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Figure S1. 1H-NMR (600 MHz, CD3OD) spectrum of compound 1a/1b. 

 

 

Figure S2. 13C-NMR (150 MHz, CD3OD) spectrum of compound 1a/1b. 



 

 

 

 

Figure S3. HSQC spectrum of compound 1a/1b. 

 

 



 

 

Figure S4. 1H-1H COSY spectrum of compound 1a/1b. 

 

 

Figure S5. HMBC spectrum of compound 1a/1b. 

 



 

 

 

Figure S6. HR-ESI-MS spectrum of compound 1a/1b. 

 

Figure S7. UV spectrum of compound 1a/1b. 



 

 

 

 

 

 

 

 

 

Figure S8. Chiral HPLC separation chromatogram of compound 1. 

 

 

 



 

 

 

Figure S9. 1H-NMR (600 MHz, CDCl3) spectrum of compound 2. 

 

Figure S10. 13C-NMR (150 MHz, CDCl3) spectrum of compound 2. 

 



 

 

 

Figure S11. HSQC spectrum of compound 2. 

 

 

Figure S12. 1H-1H COSY spectrum of compound 2. 



 

 

 

 

Figure S13. HMBC spectrum of compound 2. 

 



 

 

 

Figure S14 (I). The enlarged HMBC spectrum of compound 2 (I) 

 



 

 

Figure S14 (II). The enlarged HMBC spectrum of compound 2 (II) 

 

Figure S14 (III). The enlarged HMBC spectrum of compound 2 (III) 



 

 

 

Figure S14 (IV). The enlarged HMBC spectrum of compound 2 (IV) 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

No. 2 a) 2,4-DTBP b) No. 2' c) 

 δH, mult (J in Hz) δC  δH, mult (J in Hz) δC   δH, mult (J in Hz) δC  

1 (1')  147.8 (147.8), C  152.0 2 (2')  147.6 (147.7) 

2 (2')  138.6 (138.7), C  135.3 4 (4')  138.5 (138.5) 

3 (3') 7.36, t (2.5) 124.6, CH 7.30, br s 124.2 3 (3') 7.36, d (2.5) 124.5 

4 (4')  147.2, C  143.1 1 (1')  147.1 

5 (5') 7.13, dd (8.6, 2.5) 124.1, CH 7.08, d (8.2) 123.7 5 (5') 7.13, dd (8.7, 2.5) 123.0 

6 (6') 7.54, d (8.6) 119.3, CH 6.6, d (8.2) 116.1 6 (6') 7.54, d (8.7) 119.1 

7 (7')  35.0, C  34.9 7 (7')  34.9 

8/9/10 (8'/9'/10') 1.33, s 30.4, CH3 1.42, s 29.8 12/13/14 (12'/13'/14') 1.29, s 30.2 

11 (11')  34.7, C  34.4 11 (11')  34.5 

12/13/14 (12'/13'/14') 1.28, s 31.6, CH3 1.30, s 31.8 8/9/10 (8'/9'/10') 1.33, s 31.4 

a) compounds 2, 2', and 2,4-DTBP, all measured in CDCl3 

b) 2,4-DTBP, Journal of Chinese Medicinal Materials, 2019, 07, 1541-1545; 

 Journal of Ocean University of Qingdao, 1999, 29(1): 53-56. 

c) 2', Natural Product Research And Development, 2014, 26(7): 987-989. 

 

 

 

 

Figure S15. Structures and comparison of chemical shifts between compounds 2, 2', and 2,4-DTBP in CDCl3 



 

 

 

 

Figure S16. 1H-NMR (600 MHz, C5D5N) spectrum of compound 3a/3b. 

 

 



 

 

 

Figure S17. 13C-NMR (150 MHz, C5D5N) spectrum of compound 3a/3b. 

 

 

Figure S18. Chiral HPLC separation chromatogram of compound 3 

 

 

 

 

 

 



 

 

 

Figure S19. 1H-NMR (600 MHz, C5D5N) spectrum of compound 4. 

 

 

 



 

 

Figure S20. 13C-NMR (150 MHz, C5D5N) spectrum of compound 4. 

 

 

 

 

 

Figure S21. ECD spectrum of compound 3 
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Computational methods 

MMFF94 conformational search generated low-energy conformers within a 

10 kcal/mol energy window were performed with CONFLEX.1,2 Selected 2 most 

highest distribution conformers were further optimized by the density 

functional theory method at the B3LYP/6-31+g(d,p) level. The ECD calculations 



 

 

was using TD-DFT-B3LYP/6-31+g(d,p) of theory on optimized geometries 

through the CPCM model (in MeOH). The calculated ECD curves were 

generated using SpecDis 1.613 with σ=0.30 ev, UV shift -10 nm. All the above 

calculations were carried out with the Gaussian 09 package of programs.4 
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Gaussian 09, revision C.01. Gaussian, Inc.: Wallingford CT, 2010. 

 

Coordinates of computations (R)-3 

Conformer 1 

 

 

Standard orientation:                          

 --------------------------------------------------------------------- 

 Center     Atomic      Atomic             Coordinates (Angstroms) 

 Number     Number       Type             X           Y           Z 

 --------------------------------------------------------------------- 

      1          6           0        5.366836    0.299100    0.070293 

      2          6           0        4.855214    0.876661   -1.109917 

      3          6           0        3.520746    0.695089   -1.420807 

      4          6           0        2.657795   -0.045064   -0.584106 

      5          6           0        3.193468   -0.597480    0.601542 

      6          6           0        4.544021   -0.434792    0.925734 

      7          6           0        1.268833   -0.317238   -0.981097 

      8          6           0        0.480166   -1.228821   -0.032839 

      9          6           0        1.017340   -1.100706    1.399586 

     10          8           0        2.441024   -1.330678    1.463931 

     11          8           0        0.790300    0.080473   -2.043673 

     12          8           0        6.686479    0.503823    0.330057 

     13          6           0       −1.023005   −1.047529   −0.085305 

     14          6           0       −1.857639   −2.138776   −0.353070 

     15          6           0       −3.246449   −2.006028   −0.378855 

     16          6           0       −3.831625   −0.770028   −0.102047 

     17          6           0       −3.018398    0.338560    0.199558 

     18          6           0       −1.616816    0.203446    0.173190 

     19          8           0       −0.797116    1.265467    0.482051 

     20          6           0       −0.862229    2.416606   −0.389261 

     21          8           0       −3.607018    1.547371    0.497907 



 

 

     22          6           0       −3.662957    1.852424    1.906003 

     23          8           0       −5.204015   −0.673971   −0.046807 

     24          6           0       −5.815548    0.090236   −1.103957 

     25          1           0        5.516985    1.444925   −1.754197 

     26          1           0        3.109806    1.114015   −2.333391 

     27          1           0        4.926502   −0.870228    1.843716 

     28          1           0        0.707141   −2.249249   -0.375750 

     29          1           0        0.809776   −0.103628    1.801238 

     30          1           0        0.574673   −1.854501    2.051172 

     31          1           0        6.946563    0.070940    1.156668 

     32          1           0       −1.412285   −3.108054   −0.558006 

     33          1           0       −3.886840   −2.853761   −0.599551 

     34          1           0       −0.626820    2.117831   −1.414782 

     35          1           0       −1.846557    2.886090   −0.343863 

     36          1           0       −0.100175    3.105234   −0.021757 

     37          1           0       −4.244432    1.092219    2.438427 

     38          1           0       −2.655719    1.916338    2.329548 

     39          1           0       −4.160019    2.820126    1.987324 

     40          1           0       −6.889535    0.063532   −0.913724 

     41          1           0       −5.461776    1.124504   −1.092999 

     42          1           0       −5.603039   −0.370181   −2.075666 

 --------------------------------------------------------------------- 

 

 

 

 

 

 

 

 

 

 

 

Conformer 2 

 



 

 

 

Standard orientation:                          

 --------------------------------------------------------------------- 

 Center     Atomic      Atomic             Coordinates (Angstroms) 

 Number     Number       Type             X           Y           Z 

 --------------------------------------------------------------------- 

      1          6           0        5.368445    0.285590    0.087946 

      2          6           0        4.861560    0.871867   −1.090176 

      3          6           0        3.525460    0.695417   -1.405319 

      4          6           0        2.660476   −0.046437   −0.575443 

      5          6           0        3.193020   −0.606540    0.610156 

      6          6           0        4.541067   -0.449426    0.937435 

      7          6           0        1.271253   −0.312654   −0.977599 

      8          6           0        0.478636   −1.227213   −0.035826 

      9          6           0        1.012389   −1.106152    1.398638 

     10          8           0        2.434461   −1.342220    1.465769 

     11          8           0        0.796446    0.092229   −2.038999 

     12          8           0        6.672480    0.414409    0.455013 

     13          6           0       −1.024277   −1.045148   −0.091059 

     14          6           0       −1.858513   −2.135753   −0.362740 

     15          6           0       −3.247335   −2.003352   −0.388516 

     16          6           0       −3.832925   −0.768417   -0.107863 

     17          6           0       −3.020135    0.339544    0.197127 

     18          6           0       −1.618486    0.204845    0.171074 

     19          8           0       −0.799256    1.266069    0.484068 

     20          6           0       −0.863417    2.419366   −0.384323 

     21          8           0       −3.609264    1.547262    0.498850 

     22          6           0       −3.665174    1.848522    1.907756 

     23          8           0       −5.205353   −0.673097   −0.051952 

     24          6           0       −5.817691    0.092829   −1.107293 

     25          1           0        5.516177    1.445864   −1.739437 

     26          1           0        3.118715    1.120598   −2.316905 

     27          1           0        4.934463   −0.884195    1.849376 

     28          1           0        0.705995   −2.246366   −0.382334 

     29          1           0        0.807037   −0.109768    1.803316 

     30          1           0        0.564630   −1.860532    2.046069 



 

 

     31          1           0        7.155745    0.950617   −0.190675 

     32          1           0       −1.412777   −3.104320   −0.570202 

     33          1           0       −3.887419   −2.850640   −0.611785 

     34          1           0       −0.102994    3.107867   −0.013210 

     35          1           0       −0.625211    2.123528   −1.410069 

     36          1           0       −1.848337    2.887753   −0.340124 

     37          1           0       −4.246117    1.086544    2.438226 

     38          1           0       −2.657925    1.911903    2.331345 

     39          1           0       −4.162825    2.815695    1.991747 

     40          1           0       −6.891524    0.065833   −0.916249 

     41          1           0       −5.463862    1.127070   −1.094965 

     42          1           0       −5.605998   −0.365979   −2.079961 

 --------------------------------------------------------------------- 

 


