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1. Screening of catalysts and optimization of reaction conditions 

Table 1.Screening of catalysts and optimization of reaction conditions[a] 
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entry Cat. solvent 1a:2a:3 additives yield (%)[b]
 er[c] 

1 5a chloroform 1.2:1:1 5 Å MS 22 53:47 

2 5b chloroform 1.2:1:1 5 Å MS 69 70:30 

3 5c chloroform 1.2:1:1 5 Å MS 39 52:48 

4 5d chloroform 1.2:1:1 5 Å MS 46 79:21 

5 5e chloroform 1.2:1:1 5 Å MS 61 44:56 

6 5f chloroform 1.2:1:1 5 Å MS 54 57:43 

7 5g chloroform 1.2:1:1 5 Å MS 99 52:48 

8 5h chloroform 1.2:1:1 5 Å MS 17 50:50 

9 5i chloroform 1.2:1:1 5 Å MS 20 49:51 

10 5d toluene 1.2:1:1 5 Å MS 22 77:23 

11 5d THF 1.2:1:1 5 Å MS trace - 
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12 5d acetonitrile 1.2:1:1 5 Å MS 38 52:48 

13 5d EtOAc 1.2:1:1 5 Å MS trace - 

14 5d acetone 1.2:1:1 5 Å MS trace - 

15 5j  chloroform 1.2:1:1 5 Å MS 50 88:12 

16 5k chloroform 1.2:1:1 5 Å MS trace - 

17 5l chloroform 1.2:1:1 5 Å MS 47 53:47 

18 5m chloroform 1.2:1:1 5 Å MS 25 51:49 

19 5n chloroform 1.2:1:1 5 Å MS 28 61:39 

20 5o chloroform 1.2:1:1 5 Å MS trace - 

21 5p chloroform 1.2:1:1 5 Å MS 14 57:43 

22 5q chloroform 1.2:1:1 5 Å MS trace - 

23 5r chloroform 1.2:1:1 5 Å MS 15 49:51 

24 5s chloroform 1.2:1:1 5 Å MS 25 53:47 

25 5t chloroform 1.2:1:1 5 Å MS 36 50:50 

26 5u chloroform 1.2:1:1 5 Å MS 23 50:50 

27 5j  chloroform 1.2:1:1 3 Å MS 62 82:18 

28 5j  chloroform 1.2:1:1 4 Å MS 81 88:12 

29 5j  chloroform 1.2:1:1 MgSO4 47 81:19 

30[d] 5j  chloroform 1.2:1:1 4 Å MS 80 90:10 

31[e] 5j  chloroform 1.2:1:1 4 Å MS 54 94:6 

32[e] 5j  chloroform 1:1.5:1.5 4 Å MS 75 94:6 

33[f] 5j  chloroform 1:1.5:1.5 4 Å MS 45 95:5 

34[e,g] 5j  chloroform 1:1.5:1.5 4 Å MS 43 94:6 

35[e,h] 5j  chloroform 1:1.5:1.5 4 Å MS 80 94:6 

36[e,h] 5j  chloroform 1:4:4 4 Å MS 91 96:4 
[a]Unless otherwise indicated, the reaction was carried out at the 0.05 mmol scale and catalyzed by 

10 mol% 5 in a solvent (0.5 mL) with additives (100mg) at 10 oC for 2days. [b]Isolated yield.[c]The 

er value was determined by HPLC. [d]The volume of solvent was 1 mL.[e]The volume of solvent 

was 2 mL.[f]The volume of solvent was 3 mL.[g]Performed at 0 oC.[h]The reaction time was 4 days. 
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2. NMR spectra of products 4, 6 and 7 
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3. HPLC spectra of products 4, 6 and 7 
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Compound 6 
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Compound 7 
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4. X-ray single crystal data for compound 4aa 
 

 

 

 

The thermal ellipsoid was drawn at the 30% probability level. 

 

Identification code  cu_dm15841_0m 

Empirical formula  C33 H30 N4 O3 

Formula weight  530.61 

Temperature  296 K 

Wavelength  1.54178 Å 

Crystal system  Monoclinic 

Space group  C 1 2 1 

Unit cell dimensions a = 32.0719(7) Å = 90°. 

 b = 9.2396(2) Å = 109.7790(10)°. 

 c = 20.2331(4) Å  = 90°. 

Volume 5642.0(2) Å3 

Z 8 

Density (calculated) 1.249 Mg/m3 

Absorption coefficient 0.651 mm-1 

F(000) 2240 
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Crystal size 0.28 x 0.1 x 0.05 mm3 

Theta range for data collection 2.320 to 69.706°. 

Index ranges -38<=h<=36, -11<=k<=11, -24<=l<=24 

Reflections collected 21205 

Independent reflections 8811 [R(int) = 0.0344] 

Completeness to theta = 67.679° 97.0 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7532 and 0.5863 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 8811 / 1 / 729 

Goodness-of-fit on F2 1.005 

Final R indices [I>2sigma(I)] R1 = 0.0540, wR2 = 0.1393 

R indices (all data) R1 = 0.0707, wR2 = 0.1557 

Absolute structure parameter -0.04(19) 

Extinction coefficient 0.00069(9) 

Largest diff. peak and hole 0.281 and -0.229 e.Å-3 
 


