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1. Experimental section 

1.1 General information 

Starting reagents and solvents were commercially available and analytically pure without further 

purification. Nuclear Magnetic Resonance (NMR) spectra were performed recorded on a Bruker AV 

400 spectrometer (Bruker Company, Germany). High Performance Liquid Chromatography-Mass 

Spectrometry (HRMS) spectra were carried out on a Triple TOF 5600+ spectrometer (AB Sciex, 

United States). Candida albicans SC5314 was purchased from ATCC Culture Preservation Center 

(United States). FLC-resistant SC5314-FR was induced by SC5314 with FLC. All strains were 

frozen in 30% glycerol at -80 ℃ for use. Axio Vert. A1 Inverted Fluorescence Microscope (Zeiss, 

Germany), Centrifuge 5810R High Speed Refrigerated Centrifuge (Eppendorf, Germany) and Tecan 

Spark 10M multimode microplate reader (Tecan) were used for biological pharmacological analysis.  

The purity of all compounds was no less than 95% by HPLC analysis. HPLC conditions: Solvent, 

CH3CN/water=90:10, flow rate=1.0 mL/min; Column type: Thermo C18 Column 4.6×250 mm; 

Column temperature: 30 ℃; wavelength=210 nm. 

1.2 General procedure for the preparation of compound 1 

To a stirred solution of 2’-chloro-2,4-dichloroacetophenone (4.47 g, 20 mmol) in acetonitrile (60 

mL), potassium carbonate (3.31 g, 24 mmol) and imidazole (1.63 g, 24 mmol) was added, the 

mixture was refluxed for 4 h. After completion of the reaction as indicated by TLC (PE/EA 3:1, 

Rf=0.3), the mixture was poured into dichloromethane (DCM, 150 mL) and washed with water 

(3×150 mL). The organic layer was dried by anhydrous Na2SO4, concentrated in vacuo and purified 

by column chromatography (PE/EA 5:1) to afford white solid (4.39 g, 86% yield). 

1.3 General procedure for the preparation of compound 2 

To a stirred solution of compound 1 (5.10 g, 20 mmol) in methanol solution (60 mL), sodium 

borohydride (2.27 g, 60 mmol) was added slowly on an ice bath and left to react at rt for 12 h. After 

completion of the reaction as indicated by TLC (PE/EA 1:1, Rf=0.5), the water (10 mL) was 

carefully added to the mixture and stirred for 15 minutes. The mixture was extracted with DCM 

(3×150 mL). The organic layer was dried by anhydrous Na2SO4, concentrated in vacuo and purified 

by column chromatography (DCM) to afford white solid (4.53 g, 88% yield). 

1.4 General procedure for the preparation of compound 3 

To a stirred solution of compound 2 (5.14 g, 20 mmol) in THF (60 mL), sodium hydride (0.96 g, 40 

mmol) was added and the mixture was reacted at 0℃ for 1 h. Following that 3-bromopropyl (3.5 

mL, 40 mmol) and potassium iodide (0.3 g, 1.8 mmol) was added and the mixture was reacted at rt 

for 12 h. After completion of the reaction as indicated by TLC (PE/EA 2:1, Rf=0.4), the mixture 

was added saturated NH4Cl solution (5 mL) to stir 10 min at 0 ℃, until the excess sodium hydride 

was completely consumed. Then the mixture was extracted with DCM (3×150 mL). The organic 

layer was dried by anhydrous Na2SO4, concentrated in vacuo and purified by column 

chromatography (PE/EA 3:1) to afford brown oil (5.12 g, 86.5% yield). 

1.5 General procedure for synthesis of compound 4a-4w 
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 To a stirred solution of compound 3 (0.1 g, 0.35 mmol) and R-X (0.525 mmol) in ethanol: water 

=1:1 (4 mL), sodium azide (34 mg, 0.525 mmol), sodium ascorbate (84 mg, 0.42 mmol) and copper 

acetate (14 mg, 0.07 mmol) were added and the mixture was reacted at 65 ℃ for 12 h. After 

completion of the reaction as indicated by TLC (DCM/MeOH 30:1, Rf=0.4), H2O (5 mL) was added, 

and then the mixture was extracted with DCM (3×5 mL). The organic layer was dried by anhydrous 

Na2SO4, concentrated in vacuo and purified by column chromatography (DCM/MeOH/TEA 

100:1:0.5) to afford compound 4a-4w (65-84% yields). 

Compound 4a: 1H NMR(400MHz, CDCl3) δ: 7.18~7.49 (m, 11H), 5.47(s, 2H), 4.94(s, 1H), 4.59(d, 

J = 11.9 Hz, 1H), 4.37(d, J = 11.6 Hz, 1H), 4.18(s, 1H), 3.97(s, 1H); 13C NMR (100MHz, CDCl3) 

δ: 144.10, 134.64, 134.44,133.70, 133.04, 129.36, 128.91, 128.56, 128.40, 127.94, 127.74, 122.48, 

77.48, 77.16, 76.84, 76.43, 62.79, 53.89. 

Compound 4b: 1H NMR (400MHz, CDCl3) δ: 7.13~7.41(m, 10H), 5.51(q, J = 14.9 Hz, 2H), 

4.93~4.95(m, 1H), 4.61(d, J = 12.4 Hz, 1H), 4.37(d, J = 12.5 Hz, 1H), 4.20(s, 1H), 3.97(s, 1H); 13C 

NMR (100MHz, CDCl3) δ: 144.54, 134.96, 134.79, 133.79, 133.25, 133.11, 129.63, 129.53, 129.30, 

128.49, 127.98, 122.51, 77.48, 77.16, 76.84, 76.69, 63.02, 53.36.  

Compound 4c: 1H NMR (400MHz, CDCl3) δ: 8.23(d, J = 8.6 Hz, 2H), 7.31-7.44(m, 5H), 7.30(t, J 

= 6.5 Hz, 1H), 7.21(s, 1H), 6.95(s, 1H), 5.68(q, J = 15.5 Hz, 2H), 4.96(d, J = 7.4 Hz, 1H), 4.66(d, J 

= 12.8 Hz, 1H), 4.40(d, J = 12.8 Hz, 1H), 4.00(d, J = 8.1 Hz, 1H), 3.95~3.97(m, 1H); 13C NMR 

(100MHz, CDCl3) δ: 147.94, 144.84, 141.69, 134.96, 133.66, 133.22, 129.61, 128.75, 128.43, 

127.96, 124.20, 122.86, 77.48, 77.36, 77.16, 76.92, 76.84, 62.97, 52.97; HRMS-ESI calcd for 

C21H19Cl2N6O3 (M+H)+ 473.0890, found 473.0893. 

Compound 4d: 1H NMR (400MHz, CDCl3) δ: 7.69(d, J = 8.3 Hz, 2H), 7.29~7.42(m, 5H), 7.14(s, 

1H), 6.90(s, 2H), 5.62(q, J = 15.4 Hz, 2H), 4.95(d, J = 1.9 Hz, 1H), 4.93(d, J = 2.0 Hz, 1H), 4.66(d, 

J = 12.8 Hz, 1H), 4.39(d, J = 12.8 Hz, 1H), 3.93~4.20(m, 1H); 13C NMR (100MHz, CDCl3) δ: 

144.77, 139.76, 134.94, 133.65, 133.21, 132.81, 129.60, 128.51, 128.42, 127.95, 122.76, 118.17, 

112.60, 77.48, 77.16, 76.93, 76.84, 62.94, 53.25. 

Compound 4e: 1H NMR (400MHz, CDCl3) δ: 7.65(d, J = 7.8 Hz, 2H), 7.39-7.41(m, 4H), 7.30(d, 

J = 8.4 Hz, 1H), 7.20(s, 1H), 6.92(s, 1H), 5.62(q, J = 15.2 Hz, 2H), 4.96(d, J = 6.7 Hz, 1H), 4.64(d, 

J = 12.6 Hz, 1H), 4.38(d, J = 12.6 Hz, 1H), 4.19(s, 1H), 3.97(s, 1H); 13C NMR (100MHz, CDCl3) 

δ: 144.65, 138.62, 135.02, 133.70, 133.27, 129.66, 128.48, 128.38, 128.01, 126.08, 126.04, 126.01, 

122.78, 77.48, 77.16, 76.84, 63.01, 53.40. 

Compound 4f: 1H NMR (400MHz, CDCl3) δ: 7.05~7.42(m, 10H), 5.51(q, J = 15.0 Hz, 2H), 4.95(d, 

J = 6.3 Hz, 1H), 4.64(d, J = 12.6 Hz, 1H), 4.38(d, J = 12.7 Hz, 1H), 4.21(s, 1H), 3.98(s, 1H); 13C 

NMR (100MHz, CDCl3) δ: 151.88, 151.84, 151.76, 151.71, 149.39, 149.35, 149.23, 144.74, 135.08, 

133.76, 133.32, 131.70, 131.65, 131.61, 129.72, 128.51, 128.06, 124.49, 124.45, 124.42, 124.39, 

122.59, 118.13, 117.96, 117.45, 117.27, 77.48, 77.16, 76.84, 63.07, 53.00. HRMS-ESI calcd for 

C22H19Cl2F3N5O (M+H)+ 496.0913, found 496.0918. 
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Compound 4g: 1H NMR (400MHz, CDCl3) δ: 7.25~7.42(m, 5H), 7.01(s, 1H), 5.95~6.04(m, 1H), 

5.28~5.38(dd, J = 9.6 Hz, 9.6 Hz, 2H), 4.98(d, J = 15.6 Hz, 3H), 4.64(d, J = 12.6 Hz, 1H), 4.41(d, 

J = 12.6 Hz, 1H), 4.22(s, 1H), 4.02(s, 1H); 13C NMR (100MHz, CDCl3) δ: 144.04, 134.86, 133.77, 

133.21, 131.06, 129.55, 128.51, 127.91, 122.48, 120.26, 77.48, 77.16, 76.84, 76.63, 62.95, 52.65. 

Compound 4h: 1H NMR (400MHz, CDCl3) δ: 7.47(s, 1H), 7.40~7.44(m, 2H), 7.30~7.33(m, 1H), 

7.28(s, 1H), 7.02(s, 1H), 6.90(s, 1H), 4.95~4.98(dd, J = 2.6 Hz, 2.5 Hz, 1H), 4.63~4.68(m, 3H), 

4.42(d, J = 12.7 Hz, 1H), 4.17~4.21(dd, J = 2.6 Hz, 2.6 Hz, 1H), 3.90~4.01(m, 3H); 13C NMR 

(100MHz, CDCl3) δ: 144.12, 137.97, 135.12, 133.83, 133.40, 129.79, 128.98, 128.59, 128.12, 

123.68, 120.00, 77.48, 77.16, 77.05, 76.84, 63.09, 51.77, 51.45, 42.46; HRMS-ESI calcd for 

C16H17Cl3N5O(M+H)+ 400.0493, found 400.0496. 

Compound 4i: 1H NMR (400MHz, CDCl3) δ: 7.67(s, 1H), 7.29~7.44(m, 4H), 6.95(s, 1H), 

5.17~5.21(m, 2H), 5.02(d, J = 7.4 Hz, 1H), 4.69(d, J = 12.5 Hz, 1H), 4.42(d, J = 12.6 Hz, 1H), 

4.23~4.30(m, 2H), 4.01~4.06(dd, J = 7.7 Hz, 8.0 Hz, 1H), 3.82(s, 3H); 13C NMR (100MHz, CDCl3) 

δ: 166.89, 144.29, 135.20, 133.54, 133.37, 129.80, 128.62, 128.15, 124.45, 77.48, 77.16, 76.84, 

76.66, 63.02, 62.55, 53.17, 50.93, 50.78. 

Compound 4j: 1H NMR (400MHz, CDCl3) δ: 7.22~7.51(m, 10H), 5.51(s, 2H), 5.00(s, 1H), 4.60(d, 

J = 9.8 Hz, 1H), 4.70(s, 2H), 4.05(s, 1H); 13C NMR (100MHz, CDCl3) δ: 144.28, 134.89, 133.68, 

133.14, 132.11, 129.82, 129.51, 128.45, 127.89, 122.75, 122.71, 77.48, 77.16, 76.84, 62.89, 53.28, 

46.03; HRMS-ESI calcd for C21H19BrCl2N5O (M+H)+ 508.0122, found 508.0126. 

Compound 4k: 1H NMR (400MHz, CDCl3) δ: 8.03(s, 2H), 7.31~7.68(m, 9H), 5.95(s, 2H), 5.02(s, 

1H), 4.67(d, J = 10.6 Hz, 1H), 4.40(d, J = 10.6 Hz, 2H), 4.03(s, 1H); 13C NMR (100MHz, CDCl3) 

δ: 190.52, 144.10, 134.93, 134.55, 133.93, 133.26, 129.59, 129.13, 128.57, 128.17, 127.98, 124.82, 

77.48, 77.16, 76.84, 63.01, 55.63, 46.00; HRMS-ESI calcd for C22H20Cl2N5O2(M+H)+ 456.0989, 

found 456.0987. 

Compound 4l: 1H NMR (400MHz, CDCl3) δ: 7.89(d, J = 8.1 Hz, 2H), 7.67(d, J = 8.2 Hz, 2H), 

7.42~7.46(m, 4H), 7.29~7.32(m, 1H), 5.92(s, 2H), 5.00(s, 1H), 4.68(d, J = 12.4 Hz, 1H), 4.40(d, J 

= 12.4 Hz, 1H), 4.24(s, 1H), 4.01(s, 1H); 13C NMR (100MHz, CDCl3) δ: 189.78, 144.08, 134.91, 

133.69, 133.22, 132.60, 132.41, 129.83, 129.63, 129.57, 128.51, 127.96, 124.80, 77.48, 77.16, 76.84, 

76.50, 62.95, 55.55, 45.97; HRMS-ESI calcd for C22H19BrCl2N5O2(M+H)+ 536.0072, found 

536.0068. 

Compound 4m: 1H NMR (400MHz, CDCl3) δ: 8.04~8.07(m, 2H), 7.42~7.44(m, 3H), 7.21~7.33(m, 

4H), 6.96(d, J = 24.2 Hz, 2H), 5.89(q, J = 17.7 Hz, 2H), 4.97~5.00(dd, J = 2.5 Hz, 2.5 Hz, 1H), 

4.72(d, J = 12.6 Hz, 1H), 4.43(d, J = 12.6 Hz, 1H), 4.17~4.21(dd, J = 2.5 Hz, 2.5 Hz, 1H), 

3.94~4.00(dd, J = 8.2 Hz, 8.2 Hz, 1H); 13C NMR (100MHz, CDCl3) δ: 188.84, 167.90, 165.34, 

144.48, 135.05, 133.86, 133.38, 131.11, 131.01, 130.47, 130.44, 129.74, 128.91, 128.60, 128.09, 

124.65, 120.06, 116.69, 116.47, 77.48, 77.16, 77.02, 76.84, 63.18, 55.39, 51.41. 

Compound 4n: 1H NMR (400MHz, CDCl3) δ: 7.71(d, J = 8.4 Hz, 1H), 7.54(d, J = 2.0 Hz, 1H), 

7.39~7.48(m, 4H), 7.26~7.33(m, 2H), 6.99(s, 1H), 6.91(s, 1H), 5.85(q, J = 18.1 Hz, 2H), 
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4.96~4.99(dd, J = 2.5 Hz, 2.5 Hz, 1H), 4.71(d, J = 12.6 Hz, 1H), 4.43(d, J = 12.6 Hz, 1H), 

4.17~4.21(dd, J = 2.6 Hz, 2.6 Hz, 1H), 3.94~4.00(dd, J = 8.2 Hz, 8.2 Hz, 1H); 13C NMR (100MHz, 

CDCl3) δ: 144.54, 139.83, 135.16, 133.83, 133.49, 133.44, 133.17, 131.74, 131.13, 129.82, 128.63, 

128.16, 128.12, 124.59, 77.48, 77.16, 77.03, 76.84, 63.21, 58.34, 51.51. 

Compound 4o: 1H NMR (400MHz, CDCl3) δ: 7.19~7.59(m, 7H), 6.87(d, J = 7.6 Hz, 2H), 5.80(s, 

2H), 4.92(s, 1H), 4.58(d, J = 10.9 Hz, 1H), 4.32(d, J = 11.0 Hz, 1H), 4.14(s, 1H), 3.81~3.87(m, 7H); 

13C NMR (100MHz, CDCl3) δ: 154.30, 149.27, 143.89, 134.75, 133.71, 133.12, 129.43, 128.48, 

127.84, 126.91, 124.72, 122.95, 110.31, 110.00, 77.48, 77.16, 76.84, 76.45, 62.88, 56.10, 55.95, 

55.14, 45.94. 

Compound 4p: 1H NMR (400MHz, CDCl3) δ: 7.41~7.44(m, 3H), 7.30~7.33(m, 1H), 7.22(s, 1H), 

6.97(d, J = 22.4 Hz, 2H), 5.28(q, J = 18.2 Hz, 2H), 4.95~4.97(dd, J = 2.1 Hz, 2.2 Hz, 1H), 4.69(d, 

J = 12.6 Hz, 1H), 4.40(d, J = 12.6 Hz, 1H), 4.20(d, J = 14.2 Hz, 1H), 3.94~3.99(dd, J = 8.2 Hz, 8.3 

Hz,1H), 2.27(s, 3H); 13C NMR (100MHz, CDCl3) δ: 199.06, 144.38, 135.03, 133.77, 133.33, 129.70, 

128.55, 128.06, 124.28, 77.48, 77.16, 76.84, 63.07, 58.47, 51.44, 27.28. 

Compound 4q: 1H NMR (400MHz, CDCl3) δ: 7.69(d, J = 16.0 Hz, 1H), 7.55(d, J = 7.4 Hz, 2H), 

7.27~7.40(m, 7H), 6.47(d, J = 16.0 Hz, 1H), 5.55(s, 2H), 4.97(s, 1H), 4.62(d, J = 11.8 Hz, 1H), 

4.38(d, J = 11.9 Hz, 1H), 4.26(s, 1H), 3.99(s, 1H), 3.81(s, 4H); 13C NMR (100MHz, CDCl3) δ: 

167.21, 144.44, 143.78, 136.70, 135.01, 134.83, 133.79, 133.25, 129.65, 128.70, 128.67, 128.52, 

128.00, 122.77, 118.77, 77.48, 77.16, 76.84, 63.02, 53.69, 51.84, 46.07. 

Compound 4r: 1H NMR (400MHz, CDCl3) δ: 7.92(d, J = 7.4 Hz, 2H), 7.29~7.42(m, 8H), 5.89(s, 

2H), 5.02(s, 1H), 4.68(d, J = 11.9 Hz, 1H), 4.40(d, J = 11.9 Hz, 1H), 4.25(s, 1H), 4.00(s, 1H), 2.44(s, 

3H); 13C NMR (100MHz, CDCl3) δ: 190.07, 145.70, 144.04, 135.00, 133.31, 131.51, 129.84, 129.66, 

128.60, 128.32, 128.04, 124.89, 77.48, 77.16, 76.84, 63.05, 55.58, 21.87. 

Compound 4s: 1H NMR (400MHz, CDCl3) δ: 8.55(s, 1H), 7.91~8.03(m, 4H), 7.60~7.70(m, 2H), 

7.30~7.44(m, 5H), 6.98(d, J = 28.8 Hz, 2H), 6.05(q, J = 17.6 Hz, 2H), 4.99~5.02(dd, J = 2.6 Hz, 

2.6 Hz, 1H), 4.73(d, J = 12.6 Hz, 1H), 4.45(d, J = 12.6 Hz, 1H), 4.17~4.21(dd, J = 2.6 Hz, 2.6 Hz, 

1H), 3.94~4.00(dd, J = 8.1 Hz, 8.1 Hz, 1H); 13C NMR (100MHz, CDCl3) δ: 144.47, 136.28, 135.07, 

133.92, 133.41, 132.48, 131.34, 130.38, 129.87, 129.76, 129.52, 129.35, 128.66, 128.12, 128.08, 

127.49, 124.74, 123.36, 77.48, 77.16, 77.02, 76.84, 63.23, 55.61, 51.45; HRMS-ESI calcd for 

C26H22Cl2N5O2 (M+H)+ 506.1145, found 506.1137.  

Compound 4t: 1H NMR (400MHz, CDCl3) δ: 7.49(s, 1H), 7.33~7.46(m, 6H), 7.26~7.31(m, 2H), 

7.00(s, 1H), 6.90(s, 1H), 6.74(d, J = 15.8Hz, 1H), 6.32-6.39(m, 1H), 5.11~5.14(m, 2H), 

4.98~5.01(dd, J = 2.6 Hz, 2.6 Hz, 1H), 4.67(d, J = 12.6Hz, 1H), 4.44(d, J = 12.6Hz, 1H), 

4.18~4.23(dd, J = 2.6 Hz, 2.7 Hz, 1H), 3.97~4.03(dd, J = 8.0 Hz, 8.0 Hz, 1H); 13C NMR (100MHz, 

CDCl3) δ: 144.37, 135.73, 135.62, 135.08, 133.91, 133.39, 129.75, 128.89, 128.71, 128.64, 128.09, 

126.88, 122.42, 121.83, 77.48, 77.16, 76.99, 76.84, 63.18, 52.50, 51.44; HRMS-ESI calcd for 

C23H22Cl2N5O (M+H)+ 454.1196, found 454.1197. 
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Compound 4u: 1H NMR (400MHz, CDCl3) δ: 7.69~7.71(m, 1H), 7.40~7.51(m, 6H), 7.26~7.33(m, 

2H), 7.00(s, 1H), 6.91(s, 1H), 5.86(q, J = 18.1Hz, 2H), 4.97~5.00(dd, J = 2.5 Hz, J = 2.5 Hz, 1H), 

4.70(d, J = 12.6 Hz, 1H), 4.43(d, J = 12.6 Hz, 1H), 4.17~4.21(dd, J = 2.5 Hz, J =2.6 Hz, 1H), 

3.95~4.00(dd, J = 8.1 Hz, 8.04 Hz, 1H); 13C NMR (100MHz, CDCl3) δ: 192.77, 144.43, 135.39, 

135.11, 133.87, 133.71, 133.42, 131.99, 131.16, 130.42, 129.78, 128.66, 128.12, 127.59, 124.59, 

77.48, 77.16, 76.99, 76.84, 63.18, 58.35, 51.50. 

Compound 4v: 1H NMR (400MHz, CDCl3) δ: 7.90~7.96(m, 3H), 7.47~7.54(m, 4H), 7.32~7.37(m, 

2H), 7.22~7.30(m, 2H), 6.97(s, 1H), 6.85(s, 1H), 6.68(s, 1H), 5.89~6.00(q, J = 14.8 Hz, 2H), 

4.85~4.88((dd, J = 2.7 Hz, 2.7 Hz, 1H), 4.54(d, J = 12.6 Hz, 1H), 4.32(d, J = 12.6 Hz, 1H), 

4.07~4.11(dd, J = 2.7 Hz, 2.7 Hz, 1H), 3.86~3.92(dd, J = 8.0 Hz, 8.0 Hz, 1H); 13C NMR (100MHz, 

CDCl3) δ: 144.27, 135.01, 134.07, 133.84, 133.35, 131.31, 130.24, 129.83, 129.69, 129.08, 128.62, 

128.26, 128.03, 127.41, 126.53, 125.56, 123.02, 122.61, 77.48, 77.16, 76.84, 76.71, 63.02, 52.50, 

51.32; HRMS-ESI calcd for C25H22Cl2N5O (M+H)+ 478.1196, found 478.1191. 

Compound 4w: 1H NMR (400MHz, CDCl3) δ: 8.03~8.09(m, 1H), 7.42~7.46(m, 3H), 7.28~7.33(m, 

2H), 6.98~7.09(m, 3H), 6.91(s, 1H), 5.82(q, J = 18.5 Hz, 2H), 4.98~5.01(dd, J = 2.6 Hz, 2.4 Hz, 

1H), 4.73(d, J = 12.6 Hz, 1H),4.45(d, J = 12.6 Hz, 1H), 4.18~4.22(dd, J = 2.6 Hz, 2.6 Hz, 1H), 

3.96~4.01(dd, J = 8.1 Hz, 8.2 Hz, 1H); 13C NMR (100MHz, CDCl3) δ: 187.23, 162.09, 144.43, 

138.04, 135.11, 133.90, 133.43, 133.38, 133.34, 133.27, 133.23, 129.79, 129.00, 128.66, 128.13, 

124.72, 120.02, 119.14, 113.49, 113.28, 113.25, 105.48, 105.21, 104.96, 77.48, 77.16, 77.03, 76.84, 

63.25, 59.05, 58.91, 51.46; HRMS-ESI calcd for C22H18Cl2F2N5O2 (M+H)+ 492.0800, found 

492.0799. 

1.6 Antifungal activity 

The minimum inhibitory concentration (MIC50) of a series of compounds (4a-4w) against C. 

albicans were determined by Microdilution method recommended by Clinical and Laboratory 

Standards Institute (CLSI) M27-A3. The logarithmic growth stage of C. albicans was adjusted to 

1×105 CFU/mL by using Sand's liquid medium (SDB). All drugs were successively diluted by 5 

times of SDB on a 96-well flat plate to achieve a final concentration of 200-0.064 μg/mL. The final 

concentration of DMSO per well was less than 0.1%. Growth control group (only added fungi), 

blank control group, single drug group (single drug + fungi) and fluconazole group (FLC+ fungi) 

were set up. Each compound was arranged in parallel with three multiple pores per concentration, 

with a final volume of 200 µL. The 96-well culture plate was cultured in an incubator at 30 oC for 

24 h, and the OD value was detected at 630 nm with a multifunctional enzyme marker. The 

experiment was repeated three times. 

1.7 Time-sterilization curve test 

Logarithmic growth of C. albicans was taken and the concentration of SDB was adjusted to 

1×105 CFU/mL. Control group (Control), FLC group, 4s low dose group (L, 0.27 μg/mL), 4s 

medium dose group (M, 0.53 μg/mL), 4s high dose group (H, 1.06 μg/mL) were set. The system of 

each group was 10 mL. The strains and drugs were co-cultured on a constant temperature shaking 
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table at 150 r/min at 30 oC. After culture for 0, 4, 8, 12, 24, 36, 48 h, the solution of each group was 

fully mixed, and 200 μL samples were taken from a super-clear workbench and placed on a 96-well 

plate. Then the absorbance at 630 nm was determined by enzyme labeling instrument. The 

remaining fungil solution was sealed with a sterile breathable sealing film and then placed back on 

the shaking table for culture. Each group is provided with three multiple holes. The time-sterilization 

curve was drawn with the time point as the horizontal coordinate and the absorbance measured at 

different time points as the vertical coordinate. 

1.8 Cell morphology test 

Mycelia induction SD+10% FBS and Spider were used to induce mycelia respectively. The C. 

albicans in the logarithmic growth stage were adjusted into a fungil suspension with a final 

concentration of 1×105 CFU/mL using SD+10% FBS or Spider medium. FLC group, 4s low dose 

group (L, 0.27 μg/mL), 4s medium dose group (M, 0.53 μg/mL), 4s high dose group (H, 1.06 μg/mL) 

and control group without drugs were added to the corresponding 24-well plates, respectively, with 

a total system of 1mL per well and 3 multiple Wells in each group. Then it was cultured in a constant 

temperature and humidity incubator at 30 oC. After 4 h and 8 h, the 24-well plate was taken out and 

the mycelium formation was observed under an inverted microscope and photographed. 

1.9 Biofilm formation test 

The culture medium of C. albicans in logarithmic growth stage (RPMI1640+10%FBS) was 

adjusted to 1×105 CFU/mL, which was added to the 24-well plate and cultured in an incubator at 

30 oC for 90 min, so that C. albicans adhered to the bottom of the culture plate, and the excess 

culture medium was slowly removed. The FLC group and 4s low-dose group (L, 0.27 μg/mL), 4s 

medium dose group (M, 0.53 μg/mL) and 4s high dose group (H, 1.06 μg/mL) were added into 1 

mL drug-containing and drug-free medium and cultured in an incubator at 30 oC for 24 h. Then, the 

medium was discarded and stained with crystal violet solution for 30 min, the excess dye was 

washed 3 times with 1×PBS, and 200 μL PBS was added to observe the formation of C. albicans 

biofilm with an inverted microscope. 

1.10 Membrane permeability test 

FLC group, 4s low dose group (L, 0.27 μg/mL), 4s medium dose group (M, 0.53 μg/mL), 4s 

high dose group (H, 1.06 μg/mL) and control group without drugs were set. The concentration of C. 

albicans was adjusted to 1×105 CFU/mL with SDB, and the corresponding drugs were added to the 

corresponding groups and cultured at 30 oC and 150 r/min in a constant temperature shaking table 

for 16-24 hours, then was washed with aseptic PBS and resuspension to 2×106 CFU/mL. The 

strains were then incubated with PI dye (final concentration of 5 µg/mL) at room temperature for 

30 min away from light, the dye was removed by centrifugation, and the cells were washed with 

sterile 1×PBS to remove the excess dye. Pictures were taken under a fluorescence microscope and 

their fluorescence intensity was measured. 

1.11 Strain morphological change experiment 
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FLC group, 4s low dose group (L, 0.27 μg/mL), 4s medium dose group (M, 0.53 μg/mL), 4s 

high dose group (H, 1.06 μg/mL) and control group without drugs were set up. The final 

concentration of Candida albicans with SDB was adjusted to 5×105 CFU/mL. The strains and drugs 

were placed on a constant temperature shaking table at 150 r/min at 30 oC for 16-24 hours. Cell 

precipitate was collected by centrifugation, sterilized by 1×PBS for three times, prefixed with pre-

cooled 3% paraformaldehyde and 2.5% glutaraldehyde at 4 oC, and then refixed with 1% osmium 

tetroxide. Then dehydration with acetone step by step; The dehydrating agent and Epon-812 

embedding agent were infiltrated in sequence according to the ratio of 3:1, 1:1 and 1:3, respectively. 

The 60-90 nm ultra-thin sections were prepared by the ultra-thin section mechanism using Epon-

812 embedding method. The sections were stained with uranium acetate for 10-15 min and then 

with lead citrate for 1-2 min at room temperature. Images were then taken under a transmission 

electron microscope. 

1.12 Toxicity test 

16HBE cells at logarithmic growth stage were inoculated into 96-well plates, and the cell 

concentration was adjusted to 1×105 CFU/mL with complete medium (RPMI1640 medium plus 

10%FBS and 1% double antibody). The cells were cultured at 37 oC in a cell incubator for 24 h, so 

that the cells were uniformly attached to the bottom of the 96-well plates. After 24 h, the culture 

medium was removed, and the FLC group, 4s drug group, growth control group and blank control 

group were set up. The drug was continuously diluted from 100 μg/mL by 5 times gradient with 

complete culture medium. Only cells were added to the growth control group, and the blank control 

group only contained the culture medium. The corresponding drugs were added according to the 

groups and incubated in the incubator for 48 h. After that, the culture plate was taken out in strict 

accordance with the instructions of the CCK8 test kit, and appropriate amount of CCK8 working 

liquid was added to each hole and placed in the incubator for incubation. OD values of each group 

were detected and cell viability was calculated at 450 nm wavelength by enzyme-labeler. 

1.13 Molecular docking study 

Firstly, 2D planar structure of the desired compound 4s was drawn and saved as a mol format 

file. Then the three-dimensional crystal structure of CYP51 in PDB format was obtained from PDB 

database (https://www.rcsb.org/), and 5TL8 fragment was selected as the intended target protein of 

the synthesized drug. The protein was hydrotreated with water removal at Discovery Studio and 

saved as a PBD file. The software was used to dock compound 4s with the target protein 5TL8, 

formed and visualized the score result. Finally, the interaction diagram of the docking site between 

compound and target protein was given. 
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2. NMR spectra 
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3. HRMS spectra  
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4. HPLC spectra 
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