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I．X-ray single crystal diffraction data of 2a 

 
Table 1.  Crystal data and structure refinement for 2a  

      Identification code                  2a    

      Empirical formula                  C21H22N2O4   

      Formula weight                    366.41 

      Temperature                       293(2) K    

      Wavelength                       0.7107 A    

      Crystal system, space group          Monoclinic, P 21/c    

      Unit cell dimensions           a = 10.0068(4) A   alpha = 90.00 deg.  

                                  b = 10.0068(4) A    beta = 90.00 deg.  

                                  c = 16.3846(11) A   gamma =120.00 deg.    

      Volume                          1420.88(12) A^3    

      Z, Calculated density               21, 1.365 Mg/m^3   

      Absorption coefficient              0.090 mm^-1    

      F(000)                          582 

      Theta range for data collection       1.17 to 35.15 deg.    

      Limiting indices                  -11<=h<=12, -12<=k<=11, -11<=l<=19 

      Reflections collected / unique        7548 / 2011 [R(int) = 0.0261]    

      Completeness to theta = 25.00        99.8 % 

      Absorption correction              Empirical    

      Refinement method                Full-matrix least-squares on F^2    

      Data / restraints / parameters         2011 / 0 / 124    

      Goodness-of-fit on F^2             1.014 

      Final R indices [I>2sigma(I)]        R1 = 0.0528, wR2 = 0.1003    

      R indices (all data)                R1 = 0.0888, wR2 = 0.1154    

Largest diff. peak and hole          0.175 and -0.247 e.A^-3  
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Table 2.  Bond lengths [A] and angles [deg] for 2a 

C(1)-O(1)           1.212(3)              O(2)-C(2)-H(2A)      110.5 

C(1)-N(1)           1.339(3)              C(3)-C(2)-H(2A)      110.5 

C(1)-O(2)           1.341(4)              O(2)-C(2)-H(2B)      110.5 

C(2)-O(2)           1.430(4)              C(3)-C(2)-H(2A)      110.5 

C(2)-C(3)           1.513(4)              H(2A)-C(2)-H(2B)     108.7 

C(2)-H(2A)          0.9700               N(1)-C(3)-C(2)        99.3(2) 

C(2)-H(2B)          0.9700               N(1)-C(3)-C(5)        111.4(2) 

C(3)-N(1)           1.457(3)              C(2)-C(3)-C(5)        114.5(2) 

C(3)-H(3)           0.9800               N(1)-C(3)-H(3)        110.4 

C(4)-N(1)           1.440(3)              C(2)-C(3)-H(3)        110.4 

C(4)-H(4A)          0.9700               C(5)-C(3)-H(3)        110.4 

C(4)-H(4B)          0.9700               N(1)-C(4)-N(1)        112.4(4) 

C(5)-C(6)           1.505(4)              N(1)-C(4)-H(4A)       109.1 

C(5)-H(5A)          0.9700               N(1)-C(4)-H(4B)       109.1 

C(5)-H(5B)          0.9700               H(4A)-C(4)-H(4B)      107.9 

C(6)-C(7)           1.373(4)              C(6)-C(5)-C(3)        113.9(2) 

C(6)-C(11)          1.375(4)              C(6)-C(5)-H(5A)       108.8 

C(7)-C(8)           1.357(5)              C(3)-C(5)-H(5A)       108.8 

C(7)-H(7)           0.9300               C(6)-C(5)-H(5B)       108.8 

C(8)-C(9)           1.342(6)              C(3)-C(5)-H(5B)       108.8 

C(8)-H(8)           0.9300               H(5A)-C(5)-H(5B)      107.7 

C(9)-C(10)          1.384(6)              C(7)-C(6)-C(11)       118.4(3) 

C(9)-H(9)           0.9300               C(7)-C(6)-C(5)        119.6(3) 

C(10)-C(11)         1.387(5)              C(11)-C(6)-C(5)       122.0(3) 

C(10)-H(10)         0.9300               C(8)-C(7)-C(6)        121.7(4) 

C(11)-H(11)         0.9300               C(8)-C(7)-H(7)        119.2 

                                       C(6)-C(7)-H(7)         119.2 

O(1)-C(1)-N(1)      127.5(3)              C(9)-C(8)-C(7)        120.4(4) 
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O(1)-C(1)-O(2)      122.4(3)              C(9)-C(8)-H(8)        119.8 

N(1)-C(1)-O(2)      110.1(3)              C(7)-C(8)-H(8)        119.8 

O(2)-C(2)-C(3)      106.2(2)              C(8)-C(9)-C(10)       120.0(4) 

C(8)-C(9)-H(9)       120.0               C(2)-C(3)-N(1)-C(1)   -16.6(3) 

C(10)-C(9)-H(9)      120.0               C(5)-C(3)-N(1)-C(1)   104.3(3) 

C(9)-C(10)-C(11)     119.6(4)             C(2)-C(3)-N(1)-C(4)   178.4(3) 

C(9)-C(10)-H(10)     120.2               C(5)-C(3)-N(1)-C(4)   -60.6(3) 

C(11)-C(10)-H(10)    120.2               O(1)-C(1)-O(2)-C(2)   -175.0(3) 

C(6)-C(11)-C(10)     119.9(3)             N(1)-C(1)-O(2)-C(2)   6.0(4) 

C(6)-C(11)-H(11)     120.0               C(3)-C(2)-O(2)-C(1)   -16.5(3) 

C(10)-C(11)-H(11)    120.0 

C(1)-N(1)-C(4)       122.1(2) 

C(1)-N(1)-C(3)       111.9(2) 

C(4)-N(1)-C(3)       124.19(17) 

C(1)-O(2)-C(2)       108.6(2) 

 

O(2)-C(2)-C(3)-N(1)   19.1(3) 

O(2)-C(2)-C(3)-C(5)   -99.5(3) 

N(1)-C(3)-C(5)-C(6)   -170.0(2) 

C(2)-C(3)-C(5)-C(6)    -58.4(4) 

C(3)-C(5)-C(6)-C(7)    115.9(3) 

C(3)-C(5)-C(6)-C(11)   -64.9(4) 

C(11)-C(6)-C(7)-C(8)   -0.7(5) 

C(5)-C(6)-C(7)-C(8)    178.6(3) 

C(6)-C(7)-C(8)-C(9)    1.3(6) 

C(7)-C(8)-C(9)-C(10)   -0.9(6) 

C(8)-C(9)-C(10)-C(11)  0.0(5) 

C(7)-C(6)-C(11)-C(10)  -0.3(4) 

C(5)-C(6)-C(11)-C(10)  -179.5(3) 

C(9)-C(10)-C(11)-C(6)  0.6(5) 
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O(1)-C(1)-N(1)-C(4)   -5.9(5) 

O(2)-C(1)-N(1)-C(4)   173.0(3) 

O(1)-C(1)-N(1)-C(3)   -171.3(3) 

O(2)-C(1)-N(1)-C(3)   7.7(4) 

N(1)-C(4)-N(1)-C(1)   117.4(3) 

N(1)-C(4)-N(1)-C(3)   -79.1(2) 
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II. For the 13CH2Cl2 Labeled Experiments 

The 13CH2Cl2 was purchased from Cambridge Isotope Laboratories, Inc. (13CH2Cl2 

(13C, 99%)) and used without further purification. 
13C Enrichments of afforded were calculated from the integrates resonances 

detected by inverse gated decoupling 13C NMR. Carbon resonances were integrated 

and standardized to three different positions (C (159.0 ppm), C (135.1 ppm), and C 

(127.4 ppm)). The ratio of the integrated signal from the labeled sample to unlabeled 

product was determined, then the three sets were averaged. This quotient was 

multiplied by the natural abundance of 13C (1.1%) to give the percent 13C 

incorporations at each carbon position of 13C-2a. 

 

 Carbon -CH2- 
 Authentic δ (ppm) 48.5 
 Labeled δ (ppm) 48.6 
C (159.0 ppm) Ratio Labeled 59.47 
 Ratio Unlabeled 0.67 
 Labeled/Unlabeled 88.76 
C (135.1 ppm) Ratio Labeled 52.63 
 Ratio Unlabeled 0.58 
 Labeled/Unlabeled 90.74 
C (127.4 ppm) Ratio Labeled 41.71 
 Ratio Unlabeled 0.46 
 Labeled/Unlabeled 90.67 
Average Labeled/Unlabeled 90.06 
Absolute Abundance (%) 99.06 

 

 

 

 

 

 

 

 

 



 

6 

 

 

 

 

 

 



 

7 

 

 

 

 

 

 



 

8 

 

 

 

 

 

 



 

9 

 

 

 



 

10 

 

 

 

 

 

 



 

11 

 

 

 

 

 

 



 

12 

 

 

 

 

 

 



 

13 

 

 

 

 

 

 



 

14 

 

 

 

 

 

 



 

15 

 

 

 

 

 

 



 

16 

 

 


