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obtained with good yields however enantiomeric excess remained low (Table 1, entries 7 & 

8). 

 

Table 1: Optimization studies a 

 
 

 

 

 

 

 

 
 

 

 

 

a 1a (0.1mmol), 2a (0.1 mmol) and cat. (10 mol %) were used in 0.5 mL solvent. b Isolated yield. c Determined 

by 1H-NMR analysis of the crude reaction mixture. d Enantiomeric excess was determined by HPLC analysis. e 

5 mol% catalyst was used. DABCO (B) =1,4-diaza- bicyclo [2.2.2] octane 

 

Further, when xylene was used as solvent at rt, the product 3a was obtained in 80% yield with 

excellent dr (>20:1) and 62% enantiomeric excess (Table 1, entry 9). Gratifyingly, while 

using mesitylene as solvent at rt, the product was obtained in 93% yield with excellent dr 

(>20:1) and 80% enantiomeric excess in 3 h (Table 1, entry 10). 

Having the best solvent condition in hand, the reaction was further optimized with different 

bifunctional catalysts. By using phenyl substituted urea catalyst III  product 3a was obtained 

in 57% yield with 6:1 dr and 36% ee (Table 2, entry 1). When compared between thiourea 

and urea derivatives of bifunctional catalysts, it is generally observed that thiourea derivatives 

offer better results than their urea counterparts and this trend was also observed in the present 

case. While using the catalyst IV  the product was obtained in good yield (73%) with moderate 

ee i.e. 53% (Table 2, entry 2). Interestingly, further investigation in the presence of catalyst 

Entry  Cat. Solvent Time Yield% b dr c eed 
1 I+B Toluene 48 h 63 3:1 ± 
2 II  Toluene 3 h 82 18:1 72 
3 II  CHCl

3
 2 h 96 >20:1 5 

4 II  DCM 3 h 89 - 10 
5e

 II  PhMe+DCM(4:1) 18 h 63 10:1 62 

6 II  PhCl 3 h 86 9:1 16 
7 II  MIBK  3 h 69 - 34 
8 II  THF 18 h 87 >20:1 32 
9 II  Xylene 3 h 80 >20:1 62 
10 II  Mesitylene 3 h 93 >20:1 80 
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brine (20 mL) and dried over Na2SO4 and filter. After evaporation in vacuo, the residue was 

purified by column chromatography (20% ethyl acetate/pet ether) to afford acetal a in 

quantitative yield. 

Step 223: To a stirred solution of acetal a (19.29 mmol, 1 equiv.) in dry THF (100 mL) at -78 

°C was added n-BuLi (1.6 M in THF, 2 equiv.). The reaction mixture stir for 1 h at this 

temperature then distilled DMF (1.5 equiv.) was added in one portion. The reaction mixture 

was allowed come to rt and was quenched by adding saturated aq. NH4Cl solution and 

extracted with EtOAc (2×20 mL), washed with brine (20 mL) and dried over Na2SO4 and 

filter. After evaporating solvents, residue was purified by column chromatography (20% ethyl 

acetate/pet ether) to afford aldehyde b in 57% yield. 

Step 324: To a solution of aldehyde b (11.04 mmol, 1 equiv.) in THF (33 mL) and 

nitromethane (3 equiv.) in MeOH (16 mL) was added KOH (1.5 equiv. in 7 mL H2O) at 0 °C 

and the resulting mixture was stirred for 15 min. Saturated aq. NH4Cl solution was added and 

extracted with EtOAc (2×20 mL), subsequently wash with brine (20 mL) and dried over 

Na2SO4 and filter. After evaporating solvents, residue was purified by column 

chromatography (10% ethyl acetate/pet ether) to obtain nitroethanol intermediate c in an 85% 

yield in colourless oil. 

Step 424: To a solution of nitroethanol intermediate c (9.28 mmol, 1 equiv.) in pyridine (22 

mL) was added acetic anhydride (1.5 equiv.) and DMAP (0.2 equiv.) in pyridine (7 mL) at 0 

°C and the resulting mixture stirred for 30 min. Saturated aq. NaHCO3 solution was added 

and extracted with DCM (2×10 mL), wash with water (10 mL) and brine (10 mL) and dried. 

After evaporating solvents, residue was purified by column chromatography (10% ethyl 

acetate/pet ether) to obtain nitrostyrene d in 71% yield as yellow solid. 




































































































































































































































































































































































































































