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1. Characterization of enantiomeric excess for the asymmetric (3 + 2) 

annulation product 

 

A Schlenk tube equipped with a magnetic stir bar was charged with 4-bromo pyrazolone 1 (0.15 

mmol, 1.5 equiv.), benzofuran-derived azadiene 2 (0.10 mmol, 1.0 equiv.), C5（10 mol%），toluene (1 

mL) under nitrogen atmosphere at -20 
o
C. After stirring for 3-5 min, Cs2CO3 (0.16 mmol, 1.6 equiv.) 

was added. The resulting mixture was stirred at -20 
o
C. Progress of the reaction was monitored by TLC. 

After completion of the reaction, the crude product was purified by column chromatography 

(petroleum ether/ethyl acetate = 10/1-5/1) on silica gel to give the product 3. 

 

Prepared according to the procedure within 10 min as a light yellow solid 

(89% yield, dr > 20:1); Enantiomeric excess was determined to be 79% 

(determined by HPLC using chiral OD-H column, hexane/2-propanol = 95/5, 

λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 20.3 min, tminor = 25.0 min). 
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Prepared according to the procedure within 2 h as a light yellow solid (43% 

yield, dr > 20:1); Enantiomeric excess was determined to be 42% 

(determined by HPLC using chiral OD-H column, hexane/2-propanol = 

90/10, λ = 254 nm, 30 
o
C, 0.8 mL/min, tminor = 14.9 min, tmajor = 16.6 min). 
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Prepared according to the procedure within 4 h as a light yellow solid 

(72% yield, dr > 20:1); Enantiomeric excess was determined to be 89% 

(determined by HPLC using chiral OD-H column, hexane/2-propanol = 

90/10, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 14.2 min, tminor = 29.9 min) 

 

 

 

 

 

Prepared according to the procedure within 11 h as a light yellow 

solid (22% yield, dr > 20:1); Enantiomeric excess was determined to 

be 37% (determined by HPLC using chiral OD-H column, 

hexane/2-propanol = 90/10, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 
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9.5 min, tminor = 12.2 min) 
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2. NMR spectra for compounds 3aa-3am 
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