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Figure S4. 13C NMR spectrum (100.6 MHz, CDCl3 + CD3OD) of 3a.

Figure S5. 1H NMR spectrum (400.1 MHz, CDCl3) of 3b.
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Figure S6. 13C NMR spectrum (100.6 MHz, CDCl3) of 3b.

Figure S7. 1H NMR spectrum (400.1 MHz, CDCl3 + CD3OD) of 3e.
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Figure S8. 13C NMR spectrum (100.6 MHz, CDCl3 + CD3OD) of 3e.

Figure S9. 1H NMR spectrum (400.1 MHz, CDCl3) of 3f.
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Figure S10. 13C NMR spectrum (100.6 MHz, CDCl3) of 3f.

Figure S11. 1H NMR spectrum (400.1 MHz, CD3OD ) of 3l.
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Figure S12. 13C NMR spectrum (100.6 MHz, CD3OD) of 3l.

Figure S13. 1H NMR spectrum (400.1 MHz, CDCl3) of 4.



Limonin Derivatives J. Braz. Chem. Soc.S8

Figure S14. 13C NMR spectrum (100.6 MHz, CDCl3) of 4.

Figure S15. 1H NMR spectrum (400.1 MHz, CDCl3) of 5a.
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Figure S16. 13C NMR spectrum (100.6 MHz, CDCl3) of 5a.

Figure S17. 13C NMR spectrum (100.6 MHz, CDCl3) of 5b.
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Figure S18. 1H NMR spectrum (400.1 MHz, CDCl3) of 5c.

Figure S19. 13C NMR spectrum (100.6 MHz, CDCl3) of 5c.
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Figure S20. 1H NMR spectrum (400.1 MHz, CDCl3) of 6a.

Figure S21. 13C NMR spectrum (100.6 MHz, CDCl3) of 6a.
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Figure S22. 1H NMR spectrum (400.1 MHz, CDCl3) of 6b.

Figure S23. 13C NMR spectrum (100.6 MHz, CDCl3) of 6b.
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Figure S24. HRMS spectrum of 3c.

Figure S25. HRMS spectrum of 3d.

Selected mass spectra
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Figure S26. HRMS spectrum of 3i.

Figure S27. HRMS spectrum of 3j.
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Figure S28. HRMS spectrum of 3k.

Figure S29. HRMS spectrum of 3m.
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Figure S30. HRMS spectrum of 3n.

Figure S31. HRMS spectrum of 4.
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Tables of the results of antimicrobial activities in μg mL-1

Table S1. Antifungal activity (MIC and MFC in μg mL-1) for limonin (1), limonin derivatives 3a-o, limonin-7-oxime (4), limonin-7-oxime derivatives 
5a-c and 1,2,3-triazolyl limonins 6a and 6b
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Microorganism MIC and MFC / (μg mL-1)

Compounds 
and control

Candida 
albicans

Candida 
tropicalis

Candida 
krusei

Candida 
parapslosis

Cryptococcus 
neoformans

Cryptococcus 
gatti

MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC

1 100 > 100 100 100 6.2 25 50 100 25 50 50 50

3a > 100 – > 100 – 6.2 50 100 > 100 25 > 100 50 50

3b > 100 – 100 > 100 12.5 100 100 > 100 25 100 50 50

3c 50 50 50 50 25 50 50 50 25 25 25 25

3d 50 50 100 100 25 50 100 > 100 25 25 50 50

3e 100 100 100 100 12.5 50 50 100 12.5 50 25 50

3f 100 100 50 100 6.2 50 50 50 25 50 25 50

3g 100 100 50 50 6.2 50 50 100 25 > 100 50 50

3h > 100 – > 100 – 12.5 > 100 100 > 100 25 > 100 25 100

3i 100 > 100 100 > 100 12.5 25 50 > 100 12.5 100 25 50

3j 100 100 100 100 6.2 25 50 100 6.2 50 25 100

3k 50 100 50 50 25 50 50 50 25 25 50 50

3l 100 > 100 100 > 100 12.5 25 50 100 25 50 25 50

3m 100 > 100 100 100 25 100 50 100 25 25 50 50

3n 100 > 100 100 > 100 6.2 25 50 > 100 25 50 25 50

3o 100 > 100 100 > 100 12.5 50 50 100 6.2 50 25 50

4 50 > 100 100 100 50 50 50 100 25 100 25 50

5a 50 50 50 100 25 > 100 50 100 25 100 25 50

5b 50 50 50 > 100 25 > 100 50 > 100 25 100 25 50

5c 50 100 100 > 100 25 > 100 50 > 100 25 100 50 50

6a 50 50 50 100 25 > 100 50 100 25 100 25 50

6b 50 50 50 > 100 25 > 100 50 100 25 100 25 50

Nystatin 0.77 3.1 1.52 3.1 0.77 0.77 0.77 1.52 1.52 3.1 3.1 3.1

MIC: minimal inhibitory concentration; MFC: minimal fungicidal concentration.



Limonin Derivatives J. Braz. Chem. Soc.S18

Table S2. Antibacterial activity (MIC and MBC in μg mL-1) for limonin (1), limonin derivatives 3a-o, limonin-7-oxime (4), limonin-7-oxime derivatives 
5a-c and 1,2,3-triazolyl limonins 6a and 6b

Gram-positive bacteria MIC and MBC / (μg mL-1) 

Compounds 
and controls

Staphylococcus 
aureus

Bacillus 
subtilis

Bacillus 
cereus

Enterococcus 
spp

Enterobacter 
aerogenes

Listeria 
innocua

Listeria 
monocytogenes

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
1 200 > 200 100 > 200 200 > 200 200 > 200 200 > 200 100 > 200 25 > 200
3a 200 > 200 NT NT 200 > 200 200 > 200 200 > 200 100 > 200 100 > 200
3b > 200 – NT NT 200 > 200 > 200 – > 200 – 100 > 200 50 > 200
3c 50 100 100 100 50 50 50 100 50 100 50 > 200 25 > 200
3d 50 50 50 > 200 50 > 200 50 > 200 100 > 200 50 > 200 100 > 200
3e 200 > 200 NT NT 200 > 200 200 > 200 200 200 100 > 200 100 > 200
3f 200 > 200 NT NT 200 > 200 200 200 200 > 200 100 > 200 50 200
3g 50 > 200 100 > 200 50 > 200 50 > 200 100 > 200 25 200 25 > 200
3h > 200 – NT NT > 200 – 200 > 200 > 200 – 100 > 200 50 > 200
3i 200 > 200 NT NT 200 > 200 200 > 200 > 200 – 100 > 200 50 > 200
3j 200 > 200 NT NT 200 > 200 200 > 200 200 > 200 100 > 200 50 > 200
3k 100 100 100 100 100 100 100 100 50 50 50 > 200 25 > 200
3l 200 > 200 NT NT 200 > 200 200 > 200 200 > 200 100 200 50 > 200
3m 50 100 100 > 200 50 > 200 50 > 200 100 > 200 50 > 200 50 > 200
3n 200 > 200 NT NT 200 > 200 200 > 200 200 > 200 50 200 50 > 200
3o 200 > 200 NT NT 200 > 200 200 > 200 200 > 200 50 200 50 200
4 50 100 100 > 200 50 > 200 50 > 200 100 > 200 100 > 200 50 > 200
5a 50 > 200 100 > 200 50 > 200 50 200 100 > 200 50 > 200 25 > 200
5b 50 > 200 100 > 200 50 > 200 50 > 200 100 > 200 50 > 200 50 > 200
5c 100 > 200 > 200 – 100 > 200 50 > 200 200 > 200 100 > 200 25 > 200
6a 50 100 100 > 200 50 > 200 50 > 200 100 200 50 > 200 25 > 200
6b 50 100 100 > 200 50 > 200 50 > 200 100 > 200 50 > 200 25 > 200
Ampicillin 0.77 50 0.77 50 50 50 25 50 50 50 12.5 50 12.5 50
Azithromycin 0.77 50 0.77 0.77 1.55 1.55 1.55 6.2 12.5 12.5 3.1 6.2 3.1 6.2
Levofloxacin 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77 0.77

Gram-negative bacteria MIC and MBC / (μg mL-1)
Escherichia 

coli
Enterobacter 

cloacae
Burkholderia 

cepacia
Pseudomonas 

aeruginosa
Shigella 
sonnei

Salmonella 
typhimurium

Morganella 
morganii

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
1 200 > 200 > 200 – > 200 – 100 > 200 200 200 200 > 200 100 > 200
3a 200 > 200 200 > 200 200 > 200 200 200 200 > 200 200 > 200 100 > 200
3b > 200 – > 200 – > 200 – 200 > 200 > 200 – > 200 – > 200 –
3c 50 100 50 100 50 50 25 50 50 50 50 100 50 100
3d 50 > 200 100 > 200 50 50 50 100 50 > 200 50 50 50 > 200
3e 200 > 200 200 > 200 200 > 200 100 200 > 200 – 200 > 200 100 > 200
3f > 200 – 200 200 200 > 200 200 > 200 > 200 – > 200 – 100 > 200
3g 50 > 200 100 > 200 50 100 50 200 50 > 200 50 > 200 50 > 200
3h > 200 – > 200 – > 200 – 200 > 200 > 200 – > 200 – 100 > 200
3i > 200 – > 200 – 200 > 200 200 > 200 200 > 200 > 200 – 100 > 200
3j 200 200 200 > 200 200 > 200 100 200 200 > 200 200 > 200 100 > 200
3k 50 100 100 100 100 100 50 50 50 50 50 100 50 100
3l 200 > 200 200 > 200 200 > 200 100 > 200 200 > 200 200 > 200 100 > 200
3m 50 > 200 100 > 200 50 50 50 100 50 > 200 50 > 200 100 > 200
3n 200 200 200 > 200 200 > 200 200 > 200 200 > 200 > 200 – 100 > 200
3o 200 > 200 200 > 200 200 > 200 200 > 200 200 > 200 200 > 200 100 > 200
4 100 > 200 100 > 200 50 50 50 200 50 > 200 50 > 200 50 > 200
5a 50 200 50 200 50 50 50 100 50 > 200 50 > 200 50 > 200
5b 50 > 200 100 > 200 50 50 50 100 100 > 200 50 > 200 50 > 200
5c 50 > 200 100 > 200 50 50 50 100 100 > 200 50 > 200 50 > 200
6a 50 200 50 200 50 50 12.5 > 200 50 > 200 50 > 200 50 > 200
6b 50 > 200 100 > 200 50 50 50 100 50 > 200 50 100 50 > 200
Ampicillin 3.1 25 50 50 50 50 25 50 25 50 0.77 0.77 0.77 6.2
Azithromycin 1.55 3.1 0.77 1.55 1.55 3.1 12.5 25 3.1 3.1 3.1 6.2 3.1 6.2
Levofloxacin 3.1 25 50 50 25 50 50 50 25 50 0.77 0.77 0.77 6.2
MIC: minimal inhibitory concentration; MBC: minimal bactericidal concentration; NT: not tested.


