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Asymmetric 1,4-Addition with a Chiral 
Calcium–Pybox Catalyst

Significance: A polymer-supported homochiral 
Pybox–calcium chloride complex catalyzed the 
asymmetric 1,4-addition of 1,3-dicarbonyl com-
pounds 1 to nitroalkenes 2, to afford the corre-
sponding adducts 3 in up to 98% yield and 95% 
ee under batch or flow conditions. 

Comment: The flow system worked for 204 hours 
without significant loss of catalytic activity to give 
3a in 95.5% yield with 92.0% ee on average. The 
total amount of product was 291.4 mmol and the 
turn-over number (TON) reached 228. 
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Polymer-supported pybox (PS-pybox)

HPLC pump
100 μL min–1

4 Å MS 
(500 mg)

in glass column
(Φ 0.5 cm × 5 cm)

PS-Pybox (750 mg × 2)
CaCl2⋅2H2O (375 mg × 2)

celite (1.4 g × 2)
in glass columns (Φ 1.0 cm × 10 cm)

constant-temperature bath, 0 °C
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1a 2a (1.2 equiv) 3a

CaCl2⋅2H2O (5 mol%)
PS-Pybox (5 mol%)

Et3N (5 mol%)

PhMe, 0.2 M, 20 h, 0 °C

91% yield
91% ee

TON = 18.2

w:x:y:z = 13:83:3:1

Batch conditions:

Flow conditions:

Selected examples:
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3a  (12–216 h)
88–98% yield, 91–93% ee

TON = 228
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3b  (12–18 h)
90–92% yield, 91% ee

3c (12–18 h)
81–88% yield, 95% ee

3d (12–18 h)
86–87% yield, 91% ee

3e (12–18 h)
94–95% yield, 90% ee

3f (12–18 h)
76–82% yield, 91% ee

3g (12–18 h)
31–32% yield, 75–80% ee

3h (12–18 h)
95–96% yield, 87–88% ee

3

loading of Pybox = 0.72–0.85 mmol g–1
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