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ABSTRACT

Lymphatic filariasis and malaria are among the utmost prevalent recognised parasitic illnesses spread by mosquitoes
globally. Mosquito-borne diseases are estimated to cause around 1 million fatalities annually. Such illnesses are
managed with the application of pesticides; yet, these may adversely affect non-target organisms. Consequently, we
aimed to identify an appropriate larvicidal molecule to substitute pesticides by assessing the larvicidal efficacy of
Mannich base ligand (L1) and its corresponding complexes (1-5) towards Culex quinquefasciatus. Five novel
complexes were synthesised by using the bidentate ligand 5-(((2-aminoethyl)amino)(2-hydroxyphenyl)methyl)-2-
thioxodihydropyrimidine-4,6(1H,5H)-dione (L1), which was produced via the condensation reaction of
salicylaldehyde, ethylenediamine, and thiobarbituric acid (Mannich reaction) and various transition metal chlorides.
The ligand and its complexes were characterised through molar conductivity, Nuclear Magnetic Resonance
spectroscopy ('H and '*C NMR), magnetic susceptibility, Electron Paramagnetic Resonance spectroscopy (EPR),
Ultraviolet-Visible spectroscopy (UV-Vis), and Fourier Transform-Infrared spectroscopy (FT-IR) assessments. The
anticipated geometries of the complexes were proposed as octahedral, and they exhibit non-electrolytic characteristics.
The larvicidal effect on the 4" instar Culex quinquefasciatus larvae was investigated at various concentrations of the
ligand (L1) and its related complexes (1-5). The findings indicated that the Mn(Il) complex exhibited the most
significant larvicidal efficacy compared to all other complexes, while also demonstrating reduced toxicity to non-
target aquatic organisms. Computational docking assessments were performed to assess the binding score of designed
drugs to target proteins and to elucidate the mechanism of action at the binding pocket.

Keywords: Antifeedant, Culex quinquefasciatus, Larvicidal Activity, Magnetic Moment, Mannich Base, Metal
Complexes, Molecular Docking.
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INTRODUCTION
The Mannich reaction, recognized in 1917, is a notable multi-component reaction that involves the
concurrent inclusion of an aldehyde, an amine, and a ketone in a single condensing process to yield amino
carbonyl substances, which are referred to as Mannich bases.!® The process is crucial since it enables the
formation of novel C-C bonds, allowing for the production of various amino carbonyl compounds. Thus,
the Mannich reaction substantially influences the production of important biomolecules, including amino
acids, lactams, amino alcohols, peptides, and other physiologically relevant chemicals. Its variety and
effectiveness in establishing essential biochemical connections render it a crucial and beneficial technique
in contemporary organic synthesis; the resulting substances may serve as adaptable intermediates that
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facilitate this process.” 2 The past few years have seen substantial study on the metal-based frameworks of
Mannich bases, partly owing to the ligands' exceptional specificity for various transition metal ions. Such
complexes exhibit a pronounced tendency to develop, resulting in molecules with substantial anti-cancer
and anti-malarial effects. The simple synthetic procedure, versatility, and many uses have maintained
Mannich base complexes as a significant and extensively researched field. Its influence on the advancement
of coordination chemistry is well shown in the literature, underscoring the essential function of those metal-
based complexes in the field's progression.!*!® Comprehensive literature on the biological, chemical, and
toxicological characteristics of Mannich bases, which have diverse uses as medicinal agents, dispersants in
greases, and polymers. This is shown by a literature study on Mannich responses. Examining the structure
and binding characteristics of various Mannich base complexes may significantly enhance the
comprehension of intricate biotic functions.!®?! Mosquitoes are essential insects due to their function as
vectors in spreading illnesses.”> They may transmit illnesses such as Japanese encephalitis, yellow fever,
malaria, lumpy skin disease, filariasis, West Nile fever, and dengue.?**’ In the past few decades, dengue
viruses, transmitted through infectious female Culicidae mosquitoes, particularly Aedes albopictus and
Aedes aegypti, have emerged as a significant worldwide healthcare concern.?3° Gibbons recognized A.
aegypti as the principal transmitter of arboviral contagions caused by the dengue virus in developed
countries.’! Globally, annually, 50 to 100 million individuals get the illness, with about 2.5 % of these
instances culminating in mortality.3? Olfaction is crucial for organisms, facilitating food identification, host-
seeking, reproduction, and predator recognition.*® The transfer of odorants to olfactory receptors was
expedited by odorant-binding proteins (OBPs), hence initiating signal transduction.*** OBPs function as
transporters of biochemical impulses to the olfactory receptors (ORs) for processing before neuronal
transmission. Culex quinquefasciatus, Anopheles gambiae, and Aedes aegypti are prevalent transmitters of
filariasis, encephalitis, and malaria as well.***” Mosquito odorant-binding proteins (OBPs) exhibit a
remarkable pH-dependent mechanism for binding and releasing odorants, capable of binding at a basic pH
of 6.5 and transporting and releasing them at an acidic pH of 4.5. The present research focused on Culex
quinquefasciatus (CquiOBP1) (PDB code: 30GN). This is distinctive due to its abbreviated C-boundary,
contrasting with the domestic silk moths, Antheraca polyphemus (ApolPBP), and Bombyx mori
(BmorPBP) that possess a C-boundary incorporated into the dominant cavity wall.** The CquiOBP1
complexes and oviposition pheromone exhibit weak binding at pH 5, nevertheless, high binding at pH 7.4
An investigation of the mechanism of CquiOBP1 may be beneficial due to the strong correlation between
experimental and theoretical findings. Consequently, we designated the OBP of C. quinquefasciatus as the
desired target for docking investigations. Keep this in mind, we present the fabrication of a novel Mannich
base and its complexes comprising Fe(II), Cu(Il), Co(Il), Ni(II), and Mn(II). Characterisation studies of all
complexes were conducted using suitable methodologies. All metal complexes were evaluated for larvicidal
efficacy towards C. quinquefasciatus larvae and for harmfulness towards marine fishes.

EXPERIMENTAL

Chemistry

The utilised substances were acquired from commercially available vendors and employed as supplied. The
NMR spectra (‘H and *C) for the ligand were obtained in CDCl; using a Bruker 300 MHz instrument
employing tetramethylsilane (TMS) as the benchmark. The IR spectra of the substances were obtained via
KBr and Csl discs in the range of 4000400 cm™ on a Shimadzu FT-IR Spectrometer (FTIR-600). The
electrospray (+) mass spectrophotometer was analysed using a Sciex ESI mass spectrometer. Melting points
were ascertained with an electrothermal Stuart device, model SMP40. The UV-Vis spectra were obtained
utilising a Shimadzu UV-160 throughout the wavelength range of 800-200 nm in DMSO solvents. Molar
conductivity tests of the complexes were conducted at ambient temperature for 10~ M solutions of the
compounds in DMSO, utilising a digital conductivity meter Eutech Device Cyber Scan Con 510. Magnetic
moments at 306 K were assessed using a magnetic susceptibility balance from Johnson Matthey.

Synthesis of Ligand (L1)

A solution was made in a round-bottom flask through combining a mixture of salicylaldehyde (2.4 mL,
0.02 mol), ethylenediamine (1.2 mL, 0.02 mol), and thiobarbituric acid (2.9 g, 0.02 mol) in ethanolic
medium. At ambient temperature, the R.B. flask was positioned in a magnetic stirrer and stirred at 1000
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rpm for roughly 30 minutes. The reaction's development was evaluated using thin-layer chromatography
(TLC). Upon termination of the chemical reaction delineated via TLC, the resulting substance was
submerged in crushed ice. The yellow crude substance was subjected to filtration and drying. The crude
product was purified through recrystallisation using hot ethanol. Scheme-1 depicts the synthetic sequence
of ligand (L1).

o
i OH
HN Stirr, 30 mins
H;N NH
* N 2 2 EtOH, RT *
CHO
sZ7 S o
H

Scheme-1: Synthesis of Ligand (L1)

5-(((2-aminoethyl)amino)(2-hydroxyphenyl)methyl)-2-thioxodihydropyrimidine-4,6(1H,5H)-dione
(L1)

Yellow solid; mw: 308.35; mp: 236°C; Elemental analysis: Anal. Calcd. for Ci3H6N4O3S: C, 50.64; H,
5.23; N, 18.17 %. Found: C, 50.62; H, 5.20; N, 18.20%; IR (KBr cm™) vmax: 3435 (OH), 3163 (NH), 2950
(Phs), 1638 (C=0), 1240 (C=S); '"H NMR (400 MHz, CDCl;) & 10.80 (s, 1H, OH), 9.80 (s, 1H, NH), 8.00
(s, 2H, NH), 7.12-6.90 (m, 4H, Ph-OH), 5.11 (s, 2H, NH>), 4.62 (s, 1H, -CH-Ph), 3.99 (s, I|H, CH-CH-NH),
2.61 (t, 2H, J = 2.8 Hz, -CH,), 1.42 (t, 2H, J = 2.8 Hz, -CH,); *C NMR (100 MHz, CDCls) & 181.0 (C=S,
1C), 172.0 (C=0, 20C), 153.0, 136.4, 128.2, 125.7, 121.1, 115.7 (Ph ring, 6C), 59.0 (CH-CH-Ph, 1C), 48.3
(CH-Ph, 1C), 37.8 (-CH2-NH, 1C), 29.3 (-CH>-NH,, 1C); EI-MS: m/z 309.09 (M", 17%).

Synthesis of Metal Complexes (1-5)

Metal complexes of the [M(L1),Clz] setting up, through M denoting Fe(Il), Ni(Il), Co(II), Mn(II), and
Cu(II) were produced by introducing a solution of the metal precursor MCl,.H,O (1 mmol, 1 eq) in 10 mL
of ethanol to a solution of the same ligand L1 (2.0 mmol) in 10 mL of ethanol. The solution was swirled
and refluxed in an oil bath for 3 hrs. The resultant suspension, which yielded a solid precipitate, was
subjected to filtration, wash away by ethanol, and dried under vacuum to isolate the complexes (1-5). The
metal complexes have been purified through column chromatography utilising an eluent formulation of
DCM:CH3CN: CH3OH (2:3:5 v/v) on silica gel. Metal complexes (1-5) were synthesised following the
methodology outlined in Scheme-2.

OH

NH  NH, EtOH, Reflux
L] + wma,xnmo

s N © 100°C,3 h

M = Cu(II), Ni(II), Co(II),
Cr(IT) and Mn(IT)

Scheme-2: Synthesis of Metal Complexes (1-5)
Solubility Measurements
The soluble nature of the complexes and ligand in protic and aprotic solvents has been determined. Studies
utilised ethanol, water, chloroform, and dimethyl sulfoxide as solvents. Subsequent experiments were
conducted based on the outcomes of the solubility evaluations.

Magnetic Susceptibility Measurement

The combination of magnetic susceptibility investigations and electronic spectra can be employed to
determine the structure of the complex. Magnetic characteristics can be utilised to ascertain the
stereochemistry of a metal ion complex with d°, d¢, d’, d®, or d° electron configuration, specifically whether
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it adopts a tetrahedral, square planar, or octahedral arrangement. Additionally, these parameters can indicate
if the complex is spin-free or spin-paired. The magnetic properties of the metal atoms in the current
complexes were examined using a Gouy magnetic balance to identify the most favourable magnetic
moment for each atom at room temperature. The Gouy tube was standardized through mercury(Il)
tetrathiocyanatocobaltate(II), also known as Hg[Co(SCN)4]. The diamagnetic modifications for various
atomic and structural components were determined utilising Pascal's constants. The effective magnetic
moment (Llefr) Was determined based on the molar magnetic susceptibilities (Mcorr) of the complexes using
Curie's formula, pesr = 2.84 [Mcorr T]Y? B.M., where T represents the ambient temperature at which the
measurements were made. The number of metal ions with unpaired electrons, 'n', can be calculated by
analysing its effective magnetic moment, eff. The equation pS = [n (n+2)]” demonstrates the contribution
of the electronic spin effect (S) to the moment.

Larvicidal Activity

Evaluations were conducted using a binary dead/alive criterion. Assessments are conducted on a percentage
measure from 0 to 100, where 0 signifies no action and 100 represents complete death. The larvicidal
efficacy of Mannich base ligand (L1) and its corresponding complexes (1-5) were assessed at
concentrations of 100, 75, 50, and 25 pg/mL towards fourth-instar Culex quinquefasciatus using the water
immersion technique, under settings of relative moisture of 40—60%, a photoperiod of 14:10 (dark: light),
and at ambient temperature.*! All test containers carrying 20 Culex quinquefasciatus larvae were assessed
24 hours post-treatment. The outcomes were documented as average percentage mortality. The bioassay
was conducted thrice, and the bioactivity outcome was the mean of these duplicates. The commercial
pesticide permethrin was evaluated as a control agent under identical conditions. The LCso values of certain
active title substances were assessed utilising the statistical program SPSS version 16.0.

Antifeedant Activity

The toxicity of Mannich base ligand (L1) and its complexes (1-5) was assessed through antifeedant
screening using previously published literature with slight modifications.** Fishes (1.5-2.0 cm) of aquatic
adapted Oreochromis mossambicus were utilized for assessing antifeedant activity. Ten fish were placed in
testing and standard glassware containers, all bearing one litre of seawater and the required amount of the
substance. Reflex alterations and mortality were noted immediately. Following a 24-hour exposure period,
the quantities of deceased and surviving fish were enumerated.

Molecular Docking Methods

Ligand and Protein Preparation

The ligand (L.1), complexes (1-5), and control permethrin were modelled with ChemDraw Ultra 12.0, and
their energy was reduced utilising Chem3D Pro 12.0 software. The resulting structures have been retained
in PDB format for docking evaluation. Both Mannich base and the complexes they form are collectively
mentioned as ligands in the context of docking methodology. This study investigated the protein databank
to obtain the crystal structures of proteins associated with certain experimental biological experiments. The
structure of mosquito OBP (PDB ID: 30GN) was utilised for the larvicidal assay. Within the crystal
structure, a single protein chain was chosen and preserved as the target protein for docking, whereas water
molecules, heteroatoms, distinct ligands, and additional chains were removed. Meanwhile, the co-
crystallized ligand in the target protein was partitioned for a reserve of less than 5 A. The amino acid
sequence inside this zone was recorded and considered as the range of the binding cavity for an inhibitory
effect.

Docking Procedure

The docking studies were performed utilising the Autodock Vina simulated screening program.* Initially,
the protein construct (receptor) was put onto Vina and subsequently transformed into a macromolecule by
transforming it into a PDB and pdbqt set-up for the purpose of docking. The grid box of the target receptor
was defined at center x: 18.681, center y: 49.66, and center_z: 11.409 through dimensions size x: 22,
size y: 20, and size z: 22. The grid has a uniform spacing of 1.0 A between each point. An integer value
of 8 has been allocated to the exhaustiveness score. The remaining parameters were configured according
to their default settings for Vina docking and were not explicitly defined. The ligand with the lowest docking
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score is regarded as the compound with the greatest activity. Visual assessment of the docking
results was conducted using the Discovery Studio Visualizer.

RESULTS AND DISCUSSION
Physical Data and Solubility
The solubility and physicochemical properties of the ligand (L1) and associated complexes (1-5) are
detailed in Table-1. The solubility studies indicate that the tested substances exhibit superior solubility in
aprotic solvents relative to protic solvents.

Table-1: Physical Data and Solubility of the Metal Complexes (1-5) and Ligand (L1)

Compound Colour Melting Solubility
point (°C) Water Ethanol | Chloroform DMSO
Ligand (L1) Yellow 228 Insoluble | Soluble Sparingly Soluble

soluble
Copper complex (1) Blue 180 Insoluble | Soluble Insoluble Soluble
Nickel complex (2) Green 134 Insoluble | Soluble Insoluble Soluble
Cobalt complex (3) Red 208 Insoluble | Soluble Insoluble Soluble
Iron complex (4) Dark 176 Insoluble | Soluble Insoluble Soluble
brown
Manganese Purple 153 Insoluble | Soluble Insoluble Soluble
complex(5)

Conductivity and Magnetic Susceptibility Measurements

The neutral (non-electrolytic) characteristics of the complexes were confirmed by assessing the
conductivity nature of their respective 10 M solutions in DMSO. The metal complexes (1-5) exhibited a
molar conductance between 14 - 26 Q'mol'cm?. The conductivity experiment results demonstrated that
chloride ions demonstrate complexation tendency with metal ions, suggesting they act as ligands rather
than as separate ions. The arrangement of the produced complexes may be influenced through the ligand-
metal proportions (2:1) and the kinds of electrolytes employed in the conductivity evaluation. The magnetic
moment of Fe(Il), Ni(II), Mn(II), and Co(II) complexes demonstrates an octahedral geometry and high-
spin. The diminished magnetic moment of the Cu(Il) complex indicates a low-spin, deformed octahedral
geometry. Table-2 displays the electrical conductivity and magnetic properties of metallic complexes (1-
5).

Table-2: Conductance and Magnetic Properties of Metal Complexes (1-5) with Ligand (L1)

S. No Compounds Conductance Magnetic Susceptibility
(Q'molcm?) (terr. B.M)
1. Copper complex (1) 14 2.20
2. Nickel complex (2) 25 3.54
3. Cobalt complex (3) 23 5.68
4. Iron complex (4) 26 4.32
5. Manganese complex (5) 22 5.28

NMR Spectral Studies of Ligand (L1)

The signal at 9.80 ppm resembles the -NH hydrogens of the thiobarbituric acid moiety. The phenyl ring
protons display a multiplet at 7.12-6.90 ppm. The -CH, protons connected to the amine hydrogen atoms of
ethylenediamine and the salicylaldehyde are detected as a signal at 4.62 ppm, whilst the hydroxyl proton
resonates at 10.80 ppm. The nonappearance of a signal for the proton of the secondary amine —NH,, which
was detached during the Mannich reaction, helps substantiate synthesis of the ligand. The carbon atoms of
the phenyl ring had signals at 153.0-115.7 ppm.

The existence of a signal at 48.3 ppm signifies that the -CH, 1is bonded to
the amine hydrogens of ethylenediamine and salicylaldehyde. The peaks at 181.0 and 172.0 ppm belong to
the thiocarbonyl and carbonyl carbons of the thiobarbituric acid group, respectively. The carbons from the
ethylenediamine moiety were confirmed by the peaks seen at 37.8 and 29.3 ppm. The 'H and *C NMR
spectra of the Mannich base ligand (LL1) are accessible in Fig.-1 and Fig.-2.
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Mass Spectral Studies of Ligand (L1)

The mass spectra of the Mannich base ligand (LL1) are illustrated in Fig.-3. The mass spectra of ligand (L1)
displayed discrete peaks at molecular weights that complied closely with theoretically expected values. The
molecular weight of ligand (L.1) was experimentally determined to be 308.35, a result corroborated by mass
spectral analysis indicating the m/z value of 309.23. The molecular ion signal remained observed at a m/z
value of 309.23.
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Fig.-1: '"H-NMR Spectra of Ligand (L1)
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Fig.-2: 3C-NMR pectra of Ligand (L1)
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Fig.-3: Mass Spectra omt: Ligand (L1)

IR Spectra

A notable finding in the ligand FT-IR spectra (Fig.-4) is the occurrence of prominent peaks at 3435 and
3163 cm’!, corresponding to the \OH and NH amine groups, respectively. A shift to higher frequency was
noted in the N-H and O-H bands of all complexes (Fig.-5 to 9), signifying the participation of hydroxyl
oxygen and amine nitrogen in interactions with the metal ions. The FT-IR ligand (LL1) exhibits peaks at
1638 and 1240 cm!, specifying the existence of carbonyl and thiocarbonyl groups. The nonappearance of
significant changes in the carbonyl and thiocarbonyl peaks in the FT-IR spectra of metal complexes (1-5)
suggests that the carbonyl and thiocarbonyl groups do not engage in coordination with metal ions. The
manifestation of bands in the wavenumber array of 783-753 cm! signifies the presence of the M-N
connection. The existence of distinct peaks at a wavenumber of 640-598 cm!, associated with the M-O
bond, signifies the formation of metal complexes (1-5). The M-Cl bond is indicated by a distinct peak
around the spectral range of 488-468 cm™'. Table-3 presents the FT-IR spectral results for complexes 1-5
and ligand L1.
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Table-3: FT-IR Spectral Data

IR stretching frequency (cm™)
Compound -OH -NH -C=0 -C=S M-N M-O M-Cl
Ligand (L1) 3435 3163 1638 1240 - - -

Copper complex (1) 3470 3276 1639 1238 783 639 476
Nickel complex (2) 3478 3214 1640 1241 753 640 468
Cobalt complex (3) 3461 3264 1641 1240 757 635 474
Iron complex (4) 3453 3184 1638 1239 754 620 488
Manganese complex (5) 3240 3276 1641 1240 761 598 484

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
“
Wavenumber (cm )

Fig.-4: FT-IR Spectra of Ligand L1
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Fig.-5: FT-IR Spectra of Copper Complex 1
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Fig.-6: FT-IR Spectra of Nickel Complex 2
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Fig.-7: FT-IR Spectra of Cobalt Complex 3

1144

MANNICH BASE AS LARVICIDES AGAINST Culex quinquefasciatus Devaraj Kavithaet al.



RASAYAN J. Chem.
Vol. 18 | No. 2 |1138-1153] April - June | 2025

®
<]
|

Transmittance (%)

20

T v T T T v v
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Fig.-8: FT-IR Spectra of Iron Complex 4
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Fig.-9: FT-IR Spectra of Manganese Complex 5
UV-Visible Spectra
The electronic spectrum of ligand (L1) displayed two absorbance maxima at 225 nm and 296 nm,
conforming to m—n* and n—n* shifts, individually (Fig.-10). The spectra of the complexes in DMSO
displayed three different peaks. Intra-ligand changes were discerned by two separate bands detected at

wavelengths of 268-298 nm and 330-376 nm. The compound was validated by the band found in the 406-
438 nm range, attributable to LMCT transitions (Fig.-11 to 15).

1.4

L1

296
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0.2
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Fig.-10: UV-Visible Spectrum of Ligand L1
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Fig.-11: UV-Visible Spectrum of Complex 1
EPR Spectra
Studies on EPR spectra can elucidate the formation of ligand-metal relations and the assembly of unpaired
and paired electrons. Copper (II) complexes demonstrate unique properties in coordination chemistry,
showcasing several geometries, for instance, square pyramidal, square planar, tetrahedral, and octahedral,
which can be evident through EPR spectra. The EPR characteristics G, Zavg, gl, and g| are utilised to
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ascertain whether a complex possesses an octahedral or tetrahedral configuration. The occurrence of an
unpaired electron in the dy’-,* orbital is validated by the condition that the g| exceeds the gJ', that is, greater
than 2.0023.

Absorbance (a.u.)

T T T
200 300 400 500 600
Wavelength (nm)

Fig.-12: UV-Visible Spectrum of Complex 2

268 330
0.9 4
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200 300 400 500 600
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Fig.-13: UV-Visible Spectrum of Complex 3
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Fig.-14: UV-Visible Spectrum of Complex 4
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Fig.-15: UV-Visible Spectrum of Complex 5

The g|| and g" values for the copper complex are recorded as 2.2561 and 2.0742, respectively. The covalent
character is signified by a g| value below 2.3, whereas an ionic character is indicated by a g| value over
2.3. The g| value (2.2561) is clearly below 2.3, signifying that the copper complex exhibits a covalent
nature. Hathaway asserts that G values below four imply substantial interaction among metal centres, whilst
G values beyond four denote minimal charge transfer. In this instance, the G value is 3.45, signifying that
the charge transfer is considerable. The Cu (II) complex has a distorted octahedral geometry, as evidenced
by its EPR spectra. Fig.-16 shows the EPR spectra of copper complex (1).
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Fig.-16: EPR Spectra of Copper Complex 1
Larvicidal Activity
The ligand (LL1) and corresponding complexes (1-5) were assessed for larvicidal efficacy towards 4 instar
C. quinquefasciatus larvae. The Mannich base ligand (1) exhibited moderate larvicidal action, with an
LCso value of 39.55 ng/mL, related to the standard permethrin (LCso = 26.13 pg/mL). The synthesised
metal complexes (1-5) exhibited superior larvicidal action than the free ligand (LL1). The larvicidal efficacy
of the free ligand was improved through complexation with metal ions. Among the synthesised complexes
(1-5), the manganese complex (5) exhibited superior larvicidal activity (LCso = 16.25 pg/mL) compared to
the free ligand (LCso = 39.55 pg/mL) and the control permethrin (LCso = 26.13 pg/mL). The copper
complex (1) and cobalt complex (3) exhibited notable larvicidal activity, having LCsp of 16.36 and 20.14
ug/mL, respectively, related to the standard permethrin (LCso =26.13 pg/mL). The nickel complex (2) and
iron complex (4) exhibited moderate larvicidal activity, having LCso of 32.85 and 35.60 pg/mL,
respectively, compared to the control permethrin (LCso = 26.13 pg/mL). The results are presented in Table-
4.
Table-4: Larvicidal Activity

Compounds Concentration (pg/mL) / Mortality (%) LCso

100 75 50 25 (pg/mL)
Ligand (L1) 86+0.12 74+0.46 64+0.48 38+£1.14 39.55
Copper complex (1) 724+1.20 64+1.23 56+1.30 42+0.46 16.36
Nickel complex (2) 100+0.00 86+0.96 70+0.28 34+£1.89 32.85
Cobalt complex (3) 100+0.00 84+1.43 68+1.56 40+0.58 20.14
Iron complex (4) 78+1.61 62+0.62 5440.34 28+1.26 35.60
Manganese complex (5) 80+1.14 70+1.30 62+1.46 46+0.33 16.25
Permethrin 84+0.87 70+0.27 52+0.58 40£1.24 26.13

?Values are the means of three replicates = SD.

Antifeedant Activity (Ichthyotoxicity Activity)

The toxic effects of the ligand (LL1) and corresponding metallic complexes (1-5) were measured using the
marine fish, Oreochromis mossambicus. The synthesised Mannich base ligand exhibited more toxicity than
its metal complexes. The harmful effects of the unbound ligand decreased during complexation with metal
ions. The notable larvicidal complexes (1, 3, 5) exhibited lower toxicities in non-target aquatic species
(Oreochromis mossambicus), with an LCso value over 100 pg/mL. The moderate larvicidal complexes (2
and 4) showed greater toxicity (LCso = 59.46 and 56.12 pg/mL) to non-target aquatic species and exhibited
lower toxicity than the free ligand (LCso = 51.40). The outcomes are displayed in Table-5.

Table-5: Antifeedant Action

Compounds Concentration (pg/mL) / Mortality (%) LCso

100 75 50 25 (pg/mL)
Ligand (L1) 90+0.21 70+1.35 54+0.12 24+£1.76 51.40
Copper complex (1) 40+0.42 28+1.25 16+0.34 10+£1.63 >100
Nickel complex (2) 80+1.23 68+0.42 424+1.38 20+0.74 59.46
Cobalt complex (3) 43+0.45 32+0.46 24+1.38 12+0.42 >100
Iron complex (4) 84+1.28 68+0.26 40+1.34 28+0.74 56.12
Manganese complex (5) 46+1.24 30£1.52 14+0.76 8+1.23 >100

2Values are the means of three replicates = SD
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In-silico Docking

The docking interactions of the Mannich base ligand (L1), metal complexes (1-5), and the standard
permethrin were examined utilising the 30GN protein and AutoDock Vina modelling program. The
Mannich base ligand (1) exhibited lower larvicidal efficacy, having a docking score of -5.8 kcal/mol,
related to its corresponding complexes (1-5) and the standard permethrin (Binding score = -7.6 kcal/mol).
The Mannich base ligand (L1) didn't generate any hydrogen bond connections with the protein. The
residues of amino acids Leul24, Trpl114, Met91, and Leu76 participated in hydrophobic contacts. The
manganese complex (5) exhibited superior larvicidal efficacy (Binding score = -9.8 kcal/mol), surpassing
that of the other complexes (1-4) and the standard permethrin (Binding score = -7.6 kcal/mol). The
manganese complex (5) failed to establish a hydrogen bond contact with the protein. The amino acids Ser79
and Ala62 participated in hydrophobic interactions. The standard permethrin exhibited substantial larvicidal
efficacy (Binding score = -7.6 kcal/mol), surpassing that of the Mannich base ligand (L.1) at -5.8 kcal/mol,
the nickel complex (2) at -6.2 kcal/mol, and the iron complex (4) at -6.7 kcal/mol. The standard permethrin,
too, failed to establish any hydrogen bond interactions with the 30OGN receptor, but the amino acids Leul24,
Leul9, Phel23, Leu73, Leu80, Leu76, Met89, His77, His111, Ala88, Gly92, Trp114, Phe59, and Leul5
participated in hydrophobic contacts. Figs. 17-23 illustrate the interactions among the Mannich base ligand
(L1), metal complexes (1-5), and the control permethrin with the 30GN receptor. The findings indicate that
manganese complex (5) restricted the function of the OBP of C. quinquefasciatus with greater efficiency
than the other complexes, free ligand, and control permethrin. Table-6 highlights the findings.

Table-6: Molecular Docking Interaction of Ligand (L1), Metal Complexes (1-5), and Control Permethrin Towards

OBP Of 30GN
Compounds Mosquito OBP of 30GN
Binding score No. of H- H-bonding
(kcal/mol) bonds residues
Mannich base ligand (L1) -5.8 - -
Copper complex (1) -8.9 2 Lys63, Ser79
Nickel complex (2) -6.2 2 Ala62, Asp78
Cobalt complex (3) -7.4 2 Vall25
Iron complex (4) -6.7 - -
Manganese complex (5) -9.8 - -
Permethrin -7.6 - -
u124

Leu76

Fig.-17: Interaction Modes of Mannich Base Ligand (L1) into the Binding Pocket of 30GN
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Leutd

Fig.-20: Interactions of Cobalt Complex (3) into the Binding Pocket of 30GN
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Leu80

Fig.-23: Interactions of Standard Permethrin into the Binding Pocket of 30GN
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CONCLUSION
This paper delineates the coordination characteristic of a Mannich base ligand synthesised via the
interaction of thiobarbituric acid, salicylaldehyde, and ethylenediamine. Complexes of Fe (II), Cu (II), Co
(I), Mn (II) and Ni (II) were synthesised utilising the aforementioned ligand and characterised through
magnetic, spectroscopic, and analytical facts. The ligand coordinates to the metal atom through the oxygen
of salicylaldehyde and the nitrogen of ethylenediamine, functioning as a neutral bidentate ligand. The
octahedral geometry was displayed by all the synthesized complexes. The ligand and its metal complexes
have notable larvicidal action against mosquitoes. The Mn (II) complex exhibited effective larvicidal action
while demonstrating reduced toxicity to non-target aquatic organisms, specifically marine fish. The
mechanism of action of the complexes and the forecast of its effective binding to the receptor were
determined using molecular docking techniques. The obtained results aligned with findings from
experiments.
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