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Table S1. The antifungal activities of β-Pinene quaternary ammonium salts against ten fungi. 

Com. Fungi 
Testing the concentration (μg/mL) 

EC50 R2 Toxic regression equation 
200.00  100.00  50.00  25.00  12.50  6.25  3.13  

4a 

A 99.50  96.28  95.04  80.40  74.44  60.09  43.20  4.50  0.9870  y=4.0474+1.4589x 

B 100.00  100.00  98.24  78.19  53.08  33.80   10.92  0.9585  y=0.7439+4.0966x 

C 96.01  81.05  69.83  54.61  23.19    27.09  0.9860  y=2.2715+1.9043x 

D 99.77  94.48  91.49  73.56  58.85  43.24   9.45  0.9760  y=3.1591+1.8869x 

E 85.57  70.63  59.49  41.27  33.67    31.98  0.9910  y=3.1360+1.2386x 

F 99.21  90.81  83.20  69.82  44.88    15.09  0.9810  y=2.6912+1.9587x 

G 100.00  100.00  100.00  75.40  35.29  20.77   10.82  0.9214  y=0.1384+4.6998x 

H 83.33  82.54  85.71  84.39  14.55    18.01  0.9830  y=3.3433+1.3418x 

I 98.85  92.20  86.01  75.46  68.12  59.33  29.78  6.34  0.9780  y=3.9164+1.3514x 

J 92.78  77.58  59.54  40.46  23.97    33.76  0.9960  y=2.2919+1.7718x 

4b 

A 91.47  85.52  71.59  65.18  37.60    17.42  0.9840  y=3.3339+1.3425x 

B 100.00  100.00  94.67  83.11  43.56    15.10  0.9525  y=0.6258+4.7722x 

C 95.38  93.75  72.73  58.81  39.77    18.21  0.9814  y=2.8246+1.7260x 

D 100.00  100.00  93.13  79.62  52.13  39.57   10.97  0.9354  y=0.8710+3.9692x 

E 86.95  76.24  50.28  45.30  40.88    27.83  0.9490  y=3.3005+1.1764x 

F 99.54  95.20  77.60  63.20  52.27  49.07   10.78  0.9464  y=3.1980+1.7448x 

G 100.00  99.09  82.27  72.27  40.23    18.85  0.9422  y=0.1963+4.0745x 

H 100.00  100.00  100.00  68.30  25.13    13.71  0.8820  y=0.9929+5.2702x 

I 100.00  100.00  96.08  93.21  83.29  59.53  43.28  5.39  0.9361  y=2.7575+3.0642x 

J 92.50  86.70  70.64  59.17  38.53    18.98  0.9961  y=3.1561+1.4426x 

4c 

A 83.19  76.34  59.44  39.44  17.18    40.82  0.9873  y=2.4300+1.5954x 

B 100.00  100.00  100.00  76.53  39.91  21.36   10.54  0.9224  y=0.2423+4.6520x 

C 99.29  93.75  72.73  58.81  39.77    19.58  0.9822  y=2.1101+2.2371x 

D 100.00  100.00  95.71  85.10  64.90  47.73   9.36  0.9396  y=1.329+3.7788x 



E 65.94  56.25  42.61  32.39  14.77    77.68  0.9861  y=2.7843+1.1721x 

F 83.45  70.03  60.47  53.49  44.19    20.67  0.9834  y=3.8316+0.8883x 

G 99.81  98.67  91.33  65.56  49.78    14.32  0.9938  y=2.0750+2.5301x 

H 100.00  100.00  100.00  91.23  32.21    11.02  0.8944  y=0.0437+4.8396 

I 97.49  91.71  82.90  78.24  52.85  36.27   10.25  0.9915  y=3.4976+1.4864x 

J 98.76  93.75  72.92  58.75  32.71    21.13  0.9931  y=2.0523+2.2250x 

4d 

A 85.60  63.32  43.21  31.52  23.37    49.63  0.9750  y=2.5216+1.4615x 

B 52.25  28.50  12.00  10.50  4.25    229.37  0.9740  y=1.6727+1.4095x 

C 85.28  60.15  46.70  28.93  19.54    52.94  0.9840  y=2.3513+1.5386x 

D 96.50  75.27  66.96  51.20  35.01    24.62  0.9600  y=2.6676+1.6764x 

E 14.95  5.93  3.61  0.77  1.03    113.18  0.9910  y=2.1440+1.3906x 

F 89.08  64.56  45.87  33.50  21.36    46.15  0.9870  y=2.3193+1.6108x 

G 28.54  13.93  7.08  2.05  4.11    906.84  0.9070  y=1.7565+1.0967x 

H 58.98  16.99  7.04  / /   181.88  0.9755  y=1.3802+2.8234x 

I 93.13  67.94  55.73  42.24  31.55    32.56  0.9550  y=2.6915+1.5259x 

J 92.40  73.53  60.78  39.71  29.66    32.12  0.9850  y=2.5855+1.6024x 

4e 

A 83.77  63.87  45.55  32.20  21.20    50.53  0.9904  y=2.5178+1.14571x 

B 83.57  49.77  16.90  8.45  4.23    94.06  0.9743  y=0.5602+2.2499x 

C 79.14  67.91  55.88  44.12  34.76    33.31  0.9980  y=3.4729+1.0030x 

D 92.16  87.84  80.59  70.59  45.10    11.77  0.9783  y=3.6825+1.2303x 

E 45.45  28.48  22.73  14.55  8.48    296.61  0.9926  y=2.5316+0.9985x 

F 88.18  77.83  63.05  46.31  15.27    36.81  0.9820  y=2.2550+1.7530x 

G 82.38  54.76  27.62  12.86  6.67    81.94  0.9894  y=1.1135+2.0311x 

H 58.33  32.22  26.11  8.33  6.11    165.09  0.9791  y=1.7338+1.4728x 

I 93.25  73.25  51.75  30.75  21.75    40.37  0.9833  y=1.9727+1.8849x 

J 98.16  73.16  47.63  36.32  23.16    36.03  0.9428  y=1.5816+2.1960x 

4f 

A 44.92  36.80  30.20  26.90  21.32    391.04  0.9935  y=3.6101+0.5362x 

B 49.56  45.13  34.96  26.99  23.01    189.69  0.9913  y=3.5276+0.6464x 

C 53.03  41.67  31.82  19.70  15.66    168.86  0.9945  y=2.9198+0.9338x 



D 70.29  50.59  44.41  38.24  11.18    74.83  0.9450  y=2.6259+1.2668x 

E 17.20  12.37  10.48  8.06  6.45    26411.41  0.9926  y=2.9613+0.4610x 

F 75.12  65.61  51.22  25.37  11.71    61.94  0.9867  y=2.1423+1.5947x 

G 47.02  35.78  22.94  13.76  5.05    203.90  0.9933  y=2.0407+1.2814x 

H 41.11  35.93  28.15  20.74  11.11    306.31  0.9808  y=2.9790+0.8129x 

I 59.15  49.79  45.96  31.91  20.43    93.84  0.9801  y=3.3092+0.8572x 

J 41.67  20.83  14.72  10.00  5.00    398.38  0.9617  y=2.1164+1.1089x 

Chlorothalonil 

A 65.38  64.36  58.97  58.68  57.96  55.32  44.28  3.98  0.9154  y=4.8496+0.2507x 

B 100.00  100.00  100.00  100.00  100.00  55.81  32.47  1.81  0.7978  y=4.2020+3.0936x 

C 69.13  63.56  55.49  47.12  43.99  
  

27.09  0.9915  y=4.1811+0.5715x 

D 100.00  100.00  100.00  100.00  100.00  93.08  86.00  0.43  0.7974  y=5.8195+2.2302x 

E 100.00  100.00  100.00  100.00  100.00  33.36  21.99  2.41  0.7948  y=3.7253+3.3435x 

F 82.40  73.95  73.19  72.54  66.63  63.14  59.18  0.67  0.9657  y=5.805+0.3438x 

G 100.00  100.00  100.00  100.00  100.00  45.98  42.98  1.74  0.7916  y=4.2630+3.0534x 

H 100.00  100.00  100.00  100.00  100.00  100.00  59.39  0.07  0.6121  y=3.8390+5.1823x 

I 91.14  90.13  89.37  89.11  78.73  77.68  74.39  0.09  0.9385  y=5.4523+0.4256x 

J 100.00  100.00  100.00  100.00  100.00  50.96  25.03  2.05  0.7984  y=4.0043+3.2005x 

Note: A: Fusarium oxysporum f.sp. niveum (F. oxysporum f.sp. niveum), B: Phytophthora nicotianae var.nicotianae (P. nicotianae var.nicotianae), C: Colletotrichum acutatum (C. acutatum), 

D: Rhizoctonia solani (R. solani) , E: Coriolus versicolor (C. versicolor) , F: Fusarium verticillioides (F. verticillioides), G: Diplodia pinea (D. pinea), H: Poria vaporaria(P. vaporaria), I: 

Fusicoccumaesculi, J: Colletotrichum gloeosprioides (C. gloeosprioides)



Figure S1. The 1H NMR spectra of Compound 4a. 

 

 
Figure S2. The 13C NMR spectra of Compound 4a. 



 

Figure S3. The HRMS spectra of Compound 4a. 

 

 

Figure S4. The FT-IR spectra of Compound 4a. 

  



Figure S5. The 1H NMR spectra of Compound 4a. 

 

 

Figure S6. The 13C NMR spectra of Compound 4b. 

 



 
Figure S7. The HRMS spectra of Compound 4b. 

 

 

Figure S8. The FT-IR spectra of Compound 4b. 

  



Figure S9. The 1H NMR spectra of Compound 4c. 

 

 
Figure S10. The 13C NMR spectra of Compound 4c. 

 



 
Figure S11. The HRMS spectra of Compound 4c. 

 

Figure S12. The FT-IR spectra of Compound 4c. 

  



Figure S13. The 1H NMR spectra Compound 4d. 

 

 
Figure S14. The 13C NMR spectra of Compound 4d. 

 



 

Figure S15. The HRMS spectra of Compound 4d. 

 

 

Figure 16. The FT-IR spectra of Compound 4d. 

  



Figure S17. The 1H NMR spectra Compound 4e. 

 

 
Figure S16. The 13C NMR spectra of Compound 4e. 
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Figure S19. The HRMS spectra of Compound 4e. 

 

 

Figure S20. The FT-IR spectra of Compound 4e. 

  



Figure S21. The 1H NMR spectra Compound 4f. 

 

 

Figure S22. The 13C NMR spectra of Compound 4f. 



 

Figure S23. The HRMS spectra of Compound 4f. 

 

 

Figure S24. The FT-IR spectra of Compound 4f. 

 


