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Detailed ECD Calculation of 1−3, their aglycones, the model compounds, and 

()--barbatenal-reduction product. Conformational analysis was performed by using the MMFF94 

molecular mechanics force field calculation using the MOE (Molecular Operating Environment) software 

package.  

Conformational analysis showed conformer(s) for 1−3, their aglycones, the model compounds, and 

()--barbatenal-reduction product having relative energy within 2 kcal/mol, which were considered for 

further DFT calculations. Subsequently, using Gaussian 09 program package, the conformers were 

re-optimized using DFT at the B3LYP/6-31G(d) level, and conductor-like polarizable continuum model 

(CPCM) was adopted to consider solvent effects using the dielectric constant of MeOH (ε = 32.6). The 

B3LYP/6-31G(d) harmonic vibrational frequencies were calculated to confirm their stability. The energies, 

oscillator strengths, and rotational strengths of the first 30 electronic excitations of the conformers were 

calculated using the TDDFT methodology at the B3LYP/6-311G (2d,2p) level in gas phase, and  

conformer(s) for 1−3, the aglycones, the model compounds, and ()--barbatenal-reduction product (Figures 

S1S3, S5S7, S9, S10, and S12) showed relative Gibbs free energies (G) under 2 kcal/mol. The ECD 

spectra of the conformers were then simulated using the Gaussian function (  0.28 eV), respectively. The 

final spectra of the compounds (Figures S4, S8, and S11) were obtained by averaging the simulated spectra 

of the lowest energy conformers according to the Boltzmann distribution theory, in which their Gibbs free 

energy (G) were adopted.  

 

 
Figure S1.The re-optimized conformer of 1. 
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Figure S2. The re-optimized fourteen conformers of the aglycone of 1 and their equilibrium populations. 
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model C1 (34.8%) model C2 (31.6%) model C3 (6.4%) model C4 (7.2%) 

   
 

model C5 (2.0%) model C6 (1.2%) model C7 (0.9%) model C8 (0.1%) 

  
 

 

model C9 (3.5%) model C10 (0.3%) model C11 (4.6%) model C12 (0.7%) 

  
  

model C13 (2.9%) model C14 (2.9%) model C15 (0.1%) model C16 (2.1%) 

Figure S3. The re-optimized sixteen conformers of the model and their equilibrium populations. 
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Figure 4. The experimental CD spectrum of 1 (black) and the calculated ECD spectra of 1 (dash dotted red), its aglycone 

(dashed green), and the model (dotted blue) in MeOH. 

 

 

 

          Figure S5.The re-optimized conformer of 2. 

  

  
 

the aglycone of 2 

C1 (8.8%) 

the aglycone of 2 C2 

(4.5%) 

the aglycone of 2 C3 

(2.0%) 

the aglycone of 2 

C4 (30.6%) 

the aglycone of 2 

C5 (54.0%) 

Figure S6. The re-optimized five conformers of the aglycone of 2 and their equilibrium populations. 
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model C1 (5.3%) model C2 (3.8%) model C3 (1.6%) model C4 (33.7%) model C5 (2.9%) 

 

 

 
  

 

model C6 (44%) model C7 (1.9 %) model C8 (2.2%) model C9 (2.7%) model C10 (1.9%) 

Figure S7.The re-optimized ten conformers of the model of 2 and their equilibrium populations. 

 

  

 
 

Figure 8. The experimental CD spectrum of 2 (black) and the calculated ECD spectra of 2 (dash dotted red), its aglycone 

(dashed green), and the model (dotted blue) in MeOH. 
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Figure S9.The re-optimized conformer of 3. 

 

Figure S10.The re-optimized conformer of the aglycone of 3. 

 

 
Figure S11. The experimental CD (black and blue) and calculated ECD (dashed and dotted red and green) spectra of 3 and 

its aglycone in MeOH. 

 

 
 

  
 

 

C1 (47.3 %) C2 (11.9 %) C3 (11.8 %) C4 (12.0 %) C5 (6.9 %) C6 (10.1 %) 

 

Figure S12. The reoptimized six conformers of ()--barbatenal-reduction product. 
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Figure S13. The calculated ECD spectrum of ()--barbatenal-reduction product  
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Figure S12.The HPLC chromatograms of the sugar derivatives, from top to bottom, for D-glucose, L-glucose, D-apiose, 

L-apiose, and sugars from hydrolysates of 1 and 2. 
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Figure S13.The UV spectrum of compound 1 in MeOH. 
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Figure S14.The CD spectrum of compound 1 in MeOH. 
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Figure S15. The IR spectrum of compound 1.
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Figure S16. The ESI mass spectrum of compound 1. 
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Figure S17. The (+)-HR-ESI-MS report of compound 1, page 1. 
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Figure S18. The (+)-HR-ESI-MS report of compound 1, page 2. 
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Figure S19. The (+)-HR-ESI-MS report of compound 1, page 3. 
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Figure S20.The 
1
H NMR spectrum of compound 1 in DMSO-d6 (600 MHz). 
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Figure S21.The 
13

C NMR spectrum of compound 1 in DMSO-d6 (150 MHz). 
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Figure S22.The DEPT spectrum of compound 1 in DMSO-d6 (150 MHz). 
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Figure S23.The 
1
H-

1
H COSY spectrum of compound 1 in DMSO-d6 (600 MHz). 
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Figure S24.The HSQC spectrum of compound 1 in DMSO-d6 (600 MHz for
 1
H). 
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Figure S25.The HMBC spectrum of compound 1 in DMSO-d6 (600 MHz for 
1
H). 



S24 
 

 

Figure S26. The NOE difference spectrum of 1 in DMSO-d6 (600 MHz). 
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Figure S27.The UV spectrum of compound 2 in MeOH. 
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Figure S28.The CD spectrum of compound 2 in MeOH. 
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Figure S29. The IR spectrum of compound 2.
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Figure S30. The ESI mass spectrum of compound 2. 
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Figure S31.The (+)-HR-ESI-MS report of compound 2, page 1. 
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Figure S32.The (+)-HR-ESI-MS report of compound 2, page 2 
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Figure S33.The (+)-HR-ESI-MS report of compound 2, page 3. 
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Figure S34.The 
1
H NMR spectrum of compound 2 in MeOH-d4 (600 MHz). 
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Figure S35. The 
13

C NMR spectrum of compound 2 in MeOH-d4 (150MHz). 
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Figure S36. The DEPT spectrum of compound 2 in MeOH-d4 (150 MHz). 
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Figure S37. The 
1
H-

1
H COSY spectrum of compound 2 in MeOH-d4 (600 MHz). 
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Figure S38.The HSQC spectrum of compound 2 in MeOH-d4 (600 MHz for
 1
H). 
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Figure S39.The HMBC spectrum of compound 2 in MeOH-d4 (600 MHz for 
1
H). 
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Figure S40.The NOE difference spectrum of 2 in MeOH-d4 (600 MHz). 
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Figure S41.The 
1
H NMR spectrum of the aglycone of 2 in MeOH-d4 (600 MHz). 



S40 
 

 

Figure S42.The UV spectrum of compound 3 in MeOH. 
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Figure S43.The CD spectrum of compound 3 in MeOH. 
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Figure S44. The IR spectrum of compound 3.
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Figure S45. The ESI mass spectra of Compound 3. 
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Figure S46. The (+)-HR-ESI-MS report of compound 3, page 1. 
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Figure S47. The (+)-HR-ESI-MS report of compound 3, page 2. 
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Figure S48. The (+)-HR-ESI-MS report of compound 3, page 3. 
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Figure S49. The 
1
H NMR spectra of compound 3 in acetone-d6 (600 M). 
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Figure S50. The 
13

C NMR spectrum of compound 3 in acetone-d6 (150 M). 
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Figure S51. The DEPT spectra of compound 3 in acetone-d6 (150 M). 
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Figure S52.The 
1
H-

1
H gCOSY spectrum of compound 3 in acetone-d6 (600 MHz). 
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Figure S53.The gHSQC spectrum of compound 3 in acetone-d6 (600 MHz for
 1
H). 
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Figure S54.The gHMBC spectrum of compound 3 in acetone-d6 (600 MHz for 
1
H). 
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Figure S55. The NOE difference spectrum of 3 in acetone-d6 (600 MHz). 
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Figure S56. The 
1
H NMR spectrum of the aglycone of 3 in acetone-d6 (600 M). 
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Figure S57. The CD spectrum of the aglycone of 3 in MeOH. 
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Figure S58. The 
1
H NMR spectrum of D-glucose isolated from the hydrolysate of 3 in D2O (600 M). 
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Figure S59. The 
1
H NMR spectrum of the authentic D-glucose in D2O (600 M). 


