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ECD calculation of compound 1. 

 

Conformation searches based on molecular mechanics with MMFF94s force field were performed 

for (3′R,9′S)-1 and gave four conformers (Boltzmann distribution ≥ 1%) [1]. The selected conformers 

were optimized using DFT at the B3LYP/6-31G (d) level in vacuum with the Gaussian 16 program 

(Table S1) [2]. The B3LYP/6-31G (d)-optimized conformers (Boltzmann distribution ≥ 1%) were then 

reoptimized at the ωB97XD/DGDZVP level in acetonitrile. ECD computations for the 

ωB97XD/DGDZVP-optimized conformers (Fig. S1) were carried out at the CAM-B3LYP/DGDZVP 

level in acetonitrile [3]. Finally, according to the Boltzmann distribution theory and their relative Gibbs 

free energy (ΔG), the ECD spectrum for (3′R,9′S)-1 was generated using SpecDis 1.71 with σ = 0.26 eV 

and a UV shift of −3 nm [4]. The corresponding theoretical ECD spectrum of (3′S,9′R)-1 was depicted by 

inverting that of (3′R,9′S)-1. 

  
(3′R,9′S)-1-C1 (3′R,9′S)-1-C2 

  
(3′R,9′S)-1-C3 (3′R,9′S)-1-C4 

Fig. S1. ωB97XD/DGDZVP optimized four conformers of (3′R,9′S)-1 (Boltzmann distribution ≥ 1%). 
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Table S1. Energy analysis for the conformers of (3′R,9′S)-1. 

Conf. 

MMFF 

energy 

B3LYP/6-31G(d) Gibbs free energy  

(298.15 K) 

ωB97XD/DGDZVP Gibbs free energy 

(298.15 K) 

ΔE 

(Kcal/mol) 

G 

(Hartree) 

ΔG 

(Kcal/mol) 

Boltzmann 

distribution 

G 

(Hartree) 

ΔG 

(Kcal/mol) 

Boltzmann 

distribution 

(3′R,9′S)-1-C1 0.00 -1080.809793 0.0000 0.379 -1080.581001 0.0000  0.805 

(3′R,9′S)-1-C2 1.08 -1080.810152 -0.2250 0.554 -1080.579437 0.9810  0.154 

(3′R,9′S)-1-C3 1.51 -1080.807376 1.5170 0.029 -1080.576618 2.7500  0.008 

(3′R,9′S)-1-C4 1.73 -1080.807617 1.3650 0.038 -1080.577995 1.8860  0.033 

 

ECD calculation of compound 2. 

 

Conformation searches based on molecular mechanics with MMFF94s force field were performed 

for (7′S)-2 and gave four conformers (Boltzmann distribution ≥ 1%) [1]. The selected conformers were 

optimized using the DFT at B3LYP/6-31G (d) level in vacuum with the Gaussian 16 program (Table S2) 

[2]. The B3LYP/6-31G (d)-optimized conformers were then reoptimized at the ωB97XD/DGDZVP level 

in acetonitrile. ECD computations for the ωB97XD/DGDZVP-optimized conformers (Boltzmann 

distribution ≥ 1%; Fig. S2) were carried out at the CAM-B3LYP/DGDZVP level in acetonitrile [3]. 

Finally, according to the Boltzmann distribution theory and their relative Gibbs free energy (ΔG), the 

ECD spectrum for (7′S)-2 was generated using SpecDis 1.71 with σ = 0.25 eV and a UV shift of +15 nm 

[4]. The corresponding theoretical ECD spectrum of (7′R)-2 was depicted by inverting that of (7′S)-2. 
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(7′S)-2-C1 (7′S)-2-C2 

  
(7′S)-2-C3 (7′S)-2-C4 

Fig. S2. ωB97XD/DGDZVP optimized four conformers of (7′S)-2 (Boltzmann distribution ≥ 1%). 

Table S2. Energy analysis for the conformers of (7′S)-2. 

Conf. 

MMFF 

energy 

B3LYP/6-31G(d) Gibbs free energy  

(298.15 K) 

ωB97XD/DGDZVP Gibbs free energy 

(298.15 K) 

ΔE 

(Kcal/mol) 

G 

(Hartree) 

ΔG 

(Kcal/mol) 

Boltzmann 

distribution 

G 

(Hartree) 

ΔG 

(Kcal/mol) 

Boltzmann 

distribution 

(7′S)-2-C1 0.00 -966.482995 0.0000 0.057 -966.283448 0.0000 0.021 

(7′S)-2-C2 0.43 -966.485460 -1.5470 0.777 -966.286636 -2.0010 0.609 

(7′S)-2-C3 0.67 -966.482153 0.5280 0.023 -966.283946 -0.3120 0.035 

(7′S)-2-C4 2.02 -966.483856 -0.5400 0.142 -966.286072 -1.6470 0.335 

 

ECD calculation of compound 3. 

 

Conformation searches based on molecular mechanics with MMFF94s force field were performed 

for (7′R)-3 and gave four conformers (Boltzmann distribution ≥ 1%) [1]. The selected conformers were 

optimized using DFT at the B3LYP/6-31G (d) level in vacuum with the Gaussian 16 program (Table S3) 
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[2]. The B3LYP/6-31G (d)-optimized conformers (Boltzmann distribution ≥ 1%) were then reoptimized 

at the ωB97XD/DGDZVP level in acetonitrile. ECD computations for the 

ωB97XD/DGDZVP-optimized conformers (Boltzmann distribution ≥1%; Fig. S3) were carried out at 

the CAM-B3LYP/DGDZVP level in acetonitrile [3]. Finally, according to the Boltzmann distribution 

theory and their relative Gibbs free energy (ΔG), the ECD spectrum for (7′R)-3 was generated using 

SpecDis 1.71 with σ = 0.45 eV and a UV shift of +11 nm [4]. The corresponding theoretical ECD 

spectrum of (7′S)-3 was depicted by inverting that of (7′R)-3. 

  

(7′R)-3-C1 (7′R)-3-C2 

 
 

(7′R)-3-C3 (7′R)-3-C4 

Fig. S3. ωB97XD/DGDZVP optimized four conformers of (7′R)-3 (Boltzmann distribution ≥ 1%). 

Table S3. Energy analysis for the conformers of (7′R)-3. 

Conf. 

MMFF 

energy 

B3LYP/6-31G(d) Gibbs free energy  

(298.15 K) 

ωB97XD/DGDZVP Gibbs free energy 

(298.15 K) 

ΔE 

(Kcal/mol) 

G 

(Hartree) 

ΔG 

(Kcal/mol) 

Boltzmann 

distribution 

G 

(Hartree) 

ΔG 

(Kcal/mol) 

Boltzmann 

distribution 

(7′R)-3-C1 0.00 -966.499845 0.0000 0.611 -966.293503 0.0000 0.370 

(7′R)-3-C2 0.81 -966.498775 0.6710 0.197 -966.292853 0.4080 0.186 

(7′R)-3-C3 0.82 -966.498629 0.7630 0.168 -966.293566 -0.0400 0.395 

(7′R)-3-C4 1.98 -966.496804 1.9080 0.024 -966.291597 1.1960 0.049 
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Fig. S4. The IR spectrum of compound 1. 
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Fig. S5. The (+)-HR-ESI-MS spectroscopic data of compound 1. 
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Fig. S6. The 1H NMR spectrum of compound 1 in CD3OD. 
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Fig. S7. The 13C NMR spectrum of compound 1 in CD3OD. 



 

S10 
 

 

Fig. S8. The DEPT spectrum of compound 1 in CD3OD. 
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Fig. S9. The HSQC spectrum of compound 1 in CD3OD. 
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Fig. S10. The 1H-1H COSY spectrum of compound 1 in CD3OD. 
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Fig. S11. The HMBC spectrum of compound 1 in CD3OD.
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Fig. S12. The NOESY spectrum of compound 1 in CD3OD. 



 

S15 
 

 
Fig. S13. The IR spectrum of compound 2. 
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Fig. S14. The (+)-HR-ESI-MS spectroscopic data of compound 2. 
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Fig. S15. The 1H NMR spectrum of compound 2 in CD3OD. 
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Fig. S16. The 13C NMR spectrum of compound 2 in CD3OD. 



 

S19 
 

 

Fig. S17. The DEPT spectrum of compound 2 in CD3OD. 
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Fig. S18. The HSQC spectrum of compound 2 in CD3OD. 



 

S21 
 

 

Fig. S19. The 1H-1H COSY spectrum of compound 2 in CD3OD. 
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Fig. S20. The HMBC spectrum of compound 2 in CD3OD.
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Fig. S21. The IR spectrum of compound 3. 



 

S24 
 

`  

 
Fig. S22. The (+)-HR-ESI-MS spectroscopic data of compound 3. 
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Fig. S23. The 1H NMR spectrum of compound 3 in CD3OD. 
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Fig. S24. The 13C NMR spectrum of compound 3 in CD3OD. 



 

S27 
 

 

Fig. S25. The DEPT spectrum of compound 3 in CD3OD. 
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Fig. S26. The HSQC spectrum of compound 3 in CD3OD. 
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Fig. S27. The 1H-1H COSY spectrum of compound 3 in CD3OD. 



 

S30 
 

 

Fig. S28. The HMBC spectrum of compound 3 in CD3OD. 


