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Reaction optimization scheme: 

 

Reaction Condition: a) Olivetol (1.0 equiv.), geraniol (1.0 equiv.), Al2O3 (acidic) (2.0, 5.0, and 10.0 equiv.), DCE, 80 

°C, 8 h, N2 atm.  

 

Figure S1: TLC observation of CBG compound 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 

 

NMR Spectral data 

Figure S2: 1H (top) and 13C (bottom) NMR spectrum of 1a in CDCl3 
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Figure S3: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1a in CDCl3 
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Figure S4: 2D-1H-13C HMBC NMR spectrum of 1a in CDCl3 
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Figure S5: 1H (top) and 13C (bottom) NMR spectrum of 1b in CDCl3 
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Figure S6: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1b in CDCl3 
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Figure S7: 2D-1H-13C HMBC NMR spectrum of 1b in CDCl3 



10 

 

 

Figure S8: 1H (top) and 13C (bottom) NMR spectrum of 1c in CDCl3 
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Figure S9: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1c in CDCl3 
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Figure S10: 2D-1H-13C HMBC NMR spectrum of 1c in CDCl3 
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Figure S11: 1H (top) and 13C (bottom) NMR spectrum of 1d in CDCl3 
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Figure S12: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1d in CDCl3 
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Figure S13: 2D-1H-13C HMBC NMR spectrum of 1d in CDCl3 
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Figure S14: 1H (top) and 13C (bottom) NMR spectrum of 1e in CDCl3 
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Figure S15: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC NMR spectrum of 1e in CDCl3 
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Figure S16: 2D-1H-13C HMBC NMR spectrum of 1e in CDCl3 
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Figure S17: 1H (top) and 13C (bottom) NMR spectrum of 1f in CDCl3 
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Figure S18: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1f in CDCl3 
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Figure S19: 2D-1H-13C HMBC NMR spectrum of 1f in CDCl3 
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Figure S20: 1H (top) and 13C (bottom) NMR spectrum of 1g in CDCl3 
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Figure S21: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1g in CDCl3 
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Figure S22: 2D-1H-13C HMBC NMR spectrum of 1g in CDCl3 
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Figure S23: 1H (top) and 13C (bottom) NMR spectrum of 1h in CDCl3 
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Figure S24: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1h in CDCl3 
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Figure S25: 2D-1H-13C HMBC NMR spectrum of 1h in CDCl3 
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Figure S26: 1H (top) and 13C (bottom) NMR spectrum of 1i in CDCl3 
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Figure S27: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1i in CDCl3 
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Figure S28: 2D-1H-13C HMBC NMR spectrum of 1i in CDCl3 
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Figure S29: 1H (top) and 13C (bottom) NMR spectrum of 1j in CDCl3 
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Figure S30: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1j in CDCl3 
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Figure S31: 2D-1H-13C HMBC NMR spectrum of 1j in CDCl3 
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Figure S32: 1H (top) and 13C (bottom) NMR spectrum of 1k in CDCl3 
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Figure S33: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1k in CDCl3 
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Figure S34: 2D-1H-13C HMBC NMR spectrum of 1k in CDCl3 
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Figure S35: 1H (top) and 13C (bottom) NMR spectrum of 1l in CDCl3 
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Figure S36: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1l in CDCl3 
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Figure S37: 2D-1H-13C HMBC NMR spectrum of 1l in CDCl3 
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Figure S38: 1H (top) and 13C (bottom) NMR spectrum of 1m in CDCl3 
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Figure S39: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 1m in CDCl3 
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Figure S40: 2D-1H-13C HMBC NMR spectrum of 1m in CDCl3 
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Figure S41: 1H (top) and 13C (bottom) NMR spectrum of 2a in CDCl3 
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Figure S42: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2a in CDCl3 



45 

 

 

Figure S43: 2D-1H-13C HMBC NMR spectrum of 2a in CDCl3 
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Figure S44: 1H (top) and 13C (bottom) NMR spectrum of 2b in CDCl3 
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Figure S45: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2b in CDCl3 
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Figure S46: 2D-1H-13C HMBC NMR spectrum of 2b in CDCl3 
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Figure S47: 1H (top) and 13C (bottom) NMR spectrum of 2c in CDCl3 
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Figure S48: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2c in CDCl3 
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Figure S49: 2D-1H-13C HMBC NMR spectrum of 2c in CDCl3 
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Figure S50: 1H (top) and 13C (bottom) NMR spectrum of 2d in CDCl3 
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Figure S51: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2d in CDCl3 
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Figure S52: 2D-1H-13C HMBC NMR spectrum of 2d in CDCl3 
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Figure S53: 1H (top) and 13C (bottom) NMR spectrum of 2e in CDCl3 
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Figure S54: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2e in CDCl3 
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Figure S55: 2D-1H-13C HMBC NMR spectrum of 2e in CDCl
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Figure S56: 1H (top) and 13C (bottom) NMR spectrum of 2f in CDCl3
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Figure S57: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2f in CDCl3 
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Figure S58: 2D-1H-13C HMBC NMR spectrum of 2f in CDCl3 
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Figure S59: 1H (top) and 13C (bottom) NMR spectrum of 2g in CDCl3 
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Figure S60: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2g in CDCl3 
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Figure S61: 2D-1H-13C HMBC NMR spectrum of 2g in CDCl3 
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Figure S62: 1H (top) and 13C (bottom) NMR spectrum of 2h in CDCl3 
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Figure S63: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2h in CDCl3 
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Figure S64: 2D-1H-13C HMBC NMR spectrum of 2h in CDCl3 
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Figure S65: 1H (top) and 13C (bottom) NMR spectrum of 2i in CDCl3 
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Figure S66: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2i in CDCl3 
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Figure S67: 2D-1H-13C HMBC NMR spectrum of 2i in CDCl3 
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Figure S68: 1H (top) and 13C (bottom) NMR spectrum of 2j in CDCl3 
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Figure S69: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2j in CDCl3 
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Figure S70: 2D-1H-13C HMBC NMR spectrum of 2j in CDCl3 
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Figure S71: 1H (top) and 13C (bottom) NMR spectrum of 2k in CDCl3 
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Figure S72: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2k in CDCl3 
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Figure S73: 2D-1H-13C HMBC NMR spectrum of 2k in CDCl3 
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Figure S74: 1H (top) and 13C (bottom) NMR spectrum of 2l in CDCl3 
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Figure S75: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2l in CDCl3 
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Figure S76: 2D-1H-13C HMBC NMR spectrum of 2l in CDCl3 
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Figure S77: 1H (top) and 13C (bottom) NMR spectrum of 2m in CDCl3 
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Figure S78: 2D-1H-1H COSY (top) and 2D-1H-13C HSQC (bottom) NMR spectrum of 2m in CDCl3 
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Figure S79: 2D-1H-13C HMBC NMR spectrum of 2m in CDCl3 
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 P C spectra of Compound 1a

260 nm
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 P C spectra of Compound 1b

260 nm

      

 P C spectra of Compound 1c
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 P C spectra of Compound 1d

      

 P C spectra of Compound 1e
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 P C spectra of Compound 1f

      

         
             

      

 P C spectra of Compound 1g
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 P C spectra of Compound 1h

      
 P C spectra of Compound 1i
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 P C spectra of Compound 1j

      

 P C spectra of Compound 1k
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 P C spectra of Compound 1l
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 P C spectra of Compound 1m

      

         
            

      

 P C spectra of Compound 2a
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 P C spectra of Compound 2ab

      

 P C spectra of Compound 2c
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 P C spectra of Compound 2d

      

 P C spectra of Compound 2e
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 P C spectra of Compound 2f

         
             

      

 P C spectra of Compound 2g
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 P C spectra of Compound 2h
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 P C spectra of Compound 2i

      

 P C spectra of Compound 2j
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 P C spectra of Compound 2k

      

 P C spectra of Compound 2l
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 P C spectra of Compound 2k
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Table S1. Table of MICs (g/mL) for CBG and CBGA analogs performed in biological triplicate 

(n=3). The > sign indicates that the cells survived at the given maximum concentration. 

Compound 
B. subtilis S. epidermidis S. aureus  

S. aureus, 
MRSA  

E. faecalis, 
VRE  

 (ATCC 6051) 

 (ATCC 

12228) 

(ATCC 

25923) (ATCC 700787) (ATCC 700802) 

Daptomycin 

Rep1 1.0 0.2 0.5 1.0 1.0 

Rep2 1.0 0.2 0.5 0.5 2.0 

Rep3 1.0 0.5 0.5 0.5 2.0 

Olivetol 

Rep1 >21.6 >21.6 >21.6 >21.6 >21.6 

Rep2 >21.6 >21.6 >21.6 >21.6 >21.6 

Rep3 >21.6 >21.6 >21.6 >21.6 >21.6 

Olivetolic acid 

Rep1 >21.6 >21.6 >21.6 >21.6 >21.6 

Rep2 >21.6 >21.6 >21.6 >21.6 >21.6 

Rep3 >21.6 >21.6 >21.6 >21.6 >21.6 

CBG (1g) 

Rep1 1.0 1.0 1.0 2.0 2.0 

Rep2 1.0 2.0 2.0 2.0 2.0 

Rep3 2.0 2.0 2.0 2.0 4.0 

CBGA (2g) 

Rep1 4.6 4.6 4.6 4.6 8.0 

Rep2 2.3 2.3 4.6 4.6 8.0 

Rep3 2.3 2.3 4.6 4.6 8.0 

1b 

Rep1 3.3 3.3 1.7 1.7 6.6 

Rep2 3.3 6.6 3.3 3.3 6.6 

Rep3 6.6 3.3 3.3 3.3 13.2 

2b 

Rep1 6.7 6.7 13.4 13.4 >13.4 

Rep2 6.7 6.7 6.7 6.7 13.4 

Rep3 6.7 6.7 6.7 6.7 6.7 

1c 

Rep1 3.9 2.0 1.0 2.0 3.9 

Rep2 2.0 2.0 2.0 2.0 3.9 

Rep3 2.0 3.9 2.0 2.0 7.8 

2c 

Rep1 15.7 9.0 4.5 9.0 >15.7 

Rep2 7.9 4.5 4.5 4.5 15.7 

Rep3 7.9 4.5 4.5 4.5 7.9 

1d 

Rep1 3.8 3.8 3.8 3.8 3.8 

Rep2 3.8 3.8 3.8 3.8 3.8 

Rep3 3.9 7.7 7.7 3.9 7.7 

2d 

Rep1 >17.6 >17.6 >17.6 >17.6 >17.6 

Rep2 >17.6 >17.6 >17.6 >17.6 >17.6 

Rep3 >17.6 >17.6 >17.6 >17.6 >17.6 

1e 

Rep1 1.8 1.8 1.8 1.8 1.8 

Rep2 3.6 1.8 1.8 1.8 3.6 

Rep3 3.7 3.7 3.7 3.7 3.7 

2e 

Rep1 2.8 5.7 4.2 2.1 8.4 

Rep2 5.7 2.8 4.2 4.2 8.4 
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Rep3 2.8 2.8 4.2 4.2 8.4 

1f 

Rep1 3.8 3.8 3.8 3.8 7.7 

Rep2 3.8 3.8 3.8 3.8 7.7 

Rep3 3.8 3.8 3.8 3.8 7.7 

2f 

Rep1 7.7 7.7 7.7 15.5 15.5 

Rep2 7.7 7.7 7.7 15.5 15.5 

Rep3 7.7 7.7 7.7 15.5 15.5 

1h 

Rep1 1.9 1.0 1.0 1.0 1.9 

Rep2 1.0 1.0 1.9 1.0 1.9 

Rep3 1.9 1.9 1.9 1.0 1.9 

2h 

Rep1 3.9 3.9 7.7 7.7 7.7 

Rep2 3.9 7.7 7.7 7.7 7.7 

Rep3 3.9 3.9 7.7 7.7 7.7 

1i 

Rep1 2.0 2.0 2.0 2.0 4.0 

Rep2 2.0 2.0 2.0 2.0 4.0 

Rep3 2.0 2.0 2.0 2.0 4.0 

2i 

Rep1 4.6 4.6 8.0 8.0 9.2 

Rep2 2.3 2.3 8.0 8.0 4.6 

Rep3 2.3 2.3 8.0 8.0 4.6 

1j 

Rep1 1.0 2.1 2.1 2.1 4.2 

Rep2 1.0 2.1 2.1 2.1 4.2 

Rep3 1.0 2.1 2.1 2.1 4.2 

2j 

Rep1 4.2 4.2 8.4 16.7 8.4 

Rep2 4.2 4.2 8.4 16.7 8.4 

Rep3 4.2 4.2 8.4 16.7 16.7 

1k 

Rep1 8.8 4.4 4.4 4.4 >17.5 

Rep2 4.4 4.4 4.4 8.8 >17.5 

Rep3 4.4 4.4 4.4 8.8 >17.5 

2k 

Rep1 19.7 19.7 9.9 9.9 >19.7 

Rep2 9.9 9.9 9.9 9.9 >19.7 

Rep3 9.9 9.9 9.9 9.9 >19.7 

1l 

Rep1 1.1 1.1 1.1 2.3 1.1 

Rep2 1.1 1.1 2.3 2.3 1.1 

Rep3 2.3 2.3 1.1 2.3 2.3 

2l 

Rep1 5.1 2.5 5.1 5.1 5.1 

Rep2 2.5 2.5 10.1 5.1 5.1 

Rep3 2.5 2.5 5.1 5.1 5.1 

1m 

Rep1 >19.4 2.4 9.7 >19.4 9.7 

Rep2 >19.4 1.2 9.7 >19.4 4.9 

Rep3 >19.4 2.7 9.7 >19.4 4.9 

2m 

Rep1 3.2 3.2 6.4 6.4 6.4 

Rep2 3.2 3.2 6.4 6.4 6.4 

Rep3 3.2 3.2 6.4 6.4 12.8 
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Table S2. Table of MBCs (g/mL) for CBG and CBGA analogs performed in biological 

triplicate (n=3). The > sign indicates that the compounds did not cause a 3 log reduction in cell 

viability.  

Compound 
B. subtilis S. epidermidis S. aureus  S. aureus, MRSA  E. faecalis, VRE  

 (ATCC 6051)  (ATCC 12228) (ATCC 25923) (ATCC 700787) (ATCC 700802) 

Daptomycin 

Rep1 1.0 1.0 1.0 1.0 1.0 

Rep2 1.0 1.0 1.0 1.0 1.0 

Rep3 1.0 1.0 1.0 1.0 1.0 

Olivetol 

Rep1 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

Rep2 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

Rep3 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

Olivetolic acid 

Rep1 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

Rep2 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

Rep3 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

CBG (1g) 

Rep1 4.0 > 4.0 4.0 8.0 > 8.0 

Rep2 4.0 > 4.0 4.0 4.0 > 8.0 

Rep3 4.0 > 4.0 4.0 8.0 > 8.0 

CBGA (2g) 

Rep1 9.2 > 9.2 18.4 > 18.4 32.0 

Rep2 9.2 9.2 > 18.4 > 18.4 32.0 

Rep3 9.2 9.2 > 18.4 > 18.4 8.0 

1a 

Rep1 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

Rep2 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

Rep3 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

2a 

Rep1 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

Rep2 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

Rep3 > 86.4 > 86.4 > 86.4 > 86.4 > 86.4 

1b 

Rep1 13.2 > 13.2 6.8 > 6.8 13.2 

Rep2 13.2 13.2 6.8 > 6.8 26.4 

Rep3 6.6 13.2 > 6.8 > 6.8 13.2 

2b 

Rep1 13.4 > 26.8 26.8 > 26.8 > 26.8 

Rep2 13.4 26.8 > 26.8 > 26.8 > 26.8 

Rep3 13.4 26.8 > 26.8 > 26.8 > 26.8 

1c 

Rep1 > 8.0 > 8.0 8.0 > 8.0 15.6 

Rep2 > 8.0 > 8.0 8.0 > 8.0 15.6 

Rep3 > 8.0 8.0 8.0 8.0 7.8 

2c 

Rep1 7.9 > 18.0 18.0 > 18.0 > 31.6 

Rep2 15.8 18.0 > 18.0 > 18.0 > 31.6 

Rep3 15.8 18.0 > 18.0 > 18.0 31.6 
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1d 

Rep1 15.2 > 15.2 7.6 15.2 > 15.2 

Rep2 15.2 > 15.2 7.6 15.2 > 15.2 

Rep3 7.6 15.2 7.6 15.2 > 15.2 

2d 

Rep1 35.2 > 70.4 70.4 > 70.4 70.4 

Rep2 35.2 70.4 > 70.4 > 70.4 > 70.4 

Rep3 35.2 70.4 > 70.4 > 70.4 70.4 

1e 

Rep1 > 7.2 > 7.2 7.2 7.2 > 7.2 

Rep2 > 7.2 7.2 7.2 7.2 > 7.2 

Rep3 > 7.2 7.2 7.2 7.2 > 7.2 

2e 

Rep1 11.2 > 11.2 > 16.8 > 16.8 32.0 

Rep2 11.2 > 11.2 16.8 > 16.8 > 32.0 

Rep3 11.2 > 11.2 16.8 > 16.8 > 32.0 

1f 

Rep1 7.6 3.8 3.8 3.8 7.6 

Rep2 15.2 3.8 3.8 3.8 7.6 

Rep3 > 15.2 15.2 3.8 3.8 7.6 

2f 

Rep1 7.7 7.7 7.7 15.4 30.8 

Rep2 7.7 15.4 7.7 15.4 30.8 

Rep3 7.7 7.7 15.4 15.4 30.8 

1h 

Rep1 4.0 > 4.0 2.0 4.0 > 7.6 

Rep2 > 4.0 > 4.0 4.0 4.0 > 7.6 

Rep3 > 4.0 > 4.0 2.0 2.0 > 7.6 

2h 

Rep1 7.8 15.6 > 30.8 30.8 7.7 

Rep2 7.8 7.8 30.8 > 30.8 30.8 

Rep3 15.6 3.9 30.8 > 30.8 30.8 

1i 

Rep1 8.0 > 8.0 4.0 8.0 > 16.0 

Rep2 8.0 4.0 8.0 8.0 > 16.0 

Rep3 8.0 > 8.0 4.0 8.0 > 16.0 

2i 

Rep1 2.3 9.2 16.0 32.0 4.6 

Rep2 2.3 4.6 32.0 > 32.0 18.4 

Rep3 9.2 4.6 16.0 > 32.0 4.6 

1j 

Rep1 4.0 2.0 8.0 2.0 4.1 

Rep2 4.0 2.0 > 8.0 2.0 4.1 

Rep3 4.0 2.0 8.0 2.0 4.1 

2j 

Rep1 4.1 4.1 16.6 16.7 8.3 

Rep2 4.1 4.1 8.3 16.7 8.3 

Rep3 4.1 4.1 8.3 16.7 8.3 

1k 

Rep1 17.6 17.6 4.4 8.8 70.0 

Rep2 17.6 8.8 4.4 17.6 > 70.0 

Rep3 17.6 8.8 4.4 > 17.6 17.5 

2k 

Rep1 9.9 > 39.6 39.6 > 39.6 19.7 

Rep2 9.9 39.6 > 39.6 > 39.6 78.8 

Rep3 39.6 39.6 > 39.6 > 39.6 78.8 
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1l 

Rep1 4.4 > 4.4 4.6 9.2 > 4.4 

Rep2 4.4 > 4.4 9.2 9.2 > 4.4 

Rep3 4.4 > 4.4 9.2 9.2 > 4.4 

2l 

Rep1 5.0 5.0 10.2 10.2 5.1 

Rep2 2.5 2.5 10.2 20.4 5.1 

Rep3 5.0 2.5 10.2 20.4 5.1 

1m 

Rep1 38.8 > 4.8  > 25.6 > 77.6 > 19.6 

Rep2 38.8 > 4.8  > 25.6 > 77.6 > 19.6 

Rep3 77.6 > 4.8  > 25.6 > 77.6 > 19.6 

2m 

Rep1 3.2 6.4 > 25.6 25.6 12.8 

Rep2 3.2 3.2 > 25.6 > 25.6 6.4 

Rep3 3.2 3.2 25.6 > 25.6 6.4 
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Figure S80. Cytotoxicity of the synthetic compounds CBG and CBGA analogs in HEK293 kidney 

cells at 25 µg/mL (A) and 50 µg/mL (B). Data are presented as the mean ± from biological 

triplicate. 


