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Experimental Section 

General  

Starting materials and reagents were obtained from commercial sources and were used without 

further purification. Solvents were dried by distillation from the appropriate drying reagents 

immediately prior to use. All solvents used for routine isolation of products and chromatography 

were reagent grade. Moisture- and air-sensitive reactions were carried out under an atmosphere 

of argon. Reaction flasks were flame dried under a stream of argon gas, and glass syringes were 

oven dried at 120 °C prior to use.  

 Unless otherwise stated, concentration under reduced pressure refers to a rotary 

evaporator at water aspirator pressure. Residual solvent was removed by vacuum pump at a 

pressure less than 0.25 mm of mercury. 

 Analytical thin-layer chromatography (TLC) was conducted using precoated TLC plates 

(0.2 mm layer thickness of silica gel 60 F-254). Compounds were visualized by ultraviolet light 

and/or by heating the plate after dipping in a 3-5% solution of phosphomolybdic acid in ethanol, 

10% ammonium molybdate in water, a 1% solution of vanillin in 0.1 M sulfuric acid in methanol 

or 2.5% p-anisaldehyde in 88% ethanol, 5% water, 3.5% concentrated sulfuric acid and 1% 

acetic acid. Flash chromatography was performed with the indicated eluents on 230 - 400 mesh 

silica gel. 

 Optical rotations were measured with a polarimeter at ambient temperature using a 

0.9998 dm cell with 1 mL capacity. Infrared (IR) spectra were recorded on a FT-IR spectrometer. 

Proton and carbon nuclear magnetic resonance (NMR) spectra were obtained using either a 400, 

500 or 700 MHz spectrometer. All chemical shifts were reported in parts per million (ppm) 

downfield from tetramethylsilane using the δ scale. 
1
H NMR spectral data are reported in the 
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order: chemical shift, multiplicity (s = singlet, d = doublet, m = multiplet, and b = broad), 

coupling constant (J, in Hertz), and number of protons.  

 Low (MS) and high (HRMS) resolution mass spectra are reported with ion mass/charge 

(m/z) ratios as values in atomic mass units. 

             

Representative Procedure for the Asymmetric Sulfa-Michael Addition of Thiols to Acyclic 

α,β-Unsaturated Ketones Catalyzed by Fe-salen Complex (+)-2e:  

To an oven-dried vial were added Fe-salen complex (+)-2e (13.2 mg, 0.02 mmol, 20 mol%) and 

enone (0.1 mmol) followed by anhydrous DCE (1 mL) and the resulting brown suspension was 

stirred at room temperature for 10 min. To the suspension at -5 
o
C was added the thiol (0.12 

mmol) and the mixture was stirred at that temperature for the length of time specified in Tables 

4-5. The reaction mixture was concentrated under reduced pressure and the resulting crude 

residue was purified by flash chromatography on silica gel (15% hexane/ether) to give the 

product. The enantiomeric excess of the pure product was determined by HPLC on a Daicel 

Chiralcel OD, AD, OJ, OD-H or AS-H column. 

A procedure at 5 mmol scale was carried out with (E)-pent-3-en-2-one (421 mg, 5 mmol) and p-

chlorobenzyl thiol (792 μL, 6 mmol) using (+)-2e (662.2 mg, 1.0 mmol, 1 mol%) in anhydrous 

DCE (50 mL). The SMA adduct was obtained in 96% yield and 94% ee. 

 (R)-3-(4-Chlorobenzylthio)-1,3-diphenylpropan-1-one (5) 
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Colorless oil; [α]D
27 

+ 211.0 (c 0.1, CHCl3), [lit.
1 

for (R) enantiomer  [α]D
25

 + 209 (c 1.0, CHCl3, 

96% ee)]; 98% ee [Chiralcel OD-H, hexane:i-propanol 80:20, 0.8 mL/min, 215 nm, tR (major) 

19.5 min, tR (minor) 24.0 min]; IR (neat) 2922, 1716, 1460, 1422, 1366, 1311, 1259, 1163, 1142, 

1047, 748 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 3.47-3.61 (m, 4H), 4.42 (s, 1H), 7.15 (J = 7.3 Hz, 

2H), 7.22-7.29  (m, 3H), 7.32-7.39 (m, 2H), 7.39-7.42 (m, 2H), 7.45-7.50 (m, 2H), 7.53-7.59 (m, 

1H), 7.78-7.92 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 34.1, 44.1, 45.6, 127.2, 128.0, 128.9, 

130.2, 133.2, 134.0, 136.4, 136.7, 141.8, 196.8. 

(R)-3-(Isopropylthio)-1,3-diphenylpropan-1-one (8a) 

 

Colorless oil; [α]D
27 

+ 127.6 (c 0.1, CHCl3), [lit.
1 

for (R) enantiomer  [α]D
25

 + 107 (c 1.0, CHCl3, 

80% ee)]; 94% ee [Chiralcel OD, hexane:i-propanol 90:10, 0.8 mL/min, 215 nm, tR (major) 21.6 

min, tR (minor) 25.5 min]; IR (neat) 3060, 2923, 1686, 1597, 1580, 1492, 1450, 1334, 1179, 979, 

749, 697, 649 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.15 (d, J = 6.8 Hz, 3H), 1.30 (d, J = 6.8 Hz, 

3H), 2.63-2.69 (m, 1H), 3.44-3.50 (m, 1H), 4.66-4.74 (m, 1H), 7.21-7.27 (m, 1H), 7.30-7.36 (m, 

2H), 7.48-7.52 (m, 4H), 7.59-7.63 (m, 1H), 7.92-8.00 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 

22.4, 22.7, 34.7, 43.5, 45.7, 127.1, 127.8, 128.1, 128.6, 133.2, 136.9, 142.7, 197.4. 

(R)-3-(Benzylthio)-1,3-diphenylpropan-1-one (8b) 
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Colorless oil; [α]D
25 

+ 139.2 (c 0.14, CHCl3), [lit.
1 

for (R) enantiomer  [α]D
25

 + 139.7 (c 1.0, 

CHCl3, 96% ee)]; 97% ee [Chiralcel OD, hexane:i-propanol 70:30, 0.8 mL/min, 215 nm, tR 

(major) 40.7 min, tR (minor) 45.9 min]; IR (neat) 3059, 1685, 1493, 1408, 1255, 1073, 1027, 

980, 750, 696 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 3.53-3.57 (m, 1H), 3.59-3.62 (m, 1H), 3.63- 

3.70 (m, 2H), 4.54 (t, J = 7.2 Hz, 1H), 7.29-7.32 (m, 3H), 7.35-7.38 (m, 2H), 7.39-7.42 (m, 3H), 

7.45-7.51 (m, 4H), 7.58-7.61 (m, 1H), 7.92 (d, J = 7.4 Hz, 2H); 
13

C NMR (175 MHz, CDCl3) δ 

35.9, 44.2, 45.3, 127.0, 127.3, 128.1, 128.4, 128.5, 128.6, 133.2, 136.8, 137.9, 141.8, 196.8. 

(R)-4-(Isopropylthio)-4-phenylbutan-2-one (8c) 

 

Colorless oil; [α]D
25 

+ 107.6 (c 0.1, CHCl3); 97% ee [Chiralcel OD, hexane:i-propanol 70:30, 1.0 

mL/min, 215 nm, tR (major) 9.7 min, tR (minor) 10.4 min]; IR (neat) 3028, 2924, 1717, 1492, 

1361, 1152, 1021, 699, 534 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.11 (d, J = 6.5 Hz, 3H), 1.28 

(d, J = 6.5 Hz, 3H), 2.08 (s, 3H), 2.59-2.64 (m, 1H), 2.91-2.98 (m, 2H), 4.50-4.54 (m, 1 H), 7.21-

7.26 (m, 1H), 7.29-7.35 (m, 2H), 7.39-7.45 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 22.4, 22.7, 

30.7, 34.2, 43.9, 50.8, 128.7, 129.1, 129.6, 143.1, 205.7; HRMS (EI) calcd for C13H18OS m/z 

222.1078, found 222.1074. 

(R)-4-(Benzylthio)-4-phenylbutan-2-one (8d) 
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Colorless oil; [α]D
25 

+ 183.9 (c 0.1, CHCl3), [lit.
2 

for (S) enantiomer  [α]D
25

 - 162.5 (c 1.0, CHCl3, 

85% ee)]; 96% ee [Chiralcel OD, hexane:i-propanol 70:30, 1.0 mL/min, 215 nm, tR (major) 13.0 

min, tR (minor) 16.2 min]; IR (neat) 3060, 2917, 1716, 1493, 1359, 1154, 1024, 762, 698, 531 

cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 2.06 (s, 3H), 2.95-3.03 (m, 2H), 3.50 (AB system, J = 13.3 

Hz, 2H), 4.26 (t, J = 7.2 Hz, 1H), 7.23-7.29 (m, 3H), 7.32-7.41 (m, 7H); 
13

C NMR (175 MHz, 

CDCl3) δ 30.3, 35.6, 44.2, 50.9, 127.4, 127.7, 127.9, 128.4, 128.5, 128.9, 138.6, 141.5, 207.4. 

 

(R)-4-((4-Chlorobenzyl)thio)-4-phenylbutan-2-one (8e) 

 

Colorless oil; [α]D
25 

+ 199.3 (c 0.1, CHCl3); 97% ee [Chiralcel AD, hexane:i-propanol 85:15, 0.8 

mL/min, 215 nm, tR (major) 18.9 min, tR (minor) 23.7 min]; IR (neat) 3028, 2919, 1716, 1598, 

1490, 1452, 1092, 1015, 833, 699 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 2.06 (s, 3H), 2.90-3.00 

(m, 2H), 3.50 (AB system, J = 13.2 Hz, 2H), 4.23 (t, J = 7.3 Hz, 1H), 7.16-7.20 (m, 2H), 7.27-

7.33 (m, 3H), 7.37-7.42 (m, 4H); 
13

C NMR (175 MHz, CDCl3) δ 30.2, 35.2, 43.4, 50.3, 128.9, 

129.2, 129.4, 129.7, 130.4, 132.3, 138.8, 142.7, 207.3; HRMS (EI) calcd for C17H17ClOS m/z 

304.0689, found 304.0687. 

(R)-4-(Isopropylthio)-4-(3-methoxyphenyl)butan-2-one (8f) 
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Colorless oil; [α]D
25 

+ 117.7 (c 0.12, CHCl3); 95% ee [Chiralcel OD, hexane:i-propanol 85:15, 

0.8 mL/min, 215 nm, tR (major) 15.0 min, tR (minor) 18.9 min]; IR (neat) 2959, 2921, 1716, 

1599, 1261, 1153, 1046, 873, 697 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.13 (d, J = 6.6 Hz, 3H), 

1.27 (d, J = 6.6 Hz, 3H), 2.11 (s, 3H), 2.59-2.65 (m, 1H), 2.90-2.99 (m, 2H), 3.84 (s, 3 H), 4.37 

(t, J = 7.3 Hz, 1H), 6.75-6.83 (m, 1H), 6.90-7.0 (m, 2H), 7.21-7.29 (m, 1H); 
13

C NMR (175 

MHz, CDCl3) δ 22.5, 22.7, 30.7, 34.9, 43.9, 50.9, 55.3, 113.2, 113.7, 120.6, 130.1, 143.1, 160.2, 

207.4; HRMS (EI) calcd for C14H20O2S m/z 252.1184, found 252.1186. 

(R)-4-(Isopropylthio)-4-(4-methoxyphenyl)butan-2-one (8g) 

 

Colorless oil; [α]D
25 

+ 119.0 (c 0.14, CHCl3); 92% ee [Chiralcel AD, hexane:i-propanol 80:20, 

0.8 mL/min, 215 nm, tR (major) 13.2 min, tR (minor) 15.0 min]; IR (neat) 2958, 2926, 1716, 

1610, 1461, 1175, 1035, 831, 805 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.10 (d, J = 6.5 Hz, 3H), 

1.29 (d, J = 6.5 Hz, 3H), 2.06 (s, 3H), 2.50-2.61 (m, 1H), 2.89-2.98 (m, 2H), 3.82 (s, 3 H), 4.38 

(t, J = 6.9 Hz, 1H), 6.85 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H); 
13

C NMR (175 MHz, 

CDCl3) δ 22.3, 22.5, 30.6, 34.5, 43.3, 50.2, 55.3, 114.1, 129.6, 134.8, 159.3, 207.9; HRMS (EI) 

calcd for C14H20O2S m/z 252.1184, found 252.1194. 
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(R)-4-(Cyclohexylthio)-4-(4-(trifluoromethyl)phenyl)butan-2-one (8h) 

 

Colorless oil; [α]D
25 

+ 157.7 (c 0.27, CHCl3); 98% ee [Chiralcel OD-H, hexane:i-propanol 70:30, 

1.0 mL/min, 215 nm, tR (major) 7.9 min, tR (minor) 9.2 min]; IR (neat) 2930, 1718, 1418, 1163, 

1016, 837, 604 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.08-1.79 (m, 10H), 1.88-2.00 (m, 1H), 2.08 

(s, 3H), 2.33-2.41 (m, 1H), 2.89-3.02 (m, 2H), 4.47 (t, J = 7.2 Hz, 1H), 7.48 (d, J = 7.8 Hz, 2H), 

7.53 (d, J = 7.8 Hz, 2H); 
13

C NMR (175 MHz, CDCl3) δ 25.4, 25.5, 30.8, 31.9, 32.0, 40.8, 41.3, 

50.7, 123.1, 126.2, 129.1, 129.6 (q, J = 35.2 Hz), 139.3, 206.8; HRMS (EI) calcd for C17H21OSF3 

m/z 330.1265, found 330.1263. 

(R)-3-(Butylthio)-3-(4-chlorophenyl)-1-phenylpropan-1-one (8i) 

 

Colorless oil; [α]D
25 

+ 204.7 (c 0.1, CHCl3); 93% ee [Chiralcel OJ, hexane:i-propanol 70:30, 1.0 

mL/min, 215 nm, tR (major) 14.6 min, tR (minor) 17.2 min]; IR (neat) 2957, 2871, 1686, 1448, 

1351, 1226, 1091, 981, 821, 754, 689, 544 cm
-1

; 
1
H NMR (500 MHz, CDCl3) δ 0.83 (t, J = 7.3 

Hz, 3H), 1.20-1.40 (m, 2H), 1.40-1.55 (m, 2H), 2.31-2.41 (m, 2H), 3.52 (d, J = 7.2 Hz, 2H), 4.31 

(t, J = 7.2 Hz, 1H), 7.30 (d, J = 7.9 Hz, 5H), 7.39 (d, J = 7.9 Hz, 2H), 7.41-7.49 (m, 2H), 7.51-
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7.62 (m, 1H), 7.92 (d, J = 8.1 Hz, 2H); 
13

C NMR (175 MHz, CDCl3) δ 13.3, 21.9, 30.8, 43.2, 

45.8, 128.3, 128.9, 129.2, 134.6, 135.1, 137.3, 140.9, 198.2; HRMS (EI) calcd for C19H21OSCl 

m/z 332.1002, found 332.1010. 

(R)-3-(4-Chlorophenyl)-3-((2-hydroxyethyl)thio)-1-phenylpropan-1-one (8j) 

 

Colorless oil; [α]D
25 

+ 173.8 (c 0.1, CHCl3); 96% ee [Chiralcel OD, hexane:i-propanol 80:20, 1.0 

mL/min, 215 nm, tR (major) 25.2 min, tR (minor) 31.3 min]; IR (neat) 3370 (broad), 2970, 1700, 

1456, 1242, 1079, 906, 755 cm
-1

; 
1
H NMR (500 MHz, CDCl3) δ 2.59 (s, 2H), 3.48-3.51 (m, 1H), 

3.58-3.61 (m, 1H), 3.66-3.71 (m, 1H), 3.88-3.93 (m, 2H), 4.51 (t, J = 7.2 Hz, 1H), 7.30-7.36 (m, 

2H), 7.39-7.42 (m, 2H), 7.46-7.50 (m, 2H), 7.58-7.61 (m, 1H), 7.92-7.96 (m, 2H); 
13

C NMR 

(175 MHz, CDCl3) δ 34.5, 43.6, 45.3, 60.3, 128.7, 129.1, 129.6, 129.9, 133.2, 133.6, 137.1, 

140.9, 198.1; HRMS (EI) calcd for C17H18O2SCl m/z 321.0716, found 321.0729. 

(R)-3-(Butylthio)-3-(2,6-dichlorophenyl)-1-phenylpropan-1-one (8k) 

 

Colorless oil; [α]D
25 

+ 197.1 (c 0.1, CHCl3); 96% ee [Chiralcel OJ, hexane:i-propanol 90:10, 1.0 

mL/min, 215 nm, tR (major) 34.3 min, tR (minor) 41.5 min]; IR (neat) 2956, 2870, 1687, 1433, 
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1358, 1218, 1085, 983, 772, 689 cm
-1

; 
1
H NMR (500 MHz, CDCl3) δ 0.88 (t, J = 7.2 Hz, 3H), 

1.29-1.43 (m, 2H), 1.55-1.68 (m, 2H), 2.60-2.79 (m, 2H), 3.80-3.88 (m, 1H), 3.97-4.09 (m, 1H), 

5.52 (t, J = 7.2 Hz, 1H), 7.09-7.13 (m, 1H), 7.26-7.32 (m, 1H), 7.33-7.37 (m, 1H), 7.47-7.52 (m, 

2H), 7.56-7.62 (m, 1H), 7.96 (d, J = 8.1 Hz, 2H); 
13

C NMR (175 MHz, CDCl3) δ 13.0, 21.9, 

31.2, 32.0, 40.8, 42.3, 128.3, 128.9, 129.8, 133.8, 135.6, 135.8, 137.3, 138.9, 198.3; HRMS (EI) 

calcd for C19H20OSClNa (M+H) m/z 389.0510, found 389.0505. 

(R)-4-(Butylthio)-4-(2,4-dinitrophenyl)butan-2-one (8l) 

 

Colorless oil; [α]D
25 

+ 153.9 (c 0.1, CHCl3); 95% ee [Chiralcel OD-H, hexane:i-propanol 80:10, 

1.0 mL/min, 215 nm, tR (major) 21.8 min, tR (minor) 28.4 min]; IR (neat) 2958, 2930, 1708, 

1348, 1276, 1158, 1065, 910, 835, 740 cm
-1

; 
1
H NMR (500 MHz, CDCl3) δ 0.91 (t, J = 7.3 Hz, 

3H), 1.34-1.42 (m, 2H), 1.49-1.56 (m, 2H), 2.36 (s, 3H), 2.38-2.44 (m, 1H), 2.50-2.58 (m, 1H), 

3.37-3.44 (m, 1H), 3.59-3.65 (m, 1H), 3.69-3.74 (m, 1H), 7.71 (d, J = 8.2 Hz, 1H), 8.40 (d, J = 

8.2 Hz, 1H), 8.83 (s, 1H); 
13

C NMR (175 MHz, CDCl3) δ 13.7, 21.9, 28.0, 29.9, 30.8, 32.4, 52.1, 

120.6, 128.1, 136.5, 141.2, 147.0, 149.8, 204.1; HRMS (EI) calcd for C14H18N2O5S m/z 

326.0936, found 326.0937. 

(R)-4-(4-Hydroxy-3-methoxyphenyl)-4-(isopropylthio)butan-2-one (8m) 
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Colorless oil; [α]D
25 

+ 162.0 (c 0.1, CHCl3); 96% ee [Chiralcel AD, hexane:i-propanol 85:15, 0.8 

mL/min, 215 nm, tR (major) 23.8 min, tR (minor) 30.2 min]; IR (neat) 3432 (broad), 2960, 2926, 

1711, 1600, 1462, 1363, 1269, 1153, 1122, 1033, 818, 792 cm
-1

; 
1
H NMR (500 MHz, CDCl3) δ 

1.12 (d, J = 6.8 Hz, 3H), 1.27 (d, J = 6.8 Hz, 3H), 2.09 (s, 3H), 2.58-2.69 (m, 1H), 2.87-2.98 (m, 

2H), 3.89 (s, 3 H), 4.36 (t, J = 6.9 Hz, 1H), 6.80-6.89 (m, 2H), 6.92 (s, 1H); 
13

C NMR (175 MHz, 

CDCl3) δ 22.7, 22.9, 30.5, 34.5, 43.3, 50.3, 56.8, 110.4, 114.9, 120.6, 135.3, 146.1, 148.0, 208.1; 

HRMS (EI) calcd for C14H20O3S m/z 268.1133, found 268.1134. 

(R)-1-(Furan-2-yl)-3-(isopropylthio)-3-(naphthalen-1-yl)propan-1-one (8n) 

 

Colorless oil; [α]D
25 

+ 206.3 (c 0.1, CHCl3); 97% ee [Chiralcel AD, hexane:i-propanol 70:30, 1.0 

mL/min, 215 nm, tR (major) 8.6 min, tR (minor) 9.9 min]; IR (neat) 3442, 2958, 2923, 1672, 

1467, 1394, 1159, 1050, 981, 883, 776 cm
-1

; 
1
H NMR (500 MHz, CDCl3) δ 1.17 (d, J = 6.9 Hz, 

3H), 1.22 (d, J = 6.9 Hz, 3H), 2.78-2.88 (m, 1H), 3.03-3.16 (m, 2H), 3.49-3.68 (m, 1H), 6.48-

6.55 (m, 1H), 7.13-7.19 (m, 1H), 7.46-7.57 (m, 2H), 7.59-7.63 (m, 2H), 7.76-7.84 (m, 1H), 7.86-

7.99 (m, 2H), 8.37 (s, 1H); 
13

C NMR (175 MHz, CDCl3) δ 21.9, 22.0, 32.5, 41.9, 44.2, 111.9, 
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117.3, 120.8, 123.9, 125.8, 125.9, 126.3, 127.2, 128.7, 130.8, 134.1, 138.3, 147.1, 152.2, 201.3; 

HRMS (EI) calcd for C20H20O2S m/z 324.1184, found 324.1193. 

(R)-3-(Isopropylthio)-3-(naphthalen-1-yl)-1-(thiophen-2-yl)propan-1-one (8o) 

 

Colorless oil; [α]D
25 

+ 218.7 (c 0.1, CHCl3); 94% ee [Chiralcel AD, hexane:i-propanol 80:20, 0.8 

mL/min, 215 nm, tR (major) 13.0 min, tR (minor) 15.1 min]; IR (neat) 2959, 2922, 1660, 1453, 

1414, 1355, 1237, 1060, 931, 858, 795, 776, 725 cm
-1

; 
1
H NMR (500 MHz, CDCl3) δ 1.18 (d, J 

= 6.9 Hz, 3H), 1.22 (d, J = 6.9 Hz, 3H), 2.81-2.91 (m, 1H), 3.09-3.18 (m, 2H), 3.54-3.70 (m, 

1H), 7.09-7.14 (m, 1H), 7.45-7.59 (2H), 7.60-7.67 (m, 2H), 7.69-7.74 (m, 1H), 7.77-7.83 (m, 

1H), 7.88-7.95 (m, 2H), 8.49 (s, 1H); 
13

C NMR (175 MHz, CDCl3) δ 21.7, 21.9, 32.7, 40.7, 42.9, 

120.4, 126.7, 126.8, 127.2, 128.1, 128.2, 129.6, 130.9, 132.3, 134.7, 135.9, 139.0, 142.2, 145.9, 

200.9; HRMS (EI) calcd for C20H20OS2 m/z 340.0956, found 340.0949. 

(S)-4-(Benzylthio)pentan-2-one (8p) 

 

Colorless oil; [α]D
25 

+ 7.9 (c 0.1, CHCl3); 96% ee [Chiralcel OD, hexane:i-propanol 92:8, 0.8 

mL/min, 215 nm, tR (major) 14.4 min, tR (minor) 16.9 min]; IR (neat) 2962, 2922, 1714, 1494, 

1359, 1158, 1070, 1028, 769 cm
-1

; 
1
H NMR (500 MHz, CDCl3) δ 1.29 (d, J = 6.8 Hz, 3H), 2.10 
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(s, 3H), 2.52-2.58 (m, 1H), 2.67-2.75 (m, 1H), 3.13-3.22 (m, 1H), 3.74-3.80 (m, 2H), 7.20-7.26 

(m, 1H), 7.32-7.39 (m, 4H); 
13

C NMR (175 MHz, CDCl3) δ 21.3, 30.9, 35.3, 35.8, 51.0, 127.7, 

129.3, 129.4, 139.2, 208.8; HRMS (EI) calcd for C12H16OS m/z 208.0922, found 208.0919. 

(S)-4-((4-Chlorobenzyl)thio)pentan-2-one (8q) 

 

Colorless oil; [α]D
25 

+ 10.5 (c 0.1, CHCl3); 93% ee [Chiralcel OD, hexane:i-propanol 92:8, 0.8 

mL/min, 215 nm, tR (major) 19.3 min, tR (minor) 22.5 min]; IR (neat) 2963, 2924, 1714, 1490, 

1359, 1280, 1159, 1092, 1014, 962, 832, 747 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 1.28 (d, J = 

6.8 Hz, 3H), 2.12 (s, 3H), 2.52-2.59 (m, 1H), 2.67-2.73 (m, 1H), 3.11-3.20 (m, 1H), 3.71-3.79 

(m, 2H), 7.28-7.33 (m, 4H); 
13

C NMR (175 MHz, CDCl3) δ 22.0, 30.6, 35.3, 35.9, 51.1, 128.9, 

130.0, 134.1, 139.0, 208.7; HRMS (EI) calcd for C12H15OClS m/z 242.0532, found 242.0530.  

(S)-4-(Phenylthio)pentan-2-one (8r) 

 

Colorless oil; [α]D
25 

+ 14.6 (c 0.1, CHCl3); 98% ee [Chiralcel OD, hexane:i-propanol 98:2, 0.8 

mL/min, 215 nm, tR (major) 14.5 min, tR (minor) 17.1 min]; IR (neat) 2968, 2925, 1715, 1583, 

1476, 1360, 1157, 1091, 1024, 748, 693 cm
-1

; 
1
H NMR (500 MHz, CDCl3) δ 1.30 (d, J = 6.7 Hz, 

3H), 2.14 (s, 3H), 2.52-2.62 (m, 1H), 2.72-281 (m, 1H), 3.67-3.80 (m, 1H), 7.21-7.32 (m, 3H), 
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7.42-7.49 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 20.9, 30.8, 38.9, 50.6, 128.5, 129.6, 143.0, 

144.8, 208.9. 

(S)-4-(Benzylthio)decan-2-one (8s) 

 

Colorless oil; [α]D
25 

+ 19.3 (c 0.1, CHCl3); 98% ee [Chiralcel OD, hexane:i-propanol 90:10, 1.0 

mL/min, 215 nm, tR (major) 6.1 min, tR (minor) 9.1 min]; IR (neat) 3028, 2927, 2856, 1716, 

1494, 1454, 1359, 1154, 1070, 960, 766, 701 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 0.91 (t, J = 7.3 

Hz, 3H), 1.22-1.48 (m, 10H), 2.09 (s, 3H), 2.59-2.63 (m, 1H), 2.65-2.72 (m, 1H), 3.04-3.09 (m, 

1H), 3.70-3.79 (m, 2H), 7.21-7.26 (m, 1H), 7.30-7.39 (m, 4H); 
13

C NMR (175 MHz, CDCl3) δ 

14.1, 22.7, 26.4, 27.8, 30.0, 31.6, 34.9, 35.2, 40.8, 50.5, 128.4, 129.5, 129.8, 139.2, 208.7; 

HRMS (EI) calcd for C17H26OS m/z 278.1704, found 278.1695. 

Methyl 2-((E)-3-(3-((E)-2-(7-chloroquinolin-2-yl)vinyl)phenyl)acryloyl)benzoate (10) 

 

To a mixture of 7-chloroquinaldine (17.7 mg, 0.1 mmol) and 1,3-benzene dicarboxaldehyde 

(13.4 mg, 0.1 mmol) in dry toluene (2 mL) was added p-toluenesulfonamide (17.1 mg, 0.1 

mmol) and the mixture was heated to reflux for 24 h. To the mixture was added a solution of 

methyl 2-acetylbenzoate (19.6 mg, 1.1 mmol) in toluene (0.5 mL) and reflux was continued for 
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an additional 16 h. The reaction mixture was concentrated under reduced pressure and the 

resulting crude residue was purified by flash chromatography on silica gel (5% ethyl 

acetate/hexane) to give the product (39 mg, 86% yield) as yellow solid; mp 119-120 
o
C; IR 

(neat) 3049, 2958, 2923, 2853, 1716, 1597, 1461, 1361, 1261, 797, 777, 736 cm
-1

; 
1
H NMR (700 

MHz, CDCl3) δ 3.91 (s, 3H), 7.42-7.51 (m, 4H), 7.59-7.64 (m, 2H), 7.67-7.74 (m, 2H), 7.76-7.81 

(m, 2H), 7.83-7.86 (m, 2H), 7.88-7.91 (m, 1H), 7.93-7.98 (m, 1H), 8.11-8.15 (m, 1H), 8.16-8.21 

(m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 50.9, 123.4, 125.3, 125.4, 127.6, 128.2, 128.4, 128.5, 

128.6, 128.8, 129.0(x2), 129.2, 129.3, 129.6(x2), 133.1, 133.5, 134.5, 137.1, 138.6, 140.9, 142.8, 

142.9, 144.9, 158.0, 161.6, 189.8; HRMS (EI) calcd for C28H21O3NCl m/z 454.1210, found 

454.1202. 

(R,E)-2-(1-(((1-(3-(2-(7-Chloroquinolin-2-yl)vinyl)phenyl)-3-(2-(methoxycarbonyl)phenyl)-

3-oxopropyl)thio)methyl)cyclopropyl)acetic acid (21) 

  

Pale yellow solid; mp 129-130 
o
C; [α]D

25 
+93.3 (c 0.1, MeOH); 98% ee [Chiralcel AS-H, 

hexane:i-propanol 82:18, 0.8 mL/min, 215 nm, tR (major) 20.7 min, tR (minor) 27.3 min]; IR 

(neat) 3000 (broad), 1770, 1722, 1701, 1434, 1390, 1283, 1198, 1133, 1066, 982, 829, 764, 709 

cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 0.99-1.12 (m, 4H), 2.33-2.42 (m, 2H), 2.51-2.60 (m, 2H), 

3.35-3.42 (m, 2H), 3.88-3.92 (m, 1H), 4.03 (s, 3H), 7.39-7.48 (m, 3H), 7.58-7.61 (m, 1H), 7.62-

7.65 (m, 1H), 7.68-7.73 (m, 1H), 7.75-7.80 (m, 1H), 7.80-7.84 (m, 1H), 7.85-7.90 (m, 1H), 8.01-

8.06 (m, 2H), 8.06-8.12 (m, 4H); 
13

C NMR (175 MHz, CDCl3) δ 12.3, 17.6, 38.7, 40.9, 46.6, 

49.7, 119.9, 126.1, 126.4, 127.7, 128.2, 129.0, 129.1, 129.3, 129.8, 130.4, 130.5, 131.0, 133.2, 
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134.8, 134.9, 135.2, 135.3, 137.8, 138.2, 138.4, 138.7, 139.1, 139.3, 149.3, 157.7, 169.1, 179.3, 

199.9; HRMS (EI) calcd for C34H31O5NSCl m/z 600.1611, found 600.1614. 

(R,E)-2-(1-(((1-(3-(2-(7-Chloroquinolin-2-yl)vinyl)phenyl)-3-(2-(2-hydroxypropan-2-

yl)phenyl)propyl)thio)methyl)cyclopropyl)acetic acid (9) 

  

To a solution of 21 (38 mg, 0.06 mmol) in MeOH (1.5 mL) at 25 
o
C was added tosylhydrazine 

(14.2 mg, 0.08 mmol) and the mixture was stirred for 6 h. To the reaction mixture at room 

temperature was added sodium borohydride (5 mg, 0.13 mmol) and the mixture was stirred for 

an additional 3 h. Saturated NH4Cl was added to the reaction mixture and subsequently extracted 

in ethyl acetate (2x50 mL). The organic layer was dried (anhyd. Na2SO4) and evaporated to 

achieve crude 23 (45 mg). To a solution of crude 23 (45 mg) in anhydrous THF (3 mL) at 0 
o
C 

was added methylmagnesium bromide (126 μL, 0.38 mmol, 3M in Et2O) dropwise. After the 

addition was over the mixture was allowed to warm to room temperature and was stirred for an 

additional 2 h. Saturated NH4Cl was added to the reaction mixture and subsequently extracted in 

ethyl acetate (3x50 mL). The crude residue was purified by flash chromatography on silica gel 

(15% ether/hexane) to give the product (32 mg, 87% yield) as yellow solid; mp 147-148 
o
C, [lit.

3
 

145-148 
o
C]; [α]D

26 
+ 101.4 (c 0.5, MeOH), [lit.

3 
for (S) enantiomer  [α]D

25
 + 102 (c 1.0, CHCl3)]; 

IR (neat) 3440 (broad), 1762, 1708, 1436, 1309, 1259, 1190, 1118, 1070, 1026, 997, 750, 721, 

695 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 0.41-0.52 (m, 4H), 1.37 (s, 6H), 2.02-2.16 (m, 2H), 

2.29-2.42 (m, 2H), 2.62-2.71 (m, 2H), 3.01-3.10 (m, 1H), 3.24-3.32 (m, 1H), 3.79-3.88 (m, 1H), 

7.20-7.29 (m, 2H), 7.32-7.38 (m, 1H), 7.40-7.45 (m, 1H), 7.51-7.55 (m, 1H), 7.57-7.63 (m, 5H), 
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7.67-7.73 (m, 1H), 7.73-7.77 (m, 1H), 7.79-7.85 (m, 1H), 7.90-7.96 (m, 2H); 
13

C NMR (175 

MHz, CDCl3) δ 12.3, 17.3, 31.6, 31.7, 39.7, 40.9, 44.4, 45.2, 74.3, 119.9, 126.8, 127.7, 128.4, 

128.6, 129.0, 129.4, 129.7, 129.8, 132.0, 132.9, 134.5, 135.6, 138.1, 138.4, 139.1, 140.3, 141.0, 

141.7, 142.3, 144.2, 146.9, 159.1, 157.3, 179.8. 

(3S,4R)-4-(Benzylthio)-3-methyl-4-phenylbutan-2-one (25a) 

 

Colorless oil; syn:anti > 23:1; 98% ee [Chiralcel OD-H, hexane:i-propanol 95:5, 0.8 mL/min, 

215 nm, tR (syn, major) 15.4 min, tR (syn, minor) 18.3 min]; [α]D
25 

+ 160.2 (c 0.1, CHCl3) [lit.
4 

for (3R,4S) enantiomer  [α]D
25

 - 140.7 (c 0.55, CHCl3, 85% ee)]; IR (neat) 3060, 3027, 2970, 

2928, 1714, 1665, 1492, 1452, 1357, 1244, 1215, 1157, 1073, 698 cm
-1

; 
1
H NMR (700 MHz, 

CDCl3) δ 0.82 (d, J = 5.6 Hz, 3H, minor), 1.24 (d, J = 6.0 Hz, 3H, major), 1.82 (s, 3H, major), 

2.08 (s, 3H, minor), 2.98-3.07 (m, 1H), 3.34 (d, J = 13.1 Hz, 1H), 3.48 (d, J = 13.1 Hz, 1H), 3.97 

(d, J = 10.2 Hz, 1H), 7.16-7.28 (m, 8H), 7.42-7.50 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 16.3, 

29.6, 35.9, 52.4, 52.8, 127.1, 127.5, 128.5, 128.7, 129.0, 129.1, 137.7, 140.9, 210.1; HRMS (EI) 

calcd for C18H20OS m/z 284.1235, found 284.1232. 

(3S,4R)-4-(Benzylthio)-4-(4-chlorophenyl)-3-methylbutan-2-one (25b) 



S18 
 

 

Colorless oil; syn:anti > 31:1; 96% ee [Chiralcel AS-H, hexane:i-propanol 95:5, 0.8 mL/min, 215 

nm, tR (syn, major) 19.5 min, tR (syn, minor) 22.6 min]; [α]D
25 

+ 148.2 (c 0.1, CHCl3); IR (neat) 

3061, 3028, 2969, 2928, 1714, 1600, 1491, 1453, 1409, 1355, 1233, 1157, 1090, 1070, 1013, 

822, 764, 699 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 0.84 (d, J = 6.4 Hz, 3H, minor), 1.23 (d, J = 

7.4 Hz, 3H, major), 1.86 (s, 3H, major), 2.17 (s, 3H, minor), 2.91-3.00 (m, 1H), 3.36 (d, J = 12.9 

Hz, 1H), 3.45 (d, J = 12.9 Hz, 1H), 3.93 (d, J = 10.1 Hz, 1H), 7.18-7.22 (m, 2H), 7.25-7.40 (m, 

7H); 
13

C NMR (175 MHz, CDCl3) δ 14.3, 29.8, 35.1, 50.7, 52.3, 127.9, 128.3, 128.9, 129.2, 

130.0, 130.4, 138.8, 140.9, 200.1; HRMS (EI) calcd for C18H19OSCl m/z 318.0845, found 

318.0850. 

(2S,3S)-3-(Ethylthio)-4-methyl-1-phenyl-2-propylpentan-1-one (25c) 

 

Colorless oil; syn:anti > 50:1; 97% ee [Chiralcel OD-H, hexane:i-propanol 97:3, 0.8 mL/min, 

215 nm, tR (anti, minor) 22.3 min, tR (syn, minor) 26.4 min, tR (anti, major) 34.6 min, tR (syn, 

major) 39.8 min]; [α]D
25 

+ 37.5 (c 0.1, CHCl3); IR (neat) 2926, 2851, 1699, 1648, 14.86, 1437, 

1388, 1247, 1021, 757 cm
-1

; 
1
H NMR (700 MHz, CDCl3) δ 0.61 (d, J = 6.3 Hz, 3H), 0.72 (d, J = 

6.3 Hz, 3H), 0.83-1.07 (m, 4H), 1.22 (t, J = 7.1 Hz, 3H), 1.41-1.49 (m, 2H), 1.72-1.82 (m, 2H), 
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2.96-3.05 (m, 2H), 3.50 (d, J = 12.2 Hz, 1H), 3.83 (d, J = 12.2 Hz, 1H), 7.42-7.51 (m, 2H), 7.57-

7.61 (m, 1H), 7.98-8.04 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 12.9, 13.2 (x2), 19.8, 20.2, 

27.3, 31.6, 38.6, 49.6, 119.2, 119.8, 124.7, 138.3, 201.5; HRMS (EI) calcd for C17H27OS m/z 

279.1783, found 279.1789. 

(S)-2-((S)-Cyclohexyl(isopropylthio)methyl)-1-phenylpentan-1-one (25d) 

 

Colorless oil; syn:anti > 50:1; 96% ee [Chiralcel OD-H, hexane:i-propanol 92:8, 0.8 mL/min, 

215 nm, tR (syn, major) 16.1 min, tR (syn, minor) 19.2 min]; [α]D
25 

+ 29.3 (c 0.1, CHCl3); IR 

(neat) 3056, 2957, 2919, 1685, 1597, 1448, 1346, 1217, 1179, 1007, 977, 778, 689 cm
-1

; 
1
H 

NMR (700 MHz, CDCl3) δ 0.81-1.12 (m, 19H), 1.39-1.47 (m, 2H), 1.72-1.80 (m, 2H), 2.13-2.22 

(m, 2H), 3.18 (d, J = 12.5 Hz, 1H), 3.96 (d, J = 12.5 Hz, 1H), 7.43-7.49 (m, 2H), 7.54-7.58 (m, 

1H), 7.94-7.98 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 13.9, 22.7, 26.2 (x2), 26.6, 27.3, 30.9, 

46.9, 47.3, 39.0, 50.2, 128.8, 129.0, 134.0, 138.1, 200.8; HRMS (EI) calcd for C21H33OS m/z 

333.2252, found 333.2245. 

(2S,3S)-3-(Tert-butylthio)-1-phenyl-2-propylnonan-1-oneone (25e) 
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Colorless oil; syn:anti > 50:1; 95% ee [Chiralcel OD, hexane:i-propanol 97:3, 0.8 mL/min, 215 

nm, tR (syn, major) 21.3 min, tR (syn, minor) 25.0 min]; [α]D
25 

+ 17.0 (c 0.1, CHCl3); IR (neat) 

3058, 2923, 1685, 1597, 1448, 1346, 1019, 978, 778, 760, 690 cm
-1

; 
1
H NMR (700 MHz, 

CDCl3) δ 0.52-0.68 (m, 9H), 0.87-1.02 (m, 6H), 1.09-1.31 (m, 6H), 1.42-1.49 (m, 4H), 1.74-1.83 

(m, 4H), 2.98 (d, J = 11.8 Hz, 1H), 3.40 (d, J = 11.8 Hz, 1H), 7.46-7.52 (m, 2H), 7.56-7.61 (m, 

1H), 7.98-8.03 (m, 2H); 
13

C NMR (175 MHz, CDCl3) δ 14.2, 22.3, 24.1, 25.4, 25.9, 27.7, 28.9, 

29.6 (x2), 30.4, 32.4, 46.0, 53.4, 119.7, 120.4, 134.8, 139.5, 200.9; HRMS (EI) calcd for 

C22H36OS m/z 348.5932, found 348.5943. 

(S)-2-((R)-(Benzylthio)(naphthalen-1-yl)methyl)-6-methoxy-3,4-dihydronaphthalen-1(2H)-

one (25f) 

 

White solid; mp 105-106 
o
C; syn:anti > 50:1; 98% ee [Chiralcel OD, hexane:i-propanol 99:1, 0.8 

mL/min, 215 nm, tR (syn, minor) 47.4 min, tR (syn, major) 53.5 min]; [α]D
25 

+ 103.1 (c 0.1, 

CHCl3); IR (neat) 3440, 2922, 1669, 1599, 1493, 1250, 1123, 1023, 920, 778, 699 cm
-1

; 
1
H NMR 

(700 MHz, CDCl3) δ 2.02-2.09 (m, 1H), 2.17-2.25 (m, 1H), 2.67-2.73 (m, 1H), 2.84-2.93 (m, 

2H), 3.60-3.71 (m, 2H), 3.89 (s, 3H), 4.78 (d, J = 12.0 Hz, 1H), 6.57 (s, 1H), 6.86-6.92 (m, 1H), 

7.13-7.22 (m, 5H), 7.51-7.59 (m, 3H), 7.82 (d, J = 8.2 Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 8.09-

8.20 (m, 3H); 
13

C NMR (175 MHz, CDCl3) δ 22.5, 28.9, 37.3, 39.6, 53.0, 55.1, 113.2, 113.7, 

124.5, 126.1, 127.0, 127.2, 127.9 (x2), 128.1 (x2), 129.1, 129.3, 130.6, 130.9, 131.3, 135.5, 
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138.1, 138.9, 148.1, 165.3, 197.1; HRMS (EI) calcd for C29H26O2S m/z 438.1653, found 

438.1643. 
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