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General. The 1H-NMR and 13C-NMR were recorded on a Bruke DRX 400 (400 MHz) instrument. 
Chromatography was carried out with silica gel (200-300 mesh) using mixtures of petroleum ether 
and ethyl acetate as eluents. The enantiomeric excess of products were detected on HPLC (Agilent 
1200 series).  Optical rotation were recorded with a AUTOPOL III Automatic Polarimeter. 
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Fig S1. The X-ray crystallographic structure of compound 3j. 
 
Typical procedure for 4d catalzyed Michael addition of 1a to enals (using 3a as an example):  

To a mixture of 4d (10 mol%, 7.1 mg), cinnamaldehyde (2a) (0.24 mmol, 32 mg), in toluene (1.0 
mL) at rt is added (1a) (0.2 mmol, 43 mg). After stirring for 48 h at the room temperature, the pure 
product is obtained and purified by column chromatography on silica gel (petroleum 
ether/ethylacetate 50/50 v/v) to give 0.063 g (90% yield) of 3a as colorless oil. 
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5-Oxo-3-phenyl-2-(pyridine-2-sulfonyl)-pentanoic acid methyl ester (3a) (Table 2, entry 1).  
90% yield, colorless oil; 1H NMR (400 MHz, CDCl3): δ 9.80 (d, J = 1.6 Hz, 1H), 8.10 (d, J = 7.6 Hz, 
2H), 7.75-7.84 (m, 3H), 7.37-7.44 (m, 5H), 4.73 (d, J = 11.2 Hz, 1H), 4.27-4.34 (m, 1H), 3.75 (dd, J1 

= 3.2 Hz, J2 = 18.0 Hz, 1H), 3.35-3.40 (m, 1H), 3.31 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 199.1, 
165.3, 138.7, 137.5, 134.6, 129.3, 129.2, 128.8, 128.3, 127.9, 74.6, 52.5, 47.3, 38.9; [α]D

15 = 0.04 (c 
= 0.64 in THF); HRMS (EI) m/z calcd for C18H18O5S (M+1) 347.0875, found 347.0949. 
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3-(4-Methoxy-phenyl)-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3b) (Table 2, 
entry 2).  83% yield, white solid, mp: 162-167 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.38 (d, J = 
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2.0 Hz, 1H), 8.65 (d, J = 4.0 Hz, 1H), 7.73-7.77 (m, 1H), 7.54-7.58 (m, 1H), 7.18-7.20 (m, 1H), 6.96 
(d, J = 8.4 Hz, 2H), 6.43 (d, J = 8.8 Hz, 2H), 5.27 (d, J = 6.8 Hz, 1H), 3.97-4.03 (m, 1H), 3.80 (s, 
3H), 3.62 (s, 3H), 2.92-2.99 (m, 1H), 2.65 (dd, J1 = 3.6 Hz, J2 = 16.8 Hz, 1H); 13C NMR (100 MHz, 
DMSO-d6): δ 201.3, 165.5, 158.6, 156.2, 150.4, 138.9, 129.3, 128.0, 122.2, 113.7, 70.4, 55.4, 53.7, 
47.1, 38.7; [α]D

13 = 0.21 (c = 0.3 in THF); HRMS (EI) m/z calcd for C18H19NO6S (M+1) 378.0933, 
found 378.1012. 
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3-Furan-2-yl-5-oxo-2-(pyridine-sulfonyl)-pentanoic acid methyl ester (3c) (Table 2, entry 3).  
55% yield, colorless oil; 1H NMR (400 MHz, CDCl3): δ 9.64 (d, J = 1.2 Hz, 1H), 8.71 (d, J = 4.4 Hz, 
1H), 7.82-7.90 (m, 2H), 7.49-7.51 (m, 1H), 7.00 (d, J = 1.2 Hz, 1H), 6.13 (d, J = 2.8 Hz, 1H), 
6.09-6.10 (m, 1H), 5.27 (d, J = 7.6 Hz, 1H), 4.42 (q, J1 = 7.6 Hz, J2 = 14 Hz, 1H), 3.76 (s, 3H), 
3.09-3.11 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 98.6, 164.7, 156.3, 150.5, 150.2, 142.4, 138.1, 
127.4, 122.6, 110.4, 108.9, 66.9, 53.3, 44.0, 31.7; [α]D

13 = -0.13 (c = 1.2 in THF); HRMS (EI) m/z 
calcd for C15H15NO6S (M+1) 338.0620, found 338.0704. 
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3-(2-Oxo-ethyl)-2-(pyridine-2sulfonyl)-hexanoic acid methyl ester (3d) (Table 2, entry 4).  54% 
yield, yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.70 (d, J = 1.6 Hz, 1H),  7.99-8.05 (m, 2H), 
7.50-7.53 (m, 2H), 4.80 (d, J = 2.8 Hz, 1H), 3.61 (s, 3H), 3.33 (dd, J1 = 3.2 Hz, J2 = 18.4 Hz, 1H), 
2.84-2.91 (m, 2H), 1.39-1.45 (m, 2H), 0.76-0.85 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 200.5, 
165.2, 156.7, 150.3, 138.3, 127.7, 122.8, 65.8, 52.8, 45.4, 35.3, 30.3, 20.0, 13.6; [α]D

15 = -0.04 (c = 
0.6 in THF); HRMS (EI) m/z calcd for C14H19NO5S (M+1) 314.0984, found 314.1064. 
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3-(2-Oxo-ethyl)-2-(pyridine-2sulfonyl)-heptanoic acid methyl ester (3e) (Table 2, entry 5). 65% 
yield, yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.70 (d, J = 1.6 Hz, 1H),  8.68-8.70 (m, 1H), 
7.99-8.02 (m, 1H), 7.90-7.95 (m, 1H), 7.50-7.54 (m, 1H), 4.81 (d, J = 3.2 Hz, 1H), 3.61 (s, 3H), 3.33 
(dd, J1 = 3.6 Hz, J2 = 18.8 Hz, 1H), 2.84-2.88 (m, 1H), 2.50-2.57 (m, 1H), 1.43-1.44 (m, 3H), 
1.13-1.17 (m, 1H), 0.76-0.82 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 200.4, 165.2, 156.7, 150.2, 
138.2, 127.6, 122.8, 65.8, 52.8, 45.4, 32.8, 30.4, 28.9, 22.2, 13.8; [α]D

23 = -0.04 (c = 0.4 in CH2Cl2); 
HRMS (ESI) m/z calcd for C15H21NO5S (M+H)+ 328.1219, found 328.1218. 
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3f  
3-(2-Oxo-ethyl)-2-(pyridine-2sulfonyl)-nonanoic acid methyl ester (3f) (Table 2, entry 6). 55% 
yield, yellow oil; 1H NMR (300 MHz, CDCl3): δ 9.76 (d, J = 1.6 Hz, 1H),  8.72-8.75 (m, 1H), 
8.04-8.07 (m, 1H), 7.94-8.01 (m, 1H), 7.54-7.60 (m, 1H), 4.86 (d, J = 3.3 Hz, 1H), 3.67 (d, J = 0.6 
Hz, 3H), 3.39 (dd, J1 = 3.3 Hz, J2 = 18.6 Hz, 1H), 2.847-2.95 (m, 1H), 2.53-2.63 (m, 1H), 1.20-1.24 
(m, 6H), 0.79-0.87 (m, 7H); 13C NMR (100 MHz, CDCl3): δ 200.4, 165.2, 156.7, 150.2, 138.2, 
127.6, 122.8, 65.8, 52.8, 45.4, 33.1, 31.5, 30.5, 28.7, 26.7, 22.5, 14.0; [α]D

23 = -0.06 (c = 0.4 in 
CH2Cl2); HRMS (ESI) m/z calcd for C17H25NO5S (M+H)+ 356.1532, found 356.1533. 
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3-(2-Oxo-ethyl)-2-(pyridine-2sulfonyl)-decanoic acid methyl ester (3g) (Table 2, entry 7). 51% 
yield, yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.70 (d, J = 1.6 Hz, 1H),  8.68-8.70 (m, 1H), 
8.00-8.02 (m, 1H), 7.91-7.95 (m, 1H), 7.50-7.54 (m, 1H), 4.81 (d, J = 3.2 Hz, 1H), 3.61 (s, 3H), 3.33 
(dd, J1 = 3.2 Hz, J2 = 18.4 Hz, 1H), 2.84-2.88 (m, 1H), 2.49-2.57 (m, 1H), 1.41-1.42 (m, 3H), 
1.13-1.17 (m, 7H), 0.76-0.82 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 200.4, 165.2, 156.7, 150.2, 
138.2, 127.6, 122.8, 65.8, 52.8, 45.4, 33.1, 31.6, 30.5, 29.6, 29.0, 26.7, 22.5, 14.0; [α]D

23 = -0.09 (c = 
0.4 in CH2Cl2); HRMS (ESI) m/z calcd for C18H27NO5S (M+H)+ 370.1688, found 370.1695. 
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3-(4-Nitro-phenyl)-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3h) (Table 2, entry 
8).  80% yield, white solid, mp: 199-201 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.40 (s, 1H), 8.68 
(d, J = 4.0 Hz, 1H), 7.68-7.76 (m, 3H), 7.56-7.59 (m, 1H), 7.44 (d, J = 7.6 Hz, 2H), 7.24 (d, J = 7.6 
Hz, 1H), 5.46 (d, J = 10.8 Hz, 1H), 4.19 (t, J = 10.8 Hz, 1H), 3.81 (s, 3H), 3.10-3.15 (m, 1H), 2.79 
(d, J = 17.6 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ 200.6, 165.1, 156.0, 150.7, 146.7, 146.0, 
139.0, 131.2, 128.3, 123.1, 122.5, 69.6, 53.9, 46.9; [α]D

13 = 0.10 (c = 0.2 in THF); HRMS (EI) m/z 
calcd for C17H16N2O7S (M+1) 393.0678, found 393.0758. 
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3-(2-Chloro-phenyl)-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3i) (Table 2, 
entry 9).  88% yield, white solid, mp: 166-170 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.47 (s, 1H), 
8.75 (d, J = 6.4 Hz, 1H), 7.88-7.93 (m, 1H), 7.64-7.68 (m, 1H), 7.53 (d, J = 10.4 Hz, 1H), 7.21-7.25 
(m, 2H), 7.04-7.10 (m, 1H), 6.93 (t, J = 10.4 Hz, 1H), 5.27 (d, J = 11.6 Hz, 1H), 4.48-4.56 (m, 1H), 
3.73 (s, 3H), 3.18-3.24 (m, 1H), 3.02 (dd, J1 = 5.2 Hz, J2 = 23.6 Hz, 1H); 13C NMR (100 MHz, 
DMSO-d6): δ 200.4, 165.0, 155.8, 150.9, 140.0, 135.4, 133.6, 130.0, 129.5, 128.7, 127.9, 127.4, 
122.5, 68.3, 53.8, 52.9, 45.6; [α]D

15 = 0.17 (c = 0.2 in THF); HRMS (EI) m/z calcd for 
C17H16ClNO5S (M+1) 382.0438, found 382.0515. 
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3-(4-Methyl-phenyl)-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3j) (Table 2, 
entry 10).  92% yield, white solid, mp: 174-178 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.38 (s, 1H), 
8.64 (d, J = 4.4 Hz, 1H), 7.72 (t, J = 7.6 Hz, 1H), 7.55-7.58 (m, 1H), 7.13 (d, J = 7.6 Hz, 1H), 6.92 
(d, J = 7.6 Hz, 2H), 6.66 (d, J = 7.6 Hz, 2H), 5.26 (d, J = 11.6 Hz, 1H), 3.97-4.02 (m, 1H), 3.80 (s, 
3H), 2.93-3.00 (m, 1H), 2.66 (d, J = 8.8 Hz, 1H), 2.09 (s, 3H); 13C NMR (100 MHz, DMSO-d6): δ 
201.2, 165.4, 156.1, 150.4, 138.8, 136.8, 134.6, 129.4, 128.8, 127.8, 122.3, 70.4, 53.8, 46.9, 39.0, 
20.9; [α]D

13 = 0.11 (c = 0.2 in THF); HRMS (EI) m/z calcd for C18H19NO5S (M+1) 362.0984, found 
362.1063. 
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3-(4-Chloro-phenyl)-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3k) (Table 2, 
entry 11).  82% yield, white solid, mp: 164-170 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.39 (s, 1H), 
8.66 (d, J = 8.0 Hz, 1H), 7.77 (t, J = 8.0 Hz, 1H), 7.60-7.63 (m, 1H), 7.30-7.36 (m, 1H), 7.12 (d, J = 
7.6 Hz, 2H), 6.93 (d, J = 7.6 Hz, 2H), 5.35 (d, J = 10.8 Hz, 1H), 4.02-4.07 (m, 1H), 3.80 (s, 3H), 
2.99-3.06 (m, 1H), 2.69 (d,  = 16.8 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ 200.9, 165.3, 
156.1, 150.5, 138.9, 136.9, 132.3, 131.5, 128.1, 128.0, 122.3, 70.0, 53.8, 47.0, 38.8; [α]D

13 = -0.08 (c 
= 0.3 in THF); HRMS (EI) m/z calcd for C17H16ClNO5S (M+1) 382.0438, found 362.0518. 
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3-(2-Fluoro-phenyl)-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3l) (Table 2, 
entry 12).  87% yield, white solid, mp: 139-144 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.40 (s, 1H), 
8.70 (d, J = 2.0 Hz, 1H), 7.82-7.87 (m, 1H), 7.58-7.62 (m, 1H), 7.26-7.28 (m, 2H), 6.94-7.06 (m, 
3H), 5.39 (d, J = 14.8 Hz, 1H), 4.05-4.13 (m, 1H), 3.81 (s, 3H), 2.99-3.08 (m, 1H), 2.69 (dd, J1 = 8.0 
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Hz, J2 = 23.6 Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ 200.9, 165.3, 156.2, 150.5, 139.0, 130.1, 
129.3, 128.2, 126.2, 123.9, 122.2, 115.9, 114.7, 69.7, 53.8, 47.0, 39.1; [α]D

13 = 0.02 (c = 0.2 in THF); 
HRMS (EI) m/z calcd for C17H16FNO5S (M+1) 366.0733, found 366.0812. 
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3-(4-Ethyl-phenyl)-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3m) (Table 2, 
entry 13).  95% yield, white solid, mp: 165-170 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.39 (s, 1H), 
8.66 (d, J = 5.6 Hz, 1H), 7.70-7.75 (m, 1H), 7.54-7.58 (m, 1H), 7.19 (d, J = 10.4 Hz, 1H), 6.96 (d, J 
= 10.8 Hz, 2H), 6.73 (d, J = 10.8 Hz, 2H), 5.30 (d, J = 14.0 Hz, 1H), 3.99-4.06 (m, 1H), 3.82 (s, 3H), 
2.93-3.03 (m, 1H), 2.68 (dd, J1 = 4.8 Hz, J2 = 22.4 Hz, 1H), 2.40 (q, J1 = 9.6 Hz, J2 = 20.4 Hz, 2H), 
1.08 (t, J = 10.0 Hz, 3H); 13C NMR (100 MHz, DMSO-d6): δ 201.2, 165.5, 156.2, 150.4, 142.9, 
139.0, 134.8, 129.4, 128.0, 127.7, 122.3, 70.2, 53.8, 47.1, 39.1, 28.1, 15.7; [α]D

15 = 0.18 (c = 0.2 in 
THF); HRMS (EI) m/z calcd for C19H21NO5S (M+1) 376.1140, found 376.1220. 
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3-(4-Acetoxy-3-methoxy-phenyl)-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3n) 
(Table 2, entry 14).  76% yield, yellow oil; 1H NMR (400 MHz, CDCl3): δ 9.52 (s, 1H), 8.60 (t, J = 
1.2 Hz, 1H), 7.71-7.76 (m, 1H), 7.38-7.45 (m, 2H), 6.54-6.66 (m, 3H), 5.23 (t, J = 13.2 Hz, 1H), 
4.21-4.28 (m, 1H), 3.85 (s, 3H), 3.70 (s, 3H), 2.85-3.01 (m, 2H), 2.26 (s, 3H); 13C NMR (100 MHz, 
CDCl3): δ 198.6, 168.5, 165.1, 156.3, 150.8, 149.8, 138.6, 136.3, 127.3, 122.5, 122.4, 120.8, 112.9, 
69.7, 55.8, 53.5, 47.0, 38.7, 20.6, 14.2; [α]D

13 = 0.19 (c = 0.5 in THF); HRMS (EI) m/z calcd for 
C20H21NO8S (M) 435.0988, found 435.0986. 
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3-(4-Acetyl-phenyl)-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3o) (Table 2, 
entry 15).  85% yield, white solid, mp: 158-161 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.40 (s, 1H), 
8.66 (d, J = 4.4 Hz, 1H), 7.63-7.68 (m, 1H), 7.53-7.56 (m, 1H), 7.47 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 
8.0 Hz, 2H), 7.18 (d, J = 7.6 Hz, 1H), 5.38 (d, J = 10.8 Hz, 1H), 4.10-4.16 (m, 1H), 3.81 (s, 3H), 
3.05-3.12 (m, 1H), 2.75 (dd, J1 = 3.2 Hz, J2 = 17.6 Hz, 1H), 2.46 (s, 3H); 13C NMR (100 MHz, 
DMSO-d6): δ 200.8, 197.7, 165.3, 156.0, 150.6, 143.3, 138.9, 136.0, 129.9, 128.1, 128.0, 122.4, 
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69.8, 53.8, 46.9, 39.3, 27.1; [α]D
22 = 0.15 (c = 0.2 in THF); HRMS (ESI) m/z calcd for C19H19NO6S 

(M+1) 390.0933, found 390.1003. 
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4-{1-[Methoxycarbonyl-(pyridine-2sulfonyl)-methyl]-3-oxo-propyl}-benzoic acid methyl ester 
(3p) (Table 2, entry 16).  88% yield, colorless oil; 1H NMR (400 MHz, CDCl3): δ 9.55 (s, 1H), 8.64 
(d, J = 4.4 Hz, 1H), 7.98-8.02 (m, 1H), 7.70 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 1H), 7.40-7.43 
(m, 1H), 7.17 (d, J = 8.4 Hz, 2H), 5.20 (d, J = 8.8 Hz, 1H), 4.31-4.37 (m, 1H), 3.88 (s, 3H), 3.80 (s, 
3H), 3.66-3.71 (m, 1H), 3.08-3.11 (m, 1H); 13C NMR (100 MHz,CDCl3): δ 198.2, 166.3, 164.8, 
156.5, 150.0, 143.0, 137.9, 129.6, 128.9, 128.1, 127.3, 122.4, 69.2, 53.5, 52.2, 46.3, 38.3; [α]D

22 = 
-0.03 (c = 0.8 in THF); HRMS (ESI) m/z calcd for C19H19NO7S (M+1) 406.0882, found 406.0958. 
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3-Biphenyl-4-yl-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3q) (Table 2, entry 
17).  83% yield, white solid, mp: 139-141 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.43 (d, J = 1.6 
Hz, 1H), 8.65-8.67 (m, 1H), 7.35-7.57 (m, 8H), 7.21 (d, J = 6.8 Hz, 1H), 7.14-7.15 (m, 3H), 5.38 (d, 
J = 10.8 Hz, 1H), 4.07-4.13 (m, 1H), 3.83 (s, 3H), 3.02-3.10 (m, 1H), 2.73 (dd, J1 = 3.6 Hz, J2 = 17.2 
Hz, 1H); 13C NMR (100 MHz, DMSO-d6): δ 201.1, 165.4, 156.2, 150.5, 140.2, 139.5, 138.8, 136.9, 
130.1, 129.4, 127.9, 127.8, 127.1, 126.6, 122.3, 70.2, 53.8, 47.0, 39.1; [α]D

15 = 0.34 (c = 0.3 in THF); 
HRMS (EI) m/z calcd for C23H21NO5S (M+1) 424.1140, found 424.1207. 
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3-Naphthalen-1-yl-5-oxo-2-(pyridine-2sulfonyl)-pentanoic acid methyl ester (3r) (Table 2, entry 
18).  85% yield, white solid, mp: 145-148 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.46 (s, 1H), 
8.62-8.73 (m, 1H), 8.06-8.14 (m, 1H), 7.50-7.86 (m, 6H), 7.32 (d, J = 6.0 Hz, 1H), 7.08-7.10 (m, 
2H), 5.21-5.23 (m, 1H), 4.98-5.10 (m, 1H), 3.72 (s, 3H), 3.35-3.42 (m, 1H), 3.13-3.17 (m, 1H); 13C 
NMR (100 MHz, DMSO-d6): δ 201.0, 165.2, 156.1, 150.8, 139.7, 139.1, 133.7, 129.2, 126.8, 126.2, 
126.1, 125.4, 123.8, 123.5, 122.1, 53.7, 52.6, 46.4, 31.8; [α]D

15 = 0.84 (c = 0.2 in THF); HRMS (EI) 
m/z calcd for C21H19NO5S (M) 397.0984, found 397.0981. 
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5-Oxo-3,5-diphenyl-4-(pyridine-2sulfonyl)-pentanal (3s) (Table 2, entry 19).  76% yield, white 
solid, mp: 118-120 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.31 (s, 1H), 8.71 (d, J = 4.0 Hz, 1H), 
8.24 (d, J = 7.6 Hz, 2H), 7.77 (t, J = 7.2 Hz, 1H), 7.64-7.70 (m, 3H), 7.53-7.56 (m, 1H), 7.18 (d, J = 
6.4 Hz, 2H), 7.07 (d, J = 8.0 Hz, 1H), 6.89-6.91 (m, 3H), 6.58 (d, J = 10.8 Hz, 1H), 4.25-4.31 (m, 
1H), 2.90-2.98 (m, 1H), 2.52-2.53 (m, 1H); 13C NMR (100 MHz, DMSO-d6): δ 199.3, 191.9, 157.2, 
149.8, 138.3, 138.0, 134.3, 129.2, 129.1, 128.9, 128.4, 127.5, 126.9, 123.9, 122.2, 67.7, 46.6, 39.7; 
[α]D

13 = -0.75 (c = 0.2 in THF); HRMS (ESI) m/z calcd for C22H19NO4S (M+1) 394.1035, found 
394.1114. 
 

O

S
O

N

O
O

3t  
5-Oxo-3-phenyl-4-(pyridine-2sulfonyl)-heptanal (3t) (Table 2, entry 20).  94% yield, white solid, 
mp: 142-145 °C; 1H NMR (400 MHz, DMSO-d6): δ 9.50 (s, 1H), 8.64 (d, J = 4.0 Hz, 1H), 7.57-7.60 
(m, 1H), 7.34-7.40 (m, 2H), 6.97-6.98 (m, 5H), 5.46 (d, J = 9.6 Hz, 1H), 4.16-4.22 (m, 1H), 
3.01-3.08 (m, 1H), 2.86-2.91 (m, 2H), 2.55-2.61 (m, 1H), 1.13 (t, J = 7.2 Hz, 3H); 13C NMR (100 
MHz, DMSO-d6): δ 199.3, 191.9, 157.2, 149.8, 138.3, 138.0, 134.3, 129.2, 129.1, 128.9, 128.4, 
127.5, 126.9, 123.9, 122.2, 67.7, 46.6, 39.7; [α]D

15 = -0.55 (c = 0.5 in THF); HRMS (ESI) m/z calcd 
for C18H19NO4S (M+1) 346.1035, found 346.1111. 
 
 
 
 
Derivation of Michael adducts for chiral HPLC analysis 
 

The following derivation method was used to determine the enantiomeric excess of Michael 
addition products 3 by converting to corresponsing methyl acetals 3’ (Scheme S1). 

p-TSA, HC(OMe)3

3'
R2 O

2-PySO2

3

R1

O

R2 O

2-PySO2 R1

O

O

 
Scheme S1. 

 
General Procedure for the Preparation of dimethoxymethane 3’. 

A solution of Michael addition product 3 (0.1 mmol) in CH2Cl2 (1.0 mL) was added 
p-toluenesulfonic acid (6 mg, 0.03 mmol) and Trimethyl orthoformate (16 mg, 0.15 mmol).  The 
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reaction mixture was stirred at room temperature until the addition product 3 consumed (determined 
by TLC) and then purified by column chromatography to yield the desired product. 
 
Characterization data of compound 3’ 
 

O

S
O

O
N

O
O

O

3'a  
3’a: white solid; 1H NMR (400 MHz, CDCl3): δ 8.53 (d, J = 4.4 Hz, 1H), 7.44 (t, J = 8.0 Hz, 1H), 
7.12-7.18 (m, 2H), 6.88-6.91 (m, 5H), 5.13 (d, J = 11.2 Hz, 1H), 3.86 (s, 3H), 3.67-3.73 (m, 2H), 
3.16 (s, 3H), 3.05 (s, 3H), 1.88-1.95 (m, 1H), 1.74-1.81 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 
165.3, 156.7, 149.7, 138.5, 137.8, 129.0, 128.1, 127.2, 126.8, 122.2, 101.1, 70.8, 53.4, 53.3, 51.5, 
41.0, 36.5; HPLC (Chiralpak AD-H, i-PrOH/hexane = 20/80, flow rate = 0.5 mL/min, λ = 210 nm): 
t(major) = 21.80 min, t(minor) = 40.95 min, ee = 100%; MS (ESI) m/z 416.0 [M+Na]+. 
 

O

S
O

O
N

O
O

O

O

3'b  
3’b: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.59 (d, J = 3.6 Hz, 1H), 7.52 (t, J = 8.0 Hz, 1H), 
7.31-7.33 (m, 1H), 7.22 (d, J = 7.6 Hz, 1H), 6.86 (d, J = 8.4, 2H), 6.44 (d, J = 8.4 Hz, 2H), 5.14 (d, J 
= 11.6 Hz, 1H), 3.92 (s, 3H), 3.78-3.80 (m, 1H), 3.70-3.73 (m, 1H), 3.68 (s, 3H), 3.22 (s, 3H), 3.12 
(s, 3H), 1.91-1.97 (m, 1H), 1.74-1.81 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 165.4, 158.5, 156.9, 
149.7, 137.5, 130.1, 129.5, 126.5, 122.3, 113.5, 101.2, 71.3, 55.2, 53.4, 51.3, 40.3, 36.4, 29.7; HPLC 
(Chiralpak AD-H, i-PrOH/hexane = 20/80, flow rate = 0.5 mL/min, λ = 210 nm): t(major) = 33.04 
min, t(minor) = 47.45 min, ee = 100%; MS (ESI) m/z 446.0 [M+Na]+. 
 

O

S
O

O
N

O
O

O

O

3'c  
3’c: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.67 (d, J = 4.4 Hz, 1H), 7.77 (t, J = 8.0 Hz, 1H), 
7.62 (d, J = 8.0 Hz, 1H), 7.40-7.43 (m, 1H), 6.78 (s, 1H), 6.12 (d, J = 2.8 Hz, 1H), 5.99-6.00 (m, 
1H), 5.24 (d, J = 10.4 Hz, 1H), 3.89-3.93 (m, 2H), 3.86 (s, 3H), 3.24 (s, 3H), 3.18 (s, 3H), 1.91-1.97 
(m, 2H); 13C NMR (100 MHz, CDCl3): δ 165.0, 156.4, 150.2, 149.9, 142.1, 137.8, 126.8, 122.4, 
110.1, 108.6, 101.5, 68.5, 53.5, 52.8, 51.8, 34.5, 29.7; HPLC (Chiralpak AD-H, i-PrOH/hexane = 
20/80, flow rate = 0.7 mL/min, λ = 210 nm): t(major) = 18.13 min, t(minor) = 27.72 min, ee = 88%; 
MS (ESI) m/z 406 [M+Na]+. 
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O

S
O

O
N

O
O

O

3'd  
3’d: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.76 (d, J = 4.4 Hz, 1H), 8.12 (d, J = 7.6 Hz, 1H), 
7.99 (d, J = 7.6 Hz, 1H), 7.56-7.59 (m, 1H), 4.86 (d, J = 3.6 Hz, 1H), 4.55 (d, J = 6.0 Hz, 1H), 
3.68-3.70 (m, 1H), 3.65 (s, 3H), 3.37 (s, 3H), 3.35 (s, 3H), 2.52-2.55 (m, 1H), 2.32-2.38 (m, 1H), 
1.58-1.65 (m, 2H), 0.87 (t, J = 7.2 Hz, 5H); 13C NMR (100 MHz, CDCl3): δ 200.5, 165.3, 156.8, 
150.2, 138.2, 127.7, 122.8, 65.8, 52.8, 50.9, 45.4, 35.3, 30.3, 29.7, 20.0, 13.6; HPLC (Chiralpak 
AS-H, i-PrOH/hexane = 10/90, flow rate = 0.5 mL/min, λ = 220 nm): t(major) = 34.35 min, t(minor) 
= 41.07 min, ee = 100%; MS (ESI) m/z 382.0 [M+Na]+. 
 

O

S
O

O
N

O
O

O

3'e  

3’e: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.68 (d, J = 4.8 Hz, 1H), 8.04 (d, J = 7.6 Hz, 1H), 
7.91 (t, J = 7.6 Hz, 1H), 7.47-7.51 (m, 1H), 4.95 (d, J = 3.6 Hz, 1H), 4.46 (d, J = 5.2 Hz, 1H), 3.56 
(s, 6H), 3.28 (s, 3H), 2.39-2.45 (m, 1H), 1.74-1.87 (m, 1H), 1.48-1.63 (m, 2H), 0.77-0.85 (m, 7H); 
13C NMR (100 MHz, CDCl3): δ 165.6, 157.3, 150.0, 138.0, 127.4, 122.6, 103.4, 66.5, 53.4, 52.5, 
51.7, 34.1, 33.0, 31.6, 29.6, 22.3, 13.9; HPLC (Chiralpak AS-H, i-PrOH/hexane = 3/97, flow rate = 
0.5 mL/min, λ = 210 nm): t(major) = 84.58 min, t(minor) = 90.04 min, ee = 94%; MS (ESI) m/z 
396.1 [M+Na]+. 

 

O

S
O

O
N

O
O

O

3'f  

3’f: colorless oil; 1H NMR (300 MHz, CDCl3): δ 8.73 (d, J = 4.5 Hz, 1H), 8.08 (d, J = 7.8 Hz, 1H), 
7.96 (t, J = 7.5 Hz, 1H), 7.52-7.56 (m, 1H), 4.83 (d, J = 3.9 Hz, 1H), 4.52 (d, J = 6.0 Hz, 1H), 3.62 
(s, 6H), 3.34 (s, 3H), 2.26-2.51 (m, 1H), 1.78-1.91 (m, 1H), 1.34-1.41 (m, 3H), 0.87-0.93 (m, 10H); 
13C NMR (100 MHz, CDCl3): δ 165.6, 157.3, 150.0, 138.0, 127.3, 122.6, 102.8, 66.5, 53.7, 52.5, 
51.7, 38.7, 33.0, 31.9, 30.3, 29.6, 26.3, 22.5, 14.0; HPLC (Chiralpak AD-H, i-PrOH/hexane = 5/95, 
flow rate = 0.5 mL/min, λ = 210 nm): t(major) = 56.48 min, t(minor) = 63.05 min, ee = 94%; MS 
(ESI) m/z 424.1 [M+Na]+. 
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O

S
O

O
N

O
O

O

3'g  

3’g: colorless oil; 1H NMR (300 MHz, CDCl3): δ 8.72 (d, J = 4.8 Hz, 1H), 8.08 (d, J = 7.6 Hz, 1H), 
7.93-7.98 (m, 1H), 7.51-7.56 (m, 1H), 4.99 (d, J = 3.6 Hz, 1H), 4.50 (d, J = 5.1 Hz, 1H), 3.61 (s, 
6H), 3.32 (s, 3H), 2.42-2.50 (m, 1H), 1.77-1.90 (m, 1H), 1.20-1.26 (m, 11H), 0.83-0.87 (m, 4H); 13C 
NMR (100 MHz, CDCl3): δ 165.6, 157.3, 150.0, 138.0, 127.3, 122.6, 102.8, 66.5, 53.7, 52.9, 51.7, 
34.1, 33.0, 31.7, 29.6, 29.0, 27.1, 26.3, 22.5, 14.0; HPLC (Chiralpak AD-H, i-PrOH/hexane = 5/95, 
flow rate = 0.5 mL/min, λ = 210 nm): t(major) = 46.87 min, t(minor) = 62.04 min, ee = 90%; MS 
(ESI) m/z 438.1 [M+Na]+. 
 

O

S
O

O
N

O
O

O2N

O

3'h  
3’h: white solid; 1H NMR (400 MHz, DMSO-d6): δ 8.67 (d, J = 4.0 Hz, 1H), 7.76 (d, J = 8.4 Hz, 
2H), 7.67 (t, J = 7.6 Hz, 1H), 7.55-7.58 (m, 1H), 7.37 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.0 Hz, 1H), 
5.41 (d, J = 11.6 Hz, 1H), 3.84 (s, 3H), 3.61-3.64 (m, 2H), 3.11 (s, 3H), 3.00 (s, 3H), 2.03-2.10 (m, 
1H), 1.68-1.75 (m, 1H); 13C NMR (100 MHz, DMSO-d6): δ 165.3, 156.1, 150.7, 146.8, 145.8, 138.9, 
131.0, 128.2, 123.1, 122.4, 101.4, 70.3, 53.8, 53.6, 52.1, 41.4, 36.2; HPLC (Chiralpak AS-H, 
i-PrOH/hexane = 40/60, flow rate = 1.0 mL/min, λ = 210 nm): t(major) = 30.99 min, t(minor) = 
23.95 min, ee = 100%; MS (ESI) m/z 461.0 [M+Na]+. 
 

O

S
O

O
N

O
O

Cl

O

3'i  
3’i: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.69 (d, J = 4.0 Hz, 1H), 7.80-7.82 (m, 1H), 
7.57-7.60 (m, 1H), 7.22-7.38 (m, 2H), 7.15 (d, J = 7.6 Hz, 1H), 7.01 (t, J = 7.6 Hz, 1H), 6.76-6.79 
(m, 1H), 5.18-5.20 (m, 1H), 3.80 (s, 3H), 3.67-3.69 (m, 1H), 3.14-3.16 (m, 1H), 3.12 (s, 3H), 3.00 (s, 
3H), 1.83-2.10 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 165.1, 150.2, 150.1, 138.3, 137.7, 130.1, 
128.6, 127.8, 127.0, 126.6, 122.9, 122.1, 101.7, 60.4, 53.3, 52.5, 52.1, 30.0, 14.2; HPLC (Chiralpak 
AD-H, i-PrOH/hexane = 20/80, flow rate = 0.5 mL/min, λ = 210 nm): t(major) = 27.78 min, t(minor) 
= 60.24 min, ee = 100%; MS (ESI) m/z 450.0 [M+Na]+. 
 

O

S
O

O
N

O
O

O

3'j  

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011



S12 
 

3’j: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.57 (d, J = 4.4 Hz, 1H), 7.47 (t, J = 7.6 Hz, 1H), 
7.31-7.33 (m, 1H), 7.18 (d, J = 7.6 Hz, 1H), 6.83 (d, J = 7.6 Hz, 2H), 7.70 (d, J = 7.6 Hz, 2H), 5.14 
(d, J = 11.2 Hz, 1H), 3.92 (s, 3H), 3.78-3.81 (m, 1H), 3.68-3.71 (m, 1H), 3.22 (s, 3H), 3.12 (s, 3H), 
2.15 (s, 3H), 1.92-1.97 (m, 1H), 1.76-1.83 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 165.4, 156.8, 
149.7, 137.3, 134.1, 129.0, 128.8, 128.2, 126.3, 122.4, 101.2, 71.3, 53.4, 51.4, 40.6, 36.4, 29.7, 20.8; 
HPLC (Chiralpak AD-H, i-PrOH/hexane = 20/80, flow rate = 0.5 mL/min, λ = 210 nm): t(major) = 
21.36 min, t(minor) = 33.89 min, ee = 100%; MS (ESI) m/z 430.0 [M+Na]+. 
 

O

S
O

O
N

O
O

Cl

O

3'k  
3’k: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.58 (d, J = 4.4 Hz, 1H), 7.58 (t, J = 7.6 Hz, 1H), 
7.36-7.40 (m, 1H), 7.22 (d, J = 7.6 Hz, 1H), 6.86-6.91 (m, 4H), 5.13 (d, J = 11.2 Hz, 1H), 3.90 (s, 
3H), 3.70-3.79 (m, 2H), 3.20 (s, 3H), 3.11 (s, 3H), 1.92-1.98 (m, 1H), 1.74-1.82 (m, 1H); 13C NMR 
(100 MHz, CDCl3): δ 165.1, 156.7, 149.8, 137.7, 135.9, 133.1, 130.5, 128.2, 126.8, 122.2, 100.9, 
70.8, 53.5, 51.3, 40.5, 36.2, 29.7; HPLC (Chiralpak AD-H, i-PrOH/hexane = 20/80, flow rate = 1.0 
mL/min, λ = 254 nm): t(major) = 13.28 min, t(minor) = 25.42 min, ee = 100%; MS (ESI) m/z 450.0 
[M+Na]+. 
 

O

S
O

O
N

O
O

F

O

3'l  
3’l: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.62 (d, J = 4.4 Hz, 1H), 7.56 (t, J = 7.6 Hz, 1H), 
7.33-7.37 (m, 2H), 6.92-6.96 (m, 1H), 6.83 (d, J = 7.6 Hz, 1H), 6.62-6.68 (m, 2H), 5.16 (d, J = 11.2 
Hz, 1H), 3.92 (s, 3H), 3.76-3.80 (m, 2H), 3.22 (s, 3H), 3.13 (s, 3H), 1.95-2.01 (m, 1H), 1.77-1.83 (m, 
1H); 13C NMR (100 MHz, CDCl3): δ 165.0, 156.7, 149.8, 137.6, 129.8, 127.8, 126.9, 125.1, 122.1, 
115.5, 114.4, 114.2, 100.8, 70.3, 53.4, 51.3, 40.7, 36.3, 29.6; HPLC (Chiralpak AD-H, 
i-PrOH/hexane = 20/80, flow rate = 0.5 mL/min, λ = 254 nm): t(major) = 23.76 min, t(minor) = 
47.62 min, ee = 100%; MS (ESI) m/z 434.0 [M+Na]+. 
 

O

S
O

O
N

O
O

O

3'm  
3’m: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.57 (d, J = 4.8 Hz, 1H), 7.45 (t, J = 8.0 Hz, 1H), 
7.27-7.30 (m, 1H), 7.19 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.0 Hz, 2H), 6.73 (d, J = 8.0 Hz, 2H), 5.18 
(d, J = 11.6 Hz, 1H), 3.93 (s, 3H), 3.69-3.79 (m, 2H), 3.22 (s, 3H), 3.11 (s, 3H), 2.44 (q, J1 = 7.6 Hz, 
J2 = 15.2 Hz, 2H), 1.91-1.98 (m, 1H), 1.76-1.83 (m, 1H), 1.13 (t, J = 7.6 Hz, 3H); 13C NMR (100 
MHz, CDCl3): δ 165.4, 156.9, 149.7, 143.0, 137.4, 134.3, 129.0, 127.6, 126.4, 122.3, 101.1, 71.0, 
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53.4, 52.9, 51.3, 40.7, 36.5, 28.2, 15.4; HPLC (Chiralpak AD-H, i-PrOH/hexane = 20/80, flow rate = 
0.5 mL/min, λ = 254 nm): t(major) = 23.03 min, t(minor) = 32.89 min, ee = 100%; MS (ESI) m/z 
444.1 [M+Na]+. 
 

O

S
O

O
N

O
O

O
O

O
O

3'n  
3’n: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.59 (d, J = 4.4 Hz, 1H), 7.65-7.70 (m, 1H), 
7.34-7.37 (m, 1H), 7.26 (s, 1H), 6.50-6.57 (m, 3H), 5.17 (d, J = 11.6 Hz, 1H), 3.95 (s, 3H), 3.72-3.82 
(m, 2H), 3.68 (s, 3H), 3.23 (s, 3H), 3.14 (s, 3H), 2.27 (s, 3H), 1.93-1.99 (m, 1H), 1.73-1.80 (m, 1H); 
13C NMR (100 MHz, CDCl3): δ 168.4, 165.2, 156.7, 150.6, 149.5, 138.8, 138.6, 136.2, 126.9, 122.4, 
122.2, 121.1, 113.0, 100.9, 70.9, 55.7, 53.5, 53.4, 51.2, 41.0, 36.6, 20.6; HPLC (Chiralpak AD-H, 
i-PrOH/hexane = 20/80, flow rate = 0.5 mL/min, λ = 254 nm): t(major) = 30.40 min, t(minor) = 
32.76 min, ee = 97%; MS (ESI) m/z 504.0 [M+Na]+. 
 

O

S
O

O
N

O
O

O

O

3'o  
3’o: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.62 (d, J = 4.4  Hz, 1H), 7.55 (d, J = 8.4 Hz, 
2H), 7.46 (t, J = 7.7 Hz, 1H), 7.28-7.37 (m, 2H), 7.13 (d, J = 8.0 Hz, 2H), 5.21 (d, J = 11.2 Hz, 1H), 
3.93 (s, 3H), 3.78-3.89 (m, 2H), 3.24 (s, 3H), 3.13 (s, 3H), 2.52 (s, 3H), 2.01-2.08 (m, 1H), 1.84-1.91 
(m, 1H); 13C NMR (100 MHz, CDCl3): δ 197.3, 165.0, 156.8, 149.9, 143.2, 137.5, 136.0, 129.4, 
128.0, 126.8, 122.2, 100.9, 70.4, 53.5, 51.3, 40.9, 36.1, 29.7, 26.6; HPLC (Chiralpak AD-H, 
i-PrOH/hexane = 30/70, flow rate = 1.0 mL/min, λ = 210 nm): t(major) = 14.52 min, t(minor) = 
20.53 min, ee = 100%; MS (ESI) m/z 458.1 [M+Na]+. 
 

O

S
O

O
N

O
O

O

O

O

3'p  
3’p: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.59 (d, J = 4.4 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 
7.60 (d, J = 8.0 Hz, 2H), 7.45 (t, J = 8.0 Hz, 1H), 7.30-7.35 (m, 1H), 7.07 (d, J = 8.0 Hz, 2H), 5.19 
(d, J = 10.8 Hz, 1H), 3.91 (s, 3H), 3.89 (s, 3H), 3.80-3.87 (m, 1H), 3.73-3.76 (m, 1H), 3.21 (s, 3H), 
3.10 (s, 3H), 1.97-2.00 (m, 1H), 1.81-1.88 (m, 1H); HPLC (Chiralpak AD-H, i-PrOH/hexane = 
30/70, flow rate = 1.0 mL/min, λ = 210 nm): t(major) = 18.29 min, t(minor) = 26.49 min, ee = 95%; 
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13C NMR (100 MHz, CDCl3): δ 166.4, 165.0, 156.7, 149.8, 142.9, 137.6, 129.9, 129.2, 128.6, 126.9, 
122.3, 101.0, 70.4, 60.4, 53.5, 52.2, 41.0, 36.2, 29.7; MS (ESI) m/z 449.9 [M-1]+. 
 

O

S
O

O
N

O
O

O

3'q  
3’q: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.62 (d, J = 4.0 Hz, 1H), 7.35-7.46 (m, 7H), 7.22 
(d, J = 7.6 Hz, 1H), 7.14 (d, J = 8.0 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 5.24 (d, J = 11.6 Hz, 1H), 3.97 
(s, 3H), 3.79-3.89 (m, 2H), 3.27 (s, 3H), 3.15 (s, 3H), 1.98-2.04 (m, 1H), 1.83-1.90 (m, 1H); 13C 
NMR (100 MHz, CDCl3): δ 165.3, 156.9, 149.7, 139.9, 137.6, 136.4, 129.6, 128.9, 127.5, 126.9, 
126.7, 126.6, 126.4, 122.3, 101.0, 71.2, 60.4, 53.5, 40.8, 36.4, 29.7; HPLC (Chiralpak AD-H, 
i-PrOH/hexane = 20/80, flow rate = 0.5 mL/min, λ = 254 nm): t(major) = 35.12 min, t(minor) = 
53.93 min, ee = 100%; MS (ESI) m/z 492.1 [M+Na]+. 
 

O

S
O

O
N

O
O

O

3'r  
3’r: colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.54 (d, J = 3.2 Hz, 1H), 8.40 (d, J = 8.8 Hz, 1H), 
7.75 (d, J = 8.0 Hz, 1H), 7.45-7.63 (m, 3H), 7.22-7.23 (m, 2H), 7.02 (d, J = 6.8 Hz, 1H), 6.91 (t, J = 
7.6 Hz, 1H), 6.67 (d, J = 7.2 Hz, 1H), 5.26 (d, J = 10.4 Hz, 1H), 4.74-4.80 (m, 1H), 3.95 (s, 3H), 
3.68-3.71 (m, 1H), 3.11 (s, 3H), 3.08 (s, 3H), 2.22-2.28 (m, 1H), 1.97-2.09 (m, 1H); 13C NMR (100 
MHz, CDCl3): δ 165.4, 156.7, 150.2, 149.7, 137.2, 134.6, 133.5, 128.2, 127.8, 126.7, 126.4, 126.1, 
125.4, 124.7, 124.2, 121.9, 101.4, 71.5, 53.4, 53.0, 52.1, 33.9, 29.7; HPLC (Chiralpak AD-H, 
i-PrOH/hexane = 20/80, flow rate = 0.5 mL/min, λ = 210 nm): t(major) = 31.31 min, t(minor) = 
49.58 min, ee = 100%; MS (ESI) m/z 466.0 [M+Na]+. 
 

O

S

N

O
O

O O

3's  
3’s: white solid; 1H NMR (400 MHz, DMSO-d6): δ 8.64 (d, J = 4.4 Hz, 1H), 8.12 (t, J = 8.0 Hz, 1H), 
7.97 (d, J = 8.0 Hz, 1H), 7.66-7.70 (m, 2H), 7.47-7.51 (m, 1H), 7.33 (t, J = 7.6 Hz, 2H), 7.24 (d, J = 
7.6 Hz, 2H), 7.06-7.12 (m, 3H), 7.00 (t, J = 7.2 Hz, 1H), 6.46 (d, J = 10.8 Hz, 1H), 3.67-3.78 (m, 
2H), 3.18 (s, 3H), 3.01 (s, 3H), 2.55-2.62 (m, 1H), 1.90-1.97 (m, 1H); 13C NMR (100 MHz, 
DMSO-d6): δ 192.7, 157.0, 150.7, 139.6, 139.3, 138.0, 137.1, 134.1, 129.2, 128.9, 128.8, 128.7, 
128.5, 127.5, 126.0, 123.3, 101.8, 70.1, 53.1, 51.6, 42.3, 35.7; HPLC (Chiralpak AD-H, 
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i-PrOH/hexane = 20/80, flow rate = 0.5 mL/min, λ = 254 nm): t(major) = 26.33 min, t(minor) = 
39.25 min, ee = 100%; MS (ESI) m/z 462.1 [M+Na]+. 
 

O

S
O

N

O
O

O

3't  
3’t: white solid; 1H NMR (400 MHz, DMSO-d6): δ 8.65 (d, J = 3.6 Hz, 1H), 7.61-7.65 (m, 1H), 
7.49-7.51 (m, 1H), 6.87-6.99 (m, 6H), 5.62 (d, J = 11.2 Hz, 1H), 3.46-3.53 (m, 2H), 3.08 (s, 3H), 
2.96 (s, 3H), 2.88-2.94 (m, 2H), 1.88 (t, J = 12.8 Hz, 1H), 1.50-1.56 (m, 1H), 1.05 (t, J = 6.8 Hz, 
3H); 13C NMR (100 MHz, DMSO-d6): δ 203.5, 156.8, 150.2, 138.9, 137.9, 129.5, 128.1, 127.7, 
127.3, 121.8, 101.7, 72.8, 53.3, 52.1, 41.5, 36.1, 23.0, 7.7; HPLC (Chiralpak AD-H, i-PrOH/hexane 
= 20/80, flow rate = 0.5 mL/min, λ = 210 nm): t(major) = 15.93 min, t(minor) = 23.64 min, ee = 
100%; MS (ESI) m/z 414.1 [M+Na]+. 
 

S
O

O
N

O
O

5  
4-Phenyl-3-(pyridine-2-sulfonyl)-tetrahydropyran-2-one (5).  To a solution of 3a (35 mg, 0.1 
mmol) in dry MeOH (3 mL), sodium borohydride (5.7 mg, 0.15 mmol) was added at 0 ºC. The 
mixture was stirred for 4 h at the same tempreture. The solvent was then evaporated under reduced 
pressure, and the residue was partitioned between AcOEt and sat. NH4Cl. The organic layer was 
washed, dried, filtered, and condensed. The residue was purified by chromatography on silica gel to 
afford 5 in 95% yield as colorless oil; 1H NMR (400 MHz, CDCl3): δ 8.75 (d, J = 4.0 Hz, 1H), 8.09 
(d, J = 8.0 Hz, 1H), 7.96-8.00 (m, 1H), 7.57-7.60 (m, 1H), 7.38-7.42 (m, 2H), 7.30-7.34 (m, 3H), 
5.04 (d, J = 4.8 Hz, 1H), 4.69-4.75 (m, 1H), 4.43-4.48 (m, 1H), 4.28-4.33 (m, 1H), 2.51-2.58 (m, 
1H), 2.07-2.17 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 163.2, 155.4, 150.5, 141.5, 138.0, 129.3, 
127.8, 127.7, 127.2, 123.8, 67.9, 66.9, 37.3, 30.4; [α]D

22 = -0.33 (c = 0.3 in CH2Cl2); HPLC 
(Chiralpak AD-H, i-PrOH/hexane = 40/60, flow rate = 1.0 mL/min, λ = 210 nm): t(major) = 16.31 
min, t(minor) = 13.21 min, ee = 100%; HRMS (ESI) m/z calcd for C16H15NO4S (M+1)+ 318.0722, 
found 318.0797. 
 

S
N

O
N

O
O

6  
1-Isobutyl-4-phenyl-3-(pyridine-2-sulfonyl)-piperidin-2-one (6).  To a solution of sodium 
triacetoxyborohydride (32 mg, 0.15 mmol) and isobutylamine (15 mg, 0.2mmol) in dry CH2Cl2 (3 
mL), 3a (35 mg, 0.1 mmol) was added. The mixture was stirred for 1 h at 25℃ and 2h at 75 ºC. The 
solution was then poured into water, extracted with CH2Cl2 for three times. The combined organic 
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phases were washed with sat. NH4Cl, brine and water, dried, filtered, and concentrated. The residue 
was purified by chromatography on silica gel to afford 6 in 85% yield as colorless oil; 1H NMR (400 
MHz, CDCl3): δ 8.75 (d, J = 4.4 Hz, 1H), 8.04 (d, J = 4.0 Hz, 1H), 7.93-7.97 (m, 1H), 7.51-7.55 (m, 
1H), 7.34-7.38 (m, 2H), 7.29-7.31 (m, 1H), 7.24-7.26 (m, 2H), 4.99 (d, J = 2.4 Hz, 1H), 4.32-4.36 
(m, 1H), 3.33-3.46 (m, 2H), 3.14-3.20 (m, 1H), 3.05-3.10 (m, 1H), 2.61-2.69 (m, 1H), 1.96-2.03 (m, 
2H), 0.91 (dd, J1 = 3.2 Hz, J2 = 6.8 Hz, 6H); 13C NMR (100 MHz, CDCl3): δ 162.0, 157.1, 150.2, 
141.3, 137.8, 128.9, 127.3, 127.2, 127.1, 123.3, 65.9, 55.2, 45.2, 36.8, 29.3, 26.6, 20.2, 19.9; [α]D

22 = 
-0.86 (c = 0.3 in CH2Cl2); HPLC (Chiralpak AD-H, i-PrOH/hexane = 30/70, flow rate = 1.0 mL/min, 
λ = 254 nm): t(major) = 8.56 min, t(minor) =10.22 min, ee = 100%; HRMS (EI) m/z calcd for 
C20H24N2O3S (M)+ 372.1508, found 372.1511. 
 

 

O

O

O

O
7  

5,5-Dimethoxy-3-phenyl-pentanoic acid methyl ester (7).  Into 5 mL of absolute methanol was 
placed 100 mg of activated Mg turnings. The mixture was heated to 45-50 ºC with stirring until gas 
evolution started (5 min) and 79 mg of 3’a (0.2 mmol) and Tetrabutyl ammonium bromide (TBAB) 
(6mg, 0.02mmol) added in one portion. The mixture was stirred without additional heat for 8 h when 
TLC indicated that all starting material had been consumed. The reaction mixture was poured into 
sat. NH4Cl solution and extracted with EtOAc for 3 times. The combined organic layer was washed, 
dried, filtered, and condensed. The residue was purified by chromatography on silica gel to afford 7 
as colorless oil in 74% yield. 1H NMR (400 MHz, CDCl3): δ 7.30-7.34 (m, 2H), 7.22-7.24 (m, 3H), 
4.11 (dd, J1 = 3.2 Hz, J2 = 8.0 Hz, 1H), 3.60 (s, 3H), 3.30 (s, 3H), 3.23 (s, 3H), 2.59-2.72 (m, 2H), 
2.01-2.08 (m, 1H), 1.82-1.89 (m, 1H); HPLC (Chiralpak OJ-H, i-PrOH/hexane = 40/60, flow rate = 
0.7 mL/min, λ = 210 nm): t(major) = 22.99 min, t(minor) = 19.96 min, ee = 100%. 
 

O

O

O

8  
5-Oxo-3-phenyl-pentanoic acid methyl ester (8).  To a solution of above intermediate 6 (25mg, 
0.1mmol) in CH2Cl2 , 1mL of trifluoroacetic acid/H2O (1:1, v/v) was added dropwise. The 
suspension was stirred for another 1h. The reaction mixture was poured into water and extracted with 
CH2Cl2 for 3 times. The combined organic layer was washed, dried, filtered, and condensed. The 
residue was purified by chromatography on silica gel to afford 7 in 98% yield as colorless oil. 1H 
NMR (400 MHz, CDCl3): δ 9.69 (s, 1H), 7.31-7.35 (m, 2H), 7.23-7.25 (m, 3H), 3.73-3.80 (m, 1H), 
3.62 (s, 3H), 2.82-2.86 (m, 2H), 2.68-2.71 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 200.7, 172.0, 
142.4, 128.8, 127.2, 127.1, 51.7, 49.4, 40.7, 36.2; [α]D

13 = -0.07 (c = 1.2 in THF); HRMS (ESI) m/z 
calcd for C12H14O3 (M+1)+ 207.0943, found 207.0997. 
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