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1. Experimental and computed 13C-NMR chemical shifts 

The TMS-corrected computed 13C-NMR chemical shifts of compounds 1 and 2 were fitted to 

the experimental values by Ordinary Least Squares (OLS) Linear Regression method in order to 

remove systematic error that results from the conformational search and random error from 

experimental conditions (Tables S1-S3).  

 

Table S1 Experimental and computed 13C-NMR chemical shifts of 1. 

Position Experimental calculated  

2 174.9 174.7056359 

3 74.1 73.77670849 

5 71.0 72.20161502 

6 29.4 30.0031432 

7 57.0 58.48536649 

8 131.2 131.5162235 

9 126.8 124.9741055 

10 124.8 123.6012893 

11 130.0 129.2364188 

12 108.7 107.2296033 

13 139.5 138.4664691 

14 27.8 26.33057925 

15 34.5 36.15480094 

16 33.1 34.37886398 

17 65.6 64.24414924 

18 13.4 12.94679213 

19 130.8 135.4254288 

20 130.0 129.5051204 

21 54.7 55.79416295 

22 69.4 74.20490931 

N2-OMe 64.3 60.59474299 

N4-Me 48.6 45.82387137 

 

Table S2 Experimental and computed 13C-NMR chemical shifts of 2. 

Position Experimental calculated  

2 131.2 130.5271157 

3 61.6 61.3739485 

5 67.4 65.54997428 

6 21.1 18.97712099 

7 103.9 102.6619612 

8 126.7 125.032549 

9 119.5 118.7670812 

10 121.2 120.6764227 

11 124.3 123.8913627 
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12 112.9 111.3440135 

13 139.1 136.7802114 

14 31.3 32.93263895 

15 35.9 38.85662307 

16 53.3 54.0289765 

17 67.5 66.92161865 

18 13.0 11.5087365 

19 122.9 123.0622 

20 128.4 130.5439096 

21 60.2 61.01637075 

22 67.8 72.73629931 

COOMe 171.7 174.3550486 

COOMe 52.7 52.05581688 

 

 

Relatively higher R2 and lower CMAD and CLAD values were shown in both 13C-NMR 

Ordinary Least Squares Linear Regression (OLS-LR) for 1, which indicated that this configuration 

was the correct structure.  

 

Table S3 Statistics of Ordinary Least Squares Linear Regression (OLS-LR) of experimental and 

computed 13C-NMR chemical shifts of 1 and 2. 

Type Compound CMADa CLADb R2 RMSD F p value Slope 

CNMR 1 1.55 4.80 0.9980 2.1069 9962.11  < 0.01 0.9767 

CNMR 2 1.46 4.94 0.9982 1.9124 11277.73 < 0.01 0.9898 

a CMAD = corrected mean absolute deviation, computed as 
calc exp(1/ ) | |

n

i

n  −
, where calc  

and exp
 refer to the calculated and experimental chemical shifts. b CLAD = corrected largest 

absolute deviation, computed as calc expmax(| |) −
. 
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Figure S1 Regression analysis of experimental versus calculated 13C- NMR chemical shifts of 1. 

 

 

Figure S2 Regression analysis of experimental versus calculated 13C- NMR chemical shifts of 2. 

2. ECD calculations of 1 and 2 

2.1. Computational methods 

2.1.1. Conformational analysis 

Conformational analysis for 1 and 2 (Figure S2) were performed using systematic algorithm by 



S4 

 

Confab 1 at MMFF94 force field with RMSD threshold of 0.2 Å and energy window of 7 

kcal/mol. 

 

Figure S3 Chemical structure of compounds 1 and 2. 

2.1.2. ECD calculation 

The theoretical calculations were carried out using Gaussian 092. At first, all conformers were 

optimized at PM6, and the net charge was set as one. Room-temperature equilibrium populations 

were calculated according to Boltzmann distribution law (eq.1), based on which dominative 

conformers of population over 1% were kept. The chosen conformers were further optimized at 

B3LYP/6-31G(d,p) in gas phase. Vibrational frequency analysis confirmed the stable structures. 

ECD calculations were conducted at B3LYP/6-311G(d,p) level in methanol with IEFPCM model 

using Time-dependent Density functional theory (TD-DFT). Rotatory strengths for 30 excited 

states were calculated (Tables S4 and S5). The ECD spectrum was simulated using the ECD/UV 

analysis tool by overlapping Gaussian functions for each transition according to (eq.2). 
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where iN is the number of conformer i with energy iE and degeneracy ig  at temperature T, and 

kB is Boltzmann constant.  
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where σ represents the width of the band at 1/e height, while iE  and iR  are the excitation 

energies and rotatory strengths for transition i, respectively. The σ and UV-shift values were set 

0.27 eV and -22 nm, respectively. The spectrum of the enantiomers were produced directly by 

mirror inversion about the horizontal axis. 

2.1.3. NMR calculation 

The structures were directly derived from the previous ECD calculations. NMR calculations 

were carried out using the Gauge-Including Atomic Orbitals (GIAO) method at 

mPW1PW91/6-311+G(2d,p) level in Methanol simulated by the IEFPCM model. The 

TMS-corrected NMR chemical shift values were averaged according to Boltzmann distribution 

and fitted to the experimental values by linear regression. The calculated 13C-NMR chemical shift 

values of TMS in Methanol were 187.37 ppm, respectively.  
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2.2. Energies and coordinates 

2.2.1. Energies at B3LYP theory level 

Structures for ECD calculation were shown in Tables S4 and S5. 

Table S4 Energies of configuration 1 at B3LYP/6-311G(d,p) in methanol. 

Conformer Structure E (Hartree) E (kcal/mol) Population (%) 

1a 

 

-1650.644342 -1035794.954 54.35 

1b 

 

-1650.643342 -1035794.327 18.85 

1c 

 

-1650.643674 -1035794.536 26.81 

 

Table S5 Energies of configuration 2 at B3LYP/6-311G(d,p) in methanol. 

Conformer Structure E (Hartree) E (kcal/mol) Population (%) 

2a 

 

-1649.512692 -1035084.833 28.99 

2b 

 

-1649.512243 -1035084.552 18.02 

2c 

 

-1649.512894 -1035084.96 35.9 

2d 

 

-1649.512192 -1035084.52 17.08 

 

 

 

2.2.2. Coordinates at B3LYP theory level 
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Table S6 Standard orientations of configuration 1 for ECD calculation. 

Conformer 1a 
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Conformer 1b 
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Conformer 1c 
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Table S7 Standard orientations of configuration 2 for ECD calculation. 

Conformer 2a 
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Conformer 2b 
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Conformer 2c 
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Conformer 2d 
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2.3. Experimental and calculated ECD spectra of 1 and 2 

 

Figure S4. Calculated ECDs and experimental of 1. 

 

 

Figure S5. Calculated ECDs and experimental of 2. 

 

3. Supplementary figures 
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Figure S6. 1 H NMR spectrum of 1 (CD3OD, 400 MHz) 
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Figure S7. 13C NMR spectrum of 1 (CD3OD, 100 MHz) 
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Figure S8. HSQC spectrum of 1 (CD3OD, 400 MHz). 
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Figure S9. HMBC spectrum of 1 (CD3OD, 400 MHz). 
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Figure S10. ROESY spectrum of 1 (CD3OD, 400 MHz). 

 

 



S19 

 

Figure S11. 1H-1H COSY spectrum of 1 (CD3OD, 400 MHz). 
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Figure S12. HR-ESI-MS spectrum of 1 
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Figure S13. ORD spectrum of 1 
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Figure S14. UV spectrum of 1 
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Figure S15. IR spectrum of 1  
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Figure S16. ECD spectrum of 1 
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Figure S17. 1H NMR spectrum of 2 (CD3OD, 400 MHz) 
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Figure S18. 13C NMR spectrum of 2 (CD3OD, 100 MHz) 
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Figure S19. HSQC spectrum of 2 (CD3OD, 400 MHz). 
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Figure S20. HMBC spectrum of 2 (CD3OD, 400 MHz). 
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Figure S21. ROESY spectrum of 2 (CD3OD, 400 MHz). 
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Figure S22. 1H-1H spectrum of 2 (CD3OD, 400 MHz). 
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Figure S23. HR-ESI-MS spectrum of 2 
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Figure S24. ORD spectrum of 2 
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Figure S25. UV spectrum of 2 
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Figure S26. IR spectrum of 2  
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Figure S27. ECD spectrum of 2 
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