
Table S1. Results for the titration reactions shown in Figure 3 and 4. 

Concentration of 4a 

/ M 

Concentration of 5a 

/ M 

Equivalent 

of 5a 

Chemical shift 

for H1 

Chemical shift 

for H4 

8.80E-03 0 0 8.693 7.7614 

8.80E-03 0.22 25 8.695 7.7609 

8.80E-03 0.44 50 8.699 7.7604 

8.80E-03 0.66 75 8.701 7.7599 

8.80E-03 0.88 100 8.705 7.7594 

8.80E-03 1.1 125 8.708 7.7589 

8.80E-03 1.32 150 8.712 7.7585 

8.80E-03 1.54 175 8.716 7.758 

8.80E-03 1.76 200 8.72 7.7575 

 

 

Concentration of 4a 

/ M 

Concentration of 6a 

/ M 

Equivalent 

of 6a 

Chemical shift 

for H1 

Chemical shift 

for H4 

8.80E-03 0 0 8.692 7.7621 

8.80E-03 0.22 25 8.701 7.76595 

8.80E-03 0.44 50 8.703 7.76705 

8.80E-03 0.66 75 8.707 7.76835 

8.80E-03 0.88 100 8.708 7.7687 

8.80E-03 1.1 125 8.71 7.7693 

8.80E-03 1.32 150 8.712 7.77 

8.80E-03 1.54 175 8.717 7.77125 

8.80E-03 1.76 200 8.719 7.7717 

 
  



1H, 13C, and 19F-NMR spectra and HPLC charts. 
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H-H COSY of 4a 
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･ HPLC charts of 7a for Scheme 2. 

 

Racemic sample of 7a 

 
 

Catalyzed by 4a 

 

 
 



Catalyzed by 4b  

 
 
Catalyzed by 4c 

 

 

 

 



Catalyzed by 4d 

 

 

 
 

  



･ HPLC charts of 7a for Table 1. 

Entry 1 (toluene) 

 
Entry 2 (THF) 

 

 

  



Entry 3 (CH2Cl2) 

 

 

Entry 4 (Et2O) 

 

 

 

  



Entry 5 (CH3CN) 

 

 

Entry 6 (-10 °C) 

 

 



Entry 7 (-30 °C) 

 

 

Entry 8 (catalyzed by 1 mol% of 4a) 

 

 

 



Entry 9 (catalyzed by 5 mol% of 4a) 

 

 

Entry 10 (no catalyst) 

 

 
 

  



･ Charts for Scheme 3 
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Racemic sample of 7e 
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Racemic sample of 7f 
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Racemic sample of 7g 
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Racemic sample of 7h 
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Racemic sample of 7m; HPLC (CHIRALPAK IC column, hexane/2-propanol = 95/5, flow rate 1.0 

mL/min, 25 °C, 210 nm) 
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Racemic sample of 7m; HPLC (CHIRALPAK IA column, hexane/2-propanol = 80/20, flow rate 1.0 

mL/min, 25 °C, 254 nm) 
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Optimized structure of 4a. 

 
E(RM062X) = -4259.202216 Hartree 

--------------------------------------------------------------------------------------------------------- 
    Center     Atomic      Atomic           Coordinates (Angstroms) 
   Number    Number      Type          X          Y          Z 

--------------------------------------------------------------------------------------------------------- 
      1          6           0        4.130674    3.760648   -0.945786 
      2          6           0        4.578837    2.440055   -0.697811 
      3          6           0        3.681010    1.435511   -0.443777 
      4          6           0        2.285711    1.702871   -0.424601 
      5          6           0        1.831700    3.035125   -0.663726 
      6          6           0        2.792129    4.049155   -0.928284 
      7          6           0        1.330455    0.672963   -0.151911 
      8          6           0        0.016464    1.043108   -0.131149 
      9          6           0       -0.473942    2.348883   -0.364874 
     10          6           0        0.447005    3.333627   -0.631231 
     11          6           0        1.713930   -0.740613    0.113789 
     12          6           0        2.170565   -1.580068   -0.953689 
     13          6           0        2.473308   -2.941885   -0.675657 
     14          6           0        2.309018   -3.437455    0.645972 
     15          6           0        1.872696   -2.624835    1.652750 



     16          6           0        1.577339   -1.263997    1.383552 
     17          6           0        2.313062   -1.105735   -2.284521 
     18          6           0        2.745788   -1.943636   -3.281052 
     19          6           0        3.056890   -3.294384   -3.001848 
     20          6           0        2.920880   -3.780874   -1.727425 
     21          6           0       -2.616843    1.272940   -0.034828 
     22          6           0       -1.929775    2.457129   -0.301375 
     23          6           0       -3.985398    1.143517    0.065707 
     24          6           0       -4.714886    2.317080   -0.124930 
     25          6           0       -4.083169    3.532056   -0.393510 
     26          6           0       -2.699344    3.608692   -0.482368 
     27          7           0        1.179952   -0.422776    2.470928 
     28          1           0        4.853984    4.543762   -1.148171 
     29          1           0        5.642082    2.223518   -0.710941 
     30          1           0        4.023903    0.421915   -0.258881 
     31          1           0        2.440759    5.060232   -1.114027 
     32          1           0        0.124420    4.353506   -0.822119 
     33          1           0        2.533850   -4.481473    0.844071 
     34          1           0        1.734552   -2.998203    2.661369 
     35          1           0        2.067377   -0.073281   -2.511724 
     36          1           0        2.843557   -1.569312   -4.294909 
     37          1           0        3.394519   -3.945143   -3.801794 
     38          1           0        3.145022   -4.819882   -1.502886 
     39          1           0       -4.472230    0.194354    0.256648 
     40          1           0       -5.796703    2.267240   -0.067263 
     41          1           0       -4.678184    4.427455   -0.538651 
     42          1           0       -2.211378    4.555115   -0.693602 
     43          5           0       -3.973368   -2.000666   -0.592377 
     44          9           0       -3.284830   -1.278186   -1.583335 
     45          9           0       -5.293984   -1.568369   -0.522996 
     46          9           0       -3.855791   -3.351590   -0.770715 
     47          9           0       -3.350015   -1.621387    0.664929 
     48         35           0       -1.389483   -0.203977    0.198871 
     49          8           0       -0.567576   -1.632223    2.837419 
     50          7           0        0.115685   -0.718935    3.240072 
     51          6           0        2.078339    0.600145    3.002236 



     52          1           0        2.236296    1.368119    2.238213 
     53          1           0        1.532330    1.055819    3.831509 
     54          6           0        3.408239    0.019216    3.466227 
     55          1           0        3.249288   -0.729562    4.247509 
     56          1           0        3.940790   -0.454513    2.635855 
     57          1           0        4.043127    0.812980    3.868596 
--------------------------------------------------------------------------------------------------------- 
 


