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Structures of starting compounds and intermediates 
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Structures of products 
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Optimization study on [4+1]-annulation with benzylsulfonium salt 11a 

 
Entry Conditions Solvent Time, h Yield of 12a, % Recovery of 1a, %a

1 
11a (2 equiv.)

K2CO3 (3 equiv.) 
THF 24 13 73 

2 
11a (2 equiv.)

K2CO3 (3 equiv.) 
MeCN 24 38 13 

3 
11a (2 equiv.)

K2CO3 (3 equiv.) 
CH2Cl2 24 24 43 

4 

11a (1.3 equiv.) 
Bu4NHSO4 (0.1 equiv.) 

50% aq. NaOH 
(17 equiv.) 

CH2Cl2 5 63 0 
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NMR spectra of 1b 
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NMR spectra of 1с 
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NMR spectra of 1d 
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NMR spectra of 1e 
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NMR spectra of 1j  
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NMR spectra of 6a 
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NMR spectra of 6b 
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NMR spectra of 6c 
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NMR spectra of 6d 
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NMR spectra of 11b 
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NMR spectra of 8a 
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NMR spectra of 8b 
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NMR spectra of 8c 

 



S26 
 

 



S27 
 

 



S28 
 

NMR spectra of 12a 
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NMR spectra of 13a 
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NMR spectra of 12b 
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NMR spectra of 12c 
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NMR spectra of 12d 
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NMR spectra of 12e 
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NMR spectra of 5a 
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NMR spectra of 5b 

 



S52 
 

 



S53 
 

 



S54 
 

 



S55 
 

NMR spectra of 5c 

 



S56 
 

 



S57 
 

 



S58 
 

NMR spectra of 5d 
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NMR spectra of 5e 
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NMR spectra of 5f 
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NMR spectra of 5g 
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NMR spectra of 5h 
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NMR spectra of 5i 
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NMR spectra of 5j 
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NMR spectra of 5k 
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NMR spectra of 10a 
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NMR spectra of 10b 
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NMR spectra of 10c 
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NMR spectra of 10d 
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NMR spectra of 15a 
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NMR spectra of 15b 
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NMR spectra of 15c 
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NMR spectra of 15d 
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NMR spectra of 15e 
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NMR spectra of 16 
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NMR spectra of 17 
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NMR spectra of 18a 
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NMR spectra of 18a + 18b 
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NMR spectra of 19a  
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NMR spectra of 19b  

 



S147 
 

 



S148 
 

 



S149 
 

 



S150 
 

NMR spectra of 21  
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