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1. General methods 

Unless otherwise stated, all reagents were purchased from commercial suppliers and used 

without further purification. All reactions were carried out in air and using undistilled solvent, 

without any precautions to exclude moisture unless otherwise noted. Organic solutions were 

concentrated under reduced pressure on an EYELA N-1001 rotary evaporator. Reactions were 

monitored by thin-layer chromatography (TLC) on silica gel precoated glass plates (0.2 ± 0.03 

mm thickness, GF-254, particle size 0.01–0.04 mm) from Yantai Chemical Industry Research 

Institute, P. R. China. Chromatograms were visualized by fluorescence quenching with UV light at 

254 nm. Flash column chromatography was performed using silica gel (particle size 0.04 – 0.05 

mm) from Yantai Chemical Industry Research Institute, P. R. China. 1H and 13C NMRspectra were 

recorded in CDCl3 on Varian Inova (400 MHz or 300 MHz and 100 MHz or 75 MHz, respectively) 

spectometer. Chemical shifts (δ ppm) are relative to the resonance of the deuterated solvent as the 

internal standard (CDCl3, δ 7.27 ppm for proton NMR, δ 77.23 ppm for carbon NMR). 1H NMR 

data are reported as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = doublet, q = 

quartet, m = multiplet), coupling constants (J) and assignment. Data for 13C NMR are reported in 

terms of chemical shift (δ, ppm). High-resolution mass spectra (HRMS) for all the compounds 

were determined on Micromass GCT-TOF mass spertrometer with ESI resource. Elemental 

analysis was preformed using a Carlo-Erba EA-1110 instrument. High performance liquid 

chromatography (HPLC) was performed on an Agilent 1200 Series chromatographs using a Daicel 

Chiralpak OD-H, AD-H or AS-H column (0.46cm x 25 cm). X-ray data were recorded on a 

Rigaku Mercury CCD/AFC diffractomrter. Optical rotations are reported as follows: [α] D
rt (c in g 

per 100 mL, solvent).  

2. Reaction Optimization 

Table S2.1. Effects of catalyst 
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Ph SH Ph
N

O

O

Ph

Cat 1 (2.5 mol %) Ph

SPh O

SPh

NH

O

Ph

2a                       3a                                              4a

Toluene

 

Entrya Cat Temp. Time (h) Yield (%)b Drc Ee (%)d 

1 1a RT 24 87 53/47 53 

2 1b RT 24 87 48/52 47 

3 1c RT 24 30 52/48 7 

4 1d RT 12 79 81/19 2.5 

5 1e RT 12 80 57/43 0.2 

6 1f RT 12 90 65/35 28 

7 1g RT 12 90 60/40 25 

8 1h RT 6 74 85/15 49 

9 1i RT 12 85 57/43 18 

10 1j RT 6 52 79/21 30 

11 1k RT 6 62 74/26 18 

12 1l RT 12 65 81/19 12 
a Unless noted, reactions were carried out with 2a (1.5 mmol), 3a (0.3 mmol), 1 (2.5 mol %), 

and in toluene (2.0mL) at room temperature. b Isolated yield. c Determined by chiral HPLC 

analysis. d Determined by chiral HPLC analysis. 

 

 

Table S2.2. Effects of Solvent 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



 

4 
 

Ph SH Ph
N

O

O

Ph

Cat 1h (2.5 mol %) Ph

SPh O

SPh

NH

O

Ph

2a 3a 4a

Solvent

 

Entry a Solvent Temp.(oC ) Con. Time (h) Yield (%) b Dr c Ee (%) d 

1 THF RT 0.15 M 24 64 78/22 15 

2 CHCl3 RT 0.15 M 24 92 86/14 54 

3 PhMe RT 0.15 M 6 74 85/15 49 

4 PhCl RT 0.15 M 18 94 84/16 50 

5 m-Xylene RT 0.15 M 18 84 85/15 49 

6 DCE RT 0.15 M 24 72 85/15 55 
a Unless noted, reactions were carried out with 2a (1.5 mmol), 3a (0.3 mmol), 1h (2.5 mol %), and in 

solvent (2.0 mL). b Isolated yield. c Determined by chiral HPLC analysis. d Determined by chiral 

HPLC analysis. 

 

 

Table S2.3. Effects of substrate concentration and catalyst loading 

Ph SH Ph
N

O

O

Ph

Cat 1h (2.5 mol %) Ph

SPh O

SPh

NH

O

Ph

2a 3a 4a

chlorobenzene, -20oc

 

entrya Sol. Temp.(oC ) Time (h) Yield (%) i dr j eek 

1b PhCl -20 18 94 93/7 78 

2c PhCl -20 18 94 95/5 86 

3d PhCl -20 18 96 95/5 87 

4e PhCl -20 18 88 95/5 88 

5df PhCl -20 24 75 94/6 84 

6dg PhCl -20 8 96 95/5 86 

7dh PhCl -20 4 97 96/4 85 
a Unless noted, reactions were carried out with 2a (1.5 mmol), 3a (0.3 mmol), 1h (2.5 mol %), and in 

solvent (2.0 mL). b Run in 1.0 ml of chlorobenzene. c  Run in 3.0 ml of chlorobenzene. d Run in 4.0 

ml of chlorobenzene. e Run in 6.0 ml of chlorobenzene. f 2 mol % of 1 was used.g 5 mol % of 1h was 

used.h 10 mol % of 1h was used. i Isolated yield. j Determined by chiral HPLC analysis. k Determined 

by chiral HPLC analysis. 

 

3. General Experimental Procedure For Asymmetric Thio-Michael/Ring 

Opening of Thiols to Olefinic Azlactones 

In an ordinary tube equipped with a magnetic stirring bar, the solution of Thiol 2 (0.75 mmol), 

catalyst 1i (2.5 mol %) in PhCl (2.0 mL) was stirred at -20 oC for 30 min, and then Olefinic 
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Azlactone 3 (0.15 mmol) was added. After the reaction mixture was stirred for 16-36 h at -20 oC. 

The reaction mixture was directly loaded onto a silica gel and purified by flash chromatography 

(eluent: petroleum ether/ethyl acetate = 5:1, then dichloromethane) to give desired products 4a-4o. 

S-phenyl 2-benzamido-3-phenyl-3-(phenylthio)propanethioate 4a 

96% yield, 87% ee, dr = 95/5 [Daicel Chiralcel AD-H, hexane/i-PrOH 

(90:10) , flow rate: 1.0 mL·min-1, λ = 210 nm, t (major) = 31.986, t (minor) 

= 41.742]; [α]D
26 = -38.57 (c 0.42, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.83 (d, J = 7.2 Hz, 2H), 7.57 (t, J = 7.2 Hz, 1H), 7.49 (t, J = 7.2 Hz, 2H), 

7.39–7.32 (m, 7H), 7.29 (d, J = 7.6 Hz, 2H), 7.25–7.23 (m, 4H), 7.16–7.15 

(m, 3H), 5.49 (dd, J = 8.4 Hz, J = 5.2 Hz, 1H), 5.03 (d, J = 4.8 Hz, 1H); 13C NMR (75 MHz, 

CDCl3) δ 196.97, 167.18, 138.05, 134.54, 133.49, 133.20, 132.71, 132.25, 129.64, 129.21, 128.86, 

128.78, 128.35, 128.21, 127.98, 127.35, 126.84, 125.65, 63.22, 55.56; IR (KBr) νmax: 3344.9, 

1707.4, 1644.0, 1579.6, 1514.0, 1480.9, 747.0, 688.9 cm−1; HRMS (ESI): m/z = 470.1243 (calcd 

for C28H23NO2
32S2+H+ = 470.1243); Elem. anal. calculated for C28H23NO2S2: C 71.61, H 4.94, N 

2.98; found: C 71.31, H 4.86, N 3.15. 

S-phenyl 2-benzamido-3-(2-methoxyphenyl)-3-(phenylthio)propanethioate 4b  

92% yield, 85% ee, dr = 97/3 [Daicel Chiralcel AS-H, hexane/i-PrOH 

(90:10) , flow rate: 1.0 mL·min-1, λ = 210 nm, t (major) = 12.142, t (minor) 

= 20.575 ]; [α]D
26 = -22.01 (c 1.89, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.80 (d, J = 7.2 Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.48 (t, J = 7.4 Hz, 2H), 

7.45–7.38 (m, 3H), 7.37–7.29 (m, 3H), 7.28–7.17 (m, 5H), 7.13 (d, J = 6.0 

Hz, 2H), 6.94–6.82 (m, 2H), 5.54 (dd, J = 8.4 Hz, J = 4.8 Hz, 1H), 5.50 (d, J = 4.4 Hz, 1H), 3.90 

(s, 3H); 13C NMR (75 MHz, CDCl3) δ 196.93, 167.28, 156.55, 134.65, 134.30, 133.78, 132.15, 

132.04, 129.53, 129.45, 129.20, 129.17, 129.04, 128.85, 127.61, 127.31, 127.13, 126.40, 120.81, 

110.91, 62.55, 55.82, 50.04; IR (KBr) νmax: 3413.8, 1701.6, 1654.6, 1581.4, 1514.8, 1478.6, 

1438.6, 793.7, 746.9, 689.2 cm−1; HRMS (ESI): m/z = 500.1349 (calcd for C29H25NO3
32S2+H+ = 

500.1349); Elem. anal. calculated for C29H25NO3S2: C 69.71, H 5.04, N 2.80; found: C 69.41, H 

4.93, N 2.92. 

S-phenyl 2-benzamido-3-(3-methoxyphenyl)-3-(phenylthio)propanethioate 4c  
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96% yield, 89% ee, dr = 97/3 [Daicel Chiralcel AD-H, hexane/i-PrOH 

(80:20) , flow rate: 1.0 mL·min-1, λ = 254 nm, t (major) = 18.396, t 

(minor) = 20.888 ]; [α]D
26 = -41.92 (c 0.26, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.84 (d, J = 7.6 Hz, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.50 (t, J = 

7.2 Hz, 2H), 7.43–7.28 (m, 5H), 7.28–7.02 (m, 7H), 6.97 (d, J = 7.6 Hz, 

1H), 6.94 (s, 1H), 6.81  (d, J = 8.0 Hz, 1H), 5.48 (dd, J = 8.8 Hz, J =5.2 Hz, 1H), 5.00 (d, J = 5.2 

Hz, 1H), 3.73 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.06, 167.20, 159.80, 139.55, 134.57, 

133.48, 133.21, 132.68, 132.31, 129.82, 129.68, 129.26, 129.24, 128.90, 128.02, 127.35, 126.85, 

120.66, 114.07, 113.64, 63.17, 55.50, 55.29; IR (KBr) νmax: 3468.7， 3267.7， 1699.9， 1653.0， 

1600.6， 1526.9， 1488.6， 1438.5， 878.2， 743.1， 691.0 cm−1; HRMS (ESI): m/z = 500.1349 

(calcd for C29H25NO3
32S2+H+ = 500.1349); Elem. anal. calculated for C29H25NO3S2: C 69.71, H 

5.04, N 2.80; found: C 69.23, H 4.96, N 2.87. 

S-phenyl 2-benzamido-3-(phenylthio)-3-m-tolylpropanethioate 4d  

90% yield, 75% ee, dr = 96/4 [Daicel Chiralcel OD-H, hexane/i-PrOH 

(80:20) , flow rate: 1.0 mL·min-1, λ = 210 nm, t (minor) = 9.718, t (major) 

= 11.302]; [α]D
26 = -17.38 (c 1.22, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 

7.85 (d, J = 7.6 Hz, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.51 (t, J = 7.2 Hz, 2H), 

7.46–7.37 (m, 3H), 7.32 (t, J = 7.6 Hz, 3H), 7.29–7.20 (m, 5H), 7.20–7.12 

(m, 2H), 7.09 (d, J = 6.8 Hz, 2H), 5.41 (dd, J = 8.4 Hz, J = 5.2 Hz, 1H), 5.34(d, J = 5.2 Hz, 1H), 

2.42(s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.54, 167.24, 136.55, 135.62, 134.63, 133.64, 

133.21, 133.06, 132.34, 130.89, 129.69, 129.36, 129.24, 128.98, 128.24, 128.20, 127.79, 127.41, 

126.93, 126.66, 62.73, 51.63, 19.71; IR (KBr) νmax: 3413.4, 1699.6, 1641.3, 1579.8, 1527.3, 

1478.2, 1439.1, 888.9, 746.1, 689.4 cm−1; HRMS (ESI): m/z = 484.1398 (calcd for 

C29H25NO2
32S2+H+ = 484.1399); Elem. anal. calculated for C29H25NO2S2: C 72.02, H 5.21, N 2.90; 

found: C 71.40, H 4.97, N 2.96. 

S-phenyl 2-benzamido-3-(3-nitrophenyl)-3-(phenylthio)propanethioate 4e  

93% yield, 88% ee, dr = 95/5 [Daicel Chiralcel AD-H, hexane/i-PrOH (80:20) , flow rate: 1.0 

mL·min-1, λ = 254 nm, t (major) =19.595, t (minor) = 33.325]; [α]D
26 = -62.10 (c 1.00, CHCl3); 

1H 

NMR (400 MHz, CDCl3): δ 8.28 (s, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.85 (d, J = 7.2 Hz, 2H), 7.69 

(d, J = 7.2 Hz, 1H), 7.60 (t, J = 7.0 Hz, 1H), 7.52 (t, J = 7.2 Hz, 2H), 7.46 (t, J = 8.0 Hz, 1H), 

S
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7.42–7.32 (m, 5H), 7.30–7.20 (m, 5H), 7.13 (d, J = 8.4 Hz, 1H), 5.53 (dd, 

J = 8.6 Hz, J =5.0 Hz, 1H), 5.11 (d, J = 4.8 Hz, 1H); 13C NMR (100 MHz, 

CDCl3) δ 196.50, 167.48, 148.29, 140.53, 134.61, 134.47, 133.22, 132.61, 

131.92, 130.02, 129.79, 129.52, 129.49, 129.07, 128.69, 127.41, 126.37, 

123.56, 123.25, 62.86, 55.22; IR (KBr) νmax: 3469.9, 3297.9, 1698.4, 

1640.2, 1579.3, 1531.3, 1477.9, 1438.7, 839.3, 748.8, 689.9 cm−1; 

HRMS (ESI): m/z = 515.1074 (calcd for C28H22N2O4
32S2+H+ = 515.1094); Elem. anal. calculated 

for C28H22N2O4S2: C 65.35, H 4.31, N 5.44; found: C 65.03, H 4.16, N 5.56. 

S-phenyl 2-benzamido-3-(4-fluorophenyl)-3-(phenylthio)propanethioate 4f  

98% yield, 88% ee, dr = 96/4 [Daicel Chiralcel AD-H, hexane/i-PrOH 

(80:20) , flow rate: 1.0 mL·min-1, λ = 254 nm, t (major) = 15.299, t 

(minor) = 23.814 ]; [α]D
26 = -42.59 (c 0.27, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.84 (d, J = 7.6 Hz, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.50 (t, J = 

7.4 Hz, 2H), 7.37–7.30 (m, 7H), 7.29–7.20 (m, 3H), 7.18 (d, J = 6.8 Hz, 

2H), 7.12 (d, J = 8.8 Hz, 1H), 6.98 (t, J = 8.2 Hz, 2H), 5.47 (dd, J = 8.2 Hz, J = 5.8 Hz, 1H), 5.00 

(d, J = 5.2 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 196.92, 167.22, 162.45 (JF-C = 246.0 Hz), 

134.59, 133.94, 133.45, 132.94, 132.42, 130.13 (JF-C = 8.3 Hz), 132.87, 129.82, 129.35, 128.99, 

128.24, 127.40, 126.73, 115.77 (JF-C = 21.8 Hz), 63.20, 54.96; IR (KBr) νmax: 3346.5, 1711.5, 

1641.3, 1601.5, 1509.8, 1479.3, 1438.5, 842.4, 743.7, 690.0 cm−1; HRMS (ESI): m/z = 488.1147 

(calcd for C28H22FNO2
32S2+H+ = 488.1149); Elem. anal. calculated for C28H22FNO2S2: C 68.97, H 

4.55, N 2.87; found: C 68.22, H 4.43, N 2.82. 

S-phenyl 2-benzamido-3-(2,4-dichlorophenyl)-3-(phenylthio)propanethioate 4g  

97% yield, 87% ee, dr = 98/2 [Daicel Chiralcel AD-H, hexane/i-PrOH 

(80:20) , flow rate: 1.0 mL·min-1, λ = 254 nm, t (major) = 10.880, t 

(minor) = 11.594 ]; [α]D
26 = -28.21 (c 0.56, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.82 (d, J = 7.2 Hz, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.50 (t, J = 

7.2 Hz, 2H), 7.43–7.30 (m, 6H), , 7.30–7.05 (m, 8H), 5.60 (d, J = 4.4 Hz, 

1H), 5.53 (dd, J = 9.0 Hz, J = 4.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 196.17, 167.23, 134.64, 

134.52, 134.48, 134.30, 133.36, 132.47, 132.44, 132.38, 130.63, 129.85, 129.63, 129.41, 129.37, 

128.97, 128.27, 127.54, 127.36, 126.51, 61.98, 51.62; IR (KBr) νmax: 3239.7, 1702.8, 1642.6, 
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1580.9, 1526.2, 1478.0, 1439.0, 790.7, 740.7, 688.9 cm−1; HRMS (ESI): m/z = 538.0464 (calcd 

for C28H21
35Cl2NO2

32S2+H+ = 538.0464); Elem. anal. calculated for C28H21Cl2NO2S2: C 62.45, H 

3.93, N 2.60; found: C 61.98, H 3.91, N 2.73. 

S-phenyl 2-benzamido-3-(naphthalen-2-yl)-3-(phenylthio)propanethioate 4h  

98% yield, 85% ee, dr = 96/4 [Daicel Chiralcel AD-H, hexane/i-PrOH 

(80:20) , flow rate: 1.0 mL·min-1, λ = 254 nm, t (major) = 21.076, t 

(minor) = 24.000 ]; [α]D
26 = -64.00 (c 1.00, CHCl3);

 1H NMR (400 MHz, 

CDCl3): δ 7.87–7.79 (m, 4H), 7.78–7.69 (m, 2H), 7.66–7.54 (m, 2H), 

7.53–7.44 (m, 4H), 7.43–7.37 (m, 2H), 7.36–7.29 (m, 3H), 7.24–7.14(m, 

4H), 7.14–7.08 (m, 2H), 5.59 (dd, J = 8.8 Hz, J = 5.6Hz, 1H), 5.16(d, J = 5.2Hz, 1H); 13C NMR 

(100 MHz, CDCl3) δ 197.08, 167.28, 135.44, 134.58, 133.57, 133.23, 133.07, 132.77, 132.31, 

129.70, 129.29, 129.25, 128.92, 128.80, 128.10, 128.08, 127.80, 127.54, 127.39, 126.80, 126.46, 

126.06, 63.22, 55.95; IR (KBr) νmax: 3365.8, 1707.1, 1645.4, 1579.2, 1514.0, 1482.8, 762.8, 

746.9, 715.6 cm−1; HRMS (ESI): m/z = 520.1399 (calcd for C32H25NO2
32S2+H+ = 520.1399); 

Elem. anal. calculated for C32H25NO2S2: C 73.96, H 4.85, N 2.70; found: C 73.47, H 4.77, N 2.79. 

S-p-tolyl 2-benzamido-3-phenyl-3-(p-tolylthio)propanethioate 4i  

93% yield, 85% ee, dr = 94/6 [Daicel Chiralcel AD-H, hexane/i-PrOH 

(90:10) , flow rate: 1.0 mL·min-1, λ = 254 nm, t (major) = 31.500, t 

(minor) = 54.788 ]; [α]D
26 = -24.60 (c 1.00, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.84 (d, J = 7.6 Hz, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.50 (t, J = 

7.6 Hz, 2H), 7.40–7.35 (m, 2H), 7.34–7.23 (m, 5H), 7.23–7.18 (m, 

1H),  7.17–7.12 (m, 2H), 7.11–6.95 (m, 4H), 5.45 (dd, J = 8.8 Hz, J = 4.8 Hz, 1H), 4.99 (d, J 

=4.4 Hz, 1H), 2.34 (s, 3H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.42, 167.13, 139.85, 

138.31, 138.26, 134.45, 133.56, 133.33, 132.21, 130.00, 129.37, 128.83, 128.73, 128.30, 128.11, 

127.34, 123.36, 63.07, 55.85, 21.41, 21.23; IR (KBr) νmax: 3462.7， 3359.1， 3065.9， 1714.1， 

1648.6， 1505.3， 1482.8， 809.1， 720.4， 694.2 cm−1; HRMS (ESI): m/z = 498.1557 (calcd 

for C30H27NO2
32S2+H+ = 498.1558); Elem. anal. calculated for C30H27NO2S2: C 72.40, H 5.47, N 

2.81; found: C 72.05, H 5.29, N 3.04. 

S-p-tolyl 2-benzamido-3-(3-bromophenyl)-3-(p-tolylthio)propanethioate 4j  
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98% yield, 83% ee, dr = 92/8 [Daicel Chiralcel AD-H, hexane/i-PrOH 

(80:20) , flow rate: 1.0 mL·min-1, λ = 254 nm, t (major) = 14.704, t 

(minor) = 18.912 ]; [α]D
26 = -38.71 (c 2.64, CHCl3); 

1H NMR (400 

MHz, CDCl3): δ 7.84 (d, J = 7.6 Hz,, 2H), 7.58 (t, J = 7.2 Hz, 1H), 

7.54–7.45 (m, 3H), 7.39 (d, J = 8.0 Hz, 1H), 7.29–7.26 (m, 3H), 

7.18–6.98 (m, 8H), 5.41 (dd, J = 9.0 Hz, J =5.2 Hz, 1H), 4.88 (d, J = 5.2 Hz, 1H), 2.35(s, 3H), 

2.31(s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.14, 167.25, 140.64, 140.07, 138.68, 134.52, 

133.52, 132.32, 131.58, 131.25, 130.29, 130.16, 130.14, 128.92, 128.85, 127.38, 126.92, 123.17, 

122.67, 62.90, 55.54, 21.47, 21.29; IR (KBr) νmax: 3468.8, 3290.7, 1698.0, 1643.7, 1596.8, 1530.8, 

1489.2, 882.3, 808.8, 691.6 cm−1; HRMS (ESI): m/z = 576.0661 (calcd for C30H26
80BrNO2

32S2+H+ 

= 576.0661); Elem. anal. calculated for C30H26BrNO2S2: C 62.49, H 4.55, N 2.43; found: C 61.95, 

H 4.37, N 2.51. 

S-p-tolyl 2-benzamido-3-(3-nitrophenyl)-3-(p-tolylthio)propanethioate 4k  

94% yield, 85% ee, dr = 92/8 [Daicel Chiralcel AD-H, hexane/i-PrOH 

(80:20) , flow rate: 1.0 mL·min-1, λ = 210 nm, t (major) = 17.493, t 

(minor) = 39.423 ]; [α]D
26 = -48.70 (c 0.54, CHCl3); 

1H NMR (400 

MHz, CDCl3): δ 8.26 (s, 1H), 8.11 (d, J = 8.0 Hz,, 1H), 7.85 (d, J = 

7.6 Hz, 2H), 7.67 (d, J = 7.2 Hz, 1H), 7.60 (t, J = 7.2 Hz, 1H), 7.52 (t, 

J = 7.2 Hz, 2H), 7.46 (t, J = 7.6 Hz, 1H), 7.30–7.23 (m, 2H), 7.19 (d, J = 7.6 Hz, 2H), 7.16–7.08 

(m, 3H), 7.05 (d, J = 7.6 Hz, 2H), 5.49 (dd, J = 9.0 Hz, J = 4.8 Hz, 1H), 5.05(d, J = 4.8 Hz, 1H), 

2.36(s, 3H), 2.30(s, 3H); 13C NMR (100 MHz, CDCl3) δ 196.95, 167.44, 148.24, 140.67, 140.33, 

139.11, 134.52, 134.47, 133.76, 133.33, 132.54, 130.29, 129.71, 129.04, 128.11, 127.40, 123.58, 

123.15, 122.87, 62.71, 55.50, 21.50, 21.31; IR (KBr) νmax: 3299.5， 1682.9， 1639.4， 1602.2， 

1579.5， 1531.2， 1490.1， 1445.4， 835.4， 727.9， 693.1 cm−1; HRMS (ESI): m/z = 543.1375 

(calcd for C30H26N2O4
32S2+H+ = 543.1407); Elem. anal. calculated for C30H26N2O4S2: C 66.40, H 

4.83, N 5.16; found: C 65.94, H 4.69, N 5.00. 

S-p-tolyl 2-benzamido-3-(2,4-dichlorophenyl)-3-(p-tolylthio)propanethioate 4l  

95% yield, 84% ee, dr = 96/4 [Daicel Chiralcel AD-H, hexane/i-PrOH (90:10) , flow rate: 1.0 

mL·min-1, λ = 254 nm, t (major) = 14.944, t (minor) = 22.664 ]; [α]D
26 = -17.75 (c 1.38, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 7.83 (d, J = 7.6 Hz,, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.51 (t, J = 7.2 
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Hz, 2H), 7.45 (d, J = 8.4Hz, 1H), 7.39 (s, 1H), 7.32–7.25 (m, 2H), 

7.20–7.12 (m, 4H), 7.12–7.02 (m, 4H), 5.54 (d, J = 4.0 Hz, 1H), 

5.47 (dd, J = 8.6 Hz, J =4.4 Hz, 1H), 2.35 (s, 3H), 2.31 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ
13C NMR (101 MHz, CDCl3) δ 196.66, 

167.19, 140.13, 138.67, 134.66, 134.57, 134.42, 134.31, 133.44, 

133.21, 133.14, 132.41, 130.55, 130.19, 129.62, 128.97, 128.56, 

127.48, 127.37, 123.03, 61.89, 51.97, 21.50, 21.31; IR (KBr) νmax: 3300.4, 1702.6, 1645.1, 1584.4, 

1581.7, 1474.4, 863.1, 808.0, 708.3 cm−1; HRMS (ESI): m/z = 566.0776 (calcd for 

C30H25
35Cl2NO2

32S2+H+ = 566.0777); Elem. anal. calculated for C30H25Cl2NO2S2: C 63.60, H 4.45, 

N 2.47; found: C 63.47, H 4.46, N 2.58. 

S-4-isopropylphenyl 2-benzamido-3-(3-bromophenyl)-3-(4-isopropylphenylthio)propane 

thioate 4m  

96% yield, 84% ee, dr = 92/8 [Daicel Chiralcel AD-H, hexane/i-PrOH 

(80:20) , flow rate: 1.0 mL·min-1, λ = 254 nm, t (major) = 7.999, t (minor) 

= 10.490 ]; [α]D
26 = -31.40 (c 1.00, CHCl3); 

1H NMR (400 MHz, CDCl3): 

δ 7.84 (d, J = 7.6 Hz,, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.53–7.44 (m, 3H), 

7.39 (d, J = 7.6 Hz, 1H), 7.30 (m, 3H), 7.24–7.06 (m, 8H), 5.43 (dd, J = 

8.8 Hz, J =5.6 Hz, 1H), 4.88 (d, J = 5.2 Hz, 1H), 3.10–2.70 (m, 2H), 

1.25–1.15 (m, 12H); 13C NMR (100 MHz, CDCl3) δ 197.17, 167.29, 150.76, 149.52, 140.72, 

134.53, 133.57, 133.46, 132.35, 131.60, 131.26, 130.33, 129.25, 128.95, 127.59, 127.55, 127.41, 

126.92, 123.47, 122.68, 62.95, 55.52, 34.06, 33.90, 23.98, 23.93; IR (KBr) νmax: 3264.4, 2959.3, 

1689.2, 1638.9, 1598.6, 1579.7, 1527.4, 1487.6, 889.2, 825.3, 690.1 cm−1; HRMS (ESI): m/z 

=632.1287 (calcd for C34H34
80BrNO2

32S2+H+ = 632.1287); Elem. anal. calculated for 

C34H34BrNO2S2: C 64.55, H 5.42, N 2.21; found: C 64.31, H 5.30, N 2.30. 

S-4-chlorophenyl 2-benzamido-3-(4-chlorophenylthio)-3-(3-methoxyphenyl)propanethioate 

4n  

98% yield, 82% ee, dr = 94/6 [Daicel Chiralcel OD-H, hexane/i-PrOH (90:10) , flow rate: 1.0 

mL·min-1, λ = 254 nm, t (minor) = 14.912, t (major) = 16.990 ]; [α]D
26 = -25.60 (c 0.75, CHCl3); 

1H NMR (400 MHz, CDCl3): δ 7.84 (d, J = 7.6 Hz,, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.51 (t, J = 7.2 

Hz, 2H), 7.43–7.30 (m, 4H), 7.25–7.18 (m, 3H), 7.14 (d, J = 8.8 Hz, 1H), 7.06 (d, J = 8.0 Hz, 2H), 
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6.99–6.87 (m, 2H), 6.82 (d, J = 8.0 Hz, 1H), 5.46 (dd, J = 8.8 Hz, J 

=5.2 Hz, 1H), 4.96 (d, J = 4.8 Hz, 1H), 3.73 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 196.67, 167.22, 159.90, 139.00, 136.20, 135.75, 

134.41, 134.21, 133.34, 132.47, 131.46, 129.95, 129.58, 129.41, 

128.98, 127.35, 125.26, 120.60, 114.13, 113.80, 63.01, 55.61, 55.33; 

IR (KBr) νmax: 3286.6, 1702.5, 1643.3, 1598.9, 1524.4, 1474.9, 899.1, 861.3, 747.6, 692.1 cm−1; 

HRMS (ESI): m/z =568.0569 (calcd for C29H23
35Cl2NO3

32S2+H+ = 568.0569); Elem. anal. 

calculated for C29H23Cl2NO3S2: C 61.26, H 4.08, N 2.46; found: C 61.14, H 4.13, N 2.56. 

S-4-bromophenyl 2-benzamido-3-(4-bromophenylthio)-3-(3-methoxyphenyl)propanethioate 

4o  

93% yield, 83% ee, dr = 95/5 [Daicel Chiralcel OD-H, hexane/i-PrOH 

(90:10) , flow rate: 1.0 mL·min-1, λ = 254 nm, t (minor) = 16.614, t 

(major) = 19.051 ]; [α]D
26 = -21.90 (c 0.79, CHCl3); 

1H NMR (400 MHz, 

CDCl3): δ 7.83 (d, J = 7.6 Hz,, 2H), 7.59 (t, J = 7.2 Hz, 1H), 7.55–7. 43 

(m, 4H), 7.36 (d, J = 8.0 Hz, 2H), 7.31–7. 25 (m, 2H), 7.22 (t, J = 8.0 

Hz, 1H), 7.14 (d, J = 9.2 Hz, 1H), 6.99 (d, J = 8.0 Hz, 2H), 6.96–6.88 (m, 2H), 6.82 (d, J = 8.0 Hz, 

1H), 5.45 (dd, J = 8.8 Hz, J =5.2 Hz, 1H), 4.98 (d, J = 4.8 Hz, 1H), 3.73 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 196.57, 167.21, 159.91, 138.96, 135.99, 134.33, 133.32, 132.55, 132.49, 132.36, 

132.13, 129.99, 129.00, 127.35, 125.87, 124.52, 122.50, 120.56, 114.14, 113.76, 63.01, 55.41, 

55.34; IR (KBr) νmax: 3294.8, 1702.2, 1644.9, 1598.3, 1524.0, 1471.2, 1434.2, 864.2, 815.0, 696.1 

cm−1; HRMS (ESI): m/z = 657.9544 (calcd for C29H23
80Br2NO3

32S2+H+ = 657.9544); Elem. anal. 

calculated for C29H23Br2NO3S2: C 52.98, H 3.53, N 2.13; found: C 52.46, H 3.55, N 2.29. 
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4. X-ray data of chiral 4f 

Identification code               shelxl  

Empirical formula                 C28 H22 F N O2 S2  

Formula weight                    487.59  

Temperature                       293(2) K  

Wavelength                        0.71070 A  

Crystal system, space group       Triclinic,  P 1  

Unit cell dimensions              a = 5.3494(11) A   alpha = 73.698(13) deg.  

b = 10.901(2) A    beta = 82.129(15) deg.  

c = 11.123(2) A   gamma = 81.024(15) deg.  

Volume                            611.9(2) A^3  

Z, Calculated density             1,  1.323 Mg/m^3  

Absorption coefficient            0.251 mm^-1  

F(000)                            254  

Crystal size                      0.80 x 0.30 x 0.20 mm  

Theta range for data collection   3.09 to 25.35 deg.  

Limiting indices                  -6<=h<=5, -13<=k<=13, -13<=l<=13  

Reflections collected / unique    5973 / 3680 [R(int) = 0.0372]  

Completeness to theta = 25.35     99.1 %  

Absorption correction             Semi-empirical from equivalents  

Max. and min. transmission        0.951 and 0.533  

Refinement method                 Full-matrix least-squares on F^2  

Data / restraints / parameters    3680 / 3 / 312  

Goodness-of-fit on F^2            1.039  

Final R indices [I>2sigma(I)]     R1 = 0.0551, wR2 = 0.1300  

R indices (all data)              R1 = 0.0666, wR2 = 0.1424  

Absolute structure parameter      -0.11(10)  

Largest diff. peak and hole       0.259 and -0.463 e.A^-3 
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Figure S1. ORTEP drawing of 4f (40% thermal ellipsoids) 

 

Figure S2. Packing of moleculars in a unit cell for 4f. 

The crystal was prepared from the solution of 4f in petroleum ether/acetyl acetate/CHCl3. 

CCDC 862831 contains the supplementary crystallographic data for this paper. These data can be 

obtained free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data request/cif. 
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5. 1H NMR and 13C NMR spectra 
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6. HPLC spectra 
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