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General Methods: 

The enantiomeric excess (ee) of the tandem Michael/Henry annulation products 10 and 11 were determined by using chiral stationary phase 

HPLC using a Daicel Chiralpak IG or ID columns and hexane/2-propanol as the eluent. Retention times and solvent ratios are indicated in the 

respective entries. 
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Racemic (±)-8a and (±)-9a: 

 

    Chiralpak IG, Hexane/ i-PrOH = 97:3, Flow Rate 0.5 mL/min, 254nm 
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Chiral-(+)-8a and (+)-9a (Major: 88% ee; Minor: 12% ee): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Chiralpak IG, Hexane/ i-PrOH = 97:3, Flow Rate 0.5 mL/min,,254nm 



S-4 

 

Racemic (±)-10a: 

 

 

 

 

 

 

 

 

    Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

nm 
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Chiral-(+)-10a (Major: 99% ee; Minor: 86% ee): 

  Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
    Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

nm 
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Racemic (±)-10b:  

  Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

nm 
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Chiral-(+)-10b (Major: 79% ee): 

 

   Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

nm 
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Racemic (±)-10c:  

 

  Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10c (Major: 93% ee; Minor: 99% ee): 

       Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10d:  

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10d (Major: 94% ee under the 10 mol% of catalyst 3g): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10d (Major: 98.7% ee under the 1 mol% of catalyst 3g): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10e: 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 0.8 mL/min, 254 nm 
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Chiral-(+)-10e (Major: 94% ee; Minor: 96% ee): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 0.8 mL/min, 254 nm 
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Racemic (±)-10f:  

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 0.7 mL/min, 254 nm 
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Chiral-(+)-10f (Major: 95% ee): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 0.7 mL/min, 254 nm 

 



S-17 

 

 

      Racemic (±)-10g:  

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 0.8 mL/min, 254 nm 
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Chiral-(+)-10g (Major: 93% ee; Minor: 99% ee): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 0.8 mL/min, 254 nm 
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Chiral-(+)-10g (Major: >99% ee; Crystal): 

 

 

 

 

 

 

 

 

 

 

 Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 0.8 mL/min 254 nm. 

 

254 nm 
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      Racemic (±)-10h: 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 0.7 mL/min, 254 nm 
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Chiral-(+)-10h (Major: 93% ee; Minor: 99% ee): 

 

 

 

 

 

 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 0.7 mL/min, 254 nm 
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Racemic (±)-10i: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10i (Major: 94% ee; Minor: 99% ee): 

 

 

 

 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10j: 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10j (Major: 94% ee): 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10k: 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10k (Major: 95% ee; Minor: >99% ee): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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     Racemic (±)-10l: 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

 



S-29 

 

 

Chiral-(+)-10l (Major: 95% ee): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10m: 

Daicel Chiralpak IG, Hexane/ i-PrOH = 95:5, Flow Rate 0.8 mL/min, 254 nm 
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Chiral-(+)-10m (Major: 94% ee; Minor: >99% ee): 

Daicel Chiralpak IG, Hexane/ i-PrOH = 95:5, Flow Rate 0.8 mL/min, 254 nm 
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Racemic (±)-10n: 

 

Daicel Chiralpak ID, Hexane/ i-PrOH = 95:5, Flow Rate 0.7 mL/min, 254 nm 
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Chiral-(+)-10n (Major: 91% ee; Minor: >98% ee): 

       Chiralpak ID, Hexane/ i-PrOH = 95:05, Flow Rate 0.7 mL/min 254 nm 
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Racemic (±)-10o: 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10o (Major: 92% ee): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10p: 

Daicel Chiralpak ID, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/min, 254 nm 
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Chiral-(+)-10p (Major: 95% ee; Minor: >99% ee): 

Daicel Chiralpak ID, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/min, 254 nm 
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Racemic (±)-10q: 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10q (Major: 97% ee; Minor: 69% ee): 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10r: 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10r (Major: 94% ee; Minor: >99% ee): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Chiralpak OJ-H, Hexane/ i-PrOH = 97:03, Flow Rate 0.5 mL/min 254 nm 
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Chiral-(+)-10s (Major: 96% ee; Minor: 99% ee): 

       Chiralpak OJ-H, Hexane/ i-PrOH = 97:03, Flow Rate 0.5 mL/min 254 nm 

 



S-44 

 

 

Racemic (±)-10t: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Chiralpak ID, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min 254 nm 
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Chiral-(+)-10t (Major: 95% ee; Minor: 84% ee): 

Daicel Chiralpak ID, Hexane/ i-PrOH = 95:5, Flow Rate 0.5 mL/min, 254 nm 
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Racemic (±)-10u: 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10u (Major: 96% ee; Minor: >99% ee): 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10v: 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10v (Major: 97% ee): 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10w: 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10w (Major: 98% ee; Minor: 99% ee): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10x: 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10x (Major: >99% ee): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10y: 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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   Chiral-(+)-10y (Major: 95% ee; Minor: 99% ee): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

 

Chiral-(+)-10y (Major: 99% ee) for Crystal: 
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Racemic (±)-10z [major isomer]: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Chiralpak IG, Hexane/ i-PrOH = 95:5, Flow Rate 0.7 mL/min, 254nm 
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Racemic (±)-11z [minor isomer]: 

   

    Chiralpak IG, Hexane/ i-PrOH = 95:5, Flow Rate 0.7 mL/min, 254nm 
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Chiral-(+)-10z (Major: 95% ee; Minor: 84% ee): 

 

 

Chiralpak IG, Hexane/ i-PrOH = 95:5, Flow Rate 0.7 mL/min, 254 nm 
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Racemic (±)-10aa: 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10aa (Major: 94% ee): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10c (Major: 94% ee under the 0.5 mol% of catalyst 3g): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10c (Major: 93% ee under the 0.1 mol% of catalyst 3g): 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral-(+)-10c (Major: 91% ee under the 0.05 mol% of catalyst 3g): 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10bb: 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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 Chiral-(+)-10bb (Major: 79% ee; Minor: 93% ee and 3.9:1 dr): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Daicel Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Racemic (±)-10cc: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         Chiralpak ID, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min 254 nm 
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       Chiralpak ID, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min 254 nm 

 

 

Chiral (+)-10cc (Major: 87% ee obtained under the 1.0 mol% catalyst 3g loading): 
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       Chiralpak ID, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min 254 nm 

 

Chiral (+)-10cc (Major: 83% ee obtained under the 0.1 mol% catalyst 3g loading): 
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    Chiralpak IG, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 

Racemic (±)-10dd [Major Isomer]: 
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Chiral (+)-10dd [Major Isomer: 87% ee]: 

 

 

 

 

 

 

    Chiralpak IG, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254nm 
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Racemic (±)-11dd [Minor Isomer]: 

 

 

    Chiralpak IG, Hexane/i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral (+)-11dd [Minor : 99.9%ee]: 

 

    Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254nm 
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Racemic (±)-10ee [Major Isomer for 1:1 dr]: 

 

 

    Chiralpak IG, Hexane/i-PrOH = 91:9, Flow Rate 0.9 mL/min, 254 nm 
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Chiral (+)-10ee (Major Isomer: 98% ee and 98% ee for 1:1 dr): 

 

    Chiralpak IG, Hexane/i-PrOH = 91:9, Flow Rate 0.9 mL/min, 254 nm 
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    Chiralpak IG, Hexane/ i-PrOH = 93:7, Flow Rate 0.7 mL/min, 254nm 

Racemic (±)-11ee [Minor Isomer for 1:1 dr]: 
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    Chiralpak IG, Hexane/i-PrOH = 93:7, Flow Rate 0.7 mL/min, 254 nm 

Chiral (+)-11ee (Minor Isomer: 85% ee and 88% ee for 1:1 dr): 
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Racemic (±)-10ff [major isomer]: 

    Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 
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Chiral (-)-10ff [Major Isomer: 88% ee]: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Chiralpak IG, Hexane/ i-PrOH = 90:10, Flow Rate 1.0 mL/min, 254 nm 


