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ABSTRACT

This study focused on the synthesis of a variety of Schiff bases and their
corresponding tetrazole derivatives. The Schiff bases were prepared by
reacting quinaldic acid hydrazide with different aromatic aldehydes,
followed by cyclization with sodium azide to form tetrazoles. The structures
of the synthesized compounds were confirmed using spectroscopic
techniques including FT-IR, XRD, FESEM, and 'H and "*C-NMR. Thin-
layer chromatography (TLC) was utilized to verify the purity of the
compounds. The biological properties of the synthesized compounds were
investigated against two bacterial species (Staphylococcus epidermidis and
Escherichia coli) and a fungal species (Candida albicans). Furthermore,
blind molecular docking studies were performed to identify potential
binding sites of these compounds within bacterial and fungal receptors.
The antioxidant properties of several compounds were also examined,
demonstrating antioxidant activity in some of the selected compounds. The
results indicated that the synthesized tetrazole derivatives have significant
biological and antioxidant activities, making them potential candidates for
further pharmaceutical development.
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INTRODUCTION

Tetrazole derivatives are a versatile class
of nitrogen, sulfur and halogen-containing
heterocyclic compounds with a wide range of
pharmacological applications [1-4]. The ability
to modify the tetrazole ring by substitutions at
five different positions such as 1, 2, 3, and 5 has
led to discovery of compounds having diverse
biological activities [5-8]. Pharmacologically active
tetrazole compounds are well documented in the
literature and several tetrazole-based drugs are
currently available in the market [9, 10]. These
tetrazole derivatives offer a promising avenue for
drug discovery due to their structural diversity,
biological properties [9, 11-13], remarkable
* Corresponding Author Email: enaam.f@csw.uobaghdad.edu.iq

pharmacokinetics, and adherence to Lipinski’s rule
of five [14, 15]. For these reasons, tetrazole-based
compounds have become a popular scaffold in
medicinal chemistry and drug discovery [16, 17],
in various therapeutic areas such as anti-allergic
[18], anti-inflammatory [19], antibiotic [20],
antihypertensive [2], antitumor [11], antiviral [21]
and receptor modulating properties [22].

The literature is replete with recent publications
on tetrazole drugs, new synthesis methods,
and new synthetic precursors. The discovery of
tetrazoles by Swedish chemist Bladen in 1885 was
a happy accident. Despite being a serendipitous
finding, the field has marked the beginning of
their exploration [23]. Tetrazoles have garnered
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sustained interest due to their versatility in
coordination and medicinal chemistry. They serve
as the diverse ligands in coordination chemistry
offering a stable alternative to carboxylic acids in
medicinal uses. Additionally, tetrazoles have been
found to have various applications in materials
science [24].

Keeping in view the above discussion, this study
aimed at (i) synthesizing tetrazole derivatives
derived from quinaldic acid, (ii) investigating the
antimicrobial and antioxidant properties of the
synthesized compounds and (iii) analysis of their
potential interactions with receptors via molecular
docking.

MATERIALS AND METHODS
Materials and instruments

For the determination of melting points of
substances, UK’s electrothermal melting point
device was used while for monitoring reaction and
assessing the purity of the synthesized products,
thin-layer chromatography (TLC) was employed
using aluminum plates coated in a coat of silica
gel that is 0.25 mm thick. A mobile phase mixture
of petroleum ether or hexane/ethyl acetate (in
various ratios such as 2:1, 3:2, 1:1 v/v) was used.
Using an iodine chamber, spots were observed. All
chemicals used were from BDH Chemical Company
and Merck. Fourier-transform infrared (FTIR)
spectroscopy was performed using a SHIMADZU
FT.IR-8400S infrared spectrometer located at
Baghdad University, Iraq. Tetramethylsilane
(TMS) was used as the internal standard for
proton nuclear magnetic resonance ('H-NMR)
spectroscopic analysis conducted at 500 MHz.
These NMR measurements were performed in
the Chemistry Department of the University of Al-
Basra. For XRD and FESEM, XRD-6000, Shimadzu,
Japan and MIRA3, MIRA3, TESCAN, China
(accelerating voltage = 25 kV) was used.

Synthesis of ethyl Quinaldate (1)

For the synthesis of ethyl Quinaldate 1, a mixture
of 30 mL pure ethanol, 5 g (0.06 mol) quinaldic
acid, and a few drops concentrated sulfuric acid
was refluxed for 12 hours with continuous reaction
monitoring by TLC. After completion, the reaction
mixture was cooled with crushed ice, followed
by neutralization with sodium bicarbonate, and
finally extraction was done with dichloromethane.
This resulted in the formation of brown gummy
precipitate with 82% vyield. FT-IR analysis (KBr)
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confirmed the presence of a carbonyl group
(1721 cm™) and a carbon-oxygen bond (1216 cm-
1) highlighting the successful synthesis of ethyl
Quinaldate 1.

Synthesis of Quinaldic acid hydrazide 2

A solution of 4 grams of compound (1) in 20
mL of pure ethanol was treated with an excess
of hydrazine hydrate with continuous reaction
monitoring by TLC during a 5-hour reflux period.
After completion, the solvent and unreacted
hydrazine were removed under reduced pressure.
The resulting precipitate was then recrystallized
from 70% ethanol that resulted in yielding 73%
of yellow crystals. FT-IR analysis (KBr) confirmed
the presence of NH, (3431 and 3294 cm™), N-H
(3294 cm™), and C=0 (1652 cm™) functional groups
highlighting the successful synthesis of Quinaldic
acid hydrazide 2.

Standard protocol for synthesis of Schiff base and
its derived compounds
Synthesis of Schiff base (Sch1-Sch6)

A series of Schiff bases were synthesized by
reacting compound (2) (0.5 g, 0.0026 mol) with
equimolar amounts of different aldehydes in a
mixture of 20 mL pure ethanol and 3-5 drops
of glacial acetic acid. The reaction mixture was
refluxed for nearly six hours, followed by cooling
and filtering the resulting precipitate which were
the washed with methanol, and recrystallized [25].
The details of these compounds are as below:

N’-(4-bromobenzylidene)
carbohydrazide (Sch1)

Yellow precipitate, with M.P. of 118-120 °C,
yield: 75%, M. F: C_H, BrN.O, M. wt: 354.21 g/
mole, FT-IR (KBr); The measurements are 3245
cm™ corresponding to vibration of N-H bond, 1641
cm™ (overlapping) with the stretching vibrations of
carbonyl group, 1625 cm™ representing stretching
vibrations for imine group, and 553 cm™ referring
to stretching vibration for (C-Br) bond.

quinoline-2-

N’-(4-chlorobenzylidene)
carbohydrazide (Sch2)
Yellow precipitate, with M.P. 108-110 °C, yield:
69%, M. F.: C_H,,CIN.O, M. wt: 309.75 g/ mole, FT-
IR (KBr); 3247 cm™ referring to u(N-H), 1645cm™
(overlapping) correspond to stretching vibrations
of carbonyl group and 1623 cm? referring to

stretching vibrations for imine group.

quinoline-2-
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N’-(4-(dimethyl amino) benzylidene) quinoline-2-
carbohydrazide (Sch3)

Pell yellow precipitate, with M.P. (110-112) °C,
yield of 79%, M. F.: C ,H N,O, M. wt: 318.38 g/
mole, FT-IR (KBr); 3292 cm™ referring to u(N-H),
1645cm™ (overlapping) represents stretching
vibrations of carbonyl group, 1600 cm™ refers to
stretching vibrations for imine group.

N’-(4-nitrobenzylidene)
carbohydrazide (Sch4)

Yellow precipitate, with M.P. (122-124) °C,
yield of 82%, M. F.: C_H ,N,O,, M. wt: 320.31 g/
mole, FT-IR (KBr); 3166 cm™ represents stretching
vibrations for N-H bond, 1670cm™ refers to the
stretching vibrations of carbonyl group, 1596 cm™
corresponds to the stretching vibrations for imine
group while band at 1521 cm™ and 1344 cm™*

refers to NO, group.

quinoline-2-

N’-benzylidenequinoline-2-carbohydrazide (Sch5)

Yellow precipitate, M.P. (154-156) °C, yield:
81%, M.F.: C,H ;N,0, M. wt: 275.31 g/ mole, FT-IR
(KBr); 3244 cm™ represents stretching vibrations
for N-H bond, 1712 cm™ represents stretching
vibrations of carbonyl group while 1623 cm™*

represents stretching vibrations for imine group.

N’-(4-hydroxybenzylidene)
carbohydrazide (Sché)

Yellow precipitate, M.P. (154-156) °C, yield:
60%, M.F.: C_H ,N.O,, M. wt: 291.31 g/ mole, FT-
IR (KBr); 3303 cm™ [u(O-H)], 3249 cm™ [u(N-H)],
1649cm™ [u(C=0)], 1623 cm™ [u(C=N)].

quinoline-2-

Synthesis of tetrazoles (T1-T6)

For the synthesis of tetrazoles (T1-T6), 0.11
moles of Schiff bases were dissolved in 10 mL of
THF and reacted with an equivalent amount of
sodium azide. This reaction mixture was refluxed
for nearly 12 hours, with progress monitored
continuously by TLC. Upon completion, the
mixture was poured onto crushed ice followed
by the filtration of the resulted precipitate and
recrystallization from petroleum ether. The details
of these compounds are as below:

(5-(4-bromophenyl)-1H-tetrazol-1-yl) quinoline-2-
carboxamide (T1)

White precipitate, M.P. (204-206) °C, vyield:
63%, M.F.: C_H BrN.O, M. wt: 395.22 g/ mole, FT-

1711

IR (KBr); 1269 cm™ (N-N=N-), 1120 and 1180 cm™*
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(Tetrazole ring), [u(N-H)] 3388 cm™, [u(C=0)]1720
cm?, [u(N=N)]1403 cm™ and 522 cm-1 [u(C-Br)].
Further, *H NMR: 6 8.25 ppm (1H, s, NH), & 6.68-
7.8.59 (10 H, m, Ar-H) and ¥C NMR: & 160 ppm
(1C, C=0), 6 152 (1C, tetrazole C=N), 112-149 (10
C, Ar Carbone).

(5-(4-chlorophenyl)-1H-tetrazol-1-yl) quinoline-2-
carboxamide (T2)

White precipitate, M.P. (224-226) °C, vyield:
63%, M.F.: CH CIN.O, M. wt: 350.77 g/ mole,
FT-IR (KBr); 1274 cm™ (N-N=N-), 1108 and 1182
cm* (Tetrazole ring), [u(N-H)] 3429 cm?, [u(C=0)]
1714cm™, [u(N=N)] 1413 cm™ and 844cm™ [u(C-
Cl)]. Further, *H NMR: 8.87 ppm (1H,s,-NH), 7.76-
7.55 (10 H, m, Ar-H) and *C NMR: 3C NMR: & 166
ppm (1C, C=0), 6 149 (1C, tetrazole C=N), 121-147
(10 C, Ar Carbone).

(5-(4-(dimethylamino)phenyl)-1H-tetrazol-1-yl)
quinoline-2-carboxamide (T3)

White precipitate, M.P. (192-194) °C, vyield:
63%, M.F.: C ,H N.O, M. wt: 359.39 g/ mole, FT-
IR (KBr); 1285 cm™ (N-N=N-), 1108 and 1138 cm"
1 (Tetrazole ring), 3423 cm™ [u(N-H)], 1712 cm?
[u(C=0)], 1402 cm™ [u(N=N)], 2945 cm™ [u(C-H)
aliph.].

(5-(4-nitrophenyl)-1H-tetrazol-1-yl)quinoline-2-
carboxamide (T4)

White precipitate, M.P. (254-256) °C, vyield:
63%, M.F.: C_H N.O, M. wt: 361.32 g/ mole,
FT-IR (KBr); 1288 cm™ (N-N=N-), 1108 with 1164
cm? (Tetrazole ring), 3456 cm™ [u(N-H)], 1633
cm™ [u(C=0)], 1400 cm™ [u(N=N)], 1521 and 1344
cm™ [u(NO2)]. Further, *H NMR: 6 8.15 ppm (1H,
s, NH), 6 3.38 ppm (6H, s, CH,N), 6 7.34 -7.8.71
ppm (10 H, m, Ar-H) and *C NMR: & 165 ppm (1C,
C=0), 6 152 (1C, tetrazole C=N), 6 40.52 ppm (2C,
C=0),129-140 (10 C, Ar Carbone).

(5-phenyl-1H-tetrazol-1-yl)quinoline-2-
carboxamide (T5)

yellow precipitate, M.P. (120-122) °C, vyield:
63%, M.F.: C_H .N,O, M. wt: 316.32 g/ mole, FT-IR
(KBr); 1234 cm? (N-N=N-), 1120 with 1151 cm*
(Tetrazole ring), 3456 cm™® [u(N-H)], 1633 cm?

[u(C=0)], 1400 cm™ [u(N=N)].
(5-(4-hydroxyphenyl)-1H-tetrazol-1-yl)quinoline-2-

carboxamide (T6)
White precipitate, M.P. (254-256) °C, vyield:
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63%, M.F.: C_H N .O,, M. wt: 332.32 g/mole, FT-
IR (KBr); 1284 cm (N-N=N-), 1091 cm™ with 1172
cm? (Tetrazole ring), 3676 cm™ [u(O-H)], 3456
cm™ [u(N-H)], 1700 cm™ over lapping [u(C=0)] and

1396 cm™ [u(N=N)].

Biological activity

The antibacterial activity of numerous Schiff
bases as well as their tetrazole derivatives was
investigated using the agar diffusion technique
utilizing cap plates and incubation at 37 °C for
24 hours. The inhibition zone was estimated in
micrometers.

Activity of radical scavenging in DPPH
(1,1-Diphenyl-2-picryl-hydrazyl)

For DPPH activity, 100 milliliters of methanol
were used to dissolve 4 milligrams of DPPH, and
aluminum foil was placed over the test tubes to
keep the solution opaque. Several concentrations
(100,50, 25,12.5,and 6.25 ppm) of [T1, T4-T6] were
prepared. A 100 ppm stock solution was initially
prepared by dissolving 1 mg of the compound
in 10 mL of methanol. Subsequent dilutions
were made to obtain the lower concentrations
as per requirement. Vitamin C (ascorbic acid)
was prepared in equivalent quantities to the
selected manufactured compounds (T1, T4-T6).
The antioxidant activity of these compounds and
vitamin C was investigated by using the DPPH
free radical scavenging method. One milliliter of
each diluted or standard solution (6.25, 12.5, 25,
50, and 100 ppm) was added to 1 mL of DPPH
solution. After incubation for one hour at 37°C, the
absorbance of each solution was measured at 517
nm using a spectrophotometer. All measurements
were performed in triplicate (n=3). To calculate the
potential to scavenge DPPH radicals, the following
formula was utilized:

1% = Abssample — AbSpjank
b =

x 100 1
Absblank ( )

A few of the recently produced derivatives
shown strong scavenging percentages and
antioxidant activity against the DPPH free radical.
Thus, as indicated in Table 2 below, the compounds
that provided antioxidant were chosen, additional
testing was carried out, and the IC50 value was
retrieved.
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Molecular docking study

ChemDraw Professional 15.0 was used to create
structural representations of the compounds [26].
The formula with the lowest energy, or the formula
to minimize energy, was then chosen using the
chem3D tool, and it was stored in PDB format
[27]. A protein was selected from the Protein Data
Bank and also saved in PDB format [28]. Next,
using the Autodock Tool program, the protein
and compound were formed, polar hydrogens
and charges were added, and PDBQT format was
utilized for storage. [29]. Using Autodock Vina
and the PyRx program, the chemical and protein
underwent blind molecular docking simulation.
The optimal conformation was chosen and stored
in the PDB extension. [30]. Furthermore, Discovery
Studio 2024 Client was used for visualization of
the 2D and 3D molecular interactions [31].

RESULTS AND DISCUSSION
Chemistry of tetrazole synthesis from Quinaldic
acid

Quinaldic acid was initially esterified using the
Fischer esterification method. The resulting ester
was then converted to a hydrazide by its reaction
with hydrazine hydrate. Subsequent treatment
of the hydrazide with various aldehydes resulted
in the synthesis of the Schiff bases. These Schiff
bases underwent cyclization to tetrazole rings
upon reaction with sodium azide (Fig. 1a). The
progress of each step was monitored using
TLC, infrared (IR), and NMR spectroscopy. The
changes in the expansion readings of the prepared
compounds were observed. The value of the
carbonyl spectral band in the acid was changed
from 1701 cm™ to 1721 cm™ of the ester with a
complete disappearance of the band of the acidic
hydroxyl and the appearance for C-O peak of the
ester at 1216 cm™. The hydrazide exhibited a shift
in carbonyl peak from the ester region (1721
cm™) to the amide region (1652 cm™), along with
the disappearance of NH, and NH peaks and the
appearance of new peaks linked with NH, (3431
cm™) and NH (3294 cm™) stretching vibrations. In
the Schiff bases, the NH, peak disappeared with
the formation of a new C=N peak in the range
of 1600-1645 cm™. The tetrazole compounds
revealed the disappearance of distinctive Schiff
base peak and appearance of new peaks linked
with tetrazole ring: N-N=N stretching at 1234-1288
cm™ and tetrazole ring vibrations at 1091-1120
cm™ and 1138-1182 cm™. Furthermore, NMR

J Nanostruct 14(3): 751-764, Summer 2024
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Fig. 1. (a) Scheme of all steps of tetrazole synthesis from Quinaldic acid, (b) XRD analysis of T1, T4, T5, T6, FESEM analysis of (c) T1,
(d) T4, (e) TS and (f) Té6.
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analysis of selected tetrazole compounds (T1, signals characteristic of tetrazole ring, as detailed
T2, and T4) confirmed the presence of distinctive in sub-section 2.5. Based on the combined IR

Table 1. Summary of the biological activity of synthesized compounds.

Bactericidal action Antifungal activity
Compund No. - — - - .
Staphylococcus epidermidis E. coli Candida albicans
Sch1l 24 17 15
Sch3 17 12 17
Sch5 11 9 21
Sché 14 10 21
T1 12 15 24
T3 -ev 10 16
T5 12 15 14
T6 10 10 15
Metronidizole -ev -ev 12
Ampiciline 12 12 -ev
DMSO -ev -ev -ev

(-ev) = No inhibition

Candida albicns Candida albicns

Staphelococcuse epidrmidis Staphelococcuse epidrmidis
E.coli E.coli

Fig. 2. Inhibition zone of the selected compounds.
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and NMR spectral evidence, successful synthesis
of target tetrazole compounds was confirmed.
Additionally, the XRD (Fig. 1b) and FESEM analysis
(Fig. 1c-f) of T1, T4, T5 and T6 revealed that
the prepared compounds are of nano-size i.e.,
nanomaterials. These results further confirmed
the successful synthesis of each nanomaterial
that exhibits the sharp peaks in XRD revealing the
crystallinity present in them. Furthermore, the

porosity and particle size of each material can be
obvious in FESEM images.

Biological activity

Results revealed that the effectiveness against
Gram-positive bacteria was demonstrated by
compounds Sch3 and Sch5, but good action
against microorganisms that are gram-negative
was demonstrated by deivatives T1 with T5. The

Table 2. Antioxidant activity as stated by Phongpaichit (2007).

IC50 (ug/mL Mark

10-50 pg/mL Strong Antioxidant Activity
50-100 pg/mL Intermediate Antioxidant Activity
>100 pg/mL Weak Antioxidant Activity
120

100

80

Scavenging %

il

6.25 pug\ml12.5 pg\ml 25 pg\ml 50 pg\ml 100 pg\ml

conc. pg\ml
ET1 m@Ascorbic acid

Fig. 3. Scavenging percentage for compound T1.

120
100
80

Scavenging %

adddd

6.25 pug\ml12.5 pg\ml 25 pug\ml 50 pg\ml 100 pg\ml
conc. pg\ml
mT4 m@Ascorbic acid

Fig. 4. Scavenging percentage for compound T4.
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compound T3 gave less activity against both types
when compared with ampicillin as a standard
substance. Results of the study are summarized
in Table 1 and Fig. 2. Further, it was observed

Table 3. Antioxidant properties of particular compounds.

that the prepared and selected compounds for
measurement gave good activity against fungi, as
the compounds T1 and Sch5 gave the best activity
against Candida albicans when compared with

120

100

[
o

Scavenging %
B D
o o

6.25 pug\ml 12.5 pg\ml

adddd

25 ug\ml 50 ug\ml 100 pg\ml

conc. pg\ml
ET5 [EAscorbic acid

Fig. 5. Scavenging percentage for compound T5.

120

100

[o]
o

Scavenging %
B (o))
o o

N
o

o

6.25 pug\ml 12.5 ug\ml 25 pg\ml 50 ug\ml 100 pg\ml
conc. pg\ml

ET6 [MAscorbic acid

il

Fig. 6. Scavenging percentage for compound T6.

Scavenging %

Comp. No. 6.25 12.5 25 50 100 Linear eq. R? 1c50
pg\ml pg\ml pg\ml pg\ml pg\ml
T1 28.7 30.9 43.6 49.9 61.4 y=0.3404x +29.708  R?=0.9135  59.61
T4 16.9 20.8 28.9 31.8 43.9 y=0.2674x + 18.1 R2=0.9399  119.29
T5 13.8 22.1 29.9 35.7 457 y=0.303x + 17.7 R2=0.8859  106.6
T6 12.1 21.8 29.3 40.6 63.1 y = 0.5081x + 13.692 R2=0.975 71.45
Ascorbic acid 459 57.4 60.1 64.7 91.2 y=0.4282x +47.267  R?=0.946 6.38
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Metronidizole as a standard substance. radical scavenging activity against DPPH (Fig. 3 to
6). Based on these promising results, we selected
DPPH radical scavenging activity compounds demonstrating antioxidant properties

Study revealed that several of the newly for further investigation. Accordingly, inhibitory
synthesized compounds exhibited significant free concentrations (IC,)) values were recorded and

Staphylococcus epidermidis
(7sie)

Fig. 7. 2D interaction selected compounds and Staphylococcus epidermidis resaptor (7sie).

|

Staphylococcus epidermidis
(7sie)

|

Fig. 8. 3D interaction selected compounds and Staphylococcus epidermidis resaptor (7sie).
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summarized in Table 2. Herein, we applied the anti- IC,, range values that published by Phongpaichit,
oxidant activity classification which depends on as summarized in Table 2.

=

E. coli (4h2j)

1

E. coli (4h2))

[

Fig. 10. 2D interaction selected compounds and Candida albicans resaptor E. coli (4h2j).
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Fig. 12. 3D interaction selected compounds and Candida albicans resaptor (7v67).
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a. Every chosen compound shown powerful lowest IC_ values were found for compound (T1)
antioxidative properties as tabulated in Table 3. c. Derivatives (T1) with (T6) possess
b. The highest anti-oxidant activity and the intermediate antioxidant activity.

Table 4. Binding energies for selected compounds.

Binding enrgy Kcal/mol

Comp. No. Staphylococcus epidermidis (7sie) E. coli (4h2j) Candida albicans (7v67)
Sch1l 9.4 -9.6 -8.3
Sch3 -9.7 -9 -8.5
Sché -9.5 -9 -8.2
T1 9.7 9.1 -9.6
T3 -8.4 -8.7 -10
T6 8.6 -8.9 -9.8

Table 5. Active sides dimensions on receptors for selected compounds.

Active side
Ci‘:p' Staphylococcus epidermidis (7sie) E. coli (4h2j) Candida albicans (7v67)
X Y zZ X Y z X Y z
Schl 15.47 17.76 35.36 44.09 35.37 59.27 -7.48 -44.40 -3.96
Sch3 15.40 18.37 35.05 40.93 41.53 53.48 -6.99 -44.68 -3.77
Sché 15.45 18.11 35.18 43.89 34.55 59.36 -7.26 -44.51 -3.89
T1 13.47 17.16 34.09 30.87 26.50 34.26 -30.24 -43.33 -3.18
T3 14.36 17.77 34.67 44.48 39.91 58.91 -30.62 -43.23 -2.89
T6 13.67 15.92 33.85 39.28 15.70 48.76 -30.42 -43.62 -2.86

Table 6. Interactions, residues and distances for selected compounds and receptors.

Com.

No. Staphylococcus epidermidis (7sie) E. coli (4h2j) Candida albicans (7v67)
- - - Residue Interaction Distance A°
Residue Interaction Distance A°
THR A:395 Conventional H. B. 1.59 GLU A:96 Pi- anion 4,52 Residue Interaction Distance A°
THR A:395 Conventional H. B. 3.08 VAL A:50 Pi- sigma 3.52
GLY A:449 Conventional H. B. 2.90 PHE A:89 Pi-pi stacked 4.86 ASP A:365 Pi-anion 4.92
LEU A:446 Conventional H. B. 2.81 HIS A:43 Pi-pi T-shape 5.01 GLN A:361 Pi- donor H.B. 2.94
Schl LYS A:447 Carbon H.B. 3.42 HIS A:43 Pi-pi T-shape 5.19 ALA A:89 Pi- sigma 3.98
TYR A:580 Pi-pi stacked 3.83 LEU A:100 Alkyl 4.67 ILE A:138 Pi- sigma 3.90
TYRA580 Pi-pi stacked 201 ARG A:51 Alkyl 4.06 ALA A:89 Pi- alkyl 4.91
ARG A453 Piealkyl 513 ALA A:47 Pi- a::y: 5.30 ILE A:138 Pi- alkyl 5.12
ALA A:92 Pi-a 4.77 : i
1YS Aid47 Pi-alkyl 516 i ILE A:360 Pi-alky! 475
ALA A:92 Pi- alkyl 5.00
LEU A:88 Pi- alkyl 5.11
Residue Interaction Distance A°
Residue Interaction Distance A° - - —
ALA A:69 Conventional H.B. 3.03 Residue Interaction Distance A
THR A:395 Conventional H. B. 159
ALA A:69 Conventional H.B. 3.30 ——
THR A:395 Conventional H. B. 3.03 - ASP A:365 Pi-anion 4.98
SERA:71 Conventional H.B. 245
GLY A:449 Conventional H. B. 2.89 GLN A:361 Pi-d H.B. 2.98
MET A:86 Conventional H.B. 281 - coner
schs LEU A:446 Conventional H. B. 2.81 HIT A3 Carbon HB. 318 ALA A:89 Pi- sigma 3.97
LYS A:447 Carbon H.B. 3.43 MET A:86 Pi- cation 5.14 ILE A:138 Pi- sigma 3.89
TYR A:580 Pi-pi stacked 3.83 MET A:86 Pi- sulfur 527 ALAASY Pi- alkyl 2.86
TYR A:580 Pi-pi stacked 4.00 ; i- si
"pistacke PHE A:70 pi- sigma 3.99 IEA:138 Pi- alkyl 5.09
ARG A:453 Pi-alkyl 5.20 PHE A:70 Pi-pi stacked 4.84
_ Pl stacke ILE A:360 Pi- alkyl 478
LYS A:447 Pi-alkyl 513 PHE A:70 Pi-pi stacked 4.55
ALA A:69 Pi-alkyl 4.69
Residue Interaction Distance Residue Interaction Distance Residue Interaction Distance A°
A° A°
THR A:395 Conventional H. B. 159 GLU A:96 Pi- anion 3.99 ASP A:365 Pi-anion 5.00
Sché THR A:395 Conventional H. B. 3.00 VAL A:50 Pi- sigma 3.47 GLN A:361 Pi- donor H.B. 3.01
C GLY A:449 Conventional H. B. 2.88 HIS A:43 Pi-pi stacked 5.09 ALA A:89 Pi- sigma 3.96
LEU A:446 Conventional H. B. 291 HIS A:43 Pi-pi stacked 5.25 ILE A:138 Pi- sigma 3.90
LYS A:447 Carbon H.B. 3.39 PHE A:89 Pi-pi T- shaped 4.81 ALA A:89 Pi- alkyl 4.87
TYR A:580 Pi-pi stacked 3.80 ALA A:47 Pi- alkyl 5.23 ILE A:138 Pi- alkyl 5.10
762 J Nanostruct 14(3): 751-764, Summer 2024
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TYR A:580 Pi-pi stacked 3.97 [ AnA92 | Pi- alkyl [ 462 ] ILE A:360 Pi- alkyl 4.77
ARG A:453 Pi-alkyl 5.06 [ Ana92 | Pi- alkyl | 503 |
LYS A:447 Pi-alkyl 5.23
Residue Interaction Distance A° - " "
Residue Interaction Distance A°
Residue Interaction Distance TRP A:207 Ccnve.nlloﬂal H.B. 3.8 ASN AL2L Conventional HB. 221
A° GLU A:174 Pi- anion 3.69 - ‘onal H.B 262
LS A:447 Conventional H. B. 2.69 ASN A178 pi- donor H.B. 3.80 2:: 213 Ez::z:::z::l iy o
n LYS A:447 Conventional H. B. 2.98 TRP A:207 Pi- pi stacked 4.92 PHE A32 Pi-pi T-shaped 513
GLU A:3454 Halogen 3.34 TRP A:207 Pi- pi stacked 5.43 PHE A32 Pirpi T-shaped 522
ARG A: 453 Alkyl 4.07 TRP A:207 Pi- pi T-shaped 5.48 ARG A:33 alkyl 266
TYR A:470 élky\ 5.17 PRO A:188 Alkyl 5.09 ARG A:33 Pi- alkyl 277
LYS A:447 Pi-alkyl 4.99 :\R.g AAZI;)3 PiAl:‘ykly| jzi ALAAL24 Pi- alkyl 523
ALA A210 Pi- alkyl 4.06 ALAALZS - allyl 464
n n " n n - Residue Interaction Distance A°
Residue Interaction Distance Residue Interaction Distance A°
A° -
THR A395 Conventional H. B. 231 LEU A:85 Conventional H.B. 2.08 ASNAL2L Conventional #.B. 221
- — ASN A:121 Conventional H.B. 2.74
LEU A:446 Conventional H. B. 2.31 LEU A:88 Pi- sigma 3.93 n
n — ASN A:121 Conventional H.B. 2.89
LYS A:447 Conventional H. B. 2.97 HIS A:43 Pi-pi stacked 5.13 GLUA22 Carbon H.B. 354
TYR A:580 Pi-pi stacked 5.07 PHE A:89 Pi-pi T-shaped 3.30 —

T3 - — PHE A:32 Pi-pi T-shaped 5.24
LYS A:447 Pi-alkyl 4.35 PHE A:89 Pi-pi T-shaped 5.01 PHE A:32 Pi-pi T-shaped 526
LYS A:447 Pi-alkyl 5.06 MET A:25 Pi- alkyl 4.75 ARG A:33 alkyl 253
THR A:395 Unfavorable acceptor 2.80 ALA A:47 Pi- alkyl 5.08 LEA3S alkyl 5.02

accepter ALA A:69 Pi- alkyl 4.07 ARG A33 Pi- alkyl 203
THR A:395 Unfavorable acceptor 2.92 ALA A:69 Pi- alkyl 5.33 ALA Ao12d Pizalkyl 251
accepter ALA A:92 Pi- alkyl 5.00 ALA A5 Pi- alkyl 260
Residue Interaction Distance A° Residue Interaction Distance A°
Residue Interaction Distance
A THR A:135 Conventional H.B. 213 ASN A:121 Conventional H.B. 2.18
LEU A:446 Conventional H. B. 2.17 THR A:135 Conventional H.B. 251 ASN A:121 Conventional H.B. 2.62

6 LYS A:447 Conventional H. B. 2.93 GLY A:136 Conventional H.B. 3.14 ASN A:121 Conventional H.B. 2.99
LYS A:447 Conventional H. B. 241 ALA A:187 Conventional H.B. 2.66 ASP A:384 Pi-sigma 3.97
ASN A:448 Pi-donor H.B. 3.17 LEU A:186 Carbon H.B. 3.34 PHE A:38 Pi-pi T-shaped 5.09
TYR A:580 Pi-pi stacked 3.83 GLU A:63 Pi-cation 4.14 PHE A:38 Pi-pi T-shaped 5.52
LYS A:447 Pi-alkyl 5.36 ARG A:106 Pi- anion 3.63 ALA A:124 Pi- alkyl 5.26

LEU A:186 Pi- alkyl 5.19 ALA A:125 Pi- alkyl 4.64
d. Compounds (T4) and (T5) week coli and Staphylococcus bacteria. Derivatives S3

antioxidant activity.
Molecular docking

The energy of binding between the chemicals
and the protein is displayed in Table 4. The
relationships between the compounds and the
protein residues at the active site, as well as the
kinds of interactions and the strength of the link
between the residues and the compound, are
displayed in Tables 5 and 6 and Fig. 7 to 12.

CONCLUSION

A series of novel Schiff bases and their
corresponding  tetrazolic  derivatives were
synthesized. The Schiff bases were prepared by
reacting a hydrazide derived from quinaldic acid
with different aromatic aldehydes. Subsequent
reaction with sodium azide yielded the desired
tetrazolic compounds. The structures of the
synthesized compounds were confirmed by
different spectral analysis including FT-IR, XRD,
FESEM, H, *C-NMR and their purity was verified
using thin-layer chromatography (TLC). The
biological activities of selected compounds were
evaluated against Escherichia coli, Staphylococcus
bacteria, and Candida fungi. Results revealed
that the compound S1 exhibited significant
antibacterial activity against both Escherichia

J Nanostruct 14(3): 751-764, Summer 2024
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and S6 demonstrated notable activity against
Staphylococcus, while compounds T1 and T5 were
highly effective against E. coli. All compounds
exhibited antifungal activity against Candida
fungi, with T1, S5, and S6 displaying strong
inhibitory effects. All results were compared
with ampicillin and metronidazole as standard
materials. The effectiveness of some compounds
was measured as oxidants, and the results showed
that compounds T1 and T6 gave medium-strength
effectiveness, while compounds T4 and T5 gave
weak effectiveness compared to ascorbic acid as
a standard material. The blind molecular docking
of six compounds was studied for a group of
receptors (for bacteria) (7sie) as well as (4h2j)
and (7v67) for fungi. The study showed the
effective binding sites for each receptor with each
compound separately. Furthermore, the study
showed that the amino acids of the receptors
associated with each compound, and also showed
the type of binding between them, as well as the
length of the distance of binding between amino
acids and the compounds.
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