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Abstract: Antibiotic resistance and oxidative stress-related diseases are emerging as
serious global health concerns. These challenges underscore the urgent need for novel,
effective, and environmentally friendly therapeutic agents. Coumarin derivative (ZL) and
its Mn(1I) and Zn(1I) metal complexes were synthesized. Structural characterization was
performed using various analytical techniques, including FTIR, XRD, 'H-NMR, C-
NMR, TGA, and MS. FTIR spectra confirmed the existence of the -N=N- functional
group of the coumarin-derived ligand. The antioxidant potential of the coumarin-derived
compounds (against DPPH and NO) was evaluated. The ZL exhibited the most potent
activity, with ICs values of 6.48 ug/mL for the DPPH assay and 6.91 ug/mL for the NO
radical scavenging assay. Antibacterial activities were evaluated against both Gram-
negative and Gram-positive bacteria. Molecular docking studies further supported the
biological potential of Zn-ZL, which showed strong binding affinities to oligo-1,6-
glucosidase (PDB ID: 3A]7) and mannosyl-oligosaccharide glucosidase (PDB ID: 4J5T),
with binding energies of —8.5 and —9.4 kcal/mol, respectively. These findings revealed the
therapeutic potential of coumarin-derived compounds and their metal complexes,
particularly in addressing oxidative stress and antibiotic resistance.

Keywords: coumarin derivatives; metal complexes; antioxidant activity; antibacterial
activity; molecular docking

m INTRODUCTION

The coumarin was isolated in 1820 by Vogel [1].

mentioning that the chelating ability of coumarin
derivatives enhances their biological activity [8].

Coumarins are known for their characteristic sweet
fragrance (vanilla-like); they appear as white crystalline
powders with a pleasant, nutty-aromatic odor [2].
Coumarins are gaining significant attention in medicinal
chemistry due to their broad spectrum of physiological and
pharmacological activities [3]. These heterocyclic organic
compounds, which contain a benzopyrone ring system,
serve as effective electron donors and possess significant
potential in metal-based drug development, particularly
in the treatment of sensitive cancers [4]. The structural
features of coumarins lead to versatile applications in
analytical, biological, and synthetic fields [5].

Coumarins have antimicrobial and antioxidant
activities [6]. Metal complexes of coumarins exhibit
medicinal applications and display greater biological

activity compared to their ligands [7]. It is worth

Additionally, have found

applications as fluorescent brightening agents, in the

synthetic ~ coumarins
textile, detergent, paper, and dye industries [9]. Recent
studies are based on the synthesis and biological
evaluation of bivalent metal complexes [10]. Schiff bases
are well known for their versatile coordination modes
and biological relevance. These ligands form biologically
active metal complexes, especially hydroxy-substituted
coumarins, which exhibit strong antioxidant and metal-
chelating properties [11]. The antioxidant activity of
metal complexes is influenced by both the metal and the
ligands.

Coumarin-based heterocycles play a vital role in
medicinal and  pharmaceutical  applications.
Understanding the synthesis of their biological activities

is crucial for understanding their potential in drug
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development and disease treatment [12]. The objective of
this study was to synthesize coumarin-derived Mn(II) and
Zn(IT) complexes and evaluate their biological potential.
The structural characteristics of the synthesized ligand
and metal complexes were determined through '"H-NMR,
BC-NMR, FTIR, XRD, TGA, and MS, which are used to
infer the structure and different thermodynamic activation
parameters.

m EXPERIMENTAL SECTION

Materials

Chemicals used during this study are 4-
hydroxycoumarin, 3-aminophenol, 3-aminobenzoic acid,
sodium nitrite (NaNO,), HCI, NaOH, and solvents such
as ethanol, methanol, distilled water, dimethyl sulfoxide,
carbon tetrachloride, tetrahydrofuran, acetone, benzene,
n-hexane, chloroform, and dimethylformamide (DMF)
were purchased from Sigma-Aldrich, Merck, Alfa Aesar,

and BDH, and were used without further purification.

Instrumentation

Silica gel plates were used to monitor the reaction
progress by thin-layer chromatography, which was
visualized under UV light. Melting points were recorded
using the open capillary method on a Stuart SMP10 and
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are uncorrected. The FTIR spectra were obtained using
a BRUKER Tensor 27 (MI15E-PS/09) FTIR
spectrophotometer, using KBr discs. The spectral range
was covered from 4000 to 400 cm™. The C- and 'H-
NMR spectra were acquired using a Bruker-300 MHz
spectrometer. The DPPH and NO scavenging activities
SP300
Spectrophotometer. UV-vis spectra were recorded using
an ELISA reader. Powdered XRD data were obtained
using a BRUKER D8 X-ray diffractometer. The
molecular mass of the compounds was measured using

were  assessed using an  Optima

a JEOL 600H-1 mass spectrometer. TGA analysis was
recorded on a Shimadzu TGA-50H.

Procedure

Synthesis of coumarin derivative

The synthesis of the coumarin-based azo ligand ZL
is illustrated in Scheme 1 and briefly described as follows:
a 10 mL aqueous solution of 3 M HCI was prepared and
added to 4-aminophenol (a), creating an acidic medium
suitable for diazotization. Then, an aqueous solution of
NaNO, was added dropwise at 0-5 °C under continuous
stirring for 20 min, forming the corresponding diazonium
salt (b) [13]. In a separate step, 4-hydroxycoumarin (c) was
dissolved in an alkaline medium. The freshly prepared

OH OH
HCI
+ NaNO; ——
0-5°C .
NH, stirring 20 min N\\\N
a b cr
NaOH
. 0 5°C
N stirring 2-3 h
HO
OH /@
NaOH X
G/O
3 h reflux M
o’ ¢
N\\ AN

MZL (M = Mn2+, ZNZ*

Scheme 1. Synthesis scheme of ZL and its metal complexes
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diazonium salt solution was added slowly to this cold
alkaline solution, and the azo coupling reaction was
allowed to proceed at 0-5 °C for 2-3 h, resulting in the
formation of the azo-linked coumarin ligand (ZL) [14].
After coupling, the pH of the reaction mixture was
adjusted using a 3 M NaOH, and the solution was refluxed
for 3 h to ensure completion. The reaction mixture was
then cooled, and the product was washed with cold
distilled water and purified by recrystallization using
diethyl ether [15]. The final ligand ZL was obtained with
a yield of up to 87%. The reaction progress and
completion were monitored using TLC.

Metallization of ligand ZL

For the synthesis of Mn** and Zn** metal complexes,
a solution of 0.125g (0.5 mmol) of the coumarin
derivative was prepared in 10 mL of ethanol and stirred
continuously for 5min. Subsequently, an ethanolic
solution of the metal salts (Zn®" or Mn?*) was added in a
1:2 metal-to-ligand ratio, and the mixture was stirred for
20 min [16]. NaOH was then added dropwise under
reflux conditions to adjust the pH to approximately 8,
ensuring a basic medium. A visible color change was
observed, indicating the formation of the metal complex
(M-ZL). The reaction was allowed to proceed under reflux
for 2 h. The product was collected, washed with distilled
water, and dried for further use [10].

Free radical scavenging assays

The antioxidant activities of ZL, Mn-ZL, and Zn-ZL
were evaluated using 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and nitric oxide (NO) free radical scavenging.
For the DPPH assay, various concentrations (i.e., 5-
25 pg/mL) of the test compounds were prepared, with
ascorbic acid serving as the standard. Absorbance was
recorded at 517 nm [17]. For the NO scavenging assay,
nitric oxide was produced via sodium nitroprusside at pH
7.4 in phosphate-buffered saline. A 2 mL of each sample
solution (5-25 pg/mL in DMSO) was mixed with 2.5 mL
of 8 mM sodium nitroprusside in PBS. The mixture was
incubated at 25 °C for 4 h. Then, 2 mL of Griess reagent
and 1mL of 0.1%
dihydrochloride were added, followed by incubation at
25 °Cfor 30 min. After that, the absorbance of the mixture

N-(1-naphthyl)ethylenediamine

was measured at 546 nm. A solution with DMSO instead
of the test compound was used as a blank. All

experiments were conducted in triplicate, and

%scavenging activity was calculated using Eq. (1) [18].
Ay—A

%Scavenging =¥X100% (1)

0

Antibacterial activities

The ZL, Mn-ZL, and Zn-ZL compounds were
investigated for their antibacterial activity against
various bacteria. The zone of inhibition by ZL, Mn-ZL,
and Zn-ZL was measured using the disc diffusion
method against a 24 h culture of selected bacteria [19].
The gram-negative bacteria Eschericia coli and
Pseudomonas aeruginosa were used, while the gram-
positive bacteria were Staphylococcus Pyogenes and
Bacillus. Amikacin was used as a standard drug for

evaluating antibacterial activity [20].

Molecular docking

The binding interactions of ZL, Mn-ZL, and Zn-ZL
with two enzymes, namely mannosyl-oligosaccharide
glucosidase and oligo-1,6-glucosidase, were evaluated.
For this purpose, 3D crystal structures of these enzymes
were obtained from the Protein Data Bank. Before
conducting the docking analysis, the target protein
structures were prepared using MGLTools. Heteroatoms
and H,O were removed from protein structures.
Additionally, polar hydrogen atoms and Kollman controls
were added to ensure the accurate representation of the
protein structures. The 3D structures of the synthesized
ZL were drawn using ChemDraw 3D. These structures
were then subjected to energy minimization to obtain
their most stable conformations. AutoDock was
employed in its default genetic algorithm as the scoring
function. The compounds were docked into the active
pockets of mannosyl-oligosaccharide glucosidase and
oligo-1,6-glucosidase enzymes. The center of the grid
box was set as x: 21.306612, y: —0.461484, z: 18.843785 for
mannosyl-oligosaccharide glucosidase and x: —18.523631,
y: —20.732132, z: 8.202425 for oligo-1,6-glucosidase to
define the search space for docking, respectively.
Multiple docking configurations were generated for
each compound and enzyme, resulting in approximately
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100 different configurations. Finally, to gain deeper
insight into the binding interactions within the active sites
of mannosyl-oligosaccharide glucosidase and oligo-1,6-
glucosidase, the most stable configurations were selected
for further analysis. Subsequently, 2D and 3D interaction
models were developed to improve understanding of the
binding behavior of the derivatives within these enzyme
active sites [21].

Chemistry

Coumarin derivative ZL and its metal complexes
with Mn** and Zn** were synthesized (Scheme 1) and
subjected to characterization to evaluate their physical
and structural properties. These included solubility,
melting point, and various spectroscopic techniques such
as XRD, UV-vis, FTIR, and TGA. Job's method was
employed to determine the optimal stoichiometric ratio,
and it was observed that a 2:1 ratio of ligands to metals
yielded the highest absorbance [22]. Consequently, the
metal complexes were synthesized utilizing this specific
stoichiometric ratio of ligands and metal salts [23].
Regarding the thermal stability of these metal complexes,
it was observed that the Mn(II) and Zn(II) complexes
exhibited melting points between 200 and 300 °C, while
the coumarin derivatives themselves displayed a melting
point range of 150 to 400 °C. This discrepancy indicates
that the metal coordination compounds of the derivatives
exhibit enhanced stability due to the smaller size and
higher charge of the Mn and Zn complexes [24].
Furthermore, complexes demonstrated solubility in
DMSO.

Characterization
4-Hydroxy-3-[(E)-(3-hydroxyphenyl)diazenyl]-2H-
chromen-2-one (ZL). Dark Brown solid, Yield: 70.90%,
Rf: 0.71 (acetone:CCly (7:3)), m.p.: 210 °C, soluble in
acetone, ethanol, methanol, DMSO, THF, DMF and n-
hexane, FTIR (KBr disc, cm™): 3354 (NH stretch, O-H
str.), 2887 (C-H str.), 1600 (N=N str.), 1547 (C=C str.),
1330 (C-C str.), 1284 (C-N str.), 1143 (C-O str.), UV-vis
Amax (DMSO, nm): 620, 'H-NMR (300 MHz, CDCl;-D) 6
12.51 (s, OH), 7.81 (dd, ] = 7.9, 1.4 Hz, Hf), 7.65-7.61 (m,
He, Hh), 7.37-7.32 (m, Hg, a-d). "C-NMR (100 MHz,
DMSO) § 165.6 (C4), 162.9 (C9), 160.4 (C16), 158.7 (C6),
150.0 (C10), 145.2 (C18), 142.7 (C5, C3, C9), 141.9 (C14),

136.3 (C19), 132.8 (C7), 132.1 (C17), 130.8 (C15), 123.1
(C8). EI-MS m/z: Required for C;sH;oN,O4*: 282.25
found 282.20.
4-Hydroxy-3-[(E)-(3-hydroxyphenyl)diazenyl]-2H-
chromen-2-one manganese complex (Mn-ZL).
Light pink solid, m.p.: 210 °C, Yield: 77.33%, soluble in
acetone, DMSO, benzene, CCl,, ethanol, methanol,
chloroform, THF, DMF and n-hexane, FTIR (KBr disc,
cm™): 3352 (NH, O-H str.), 2879 (C-H str.), 1642 (C=0
str.), 1596 (N=N stretch), 1551 (C=C str.), 1322 (C-C
str.), 1240 (C-N str.), 1198 (C-O str.), 758 (Mn-0), 620
(Mn-N), UV-vis A (DMSO, nm): 660.
4-hydroxy-3-[(E)-(3-hydroxyphenyl)diazenyl]-2H-
chromen-2-one zinc complex (Zn-ZL). Light brown
solid, m.p.: > 300 °C, Yield: 72.90%, soluble in acetone,
DMSO, benzene, CCl,, ethanol, methanol, chloroform,
THF, DMF and n-hexane, FTIR (KBr disc, cm™): 3361
(NH, O-H stretch), 2893 (C-H str.), 1642 (C=0 str.),
1596 (N=N str.), 1550 (C=C str.), 1518 (C-C str.), 1196
(C-N str.), 952 (C-O str.), 736 (Zn-0), 577 (Zn-N),
UV-vis Aax (DMSO, nm): 660.

m RESULTS AND DISCUSSION
FTIR

FTIR of synthesized compounds gave valuable
information about the structure of synthesized
compounds. The FTIR spectra showed prominent peaks
of functional groups, such as O-H, C-H, C=0, C=N,
N=N, C=C, C-N, and C-O, which confirm the
formation of a ZL coumarin derivative [25]. The FTIR
spectra of the ligands showed a broad O-H stretching
band in the range of 3650-3200 cm™ and an N-H
3600-3400 cm™.  The
vibrational frequency for the C-H sp® stretch was
observed around 3000-2800 cm™. A distinctive peak
corresponding to the N=N stretching vibration of the

stretching band around

diazenyl group emerged at 1700-1400 cm™. Due to the
broad nature of the O-H stretching band, it overlapped
with the aromatic C-H stretch in this region. A
characteristic C=C stretching vibration appeared near
1520-1400 cm™!, while the aromatic C-N stretch was
observed between 1390-1180 cm™". The C-O stretching
vibration was noted in the range of 1320-900 cm™.

Upon coordination with Mn** and Zn**, the N=N, C=0,
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and C-N vibrations shifted slightly, and shifts in these
bands confirmed metal-ligand interactions [26]. The M-
O stretches appeared below 700 cm™, confirming the
successful complexation as given in Fig. 1(a).

TGA

The thermogravimetric analysis of ZL, ZL-Mn, and
Z1-Zn was conducted, and the corresponding curves are
shown in Fig. 1(b-d). Each compound exhibits multiple
thermal degradation steps, reflecting differences in stability
and decomposition pathways. For the ligand ZL (Fig.
1(b)), four decomposition stages were observed. The first
stage (20-190 °C) corresponds to the loss of adsorbed
moisture, with a mass loss of 1.52% [27]. The second stage
(190-300 °C) is attributed to N, elimination, resulting in
a 9.58% mass loss. The third stage (300-600 °C) accounts
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— Zn-ZL
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5
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2
£
2
£
[
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for a 14.25% loss, likely due to the evolution of CH, and
further degradation of the organic framework [28]. The
residual mass was identified as CoH;;0; the DSC curve
displays endothermic peaks at 301 °C corresponding to
major structural breakdown steps. For the Mn(II)
complex (Fig. 1(c)), the TGA curve shows three
decomposition stages. The first stage (20-400 °C)
involves a 3.97% mass loss, attributed to the release of
water molecules. The second stage (400-600 °C)
corresponds to the elimination of N,, resulting in a
4.73% mass loss. The third stage (600-880 °C) results in
a 9.72% loss, likely due to the release of C;Hg. The final
residue, CyHs;MnO,, suggests enhanced thermal
stability compared to the free ligand [29]. The DSC curve
reveals endothermic peaks at 602 °C. In the case of the
Zn(II) complex (ZL-Zn, Fig. 1(d)), the decomposition

0.2
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30 - Wl s
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251 14.25% | =
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100 200 300 400 500 600
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(d) 64.0 0.0010
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I -0.0005 =
__ 6251 0.68% s
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Fig 1. (a) FTIR spectra and TGA spectra of (b) ZL, (c) Mn-ZL, and (d) Zn-ZL
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pattern is similar. The first stage (20-120 °C) shows a
0.89% mass loss corresponding to the release of H,O. The
second stage (120-300 °C) involves N, elimination with
0.68 + 0.49% loss, while the third stage (300-500 °C) shows
a 0.67 + 0.26% loss, attributed to CH,4 evolution. Overall,
the TGA results highlight distinct thermal behavior for
each compound; however, metal complexes exhibit
improved thermal stability as compared to ligand ZL [30].

TH-NMR

"H-NMR spectroscopy is an important analytical
method for determining the structure of substances
associated with the proton in the molecule of the analyzed
product. In the "H-NMR spectrum of ZL (Fig. S1(a)), a
sharp singlet at 15.25 ppm confirms the presence of
exchangeable hydroxyl protons (-OH), likely from the
phenolic group [31]. Another notable peak at 3.78 ppm also
indicates the presence of a hydroxyl proton. Aldehyde
protons typically resonate between 9.5 and 10.3 ppm, but
in this case, no distinct aldehyde peak is present, suggesting
its absence. Aromatic proton signals appear as multiple
peaks between 7.36 and 8.28 ppm. Specifically, the proton
labeled Hf resonates at 8.28 ppm, Hd at 7.88 and 7.78 ppm,
He at 7.62 ppm, Hh at 7.40 ppm, and Ha, Hb, Hg at
7.36 ppm, consistent with the substituted aromatic structure
[32]. This spectral data confirms the successful synthesis
and structural integrity of the ZL ligand, as evidenced by
well-resolved aromatic and phenolic proton signals.

13C-NMR

The "C-NMR spectrum of the ZL compound (Fig.
S1(b)) was recorded using a Bruker AM400 MHz
spectrometer in DMSO-ds. The observed chemical shifts
confirm the successful synthesis of the coumarin-based
azo derivative, highlighting distinct carbon environments
within the molecule. A sharp signal at 165.6 ppm
corresponds to C-OH groups, specifically C21 and C4
[33]. The carbon atoms C2 and C6, likely influenced by
electron-withdrawing substituents, appear at 161.8 and
153.5 ppm, respectively. The aromatic region exhibits
several peaks, with C18 and C15 resonating at 132.6 ppm,
while C8, C14, and C19 are found at 123.9 ppm. Further
downfield, C9, C7, and C5 appear at 116.3 ppm, and C10
at 115.7 ppm. A downfield shift at 90.9 ppm is attributed
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to C3, located within the conjugated ring system. Carbons
associated with the azo linkage are observed in the 136-
152 ppm range, consistent with the expected diazenyl
structure [34]. These assignments collectively support the
structure of the ZL compound and are in good agreement
with literature values for coumarin-azo derivatives.

XRD

Powder XRD is a useful and informative technique
for providing insight into the crystalline or amorphous
nature of ligands and their metal complexes. Due to the
very small crystal size of coumarin ligands and their
complexes, single-crystal XRD data could not be
obtained. However, powder XRD data were recorded to
determine the structural information and crystalline
pattern of the synthesized derivatives and their
complexes. The XRD patterns of ZL, Mn-ZL and Zn-ZL
are displayed in Fig. 2(a). The ligand ZL exhibits
multiple sharp and intense peaks in the 26 range of 10°
to 60°, indicating its crystalline nature. In contrast, the
XRD spectra of both Mn-ZL and Zn-ZL complexes show
broad and less intense peaks, suggesting a significant
reduction in crystallinity upon metal coordination [35].
The broad humps in the patterns of the metal complexes
are characteristic of amorphous or poorly crystalline
structures. The broadening of diffractions in the case of
complexes confirms successful metal chelation and
structural modification. The absence of sharp diffraction
peaks in Mn-ZL and Zn-ZL supports the formation of
new coordination compounds with altered crystal
packing and reduced long-range order [36].

UV-vis Spectroscopy

The UV-vis spectra of ZL, Mn-ZL, and Zn-ZL were
recorded in DMSO at room temperature using 50 ppm
solutions over the wavelength range of 300-800 nm, as
shown in Fig. 2(b). The free ligand ZL exhibited a strong
absorption peak (Amx) at 320 nm, which corresponds to
the m—m* electronic transition, along with a minor n-n*
transition at 500 nm [37]. Upon complexation with
Mn(II) and Zn(II), noticeable bathochromic shifts were
observed, and the complex shows Am.x at 660 nm. These
results highlight the successful coordination of metal
ions and the ligand [38].
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Fig 2. (a) XRD pattern, (b) UV-vis spectra of ZL, Mn-ZL, Zn-ZL

MS

Mass spectrometry provides not only the mass-to-
charge ratio (m/z) of the intact molecular ion, but also
detailed information about its fragmentation pathways.
By analyzing these fragmentation patterns, it is possible to
deduce the wunique structural characteristics of a
compound. It is also fundamental for assessing the purity
and identity of a synthesized substance. The molecular
mass of the ZL ligand is 310.2, which was confirmed by
the molecular ion peak in Fig. S2. However, this is not the
most intense peak. In contrast to the molecular ion, the
base peak (most intense) for this ligand appears at m/z
120.0. Another prominent peak is observed at m/z 162.0.
The possible modes of fragmentation for the ZL ligand are
shown in Fig. S3. An important fragmentation route
begins with the loss of a carbon monoxide group from a
fragment with m/z 310.2, leading to a new fragment ion at
m/z 282.25 [39]. Furthermore, this ion yields a significant
peak at m/z 162.02. This pathway is followed by the loss
of a neutral molecule from the m/z 162.02 ion, resulting
in a fragment at m/z 92.03. A second major fragmentation

pathway leads to a prominent peak at m/z 120.0. The
fragmentation of this ion involves the loss of a carbon
dioxide group, which gives rise to a fragment at m/z
77.03. Subsequent fragmentation of the m/z 77.03 ion
yields a fragment at m/z 43.0.

Free Radical Scavenging

The scavenging potential of DPPH is a simple,
efficient, and relatively stable free radical method in which
hydrogen or an electron is accepted by the reduction of
the free radical with the help of an antioxidant molecule.
The DPPH radical solution has a purple color. When an
antioxidant is added, it reduces the DPPH radical, causing
its color to change to yellow. The greater the color
change, the more DPPH radicals have been scavenged,
indicating enhanced antioxidant activity [40]. The
activity of ZL, Mn-ZL, and Zn-ZL was evaluated at five
different concentrations (5-25 pg/mL). Ascorbic acid
was used as the standard reference, as shown in Table 1
and Fig. 3(a-c). The calculations were based on the
absorbance at 579 nm, and the results of the antioxidant
potential of the prepared compounds are expressed as the

Table 1. ICs values of Scavenging of DPPH and NO assay of ZL and their metal complexes

Compound  Scavenging of DPPH ICs, (pg/mL)

Scavenging of NO ICs, (ug/mL)

ZL 6.48 + 0.03
Mn-ZL 6.84 = 0.05
Zn-ZL 6.88 + 0.05

*AA 7.06 = 0.04

6.91 + 0.094
6.27 £ 0.008
6.46 + 0.016
6.79 + 0.026

*AA=Ascorbic acid (standard compound)

Zulfigar Ali Shahid and Rukhsana Tabassum



Indones. J. Chem., 2026, 26 (1), 253 - 264

260

< 2 o Q 3
@ S 5 & o Q
© -_— © =
............................................................................ e
@i 0 | I 7o)
IS | v [ L © ! B
[ N © N M | N
Ll 8 h
h h [
N e iliiiiiiiiiiiille b e il
-
2 — 0, o
o o « Q 3 39
= = =)
2 sy 2
.............................. = I - T P
ol 2 . $ - g
1 KT | ['o}
< < [ -] o -
NG Fe8 IH Feg ha ~a
© ! ~ “ [}
e e N il
~
wn
mIO B.IO MI,nlv
3 -~ e} - 3
Yo} w
N pIITTIIIII pro N ~
i
h 01 < \ =1
c 00 — o - (= sHi o
= oH Fw N —hi © N Q4
< = <! h
I~ ' ) ' [ e e mmcmmmmm—em
0 | ) b ccmccdcool- £
— T T —— — T T T T T T T T T T T T T T T T T T T T
o 9 9 9 © 9 9 9 9 o o o
o o o o o o o o o o o o
8§ 8 R 8 8 8 8 & @ °© &g & 8 R & B I & & = s e ®° ®r e b e A
uoniqiyul % uoniqyu] % uoniqiyu| %
0 N (I SpL g
© = © S] © S}
PTTTTTTTTTTTTTTTTTTT T R TTTTTTTTTTTTTTTTTTTTToTToTooTTooooTT
Q! ™ 2 | 0 S0 10
Pl M —H F o T F
© ! © ! o« !
|
N o C L liiiiiiiiiis b . bl
© (] ~ —_—
©Q o~ I o 0 o<
~ S| I g I N E
= £ ™~ = N~ =
£ =) [
g2 = 2
TTTTTTTTTTTTTTTTTTTTTTT b e Py TTTTTTTTTTTTTToTTTTToTTT @
8,1 08 2 0 8 B! 08
HH Lo @ e - HH Leg
& Ta g -0 = =
h h
b e o LLlLiiliiiill. I b deoiiiiiiiils
< wn 5]
o (=} N~ o © (=}
© - 2
© 3 - 3
................... . [ —— _ [ .
g R 2| 2 2
— 2 - (= N - H -
N s 0 N N © = o i
—_ <~ —_ <! = <
() i C) i ) [ —
L e )
T T T T T T T T T T T T T T T T T T T T T T T T T T
o o o o o o o o o o o o o o o o o o o o o o
8 8 8 R 8 8 § 8 & = § 8 R 8 8 8 8 & & ° 8 & ®8 R @ B I ® & =
- =

uoniqIyul %

uomqIyu| %

uoniqyul %

Fig 3. Comparative DPPH scavenging activity by (a) ZL compounds, (b) Mn-ZL, (c¢) Zn-ZL. Comparative NO

scavenging activity by (d) ZL, (e) Mn-ZL, and (f) Zn-ZL

synthesized coumarin ligands and their metal complexes

ICso value. All the prepared compounds display good to

to scavenge nitric oxide. This was done by measuring the

moderate inhibition potential as compared to the

standard (7.06 pg/mL).

inhibition of nitrite ions at 546 nm using the Griess

NO is a free radical with dual roles: it is essential for

reagent. The results showed that synthesized compounds

are more effective at scavenging nitric oxide. The NO

various biological functions, but also contributes to

radical scavenging activity of five concentrations (5-

oxidative damage. The study evaluated the ability of
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25 pg/mL) of ZL, Mn-ZL, and Zn-ZL compared with
ascorbic acid (AA = 7.06 pg/mL), and the results are shown
in Fig. 3(d-f). The results of the antioxidant potential of
the prepared compounds are expressed as ICs, values. All
the prepared compounds display good to moderate
inhibition potential as compared to the standard (ascorbic
acid) [41].

Antibacterial Activity

The antibacterial efficacy of the synthesized
compounds ZL, Mn-ZL, and Zn-ZL was evaluated
against E. coli, Pseudomonas, S. pyogenes, and Bacillus.
The results are illustrated in Fig. S4, and their findings are
tabulated in Table 2. The results reveal that the Zn-ZL
complex exhibits superior antibacterial activity as
compared to ZL, Mn-ZL, and Amikacin. The Zn-ZL
shows 13, 19, 15, and 18 mm against E. coli, Pseudomonas,
S. pyogenes, and Bacillus, respectively. This enhanced
activity is attributed to the interaction of metal ions with
nitrogen. These results suggest that the synthesized zinc
complex holds promise as a potent antimicrobial agent
due to factors such as free electron mobility and the
availability of coordinating sites.

Molecular Docking Analysis

To understand the mechanism of the antidiabetic

potential, the molecular interaction between the
synthesized ligands and two specific enzymes, oligo-1,6-
glucosidase (PDB ID: 3AJ7) and mannosyl-oligosaccharide
glucosidase (PDB ID: 4J5T), was investigated. The
resolution of the oligo-1,6-glucosidase structure was 1.30 A,
while the resolution of the mannosyl-oligosaccharide
glucosidase structure was 2.04 A. The study's results

revealed that hydrogen bonds formed when a hydrogen

261

Table 2. Antibacterial activity of ZL, Mn-ZL, and Zn-ZL

Zone of inhibition (mm)

Compound Gram-negative bacteria Gram-positive bacteria

E. coli Pseudomonas S. pyogenes Bacillus
ZL 8 18 10 0
Mn-ZL 0 13 0 8
Zn-ZL 13 19 15 18
Amikacin 0 8 14 8

atom interacted with an electronegative atom, such as
oxygen or nitrogen. To investigate the binding
interactions between the ZL and their metal complexes
with the binding pocket of Mannosyl-oligosaccharide
and Oligo-1,6-glucosidase, molecular docking analysis
was conducted [42]. The docking analysis yielded
compelling results, indicating strong binding interactions
between several amino acid residues within the binding
pockets of mannosyl-oligosaccharide glucosidase and
oligo-1,6-glucosidase. The results are tabulated in Table 3.

These findings provide valuable insights into
potential lead compounds for drug development
targeting mannosyl-oligosaccharide glucosidase and
oligo-1,6-glucosidase. For 3AJ7, the ligands ZL, Mn-ZL,
and Zn-ZL displayed binding energies of —8.7, —8.8, and
—8.5 kcal/mol, respectively (Fig. S5). For 4J5T, ligands
ZL, Mn-ZL, and Zn-ZL showed strong docking scores
with binding energies of —9.4, 9.0, and —9.4 kcal/mol,
respectively (Fig. S6).

m CONCLUSION

In this research work, 4-hydroxy coumarin
derivatives have been synthesized in high yields under
mild reaction conditions, demonstrating both cost-
and atom Structural

effectiveness economy.

characterization of the synthesized ligand and its metal

Table 3. Molecular docking of ZL with their metal complexes against mannosyl-oligosaccharide glucosidase and oligo-

1,6-glucosidase

Hydrogen bond interactions

Hydrophobic interactions

Compounds PDBID Binding energy (kcal/mol)
ZL 3AJ7 -8.7
Mn-ZL 3AJ7 -8.8
Zn-ZL 3AJ7 -8.5
ZL 4]5T -9.4
Mn-ZL 4]5T -9.0
Zn-ZL 4J5T -94

Arg304, Met493

- Lys156, Tyr158, Arg315

Lys523 Phe321, Leu323, Trp326, Phe360
His280 Asp307, Pro312

Arg799 Glu402, Glu463, Arg727, 1le734, His803
Arg799 Phe7, Lys98, Arg304

Phe7, Lys98
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complexes confirmed the successful synthesis of new
diazenyl compounds. The antioxidant screening revealed
ICs values of 6.48-6.88 and 6.27-6.97 pg/mL for the
DPPH and NO assays. Antibacterial activity was assessed
against Gram-negative bacteria (E. coli and Pseudomonas)
and Gram-positive bacteria (Staphylococcus pyogenes and
Bacillus), with inhibition zones ranging from 8 to 19 mm.
Molecular docking studies indicated that Zn-ZL and Mn-
ZL had excellent docking scores with binding energies of
-9.0 and -9.4 kcal/mol, respectively. Overall, these
findings promise the potential of the synthesized
coumarin derivatives for various biological applications.
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