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1. General experimental information 

All starting materials were of the highest commercially available grade and used without 

further purification. All solvents used in the reactions were distilled from appropriate drying 

agents prior to use. Reactions were monitored by thin layer chromatography using silica gel 

HSGF254 plates. Flash chromatography (FC) was performed using silica gel HG/T2354-92. 1H 

and 13C NMR (300 and 75 MHz, respectively) spectra were recorded in CDCl3. 1H NMR chemical 

shifts are reported in ppm (δ) relative to tetramethylsilane (TMS) with the solvent resonance 

employed as the internal standard (CDCl3, δ7.26 ppm). Data are reported as follows: chemical 

shift, multiplicity (s = singlet, brs = broad singlet, d = doublet, t = triplet, q = quartet, m = 

multiplet), coupling constants (Hz) and integration. 13C NMR chemical shifts are reported in ppm 

from tetramethylsilane (TMS) with the solvent resonance as the internal standard (CDCl3, δ77.0 

ppm). ESI HRMS spectra were recorded on BioTOF Q. HPLC analysis was performed on 

Waters-Breeze (2487 Dual λ Absorbance Detector and 1525 Binary HPLC Pump). Chiralpak AD  

and OJ columns were purchased from Daicel Chemical Industries (Hong Kong, China). Chiralpak 

OD column (Sino-chiral® OD) was purchased from Funsea Technology Inc. (Beijing, China). 

Optical rotations were measured on a Perkin-Elmer 341 Polarimeter at λ = 589 nm (c g/100 mL). 

All enantiomeric ratios have been controlled by coinjections of the pure sample with the racemic 

substrates. 

Kojic acid derivative 21 and bifunctional thiourea catalysts 1a-1j2 were prepared according to 

the procedures previously reported. 

 

2. General procedure for the Michael addition of kojic acid derivative 2 to nitro 

olefins 3a-3o by catalyst 1j. 

In an ordinary vial equipped with a magnetic stirring bar, to the mixture of kojic acid 

derivative 2 (0.15 mmol) and 1j (0.01 mmol) in 3.0 mL of methanol was added nitro olefin 3 (0.1 

mmol). The reaction mixture was stirred at -10 ℃ for 4d and was directly loaded onto silica gel 

and purified by flashchromatography to give the desired product. 
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3. Characterization data and HPLC conditions of compounds 4a-o, 4o’ and 7. 

(R)-6-((tert-butyldimethylsilyloxy)methyl)-3-hydroxy-2-(2-nitro-1-

phenylethyl)-4H-pyran-4-one (4a): 

Brown solid; m.p. 159-160 oC; Yield: 95%; 91%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/EtOH/MeOH = 400 : 90 : 10, 

1 mL⋅min-1, λ= 254 nm, tr (major) = 6.95 min, tr (minor) = 10.31 min]; [α]D
20= +66.2 (c = 0.5, 

CHCl3); 1H NMR (300 MHz, CDCl3): δ = 7.39-7.30 (m, 5H), 6.60 (brs, 1H), 6.50 (s, 1H), 5.20 (dd, 

J1 = 13.1 Hz, J2 = 9.2 Hz, 1H), 5.09-5.03 (m, 1H), 4.90 (dd, J1 = 13.2 Hz, J2 = 6.4 Hz, 1H), 4.48 

(s, 2H), 0.92 (s, 9H), 0.11 (S, 6H). 13C NMR (75 MHz, CDCl3): δ = 173.8, 167.6, 145.7, 141.9, 

135.3, 129.3, 128.5, 127.7, 108.4, 75.32, 61.4, 43.3, 29.7, 25.6, -5.5. HRMS (ESI) Calcd. for 

C20H28NO6Si (M+H)+: 406.1680; Found: 406.1687. 

 

6-((tert-butyldimethylsilyloxy)methyl)-2-(1-(4-fluorophenyl)-2-nitr

oethyl)-3-hydroxy-4H-pyran-4-one (4b) 

Brown solid; m.p. 154-155 oC; Yield: 85%; 92%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/EtOH/MeOH = 400 : 90 : 10, 

1 mL⋅min-1, λ= 254 nm, tr (major) = 7.28 min, tr (minor) = 10.21 min]; [α]D
20= +52.7 (c = 0.5, 

CHCl3); 1H NMR (300 MHz, CDCl3): δ = 7.35-7.27 (m, 2H), 7.07-7.02 (m, 2H), 6.75 (brs, 1H), 

6.50 (s, 1H), 5.15 (dd, J1 = 12.5 Hz, J2 = 8.6 Hz, 1H), 5.07-5.02 (m, 1H), 4.89 (dd, J1 = 13.0 Hz, J2 

= 6.7 Hz, 1H), 4.47 (s, 2H), 0.92 (s, 9H), 0.11 (S, 6H). 13C NMR (75 MHz, CDCl3): δ = 173.8, 

167.6, 164.3, 161.0, 145.3, 141.8, 131.2, 131.2, 129.6, 129.5, 116.5, 116.2, 108.5, 75.4, 61.4, 42.8, 

29.7, 25.7, -5.5. HRMS (ESI) Calcd. for C20H26FNO6SiNa (M+Na)+: 446.1406; Found: 446.1372. 

 

6-((tert-butyldimethylsilyloxy)methyl)-2-(1-(4-chlorophenyl)-2-nitr

oethyl)-3-hydroxy-4H-pyran-4-one (4c) 

Brown solid; m.p. 74-75 oC; Yield: 86%; 93%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/EtOH/  MeOH = 400 : 90 : 

10, 1 mL⋅min-1, λ= 254 nm, tr (major) = 7.28 min, tr (minor) = 10.21 

min]; [α]D
20= +66.7 (c = 0.4, CHCl3); 1H NMR (300 MHz, CDCl3): δ = 7.35-7.30 (m, 4H), 6.75 

(brs, 1H), 6.50 (s, 1H), 5.15 (dd, J1 = 12.7 Hz, J2 = 8.3 Hz, 1H), 5.06-5.01 (m, 1H), 4.89 (dd, J1 = 
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12.9 Hz, J2 = 6.8 Hz, 1H), 4.47 (s, 2H), 0.92 (s, 9H), 0.11 (s, 6H). 13C NMR (75 MHz, CDCl3): δ 

= 173.8, 167.7, 145.1, 141.9, 134.7, 133.8, 129.6, 129.2, 108.5, 75.2, 61.4, 42.8, 29.7, 25.7, -5.5. 

HRMS (ESI) Calcd. for C20H27ClNO6Si (M+H)+: 440.1291; Found: 440.1289. 

 

2-(1-(4-bromophenyl)-2-nitroethyl)-6-((tert-butyldimethylsilyloxy)

methyl)-3-hydroxy-4H-pyran-4-one (4d) 

Brown solid; m.p. 137-138 oC; Yield: 83%; 94%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/ EtOH/MeOH = 400 : 90 : 10, 

1 mL⋅min-1, λ= 254 nm, tr (major) = 9.87 min, tr (minor) = 11.74 

min]; [α]D
20= +107.6 (c = 0.5, CHCl3); 1H NMR (300 MHz, CDCl3): δ = 7.49 (d, J = 8.0 Hz, 2H), 

7.23 (d, J = 8.1 Hz, 2H), 6.90 (brs, 1H), 6.50 (s, 1H), 5.15 (dd, J1 = 12.6 Hz, J2 = 8.4 Hz, 1H), 

5.06-5.02 (m, 1H), 4.90 (dd, J1 = 12.7 Hz, J2 = 6.6 Hz, 1H), 4.47 (s, 2H), 0.92 (s, 9H), 0.11 (s, 6H). 

13C NMR (75 MHz, CDCl3): δ = 173.86, 167.64, 145.28, 141.97, 134.30, 132.47, 129.43, 122.71, 

122.71, 108.58, 75.01, 61.33, 42.75, 29.65, 25.63, -5.52. HRMS (ESI) Calcd. for C20H27BrNO6Si 

(M+H)+: 484.0786; Found: 484.0799. 

 

6-((tert-butyldimethylsilyloxy)methyl)-3-hydroxy-2-(2-nitro-1-(4-ni

trophenyl)ethyl)-4H-pyran-4-one (4e) 

Brown solid; m.p. 77-78 oC; Yield: 84%; 90%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/ EtOH/MeOH = 400 : 90 : 10, 

1 mL⋅min-1, λ= 254 nm, tr (major) = 21.29 min, tr (minor) = 29.40 

min]; [α]D
20= +107.6 (c = 0.5, CHCl3); 1H NMR (300 MHz, CDCl3): δ = 8.23 (d, J = 8.5 Hz, 2H), 

7.56 (d, J = 8.5 Hz, 2H), 6.70 (brs, 1H), 6.52 (s, 1H), 5.23-5.15 (m, 2H), 5.03-4.94 (m, 1H), 4.48 

(s, 2H), 0.92 (s, 9H), 0.11 (s, 6H). 13C NMR (75 MHz, CDCl3): δ = 173.6, 167.9, 148.0, 144.0, 

142.4, 142.2, 128.9, 124.5, 108.7, 74.7, 61.4, 43.0, 29.7, 25.7, -5.5. HRMS (ESI) Calcd. for 

C20H27N2O8Si (M+H)+: 451.1531; Found: 451.1530. 

 

6-((tert-butyldimethylsilyloxy)methyl)-3-hydroxy-2-(2-nitro-1-p-tol

ylethyl)-4H-pyran-4-one (4f) 
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Brown solid; m.p. 123-124 oC; Yield: 77%; 87%ee as determined by HPLC [Daicel Chirapak 

OJ-H, n-hexane/EtOH/MeOH = 400 : 90 : 10, 1 mL⋅min-1, λ= 254 nm, tr (major) = 5.65 min, tr 

(minor) = 6.71 min]; [α]D
20= +107.6 (c = 0.5, CHCl3); 1H NMR (300 MHz, CDCl3): δ = 7.43 (d, 

J = 8.0 Hz, 2H), 7.16 (d, J = 7.8 Hz, 2H), 6.91 (brs, 1H), 6.50 (s, 1H), 5.17 (dd, J1 = 12.7 Hz, J2 = 

9.1 Hz, 1H), 5.07-5.02 (m, 1H), 4.88 (dd, J1 = 12.9 Hz, J2 = 6.4 Hz, 1H), 4.48 (s, 2H), 2.32 (s, 3H), 

0.93 (s, 9H), 0.11 (s, 6H). 13C NMR (75 MHz, CDCl3): δ = 174.0, 167.5, 146.1, 141.9, 138.4, 

132.3, 130.0, 127.6, 108.4, 75.4, 61.4, 42.9, 25.6, 21.0, -5.5. HRMS (ESI) Calcd. for C21H30NO6Si 

(M+H)+: 420.1837; Found: 420.1839. 

 

6-((tert-butyldimethylsilyloxy)methyl)-3-hydroxy-2-(1-(4-methoxyp

henyl)-2-nitroethyl)-4H-pyran-4-one (4g) 

Brown solid; m.p. 142-143 oC; Yield: 80%; 88%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/EtOH/MeOH = 400 : 90 : 10, 

1 mL⋅min-1, λ= 254 nm, tr (major) = 8.64 min, tr (minor) = 11.30 min]; [α]D
20= +112.9 (c = 

0.7, CHCl3); 1H NMR (300 MHz, CDCl3): δ = 7.26 (d, J = 8.5 Hz, 2H), 6.89 (brs, 1H), 6.87 (d, J 

= 8.6 Hz, 2H), 6.49 (s, 1H), 5.14 (dd, J1 = 12.8 Hz, J2 = 8.8 Hz, 1H), 5.04-4.99 (m, 1H), 4.86 (dd, 

J1 = 12.9 Hz, J2 = 6.6 Hz, 1H), 4.48 (s, 2H), 3.78 (s, 3H), 0.92 (s, 9H), 0.11 (s, 6H). 13C NMR (75 

MHz, CDCl3): δ = 173.9, 167.5, 159.6, 146.1, 141.7, 128.9, 127.2, 114.7, 108.4, 75.6, 61.4, 55.3, 

42.6, 29.7, 25.7, -5.5. HRMS (ESI) Calcd. for C21H30NO7Si (M+H)+: 436.1786; Found:436.1783. 

 

6-((tert-butyldimethylsilyloxy)methyl)-2-(1-(2-chlorophenyl)-2-nitr

oethyl)-3-hydroxy-4H-pyran-4-one (4h) 

Brown solid; m.p. 71-72 oC; Yield: 99%; 81%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/EtOH = 80:20, 1 mL⋅min-1, 

λ= 254 nm, tr (major) = 6.53 min, tr (minor) = 10.14 min]; [α]D
20= +69.9 (c = 0.4, CHCl3); 1H 

NMR (300 MHz, CDCl3): δ = 7.46-7.43 (m, 1H), 7.32-7.25 (m, 3H), 6.70 (brs, 1H), 6.53 (s, 1H), 

5.56 (dd, J1 = 10.0 Hz, J2 = 5.7 Hz, 1H), 5.20 (dd, J1 = 14.2 Hz, J2 = 10.1 Hz, 1H), 4.84 (dd, J1 = 

14.2 Hz, J2 = 5.8 Hz, 1H), 4.53-4.41 (m, 2H), 0.92 (s, 9H), 0.11 (s, 6H). 13C NMR (75 MHz, 

CDCl3): δ = 173.8, 167.9, 144.7, 142.7, 132.8, 130.4, 129.8, 129.0, 127.7, 108.4, 73.7, 61.4, 40.7, 

29.7, 25.6, -5.5. HRMS (ESI) Calcd. for C20H27ClNO6Si (M+H)+: 440.1291; Found: .440.1282. 
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6-((tert-butyldimethylsilyloxy)methyl)-2-(1-(2,4-dichlorophenyl)-2-

nitroethyl)-3-hydroxy-4H-pyran-4-one (4i) 

Brown solid; m.p. 51-52 oC; Yield: 92%; 83%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/EtOH = 80:20, 1 mL⋅min-1, 

λ= 254 nm, tr (major) = 6.66 min, tr (minor) = 9.50 min]; [α]D
20= + 

53.8 (c = 0.2, CHCl3); 1H NMR (300 MHz, CDCl3): δ = 7.46 (s, 1H), 7.28-7.22 (m, 2H), 6.80 (brs, 

1H), 6.53 (s, 1H), 5.50 (dd, J1 = 9.6 Hz, J2 = 6.2 Hz, 1H), 5.21-5.13 (m, 1H), 4.83 (dd, J1 = 14.1 

Hz, J2 = 6.2 Hz, 1H), 4.52-4.40 (m, 2H), 0.92 (s, 9H), 0.11 (s, 6H). 13C NMR (75 MHz, CDCl3): δ 

= 173.8, 167.9, 144.3, 142.7, 135.2, 134.6, 131.4, 130.2, 129.8, 128.0, 108.6, 73.5, 61.3, 40.2, 

29.7, 25.6, -5.5. HRMS (ESI) Calcd. for C20H26Cl2NO6Si (M+H)+: 474.0901; Found: 473.0909. 

 

2-(1-(2-bromophenyl)-2-nitroethyl)-6-((tert-butyldimethylsilyloxy)

methyl)-3-hydroxy-4H-pyran-4-one (4j) 

Brown solid; m.p. 59-60 oC; Yield: 87%; 84%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/EtOH = 80:20, 1 mL⋅min-1, 

λ= 254 nm, tr (major) = 6.72 min, tr (minor) = 10.72 min]; [α]D
20= +99.7 (c = 0.7, CHCl3); 1H 

NMR (300 MHz, CDCl3): δ = 7.63 (d, J = 7.8 Hz, 1H), 7.30-7.26 (m, 2H), 7.20-7.17 (m, 1H), 6.80 

(brs, 1H), 6.54 (s, 1H), 5.55 (dd, J1 = 10.1 Hz, J2 = 5.7 Hz, 1H), 5.22-5.14 (m, 1H), 4.83 (dd, J1 = 

14.2 Hz, J2 = 5.6 Hz, 1H), 4.53-4.41 (m, 2H), 0.92 (s, 9H), 0.11 (s, 6H). 13C NMR (75 MHz, 

CDCl3): δ = 173.9, 167.8, 144.9, 142.7, 134.5, 133.8, 130.0, 129.0, 128.3, 124.2, 108.5, 73.8, 61.3, 

43.3, 25.6, -5.5. HRMS (ESI) Calcd. for C20H26BrNO6SiNa (M+Na)+: 506.0605; Found: 

506.0601. 

 

6-((tert-butyldimethylsilyloxy)methyl)-3-hydroxy-2-(2-nitro-1-(2-ni

trophenyl)ethyl)-4H-pyran-4-one (4k) 

Brown solid; m.p. 64-65 oC; Yield: 80%; 86%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/EtOH = 80:20, 1 mL⋅min-1, 

λ= 254 nm, tr (major) = 10.96 min, tr (minor) = 14.48 min]; [α]D
20= +120.7 (c = 0.3, CHCl3); 

1H NMR (300 MHz, CDCl3): δ = 7.98 (d, J = 7.9 Hz, 1H), 7.79-7.59 (m, 1H), 7.54-7.49 (m, 2H), 
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6.75 (brs, 1H), 6.52 (s, 1H), 5.64 (dd, J1 = 9.7 Hz, J2 = 5.6 Hz, 1H), 5.35-5.26 (m, 1H), 5.03 (dd, 

J1 = 14.5 Hz, J2 = 5.6 Hz, 1H), 4.53-4.34 (m, 2H), 0.93 (s, 9H), 0.11 (s, 6H). 13C NMR (75 MHz, 

CDCl3): δ = 173.7, 168.0, 149.2, 144.6, 142.6, 137.0, 133.8, 130.1, 129.6, 125.5, 108.5, 73.9, 61.4, 

39.6, 29.7, 25.7, -5.5. HRMS (ESI) Calcd. for C20H27N2O8Si (M+H)+: 451.1531; Found: 

451.1530. 

 

2-(1-(3-bromophenyl)-2-nitroethyl)-6-((tert-butyldimethylsilyloxy)

methyl)-3-hydroxy-4H-pyran-4-one (4l) 

Brown solid; m.p. 152-153 oC; Yield: 89%; 87%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/EtOH = 80:20, 1 mL⋅min-1, 

λ= 254 nm, tr (major) = 11.09 min, tr (minor) = 13.57 min]; [α]D
20= + 7.5 (c = 0.3, CHCl3); 1H 

NMR (300 MHz, CDCl3): δ = 7.79 (s, 1H), 7.48-7.47 (m, 1H), 7.31-7.20 (m, 2H), 6.75 (brs, 1H), 

6.51 (s, 1H), 5.16 (dd, J1 = 12.9 Hz, J2 = 8.5 Hz, 1H), 5.07-5.02 (m, 1H), 4.90 (dd, J1 = 13.0 Hz, J2 

= 6.6 Hz, 1H), 4.48 (s, 2H), 0.92 (s, 9H), 0.11 (s, 6H). 13C NMR (75 MHz, CDCl3): δ = 173.9, 

167.6, 145.2, 142.2, 137.4, 131.7, 130.8, 126.4, 123.2, 108.7, 75.0, 61.3, 42.8, 29.6, 25.7, -5.5. 

HRMS (ESI) Calcd. for C20H27BrNO6Si (M+H)+: 484.0786; Found: 484.0794. 

 

6-((tert-butyldimethylsilyloxy)methyl)-3-hydroxy-2-(1-(naphthalen-

1-yl)-2-nitroethyl)-4H-pyran-4-one (4m) 

Brown solid; m.p. 55-56 oC; Yield: 86%; 91%ee as determined by 

HPLC [Daicel Chirapak OD-H, n-hexane/i-propanol = 85:15, 1 mL⋅

min-1, λ= 220 nm, tr (major) = 14.25 min, tr (minor) = 29.07 min]; [α]D
20= +49.1 (c = 0.4, 

CHCl3); 1H NMR (300 MHz, CDCl3): δ = 8.27 (d, J = 8.4 Hz, 1H), 7.91-7.83 (m, 2H), 7.63-7.52 

(m, 2H), 7.45-7.43 (m, 2H), 6.90 (brs, 1H), 6.51 (s, 1H), 6.00-5.95 (m, 1H), 5.32 (dd, J1 = 13.6 Hz, 

J2 = 9.8 Hz, 1H), 4.99 (dd, J1 = 13.6 Hz, J2 = 6.7 Hz, 1H), 4.44 (s, 2H), 0.91 (s, 9H), 0.08 (s, 6H)). 

13C NMR (75 MHz, CDCl3): δ = 173.9, 167.8, 145.4, 142.3, 134.1, 131.0, 130.9, 129.2, 129.2, 

127.4, 126.3, 125.3, 125.0, 122.3, 108.5, 75.0, 61.4, 38.6, 25.7, 25.6, -5.5. HRMS (ESI) Calcd. for 

C24H30NO6Si (M+H)+: 456.1837; Found: 456.1847. 
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6-((tert-butyldimethylsilyloxy)methyl)-2-(1-(thiophen-2-yl)-2-nitroe

thyl)-3-hydroxy-4H-pyran-4-one (4n) 

Brown solid; m.p. 128-129 oC; Yield: 58%; 97%ee as determined by 

HPLC [Daicel Chirapak OJ-H, n-hexane/i-propanol = 85:15, 1 mL⋅

min-1, λ= 254 nm, tr (major) = 9.77 min, tr (minor) = 13.60 min]; [α]D
20= +80 (c =0.2, CHCl3); 

1H NMR (300 MHz, CDCl3): δ = 7.27 (d, J = 5.8 Hz, 1H), 7.04 (d, J = 2.7 Hz, 1H), 6.99-6.96 (m, 

1H), 6.52 (s, 1H), 5.43-5.38 (m, 1H), 5.12 (dd, J1 = 13.4 Hz, J2 = 8.8 Hz, 1H), 4.90 (dd, J1 = 13.5 

Hz, J2 = 6.8 Hz, 1H), 4.50 (s, 2H), 0.93 (s, 9H), 0.12 (s, 6H) (The enolic OH of the product is not 

observed). 13C NMR (75 MHz, CDCl3): δ = 173.9, 167.8, 145.4, 142.3, 134.1, 131.0, 130.9, 129.2, 

129.2, 127.4, 126.3, 125.3, 125.0, 122.3, 108.5, 75.0, 61.4, 38.6, 25.7, 25.6, -5.5. HRMS (ESI) 

Calcd. for C24H30NO6Si (M+H)+: 412.1245; Found: 412.1257. 

 

6-((tert-butyldimethylsilyloxy)methyl)-2-(1-cyclohexyl-2-nitroethyl)

-3-hydroxy-4H-pyran-4-one (4o) 

Brown solid; m.p. 136-137 oC; Yield: 68%; [α]D
20= -130.5 (c = 0.2, 

CHCl3); 1H NMR (300 MHz, CDCl3): δ = 6.78 (brs, 1H), 6.50 (s, 1H), 

4.84 (dd, J1 = 12.9 Hz, J2 = 10.0 Hz, 1H), 4.68 (dd, J1 = 13.0 Hz, J2 = 4.9 Hz, 1H), 4.46 (s, 2H), 

3.66-3.64 (m, 1H), 1.79-1.57 (m, 6H), 1.27-1.05 (m, 5H), 0.91 (s, 9H), 0.12 (s, 6H). 13C NMR (75 

MHz, CDCl3): δ = 173.7, 167.4, 146.7, 143.0, 108.4, 74.2, 61.4, 43.6, 38.8, 30.8, 30.3, 25.9, 25.9, 

25.7, -5.5. HRMS (ESI) Calcd. for C24H30NO6Si (M+H)+: 412.2150; Found: 412.2151. 

 

Procedure for deprotection of 4o3: 

 

 To a solution of 4o (33.5 mg, 0.08 mmol) in 5 mL of THF was added TBAF (51.4 mg, 0.16 mol) 

at rt. The reaction mixture was stirred at rt. for 30 min and was directly loaded onto silica gel and 

purified by flashchromatography to give 4o’ in 95%. 
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HO
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2-(1-cyclohexyl-2-nitroethyl)-3-hydroxy-6-(hydroxymethyl)-4H-pyran

-4-one (4o’) 

Brown oil; Yield: 95%; 90%ee as determined by HPLC [Daicel Chirapak 

AD-H, n-hexane/i-propanol/diethylamine= 90:10:0.1, 1 mL⋅min-1, λ= 

254 nm, tr (minor) = 41.53 min, tr (major) = 44.31 min]; [α]D
20= -145 (c = 0.2, CHCl3); 1H NMR 

(300 MHz, CDCl3/MeOD): δ = 6.44 (s, 1H), 4.92-4.82 (m, 2H), 4.41 (s, 2H), 3.75-3.30 (m, 1H), 

1.81-1.62 (m, 6H), 1.29-1.01 (m, 5H) (The two OHs of the product are not observed). 13C NMR 

(75 MHz, CDCl3/MeOD): δ = 173.8, 167.2, 147.3, 143.2, 108.7, 74.3, 61.1, 52.3, 43.7, 38.9, 31.9, 

30.8, 30.4, 25.9, 25.9. HRMS (ESI) Calcd. for C24H30NO6Si (M+H)+: 298.1285; Found: 298.1296. 

 

4. Procedure for the Oxidative Fragmentation4 and Determination of the 

Absolute Configuration of 4a. 

O

O

HO

OTBS
O2N

OCH3O2N

O

(R)-4a
90%ee

1)NaIO4/RuCl3,
CCl4/CH3CN/H2O

2)SOCl2,CH3OH

(R)-7

64%
88%ee

OHO2N

O

(R)-5a

0oC

 

To a solution of 4a (0.11 g, 0.27 mmol, 90%ee) in a mixture of CH3CN (2 mL) and CCl4 (2 

mL), H2O (5 mL) and NaIO4 (0.866 g, 4.05 mmol) was added successively. After being stirred at 

room temperature for 10 min., RuCl33H2O (3.5 mg, 0.014 mmol) was added. The mixture was 

stirred at room temperature for further 2h, during which a beige suspension had been formed. The 

mixture was extracted with AcOEt (3 × 8 mL). The combined organic phase was treated with Et2O 

(10 mL) which caused a color change from yellow to greenish black and dried over MgSO4. The 

resulting solution was concentrated in vacuo and the residue was dissolved in 5 mL of AcOEt, and 

treated with DMSO (54.6 mg, 0.7 mmol) for 16h. The solvent was removed in vacuo and the 

residue was purified by silica gel column chromatography [petroleum ether/ethyl acetate (3/1)  

and petroleum ether/ethyl acetate (1/1)] to yield the carboxylic acid 5a as a white solid (39.2 mg, 

74%). To a solution of the acid (39.2 mg, 0.2 mmol) in CH3OH (1 mL) was added a solution of  

SOCl2 (47.8 mg, 0.4 mmol) in 5 mL of CH3OH at 0 ℃ and the resulting mixture was stirred at 0 

℃ for 6h. Removal of the solvent and purification of the residue by column chromatography 

[petroleum ether/ethyl acetate (7/1)] gave compound 7 as a yellow oil (36.5 mg, 87%). The ee 

value was determined by chiral HPLC on Daicel Chiracel OD-H column (n-hexane/i-propanol = 

90:10, 1.0 mL/min, 235 nm, tR, major = 10.6 min, tR, minor = 21.8 min), 88%ee; Rf 0.7 (3:1 petroleum 

ether: ethyl acetate); []20
D = +150.1o (c = 2.8, CHCl3, 88%ee), lit4b: [α]26

D = -150.6 (c = 2.8, 

CHCl3, 95:5 er) or [α]26
D = -134.9 (c = 2.8, CHCl3, 91:9 er) for product with (S) stereochemistry, 

lit5: [α]26
D = -126.2° (c = 2.8, CHCl3, 94:6 er) for product with (S) stereochemistry. 1H NMR (300 

O

O

HO

OH
O2N
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MHz, CDCl3): δ = 7.40-7.34 (m, 3H), 7.28-7.25 (m, 2H), 5.11 (dd, J1 = 14.6 Hz, J2 = 9.9 Hz, 1H), 

4.55 (dd, J1 = 14.6 Hz, J2 = 5.2 Hz, 1H), 4.44 (dd, J1 = 9.9 Hz, J2 = 5.2 Hz, 1H), 3.73 (s, 3H). 
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5. The copies of 1H, 13C NMR, and HPLC spectra for compounds 4a-o, 4o’ and 7. 
1H NMR, 13C NMR and HPLC of 4a 
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1H NMR, 13C NMR and HPLC of 4b 
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1H NMR, 13C NMR and HPLC of 4c 
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1H NMR, 13C NMR and HPLC of 4d 
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1H NMR, 13C NMR and HPLC of 4e 
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1H NMR, 13C NMR and HPLC of 4f 
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1H NMR, 13C NMR and HPLC of 4g 
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1H NMR, 13C NMR and HPLC of 4h 
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1H NMR, 13C NMR and HPLC of 4i 
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1H NMR, 13C NMR and HPLC of 4j 
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1H NMR, 13C NMR and HPLC of 4k 
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1H NMR, 13C NMR and HPLC of 4 
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1H NMR, 13C NMR and HPLC of 4m 
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1H NMR, 13C NMR and HPLC of 4n 
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1H NMR, 13C NMR of 4o 
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1H NMR, 13C NMR and HPLC of 8 
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1H NMR and HPLC of 6 
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