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Mn(11) and Zn(I11) Complexes of a Coumarin Derivative:
Synthesis, Characterization and Biological Potential

This study focused on the synthesis, characterization and biological evaluation of coumarin derivatives and
their metal complexes. The synthesized compounds were characterized using spectroscopic techniques, in-
cluding FTIR, *H NMR, *C NMR, X-ray diffraction (XRD), and thermal analysis, with mass spectrometry
confirming their molecular weights. Notably, the XRD analysis revealed crystal sizes of 4.092 nm for ZL 186,
4.34 nm for ZL16Mn, and 1.57 nm for ZL16Zn. FTIR analysis confirmed the presence of the -N=N- group,
and comparative UV-Visible spectra validated the successful synthesis of new coumarin compounds. Anti-
bacterial activity of synthesized compounds was evaluated against gram-negative and gram-positive bacteria
using the disc diffusion method, with inhibition zones ranging from 7-31 mm, compared to the standard drug
Amikacin, which had a zone of 15 mm. Antioxidant activity was assessed with 1Cs, values between 5.65-
11.84 pg/mL for DPPH and 5.89-11.20 pg/mL for NO, compared to ascorbic acid. Molecular Docking analy-
sis revealed strong binding interactions between the synthesized compounds and the Mannosyl-oligo-
saccharide glucosidase and Oligo-1,6-glucosidase enzymes, with binding energies ranging from 9.8 to
-10.9 kcal/mol. These findings contribute to the field of medicinal chemistry, highlighting the potential of
these compounds as therapeutic agents. Further investigations are required at molecular level to explore their
full therapeutic potential.

Keywords: coumarin derivatives, manganese, zinc metal complexes, antioxidant activity, antibacterial activi-
ty, molecular docking, X-ray diffraction, thermal analysis, antidiabetic

Introduction

The term coumarins comes from the French word coumarou, meaning “tonka bean”. The study of
coumarin began in 1820 when Vogel first extracted it from tonka beans [1]. Coumarins are basically known
for its vanilla-like or freshly-mowed hay-like fragrance. It is white crystalline powder with a sweet aromatic
odour with certain nutty shadings [2]. Coumarin derivatives are gaining significant attention in the field of
medicine due to their physiological activity [3]. These compounds have shown promising potential in metal-
based drug chemistry for the treatment of sensitive cancers [4]. Coumarin, a type of heterocyclic organic
compound, is widely utilized in analytical and biological fields [5]. It contains a benzopyrone ring with an
oxygen functional group, making it an effective donor. It also have a wide range of applications, including
being used as anticoagulants, spasmolytic, anticancer drugs, antibacterial, antithrombotic, vasodilatory, anti-
oxidant effects, and plant growth regulators as given in Figure 1 [6]. Based on these findings, a Schiff base
ligand containing coumarin moieties was synthesized, along with its metal complexes, and their antimicrobi-
al and antioxidant activities were studied [7]. Metal complexes of coumarins have been extensively studied
for their medicinal applications and have shown greater biological activity compared to their ligands [8]. The
chelating ability of coumarin derivatives, enhances their biological activity [9]. Additionally, synthetic
coumarins have found applications as fluorescent brightening agents [10]. In a specific study, bivalent metal
complexes of a coumarin derivatives were synthesized and evaluated spectroscopically and biologically [11].
Schiff bases, another class of ligands, have interesting coordination modes towards various metals and have
been studied for their biological applications [12]. Coumarin derivatives, particularly hydroxycoumarins,
exhibit antioxidant properties and metal chelating abilities [13]. The antioxidant activity of metal complexes
is influenced by both the metal and the ligands [14].
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Figure 1 Some commercially available coumarin derivatives

Overall, the research discussed highlights the importance of heterocyclic compounds with nitrogen at-
oms, specifically coumarin derivatives, in various medicinal applications [15]. The synthesis and evaluation
of metal complexes and the exploration of their biological activities contribute to the understanding of their
potential in drug development and disease treatment [16]. In this paper we are reported an efficient route for
the synthesis of new Mn(ll), and Zn(Il) complexes obtained from (4-Hydroxy coumarin) coumarin [17]. The
thermal decomposition of their complexes is also used to infer the structure and the different thermodynamic
activation parameters are calculated [18]. Synthetic coumarins have been used as fluorescent brightening
agents in textiles, paper, detergents and dyes [19].

Furthermore, the aim for studying the interaction between synthesized ligands and a-glucosidase using
molecular docking is to explore alternative strategies for managing type 2 diabetes (T2DM). a-Glucosidase
inhibitors (AGIs), such as acarbose, are effective in controlling postprandial blood glucose levels but come
with gastrointestinal side effects. First-row transition metal complexes, particularly those involving zinc and
other metals, have shown promise as a-glucosidase inhibitors, potentially offering advantages like lower tox-
icity and novel mechanisms of action [20]. Molecular docking studies help predict the binding affinities and
interaction modes of these complexes with the enzyme, aiding in the design of more effective inhibitors. This
approach aims to overcome the limitations of traditional AGIs, offering a promising alternative for T2DM
treatment with potentially fewer side effects and improved efficacy.

Experimental

Chemicals and Solvents

All chemicals like 4-hydroxycoumarin, 2-aminophenol, 2-amino-5-chlorobenzophenone, o-toluidine,
2’-amino-2,5-dichlorobenzophenone, 2-chloroaniline, p-toluidine, sodium nitrite (NaNO,), HCI, NaOH
(base) and solvents; ethanol, methanol, distilled water, dimethylsulfoxide (DMSO), tetrahydrofuran (THF),
carbon tetrachloride (CCl,), acetone, benzene, n-hexane, chloroform, dimethylformamide (DMF) were pur-
chased from sigma Aldrich, Merck, Alfa Aesar and BDH and were used without further purification.
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Instruments

Silica gel plates were used to monitor the progress of reaction by thin layer chromatography technique
which was visualized under UV. Melting points were recorded by open capillary method on Stuart SMP10
and are uncorrected. The FTIR spectra were obtained using a BRUKER Tensor 27 (M15E-PS/09) FTIR
spectrophotometer, using KBr discs. The spectral range was covered from 4000 to 400 cm ™. The *C NMR
and 'H NMR spectra were acquired using a Bruker-300 MHz spectrometer. The DPPH and NO scavenging
activity were assessed using an Optima SP300-spectrophotometer. UV-visible spectra were recorded using
ELISA reader. Powdered XRD data was obtained using BRUKER D8 X-ray diffractometer. The molecular
mass of compounds was measured using JEOL 600H-1mass spectrometer. TGA analysis was recorded on a
Shimadzu TGA-50H.
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Scheme 1. Synthetic route for coumarin derivatives and their metal complexes

Preparation of Ligands

General Procedure for the Synthesis of Coumarin Derivatives ZL11-ZL16

A 10 mL solution of 3 M hydrochloric acid (HCI) was prepared and combined with a substituted aniline
compound. Gradually, an aqueous solution of sodium nitrite (NaNO,) was added, resulting in the formation
of a diazonium salt. Then, a solution of 4-hydroxycoumarin was introduced to the reaction mixture, which
was placed in an ice bath for 20 minutes to maintain the optimal temperature of 0-5 °C. The coupling be-
tween the diazonium salt and 4-hydroxycoumarin occurred under these conditions. Neutralization was
achieved by adding 3 M sodium hydroxide (NaOH) to the mixture, and the reaction was stirred for 2-3 hours
at 0-5 °C, facilitating the formation of the coumarin ligand (ZL). The synthesized product was collected by
filtration and purified through recrystallization in ether, yielding up to 87 %. The reaction completion and
purity of the compound were assessed using thin-layer chromatography (TLC) analysis (Scheme 1).

90 Eurasian Journal of Chemistry. 2025, Vol. 30, No. 4(120)



Mn(Il) and Zn(ll) Complexes of a Coumarin Derivative ...

Metallization of Metal Complexes of Ligands ZL11-ZL16

To synthesize the Mn*" and Zn?* metal complexes, a 0.5 mmol solution of the coumarin derivative was
prepared in ethanol and stirred continuously for 5 minutes. An ethanolic solution of the metal salts (Zn®* or
Mn?*) was then added in a 1:2 metal-to-ligand ratio, and the mixture was stirred for 20 minutes. Sodium hy-
droxide was added dropwise under reflux conditions to adjust the pH to approximately 8, creating a basic
environment. A visible color change occurred, indicating the formation of the metal complex (MZL). The
reaction was allowed to proceed under reflux at a temperature range of 80-90 °C for 2 hours. The product
was collected, washed with distilled water, and dried for further use.

4-hydroxy-3-[(E)-(2-hydroxyphenyl)diazenyl]-2H-chromen-2-one (ZL11). Brown solid, yield:
79.28 %, Rf: 0.56 (acetone:CCl, (1:1)), soluble in THF, DMF, DMSO, acetone, ethanol, methanol, chloro-
form, n-hexane, and benzene m.p.: 182 °C, FTIR (KBr disc, cm™): 3080.72 (NH stretch, O—H stretch),
1741.87 (C=0), 1610.11 (N=N stretch), 1645.43 (C=C stretch), 1525.03 (C-C stretch), 1346.60 (C-N
stretch), 1190.63 (C—O stretch), UV-Visible, Amax (DMSO, nm): 590, *H NMR (300 MHz, DMS0-D6) § 15.9
(s, OH), 8.03 (D, J=7.8 Hz, Hd), 7.92 (s, Hb, Hg), 7.79 (s, Hc), 7.66 (s, He), 7.56 (s, Ha), 5.59 (s, Hh).
3C NMR (100 MHz, DMSO) & 178.5 (C4), 163.7 (C2), 154.1 (C6), 151.9 (C14), 137.2 (C17), 130.1 (C15,
C16), 129.1 (C19), 128.7 (C18), 124.7(C9), 124.0 (C10), 117.7 (C7), 116.7 (C5), 102.3 (C3), 19.3 (C21).
E1-MS m/z: Required for CisH10N,0,": 282.25 found 282.2.

3-[(E)-(2-benzoyl-4-chlorophenyl)diazenyl]-4-hydroxy-2H-chromen-2-one (ZL12). Yellowish Or-
ange solid, yield: 79.81 %, Rf: 0.72 (CCl4:chloroform (2:8)), soluble in THF, DMF, DMSO, acetone, etha-
nol, methanol, chloroform, n-hexane, and benzene m.p: 290 °C, FTIR (KBr disc, cm): 3008.02 (NH stretch,
O-H stretch), 1738.65 (C=0), 1625.81 (N=N stretch), 1661.61 (C=C stretch), 1396.68 (C—-C stretch),
1290.64 (C-N stretch), 1067.10 (C-O stretch) UV-Visible, Amax (DMSO, nm):380, 'H NMR (300 MHz,
DMSO-D6) ¢ 7.77-7.68 (m, He), 7.59 (d, J =6.5 Hz, Hg), 7.54 (d, J =5.5 Hz, Hk, Hi), 7.52 (s, Ha, Hc),
7.48-7.38 (m, Hb, Hj), 7.32 (s, Hi, Hh), 7.12 (s, Hf), 6.88 (s, Hh, Hd). **C NMR (100 MHz, DMSO) &
196.7 (C21), 150.5 (C4), 139.1 (C2), 1133.9 (C24, C6), 132.6 (C27, C18, C15), 131.2 (C17), 128.4 (C29,
C25, C16), 120.0 (C7, C5), 116.9 (C3). EI-MS m/z: Required for C»,H,5CIN,O,4"-: 404.80 found 404.0.

4-hydroxy-3-[(E)-(2-methylphenyl) diazenyl]-2H-chromen-2-on (ZL13). Light Greenish solid,
Yield: 89.28 %, Rf: 0.63 (CCl,4:chloroform (2:8)), soluble in THF, DMF, DMSO, acetone, ethanol, methanol,
chloroform, n-hexane, and benzene, m.p: 196 °C, FTIR (KBr disc, cm™): 3350.62 (NH stretch, O—H stretch),
1735.97 (C=0), 1599.37 (N=N stretch), 1544.49 (C=C stretch), 1328.21 (C-N stretch), 1234.68 (C-O
stretch) UV-Visible, Amax (DMSO, nm): 660, *H NMR (300 MHz, DMSO0-D6) & 12.53 (s, OH), 7.82 (d,
J=1.7 Hz, Ha, Hd), 7.80 (d, J = 1.7 Hz, He), 7.53 (s, Hf), 7.33 (d, J = 1.1 Hz, Hb, Hc, Hh), 5.59 (s, Hg),
3.37 (s, CHy). ®C NMR (100 MHz, DMSO) &: 177.6 (C4), 166.5 (C2), 162.5 (C6), 154.0 (C15),
151.9 (C16), 136.4 (C8), 132.3 (C17), 131.1 (C19), 130.1 (C9), 123.8 (C5), 102.3 (C7), 90.9 (C3). EI-MS
m/z: Required for C;H1,N,05"-: 280.87 found 280.87.

3-{(E)-[4-chloro-2-(2-chlorobenzoyl) phenyl] diazenyl}-4-hydroxy-2H-chromen-2-one (ZL14).
Dark Orange solid, Yield: 79.81 %, Rf: 0.65 (CCl,:ethanol (3:7)), soluble in THF, DMF, DMSO, acetone,
ethanol, methanol, chloroform, n-hexane, and benzene m.p: 226 °C, FTIR (KBr disc, cm™): 3399.49 (NH
stretch, O—H stretch), 1739.99 (C=0), 1596.09 (N=N stretch), 1465.96 (C=C stretch), 1403.68 (C-N stretch),
712.75 (C—CI stretch), 1067.88 (C-O stretch) UV-Visible, Amax (DMSO, nm): 660, *H NMR (300 MHz,
DMSO0-D6) 6: 16.36 (s, OH), 7.84-7.78 (m, He), 7.66 (s, Hb, Hj), 7.58 (d, J = 7.9 Hz, Ha, Hc, Hg), 7.58-
7.52 (m, Hi, HK), 7.49-7.46 (m, Hh, Hf), 7.43 (d, J = 7.4 Hz, Hh). *C NMR (100 MHz, DMSO) &: 194.9
(C21), 164.4 (C4), 138.3 (C2), 133.9 (C25, C15), 132.6 (C27, C17, C24), 131.2 (C8, C16), 128.4 (C29,
C18), 120.0 (C9, C10), 117.1 (C5) 116.1 (C7), 90.9 (C3). EI-MS m/z: Required for C,,H1,CI,N,0,": 439.24
found 439.3.

3-[(E)-(2-chlorophenyl) diazenyl]-4-hydroxy-2H-chromen-2-one (ZL15). Brown solid, Yield:
83.33 %, Rf: 0.63 (CCl,:benzene (3:7)), soluble in THF, DMF, DMSO, acetone, ethanol, methanol, chloro-
form, n-hexane, and benzene m.p: 172 °C, FTIR (KBr disc, cm‘l): 3366.65 (NH stretch, O—H stretch),
1739.98 (C=0), 1607.69 (N=N stretch), 1571.03 (C=C stretch), 1394.26 (C-N stretch), 742.93 (C-CI
stretch), 1081.74 (C-O stretch); UV-Visible, Amax (DMSO, nm): 660, 'H NMR (300 MHz, DMSO-D6) &:
15.98 (s, OH), 8.03 (d, J=7.8 Hz, He), 7.92 (d, J=8.3 Hz, Ha, Hd), 7.79 (t, J=7.7 Hz, Hh), 7.66 (d,
J=7.9 Hz, Hb, Hc), 7.56 (d, J = 7.7 Hz, Hf), 7.37 (d, J = 2.5 Hz, Hg). *C NMR (100 MHz, DMSO) &: 165.4
(C4), 161.8 (C2), 153.5 (C6), 132.9 (C15), 123.9 (C19, C17), 116.7 (C5), 116.4 (C7), 91.7 (C3). EI-MS m/z:
Required for C;5sHgCIN,O3"-: 300.69 found 300.1.
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4-hydroxy-3-[(E)-(4-methylphenyl)diazenyl]-2H-chromen-2-one (ZL16). Light yellow solid, yield:
89.84 %, Rf: 0.73 (methanol:CCl, (3:7)), soluble in THF, DMF, DMSO, acetone, ethanol, methanol, chloro-
form, n-hexane, and benzene, m.p.: 211 °C, FTIR (KBr disc, cm): 3352.50 (NH stretch, O—H stretch),
1740.31 (C=0), 1647.46 (N=N stretch), 1543.45 (C=C stretch), 1328.16 (C-N stretch), 1236.66 (C-O
stretch), UV-Visible, Amax (DMSO, nm): 620; *H NMR (300 MHz, DMSO-D6) &: 15.51 (s, OH), 7.82-7.80
(m, Hd, Ha), 7.65-7.63 (m, He, Hf), 7.36 (d, J = 1.4 Hz, Hb, Hc), 5.58 (s, Hg, Hh), 2.49 (s, Hi, Hj, HK).
3C NMR (100 MHz, DMSO) &: 178.5 (C4), 163.7 (C2), 154.1 (C6), 151.9 (C14), 137.2 (C17), 130.1 (C15,
C16), 129.1 (C19), 128.7 (C18), 124.7(C9), 124.0 (C10), 117.7(C7), 116.7(C5), 102.3 (C3), 19.3(C21). EI-
MS m/z: Required for CysH1,N,05"-: 280.27 found 280.2

4-hydroxy-3-[(E)-(4-methylphenyl) diazenyl]-2H-chromen-2-one Manganese complex (ZL16Mn).
Pale yellow solid, m.p.: >300 °C, yield: 89.53 %, soluble in chloroform, THF, acetone, DMSQO, benzene,
CCl,, ethanol, methanol, DMF and n-hexane, FTIR (KBr disc, cm™): 1632.76 (N=N stretch), 1414.64 (C-N
stretch), 1321.97 (C-O stretch), 577.02 (Mn-0), 516.37 (Mn—N), UV-Visible Ayax (DMSO, nm): 660.

4-hydroxy-3-[(E)-(4-methylphenyl) diazenyl]-2H-chromen-2-one Zinc complex (ZL16Zn). Dark yel-
low solid, m.p.: >300 °C, yield: 86.49 %, soluble in acetone, ethanol, methanol DMSO, benzene, CCl,, chloro-
form, THF, DMF and n-hexane, FTIR (KBr disc, cm™): 3391.93 (NH stretch, O—H stretch), 1513.02 (N=N
stretch), 1650.25 (C=C stretch), 1561.28 (C—C stretch), 1342.96 (N=O stretch), 1350.20 (C—N stretch), 1058.16
(C-O stretch), 761.28 (C—Cl stretch), 669.83 (Zn-0), 521.04 (Zn-N), UV-Visible Ayax (DMSO, nm): 380.

Anti-Oxidant Scavenging Assay

Antioxidant compounds found in food are crucial for maintaining good health and reducing the risk of
chronic diseases like heart disease and cancer. These antioxidants are primarily found in fruits, whole grains,
and vegetables. Plant-based antioxidants, such as vitamin E, vitamin C, carotenes, phytoestrogens, phytate,
and phenolic acids, have been recognized for their potential to lower disease risk. The diverse range of anti-
oxidant compounds in our diet have varying levels of antioxidant activity, with some being strong antioxi-
dants, like gallates, and others being weaker, like mono-phenols. The main function of antioxidants is to neu-
tralize free radicals by donating hydrogen atoms, thereby reducing them to non-reactive species. By remov-
ing the odd electron feature responsible for radical reactivity, antioxidants help protects against the harmful
effects of free radicals. Free radicals have garnered significant attention from scientists due to their wide-
ranging impact on biological systems, including their involvement in disease development and aging. It has
been established that oxidative stress, caused by an imbalance between antioxidants and free radicals, con-
tributes to the pathogenesis of certain diseases. Therefore, there is evidence supporting the use of antioxidant
supplementation to reduce oxidative stress levels and potentially slow down or prevent disease-related com-
plications. While synthetic antioxidant components have been found to have toxic and mutagenic effects,
natural antioxidants have gained attention due to their safer profile [21].

Diphenyl-2-Picrylhydrate (DPPH) Free Radical Scavenging Assay

The antioxidant activity of the synthesized compounds against 2,2-diphenyl-2-picrylhydrate (DPPH)
were evaluated [22]. The standard used was ascorbic acid and various concentration (5, 10, 15, 20, and
25 pg/ml) of the compounds were measured using Optima SP300-spectrophotometer at 517 nm [23].

The experiment was triplicates and % scavenging was calculated by using formula.

%Scavenging = ((Ao — As))/Aox100,
where Ao is the absorbance of blank; As is the absorbance of sample.
Absorbance of sample was calculated by using formula:
As = Ast — Asb,
where As is the absorbance of sample; Ast is the absorbance of test sample solution with DPPH; Asb is the
absorbance of blank sample solution without DPPH.

The ICsy value, defined as the concentration of the tested compounds required to scavenge 50 % of
DPPH free radicals, was calculated by non-linear regression using GraphPad Prism 8 (GraphPad Software
Inc., La Jolla, USA).

Nitric Oxide (NO) Free Radical Scavenging Assay

Sodium nitroprusside was used for nitric oxide production in aqueous solution at 7.4 pH which combine
with oxygen to give nitrite ion which one determined by using Griess reagent. For this aim to 2 mL of vari-
ous concentration (5, 10, 15, 20 and 25 pg/ml) of sample solution in DMSO, 2 mL of 10 mL sodium
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nitroprusside in PBS (phosphate buffer saline) solution was added and incubated at 25 °C for 4 hours. After
incubation to 2 mL of reaction solution containing nitrate ion 2 mL of Griess reagent (1 % sulphanilamide in
5 % phosphoric acid (1 mL) and 0.1 % N-(1-naphthyl)ethylenediamine dihydrochloride (1 mL) was added
and again incubated at 25 °C for 30 minutes. Same reaction mixture instead test compound having 2 mL
DMSO served as blank. The absorbance of chromophore formed was measured at 546 nm using Optima
SP300-spectrophotometer. The experiment was done in triplicate and % scavenging was calculated by using
formula:

%Scavenging = ((Ao — As))/Aox100,

where Ao is the absorbance of blank; As is the absorbance of sample.

Absorbance of sample was calculated by using formula:

As = Ast — Asb,

where As is the absorbance of sample; Ast is the absorbance of test sample solution with DPPH; Asb is the
absorbance of blank sample solution without DPPH.

The I1Cs, value, defined as the concentration of the tested compounds required to scavenge 50 % of NO
free radicals, was calculated by non-linear regression using GraphPad Prism 8 (GraphPad Software Inc., La
Jolla, USA).

Anti-Bacterial Activities

The synthesized compounds were studied for the antibacterial activity against the bacterial species. All
the synthesized ligands (ZL11-ZL116) and their metal complexes with (Mn(ll), Zn(ll)) (Figures S1-S18).
The Zone of inhibitions of synthesized compounds was carried out by disc diffusion method [24]. The anti-
bacterial activity of all the synthesized ligands was evaluated against 24 hr culture of various selected bacte-
ria. The gram-negative bacteria used were E. Coli and Pseudomonas aeruginosa while gram-positive bacte-
ria were Staphylococcus Pyogenes and Bacillus. Amikacin was used as standard drug for the evaluation of
antibacterial activity. Activity was reported by zone of inhibition (mm) [25].

Molecular Docking Protocol

In this study, we aimed to investigate the binding interactions between newly synthesized coumarin de-
rivatives and two enzymes, namely Mannosyl-oligosaccharide glucosidase and Oligo-1,6-glucosidase. To
initiate, we obtained the 3D crystal structures of these enzymes from the Protein Data Bank (www.rcsb.com)
with the Mannosyl-oligosaccharide glucosidase structure having a resolution of 2.04A (PDB ID: 4J5T) and
the Oligo-1,6-glucosidase structure having a resolution of 1.30A (PDB ID: 3AJ7). Before conducting the
docking analysis, we prepared the structures of the target proteins using MGL tools. Heteroatoms and water
molecules present in protein structures were removed. Additionally, polar hydrogen atoms and Kollman
charges were added to ensure the accurate representation of the protein structures. Furthermore, any missing
amino acid residues were rendered in the structures to ensure their structures. Furthermore, we generated the
3D structures of the synthesized coumarin derivatives (ZL11-ZL16) using ChemDraw 3D [26]. These struc-
tures were then subjected to energy minimization to obtain their most stable conformations. For the docking
analysis, we utilized AutoDock, employing its default genetic algorithm as the scoring function. The com-
pounds (ZL11-ZL16) were docked into the active pockets of Mannosyl-oligosaccharide glucosidase and
Oligo-1,6-glucosidase. The dimensions of gird box were 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 gener-
ated for each compound and enzyme, resulting in approximately 100 different configurations. Finally, to at-
tain a deeper insight of the binding interactions occurring within the active sites of Mannosyl-
oligosaccharide glucosidase and Oligo-1,6-glucosidase, the most stable configurations were selected for fur-
ther analysis and development of 2D and 3D models to understand the binding interactions among the deriv-
atives within the active sites of Mannosyl-oligosaccharide glucosidase and Oligo-1,6-glucosidase.

Results and Discussion

Coumarin derivatives were synthesized utilizing a previously documented procedure, resulting in a re-
markable yield. The confirmation of these derivatives was accomplished by analyzing their physical spectro-
scopic parameters. Subsequently, complexes of transition metals (Mn*?, Zn*?) with these coumarin deriva-
tives were synthesized and subjected to characterization based on various physical properties, including sol-
ubility, melting point, as well as spectroscopic techniques such as UV-visible spectroscopy, FTIR spectros-
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copy, X-ray diffraction, and Thermal gravimetric analysis. To ensure conformity with existing literature re-
garding the synthesis of metal complexes, the coordination of ligands with metal ions was investigated. Ini-
tially, 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 [27]. Consequently, the metal complexes were
synthesized utilizing this specific stoichiometric ratio of ligands and metal salts [28]. Regarding the thermal
stability of these metal complexes, it was observed that Mn(Il) and Zn(ll) complexes exhibited melting
points exceeding 300 °C, while the coumarin derivatives themselves displayed a melting point range of 150—
300 °C. This discrepancy indicates that the metal coordination compounds of the derivatives exhibit signifi-
cantly enhanced stability due to the smaller size and higher charge of the Mn and Zn complexes [29]. Fur-
thermore, all complexes demonstrated solubility in DMSO.

Spectroscopic Characterization

FTIR Characterization of Synthesized Coumarin Derivatives

FTIR spectra of all synthesized coumarin derivatives were recorded in 400-6000 cm™ region which
gave valuable information about formation and structure of all the synthesized coumarin ligand. The FTIR
spectra showed prominent peaks of functional groups like O-H, C—H, C=0, C=N, N=N, C=C, C-N and C-O
which confirms the formation of coumarin derivatives [30]. The appearance of a broad peak of O—H stretch
near 3650-3200 cm™*, N—H stretch appeared around 3600-3400 cm . Appearance of a distinctive peak of
N=N of diazinyl group at around 1700-1400 cm* were observed in FTIR spectra of ligands confirmed the
presence of these functional groups. The vibrational frequency for sp’> CH stretch was observed around
30002800 cm* which is region according to literature. Since O—H has a broad peak so it overlapped with
aromatic C—H stretch. Another peak C=C stretch was observed near 15201400 cm* and aromatic C-N
stretch was seen at 1390-1180 cm . While C—O stretch was observed in 1320-900 cm, it was seen that all
the above-mentioned peaks are in IR region according to literature. For all the metal complexes M—O stretch
was shifted towards lower frequency in complexes because nitrogen was involved in complex formation. For
exemplary, FTIR spectra of ligand ZL14 (Fig. 2) with its complexes (Zn*?, Mn*?) were discussed for com-
parative study.
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Figure 2. FTIR spectra of (a) ZL14 (b) ZL14Mn (c) ZL14Zn (d)
comparative FTIR spectra of ZL14 and its transition metal complexes
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The stretching frequency for dizenyl group N=N was observed at 1596.09 cm™, a broad and sharp peak
of OH was seen at 3399.49 cm ™. The Aromatic =C—H stretch was observed near 3251.09 cm . The vibra-
tional frequency of C=0 was observed at 1739.99 cm*, C-N and C-O stretch were seen at 1403.68 and
1022.88 cm* respectively while sp? C—H stretch were observed near 3251.09 cm . The C=0 peak appeared
near 1739.99 cm™. M-O stretch for all metal complexes appeared below 591.63 and 712.08 cm™ for Mn(ll)
and Zn(11) respectively. Similarly, Mn(ll) and Zn(ll) stretch at 516.99 and 577.64 cm* respectively. FTIR
spectra of all other coumarin derivatives (ZL11-ZL16) is given in supplementary material (Figures S1-S18).

'H NMR Study

Proton NMR spectroscopy is an important analytical method for determining the structure of substances
associated with the hydrogen-1 nucleus in the molecule of the analyzed product. In the NMR spectra of all
azo groups, peaks of aldehyde protons are observed at 9.5-10.3 ppm. The phenolic proton concentration of
coumarin compounds is 11.0 to 1.5 ppm, but in these studies this value varies from 13 to 15 ppm for
coumarin compounds [31]. *H NMR spectra of all synthesized compounds (ZL11-ZL16) were studied. All
signals confirming the structure corresponding to the proton nucleus were evaluated by chemical shift values
(ppm).). The experimental spectrum is almost identical to the theoretical spectrum obtained using
ChemSketch. 'H NMR spectra allow us to identify the different chemical shifts of protons within a com-
pound. The synthesis of compound ZL16 was confirmed through proton nuclear magnetic resonance (NMR)
analysis, as illustrated in Figure 3. The spectrum revealed a sharp peak at 15.51 ppm, indicating the presence
of exchangeable protons (OH). The analysis also identified multiple peaks at 7.82—7.80 ppm, corresponding
to the proton (Hd, Ha) in the CH group. Another multiple peaks at 7.65-7.63 ppm were observed for protons
(He, Hf) in the CH group, while doublet peak at 7.36 ppm indicated the presence of protons (Hb, Hc) in an-
other CH group. Furthermore, singlet peak at 5.58 ppm were attributed to protons (Hg, Hh) in the CH group,
and peaks at 2.49 ppm were associated with protons (Hi, Hj, HK) in the CH group. This detailed analysis
confirms the structural characteristics of compound ZL16 based on its proton NMR spectrum. *H NMR data
of all other coumarin derivatives (ZL11-ZL16) is given in supplementary material (Figures S19-S24).
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Figure 3. Spectra of (a) 'H NMR of ZL16; (b) **C NMR of ZL16; (c) Mass spectrum of ZL16; (d) UV of ZL16
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3C NMR Study

The **C NMR spectra of compounds ZL11-ZL16 show a clear resonance in the direction of the carbon
nucleus. NMR spectra of the new compounds were obtained on a Bruker AM400 MHz NMR spectrometer.
All compounds were dissolved in DMSO-D6. The structures of all new compounds were confirmed by
1HNMR data. Direct signals of carbon for azo groups are detected at 136 and 152 ppm, and nitro, hydroxyl,
and nitro groups are detected at 153, 125, and 142 ppm. The confirmation of the synthesis of ZL16 derivative
of coumarin compounds was established through the observation of distinct peaks in the ITHNMR spectrum.
A sharp singlet peak was observed at a chemical shift at 178.5 ppm, indicating the presence of the C-OH
(C4) group. The carbon atoms (C2, C6) attached to the nitrile group were evident in the region of 163.7 and
154.1 ppm. Peaks corresponding to the carbon atoms 151.9 (C14), 137.2 (C17), 130.1 (C15, C16), 129.1
(C19), 128.7 (C18), 124.7 (C9), 124.0 (C10), 117.7 (C7), 116.7 (C5), 102.3 (C3), 19.3 (C21) in the aromatic
ring were observed. *C NMR data of all other coumarin derivatives (ZL11-ZL15) is given in supplementary
material (Figures S25-S30).

UV-Visible Characterization of Synthesized Compounds

Coumarin derivatives ZL11-ZL 16 and their metal complexes analyzed by UV-Visible spectroscopy and
their spectra were recorded in DMSO solvent using 250 uL solution in the range of 200-800 nm. All the rec-
orded UV-Vis spectra of coumarin derivatives ZL11-ZL.16 and their metal complexes are illustrated in Fig-
ures S31-36 (Supporting file). The ultraviolet-visible (UV-Vis) spectra of the synthesized coumarin deriva-
tives and their Mn(11) and Zn(1l) complexes were recorded using 50 ppm solution of each compound in di-
methyl sulfoxide (DMSQO), and the measurements were conducted at room temperature within the wave-
length range of 300-800 nm. The outcomes have been visually showed through comparative UV-Vis spectra,
showed the Anax peak in the range of 320-660. Interestingly, the synthesized coumarin derivatives exhibited
significant absorbance in this region. In stark contrast, all .the-metal complexes demonstrated absorption
maxima with weak absorbance peaks in the range of 380-670 nm. The Mn(Il) complexes showcased intense
absorption within the 390-660 nm region, whereas the Zn(Il) complexes exhibited absorption within range
400-660 nm. These findings unequivocally indicate the successful synthesis of these metal complexes, as
their absorption in the visible region strongly suggests their formation.

XRD Characterization of Synthesized Compounds

The XRD analysis of ligand ZL16 revealed distinct, sharp peaks at 20 positions of 10.74°, 11.54°,
12.29°, 22.94°, and 29.26°, indicating a crystalline structure with an average crystal size of 4.092 nm. In con-
trast, the XRD pattern of its manganese complex (ZL16 Mn) showed the disappearance of these peaks and
the emergence of new ones at 20 positions of 17.27°, 26.69°, 31.54°, 34.75°, 38.69°, and 55.70°, with a
slightly larger average crystal size of 4.34 nm, confirming the coordination of ZL16 with manganese. Simi-
larly, the zinc complex exhibited peak shifts to 14.56°, 36.06°, 56.82°, 58.82°, and 61.30°, with an average
crystal size of 1.574 nm, indicating successful complex formation with zinc. The sharpness of the peaks
across all samples suggested their small size and crystalline nature, providing clear evidence of ligand coor-
dination with both manganese and zinc metals. The crystallite sizes were calculated using the Scherer equa-
tion, (D = 0.90/f cos 0). The particle size of ligand ZL16, ZL16Mn and ZL16Zn complexes are found to be
4.092 nm, 4.341 nm and 1.574 nm respectively.

Thermo Analytical Results (TG and DTG) of Ligands and Metal Complex

The thermogravimetric analysis (TGA) of ZL14 reveals distinct decomposition stages across different
metal variants. For ZL14, three decomposition stages occur between 45-500 °C: the first stage (45-150 °C)
involves moisture and CO, evolution with a mass loss of 3.17 %; the second stage (150-350 °C) corresponds
to the elimination of the azo group and ClI, resulting in a 20.39 % mass loss; the final stage (350-500 °C)
leads to complete decomposition, leaving carbon as a residue with an 11.18 % mass loss. The total mass loss
across these stages is 34.74 %, with an endothermic peak observed at 310 °C. In contrast, ZL14 Zn shows
four decomposition stages from 32-500 °C: the first stage (32150 °C) accounts for a 2.18 % mass loss due
to water and CO,; the second stage (150-200 °C) results in a 1.14 % mass loss from azo group elimination;
the third stage (200-350 °C) involves the loss of heterocycles; and the final stage (350-450 °C) leads to car-
bon and ZnO formation with a 3.13 % mass loss. The total mass loss here is 9.59 %, with an endothermic
peak at 180 °C. For ZL14 Mn, two decomposition stages are noted between 20-600 °C: the first stage (20—
100 °C) results in an 8.76 % mass loss from moisture and CO,, while the second stage (200-600 °C) corre-
sponds to azo group elimination and yields an 8.77 % mass loss, culminating in carbon and MnO as final
products. The total mass loss is 17.53 %, with an endothermic peak at 110 °C.
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Figure 4. (a) TGA spectra of ZL14; (b) TGA spectra of ZL14Mn; (¢) TGA spectra of ZL14Zn; (d) XRD of ZL16

Mass Spectrometric Study

Mass spectrometry is a method of determining the molecular mass of a substance [7]. Using this meth-
od, not only the peak information of the molecular ion but also information on the scattering pattern can be
obtained, allowing the characteristics of the compound to be determined [8]. The quality of a compound can
be determined using mass spectrometry methods. Information on molecular ion peaks, fragmentation pat-
terns, and structural annotations were obtained through mass spectrometry. Therefore, in this study, we fixed
the size of the coumarin ligand in the reaction model [4]. Mass spectra of synthesized compounds (ZL11-
ZL.16) are described in Figures S37-S42 (Supporting file). The molecular masses of the ZL11-ZL 16 ligands
are 282.25, 404.0, 280.8, 438.3, 300.1 and 280.2 which were confirmed in mass spectrometry studies, re-
spectively. In the mass spectra of compound ZL16 (Fig. 5) the molecular ion peak appears at m/z value of
280.2 which is exact to the molecular mass of ZL16 (215.1) which is also the (most intense) base peak for
this ligand. The possible modes of fragmentation for ZL16 ligand are given in Figure 5. Another important
peak appeared at m/z value 119.1 by the removal of CoHsO3 group from parent compound then the other im-
portant peak was seen at m/z value 91.0 by the removal of N, groups from the 1st fragments (Route 1). The
next important peak appeared at m/z value 104.0 by the removal CH; from the 1st fragment. Two peaks ap-
peared at m/z value 76.0 and 49.9 from the 2nd and the 3rd fragment by the removal of N, and C,H, respec-
tively (Route 2). The next peaks appeared at m/z value 120.0, 92.0 and 64.0 by the removal of CgHgN,O, CO
and CO radical from parent, the 1st and the 2nd fragment respectively (Route 3). The next important peak
appeared at m/z value 162.0 and 134.0 by the removal C;H,0, and CHO from parent and the 1st fragment.
Another important peak was observed at m/z 119.1 value by the removal of CH; group from the 2nd frag-
ment then other peak appeared at m/z value 93.0 by removal of N, from the 3rd fragment. The peak of an-
other important fragment was observed at m/z value 65.0 and 49.9 by the removal of N, and CH; radical
from the 4th and the 5th fragment (Route 4).
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Figure 5. Mass spectrum fragmentation spectra ZL16

Free Radical Scavenging Potential of Coumarin Derivatives and Their Metal Complexes (ZL11-ZL16)

DPPH Radical Scavenging Assay

DPPH radical scavenging potential is a simple, efficient and relatively stable free radical method in
which hydrogen or an electron is accepted by the reduction of free radical with the help of antioxidant mole-
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cule. The solution of DPPH has purple color which is in reduced form changes to yellow. When more color
change reduced more DPPH, radical enhance antioxidant activity. 579 nm absorbance is used for their calcu-
lation [32]. The DPPH radical scavenging activity of five concentrations (5, 10, 15, 20 and 25 pg/mL) of
coumarin derivatives (ZL11-ZL16) and their manganese complexes (ZL11Mn-ZL16Mn) and zinc complex-
es (ZL11Zn-ZL.16Zn) has been approved by ascorbic acid (AA) as standard. The results of antioxidant po-
tential of prepared compounds are expressed in 1Csq as given in Table 1.

Table 1
I1Cs, values of DPPH assay of coumarin derivatives and their metal complexes (ZL11-ZL 16)
Scavenging of DPPH 1Cs,* (ug/mL)
Compound ZL (Ligands) Mn(11) Complex Zn(I1) Complex
Z1L11 7.62+0.04 6.45+0.07 8.31+0.051
7112 6.93+0.05 11.84+0.01 6.10+£0.048
Z1.13 7.6£0.04 7.09+0.010 8.49+0.046
Z1L.14 7.78+0.03 11.04+0.01 5.65+0.080
Z1L.15 6.94+0.06 11.84+0.04 8.32+0.060
Z1.16 6.57+0.03 6.62+0.02 7.14+0.075
AA** 7.066+0.06 7.0660.06 7.066:+0.06
Notes: * ICs is the concentration of compounds for 50 % inhibition of DPPH calculated by non-linear regression; ** AA is the
ascorbic acid (standard compound)

All the prepared compounds display excellent inhibition potential as compared to standard (ascorbic ac-
id) (7.06 pg/mL). Compounds ZL16, ZLL11Mn and ZL.14Zn, are more potent than that of ascorbic acid with
ICs = 6.57, 6.45 and 5.65 pg/m.

Nitric Oxide (NO) Radical Scavenging Assay

Nitric oxide (NO) is regarded as free radicals as they have unpaired electrons. NO is very reactive oxi-
dant that can decompose to form OH and NO by the reaction with superoxide to form peroxinitrite anion. All
the synthesized compounds displayed inhibition effect on nitrite ion generated from sodium nitroprusside in
aqueous solution by reaction of oxygen with nitric oxide at biological pH. Griess reagent is used for calculat-
ing scavenging effect at decreased absorbance of 546 nm. All the prepared coumarin ligands and their metal
complexes display better nitric oxide radical scavenging potential as compared to DPPH radical scavenging
activity. The NO radical scavenging activity of five concentrations (5, 10, 15, 20 and 25 pg/mL) of coumarin
derivatives (ZL11-ZL16) and their zinc complexes (ZL11Zn—ZL16Zn) has been approved by ascorbic acid
(AA) (7.06 pg/mL) as standard. The results of antioxidant potential of prepared compounds are expressed in
ICs, as given in Table 2.

Table 2

IC5, values of NO assays of coumarin derivatives and their metal complexes (ZL6-ZL10)

Scavenging of NO I1Csp* (ug/mL)
Compotg ZL(Ligands) Mn(11) (Complex) Zn(11) (Complex)
ZL11 6.46+0.046 7.29+0.021 7.32+0.044
ZL.12 6.38+0.095 5.99+0.060 6.77+0.078
ZL.13 5.89+0.038 6.56+0.070 6.63+0.034
ZL.14 7.015+0.068 6.98+0.024 6.07+0.09
ZL15 6.47+0.052 6.35+0.096 6.59+0.060
ZL16 11.24+0.053 7.10£0.670 6.30+0.065
AA** 6.79+0.026 6.79+0.026 6.79+0.026
Notes: * ICg, is the concentration of compounds for 50 % inhibition of NO calculated by non-linear regression; ** AA is the ascor-
bic acid (standard compound)

All the prepared compounds display excellent inhibition potential as compared to standard (ascorbic ac-
id). Compounds ZL12, ZL12Mn and ZL14Zn, are more potent than that of ascorbic acid with ICs, = 6.38,
5.99 and 6.07 ug/mL respectively.
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Figure 6. (a) Comparative graphical representation of DPPH scavenging activity by ZL compounds; (b) ZL Mn;
(c) ZL Zn; (d) Comparative graphical representation of NO scavenging activity by ZL compounds; (€) ZL Mn; (f) ZL Zn

Antibacterial Activity

The in vitro antibacterial activity of coumarin compounds was screened against Staphylococcus
Pyogenes and Bacillus (gram positive bacteria) and Escherichia Coli and Pseudomonas aeruginosa (gram
negative bacteria) using the minimum inhibitory concentration (MIC) method. Amikacin was used as epy
standard drug for the evaluation of antibacterial activity. Activity was also reported as zones of inhibi-
tion (mm) [25]. The Zinc(1l) complex exhibited higher activity than the other tested compounds due to the
interaction of the metal ions with nitrogen. Biological screening results of coumarin ligands showed that
compounds ZL13, ZL13Mn and ZL15Zn exhibited good antibacterial activity against E. Coli, with zones of
inhibition of 15 mm, 31 mm, and 28 mm, respectively, while all other compounds showed zones of inhibi-
tion in the range 9-28 mm. Ligands ZL11, ZL16, ZL11Mn, and ZL12Zn showed excellent activity against
Bacillus, with zones of inhibition of 18 mm, 18 mm, 18 mm and 23 mm, respectively, while all other com-
pounds exhibited zones in the range 12-22 mm. Ligands ZL14, ZL12Mn, and ZL16Zn showed good antibac-
terial activity against Pseudomonas, with zones of inhibition of 15, 18, and 23 mm, respectively, while all
other derivatives exhibited zones in the range of 9-22 mm. Ligands ZL12, ZL12Mn, and ZL11Zn showed
activity against Staphylococcus Pyogenes, with zones of inhibition of 16 mm, 20 mm and 20 mm, respective-
ly, while all other compounds exhibited zones in the range of 9-16 mm. For comparison, the standard drug
Amikacin exhibited a zone of inhibition of 15 mm. Overall, the biological screening of coumarin ligands re-
vealed promising results. Against E. Coli, compound ZL16 demonstrated good antibacterial activity, result-
ing in a zone of inhibition of 16 mm as shown in Table 3-5.

Table 3

Antibacterial activity of coumarin derivatives ZL 11-ZL 16

Zone of Inhibition (mm)
Compound Gram-negative bacteria Gram-positive bacteria
E. coli Pseudomonas | S. Pyogenes Bacillus

ZL11 9 12 15 18
7112 11 8 16 18
Z1.13 15 12 9 14
ZL14 12 15 10 16
ZL15 13 8 14 17
ZL16 14 22 16 18

Amikacin 15 13 16 15
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Antibacterial activity of metal complexes ZL11Mn-ZL16Mn

Compound No.

Zone of Inhibition (mm)

Gram-negative bacteria

Gram-positive bacteria

E. coli Pseudomonas | S. Pyogenes Bacillus
ZL11Mn 18 14 13 18
ZL12 Mn 20 18 20 10
ZL13 Mn 31 10 8 12
ZL14 Mn 8 8 9 14
ZL15 Mn 11 11 9 16
ZL16 Mn 12 9 7 18
Amikacin 14 16 15 13

Antibacterial activity of metal complexes ZL11Zn-ZL16Zn

Compound No.

Zone of Inhibition (mm)

Gram-negative bacteria

Gram-positive bacteria

E. coli Pseudomonas | S. Pyogenes Bacillus
ZL11 Zn 12 9 20 20
ZL12 Zn 14 15 15 23
ZL13 Zn 12 11 14 21
ZL14 Zn 13 12 16 18
ZL15 Zn 28 13 15 17
ZL16 Zn 22 23 13 22
Amikacin 16 14 16 14

Table 4

Table 5
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Figure 8. Anti-Bacterial activities of coumarin derivatives and their metal complexes (ZL11-ZL16)

Molecular Docking Analysis

In order to understand the mechanism of action, the molecular interaction between the synthesized lig-
ands and two specific enzymes, Oligo-1,6-glucosidase (PDB ID: 3AJ7) and Mannosyl-oligosaccharide
glucosidase (PDB ID: 4J5T), was studied. The resolution of the Oligo-1,6-glucosidase structure was 1.30A,
while the resolution of the Mannosyl-oligosaccharide glucosidase structure was 2.04A. The results of the
study revealed that hydrogen bonds were formed when a hydrogen atom interacted with an electronegative
atom, such as oxygen or nitrogen. To investigate the binding interactions between the ligands (ZL11-ZL16)
and their metal complexes with the binding pocket of Mannosyl-oligosaccharide and Oligo-1,6-glucosidase,
molecular docking analysis was conducted. The docking analysis yielded highly convincing results, indicat-
ing strong binding interactions between several amino acid residues within the binding pocket of Mannosyl-
oligosaccharide glucosidase and Oligo-1,6-glucosidase. These findings provide valuable insights into poten-
tial lead compounds for drug development targeting mannosyl-oligosaccharide glucosidase and Oligo-1,6-
glucosidase. The docking analysis of Oligo-1,6-glucosidase also produced convincing results, indicating
strong interactions between several amino acid residues within its binding pocket and the ZL16, ZL16Mn,
and ZL16Zn compounds as shown in Figure 9. The binding energies for these interactions were determined
to be —9.8, —10.9 and —10.8 kcal/mol, respectively as given in Table 6.

Similarly, the docking analysis yielded highly convincing results, indicating strong binding interactions
between several amino acid residues within the binding pocket of Mannosyl-oligosaccharide glucosidase and
the ZL15, ZL15Mn, and ZL15Zn compounds as shown in Figure 8. The binding energies for these interac-
tions were determined to be —10.1, —10.3, and —10.6 kcal/mol, respectively as given in Table 7. These find-
ings suggest that the synthesized ligands have the potential to interact strongly with the binding pockets of
both Mannosyl-oligosaccharide glucosidase and Oligo-1,6-glucosidase.
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Table 6

Molecular Docking of compounds (ZL11-ZL16) with Oligo-1,6-glucosidase
and mannosyl-oligosaccharide glucosidase

. Bindin
Ligand PDB ID energyg,J H){drogen_bonds Hydrophobic interactions
Codes interactions
kcal/mol
3AJ7 -8.6 LYS156 LEU313, ALA418, PHE314, ILE419, ASP233
L 4)5T -9.0 HIS803, ARG799, ASP724 GLU463, GLU402, ARG727, MET401
) 3AJ7 -8.6 No LYS156, TYR158, PHE303
2L 4)5T -9.7 ARG428 ASP392, GLU771, ASP568, TYR709, LEU563, PHE444
3AJ7 -8.7 HI1S295, ASN259, ILE272 VAL266, ALA292, ARG263
zL13 4)5T -94 HIS803, ARG799, ASP724 ARGT727, ARG467
3AJ7 -10.1 No LYS156, TYR158, PHE303
zL14 4)5T -8.3 ARG428 GLU771, ASP392, ASP568, TYR709, LEU563, PHE444
7L15 3AJ7 -10.1 HI1S295, ASN259, ILE272 VAL266, ALA292, ARG263
4)5T -9.3 HIS803, ARG799, ASP724 ARGT727, ARG467
7116 3AJ7 -8.8 ASN317, LYS156 LEU313, ASP233, ALA418, PHE314, ILE419
4)5T -9.8 NO ARG727, GLU402, GLU463, SER802, MET401, PRO731, ILE734
Table 7
Molecular Docking metal complexes (ZL11-ZL 16) with Oligo-1,6-glucosidase
and mannosyl-oligosaccharide glucosidase
Ligand PDB ID Binding energy, H){drogen_bonds Hydrophobic interactions
Codes kcal/mol interactions
ZL11Mn 3AJ7 -9.1 PHE321 LEU439
4)5T -9.8 TYR709 PHE444, PHE389, PHE385, PRO441
ZL117n 3AJ7 -9.7 PHES543, LEU323, LYS523 PHE321
4)5T -8.9 MET493, ARG304 PHE7, LYS98
ZL12Mn 3AJ7 -8.1 NO GLU332, ALA329, ILE328, PRO312, HIS280
4)5T -8.6 LYS597, LYS669 HIS601, TYR728, GLU616
3AJ7 -94 ASP363 PHE321, LEU439, ASP362
zL12zn 4)5T -8.9 HIS561.ARG428 PHE444, PRO441, PHE385, TYR709, LEU563
ZL13Mn 3AJ7 -9.1 PHE321 LEU439
4)5T -9.5 ARG387 PHE444, ALAT83, PHE385, PHE384
21137n 3AJ7 -9.1 NO
4)5T -10.2 HIS561 LEU563, ARG428, GLU707
ZL14Mn 3AJ7 -8.7 SER545 ASP362, LEU439, LYS524
4)5T -10.4 TYR709, ARG387 GLU771, PHE444
711471 3AJ7 -10.2 NO
4)5T -9.6 NO TYR709, PHE385, PHE444, PRO441
ZL15Mn 3AJ7 -10.3 NO PRO312
4)5T -12.2 NO PHE444, ILE362, ILE451, LYS363
7L157n 3AJ7 -10.6 LYS523, LEU323 LEU439
4)5T -12.7 ASP568, TRP710 ARG428, TYR709, PHE385
3AJ7 -8.9 NO LYS523, PHE360, LEU323, LEU439
ZL16Mn 4)5T -10.9 NO LYS98, PHE7, ARG304, GLU10, LYS6
3AJ7 -9.1 ASP363 LEU439, PHE321
zL16zn 4)5T -10.8 HIS561, ARG428 TRP710, LEU563, PHE389, PHE385, GLU707
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a

Figure 9. (a) Most probable 2D and (b) 3D binding modes of ZL15; (c) 2D ZL15Mn;
(d) 3D ZL15Mn; (e) 2D ZL15Zn; (f) 3D ZL15Zn
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Figure 10. (a) Most probable 2D and (b) 3D binding modes of ZL16; (c) 2D ZL16Mn;
(d) 3D ZL16Mn; (e) 2D ZL16Zn; (f) 3D ZL16Zn
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Conclusions

In a recent study, researchers successfully synthesized several new medicinal coumarin derivatives us-
ing a synthesis process that is both environmentally friendly and efficient. The compounds synthesized in-
clude 4-hydroxycoumarin, 2-aminophenol, 2-amino-5-chlorobenzophenone, o-toluidine, 2’-amino-2,5-
dichlorophenylphenone, 2-chloroaniline, p-toluidine. The synthesis process achieved excellent yields ranging
from 70 % to 87 % at temperatures between 0-5 °C. To determine the structure of the synthesized com-
pounds, various characterization methods were employed, including FTIR, 'H NMR, *C NMR, UV/VIS,
XRD, and TGA. Mass spectroscopy was also used to confirm the mass of the synthesized compounds. The
FTIR spectra analysis revealed the presence of functional groups such as O—H stretch, N-H stretch, and N=N
group, which confirmed the successful synthesis of the ligands. The spectra also showed peaks correspond-
ing to sp® CH; stretch, aromatic C—H stretch, carbonyl group C—O stretch, C=C stretch, and aromatic C-N
stretch. Interestingly, the phenolic proton concentration of most coumarin compounds typically falls within
the range of 11.0 to 1.5 ppm. However, in this study, the values varied from 13 to 15 ppm for the coumarin
compounds, indicating some structural differences. The *C NMR analysis of the coumarin derivatives re-
vealed specific peaks corresponding to the 6 signals of carbon for azo- groups and nitro-, hydroxyl-, and ni-
tro- groups were also detected. To further characterize the synthesized compounds and their metal complex-
es, UV-Visible analysis was conducted in the 300-600 nm range, and powder XRD analysis was performed.
The XRD results indicated crystal sizes for ZL16, ZL16Mn, and ZL16Zn as 4.092 nm, 4.341 nm, and
1.574 nm, respectively. Thermal stability was assessed through TGA analysis, which demonstrated that the
synthesized compounds exhibited thermal stability up to 800 °C. The synthesized ligands and their metal
complexes were then subjected to screening for antibacterial, molecular docking, and antioxidant activities.

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 7—
31 mm, while Amikacin showed a zone of inhibition of 15 mm. In terms of DPPH antioxidant activity, com-
pounds ZL16, ZL11Mn, and ZL14Zn demonstrate greater potency than ascorbic acid, with ICs, values 6.57,
6.45 and 5.65 pg/mL respectively. In the same way DPPH antioxidant activity, compounds ZL12, ZL12Mn,
and ZL14Zn demonstrate greater potency than ascorbic acid, with 1Cs, values 6.38, 5.99 and 6.07 ug/mL
respectively. The docking analysis revealed strong binding interactions between the Mannosyl-
oligosaccharide glucosidase binding pocket and ZL15, ZL15Mn, and ZL15Zn compounds, with binding en-
ergies of —10.1, —10.3, and —10.6 kcal/mol, respectively. Similarly, Oligo-1,6-glucosidase showed strong in-
teractions with the ZL16, ZL16Mn, and ZL16Zn compounds, with binding energies of —9.8, -10.9, and —10.8
kcal/mol, respectively. In conclusion, this study successfully synthesized new medicinal coumarin deriva-
tives and their metal complexes using an environmentally friendly synthesis process. The compounds exhib-
ited significant antibacterial and antioxidant activities, as well as promising results in molecular docking
studies. These findings contribute to the field of medicinal chemistry and hold promise for the development
of potential therapeutic agents. Further investigations are warranted to explore their full potential.
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