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ABSTRACT

Newly 4-amino-1,2,4-triazole-3-thione ring 2 was formed at position six of 2-methylphenol from the reaction of 6-(5-thio-
1,3,4-oxadiazol-2-yl)-2-methylphenol 1 with hydrazine hydrochloride in the presence of anhydrase sodium acetate. Seven
newly fused heterocyclic compounds were synthesized from compound 2. First fused heterocyclic was 6-(6-(3,5-di-tert-
butyl-4-hydroxyphenyl)-[1,2,4]triazolo[3,4-b][ 1,3,4]thiadiazol-3-yl)-2-methylphenol 3 synthesized from reaction compound
2 with 3,5-di-fert-butyl-4-hydroxybenzoic acid in POCIl;. Reaction compound 2 with bromophencylbromide afford
6-(6-(4-bromophenyl)-5H-[1,2,4]triazolo[3,4-b][1,3,4]-thiadiazin-3-yl)-2-methylphenol 4. 6-(6-thio-1,7a-dihydro-[1,2,4]
triazolo[3,4-b][1,3,4]-thiadiazol-3-yl)-2-methylphenol 5§ was synthesized from reaction compound 2 with CS, in alkaline
ethanolic solution. 6-(6-amino-1,7a-dihydro-[ 1,2,4]triazolo[3,4-b][ 1,3,4]-thiadiazol-3-yl)-2-methylphenol 6 was synthesized
from cyclization of 2 with cyanogen bromide at room temperature. Compounds 7a-c were synthesized from reaction compound
2 with arylisothiocyanate in dimethyl formamide. The antioxidant ability of these compounds was screened by 2,2-diphenyl-
1-picrylhydrazyl radical assay (DPPH) and Ferric ion reducing antioxidant power assay (FRAP) assays. Compound 2 and 3
exhibited highest DPPH inhibition and FRAP value compared to rest synthesized compounds. The molecular docking studies
of the newly synthesized compounds were screened for their A tubulin binding affinity with the aid of docking studies via
MOE 2015. Compounds 4, 7a, 7b and 7¢ exhibited interaction compared with colchicine reference as potent tubulin inhibitor.
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INTRODUCTION

Recently, many researchers were emphasized that the
free radical considered one of the major reasons that
cause several diseases such as inflammation,' cancer,?
degenerative diseases,’ and chronic diseases.* Furthermore,
the free radicals and their related species can cause serious
damage in biomolecule cells, encompass proteins, lipids,
Deoxyribonucleic Acid (DNA), and carbohydrates resulting
in severe damage to the cell.’ The antioxidant compounds
are important materials due to their ability to prevent this
damage.® The hindered phenolic derivatives are known for their
significant antioxidant ability’ and particularly those containing
heterocyclic rings.>1® A large number of heterocyclic and
fused heterocyclics displayed significant biological activities,
including antioxidant ability,''# antiplasmodial activity,'® anti-
inflammatory,'® antibacterial activity,!” antifungal'® inhibitors

of HIV." Furthermore, fused heterocyclic, and especially the
1,2,4-triazole moiety, revealed various biological activity, for
instance, antimicrobial activity,?? antitumor,?"??> herbicidal
activity,”> anti-inflammatory,?* Jakl kinase inhibitors,?
antifungal activity,?® anti-HIV-1 activity?’ and antioxidant
activity.?#?° It is too renowned in medicinal chemistry that
merged two different pharmacophores in the same structure
to promote the resulting compound’s biological activities.>2
Recently, molecular docking studies are too beneficial to
afford a prediction of the ligand-receptor complex structure
using computation methods. Considering ligand-receptor
interaction, one usually considers two points: strength of the
interaction (what is known as ‘affinity’) and kind of an effect
at the biochemical, electrophysiological, and behavioral level
triggered by the ligand (what we refer to as intrinsic activity).
To get an insight into the type of chemical forces involved in the
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interaction, one may build models of a specific pharmacophore
or construct models of a receptor protein and examine the
binding forces. Interaction of a ligand with a receptor may
result in receptor activation (agonists).>* The most popular
approach to predict the correct binding pose and binding
affinity (BA) is protein-based modeling (docking) in which
physicochemical interactions between a ligand and receptor are
deduced from the 3D structures of both molecules. In this work,
docking method was performed to predict the antibacterial
activity of the synthesized compounds.**

This work presented formation 4-amino 1,2,4-triazole
at position six of 2-methylphenol and synthesized their
corresponding fused ring to increases the sterical hindrances
around the phenolic hydroxyl and investigate their antioxidant
ability by DPPH and FRAP compared with 2-methylphenol,
BHT, and ascorbic acid. The molecular docking study for the
newly synthesized compounds was tested for their A tubulin
binding affinity with the aid of docking studies via MOE 2015.

EXPERIMENTAL

General Chemistry

The melting point of synthesized compounds was established
by open capillary tube using OMEGA MPSI0 apparatus, and
it is uncorrected. The end of the reactions was monitored by
thin-layer chromatography (TLC) Plates (0.25 mm, 20 x 20 cm,
60F254, E. Merck). Silica gel 60 (230—400 mesh, E. Merck).
They were utilized for column chromatography, brand Merck
the spot located with UV lights at 254 nm. The FTIR spectrums
were affirmed with Perkin Elmer 400 spectrometer. The NMR
spectra were recorded on Bruker spectrometer 300 MHz (AL-
Bayt University, Jordan) in DMSO-d, vin tetramethylsilane as
internal standard. The Mass spectrum was recorded using
Shimadzu GC MS-QP2010Ultra (Al-Mustansiriyah University,
College of Science, Department of Chemistry). A Power Wave
X340 (BIO-TEK Instruments, Inc., Winooski, VT, USA) UV
spectrophotometer was used to record the DPPH and FRAP
assays.

Synthesis of 6-(4-amino-1,2,4-triazol-3-yl-5-thione)-2-
methylphenol 2

A mixture of 6-(5-thio-1,3,4-oxadiazol-2-yl)-2-methylphenol
(3g, 14.4 mmol) which is synthesized according to previously
reported method,® hydrazine hydrochloride (1.48 g, 21.6
mmol) and anhydrous sodium acetate (1.77 g, 21.6 mmol)
dissolved 10 mL absolute ethanol then heated under reflux for
18 hours. After cooling, the solvent evaporated under reduced
pressure. The residue washed with warm water (20 mL x2).
The crude precipitated recrystallized from methanol to afford
white crystals. Yield 67%, m.p. (235-237) °C, IR (KBr, U,/
cm™); 3460 (OH,henol)> 3315, 3252 (NH,), 3182 (NH), 3035
(CH,omatic)s 2939, 2785 (CH,jiphatic)> 1617 (C=N), 15993-1435
(C=C); '"H NMR (300 MHz, DMSO-dy) 8, ppm; 2.23 (s, 3H,
CH,), 5.96 (bs, 2H, NH,), 6.89 (t, J 7.6, 1H, H), 7.31 (d, J
7.2, 1H, Hy), 7.54 (d, J 7.2, 1H, Hs), 9.97 (bs, 1H, OH), 13.99
(bs, IH, NH) ); *C NMR (75 MHz, DMSO-dy) §, ppm; 16.28
(1C, CH,), 112.60 (1C, Cy), 119.21 (1C, C,), 126.20 (1C, C,),

127.84 (1C, Cs), 133.15 (1C, Cy), 149.17 (1C, C)), 153.67 (IC,
Crieany)s 165.67 (1C, Cyc_s)). EIMS m/z =222 [M™] (calc. for
CoH,(N,08S, 222.06).

Synthesis of 6-(6-(3,5-di-tert-butyl-4-hydroxyphenyl)-[1,2,4]
triazolo[3,4-b] [1,3,4]thiadiazol-3-yl)-2-methylphenol 3

To a mixture of 6-(4-amino-1,2,4-triazol-3-yl-5-thione)2-
methylphenol (0.25 g, 1.12 mmol) and 3,5-di-tert-butyl-4-
hydroxybenzoic acid (0.3 g, 1.12 mmol), in 50 mL round flask,
5 mL of phosphorusoxy chloride was added in a few portions
at ambient temperature. The mixture stirred and refluxed for 3
hs in a water bath at 80-90°C. After cooling, the mixture was
poured into 100 mL crushed ice and stirred for 15 minutes.
Sodium bicarbonate was added in few portions until the pH
adjusted to 7 to 8. The precipitate was filtered, washed with
water and dried. The crude product was purified from column
chromatography using hexane-ethyl acetate (3-1) as eluent to
give pale pink precipitate. Yield 0.42 g, 77%, m.p. (240-243)°C,
IR (KBr, U,/ cm™); 3633 (OHgi-rers-buty)s 3602 (OHphen00),
3042 (CH,romatic)s 2962-2869 (CH,jiphasic)s 1606 (C=N), 1543-
1421 (C=C); "THNMR (300 MHz, DMSO-d;) 8, ppm; '"H NMR
(300 MHz, DMSO-dy) 8, ppm; 1.45 (s, 18H, 2xC(CHj;)5), 2.50
(s, 3H, CHy), 5.62 (s, 1H, C,3-OH), 6.92 (t, J 7.9, 1H, H,), 7.34
d, J 75, 1H, Hy), 745 (d, J 7.9, 1H, Hs), 7.82 (s, 2H, H,)),
9.18 (bs, 1H, OH); 3C NMR (75 MHz, DMSO-d,) 8, ppm;
15.60 (1C, CHj;), 29.89 (6C, C;5, 2xC(CH;);), 34.56 (2C, C,,,
C(CHy),), 110.12 (1C, Cyy), 114.86 (1C, Cy), 119.53 (1C, C,),
123.16 (2C, C,)), 125.34 (1C, Cs), 132.87 (1C, C,), 134.93 (1C,
C,), 139.64 (2C, C,,), 153.88 (1C, C3), 157.30 (1C, C)), 162.83
(IC, Cy), 163.94 (1C, Cg(c—ny), 164.88 (1C, Cyc); EIMs, m/
z=436 [M""] (Calc. for C,,H,4N,0,S, 436.19).

Synthesis of 6-(6-(4-bromophenyl)-5H-[1,2,4]triazolo[3,4-b]
[1,3,4]thiadiazin-3-yl)-2-methylphenol 4

To a solution of 6-(4-amino-1,2,4-triazol-3-yl-5-thione)2-
methyl-phenol (0.28 g, 1.25 mmol) in ethanol, 4-bromophencyl
bromide (0.34 g, 1.25 mmol) was added with few portions at
ambient temperature. The mixture was refluxed for 3 hs then
sodium acetate (0.1 g, 1.25 mmol) was added and the mixture
refluxed for another 3 hs. The crude material recrystallized
from ethanol-water, to afford white crystal. Yield 0.32 g, 64%,
m.p. (259-260)°C, IR (KBr, U, ,./ cm™); 3450 (OH,jpeno1)s 3086
(CH,romatic)s 2991-2852 (CH,jippatic)s 1603 (C=N), 1595-1477
(C=C); '"H NMR (300 MHz, DMSO-dy) 8, ppm; 2.27 (s, 3H,
CH,;), 4.46 (s, 2H, CH,, Hy), 6.96 (t, J 7.8, 1H, H,), 7.32 (d, J
6.9, 1H, Hs), 7.84 (d, J 8.4, 2H, 2xH,3;), 8.01 (m, 3H, Hy, 2xH,,),
11.46 (s, IH, OH); '*C NMR (75 MHz, DMSO-d,) 8, ppm; 16.05
(1C, CH,), 22.45 (1C, Cy, CH,), 112.63 (1C, Cy), 118.91 (1C,
C,), 125.34 (1C, Cy,), 125.51 (1C, C,), 127.85 (1C, Cs), 129.58
(2C, C}y), 132.25 (2C, Cy3), 132.79 (1C, Cy), 133.14 (1C, C))),
155.72 (1C, C)), 163.82 (1C, C,y), 164.39 (1C, Cy), 166.01 (1C,
C,); EIMs, m/z= 400 [M"'] 100%, (Calc. for C;;H;;BrN,OS,
400.00).

Synthesis of 6-(6-thio-1,7a-dihydro-[1,2,4]triazolo[3,4-b]
[1,3,4]-thiadiazol-3-yl)-2-methylphenol 5
Excess of CS, (0.1 g, 1.25 mmol) was added to a mixture of

max
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6-(4-amino-1,2,4-triazol-3-yl-5-thione)-2-methylphenol (0.28
g, 1.25 mmol) and KOH (0.07 g, 1.25 mmol). In ethanol The
mixture was heated under refluxed 7 hours. The progress of the
reaction was monitored by wet lead acetate paper. The solvent
was reduced to half and the residue was poured in to 10 mL
crashed ice. Hydrochloric acid (10%) was used to adjust the
pH to 6-5 .The precipitate was filtrated, washed with water,
dried and crystallized from methanol, to afford white crystal.
Yield 0.28 g, 86%, m.p (230-232)°C, IR (KBr, U,,,,/ cm™); 3309
(OH,henop) 3101 (NH), 3033 (CH,romagic)s 2947-2781 (CH,jiphatic)-
1610 (C=N), 1564-1477 (C=C);'H NMR (300 MHz, DMSO-d,)
S, ppm; 2.22 (s, 3H, CH;), 6.89 (t,J 6.87, 1H, H,), 7.31 (d, J 7.56,
1H, H;), 7.54 (d, J 8.01, 8.4, 1H, Hy), 9.98 (s, 1H, OH), 14.01 s,
1H, NH); 3C NMR (75 MHz, DMSO-d,) 8, ppm; 16.32 (I1C,
CH,;), 112.63 (1C, Cy), 119.23 (1C, Cy), 126.22 (1C, C,), 127.88
(1C, Cy), 133.17 (1C, Cy), 149.21 (1C, C)), 153.70 (1C, C,, C=N),
165.69 (1C, Cq, C=N), 171.90 (1C, C,, C=S); EIMs, m/z= 264
[M™] (calc. for C,,HgN,OS,, 264.01).

Synthesis of 6-(6-amino-1,7a-dihydro-[1,2,4]triazolo[3,4-b]
[1,3,4]thiadiazol-3-yl)-2-methylphenol 6

cyanogen bromide (0.13 g, 1.25 mmol) was added to a mixture
of 6-(4-amino-1,2,4-triazol-3-yl-5-thione)2-methylphenol
(0.28 g, 1.25 mmol) and sodium hydrogencarbonat (0.11 g,
1.25 mmol).in 10 mL methanol. The mixture was stirred at
ambient temperature for 16 h. the precipitated was filtrated and
washed with warm water. The crude material recrystallized
from methanol, to afford white crystal. Yield 0.22 g, 70%, m.p
(170-173)°C, IR (KBr, U,,,,,/ cm™); 3357 (OH,jpenony 3271-3097
(NHZ)a 3026 (CHaromatic)’ 2951-2785 (CHaliphatic)7 1610 (CZN),
1547-1481 (C=C); "H NMR (300 MHz, DMSO-d,) 5, ppm; 2.25
(s, 3H, CHj;), 6.45 (s, 2H, NH,), 6.86-6.95 (m, 1H, Hs), 7.32 (d,
J 6.6, 1H, H,), 8.02 (d, J 7.9, 1H, H;), 10.92 (s, 1H, OH); 1*C
NMR (75 MHz, DMSO-dg) 6, ppm; 15.92 (1C, CHj), 108.39
(1C, Cy), 119.85 (1C,Cy), 123.16 (1C, Cy), 125.66 (1C, C,),
133.19 (1C, Cy), 154.21 (1C, C,), 158.05 (1C, C)), 163.15 (1C,
C,,C=N), 165.62 (1C, C4,C=S); EIMs, m/z= 247 [M"'] (calc.
for C,,HyN;OS, 247.05).

General synthesis of 6-(6-((4-substituted-phenyl)amino)-
1,7a-dihydro[1,2,4]-triazolo[3,4-b][1,3,4]thiadiazol-3-yl)-2-
methylphenol 7a-c

4-substituted-phenylisothiocyante (1.25 mmol) was added
gradually to a solution of 6-(4-amino-1,2,4-triazol-3-yl-5-
thione)2-methylphenol (0.28 g, 1.25 mmol) in 10 mL DMF.
The mixture was heated under reflux for five hours. Upon
cooling, the mixture was quenched with 15 mL distilled water
and twice extracted from diethyl ether. The combined organic
layer was washed with water several times, brine, and dried
under sodium sulfate. The solvent was removed under reduced
pressure and the crud solid crystallized from a suitable solvent.

6-(6-((4-chlorophenyl)amino)-1,7a-dihydro[1,2,4]-
triazolo[3,4-b][1,3,4]thiadiazol-3-yl)-2-methylphenol 7a
The crud solid crystallized from chloroform: ethanol (1:6).to
gives white Precipitate. Yield 0.3 g, 67%, m.p.(159-162) °C,
IR (KBr, U,/ cm™); 3425 (OH ), 3180 (NH), 3093,3028

max phenol

(CH,romatic)s 2958, 2860 (CH,jiphqtic)s 1647 (C=N), 1595, 1489
(C=C); '"H NMR (300 MHz, DMSO-dy) &, ppm; 2.17 (s, 3H,
CH;), 591 (s, 1H, OH), 6.69-7.91 (m, 7H, H;, H,, Hs, 2H,,,
2H,,), 9.90 (bs, 1H, NH); 3*C NMR (75 MHz, DMSO-dy) 3,
ppm; 16.27 (1C, CHy), 117.88 (1C, Cy), 119.21 (1C,C,), 125.27
(2C, Cy), 127.85 (1C, C,), 128.28 (1C, C,5), 128.97 (1C, Cy),
133.14 (1C, C;), 135.05 (1C,C,,), 138.08 (1C,C,), 153.68 (1C,
Cy,C=N), 158.98 (1C, C)), 159.08 (1C, C,, C=N), 165.68 (1C,
Cg,C=N); EIMs, m/z= 359 [M"] (Calc. for C,¢H,,CIN;OS,
359.06).

6-{6-[(4-methylphenyl)amino][1,2,4]triazolo[3,4-b][1,3,4]
thiadiazol-3-yl}-2-methylphenol 7b

Recrystallized from acetonitrile to afford pale yellow
precipitate Yield 57% M.P=134-136 °C, IR (KBr, U,/ cm™);
3433 (OHppeno)s 3223 (NH), 3078 (CH,omatic)s 2967, 2883
(CH,jiphatic)> 1638 (C=N), 1598,1492 (C=C); "H NMR (300
MHz, DMSO-dy) 6, ppm; 2.10 (s, 3H, CH;), 2.16 (s, 3H, CHj;)
, 5.95 (s, 1H, OH), 6.81 (t, J 7.44, 1H, H4), 7.12 (d, 2H, ] 7.8,
H12), 7.42 -7.49 (m, 3H, H;, H11), 7.52 (d, J 8.01, 1H, Hs),, 9.70
(bs, 1H, NH); '*C NMR (75 MHz, DMSO-dy) 5, ppm; 18.87
(1C, CHy), 2.11 (1C, CH;), 118.84 (1C, Cy), 120.09 (1C.C,),
123.17 (2C, C;)), 128.05 (1C, C,), 128.28 (1C, Cs), 129.33
(2C,Cyy), 130.98 (1C, Cy3), 131.24 (1C, Cy), 136.15 (1C,Cy3),
136.08 (1C,Cy(),152.83 (1C, Cyc—ny), 157.66 (1C, C)), 158.67
(IC, Cyeany)s 164.34 (1C, Cyc—yy); ); EIMs, m/z=337 M
(Calc. for C;;H;5sN50S, 337.1).

6-(6-((4-methoxyphenyl)amino)-[1,2,4]triazolo[3,4-b][1,3,4]
thiadiazol-3-yl)-2-methylphenol 7c

Recrystallized from ethanol to gives off white precipitate;
Yield 62%, M.P. 127-129 °C, IR (KBr, U,/ cm™"); 3451 (NH),
3218 (Othen01)7 3066 (CHaromatic)7 2972,2868 (CHaliphatic)> 1635
(C=N), 1596,1495 (C=C); '"H NMR (300 MHz, DMSO-d,) 3,
ppm; 2.11 (s, 3H, CH;), 3.86 (s, 3H, OCHj;) , 5.92 (s, 1H, OH),
6.87 (t, J 8.04, 1H, H4), 7.17 (d, 2H, J 8.0, H11), 7.39 (d, 2H,
J=8.22 Hz, H;), 7.52 (d, J 8.01, 1H, Hy),7.92 (d.2H, J 8.0 H12),
9.74 (bs, 1H, NH).*C NMR (75 MHz, DMSO-d,) 8, ppm; 20.87
(1C, CHy), 56.55 (1C, CH;),114.35(2C, C11), 116.61(2C,C12)
119.06 (1C, Cy), 120.21 (1C,C,), , 128.05 (1C, C,), 128.28 (1C,
Cs), 130.13 (1C, Cy), 136.08 (1C,C,(),152.83 (1C, Cy ), 157.66
(1C, Cy), 158.67 (IC, Cqcon)),160.52 (1C, Cy5) 164.34 (1C,
Cg(c=n)); EIMs, m/z=353 [M™] (Calc. for C;;H,5N50,S, 353.09).

DPPH Assay

The antioxidant capacity of the compounds was studied
through their scavenging activity against DPPH radicals as
reported by Gerhauser ef al.3> The percentage of DPPH and the
IC, (half maximal scavenging concentration) was calculated
regarding the DPPH absorbance (0%) and the absorbance in
the presence of ascorbic acid (100%) method.

FRAP Assay

The FRAP assay was done according to Benzie et al.,
1996.° This redox reaction occurs at a low pH. The ferric
tri-pyridyltriazine (TPTZ- Fe3+) complex is reduced to the
ferrous form (TPTZ- Fe2+) by electron-donating antioxidants;
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the reduced complex is detected spectrophotometrically at
593 nm. Therefore, the reducing power of the sample may be
referred as the total antioxidant power.

RESULTS AND DISCUSSION

Newly 6-(4-amino-1,2,4-triazole-3-yl-5-thione)-2-
methylphenol (2) was synthesized from reaction 6-(5-thio-
1,3,4-oxadiazol-2-yl)-2-methylphenol (1) with hydrazine
hydrochloride in the presence of sodium acetate. Compound
2 was utilized as starting to synthesized seven newly fused
heterocyclic. Reaction compound 2 with 3,5-di-tert-butyl-
4-hydroxybenzoic acid in the presence of POCI; afforded
compound 3. Reaction compound 2 with bromophencyl
bromide gave compound 4, moreover reaction compound
2 with CS, in the presence of KOH afforded compound 5.
Compound 6 was synthesized from reaction compound 2
with cyanogen bromide. Three fused compounds, triazole-
thiadiazole were synthesized by reacting compound 2 with
three different 4-substituted phenylisothiocyante as depicted
in Scheme 1.

The new compounds were characterized from their
FTIR, '"H NMR, '3C NMR, and EIMs spectra. The FTIR for
compound 2 exhibited three bands at 3460, 3315, and 3182
cm-1 attributed to OH, NH2, and NH. Besides the band of
C=N of the 1,2,4-triazole ring assigned at 1617 cm™. The 'H
NMR spectrum showed the three aromatic protons of phenol
ring as a triplet at 6.89 ppm for H, with J=7.6 Hz, doublet at
7.31 ppm for Hy with J=7.2 Hz, and a doublet at 7.54 ppm for
Hs with J =7.2 Hz. The NMR spectrum exhibited the NH,
as broadband at 5.96 ppm while the OH and NH appeared at
9.97 and 13.99 ppm, respectively. The *C NMR spectrum
displayed nine peaks attributed to all carbons in compound
2. The peak at 16.28 ppm assigned as a 2-methyl group and
three phenolic carbon attached hydrogen atoms at (119.21,
127.84, and 133.15) ppm for C4, Cs and C; respectively. The
two quaternary carbons are attached with 1,2,4-triazole ring
and attached with methyl group located at (112.60 and 126.20)
ppm, respectively. The last three carbons at low field at 149.17,
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Scheme 1: Synthetic route of compounds 2-7¢
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153.67, and 165.67 ppm assigned to C, (attached with OH),
C=N, and C=S. The mass spectrum showed the molecular ion
and their fragments, including the base peak, harmonized with
the proposed structure.

Besides to disappearing peaks of NH,, NH, and C=S, the
FTIR spectrum of compound 3 showed two peaks at 3633
em and 3602 cm™ attributed to two phenolic hydroxyls; one
for hindered phenol (incapable of forming hydrogen bonding)
and the other one for capable formation hydrogen bonding. The
strong absorption was observed at (2962-2869) cm™!, which is
compatible with the existence of two di-tert-butyl groups. The
difference between C=N (1617 cm™) in the 1,2,4-triazole ring
(compound 2) and C=N (1606 cm™) in this fused heterocyclic
compound enhances the evidence for the successful formation
of this fused heterocyclic compound. The "THNMR spectrum
of compound 3 exhibited the methyl group of fers-Butyl group
as singlet peak at 1.45 ppm. The protons of the methyl group
substituted at position two of phenol appeared at 2.19 ppm.
The aromatic protons of 2-methyl-phenol appeared in their
respective region. Moreover, the singlet peak at 7.82 ppm
assigned for two protons of H;;. The NMR spectrum displayed
two hydroxyls groups at 5.62 ppm, which were attributed to
4-OH (hindered phenol) and 9.18 ppm for 2-OH. The *C NMR
spectrum exhibited six methyl groups for symmetrical two
di-tert-butyl groups as singlet peaks at 29.89 ppm. The two
quaternary carbons were located at 34.56 ppm. The aromatic
carbons appeared for 2-methylphenol and 3,5-di-fert-butyl
phenol. The interested three carbons of three C=N groups
for the fused triazole-thiadiazole ring in this compound were
located at 162.83, 163.94, and 164.88. The mass spectrum
displayed the molecular ion as radical cation M*" = 436, and
their fragmentations corresponded to the structure’s parts.
The disappearance of essential peaks (NH,, NH, C=S) from
the IR spectrum of compound 4 were significant signs for
success cyclization between compound 2 and 4-bromophencyl-
bromide.The "H NMR  of compound 4 showed characteristic
peaks which indicated formation fused (1,2,4-triazolo and
1,3,4-thiadiazin) ring. Singlet peaked for two protons at 4.46
ppm attributed to CH2 at the fused ring, doublet at 7.84 for
two protons assigned to H;; and the multiple peaks at 8.01
ppm for three protons (one proton for Hy and two protons for
H,,). The existence of rest peaks such as three protons of 2-Me
group at 2.27 ppm and the triplet peak at 6.94 ppm for H, and
doublet at 7.32 ppm for H; confirmed the proposed structure of
compound 4. Furthermore, the NMR spectrum was compatible
with the FTIR spectrum by no signal for NH, and NH protons.
The protons of the hydroxyl group appeared at 11.46 ppm. The
B3C NMR spectrum showed four interested peaks at (22.45,
163.82, 164.39, and 166.01) ppm for CH, and three C=N at
the fused ring (triazolo-thiadiazine). Furthermore, the new
four peaks were located at 125.34, 129.58, 132.25, and 133.14
attributed to the 4-bromophenyl ring. The mass spectrum of
compound 4 exhibited the molecular ion at M= 400, which is
also the base peak. The peak at 402 with the intensity of 98%
attributed to bromine 81 as isotope. The interested fragment
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Table 1: Some physical properties of the synthesized compounds 2-7¢

No. Yield % M.p.C Ew EIMs Calc. EIMs Exp.
2 83 235-237 CyH,(N,OS 222.06 222
3 77 240-243 C,,H,¢N,O,S 436.19 436
4 64 259-260 C,-H,;BrN,OS 401.28 401
5 86 230-232 C,HsN,OS, 264.32 264
6 70 170-173 C,oH;Ns0S 247.05 247
7a 67 159-162 C,¢H,4CIN;0S 359.06 359
7b 57 134-136 C,;H;sN50S 337.1 337
Tc 62 127-129 C,7H;sN50,S 353.09 353

Table 2: DPPH inhibitions percentage and 1Cs, value of synthesized
compounds 2-7c¢

DPPH Inhibition % + SD a 1C5y =ESM b
No. 100ug/mL (100ug/ml)
2 87.28 £0.01 42.36+0.0141
3 89.05+0.02 27.37+0.022
4 73.57+0.017 66.16 +0.035
5 78.96 + 0.023 55.87+0.023
6 76.72 +0.021 60.51 +0.0473
7a 80.82+£0.011 43.66 +0.024
7b 81.11 £0.031 41.25+0.019
Tc 80.54+0.017 42.37 +0.022
2-Me phenol 20.15+0.012 > 100
BHT 66.03 +0.022 79.835+0.015
Ascorbic acid 90.65 +0.025 22.71 +0.020

m/z= 321 as carbocation represented the proposed structure
losing Bromine radical. All the fragments have represented
the part of the proposed structure of compound 4. The FTIR
spectrum of compound 5 showed the disappearance of NH,
besides the shifting in value of C=S band. The present peak
at 3309 cm™, attributed to NH enhances the formation of the
thione tautomer, which is clearly known more stable than thiols
tautomer.>” The 'H NMR spectrum of compound 5 exhibited
no sign for the peak of NH, and exhibited all aromatic protons
of phenol ring. The three protons of methyl group located as
singlet peaks at 2.22 ppm. The phenolic hydroxyl group is
located at 9.98 ppm. The peak assigned at 14.01 ppm compatible
with the existence of thioamide proton. The *C NMR spectrum
exhibited four peaks at low field (149.21, 153.70, 165.69, and
171.90 ppm) corresponding to C,;. Two carbons of C=N and
C=S, respectively. As well, this spectrum was displayed all
aromatic carbons and carbon of 2-methyl phenol. The mass
spectrum showed the molecular ion as radical cation M™"=
264, and the other fragments included the base peak are
harmonized with the proposed structure. The FTIR spectrum
of compound 6 displayed the two bands for NH, at 3357 and
3271 as well the band of C=N was located at 1610 cm™. The 'H
NMR spectrum of this compound exhibited the two protons
of NH, at 6.45 ppm as well it all rest peaks were exhibited at
their expected region. The *C NMR confirms the proposed
structure decisively. Existence three peaks at 154.21, 163.15, and
165.62 assigned for three imines group (C=N) at the structure

of fused heterocyclic ring in compound 6. The rest carbons
were located in their expected region. The EIMs spectrum of
this compound confirmed the molecular mass and exhibited all
fragments, including the base peak. The base peak and these
fragments correspond to the part of the proposed structure.
The FTIR spectra of compounds 7a-c¢ showed disappearing
of NH, Bands Furthermore, OH at 3425-3451 cm™ and NH
at 3180-3223 cm™! besides to C=N band which located at 1635-
1647 cm™'. The 'THNMR supports the IR spectrum, NH peak of
aryl amine ring at 9.70-9.90 ppm. Furthermore, new aromatic
protons of aryl amine attached with fused triazole-thiadiazole
besides to the substituted group at aryl amine. The 4-methyl
group for compound 7b was located at 2.16 ppm, and the OCH,4
for compound 7¢ was located at 3.86 ppm. The '3*C NMR
confirms the structure of compounds 7a-c¢ by showing four
peaks in the low field, three of them attributed to C=N of the
fused heterocyclic and the forth for the C,. Furthermore, the *C
NMR spectrum showed all carbons of 2-methylphenol and for
4-chlorophenyl group. The mass spectra of these compounds
confirmed the structure by exhibiting the molecular ion and the
base peak and their fragments corresponding to the structure
and their fragments. Some physical properties of synthesized
compounds were tabulated in Table 1.

Antioxidant Ability

Compounds 2 and 3 exhibited significant DPPH inhibitions
as well lowest ICy, this antioxidant ability is approaching
antioxidant of ascorbic acid. This extraordinary antioxidant for
compound 2 could be attributed to engaging the thiourea part
and the NH, group, donating a hydrogen atom. The existence
of 2,6-di-tert-butylphenol attached thel,3,4- thiadiazol
ring at position five, which can stabilize the radical after
donating proton atom by hindrance and by delocalization
with C=N of the thiadiazol ring. Compounds 7a-c as well
showed good antioxidant with 2,2-diphenyl-1-picrylhydrazyl
(DPPH) inhibition. These compounds exhibited that the type
of substituted group at position para does not enhance the
antioxidant ability, as tabulated in Table 2.

The secondary amine as mentioned earlier well known as
antioxidant which could attributed to enhancing the antioxidant
ability. In general, all compounds in this group showed
exceptional increases in antioxidant ability could be attributed
to highly sterical hindrance in geometrical structure as the
imaginary 3D structure depicted in Figure 1.
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Although, FRAP value recorded antioxidant ability higher
than DPPH when compared with the references. Compounds
2 and 3 displayed FRAP values slightly higher than ascorbic
acid (Figure 2).

The FRAP value exhibited same sequence of antioxidant
ability of these compounds. This observation could be
attributed to two reasons. First, the sterical hindrance, which
enhances ours belief that the geometrical structure is the
predominated. It is well known that the DPPH stable free
radical own steric hindrance which could cause antioxidant
ability less than the real antioxidant ability with highly sterical
hindrance substrate.>®*’ The second reason could these

Figure 1: Stereogram of compound 7a
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Table 3: The docking binding free energies of the synthesized
compounds with tubulin pocket-forming hydrogen bonding and

interactions

Compound  Binding free energies No. of bonds gy Length/
No. (DG) Kcal/mol. H.b pi A

2 -4.45 1 0 238A
3 -5.50 1 0 2.62 A
4 -5.99 1 1 246 A
5 -5.54 1 1 2.62 A
6 -4.99 1 1 2.03 A
Ta -4.94 0 2 -

7b -6.89 1 3 222 A
Tc -6.69 1 1 224 A
Colchicine ~ -5.40 1 0 1.98 A

compounds prefers to undergo with Single electron transfer
mechanism (SET) rather than a Hydrogen atom transfer
mechanism (HAT). The antioxidant ability of compound 5 was
higher than compound 6, which reflected the important role of
the thiourea group besides the steric hindrance. Compound 4
showed good antioxidants, and that could be due to participated
the benzyl radical.*

Molecular Modeling

The synthesized compounds were tested for their A tubulin
binding affinity with the aid of docking studies via MOE 2015.
The 3D crystal structure of Tubulin was downloaded from
the protein databank using PDB (ID 1SAO0) at a resolution
of 3.58 A. Firstly, water molecules were removed from the
downloaded complex. The valence monitor option was used to
correct crystallographic disorders and incorrect valence atoms.
Then, the energy of the complex was minimized by applying
CHARMM and MMFF%4 force fields. The binding site of the
Tubulin sequence (1SAQ) was defined and prepared for docking.
Our compounds and reference ligand Colchicine Structures were
drawn using ChemBioDraw Ultra 14.0 and saved in MDL-SD
file format. Next, the SD file was opened, 3D structures were
protonated, and energy minimized by applying CHARMM
and MMFF94 force fields, then prepared for docking. Docking
studies were performed using CDOCKER protocol that employs
CHARMM-based molecular dynamics (MD) scheme to dock
ligands into a receptor binding site. In the docking analysis, a
maximum of 7 conformers was considered for each molecule.

Finally, the ideal pose was selected according to the
minimum free energy of the Tubulin ligand interactions.
In this work, docking of the synthesized compounds and
reference ligands with Tubulin crystal structure (ID: 1SA0)
was carried out to predict the proposed binding mode, affinity,
and preferred orientation of each docking pose. The results
of the docking study were reported as Tubulin binding free
energy (AG). The spontaneity of bindings was confirmed by
the negative values of free energies (Table 3).

The works of literature have reported the key binding site
of Tubulin, consisting of amino acid Cys241, Ala316, Val315,
Ala317 and residues of Leu255

As reported on binding to Tubulin, Colchicine interacted
with critical amino acid residues of the active site Cys24land
Leu255. The proposed binding mode of compound 4 showed
an affinity value of -4.45 kcal/mol. It demonstrated essential
interactions with the Tubulin amino acids. The NH group at
triazole moiety was involved in a hydrogen bonding interaction
with ThrB353 with a distance equal 2.38A. (Figure.3).

The proposed binding mode of compound 3 showed an
affinity value of -5.50 kcal/mol. It showed one hydrogen bond
interaction between the Nitrogen atom at triazole moiety and
residues of Lys B254 amino acid with a distance equal 2.62
A. (Figure.4).

The proposed binding mode of compound 4 showed an
affinity value of -5.99 kcal/mol. It showed one hydrogen bond
interaction between Nitrogen atom at triazole moiety and
residues of Ala B250 amino acid with a distance equal 2.46 A.
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Figure 5: showing binding mode of compound 4 as potent tubulin inhibitor

In addition, the aromatics moieties demonstrated aromatic  between the Sulphur group at thiadiazole ring, and residues of
Stacking interactions with Lys B254. (Figure.5). Ala B317 with a distance equal 2.62 4 and then, the aromatics

The proposed binding mode of compound 5 showed an moieties demonstrated aromatic Stacking interactions with
affinity value of -5.54 kcal/mol. It showed one hydrogen bond  Ala B316. (Figure.6).
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The proposed binding mode of compound 6 showed an
affinity value of -4.99 kcal/mol. It showed one hydrogen bond
interaction between NH, moiety and residues of SerA178 amino
acid with a distance equal 2.03 4. In addition, the aromatics
moieties demonstrated aromatic Stacking interactions with
Lys B254. (Figure.7).

The proposed binding mode of compound 7a showed an
affinity value of -5.94kcal/mol. It demonstrated important
interactions with the Tubulin amino acids. The aromatics

Figure 8: showing binding mode of compound 7a as potent tubulin inhibitor
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moieties demonstrated aromatic Stacking interactions with
LeuB248 (Figure ).

The proposed binding mode of compound 7b showed
an affinity value of -6.89kcal/mol. It showed one hydrogen
bond interaction between Nitrogen atom at triazole moiety
and residues of AlaB250 amino acid with a distance equal
2.22 A. In addition, the aromatics moieties demonstrated
aromatic Stacking interactions with LysB254 and LeuB248
(Figure 9)
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Figure 10: showing binding mode of compound 7¢ as potent tubulin inhibitor

The proposed binding mode of compound 7¢ showed an
affinity value of -6.69 kcal/mol. It showed one bi-bi interaction,
and the aromatics moieties demonstrated aromatic Stacking
interactions with LysB352 and AsnA10l. It showed one
hydrogen bond interaction between Nitrogen atom at triazole
moiety, and residues of SerA178 amino acid with a distance
equal 2.24 A. (Figure 10).

Compounds 7b and 7¢ exhibited significant potent tubulin
inhibitor, while 7a exhibited poor potent tubulin inhibitor. This
result could be attributed to donating group (CH; and OCHj;)
at position para for the phenyl in the molecular structure of
compounds 7b and 7¢, while compound 7a consist of the
drawing group (Cl). There is now a clear relationship between
the antioxidant ability of these compounds and their potent
tubulin inhibitor.

CONCLUSION

The 4-amine-1,2,4-triazole-5- thione 2 and their fused
heterocyclic 3-7a-c successfully synthesized. These compounds
exhibit an extraordinary free radical scavenging in DPPH and
FRAP assays, and that could be attributed to providing highly
steric hindrance around the hydroxyl of 2-methylphenol.
Furthermore, the significant antioxidant for compound 3,

which is slightly less than ascorbic acid, attributed to existents
di-tert-butyl phenol besides the highly steric hindrance. The
molecular docking simulation study for these compounds
against tubulin as target exhibited that the tested compounds
fit position with critical amino acid. Compounds 4, 7a, 7b, and
7c displayed good interaction compared to colchicine reference
as potent tubulin inhibitor.

ACKNOWLEDGMENT

The authors would like to acknowledge University of Baghdad
for supporting this work. Also, express great thanks to
Abdulrahman Mohammed A. Saleh (Faculty of pharmacy
for boys - Al-Azhar University, Cairo — Egypt) for the
successful cooperation in a molecular docking simulation
study.

REFERENCES

1. Chatterjee R, Bandyopadhyay U, Mazumdar A, Banerjee
RK. Lactoperoxidase-catalysed oxidation of indomethacin, a
nonsteroidal antiinflammatory drug, through the formation of a
free radical. Biochemical pharmacology. 1996 Oct 25;52(8):1169-
1175.

2. Sangeetha P, Das UN, Koratkar R, Suryaprabha P. Increase in free
radical generation and lipid peroxidation following chemotherapy

1JIDDT, Volume 11 Issue 2 April 2021 — June 2021

Page 509



Synthesis, Antioxidant Activity and Molecular Docking Study of 1,2,4-Triazole and Their Corresponding Fused Rings...

10.

11.

12.

13.

14.

15.

16.

17.

in patients with cancer. Free Radical Biology and Medicine. 1990
Jan 1;8(1):15-19.

Kar S, Subbaram S, Carrico PM, Melendez JA. Redox-control of
matrix metalloproteinase-1: a critical link between free radicals,
matrix remodeling and degenerative disease. Respiratory
physiology & neurobiology. 2010 Dec 31;174(3):299-306.
Khalil Z, Khodr B. A role for free radicals and nitric oxide
in delayed recovery in aged rats with chronic constriction
nerve injury. Free Radical Biology and Medicine. 2001 Aug
15;31(4):430-4309.

Shacter E. Quantification and significance of protein oxidation
in biological samples. Drug metabolism reviews. 2000 Jan
1;32(3-4):307-326.

Lobo V, Patil A, Phatak A, Chandra N. Free radicals, antioxidants
and functional foods: Impact on human health. Pharmacognosy
reviews. 2010 Jul;4(8):118-126.

Weng XC, Huang Y. Relationship structure-antioxidant activity
of hindered phenolic compounds. Grasas y Aceites. 2014 Dec
30;65(4):e051.

Saoud SA, Ali KF, Shakir RM. Relationship Between
the structure of Newly Synthesized derivatives of 1, 3,
4-oxadiazole Containing 2-Methylphenol and their Antioxidant
and Antibacterial Activities. Oriental Journal of Chemistry.
2017;33(4):1781-1798.

Moore GG, Swingle KF. 2, 6-Di-tert-butyl-4-(2'-thenoyl) phenol
(R-830): A novel nonsteroidal anti-inflammatory agent with
antioxidant properties. Agents and actions. 1982 Oct;12(5):674-683.
Mullican MD, Wilson MW, Conner DT, Kostlan CR, Schrier DJ,
Dyer RD. Design of 5-(3, 5-di-tert-butyl-4-hydroxyphenyl)-1,
3, 4-thiadiazoles,-1, 3, 4-oxadiazoles, and-1, 2, 4-triazoles as
orally active, nonulcerogenic antiinflammatory agents. Journal
of medicinal chemistry. 1993 Apr;36(8):1090-1099.

Boudergua S, Alloui M, Belaidi S, Al Mogren MM, Ibrahim
UA, Hochlaf M. QSAR modeling and drug-likeness screening
for antioxidant activity of benzofuran derivatives. Journal of
Molecular Structure. 2019 Aug 5;1189:307-314.

Shakir RM, Ariffin A, Abdulla MA. Synthesis of new 2,
5-di-substituted 1, 3, 4-oxadiazoles bearing 2, 6-di-tert-
butylphenol moieties and evaluation of their antioxidant activity.
molecules. 2014 Mar;19(3):3436-3349.

Khaldi-Khellafi N, Makhloufi-Chebli M, Oukacha-Hikem D,
Bouaziz ST, Lamara KO, Idir T, Benazzouz-Touami A, DumasF,
Green synthesis, antioxidant and antibacterial activities of 4-aryl-
3,4-dihydropyrimidinones/thiones derivatives of curcumin.
Theoretical calculations and mechanism study. J. Mol. Struct.
2019;1181:261-269.

Sameaa J. KhammasKhammas SJ, Hamood AJ. Synthesis,
Cytotoxicity, Xanthine Oxidase Inhibition, Antioxidant of New
Pyrazolo {3, 4 d} Pyrimidine Derivatives. Baghdad Science
Journal. 2019;16(4 Supplement): 1003-1009.

Jacobs L, de Kock C, Taylor D, Pelly SC, Blackie MA. Synthesis
of five libraries of 6, 5-fused heterocycles to establish the
importance of the heterocyclic core for antiplasmodial activity.
Bioorganic & medicinal chemistry. 2018 Nov 15;26(21):5730-
5741.

Amr AG, Abdulla MM. Anti-inflammatory profile of some
synthesized heterocyclic pyridone and pyridine derivatives fused
with steroidal structure. Bioorganic & medicinal chemistry. 2006
Jul 1;14(13):4341-4352.

Cai S, Yuan W, Li Y, Huang X, Guo Q, Tang Z, Fang Z, Lin
H, Wong WL, Wong KY, Lu YJ. Antibacterial activity of

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

indolyl-quinolinium derivatives and study their mode of action.
Bioorganic & medicinal chemistry. 2019 Apr 1;27(7):1274-1282.
Rashid AM, Abdal-Hammid SN. Formulation and
Characterization of Itraconazole as Nanosuspension Dosage Form
for Enhancement of Solubility. Iraqi Journal of Pharmaceutical
Sciences (P-ISSN: 1683-3597, E-ISSN: 2521-3512). 2019 Dec
22;28(2):124-33.

Mohammadi AA, Taheri S, Amouzegar A, Ahdenov R, Halvagar
MR, Sadr AS. Diastereoselective synthesis and molecular
docking studies of novel fused tetrahydropyridine derivatives as
new inhibitors of HIV protease. Journal of Molecular Structure.
2017 Jul 5;1139:166-174.

Cui P, Li X, Zhu M, Wang B, Liu J, Chen H. Design, synthesis
and antimicrobial activities of thiouracil derivatives containing
triazolo-thiadiazole as SecA inhibitors. European journal of
medicinal chemistry. 2017 Feb 15;127:159-165.

Kamath PR, Sunil D, Das S, Salam AA, Rao BS. Efficient T3P®
mediated synthesis, differential cytotoxicity and apoptosis
induction by indolo-triazolo-thiadiazoles in human breast
adenocarcinoma cells. Chemico-biological interactions. 2017
Apr 25;268:53-67.

Zaki M, Allouchi H, El Bouakher A, Duverger E, El Hakmaoui
A, Daniellou R, Guillaumet G, Akssira M. Synthesis and
anticancer evaluation of novel 9a-substituted-13-(1, 2, 3-triazolo)-
parthenolides. Tetrahedron Letters. 2016 Jun 15;57(24):2591-2594.
Liu XH, Zhai ZW, Xu XY, Yang MY, Sun ZH, Weng JQ, Tan
CX, Chen J. Facile and efficient synthesis and herbicidal activity
determination of novel 1, 2, 4-triazolo [4, 3-a] pyridin-3 (2H)-one
derivatives via microwave irradiation. Bioorganic & medicinal
chemistry letters. 2015 Dec 1;25(23):5524-5528.

Ruiz-Alcaraz AJ, Tristan-Manzano M, Guirado A, Galvez
J, Martinez-Esparza M, Garcia-Pefarrubia P. Intracellular
signaling modifications involved in the anti-inflammatory effect
of 4-alkoxy-6, 9-dichloro [1, 2, 4] triazolo [4, 3-a] quinoxalines
on macrophages. European Journal of Pharmaceutical Sciences.
2017 Mar 1;99:292-298.

Friedman M, Frank KE, Aguirre A, Argiriadi MA, Davis H,
Edmunds JJ, George DM, George JS, Goedken E, Fiamengo
B, Hyland D. Structure activity optimization of 6H-pyrrolo
[2, 3-¢][l, 2, 4] triazolo [4, 3-a] pyrazines as Jakl kinase
inhibitors. Bioorganic & medicinal chemistry letters. 2015 Oct
15;25(20):4399-4404.

Chaturvedi B, Tiwari N. A convenient and novel synthesis of 1,
2, 4-triazolo [3, 4-b][1, 3, 4]-thiadiazoles as potential pesticides.
Agricultural and Biological Chemistry. 1988 May 1;52(5):1229-
1232.

Wang, L.; Tian, Y.; Chen, W.; Liu, H.; Zhan, P.; Li, D.; Liu, H.;
De Clercq, E.; Pannecouque, C.; Liu, X., Fused heterocycles
bearing bridgehead nitrogen as potent HIV-1 NNRTIs. Part 2:
Discovery of novel [1,2,4]Triazolo[1,5-a]pyrimidines using a
structure-guided core-refining approach. European Journal of
Medicinal Chemistry. 2014;85:293-303.

Sompalle R, Arunachalam P, Roopan SM. Conventional
spectroscopic identification of N-alkylated triazolo-
quinazolinones and its antioxidant, solvatochromism studies.
Journal of Molecular Liquids. 2016 Dec 1;224:1348-1357.
Shakir RM, Ali KF, Hussain DF. Synthesis and Antioxidant
Ability of Some New 6-amino-7H-[1, 2, 4] triazolo [3, 4-b][1,
3, 4] thiadiazin-3-yl) Derivatives Bearing 2, 6-Dimethoxy-4-
(methoxymethyl) Phenol Moiety. Orient. J. Chem. 2017 Oct
1;33(5):2492-500.

1JIDDT, Volume 11 Issue 2 April 2021 — June 2021

Page 510



Synthesis, Antioxidant Activity and Molecular Docking Study of 1,2,4-Triazole and Their Corresponding Fused Rings...

30.

31.

32.

33.

34.

Plech T, Wujec M, Siwek A, Kosikowska U, Malm A. Synthesis
and antimicrobial activity of thiosemicarbazides, s-triazoles and
their Mannich bases bearing 3-chlorophenyl moiety. European
Journal of Medicinal Chemistry. 2011 Jan 1;46(1):241-248.
Kossakowski J, Krawiecka M, Kuran B, Stefanska J, Wolska 1.
Synthesis and preliminary evaluation of the antimicrobial activity
of selected 3-benzofurancarboxylic acid derivatives. Molecules.
2010 Jul;15(7):4737-4749.

Gu W, Wu R, Qi S, Gu C, Si F, Chen Z. Synthesis and
antibacterial evaluation of new N-acylhydrazone derivatives
from dehydroabietic acid. Molecules. 2012 Apr;17(4):4634-4650.
El-Kerdawy MM, El-Bendary ER, Alaa AM, El-Wasseef DR,
Abd El-Aziz NI. Synthesis and pharmacological evaluation of
novel fused thiophene derivatives as 5S-HT2A receptor antagonists:
molecular modeling study. European journal of medicinal
chemistry. 2010 May 1;45(5):1805-1820.

El-Helby AG, Ayyad RR, Sakr HM, Abdelrahim AS, El-Adl
K, Sherbiny FS, Eissa IH, Khalifa MM. Design, synthesis,
molecular modeling and biological evaluation of novel 2,
3-dihydrophthalazine-1, 4-dione derivatives as potential
anticonvulsant agents. Journal of Molecular Structure. 2017 Feb
15;1130:333-351.

35.

36.

37.

38.

39.

40.

Gerhéduser C, Klimo K, Heiss E, Neumann I, Gamal-
Eldeen A, Knauft J, Liu GY, Sitthimonchai S, Frank N.
Mechanism-based in vitro screening of potential cancer
chemopreventive agents. Mutation Research-Fundamental and
Molecular Mechanisms of Mutagenesis. 2003(523-524):163-
172.

Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP)
as ameasure of “antioxidant power”: the FRAP assay. Analytical
biochemistry. 1996 Jul 15;239(1):70-76.

Curtis ADM, Jennings N. 5.02 - 1,2,4-Triazoles A2 - Katritzky,
Alan R. In Comprehensive Heterocyclic Chemistry I11, Ramsden,
C. A.; Scriven, E. F. V.; Taylor, R. J. K., Eds. Elsevier: Oxford,
2008; pp 159-209.

Brand-Williams W, Cuvelier ME, Berset CL. Use of a free radical
method to evaluate antioxidant activity. LWT-Food science and
Technology. 1995 Jan 1;28(1):25-30.

Weng XC, Huang Y. Relationship structure-antioxidant activity
of hindered phenolic compounds. Grasas y Aceites. 2014 Dec
30;65(4):¢051.

Singh NK, Popelier PL, O’Malley PJ. Substituent effects on the
stability of para substituted benzyl radicals. Chemical physics
letters. 2006 Jul 26;426(1-3):219-221.

1JIDDT, Volume 11 Issue 2 April 2021 — June 2021

Page 511



