
Electronic Supplementary Information

Design, synthesis, antibacterial and insecticidal activities of novel N-

phenylpyrazole fraxinellone hybrid compounds

Yong Guo,* Xiaoguang Wang, Lailiang Qu, Shengnan Xu, Yi Zhao, Ruoqian Xie, Mengxing Huang, Yanbing 

Zhang*

School of Pharmaceutical Sciences of Zhengzhou University and Collaborative Innovation Center of New 

Drug Research and Safety Evaluation, Henan Province, No. 100, KeXue DaDao, Zhengzhou, 450001, PR 

China

*Corresponding authors: Tel. /fax: +86 371 67781912, e-mail: guoyong_122@zzu.edu.cn; 

zhangyb@zzu.edu.cn.

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2017



Spectra data for compounds 4e-t.
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Data for 4e: Yellow solid, yield: 84%, purity: 98%, mp: 201-203 oC; [α]20
D = -29o (c 3.8 mg/mL, CHCl3); IR cm-1 (KBr): 3089, 

2926, 1740, 1630, 1531, 1350, 1217, 1162, 1025; 1H NMR (400 MHz, CDCl3) δ: 8.33 (d, J = 9.2 Hz, 2H, -Ph), 7.68-7.76 (m, 2H, 

-Ph), 7.62 (s, 1H, -CH=N-), 7.54 (s, 1H, H-2′), 7.49 (t, J = 1.6 Hz, 1H, H-5′), 6.40 (d, J = 0.8 Hz, 1H, H-4′), 5.21 (s, 1H, H-8), 2.83-

2.91 (m, 2H, H-6), 2.10 (s, 3H, H-10), 0.95 (s, 3H, H-11); 13C NMR (100 MHz, CDCl3) δ: 168.5, 148.5, 143.8, 141.3, 140.0, 139.6, 

139.2, 133.9, 131.7, 130.5, 130.1, 123.5, 121.0, 119.9, 108.5, 82.6, 44.9, 30.5, 18.5, 14.7. HRMS (ESI): Calcd for C21H18O5N3 

([M+H]+), 392.1241; Found, 392.1239.
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Data for 4f: Pale yellow solid, yield: 65%, purity: 96%, mp: 224-225 oC; [α]20
D = -1o (c 3.4 mg/mL, CHCl3); IR cm-1 (KBr): 3134, 

2974, 2929, 1740, 1513, 1160, 1033; 1H NMR (400 MHz, CDCl3) δ: 7.55 (s, 1H, -CH=N-), 7.52 (s, 1H, H-2′), 7.48 (t, J = 1.6 Hz, 

1H, H-5′), 7.37-7.40 (m, 1H, -Ph), 7.16-7.20 (m, 2H, -Ph), 6.39 (d, J = 0.8 Hz, 1H, H-4′), 5.19 (s, 1H, H-8), 2.80-2.88 (m, 2H, H-

6), 2.05 (s, 3H, H-10), 0.90 (s, 3H, H-11); HRMS (ESI): Calcd for C21H18O3N2F ([M+H]+), 365.1296; Found, 365.1295.
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Data for 4g: Yellow solid, yield: 66%, purity: 99%, mp: 197-199 oC; [α]20
D = 17o (c 3.8 mg/mL, CHCl3); IR cm-1 (KBr): 2967, 



2925, 2893, 1737, 1627, 1497, 1160, 1032; 1H NMR (400 MHz, CDCl3) δ: 7.56 (s, 1H, -CH=N-), 7.52 (s, 1H, H-2′), 7.48 (t, J = 

1.6 Hz, 1H, H-5′), 7.46 (d, J = 9.6 Hz, 2H, -Ph), 7.34 (d, J = 8.8 Hz, 2H, -Ph), 6.39 (d, J = 1.2 Hz, 1H, H-4′), 5.19 (s, 1H, H-8), 2.79-

2.88 (m, 2H, H-6), 2.08 (s, 3H, H-10), 0.91 (s, 3H, H-11); HRMS (ESI): Calcd for C21H18O3N2Cl ([M+H]+), 381.1000; Found, 

381.0999, C21H18O3N2
37Cl ([M+H]+), 383.0971, Found, 381.0970.
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Data for 4h: Brown solid, yield: 84%, purity: 96%, mp: 188-190 oC; [α]20
D = 16o (c 5.0 mg/mL, CHCl3); IR cm-1 (KBr): 3070, 

2967, 2923, 2891, 1739, 1626, 1492, 1217, 1160, 1033; 1H NMR (400 MHz, CDCl3) δ: 7.61 (d, J = 8.8 Hz, 2H, -Ph), 7.56 (s, 1H, 

-CH=N-),  7.52 (s, 1H, H-2′), 7.48 (t, J = 1.6 Hz, 1H, H-5′), 7.28 (d, J = 8.4 Hz, 2H, -Ph), 6.39 (d, J = 0.8 Hz, 1H, H-4′), 5.19 (s, 1H, 

H-8), 2.79-2.88 (m, 2H, H-6), 2.08 (s, 3H, H-10), 0.91 (s, 3H, H-11); 13C NMR (100 MHz, CDCl3) δ: 168.7, 143.8, 140.0, 139.4, 

139.3, 138.4, 134.9, 132.4, 129.8, 127.5, 122.9, 119.9, 119.1, 108.5, 82.6, 44.9, 30.5, 18.5, 14.5. HRMS (ESI): Calcd for 

C21H18O3N2Br ([M+H]+), 425.0495; Found, 425.0494, C21H18O3N2
81Br ([M+H]+), 427.0475; Found, 427.0474.
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Data for 4i: White solid, yield: 76%, purity: 99%, mp: 232-234 oC; [α]20
D = -5o (c 3.1 mg/mL, CHCl3); IR cm-1 (KBr): 3134, 2974, 

2929, 1740, 1629, 1513, 1211, 1160, 1033; 1H NMR (400 MHz, CDCl3) δ: 7.54 (s, 1H, -CH=N-), 7.52 (s, 1H, H-2′), 7.48 (d, J = 

2.0 Hz, 1H, H-5′), 7.26-7.27 (m, 4H, -Ph), 6.39 (d, J = 1.2, 1H, H-4′), 5.18 (s, 1H, H-8), 2.79-2.88 (m, 2H, H-6), 2.43 (s, 3H, -CH3), 

2.05 (s, 3H, H-10), 0.90 (s, 3H, H-11).
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Data for 4j: Pale yellow solid, yield: 73%, purity: 99%, mp: 206-208 oC; [α]20
D = 14o (c 3.4 mg/mL, CHCl3); IR cm-1 (KBr): 3124, 

2959, 2927, 1745, 1629, 1513, 1161, 1024; 1H NMR (400 MHz, CDCl3) δ: 7.53 (s, 1H, -CH=N-), 7.52 (s, 1H, H-2′), 7.48 (t, J = 

1.6 Hz, 1H, H-5′), 7.28-7.33 (m, 4H, -Ph), 6.39 (d, J = 0.8 Hz, 1H, H-4′), 5.18 (d, J = 2.8 Hz, 1H, H-8), 2.95-3.02 (m, 1H, -

CH(CH3)2), 2.79-2.88 (m, 2H, H-6), 2.05 (s, 3H, H-10), 1.30 (s, 3H, -CH3), 1.28 (s, 3H, -CH3), 0.91 (s, 3H, H-11); HRMS (ESI): 

Calcd for C24H25O3N2 ([M+H]+), 389.1860; Found, 389.1858.
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Data for 4k: Yellow solid, yield: 86%, purity: 99%, mp: 187-189 oC; [α]20
D = 22o (c 2.3 mg/mL, CHCl3); IR cm-1 (KBr): 3089, 

2956, 2922, 2226, 1739, 1632, 1605, 1510, 1215, 1160, 1033; 1H NMR (400 MHz, CDCl3) δ: 7.79 (d, J = 8.4 Hz, 2H, -Ph), 7.62 

(s, 1H, -CH=N-), 7.54 (d, J = 8.4 Hz, 2H, -Ph), 7.53 (s, 1H, H-2′), 7.49 (t, J = 1.6 Hz, 1H, H-5′), 6.39 (d, J = 0.8 Hz, 1H, H-4′), 5.20 

(s, 1H, H-8), 2.81-2.89 (m, 2H, H-6), 2.11 (s, 3H, H-10), 0.92 (s, 3H, H-11); 13C NMR (100 MHz, CDCl3) δ: 168.5, 143.8, 143.6, 

140.0, 139.6, 139.4, 134.1, 133.2, 130.5, 126.3, 120.2, 119.8, 117.8, 112.6, 108.4, 82.6, 44.9, 30.5, 18.5, 14.9. HRMS (ESI): 

Calcd for C22H18O3N3 ([M+H]+), 372.1343; Found, 372.1342.
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Data for 4l: White solid, yield: 87%, purity: 99%, mp: 198-200 oC; [α]20
D = -4o (c 3.8 mg/mL, CHCl3); IR cm-1 (KBr): 3134, 2968, 



2931, 1741, 1633, 1520, 1158, 1033; 1H NMR (400 MHz, CDCl3) δ: 7.55 (s, 1H, -CH=N-), 7.52 (s, 1H, H-2′), 7.48 (t, J = 1.6 Hz, 

1H, H-5′), 7.27-7.34 (m, 2H, -Ph), 7.13-7.16 (m, 1H, -Ph), 6.39 (d, J = 1.2 Hz, 1H, H-4′), 5.19 (s, 1H, H-8), 2.79-2.88 (m, 2H, H-

6), 2.10 (s, 3H, H-10), 0.91 (s, 3H, H-11); HRMS (ESI): Calcd for C21H17O3N2F2 ([M+H]+), 383.1202; Found, 383.1200.
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Data for 4m: Pale yellow solid, yield: 71%, purity: 99%, mp: 204-206 oC; [α]20
D = 3o (c 3.0 mg/mL, CHCl3); IR cm-1 (KBr): 3071, 

2966, 2925, 1746, 1628, 1486, 1216, 1132, 1032; 1H NMR (400 MHz, CDCl3) δ: 7.55-7.58 (m, 3H, -Ph and -CH=N-), 7.52 (s, 1H, 

H-2′), 7.48 (d, J = 1.6 Hz, 1H, H-5′), 7.25-7.27 (m, 1H, -Ph), 6.39 (d, J = 1.2 Hz, 1H, H-4′), 5.19 (d, J = 2.8 Hz, 1H, H-8), 2.80-2.88 

(m, 2H, H-6), 2.12 (s, 3H, H-10), 0.91 (s, 3H, H-11); HRMS (ESI): Calcd for C21H17 O3N2Cl2 ([M+H]+), 415.0611; Found, 

415.0609, C21H17 O3N2
37Cl2 ([M+H]+), 419.0552; Found, 419.0552.
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Data for 4n: Pale yellow solid, yield: 80%, purity: 98%, mp: 176-178 oC; [α]20
D = 10o (c 5.8 mg/mL, CHCl3); IR cm-1 (KBr):3118, 

3063, 2965, 2926, 1737, 1633, 1508, 1169, 1022; 1H NMR (400 MHz, CDCl3) δ: 7.59-7.63 (m, 2H, -Ph and -CH=N-), 7.52 (s, 1H, 

H-2′), 7.48 (t, J = 1.6 Hz, 1H, H-5′), 7.08-7.36 (m, 2H, -Ph), 6.38 (s, 1H, H-4′), 5.19 (s, 1H, H-8), 2.79-2.94 (m, 2H, H-6), 2.00 (s, 

3H, H-10), 0.89 (s, 3H, H-11); HRMS (ESI): Calcd for C21H17O3N2ClF ([M+H]+), 399.0906; Found, 399.0905, C21H17O3N2
37ClF 

([M+H]+), 401.0877; Found, 401.0875.
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Data for 4o: Orange solid, yield: 77%, purity: 97%, mp: 202-204 oC; [α]20
D = 23o (c 3.8 mg/mL, CHCl3); IR cm-1 (KBr): 3143, 

2967, 1740, 1633, 1498, 1217, 1160, 1028; 1H NMR (400 MHz, CDCl3) δ: 7.56-7.61 (m, 2H, -Ph and -CH=N-), 7.53-7.54 (m, 1H, 

-Ph), 7.52 (s, 1H, H-2′), 7.48 (d, J = 1.6 Hz, 1H, H-5′), 6.38 (s, 1H, H-4′), 5.19 (d, J = 2.8 Hz, 1H, H-8), 2.79-2.90 (m, 2H, H-6), 

2.01 (s, 3H, H-10), 0.89 (s, 3H, H-11); HRMS (ESI): Calcd for C21H17O3N2Cl2 ([M+H]+), 415.0611; Found, 415.0609, 

C21H17O3N2
37Cl2 ([M+H]+), 419.0552; Found, 419.0552.
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Data for 4p: Pale yellow solid, yield: 82%, purity: 99%, mp: 173-175 oC; [α]20
D = 40o (c 2.3 mg/mL, CHCl3); IR cm-1 (KBr): 3117, 

2963, 2923, 1741, 1631, 1508, 1216, 1159, 1023; 1H NMR (400 MHz, CDCl3) δ: 7.55 (s, 1H, -CH=N-), 7.51 (s, 1H, H-2′), 7.47 (t, 

J = 1.6 Hz, 1H, H-5′), 6.96-7.33 (m, 3H, -Ph), 6.39 (s, 1H, H-4′), 5.18 (s, 1H, H-8), 2.78-2.90 (m, 2H, H-6), 2.39 (s, 3H, -CH3), 

1.92 (s, 3H, H-10), 1.83 (s, 3H, -CH3), 0.89 (s, 3H, H-11); HRMS (ESI): Calcd for C23H23O3N2 ([M+H]+), 375.1703; Found, 

375.1702.
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Data for 4q: White solid, yield: 76%, purity: 99%, mp: 161-162 oC; [α]20
D = 12o (c 3.5 mg/mL, CHCl3); IR cm-1 (KBr): 2972, 

2924, 1753, 1643, 1447, 1218, 1159, 1021; 1H NMR (400 MHz, CDCl3) δ: 7.55-7.62 (m, 1H, -Ph and -CH=N-), 7.46-7.52 (m, 3H, 



-Ph and H-2′, 5′), 7.06-7.41 (m, 2H, -Ph), 6.39 (s, 1H, H-4′), 5.19 (s, 1H, H-8), 2.79-2.94 (m, 2H, H-6), 2.03 (s, 3H, H-10), 0.89 (s, 

3H, H-11); HRMS (ESI): Calcd for C21H17O3N2ClF ([M+H]+), 399.0906; Found, 399.0905, C21H17O3N2
37ClF ([M+H]+), 401.0877; 

Found, 401.0876.
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Data for 4r: Pale yellow solid, yield: 90%, purity: 99%, mp: 177-179 oC; [α]20
D = 0.4o (c 3.0 mg/mL, CHCl3); IR cm-1 (KBr): 3117, 

2974, 2929, 1738, 1620, 1217, 1163, 1121, 1026; 1H NMR (400 MHz, CDCl3) δ: 7.58 (s, 1H, -CH=N-), 7.53 (s, 1H, H-2′), 7.48 (t, 

J = 1.6 Hz, 1H, H-5′), 7.27-7.34 (m, 2H, -Ph), 6.91-7.00 (m, 3H, -Ph), 6.39 (d, J = 0.8 Hz, 1H, H-4′), 5.20 (s, 1H, H-8), 2.80-2.88 

(m, 2H, H-6), 2.16 (s, 3H, H-10), 0.92 (s, 3H, H-11); HRMS (ESI): Calcd for C21H17O3N2F2 ([M+H]+), 383.1202; Found, 383.1201.
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Data for 4s: Pale yellow solid, yield: 82%, purity: 99%, mp: 174-176 oC; [α]20
D = 19o (c 3.6 mg/mL, CHCl3); IR cm-1 (KBr): 3116, 

2962, 2926, 1740, 1638, 1377, 1216, 1158, 1022; 1H NMR (400 MHz, CDCl3) δ: 7.67 (m, 1H, -CH=N-), 7.55 (d, J = 2.0 Hz, 1H, -

Ph), 7.52 (s, 1H, H-2′), 7.47 (t, J = 2.0 Hz, 1H, H-5′), 6.38 (d, J = 1.2 Hz, 1H, H-4′), 5.21 (s, 1H, H-8), 2.79-2.94 (m, 2H, H-6), 2.01 

(s, 3H, H-10), 0.87 (s, 3H, H-11); HRMS (ESI): Calcd for C21H16O3N2Cl3 ([M+H]+), 449.0221; Found, 449.0218, C21H16O3N2
37Cl3 

([M+H]+), 455.0133; Found, 455.0130.
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Data for 4t: White solid, yield: 83%, purity: 99%, mp: 71-73 oC; [α]20
D = 17o (c 2.5 mg/mL, CHCl3); IR cm-1 (KBr): 3069, 2965, 

2925, 1746, 1640, 1513, 1278, 1165, 1024; 1H NMR (400 MHz, CDCl3) δ: 7.71 (m, 1H, -CH=N-),  7.52 (s, 1H, H-2′), 7.48 (t, J = 

1.6 Hz, 1H, H-5′), 7.32-7.34 (m, 1H, -Ph), 6.39 (d, J = 1.2 Hz, 1H, H-4′), 5.21 (s, 1H, H-8), 2.81-2.92 (m, 2H, H-6), 2.13 (s, 3H, H-

10), 0.89 (s, 3H, H-11); HRMS (ESI): Calcd for C21H15O3N2F4 ([M+H]+), 419.1013; Found, 419.1012.

The spectrum 1H NMR/13C NMR, HPLC and HRMS of compounds 3, 4a-t:











For C21H18O3N2
37Cl ([M+H]+):





For C21H18O3N2
37Cl ([M+H]+):































For C21H17 O3N2
37Cl2 ([M+H]+):





For C21H17O3N2
37ClF ([M+H]+):





For C21H17O3N2
37Cl2 ([M+H]+):









For C21H17O3N2
37ClF ([M+H]+):







For C21H16O3N2
37Cl3 ([M+H]+):






