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INTRODUCTION

Mosquitoes, responsible for transmitting several illnesses
including dengue (Aedes aegypti), filariasis (Culex, Mansonia)
and malaria (Anopheles), result in millions of fatalities annually
and are the most significant category of invertebrates concern-
ing the well-being of humanity [1]. Anopheles stephensi serves
as a principal vector for malaria in India. Approximately 40%
of the global population resides in regions where malaria is
common [2,3]. Culex quinquesfasciatus is a possible vector
for Wuchereria bancrofti, the causing organism of filariasis,
which infects about 130 million individuals globally [4]. The
strategy to tackle these diseases mostly depended on disrupting
the process of transmission through either treating mosquito
larvae with the application of pesticides to stagnant water loca-
tions or by exterminating adult mosquitoes with insecticide.

Published online: 30 April 2025; AJC-21970
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infrared spectroscopy (FT-IR). The ligand and its metal(II) complexes were screened for their larvicidal efficacy towards the south-urban |
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significant larvicidal activity (LCsy = 20.83 pug/mL) than free ligand and control permethrin. |
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In past few years, mosquito control programs have experienced
setbacks due to heightened pesticide resistance [5]. In addition
to insect repellent resistance, the repetitive application of
synthetic pesticides for controlling mosquitoes has damaged
native ecosystems. It has also produced adverse impacts on
non-target creatures. Consequently, it is essential to explore
alternate vector-control strategies that may be more environ-
mentally benign and targeted in their efficacy [6].

Mannich base synthesis involves the condensation reaction
that involves a compound containing at least one active hydrogen
atom, ammonia and formaldehyde. Secondary amines are emp-
loyed as synthetic substances in the synthesis of numerous
medicinal compounds including trihexylphenidyl hydrochloride
as an antispasmodic, ranitidine, triprolidine as an H-receptor
antagonist, benzoquinamide as a high psychotic drugs, ethacr-
ynic acid as a high-ceiling loop diuretic and fluoxetine as an
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anti-depressant [ 7]. Mannich bases exhibit physiological reacti-
vity due to their basic functionality, which enhances solubility
in aqueous solvents upon conversion to salts of ammonium
[8]. In recent years, Mannich base analogues of heterocyclic
compounds have attracted the interest of researchers due to its
extensive range of biotic uses, including antimalarial, anti-
Parkinson, anti-HIV, analgesic, anticonvulsant, antispasmodic,
anticancer, antibacterial properties, as well as serving as inter-
mediates in drugs synthesis [9-11]. The Mannich base metal
complexes enhance the efficacy of its ligands in therapeutic
uses, including antitumor, antioxidants, antimalarial, antiviral,
anticonvulsant, anticancer, antimicrobial, anti-inflammatory,
anti-HIV activities as well as in industrial uses that include
polymer production, detergents, resins and surfactants [ 12-20].

The present study focused on the complexation of a novel
Mannich base synthesized from thiobarbituric acid, salicyl-
aldehyde and hydrazine hydrate with various metal(II) chlorides.
The larvicidal efficacy of Mannich base ligand and their corres-
ponding metal complexes was assessed towards 4th instar
mosquito larvae, along with toxicity evaluations on non-target
aquatic organisms. Molecular docking experiments were also
performed to elucidate the mechanism of action of the synthe-
sized larvicides.

EXPERIMENTAL

All the chemicals were obtained from the commercial
suppliers and used without further purification. The melting
points were evaluated through an electrothermal Stuart appar-
atus, type SMP40 and are uncorrected. The NMR spectra (‘"H
and "C) of Mannich base ligand were acquired in CDCl; utili-
zing a Bruker spectrometer (400 MHz for 'H and 75 MHz for
13C), with tetramethylsilane (TMS) as the reference substance.
The FT-1IR spectra were acquired via KBr and Csl discs within
a 4000-400 cm™ region on a Shimadzu FT-IR spectroscopy
(FTIR-600). The mass spectra of Mannich base ligand was
examined with a Sciex ESI mass spectrometer. The UV-Vis
spectra were acquired utilizing a Shimadzu UV-160 across the
wavelength range of 800-200 nm, with concentrations of the
samples of 10~ to 10> mol L™ in DMSO solution. Molar cond-
uctivity of the metal(Il) complexes were performed at ambient
temperature for 10~ M concentrations in DMSO using a digital
conductivity meter, Eutech Device Cyber Scan Con 510. The
magnetic moments at 306 K were evaluated with a magnetic
susceptibility balance from Johnson Matthey India Pvt. Ltd.,
India.

OH
HN +

CHO

TZ

+ H,N—NH,

Synthesis of Mannich base ligand (L.1): A clear solution
was prepared in a round-bottom flask through the combination
of thiobarbituric acid (2.24 g, 0.02 mol), hydrazine hydrate
(0.6 mL, 0.02 mol) and salicylaldehyde (2.4 mL, 0.02 mol) in
ethanol. At ambient temperature, the round bottom flask was
positioned in a magnetic stirrer and agitated at 1000 rpm for
approximately 30 min. The progression of the reaction was asse-
ssed utilizing thin-layer chromatography (TLC). The resulting
mixture was immersed in crushed ice, followed by the filtration
and drying of the obtained yellow solid (Scheme-I). The crude
product underwent purification via recrystallization with hot
ethanol.

5-(Hydrazinyl(2-hydroxyphenyl)methyl)-2-thioxo-
dihydropyrimidine-4,6-(1H,5H)-dione (L.1): Red solid; m.w.:
280.30; m.p.: 220 °C; IR (KBTI, Vi, cm™): 3436 (OH), 3076
(NH), 2950 (Ph,,.), 1641 (C=0), 1373 (C=S); 'HNMR (CDCl;,
400 MHz) 6 ppm: 10.84 (s, 1H, OH), 9.86 (s, 1H, NH), 8.20
(s, 2H, NH), 7.35-6.72 (m, 4H, Ph-OH), 5.34 (s, 2H, NH,), 4.58
(s, IH, -CH-Ph), 3.82 (s, 1H, CH-CH-NH); *C NMR (CDCl;,
100 MHz) & ppm: 183.0 (1C, C=S), 176.0 (2C, C=0), 152.0,
138.2, 127.4, 120.0, 116.2 (6C, Ph ring), 56.0 (1C, CH-CH-
Ph),47.2 (1C, CH-Ph); EI-MS: m/z281.06 (M", 16%); Elemental
analysis: Anal. calcd. (found) % for C;;H,N4OsS: C, 47.13
(47.10); H, 4.32 (4.34); N, 19.99 (19.96).

Synthesis of metal(I) complexes: Mannich based
metal(Il) complexes having formula [M(L1),CL] (M = Ni*,
Cu™, Mn*, Fe** and Co*"] were synthesized by mixing a
solution of metal precursor MCIl,-H,O (1 mmol, 1 equiv.) in
10 mL of ethanol to an ethanolic solution of L1 (2.0 mmol).
The reaction mixture was agitated and subjected to reflux in
an oil bath for a period of 3 h. The resulting suspension, which
produced a solid precipitate, underwent filtering, was rinsed
with ethanol and dried under vacuum to separate the metal(II)
complex (Scheme-II). The metal(IT) complexes were purified
using column chromatography employing an eluent consisting
of DCM: CH5;CN:CH;50H (2:3:5 v/v/v) over silica gel.

Mosquito larvicidal effect: The larvicidal effects were
assessed using a binary alive/dead approach. Inspections were
done on a scale from 0 to 100, with 0 indicating no action and
100 denoting total mortality. The larvicidal effectiveness of
Mannich base ligand and its metal(Il) complexes was evaluated
at dosages of 100, 75, 50 and 25 pug/mL towards 4™ instar C.
quinquefasciatus utilising the water immersion technique,
under settings of relative humidity ranging from 50-70%, a
photoperiod of 14:10 (dark:light) and at room temperature [21].
All test vessels containing 20 C. quinquefasciatus larvae were

n-Bu
Stirr, 30 min

EtOH, RT

N—NH,
H

Scheme-I: Synthesis of Mannich base ligand (L1)
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M = Cu(II), Ni(IT), Co(II), Fe(IT), Mn(II)

Scheme-II: Synthesis of metal complexes

assessed 24 h post-administration and the results were docum-
ented as mean percentage mortality. The larvicidal assessment
was performed three times and the bioactivity outcome was
the average among these duplicates. The commercial pesticide
permethrin was assessed as a control component under uniform
settings. The LCs, values for particular active compounds were
evaluated through the statistical package SPSS version 16.0.

Antifeedant activity: The harmful effects of Mannich
base ligand and its metal(IT) complexes was evaluated through
antifeedant testing by following the reported method with slight
changes [22]. Aquatic-adapted Oreochromis mossambicus,
measuring 1.5-2.0 cm, were employed to evaluate antifeedant
activity. Ten fishes were placed in testing and normal glassware
vessels each containing 1 L of saltwater and a sufficient quan-
tity of compound. Changes in responses and mortality were
observed promptly. After a 24 h exposure period, changes in
responses and mortality were observed promptly.

Molecular docking methods

Ligand and protein preparation: The Mannich base
ligand, its metal(Il) complexes and control permethrin were
constructed using ChemDraw Ultra 12.0 and their energy was
minimized with Chem3D Pro 12.0 software. The resultant stru-
ctures were preserved in PDB format for docking assessment.
The Mannich base and its metal(II) complexes are referred to
as ligands in the setting of docking procedure. The protein data-
bank of the Research Collaboratory for Structural Bioinformatics
(RCSB) at https://www.rcsb.org/ to acquire the crystal struc-
tures of proteins linked to the specific experimental biological
studies. The mosquito OBP structure (PDB ID: 30GN) was
employed for the larvicidal experiment. In the crystal structure,
one protein chain was selected and retained as a candidate for
docking, while water molecules, heteroatoms, separate ligands
and further chains were eliminated. Simultaneously, the co-
crystallized ligand within the target protein was allocated for

areserve of under 5 A. The arrangement of amino acids inside
this region was documented and regarded as the extent of the
binding cavity for an inhibitory action.

Docking procedure: The docking trials were conducted
utilizing the Autodock Vina simulation screening program [23].
The protein structure (receptor) was first input into Vina and
then converted into a macromolecule by translating it into a
PDB format with partial charge (q) and atom type (t) (pdbqt)
for docking purposes. The grid box for the 30GN receptor
was established at centre coordinates (x,y,z): 18.681, 49.66 and
11.4009, alongside the following dimensions: size_x: 22, size_y:
20 and size_z: 22. The grid has a consistent spacing of 1.0 A
between each point. A numeric value of 8 has been assi-gned
to the exhaustiveness score. The additional constraints were
established to their default configurations and were not specifi-
cally delineated. The compound with the lowest binding score
is considered to possess the greatest activity. The docking results
were visually evaluated using the Discovery Studio Visualiser.

RESULTS AND DISCUSSION

The solubility and physico-chemical results of the Mannich
base ligand and its corresponding complexes are presented in
Table-1. The solubility investigations demonstrate that both
the metal(II) complexes and Mannich base ligand the display
enhanced solubility in aprotic solvents compared to protic
solvents.

NMR spectral studies of Mannich base ligand: The peak
at 8 9.88 ppm belongs to the -NH protons of the thiobarbituric
acid moiety. The protons of the phenyl ring exhibit a multiplet
at § 7.12-6.90 ppm. The -CH, protons linked to the amine
hydrogen atoms of hydrazine and salicylaldehyde are observed
as a signal at 4.58 ppm, while the aromatic —OH resonated at
8 10.84 ppm. The absence of a peak for the proton of secondary
amine —NH,, which was eliminated during the Mannich base

TABLE-1
PHYSICAL DATA AND SOLUBILITY OF THE METAL COMPLEXES MANNICH BASE AND LIGAND (L1)
Compound Colour m.p. (°C) Solubility

Water Ethanol Chloroform DMSO
Ligand (L1) Red 220 Insoluble Soluble Sparingly soluble Soluble
Copper(II) complex Purple 184 Insoluble Soluble Insoluble Soluble
Nickel(II) complex Red 162 Insoluble Soluble Insoluble Soluble
Cobalt(IT) complex Pink 203 Insoluble Soluble Insoluble Soluble
Iron(II) complex Brown 172 Insoluble Soluble Insoluble Soluble
Manganese(II) complex Black 238 Insoluble Soluble Insoluble Soluble
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Fig. 1. (a) '"H NMR and (b) *C NMR spectra of ligand (L1)

synthesis, further confirmed the synthesis of the ligand. The
carbon atoms of the phenyl ring exhibited signals around &
153.0-116.2 ppm. The presence of a peak at & 47.2 ppm indi-
cates that the -CH, group is attached to the amine hydrogens
of hydrazine and salicylaldehyde. The peaks at & 183.0 and
176.0 ppm responsible to the thiocarbonyl and carbonyl carbons
of the thiobarbituric acid moiety, respectively. The 'H and *C
NMR spectra of the Mannich base ligand (LL1) are obtainable
in Fig. 1.

Mass spectral studies of Mannich base ligand: The mass
spectrum of Mannich base ligand exhibited distinct peaks at
molecular weights that corresponded closely with the theore-
tically predicted values. The molecular weight of ligand was
empirically ascertained to be 280.30, a finding validated by
mass spectrum analysis revealing a mass-to-charge ratio (m/z)
of 281.06 (Fig. 2). The molecular ion peak was detected at a
m/z value of 243.03.
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Fig. 2. Mass spectra of ligand (L1)
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Conductivity and magnetic susceptibility measurements:
The non-electrolytic nature of the metal(Il) complexes were
verified by evaluating the conductivity in 10° M DMSO solvent.
The metal(I) complexes demonstrated a molar conductance
ranging from 13 to 25 Q™' mol™ ¢m? The conductivity results
indicated that chloride ions exhibit a tendency to combine with
metal ions, implying they function as ligand instead of as inde-
pendent ions. The configuration of the synthesized complexes
may be affected by the metal-ligand ratio (1:2) and the types
of electrolytes utilized in the conductance assessment. The
magnetic moment of the complexes of Fe(Il), Ni(II), Mn(II)
and Co(II) exhibits a high-spin octahedral configuration. The
lower magnetic moment of the Cu(II) complex signifies a low-
spin distorted octahedral geometry. Table-2 presents the electr-
ical conductivity and magnetic characteristics of the metal(Il)
complexes.

TABLE-2
CONDUCTANCE AND MAGNETIC PROPERTIES
OF METAL COMPLEXES WITH LIGAND (L1)

e Conductance Magnetic susceptibility
(Q" mol™ cm?®) (Mg B.ML)
Copper(II) complex 13 2.18
Nickel(II) complex 24 3.23
Cobalt(II) complex 22 5.42
Iron(IT) complex 25 4.65
Manganese(I) complex 21 5.30

IR spectra: A significant observation in the FT-IR spectrum
of Mannich base ligand confirmed the presence of the distinct
bands at 3435 and 3163 cm™, which signifies to the VOH and
NH amine moieties, respectively. A shift in frequencies was
observed in the N-H and O-H bands in all the metal(II) comp-
lexes, indicating the involvement of hydroxyl oxygen and
amine nitrogen in coordination with the metal ions. The bands
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at 1638 and 1240 cm™ in the FT-IR spectrum of ligand demons-
trated the presence of carbonyl and thiocarbonyl moieties. The
absence of alterations in the carbonyl and thiocarbonyl regions
in the FT-IR spectra of metal(II) complexes indicates that the
carbonyl and thiocarbonyl moieties do not coordinate with
metal ions. The existence of peaks at 783-753 cm™ confirmed
the existence of M-N bonds. The presence of discrete peaks at
640-598 cm™" linked to the M-O bond, indicates the production
of metal(II) complexes. The M-C1 bond is characterized by a
prominent peak within the spectral range of 488-468 cm™.
Table-3 displays the key FT-IR spectral data of the Mannich
base ligand and its metal(I) complexes.

UV-visible spectra: The UV-Vis spectrum of Mannich base
ligand exhibited two distinct peaks at 275 and 237 nm, attri-
buted to n—>7w* and T—7* shifts, respectively (Fig. 3a). The
spectra of the metal(II) complexes in DMSO exhibited three
distinct peaks. Intra-ligand alterations were identified by two
distinct bands observed at 218-261 nm and 310-331 nm. The
molecule was confirmed by the peak observed at 424-459 nm,
consistent with ligand-to-metal charge transfer (LMCT) trans-
formations (Fig. 3b-f).

EPR spectra: The presence of an unpaired electron in the
d,2.,2 orbital of copper(Il) complex is confirmed by the obser-
vation that the parallel g-value (g) exceeds the perpendicular
g-value (g,), which is greater than 2.0023. The g, and g, values
for the copper complex have been reported as 2.2836 and
2.0735, respectively. An ionic character is denoted by a g value
over 2.3, while a covalent character is represented by a g; value
below 2.3. The g value (2.28306) is definitely below 2.3, indi-
cating that the copper(Il) complex is covalent. Hathaway [24]
suggests that G values below four indicate considerable inter-
action between metal centers, whereas G values exceeding four
imply minimal charge transfer. In this case, the G value is 3.43,
indicating that the exchange contact is substantial. The Cu(II)
complex exhibits a deformed octahedral geometry, as indicated
by its EPR characteristics (Fig. 4).

Larvicidal activity: The Mannich base ligand and its
metal(II) complexes were assessed for larvicidal effectiveness
towards 4" instar C. quinquefasciatus larvae. The Mannich
base ligand demonstrated significant larvicidal effectiveness,
with an LCs, value of 45.80 pug/mL, compared to the control
permethrin, which had an LCs, value of 38.73 pg/mL. While

TABLE-3
FT-IR SPECTRAL INFORMATION OF THE LIGAND (L1) AND THE COMPLEXES

IR stretching frequency (cm™)

Compound

v(-OH) v(-NH) v(>C=0) v(>C=S) v(M-N) v(M-O) v(M-CI)
Ligand (L1) 3436 3076 1641 1373 - - -
Copper(II) complex 3450 3080 1641 1374 758 642 493
Nickel(IT) complex 3449 3084 1641 1375 760 640 490
Cobalt(II) complex 3442 3082 1641 1375 759 645 493
Iron(IT) complex 3440 3087 1641 1374 774 643 494
Manganese(Il) complex 3429 3064 1641 1375 759 648 498
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Fig. 3. UV-Visible spectrum of (a) ligand L1, (b) copper(Il) complex, (c) nickel(Il) complex, (d) cobalt(Il) complex, (e) iron(II) complex and
(f) manganese(II) complex
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the metal(I) complexes shown enhanced larvicidal efficacy
in comparison to Mannich base ligand (Table-4). The reason
is due to the fact that the larvicidal effectiveness of the unbound
ligand was improved by complexation with metal ions. Amongst
the synthesized complexes, the copper complex demonstrated
enhanced larvicidal activity (LCso = 20.83 pg/mL) relative to
the Mannich base ligand (LCs, = 45.80 pug/mL) and the stan-
dard permethrin (LCsy = 38.73 pg/mL). Whereas the cobalt(II)
and manganese(Il) complexes had significant larvicidal effi-
cacy, with LCs, values of 27.77 and 33.70 pg/mL than control
permethrin (LCsy = 38.73 wg/mL). The nickel(IT) and iron(II)
complexes demonstrated moderate larvicidal efficacy, having
LCs values of 55.35 and 38.33 pug/mL, respectively, in com-
parison to the control permethrin (LCsy = 38.73 pg/mL).
Antifeedant activity (Ichthyotoxicity activity): The harm-
ful impacts of the Mannich base ligand and its metal(II) comp-
lexes were assessed utilizing the marine fish, O. mossambicus.
The synthesized Mannich base ligand demonstrated more toxi-

city over its metal(I) complexes. The adverse impacts of the
uncoordinated ligand was minimized upon complexation with
metal ions. The significant larvicidal activity of metal(II) comp-
lexes (1, 3, 5) demonstrated lower toxicities in non-target aquatic
organisms (O. mossambicus) and each had an LCs, value over
100 pg/mL. The moderate larvicidal activity of metal(II) comp-
lexes (2 & 4) displayed higher toxicities (LCso = 57.83 and
61.22 pg/mL) to non-target aquatic organisms, while exhibi-
ting reduced toxicity compared to the free ligand (LCso=45.79
png/mL). The findings are presented in Table-5.

Docking studies: The docking studies of the Mannich base
ligand, metal(I) complexes and the control permethrin were
analyzed using the 30GN protein and the AutoDock Vina
modelling tool. The Mannich base ligand showed lower larvi-
cidal effectiveness, possessing a binding score of -4.6 kcal/mol,
in contrast to its respective metal(I[) complexes and the conven-
tional permethrin, which exhibited a binding score of -7.6 kcal/
mol. The Mannich base ligand coordinates two hydrogen bonds
with the protein 30GN. The two amino acid residues Ser79
(bond length: 3.03 A) and Phe123 (bond length: 2.85 A) engaged
in hydrogen bonding interactions. The amino acid residues
Leu76, Met91 and Trp114 engaged in hydrophobic contacts.
The copper(Il) complex demonstrated greater larvicidal activity,
with a binding score of -9.4 kcal/mol, exceeding the scores of
the other complexes and the control permethrin, which recorded
abinding score of -7.6 kcal/mol. The copper(II) complex created
ahydrogen bond interaction with the 30GN protein. The amino
acid residue Ala62 (bond length: 2.50 A) engaged in hydrogen
bonding interactions. The amino acid residues Alal8, Leu22
and Ser79 engaged in hydrophobic contacts. The conventional
permethrin had significant larvicidal activity, with a binding
score of -7.6 kcal/mol, above that of Mannich base ligand at
-4.6 kcal/mol, the nickel(II) complex at -6.2 kcal/mol and the
iron(II) complex at -6.3 kcal/mol. The standard permethrin

TABLE-4
LARVICIDAL EFFECT OF MANNICH BASE LIGAND (L1) AND METAL COMPLEXES

Concentration (ug/mL)/Mortality (%)

Compounds 100 > 0 %5 LCs, (ug/mL)
Ligand (L1) 83+1.23 70 = 0.63 56 = 1.21 34 +0.32 45.80
Copper(II) complex 90 + 1.36 74 +0.52 62 +1.36 54 +0.74 20.83
Nickel(II) complex 74 +£1.35 60 + 0.62 52 +1.45 30 +£0.45 55.35
Cobalt(II) complex 80 +0.40 72 +1.34 60 +0.63 48 +£1.26 27.77
Iron(II) complex 86 £ 0.34 72 +1.40 60 +0.32 40+ 1.12 38.33
Manganese(II) complex 100 £ 0.00 78 £1.28 56 +0.74 48 +£1.62 33.70
Permethrin 100 + 0.00 82 +0.65 64 +1.28 32+0.38 38.73
*Values are the means of three replicates + SD.

TABLE-5
ANTIFEEDANT EFFECT OF MANNICH BASE LIGAND (L1) AND METAL COMPLEXES
Compounds Concentration (ug/mL)/Mortality (%) LCy, (ug/mL)
100 75 50 25

Ligand (L1) 92 +1.32 74 = 0.46 58 +£1.23 30 +0.56 45.79
Copper(II) complex 42 +0.42 26 £1.25 12 + 0.34 0+ 0.00 >100
Nickel(I) complex 86 +1.36 60 +0.74 45 +1.26 24 £ 1.36 57.83
Cobalt(IT) complex 46 +0.72 30+ 1.58 20 = 0.64 10 = 0.28 >100
Iron(II) complex 80 + 1.62 64 +0.48 36 +1.52 24 +1.73 61.22
Manganese(II) complex 48 +0.16 32+1.83 16 + 0.48 10 = 0.65 >100

*Values are the means of three replicates + SD.
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failed to create any hydrogen bond connections with the 30GN
receptor; however, the amino acid residues Leul24, Leul9,
Phel23, Leu73, Leu80, Leu76, Met89, His77, His111, Ala88,
Gly92, Trp114, Phe59 and Leu15 engaged in the hydrophobic
interactions (Table-6). Fig. 5 exhibits the interactions of the

Copper(ll) complex Mannich base ligand (L1)

Nickel(ll) complex

Mannich base ligand, metal(I) complexes and the control
permethrin with the 30GN receptor. The results demonstrated
that copper(II) complex inhibited the activity of odorant-binding
protein 30GN in C. quinquefasciatus more effectively than the
other complexes, free ligand and control permethrin.

Phe123
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Cobalt(ll) complex

Iron(ll) complex

Manganese(ll) complex

Permethrin

Fig. 5. Interaction modes of Mannich base ligand (L1), copper(Il) complex, nickel(II) complex, cobalt(Il) complex, iron(II) complex,
manganese(II) complex and standard permethrin inside the binding cavity of 30GN receptor
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TABLE-6
MOLECULAR DOCKING INTERACTION OF LIGAND (L1), METAL
COMPLEXES AND CONTROL PERMETHRIN TOWARDS OBP OF 30GN

Mosquito OBP of 30GN
Compounds — - -

Binding score (kcal/mol) Number of H-bonds H-bonding residues (bond length)
Mannich base ligand (L1) -4.6 2 Ser79 (3.03 A), Phel23 (2.85 A)
Copper(II) complex 94 1 Ala62 (2.50 A)
Nickel(II) complex -6.2 - -
Cobalt(IT) complex -7.8 1 Phel23 (2.58 & 2.66 A)
Iron(IT) complex 6.3 1 Ala88 (3.03 A)
Manganese(Il) complex -8.5 1 Ala88 (3.10 A)
Permethrin -7.6 =

Conclusion 4. A.Sinha, S. Kumar, D. Dayal, V. Yadav, A. Pramanik, K.K. Chaubey,

The Mannich base ligand was synthesized by condensing
thiobarbituric acid with salicylaldehyde and hydrazine hydrate
and its complexation properties with the metals Cu(II), Ni(II),
Co(I), Fe(I) and Mn(II) were evaluated. The synthesized ligand
and its corresponding metal(Il) complexes have been examined
using spectroscopic, analytical and magnetic data. The ligand
coordinates to the metal ion via the nitrogen atom of hydrazine
hydrate and the oxygen of salicylaldehyde, acting as a neutral
bidentate ligand. All the synthesized metal(II) complexes exhi-
bited octahedral geometry. The biological effects of Mannich
base and their metal(II) complexes on Culex quinquefasciatus
mosquito larvae and their toxicity to non-target aquatic organ-
isms. The data indicated that the metal(Il) complexes of Mannich
base exert advantageous effects on the larval stage of Culex
quinquefasciatus. The most efficacious substances were Cu(II)
complex, followed by Co(IT) and Mn(II) complexes. The Cu(II)
complex displayed potent larvicidal efficacy while showing
less toxicity to non-target aquatic species, particularly marine
fish. The complexes mode of action and the prediction of their
efficient receptor binding were established by molecular dock-
ing techniques. These findings may inspire researchers to seek
novel active compounds that could serve as viable alternatives
to current insecticides.
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