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Figure S1. HREIMS of compound 1
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Figure S2. 1H NMR spectrum of compound 1 in acetone-d6 (400 MHz)

Figure S3. 13C NMR (DEPT) spectrum of compound 1 in acetone-d6 (100 MHz)
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Figure S4. 1H-1H COSY spectrum of compound 1 in acetone-d6

Figure S5. HSQC spectrum of compound 1 in acetone-d6
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Figure S6. HMBC spectrum of compound 1 in acetone-d6

Figure S7. ROESY spectrum of compound 1 in acetone-d6
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Figure S8. HRESIMS of compound 2
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Figure S9. 1H NMR spectrum of compound 2 in acetone-d6 (400 MHz)

Figure S10. 13C NMR (DEPT) spectrum of compound 2 in acetone-d6 (100 MHz)
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Figure S11. 1H-1H COSY spectrum of compound 2 in acetone-d6

Figure S12. HSQC spectrum of compound 2 in acetone-d6
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Figure S13. HMBC spectrum of compound 2 in acetone-d6

Figure S14. ROESY spectrum of compound 2 in acetone-d6
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Figure S15. HREIMS of compound 3
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Figure S16. 1H NMR spectrum of compound 3 in acetone-d6 (400 MHz)

Figure S17. 13C NMR (DEPT) spectrum of compound 3 in acetone-d6 (100 MHz)
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Figure S18. 1H-1H COSY spectrum of compound 3 in acetone-d6

Figure S19. HSQC spectrum of compound 3 in acetone-d6
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Figure S20. HMBC spectrum of compound 3 in acetone-d6

Figure S21. ROESY spectrum of compound 3 in acetone-d6
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Figure S22. HREIMS of compound 4
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Figure S23. 1H NMR spectrum of compound 4 in acetone-d6 (400 MHz)

Figure S24. 13C NMR (DEPT) spectrum of compound 4 in acetone-d6 (100 MHz)
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Figure S25. 1H-1H COSY spectrum of compound 4 in acetone-d6

Figure S26. HSQC spectrum of compound 4 in acetone-d6
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Figure S27. HMBC spectrum of compound 4 in acetone-d6

Figure S28. ROESY spectrum of compound 4 in acetone-d6
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Figure S29. HRESIMS of compound 5/6
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Figure S30. 1H NMR spectrum of compound 5/6 in acetone-d6 (400 MHz)

Figure S31. 13C NMR (DEPT) spectrum of compound 5/6 in acetone-d6 (100 MHz)



21

Figure S32. 1H-1H COSY spectrum of compound 5/6 in acetone-d6

Figure S33. HSQC spectrum of compound 5/6 in acetone-d6
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Figure S34. HMBC spectrum of compound 5/6 in acetone-d6

Figure S35. ROESY spectrum of compound 5/6 in acetone-d6
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NMR calculation by DP4+ analysis

Conformational analyses of the structures (1a and 1b) were carried out via

Monte Carlo searching using molecular mechanism with MMFF force field in the

Spartan 18 program.1 The force field minimum energy conformers thus obtained were

subsequently optimized by applying the density functional theory (DFT) with the

B3LYP/6-31+G(d,p) level in vacuum, implemented in the Gaussian 09 software

package.2 Harmonic vibrational frequencies were also performed to confirm no

imaginary frequencies of the finally optimized conformers. Gauge independent atomic

orbital (GIAO) calculations of NMR chemical shifts were accomplished by DFT at

the mPW1PW91/6-311+G(d,p) level in acetone with the polarizable continuum model

(PCM) in Gaussian 09 software.2,3 NMR chemical shifts of TMS were calculated in

the same level and used as the references. The experimental and calculated data were

analyzed by the improved probability DP4+ method for isomeric compounds.

Regression analysis of calculated versus experimental NMR chemical shifts of 1a and

1b were carried out.
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Table S1. Optimized lowest energy 3D conformers and energy analysis for 1a

Conformers Free energies
No. 3D conformers E (Hartree) ΔE (Hartree) Distribution

1a-1 -1251.393688 0.001805 7.69%

1a-2 -1251.393752 0.001741 8.23%

1a-3 -1251.394251 0.001242 13.95%

1a-4 -1251.394501 0.000992 18.18%

1a-5 -1251.395493 0.000000 51.96%
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Table S2. Optimized lowest energy 3D conformers and energy analysis for 1b

Conformers Free energies

No. 3D conformers E (Hartree) ΔE (Hartree) Distribution

1b-1 -1251.394683 0.000000 30.50%

1b-2 -1251.393866 0.000817 12.84%

1b-3 -1251.394645 0.000038 29.30%

1b-4 -1251.393863 0.000820 12.80%

1b-5 -1251.393809 0.000874 12.09%

1b-6 -1251.391689 0.002994 1.28%

1b-7 -1251.391619 0.003064 1.19%
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Table S3. Calculated 13C NMR results of 1a and 1b

No.
Experimental
NMR data

1a 1b

Unscaled shifts Scaled shifts Unscaled shifts Scaled shifts

C-1 20.8 24.8 21.5 25.5 21.7
C-2 157.2 176.9 167.4 176.9 167.4
C-3 123.6 127.3 119.9 127.3 119.7
C-4 192.9 200.1 189.7 200.2 189.8
C-5 152.7 156.7 148.1 156.8 148.1
C-6 134.6 146.5 138.2 146.6 138.3
C-7 157.6 165.8 156.8 165.9 156.8
C-8 29.5 34.1 30.4 34.5 30.4
C-9 33.3 36.7 32.9 36.9 32.7
C-10 39.8 46.6 42.4 46.7 42.2
C-11 148.5 159.2 150.4 159.1 150.3
C-12 144.8 149.2 140.8 149.1 140.7
C-13 205.9 218.2 207.0 218.1 207.1
C-14 40.2 43.1 39.0 43.6 39.1
C-15 32.8 34.3 30.6 35.6 31.4
C-16 24.5 26.9 23.6 27.3 23.5
C-17 151.3 159.4 150.7 159.7 150.9
C-18 114.6 124.4 117.1 124.2 116.7
C-19 113.5 119.5 112.4 119.6 112.3
C-20 140.8 148.0 139.6 147.9 139.5
C-21 28.2 31.9 28.4 32.4 28.3
C-22 16.2 21.0 17.9 21.6 18.0
C-23 20.1 20.6 17.5 20.8 17.2
C-24 17.1 22.3 19.1 23.1 19.4
C-25 9.8 11.7 8.9 12.1 8.8
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Table S4. Calculated 1H NMR results of 1a and 1b

No.
Experimental
NMR data

1a 1b
Unscaled shifts Scaled shifts Unscaled shifts Scaled shifts

H-1 2.26 2.48 2.36 2.56 2.35
H-3 7.15 7.73 7.30 7.92 7.40
H-8a 2.99 3.24 3.06 3.27 3.02
H-8b 2.91 3.08 2.92 3.14 2.90
H-9a 2.25 2.32 2.21 2.43 2.23
H-9b 1.90 2.03 1.93 2.09 1.91
H-10 3.98 4.09 3.87 4.44 4.12
H-14 4.12 4.25 4.02 4.34 4.02
H-15a 2.10 2.38 2.26 2.49 2.28
H-15b 1.67 1.87 1.78 1.85 1.68
H-16 2.61 2.67 2.54 2.71 2.49
H-19 6.13 6.46 6.10 6.49 6.05
H-20 7.24 7.61 7.18 7.52 7.03
H-21 2.01 2.13 2.02 2.23 2.03
H-22 2.49 2.71 2.57 2.79 2.56
H-23 1.18 1.36 1.30 1.31 1.17
H-24 1.17 1.08 1.04 1.29 1.15
H-25 1.83 1.63 1.55 1.75 1.59
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Table S5. DP4+ evaluation of theoretical and experimental NMR data of 1
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Figure S36. Regression analysis of experimental vs calculated NMR data of 1a and
1b



30

ECD calculations

Conformational analyses of candidate structures were carried out via Monte

Carlo searching using molecular mechanism with MMFF force field in the Spartan 18

program. The force field minimum energy conformers thus obtained were

subsequently optimized by applying the density functional theory (DFT) with the

B3LYP/6-31+G(d,p) level in vacuum, implemented in the Gaussian 09 software

package. Harmonic vibrational frequencies were also performed to confirm no

imaginary frequencies of the finally optimized conformers (Grimme et al., 2010). The

optimized conformations with Boltzmann distributions of Gibbs free energies more

than 1% were further applied to the ECD calculations using the TD-DFT method with

the basis set cam-B3LYP/6-31+G(2d,p) with the polarizable continuum model (PCM)

in methanol. The overall calculated ECD curves were generated by Boltzmann

weighting of their selected low-energy conformers using SpecDis 1.62 with σ = ~0.3

eV.
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Table S6. Optimized lowest energy 3D conformers and energy analysis for 1

Conformers Free energies
No. 3D conformers E (Hartree) ΔE (Hartree) Distribution

1-1 -1251.393688 0.001805 7.69%

1-2 -1251.393752 0.001741 8.23%

1-3 -1251.394251 0.001242 13.95%

1-4 -1251.394501 0.000992 18.18%

1-5 -1251.395493 0.000000 51.96%
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Table S7. Optimized lowest energy 3D conformers and energy analysis for 2

Conformers Free energies
No. 3D conformers E (Hartree) ΔE (Hartree) Distribution

2-1 -1273.839486 0.001793 6.89%

2-2 -1273.839490 0.001789 6.92%

2-3 -1273.837951 0.003328 1.36%

2-4 -1273.841279 0.000000 45.98%

2-5 -1273.837950 0.003329 1.36%

2-6 -1273.840633 0.000646 23.20%
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2-7 -1273.839551 0.001728 7.38%

2-8 -1273.839197 0.002082 5.07%

2-9 -1273.838240 0.003039 1.84%
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Table S8. Optimized lowest energy 3D conformers and energy analysis for 3

Conformers Free energies
No. 3D conformers E (Hartree) ΔE (Hartree) Distribution

3-1 -1270.501893 0.001352 17.34%

3-2 -1270.501029 0.002216 6.95%

3-3 -1270.499646 0.003599 1.61%

3-4 -1270.503245 0.000000 72.55%

3-5 -1270.499621 0.003624 1.56%
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Table S9. Optimized lowest energy 3D conformers and energy analysis for 4a

Conformers Free energies
No. 3D conformers E (Hartree) ΔE (Hartree) Distribution

4a-1 -1154.790986 0.000000 50.03%

4a-2 -1154.790985 0.000001 49.93%

Table S10. Optimized lowest energy 3D conformers and energy analysis for 4b

Conformers Free energies
No. 3D conformers E (Hartree) ΔE (Hartree) Distribution

4b-1 -1154.794721 0.000002 33.31%

4b-2 -1154.794723 0.000002 33.38%

4b-3 -1154.794721 0.000000 33.31%
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Figure S37. Key ROESY correlations of compounds 2−6


