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General Procedure:

To a solution of the aldehyde (1.2 mmol) and nitrosobenzene (1.0 mmol) in DMSO (2 mL), L-proline (20 mol%) or D-proline was added. The mixture was vigorously stirred at room temperature for about 10 to 20 min. The endpoint of the reaction was monitored by its color change from green to orange. Allyl bromide (1.5 mmol), NaI (1.5 mmol) and indium (1.5 mmol) were then added into the reaction mixture. The stirring was kept at room temperature for 3 to 5 min. After work-up, the purification by flashed column chromatography on silica gel afforded the products. The diastereomeric ratios of the products were determined by weighing the separated isomers and/or by 1H- NMR spectra. The enantiomeric excess of the products was measured by chiral phase HPLC. 1H- and 13C -NMR spectra were recorded on a Mercury-300 instrument (300 MHz and 75 MHz). High-resolution mass spectra were recorded on an Ion Spec Fourier Transform Mass Spectrometer. Racemic standard  products were prepared in the same way by using DL-proline as catalyst, in order to establish HPLC conditions. Catalysts DL-proline, L- and D-prolines (the purity > 99%), solvent DMSO as well as indium powder and NaI were purchased from Aldrich and used directly without any treatment.
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 Syn-(R,R)-3a, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.24 (m, 2H, ArH), 7.08 (s, 1H, NH), 6.96 (m, 3H, ArH), 5.89 (m, 1H, -CH=CH2), 5.52 (m, 2H, -CH=CH-), 5.15 (m, 2H, -CH=CH2), 3.81 (m, 2H, 2x-CH-O-), 2.57 (d, 1H, J = 3.9 Hz, OH), 2.41 (m, 4H, 2x-CH2-CH-O-), 2.02 (q, 2H, J = 6.6 Hz, CH2CH2CH=C), 1.32 (m, 6H, CH3CH2CH2CH2), 0.88 (t, 3H, J = 6.6 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   148.1, 134.5, 133.9, 128.9, 125.2, 122.3, 117.8, 114.9, 85.2, 72.1, 38.1, 33.1, 32.7, 31.5, 29.2, 22.6, 14.2; HPLC (Chiracel OD-H, i-Propanol/Hexane = 1:99 , flow rate 1.0 mL/min,  = 254 nm): tminor = 23.6 min, tmajor = 32.4 min, ee 97%; HR-MS (MALDI-FTMS): 326.2093; C19H29NNaO2+ (calcd 326.2096).

Anti-(R,S)-3a, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.24 (t, 2H, J = 7.5 Hz, ArH), 7.06 (s, 1H, NH), 6.96 (m, 3H, ArH), 5.87 (m, 1H, -CH=CH2), 5.54 (m, 2H, -CH=CH-), 5.15 (m, 2H, -CH=CH2), 3.90 (m, 1H, -CH-O-), 3.84 (m, 1H, -CH-O-), 2.57 (s, br, 1H, OH), 2.38 (m, 4H, 2x-CH2-CH-O-), 2.03 (m, 2H, CH2CH2CH=C), 1.31 (m, 6H, CH3CH2CH2CH2), 0.88 (t, 3H, J = 6.6 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   148.2, 134.8, 133.6, 128.9, 125.8, 122.3, 117.8, 114.7, 85.6, 71.9, 37.0, 33.1, 32.7, 31.5, 29.2, 22.6, 14.2; HPLC (Chiracel OD-H, i-Propanol/Hexane = 1:99 , flow rate 1.0 mL/min,  = 254 nm): tminor = 27.9 min, tmajor = 34.4 min, ee >99%; HR-MS (MALDI-FTMS): 326.2095; C19H29NNaO2+ (calcd 326.2096).
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Syn-(R,R)-3b, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.24 (t, 2H, J = 7.5 Hz, ArH), 7.01 (s, 1H, NH), 6.94 (m, 3H, ArH), 5.88 (m, 1H, -CH=CH2), 5.13 (m, 2H, -CH=CH2), 3.95 (m, 2H, 2x-CH-O-), 2.33 (d, 1H, J = 3.3 Hz, OH), 2.28 (m, 2H, CH2CH=C), 1.27 (d, 3H, J = 6.3 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   148.4, 134.6, 128.9, 122.1, 117.7, 114.4, 81.8, 71.9, 37.2, 13.0; HPLC (Chiracel OD-H, i-Propanol/Hexane = 1:99 , flow rate 1.0 mL/min,  = 254 nm): tminor = 25.0 min, tmajor = 39.3 min, ee 98%; HR-MS (MALDI-FTMS): 208.1340; C12H18NO2+ (calcd 208.1338).
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Anti-(R,S)-3b, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.23 (t, 2H, J = 7.5 Hz, ArH), 7.05 (s, 1H, NH), 6.96 (m, 3H, ArH), 5.89 (m, 1H, -CH=CH2), 5.13 (m, 2H, -CH=CH2), 4.01 (m, 1H, -CH-O-), 3.75 (m, 1H, -CH-O-), 2.84 (d, 1H, J = 3.0 Hz, OH), 2.34 (m, 2H, CH2CH=C), 1.29 (d, 3H, J = 6.0 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   148.3, 134.2, 128.9, 122.2, 117.7, 114.6, 82.2, 74.0, 37.8, 15.5; HPLC (Chiracel OD-H, i-Propanol/Hexane = 1:99 , flow rate 1.0 mL/min,  = 254 nm): tminor = 27.4 min, tmajor = 29.7 min, ee 98%; HR-MS (MALDI-FTMS): 230.1154; C12H17NNaO2+ (calcd 230.1157).
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Syn-(R,R)-3c, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.26 (m, 2H, ArH), 7.22 (s, 1H, NH), 7.00 (m, 3H, ArH), 5.91 (m, 1H, -CH=CH2), 5.16 (m, 2H, -CH=CH2), 3.96 (m, 1H, -CH-O-), 3.73 (dd, 1H, J = 7.5, 2.7 Hz, -CH-O-), 2.94 (d, 1H, J = 6.0 Hz, OH), 2.39 (m, 2H, CH2CH=C), 1.89 (octet, 1H, J = 6.6 Hz, CH(CH3)2), 1.13 (d, 3H, J = 6.6 Hz, CH3), 1.00 (d, 3H, J = 6.6 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   147.7, 135.4, 128.9, 122.6, 117.7, 115.4, 90.1, 72.5, 36.6, 29.0, 20.2, 20.1; HPLC (Chiracel AS, i-Propanol/Hexane = 0.5:99.5, flow rate 1.0 mL/min,  = 254 nm): tmajor = 22.4 min, tminor = 27.3 min, ee 99%; HR-MS (MALDI-FTMS): 236.1653; C14H22NO2+ (calcd 236.1651).

[image: image7.wmf]O

N

H

P

h

O

H

anti

-(

R,S

)-3c


Anti-(R,S)-3c, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.25 (m, 2H, ArH), 7.19 (s, 1H, NH), 7.01 (m, 3H, ArH), 5.90 (m, 1H, -CH=CH2), 5.15 (m, 2H, -CH=CH2), 3.96 (m, 1H, -CH-O-), 3.55 (m, 1H, -CH-O-), 3.18 (d, 1H, J = 4.5 Hz, OH), 2.39 (m, 2H, CH2CH=C), 2.11 (octet, 1H, J = 6.6 Hz, CH(CH3)2), 1.10 (d, 3H, J = 6.6 Hz, CH3), 1.02 (d, 3H, J = 6.6 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   147.7, 135.5, 128.8, 122.6, 117.7, 115.4, 89.0, 72.5, 39.0, 28.6, 20.2, 19.8; HPLC (Chiracel AS, i-Propanol/Hexane = 0.5:99.5 , flow rate 1.0 mL/min,  = 254 nm): tminor = 19.5 min, tmajor = 25.0 min, ee 97%; HR-MS (MALDI-FTMS): 236.1652; C14H22NO2+ (calcd 236.1651).
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Syn-(R,R)-3d, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.25 (m, 2H, ArH), 7.07 (s, 1H, NH), 6.96 (m, 3H, ArH), 5.87 (m, 1H, -CH=CH2), 5.14 (m, 2H, -CH=CH2), 4.01 (m, 1H, -CH-O-), 3.88 (m, 1H, -CH-O-), 2.58 (s, br, 1H, OH), 2.30 (t, 2H, J = 6.5 Hz, CH2CH=C), 1.66 (m, 2H, CH2CH2CH3), 1.47 (m, 2H, CH2CH3), 0.97 (t, 3H, J = 6.9 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   148.2, 134.9, 128.9, 122.3, 117.7, 114.8, 85.5, 72.2, 36.9, 30.5, 19.7, 14.3; HPLC (Chiracel AD, i-Propanol/Hexane = 4:96, flow rate 1.0 mL/min,  = 254 nm): tminor = 15.2 min, tmajor = 17.9 min, ee 98%; HR-MS (MALDI-FTMS): 236.1649; C14H22NO2+ (calcd 236.1651).

Anti-(R,S)-3d, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.25 (m, 2H, ArH), 7.07 (s, 1H, NH), 6.97 (m, 3H, ArH), 5.90 (m, 1H, -CH=CH2), 5.15 (m, 2H, -CH=CH2), 3.85 (m, 1H, -CH-O-), 3.78 (m, 1H, -CH-O-), 2.71 (s, br, 1H, OH), 2.44 (m, 1H, CH2CH=C), 2.28 (m, 1H, CH2CH=C), 1.65 (m, 2H, CH2CH2CH3), 1.51 (m, 2H, CH2CH3), 0.96 (td, 3H, J = 6.9, 1.5 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   148.2, 134.5, 128.9, 122.4, 117.8, 115.0, 85.2, 72.7, 38.2, 31.7, 19.0, 14.4; HPLC (Chiracel AD, i-Propanol/Hexane = 4:96, flow rate 1.0 mL/min,  = 254 nm): tminor = 19.6 min, tmajor = 22.8 min, ee 98%; HR-MS (MALDI-FTMS): 258.1473; C14H21NNaO2+ (calcd 258.1470)
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Syn-(R,R)-3e, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.25 (m, 2H, ArH), 7.06 (s, 1H, NH), 6.96 (m, 3H, ArH), 5.88 (m, 1H, -CH=CH2), 5.14 (m, 2H, -CH=CH2), 4.01 (m, 1H, -CH-O-), 3.87 (m, 1H, -CH-O-), 2.54 (d, 1H, J = 4.5 Hz, OH), 2.30 (t, 2H, J = 6.7 Hz, CH2CH=C), 1.60 (m, 4H, CH2CH2CH2CH3), 1.38 (m, 2H, CH2CH3), 0.97 (t, 3H, J = 7.2 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   148.2, 135.0, 128.9, 122.3, 117.7, 114.9, 85.8, 72.2, 37.0, 28.6, 28.0, 22.9, 14.1; HPLC (Chiracel OD-H, i-Propanol/Hexane = 1:99, flow rate 1.0 mL/min,  = 254 nm): tminor = 22.9 min, tmajor = 24.6 min, ee 98%; HR-MS (MALDI-FTMS): 250.1805; C15H24NO2+ (calcd 250.1808).

Anti-(R,S)-3e, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.25 (m, 2H, ArH), 7.06 (s, 1H, NH), 6.96 (m, 3H, ArH), 5.90 (m, 1H, -CH=CH2), 5.15 (m, 2H, -CH=CH2), 3.84 (m, 1H, -CH-O-), 3.76 (q, 1H, J = 5.7 Hz, -CH-O-), 2.72 (s, br, 1H, OH), 2.43 (m, 1H, CH2CH=C), 2.27 (m, 1H, CH2CH=C), 1.68 (m, 2H, CH2CH2CH2CH3), 1.40 (m, 4H, CH2CH2CH3), 1.25 (t, 3H, J = 7.2 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   148.1, 134.6, 128.9, 122.4, 117.8, 115.0, 85.4, 72.7, 38.2, 29.2, 27.8, 23.0, 14.1; HPLC (Chiracel OD-H, i-Propanol/Hexane = 1:99, flow rate 1.0 mL/min,  = 254 nm): tminor = 25.6 min, tmajor = 28.6 min, ee 98%; HR-MS (MALDI-FTMS): 250.1809; C15H24NO2+ (calcd 250.1808).
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Syn-(R,R)-3f, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.27 (m, 5H, ArHCH2), 7.12 (t, 2H, J = 7.5 Hz, ArHNH), 6.97 (s, 1H, NH), 6.88 (t, 1H, J = 7.5 Hz, ArHNH), 6.65 (d, 2H, J = 7.5 Hz, ArHNH), 5.88 (m, 1H, -CH=CH2), 5.17 (m, 2H, -CH=CH2), 4.08 (m, 2H, 2x-CH-O-), 2.98 (dd, 1H, J = 14.1, 8.7 Hz, ArCH2), 2.87 (dd, 1H, J = 14.1, 4.5 Hz, ArCH2), 2.39 (m, 3H, CH2CH=CH2 and OH); 13C-NMR (75 MHz, CDCl3):   148.0, 138.6, 134.6, 129.4, 128.8, 128.4, 126.3, 122.1, 118.0, 114.5, 87.1, 71.5, 37.2, 34.7; HPLC (Chiracel OD-H, i-Propanol/Hexane = 1.8:98.2 , flow rate 1.0 mL/min,  = 254 nm): tminor = 31.8 min, tmajor = 39.7 min, ee 99%; HR-MS (MALDI-FTMS): 306.3548; C18H21NNaO2+ (calcd 306.3547).
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Anti-(R,S)-3f, from L-proline catalysis: 1H-NMR (300 MHz, CDCl3):  7.23 (m, 5H, ArHCH2), 7.17 (t, 2H, J = 7.5 Hz, ArHNH), 7.01 (s, 1H, NH), 6.92 (t, 1H, J = 7.5 Hz, ArHNH), 6.77 (d, 2H, J = 7.5 Hz, ArHNH), 5.84 (m, 1H, -CH=CH2), 5.14 (m, 2H, -CH=CH2), 4.01 (m, 2H, -CH-O-), 3.78 (m, 2H, -CH-O-), 3.04 (m, 2H, ArCH2), 2.42 (m, 3H, CH2CH=CH2 and OH); 13C-NMR (75 MHz, CDCl3):   148.0, 138.2, 134.4, 129.5, 128.8, 128.4, 126.3, 122.3, 117.9, 114.9, 86.4, 71.6, 38.4, 36.0; HPLC (Chiracel OD-H, i-Propanol/Hexane = 1.8:98.2 , flow rate 1.0 mL/min,  = 254 nm): tminor = 35.6 min, tmajor = 42.3 min, ee >99%; HR-MS (MALDI-FTMS): 306.3550; C18H21NNaO2+ (calcd 306.3547).
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Diol-4, from syn-(R,R)-3a by catalytic hydrogenation over PtO2 (Adams' catalyst):  1H-NMR (300 MHz, CDCl3):  3.60 (m, 2H, 2x CHOH), 1.82 (s, br, 1H, OH), 1.59 (s, br, 1H, OH), 1.56-1.21 (m, 18H, 9xCH2), 0.95 (t, 3H, J = 6.9 Hz, CH3), 0.88 (t, 3H, J = 6.6 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   74.7, 74.4, 33.4, 31.9, 31.3, 29.7, 29.6, 29.3, 26.1, 22.7, 19.3, 14.2.
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Diol-5, from syn-(R,R)-3a by Cu(OAc)2 catalyzed cleavage of the N-O bond:  1H-NMR (300 MHz, CDCl3):  5.85 (m, 1H, CH=CH2), 5.56 (m, 1H, CH=CH), 5.41 (m, 1H, CH=CH), 5.15 m, 1H, CH=CH2), 3.65 (m, 1H, CHOH), 3.51 (m, 1H, CHOH), 2.28 (m, 4H, 2x-OCHCH2CH=C), 2.02 (q, 2H, J = 6.6 Hz, CH2CH2CH=C), 1.87 (s, br, 2H, 2xOH), 1.30 (m, 6H, CH3CH2CH2CH2), 0.88 (t, 3H, J = 6.6 Hz, CH3); 13C-NMR (75 MHz, CDCl3):   135.2, 134.4, 125.3, 118.2, 72.8, 72.6, 37.1, 35.3, 32.7, 31.5, 29.2, 22.6, 14.2.

