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Abstract	Comment by Author: The abstract adheres to the word limit of 80-250 words.
A Series series of novelpyridine-connected with piperidinpiperidine derivatives (2a-g) and pyridine-connected with2H-thiopyran derivatives (4a-g)were synthesized andscreened forlarvicidal,nematicidal, and antimicrobial activities. The cCompound4ewasexhibited lethal larvicidal activity effect and killed 50% of against second instar larvicidal larvae when theirwith an LD50 value ofwas0.8μg/mL.The In addition,compound 4eis exhibited highly  activie with lethal effect and killed 50% of nematicidal activity, when with their an LD50 value was of 3.2μg/mL.The cCompounds2e (MIC: 4 μg/mL)and 2d (MIC: 4 μg/mL) was exhibitedhighly high antibacterial activityactive(MIC: 4 μg/mL)against Klebsiella pneumoniaeK.pneumoniaeand compound 2dwas highly active (MIC: 4 μg/mL) against Escherichia coli, respectivelyE.coliin antibacterial screnning.The cCompounds4bwas highly active(MIC: 0.25 μg/mL)and 4f(MIC: 2 μg/mL) showed high antifungal activity against Candida albicansC.albicansand compound 4fwas highly active (MIC: 2 μg/mL) against Microsporum audouinii, respectivelyMl.audouiniiin antifungalscrenning.Therefore, it can be suggested that the compounds 2e, 2d, 4e, 4b, and 4fmay be useful as lead molecules for the development of new classes oftarget drugs withagainst larvicidal,nematicidal,and antimicrobial activities.	Comment by Author: Does this revision preserve the intended meaning?	Comment by Author: Does this revision preserve the intended meaning?	Comment by Author: Is this revision acceptable?	Comment by Author: Please check if this addition is acceptable. Scientific names should be given in full at the first instance and the abbreviated form should be used thereafter.	Comment by Author: Is this what you mean?
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Introduction 
Heterocyclic compounds,especially in particularpiperidines, are considered as biologically important and are used as vitamins, hormones, and antibiotics[1].Piperidine nucleus is an important core of many drug molecules. Various Piperidine and its analogues are reported in literature for varied pharmacological activities of piperidine and its analogs, including like antihistamines, anticancer, and antibacterial properties, have been reported [2].Pyrrolidine and piperidine occupied occupya unique place in the development of pharmacologically active substances by replacing the nucleus [3-4].Piperidine derivatives werederivatives have been reported to possess significant of pharmacological activities such as larvicidal activity[5],and anti-inflammatory [6],local anesthetic [7], anti-cancer[8], and antimicrobial activitiesproperties [9].	Comment by Author: The citations are in compliance with the journal guidelines.
Thiopyran structures constitute are consideredas one of the most important classes of sulfur-containing heterocycles because of their usefulness in accessing certain natural and unnatural products. There has been an increased focusattention ion the sulfur-containing heterocyclic compounds because has significantly increased since a broad range of biological activities related to the structure have been reported[10]. Thiopyran compounds shows anti-bacterial[11], anti-hyperplasia [12], anti-psychotic[13], analgesic, and anti-inflammatory [14] activities.
According to World Health Organization (WHO), the one of the strategies to control Culex mosquitoes is to destroy their vectors or intermediate hosts. In addition, Mosquito mosquito larvae can be controlled byalso arecontrolled with insecticides [15-17], such as natural products and heterocyclic compounds. It There is an urgent need to develop new insecticides which that are more environmentally- safe friendly and also biodegradable and can target specific against mosquitoes. Nematodes are the most numerous Metazoa on the earth and they are essentially aquatic animals.and Ddirect feeding of by plant-parasitic nematodes can drastically decrease a plant’sthe uptake of water and nutrients by a plant..The best larvicides are natural products and heterocyclic compounds.for For example, N′-tert-butyl-N,N′-dibenzoylhydrazine (RH-5849) was reported as the first nonsteroidal ecdysone agonist in the mid-1980s [18].Keeping this observation in mind In the present study,worked on thewe synthesis synthesizedof a series of pyridine-withconnectedpiperidinpiperidinemoiety derivatives (2a-g) and pyridine with2H-thiopyran(4a-g)derivatives, and the compounds were screened their chemical toxicity againstforlarvicidal,nematicidal, and antimicrobial activityactivities.	Comment by Author: This sentence was incomplete in the original form. Hence, I have revised this based on an online crosscheck of this reference.	Comment by Author: Consider deleting this because you have mentioned the same information in the sentence given below “The best larvicides are natural products and heterocyclic compounds.”	Comment by Author: An online crosscheck revealed that this ( ′ ) is not present.
Experimental
Materials
All chemicals were purchased from the Merck, Sigma-Aldrich, and used without further purification. The Solventsolventswere dried and distilled prior to use. Merck pre-coated silica gel plates with a fluorescent indicator were used for analytical thin-layer chromatography (TLC). Flash column chromatography was performed using silica gel (Merck). Ethyl acetate (EtOAc)–hexane was used as athe eluting solvent for TLC and column chromatography. Melting points were recorded in open capillary tubes and were uncorrected. The IR spectra (KBr) was were recorded in KBr on a shimadzu Shimadzu 8201pc (4000–-400 cm-1). The ¹H NMR and 13C NMR spectra were recorded on a Bruker DRX-300 MHz. The elemental analysis (C, H, and N) were wasrecorded conducted using an Elementer analyzer model (Varian EL III). The purity of the compounds was checked by thin layer chromatography (TLC) with silica gel plates.	Comment by Author: Please provide the manufacturer details here.
General procedure for Synthesis synthesis of N-(2,6-Diphenyl-piperidin-4-ylidene)-N′'-pyridin-2-yl methylene-hydrazine(2a-2g)
A mixture of compound, compound 1a (0.1mol), ) and 2-(hydrazonomethyl)pyridine (0.1 mol), and in ethanol, it was heated and refluxed for 2h. After 2h, the product was confirmed by TLC (Hexane-EtOAc, 4:1, v/v). The final product was purified by flash column chromatography on silica gel using n-hexane/EtOAc. The product was washed with distilled water and to give the pure product of compound 2a. 	Comment by Author: Is this what you intend to convey?
Yellow color solid,:mw 354; yield 81%; mp131ºC;IR(kBrKBr,cm-1): 3045, 3010, 1671, 802, 712; 1H NMR (300MHz, DMSO-d6,  (ppm)): 11.15(1H, s, NH), 8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4 Hz, Pyridine), 7.59–-7.51(10H,m,Ph), 7.48(1H, s, -HC=N-),3.72 (2H, dd, J=13.7Hz,2C-H, 6C-H), 2.51 (2H,d, J=13.6Hz, 3C-Heq, 5C-Heq), 1.34(2H, d, 3C-Hax, 5C-Hax, J=13.4Hz); 13C NMR (75MHz, DMSO-d6,  (ppm)): 168.3(1C, C=N), 164.2(1C, C=N), 153.2–-134.2 (5C, Pyridine), 128.8–- 127.1(12C, ph), 46.8 (2C), 46.1(1C), 34.5 (1C); EI-Ms, m/z(Relative intensity %): 354.21 (M+, 26%); Elemental analysisC23H22N4: , Calcd.:C, 77.94%; H, 6.26%; N, 15.81%; Found: C, 77.91%; H,6.21%; N, 15.80%.
N-[2,6-Bis-(4-chloro-phenyl)-piperidin-4-ylidene]-N′'-pyridin-2-ylmethylene-hydrazine (2b)
Yellow color solid, mw 423; yield 85%; mp 139ºC;IR(kBrKBr, cm-1): 3082, 3020, 1681, 862, 831, 710; ¹H NMR (DMSO-d6), δ(ppm): 11.23(1H, s, NH), 8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1, J=7.0Hz, Pyridine), 7.61(1H, dd, J=7.1Hz, J=7.4 Hz, Pyridine), 7.50(1H, s, -HC=N-) 7.47 (4H, d, J=7.2Hz, Ar), 7.38–-7.22(4H,d, Ar), 3.79 (2H, dd,J=13.74Hz, J=13.74Hz, 2C-H, 6C-H), 3.57 (2H, d, J=11.34Hz 3C-Heq, 5C-Heq), 2.89 (2H, dd, J=11.46Hz, J=11.46Hz, 3C-Hax, 5C-Hax);13C NMR(DMSO-d6), δ(ppm): 166.1(C=N), 156.2 (C=N), 153.2–-134.2(5C, Pyridine), 142.4–-128.4 (10C, Ar), 131.8(2C, C-Cl), 61.8 (1C), 54.5(1C), 46.1(C5), 36.8(1C); EI-Ms, m/z (Relative intensity %): 423.44 (M+, 26%); Elemental analysis C23H20Cl2N4: , Calculd.: C, 65.25%; H, 4.76%;N, 13.01%. Found :Found: C, 65.46%; H, 4.72%; N, 13.10; %.
N-[2,6-Bis-(4-hydroxy-phenyl)-piperidin-4-ylidene]-N′'-pyridin-2-ylmethylene-hydrazine(2c)
Yellow color solid, mw 386; yield 80%;IR(kBrKBr,cm-1): 3046, 1640, 1451, 828, 711; ¹H NMR (DMSO-d6), δ(ppm): ¹H NMR (DMSO-d6), δ(ppm): 11.71(1H, s, NH), 9.56(2H, s, OH), 8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1 Hz J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4 Hz, Pyridine), 7.19(4H, d, J=7.82Hz, Ar), 6.70 (4H,d, J=7.80Hz, Ar), 7.56 (1H, s, -HC=N-), 3.74 (2H,dd, J=13.74Hz, J=13.10Hz, 2C-H, 6C-H), 3.32 (2H, d, J=11.67Hz, 3C-Heq, 5C-Heq), 2.24(2H, d, J=11.39Hz, 3C-Hax, 5C-Hax); 13C NMR (DMSO-d6), δ(ppm): 168.7 (C=N), 159.2 (2C, C-OH), 156.4 (1C, C=N), 153.2– -134.2(5C, Pyridine), 133.8–-117.4(10C, Ar), 62.6 (1C), 55.8(1C),46.1(1C), 36.8(1C); EI-Ms, m/z (Relative intensity %): 386.21 (M+, 21%); Elemental analysis C23H22N4O2: , Calculd.: C, 71.48%; H, 5.74%; N, 14.50%;Found: C, 71.46%; H, 5.77%; N, 14.55%.
N-[2,6-Bis-(4-nitro-phenyl)-piperidin-4-ylidene]-N′'-pyridin-2-ylmethylene-hydrazine (2d)
Yellow color solid;mw 444;yield 74%; IR(kBrKBr, cm-1):3079, 3021, 1684, 1531, 808, 721;¹H NMR (DMSO-d6), δ(ppm): 11.28(1H, s, NH), 8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1Hz, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J =7.4 Hz, Pyridine), 8.45(4H, d, J=7.2Hz, Ar), 7.29 (4H, d, J=7.2Hz, Ar), 3.79 (2H, d, J=13.7Hz, 2C-H, 6C-H), 3.35 (2H, d, J=11.6Hz, 3C-Heq, 5C-Heq), 7.72 (1H, s, -HC=N-), 2.11 (2H, d, J=11.39Hz 3C-Hax, 5C-Hax);13C NMR (DMSO-d6), δ(ppm):167.1 (1C, C=N), 157.7(1C, C=N), 153.2–-149.1(5C, Pyridine), 146.0– -124.0 (10C, Ar), 145.2 (2C, C-NO2), 61.8 (1C), 54.5(1C), 46.1(1C), 36.8(1C); EI-Ms, m/z(Relative intensity %): 444.14(M+, 26%);Elemental analysis C23H20N6O4: , CalulCalcd.: C, 62.16%; H, 4.54%; N, 18.91%;Found: C, 65.46%; H, 4.07%; N, 18.95;%.
N-[2,6-Bis-(4-methoxy-phenyl)-piperidin-4-ylidene]-N′'-pyridin-2-ylmethylene-hydrazine (2e)
Yellow color solid; mw 414; yield 76%; IR (kBrKBr,cm-1): 3085, 3023, 1671, 806, 729; ¹H NMR(DMSO-d6), δ(ppm): 11.23(1H, s,NH), 8.61(1H, d, J=7.4Hz, pyridinePyridine), 7.90(1H,s, -HC=N-), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4 Hz, Pyridine), 7.22(4H, d, J=7.2Hz, Ar), 6.35(4H, d, J=7.2Hz, Ar), 3.85(6H, s, -OCH3), 3.72(2H, dd,J=13.7Hz, 2C-H, 6C-H), 3.49(2H, d, J=11.6Hz, 3C-Heq, 5C-Heq), 2.17 (2H, d, J=11.4Hz 3C-Hax, 5C-Hax); 13C-NMR (DMSO-d6), δ(ppm): 168.2(1C, C=N), 158.3(1C, C=N), 157.9 (2C, C-OCH3), 153.2– -134.2(5C, Pyridine), 55.1(2C, OCH3), 132.2–- 114.4(10C, Ar), 61.8 (1C), 54.5(1C), 46.1(1C), 36.8(1C); EI-Ms, m/z(Relative intensity %): 414.12 (M+, 26%);Elemental analysis C25H26N4O2: , Cal.: cd.: C, 72.44%; H, 6.32%; N, 13.52%; Found: C, 72.46%; H, 6.07%; N, 13.95;%.
N-(2,6-Di-p-tolyl-piperidin-4-ylidene)-N′'-pyridin-2-ylmethylene-hydrazine (2f)
Yellow color solid;mw 383; yield 81%; IR(kBrKBr, cm-1):3094, 3013, 1651, 825, 710; ¹H NMR (DMSO-d6), δ(ppm): 11.26(1H,s, NH), 8.61(1H, d, J=7.4Hz, pyridinePyridine), 7.93 (1H, s, HC=N-),7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4 Hz, Pyridine), 7.45(4H, d, J=7.2Hz, Ar), 7.29 (4H,d, J=7.2Hz, Ar), 3.72 (2H,dd, J=13.70Hz, 2C-H, 6C-H),3.36 (2H, d, J=11.6Hz, 3C-Heq, 5C-Heq), 2.28 (6H,s, CH3), 2.08 (2H, d, J=11.36Hz,3C-Hax, 5C-Hax); 13C-NMR(DMSO-d6), δ(ppm): 167.1(1C, C=N), 157.6 (1C, C=N), 179.1–-146.5 (10C, Ar), 134.2– -120.3(5C, Pyridine), 135.7(2C, C-CH3), 55.2 (2C, CH3), 61.8 (1C), 54.5 (1C), 46.1(1C), 36.8(1C);); EI-Ms, m/z(Relative intensity %): 382.04 (M+, 31%);Elemental analysis C25H26N4: , Calcul: d.: C, 78.50%; H, 6.85%; N, 14.65%.Found: C, 78.46%; H, 6.07%; N, 14.95;%.
N-[2,6-Bis-(4-dimethylaminophenyl)-piperidin-4-ylidene]-N′'-pyridin-2-ylmethylene-hydrazine (2g)
Yellow color solid,mw 441; yield 86%;IR (KBr, cm-1): 3046, 3010, 1625, 811, 726; ¹H NMR (DMSO-d6), δ(ppm): 11.28(1H, s, NH), 8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.96 (1H, s, -HC=N-), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1, J=7.0Hz, Pyridine), 7.61(1H, dd, J=7.1Hz, J=7.4 Hz, Pyridine), 7.19(4H, d, J=7.3Hz, Ar), 6.40(4H, d, J=7.4Hz Ar), 3.69 (2H, dd, J=13.2Hz, 2C-H, 6C-H), 3.53 (2H, d, J=11.4Hz, 3C-Heq, 5C-Heq), 3.14 (12H, s, -N(CH3)2), 2.31 (2H, d, J=11.22Hz, 3C-Hax, 5C-Hax); 13C NMR (DMSO-d6), δ(ppm): 168.6(1C, C=O), 159.4 (1C, C=N), 153.2–-134.2 (5C, Pyridine), 132.6–-113.5, (10C, Ar), 40.5(4C, N(CH3)2), 60.1 (1C), 54.2(1C), 46.6 (1C), 40.8 (2C, Ph-N(CH3)2), 37.3 (1C); EI-Ms, m/z(Relative intensity %): 441.03 (M+, 26%);Elemental analysisC27H32N6: , Cal.: cd.: C, 73.60%; H, 7.32%; N, 19.07%.Found: C, 73.46%; H, 7.07%; N, 19.95; %.
General procedurefor synthesis of N-(2,6-Diphenyl-tetrahydro-thiopyran-4-ylidene)-N′'-pyridin-2-ylmethylene-hydrazine(4b-4g)
A mixture of compound, compound 3a (0.1mol), ) and 2-(hydrazonomethyl)pyridine (0.1 mol), and in ethanol solvent, it was refluxed with heated and refluxed for 2h. After 2h, the product was confirmed by TLC (Hexane-EtOAc, 4:1, v/v). The final product was purified by flash column chromatography on silica gel using n-hexane/EtOAc. The product was washed with distilled water and to give the pure product of compound 4a. 
Yellow color solid,mw 371; yield 88%; IR(kBrKBr,cm-1): 760, 851,3037, 1625, 1752, 3018; ¹H NMR(DMSO-d6), δ(ppm): 8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d,J=7.2Hz, Pyridine), 7.78(1H, s, -HC=N-), 7.71(1H, dd, J=7.1Hz, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4Hz, Pyridine), 7.45–-7.29 (10H,m, Ar-H), 3.61(2H, dd, J=13.73Hz, 2C-H, 6C-H), 3.44 (2H, d, J=11.5Hz, 3C-Heq, 5C-Heq), 2.16 (2H, d, J=11.4Hz, 3C-Hax, 5C-Hax,); 13C NMR(DMSO-d6), δ(ppm): 167.9(1C, C=N), 157.6(1C, C=N), 153.2–-149.1(5C, Pyridine), 142.7–-127.0 (12C, Ar), 60.7 (1C), 53.6(1C), 45.9(1C), 35.7(1C)); EI-Ms, m/z(Relative intensity %): 371.22 (M+, 34%); Anal. C23H21N3S: , Cal.: cd.: C, 74.36%; H, 5.70%; N, 11.31;%.Found: C, 74.46%; H, 5.07%; N, 11.95;%.
N-[2,6-Bis-(4-chloro-phenyl)-tetrahydro-thiopyran-4-ylidene]-N′'-pyridin-2-ylmethylene-hydra zine (4b)
Yellow color solid,mw 440; yield 82%; IR( kBrKBr, cm-1): 3082, 3020, 1742, 1681, 862, 831, 671; ¹H NMR (DMSO-d6), δ(ppm): 8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4 Hz, Pyridine), 7.56 (1H,s, -HC=N-),7.47(4H, d, J=7.3Hz, Ar),7.38 (4H, d, J=7.3Hz, Ar), 3.79 (2H, dd, J=13.74Hz, 2C-H,6C-H),3.57 (2H, d, J=11.34 Hz, 3C-Heq, 5C-Heq), 2.89 (2H, d, J=11.46Hz, 3C-Hax, 5C-Hax); 13C NMR(DMSO-d6), δ(ppm): 166.1(1C, C=N), 156.2 (1C, C=N), 153.2–-, 149.1(5C, Pyridine), 142.4–- 128.4 (10C, Ar), 131.8(2C, C-Cl), 61.8 (1C), 54.5(1C), 46.1(1C), 36.8(1C); EI-Ms, m/z(Relative intensity %): 440.43 (M+, 26%); Elemental analysisC23H19Cl2N3S: , CalulCalcd.: C, 62.73%; H, 4.35%; N, 9.54; %. Found: C, 62.46%; H, 4.07%; N, 9.95;%.
N-(2,6-Bis-(4-hydroxy-phenyl)-tetrahydro-thiopyran-4-ylidene)-N′'-pyridin-2-ylmethylene-hydrazine (4c)
Yellow color solid,mw 403; yield 76 %; IR(kBrKBr,cm-1): 3046, 1772, 1640, 1451, 828, 614; ¹H NMR (DMSO-d6), δ(ppm): ¹H NMR(DMSO-d6), δ(ppm): 9.56(s, 2H, OH), 8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1Hz, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4Hz, Pyridine), 7.46(1H –HC=N-), 7.19 (4H,d, J=7.3Hz, Ar), 6.70 (4H, d, J=7.3Hz, Ar), 3.74(2H, dd, J=13.7Hz, 2C-H,6C-H), 3.32(2H, d, J=11.6 Hz, 3C-Heq, 5C-Heq), 2.24 (2H, d, J=11.3Hz, 3C-Hax, 5C-Hax, 1H); 13C NMR(DMSO-d6), δ(ppm): 168.3 (1C, C=N), 159.2 (2C, C-OH), 156.4 (1C, C=N), 153.2–-149.1(5C, Pyridine),133.8– -127.1(10C, Ar), 62.6 (1C), 55.8(1C), 46.1(1C), 36.8(1C);EI-Ms, m/z (Relative intensity %): 403.13 (M+, 47%); Elemental analysisC23H21N3O2S: , CalulCalcd.: C, 68.46%; H, 5.25%; N, 10.41;   %. Found: C, 68.46%; H, 5.07%; N, 10.95; %.
N-[2,6-Bis-(4-nitro-phenyl)-tetrahydro-thiopyran-4-ylidene]-N′'-pyridin-2-ylmethylene-hydra zine (4d)
Yellow color solid,mw 461; yield 86%; IR(kBrKBr, cm-1): 3079, 3021, 1711, 1684, 1531, 808, 651; ¹H NMR (DMSO-d6), δ(ppm):8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4 Hz, Pyridine), 8.45(4H, d, J=7.8Hz, Ar), 7.40(1H, s, -HC=N-), 7.29 (4H, d, J=7.8Hz,Ar), 3.79 (2H, dd, J=13.70Hz, 2C-H,6C-H), 3.35 (2H, d, J=11.67Hz, 3C-Heq, 5C-Heq), 2.11 (2H, d, J=11.39Hz, 3C-Hax, 5C-Hax);13C NMR (DMSO-d6),δ(ppm): 167.1 (1C, C=N), 157.7(1C, C=N), 153.2–-149.1(5C, Pyridine), 146.0–-24.0 (10C, Ar), 145.2 (2C-NO2), 61.8 (1C), 54.5(1C), 46.1(1C), 36.8(1C)); EI-Ms, m/z(Relative intensity %): 461.36 (M+, 51%);Elemantal Elemental analysis C23H19N5O4S: , CalulCalcd.: C, 59.86%; H, 4.15%; N, 15.18%; S, 6.98;  %. Found: C, 59.46%; H, 5.07%; N, 15.95%; S,6.90%.
N-[2,6-Bis-(4-methoxy-phenyl)-tetrahydro-thiopyran-4-ylidene]-N′'-pyridin-2-ylmethylene-hy drazine(4e)
Yellow color solid,mw 432; yield 89%; IR (kBrKBr,cm-1): 3085, 1732, 1671, 806, 661; ¹H NMR (DMSO-d6), δ(ppm):8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71 (1H, dd, J=7.1, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4 Hz, Pyridine), 7.22(4H, d, J=7.1Hz,Ar), 6.35 (4H, d, J=7.1Hz, Ar), 7.43(1H, s,-HC=N-), 3.85 (6H, s, -OCH3), 3.72 (2H, dd, J= 13.7Hz, 2C-H, 6C-H), 3.49(2H, d, J=11.6Hz, 3C-Heq, 5C-Heq), 2.17 (2H, d,J=11.4Hz, 3C-Hax, 5C-Hax); 13C NMR(DMSO-d6), δ(ppm): 168.2(1C, C=N), 158.3(1C, C=N), 157.9 (2C-OCH3), 153.2–-149.1(5C, Pyridine), 132.2–-114.4(10C, Ar), 61.8(1C), 55.8 (1C-OCH3), 54.5(1C), 46.1(1C), 36.8(1C); EI-Ms, m/z(Relative intensity %): 432.11 (M+, 49%); Elemental analysisC25H25N3O2S C25H25N3O2S,:CalulCalcd.: C, 69.58%; H, 5.84%; N, 9.74%; O, 7.41%; S, 7.43; %. Found: C, 65.46%; H, 5.07%; N, 5.95%; S, 4.58%.
N-(2,6-Di-p-tolyl-tetrahydro-thiopyran-4-ylidene)-N′'-pyridin-2-ylmethylene-hydrazine (4f)
Yellow color solid,mw 400; yield 84%; IR(kBrKBr, cm-1): 3094, 1762, 1651, 825, 671; ¹H NMR (DMSO-d6), δ(ppm): 8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1Hz, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4 Hz, Pyridine), 7.45(4H, d, J=7.4Hz,Ar), 7.29 (4H, d, J=7.4Hz, Ar), 7.45 (1H, s, -HC=N-), 3.72 (2H, dd, J=13.7Hz, 2C-H, 6C-H), 3.36 (2H, d, J=11.6Hz, 3C-Heq, 5C-Heq), 2.28 (6H, s, CH3), 2.08 (2H, d, J=11.3Hz, 3C-Hax, 5C-Hax); 13C NMR(DMSO-d6), δ(ppm): 167.1(1C, C=N), 157.6 (1C, C=N), 179.1–-153.2 (10C, Ar), 149.1–-124.0(5C, Pyridine), 135.7(2C, -CH3), 61.8 (1C), 54.5 (1C), 46.1(1C), 36.8(1C) (2C-CH3); EI-Ms, m/z(Relative intensity %):400.12 (M+, 32%);Elemental analysisC25H25N3S: , CalulCalcd.: C, 75.15%; H, 6.31%; N, 10.52%; S,8.03; %. Found: C, 75.18%; H, 6.37%; N, 10.55%; S, 8.10%.	Comment by Author: Is there any value missing here?
N-(2,6-Bis-4-dimethylaminophenyl-tetrahydro-thiopyran-4-ylidene)-N′'-pyridin-2-ylmeth ylene-hydrazine (4g)
Yellow color solid,mw 458; yield 88%; IR (KBr, cm-1): 3046, 1782, 1625, 811, 664; ¹H NMR (DMSO-d6), δ(ppm): 8.61 (1H, d, J=7.4Hz, pyridinePyridine), 7.82 (1H, d, J=7.2Hz, Pyridine), 7.71(1H, dd, J=7.1Hz, J=7.0Hz, Pyridine), 7.61 (1H, dd, J=7.1Hz, J=7.4Hz, Pyridine), 7.46 (1H, s, -HC=N-), 7.19(4H, d, J=7.1Hz, Ar), 6.40 (4H, d, J=7.2Hz, Ar), 3.69 (2H, dd, J=13.2Hz, 2C-H,6C-H), 3.53 (2H, d, J=11.4Hz, 3C-Heq, 5C-Heq), 3.14(12H, s, -N(CH3)2), 2.31(2H, d, J=11.2Hz, 3C-Hax, 5C-Hax); 13C NMR (DMSO-d6), δ(ppm): 168.6(1C, C=N), 159.4 (1C, C=N), 153.2– - 134.2(5C, Pyridine), 132.6–-113.5(10C, Ar), 60.1(1C), 54.2(1C), 46.6 (1C), 40.8 (4C, Ph-N(CH3)2), 148.2(2C, C-N(CH3)2), 37.3 (1C);EI-Ms, m/z(Relative intensity %): 458.28 (M+, 16%); Elemental analysisC27H31N5S: , Cal.: cd.: C, 70.86%; H, 6.83%; N, 15.30; %.Found: C, 70.46%; H, 6.07%; N, 15.95; %.
Biological actvivtyactivity
Larvicidal activity 
The lLarvicidal screening was followed performed by the method described in previously publication[21][19][20].The Synthesizedsynthesized compounds was were tested against the urban mosquito larvae (Culex quinquefasiatusquinquefasciatus) by using the standard bio assay protocol. The Eggs eggs of C. quinquefasciatus were obtained from drainage system.The Eggs eggs were placed in clean water and kept at room temperature for hatching. The Larval larval development was monitored for seven days. The second stage larvae were collected at the tip of a pasture pipette pasture pipette, and placed in on a cotton bud to remove excess water, and then transferred to the test vial. The lLarval mortality was observed using various concentrations of the synthesized compounds (10, 20, 30, and 40 g/mL). The susceptibility or resistance of the mosquito larvae (Culex C.quinquefasciatus) to the selected concentration of the synthesized compounds (2a-g), and(4a-g)was carried outdetermined by adopting the standard bioassay protocol (WHO, 1981).	Comment by Author: The references have been changed because the experimental section was moved here from the end of the manuscript.	Comment by Author: Is this what you mean?	Comment by Author: Is this revision acceptable?
Nematicidal activity
Nematicidal activity was evaluated using juvenile nematodes of Meloidogyne javanica[21][19][20].The Assay assay system was prepared with 2 mL Milli Q water containing different concentrations of seaweed extracts (10, 20, 30, and 40 mg/mL) in glass tubes. The dDifferent concentrations of solutions are were prepared. The t treated and control nematodes were held under the same conditions as used for colony maintenance.10 Ten juveniles of M.javanica were transferred in to test, positive control (with 2% methanol), and negative (without vehicle) control tubes. Mortality was observed under a zoom stereomicroscope after 24 h of exposure. 
 In vitroAntimicrobial antimicrobial screening
Antibacterial activity: The compounds 2a-2g, 3a-3g, and 4a-4g were evaluated againstStaphylococcus aureus (ATCC-25923), Klebsiella Klebsiella pneumoniaepneumoniae(recultured), Escherichia Escherichia colicoli (ATCC-25922), and Pseudomonas aeruginosa (ATCC-27853) bacterial strains, and method was followed by according to the method described previously reported method[20-21] [22-23] [20-21].
In vitroAntifungal antifungal screening :screening:The compounds 2a-2g, 3a-3g, and 4a-4g were evaluated againstAspergillus niger,Candida Candida albicansalbicans, Microsporum Microsporum audouiniiaudouinii, and Cryptococcus neoformans (recultured) fungal strains according to the method described previously, and method was followed by previously reported method [24-25][22-23][24-25].The Minimum minimum inhibitory concentration (MIC) was also determination by of all the synthesisedsynthesized compounds was determined.
Statistical analysis
IC50 (effective concentration required for 50% inhibition of mycelial growth) of each compound was calculated statistically by Probit analysis. The data were analyzed using statistical analysis system software.	Comment by Author: Please name the software and the version.

Results and discussionDiscussion	Comment by Author: As per the journal guidelines, the requested organization is: Introduction, Experimental, Results and Discussion, Conclusion, Acknowledgements, References, Tables and Figure captions. Therefore, the experimental section should come here. I have done so and rearranged the reference numbers. Please check if this is acceptable.
Chemistry: The cCompounds 1a-gwas were synthesized according to the method shown in the literaturedescribed previously [19][24].Compounds 3a-gwas were prepared by the method shown in the literaturedescribed previously [2021] [25].The cCompounds 2a-g and 4a-g were synthesis synthesized from by condensation method. The Physicochemical physicochemical data of compounds 2a-g and 4a-g are embedded shown in experimental section. The formation of all the compounds was confirmed by recording the IR, ¹H NMR, 13C NMRNMR spectra, and elemental analyses. The IR spectrum spectra of the compounds2a-g showed absorption bands at 3045–-3094, and 1625–-1684cm-1־¹ corresponding to the NH, and C=N groups, respectively. The ¹H NMR spectra of compounds 2a-g showed a sharp singlet observed at 11.15–-11.71, which confirmed the presence of forthe NH proton and a singnal singlet at  7.48–-7.96 correspondingto for HC=N- proton respectively. The 13C NMR spectra of compounds2a-g showed that importantcharacteristic peaks observed at  156.2–-164.2 corresponding to C=N and signals at and 166.1–- 168.7 ppm corresponding to C=N and -HC=N- carbons, respectively. The IR spectrum spectra of the compounds4a-g showed absorption bands at 1711–-1782, 1625–-1684, and 614–-760 cm-1 corresponding to theC=N, HC=N, and C-S-C groups,respectively. The ¹H NMR spectra of compounds 4a-g showed signalsobserved at  7.40–-7.78, which confirmed the presence of the HC=N- proton. The 13C NMR spectra of compounds4a-g showed characteristic that important peaks observed at  166.1–-168.6ppm corresponding to C=N and  156.2–-159.4ppm corresponding to C=N and -HC=N- carbons, respectively. In addition, mass spectra showed that the molecular ion signals matched the expected molecular weights of all the synthesized compounds.	Comment by Author: Does this revision preserve the intended meaning?	Comment by Author: Is this word choice acceptable?
Larvicidal activity: Compounds 2a-g and 4a-g were screened for larvicidal activity, . the Ccompounds 2a-ghas exhibited loweractive larvicidal activity compared withthan compounds 4a-g. The cCompounds4e showed higher larvicidal activityhighly activecompared withthan other compounds and produced 100% mortality (20 µg/mL), with an LD50 value of 0.8µg/mL concentration. The cCompounds 4c, 4d, 4f, and 4gshowedwere moderateactive activity corresponding towithLD50 valueswas of 5.7, 1.2, 8.6, and 6.0 μg/mL, respectively. The values are summarized in table 1.
Nematicidal activity: Compounds 2a-g and 4a-g were screened for nematicidal activity, the and compounds 2a-ghas exhibited lowernematicidal active activity compared with than compounds 4a-g.  . The test screening was carried out by atroom temperature and measured the toxicity influence of the compounds was measured. The cCompounds 4eshowed highly higher nematicidal active activity compared withthan other compounds and produced 100% mortality at 20 µg/mL, with an LD50 value of 3.2g/mL. The cCompounds 4c, 4d,4f,and 4gwere showed moderateactive activity corresponding twithoLD50 valueswas of 7.8, 5.5, 4.1, and 4.7 μg/mL, respectively. The values are summarized in table 2.	Comment by Author: As "room temperature" can vary significantly between country, season, or time of day, the term "room temperature" is not an exact measurement, and is therefore not appropriate for use in an experimental procedure. Either a precise temperature to represent "room temperature" or a temperature range is recommended.
Antibacterial activity: The synthesized compounds 2a-2g and 4a-g were screened for antibacterial activity against various bacterial species. The synthesized cCompound 2d (MIC: 4 g/mL)showed high antibacteriallyactivity against E. coliE.coli bacterial species. The cCompound 2e (MIC: 4 g/mL) wasshowed higherlyantibacterial active activity against K. pneumoniaeK. pneumoniae compared withthan ciprofloxacin (MIC: 16 g/mL). The MIC values are summarized in table 3.
[bookmark: btbl4]Antifungal activity: The synthesized cCompounds 2a-2g and 4a-g were screened for antifungal activity against various fungal spices. The cCompound 4b (MIC: 0.25 μg/mL)was exhibited high antifungallyactive activity against Candida C.albicans.whereasthe cCompound 4e (MIC :MIC: 0.5 μg/mL)  wasshowed equipotent activity in  against Candida C. albicans. The cCompound 4f(MIC: 2 μg/mL) was showed highly higher antifungal active activity against Microsporum. audouiniicompound than clotrimazole (MIC: 4 μg/mL).  . The  antifungalThe antifungalactivity  valuesactivity values are given in table 4. 
Structure-activity relationship 
Figure 1 shows that The structure-activity relationship of trgat target compound and the standratstandard is shown in Fig. 1.Larvicidal activityof cCompound 4eexhibited high larvicidal and nematicidal activitieswas containingowing to the presence of pyridine with thiopyranmoiety and as well as CH3O group exhibit very high activity. The low Larvicidal larvicidal and nematicidal activity activitiesof compounds 2a-gshows that very low active are due to the presence of pipridine with pyridine rings..	Comment by Author: Does this revision preserve the intended meaning?	Comment by Author: Does this revision preserve the intended meaning?
Nematicidial activity of the compound 4e was containing pyridine with thiopyranand CH3O exhibit very high active but low active for compounds 2a-g due to presence of pipridine with pyridine rings.	Comment by Author: I have deleted this and combined this information in the paragraph just above. Please check if this revision is acceptable.
The high antibacterial activity shows that theof compound 2e is highly active against K.pneumoniaeis due to presence of pyridine with thiopyran moiety and CH3O group at maximum concentration of  (MIC: 4 μg/mL) and also. Thepresence of pyridine with thiopyran moiety and NO2 group is responsible for the high antibacterial activity ofcompound2d is highly active against E.coli due to presence of pyridine with thiopyran moiety and NO2 group at maximum concentration of (MIC: 4 μg/mL).The 4-substituted phenyl ring acts as a lipophilic domain, and the NH group presenting in pipersine piperidine act as a hydrogen bonding domain. It can be suggested that Pipridine piperidine ring may be stated thatisessential an essentialpharmacophoric pharmacophore requirements for antibacterial activity.	Comment by Author: Is this revision acceptable?	Comment by Author: Does this revision preserve the intended meaning?	Comment by Author: Does this revision preserve the intended meaning?
The compound 4b was highly active against C.albicans due to tThe presence of thiopyranmoiety with Cl-substituted benzene groups was responsible for the high antifungal activity of compound 4b against C.albicans at reached maximum concentration of (MIC: 0.25 μg/mL) and . compound Compound 4fwas showed highlyactive activity against Mi.audouiniidue owing to the presence of thiopyranmoiety with –N(CH3)2 substituted benzene groups (MIC: at reached maximum concentration of 2 μg/mL).It is interesting to point out that theNotably,the thiopyran moiety showed significant of antifungal activities.
Conclusion
Synthesized cCompounds (2a-g),and(4a-g) were synthesized and screened for larvicidal, nematicidal, and antimicrobial activities.Among the synthesized compounds,4e was highly activitycomparedshowed high withlarvicidal and nematicidal activities.  . The cCompounds2e and 2dwas showed highly high antibacterial active activityagainst K.pneumoniae and compound 2dwas highlyactive againstE.coli, respectively antibacterial activity. The cCompound 4b was exhibited high antifungallyactive activity against C.albicans in antifungal activity. Thus, compoundse2e, 2d, 4e, 4b, and 4f refore, as a resultcan be used as leading molecules could be used for the developmentof futurelarvicidal, nematicidal, and antimicrobial agents in future.	Comment by Author: Is this what you mean?
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Scheme 1. Synthesis of  2of 2-thio-imidazolidin-4-one derivatives 2a-2g, and 4a-g	Comment by Author: Besides their inclusion in the body of the manuscript, figures and schemes should be send according to the following characteristics:
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File name: Fig. 1, Fig. 2, scheme 1, etc.

	1a, 2a, 3a, 4a:R= -H;

	1b, 2b, 3b, 4b: R= -Cl

	1c, 2c, 3c, 4c:R =-HO

	1d, 2d, 3d, 4d: R = -NO2

	1e,2e, 3e, 4e: R =-OCH3

	1f, 2f, 3f, 4f: R = -CH3

	1g, 2g, 3g, 4g: R = -N(CH3)2


























.         Fig.1Structural Structure-relationship of antimicrobial activity relationship	Comment by Author: Please provide the figure captions.








Table 1Larvicidal profile of compounds (2a-2g and 4a-4g) on second instar larvae of Culex sp.

	Comp.No

	Mortality (%)Room temp
	
LD50
(μg /mL)

	
	Concentration(μg /mL)a
	

	
	10
	20
	30
	40
	

	2a
	30.4 ± 1.2
	64.5 ± 1.5
	72.3 ± 0.4
	100 ± 0.0
	17.4

	2b
	50.3 ± 1.7
	66.3 ± 1.4
	82.5 ± 1.0
	100 ± 0.0
	10.2

	2c
	39.2 ± 1.3
	63.9 ± 1.0
	78.0 ± 0.7
	100 ± 0.0
	16.8

	2d
	40.9 ± 1.8
	61.3 ± 1.2
	84.7 ± 1.0
	100 ± 0.0
	15.7

	2e
	32.2 ± 1.3
	42.5 ± 1.1
	69.4 ± 1.2
	85.6 ± 2.1
	24.3

	2f
	41.1 ± 0.7
	51.4 ± 1.0
	60.5 ± 1.0
	82.4 ± 1.1
	19.5

	2g
	32.0 ± 0.6
	47.4 ± 1.6
	81.6 ± 0.5
	100 ± 0.0
	21.3

	4a
	31.5 ± 0.8
	62.0 ± 0.5
	100 ± 0.0
	-
	16.6

	4b
	20.4 ± 0.3
	40.4 ± 1.0
	56.8 ± 0.0
	75.7 ± 0.3
	26.5

	4c
	62.4 ± 1.3
	81.5 ± 1.4
	100± 0.0
	-
	5.7

	4d
	80.3 ± 1.4
	100± 0.0
	-
	-
	1.2

	4e
	88.1 ± 1.9
	100± 0.0
	-
	-
	0.8

	4f
	57.4 ± 0.5
	84.7 ± 1.0
	100 ± 0.0
	-
	8.6

	4g
	61.3 ± 1.1
	78.0 ± 1.1
	100 ± 0.0
	-
	6.0

	Positive control
	43.1 ± 0.3
	56.7 ± 0.1
	61.8 ± 1.1
	100 ± 0.0
	15.2

	Negative control
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	
























a Valueswere are the means of three replicates ± SD.
Positive control: N-tert-butyl-N,N′’- dibenzoylhydrazine; Negative control: Dimethyl sulfoxide (DMSO)



















Table 2Nematicidiaal activity of synthesized compounds (2a-2g and 4a-4g)
	
Comp.No.
	Mortality (%)Room temp
	
LD50

	
	Concentration(μg /mL)a
	

	
	10
	20
	30
	40
	

	2a
	48.3 ± 3.5
	62.0 ± 2.9
	74.4 ± 2.4
	88.0 ± 0.6
	11.8

	2b
	40.2 ± 1.6
	57.6 ± 2.0
	72.2 ± 1.7
	85.0 ± 0.0
	 15.5

	2c
	36.1 ± 2.0
	59.5 ± 3.1
	64.7 ± 2.0
	100 ± 0.0
	 17.6

	2d
	48.8 ± 4.4
	63.0 ± 3.0
	81.0 ± 3.6
	100 ± 0.0
	 11.2

	2e
	41.0 ± 3.1
	59.2 ± 1.6
	80± 1.0
	100 ± 0.0
	 17.7

	2f
	48.6 ± 2.0
	60 .2 ± 3.1
	100 ± 0.0
	-
	 12.5

	2g
	44.5 ± 4.2
	69.1 ± 1.9
	81.9 ± 2.9
	100 ± 0.0
	 20.0

	4ª
	54.1 ± 2.1
	66.7 ± 2.1
	 81.3 ± 1.5
	100 ± 0.0
	  8.4

	4b
	51.0± 1.9
	72.6 ± 2.5
	84.5 ± 1.0
	100 ± 0.0
	  9.5

	4c
	56.7± 0.3
	62.0 ± 1.2
	100± 0.0
	-
	7.8

	4d
	61.3 ± 2.5
	87.6 ± 1.0
	100 ± 0.0
	-
	5.5

	4e
	87.8 ± 2.5
	100 ± 0.0
	 -
	-
	3.2

	4f
	72.4 ± 2.5
	83.8 ± 2.5
	100 ± 0.0
	-
	4.1

	4g
	69.2 ± 2.5
	86.5 ± 2.5
	100 ± 0.0
	-
	4.7

	Positive control
	40.9 ± 1.1
	57.8 ± 1.2
	80.2 ± 1.1
	100± 0.0
	 14.2

	Negative control 
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	0.0 ± 0.0
	
























a Valueswere are the means of three replicates ± SD.
Positive control: (-)-Pinidinol; Negative control: Dimethyl sulfoxide (DMSO)





















Table3Antibacterial screening: MIC in μg/mL
	Compound
	gram-positive
	

	gram-negative

	
	S.aureus
	
	E.coli
	P. aeruginosa
	K.pneumoniae

	2a
	32
	
	>100
	>100
	64

	2b
	32
	
	32
	32
	32

	2c
	32
	
	32
	32
	32

	2d
	4
	
	4
	8
	64

	2e
	8
	
	64
	>100
	4

	2f
	32
	
	32
	32
	32

	2g
	4
	
	16
	16
	32

	4a
	64
	
	>100
	>100
	>100

	4b
	64
	
	>100
	>100
	>100

	4c
	64
	
	>100
	>100
	>100

	4d
	64
	
	>100
	>100
	64

	4e
	64
	
	64
	64
	64

	4f
	64
	
	64
	64
	64

	4g
	64
	
	64
	64
	64

	Ciprofloxacin
	4
	
	8
	8
	16




















MIC (μg/mL):=minimum inhibitory concentration, i.e.,































Table 4  Antifungal4 Antifungal screening: MIC in μg/mL

	Compound
	A.niger
	C. albicans
	Mi.audouinii
	Cr. neoformans

	2a
	>100
	>100
	>100
	>100

	2b
	32
	4
	32
	>100

	2c
	>100
	>100
	>100
	>100

	2d
	64
	>100
	>100
	>100

	2e
	64
	>100
	>100
	>100

	2f
	64
	64
	>100
	>100

	2g
	>100
	64
	>100
	>100

	4a
	>100
	32
	>100
	>100

	4b
	>100
	0.25
	32
	32

	4c
	16
	32
	>100
	16

	4d
	16
	8
	64
	16

	4e
	16
	0.5
	>100
	>100

	4f
	32
	32
	2
	64

	4g
	16
	32
	16
	8

	Clotrimazole
	1
	0.5
	4
	2






















MIC (μg/mL)= : Minimum inhibitory concentration, i.e.,
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