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KEYWORDS Abstract The present work described the synthetic procedure adopted for the synthesis of bis-
Indole; indole-based triazine derivatives via a series of reactions. All the compounds were synthesized
Triazine synthesis; through a stepwise reaction. After being confirmation through thin-layer chromatography (TLC)
SAR; these compounds were characterized through various spectroscopic techniques including "HNMR,
B-Glucuronidase; 13CNMR and HREI-MS and evaluated against beta-glucuronidase in the presence of standard drug
Molecular docking & p-saccharic acid 1,4 lactone (ICso = 31.2 £ 1.0 uM). Most of the synthesized derivatives were
ADME found with better to good inhibitory potentials (ICso = 5.30 + 2.0 uM to 33.10 £ 1.0 uM).

SAR explains better results of analogs due to the presence of varied substituents on the aromatic
rings. In this regard, the excellent potential was shown by analogs 1, 3, 6, 8 and 9 with ICsq —
5.30 £ 2.0, 7.10 £ 4.0, 6.10 £ 3.0, 8.40 £ 1.0 and 7.20 £ 3.0 uM respectively). In addition, all
the synthesized analogs were evaluated for anti-cancer and anti-bacterial (E. coli) activities in which
the targeted compounds were found with significant potentials in the presence of standard drugs
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Tetrandrineb (ICso = 1.37 £ 0.10 uM) and streptomycin respectively. These derivatives were fur-
ther subjected to molecular docking studies in order to investigate better binding sites with distance.
Additionally, ADME properties for the synthesized compounds were also explored the drug like
properties of the synthesized compounds.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The enzyme beta-glucuronidase catalyzes the glycosaminoglycans in
the cell membrane as well as the extracellular matrix of both cancerous
and healthy cells. The proliferation, invasion, and metastasis of cancer
cells are all impacted by this catalysis (Khan et al., 2011; Chojnowska
et al., 2011). The rise in B-glucuronidase activity is what causes liver
cancer, colon carcinoma, and neoplastic bladder (Szajda et al., 2008;
Kim & Jin 2001; Cheng et al., 2012; Zalewska-Szajda et al., 2018).
In real-time monitoring, therapeutic therapy, early-stage diagnostics,
and as a tumor marker, lucuronidase has been employed as a key tool
(Juan et al., 2009; Murdter et al., 2002). Numerous diseases, including
epilepsy (Falkenbach et al., 1993) and other physiological disorders,
are linked to high levels of B-glucuronidase. Increased levels of (-
glucuronidase result in liver injury, which is a significant problem
worldwide (Byass 2014). The accumulation of glycosaminoglycans
with glucuronic acid residues, which results in lysosomal storage in
the brain, is the cause of mucopolysaccharidosis type VII (MPSVII,
also known as Sly syndrome), which is brought on by a GUS defi-
ciency in the human body (Hassan et al., 2013; Naz et al., 2013).
Inhibiting this enzyme is crucial for preventing such a physiological
problem. One of the key areas in medicinal chemistry is the study of
heterocyclic molecules. They hold a significant place in the structures
of many different natural products. Indole, one of the most useful
structures, has drawn a lot of interest due to its pharmacological action
and has been regarded as an essential scaffold (Cacchi & Fabrizi 2005;
Imran et al., 2015; Elsonbaty et al., 2021). Several compounds based
on indoles have been studied for their potential anticancer properties
(Dadashpour & Emami 2018). In recent years, indole derivatives have
become extremely important drugs. They are widely known for their
important biological actions, including their cytotoxic, anti-bacterial,
antidiabetic, and anti-inflammatory effects (Sravanthi & Manju
2016; Prakash et al., 2018; Singh & Singh 2018; Goyal et al., 2018).
Our research group also works on the varied synthetic procedures of
varied heterocyclic compounds (Khan et al., 2022; Khan et al., 2022;
Khan et al., 2022; Khan et al., 2022; Khan et al., 2022; Hussain
et al., 2022; Mumtaz et al., 2022; Khan et al., 2022; Hussain et al.,
2022; Khan et al., 2023; Khan et al., 2022; Adalat et al., 2023; Khan
et al., 2022; Khan et al., 2022).

In perspective of above details, in the current study we have
planned to synthesize the novel bis-indole based triazine derivatives
their characterization, beta-glucuronidase, anti-cancer and anti-
bacterial activity, molecular docking and ADME-studies.

2. Results and discussion

2.1. Chemistry

Bis-indole bearing di-ketone moiety (I) was mixed along with
thiosemicarbazide in ethanol, and the reaction mixture was
refluxed condition for about 8hrs in the presence of potassium
carbonate, afforded six-membered hydrazine bearing thiol
group as an intermediate moiety (II) (Abdel-Rahman et al.,
2015). This intermediate moiety (II) were further mixed with

varied substituted phenacyl bromide in ethanol in the presence
of triethylamine (ET;N) and the reaction mixture were
refluxed for about 6hrs to obtain bis-indole-based triazine
derivatives (1-12). The synthesized derivatives (Scheme 1) (1—
12) were collected and washed with n-hexane, given fine pow-
der and were characterized through varied spectroscopic tech-
niques such as '"HNMR, "*CNMR and HREI-MS.

2.2. Material and methods

All the chemicals were purchased from Sigma Aldrich, USA.
Avance Bruker machine was used to performed NMR experi-
ment. Finnigan MAT-311A (Germany) mass spectrometer was
used to recorded high resolution electron impact mass spectra
(HR-EIMS). Thin layer chromatography (TLC) was done on
pre-coated silica gel aluminium plates (Kieselgel 60, 254, E.
Merck, Germany). UV at 254 and 365 nm was used to visualize
the chromatograms.

2.3. Characterizations of bis-Indole based triazole derivatives
(1-12)

2.3.1. 2-((5,6-di( 1H-Indol-3-yl)-1,2 4-triazin-3-yl) thio )-1-(4-
(trifluoromethyl) phenyl)ethan-1-one (1)

Light yellow, "H NMR (600 MHz, DMSO dj): 6 12.19 (s, 2H,
N-H), 8.83 (s, 2H, Indole-H (2A/ 2B)), 8.52 (dd, J = 7.8,
2.4 Hz, 2H, Indole-H 4A/ 4B), 7.94 (dd, J = 8.2, 3.2 Hz,
2H, Indole-H 7A/ 7B), 7.90 (d, J = 7.8 Hz, 2H, Ar-H),
7.62-7.71 (m, 4H, Indole-H (5,6A/ 5,6B)), 7.18 (d,
J = 69 Hz, 2H, Ar-H), 4.69 (s, 2H, CH,-S); '*C NMR
(150 MHz, DMSO d,): 6 191.9, 182.6, 180.4, 177.6, 177.5,
175.0, 173.2, 171.1, 166.8, 165.6, 164.4, 162.9, 160.4, 160.1,
159.5, 159.3, 159.0, 158.9, 154.5, 150.5, 148.9, 146.6, 146.4,
138.8, 136.8, 135.3, 121.7, 41.6; HREI-MS: m/z calcld for C,g-
H,sF3Ns0S, [M]" 529.0153 Found 529.0121.

2.3.2. 2-((5,6-di( 1H-Indol-3-yl)-1,2 4-triazin-3-yl) thio )-1-( 3-
methyl-4-(trifluoromethyl) phenyl ) ethan-1-one (2)

Light green, "H NMR (600 MHz, DMSO dj): 5 12.04 (s, 2H,
N-H), 8.52 (s, 2H, Indole-H (2A/ 2B)), 8.78 (dd, J = 7.3,
3.0 Hz, 2H, Indole-H 4A/ 4B), 7.83 (dd, J = 7.8, 3.0 Hz,
2H, Indole-H 7A/ 7B), 7.80 (s, 1H, Ar-H), 7.71-7.79 (m, 4H,
Indole-H (5,6A/ 5,6B)), 7.62 (d, J = 7.1 Hz, 1H, Ar-H), 7.07
(d, J = 7.3 Hz, 1H, Ar-H), 4.72 (s, 2H, CH,-S) 3.03 (s, 3H,
CH;); '3C NMR (150 MHz, DMSO d,): 6 196.7, 183.1,
180.9, 179.1, 179.0, 178.6, 176.7, 174.6, 169.3, 168.1, 167.9,
165.4, 163.9, 163.6, 161.5, 160.5, 160.3, 158.2, 157.0, 153.0,
151.4, 149.1, 146.5, 142.8, 140.3, 139.8, 126.2, 38.5, 22.4;
HREI-MS: m/z calcld for CaoH,oF5NsOS, [M]* 543.7236
Found 543.7196.
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2.3.3. 2-((5,6-di( 1H-Indol-3-yl)-1,2 4-triazin-3-yl ) thio )-1-(4-
hydroxyphenyl)ethan-1-one (3)

White, 'H NMR (600 MHz, DMSO d): § 12.32 (s, 2H, N-H),
10.36 (s, 1H, Ar-OH), 8.78 (s, 2H, Indole-H (2A/ 2B)), 8.65
(dd, J = 7.7, 3.2 Hz, 2H, Indole-H 4A/ 4B), 8.02 (dd,
J = 1.3, 2.9 Hz, 2H, Indole-H 7A/ 7B), 7.78-7.86 (m, 4H,
Indole-H (5,6A/ 5,6B)), 7.75 (d, J = 6.8 Hz, 2H, Ar-H), 7.53
(d, J = 7.3 Hz, 2H, Ar-H), 4.72 (s, 2H, CH,-S);'*C NMR
(150 MHz, DMSO dy): 6 195.5, 181.6, 180.7, 179.4, 178.8,
175.8, 174.7, 171.6, 168.7, 166.9, 166.5, 162.7, 160.9, 160.6,
158.4, 157.5, 152.7, 150.4, 149.9, 148.0, 145.6, 144.9, 143.0,
140.3, 139.6, 137.8, 42.5; HREI-MS: m/z calcld for Cy7H;9Ns-
0,8, [M]" 477.4328 Found 477.4292.

2.3.4. 2-((5,6-di(1H-Indol-3-yl)-1,2 4-triazin-3-yl ) thio )-1-( 3-
hydroxy-5-methylphenyl)ethan-1-one (4)

Light gray, '"H NMR (600 MHz, DMSO d;): § 12.36 (s, 2H,
N-H), 10.52 (s, 1H, Ar-OH), 8.43 (s, 2H, Indole-H (2A/
2B)), 8.39 (dd, J = 7.1, 3.5 Hz, 2H, Indole-H 4A/ 4B), 8.21
(dd, J = 6.9, 3.1 Hz, 2H, Indole-H 7A/ 7B), 7.81-7.89 (m,
4H, Indole-H (5,6A/ 5,6B)), 7.58 (s, 1H, Ar-H), 7.42 (s, 1H,
Ar-H), 7.38 (s, 1H, Ar-H), 4.72 (s, 2H, CH»-S) 2.95 (s, 3H,
CH;); *C NMR (150 MHz, DMSO d): & 188.2, 178.5,
173.1, 170.5, 169.3, 168.8, 167.2, 167.1, 164.7, 161.6, 158.2,
157.6, 157.3, 155.4, 154.9, 151.5, 149.4, 149.2, 149.1, 148.9,
145.4, 144.6, 141.6, 138.1, 137.6, 136.4, 49.4, 37.8; HREI-
MS: m/z calcld for CogH,NsO,S, [M]" 491.6456 Found
491.6432.

2.3.5. 2-((5,6-di(1H-Indol-3-yl)-1,2 4-triazin-3-yl ) thio )-1-( 3-
fluoro-4-methylphenyl)ethan-1-one (5)

Light gray, '"H NMR (600 MHz, DMSO dj): § 12.53 (s, 2H,
N-H), 8.42 (s, 2H, Indole-H (2A/ 2B)), 8.72 (dd, J = 7.2,
2.3 Hz, 2H, Indole-H 4A/ 4B), 7.66 (dd, J = 7.0, 3.2 Hz,
2H, Indole-H 7A/ 7B), 7.61 (s, 1H, Ar-H), 7.58-7.65 (m, 4H,
Indole-H (5,6A/ 5,6B)), 7.33 (d, J = 7.5 Hz, 1H, Ar-H), 7.17
(d, J = 7.8 Hz, 1H, Ar-H), 4.47 (s, 2H, CH>-S) 3.09 (s, 3H,
CH;); 3C NMR (150 MHz, DMSO dy): & 194.5, 186.53
173.2, 172.8, 169.6, 169.4, 166.2, 166.0, 163.3, 162.3, 162.2,
159.7, 153.1, 152.5, 151.6, 148.6, 148.3, 147.4, 147.3, 146.9,
143.2, 141.4, 140.5, 139.8, 138.6, 136.4, 52.6, 38.2; HREI-
MS: m/z calcld for C,sH,0FNsOS, [M]" 493.5348 Found
493.5307.

EtOH, Et;N
Reflux 6hrs / \
R

\
O (112

Represent adopted route for synthesis of bis-indole based triazine derivatives.

2.3.6. 2-((5,6-di( 1H-Indol-3-yl)-1,2 4-triazin-3-yl ) thio )-1-(4-

Sfluorophenyl)ethan-1-one (6)

Light yellow, "H NMR (600 MHz, DMSO dy): 6 12.46 (s, 2H,
N-H), 8.83 (s, 2H, Indole-H (2A/ 2B)), 8.59 (dd, J = 7.3,
2.8 Hz, 2H, Indole-H 4A/ 4B), 7.87 (dd, J = 8.3, 3.3 Hz,
2H, Indole-H 7A/ 7B), 7.72 (d, J = 7.2 Hz, 2H, Ar-H),
7.41-7.50 (m, 4H, Indole-H (5,6A/ 5,6B)), 7.23 (d,
J = 7.4 Hz, 2H, Ar-H), 431 (s, 2H, CH,-S); '*C NMR
(150 MHz, DMSO d,): 6 190.5, 182.6, 180.7, 176.4, 175.8,
173.5, 168.2, 164.0, 162.3, 160.6, 160.0, 158.6, 157.9, 157.9,
156.4, 153.5, 149.6, 149.5, 147.2, 147.0, 143.0, 142.9, 140.9,
139.7, 138.6, 136.4, 48.8; HREI-MS: m/z calcld for Co7H s
FN;OS, [M] " 479.1264 Found 479.1230.

2.3.7. 2-((5,6-di(1H-Indol-3-yl)-1,2 4-triazin-3-yl ) thio )-1-( 3-
methyl-5-nitrophenyl )ethan-1-one (7)

Light yellow, "H NMR (600 MHz, DMSO d,): 6 12.43 (s, 2H,
N-H), 8.78 (s, 2H, Indole-H (2A/ 2B)), 8.61 (dd, J = 7.1,
3.5 Hz, 2H, Indole-H 4A/ 4B), 8.34 (dd, J = 8.4, 3.5 Hz,
2H, Indole-H 7A/ 7B), 7.86-7.92 (m, 4H, Indole-H (5,6A/
5,6B)), 7.72 (s, 1H, Ar-H), 7.69 (s, 1H, Ar-H), 7.54 (s, 1H,
Ar-H), 472 (s, 2H, CH»-S) 2.95 (s, 3H, CH3); '>*C NMR
(150 MHz, DMSO dg): 6 194.2, 177.5, 164.1, 163.4, 161.6,
160.8, 157.2, 157.0, 155.3, 154.6, 154.0, 151.6, 149.9, 148.9,
148.4, 142.5, 142.4, 140.5, 140.2, 140.0, 137.4, 137.2, 136.5,
133.8, 133.6, 130.4, 46.8, 32.6; HREI-MS: m/z calcld for Cyg-
H5oN4O3S, [M]" 520.6373 Found 520.6356.

2.3.8. 2-((5,6-di( 1H-Indol-3-yl)-1,2 4-triazin-3-yl ) thio )-1-(4-
nitrophenyl)ethan-1-one (8)

Light yellow, '"H NMR (600 MHz, DMSO dj): § 12.58 (s, 2H,
N-H), 8.61 (s, 2H, Indole-H (2A/ 2B)), 8.58 (dd, J = 7.7,
3.1 Hz, 2H, Indole-H 4A/ 4B), 8.02 (dd, J = 7.0, 3.7 Hz,
2H, Indole-H 7A/ 7B), 7.89 (d, J = 7.2 Hz, 2H, Ar-H),
7.66-7.74 (m, 4H, Indole-H (5,6A/ 5,6B)), 7.45 (d,
J = 7.0 Hz, 2H, Ar-H), 4.73 (s, 2H, CH,-S); '*C NMR
(150 MHz, DMSO dy): 6 178.4, 174.7, 161.3, 160.4, 158.7,
1579, 154.7, 153.8, 152.4, 151.3, 151.0, 148.8, 146.9, 145.9,
145.5, 139.5, 139.2, 137.7, 137.3, 136.9, 134.7, 134.2, 133.4,
130.5, 129.2, 127.2, 42.9; HREI-MS: m/z calcld for Cy;H gNe-
058, [M]™ 506.2390 Found 506.2354.
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2.3.9. 1-(4-chlorophenyl)-2-( (5,6-di( 1 H-Indol-3-yl)-1,2 4-
triazin-3-yl)thio )ethan-1-one (9)

Light green, '"H NMR (600 MHz, DMSO dy): 6 12.47 (s, 2H,
N-H), 8.74 (s, 2H, Indole-H (2A/ 2B)), 8.62 (dd, J = 7.2,
3.5 Hz, 2H, Indole-H 4A/ 4B), 8.32 (dd, J = 7.6, 3.0 Hz,
2H, Indole-H 7A/ 7B), 795 (d, J = 7.0 Hz, 2H, Ar-H),
7.78-7.83 (m, 4H, Indole-H (5,6A/ 5,6B)), 7.61 (d,
J = 6.4 Hz, 2H, Ar-H), 4.82 (s, 2H, CH,-S); '3C NMR
(150 MHz, DMSO dy): ¢ 184.7, 179.8, 165.6, 165.2, 163.8,
159.9, 159.7, 158.8, 158.2, 157.4, 154.7, 152.6, 150.7, 146.3,
145.6, 143.4, 142.8, 142.7, 142.3, 141.9, 139.7, 139.2, 138.3,
136.6, 133.4, 135.2, 41.8; HREI-MS: m/z calcld for C,;Hg-
CIN;OS, [M]" 495.0260 Found 495.0224.

2.3.10. 1-(3-bromo-5-chlorophenyl)-2-( (5,6-di( 1 H-Indol-3-yl)-
1,2 4-triazin-3-yl ) thio )ethan-1-one (10)

Light green, "H NMR (600 MHz, DMSO dy): 6 12.50 (s, 2H,
N-H), 8.75 (s, 2H, Indole-H (2A/ 2B)), 8.71 (dd, J = 8.0,
3.4 Hz, 2H, Indole-H 4A/ 4B), 8.65 (dd, J = 7.2, 3.0 Hz,
2H, Indole-H 7A/ 7B), 7.94-8.02 (m, 4H, Indole-H (5,6A/
5,6B)), 7.81 (s, 1H, Ar-H), 7.72 (s, 1H, Ar-H), 7.69 (s, 1H,
Ar-H), 4.79 (s, 2H, CH,-S); *C NMR (150 MHz, DMSO d,):
0 179.9, 175.8, 161.6, 160.9, 158.8, 155.2, 155.8, 154.8, 154 .4,
153.4, 150.5, 147.1, 145.6, 141.3, 140.7, 139.2, 138.8, 138.7,
138.3, 138.0, 135.7, 135.4, 133.2, 131.6, 128.6, 118.2, 47.8;
HREI-MS: m/z calcld for C»7H;7 BrCINsOS, [M]" 574.5279
Found 574.5250.

2.3.11. 1-(3-bromo-4-methoxyphenyl)-2-( (5,6-di( 1 H-Indol-3-
yl)-1,2,4-triazin-3-yl ) thio )ethan-1-one (11)

Light brown, '"H NMR (600 MHz, DMSO dy): 6 12.44 (s, 2H,
N-H), 8.45 (s, 2H, Indole-H (2A/ 2B)), 8.76 (dd, J = 7.9,
2.1 Hz, 2H, Indole-H 4A/ 4B), 7.69 (dd, J = 7.2, 3.4 Hz,

2H, Indole-H 7A/ 7B), 7.64 (s, 1H, Ar-H), 7.61-7.68 (m, 4H,
Indole-H (5,6A/ 5,6B)), 7.37 (d, J = 7.1 Hz, 1H, Ar-H), 7.21
(d, J = 7.8 Hz, 1H, Ar-H), 4.47 (s, 2H, CH>-S) 3.97 (s, 3H,
OCH3); *C NMR (150 MHz, DMSO dy): 6 182.7, 177.5,
163.3, 162.7, 158.6, 157.9, 157.6, 156.6, 156.4, 154.2, 152.5,
149.1, 147.4, 143.3, 142.8, 141.2, 140.7, 140.6, 140.3, 140.0,
137.5, 137.5, 135.6, 133.6, 133.6, 121.2, 59.5, 44.8; HREI-
MS: m/z calcld for C,sH,0BrNsO,S, [M]™ 570.4236 Found
570.4203.

2.3.12. 1-(3-bromo-4-chlorophenyl)-2-( (5,6-di( 1 H-Indol-3-yl)-
1,2 4-triazin-3-yl)thio )ethan-1-one (12)

Light brown, '"H NMR (600 MHz, DMSO d,): 6 12.52 (s, 2H,
N-H), 8.58 (s, 2H, Indole-H (2A/ 2B)), 8.55 (dd, J = 7.6,
3.2 Hz, 2H, Indole-H 4A/ 4B), 7.73 (dd, J = 7.0, 3.9 Hz,
2H, Indole-H 7A/ 7B), 7.58 (s, 1H, Ar-H), 7.67-7.74 (m, 4H,
Indole-H (5,6A/ 5,6B)), 7.43 (d, J = 8.2 Hz, 1H, Ar-H), 7.38
(d, J = 8.1 Hz, IH, Ar-H), 4.59 (s, 2H, CH,-S); '*C NMR
(150 MHz, DMSO dg): 6 186.9, 179.7, 162.3, 160.1, 153.6,
153.4, 150.6, 150.4, 150.0, 148.7, 144.5, 141.6, 140.0, 139.3,
132.8, 132.7, 130.9, 130.8, 130.5, 130.4, 128.8, 128.6, 126.5,
119.6, 119.4, 117.1, 45.5; HREI-MS: m/z calcld for C,;H,5-
BrCIN;OS, [M]" 574.3147 Found 574.3125.

3. Biological profile

3.1. 3.1Beta-Glucuronidase inhibitory activity

The aforementioned synthesized derivatives (1-12) were evalu-
ated against beta-glucuronidase to investigate the inhibitory
potentials and leads to the potent candidates among the series.
The inhibitory profiles was compared with standard drug p-
saccharic acid 1,4 lactone (ICsq = 31.2 & 1.0 uM). In this var-

Table 1 Beta-Glucuronidase inhibitory activity and anti-cancer inhibitory activity.

S/ R 1Cs 1Csy Anticancer S/ R 1Cs 1Csy Anticancer
No MM + SEM  (mM + SEM) No (MM = SEM  (mM =+ SEM)
F o O,N
1 /@XF 530 + 2.0 0.80 =+ 0.10 7 21.30 £ 2.0 10.0 + 0.30
CHjy
CH,4 NO,
2 /@: 15.30 + 3.0 4.02 + 0.20 8 /©/ 8.40 + 1.0 3.60 + 0.10
F
OH Cl
3 /©/ 7.10 + 4.0 1.40 + 0.10 9 /©/ 7.20 + 3.0 3.80 + 0.10
H,C OH Br
4 \@/ 19.30 + 1.0 7.10 £ 0.20 10 /@\ 29.10 + 2.0 16.20 + 0.20
cl
CHs, Br |
5 /Q/ 13.10 + 1.0 9.10 £ 0.10 11 /©/0 33.10 £ 1.0 16.20 = 0.30
F
F Cl
6 /©/ 6.10 + 3.0 1.80 + 0.20 12 /@Br 29.20 + 1.0 17.20 + 0.10

Standard drug

p-saccharic acid 1,4 lactone (ICs9 = 31.2 £+ 1.0 uM) Tetrandrineb (IC5y = 1.37 £ 0.10 pM)
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ious substituted derivatives exhibited varied ranges of inhibi-
tory profile (ICsy = 5.30 + 2.0 uM to 33.10 = 1.0 uM). Num-
ber, nature and position of substituents increase and decrease
the inhibitory profile. By this analysis various same substituted
derivatives were compared in biological inhibitory profiles as
well as with standard drug (Table 1).

Based on the presence of different functionalities molecule
was represented via different parts in order to compare the bio-
logical profiles of the synthesized derivatives. For this purpose
structure activity relationships (SAR) were made on the basis
of same substituted compounds in order to make the compar-
ison among the analogs (Fig. 1). In this regard analog-1 (IC
so = 5.30 +£ 2.0 uM) was found with excellent potential when
compared with standard drug p-saccharic acid 1,4 lactone
(ICso = 31.2 = 1.0 uM). The better biological activity of
analog-1 might be the presence of triflouro moiety at para-
position of aromatic ring. Therefore it was considered as to
be much potent analog of the series. Similarly fluoro substi-
tuted analogs (2, 5 and 6) exhibited significant biological
potential such as ICsyp = 15.30 £ 2.0 uM, ICsq = 13.10 £ 1.
0 uM and ICsg 6.10 £ 3.0 uM respectively. Among the

X
R
Varied Substitution =
O e
S
Qe i
N.

Fig. 1

flouro-substituted analog (6) the most effective potential was
shown by analog-6 due to the presence of flouro group at
para-position on aromatic ring which dominantly reduce the
enzymatic activity due to much negative charge in the ring
by flouro group, while ortho-Substituted analog (2) found with
somewhat lower in potential as compared to analog-6. This
might be the presence of methyl moiety at para-position on
aromatic ring. Likewise analog-5 also contain methyl moiety
at para-position on aromatic ring and flouro group at meta-
position which also found with lower in potential due to the
presence of methyl group which reduce the biological potential
by steric hindrance.

A comparison criterion was set for -OH containing analog-
3 having ICsy = 7.10 &+ 4.0 puM and analog-4 with ICsq = 19.
30 + 1.0 uM. The significant activity of analog-3 may be the
strong involvement of —OH moiety present at para-position
while the addition of methyl moiety at meta-position of the
ring which indicates a clear decline in the activity profile of
analog-4 due to its steric hindrance in the ring. A similar case
was observed in —NO, substituted analogs 7 (ICso = 21.30 +
2.0 uM) and 8 (ICsq = 8.40 + 1.0 uM) the activity profile was

Bis-Indole

General representation of molecule.

S1 S2 S3 S4 S5 S6 S7

Antibacterial activity against E.coli

S8

S9 10 S11  S12  STM

Graph 1

Represent the anti-bacterial activity of analogs along with streptomycin (STM) a standard drug against E. coli specie.
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found lower in case of methyl substituted analog-7 while sim-
ple nitro-substituted analog-8 was found with much better
result as compared to standard drug. Moreover, Chloro-
substituted analogs-9 (ICso = 7.20 £ 3.0 uM), 10 (IC5o = 2
9.10 £ 2.0 uM) and 12 (ICsg = 29.20 £ 1.0 uM) the signifi-
cant results was found in case of analog-9 due to the presence
of chloro moiety whereas the presence of bromo moiety in case
of analog 10 and 12 the inhibitory profile were found some-
what lower than the profile of analog-9. This is due to the
bulky nature of bromine which reduces the interactive prop-
erty of molecule thus shown lower potentials. A similar decline
was also found in case of —OMe substituted analog-11

Analog-1 in Beta glucoronidase complex

Analog-3in B(eta gk/lcoronidase complex

(ICso = 33.10 = 1.0 uM), due to the presence of bromo group
the inhibitory profile was found lower as compare to standard
drug.

3.2. In vitro anti-cancer inhibitory activity

All the synthesized analogs (1-12) were also evaluated for anti-
cancer activity in order to investigate the biological inhibitory
profile of the potent analog among the synthesized moieties. A
similar inhibitory profile was observed when all the analogs
were evaluated in the presence of standard drug, Tetrandrineb
(ICso = 1.37 £ 0.10 pM). Among the tested series analog-1

SER :
A286 s:;”
ASP R g
: 3 PHE IS
A285 4338 o b 1184440

GIN A2

A74
Interactions
] ven der waals [ Prsulfur
I Conventional Hydrogen Bond B Fr-pi Stacked
[] carbon Hydrogen Bond I Fi-Pi T-shaped
[ Halogen (Fiuorine) [ Ayt

ASN
faat A8
TRP.
A:84
620"
PHE P
A:330 4 T AT
.51 (AP, €
% p.72 - ~\A72 A,'70
SER GLY = " ass 590
A:ua.ugn 4 . GIN
A:74
GLlY
A:117
GLlY
A:441 GW
A:199
PHE
HIS A:290
A:440

Interactions

] ven der waals [] Pr-Donor Hydrogen Bond
I conventional Hydrogen Bond [ Prsufur

[] carbon Hydrogen Bond Bl P Stacked

Bl Franion B -7 T-shaped

Fig. 3 Protein ligand interaction (PLI) of analog-3 in beta-glucuronidase complex.



Bis-indole based triazine derivatives

7

bearing triflouro moiety displayed significant biological activ-
ity having ICso = 0.80 £ 0.10 pM. This analog was also found
with potent; mention in this activity might be the involvement
of flouro groups which might block the enzymatic actions.
Moreover, flouro—substituted analogs 2 (ICso = 4.02 £ 0.20
uM), 5 (ICso = 9.10 = 0.10 uM) and 6 (ICsy = 1.80 £ 0.2
0 uM) were comparable activity in this regard, analog bearing
only flouro moiety was found to be most effective among the
flouro-substituted analogs while the remaining were few fold
less potent due to the presence of methyl moiety which
decreases the inhibitory profile by its steric hindrance. Like-
wise ~OH containing analogs-3 (ICs, = 1.40 £+ 0.10 uM)

Analog-6 in Beta glucoronidase complex

Analog-8 in Beta glucoronidase complex

and 4 (ICsq = 7.10 £ 0.20 uM) were also found with remark-
able activity profile as compare to standard drug. Both ~-OH
bearing analogs, the potential inhibition was shown by
analog-3. While analog-4 was somewhat lower due to the pres-
ence of —CH; group which cause reduction in the inhibitory
profile. Nitro-substituted analog-7 (ICs, = 10.0 £ 0.30 uM)
and analog-8 (ICsy = 3.60 + 0.10 uM) also showed moderate
to good activity, in this the presence of methyl moiety (analog-
7) also decrease the activity. A similar decline was also
observed in case of chloro-substituted analogs due to the
attachment of bromo moiety 10 (IC5o = 16.20 £ 0.20 uM)
and 12 (IC5, = 17.20 £ 0.10 uM) whereas simple chloro-

Interactions

[[] ven der waals

[ carbon Hydrogen Bond
B Pr-Anion

[] PrDonor Hydrogen Bond

PHE
A:330

GLN TYR

A:74 A:70
Interactions
[ ven der waals [ Prsulfur
Il Conventional Hydrogen Bond Il Pi-Pi stacked
[ carbon Hydrogen Bond B P-i T-shaped

Fig. 5 Protein ligand interaction (PLI) of analog-8 in beta-glucuronidase complex.
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substituted analog-9 (IC5y = 3.80 £ 0.10 pM) was found with
better potential. It was concluded that bromo moiety decrease
the inhibitory profile due to its bulky nature. Bromo-
substituted analog-11 was also found with lower activity pro-
file which confirms the bulky nature of bromo group that inhi-
bits the inhibitory action of molecules (Table 1).

3.3. Anti-bacterial activity

All these compounds were also screened for their inhibitory
profile against E. coli in order to investigate their anti-
bacterial profile. Almost all analogs were found with better
to good inhibitory profile but some analogs like 1, 6, 8 and 9
were found with maximum inhibition such as 38.12%,
36.3%, 35.21% and 36% respectively. All the analogs were
compared with inhibitory profile of standard drug strepto-
mycin (STM inhibitory profile 40.33%). In this activity it
was also concluded that all these analogs having varied sub-
stituents which display different inhibitory profile but in this
regard the strong inhibition was shown by those analogs hav-
ing triflouro, hydroxyl, nitro and chloro moieties respectively.

The mechanism related with the insertion of active triflouro
group derivatives into the nuclei of E. Coli which eventually
can bind with DNA and can also suppress the mRNA expres-
sion and stop the synthesis of protein results the death of
E. Coli cell. Enhanced activity of trifluro group derivatives
could be well explained by generation of bonds formed
between the active trifluro groups and the peptidoglycan of
the cell wall of E. Coli and lipoprotein in the outer membrane
in addition to blocking the feeding channels which finally
results in the death of E. Coli.

Due to their effective nature these substituted analogs were
maintain their significances as compared to standard drug
streptomycin. The excellent potency shown by analog having
triflouro group a para-position (1) of aromatic ring. Inhibitory
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profiles of these analogs have been incorporated in the graph-
1. Form these inhibition it was concluded that position, nature
and number of substituents affect the biological activity of
analogs. Bulky group reduce the inhibitory profile also
observed in this biological activity (Graph 1).

4. Docking studies

4.1. Docking modes of beta gulcuronidase studies

Molecular docking studies were performed by using Auto-
dock, Discovery Studio Visualizer (DSV) and Pymol. These
software were used for different purposes such autodock for
molecular docking, DSV and Pymol used for visualization of
results (Khan et al., 2023; Khan et al., 2022). Number of com-
pounds were docked and visualized among the potent mole-
cules are listed below (Figs. 2 to 6). In addition, type of
receptor, distance and interactions is necessary to visualize
the ligand in the protein complex that how the ligand linked
to the amino acid with distance due to these reason its interac-
tive tendency can be measured (Elsonbaty et al., 2022;
Elsonbaty & Attala 2021; Abdel Raoof et al., 2023;
Elsonbaty et al., 2023).

The following potent analogues (1, 3, 6, 8 and 9) were
found with varied interactions in active sites of enzymes it
might be the presence of different substituents such as tri-
flouro, hydroxyl, flouro, nitro and chloro respectively. The bet-
ter binding interaction of molecules in beta-glucuronidase
complex, showed significant results (Table 2).

4.2. Docking modes of anticancer studies

Docking studies were also performed for anti-cancer studies
against Human ROSI1 Kinase Domain. The selected analogs

ASN
A:85

SER

A:81
HIS TRP ™
A:440 A:84
ASP
A:72
GLU
A:199
GLY
TYR A:118
A:130
Interactions
[[T] ven der waals [ prsulfur
"] Carbon Hydrogen Bond B P-Pi Stacked
Bl PrAnion I Pr-PiT-shaped
Pi-Donor Hydrogen Bond PrAlkyl

Fig. 6 Protein ligand interaction (PLI) of analog-9 in beta-glucuronidase complex.
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Table 2 Represent the binding interaction of ligand with active sites of protein (PLI).

Compound Receptor Interaction Distance Docking Score
Analog 1 in beta-glucuronidase TRP-A-334 Pi-S 4.24A° —12.6
TRP-A-334 Pi-S 5.04A°
GLU-A-199 H-F 5.43A°
GLU-A-199 H-F 6.19A°
HIS-A-440 C-H 4.18A°
TRP-A-84 Pi-Pi Stacked 4.50A°
PHE-A-330 Pi-Pi Stacked 5.46A°
PHE-A-330 Pi-Pi T-Shaped 4.32A°
TYR-A-121 H-B 6.43A°
TRP-A-279 Pi-Pi Stacked 6.04 A°
TRP-A-279 Pi-Pi T-Shaped 5.53 A°
Analog 3 in beta-glucuronidase PHE-A-330 Pi-Pi Stacked S.11A° —11.6
TRP-A-84 Pi-Pi Stacked 6.20A°
ASP-A-72 H-B 5.72A°
ASP-A-72 H-B 4.98A°
TRP-A-70 H-B 5.90A°
TYR-A-334 Pi-Pi T-Shaped 4.50A°
TRP-A-279 Pi-S 5.95A°
TRP-A-279 Pi-S 7.11A°
PHE-A-290 Pi-S 5.95A°
PHE-A-290 Pi-S 6.33A°
PHE-A-290 Pi-Pi Stacked 6.09A°
GLU-A-199 Pi-Cation 6.96 A°
SER-A-122 C-H 5.21A°
Analog 6 in beta-glucuronidase PHE-A-331 Pi-Pi Stacked 5.78A° —11.4
PHE-A-331 Pi-S 5.74A°
PHE-A-331 C-H 3.85A°
TYR-A-334 Pi-Pi Stacked 4.20A°
TRP-A-279 Pi-S 6.55A°
TRP-A-279 Pi-S 6.69A°
TYR-A-121 H-C 5.32A°
PHE-A-290 Pi-S 5.78A°
GLU-A-199 Pi-anion 7.91A°
ASP-A-72 Pi-anion 5.89A°
Analog 8 in beta-glucuronidase TRP-A-279 Pi-S 6.97A° —10.2
TRP-A-279 Pi-S 5.63A°
TRP-A-279 Pi-S 4.41A°
TYR-A-334 C-H 5.79A°
TYR-A-334 C-H 5.15A°
TYR-A-334 C-H 4.54A°
PHE-A-288 H-B 5.82A°
Analog 9 in beta-glucuronidase GLU-A-199 Pi-Anion 7.92A° -9.8
ASP-A-72 Pi-Anion 5.88A°
PHE-A-331 C-H 5. 73A°
PHE-A-331 C-H 5.77A°
TYR-A-70 Pi-R 6.03A°
TYR-A-334 Pi-Pi-Stacked 4.29A°
TRP-A-279 Pi-Pi-T Shaped 6.42A°
TRP-A-279 Pi-S 6.71A°
TYR-A-121 Pi donor H-B 6.89A°
PHE-A-290 Pi-S 5.29A°
D_Saccharic acid 1,4 lactone in beta-glucuronidase TYR-A-175 H-B 4.30A —5.4
GLN-A-202 H-B 4.08A
PHE-A-200 Polar H-B 4.08A
HIS-A-94 H-B 3.67A

HIS-A-94 H-B 3.67A
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D_Saccharic acid 1,4 lactone €7 A201
'a:202
& v
P
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/
/ 99
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Fig. 7 Protein ligand interaction (PLI) D_saccharic acid 1,4 lactone in beta-glucuronidase complex.
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Fig. 8 Protein ligand interaction (PLI) of analog-1 in Human ROS1 Kinase Domain.

were also subjected in this study to explore the binding interac-
tions of ligand with active site of enzyme (Figs. 7 to 11). The
following candidate (1,3,6,8 and 9) and their interaction are
incorporated in Table 3.(See Fig. 12).

5. ADME results

Most of the drugs failed during clinical development had inad-
equacies in ADME/Tox. Therefore, the purpose of virtual
screening should not only be to increase selectivity and
enhance binding affinity, but also to consider pharmacokinetic
factors as important filters (Khan et al., 2023). Using Qikprop
(QikProp, version 3.5, Schrédinger), 44 descriptors and phar-
maceutically important characteristics of substituted bis-

indole based triazine analogues were examined. Some of the
key terms need to envision molecules’ drug-like characteristics
are reported. Most synthetic compounds have complied with
Lipinski’s requirements, which are as follows: molecular
weight 500, octanol/water partition coefficient (QPlogPo/w),
< 5hydrogen bond acceptor < 10 and donor < 5. For the
majority of the derivatives, the oral absorption rate was deter-
mined to be between 80 and 100% are shown in graph-2-5.
The potent analogs (1,6,8 and 9) were identified for log Kp,
Lipinski, Ghose, Veber, Egan, Muegge, Bioavailability, Pains,
Brenk, Leadlikensee and synthetic accessibility via ADME
study (Graph 2 Graph 3 Graph 4 Graph 5 Graph 6). ADME
properties help us to predict the properties of specific mole-
cules which shows drug like properties.
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Fig. 9  Protein ligand interaction (PLI) of analog-3 in Human ROS1 Kinase Domain.

ALA ASN
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GLY
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Interactions

] ven der waals

[] carbon Hydrogen Bond
[ Halogen (Fluorine)

Fig. 10  Protein ligand interaction (PLI) of analog-6 in Human ROS1 Kinase Domain.

6. Conclusion

It was observed form the targeted compounds that nature, number and
position of substituents has a great impact on the properties of ana-
logs. Hence in this study we have synthesized, characterized and eval-
uated for B-glucuronidase, anti-cancer and anti-bacterial activities.
Almost all analogs were found with significant results but few analogs
such as 1 (2-((5,6-di(1H-indol-3-yl)-1,2,4-triazin-3-yl)thio)-1-(4-(tri
fluoromethyl)phenyl)ethan-1-one), 3 (2-((5,6-di(1H-indol-3-yl)-1,2,4-tr
iazin-3-yl)thio)-1-(4-hydroxyphenyl)ethan-1-one) 6 (2-((5,6-di(1H-ind

0l-3-yl)-1,2,4-triazin-3-yl)thio)-1-(4-fluorophenyl)ethan-1-one), 8 (2-((
5,6-di(1H-indol-3-yl)-1,2,4-triazin-3-yl)thio)-1-(4-nitrophenyl)ethan-1-
one) and 9 (1-(4-chlorophenyl)-2-((5,6-di(1H-indol-3-yl)-1,2.4-triazin-
3-yl)thio)ethan-1-one), showed much potent potentials as compared
to standard drugs (p.saccharic acid 1,4 lactone, Tetrandrineb and
Streptomycin). Moreover, these selected analogs were further sub-
jected for ADME analysis and molecular docking studies in which
the physiochemical properties and binding interactions were explored
respectively. Finally, it was concluded that the above mention analogs,
compound-1, was the most effective inhibitor might be the efficacy of
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ASN
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Fig. 11  Protein ligand interaction (PLI) of analog-8 in Human ROS1 Kinase Domain.

Table 3 Binding interactions of ligand with active site of enzyme.

Compound Receptor Interaction Distance Docking Score
Analog | in Human ROSI Kinase Domain ARG-A-2083 C-H 4.81A° —8.6
LYS-A-1980 Pi-R 6.66A°
VAL-A-1959 Pi-R 6.35A°
VAL-A-1959 Pi-R 6.11A°
LEU-A-2086 R 5.57TA°
LEU-A-2086 R 6.40A°
LEU-A-2026 Pi-R 4.61A°
LEU-A-2010 Pi-R 6.11A°
ALA-A-1978 Pi-R 4.59A°
ALA-A-1979 Pi-R 6.56 A°
GLU-A-2277 H-F 5.48 A°
LEU-A-1951 Pi-R 4.50A°
ASP-A-2033 Pi-Anion 4.86A°
ASP-A-2102 Pi-Anion 6.42A°
Analog 3 in Human ROSI Kinase Domain LYS-A-1980 Pi-R 6.99A° —8.3
VAL-A-1959 Pi-R 6.29A°
ARG-A-2083 H-C 491A°
ASP-A-2102 Pi-Anion 6.34A°
ASP-A-2033 Pi-Anion 4.85A°
LEU-A-1951 Pi-R 4.89A°
ALA-A-1978 Pi-R 6.19A°
LEU-A-2086 Pi-Sigma 5.98A°
LEU-A-2086 Pi-Sigma 5.48A°
Analog 6 in Human ROSI Kinase Domain ASP-A-2102 Pi-Anion 6.92A° -7.9
ASP-A-2033 Pi-Anion 4.69A°
GLY-A-1951 C-H 3.58A°
GLU-A-2077 H-F 5.89A°
TLA-A-1978 Pi-R 5.76A°
LEU-A-2086 Pi-R 5.67A°
LEU-A-2086 Pi-R 5.05A°
VAL-A-1959 Pi-R 5.86A°
ARG-A-2083 Pi-anion 6.15A°
Analog 8 in Human ROSI Kinase Domain LYS-A-1980 Pi- anion 6.83A° —8.2
VAL-A-1959 Pi-R 6.37A°
ARG-A-2083 C-H 4.75A°

ASP-A-2102 Pi- anion 6.36A°
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Table 3 (continued)

Compound Receptor Interaction Distance Docking Score
ASP-A-2033 Pi- anion 4.85A°
LEU-A-1951 Pi- Sigma 4.34A°
ALA-A-1978 Pi- R 6.95A°
MET-A-2029 H-B 4.01A°
LEU-A-2026 C-H 6.60A°
LEU-A-2086 Pi- R 5.58A°
Analog 9 in Human ROSI Kinase Domain ASP-A-2102 Pi-Anion 6.33A° —7.3
ASP-A-2033 Pi-Anion 4.89A°
GLY-A-2032 C-H 3.83A°
LEU-A-1951 Pi-R 4.86A°
ALA-A-1978 Pi-R 6.22A°
LEU-A-2086 Pi-Sigma 4.29A°
LEU-A-2086 Pi-Sigma 5.48A°
VAL-A-1959 Pi-R 6.23A°
LYS-A-1980 Pi-R 6.54A°
ARG-A-2083 C-H 5.01A°
ARG-A-2083 C-H 6.26A°
GLY
A2101 TR
A:1980
i EU
£ARGA / R - 6588 Gy 20w
) A:2026 GLU
5.01 - 5.48 A2027
T =i
( 15.99
, ﬂ MET
: A:2029
Q) 6.22
LEU
486,A8  A2028
ASP ASP i
A2102 < - A1981

£ a5 &

Interactions

] ven der waals B isigma

[ Carbon Hydrogen Bond [ praiy

B Pranion

Fig. 12 Protein ligand interaction (PLI) of analog-9 in Human ROS1 Kinase Domain.

triflouro group, given ranked-1. The other compounds (3, 6, 8 and 9)
being strong inhibitory profile were also ranked based on their inhibi-
tory activity. Moreover, these compounds were found few folds better
profile when compared to their referenced drugs.
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Graph 2

Represent the ADME properties of the synthesized analog-1.
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Graph 3  Represent the ADME properties of the synthesized analog-3.
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Graph 4 Represent the ADME properties of the synthesized analog-6.
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Graph 5 Represent the ADME properties of the synthesized analog-8.
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Graph 6 Represent the ADME properties of the synthesized analog-9.
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