 20.23 9.25 15.13 12.34 23.14 11.35 19.12 11.87 20.26 8.23 10.23
4t 9.16 14.32 11.25 17.16 12.34 16.46 10.23 14.38 10.48 14.25 9.12 13.46
4u 10.24 12.34 11.25 14.23 11.99 14.54 12.78 15.67 10.48 13.46 8.12 12.46
Am 13.90 25.60 12.74 22.91 12.54 23.72 13.30 24.93 13.84 25.91 — —
Ny — — — — — — — — — — 13.94 25.80

“ Am = ampicillin, Ny = nystatin.
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Table 4 Radical scavenging activities of the synthesized compounds
4(a-u)

Concentration (uM)

DPPH method (%) HRS method (%)

Entry 25 uM 50 uM 25 uM 50 uM
4a 27.28 47.15 21.13 46.14
4b 28.32 53.18 24.16 52.23
4c 23.16 41.23 18.23 38.16
4d 28.16 40.16 23.16 41.26
4e 31.58 57.44 25.12 52.16
af 33.16 67.19 24.64 53.17
4g 25.46 38.46 17.56 41.03
4h 23.66 43.26 18.16 47.46
4i 27.46 51.23 26.23 52.46
4j 28.11 49.46 23.46 37.16
4k 18.46 38.49 24.16 49.16
41 19.49 40.16 22.19 41.26
4m 24.16 56.16 26.56 51.23
4n 23.50 52.23 24.18 52.16
40 21.26 42.19 19.46 45.16
4p 32.18 58.50 27.49 53.20
4q 31.32 65.20 24.48 50.18
4r 29.66 39.47 18.45 43.18
4s 26.49 42.18 18.45 48.46
4t 26.44 51.43 26.24 56.46
4u 27.16 54.16 23.87 51.48
Ascorbic acid 41.6 86.49 43.49 89.87

breast cancer cells, using Doxorubicin as the standard. Based on
the screening results, compounds 4c, 4h, 4n, 4q and 4r signif-
icantly inhibited the proliferation of the HeLa and MCF-7 cell
lines by more than 50% in a dose-dependent manner for 24 h.
In the case of anticancer activity, compounds 4c, 4h, 4n, 4q and
4r showed inhibition of 63.48%, 59.45%, 59.39%, 78.49% and
81.47% with ICs, values of 18.68, 18.67, 22.34, 16.45 and 15.78,
respectively, against HeLa cells. Alternatively, 65.59%, 57.75%,
69.19%, 79.46% and 83.49% inhibition and IC;, values of 15.89,
55.17, 84.00, 17.65 and 16.89 were observed against MCF-7 cells,
respectively. The other compounds exhibited moderate to good
anticancer ability. The anticancer activity results are shown in
Table 5.

The structural activity relationship studies of all the
synthesized compounds revealed that the presence of a 1,2,3-
triazole ring attached to the tetrahydrocarbazole (basic skel-
eton) is important in promoting the anticancer activity. Prod-
ucts 4c (Ar = 3-COMe), 4h (Ar = 3-COOMe), 4n (Ar = 4-CF3), 4q
(Ar = 4-OH), and 4r (Ar = 4-NO,) as aromatic azide-linked 1,2,3-
triazole ring-containing tetrahydrocarbazoles exhibited prom-
ising anticancer activities.

Molecular docking

The most effective compounds, i.e., 4¢, 4h, and 4q, as well as the
reference medication doxorubicin, were docked into the active
site pockets of caspase-3 (PDB ID: 5IAE)* and Human 17-beta-
hydroxysteroid dehydrogenase type 1 to better understand the
binding interactions between these ligands and cancer cells
(PDB ID: 1FDW).”* Caspase-3 is a key executioner of apoptosis

© 2023 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

Table 5 Anticancer activities of synthesized compounds 4(a—u)”

Concentration of the tested samples, uM

HeLa MCEF-7

Compound 1Cs¢ 1C5o

4a 60.94 30.41
4b 69.13 62.34
4c 18.68 15.89
4d 20.06 41.49
4e 70.81 70.47
af 44.09 13.09
41g 57.45 66.06
4h 18.67 55.17
4i 60.18 19.10
4j 13.45 12.99
4k 25.97 55.05
41 28.90 66.45
4m 23.02 73.82
4n 22.34 84.99
40 76.93 67.41
ap 56.86 15.79
4q 16.45 17.65
4r 15.78 16.89
4s 19.04 81.21
4t 24.30 76.50
4u 69.69 41.73
DR 67.96 19.79

“ DR = doxorubicin.

and plays a vital role in the growth simulation of cancer cells.*
17B-HSD1 is responsible for the production of estrogens,
estradiol and 5-androsten-3f3,17B-diol, and consequently it is
a target of choice for the treatment of estrogen-dependent
diseases such as breast cancer and endometriosis by blocking
estrogen biosynthesis.** The active site pockets of the target
crystal structures were determined using the CAST Web server.*
The grid box was configured to cover all the active sites on the
crystal structures of the proteins (Table 6). The docking scores

Table 6 3D grid box configuration

PDB Parameters

5IAE Receptor = 5iae.pdbqt
Exhaustiveness = 8
center_x = 10.7092869365
center_y = 2.71092558039
center_z = 161.73714339
size_x = 21.642039768
size_y = 28.2627645563
size_z = 18.3273597312
Receptor = 1fdw.pdbqt
Exhaustiveness = 8
center_x = 44.9201453145
center_y =
—0.776505439239
center_z = 35.4279439983
size_x = 27.3194057719
size_y = 34.7070887507
size_z = 37.3789787104

1FDW

RSC Adv, 2023, 13, 25-40 | 29
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Table 7 Binding affinities of compounds 4c, 4h, and 4q, doxorubicin and interacting amino acids of 5IAE and 1IFDW

PDB Compound Binding affinity (kcal mol )

Interacting amino acids

H-bond Hydrophobic

5IAE 4c -8.6
4h -8.7
4q -8.8

Doxorubicin —8.1

1FDW 4c -9.5

4h —-9.4

4q —9.4

Doxorubicin —8.4

of compounds 4c, 4h, and 4q are higher than that of the stan-
dard drug Doxorubicin with both the target macromolecules
(Table 6) (Table 7).

Docking studies with caspase-3. Compound 4c has one
defined H-bond interaction with His121of caspase-3 with

Fig. 2 Docking pose of compound 4c with caspase-3.

30 | RSC Adv, 2023, 13, 25-40

His121 Gly122, Phe128, Thr166,
Tyr204, Ser205, Trp206,
Phe256

His121, Gly122, Cys163,
Thr166, Tyr204, Ser205,
Trp206, Phe256

Ser205, Trp206, Arg207,
Asn208, Trp214, Ser249,
Phe250, Ser251, Phe256
Ser120, His121, Gly122,
GIn161, Gly163, Tyr204,
Ser205, Trp206, Ser251,
Asp253, Phe256

Leu96, Leu149, Gly186,
Pro187, Thr190, Ala191,
Lys223, Phe226

Val143, Leu149, Pro187,
GIn221, Ser222, Lys223,
Phe226, Phe259, Met279
Leu96, Ser142, Val143,
Leul49, Asn152, Tyr155,
Gly186, Ser222, Lys223,
Phe226

Gly94, Leu96, Val143,
Leul49, Asn152, Tyr155,
Pro187, Phe226, Phe259,
Met279, Val283

Thr62, Arg207
Glu248

Arg64, Arg207

Tyr218, Ser222

Tyr218

Tyr218

Gly186, Val188, Tyr218,
GIn221

a distance of 3.09 A. It also exhibits hydrophobic interactions
with the amino acids Gly122, Phe128, Thr166, Tyr204, Ser205,
Trp206, and Phe256 of 5IAE (Fig. 2 and 3). Compound 4h is
involved in two H-interactions with Thr62 (3.23 A) and Arg207
(3.09 A) and hydrophobic interactions with His121, Gly122,
Cys163, Thr166, Tyr204, Ser205, Trp206, and Phe256 of caspase-

His121(A)

Fig. 3 2D interactions of compound 4c with caspase-3.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Docking pose of compound 4h with caspase-3.
Fig. 6 Docking pose of compound 4q with caspase-3.

3 (Fig. 4 and 5). Compound 4q establishes one H-bond inter- . . . .
action with Glu248 (2.94 A) and hydrophobic interactions with Docking studies with human 17-beta-hydroxysteroid dehy-

Ser205, Trp206, Arg207, Asn208, Trp214, Ser249, Phe2so, drogenase type 1. Compound 4c exhibited two H-bonds with
Ser251, and Phe256 of 5SIAE (Fig. 6 and 7). The standard drug Tyr218 and Ser222 of 1IFDW with a distance of 3.12 A and 2.06 A,
Doxorubicin exhibits three H-bond interactions, ie., two with ~respectively, and also defined hydrophobic interactions with
Arg64 (3.02 A and 3.16 A) and one with Arg207 (3.06 A) of Leu96, Leul49, Gly186, Pro187, Thr190, Ala191, Lys223 and
caspase-3, and it is further involved in hydrophobic interactions Phe226 of the target protein (Fig. 10 and 11). Compound 4h
with Ser120, His121, Gly122, GIn161, Gly163, Tyr204, Ser205, shows one H-bond interaction with Tyr218 (3.01 A) and hydro-

Trp206, Ser251, Asp253, and Phe256 of 5IAE (Fig. 8 and 9). phobic interactions with Val143, Leul49, Pro187, Gln221,
Ser222, Lys223, Phe226, Phe259, and Met279 of dehydrogenase

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.
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Arg207(A)

Thr62(A)

Fig. 5 2D interaction of compound 4hwith caspase-3. Fig. 7 2D interactions of compound 4q with caspase-3.

Glu248(A)

© 2023 The Author(s). Published by the Royal Society of Chemistry RSC Adv, 2023, 13, 25-40 | 31


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2ra05960f

Open Access Article. Published on 19 Desemba 2022. Downloaded on 31/10/2025 13:13:13.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

RSC Advances

Fig. 8 Docking pose of doxorubicin with caspase-3.

(Fig. 12 and 13). Compound 4q is involved in one H-bond
interaction with Tyr218 (3.02 A) and hydrophobic interactions
with Leu96, Ser142, Val143, Leu149, Asn152, Tyr155, Gly186,
Ser222, Lys223, and Phe226 of 1FDW (Fig. 14 and 15). The
standard drug Doxorubicin is involved in five H-bond interac-
tions with Gly186, Val188, Tyr218 (2), and GIn221 and hydro-
phobic interactions with Gly94, Leu96, Val143, Leu149, Asn152,
Tyrl55, Pro187, Phe226, Phe259, Met279, and Val283 of dehy-
drogenase protein (Fig. 16 and 17).

Argéd(A)

serlinga) 3
HSBIA) - OwlssA)

Fig. 9 2D interactions of doxorubicin with caspase-3.
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Fig. 10 Docking pose of compound 4c with 1FDW.

Pharmacokinetics evaluation

Oral bioactivity is an important study for the development of
new drug candidates. The absorption, distribution, metabolism
and excretion properties of the newly synthesized analogues
were evaluated using the SwissADME web server protocol.*® The
calculated pharmacokinetics of the studied compounds are
shown in Table 8. Except for compound 4t, all the tested
compounds have a molecular weight in the range of 328.41-
400.47 ¢ mol ', The molecular weight characteristics of these
molecules suggest that they can easily be transported, diffused,
and absorbed in the body in a significant manner.*” The log P
values of the compounds were found to be in the range of 2.99-

Tyr218(A)

Fig. 11 2D interactions compound 4c with 1FDW.

Ser222(A)

Lya23(a)
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Fig. 12 Docking pose of compound 4h with 1FDW.

4.36, which meet the essential conditions of Lipinski's rule of
five. The calculated number of H-bond acceptors of these all the
molecules was less than ten, which is in accordance with ADME
as the number of hydrogen bond acceptors must be <10. The
pharmacokinetics analysis suggests that compounds 4(a-u)
possess a topological polar surface (TPSA) in the range of 99.99-
157.65 A.*” The low TPSA values indicate the acceptable range of
the results and found to be consistent with previous reports.*®

Experimental
Materials and methods

All melting points were recorded on a Stuart SMP3 melting-
point apparatus and are uncorrected. The IR spectra 0

Tyr218(A)

Fig. 13 2D interactions of compound 4h with 1FDW.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 14 Docking pose of compound 4q with 1IFDW.

in em™"' (KBr) were recorded on a Shimadzu FTIR 8400 S spec-
trometer. All the microwave irradiation experiments were per-
formed in a CEM Discover microwave system at reaction
temperatures at 100 W for 4-6 min and monitored using an
equipped IR temperature sensor. 'H NMR and *C NMR spectra
were measured on a Bruker Avance-400 spectrometer at 400 and
100 MHz, respectively, using tetramethylsilane (TMS) as the
internal reference and CDCl; as the solvent. Mass spectra (EI)
were recorded on a Finnigan MAT 1020 mass spectrometer in m/
z. All reactions were monitored on silica gel percolated Merck 60
F254 TLC plates and spots were visualized under UV light. The
antimicrobial activity study was carried out on nutrient agar

GvIBSA)

Fig. 15 2D interactions of compound 4q with 1FDW.
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Fig. 16 Docking pose of doxorubicin with 1IFDW.

medium containing 0.5% peptone, 0.5% NacCl, and 0.3% beef
extract (HiMedia, Mumbai, India) and potato dextrose agar
(PDA, HiMedia, Mumbai, India) using microbial pathogens
such as Bacillus subtilis (MTCC 121), Staphylococcus aureus
(MTCC 96), Escherichia coli (MTCCA43), Klebsiella pneumonia
(MTCC 530) and Pseudomonas aeruginosa (ATCC-27853, USA)
procured from the Institute of Microbial Technology (IMTECH,
India) and American Type Culture Collection (ATCC, USA) and
the fungal strain Aspergillus flavus (NRRL 3357) purchased from
Northern Regional Research Laboratory (NRRL, Peoria). The

Tyr218(A)

GlyIS6(A)

tiuf%

Fig. 17 2D interactions of doxorubicin with 1IFDW.
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antioxidant activity was investigated using DPPH (0.2 M, Sigma,
St. Louis, USA) and HRS mixture (1,10-phenanthroline, 2.5 mM;
PBS, pH 7.4; and FeSO,, 2.5 mM HiMedia, Mumbai, India). The
human cervical cancer cell line (HeLa) and human breast cancer
cell line (MCF-7) were procured from the National Center for
Cell Sciences (NCCS) Pune, India, and maintained in Dulbecco's
modified Eagle medium (DMEM-Gibco, St, Louis, USA) sup-
plemented with antibiotic solution (100x, Thermo Fisher
Scientific, St. Louis, USA) and 10% fetal calf serum (FCS-Gibco,
St. Louis, USA). The cultured cells were propagated and main-
tained at 37 °C in a CO, incubator containing 5% CO, and 95%
O, atmosphere.

General procedure for the synthesis of compound (2)

NaH (sodium hydride) (23.38 mmol) was added slowly to a stir-
red solution of compound (1) (11 mmol) in DMF (dime-
thylformamide) (20 mL) at 0 °C, and stirring continued for
15 min. Subsequently, propargyl bromide (22 mmol) was added
to this mixture and stirred for 3 h at room temperature. After
completion of the reaction, the reaction mixture was poured
into ice-cold water and extracted with ethyl acetate. The
combined organic layer was dried over Na,SO, (sodium
sulphate) and evaporated under vacuum. The crude reaction
mixture was purified by silica gel column chromatography to
give compound 2 in 95% yield.

9-(Prop-2-yn-1-yl)-2,3,4,9-tetrahydro-1H-carbazole (2). Yield:
90%; mp: 132-133 °C; IR (KBr, cm ™~ 1): 3398 (C-H), 1656 (C=C),
1465 (C-C), 1233 (C-N). *H NMR (400 MHz, CDCl;) 6 7.47 (d, ] =
7.5 Hz, 1H, Ar-H), 7.34 (d, J = 8.0 Hz, 1H, Ar-H), 7.16-7.20 (m,
1H, Ar-H), 7.07-7.12 (m, 1H, Ar-H), 4.76 (d, J = 2.5 Hz, 2H, N-
CH,), 2.70-2.78 (m, 4H, aliphatic-H), 2.23 (t, ] = 2.5 Hz, 1H,
C=C-H), 1.93-1.99 (m, 2H, aliphatic-H), 1.83-1.89 (m, 2H,
aliphatic-H). **C NMR (100 MHz, CDCl;) 6 135.8, 134.8, 127.6,
120.9, 119.1, 117.9, 110.4, 108.6, 78.5 (C=C), 71.9 (C=C), 31.9
(N-CH, carbon), 23.1, 23.0, 21.8, 20.9, mass spectrum, m/z (Irel,
%): calcd 209 observed: 210 [M + HJ".

General procedure for the synthesis of N-substituted 1,2,3-
triazolylmethyl indole derivatives 4(a-u)

Conventional method. CuSO,-5H,0 (0.1514 mmol), sodium
ascorbate (0.1314 mmol) and aryl azides 3(a-m) (0.7 mmol)
were added to a mixture of 9-(prop-2-yn-1-yl)-2,3,4,9-tetrahydro-
1H-carbazole (2) (0.7 mmol) in DMF:water (1:1 v/v). This
mixture was stirred at room temperature for 8-10 h. The reac-
tion was monitored by TLC, and after completion of the reac-
tion, the reaction mixture was poured into ice-cold water and
extracted with ethyl acetate. The combined organic layer was
dried over Na,SO, and evaporated under vacuum, and the crude
material was purified by column chromatography on silica gel
using hexane/ethyl acetate (7:3, v/v) as the eluent to afford
compounds 4(a-u).

Microwave irradiation method. The procedure was similar to
the usual approach described above, with the exception that the
mixture was placed in a closed vessel and microwaved for 4-
6 min at 100 W. After the reaction was completed, the mixture
was poured into ice-cold water and extracted with ethyl acetate

© 2023 The Author(s). Published by the Royal Society of Chemistry
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under the supervision of TLC. The combined organic layer was
vacuum evaporated and dried over Na,SO,, and the crude
substance was purified by column chromatography on silica gel
using hexane/ethyl acetate (7:3, v/v) as an eluent to afford
compounds 4(a-u).
9-((1-Phenyl-1H-1,2,3-triazol-4-yl)  methyl)-2,3,4,9-tetrahydro-
1H-carbazole (4a). Yield: 95%; mp: 112-114 °C; IR (KBr, cm ™ ):
2927 (C-H), 1595 (N=N), 1465 (C=C), 759 (C-N). *H NMR (400
MHz, CDCl,) 6 7.60 (d, J = 7.5 Hz, 2H, Ar-H), 7.33-7.51 (m, 6H,
Ar-H), 7.09-7.17 (m, 2H, Ar-H), 5.44 (s, 2H, N-CH,), 2.72-2.81
(m, 4H, aliphatic-H), 1.85-1.96 (m, 4H, aliphatic-H). *C NMR
(100 MHz, CDCl;) & 146.1, 136.8, 135.9, 135.1, 129.5, 128.7,
127.6,120.9, 120.4, 119.5, 119.1 (Triazole-C), 117.9, 110.3, 108.6,
38.5 (N-CH, carbon), 23.1, 23.0, 22.0, mass spectrum, m/z (Irel,
%): calcd 328 observed: 329 [M + H]".
Methyl-2-(4-((3,4-dihydro-1H-carbazol-9(2H)-yl)methyl)-1H-
1,2,3-triazol-1-yl)benzoate (4b). Yield: 90%; mp: 100-102 °C; IR
(KBr, cm™): 3126 (C-H), 1720 (C=0), 1465 (C-C), 1294 (C-N),
754 (C-0). 'H NMR (400 MHz, CDCl;) 6 7.93 (dd, J = 7.7, 7.6 Hz,
1H, Ar-H), 7.51-7.60 (m, 2H, Ar-H), 7.47 (d, ] = 7.7 Hz, 1H, Ar-
H), 7.29-7.39 (m, 3H, Ar-H), 7.05-7.5 (m, 2H, Ar-H), 5.44 (s, 2H,
N-CH,), 3.52 (s, 3H, Ar-H), 2.82 (t, ] = 5.9, 6.2 Hz, 2H, aliphatic-
H), 2.72 (t, ] = 5.9 Hz, 2H, aliphatic-H), 1.93-1.98 (m, 2H,
aliphatic-H), 1.83-1.88 (m, 2H, aliphatic-H). ">C NMR (100 MHz,
CDCl;) 6 165.4, 145.1, 135.9, 135.8, 135.1, 132.5, 131.1, 129.8,
127.7,127.2, 126.6, 123.4, 120.8, 119.0 (Triazole-C), 117.8, 110.2,
108.6, 52.3 (Ar-C), 38.5 (N-CH, carbon), 23.1, 23.0, 22.0, 21.0,
mass spectrum, m/z (Irel, %): calcd: 386 observed: 387 [M + H]'.
1-(3-(4-((3,4-Dihydro-1H-carbazol-9(2H)-yl)methyl)-1H-1,2, 3-
triazol-1-yl)phenyl)ethanone (4c). Yield: 91%; mp: 116-118 °C; IR
(KBr, cm™%): 3149, 2929, 2833 (C-H), "H NMR (400 MHz, CDCl;)
6 8.14 (t, /] = 1.8 Hz, 3H, Ar-H), 7.86-7.96 (m, 2H, Ar-H), 7.55-
7.58 (m, 2H, Ar-H), 7.49 (d, J = 7.7 Hz, 1H, Ar-H), 7.33 (d, ] =
8.1 Hz, 1H, Ar-H), 7.08-7.17 (m, 2H, Ar-H), 5.44 (s, 2H, N-CH,),
2.80 (t, ] = 6.2, 5.9 Hz, 2H, aliphatic-H), 2.74 (t, /] = 6.1, 5.9 Hz,
2H, aliphatic-H), 2.62 (s, 3H, Ar-H), 1.94-1.98 (m, 2H, aliphatic-
H), 1.85-1.89 (m, 2H, aliphatic-H). *C NMR (100 MHz, CDCI;)
0 196.6, 146.5, 138.3, 137.1, 135.9, 135.1, 130.0, 128.3, 127.6,
124.7,121.0,119.6, 119.5, 119.2 (Triazole-C), 118.0, 110.4, 108.5,
38.5 (N-CH, carbon), 26.7, 23.1, 23.0, 22.0, 21.0, mass spec-
trum, m/z (Irel, %): calcd: 370 observed: 371 [M + H]'.
9-((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-2,3,4,9-
tetrahydro-1H-carbazole (4d). Yield: 83%; mp: 155-157 °C; IR
(KBr, cm™): 3134 (C-H), 2836, 1602, 1504, 1049 (C-O). '"H NMR
(400 MHz, CDCl;) 6 7.61-7.67 (m, 2H, Ar-H), 7.48 (d, J = 7.7 Hz,
1H, Ar-H), 7.34-7.40 (m, 2H, Ar-H), 6.98-7.17 (m, 4H, Ar-H),
5.43 (s, 2H, N-CH,), 3.77 (s, 3H, Ar-H), 2.83 (t, ] = 6.0, 6.2 Hz,
2H, aliphatic-H), 2.73 (t, ] = 6.0 Hz, 2H, aliphatic-H), 1.83-1.99
(m, 4H, aliphatic-H). "*C NMR (100 MHz, CDCl;) 6 151.0, 144.5,
135.3,130.1, 125.4, 123.7, 121.0, 120.7, 119.3 (Triazole-C), 118.9,
117.8, 112.0, 110.1, 108.8, 55.8 (Ar-C), 38.6 (N-CH, carbon),
23.2, 23.1, 22.1, 21.0, mass spectrum, m/z (Irel, %): calcd: 358
observed: 359 [M + H|".
1-(4-(4-((3,4-Dihydro-1H-carbazol-9(2H)-yl)methyl)-1H-1,2, 3-
triazol-1-yl)phenyl)ethanone (4e). Yield: 87%; mp: 182-184 °C; IR
(KBr, cm™): 3134 (C-H), 3043, 2929, 2852, 1674. *"H NMR (400
MHz, CDCl,) 6 8.04 (d, ] = 8.6 Hz, 2H, Ar-H), 7.74 (d, ] = 8.6 Hz,
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2H, Ar-H), 7.54 (s, 1H, triazole-H), 7.50 (d, ] = 7.7 Hz, 1H, Ar-H),
7.32(d,J = 8.0, 1H, Ar-H), 7.09-7.18 (m, 2H, Ar-H), 5.45 (s, 2H,
N-CH,), 2.79 (t,] = 5.7, 6.1 Hz, 2H, aliphatic-H), 2.74 (t, ] = 6.1,
5.6 Hz, 2H, aliphatic-H), 2.62 (s, 3H, Ar-H), 1.93-1.98 (m, 2H,
aliphatic-H), 1.85-1.89 (m, 2H, aliphatic-H). **C NMR (100 MHz,
CDCl;) 6 196.4, 140.0, 136.8, 136.7, 135.9, 135.1, 129.9, 127.7,
126.0, 121.0, 119.9, 119.2 (Triazole-C), 118.0, 110.4, 108.5, 38.5
(N-CH, carbon), 26.6, 23.1, 23.0, 22.0, 21.0, mass spectrum, m/z
(Irel, %): calcd: 370 observed: 371 [M + H]".
9-((1-(2-Fluorophenyl)-1H-1,2, 3-triazol-4-yl)methyl)-2,3,4,9-tet-
rahydro-1H-carbazole (4f). Yield: 90%; mp: 114-116 °C; IR
(KBr, cm ™~ '): 3136 (C-H), 1609, 1508, 1468, 1230 (C-F). 'H NMR
(400 MHz, CDCl,) 6 7.83 (td,J = 7.8, 1.7 Hz, 1H, Ar-H), 7.61 (d,
= 2.7 Hz, 1H, Ar-H), 7.48 (d, ] = 7.7 Hz, 1H, Ar-H), 7.34-7.41 (m,
2H, Ar-H), 7.04-7.27 (m, 4H, Ar-H), 5.44 (s, 2H, N-CH,), 2.82 (t,
J = 6.1 Hz, 2H, aliphatic-H), 2.73 (t,J = 6.0 Hz, 2H, aliphatic-H),
1.92-1.99 (m, 2H, aliphatic-H), 1.83-1.90 (m, 2H, aliphatic-H).
3C NMR (100 MHz, CDCl;) 6 154.5, 152.0, 145.6, 135.9, 135.1,
129.7,127.6,124.8, 122.8, 120.9, 119.0 (Triazole-C), 117.9, 116.9,
116.7, 110.3, 108.6, 38.4 (N-CH, carbon), 23.1, 23.0, 22.0, 21.0,
mass spectrum, m/z (Irel, %): calcd: 346 observed: 347 [M + H]".
5-((1-Phenyl-1H-1,2,3-triazol-4-yl)methyl)-5,6,7,8,9,10-hexahy-
drocyclohepta[bJindole (4g). Yield: 85%; mp: 146-148 °C; IR
(KBr, cm '): 3118, 3076 (C-H), 3045, 2912, 1463 (C=C). "H NMR
(400 MHz, CDCl,) 6 7.57-7.60 (m, 2H, Ar-H), 7.51 (d, J = 7.3 Hz,
1H, Ar-H), 7.41-7.46 (m, 3H, Ar-H), 7.35-7.39 (m, 1H, Ar-H),
7.32 (d,J = 7.9 Hz, 1H, Ar-H), 7.08-7.16 (m, 2H, Ar-H), 5.50 (s,
2H, N-CH,), 2.93 (t, ] = 5.6 Hz, 2H, aliphatic-H), 2.85 (t, ] =
5.6 Hz, 2H, aliphatic-H), 1.87-1.92 (m, 2H, aliphatic-H), 1.74-
1.79 (m, 4H, aliphatic-H). ">C NMR (100 MHz, CDCl;) 6 146.4,
138.4,136.7,135.2, 129.6, 128.7, 128.2, 120.8, 120.4, 119.5, 119.1
(Triazole-C), 117.7, 114.6, 108.6, 38.8 (N-CH, carbon), 31.5,
28.2, 27.1, 26.4, 24.3, mass spectrum, m/z (Irel, %): calcd: 342
observed: 343 [M + H]".
Methyl-2-(4-((7,8,9,10-tetrahydrocycloheptafbindol-5(6 H)-yl)
methyl)-1H-1,2,3-triazol-1-yl) benzoate (4h). Yield: 85%; mp: 126~
128 °C; IR (KBr, cm™'): 3128 (C-H), 3049, 2839, 1718 (C=0),
1467 (C-C), 1294 (C-N). "H NMR (400 MHz, CDCl,) 6 7.94 (dd, J
=7.7,7.5 Hz, 1H, Ar-H), 7.48-7.61 (m, 3H, Ar-H), 7.32-7.38 (m,
2H, Ar-H), 7.27 (s, 1H, triazole-H), 7.06-7.16 (m, 2H, Ar-H), 5.52
(s, 2H, N-CH,), 3.53 (s, 3H, Ar-H), 2.96 (t, 2H, J = 5.5 Hz,
aliphatic-H), 2.83 (t, 2H, J = 5.7, 5.5 Hz, aliphatic-H), 1.86-1.92
(m, 2H, aliphatic-H), 1.74-1.81 (m, 4H, aliphatic-H). "*C NMR
(100 MHz, CDCl,) 6 165.4, 145.4, 138.4, 135.8, 135.1, 132.5,
131.1,129.8,128.2, 127.2, 126.6, 123.3, 120.7, 119.1 (Triazole-C),
117.7,114.5,108.7, 52.3 (Ar-C), 38.7 (N-CH, carbon), 31.5, 28.2,
27.0, 26.3, 24.2, mass spectrum, m/z (Irel, %): calcd: 400
observed: 401 [M + H|".
5-((1-(2-Fluorophenyl)-1H-1,2, 3-triazol-4-yl)methyl)-
5,6,7,8,9,10hexahydrocycloheptalbfindole (4i). Yield: 72%; mp:
120-122 °C; IR (KBr, cm ™~ *): 3136, 3091 (C-H), 1467 (C-C), 1232
(C-F). '"H NMR (400 MHz, CDCl;) 6 7.83 (t,] = 7.9, 7.6 Hz, 1H,
Ar-H), 7.53 (s, 1H, triazole-H), 7.49 (d, J = 7.7 Hz, 1H, Ar-H),
7.32-7.39 (m, 2H, Ar-H), 7.19-7.27 (m, 2H, Ar-H), 7.06-7.15 (m,
2H, Ar-H), 5.50 (s, 2H, N-CH,), 2.94 (t, ] = 5.3 Hz, 2H, aliphatic-
H), 2.84 (t, /] = 5.3 Hz, 2H, aliphatic-H), 1.87-1.92 (m, 2H,
aliphatic-H), 1.75-1.80 (m, 4H, aliphatic-H). **C NMR (100 MHz,

© 2023 The Author(s). Published by the Royal Society of Chemistry
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CDCl3) 6 154.5, 152.0, 146.0, 138.4, 135.2, 130.1, 128.2, 124.8,
122.6,120.7, 119.1 (Triazole-C), 117.7, 116.9, 116.7, 114.7, 108.7,
38.7 (N-CH, carbon), 31.5, 28.2, 27.0, 26.4, 24.3, mass spec-
trum, m/z (Irel, %): calcd: 360 observed: 361 [M + H]'.
1-(3-(4-((7,8,9,10-Tetrahydrocyclohepta[bJindol-5(6 H)-yl)
methyl)-1H-1,2,3-triazol-1-yl)phenyl)ethanone (4j). Yield: 76%;
mp: 173-175 °C; IR (KBr, cm '): 3142, 3049 (C-H), 1676 (C=0),
1589. 'H NMR (400 MHz, CDCl;) 6 8.14 (t, J = 1.8, 1H, Ar-H),
7.94-7.97 (m, 1H, Ar-H), 7.84-7.88 (m, 1H, Ar-H), 7.50-7.58 (m,
3H, Ar-H), 7.32 (d, J = 7.5 Hz, 1H, Ar-H), 7.09-7.17 (m, 2H, Ar-
H), 5.51 (s, 2H, N-CH,), 2.94 (t, ] = 5.5, 5.7 Hz, 2H, aliphatic-H),
2.85 (t,] = 5.6 Hz, 2H, aliphatic-H), 2.62 (s, 3H, Ar-H), 1.88-1.92
(m, 2H, aliphatic-H), 1.76-1.80 (m, 4H, aliphatic-H). ">*C NMR
(100 MHz, CDCl;) 6 196.6, 146.8, 138.4, 137.2, 135.2, 130.1,
128.4,128.2,124.7, 120.9, 119.7, 119.6, 119.3 (Triazole-C), 117.9,
114.8, 108.7, 38.8 (N-CH, carbon), 31.5, 28.3, 27.1, 26.7, 26.4,
24.3, mass spectrum, m/z (Irel, %) calcd: 384 observed: 385 [M +
H]".
1-(4-(4-((7,8,9,10-Tetrahydrocyclohepta[bJindol-5(6H)-yl)
methyl)-1H-1,2,3-triazol-1-yl)phenyl)ethanone (4k). Yield: 92%;
mp: 138-140 °C; IR (KBr, cm ™ '): 3047 (C-H), 2921, 1605 (C=0),
1467 (C-C). 'H NMR (400 MHz, CDCl;) 6 8.04 (d, J = 8.8 Hz, 2H,
Ar-H), 7.73 (d, J = 8.8 Hz, 2H, Ar-H), 7.49-7.53 (m, 2H, Ar-H);
7.31 (d,J = 7.3 Hz, 1H, Ar-H), 7.09-7.17 (m, 2H, Ar-H), 5.51 (s,
2H, N-CH,), 2.93 (t, ] = 5.6 Hz, 2H, aliphatic-H), 2.85 (t, ] =
5.6 Hz, 2H, aliphatic-H), 2.61 (s, 3H, Ar-H), 1.87-1.92 (m, 2H,
aliphatic-H), 1.74-1.80 (m, 4H, aliphatic-H). "*C NMR (100 MHz,
CDCl,) 6 196.5, 146.9, 139.8, 138.4, 136.8, 135.2, 130.0, 128.3,
120.9, 119.9, 119.4, 119.3 (Triazole-C), 117.9, 114.8, 108.7, 38.7
(N-CH,, carbon), 31.5, 28.3, 27.1, 26.6, 26.4, 24.3, mass spec-
trum, m/z (Irel, %) calcd: 384 observed: 385 [M + H]'.
5-((1-(4-Chlorophenyl)-1H-1,2, 3-triazol-4-yl)methyl)-
5,6,7,8,9,10-hexahydrocycloheptafbfindole (4l). Yield: 90%; mp:
168-170 °C; IR (KBr, cm'): 3137, 2847 (C-H), 1230 (C-N), 736
(C-CI). 'H NMR (400 MHz, CDCl;) 6 7.50-7.58 (m, 3H, Ar-H),
7.39-7.44 (m, 3H, Ar-H), 7.30 (d, J = 7.3 Hz, 1H, Ar-H), 7.09-
7.17 (m, 2H, Ar-H), 5.50 (s, 2H, N-CH,), 2.92 (t,J = 5.7, 5.6, 2H,
aliphatic-H), 2.85 (t, J = 5.6 Hz, 2H, aliphatic-H), 1.87-1.93 (m,
2H, aliphatic-H), 1.73-1.80 (m, 4H, aliphatic-H). *C NMR (100
MHz, CDCl;) 6 146.7, 138.4, 135.3, 135.2, 134.5, 129.8, 128.3,
121.5, 120.9, 119.4, 119.3 (Triazole-C), 117.9, 114.7, 108.7, 38.8
(N-CHj carbon), 31.5, 28.3, 27.1, 26.4, 24.3, mass spectrum, m/z
(Trel, %): calcd: 376 observed: 377 [M + H]".
5-((1-(2-Chlorophenyl)-1H-1,2, 3-triazol-4-yl)methyl)-
5,6,7,8,9,10-hexahydrocycloheptafbjindole (4m). Yield: 96%; mp:
150-152 °C; IR (KBr, cm ™~ *): 3422, 2911, 1464 (C-C), 730 (C-CI).
'H NMR (400 MHz, CDCl;) 6 7.47-7.52 (m, 3H, Ar-H), 7.31-7.43
(m, 4H, Ar-H), 7.06-7.15 (m, 2H, Ar-H), 5.53 (s, 2H, N-CH,),
2.94 (t, ] = 5.6, 5.7 Hz, 2H, aliphatic-H), 2.84 (t, ] = 5.6 Hz, 2H,
aliphatic-H), 1.86-1.92 (m, 2H, aliphatic-H), 1.74-1.81 (m, 4H,
aliphatic-H). "*C NMR (100 MHz, CDCl;) 6 145.5, 138.4, 135.2,
134.6,130.7,130.6, 128.5,128.1, 127.7, 127.6, 123.5, 120.7,119.1
(Triazole-C), 117.7, 114.7, 108.7, 38.7 (N-CH, carbon), 31.5,
28.2, 27.0, 26.4, 24.3, mass spectrum, m/z (Irel, %) calcd: 376
observed: 377 [M + H]".
9-((1-(4-(Trifluoromethyl)phenyl)-1H-1,2, 3-triazol-4-yl)methyl)-
2,3,4,9-tetrahydro-1H-carbazole (4n). Yield: 92%; mp: 104-106 ©
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C; IR (KBr, cm '): 3045, 2980, 1459, 1232 (C-F). "H NMR (400
MHz, CDCl,) 6 7.90 (s, 1H, Ar-H), 7.81 (d, J = 8.0 Hz, 1H, Ar-H),
7.65 (d, J = 7.8 Hz, 1H, Ar-H), 7.58 (t, J = 7.9 Hz, 1H, Ar-H),
7.53-7.48 (m, 2H, Ar-H), 7.32 (d, J = 8.0 Hz, 1H, Ar-H), 7.19-
7.08 (m, 2H, Ar-H), 5.44 (s, 2H, N-CH,), 2.76 (dt, ] = 20.6,
5.8 Hz, 4H, aliphatic-H), 1.98-1.83 (m, 4H, aliphatic-H). *C
NMR (100 MHz, CDCl,) 6 146.7,137.1, 136.0, 135.1, 132.2, 130.4,
127.8,124.6,123.5,121.1,119.5, 119.3 (Triazole-C), 118.0, 110.5,
108.5, 38.5 (N-CH, carbon), 23.6, 23.1, 22.0, 21.0, mass spec-
trum, m/z (Irel, %) calcd: 396 observed: 397 [M + HJ'.

9-((1-(2-(Phenylthio)phenyl)-1H-1,2, 3-triazol-4-yl)methyl)-
2,3,4,9-tetrahydro-1H-carbazole (40). Yield: 94%; mp: 131-132 ©
C; IR (KBr, cm '): 3423, 3073, 1547, 695. 'H NMR (400 MHz,
CDCl,) 6 7.48 (d, J = 7.5 Hz, 1H, Ar-H), 7.43-7.39 (m, 2H, Ar-H),
7.32 (dd, J = 9.4, 4.6 Hz, 3H, Ar-H), 7.29-7.26 (m, 1H, Ar-H),
7.25-7.19 (m, 3H, Ar-H), 7.16-7.12 (m, 3H, Ar-H), 7.09 (dd, J =
10.8, 4.0 Hz, 1H, Ar-H), 5.41 (s, 2H, N-CH,), 2.75 (dt, J = 23.1,
5.8 Hz, 4H, aliphatic-H), 1.96-1.82 (m, 4H, aliphatic-H). *C
NMR (100 MHz, CDCl;) 6 145.0, 136.6, 136.0, 135.2, 133.1, 132.6,
132.5, 131.7, 130.2, 129.4, 127.9, 127.8, 127.7, 127.0, 123.6,
120.9, 119.0 (Triazole-C), 117.9, 110.2, 108.7, 38.5 (N-CH,
carbon), 23.2, 23.1, 22.1, 21.0, mass spectrum, m/z (Irel, %)
calcd: 436 observed: 437 [M + H]".

9-((1-(2-Fluorophenyl)-1H-1,2, 3-triazol-4-yl)methyl)-3-phenyl-
2,3,4,9-tetrahydro-1H-carbazole (4p). Yield: 90%; mp: 145-147 ©
C; IR (KBr, cm ™ '): 3135, 2380 (C-C), 1453, 1230. "H NMR (400
MHz, CDCL;) 6 7.84 (tt, J = 9.3, 4.6 Hz, 1H, Ar-H), 7.72 (m, ] =
13.4, 9.6, 2.2 Hz, 1H, Ar-H), 7.65 (d, ] = 2.7 Hz, 1H, Ar-H), 7.47
(d,J = 7.7 Hz, 1H, Ar-H), 7.40-7.37 (m, 2H, Ar-H), 7.33 (d, ] =
1.9 Hz, 1, Ar-H), 7.31-7.15 (m, 6H, Ar-H), 7.10 (dd, J = 11.0,
3.9 Hz, 1H, Ar-H), 5.47 (s, 2H, N-CH,), 3.12-3.03 (m, 2H,
aliphatic-H), 3.01-2.94 (m, 2H, aliphatic-H), 2.88-2.79 (m, 1H,
aliphatic-H), 2.31-2.08 (m, 2H, aliphatic-H). **C NMR (100 MHz,
CDCl;) 6 154.5, 146.5, 136.3, 134.8, 130.3, 130.2, 145.5, 128.4,
128.8,127.0,126.2, 124.9, 121.2, 119.3, 119.0 (Triazole-C), 118.0,
117.0,116.8,110.3, 108.8, 40.9, 38.6 (N-CH,, carbon), 30.3, 29.3,
22.3, mass spectrum, m/z (Irel, %) calcd: 422 observed: 423 [M +
H]".
4-(4-((7,8,9,10-Tetrahydrocyclohepta[bfindol-5(6 H)-yl)methyl)-
1H-1,2,3-triazol-1-yl)phenol (4q). Yield: 85%; mp: 160-162 °C; IR
(KBr, cm™"): 3548, 3085, 2850, 3085, 1300 (C-OH). '"H NMR (400
MHz, CDCl,) 6 7.52 (d, ] = 7.2 Hz, 1H, Ar-H), 7.45 (d, ] = 8.8 Hz,
2H, Ar-H), 7.32 (d, J = 6.9 Hz, 2H, Ar-H), 7.18-7.08 (m, 2H, Ar-
H), 6.89 (d,J = 8.8 Hz, 2H), 5.49 (s, 2H, N-CH,), 5.30 (s, 1H, C-
OH), 2.95-2.90 (m, 2H, aliphatic-H), 2.87-2.82 (m, 2H, aliphatic-
H), 1.89 (d, J = 5.0 Hz, 2H, aliphatic-H), 1.76 (d, /] = 4.8 Hz, 4H,
aliphatic-H). '*C NMR (100 MHz, CDCl;) 6 156.1, 146.2, 146.5,
138.4,129.0,128.2, 127.8, 122.4, 120.8, 119.7, 119.2 (Triazole-C),
117.8, 116.2, 114.6, 109.3, 108.7, 38.8 (N-CH, carbon), 31.5,
28.3, 27.1, 26.4, 24.3, mass spectrum, m/z (Irel, %) calcd: 358
observed: 359 [M + H]".

5-((1-(4-Nitrophenyl)-1H-1,2, 3-triazol-4-yl)methyl)-5,6,7,8,9,10-
hexahydrocyclohepta[blindole (4r). Yield: 87%; mp: 147-149 °C;
IR (KBr, cm™'): 3105, 2930 (C-H), 1583, 1650 (C-NO,). 'H NMR
(400 MHz, CDCl;) 6 8.36-8.31 (m, 2H, Ar-H), 7.87-7.81 (m, 2H,
Ar-H), 7.57-7.49 (m, 2H, Ar-H), 7.30 (d, J = 7.3 Hz, 1H, Ar-H),
7.14 (m, J = 7.0, 1.2 Hz, 2H, Ar-H), 5.52 (s, 2H, N-CH,), 2.95-
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2.89 (m, 2H, aliphatic-H), 2.88-2.83 (m, 2H, aliphatic-H), 1.89
(dd, J = 7.3, 3.8 Hz, 2H, aliphatic-H), 1.79 (dd, J = 9.9, 4.8 Hz,
4H, aliphatic-H). ">*C NMR (100 MHz, CDCl;) 6 147.4, 147.2,
140.9, 138.3, 135.2, 128.3, 125.4, 121.0, 120.4, 119.5, 119.4
(Triazole-C), 117.9, 114.9, 108.6, 38.7 (N-CH, carbon), 31.4,
28.2, 27.1, 26.4, 24.3, mass spectrum, m/z (Irel, %) calcd: 387
observed: 388 [M + H] + (100).

9-((1-(4-Nitrophenyl)-1H-1,2, 3-triazol-4-yl)methyl)-1,2,4,9-tetra-
hydrospiro[carbazole-3,2'[1,3]dioxolane] (4s). Yield: 95%; mp:
153-155 °C; IR (KBr, cm™'): 3145 (C-C), 2860 (C-H), 1601 (C-
NO,), 1535. "H NMR (400 MHz, CDCl;) 6 8.38-8.30 (m, 2H, Ar-
H), 7.87-7.82 (m, 2H, Ar-H), 7.57 (s, 1H, Ar-H), 7.47 (d, J =
7.6 Hz, 1H, Ar-H), 7.30 (d, J = 8.0 Hz, 1H, Ar-H), 7.20-7.07 (m,
2H, Ar-H), 5.46 (s, 2H, N-CH,), 4.09-4.01 (m, 4H, aliphatic-H),
2.99 (d, J = 8.4 Hz, 3H, aliphatic-H), 2.17 (s, 1H), 2.11 (t, ] =
6.6 Hz, 2H, aliphatic-H). "*C NMR (100 MHz, CDCl;) 6 147.2,
146.9,140.9,136.7,133.4,127.5,125.4,121.5,120.4, 119.6, 119.5
(Triazole-C), 118.0, 108.9, 108.7, 108.5, 64.7, 38.8 (N-CH,
carbon), 32.0, 31.6, 20.5, mass spectrum, m/z (Irel, %) calcd: 431
observed: 432 [M + H] + (100).

4-(4-((3,4-Dihydro-1H-carbazol-9(2H)-yl)methyl)-1H-1,2, 3
triazol-1-yl)benzoic acid (4t). Yield: 90%; mp: 121-123 °C; IR
(KBr, cm™*): 3146, 2750, 1759, 1600. *H NMR (400 MHz, CDCl,)
6 10.98 (s, 1H, ~OH proton), 8.19 (d, J = 8.7 Hz, 2H, Ar-H), 7.76
(d,J = 8.7 Hz, 2H, Ar-H), 7.55-7.50 (m, 2H, Ar-H), 7.33 (d, ] =
8.0 Hz, 1H, Ar-H), 7.18-7.09 (m, 2H, Ar-H), 5.46 (s, 2H, N-CH,),
2.77 (dd, J = 14.3, 6.1 Hz, 4H, aliphatic-H), 1.91 (dd, J = 30.5,
5.7 Hz, 4H, aliphatic-H). "*C NMR (100 MHz, CDCl;) ¢ 169.3,
142.0, 136.9, 135.5, 131.8, 130.7, 130.6, 127.7, 123.3, 121.6,
119.9, 119.4, 118.4, 109.9, 108.5, 54.1, 23.1, 23.1, 23.8, 21.0,
mass spectrum, m/z (Irel, %) calcd: 431 observed: 432 [M + H]".

5-((1-(4-(Trifluoromethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)-
5,6,7,8,9,10 hexahydrocycloheptafbJindole (4u). Yield: 72%; mp:
152-154 °C; IR (KBr, cm™*): 3031 (C-C), 2988, 1498, 1230 (C-F).
'H NMR (400 MHz, CDCl;) 6 7.91 (s, 1H), 7.81 (d, ] = 8.0 Hz, 1H),
7.65 (d, J = 7.8 Hz, 1H, Ar-H), 7.59 (t, /] = 7.9 Hz, 1H, Ar-H),
7.54-7.51 (m, 1H), 7.48 (s, 1H), 7.31 (d,J = 7.5 Hz, 1H), 7.18-7.09
(m, 2H, Ar-H), 5.51 (s, 2H, N-CH,), 2.96-2.90 (m, 2H, aliphatic-
H), 2.88-2.82 (m, 2H, aliphatic-H), 1.89 (dd, J = 7.3, 3.7 Hz, 2H,
aliphatic-H), 1.81-1.74 (m, 4H, aliphatic-H). ">C NMR (100 MHz,
CDCl;) 6 147.0, 138.4, 137.1, 135.2, 132.5, 130.4, 128.3, 123.5,
120.9, 119.4, 119.3, 117.9, 114.8, 108.6, 117.4, 38.8, 31.5, 28.3,
27.1,26.4, 24.3. Mass spectrum, m/z (Irel, %) calcd: 409 observed:
410 [M + H]".

Antimicrobial assay

All the new N-substituted 1,2,3-triazolylmethyl indole deriva-
tives were evaluated for antimicrobial activity against various
bacterial and fungal cultures at a concentration of 10, 20 (uM)
employing the well diffusion method.** The standard antibiotic
streptomycin was employed as standard. The well diffusion
method was carried out on nutrient agar medium (0.5%
peptone, 0.5% NaCl and 0.3% beef extract, HiMedia, Mumbai).
The nutrient agar medium was autoclaved at 121 °C/15 Ibs, after
the autoclaving medium was cooled (40 °C) and poured into
Petri dishes (Borosil, S-Line). After solidification, the Petri
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dishes were observed for sterility by overnight incubation. After
the sterility check, the medium was cultured with 10® cfu mL ™"
actively grown (0.1 mL) bacterial culture using the spread plate
technique. After a few minutes, wells were created on the
cultured medium using a sterile well borer (5 mm) and selected
dilutions of the synthesized N-substituted 1,2,3-triazolylmethyl
indole derivatives with selected concentrations were inoculated.
After inoculation, the cultured plates were incubated at 37 °C/
24 h, and the antimicrobial activity was evaluated based on the
zone of inhibition (mm) around the well.

Antioxidant assay

The radical scavenging activity of the synthesized compounds
was evaluated by using DPPH (2,2-diphenyl-1-picrylhydrazyl)*
and HRS (hydroxyl radical scavenging) methods.*” The reaction
mixture was set with selected concentrations of synthesized
compounds in 0.2 mM DPPH, and HRS mixture (1,10-phenan-
throline: 2.5 mM, PBS: pH 7.4 and FeSO,: 2.5 mM) and incu-
bated for 30 min in the dark and its absorbance recorded at
517 nm. Radical scavenging activity was evaluated using the
following formula.

DPPH activity (%) = (ABSc — ABSg)/S x 100

where ABS: and ABSg are the absorbance of the control and test
samples, respectively. S is the volume (mL) of sample.

HRS activity (%) = (4s — A)(Ap — Ac) x 100

where A is the absorbance of the sample, 4. is the absorbance
of the control (deionized water) and 4y, is the absorbance of the
solution without sample and H,0,.

Anticancer activity assay

Maintenance and propagation of cell lines. The HelLa
(cervical cancer) and MCF-7 (breast cancer) cell lines were
procured from the National Center of Cell Sciences (NCCS),
Pune. Both cell lines were maintained in Dulbecco's modified
Eagle medium (DMEM-Gibco, USA) supplemented with antibi-
otic solution (100x) and 10% fetal calf serum (FCS-Gibco, USA).
The cultured cells were propagated and maintained at 37 °C in
a CO, incubator containing 5% CO, and 95% air. The cells were
sub-cultured every 2 days by trypsinization for further
experiments.

MTT assay

The evaluation of the anti-cancer activity of the synthesized
compounds with HeLa and MCF-7 cells was performed using
the MTT assay.***® The cancer cells were seeded on 96-well
tissue plates (Thermo Fisher Scientific, USA), where 1 x 10°
cells were seeded in each well. The plates were incubated in
a 5% carbon dioxide incubator at 37 °C for 24 h, and post-
seeding, the previous medium was replaced with 5 uM, 10
uM, 15 uM, 20 uM, and 25 uM of test compounds with DMEM in
each well to achieve a total volume of 200 pL. The treated cells
were incubated for 24 h. After a certain incubation period, the
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test compounds were discarded and 100 pL of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
solution (5 mM mL ™" in MEM) was filled in each well and kept
for 2-4 h in a 5% CO, incubator in the dark. The formazan
crystals formed by MTT was dissolved by adding 100 uL of
dimethyl sulfoxide (DMSO) and incubated for another 20 min.
The adsorption of the dissolved formazan crystal was measured
using an ELISA reader (BioTek instrument, USA) at 570 nm. The
experiments were carried out in triplicate. The anticancer
activity of each tested compound was calculated as reported.*®

Molecular docking studies

In the present study, the AutoDock Vina PyRx virtual screening
tool was used,* which contributes a higher docking efficiency
and accuracy. Autodock Vina uses a scoring function with effi-
cient optimization and multithreading.®® The PyRx virtual
screening tool is an open source (https://pyrx.sourceforge.io/)
software downloaded and installed on a computer configured
with Intel(R) Core (TM) i5-8250U CPU @1.60 GHz 1.80 GHz
processor and RAM capacity of 8.00 GB. The ligand molecules
were drawn using the ChemSketch (https://www.acdlabs.com)
software tool and saved in MDL file (.mol) format, and
converted to a PDB file using the Open Babel GUI tool.

To study the interactions between the newly synthesized
ligand molecules and the target receptor, the crystal structure of
the HeLa cell line protein caspase-3 (PDB id: 5IAE) and the
crystal structure Human 17-beta-hydroxysteroid dehydrogenase
type 1(PDB ID: 1FDW) (HBS) of the MCF-7 cell line were
downloaded from the Protein Data Bank (https://www.rcsb.org).
The proteins were prepared using the Biovia Discovery Studio
software  tool  (https://discover.3ds.com/discovery-studio-
visualizer-download). Initially, the water molecules were
removed, and polar hydrogens added. The target protein was
loaded in the PyRx tool and saved as a PBDQT file using the
Autodock command. The ligands were loaded in PyRx using
the Open Babel GUI input wizard. The energies of the ligands
were minimized and converted to PDBQT file format. The
Autodock Vina wizard was wused to perform docking
simulations after setting up a grid box in the active site
pocket of the target molecule.

According to the docked procedure, the conformations were
ranked according to their binding energy and the confirmation
with lowest binding energy was considered the best docking
score. The docking results were visualized using the Pymol,
Biovia Discovery Studio Visualizer and Ligplot protocol.

Conclusions

In conclusion, herein, we reported a simple and efficient
method for the synthesis of novel N-substituted 1,2,3-tri-
azolylmethyl indole derivatives (4a-u) employing the conven-
tional method and microwave irradiation method. All the newly
synthesized compounds were evaluated for antibacterial, anti-
fungal, antioxidant and anticancer activities. The results of the
antibacterial, antifungal and antioxidant and anticancer
screening of all the synthesized compounds demonstrated that

© 2023 The Author(s). Published by the Royal Society of Chemistry
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compounds 4n, 4p and 4s exhibited potent antibacterial and
antifungal activity against selected microorganisms compared
with the standard drug and moderate antioxidant activity.
Compounds 4c, 4h, 4n, 4q and 4r significantly inhibited the
proliferation more than 50% HeLa and MCF-7 cells in a dose-
dependent manner for 24 h. Thus, the above-mentioned
compounds can be considered as lead compounds for the
further development of potent antimicrobial, antioxidant and
anticancer drug agents. According to the docking studies,
compounds 4c, 4h, and 4q have a higher affinity for the target
cancer cells than the medication doxorubicin. Thus, the results
of the docking investigations of the compounds and their bio-
logical activity are in good agreement.

Author contributions

All the experiments were design and carried out by GT with the
help of GS, DR, MS and BS. BKK carried out all biological
activities and TV carried out docking studies. DA, Correspond-
ing author designed the concept, monitored all experiments
and prepared the manuscript. All authors read and approved
the final manuscript.

Conflicts of interest

The authors confirm that this article content has no conflict of
interest.

Acknowledgements

This work was supported by the Ministry of tribal affairs for
NFST fellowship. Author Ms Gugulothu Thara is grateful to
NFST, New Delhi (Ref. No. 201819-NFSTTEL-00427) for
providing fellowship. One of the authors D. Ashok is thankful to
UGC, New Delhi, India for the award of BSR-Faculty Fellowship
(no. F.18-2011/(BSR)). The authors are grateful to the Head,
Department of Chemistry and Department of Pharmacy,
Osmania University, Hyderabad for laboratory facilities and
CFRD, Osmania University, Hyderabad.

References

1 D. Kerzarea and P. Khedekar, J. Pharm. Sci. Bioscientific.,
2016, 6(1), 144-156.

2 M. Baumann, I. R. Baxendale, S. V. Ley and N. Nikbin,
Beilstein J. Org. Chem., 2011, 7(1), 442-495.

3 E. Yamuna, R. A. Kumar, M. Zeller and K. ]J. Prasad, Eur. J.
Med. Chem., 2012, 47, 228-238.

4 G. Stork, P. C. Tang, M. Casey, B. Goodman and M. Toyota, J.
Am. Chem. Soc., 2005, 127(46), 16255-16262.

5 K. K. Surdyk, D. L. Sloan and S. A. Brown, Am. J. Vet. Res.,
2012, 73(9), 1485-1490.

6 N. A. Mohamed, W. S. El-Serwy, A. El-Karim, S. Somaia,
G. E. Awad and S. A. Elseginy, Res. Chem. Intermed., 2016,
42(2), 1363-1386.

7 A. E. Martin and K. J. Rajendra Prasad, Acta Pharm., 2006,
56(1), 79-86.

RSC Adv, 2023, 13, 25-40 | 39


https://pyrx.sourceforge.io/
https://www.acdlabs.com
https://www.rcsb.org
https://discover.3ds.com/discovery-studio-visualizer-download
https://discover.3ds.com/discovery-studio-visualizer-download
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2ra05960f

Open Access Article. Published on 19 Desemba 2022. Downloaded on 31/10/2025 13:13:13.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

RSC Advances

8 T. Taj, R. R. Kamble, T. M. Gireesh, R. K. Hunnur and
S. B. Margankop, Eur. J. Med. Chem., 2011, 46(9), 4366-4373.

9 N. A. Shmeiss, M. M. Ismail, A. M. Soliman and H. I. El-
Diwani, Molecules, 2000, 5(10), 1101-1112.

10 A. Urrutia and J. G. Rodriguez, Tetrahedron, 1999, 55(36),
11095-11108.

11 A. Nikitenko, D. Evrard, A. L. Sabb, R. L. Vogel, G. Stack,
M. Young, M. Lin, B. L. Harrison and J. R. Potoski, Org.
Pro. Res. Dev., 2008, 12(1), 76-80.

12 N. Ty, G. Dupeyre, G. G. Chabot, J. Seguin, L. Quentin,
A. Chiaroni, F. Tillequin, D. Scherman, S. Michel and
X. Cachet, Eur. J. Med. Chem., 2010, 45(9), 3726-3739.

13 T. Surendiran and S. Balasubramanian, E-J. Chem., 2009,
6(S1), $374-5380.

14 P. Salehi, K. Babanezhad-Harikandei, M. Bararjanian, A. Al-
Harrasi, M. A. Esmaeili and A. Aliahmadi, Med. Chem. Res.,
2016, 25(9), 1895-1907.

15 N. Dubey, M. C. Sharma, A. Kumar and P. Sharma, Med.
Chem. Res., 2015, 4(6), 2717-2731.

16 N. Panathur, N. Gokhale, U. Dalimba, P. V. Koushik,
P. Yogeeswari and D. Sriram, Med. Chem. Res., 2016, 25(1),
135-148.

17 V. R. Nagavelli, S. K. Nukala, S. Narsimha, K. S. Battula,
S. J. Tangeda and Y. N. Reddy, Med. Chem. Res., 2016,
25(9), 1781-1793.

18 N. Pokhodylo, O. Shyyka and V. Matiychuk, Med. Chem. Res.,
2014, 23(5), 2426-2438.

19 G. Surineni, P. Yogeeswari, D. Sriram and S. Kantevari,
Bioorg. Med. Chem. Lett., 2015, 25(3), 485-491.

20 J. Jiaranaikulwanitch, P. Govitrapong, V. V. Fokin and
O. Vajragupta, Molecules, 2012, 17(7), 8312-8333.

21 Y. Jiang and T. V. Hansen, Bioorg. Med. Chem. Lett., 2011,
21(6), 1626-1629.

22 E. M. El-Sheref, A. A. Aly, M. B. Alshammari, A. B. Brown,
S. M. N. Abdel-Hafez, W. Y. Abdelzaher, S. Brise and
E. M. N. Abdelhafez, Molecules, 2020, 25(21), 5057.

23 Z. Guo, Z. Yan, X. Zhou, Q. Wang, M. Lu, W. Liu, H. Zhou,
C. Yang and E. J. McClain, Med. Chem. Res., 2015, 24(5),
1814-1829.

24 Y. A. Al-Soud, E. Bey, A. Oster, S. Marchais-Oberwinkler,
R. Werth, P. Kruchten, M. Frotscher and R. W. Hartmann,
Mol. Cell. Endocrinol., 2009, 301(1-2), 212-215.

25 D. Ashok, K. Rangu, S. Gundu and V. H. Rao, Chem.
Heterocycl. Compd., 2016, 52(11), 928-933.

26 M.  Pozarentzi, J. Stephanidou-Stephanatou and
C. A. Tsoleridis, Tetrahedron Lett., 2002, 43(9), 1755-1758.

27 1. L. Librando and E. C. Creencia, Procedia Chem., 2015, 16,
299-305.

28 A. Dandia, R. Singh, S. Khaturia, C. Mérienne, G. Morgant
and A. Loupy, Bioorg. Med. Chem., 2006, 14(7), 2409-2417.

29 D. Ashok, D. Mohan Gandhi, G. Srinivas and A. Vikas Kumar,
Med. Chem. Res., 2014, 23(6), 3005-3018.

40 | RSC Adv, 2023, 13, 25-40

View Article Online

Paper

30 D. Ashok, S. Ravi, A. Ganesh, B. V. Lakshmi, S. Adam and
S. D. Murthy, Med. Chem. Res., 2016, 25(5), 909-922.

31 D. Ashok, A. Ganesh, B. Vijaya Lakshmi and S. Ravi, Russ. J.
Gen. Chem., 2014, 84(6), 1237-1242.

32 G. Surineni, P. Yogeeswari, D. Sriram and S. Kantevari, Med.
Chem. Res., 2015, 24(3), 1298-1309.

33 V. B. Sokolov, A. Y. Aksinenko, T. A. Epishina and
T. V. Goreva, Russ. Chem. Bull., 2019, 68(7), 1424-1428.

34 A. Walser, T. Flynn, C. Mason, H. Crowley, C. Maresca,
B. Yaremko and M. O'Donnell, J. Med. Chem., 1991, 34(3),
1209-1221.

35 A. Sen and A. Batra, Int. J. Curr. Pharm. Res., 2012, 4(2), 67-
73.

36 M. Rahman, M. Islam, M. Biswas and A. H. KhurshidAlam,
BMC Res. Notes, 2015, 8(1), 1-9.

37 B. Halliwell and J. M. Gutteridge, Free Radicals in Biology and
Medicine, Oxford University Press, USA, 2015.

38 L. Ma, Y. Xiao, C. Li, Z. L. Xie, D. D. Li, Y. T. Wang, H. T. Ma,
H. L. Zhu, M. H. Wang and Y. H. Ye, Bioorg. Med. Chem.,
2013, 21(21), 6763-6770.

39 D. Ashok, G. Thara, R. Dharavath, B. Kirankumar,
M. Sarasija and B. Bhima, Russ. J. Gen. Chem., 2022, 92(4),
718-724.

40 J. Dev, Y. Poornachandra, K. R. Reddy, R. N. Kumar,
N. Ravikumar, D. K. Swaroop, P. Ranjithreddy,
G. S. Kumar, J. B. Nanubolu, C. G. Kumar and B. Narsaiah,
Eur. J. Med. Chem., 2017, 130, 223-239.

41 J. J. Maciag, S. H. Mackenzie, M. B. Tucker, ]J. L. Schipper,
P. Swartz and A. C. Clark, Proc. Natl. Acad. Sci. USA, 2016,
113(41), E6080-E6088.

42 C. Mazza, R. Breton, D. Housset and J. C. Fontecilla-Camps,
J. Biol. Chem., 1998, 273(14), 8145-8152.

43 Q. Huang, F. Li, X. Liu, W. Li, W. Shi, F.-F. Liu, B. O'Sullivan,
Z. He, Y. Peng, A.-C. Tan, L. Zhou, ]J. Shen, G. Han,
X.-J. Wang, J. Thorburn, A. Thorburn, A. Jimeno, D. Raben,
J. S. Bedford and C.-Y. Li, Nat. Med., 2011, 17, 860-866,
DOI: 10.1038/nm.2385.

44 D. Poirier, J. Roy and R. Maltais, Cancers, 2021, 13.

45 W. Tian, C. Chen, X. Lei, J. Zhao and J. Liang, Nucleic Acids
Res., 2018, 46(W1), W363-W367.

46 A. Daina and V. Zoete, ChemMedChem, 2016, 11(11), 1117-
1121.

47 C. A. Lipinski, Drug Discov. Today Technol., 2004, 1(4), 337-
341.

48 S. Prasanna and R. J. Doerksen, Curr. Med. Chem., 2009,
16(1), 21-41.

49 U. Abdulfatai, A. Uzairu and S. Uba, J. Basic. Appl. Sci., 2018,
7(2), 204-214.

50 O. Trott and A. J. Olson, J. Comput. Chem., 2010, 31(2), 455-
461.

© 2023 The Author(s). Published by the Royal Society of Chemistry


https://doi.org/10.1038/nm.2385
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2ra05960f

	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f

	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f

	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f
	Microwave-assisted synthesis, molecular docking studies of 1,2,3-triazole-based carbazole derivatives as antimicrobial, antioxidant and anticancer agentsElectronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d2ra05960f


