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Abstract
Background
Terrestrial snails, specifically Theba pisana, represent significant agricultural pests in the Mediterranean region, particularly in Egypt. They are gastropods that cause substantial damage to a variety of vegetation, rendering them important agricultural pests that result in economic losses. In response, we have developed unique and non-toxic molluscicides. The study assessed nine novel heterocycles compared with methomyl as a reference compound, to study their molluscicidal effects on T. pisana. These heterocycles include 2-pyrazolines, 2-oxocyclohex-3-ene, and 3-cyano-2-ethoxypyridine.

Results
The obtained data revealed that the majority of the produced chemicals were remarkably effective against T. pisana snails, exhibiting different degrees of toxicity seven days post-treatment. Methomyl exhibited the highest toxicity, followed by prop-2-en-1-one and 1-thiocarbamoyl-2-pyrazoline derivatives, with LC50 values of 44.14, 59.54, and 72.00 ppm, respectively.

Conclusions
These findings will inform the potential of these synthetic compounds as one of the sources for molluscicide development and their integration into pest management strategies.
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Background
The land snails are creatures known as gastropods that seriously harm a variety of vegetation, making them important agricultural pests. They target buds, roots, leaves, flowers, and tree trunks, resulting in significant harm to growing plants [1]. These pests harm plants at different stages of growth, resulting in decreased yields [2] and posing a danger to sustainable agriculture [3]. Land snails cause economic loss because of their eating habits and their contamination of crops with their bodies, excrement, or slime. This not only reduces product quality but also causes major financial losses [4]. Furthermore, land snails act as intermediary hosts, indirectly spreading infections to humans and domestic animals through infected plants and fruits [5, 6].
Land snails have grown to be a major agricultural pest in several Egyptian regions, with reported attacks on diverse plant components [7–11]. Of these pests, the terrestrial snail species Theba pisana, is one of the most common and dangerous land snails in the area known as the Mediterranean, especially in Egypt, due to its small size, climbing inclination, ability to cause plant damage, and high reproductive rate [12].
The excessive use of conventional pesticides has a harmful influence on both human beings and non-target wildlife. It also aids insects in developing tolerance to these toxins. As a result, it was important to find new, ecologically friendly molluscicides for use in ongoing control strategies. Studies show that 2-pyrazolines have a vital function in organic and biological chemistry [13–16], as well as being effective insecticides [17–20]. Furthermore, the pyridine ring appears in a wide range of synthetic chemistry [21, 22], including agrochemicals and insecticides [23–28]. As a result of the aforementioned and continuing teamwork [29–36], we are interested in developing novel 2-pyrazoline or pyridine analogs combining pyrazolopyridine and pyrazole nuclei having molluscicidal activity against the land snail, T. pisana. (Fig. 1).[image: ]
Fig. 1Examples of reported and newly synthesized heterocycles



Results and discussion
Chemistry
The building blocks for the production of different heterocycles are acetyl pyrazolopyridine 1 [37] and pyrazole-4-carboxaldehyde, which reacted by Claisen—Schmidt condensation to produce 1-propen-2-one derivative 2 (Scheme 1). Different 2-pyrazoline derivatives 3–5 can be obtained through cycloaddition of 2 using hydrazine hydrate 80% at different reaction conditions. If the cycloaddition occurred in ethanol, unsubstituted 2-pyrazoline 3 was formed. Conversely, the use of formic or acetic acid led to 1-formyl- or 1-acetyl-2-pyrazoline derivatives 4 and 5, respectively (Scheme 2).[image: ]
Scheme 1(i) Pyrazole-4-carbaldehyde, EtOH, NaOH, stirring 6 h

[image: ]
Scheme 2(i) Hydrazine hydrate 80%, EtOH, reflux 6 h, (ii) Hydrazine hydrate 80%, HCOOH, reflux 8 h; (iii) Hydrazine hydrate 80%, CH3COOH, reflux 8 h


Spectral data and elemental analysis confirmed the structures of products 3–5. For instance, the 1H-NMR spectra of 3 exhibited three doublets of doublets caused by the two methylene protons in the 2-pyrazoline ring. The two methylene protons form an ABC structure, with HA, HB, and HC appearing as double doublets at δ = 3.11–3.16, 3.40–3.46, and 6.06–6.09 ppm, with JAB = 18 Hz, JAC = 12 Hz, and JBC = 5.5 Hz, respectively. The NH proton of 3 appeared as a signal at δ = 8.43 ppm. Similarly, the 13C-NMR exhibited two signals at δ = 44.6 and 57.0 ppm referring to pyrazoline-CH2, and pyrazoline-CH.
The reaction of 2 with phenylhydrazine resulted in 1-phenyl-2-pyrazoline 6. Furthermore, 1-thiocarbamoyl-5-aryl-2-pyrazoline 7 was obtained by heating 2 with thiosemicarbazide in ethanol as a solvent (Scheme 3).[image: ]
Scheme 3(i) Phenyl hydrazine, EtOH, reflux 6 h; (ii) Thiosemicarbazide, EtOH, NaOH, reflux 8 h


The spectral data indicated the structures of 1-phenyl-2-pyrazoline 6 and 1-thiocarbamoyl-2-pyrazoline 7, and their infrared spectra confirmed the lack of carbonyl bond absorption bands. In addition, compound 7 showed new absorption bands from the amino group at v = 3431 and 3230 cm−1, and a new signal from the C = S group at δ = 176.5 ppm, according to the 13C-NMR spectra.
For additional reactions of 1-propen-2-one 2 functionality, it undergoes treatment with ethyl acetoacetate or malononitrile to produce ethyl 2-oxocyclohexene carboxylate 8 or 3-cyano-2-ethoxypyridine derivative 9, separately (Scheme 4). FT-IR spectra of 8 exhibited the appearance of two C = O at υ = 1665 with 1712 cm−1. Moreover, the 1H-NMR spectra confirmed the existence of the ethyl group, a signal (triplet) at δ = 1.20–1.27 ppm for CH3, and a signal (quartet) at δ = 4.58–4.63 ppm due to CH2. The cyclohexene ring protons gave three signals at δ = 3.05–3.20 due to cyclohexene-CH2, 3.65–3.78 due to two protons of cyclohexene-CH, and at 6.50 due to the other proton of cyclohexene-H. Additional signals were found on the 13C-NMR spectra of compound 8 at δ = 13.9 ppm due to carbon of methyl ester, 29.7 ppm due to cyclohexene-CH2, 39.6 ppm due to carbon of methylene ester, 169.9 ppm of cyclohexyl-CO, and 193.7 ppm of ester-CO.[image: ]
Scheme 4(i) Ethyl acetoacetate, EtOH, piperidine, reflux 8 h; (ii) Malononitrile, EtOH, EtONa, reflux 3 h


On the other hand, spectroscopic analyses supported the structure of 9, the IR spectra indicating a CN stretching peak at v = 2217 cm−1. The 1H-NMR spectra, which are in line with 13C-NMR spectroscopy, revealed the signal (triplet) at δ = 1.51–1.54 ppm due to -CH2CH3, and quartet signal at δ = 4.55–4.61 ppm of -CH2CH3. In addition, 13C-NMR (DEPT) distinguished the negative signal of methylene (CH2) of 9 at δ = 34.2 ppm and the others, CH3, CH or quaternary C have positive signals.


Biological activity
The molluscicidal activity of investigated compounds on Theba pisana applying the residual film assay
The residual film treatment was performed to evaluate the molluscicidal effects of pyridine derivatives on the terrestrial snail Theba pisana when compared to methomyl, the recommended compound (Tables 1 and 2). Results listed in Table 1 showed that the majority of the produced chemicals had remarkable effectiveness against T. pisana snails, with different levels of toxicity 7 days after treatment. The highest mortality rates for the tested snails were recorded by methomyl, followed by prop-2-en-1-one 2, and 1-thiocarbamoyl-2-pyrazoline 7 with values of (53.33, 73.33 and 86.67%), (46.67, 60.0 and 73.33%) and (40.0, 60.0 and 73.33%) at 50, 100 and 200 ppm concentrations, respectively. On the other hand, the synthesized compounds examined in this work did not cause death after the first day of treatment compared to methomyl, which showed a mortality rate of (6.67, 6.67, and 20.0%) at the same concentrations one-day post-treatment. After the third day, mortality percentages started to show up and progressively rose as treatment times and concentrations increased. The Median Lethal Concentration value (LC50 in ppm) of each compound was estimated and is displayed in Table 2Table 1Mortalities of Theba pisana adult snails exposed to different concentrations of certain compounds using residual film technique under laboratory conditions


	Tested compounds
	Conc. (ppm)
	Corrected mortality percentages (days post-exposure)

	1 day
	3 days
	7days

	1
	50
100
200
	0.0b
0.0b
0.0b
	13.33def
33.33bcd
33.33bcd
	13.33gh
53.33bcde
60.0abcd

	2
	50
100
200
	0.0b
0.0b
0.0b
	6.67ef
26.67bcde
46.67ab
	46.67bcdef
60.0abcd
73.33ab

	3
	50
100
200
	0.0b
0.0b
0.0b
	0.0f
0.0f
13.33def
	6.67h
6.67h
33.33defgh

	4
	50
100
200
	0.0b
0.0b
0.0b
	0.0f
20.0cdef
26.67bcde
	20.0fgh
40cdefg
46.67bcdef

	5
	50
100
200
	0.0b
0.0b
0.0b
	0.0f
20.0cdef
20.0cdef
	26.67efgh
26.67efgh
53.33bcde

	6
	50
100
200
	0.0b
0.0b
0.0b
	6.67ef
13.33def
33.33bcd
	33.33defgh
46.67bcdef
73.33ab

	7
	50
100
200
	0.0b
0.0b
0.0b
	6.67ef
26.67bcde
40.0abc
	40.0cdefg
60.0abcd
73.33ab

	8
	50
100
200
	0.0b
0.0b
0.0b
	0.0f
0.0f
26.67bcde
	13.33gh
26.67efgh
46.67bcdef

	9
	50
100
200
	0.0b
0.0b
0.0b
	6.67ef
20.0cdef
46.67ab
	20.0fgh
53.33bcde
66.67abc

	Methomyl
	50
100
200
	6.67b
6.67b
20.0a
	40.0abc
46.67ab
60.0a
	53.33bcde
73.33ab
86.67a

	LSD (0.05)
	4.31
	16.45
	20.24

	P < 0.05
	.0000 ***
	.0001 ***
	.0000 ***


The identical letters within the same column means that they are not significant
LSD least significant difference (for tested compounds)


Table 2Toxicity effect of certain compounds against Theba pisana snails using residual film technique under laboratory condition


	Tested compounds
	After 24 h
	After 3 days
	After 7 days
	Regression equation
	R2

	LC50 (ppm) with CL
	LC50 (ppm) with CL
	LC50 (ppm) with CL

	1
	ـــ
	378.78 (139.34–1029.67)
	129.70 (79.73–210.98)
	y = 2.265x + 0.210
	0.84

	2
	ـــ
	205.15 (123.90–339.68)
	59.54 (24.11–147.07)
	y = 1.173x + 2.917
	0.99

	3
	ـــ
	ـــ
	431.65 (204.77–909.90)
	y = 1.777x + 0.3
	0.75

	4
	ـــ
	1440.37 (283.44–7319.56)
	204.81 (86.92–482.61)
	y = 1.259x + 2.089
	0.90

	5
	ـــ
	ـــ
	212.56 (84.97–531.70)
	y = 1.1736x + 2.2654
	0.75

	6
	ـــ
	371.38 (182.29–756.61)
	95.34 (51.79–175.51)
	y = 1.750x + 1.536
	0.96

	7
	ـــ
	240.43 (135.21–427.52)
	72.00 (34.65–149.63)
	y = 1.455x + 2.296
	0.99

	8
	ـــ
	ـــ
	226.50 (116.64–439.81)
	y = 1.706x + 0.982
	0.99

	9
	ـــ
	220.54 (132.07–368.27)
	112.59 (67.36–188.21)
	y = 2.113x + 0.664
	0.93

	Methomyl
	1457.47 (403.98—5258.14)
	107.92 (31.33–371.73)
	44.14 (22.73–85.72)
	y = 1.706x + 2.193
	0.99


LC50 50% lethal concentration, CL Confidence limits



In comparison to the methomyl reference compound, two of the tested compounds, 2 and 7, exhibited high molluscicidal efficacy towards T. pisana having LC50 rates of 59.54 and 72.0 ppm, respectively, whereas that of methomyl was 44.14 ppm. Meanwhile, the least effective compounds, 2-pyrazoline 5, cyclohexanone 8, and 1-formyl-2-pyrazoline 3, had LC50 values of (0.0, 0.0, and 0.0) and (212.56, 226.50, and 431.65 ppm) after 3 and 7 days of treatment.
Thus, the current findings demonstrated the molluscicidal efficacy of several pyrazole derivatives against the land snails Theba pisana, supporting their inclusion in pest control programs. In the same vein, many studies have shown the efficacy of some synthetic compounds as molluscicides. Synthesized pyrano [2,3-c]pyrazole derivatives demonstrated moderate molluscicidal activity against Biomphalaria alexandrina snails [38]. Novel thiophene, thiadiazole, and pyrazole derivatives having molluscicidal activity against B. alexandrina snails [39]. El Shehry [40] tested novel derivatives of pyrazole, isoxazole, pyridine, pyrimidine, 1,4-thiazine, and 1,3,4-thiadiazine containing a benzofuran moiety against B. alexandrina and found that these compounds had promising molluscicidal activity. In addition, synthesized heterocyclic compounds have shown insecticidal activity [41–43].


Materials and methods
Instrumentation and chemicals
The materials used in the current experiment were of analytical grade. The melting points that were not adjusted were estimated utilizing an APP Digital ST 15 melting point instrument. The Shimadzu-408 infrared spectrophotometer was applied to record the IR spectra that are presented in cm−1. Using a Bruker AV-400 and JEOL ECA II 500 MHz spectrometer, the NMR spectra were acquired. Parts per million, or ppm, of chemical shifts, were determined with TMS as an internal reference. With System GmbH vario EL V2.3 1998 CHNS Mode, analysis of elements was carried out.
1-(3,6-Dimethyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin-5-yl)-3-(1,3-diphenyl-1H-pyrazol-4-yl)prop-2-en-1-one (2)
A solution of ethanol (20 ml) containing sodium hydroxide (2 ml, 40%) was mixed with pyrazole-4-carboxaldehyde (1.24 g, 5 mmol) and acetyl pyrazolopyridine 1 (1.33 g, 5 mmol). For 6 h, the solution was stirred at room temperature. After cooling and pouring crushed ice to the reaction mixture, the solid result was filtered out, dried, and crystallized using toluene. Yield: (72%, pale yellow crystals), mp 169–171 °C. IR (KBr): υ 3068 (Aromatic-H), 1645 (C = O) cm−1; 1H NMR (CDCl3, 500 MHz): δ = 2.56 (s, 3H, CH3), 3.03 (s, 3H, CH3), 7.18–7.90 (m, 17 H, Ar-H, pyridine-H, and ethylenic-H), 8.03–8.19 (m, 2H, pyrazole-H and ethylenic-H) ppm; 13C NMR (CDCl3, 100 MHz): δ = 12.1 (pyrazole-CH3), 25.0 (pyridine-CH3), 114.7, 118.3, 119.0, 120.6, 123.0, 123.2, 123.5, 125.4, 125.6, 127.2, 128.3, 128.9, 129.1, 129.7, 131.1, 132.9, 135.0, 135.2, 135.5, 139.6, 140.4, 143.8, 149.3, 149.6, 149.9, 153.5, 158.6, 192.3 (C = O) ppm. Anal. Calcd. for C32H25N5O (495.57): C, 77.56; H, 5.08; N, 14.13%. Found: C, 77.51; H, 5.02; N, 14.20%.

5-(5-(1,3-Diphenyl-1H-pyrazol-4-yl)-2-pyrazolin-3-yl)-3,6-dimethyl-1-phenyl-1H-pyrazolo[3,4-b]pyridine (3)
                           
A solution containing 2 (0.99 g, 2 mmol) and hydrazine hydrate 80% (0.16 ml, 5 mmol) was refluxed in ethanol (10 ml) for 6 h. The mixture was cooled, and then the solid precipitate was separated and crystallized using the ethanol. Yield: (70%, yellow powder), mp 184–185 °C. IR (KBr): υ 3398 (NH), 3056 (Ar-H), 2914 (Aliph-H) cm−1; 1H-NMR (CDCl3, 500 MHz): δ = 2.62 (s, 3H, pyrazole-CH3), 2.75 (s, 3H, pyridine-CH3), 3.11–3.16 (dd, J = 18, 5.5 Hz, 1H, 4-HA), 3.40–3.46 (dd, J = 18, 12 Hz, 1H, 4-HB), 6.06–6.09 (dd, J = 12.0, 5.5 Hz, 1H, 5-HC), 7.10–7.81 (m, 10H, Ar-H and pyridine-H), 8.18–8.32 (m, 7H, Ar-H and pyrazole-H), 8.43 (s, 1H, NH, D2O exchangeable) ppm; 13C-NMR (CDCl3, 100 MHz): δ = 12.5 (pyrazole-CH3), 25.3 (pyridine-CH3), 44.6 (pyrazoline-CH2), 57.0 (pyrazoline-CH), 116.1, 119.3, 120.7, 122.5, 125.2, 125.7, 128.5, 128.6, 128.7, 128.8, 129.0, 129.6, 150.2, 152.8, 153.8, 158.0, 158.4 ppm. Anal. Calcd. for C32H27N7 (509.60): C, 75.42; H, 5.34; N, 19.24%. Found: C, 75.36; H, 4.81; N, 19.25%.

3,6-Dimethyl-1-phenyl-5-(1-formyl-5-(1,3-diphenyl-1H-pyrazol-4-yl)-2-pyrazolin-3-yl)-1H-pyrazolo[3,4-b]pyridine (4)
                           
Compound 2 (0.99 g, 2 mmol) was dissolved in the solution of formic acid (15 ml) containing hydrazine hydrate 80% (0.16 ml, 5 mmol). The mixture was refluxed for 8 h, and the solid product formed after cooling was filtered out and crystallized with ethanol. Yield: (65%, pale yellow powder), mp 199–200 °C. IR (KBr): υ 3057 (Ar-H), 2916 (aliphatic-H), 1684 (C = O) cm−1; 1H-NMR (CDCl3, 500 MHz): δ = 2.65 (s, 3H, pyrazole-CH3), 2.80 (s, 3H, pyridine-CH3), 3.44–3.49 (dd, J = 20, 5 Hz, HA), 3.91–3.97 (dd, J = 17, 10.5 Hz, HB), 5.80–5.84 (dd, J = 10.5, 5 Hz, HX), 7.12–7.78 (m, 10H, Ar-H and pyridine-H), 7.85–8.49 (m, 7H, Ar-H and pyrazole-H), 8.93 (s, 1H, –CHO) ppm; 13C-NMR (CDCl3, 100 MHz): δ = 12.6 (pyrazole-CH3), 22.5 (pyridine-CH3), 44.3 (pyrazoline-CH2), 52.9 (pyrazoline-CH), 118.9, 121.9, 123.8, 125.9, 127.8, 128.4, 128.8, 128.9, 129.1, 129.3, 129.4, 129.7, 130.6, 131.2, 134.9, 137.8, 141.8, 150.5, 173.0 (CO) ppm. Anal. Calcd. for C33H27N7O (537.61): C, 73.72; H, 5.06; N, 18.24%. Found: C, 73.61; H, 4.97; N, 18.13%.

3,6-Dimethyl-1-phenyl-5-(1-acetyl-5-(1,3-diphenyl-1H-pyrazol-4-yl)-2-pyrazolin-3-yl)-1H-pyrazolo[3,4-b]pyridine (5)
                           
Hydrazine hydrate 80% (0.16 ml, 5 mmol) was added onto 2 (0.99 g, 2 mmol) in acetic acid (10 ml) and then refluxed for 8 h. During cooling, the separated material was separated and recrystallized with ethanol. Yield: (69%, white crystals), mp 180–181 °C. IR (KBr): υ 3072 (Ar-H), 2999 (Alip-H), 1664 (CO) cm−1; 1H-NMR (CDCl3, 500 MHz): δ = 2.47 (s, 3H, pyrazole-CH3), 2.59 (s, 3H, pyridine-CH3), 3.01 (s, 3H, –COCH3), 3.24–3.28 (dd, J = 17.5, 5.0 Hz, HA), 3.72–3.76 (dd, J = 11, 9.0 Hz, HB), 5.87–5.90 (dd, J = 8.0, 5.0 Hz, HX), 7.26–7.86 (m, 15H, Ar-H, pyrazole-H and pyridine-H), 8.30–8.32 (m, 2H, Ar–H) ppm; 13C-NMR (CDCl3, 100 MHz): δ = 12.5 (pyrazole-CH3), 22.2 (pyridine-CH3), 27.7 (-COCH3), 43.9 (pyrazoline-CH2), 51.4 (pyrazoline-CH), 119.1, 120.0, 120.6, 122.2, 125.7, 126.0, 126.5, 128.1, 128.4, 128.6, 129.0, 129.3, 129.8, 133.1, 139.2, 139.9, 142.9, 153.3, 169.0 (CO) ppm. Anal. Calcd. for C34H29N7O (551.64): C, 74.03; H, 5.30; N, 17.77%. Found: C, 73.94; H, 5.20; N, 17.68%.

3,6-Dimethyl-1-phenyl-5-(1-phenyl-5-(1,3-diphenyl-1H-pyrazol-4-yl)-2-pyrazolin-3-yl)-1H-pyrazolo[3,4-b]pyridine (6)
                           
Phenyl hydrazine (3 mmol) was added to ethanol (15 ml) solution containing chalcone 2 (3 mmol), and heated for 6 h. Following cooling, 50 ml of water was added, and the resulting precipitate was filtered, dried, and purified with ethanol. Yield: (72%, orange powder), mp 300–302 °C. IR (KBr): υ 3062 (Ar–H), 2922 (Aliph-H) cm−1; 1H-NMR (CDCl3, 500 MHz): δ = 2.62 (s, 3H, pyrazole-CH3), 3.16 (s, 3H, pyridine-CH3), 3.40–3.46 (dd, J = 21.0, 8.0 Hz, HA), 3.94–3.99 (dd, J = 15.0, 10.0 Hz, HB), 5.53–5.57 (dd, J = 10.0, 8.0 Hz, HC), 7.16–7.65 (m, 13H, Ar-H and pyridine-H), 7.66–8.31 (m, 9H, Ar-H and pyrazole-H) ppm; 13C-NMR (CDCl3, 100 MHz): δ = 12.5 (pyrazole-CH3), 25.2 (pyridine-CH3), 45.0 (pyrazoline-CH2), 56.0 (pyrazoline-CH), 109.3, 111.1, 113.5, 114.8, 118.8, 121.9, 122.6, 128.8, 128.9, 129.3, 129.4, 130.4, 139.6, 144.6, 146.2, 149.9, 157.0, 158.2 ppm. Anal. Calcd. for C38H31N7 (585.70): C, 77.93; H, 5.33; N, 16.74%. Found: C, 77.84; H, 5.24; N, 16.62%.

3,6-Dimethyl-1-phenyl-5-(1-thiocarbamoyl-5-(1,3-diphenyl-1H-pyrazol-4-yl)-2-pyrazolin-3-yl)-1H-pyrazolo[3,4-b]pyridine (7)
                           
Thiosemicarbazide (0.18 g, 3 mmol) and chalcone 2 (0.99 g, 3 mmol) dissolved in ethanol (20 ml) including sodium hydroxide (0.20 g, 5 mmol) and heated for 8 h. The mixture was cooled, put over crushed ice to be separated, and recrystallized from the ethanol. Yield: (69%, white crystals), mp 200–201 °C. IR (KBr): υ 3431, 3230 (NH2), 3030 (Ar-H) cm−1; 1H-NMR (CDCl3, 500 MHz): δ = 2.63 (s, 3H, pyrazole-CH3), 3.00 (s, 3H, pyridine-CH3), 3.47–3.51 (dd, J = 15.0, 7.0 Hz, HA), 3.94–3.97 (dd, J = 10.0, 8.5 Hz, HB), 6.39–6.41 (dd, J = 8.5, 7.0 Hz, HX), 6.92–7.54 (m, 10H, Ar-H and pyridine-H), 7.70–8.32 (m, 9H, Ar-H, pyrazole-H and NH2) ppm; 13C-NMR (CDCl3, 100 MHz): δ = 12.5 (pyrazole-CH3), 27.7 (pyridine-CH3), 45.0 (pyrazoline-CH2), 58.3 (pyrazoline-CH), 114.9, 119.4, 120.6, 122.7, 124.6, 125.0, 125.7, 126.8, 129.0, 130.4, 139.1, 143.1, 143.7, 149.5, 155.5, 158.1, 176.5 (C = S) ppm. Anal. Calcd. for C33H28N8S (568.69): C, 69.70; H, 4.96; N, 19.70; S, 5.64%. Found: C, 69.60; H, 4.89; N, 19.60; S, 5.52%.

Ethyl 4-(3,6-dimethyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin-5-yl)-6-(1,3-diphenyl-1H-pyrazol-4-yl)-2-oxocyclohex-3-ene carboxylate (8)
                           
Compound 2 (0.99 g, 2 mmol) and ethyl acetoacetate (0.26 ml, 2 mmol) were dissolved with ethanol (10 ml) with piperidine (5 drops) and refluxed for 8 h. The precipitate generated after cooling was purified with toluene. Yield: (74%, pale yellow powder), mp 190–191 °C. IR (KBr): υ 3058 (Ar–H), 2924 (Aliph-H), 1712 (CO ester), 1665 (CO) cm−1; 1H-NMR ((pyridine-d5, 400 MHz)): δ = 1.05–1.08 (t, J = 17.5 Hz, 3H, –CH2CH3), 2.52 (s, 3H, pyrazole-CH3), 2.61 (s, 3H, pyridine-CH3), 3.05–3.20 (d, 2H, J = 17.5 Hz, cyclohexene-CH2), 3.65–3.78 (dd, 2H, 2 cyclohexene-CH), 4.58–4.63 (q, 2H, J = 17.5, 5.0 Hz, –CH2CH3), 6.50 (s, 1H, cyclohexene-H), 7.12–7.78 (m, 12H, Ar-H, pyrazole-H and pyridine-H), 8.06–8.51 (m, 5H, Ar-H) ppm; 13C-NMR (pyridine-d5, 100 MHz): δ = 12.2 (pyrazole-CH3), 13.9 (-CH2CH3), 23.9 (pyridine-CH3), 29.7 (cyclohexene-CH2), 39.6 (CH2CH3), 115.1, 118.5, 120.3, 122.7, 123.0, 123.2, 123.5, 123.7, 125.3, 126.3, 126.6, 128.4, 129.1, 129.6, 133.9, 135.0, 140.1, 143.0, 149.6, 150.3, 151.8, 154.9, 161.2, 169.9 (CO), 193.7 (CO ester) ppm. Anal. Calcd. for C38H33N5O3 (607.70): C, 75.10; H, 5.47; N, 11.52; %. Found: C, 75.00; H, 5.38; N, 11.41%.

3-Cyano-2-ethoxy-6-(3,6-dimethyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin-5-yl)-4-(1,3-diphenyl-1H-pyrazol-4-yl) pyridine (9)
                           
A freshly prepared sodium ethoxide solution (2 mmol) in ethanol (10 ml) was mixed with 2 (0.99 g, 2 mmol) and malononitrile (0.13 g, 2 mmol) and stirred at r.t. Then the resulting mixture was refluxed for 3 h; the solid that was produced upon cooling was separated and purified with ethanol. Yield: (70%, pale orange powder), mp 193–194 °C. IR (KBr): υ 3047 (Ar–H), 2853 (aliphatic-H), 2217 (CN) cm−1; 1H-NMR (CDCl3, 500 MHz): δ = 1.51–1.54 (t, 3H, J = 18 Hz, –CH2CH3), 2.58 (s, 3H, pyrazole-CH3), 2.66 (s, 3H, pyridine-CH3), 4.55–4.61 (q, 2H, J = 19.5, 11 Hz, -CH2CH3), 6.85–7.72 (m, 10H, Ar-H and pyridine-H), 7.82–8.59 (m, 8H, Ar-H, pyridine-H and pyrazole-H) ppm; 13C-NMR (CDCl3, DEPT, 100 MHz): δ = 12.2 (pyrazole-CH3), 15.2 (-CH2CH3), 26.9 (pyridine-CH3), 33.8 (CH2CH3), 91.5, 117.8, 119.5, 120.2, 121.6, 122.1, 128.6, 128.7, 128.9, 129.0, 129.5, 131.5, 139.6, 139.9, 143.2, 147.9, 148.0, 152.0, 157.8, 159.8. 164.9 (CN) ppm. Anal. Calcd. for C37H29N7O (587.67): C, 75.62; H, 4.97; N, 16.68%. Found: C, 75.55; H, 4.90; N, 16.60%.



Biological activity
Collection of snails for testing
Adult white garden snails, Theba pisana, of approximately similar age and size, were obtained from infested citrus orchards in the Faisal region of the Suez Governorate, Egypt. The obtained samples were brought straight to the lab and placed in a glass terrarium containing moist clay soil and were covered using fabric netting. The snails were provided with fresh green lettuce (Lactuca sativa L.) leaves for about two weeks before treatment to allow for acclimatization until the commencement of the experiment. The rearing terrarium was cleaned regularly, and sick or dead snails were quickly removed.

Molluscicidal activity bioassays
Residual film technique
Bioactivity experiments were carried out using the contact-based (residual film) technique described by Ascher and Mirian [44], to assess the obtained compounds toward the white garden land snail, T. pisana, in comparison with methomyl, the recommended pesticide, at different concentrations (50, 100, and 200 ppm) for each compound. Each compound was prepared as a stock solution in dimethyl sulfoxide (DMSO) before being diluted using distilled water to achieve the required concentrations. Two milliliters for each concentration of the compounds were added and then spread across the bottom of a petri dish, and then the dish was gently rotated in a circular motion. Within a few minutes, under room conditions, the water evaporated, leaving behind a thin layer of the compounds at the applied concentrations. Following that, five adult, healthy snails from the examined species were brought in and introduced to the specified concentration of the investigated materials. Each treatment, involving an untreated check, was carried out three times. The mortality percentages were computed and adjusted using the Abbott formula [45] after dead snail counts were conducted every day for seven days.



Data analysis
Mortality results from the molluscicidal test on T. pisana were analyzed using Costat software with one-way analysis of variance (ANOVA) and the least significant difference at 0.05 (LSD). Finney's probit analysis was utilized to determine the LC50 and confidence intervals of 95% corresponding to the (upper and lower) confidence limits [46].

Conclusions
The novel chalcone 2-propen-1-one 2 was synthesized and reacted with different nucleophiles, binucleophiles, and active methylene reagents. The structures of the new heterocyclic compounds, 2-pyrazolines, and pyridine derivatives, were determined using elemental analysis with spectroscopic techniques including FT-IR and nuclear magnetic resonance spectroscopy. Our results indicate that the two compounds, prop-2-en-1-one 2, and 1-thiocarbamoyl pyrazoline derivative 7, exhibit a promising molluscicidal effect compared with the traditional chemical pesticide methomyl. Therefore, these compounds can be developed for use as molluscicides in control programs for these animals.

Acknowledgements
This work was supported by the Faculty of Science, Assiut University, Assiut and the Faculty of Agriculture, Al-Azhar University, Egypt.

Author contributions
All authors of this research contributed to the conception of the study; AOA, TIE, and HAM performed the experiments; AAOA, and TIE made the chemical synthesis sections; HAM carried out the toxicity assay on snails; AAOA, MSY, and IH contributed significantly to analysis and manuscript preparation and MSY, IH revised and edited it. All the authors have read and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank (EKB). Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this published article and its supplementary information files.

Declarations
Ethics approval and consent to participate
The study was approved by the Ethics Committee of Assiut University, Egypt.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Abdallah EA, Abdelgalil GM, Kassem FA, Asran AA, Abou-Elnasser HS. Comparative molluscicidal activity of abamectin and methomyl against Eobania vermiculata (Müller) and Theba pisana (Müller). J Plant Prot Path. 2015;6(12):1671–83.


	2.
Khidr FK, Abo-Hashem AAM, Keshta TMS, Ismail S. Some of biochemical changes induced by theophylline and furosemide in the land snail. Monacha Obstructa J Plant Prot Path. 2011;2(4):429–37.


	3.
Barker GM. Molluscs as crop pests CABI, international, walling forti oxon 10 DE. UK. Wallingford: CABI; 2002. p. 468.


	4.
Iglesias J, Jose C, Castro R. The effects of reported applications of the molluscicide metaldehyde and biocontrol nematodes Phasmarhabditis hermaphrodita on molluscs, earthworm, nematodes, acarids and collembolans: a 2 year study in North West Spain. Pest Manag Sci. 2003;59:1217–24.PubMed


	5.
He H, Cheng M, Yang X, Meng J, He A, Zheng X, LI Z, Guo P, Pan Z, Zhan X. Preliminary molecular characterization of the human pathogen Angiostrongylus cantonensis. BMC Mol Biol. 2009;10:97.PubMedPubMedCentral


	6.
Monte TCC, Simões RO, Oliveira APM, Novaes CF, Thiengo SC, Silva AJ, Estrela PC, Júnior AM. Phylogenetic relationship of the Brazilian isolates of the rat lungworm Angiostrongylus cantonensis (nematoda: metastrongylidae) employing mitochondrial COI gene sequence data. Parasit Vectors. 2012;5:248.PubMedPubMedCentral


	7.
Mohammed GhR. Incidence of land snails inhabiting different vegetation at some governorates in northeast delta Egypt. J Plant Prot Path. 2015;6(6):899–907.


	8.
Ali RF. Contribution to the malacofauna of the north coast of Egypt. Folia Malacol. 2017;25(2):125–42.


	9.
Shahawy WA. Field trials on land gastropods infesting some ornamental plants at kafr el-sheikh governorate. J Plant Prot Path. 2019;10(1):7–11.


	10.
Ibrahim HAM, El-Mesalamy AFM, Baghdadi SAS, Elhanbaly RAA. Species diversity and population dynamics of the prevailing land gastropod species on certain crops at assiut governorate. Egypt Arch Agri Sci J. 2021;24(2):310–20.


	11.
Ibrahim HAM, El-Mesalamy AFM, Baghdadi SAS, Elhanbaly RA. First record of the terrestrial snail Cochlicella acuta (gastropoda: pulmonata: geomitridae) in assiut governorate. Up Egypt Arch Agri Sci J. 2023;6(1):214–25.


	12.
Abd El-Atti A, Mahmoud S, Desouky MA, Elsheakh AA, Elgohary WS. Control of Theba pisana land snails using pharmaceutical mono-hormonal contraceptive drug at sharkia governorate. Bull Fac Sci. 2023;3:77–86.


	13.
Shaker Ardakani L, Mosslemin MH, Hassanabadi A, Hashemian S. Reaction between benzoic acid N′-(2-oxo-2-phenyl-ethyl)hydrazide and acetylenic esters in the presence of alkyl isocyanides: one-pot synthesis of highly functionalized 2,3-dihydro-1H-pyrazoles. Poly Arom Comp. 2022;42:6861–7.


	14.
Kanwal M, Sarwar S, Nadeem H, Zafar R, Rahman KM. Synthesis of pyrazoline derivatives, condensation of β-dicarbonyl compounds with isoniazid (INH), and their biological evaluation as multitarget anti-alzheimer disease agents. Chem Pap. 2023;78:2033–42.


	15.
Yavari MA, Adiloglu Y, Saglamtas R, Tutar A, Gulcin I, Menzek A. Synthesis and some enzyme inhibition effects of isoxazoline and pyrazoline derivatives including benzonor-bornene unit. J Biochem Mol Toxicol. 2021;36:E22952.PubMed


	16.
Arkawazi B, Mohammed MH. Synthesis and characterization of pyrazoline, dithiocarbamate derivatives with expected biological activity. Biochem Cell Arch. 2021;21:1507–11.


	17.
Wing KD. It takes a team: reflections on insecticide discoveries, toxicological problems and enjoying the unexpected. Pest Manag Sc. 2017;73:666–71.


	18.
Arnold CG, Roelof VH, Kobus W. 1-Phenylcarbamoyl-2-pyrazolines, a new class of insecticides. 3. synthesis and insecticidal properties of 3,4-diphenyl-1-phenylcarbamoyl-2-pyrazolines. J Agric Food Chem. 1979;27(2):406–9.


	19.
McCann SF, Annis GD, Shapiro R, Piotrowski DW, Lahm GP, Long JK, Lee KC, Hughes MM, Myers BJ, Griswold SM, Reeves BM, March RW, Sharpe PL, Lowder P, Barnette WE, Wing KD. The discovery of indoxacarb: oxadiazines as a new class of pyrazoline-type insecticides. Pest Manag Sci. 2001;57(2):153–64.PubMed


	20.
Kristopher SS, David MS. Action of pyrazoline-type insecticides at neuronal target sites. Pest Biochem Physiol. 2005;81:136–43.


	21.
Ibrahim MA, Al-Harbi SA, Allehyani ES, Alqurashi EA, Alshareef FM. First synthesis of the novel triazolo [3,4-b] [1,3,4]thiadiazoles and triazolo[3,4-b][1,3,4] thiadiazines linked chromeno [2,3-b] pyridine. Poly Arom Comp. 2024;44:361–74.


	22.
Keltoum CBBO, El Amin ZM, Nasser B, Khaled S, Hassan AE. Synthesis and chiral separation of some new derivatives of imidazo [1,2-a]pyridine. Curr Anal Chem. 2023;19:482–8.


	23.
Buysse AM, Herbert J, Lambert WT, Wessels FJ. Scaffold hopping in agrochemical research: discovery of insecticidal 4-pyridyl isobenzofurans. J Agric Food Chem. 2022;70(36):11091–6.PubMed


	24.
Zhou S, Wang Z, Zhu X, Wu Q, Yang GF. Synthesis and insecticidal activity study of azidopyridryl containing dichlorolpropene ether derivatives. J Agric Food Chem. 2023;71(47):18205–11.PubMed


	25.
Yu L, Guo S, Wang Y, Liao A, Zhang W, Sun P, Wu J. Design, synthesis, and bioactivity of spiro derivatives containing a pyridine moiety. J Agric Food Chem. 2022;70(50):15726–36.PubMed


	26.
Jeschke P, Lösel P, Hellwege E, Dietz M, Herrmann S, Gutbrod O. N-Hetaryl [2(1H)-pyridinyliden]cyanamides: a new class of systemic insecticides. J Agric Food Chem. 2022;70(36):11097–108.PubMed


	27.
Cai D, Zhang J, Wu S, Zhang L, Ma Q, Wu Z, Song B, Song R. Design, synthesis, and insecticidal activity of mesoionic pyrido [1,2-a]pyrimidinone containing isoxazole/isoxazoline moiety as a potential insecticide. J Agric Food Chem. 2023;71(22):8381–90.PubMed


	28.
Zhang J, Song R, Wu S, Cai D, Wu Z, Hu D, Song B. Design, synthesis, and insecticidal activity of novel pyrido [1,2-a]pyrimidinone mesoionic compounds containing an indole moiety as potential acetylcholine receptor insecticides. J Agric Food Chem. 2022;70(17):5349–56.PubMed


	29.
Youssef MSK, Abeed AAO. Synthesis and antimicrobial activity of some novel 2-thienyl substituted heterocycles. Heterocycl Commun. 2014;20(1):25–31.


	30.
Youssef MSK, Omar AA. Synthesis and reactions of 5-amino-3-(3-methyl-5-oxo-1-phenyl-2-pyrazolin-4-yl)-7-phenyl-7H-thiazolo [3,2-a]pyrimidine-6-carbonitrile. Monatsh Chem. 2007;138(10):989–95.


	31.
Youssef MSK, Abbady MS, Ahmed RA, Omar AA. Synthesis of some new heterocycles derived from ethyl 7-amino-3-(3-methyl-5-oxo-1-phenyl-2-pyrazolin-4-yl)-5-aryl-5H-thiazolo [3,2-a]pyrimidine-6-carboxylate of biological importance. J Heterocycl Chem. 2013;50(2):179–87.


	32.
Youssef MSK, Abbady MS, Ahmed RA, Omar AA. Preparation and reactions of 2-methyl-7-(3-methyl-5-oxo-1-phenyl-2-pyrazolin-4-yl)-5-arylthiazolo [3,2-a] pyrimido [4,5-d] oxazin-4(5H)-one. Chin J Chemi. 2011;29(7):1473–82.


	33.
Abeed A, Youssef M, Hegazy R. Synthesis, anti-diabetic and renoprotective activity of some new benzazole, thiazolidin-4-one and azetidin-2-one derivatives. J Braz Chem Soc. 2017;28:2054–63.


	34.
Youssef MSK, Abeed AAO, El-Emary TI. Synthesis and evaluation of chromene-based compounds containing pyrazole moiety as antimicrobial agents. Heterocyl Commun. 2017;23(1):55–64.


	35.
Abeed AAO, Jaleel GAA, Youssef MSK. Novel heterocyclic hybrids based on 2-pyrazoline: synthesis and assessment of anti-inflammatory and analgesic activities. Curr Org Synth. 2019;16(6):921–30.PubMed


	36.
Abeed AAO, El-Emary T, Alharthi S. Efficient synthetic access to novel indolo[2,3-b]quinoxaline-based heterocycles. Curr Org Synth. 2022;19(1):177–85.PubMed


	37.
Haeufel J, Breitmeir E. Synthesis of pyrazolo heteroaromatic compounds by means of 5-amino-3-methyl-1-phenylpyrazole-4-carbaldehyde. Angew Chem Int Ed Engl. 1974;13:604.


	38.
Abdelrazek FM, Metz P, Metwally NH, El-Mahrouky SF. Synthesis and molluscicidal activity of new cinnoline and pyrano [2,3-c] pyrazole derivatives. Archiv Pharmazie. 2006;339(8):456–60.


	39.
Fadda AA, Abdel-Latif E, El-Mekawy RE. Synthesis and molluscicidal activity of some new thiophene, thiadiazole and pyrazole derivatives. Eur J Med Chem. 2009;44(3):1250–6.PubMed


	40.
El Shehry MF, Swellem RH, Abu-Bakr SM, El-Telbani E. Synthesis and molluscicidal evaluation of some new pyrazole, isoxazole, pyridine, pyrimidine, 1,4-thiazine and 1,3,4-thiadiazine derivatives incorporating benzofuran moiety. Eur J Med Chem. 2010;45(11):4783–7.PubMed


	41.
Abeed AA, El-Emary TI, Youssef MS, Hefzy I, Ibrahim A. Synthesis and reactions of fused pyrazolo [3,4-b] pyridine derivatives: insecticidal activity and digestive dysfunction against mosquito larvae. Curr Org Chem. 2023;27(10):852–9.


	42.
Wu J, Song BA, Hu DY, Yue M, Yang S. Design, synthesis and insecticidal activities of novel pyrazole amides containing hydrazone substructures. Pest Manag Sci. 2012;68(5):801–10.PubMed


	43.
Huang D, Liu A, Liu W, Liu X, Ren Y, Zheng X, Pei H, Xiang J, Huang M, Wang X. Synthesis and insecticidal activities of novel 1H-pyrazole-5-carboxylic acid derivatives. Heterocycl Commun. 2017;23(6):455–60.


	44.
Ascher KRS, Eliyahu M. The residual contact toxicity of BAY SIR 8514 to Spodoptera littoralis larvae. Phytoparasitica. 1981;9:133–8.


	45.
Abbott WS. A method of computing the effectiveness of an insecticide. J Econ Entomol. 1925;18:265–7.


	46.
Mekapogu AR. Finney’s probit analysis spreadsheet calculator (version 2021) based on the Finney, D.J probit analysis (2nd Ed). Probit Anal J Inst Actuar. 1952;78:388–90.




Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/40538_2024_602_Fig1_HTML.png
Hy
¥,
d

(o]
Hs 2
R
~ N~
(P
N N/R

N

H
@ Insecticidal Activit]

NH,

L, Contng)

l// N
N N I/N

R
Antibacteria

/~N
O N‘N/)\%N
N/

Cl

Antibacteria






OEBPS/navigation.xhtml

    
      Contents


      
        		Novel synthesis of some heterocycles and their molluscicidal activity against the destructive land snail, Theba pisana


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40538_2024_602_Sch3_HTML.png
(ii)






OEBPS/css/envelope.png





OEBPS/images/40538_2024_602_Figa_HTML.png
R=H, CH; NH,; X=0,§

Molluscicidal
Effects






OEBPS/images/40538_2024_602_Sch4_HTML.png
(i)






OEBPS/images/40538_2024_602_Sch1_HTML.png





OEBPS/images/40538_2024_602_Sch2_HTML.png
(i)






OEBPS/css/sidebar.gif





