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ABSTRACT

A variety of highly potent derivatives of 2-pyrazoline-5-one, including chromene-3-carbohydrazide 2, 2-thioxo-
thiazole-5-carbohydrazide 3, 2-oxopyridine-3-carbonitriles (4-6), 3-aryl-2-cyanoacrylohydrazide (7, 8), and 3-
amino-5-arylpyrazole-4-carbohydrazide (9, 10), were synthesized as pesticide agents using acetohydrazide 1,
a versatile and easily obtainable compound. The compounds structures were entirely ascertained utilizing
different spectroscopic methods, including Fourier-transform infrared (FTIR), nuclear magnetic resonance
spectroscopy, and analysis of elements. In the laboratory, we assessed the impact of nine 2-pyrazoline-5-one
derivatives on the fourth larval stage of the cotton leaf worm (Spodoptera littorals), Monacha obstructa, and
Tetranychus urticae adults. We used abamectin as the reference compound. The LCsg values of compound 3 for
S. littorals, M. obstructa, and T. urticae are 0.90, 0.70, and 0.52 mg a.i./L, respectively. The LCs( values for the
same compound for S. littorals, M. obstructa, and T. urticae are 0.80, 0.60, and 0.45 mg a.i./L, respectively.
Therefore, it is a remarkably potent compound. Compound 6 exhibited lower levels of danger, as indicated by
LCsp values of 1.94, 1.90, and 1.83 mg a.i./L against the three tested pests. Ten days after treatment, all three
pests were moderately toxic to the remaining 2-pyrazolin-5-one derivatives, 1, 2, 4, 5, and 7-10. Conversely, the
mortality rate of the tested compounds increased when the treated individuals were exposed to high concen-
trations. These 2-pyrazolin-5-one derivatives are suggested as suitable alternatives and foundational structures
for developing novel insecticides.

1. Introduction

Conversely, cyanoacetohydrzide was used as a precursor for the
formation of heterocycles and the study of their biological functions

Some of the most dangerous pests harming Egypt’s crops are the
leafworm of cotton (Spodoptera littoralis, the land snail (Monacha
obstructa), and the twospotted spider mite (Tetranychus urticae). There-
fore, there is an urgent demand for innovative and environmentally
friendly pesticides that employ various methods. 2-Pyrazoline de-
rivatives, used as pesticides, have a significant effect on agriculture
(Hassn et al.,1994; Silver and Soderlund, 2006). 2-pyrazolin-5-one an-
alogues, one of these heterocycles, are extensively employed in biolog-
ical and synthetic chemistry (Abeed 2015; and Omaiya et al., 2020).

* Corresponding author.
E-mail address: ahmed.abeed76@aun.edu.eg (A.A.O. Abeed).

https://doi.org/10.1016/j.jksus.2024.103416

(Refat and Fadda, 2013; Mahmoud et al., 2020; Cheng et al., 2021; Ji
et al., 2021; Salah et al., 2021; and Monier et al., 2020).

Motivated by the previously mentioned aspects and as a progression
of our endeavours to create novel bioactive heterocyclic compounds
(Abeed 2015; Abeed et al., 2019a,b, 2022, 2023), that we decided to
produce a novel series of heterocycles with the 2-pyrazolin-5-one motif
to investigate their biological actions in the laboratory against the three
pests observed. The reference compound used was abamectin, which
exhibits high efficacy against the pests being studied (Ali 2021).
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Abamectin has demonstrated efficacy as a molluscicide against various
species of terrestrial snails (Abdallah et al., 2015 and Gaber et al., 1994),
which currently pose an important threat to sustainable crop production
in Egypt (Heiba et al., 2018; Shahawy et al., 2018). Abamectin is pri-
marily used to control mites. The two-spotted spider mite infests various
crops, causing immediate harm to the greenhouse and crops (Abdel-
Halim and Kalmosh, 2019). Abamectin exhibits the highest level of
toxicity towards T. urticae and serves a distinct purpose in integrated
mite management, as stated by Ismail et al. (2006), Salem et al. (2022),
and Sheasha et al. (2023). An investigation was conducted to assess the
potential compatibility of chemical control methods to develop an
improved integrated pest management (IPM) strategy for cotton leaf
worms, land snails, and mites.

2. Results and discussion
2.1. Chemistry

The interaction of 4-acetyl-2-pyrazolin-5-one with cyanoacetic acid
hydrazide yielded acetohydrazide 1 (Abdelall 2009). Employing com-
pound 1 as a starting point, new heterocycles of 2-pyrazoline-5-one
derivatives were created. The compound 2-oxo0-2H-chromene-3-carbo-
hydrazide 2 was produced by heating it with salicylaldehyde in dioxane.
On the other hand, when the nitrile derivative 1 was heated with an
equimolar amount of sulfur element and phenyl isothiocyanate in
dioxane with a small quantity of triethyl amine (TEA), 4-aminothioxo-
thiazole 3 was obtained (Scheme 1). Compounds 2 and 3 were struc-
turally characterized using FTIR, NMR, MS, and analysis of elements
techniques.

The FTIR of 4-aminothioxothiazole 3 proved an absence of the car-
bonitrile group band and the emergence of new peaks at v = 3430, 3312,
and 3230 cm™!, which were assigned to the NH and NH, groups.
Moreover, a band at v = 1282 ecm ™! was observed, confirming the ex-
istence of the C=S functional group. The ‘H NMR analysis provides
additional evidence of a signal from an amino group and aromatic
protons within a chemical shift range of § = 6.98-8.20 ppm. In addition,
the '3C NMR spectroscopic study verifies the existence of a C=S group at
a chemical shift of § = 174.1 ppm.

Based on the reactivity of acetohydrazide 1, it interacted with active
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methylenes as malononitrile, ethyl cyanoacetate, and acetylacetone,
resulting in the formation of 2-oxopyridine-3-carbonitrile analogues 4,
5, and 6, respectively. The analytical data for the products obtained
agreed with the assigned structures (Scheme 2).

The FTIR spectra of compounds 4 and 5 exhibited the emergence of
new bands in the range of v = 3187 to 3387 cm ™, indicating the
presence of NH; groups. Additionally, the FTIR spectrum of compound 6
displayed a new peak at v= 3422 cm ™}, which can be assigned to the
absorption band of an OH group. The 'H NMR analysis of the synthe-
sized compounds 4-6 confirmed the presence of an amino group in
either compound 4 or 5 and a hydroxyl group in compound 7.

The '3C NMR spectra corroborate the findings of the FTIR and 'H
NMR spectroscopy. As an illustration, the spectrum of 4 exhibited
distinct signals at § = 12.7, 20.6, 115.8, 160.4, and 166.0 ppm, which
corresponded to (pyrazolone-CHgs), (CHs), (CN), (pyrazolone-CO), and
(CO), respectively. The reactivity of 1 with electrophilic reagents was
investigated. Consequently, the treating 1 with various aromatic alde-
hydes within a hot dioxane, augmented with just a little TEA, formed the
respective arylidenes 7 and 8. The NMR spectroscopy of arylidenes 7
and 8 indicated that the CH; signal of compound 2 was no longer pre-
sent. Compounds 7 and 8 underwent hydrazinolysis in hot ethanol to
produce new pyrazole derivatives 9 and 10 (Scheme 3). The FTIR
analysis of compounds 9 and 10 indicated the lack of the stretching
absorption peak related to the nitrile functional group.

The formation mechanism of compounds 9 and 10 was proposed to
occur through the reaction of Michael addition. The nitrogen atoms for
hydrazine initiate an attack on the p-carbon of the o,f-unsaturated
nitrile structure, resulting in a 1,5-exo-dig cyclization (Scheme 4).

2.2. Biological activity

2.2.1. The effect of 2-pyrazolin-5-one derivatives on Spodoptera littoralis,
Monacha obstructa, and Tetranychus urticae

As shown in Tables 1-3, the efficacy of synthetic compounds (1-10)
and abamectin against three pests, namely Spodoptera littoralis, Monacha
obstructa, and Tetranychus urticae, was evaluated in a laboratory setting
using the leaf dipping method. The results were obtained after a treat-
ment period of 72 h. Table 1 shows that abamectin had the highest
bioactivity against S. littoralis, with an LCsg of 0.80 mg a.i./L and a 100

Scheme 1. (a) Salicylaldehyde, dioxane, Pip., 5 h; (b) Phenyl isothiocyanate, S, TEA, EtOH, 5 h.
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Scheme 2. (a) Malononitrile, dioxane, TEA, 5 h; (b) Ethyl cyanoacetate, dioxane, TEA, 5 h; (c) Acetyl acetone, dioxane, TEA, 5 h.
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Scheme 3. (a) Benzaldehyde, dioxane, TEA, 5 h; (b) Hydrazine hydrate, EtOH, 6 h; (c) p-Chlorobenzaldehyde, dioxane, TEA, 5 h.; (d) Hydrazine hydrate, EtOH, 6 h.
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Scheme 4. The proposed mechanism for synthesizing pyrazoles 9 and 10.

Table 1
The efficacy of novel 2-pyrazolin-5-one derivatives and abamectin against Spo-
doptera littoralis was assessed after 72 h.

Table 2
The effectiveness of newly synthesized compounds and abamectin against
Monacha obstructa was assessed after 72 h.

Compound LCso Slope + SE Ti x?2 Compound LCso Slope + SE Ti x?2

No. No.

Abamectin 0.80 1.11 + 0.22 100.0 0.42 Abamectin 0.60 1.21 + 0.62 100.0 0.58
(0.63-1.02) (0.31-0.82)

1 0.94 1.51 + 0.66 85.10 0.46 1 0.91 1.55 + 0.61 65.93 0.45
(0.79-1.95) (0.89-1.11)

2 0.92 1.31 +0.43 86.96 0.53 2 0.82 1.42 + 0.51 73.17 0.62
(0.59-2.11) (0.71-0.89)

3 0.90 1.22 + 0.61 88.88 0.55 3 0.70 1.41 £ 0.44 85.71 0.46
(0.73-0.94) (0.61-0.98)

4 0.96 1.71 £ 0.71 83.33 0.60 4 1.42 1.71 + 0.51 42.25 0.62
(0.72-1.11) (1.02-2.24)

5 0.93 1.41 + 0.59 86.02 0.44 5 0.90 1.51 + 0.55 66.66 0.63
(0.81-1.98) (0.82-1.24)

6 1.94 1.91 + 0.63 41.23 0.84 6 1.90 1.81 + 0.40 31.57 0.68
(1.11-2.52) (1.73-2.11)

7 1.81 1.83 £ 0.72 44.19 0.69 7 1.43 1.63 + 0.66 41.95 0.70
(1.23-2.09) (1.21-1.80)

8 0.95 1.69 + 0.81 84.21 0.51 8 0.98 1.61 +£0.43 61.22 0.45
(0.71-0.95) (0.81-1.01)

9 1.62 1.81 +0.72 49.38 0.67 9 1.21 1.45 + 0.62 49.58 0.72
(1.02-2.53) (1.00-1.43)

10 1.92 1.90 + 0.52 41.66 0.57 10 1.71 1.80 + 0.42 35.08 0.56
(0.97-1.94) (1.31-1.99)

CL.L.U. confidence limit (lower- upper).

% toxicity index. The new compounds 2-thioxothiazole 3 and 2-oxochro-
mene 2 showed comparable effectiveness to ambactin, with corre-
sponding LCs levels of 0.90 and 0.92 mg a.i./L. Their toxicity indices
were determined to be 86.53 % and 84.90 %. Their toxicity indexes were

CL.L.U. confidence limit (lower- upper)- Ti. Toxicity index.

calculated to be 86.53 % and 84.90 %. The toxicity index for the
reference pesticide, compound 3, and compound 2 against M. obstructa
were 100.0 %, 85.71 %, and 73.17 % respectively. The LCs( levels for
these compounds were 0.60, 0.70, and 0.82 mg a.i./L, respectively, as
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Table 3
The efficacy of newly synthesized compounds and abamectin against Tetra-
nychus urticae was assessed after 72 h.

Compound LCso Slope + SE Ti X2

No.

Abamectin 0.45 1.21 £ 0.42 100.0 0.68
(0.32-0.59)

1 0.62 1.55 + 0.47 72.58 0.44
(0.33-0.92)

2 0.53 1.31 £+ 0.59 84.90 0.31
(0.24-0.82)

3 0.52 1.25 + 0.82 86.53 0.63
(0.30-0.81)

4 0.74 1.66 + 0.72 60.81 0.52
(0.42-0.93)

5 0.58 1.54 £+ 0.31 77.58 0.44
(0.32-0.62)

6 1.83 1.91 +£0.91 24.59 0.72
(1.00-2.52)

7 1.72 1.81 +0.58 26.16 0.48
(1.21-2.23)

8 0.71 1.61 +0.81 63.38 0.52
(0.43-0.99)

9 1.31 1.76 + 0.67 34.35 0.63
(0.99-2.11)

10 1.51 1.78 £ 0.71 29.80 0.78
(1.01-2.24)

CL.L.U.: Confidence limit (lower- upper). Ti: Toxicity index.

shown in Table 2. Furthermore, the effectiveness of these substances
against T. urticae was demonstrated by LCsg values of 0.45, 0.52, and
0.53 mg a.i/L, resulting in toxicity levels of 100.0 %, 86.53 %, and
84.90 %, respectively, as indicated in Table 3. Nevertheless, upon
assessment of the remaining compounds (4-10) against each of the three
pests, they exhibited lower efficacy.

The impact of the highest concentration of the tested compounds on
S. littoralis, M. obstructa, and T. urticae after 3, 7, and 10 days of treat-
ment is indicated in Tables 4 and 5. Table 4 provides a detailed analysis
showing that the pests evaluated were exposed to Abamectin and two
other tested compounds, 3 and 2. Over time, their ability to survive
decreased gradually, reaching the lowest level after 10 days of treat-
ment. Specifically, the surviving individuals for S. littoralis, M. obstructa,
and T. urticae were 2, 0, and 1, respectively. The survival rate of in-
dividuals increased when they were exposed to different substances.

Table 5 shows that the decrease in writing ability becomes more
significant as the treatment duration increases, reaching its highest level
after 7 and 10 days of treatment. Abamectin had the most critical effect
on the three pest populations when used with the greatest concentration.
Following 7 and 10 days of medication, the values for S. littorals,
M. obstructa, and T. urticae were 86.66 %, 93.33 %, and 93.33 %, and

Table 4
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86.66 %, 100.00 %, and 100.00 %, respectively. After the same amount
of time, 2-thioxo-2,3-dihydrothiazole-5-carbohydrazide 3 showed
reduction percentages of 80.00 %, 86.66 %, and 93.33 %, respectively,
as well as 100.00 % reduction in all three trials. On the other hand, 2-
ox0-2H-chromene-3-carbohydrazide 2 exhibited reduction percentages
of 73.33 %, 73.33 %, 60.00 %, and 93.33 % in all three trials.

On the other hand, 2-oxopyridine 6 exhibited the slightest reduction
in activity against S. littorals, M. obstructa, and T. urticae, with decreases
of 73.33 %, 40.00 %, and 26.66 % respectively after 7 days and 10 days.
The compounds studied had varying effects on the three pests, with
abamectin having the most significant impact, followed by compounds
3,2,5,1,8,4,9,7, 10, and 6. The mean values for the effects of these
compounds were 88.14 %, 85.18 %, 72.59 %, 69.62 %, 64.43 %, 58.51
%, 54.81 %, 50.73 %, 48.88 %, 41.47 %, and 32.59 %, respectively.

Morphological symptoms of deceased individuals from the three
pests treated with synthetic compounds are depicted in Figure 1. When
cotton leafworm larvae undergo a process in which their bodies shrink
and stop moving altogether, their color changes to dark brown (Figure 1.
A). The clover snail M. obstructa gradually increases its secretion of
mucous fluids, relaxing its soft body at the shell’s opening, causing
cessation of movement and, ultimately, death of the snail (Figure 1. B).
The administration of the tested compounds resulted in immobility,
dehydration, and mortality in T. urticae mites (Figure 1. C).

The identical letters within the same column indicate their lack of
significance.

2.2.2. Discussion

The current study demonstrated that the investigated compounds
showed varying potency against the three pests, with abamectin serving
as the standard drug. These findings align with multiple prior studies
that demonstrate abamectin’s robust effectiveness. The reference com-
pound, abamectin, was most harmful to T. urticae, according to study
results (Keratum et al., 2010, Salem et al., 2022, and Abd-Allah et al.,
2022). In addition, multiple studies have demonstrated that abamectin
exhibits superior efficacy in managing S. littorals, as reported by Abdel-
Latif and Abd-Allah (2013) and Ali 2021. Abamectin was highly toxic to
land snails (Abdel-Halim et al., 2021). Still, it was more effective against
the glassy clover snail, M. obstructa, than methomyl, profenofos, and
chlorfenapyr compared to the control (Sallam et al., 2016).

Abd El-Lateef et al., (2023) produced specific pyridines as neon-
icotinoid analogues to assess their toxicity in adult and nymph stages of
Aphis craccivora, a broad category of insecticides. Fadda et al., (2017)
discovered that 1,3,4-thiadiazoles exhibited the highest level of toxicity
towards the second instar larvae of S. littoralis following a 7-day period
of contact, as assessed by the leaf dip technique. The molluscicidal ca-
pabilities of several novel compounds comprising thiophene, pyrazole
and thiadiazol, versus Biomphalaria alexandrinasnails (Fadda et al.,

The number of live pests treated with novel 2-pyrazolin-5-one derivatives and abamectin after 3, 7, and 10 days.

Compound Conc Post-treated count (days)
No. (mg a.i/ L) 3 days 7 days 10 days
S. M. obstructa T. S. M. T. S. littoralis M. T.
littoralis urticae littoralis obstructa Urticae obstructa urticae
Abamectin 0.45 4a 3a la 2a la la 2a Oa Oa
1 0.35 7b 8b 8c 5b 5b 7c 3a 2a 4b
2 0.65 6a 7b 7c 4a 4b 6b la la la
3 0.50 5a 6b 4b 3a 2a la od Oa Oa
4 0.85 8b 9c 10d 7b 7c 8c la 5b 6b
5 0.40 6a 7b 7c 4a 5b 7c la 2a 2a
6 0.58 9b 12d l4e 9¢ 10d 13e 4b 9c 11d
7 0.30 9b 10c 11d 8c 10d 11d la 6b 5b
8 0.60 8b 9c 9c 6b 6b 8c la 4b 5b
9 0.65 9b 10c 11d 3a 7c 10d la 5b 6b
10 0.55 9b 10c 13d 8c 10d 11d 2a 6b 10d
Control - 15c 15e 15e 15d 15e 15e 15¢ 15d 15c
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Table 5
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The reduction percentage of the highest concentration of novel 2-pyrazolin-5-one derivatives and abamectin, when applied under laboratory conditions, against

S. littoralis, M. obstructa, and T. urticae.

Compound  Conc.(mg a. Average reduction percentage %R Grand
No. /D 3 days 7 days 10 days mean

S. M. obstructa  T. urticae  S. M. obstructa  T. urticae  S. M. obstructa  T. urticae

littoralis littoralis Littoralis
Abamectin  0.45 73.33 80.00 93.33 86.66 93.33 93.33 86.66 100.00 100.00 88.14
1 0.35 53.33 46.66 46.66 66.66 66.66 53.33 80.00 86.66 73.33 64.43
2 0.65 60.00 53.33 53.33 73.33 73.33 60.00 93.33 93.33 93.33 72.59
3 0.50 66.66 60.00 73.33 80.00 86.66 93.33 100.00 100.00 100.00 85.18
4 0.85 46.66 40.00 33.33 53.33 53.33 46.66 93.33 66.66 60.00 54.81
5 0.40 60.00 53.33 53.33 73.33 66.66 53.33 93.33 86.66 86.66 69.62
6 0.58 40.00 20.00 6.66 40.00 33.33 13.33 73.33 40.00 26.66 32.59
7 0.30 40.00 33.33 26.66 46.66 33.33 26.66 93.33 60.00 66.66 48.88
8 0.60 46.66 40,00 40.00 60.00 60.00 46.66 93.33 73.33 66.66 58.51
9 0.65 40.00 33.33 26.66 50.00 53.33 33.33 93.33 66.66 60.00 50.73
10 0.55 40.00 33.33 13.33 46.66 33.33 26.66 86.66 60.00 33.33 41.47

Fig. 1. Observable signs of deceased specimens subjected to synthetic substances (A: Spodoptera littorals; B: Monacha obstructa; C: Tetranychus urticae).

2009). El Shehry (2010), assessed the effectiveness of novel benzofuran-
containing isoxazole, pyrazole, pyridine, pyrimidine, 1,4-thiazine, and
1,3,4-thiadiazine compounds against B. alexandrina. The study results
indicated that these compounds exhibited significant molluscicidal ac-
tivity, showing potential for further development. Hamama et al.,
(2018) employed the leaf-dip method to assess the acaricidal efficacy of
1,2,4-triazines on T. urticae eggs and adult females. The compounds
exhibited lethal properties, displaying varying toxicity against T. urticae.

3. Experimental
3.1. Instrumentation and chemicals

The substances used in this work were of laboratory-grade quality.
The degrees of melting were measured using an APP Digital ST 15 in-
strument and uncorrected. The FTIR spectroscopic data were acquired
using the Shimadzu company-408 infrared analyzer that are presented
as cm ™! units. The nuclear magnetic resonance spectra were obtained
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using the JEOL ECA II 500 MHz spectrometer. Chemical shifts are
measured in parts per million (ppm), using TMS as an internal reference.
A Varian MAT312 apparatus in EI mode with an energy of 70 eV was
used for mass spectrometry at the Faculty of Science, Assiut University,
Egypt. The elements were examined using the System GmbH Vario
ELV2.3 1998 CHNS Mode.

3.1.1. 2-Cyano-N’-(1-(3-methyl-5-oxo-1-phenyl-2-pyrazolin-4-yl)
ethylidene)acetohydrazide (1)
(Abd-Allah et al., 2022).

3.1.2. N-(1-(3-Methyl-5-oxo-1-phenyl-2-pyrazolin-4-yl) ethylidene)-2-
o0x0-2H-chromene-3-carbohydrazide (2)

A solution of 1 (1.19 g, 4 mmol) and salicylaldehyde (0.49 g, 4
mmol) in dioxane (20 ml) with piperidine (5 drops) was heated for 5 h.
After cooling, the reaction product was added to ice water along with a
few drops of HCI, The product was collected, dried and crystallized using
toluene, giving 2: White crystals (0.88 g, 71 % yield); mp 155-157 °C; IR
(KBr, cm™1): 3221 (NH), 3049 (Ar-H), 2925 (aliphatic-H), 1655 (C=0),
1642 (C=0), 1626 (pyrazolone-C=0); 1H NMR (500 MHz, Acetone-dg):
§ 2.30 (s, 3H, pyrazolone-CHs), 2.38 (s, 3H, CH3), 6.94-8.09 (m, 10H,
Ar-H and pyrazolone-H), 8.92 (s, 1H, CH), 11.04 (s, 1H, NH, exchanged
with D,0); 13¢ NMR (125 MHz, Acetone-ds): 12.9 (pyrazolone-CHj),
20.3 (CH3), 100.7, 113.1, 115.3, 118.9, 119.9, 120.8, 122.8, 123.5,
124.1, 125.9, 127.3, 129.5, 131.4, 134.2, 138.6, 148.6, 149.2, 159.4
(pyrazolone-C=0), 165.4 (C=0), 177.5 (C=0); EI. MS: m/z 402.1 ™,
60 %). Anal. Calcd. for CyoH18N404 (402.40): C, 65.66; H, 4.51; N,
13.92 %. Found: C, 65.56; H, 4.40; N, 13.78 %.

3.1.3. 4-Amino-3-phenyl-N’-(1-(3-methyl-5-oxo-1-phenyl-2-pyrazolin-4-
yDethylidene)-2-thioxo-2,3-dihydrothiazole-5-carbohydrazide (3)

A solution of acetohydrazide derivative 1 (1.19 g, 4 mmol),
elemental sulfur (0.13 g, 4 mmol), and phenyl isothiocyanate (0.52 g, 4
mmol) in ethanol (25 ml) with triethylamine (0.40 ml) was refluxed for
5 h. On cooling and throwing into cold water, the solid result was
recrystallized using ethanol, producing 3: Orange crystals (1.23 g, 66 %
yield); mp 126-127 °C; IR (KBr, cmfl): 3430, 3312, 3230 (NH, NHy),
3039 (Ar-H), 1665 (C=0), 1631 (pyrazolone-C=0), 1282 (C=S); Bii
NMR (500 MHz, CDCls): § 2.31 (s, 3H, pyrazolone-CHs), 3.40 (s, 3H,
CH3), 6.98-8.20 (m, 13H, Ar-H, pyrazolone-H and NHy), 11.00 (s, 1H,
NH, exchanged with D20); 13¢ NMR (125 MHz, CDCl3): 12.8 (pyr-
azolone-CH3), 20.4 (CH3), 100.6, 115.5, 115.9, 118.5, 119.4, 120.2,
121.6, 122.4, 124.2, 125.8, 127.2, 128.4, 130.3, 134.8, 137.6, 148.5,
149.1, 159.6 (pyrazolone-C=0), 165.4 (C=0), 174.1 (C=S); EI. MS: m/z
464.3 (M™, 71 %). Anal. Calcd. for: CooHaoNgO2S2 (464.56): C, 56.88; H,
4.34; N, 18.09; S, 13.80.%. Found: C, 56.52; H, 4.65; N, 17.89; S, 13.80.

3.1.4. A general approach to synthesizing pyridine derivatives (4-6)

Equal quantities of 1 (1.48 g, 5 mmol) and active methylene reagents
like malononitrile, ethyl cyanoacetate, and acetylacetone (5 mmol) were
heated in a solution of dioxane (20 ml) with triethylamine (a few drops)
for 5 h. The resulting product was subsequently cooled and dried under
vacuum conditions. The remaining residue was triturated with ethanol,
and the resultant product was filtered, dried, and recrystallized using
ethanol.

3.1.4.1. 1-((1-(3-Methyl-5-oxo-1-phenyl-2-pyrazolin-4-yDethylidene)

amino)-4,6-diamino-2-oxo-1,2-dihydropyridine-3-carbonitrile (4). Red
brown crystals (1.20 g, 66 % yield); mp 307-309 °C; IR (KBr, cm )
3387, 3293, 3273 (2 NHy), 3029 (Ar-H), 2227 (CN), 1663 (C=0), 1629
(pyrazolone-C=0); 'H NMR (500 MHz, DMSO-ds): 5 2.32 (s, 3H, pyr-
azolone-CH3s), 3.39 (s, 3H, CHj), 4.72 (s, 1H, pyridine-H), 5.44 (s, 2H,
NHy), 6.50 (s, 2H, NH3), 7.54-8.15 (m, 6H, Ar-H and pyrazolone-H); 3¢
NMR (125 MHz, DMSO-de): 12.7 (pyrazolone-CHs), 20.6 (CHs), 99.8,
110.5, 115.8 (CN), 120.4, 122.6, 124.3, 126.0, 128.0, 128.8, 131.5,
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134.9, 136.4, 137.8, 141.2, 160.4 (pyrazolone-C=0), 166.0 (C=0); EL
MS: m/z 363.1 (M", 59 %). Anal. Caled. for: C1gH17N702 (363.37): C,
59.50; H, 4.72; N, 26.98 %. Found: C, 59.62; H, 4.61; N, 26.86.

3.1.4.2. 1-((1-(3-Methyl-5-oxo-1-phenyl-2-pyrazolin-4-yDethylidene)
amino)-4-amino-6-hydroxy-2-oxo-1,2-dihydropyridine-3-carbonitrile (5).
Pale orange crystals (1.13 g, 62 % yield); mp 219-221 °C; IR (KBr,
cmfl): 3457 (OH), 3282, 3187 (NHy), 3031 (Ar-H), 2212 (CN), 1659
(C=0), 1632 (pyrazolone-C=0); H NMR (500 MHz, DMSO-dg): 6 2.30
(s, 3H, pyrazolone-CHj3), 3.28 (s, 3H, CHgs), 4.70 (s, 1H, pyridine-H),
5.46 (s, 2H, NH5), 7.49-8.19 (m, 6H, Ar-H and pyrazolone-H), 11.22
(s, 1H, OH); 13¢ NMR (125 MHz, DMSO-de): 13.0 (pyrazolone-CHj),
20.8 (CH3), 99.6, 111.4, 116.2 (CN), 121.2, 123.1, 124.7, 125.2, 128.2,
130.2, 131.6, 135.0, 136.2, 137.6, 140.9, 161.0 (pyrazolone-C=0),
166.6 (C=0); ELMS: m/z 364.1 (M', 70 %). Anal. Calcd. for:
C18H16Ng03 (364.36): C, 59.34; H, 4.43; N, 23.07 %. Found: C, 59.45; H,
4.32; N, 22.96 %.

3.1.4.3. 1-((1-(3-Methyl-5-oxo0-1-phenyl-2-pyrazolin-4-ylethylidene)
amino)-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile (6). Or-
ange crystals (0.26 g, yield 66 %); mp 203-205 °C; IR (KBr, cm ™ 1): 3422
(OH), 3059 (Ar-H), 2930 (aliphatic-H), 2208 (CN), 1637 (pyrazolone-
C=0); 4 NMR (500 MHz, DMSO-dg): § 2.31 (s, 3H, pyrazolone-CHgs),
2.60 (s, 3H, pyridine-CHgs), 2.74 (s, 3H, pyridine-CH3), 3.27 (s, 3H, CH3),
4.80 (s, 1H, pyridine-H), 7.40-8.10 (m, 6H, Ar-H and pyrazolone-H); EIL.
MS: m/z 361.2 (M", 59 %). Anal. Caled. for: CogH19N50, (361.40): C,
66.47; H, 5.30; N,19.38 %. Found: C, 66.56; H, 5.20; N, 19.26 %.

3.1.5. General route for synthesizing 3-aryl-2-cyanoacrylohydrazide (7, 8)

The acetohydrazide solution 1 (1.19 g, 4 mmol) was refluxed for 5 h
together with appropriate aromatic aldehydes (4 mmol) in dioxane (20
ml) and triethylamine (a few drops). The precipitate underwent filtra-
tion, drying, and purification using ethanol, resulting in a yield of 7 and
8.

3.1.5.1. 2-Cyano-N’-(1-(3-methyl-5-oxo-1-phenyl-2-pyrazolin-4-yl)ethyl-
idene)-3-phenyl-acrylo-hydrazide (7). White crystals (1.22 g, 64 % yield);
mp 203-204 °C; IR (KBr, cmfl): v 3227 (NH), 3077 (Ar-H), 2212 (CN),
1653 (C=0); 'H NMR (500 MHz, pyridine-dg) 6 (ppm): 2.34 (s, 3H,
pyrazolone-CH3), 2.38 (s, 3H, CH3), 7.10-8.23 (m, 12H, Ar-H, pyr-
azolone-H and = CH-), 11.10 (s, 1H, NH); 13¢c NMR (125 MHz, pyr-
idine-dg) & (ppm): 13.4 (pyrazolone-CHs), 21.2 (CHs), 99.8, 112.2,
114.4, 116.2 (CN), 117.7, 118.8, 121.0, 122.4, 124.2, 125.7, 126.6,
128.5, 130.4, 132.2, 134.0, 135.5, 137.6, 140.8, 150.3, 163.4 (pyr-
azolone-CO), 167.2 (C=0); ELMS: m/z 385.2 (M™, 66 %). Anal. Calcd.
for: CyoH19N50, (385.42): C, 68.56; H, 4.97; N, 18.17 %. Found: C,
68.45; H, 4.86; N, 18.28.

3.1.5.2. 2-Cyano-N’-(1-(3-methyl-5-oxo-1-phenyl-2-pyrazolin-4-yDethyl-
idene)-3-(4-chlorophenyl) acrylohydrazide (8). White crystals (1.34 g, 68
% yield); mp 199-201 °C; IR (KBr, em™H): 03231 (NH), 2925 (aliphatic-
H), 2227 (CN), 1655 (C=0); 'H NMR (500 MHz, pyridine-dg) 6 (ppm):
2.31 (s, 3H, pyrazolone-CHj3), 2.39 (s, 3H, CH3), 7.11-8.20 (m, 11H, Ar-
H, pyrazolone-H and = CH-), 11.09 (s, 1H, NH); EI. MS: m/z 419.7 (M ™,
72 %), 421.6 (M"+2, 24 %). Anal. Calcd. for: CooH;gN505Cl (419.86): C,
62.93; H, 4.32; N, 16.68; Cl, 8.44 %. Found: C, 62.83; H, 4.21; N, 16.57;
Cl, 8.56 %.

3.1.6. General process synthesizing 5-aryl-3-aminopyrazole-4-carbohydra-
zide (9, 10)

A solution of arylidene 7 or 8 (4 mmol) in 20 ml ethanol was pre-
pared. Hydrazine hydrate (0.13 ml, 4 mmol) was added to this solution,
and the mixture was refluxed for 6 h. Upon cooling, the product were
obtained by collecting and recrystallizing the solid product in a suitable
solvent.
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3.1.6.1. 3-Amino-N’-(1-(3-methyl-5-o0xo-1-phenyl-2-pyrazolin-4-ylethyl-
idene)-5-phenyl-1H-pyraz-ole-4-carbohydrazide (9). White crystals (g, 60
% yield); mp 233-235 °C; IR (KBr, em ™ 1): v 3229 (NH), 3098 (Ar-H),
2211 (CN), 1626 (C=0); 'H NMR (500 MHz, CDCls) § (ppm): 2.32 (s,
3H, pyrazolone-CHj), 2.41 (s, 3H, CH3), 6.38 (s 2H, NH,, exchanged
with D50), 7.10-8.08 (m, 11H, Ar-H, pyrazolone-H), 9.00 (s, 1H, NH,
exchanged with D,0); 9.87 (s, 1H, NH, exchanged with D,0); 3¢ NMR
(125 MHz, CDCls) 5 (ppm): 13.6 (pyrazolone-CHs), 21.0 (CHs), 99.2,
111.9, 114.8, 116.0, 119.2, 121.4, 122.6, 123.8, 124.8, 126.4, 127.6,
130.4, 132.0, 134.1, 135.4, 136.2, 137.2, 142.0, 162.4 (pyrazolone-
C=0), 168.0 (C=0); EI. MS: m/z 415.3 (M™, 82 %). Anal. Calcd. for:
CooH21N705 (415.45): C, 63.60; H, 5.09; N, 23.60 %. Found: C, 63.71; H,
4.99; N, 23.49 %.

3.1.6.2. 3-Amino-N’-(1-(3-methyl-5-oxo-1-phenyl-2-pyrazolin-4-yDethyl-
idene)-5-(4-chlorophenyl)-1H-pyrazole-4-carbohydrazide (10). White
crystals (g, 61 % yield); mp 240-242 °C;; IR (KBr, cm_l): v 3313 (NH),
3056 (Ar-H), 2213 (CN), 1668 (C=0); 'H NMR (500 MHz, CDCl3) &
(ppm): 2.33 (s, 3H, pyrazolone-CHs), 2.49 (s, 3H, CHs), 6.35 (s, 2H,
NH,, exchanged with D;0), 7.06-7.99 (m, 10H, Ar-H, pyrazolone-H),
9.04 (s, 1H, NH, exchanged with D50); 10.10 (s, 1H, NH, exchanged
with D,0); 13¢ NMR (125 MHz, CDCl3) 6 (ppm): 13.4 (pyrazolone-CHz),
20.9 (CH3), 100.0, 112.2, 113.8, 115.9, 119.4, 121.6, 122.8, 123.9,
124.9, 125.8, 127.8, 129.8, 132.2, 134.4, 135.6, 136.8, 137.4, 142.4,
160.9 (pyrazolone-C=0), 168.8 (C=0); ELMS: m/z 449.82 M*, 71 %),
ELMS: m/z 451.86 (MT+2, 23 %). Anal. Caled. for: CaoHgoN7O4Cl
(449.89): C, 58.73; H, 4.48; N, 21.79; Cl, 7.88 %. Found: C, 58.64; H,
4.38; N, 21.68; Cl, 7.99 %.

3.2. Biological activity

3.2.1. Abamectin 1.8 %
The reference compound was provided by Merck Company, Inc.,
located in Rahway, New Jersey, U.S.A.

3.2.1.1. Tested pests. The pests used in the toxicity experiments were
obtained from a standard laboratory culture at the department of Cotton
Pesticide Evaluation, Plant Protection Research Institute, Agricultural
Research Center, Egypt. We gathered specimens of S. littorals,
M. obstructa, and T. urticae from agricultural areas in Sidi Salem, Kafr El-
Sheikh Governorate. We then transferred them to the laboratory, where
they were kept at a temperature of 26 + 2°C and a relative humidity of
70 + 5 %. The S. littorals reference strain was cultivated on castor leaves
for three generations until the larvae reached the fourth instar, which
was subsequently utilized in the present investigation. Monacha
obstructa snails in the adult stage were raised in plastic bags with wet,
sterilized sandy-textured soil. The participants were given recently
picked lettuce leaves (Lactuca sativa L.) to induce relaxation in the lab-
oratory. Furthermore, mature T. urticae mites were raised by breeding.

3.2.1.2. Toxicity tests. Using the leaf dipping method, the toxicity of ten
derivatives of 2-pyrazolin-5-one and abamectin as a reference drug was
assessed against the three pests, S. littoralis, M. obstructa, and T. urticae.
The compounds under investigation were prepared in three different
quantities using distilled water and a control treatment that did not
include any drug. The experiment utilized three duplicates for each
concentration. Each replication of all examined bugs involved the use of
five individuals. The dilutions were used to immerse fresh cotton and
lettuce leaves for 20 s, after which they were allowed to air dry.
Consequently, the processed cotton leaves are delivered individually
in a plastic container with a diameter of 10 cm. Each box was populated
with five recently moulted fourth-instar S. littoral larvae. These larvae
were provided with food by applying a delicate camel hair brush onto
the treated cotton leaves for eating. Five mature glassy clover snails
(M. obstructa) were placed singly in plastic containers filled with clay

Journal of King Saud University - Science 36 (2024) 103416

soil at 3-5 cm depth. The utilization of processed lettuce leaves facili-
tated feeding. Each container was wrapped with muslin cloth and
fastened by bands of rubber, whereas the control group consisted of
untreated lettuce discs. The efficacy of the new compounds against the
twospotted spider mite and T. urticae was evaluated using the cotton leaf
disc dip method. Cotton leaf discs with a diameter of 9 cm were posi-
tioned in Petri dishes, with a piece of filter paper placed beneath each
disc. A total of five T. urticae specimens were placed in each dish on
prepared discs using a delicate camel hair brush (Abo-Elghar et al.,
1994). Throughout 10 days, each element of the therapy was meticu-
lously observed daily.

3.2.1.3. Statistical analysis. The mortality percentage was determined
at 3, 7, and 10 days and then corrected using Abbott’s method (Abbott
1925). The LCsq concentrations were calculated via probit evaluation, as
described by Finney (1971). The toxicity index of the examined sub-
stances was calculated utilizing the sun’s method (Sun 1950). The
toxicity index is determined by dividing the LCsy of the most potent
chemical by the LCs of the tested substance and subsequently dividing
the quotient by 100. The data underwent analysis of variance (ANOVA)
with a significance threshold of p < 0.05 following a normality test. The
data were examined utilizing SPSS version 23.

4. Conclusion

The 2-pyrazolin-5-one nucleus was used for generating novel het-
erocycles. The structures were determined utilizing spectroscopic data
like FTIR and NMR spectroscopy. The efficacy of the acquired com-
pounds was assessed against specific pests, including the fourth larval
stage of the cotton leaf worm, Spodoptera littorals, Monacha obstructa,
and adult Tetranychus urticae. Our investigation showed that two drugs
produced remarkable results.
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