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g and biological evaluation of
purine-5-N-isosteresas anti-inflammatory agents†

Ahmed M. El-Saghier, *a Souhaila S. Enaili,ab Aly Abdou, a Amany M. Hameda

and Asmaa M. Kadry a

An operationally simple one-pot three-component and convenient synthesis method for a series of diverse

purine analogues of 5-amino-7-(substituted)-N-(4-sulfamoylphenyl)-4,7-dihydro-[1,2,4]-triazolo[1,5-a]

[1,3,5]triazine-2-carboxamide derivatives generated in situ via the reaction of 2-hydrazinyl-N-(4-

sulfamoylphenyl)-2-thioxoacetamide, cyanoguanidine and a variety of aldehydes was achieved under

green conditions. This experiment was conducted to evaluate the anti-inflammatory effect of the newly

synthesized compounds using indomethacin as a reference medication; all compounds were tested for

in vitro anti-inflammatory activity using the inhibition of albumin denaturation, RBC hemolysis technique

and COX inhibition assay. The results showed that all evaluated compounds exhibited significant in vitro

anti-inflammatory efficacy leading to excellently effective RBC membrane stabilization, inhibition of

protein denaturation, and inhibition of COX enzymes when compared to those of indomethacin. At

concentrations of 50, 100, 200, and 300 mg ml−1, these compounds decreased COX-1 and COX-2

activities more than indomethacin and have IC50 values in the range of 40.04–87.29 mg ml−1 for COX-1

and 27.76–42.3 mg ml−1 for COX-2 while indomethacin showed IC50 = 91.57 for COX-1 and 42.66 mg

ml−1 for COX-2. The anti-inflammatory findings show the need for more investigation to define the

properties underlying the evaluated compounds' anti-inflammatory abilities. The enzyme

cyclooxygenase-2 (COX 2) (PDB ID: 5IKT) was docked with ten synthetic substances. With docking

scores (S) of −8.82, −7.82, and −7.76 kcal mol−1, 7-furan triazolo-triazine (4), 7-(2-hydroxy phenyl)

triazolo-triazine (11), and 7-(4-dimethylamino phenyl) triazolo-triazine (12) had the greatest binding

affinities, respectively. Therefore, these substances have COX-2 (PDB ID: 5IKT) inhibitory capabilities and

hence may be investigated for COX 2 targeting development. Furthermore, both the top-ranked

compounds (4 and 11) and the standard indomethacin were subjected to DFT analysis. The HOMO −
LUMO energy difference (DE) of thementioned compounds was found to be less than that of indomethacin.
1. Introduction

When a damaging stimulus, trauma, or infection is present, the
body responds with an intricate series of reactions known as
inammation. Under physiological circumstances, this
response is advantageous to the host but chronic inammation
can cause serious host damage, tissue loss, and even organ
failure due to the release of pathogenic mediators.1,2 Pathologic
hyper reactive inammatory reactions are the outcome of
reduced cytoprotective NRF2 cascade.3

Thus, to be able to prevent the onset of a number of
persistent inammatory conditions such as Alzheimer's
disease, periodontitis, colitis, rheumatoid arthritis,
Sohag University, 282524, Sohag, Egypt.
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tion (ESI) available. See DOI:

the Royal Society of Chemistry
inammatory bowel disease, septic shock, cardiovascular
disease, and osteoporosis,4,5 it is crucial for the host to discover
mechanisms for regulating, avoiding, or reducing the release of
inammatory mediators in comparison with natural products.6

Organic and medicinal chemistry efforts are ongoing to
develop, synthesise, assess, and isolate substances with the
potential to treat inammation. These molecules are typically
derived from heterocyclic compounds with sulfur or nitrogen
atoms in their structures. Because they represent a signicant
class of both natural and synthetic compounds with a wide
range of physicochemical characteristics and pharmacological
actions, azaheterocycles are of increased interest.6,7 Triazine
derivatives are a particular class of heterocycles that contain
nitrogen and have a wide range of properties, including a pain
reliever, an antifungal, an anticancer, an antiprotozoal, and an
antitubercular. They are consequently regarded as a crucial
heterocycle framework for chemical pharmaceuticals.8 The
heterocycle purine, which contains nitrogen, is abundant in
nature. In RNA and DNA, adenine and guanine are made of
RSC Adv., 2024, 14, 17785–17800 | 17785
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these fundamental structures. Purine nucleotides (ATP, GTP,
cAMP, cGMP, NAD, and FAD) work as co-factors, substrates, or
mediators in the functioning of various proteins, which is
primarily what attracts biological attention to them.9,10 These
proteins are thought to contain half of the targets that are most
amenable to medication, primarily enzymes and receptors. For
instance, protein kinases carry out the phosphorylation of ATP,
while the cyclic nucleotide phosphodiesterase is involved in the
hydrolysis of cAMP and cGMP.11,12 The essential enzyme
xanthine oxidase is involved in the breakdown of purines, while
the ubiquitous purine nucleoside phosphorylase is essential for
the purine salvage route. A very promising class of G-protein-
coupled receptors (GPCRs) are adenosine receptors.13–15

Purine isosteres, a structurally similar heterocyclic system,
saw parallel developments in chemistry and biology as a result
of improvements in the purine motif-based design and devel-
opment of drugs. They are suitable for the identication of
innovative medicines focusing on purine-dependent enzymes
and receptors to increase molecular diversity by employing
different purine isosteres. There are many well-known medica-
tions with purine isostere core structures on themarket, such as
xanthine, hypothanthine, theobromine, caffeine, uric acid, and
isoguanine.14,15

The tubercidin deazapurines,16 toyocamycin,17 and sangiva-
mycin18 act as metabolite inhibitors and are employed as broad-
spectrum antibiotics, which is also remarkable. Purine isosteres
are the subject of considerable and ongoing research and
development efforts, and one of the most promising avenues
focuses on employing purine isosteres based on triazine.

Azolo-triazine systems in this category can be broadly clas-
sied as purine 5-N-isosteres because they contain a nitrogen
atom in position 5 of the purine ring. As a result, the basic
structure of this work focuses on certain areas of the
compounds' medicinal features rather than how they relate to
the heterocyclic system. Research on the triazolo–triazines and
the deazapurines has been increasing.19,20 In this paper, the
authors highlight the signicance of purine isosteres, speci-
cally the 1,3,5-triazines, in medicinal chemistry by establishing
a solid rationale for their research by explaining how these
compounds target purine-binding proteins with therapeutic
potential. Also, the importance of designing drugs with reduced
side effects, particularly in the context of non-steroidal anti-
inammatory drugs (NSAIDs), is emphasized.

In accordance with a previous literature review, our focus in
this work is synthesizing a novel purine analogue of 1,3,4-
triazolo-1,3,5-triazines bearing sulfamoyl carboxamide moieties
with a variety of substituted aryls at position 7 which are ex-
pected to have potential function as active pharmacophores
against COX-2 enzyme because of the signicance of isosteres
systems as anti-inammatory agents, and we further conrm it
using a molecular docking technique.

2. Methodology
2.1. Chemistry

The melting point of every prepared target compound was
calculated using the Fisher–John mechanical approach. Sigma-
17786 | RSC Adv., 2024, 14, 17785–17800
Aldrich provided the chemicals and solvents needed for this
investigation. The synthesized compounds' infrared (n cm−1)
spectra were examined using the KBr technique, and a Bruker
ADVANCE 400 MHz spectrometer was used to record the 1H
NMR (d ppm) and 13CNMR spectra (Sohag University). A Vario El
Fab-Nr elemental analyzer (Cairo University) was used to record
elemental analyses.

2.1.1. Synthesis of 5-amino-7-(substituted)-N-(4-sulfamoyl-
phenyl)-4,7-dihydro-[1,2,4]-triazolo[1,5-a][1,3,5]triazine-2-
carboxamidederivatives 4–13

2.1.1.1 General procedure. To a solution of 2-hydrazinyl-N-(4-
sulfamoylphenyl)-2-thioxoacetamide (1) (0.001 mol), cyanogua-
nidine (2) (0.001 mol) and 0.001 mol of aldehyde derivatives
(3a–j) in ethanol (15 ml) and HCl (0.001 mol, 1 ml) were added,
and the reaction mixture was reuxed with stirring for about
3 h. The reaction was cooled, and the solid precipitate was
collected by ltration and crystalized with ethanol.

2.1.1.2 5-Amino-7-(furan-2-yl)-N-(4-sulfamoylphenyl)-4,7-dihy-
dro-[1,2,4]-triazolo[1,5-a][1,3,5]triazine-2-carboxamide (4).
Greenish yellow solid, yield 89%. Mp. 212–214 °C. FT IR (KBr)
nmax cm

−1: 3347, 3248, 3224 (2NH, 2NH2), 3142 (CH-arom.), 2924,
2756 (CH-aliph.), 1694 (C]Oamide, st), 1667(C]N) and 1159 (S]O,
st). 1H-NMR (d ppm): 11.28 (s, 1H, NHamide, exchangeable by
D2O), 10.50 (s, 1H, NHtriazine, exchangeable by D2O), 9.36 (s, 1H,
CHtriazole), 7.90–7.78 (m, 6H, 4Harom + NH2), 7.29–7.23 (m, 3H,
NH2 + 1CHfuran), 6.46 (s, 2H, 2CHfuran);

13CNMR (DMSO-d6),
d ppm: 158.89 (C]O), 153.23 (C–O), 147.99, 144.24, 141.53 (3C]
N), 141.14, 139.30 (2Carom), 138.18 (CH–O), 126.92 (C–NH),
121.11, 120.50 (CHarom), 111.20, 108.23 (CHfuran) and 67.11
(CHtriazine). CF/MW: C15H14N8O4S/402; elemental analysis: calc./
found: C, 44.77/44.80; H, 3.51/3.49; N, 27.85/27.79; S, 7.97/7.96%.

2.1.1.3 5-Amino-N-(4-sulfamoylphenyl)-7-(o-tolyl)-4,7-dihydro-
[1,2,4]-triazolo[1,5-a][1,3,5]triazine-2-carboxamide (5). Yellow
solid, yield 79%. Mp. 222–224 °C. FT IR (KBr) nmax cm

−1: 3390,
3334, 3253 (2NH, 2NH2), 3070 (CH-arom.), 2925, 2756 (CH-aliph.),
1685 (C]Oamide, st), 1663 (C]N) and 1156 (S]O, st). 1H-NMR
(d ppm): 11.27 (s, 1H, NHamide), 10.49 (s, 1H, NHtriazine), 9.36 (s,
1H, CHtriazine), 7.89–7.77 (m, 6H, 4Harom + NH2.), 7.45–7.24 (m,
6H, 4Harom + NH2), 2.34 (s, 3H, CH3);

13CNMR (DMSO-d6),
d ppm: 158.87 (C]O), 141.74, 141.18, 140.23 (3C]N), 139.45,
139.24, 137.87, 134.74 (4Carom), 131.75, 131.14 (2CHarom),
128.85, 126.83, 120.99, 120.22 (4CHarom), 72.11 (CHtriazine) and
19.39 (CH3). CF/MW: C18H18N8O3S/426.46; elemental analysis:
calc./found: C, 50.70/50.68; H, 4.25/4.20; N, 26.28/26.26; S, 7.52/
7.48%.

2.1.1.4 (E)-5-Amino-7-styryl-N-(4-sulfamoylphenyl)-4,7-dihy-
dro-[1,2,4]-triazolo[1,5-a][1,3,5]triazine-2-carboxamide (6). Dark
yellow solid, yield 88%. Mp. > 300 °C. FT IR (KBr) nmax cm

−1:
3444, 3385, 3266, 3226 (2NH, 2NH2), 3070 (CH-arom.), 2926, 2857
(CH-aliph.), 1681 (C]Oamide, st), 1664 (C]N) and 1160 (S]O, st).
1H-NMR (d ppm): 11.28 (s, 1H, NHamide), 10.82 (s, 1H, NHtriazine),
10.45 (s, 1H, CHtriazine), 8.01–7.65 (m, 9H, NH2 + 5H-arom +
2CH]), 7.37–7.25 (m, 6H, 4H-arom + NH2);

13CNMR (DMSO-
d6), d ppm: 157.10 (C]O), 156.17, 155.57, 154.90 (3C]N),
143.94, 141.25, 140.25 (3Carom), 135.94, 134.88 (CHarom), 131.67,
129.45 (2CH]), 128.36, 127.04, 121.00 (5CHarom) and 68.99
(CHtriazine). CF/MW: C19H18N8O3S/438.47; elemental analysis:
© 2024 The Author(s). Published by the Royal Society of Chemistry
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calc./found: C, 52.05/52.00; H, 4.14/4.11; N, 25.56/25.53; S, 7.31/
7.29%.

2.1.1.5 5,50-Diamino-N2,N20-bis(4-sulfamoylphenyl)-4,40,7,70-
tetrahydro-[7,70-bi[1,2,4]triazolo[1,5-a][1,3,5]triazine]-2,20-dicar-
boxamide (7). White solid, yield 84%. Mp. 228–230 °C. FT IR
(KBr) nmax cm

−1: 3375, 3332, 3295 (2NH, 2NH2), 3070 (CH-arom.),
2929, 2853 (CH-aliph.), 1694 (C]Oamide, st), 1663 (C]N) and
1160 (S]O, st). 1H-NMR (d ppm): 11.30 (s, 1H, NHamide,

exchangeable by D2O), 10.49 (s, 1H, NHtriazine, exchangeable by
D2O), 8.04–7.77 (m, 6H, NH2 + 4Harom), 7.30 (s, 2H, NH2), 5.55 (s,
1H, CH); 13CNMR (DMSO-d6), d ppm: 159.45 (C]O), 158.61,
157.25, 155.22 (3C]N), 142.06, 139.88 (2Carom), 127.04, 121.37
(CHarom) and 56.11 (CHtriazine). CF/MW: C22H22N16O6S2/670.64;
elemental analysis: calc./found; C, 39.40/39.42; H, 3.31/3.29; N,
33.42/33.40; S, 9.56/9.55%.

2.1.1.6 5-Amino-7-(2-chlorophenyl)-N-(4-sulfamoylphenyl)-4,7-
dihydro-[1,2,4]-triazolo[1,5-a][1,3,5]triazine-2-carboxamide (8).
White solid, yield 84%. Mp. 220–222 °C. FT IR (KBr) nmax cm

−1:
3372, 3334, 3303, 3264 (2NH, 2NH2), 3070 (CH-arom.), 2752, 2726
(CH-aliph.), 1694 (C]Oamide, st), 1666 (C]N) and 1160 (S]O, st).
1H-NMR (d ppm): 11.51 (s, 1H, NH-amide), 11.30 (s, 1H,
NHtriazine), 9.49 (s, 1H, CH-triazine), 8.32 (s, 2H, NH2), 8.10–7.70
(m, 8H, Harom), 7.31 (s, 2H, NH2);

13CNMR (DMSO-d6), d ppm:
166.05 (C]O), 163.66 (C–Cl), 157.11, 155.41, 150.18 (3C]N),
141.20, 141.03, 140.52, 140.15 (4Carom), 137.93, 131.44
(2CHarom), 130.32, 127.05, 121.11 (CHarom) and 69.08
(CHtriazine). CF/MW: C17H15ClN8O3S/446.87; elemental analysis:
calc./found: C, 45.69/45.70; H, 3.38/3.36; Cl, 7.93/7.0; N, 25.08/
25.00; S, 7.17/7.15%.

2.1.1.7 5-Amino-7-(4-methoxyphenyl)-N-(4-sulfamoylphenyl)-
4,7-dihydro-[1,2,4]-triazolo[1,5-a][1,3,5]triazine-2-carboxamide
(9). Dark yellow solid, yield 71%. Mp. 254–256 °C. FT IR (KBr)
nmax cm

−1: 3351, 3264, 3169 (2NH, 2NH2), 3070 (CH-arom.), 2925,
2855(CH-aliph.), 1690 (C]Oamide, st), 1681 (C]N) and 1161 (S]
O, st). 1H-NMR (d ppm): 11.26 (s, 1H, NHamide), 10.45 (s, 1H,
NHtriazine), 9.22 (s, 1H, CH-triazine), 7.91 (s, 2H, NH2), 7.81–7.24
(m, 8H, Harom), 6.88 (s, 2H, NH2), 3.81 (s, 3H, OCH3);

13CNMR
(DMSO-d6), d ppm: 159.16 (C]O), 157.82, 155.87, 153.86 (3C]
N), 141.78, 141.25, 140.19, 139.18 (4Carom), 128.09, 127.03,
120.63, 120.21 (CHarom), 69.28 (CHtriazine) and 56.49 (OCH3). CF/
MW: C18H18N8O4S/442.45; elemental analysis: calc./found: C,
48.86/48.84; H, 4.10/4.09; N, 25.33/25.31; S, 7.25/7.22%.

2.1.1.8 5-Amino-7-(naphthalen-1-yl)-N-(4-sulfamoylphenyl)-
4,7-dihydro-[1,2,4]-triazolo[1,5-a][1,3,5]triazine-2-carboxamide
(10). White solid, yield 86%. Mp. 202–204 °C. FT IR (KBr)
nmax cm

−1: 3442, 3398, 3378 (2NH, 2NH2), 3070 (CH-arom.), 2925,
2855 (CH-aliph.), 1690 (C]Oamide, st), 1663 (C]N) and 1152 (S]
O, st). 1H-NMR (d ppm): 11.28 (s, 1H, NH-amide, exchangeable by
D2O), 10.54 (s, 1H, NHtriazine, exchangeable by D2O), 9.54 (s, 1H,
CHtriazine), 8.22–7.24 (m, 15H, 2NH2 + 11H-arom);

13CNMR
(DMSO-d6), d ppm: 159.02 (C]O), 141.74, 140.98, 139.26 (3C]
N), 138.58, 136.66, 134.04, 132.62, 131.19 (5Carom), 129.47,
126.93, 125.94, 121.14, 120.24 (CHarom) and 71.79 (CH-triazine).
CF/MW: C21H18N8O3S/462.49; elemental analysis: calc./found:
C, 54.54/54.55; H, 3.92/3.89; N, 24.23/24.20; S, 6.93/6.90%.

2.1.1.9 5-Amino-7-(2-hydroxyphenyl)-N-(4-sulfamoylphenyl)-
4,7-dihydro-[1,2,4]-triazolo[1,5-a][1,3,5]triazine-2-carboxamide
© 2024 The Author(s). Published by the Royal Society of Chemistry
(11). Canary yellow solid, yield 90%.Mp. 250–252 °C. FT IR (KBr)
nmax cm

−1: 3468 (OH), 3351, 3264, 3168 (2NH, 2NH2), 3070 (CH-

arom.), 2825, 2725 (CH-aliph.), 1692 (C]Oamide, st), 1663 (C]N)
and 1161 (S]O, st). 1H-NMR (d ppm): 11.27 (s, 1H, NHamide),
10.45 (s, 1H, NHtriazine), 9.93 (br, 1H, OH), 9.20 (s, 1H, CHtriazine),
8.17 (s, 2H, NH2), 8.01–7.23 (m, 8H, Harom), 6.88 (s, 2H, NH2);
13CNMR (DMSO-d6), d ppm: 159.03 (C]O), 157.15, 155.74,
153.82 (3C]N), 140.82, 140.24, 139.18, 133.68 (4Carom), 127.03,
120.99, 120.23, 117.02, 115.77 (CHarom), 68.96 (CHtriazine). CF/
MW: C17H16N8O4S/428.43; elemental analysis: calc./found: C,
47.66/47.60; H, 3.76/3.70; N, 26.16/26.00; S, 7.48/7.41%.

2.1.1.10 5-Amino-7-(4-(dimethyl amino) phenyl)-N-(4-sulfa-
moylphenyl)-4,7-dihydro-[1,2,4]-triazolo[1,5-a][1,3,5]triazine-2-
carboxamide (12). Red solid, yield 88%. Mp. 200–202 °C. FT IR
(KBr) nmax cm

−1: 3346, 3306, 3259, 3172 (2NH, 2NH2), 3055 (CH-

arom.), 2926 (CH-aliph.), 1693 (C]Oamide, st), 1640 (C]N) and
1157 (S]O, st). 1H-NMR (d ppm): 11.34 (s, 1H, NHamide), 10.44
(s, 1H, NHtriazine), 9.70 (s, 1H, CH-triazine), 8.21 (s, 2H, NH2), 8.01–
7.99 (m, 8H, Harom), 7.44 (s, 2H, NH2), 3.10–3.05 (s, 6H, 2CH3);
13CNMR (DMSO-d6), d ppm: 158.97 (C]O), 156.14, 154.96,
152.83 (3C]N), 141.80, 140.86, 140.60, 131.99 (4Carom), 127.82,
127.05, 121.06, 120.29 (CHarom), 63.30 (CHtriazine), 18.75 and
14.40 (2CH3). CF/MW: C19H21N9O3S/455.50; elemental analysis:
calc./found: C, 50.10/50.11; H, 4.65/4.55; N, 27.68/27.65; S, 7.04/
7.00%.

2.1.1.11 5-Amino-7-(3-hydroxyphenyl)-N-(4-sulfamoylphenyl)-
4,7-dihydro-[1,2,4]-triazolo[1,5-a][1,3,5]triazine-2-carboxamide
(13). White solid, yield 74%. Mp. 252–254 °C. FT IR (KBr)
nmax cm

−1: 3381 (OH), 3380, 3332, 3290, 3202 (2NH, NH2), 3106
(CHarom.), 2989, 2728 (CHaliph.), 1695 (C]Oamide, st), 1664 (C]
N), and 1162 (S]O, st). 1H-NMR (d ppm): 11.31 (s, 1H, NHamide),
10.31 (s, 1H, NHtriazine), 9.92 (s, 1H, OH), 9.22 (s, 1H, CHtriazine),
8.06 (s, 2H, NH2), 7.99–7.84 (m, 8H, Harom), 7.30 (s, 2H, NH2);
13CNMR (DMSO-d6), d ppm: 159.41 (C]O), 158.41, 157.08,
155.33 (3C]N), 141.00, 140.27, 138.40, 138.14 (4Carom), 137.93,
131.12 (2CHarom), 130.71, 127.04, 121.03, 119.70 (CHarom), and
63.22 (CH-triazine). CF/MW: C17H16N8O4S/428.43; elemental
analysis: calc./found: C, 47.66/47.68; H, 3.76/3.71; N, 26.16/
26.11; S, 7.48/7.50%.
2.2. Biological evaluation

Three adult male Wistar rats (age 10–12 weeks, 180–200 g) were
housed in a 12 h dark/light cycle animal facility with controlled
temperature (20–25 °C) and humidity (40–70%). Food and water
were given ad libitum throughout the study.21

A common protective response to tissue damage caused by
physical trauma, toxic chemicals, or microbiological agents is
inammation. It is also the localized defense mechanism of
living mammalian tissue against pathogens.22 In the current
work, the synthesized compounds' in vitro anti-inammatory
activity was evaluated by following methods.

2.2.1. Inhibition of protein denaturation method. The 5 ml
reaction mixture also included 2.8 ml of buffer phosphate
solution (pH 6.4), 0.2 ml of egg albumin, and 2 ml of the
synthesized compound at concentrations of 50, 100, 200, and
300 mg ml−1. In the standard solution, indomethacin was
RSC Adv., 2024, 14, 17785–17800 | 17787
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utilized rather than a synthetic compound. Instead of the
synthetic chemical solution, pure water was utilized in the
control solution. These solutions were heated for ve minutes at
70 °C aer a 15-minute incubation period at 37 °C. The solu-
tions' absorbance at 660 nm was assessed once they had
warmed to room temperature. The test was performed three
times, and, using the following formula, the percentage inhi-
bition of protein denaturation was determined.

%Inhibition = ((absorbance control − absorbance sample)/

(absorbance control)) × 100

The IC50 values of the synthesized compounds and the
standard were also calculated.

2.2.2. Membrane stabilizing activity.23 Preparation of
erythrocyte suspension: whole blood was obtained with hepa-
rinized syringes from healthy rats. The blood was washed three
times with isotonic buffered solution (10 mM sodium phos-
phate buffer, pH 7.4). The buffer solution contained 0.2 g of
NaH2PO4, 1.15 g of Na2HPO4, and 9 g of NaCl in one liter of
distilled water. The blood was centrifuged each time for 10
minutes at 3000 rpm.

Hypotonic solution-induced rat erythrocyte hemolysis: the
membrane stabilizing activities of the synthesized compounds
were assessed using hypotonic solution-induced rat erythrocyte
hemolysis.24 The test sample consisted of a stock erythrocyte
(RBC) suspension (0.5 ml) mixed with 5 ml of hypotonic solu-
tion in 10 mM sodium phosphate buffered saline (pH 7.4)
containing the synthesized compound (50–300 mg ml−1) or
indomethacin as a standard drug. The control sample consisted
of 0.5 ml of RBC mixed with hypotonic buffered saline solution
alone. The mixtures were incubated for 10 min at room
temperature and centrifuged for 10 min at 3000 rpm, and the
absorbance of the supernatant was measured at 540 nm. The
percentage inhibition of hemolysis or membrane stabilization
was calculated by the formula

% Inhibition of hemolysis = (OD1 − OD2/OD1) × 100

where OD1 is the optical density of the hypotonic-buffered
saline solution alone and OD2 is the optical density of the test
sample in the hypotonic solution.

2.2.3. In vitro COX inhibitory assay. Thus far, the primary
mode of action of NSAIDs has been COX inhibition. To learn
more about the novel compounds' mechanism of action, it was
found that compounds 4, 5, 8, 11 and 12 might inhibit COX
enzymes. A COX colorimetric inhibitor screening assay kit
(Catalog No. 701050, Cayman Chemical Inc., Ann Arbor, MI,
USA) was used to assess the inhibitory activity for COX-1 and
COX-2. Briey, the reaction mixture contained 150 ml of assay
buffer, 10 ml of heme, 10 ml of enzyme (either COX-1 or COX-2),
and 10 ml of compound (1 mgml−1).25 The test compounds were
tested at concentrations of 50, 100 and 150 mg ml−1 in a nal
volume of 1 ml. The test compounds 4, 5, 8, 11 and 12 were
tested against indomethacin (as a standard drug). The percent
COX inhibition was calculated using following equation,
17788 | RSC Adv., 2024, 14, 17785–17800
COX inhibition activity (%) = (1 − T/C) × 100

where T is the absorbance of the inhibitor well and C is the
absorbance of the 100% initial activity without the inhibitor
well.

The results were expressed in terms of IC50 values and a COX-
1/COX-2 selectivity index was calculated (Table 2).

2.2.4. Statistical analysis. Data were reported as mean ±

SD, which was statistically analyzed using the Student's t-test
and p < 0.001 vs. indomethacin was signicant.

2.3. In silico analysis

The in silico pharmacokinetic analysis, including the Lipinski
score and BOILED egg plot, was done using SWISS ADME.26

Additionally, the in silico toxicity assessment was explored using
OSIRIS Property Explorer.27

2.4. Molecular docking

The ten tested compounds (4–13) as ligands underwentmolecular
docking investigations using the MOE.25 Using the MOE
program's builder interface, 3D models of the target compounds
(4–13) were generated.28,29 The ligand preparation process was
performed on the target compounds with the default features. The
resulting database was then stored as an MDB le for the docking
calculations. The atomic coordinates of the crystal structures of
the studied enzyme, the structure of tolfenamic acid bound to
human cyclooxygenase-2 with the Protein Data Bank (PDB) iden-
tication number 5IKT,30 as receptor were obtained from the
protein databank. The target enzyme structure was prepared by
adding polar hydrogen atoms and removing water molecules,
native ligands, and unwanted chains that were exposed.31,32 The
active site of 5IKT was docked with the ten compounds (4–13) and
30 conformations were generated for each compound.33 The
London G energy scoring function was used to evaluate the
ligand–receptor complexes and the lowest scoring one was
selected for further analysis of the binding orientations.25

The validity of the docking process was veried by a re-
docking and superimposition strategy.34,35 The native ligand of
the 5IKT enzyme was extracted and then re-docked into the
active site. The ESI† (S.I. Docking validation) shows the details
of this process.

2.5. Density functional theory (DFT) exploration

DFT analyses play an essential role in the computation of
molecular orbital characteristics.36,37 In this framework, the top
two compounds from the screening process (4 and 11) underwent
a structure-based DFT analysis utilizing B3LYP38 and a 6–311g(d,
p) basis set39 via G09w.40 Comparative investigation between the
highest occupied molecular orbital (HOMO) and lowest unoc-
cupied molecular orbital (LUMO) energies was performed.41

3. Results and discussion
3.1. Chemistry

As part of our ongoing research into the synthesis of novel
heterocycles,42–52 we prepared in this article a new series of 5-
© 2024 The Author(s). Published by the Royal Society of Chemistry
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amino-7-(substituted)-N-(4-sulfamoylphenyl)-4,7-dihydro-[1,2,4]
triazolo[1,5-a][1,3,5]triazine-2-carboxamidederivatives 4–13 by
a newmethod, a smooth way, one-pot reaction, energy saving (at
room temperature), low cost (without catalyst), short period
(about 3 h), green solvent (EtOH) method, with high yields (79–
93%) and no requirements for toxic chemicals, which follow the
green synthesis rules. Thiocarbohydrazide 1 was allowed to
react with cyanoguanidine 2 and various aldehydes 3a–3j,
namely, furfural, 2-methylbenzaldehyde, cinnamaldehyde,
glyoxal, 2-chlorobenzaldehyde, 4-methoxybenzaldehyde, 1-
naphthaldehyde, 2-hydroxybenzaldehyde, 4(N,N)-dimethyl
benzaldehyde, and 3-hydroxybenzaldehyde. The one pot-
reaction, three component system was applied in ethanol in
the presence of a few drops of conc. HCl with stirring under
reux for 3 h, and the products 4–13 were precipitated on heat
and separated by ltration (Scheme 1).

The reaction mechanism was assumed to occur via nucleo-
philic attack of the amino group of thiocarbohydrazide 1 at the
cyano group of cyanoguanidine to afford a biguanidine inter-
mediate, followed by nucleophilic attack of the NH of biguani-
dine at the carbon of thiocarbonyl (C]S), with elimination of
Scheme 1 Synthesis of 5-amino-7-(substituted)-N-(4-sulfamoylphenyl
atives (4–13).

© 2024 The Author(s). Published by the Royal Society of Chemistry
H2S (which is detected by paper dampened with lead acetate) to
give 5-guanidino-N-(4-sulfamoylphenyl)-1H-1,2,4-triazole-3-
carboxamide as an intermediate, and then nucleophilic attack
of the NH of the triazole ring and NH of guanidine at the
carbonyl group of the ketone with tautomerism to afford the
desired triazolo-triazine compounds with elimination of water
(Scheme 2).

1,3,4-Triazolo[1,3,5]triazine derivatives 4–13 were validated
with physical and spectral analysis. The FT-IR spectra illus-
trated the appearance of the NH, NH2 stretching band at 3395–
3170 cm−1. Also, the disappearance of the C]S stretching band
at 1287 cm−1 and the C–S–C stretching band at 745 cm−1

provided a denite sign that the triazolo-triazine system formed
as a result of the reaction. In the 1H NMR spectra, signals
appeared at 11.62–11.08 (s, 1H, NH-amide), 11.35–10.09 (s, NH-

triazine, exchangeable by D2O), 9.54–9.20 (s, 1H, CH-triazine), 8.32–
8.06 (s, 2H, NH2-triazine), 8.21–7.32 (m, CH-aromatic), and 7.73–
7.06 (s, 2H, NH2, exchangeable by D2O). The formations of
triazolo-triazine compounds 4–13were proved by a clear band at
76.90–63.30 ppm in the 13C-NMR for CH-triazine. The number
of aliphatic and aromatic carbons conrmed the expected
)-4,7-dihydro-[1,2,4]triazolo[1,5-a][1,3,5]triazine-2-carboxamide deriv-

RSC Adv., 2024, 14, 17785–17800 | 17789
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Scheme 2 Reaction mechanism for 5-amino-7-(substituted)-N-(4-sulfamoylphenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-a][1,3,5]triazine-2-car-
boxamidederivatives (4–13).
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structure of the title compounds in the 13C-NMR spectrum.
Finally, elemental analysis spectroscopic methods obtained
information about the elemental compositions of the synthe-
sized compounds.

In this work, the formed materials 4–13 were prepared under
different conditions to detect the best method to give a high
product yield, short time and green methodology with opera-
tional simplicity. Initially, we selected thiocarbohydrazide (1) to
react with low-cost cyanoguanidine (2) and p-methoxy-
benzaldehyde (3f) as model substrates for the synthesis of 5-
amino-7-(4-methoxyphenyl)-N-(4-sulfamoylphenyl)-4,7-dihydro-
[1,2,4]triazolo[1,5-a][1,3,5]triazine-2-carboxamide (9) in a one
pot method to optimize the reaction conditions, including the
effects of type of acidic catalysis, solvent, temperature, time and
yield. It is noted that the reaction rate went up when increasing
the temperature; here, we recorded that no reaction happened
at room temperature in the presence of AlCl3 (Table 1, entry 1).
Using a different type of acidic catalysis with the same
temperature and solvent enhanced compound 9's yield
marginally to 43% (Table 1, entries 2–4); however, compound
9's yield marginally climbed to 44% with a shorter reaction time
Table 1 Optimization of the reaction conditions for synthesis of compo

Entry Acidic cat. (equiv.) Temperature (°

1 AlCl3 (1.0) RT
2 Acetic acid (1.0) Reux
3 Triuoroacetic acid (1.0) Reux
4 AlCl3 (1.0) Reux
5 AlCl3 (2.0) Reux
6 HCl (1.0) RT
7 HCl (1.0) RT
8 HCl (1.0) RT
9 HCl (1.0) Reux
10 HCl (1.0) Reux
11 HCl (2.0) Reux

17790 | RSC Adv., 2024, 14, 17785–17800
(Table 1, entry 5). We also assessed how different solvent types
affected the product yield during the same reaction time,
nding that utilizing acid catalysis—such as HCl—signicantly
increased the yield of 9 in each of the solvents (Table 1, entries
6–8). Accordingly, using the same amount of HCl (1 equivalent),
dioxane produced greater efficiency (60%) than acetonitrile
(MeCN) (49%). We reuxed the reactionmixture under a shorter
reaction time in order to further prepare triazolo-triazine 9 in
a high yield (72%) (Table 1, entry 9). Remarkably, a yield of 79%
of 9 was achieved with 1 equivalent of HCl reuxed for 3 hours
(Table 1, entry 10). However, when HCl (2 equiv.) was added at
the same reaction period, the reaction yield decreased to 74%
(Table 1, entry 11). Compound 9 was synthesized using a one-
pot method that adheres to green chemistry guidelines.
Compound 9's elemental analysis and 13C NMR and 1H NMR
data all agree well with the published data.
3.2. Biological evaluation

Many inammatory illnesses can be treated with nonsteroidal
anti-inammatory medicines (NSAIDs, such as ibuprofen,
aspirin, or naproxen), herbal supplements, such as curcumin,
und 9 in one pot reaction

C) Solvent Time (h) Yield (%)

EtOH 18 Nil
EtOH 7 37
EtOH 7 40
EtOH 7 43
EtOH 3 44
MeCN 18 49
Dioxane 18 60
EtOH 18 64
EtOH 7 72
EtOH 3 79
EtOH 3 74

© 2024 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra02970d


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

3 
Ju

ne
 2

02
4.

 D
ow

nl
oa

de
d 

on
 7

/1
9/

20
25

 6
:5

4:
44

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
capsaicin, and Boswellia serrata, and corticosteroids, such as
prednisone, to reduce pain and fever.53 However, 1–2% of NSAID
users have been observed to have renal toxicity. Research indi-
cates that using NSAIDs can result in renal failure, both acute and
chronic.54Because of their toxic nature, NSAIDs cannot be used to
treat inammatory conditions. Therefore, it is crucial for phar-
macological researchers to nd new, affordable anti-
inammatory drugs with the fewest side effects possible. This
is a difficult assignment for scientists.55 Bioactive substances
found in nature have long been utilized in traditional medicine
to treat inammatory conditions like pain, fever, arthritis, and
migraines.56 Heterocyclic compounds are widely distributed in
nature and are vital to all living organisms. Numerous natural
compounds, such as hormones, pigments, antibiotics, and vita-
mins, include them as fundamental subunits.57 As a result,
scientists have given them a lot of attention in their quest to
create novel bioactive substances.58 Nitrogen-containing hetero-
cycles are a signicant class and have made signicant contri-
butions to the eld of medicinal chemistry research.59

Here, maximum denaturation of egg albumin was inhibited,
and membrane stabilization of the RBC was achieved with
synthesized compounds 4, 5, 8, 11 and 12 at 50–300 mg ml−1. In
the study of membrane stabilization activity, all the newly
synthesized compounds protected the erythrocyte membrane
signicantly in a concentration dependent manner against lysis
induced by hypotonic solution. Indomethacin at the same
concentrations used as standards also offered signicant (p <
0.05) protection of the RBC membrane against the damaging
effects induced by hypotonic solution. The membrane stabili-
zation action and inhibitory effect of different concentrations of
the synthesized compounds are presented in Fig. 1a and b. Both
membrane stabilization activity and effect on protein denatur-
ation contribute to the in vitro anti-inammatory activity of all
the synthesized compounds used in our study. Table 2 shows
the IC50 values for the % inhibition of denaturing egg albumin
and stabilizing synthetic compounds.

We evaluated the capacities of the synthesized compounds
to inhibit COX-1 and COX-2 activities by an in vitro test and
compared them to indomethacin (reference NSAID). As shown
Fig. 1 In vitro anti-inflammatory activity by (a) protein denaturation and

© 2024 The Author(s). Published by the Royal Society of Chemistry
in Fig. 2a and b, the synthesized compounds 4, 5, 8, 11 and 12
induced a strong and dose-dependent inhibition. At 50, 100,
and 150 mg ml−1, compounds 4, 5, 8, 11 and 12 decreased COX-1
and COX-2 activities more than indomethacin. The results
demonstrated that the newly synthesized compounds 4, 5, 8, 11
and 12 have IC50 values in the range of 40.04–87.29 mg ml−1 for
COX-1 and 27.76–42.3 mg ml−1 for COX-2, while the positive
control indomethacin showed an IC50 of 91.57 for COX-1 and
42.66 mg ml−1 for COX-2. It was noteworthy that compounds 4,
5, 8, 11 and 12 showed higher inhibition for COX activities than
indomethacin, with excellent selectivity indexes in the 1.44–2.07
range for the synthesized compounds (Table 3).

Because it is simple and accurate, the heat-induced egg
albumin denaturation test is a commonly used method. This
test was chosen because albumin protein denaturation
produces antigens that set off type III hypersensitivity reactions
that result in inammation.60 According to the ndings of the
current research, these synthetic compounds have a more
potent anti-inammatory impact than indomethacin. All the
synthetic compounds inhibited the denaturation of egg
albumin at 50, 100, 200, and 300 mg ml−1. The maximum
activities were found in 4, 5, 8, 11, and 12 compared to the other
studied compounds and indomethacin as a standard drugs.

In other ways, the in vitro membrane stabilization method
indicated more effective, exible, and useful. The study found
that the synthesized compounds were more resistant to RBC
lysis than the common drug indomethacin. Compounds 4, 5, 8,
11 and 12 were able to prevent lysis more successfully than
indomethacin because they have superior membrane stability
and strong anti-inammatory properties, while substances 6, 7,
9, 10 and 13 are less effective at reducing inammation than
indomethacin. As a result of the relatively signicant anti-
inammatory capabilities of synthesised compounds 4, 5, 8,
11 and 12, they displayed good potency against COX-1 and COX-
2 enzymes in the COX inhibition assay. In comparison to
indomethacin, the other investigated substances (6, 7, 9, 10 and
13) demonstrated less inhibition against these enzymes. The
results of the current investigation indicated that compounds 4,
5, 8, 11 and 12 were the most effective at inhibiting both COX-1
(b) membrane stabilization.

RSC Adv., 2024, 14, 17785–17800 | 17791
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Table 2 The anti-inflammatory impact of synthetic substances assessed in vitro using protein denaturation and hypotonic solution hemolysis
techniquesa

Compound code
Conc.
(mg ml−1)

Inhibition of protein
denaturation (%)

IC50 (mg ml−1) for
protein denaturation

Inhibition of
RBC hemolysis (%)

IC50 (mg ml−1) for
RBC hemolysis

Indomethacin 50 55.26 45.2 90.3 27.6
100 60 91.8
200 65.78 92.7
300 73.68 93.4

4 50 90.26 27.6 96.9 25.7
100 95 97.7
200 99.2 98.6
300 91.3 99.9

5 50 59.73 41.8 91.2 27.4
100 64.47 92.4
200 70.26 93.7
300 78.15 94.3

6 50 53.68 46.5 81.1 30.8
100 58.42 82.4
200 67.36 83.2
300 72.1 84.3

7 50 54.73 45.6 83.2 30
100 59.47 84.1
200 65.26 85.6
300 73.15 86.3

8 50 59.47 63.3 89.8 27.8
100 64.21 90.7
200 70 91.8
300 77.89 92.9

9 50 51.05 42 78.2 31.9
100 55.78 79.8
200 61.57 80.6
300 69.47 81.8

10 50 55 45.4 85.4 29.2
100 59.73 86.9
200 65.52 87.8
300 73.42 88.6

11 50 83.42 29.9 93.5 26.7
100 88.15 94.7
200 93.94 95.8
300 98.15 96.9

12 50 55.78 44.8 80 27.2
100 60.52 81.4
200 66.31 82.6
300 74.21 83.7

13 50 55 45.4 85.1 29.3
100 59.83 86.5
200 65.72 87.4
300 73.62 88.7

a IC50 value is the compound concentration required to produce 50% inhibition. All the values are signicant when compared to indomethacin (p <
0.05).
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and COX-2 at concentrations of 50, 100, and 150 mg ml−1. These
derivatives may prove to be effective therapeutic molecules for
inammatory illnesses if further laboratory research is con-
ducted on them.

3.3. In silico analysis

3.3.1. Lipinski's analysis. The results from the Lipinski's
rule analysis61 (Table 4), conducted using Swiss ADME26 for the
subject compounds, reveal a mix of adherence and violations.
Lipinski's rule60 suggests that for a compound to have good
17792 | RSC Adv., 2024, 14, 17785–17800
oral bioavailability, it should generally have a molecular
weight (MW) below 500 g mol−1, a log P (partition coefficient)
less than 5, no more than 5 hydrogen bond donors (H donor),
and no more than 10 hydrogen bond acceptors (H acceptor),
along with fewer than 10 rotatable bonds. Among the
compounds tested, compounds 4, 5, 6, 8, 9, 10, 11, 12, and 13
all adhere to Lipinski's rule, exhibiting properties conducive to
good oral bioavailability. However, compound 7 fails to meet
Lipinski's criteria, with violations in three areas: excessive
molecular weight (670 g mol−1), signicantly negative log P
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Effect of synthesized compounds on (a) COX-1 activity and (b) COX-2 activity.

Table 3 Inhibitory effects of the synthesized compounds on COX enzymes

Compound code
Concentration
(mg ml−1) Inhibition of COX-1 (%) Inhibition of COX-2 (%)

COX-1 IC50

(mg ml−1)
COX-2 IC50

(mg ml−1)
Selectivity
index

Indomethacin 50 27.3 � 0.08 58.6 � 0.04 91.57 42.66 2.14
100 50.88 � 0.1 80.2 � 0.05
150 68.24 � 0.2 97.3 � 0.03

4 50 62.43 � 0.01 90.03 � 0.02 40.04 27.76 1.44
100 80.64 � 0.01 95.11 � 0.01
150 90.02 � 0.02 98.92 � 0.02

5 50 32.51 � 0.03 60.01 � 0.05 76.89 41.65 1.84
100 56.64 � 0.01 67.25 � 0.02
150 74.32 � 0.03 75.31 � 0.01

8 50 30.12 � 0.02 62.64 � 0.01 83 39.91 2.07
100 55.41 � 0.05 64.78 � 0.01
150 71.23 � 0.05 71.61 � 0.01

11 50 41.28 � 0.04 60.3 � 0.05 60.56 41.45 1.46
100 63.43 � 0.04 81.99 � 0.01
150 80.12 � 0.03 98.97 � 0.06

12 50 28.64 � 0.04 59.1 � 0.01 87.29 42.3 2.06
100 53.24 � 0.03 80.98 � 0.02
150 70.68 � 0.04 98.4 � 0.02
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(−2.153), and an excess of hydrogen bond acceptors (18) and
donors (8). These results suggest that, while most of the
compounds show promise for oral bioavailability, compound
7may face challenges in this regard due to its physicochemical
properties.

3.3.2. BOILED-egg plot. BOILED-Egg (Brain Or IntestinaL
Estimate D permeation method)62 (Fig. 3) is a predictive model
that works by calculating the polarity and lipophilicity of small
molecules. Efficient and clear graphical outputs are obtained by
converting the predictions of brain and intestinal absorption. A
BOILED-Egg plot determines a drug's suitability during its
development by depicting the statistical plots of gastrointes-
tinal absorption and entry of small molecules into the brain. In
the plot, the white region is for high probability of passive
absorption by the gastrointestinal tract, and the yellow region
(yolk) is for high probability of brain penetration. Yolk and
white areas are not mutually exclusive. In addition, points are
© 2024 The Author(s). Published by the Royal Society of Chemistry
colored in blue if they are predicted as active effluxes by P-gp
(PGP+) and in red if predicted as a non-substrate of P-gp
(PGP−).

3.3.3. In silico toxicity using OSIRIS property explorer. The
results from the prediction of drug-likeness and toxicity using
OSIRIS property explorer (Table 5) provide valuable insights
into the pharmacodynamic and pharmacokinetic properties of
the subject compounds. Overall, the majority of compounds
show favorable properties with regard to mutagenicity, tumor-
igenicity, eye and skin irritation, and reproductive effects, as
they are predicted to have no effects in these areas. However,
compounds 10 and 12 are agged for high tumorigenic poten-
tial in pharmacokinetics, indicating a potential concern for
carcinogenicity. Moreover, compound 7 stands out with
signicantly negative scores in absorption and drug-likeness,
suggesting potential challenges in its bioavailability and over-
all suitability as a drug candidate. Compound 10 also exhibits
RSC Adv., 2024, 14, 17785–17800 | 17793
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Table 4 Lipinski's rule for the subject compounds by Swiss ADME

MW (g mol−1) Log P (<5) Rotatable bonds H acceptor (<10) H donor (<5) Lipinski's rule

4 402 0.058 4 4 10 Yes (1 violation)
5 426 0.773 4 9 4 Yes (0 violation)
6 438 1.130 5 9 4 Yes (0 violation)
7 670 −2.153 7 18 8 No (3 violations)
8 446 1.118 4 9 4 Yes (0 violation)
9 442 0.474 5 10 4 Yes (0 violation)
10 462 1.162 4 9 4 Yes (0 violation)
11 428 0.171 4 10 5 Yes (0 violation)
12 455 0.531 5 10 4 Yes (0 violation)
13 428 0.171 4 10 5 Yes (0 violation)

Fig. 3 Combined BOILED egg representation (created using Swiss ADME) of the studied compounds.

Table 5 Drug-likeness and toxicity predicted using OSIRIS property explorer

Pharmacodynamics Pharmacokinetics

Mutagenic Tumorigenic
Eye and skin
irritation Reproductive effect Solubility Absorption TPSA Drug-likeliness Drug score

4 No No No Medium −4.76 −0.27 191.9 7.34 0.55
5 No No No Medium −5.42 0.89 178.7 7.15 0.47
6 No No No Medium −5.09 0.94 178.7 6.23 0.49
7 No No No Medium −6.11 −2.63 357.5 7.22 0.28
8 No No No Medium −5.81 1.15 178.7 7.64 0.43
9 No No No Medium −5.09 0.47 187.9 7.43 0.49
10 No High No Medium −6.68 1.74 178.7 7.03 0.22
11 No No No Medium −4.78 0.2 198.9 7.26 0.53
12 No High No Medium −5.11 0.44 182.0 6.25 0.29
13 No No No Medium −4.78 0.2 198.9 7.41 0.53

17794 | RSC Adv., 2024, 14, 17785–17800 © 2024 The Author(s). Published by the Royal Society of Chemistry
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a notably low drug score, indicating potential limitations in its
effectiveness as a drug candidate. Conversely, compounds 4, 5,
6, 8, 9, 11, and 13 demonstrate relatively favorable pharmaco-
kinetic properties and drug scores, suggesting theymay bemore
promising candidates for further development. These results
emphasize the importance of comprehensive assessment of
both pharmacodynamic and pharmacokinetic properties in
evaluating the potential of compounds for drug development.
3.4. Molecular docking

The process of molecular docking involves the prediction of the
optimal arrangement and strength of binding between a ligand
(herein, the ten tested compounds 4–13) and a receptor (herein,
Table 6 Docking scores of the investigated compounds (from compou

Ligand Receptor Interaction

4 C5 HIS 388 H-donor
N8 HIS 388 H-donor
O14 THR 212 H-acceptor
6-ring HIS 207 Pi-cation

5 N8 HIS 388 H-donor
N20 GLN 454 H-acceptor
6-ring HIS 386 Pi-cation

6 N23 GLN 454 H-donor
O11 HIS 207 H-acceptor
N16 HIS 207 H-acceptor
N20 ASN 382 H-acceptor
6-ring LEU 294 Pi-H

7 N12 ASP 213 H-donor
O10 GLN 289 H-acceptor
O13 LYS 215 H-acceptor
O33 GLN 203 H-acceptor
N43 HIS 214 H-acceptor
5-ring HIS 207 Pi-cation

8 C5 HIS 388 H-donor
N8 HIS 388 H-donor
N13 ASN 382 H-donor
O14 THR 212 H-acceptor
6-ring HIS 207 Pi-cation
5-ring LEU 294 Pi-H
6-ring ILE 408 Pi-H

9 N8 HIS 388 H-donor
5-ring HIS 207 Pi-cation
6-ring THR 212 Pi-H
6-ring LEU 294 Pi-H

10 N7 PHE 210 H-donor
N23 TYR 385 H-donor

11 N13 GLU 290 H-donor
N23 GLN 454 H-donor
O30 HIS 388 H-donor
O11 THR 212 H-acceptor
O14 ASN 222 H-acceptor

12 N13 ALA 443 H-donor
N23 ASN 382 H-donor
5-ring HIS 207 Pi-cation
6-ring THR 212 Pi-H

13 N13 TRP 387 H-donor
O11 GLN 203 H-acceptor
6-ring GLN 203 Pi-H
5-ring HIS 207 Pi-cation

© 2024 The Author(s). Published by the Royal Society of Chemistry
the 5IKT molecule), resulting in the formation of a stable
complex.63 One of the receptors that has received a great deal of
notice in recent years is 5IKT. The 5IKT receptor is the structure
of tolfenamic acid bound to human cyclooxygenase2, which is
an enzyme that catalyzes the synthesis of prostaglandins that
are associated with inammation and pain. Tolfenamic acid is
a kind of nonsteroidal anti-inammatory medication (NSAID)
that prevents the enzyme cyclooxygenase from gaining acces-
sibility to its target arachidonic acid.64,65 Molecular docking may
be used to create unique medicines targeting cyclooxygenase-2
in a substrate-selective manner, which means that they can
selectively block the oxygenation of endocannabinoids, which
are another class of substrates for cyclooxygenase-2, without
affecting the oxygenation of arachidonic acid. This may have
nd 4 to compound 13) against 5IKT

Distance E (kcal mol−1) S (kcal mol−1)

3.45 −1.70 −8.82
3.44 −2.40
3.58 −0.70
3.59 −0.60
3.44 −0.70 −7.67
3.24 −2.50
3.37 −0.60
2.99 −1.60 −7.10
3.25 −0.90
3.01 −6.90
3.48 −1.20
4.13 −0.70
2.93 −5.30 −7.32
3.51 −1.00
2.97 −5.90
3.21 −2.00
3.20 −2.90
4.08 −0.80
3.53 −1.30 −7.46
3.41 −8.70
3.06 −0.90
3.49 −1.10
3.83 −0.70
4.22 −0.70
4.21 −0.60
3.04 −15.00 −6.99
3.99 −0.90
3.62 −1.00
4.15 −0.80
3.42 −1.30 −7.43
3.15 −0.70
3.08 −1.10 −7.82
3.17 −1.00
2.94 −11.80
2.95 −2.70
3.03 −0.80
3.16 −0.80 −7.76
2.99 −1.00
3.22 −0.80
4.11 −0.70
2.88 −1.30 −7.37
3.24 −1.50
3.63 −0.60
3.45 −2.30

RSC Adv., 2024, 14, 17785–17800 | 17795
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consequences for the design of new cyclooxygenase-2-targeting
anti-inammatory and analgesic medications. Therefore, the
5IKT receptor is important in molecular docking because it can
provide structural information for designing new drugs that
modulate the activity of cyclooxygenase-2 and its substrates.
Overall, molecular docking is considered a powerful tool in
exploring, discovering, and designing new drugs that can
specically target a certain enzyme.66

Here, the docking process was checked by re-docking and
superimposition.51 The re-docking procedure used the same
procedures that had been used before. The re-docked 5IKT
native ligand was found to be wholly overlaid on the native co-
crystallized ligand (Fig. S1†). The re-docking and superimposi-
tion protocol gave good evidence for docking protocol
validation.

Table 6 displays the docking scores of the examined
compounds (4–13) against the 5IKT enzyme. The docking scores
(S) exhibited a range between −8.82 kcal mol−1 (for 4) and
−6.99 kcal mol−1 (for 9).

Compound 4 exhibited the highest activity with the most
negative score among the compounds, with a value of
−8.82 kcal mol−1. Following this, compound 12 displayed
a score of −7.76 kcal mol−1, compound 5 had a score of
−7.67 kcal mol−1, compound 8 had a score of−7.46 kcal mol−1,
compound 10 had a score of −7.43 kcal mol−1, compound 13
had a score of −7.37 kcal mol−1, compound 7 had a score of
−7.32 kcal mol−1, compound 6 had a score of−7.10 kcal mol−1,
and nally compound 9 had a score of −6.99 kcal mol−1.
Accordingly, compound 9 exhibited the lowest activity with the
least negative score of −6.99 kcal mol−1. Fig. 4 illustrates the
precise binding positions of the compounds under investiga-
tion inside the active site of the 5IKT interaction in both three-
dimensional (3D) and two-dimensional (2D) representations.
Additionally, Table 6 presents the docking data associated with
these compounds.

In the examination of the molecular interactions in
compound 4, it is shown that two H-donor and one H-acceptor
bonds are established between C5 with HIS388, N8 with HIS388,
and O14 with THR212, respectively, at distances of 3.45, 3.44,
and 3.58 Å, respectively. Furthermore, it is seen that one pi-
cation interaction was established between 6-ring with HIS207
at distance of 3.59 Å. These ndings are listed in Table 6. In the
instance of compound 11, three H-donors and two H-acceptor
bonds are established between N13 with GLU290, N23 with
GLN454, O30 with HIS388, O11 with THR212, and O14 with
ASN222, respectively, at distances of 3.08, 3.17, 2.94, 2.95, and
3.03 Å, respectively. In compound 12, two hydrogen-donor
bonds were observed, with distances of 3.16 and 2.99 Å,
between N13 with ALA443 and N23 with ASN382, respectively
(Table 6). Also, one pi-cation and one pi-H interactions were
established between 5-ring with HIS207 and 6-ring with THR212
at 3.22 and 4.11 Å, respectively, as shown in Table 6.
Fig. 4 3D and 2D representations of the molecular interactions of the
investigated compounds (from compound 4 to compound 13) against
the PDB ID: 5IKT.
3.5. Density functional theory (DFT) exploration

DFT calculations were performed to correlate the calculated
HOMO–LUMO energy differences with the in vitro biological
17796 | RSC Adv., 2024, 14, 17785–17800 © 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 DFT exploration of compounds 4 and 11 and reference drug indomethacin.
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activity results, looking for patterns or trends that may help
explain the observed experimental outcomes.67 Indomethacin
was selected as it was used as the standard in the in vitro bio-
logical activity experiments. Considering the structural varia-
tions between the target compounds and indomethacin, we
assess how these structural differences inuence the electronic
properties and reactivity and whether they can be linked to the
biological activity.

The DFT investigation was explored via the B3LYP functional
with the 6–311g(d,p) basis set. Fig. 5 displays the DFT assess-
ments of the two highest-ranking compounds (4 and 11) ob-
tained from the screening method and those of the reference
drug indomethacin. The results of the DFT analysis demon-
strated that the HOMO–LUMO energy differences (DE) of
compounds 4 (2.43 eV) and 11 (2.18 eV) were lower than that of
indomethacin (2.95 eV). This nding indicates the possibility
and signicance of molecular charge transfer.68–70 Furthermore,
the hardness (h, eV), and soness (s, eV−1) values of the two
highest-ranking compounds (4 and 11) identied by the
screening approach, together with those of the reference drug
indomethacin, were determined by evaluating the energies of
their HOMO and LUMO orbitals using the Parr and Pearson
© 2024 The Author(s). Published by the Royal Society of Chemistry
interpretation. Interestingly, compounds 4 and 5 had the
highest chemical soness values (0.82 eV−1 and 0.92 eV−1,
respectively) and lowest chemical hardness values (1.22 eV and
1.09 eV, respectively) compared to those of indomethacin (0.68
eV−1 and 1.47 eV, respectively), which might be responsible for
the increased chemical reactivity compared to indomethacin.
4. Conclusion

The synthesis and characterization of new fused heterocyclic
compounds based on purine analogues made from thio-
carbohydrazide are reported in this study. The preparation
method involved stirring conventionally in ethanol with drops
of concentrated HCl. This is a simple process that provides high
purities, high yields of triazolo-triazines with a sulfamoyl
moiety, and the anticipated biological activity of the
compounds. The molecular structures of the synthesized
compounds were veried using spectroscopic methods and the
compounds demonstrated highly signicant anti-inammatory
activity. Particularly, compounds 4, 5, 8, 11, and 12 exhibited
excellently effective RBC membrane stabilization, inhibition of
protein denaturation, and inhibition of COX enzymes
RSC Adv., 2024, 14, 17785–17800 | 17797
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compared to those of indomethacin. According to the in vitro
anti-inammatory activity, compounds 4, 5, 8, 11 and 12 are
promising as therapeutic candidates for treating inammatory
diseases. Careful and systematic plans could lead to further
research employing innovative techniques and animal models.
The COX inhibition study showed that these compounds exhibit
remarkable COX-1/COX-2 inhibition, comparable with conven-
tional indomethacin. COX 2 (PDB ID: 5IKT) was docked with the
ten synthetic compounds (4–13). Compounds 4, 11 and 12 had
the highest binding affinity. The results suggest that these
compounds inhibit COX 2 (PDB ID: 5IKT) and could be further
studied for COX 2 targeting. DFT analysis was performed on the
two most favorable compounds (4 and 11) identied through
the screening methodology and the reference pharmaceutical
agent indomethacin. The DFT analysis revealed that
compounds 4 and 11 exhibited a reduced HOMO–LUMO energy
difference in comparison to that of indomethacin. This
discovery elucidates the potential importance of intermolecular
charge transfer in this system.
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