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1. 1,3,4,-oxadizoles and their activities in various fields
Table S1. 1,3,4,-oxadizoles and their activities in various fields
	Ser.

No
	Inhibitory activity
	Structures
	Mechanisms
	Ref.

	1
	Anti-Xoo activity,
EC50=0.1 mg L-1
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	Damage the cell membrane
	[1]

	2
	Anti-Xoo activity,
EC50=0.79 mg L-1
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	Inhibiting the formation of extracellular polysaccharides
	[2]

	3
	Antifungal activity
EC50=0.65 mg L-1
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	Targeting SDH enzyme
	[3]

	4
	Antiviral
Against TMV

protection activity
EC50=137.7 mg L-1
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	Inducing the plant’s

defense responses
	[4]

	5
	Antiviral activity toward TMV,
protective activity
EC50=189.9 mg L-1
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	Targeting TMV-CP
	[5]

	6
	Antiviral activity toward TMV,
protective activity:
69.2% at 500 mg L-1  
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	7
	Insecticidal activity
against E. lanigerum
LC50=27.6 mg L-1
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	Destroying the mitochondria and nuclear membranes in insect midgut cells
	[7]

	8
	Insecticidal activity
against Tylenchulus semipenetrans
LC50=8.5 mg L-1
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	9
	Insecticidal activity
against
Tylenchulus  semipenetrans
LC50=11.7 mg L-1
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2. Homologous modeling
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	Residues in most favored regions [A,B,L]
	82.8%

	Residues in additional allowed regions [a,b,l,p]
	14.6%

	Residues in generously allowed regions [~a,~b,~l,~p]
	1.3%

	Residues in disallowed regious
	1.4%

	Number of non-glycine and non-proline residues
	100.0%


3. The binding efficacy
	Total Score
	Crash
	Polar
	D_SCORE
	PMF_SCORE
	G_SORE
	CHEMSCORE
	CSCORE
	GLOBA

	5.24
	-0.49
	1.17
	-36.982
	-0.260
	-134.458
	-8.673
	1
	1


4. Characterization data of title molecules 

2-(4-methylpiperazin-1-yl)-5-(methylthio)-1,3,4-oxadiazole (4)
A yellow oil, yield 33.90%; 1H NMR (400 MHz, CDCl3) δ 3.52-3.46 (m, 4H, oxadiazole-N-(CH2)2), 2.61 (s, 3H, S-CH3), 2.50-2.46 (m, 4H, CH3-N-(CH2)2), 2.31 (s, 3H, N-CH3); 13C NMR (101 MHz, CDCl3) δ 165.3, 157.5, 53.9, 47.7, 46.1, 15.0; HRMS (ESI) [M+H]+ calcd for C8H15ON4S: 215.0961, found: 215.0955.
2-((4-methylbenzyl)thio)-5-(4-methylpiperazin-1-yl)-1,3,4-oxadiazole (5)
A white solid, yield 29.31%; 1H NMR (400 MHz, CDCl3) δ 7.26 (d, J = 8.0 Hz, 2H, Ph-3,5-H), 7.12 (d, J = 7.9 Hz, 2H, Ph-2,6-H), 4.28 (s, 2H, S-CH2), 3.52-3.43 (m, 4H, N-(CH2)2), 2.55-2.42 (m, 4H, CH3-N-(CH2)2), 2.33 (d, J = 1.2 Hz, 6H, CH3, Ph-CH3); 13C NMR (101 MHz, CDCl3) δ 165.3, 156.1, 137.8, 133.0, 129.5, 129.1, 53.9, 46.3, 46.0, 37.4, 21.3; HRMS (ESI) [M+H]+ calcd for C15H21ON4S: 305.1431, found: 305.1420.
2-((2-methoxybenzyl)thio)-5-(4-methylpiperazin-1-yl)-1,3,4-oxadiazole (6)
A yellow oil, yield 31.62%; 1H NMR (400 MHz, CDCl3) δ 7.29 (d, J = 7.5 Hz, 1H, Ph-6-H), 7.24 (t, J = 7.8 Hz, 1H, Ph-5-H), 6.85 (t, J = 8.0 Hz, 2H, Ph-3,4-H), 4.29 (s, 2H, S-CH2), 3.82 (s, 3H, O-CH3), 3.49-3.42 (m, 4H, N-(CH2)2), 2.50-2.40 (m, 4H, CH3-N-(CH2)2), 2.30 (s, 3H, N-CH3); 13C NMR (101 MHz, CDCl3) δ 165.1, 157.3, 156.6, 130.6, 129.4, 124.6, 120.4, 110.5, 55.4, 53.8, 46.2, 45.9, 32.5; HRMS (ESI) [M+H]+ calcd for C15H21O2N4S: 321.1380, found: 321.1373.
2-((3-chlorobenzyl)thio)-5-(4-methylpiperazin-1-yl)-1,3,4-oxadiazole (7)
A yellow oil, yield 37.52%; 1H NMR (400 MHz, CDCl3) δ 7.39 (s, 1H, Ph-2-H), 7.29 (dd, J = 6.3, 3.7 Hz, 3H, Ph-4,5,6-H), 4.29 (s, 2H, S-CH2), 3.50-3.41 (m, 4H, N-(CH2)2), 2.55-2.47 (m, 4H, CH3-N-(CH2)2), 2.33 (s, 3H, CH3); 13C NMR (101 MHz, MeOD) δ 166.5, 157.2, 140.6, 135.3, 131.3, 130.1, 128.9, 128.5, 54.6, 46.6, 46.2, 37.6; HRMS (ESI) [M+H]+ calcd for C14H18ON4ClS: 325.0884, found: 325.0873.
2-((2,4-difluorobenzyl)thio)-5-(4-methylpiperazin-1-yl)-1,3,4-oxadiazole (8)
A yellow oil, yield 26.05%. 1H NMR (400 MHz, CDCl3) δ 7.46-7.38 (m, 1H, Ph-6-H), 6.80 (m, 2H, Ph-3,5-H), 4.27 (s, 2H, S-CH2), 3.53-3.43 (m, 4H, N-(CH2)2), 2.53-2.45 (m, 4H, CH3-N-(CH2)2), 2.32 (s, 3H, CH3);13C NMR (101 MHz, CDCl3) δ 165.3, 160.9 (d, J = 262.8 Hz), 162.7 (d, J = 261.8 Hz), 155.4, 132.1 (d, J = 14.7 Hz), 119.7 (d, J = 18.5 Hz), 111.4 (d, J = 25.0 Hz), 104.0 (d, J = 50.7 Hz), 53.8, 46.2, 45.9, 30.0; 19F NMR (376 MHz, CDCl3) δ -109.6 (dt, J = 16.2, 8.2 Hz), -112.6 (dd, J = 17.4, 8.7 Hz); HRMS (ESI) [M+H]+ calcd for C14H17ON4F2S: 327.1086, found: 327.1081.
2-((2-chloro-4-fluorobenzyl)thio)-5-(4-methylpiperazin-1-yl)-1,3,4-oxadiazole (9)
A white solid, yield 50.01%, m. p. 80.3-81.6 ℃. 1H NMR (400 MHz, CDCl3) δ 7.48 (dd, J = 8.6, 6.0 Hz, 1H, Ph-H), 7.12 (dd, J = 8.4, 2.6 Hz, 1H, Ph-H ), 6.91 (td, J = 8.3, 2.6 Hz, 1H, Ph-H), 4.36 (s, 2H, S-CH2 ), 3.50-3.44 (m, 4H, N-(CH2)2), 2.48-2.44 (m, 4H, CH3-N-(CH2)2), 2.31 (s, 3H, -CH3); 13C NMR (101 MHz, CH3OH) δ 165.9, 162.8 (d, J = 249.5 Hz), 156.2, 135.3 (d, J = 10.8 Hz), 133.0 (d, J = 9.0 Hz), 131.3 (d, J = 3.7 Hz), 117.3 (d, J = 25.2Hz), 114.7 (d, J = 21.5 Hz), 53.9, 45.8, 45.4, 34.8; HRMS (ESI) [M+H]+ calcd for C14H17ON4ClFS: 343.0790, found: 343.0786.
2-(((6-chloropyridin-2-yl)methyl)thio)-5-(4-methylpiperazin-1-yl)-1,3,4-oxa Diazole (10)
A yellow solid, yield 40.90%; m. p. 79.2-81.6 ℃. 1H NMR (400 MHz, CDCl3) δ 8.39 (d, J = 2.4 Hz, 1H, Ph-4-H), 7.76 (dd, J = 8.2, 2.5 Hz, 1H, Ph-3-H), 7.29 (d, J = 8.2 Hz, 1H, Ph-5-H), 4.27 (s, 2H, S-CH2), 3.51-3.47 (m, 4H, N-(CH2)2), 2.51-2.47 (m, 4H, CH3-N-(CH2)2), 2.34 (s, 3H, -CH3); 13C NMR (101 MHz, CDCl3) δ 165.4, 154.8, 151.0, 150.0, 139.6, 131.6, 124.3, 53.8, 46.2, 46.0, 33.5; HRMS (ESI) [M+H]+ calcd for C13H17ON5ClS: 326.0837, found: 326.0833.
2-((isopropylthio)methyl)-5-(1-(prop-2-yn-1-yl)piperidin-4-yl)-1,3,4-oxadiazole (12)

A yellow oily, yield 78.82%; 1H NMR (400 MHz, CDCl3) δ 3.83 (s, 2H, S-CH2), 3.32 (d, J = 2.4 Hz, 2H, CHCCH2), 2.94-2.85 (m, 4H, piperidine-2,6-H), 2.36 (td, J = 11.5, 2.3 Hz, 2H, piperidine-4-H, S-CH), 2.24 (t, J = 2.4 Hz, 1H, CCH), 2.12-1.90 (m, 4H, piperidine-3,5-H), 1.25 (d, J = 6.7 Hz, 6H, S-CH(CH3)2); 13C NMR (101 MHz, CDCl3) δ 169.5, 164.6, 78.7, 73.4, 51.5, 47.2, 35.5, 33.0, 29.2, 24.1, 23.0; HRMS (ESI) [M+H]+ calcd for C14H22ON3S: 280.1478, found: 280.1475.
2-(1-benzylpiperidin-4-yl)-5-((isopropylthio)methyl)-1,3,4-oxadiazole (13)

A brown solid, yield 89.71%; m. p. 45.1-46.3 ℃.1H NMR (400 MHz, CDCl3) δ 7.34-7.23 (m, 5H, Ph-H), 3.84 (s, 2H, S-CH2), 3.53 (s, 2H, Ph-CH2), 3.00-2.88 (m, 4H, piperidine-2,6-H), 2.17-1.92 (m, 6H, piperidine-3,4,5-H, S-CH), 1.27 (d, J = 6.7 Hz, 6H, S-CH(CH3)2); 13C NMR (101 MHz, CDCl3) δ 169.9, 164.5, 138.3, 129.2, 128.4, 127.2, 63.3, 52.8, 35.6, 33.5, 29.4, 24.1, 23.0; HRMS (ESI) [M+H]+ calcd for C14H17ON4F2S: 332.1791, found: 332.1788.
2-((isopropylthio)methyl)-5-(1-(4-methylbenzyl)piperidin-4-yl)-1,3,4-oxadiazole (14)

A brown oil, yield 71.62%; 1H NMR (400 MHz, CDCl3) δ 7.20 (d, J = 7.9 Hz, 2H, Ph-3,5-H), 7.13 (d, J = 7.8 Hz, 2H, Ph-2,6-H), 3.84 (s, 2H, S-CH2), 3.49 (s, 2H, Ph-CH2), 3.01-2.85 (m, 4H, piperidine-2,6-H), 2.34 (s, 3H, Ph-CH3), 2.12-1.88 (m, 6H, piperidine-3,4,5-H, S-CH), 1.27 (d, J = 6.7 Hz, 6H, S-CH(CH3)2); 13C NMR (101 MHz, CDCl3) δ 169.9, 164.5, 136.8, 135.1, 129.2, 129.1, 63.0, 52.7, 35.6, 33.6, 29.4, 24.1, 23.0, 21.2; HRMS (ESI) [M+H]+ calcd for C19H28ON3S: 346.1948, found: 346.1945.
2-((isopropylthio)methyl)-5-(1-(2-methylbenzyl)piperidin-4-yl)-1,3,4-oxadiazole (15)

A yellow oil, yield 77.74%; 1H NMR (400 MHz, CDCl3) δ 7.27-7.13 (m, 4H,Ph-H), 3.85 (s, 2H, S-CH2), 3.47 (s, 2H, Ph-CH2), 2.96-2.89 (m, 4H, piperidine-2,6-H), 2.36 (s, 3H), 2.18-1.88 (m, 6H, piperidine-3,4,5-H, S-CH), 1.28 (d, J = 6.7 Hz, 6H, S-CH(CH3)2); 13C NMR (101 MHz, CDCl3) δ 170.0, 164.5, 137.7, 136.6, 130.4, 129.8, 127.2, 125.6, 61.2, 52.9, 35.6, 33.7, 29.6, 24.1, 23.0, 19.4; HRMS (ESI) [M+H]+ calcd for C19H28ON3S: 346.1948, found: 346.1943.
2-chlorophenyl)(4-(5-((isopropylthio)methyl)-1,3,4-oxadiazol-2-yl)piperidin-1-yl)methanone (16)

A yellow oil, yield 88.51%; 1H NMR (400 MHz, CDCl3) δ 7.33 (dd, J = 9.0,2.0 Hz, 1H, Ph-H), 7.30-7.25 (m, 2H, Ph-H), 7.19 (dd, J = 17.3, 10.7 Hz, 1H,Ph-H), 3.79 (s, 2H, S-CH2), 2.84 (dd, J = 13.4, 6.7 Hz, 1H, piperidine-H), 2.74 (s, 6H, piperidine-H), 2.04 (dd, J = 13.4, 3.4 Hz, 1H, S-CH), 1.89 (dt, J = 4.4, 2.2 Hz, 2H, piperidine-H), 1.08 (d, J = 6.7 Hz, 6H, S-CH(CH3)2); 13C NMR (101 MHz, CDCl3) δ 210.7, 173.87, 171.1, 141.8, 135.4, 135.0, 134.7, 133.2, 132.7, 50.9, 45.3, 40.3, 38.1, 28.5, 27.5; HRMS (ESI) [M+H]+ calcd for C18H23O2N3ClS: 380.1194, found: 380.1198.
2-(1-(2,4-difluorobenzyl)piperidin-4-yl)-5-((isopropylthio)methyl)-1,3,4-oxadi

azole (17)

A brown oil, yield 47.94%; 1H NMR (400 MHz, CDCl3) δ 7.35 (dd, J = 15.1, 8.3 Hz, 1H, Ph-6-H), 6.82 (dt, J =18.9, 8.8 Hz, 2H, Ph-3,5-H), 3.83 (s, 2H, S-CH2), 3.55 (s, 2H, Ph-CH2), 3.00-2.84 (m, 4H, piperidine-2,6-H), 2.18-1.84 (m, 6H, piperidine-3,4,5-H, S-CH), 1.26 (d, J = 6.7 Hz, 6H, S-CH(CH3)2); 13C NMR (101 MHz, CDCl3) δ 169.8, 164.6, 162.2 (dd, J = 247.8, 12.0 Hz), 161.4 (dd, J = 248.7, 11.9 Hz), 132.3 (dd, J = 9.5, 6.2 Hz), 120.7 (d, J = 18.7 Hz), 111.2 (dd, J = 20.9, 3.7 Hz), 103.8, 103.6, 103.3, 55.0, 52.5, 35.6, 33.4, 29.3, 24.1, 23.0; HRMS (ESI) [M+H]+ calcd for C18H24ON3F2S: 368.1603, found: 368.1598.
(4-(5-((isopropylthio)methyl)-1,3,4-oxadiazol-2-yl)piperidin-1-yl)(phenyl)meth Anone (18)

A yellow oil, yield 90.07%; 1H NMR (400 MHz, CDCl3) δ 7.31 (s, 5H, Ph-H), 3.83 (s, 2H, S-CH2 ), 2.88 (dt, J = 13.4, 6.7 Hz, 1H, piperidine-H), 2.77 (s, 6H, piperidine-H), 1.93-1.91 (m, 1H, S-CH), 1.67 (q, J = 14.6 Hz, 2H, piperidine-H), 1.11 (d, J = 6.7 Hz, 6H, S-CH(CH3)2); 13C NMR (101 MHz, CDCl3) δ 210.6, 174.7, 174.0, 169.9, 141.9, 134.5, 133.5, 132.1, 40.3, 38.2, 28.5, 27.5; HRMS (ESI) [M+H]+ calcd for C18H24O2N3S: 346.1584, found: 346.1588.
2-((isopropylthio)methyl)-5-(1-tosylpiperidin-4-yl)-1,3,4-oxadiazole (19)

A white solid, yield 84.21%, m. p. 78.9-79.3 ℃; 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 8.1 Hz, 2H, Ph-2,6-H), 7.33 (d, J = 8.1 Hz, 2H, Ph-3,5-H), 3.82 (s, 2H, S-CH2), 2.92 (dt, J = 21.0, 8.6 Hz, 2H, piperidine-2,6-H), 2.58 (t, J = 12.6 Hz, 2H, piperidine-2,6-H), 2.44 (s, 3H, Ph-CH3), 2.22-1.53 (m, 6H, piperidine-3,4,5-H, S-CH), 1.26 (d, J = 6.7 Hz, 6H, S-CH(CH3)2); 13C NMR (101 MHz, CDCl3) δ 168.5, 164.9, 143.9, 133.2, 129.9, 127.8, 45.3, 35.7, 32.5, 28.5, 24.1, 23.0, 21.7; HRMS (ESI) [M+H]+ calcd for C18H26O3N3S2: 396.1410, found: 396.1406.
2-(1-((2-chlorophenyl)sulfonyl)piperidin-4-yl)-5-((isopropylthio)methyl)-1,3,4-oxadiazole (20)

A yellow oil, yield 86.21%. 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.0 Hz, 1H, Ph-6-H), 7.57-7.36 (m, 3H, Ph-3,4,5-H), 3.84 (s, 2H, S-CH2), 3.07-2.93 (m, 4H, piperidine-2,6-H), 2.22-1.62 (m, 6H, piperidine-3,4,5-H, S-CH), 1.26 (d, J = 6.7 Hz, 6H, S-CH(CH3)2); 13C NMR (101 MHz, CDCl3) δ 168.5, 164.9, 136.5 133.9, 132.4, 132.4, 132.2, 127.1, 44.8, 35.6, 32.8, 28.9, 24.0, 23.0; HRMS (ESI) [M+H]+ calcd for C17H23O3N3ClS2: 416.0864, found: 416.0857.
5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole-2-thiol (23)

A white solid, yield 46.89%; m. p. 196.1-197.8 ℃. 1H NMR (400 MHz, CDCl3) δ 10.74 (s, 1H, -SH), 4.04 (dt, J =11.8, 3.6 Hz, 2H, Pyran-H), 3.53 (td, J = 11.7, 2.6 Hz, 2H, Pyran-H), 3.00 (tt, J = 10.9, 4.2 Hz, 1H, Pyran-H), 1.99 (dd, J =13.3, 2.8 Hz, 2H, Pyran-H), 1.95-1.85 (m, 2H, Pyran-H); 13C NMR (101 MHz, CDCl3) δ 178.6, 166.0, 66.6, 32.6, 28.7; HRMS (ESI) [M+H]+ calcd for C7H10N2O2S: 187.0535, found: 187.0528.
2-(methylthio)-5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole (24)

A white oil, yield 70.30%. 1H NMR (400 MHz, CDCl3) δ 4.03 (dt, J = 11.7, 3.6 Hz, 2H, Pyran-H), 3.58-3.50 (m, 2H, Pyran-H), 3.19-3.10 (m, 1H, Pyran-H), 2.72 (s, 3H, -CH3), 2.03-1.98 (m, 2H, Pyran-H), 1.98-1.88 (m, 2H, Pyran-H); 13C NMR (101 MHz, CDCl3) δ 169.5, 165.0, 66.8, 32.4, 29.5, 14.5; HRMS (ESI) [M+H]+ calcd for C8H12N2O2S: 201.0692, found: 201.0693.
2-(ethylthio)-5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole (25)

A white oil, yield 51.16%. 1H NMR (400 MHz, CDCl3) δ 4.03 (dt, J = 11.7, 3.6 Hz, 2H, Pyran-H), 3.53 (ddd, J = 17.2, 9.6, 4.3 Hz, 2H, Pyran-H), 3.25 (q, J = 7.4 Hz, 2H, -CH2), 3.14 (tt, J = 9.8, 4.7 Hz, 1H, Pyran-H), 2.04-1.98 (m, 2H, Pyran-H), 1.98-1.89 (m, 2H, Pyran-H), 1.48 (t, J = 7.4 Hz, 3H, -CH3). 13C NMR (101 MHz, CDCl3) δ 169.4, 164.3, 66.8, 32.5, 29.5, 26.9, 14.7; HRMS (ESI) [M+H]+ calcd for C9H14N2O2S: 215.0848, found: 215.0848.
2-(propylthio)-5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole (26)

A white oil, yield 76.29%. 1H NMR (400 MHz, CDCl3) δ 4.03 (dt, J = 11.7, 3.6 Hz, 2H, Pyran-H), 3.57-3.50 (m, 2H, Pyran-H), 3.25-3.18 (m, 2H, -CH2), 3.18-3.10 (m, 1H, Pyran-H), 2.03-1.98 (m, 2H, Pyran-H), 1.98-1.88 (m, 2H, Pyran-H), 1.87-1.79 (m, 2H, -CH2), 1.06 (t, J = 7.4 Hz, 3H, -CH3); 13C NMR (101 MHz, CDCl3) δ 169.3, 164.5, 66.8, 34.3, 32.5, 29.5, 22.6, 13.1; HRMS (ESI) [M+H]+ calcd for C10H17N2O2S: 229.1005, found: 229.1005.
2-(prop-2-yn-1-ylthio)-5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole (27)
A white solid, yield 49.37%; m. p. 58.0-59.3 ℃. 1H NMR (400 MHz, CDCl3)δ 4.03 (dt, J = 11.7, 3.6 Hz, 2H, Pyran-H), 3.99 (d, J = 2.6 Hz, 2H, -CH2), 3.58-3.50 (m, 2H, Pyran-H), 3.21-3.12 (m, 1H, Pyran-H), 2.32 (t, J = 2.6 Hz, 1H, -CH), 2.05-1.99 (m, 2H, Pyran-H), 1.98-1.89 (m, 2H, Pyran-H); 13C NMR(101 MHz, CDCl3) δ 170.0, 162.6, 72.9, 66.8, 32.5, 29.4, 20.9; HRMS (ESI) [M+H]+ calcd for C10H12N2O2S: 225.0619, found: 225.0619.
2-((4-methylbenzyl)thio)-5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole (28)

A white oil, yield 59.86%. 1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 7.5 Hz, 1H, Ph-H), 7.26-7.10 (m, 3H, Ph-H), 4.48 (s, 2H, -CH2), 4.02 (dt, J = 11.7,3.6 Hz, 2H, Pyran-H), 3.56-3.48 (m, 2H, Pyran-H), 3.17-3.07 (m, 1H, Pyran-H), 2.42 (s, 3H, -CH3), 2.01-1.96 (m, 2H, Pyran-H), 1.96-1.86 (m, 2H, Pyran-H); 13C NMR (101 MHz, CDCl3) δ 169.5, 163.9, 137.0, 133.0, 130.7, 130.2, 128.5, 126.3, 66.8, 35.0, 32.5, 29.5, 19.2; HRMS (ESI) [M+H]+ calcd for C15H18N2O2S: 313.09812, found: 313.09819.
2-(tetrahydro-2H-pyran-4-yl)-5-((2-(trifluoromethyl)benzyl)thio)-1,3,4-oxadiazole (29)

A white solid, yield 61.79%; m. p. 64.3-65.4 ℃. 1H NMR (400 MHz, CDCl3 δ 7.77 (d, J = 7.7 Hz, 1H, Ph-H), 7.68 (d, J = 7.8 Hz, 1H, Ph-H), 7.52 (t, J= 7.5 Hz, 1H, Ph-H), 7.42 (t, J = 7.7 Hz, 1H, Ph-H), 4.65 (s, 2H, -CH2), 4.03 (dt, J = 11.7, 3.6 Hz, 2H, Pyran-H), 3.57-3.49 (m, 2H, Pyran-H), 3.13 (tt, J= 9.3, 4.6 Hz, 1H, Pyran-H), 1.99 (dd, J = 10.4, 3.6 Hz, 2H, Pyran-H), 1.97-1.87 (m, 2H, Pyran-H); 13C NMR (101 MHz, CDCl3) δ 169.9, 163.9, 134.5 (d, J = 1.0 Hz), 132.3 (d, J = 0.8 Hz), 132.1, 128.8, 128.5, 128.3, 126.4 (d, J = 5.7 Hz), 66.8, 33.1, 32.6, 29.5; HRMS (ESI) [M+H]+ calcd for C15H15F3N2O2S: 367.0698, found: 367.0695.

2-((2-fluorobenzyl)thio)-5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole (30)

A white solid, yield 73.16%; m. p. 54.0-55.4 ℃. 1H NMR (400 MHz, CDCl3)δ 7.50 (td, J = 7.6, 1.6 Hz, 1H, Ph-H), 7.30 (ddd, J = 7.9, 4.7, 1.9 Hz, 1H, Ph-H), 7.10 (t, J = 5.2 Hz, 1H, Ph-H), 7.06 (t, J = 7.1 Hz, 1H, Ph-H), 4.47 (s, 2H, -CH2), 4.02 (dt, J = 11.7, 3.6 Hz, 2H, Pyran-H), 3.56-3.49 (m, 2H, Pyran-H), 3.17-3.08 (m, 1H, Pyran-H), 1.98 (dd, J = 8.8, 5.3 Hz, 2H, Pyran-H), 1.96-1.86 (m, 2H, Pyran-H); 13C NMR (101 MHz, CDCl3) δ 169.8, 163.7, 162.2, 161.0, 159.7, 131.4 (d, J = 3.4 Hz), 130.0 (d, J = 8.3 Hz), 124.3 (d, J = 3.7 Hz), 123.2 (d, J = 14.5 Hz), 115.6 (d, J = 21.1 Hz), 66.8, 32.5, 30.0 (d, J = 3.4 Hz), 29.5; HRMS (ESI) [M+H]+ calcd for C14H15FN2O2S: 317.0730, found: 317.0729.

2-(benzylthio)-5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole (31)
A white oil, yield 65.19%. 1H NMR (400 MHz, CDCl3) δ 7.42 (dd, J = 7.9, 1.4 Hz, 2H, Ph-H), 7.36-7.31 (m, 2H, Ph-H), 7.31-7.26 (m, 1H, Ph-H), 4.45 (s2H, -CH2), 4.02 (dt, J = 11.7, 3.6 Hz, 2H, Pyran-H), 3.56-3.48 (m, 2H, Pyran-H), 3.17-3.07 (m, 1H, Pyran-H), 2.00-1.95 (m, 2H, Pyran-H), 1.95-1.85 (m, 2H, Pyran-H); 13C NMR (101 MHz, CDCl3) δ 169.6, 163.9, 135.6, 129.1, 128.8,128.1, 66.8, 36.8, 32.5, 29.5; HRMS (ESI) [M+H]+ calcd for C14H16N2O2S: 299.0824, found: 299.0822.

2-(methylsulfonyl)-5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole (32)

A yellow solid, yield 43.47%; m. p. 139.4-141.2 ℃. 1H NMR (400 MHz, DMSO-d6) δ 3.93-3.87 (m, 2H, Pyran-H), 3.64 (s, 3H, -CH3), 3.50 (dd, J = 11.4, 2.2 Hz, 2H, Pyran-H), 2.35 (s, 1H, Pyran-H), 1.99 (d, J = 12.9 Hz, 2H, Pyran-H), 1.84-1.77 (m, 2H, Pyran-H); 13C NMR (101 MHz, DMSO-d6) δ 171.3, 162.7, 66.2, 43.2, 32.1, 29.5; HRMS (ESI) [M+H]+ calcd for C8H12N2O4S: 255.0409, found: 255.0408.

2-(ethylsulfonyl)-5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole (33)

A yellow solid, yield 49.39%; m. p. 124.1-125.2 ℃. 1H NMR (400 MHz, DMSO-d6) δ 3.93-3.87 (m, 2H, Pyran-H), 3.73 (q, J = 7.3 Hz, 2H, -CH2), 3.51-3.45 (m, 2H, Pyran-H), 3.44-3.41 (m, 1H, Pyran-H), 2.00 (dd, J = 13.0, 2.2 Hz,2H, Pyran-H), 1.80 (ddd, J = 13.5, 8.9, 4.2 Hz, 2H, Pyran-H), 1.30 (t, J = 7.3 Hz, 3H, -CH3); 13C NMR (101 MHz, DMSO-d6) δ 171.6, 161.6, 66.2, 49.8 32.1, 29.4, 7.0; HRMS (ESI) [M+H]+ calcd for C9H14N2O4S: 269.05664, found:269.05662.

2-(propylsulfonyl)-5-(tetrahydro-2H-pyran-4-yl)-1,3,4-oxadiazole (34)

A yellow solid, yield 40.29%; m. p. 121.6-123.1 ℃. 1H NMR (400 MHz, DMSO-d6) δ 3.90 (dd, J = 8.3, 3.2 Hz, 2H, Pyran-H), 3.73-3.68 (m, 2H, -CH2), 3.51-3.45 (m, 2H, Pyran-H), 3.39 (dd, J = 7.1, 3.4 Hz, 1H, Pyran-H), 2.03-1.82(m, 2H, Pyran-H), 1.88-1.77 (m, 2H, Pyran-H), 1.77-1.58 (m, 2H, -CH3), 0.99 (t, J = 7.4 Hz, 3H, -CH3); 13C NMR (101 MHz, DMSO-d6) δ 171.6, 161.6, 66.2, 49.8, 45.6, 32.1, 29.4, 7.0; HRMS (ESI) [M+H]+ calcd for C10H16N2O4S:283.0722, found: 283.0722
5. 1H NMR, 13C NMR , 19F NMR and HRMS spectra of target compounds 4~10, 12~20 and 23~34
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Figure S1. 1H NMR spectrum (CDCl3, 400 MHz) of compound 4.
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Figure S2. 13C NMR spectrum (CDCl3, 101 MHz) of compound 4.

[image: image13.emf]31 #33 RT:0.36 AV:1 NL:9.17E8

T:FTMS + p ESI Full ms [100.0000-1000.0000]

170 180 190 200 210 220 230 240 250 260 270

m/z

0

10

20

30

40

50

60

70

80

90

100

Relative Abundance

215.0955

C

8

H

15

ON

4

S= 215.0961

-2.8771 ppm

237.0772

205.0595

183.0776

217.0911

223.0933

239.0730

201.0799

261.1300 195.0623

249.1566

229.1114 164.9296 178.0098


Figure S3. HRMS spectrum of compound 4.
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Figure S4. 1H NMR spectrum (CDCl3, 400 MHz) of compound 5.
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Figure S5. 13C NMR spectrum (CDCl3, 101 MHz) of compound 5.
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Figure S6. HRMS spectrum of compound 5.
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Figure S7. 1H NMR spectrum (CDCl3, 400 MHz) of compound 6.
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Figure S8. 13C NMR Spectrum (CDCl3, 101 MHz) of compound 6.
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Figure S9. HRMS spectrum of compound 6.
[image: image20.png]8Lt
8LL

8L
68'L

=00
=E6¢

bl

= 61

»967
660





Figure S10. 1H NMR spectrum (CDCl3, 400 MHz) of compound 7.
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Figure S11. 13C NMR spectrum (CDCl3, 101 MHz) of compound 7.
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Figure S12. HRMS spectrum of compound 7.
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Figure S13. 1H NMR spectrum (CDCl3, 400 MHz) of compound 8.
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Figure S14. 13C NMR spectrum (CDCl3, 101 MHz) of compound 8.
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Figure S15. 19F NMR spectrum (CDCl3, 376 MHz) of compound 8.
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Figure S16. HRMS spectrum of compound 8.
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Figure S17. 1H NMR spectrum (CDCl3, 400 MHz) of compound 9.
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Figure S18. 13C NMR spectrum (CDCl3, 101 MHz) of compound 9.
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Figure S19. 19F NMR spectrum (CDCl3, 376 MHz) of compound 9.
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Figure S20. HRMS spectrum of compound 9.
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Figure S21. 1H NMR spectrum (CDCl3, 400 MHz) of compound 10.
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Figure S22. 13C NMR spectrum (CDCl3, 101 MHz) of compound 10.
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Figure S23. HRMS spectrum of compound 10.
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Figure S24. 1H NMR spectrum (CDCl3, 400 MHz) of compound 12.
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Figure S25. 13C NMR spectrum (CDCl3, 101 MHz) of compound 12.
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Figure S26. HRMS spectrum of compound 12.
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Figure S27. 1H NMR spectrum (CDCl3, 400 MHz) of compound 13.
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Figure S28. 13C NMR spectrum (CDCl3, 101 MHz) of compound 13.
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Figure S29. HRMS spectrum of compound 13.

[image: image40.png](493
Pl

(25

009

Pl
M/mo i4
¥i6'T

Fiov

F96'}

F96')

05 00 05 -0

10

80 75 70 65 60 55 50

85




Figure S30. 1H NMR spectrum (CDCl3, 400 MHz) of compound 14.
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Figure S31. 13C NMR spectrum (CDCl3, 101 MHz) of compound 14.
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Figure S32. HRMS spectrum of compound 14.
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Figure S33. 1H NMR spectrum (CDCl3, 400 MHz) of compound 15.
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Figure S34. 13C NMR spectrum (CDCl3, 101 MHz) of compound 15.
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Figure S35. HRMS spectrum of compound 15.
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Figure S36. 1H NMR spectrum (CDCl3, 400 MHz) of compound 16.
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Figure S37. 13C NMR spectrum (CDCl3, 101 MHz) of compound 16.
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Figure S38. HRMS spectrum of compound 16.
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Figure S44. 1H NMR spectrum (CDCl3, 400 MHz) of compound 17.
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Figure S45. 13C NMR spectrum (CDCl3, 101 MHz) of compound 17.
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Figure S46. HRMS spectrum of compound 17.
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Figure S47. 1H NMR spectrum (CDCl3, 400 MHz) of compound 18.

[image: image53.png][4-FAAN
v58z"

€T'8E~
9z or—

ZLzel~
PSEELT
PavelL

[L345e

98'694~\.
S6CLIN
oLviL

P90LZ—

-10

10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

210 200





Figure S48. 13C NMR spectrum (CDCl3, 101 MHz) of compound 18.
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Figure S49. HRMS spectrum of compound 18.
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Figure S50. 1H NMR spectrum (CDCl3, 400 MHz) of compound 19.
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Figure S51. 13C NMR spectrum (CDCl3, 101 MHz) of 19.
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Figure S52. HRMS spectrum of compound 19.
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Figure S53. 1H NMR spectrum (CDCl3, 400 MHz) of compound 20.
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Figure S54. 13C NMR spectrum (CDCl3, 101 MHz) of compound 20.
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Figure S55. HRMS spectrum of compound 20.
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Figure S56. 1H NMR spectrum (CDCl3, 400 MHz) of compound 22.
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Figure S57. 13C NMR spectrum (CDCl3, 101 MHz) of compound 22.
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Figure S58. HRMS spectrum of compound 22.
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Figure S59. 1H NMR spectrum (CDCl3, 400 MHz) of compound 23.
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Figure S60. 13C NMR spectrum (CDCl3, 101 MHz) of compound 23.
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Figure S61. HRMS spectrum of compound 23.
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Figure S62. 1H NMR spectrum (CDCl3, 400 MHz) of compound 24.
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Figure S63. 13C NMR spectrum (CDCl3, 101 MHz) of compound 24.
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Figure S64. HRMS spectrum of compound 24.
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Figure S65. 1H NMR spectrum (CDCl3, 400 MHz) of compound 25.
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Figure S66. 13C NMR spectrum (CDCl3, 101 MHz) of compound 25.

[image: image72.png]Item name: WF-3087
Item description:

Intensity [Counts]

24T

22e7

27

1867

16e7

1467

1267

17

8e6

6e6

4e6

266

/‘55‘049691549.04226
1

187.05322

18507340

21508483

21608706

21708181
7

19707305 20157106 221052

23706688

23106129

23806941
7
23906368

243.11551

TOF MS (50-1500) ES+ : Centroided : Combined

2537

25304368 263.07396

160 170

180

19

200

210 220
Observed mass [m/z]

230

240

250

260




Figure S67. HRMS spectrum of compound 25.

[image: image73.png]F00'€

00
00
¥00Z

00T

-10

05

00

15

20

75 70 65 60 55 50

80

1 (ppm)




Figure S68. 1H NMR spectrum (CDCl3, 400 MHz) of compound 26.
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Figure S69. 13C NMR spectrum (CDCl3, 101 MHz) of compound 26.
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Figure S70. HRMS spectrum of compound 26.
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Figure S68. 1H NMR spectrum (CDCl3, 400 MHz) of compound 27.
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Figure S69. 13C NMR spectrum (CDCl3, 101 MHz) of compound 27.
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Figure S70. HRMS spectrum of compound 27.
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Figure S71. 1H NMR spectrum (CDCl3, 400 MHz) of compound 28.
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Figure S72. 13C NMR spectrum (CDCl3, 101 MHz) of compound 28.
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Figure S73. HRMS spectrum of compound 28.
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Figure S74. 1H NMR spectrum (CDCl3, 400 MHz) of compound 29.
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Figure S75. 13C NMR spectrum (CDCl3, 101 MHz) of compound 29.
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Figure S76. HRMS spectrum of compound 29.
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Figure S77. 1H NMR spectrum (CDCl3, 400 MHz) of compound 30.
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Figure S78. 13C NMR spectrum (CDCl3, 101 MHz) of compound 30.
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Figure S79. HRMS spectrum of compound 30.
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Figure S80. 1H NMR spectrum (CDCl3, 400 MHz) of compound 31.
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Figure S81. 13C NMR spectrum (CDCl3, 101 MHz) of compound 31.
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Figure S82. HRMS spectrum of compound 31.
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Figure S83. 1H NMR spectrum (CDCl3, 400 MHz) of compound 32.
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Figure S84. 13C NMR spectrum (CDCl3, 101 MHz) of compound 32.
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Figure S85. HRMS spectrum of compound 32.
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Figure S86. 1H NMR spectrum (CDCl3, 400 MHz) of compound 33.
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Figure S87. 13C NMR spectrum (CDCl3, 101 MHz) of compound 33.
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Figure S88. HRMS spectrum of compound 33.
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Figure S89. 1H NMR spectrum (CDCl3, 400 MHz) of compound 34.
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Figure S90. 13C NMR spectrum (CDCl3, 101 MHz) of compound 34.
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Figure S91. HRMS spectrum of compound 34.

6. Phytotoxicity of compound 33 at 200 mg L(1 toward rice plants after seven days under greenhouse conditions

[image: image100]
Figure S92. The phytotoxicity of compound 33 at 200 mg L-1 toward rice plants.
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