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Abstract—ODbjective: The “fall armyworm” also known as Spodoptera frugiperda, is a maize pest that is native
to North America. It invaded Africa in 2016 and caused serious economic damage, forcing the continent’s nations
to take swift action to fend off this new invading pest. It is urgently necessary to produce powerful insecticides
for the efficient management of this insect pest since this parasite is a novel invading species and its resistance to
insecticides has to be investigated. Methods: The synthesized thiazole-owing hydrazone derivatives are the sub-
ject of the first study on the harmful effects they cause, followed by structural relationships. Following the stated
protocols, four molecules of thiazole-owing hydrazone derivatives were synthesized as pure active ingredients, and
their efficacy as potential insecticides against S. frugiperda was tested. Results and Discussion: The toxicity data
exhibited that compound (V) with LCjs, of 13.66 and 106.25 ppm was more toxic against the 2nd and 4th larvae
instars, respectively, than other synthesized compounds; the other screened compounds showed weak to strong
toxicological activity against S. frugiperda. A molecular docking investigation of four synthetic compounds (ITI-VI)
was performed against acetylcholinesterase (AChE). The molecular docking results revealed that compound (V) has
the more negative docking score and best binding (docking score =—9.01 kcal/mol), followed by compounds (I11),
(IV), and (VI) with docking scores of —8.76, —8.53, and —7.41 kcal/mol, respectively. The protein-ligand docking
postures revealed that these substances exhibited a strong affinity for the target enzyme’s active site (Protein Data
Bank ID: 2ACE). This work suggests that these substances may have insecticidal and AChE inhibitory properties,
and it may be possible to further explore them in the process of creating pesticides that target AChE.
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INTRODUCTION

Agrochemicals, which include fungicides, insecticides,
and herbicides, raise the quality and quantity of agricul-
tural products. Modern agriculture has come to recognize
innovative agrochemicals as a pillar supporting strong crop
production [1]. In this respect, many potent tools have been
developed since the discovery of agrochemicals [2—4].

Among these instances, the generation of organosulfur

agrochemicals plays a growing role. Organosulfur agro-
chemicals have advanced significantly and found wide-
spread use in contemporary crop protection over the past
few decades [5]. Additionally, the types of sulfur-con-
taining compounds found in these agrochemicals can be
broadly categorized as thioethers, thiophosphates, sulfon-
amides, sulfones, sulfoxides, thioureas, and sulfur hetero-
cycles (including thiazolidine, thiophene, thiazole, and

benzothiazole) [5]. Thiazole is a crucial heterocyclic com-
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Fig. 1. Chemical structures of representative pesticides containing thiazole fragments.

ponent widely applied in commercial pesticides, such
as insecticides (e.g., thiamethoxam and clothianidin,
nicotinic acetylcholine receptor competitive regulators),
nematicides (e.g., fluensulfone, metabolic inhibitors
of energy storage processes), and fungicides (e.g.,
thifluzamide, thiabendazole, and ethaboxam) (Fig. 1)
[6-8]. Thiazole derivatives have found applications in
different fields, such as medicinal chemistry [9, 10],
agrochemicals [11], and biologically active natural
products [12], and materials science [13], especially in
liquid crystals, molecular switches, sensors, or sunscreens
in the cosmetic industry. Hydrazone has garnered
greater interest as a characteristic active component and
is seen as crucial for pesticide discovery [14]. It has
received significant attention as an achievable herbi-
cide, insecticide, antibacterial, antifungal, and antiviral
agent [15].

The autumn armyworm (FAW), also known as Spodo-
ptera frugiperda (J.E. Smith), is a destructive insect
pest that has developed into a significant global threat
to agricultural output [16]. The fall armyworm causes
damage to different crops [17], including maize, rice, and
beans. Sorghum, sugarcane, beetroot, cotton, groundnuts,
soybeans, alfalfa, onions, pasture grasses, millet, tomato,
and potato S. frugiperda grazing on the host plant’s repro-
ductive and vegetative components results in decreased

yields. Early larvae feed by first feeding near the ground
and later by chewing through leaves from the outside in.
The density of larval populations is halved as a result of
cannibalism [18]. Maize, also grown commercially in
Egypt, is known as the “Queen of Cereals” and is one
of the most significant grains [19, 20]. In light of the
aforementioned facts, the current work intends to create
certain thiazole derivatives and estimated as insecticides
agent against 2nd and 4th instar larvae of S. frugiperda.

RESULTS AND DISCUSSION

Chemistry

The target compounds are N-(4-phenyl-thiazol-2-yl)-
N-[4-(piperidin-1-yl)benzylidenyl]hydrazine (IIT), N-(4-
methyl-thiazol-2-yl)-N-[4-(piperidin-1-yl)benzylidenyl]-
hydrazine (IV), 2-[N-(4-piperidin-1-yl)benzylidenyl]-
hydrazino]-4,5-dihydrothiazol-4-one (V), and 2-[N-(4-
(piperidin-1-yl)benzylidenyl)hydrazino Jnaphtho[2,3-d]-
thiazol-4,9-dione (VI) has been generated using the pro-
cedures we previously provided [21]. The synthetic route
of the target compounds is summarized in (Scheme 1).
The 4-(piperidin-1-yl)benzylidenyl-thiosemicarbazide
(IT) was generated once 4-piperidinobenzaldehyde (I)
was subjected to treatment with thiosemicarbazide in

refluxing ethanol. The corresponding N-(4-phenyl-thiazol-
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Scheme 1. Synthetic of thiazole-owing hydrazone derivatives (III-VT).

2-yl)-N-(4-piperidin-1-yl-benzylidene) hydrazine (III) was
obtained by reacting compound (II) with phenacyl bro-
mide in ethanol in the presence of fused sodium acetate
at ambient temperature. Similarly, compound (II) was
cycloalkylated with chloroacetone, ethyl chloroacetate
in refluxing ethanol, and sodium acetate to yield the
thiazole derivatives (IV) and (V), respectively. The cyclo-
condensation of compound (II) with 2,3-dichloro nap-
hthoquinone in N,N-dimethylformamide (DMF) in the
presence of anhydrous potassium carbonate at reflux
temperature created the naphtho[2,3-d]thiazole derivative
(VD).

All the target insecticidal compounds have been
screened for insecticidal bioefficacy, as explained below.

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol.

Toxicological Activity Test
for 2nd Instar Larvae of S. frugiperda
after 72 h of Treatment

The insecticidal test efficacy of (III-VI) under labo-
ratory conditions against 2nd instar larvae of S. frugi-
perda is shown in Table 1. The LCs, values were 48.09,
84.12, 13.66, and 62.44 ppm for (III-VI), respectively.
In addition, each had slope values of 0.915, 1.35, 0.911,
and 1.345, demonstrating the homogeneity of the larvae,
whose toxic ratios were 28.40, 16.20, 100, and 21.87.
Results exhibited that target compound (V), was more
toxic (LCs, = 13.66 ppm) than the other synthesized
compounds (Fig. 2).
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Fig. 2. Insecticidal activity of compounds (III-VI) against the 2nd and 4th larvae of S. frugiperda under laboratory conditions.

Toxicological Activity Test
for 4th Instar Larvae of S. frugiperda
After 72 h of Treatment

The results of compounds (III-VI) which were
tested as insecticidal agents against 4th instar larvae of
S. frugiperda, are shown in Table 1. After 72 h of treat-
ment, the bioefficacy results of synthesized compounds
exhibit high to low toxicological activity because some
of them cause a higher kill percentage against insect
larvae than others with LCjs, values ranging from 106.25
to 158.01 ppm, whereas the LCs, values of compounds
(ITI-VT) were 126.32, 158.01, 106.25, and 137.36 ppm,
respectively. In addition, each had slope values of 1.178,
1.129, 1.195, and 1.143, demonstrating the homogeneity

of'the larvae. From these results, the toxicity of compound

(V) against 4th instar larvae of S. frugiperda was the most
efficient, with an LCjs, value of 106.25 ppm (Fig. 3).

Molecular Docking

Molecular docking is a method that predicts the
preferred orientation and binding affinity of one molecule
(aligand) to another molecule (a receptor) when they form
a stable complex [22, 23]. Molecular docking is important
for understanding the molecular interactions that underlie
biological processes such as signal transduction, enzyme
catalysis, and drug action [24]. Because molecular
docking could be used to find potential drug candidates
that bind to specific target proteins, it is also frequently
utilized in structure-based drug design [25]. First, the
re-docking and superimposition methods were used to
validate the docking operation [26].

Table 1. Insecticidal activity of compounds (III-VI) against the 2nd and 4th instar larvae of S. frugiperda after 72 h of treatment

2nd instar larvae 4th instar larvae
compound LCsq (ppm) slope toxic ratio LCs (ppm) slope toxic ratio
(111) 48.09 0.915+0.263 28.40 126.32 1.178 £0.296 84.11
Iv) 84.12 1.356 +£0.297 16.20 158.01 1.129 £0.296 67.24
V) 13.66 0911 +£0.271 100 106.25 1.195+0.297 100
(VI) 62.44 1.345+£0.263 21.87 137.36 1.143 £0.289 77.35

The toxicity ratio is calculated as the ratio of the most affected LCs, value for baseline toxicity to the compounds’ LCs, value  100.

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 50 No. 3 2024



INSECTICIDAL EVALUATION, MOLECULAR DOCKING, AND STRUCTURE-ACTIVITY

1041

(1 (v) (V)
6.4 5.9 6.0
6.2 5.8
5.8
6.0 @ 5.7 ( )
5.6

= 58 = 56 =
Qo el Qo
© 56 _— 8 55 (1) S5.4 )
o (1 o 54 o

5.4 5.2

5.3
5.2 5.2 5.0
5.0 5.1 4.8
04 06 08 10 12 14 16 18 04 06 08 10 12 14 16 18 04 06 08 10 12 14 16 1.8
Log concentration (ppm) Log concentration (ppm) Log concentration (ppm)
\'dl

5 (Vi)

5.6
E o4 (&) (1) 2nd instar larvae
g - (2) 4th instar larvae
o

5.2 (1)

5.0

4.8

04 06 08 10 1.2 14 16 1.8
Log concentration (ppm)

Fig. 3. Insecticidal activity of compounds (III-VI) against the 2nd and 4th larvae of S. frugiperda under laboratory conditions.

The 2ACE’s natural ligand was taken out and
docked back into the active site. Re-docking was done
to evaluate the efficiency of the docking process. The
re-docking operation was carried out utilizing the same
approaches as the compounds under investigation. The
co-crystallized ligand’s binding pattern was successfully
recreated in the re-docking validation stage, proving
the utilized docking protocol was appropriate for the
intended docking investigation. The superimposition
between the re-docked ligand and the native co-crystal-
lized one with small RMSD of 1.012 A was shown
in Fig. S1 (supplementary information). The docking
scores of the investigated compounds (III-VI) against
the Acetylcholinesterase (AChE) enzyme (PDB ID:
2ACE) are shown in Table 1. The docking scores for the
compounds ranged from —9.01 kcal/mol for compound
(V) to—7.41 kcal/mol for compound (VI). The compound
(V) was observed to have the most negative docking

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol.

score (S) and best binding (S =-9.01 kcal/mol), followed
by compound (IIT) (S =—8.76 kcal/mol), compound (IV)
(S = —8.53 kcal/mol), and finally compound (VI) with
lowest score (S = —7.41 kcal/mol). As shown in Fig. 4
depict the binding location of the investigated com-
pounds in the active site of 2ACE interaction 3D and
2D, while, Table 2 lists the docking data. The analyses
of the molecular contacts, the compound (V); two
H-acceptor bonds are formed at distances of 3.14 A
between 021 with HIS440, Table 2. Additionally, two
pi-H bonds are formed between the C4 with TRP279
at a distance of 3.88, and 4.38 A, Table 2. On the other
hand, two H-acceptors are formed between N2 with
HIS440, at a distance of 3.47, in the case of compound
(IIT). Moreover, three pi-pi interactions were formed
between 6-ring with TRP279 at distance of 3.60, and
3.54 A, Table 2.

50 No. 3 2024
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Fig. 4. 3D representations of the molecular interactions of the tested compounds (III-VI) against AChE (PDB ID: 2ACE).

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 50 No. 3 2024



INSECTICIDAL EVALUATION, MOLECULAR DOCKING, AND STRUCTURE-ACTIVITY

1043

Table 2. Docking scores of the investigated compounds (III-VI) against AChE (PDB ID: 2ACE)

Compound Ligand Receptor Interaction Distance E (kcal/mol) S (kcal/mol)

N2 HIS 440 H-acceptor 3.47 —-1.40
N2 HIS 440 H-acceptor 3.47 —-1.40

(TIT) 6-ring TRP 279 pi-pi 3.60 -0.90 -8.76
6-ring TRP 279 pi-pi 3.60 —0.90
6-ring TRP 279 pi-pi 3.54 -0.90
N 17 GLU 73 H-acceptor 3.42 —-0.80
N 17 GLU 73 H-acceptor 3.42 —-0.80
N 17 GLU 73 H-acceptor 3.42 —-0.80

av) . : —8.53
6-ring TYR 334 pi-H 4.00 -0.70
6-ring TYR 334 pi-H 4.00 —-0.70
6-ring TYR 334 pi-H 4.00 -0.70
021 HIS 440 H-acceptor 3.14 -2.40
021 HIS 440 H-acceptor 3.14 —2.40

V) : —9.01
c4 TRP 279 H-pi 3.88 -1.60
Cc4 TRP 279 H-pi 4.38 -0.70
N2 GLY 118 H-acceptor 3.34 -2.90

(VD) N2 GLY 118 H-acceptor 3.34 -2.90 -7.41
N2 GLY 118 H-acceptor 3.34 -2.90

Structure-Action Relationship

As a continuation of this work, the relationship
between structure and action was introduced here in
accordance with the toxicity value in Table 1. All target
chemical compounds get their basic structure from the
thiazole-owing hydrazone, which may be divided into
three major chemical components that are crucial to the
toxicological effectiveness of all derivatives: piperidine
ring, benzylidene, and thiazole. The piperidine ring and
benzylidenyl part are present in all chemical compounds
(III-VI). The only difference between the 4 insecticidal
agents is the thiazole ring, which is attached to different
substituents like phenyl, methyl, and naphthyl. Toxicity
results indicate that compound (V), which consists of
thiazol-4(5H)-one as a substituent, is the most effective
insecticidal agent against both the 2nd and 4th larval
instars of S. frugiperda. So, the thiazol-4(5H)-one ring
is more efficient than other substitutions on compounds
(IID), (IV), and (VI), responsible for more toxicological

activity, which showed a low LCs, value. The order of
the insecticidal activity for the synthesized thiazole-
owing hydrazone derivatives with the toxicity index was,
(V) > (D) > (VD) > (IV). Hydrazone derivatives with
the toxicity index was (V) > (III) > (VI) > (IV). This
work confirms that organic and bioactive compounds are
very important substances due to their different uses as
reported before [49—60].

EXPERIMENTAL

Materials and methods. Chemicals. The target com-
pounds N-(4-phenyl-thiazol-2-yl)- N"-[4-(piperidin-1-yl)-
benzylidenyl]hydrazine (III), N-(4-methyl-thiazol-2-
yl)- N'-[4-(piperidin-1-yl)benzylidenyl] hydrazine (IV),
2-[N-(4-piperidin-1-yl)benzyl-idenyl|hydrazino]-4,5-
dihydro-thiazol-4-one (V), and 2-[ N-(4-(piperidin-1-yl)-
benzylidenyl)hydrazino]naphtho[2,3-d] thiazol-4,9-dione
(VI) have been tested as insecticidal against the 2nd

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 50 No. 3 2024
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and 4th larvae instar of S. frugiperda under laboratory

conditions.

Formation of thiazole derivatives. General synthetic
procedure for N-(4-phenyl-thiazol-2-yl)-N-[4-(piperidin-
1-yl)benzylid enyl]hydrazine (IIT), N-(4-methyl-thiazol-
2-yl)-N"-[4-(piperidin-1-yl-benzylidenyl]-hydrazine (IV)
and 2-[N-(4-piperidin-1-yl)benzylidenyl]hydrazino]-
4,5-dihydro-thiazol-4-one (V) 2-[N-(4-(piperidin-1-yl)-
benzylidenyl hydrazino|naphtho[2,3-d]thiazol-4,9-dione
(VI). A mixture of (IT) (0.01 mol), a-halocarbonyl com-
pound (0.01 mol), and sodium acetate (1 g) in ethanol
(30 mL) was heated under reflux for 1 h. After cooling,
the resulting solid product was collected by filtration,
washed with water, and the crude product recrystallized
from ethanol.

Insect rearing. The S. frugiperda autumn armyworms
were cultured in a lab at the Plant Protection Research
Institute Agriculture Research Center. The incubation
period was kept constant at 25 + 1°C, 60 £ 5% (RH),
and a 14 : 10 h light-dark cycle. The larvae were raised
on fresh castor leaves, and they were raised separately
to prevent cannibalism in tiny cups (7 cm in diameter by
3.5 c¢m in height) filled with sawdust to cut down on

moisture.

Laboratory bioassay. Using the leaf dip bioassay
techniques, the insecticidal activity of the pesticides
mentioned was assessed [27-33]. The target compounds’
findings from laboratory testing are presented here in
order to determine the concentrations needed to kill 50%
(LCsp) of the second- and fourth-instar larvae of S. frugi-
perda insects. There are five different pesticide concentra-
tions in this study [34—42]. Nearly identical-sized 10 sec
instar larvae and 5 fourth instar larvae insects (three
replicates) were placed in castor bean leaf discs (9 cm in
diameter), which were submerged in the concentration
under test for 10 sec, dried, and then provided to the
second and fourth instar larvae, respectively [43-52].
Five glass jars containing the larvae were used. The
mortality percentage was recovered after 72 h for all
insecticides. Mortality was redressed by Abbott’s for-

EL-GABY et al.

mula [53]. The measurements of the mortality relapse
line were dissected by probit analysis [54]. The harmful
index was determined by sun equations [55].

Molecular docking. Molecular docking analyses
of the compounds were carried out with the help of
the MOE (Molecular Operating Environment) [56].
The structures of the compounds (III-VI) and the
standard native ligand 9-(3-lodobenzylamino)-1,2,3,4-
tetrahydroacridine were optimized to have the lowest
energy levels feasible using the MMFF94x force field.
The atomic coordinates of the crystal structures of the
target enzyme, acetylcholine esterase (AChE) with the
PDB ID of 2ACE, were downloaded from the protein
databank (https://www.rcsb.org/structure/2ACE). Before
docking or doing any analysis, the target structures
had polar hydrogen atoms added to them, and any acces-
sible water molecules, native ligands, and undesirable
chains were eliminated [57]. With regard to the other
parameters, the default values were implemented [58].
Re-docking and the superimposition approach were used
to validate the docking operation. Removed from the
2ACE and re-docked into the active site was the typical
ligand 9-(3-lodobenzylamino)-1,2,3,4-tetrahydroacridine
[59, 60].

CONCLUSIONS

Thiazole-owing hydrazone derivatives were chemically
prepared. The toxicity of these synthesized compounds
was estimated as insecticides against 2nd and 4th instar
larvae of S. frugiperda. Toxicity experiments indicate that
compound (V) had the best insecticidal activity against
2nd instar and 4th instar larvae of S. frugiperda compared
to the other synthesized compounds with LCs, of 13.66
and 106.25 ppm, respectively. Followed by compound
(III), who’s LCy, was 48.09 and 126.32 ppm against the
2nd and 4th larval instars, respectively. The insecticidal
activity of compound (V) may be due to the presence
of a thiazolidone ring as a substituent attached to the
basic structure. These results are hopeful and valuable

for additional work on the improvement of new and
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other potent pesticides. The study tested four synthetic
compounds (III-VI) for their ability to bind and inhibit
Acetylcholinesterase (AChE), an enzyme involved in
insecticide action. The results showed that compound
(V) had the strongest binding and inhibition of AChE,
followed by compounds (III), (IV), and (VI), according
to docking score (S). The compounds interacted with
the active site of the enzyme, suggesting that they could
be potential candidates for developing new insecticides
that target AChE.
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