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GENERAL METHODS 

General Procedures 

All reactions were generally performed open air or in dried glassware under an atmosphere of dry N2. 

Reaction mixtures were stirred magnetically unless otherwise indicated and monitored by thin layer 

chromatography (TLC) on Merck precoated glass-backed silica gel 60 F-254 0.25 mm plates with 

visualization by fluorescence quenching at 254 nm. TLC plates were stained using potassium 

permanganate. Chromatography purification of products (flash column chromatography) was 

performed on silica gel 60 (70-230 mesh, Merck) using a forced flow of eluent at 0.3-0.5 bar. 

Concentration of reaction product solutions and chromatography fractions under reduced pressure 

was performed by rotary evaporation at 35-45oC at the appropriate pressure and then at rt, ca. 10 

mmHg (vacuum pump) unless otherwise indicated. 

Materials 

All chemicals, including dry solvents were purchased from Aldrich, Fluka, Acros, TCI, Merck, Strem, 

or Alfa Aesar and used as such unless stated otherwise. Yields given refer to chromatographically 

purified compounds unless otherwise demonstrated.  

Instrumentation 

 

Melting points were determined on a Sinoinstructment melting point apparatus. 1H NMR spectra 

were recorded on Bruker 300 MHz or Bruker 400 MHz spectrometer. 13C NMR spectra were 

recorded on Bruker 75 MHz or Bruker 100 MHz spectrometer. 13C NMR chemical shifts are 

expressed in parts per million () downfield from tetramethylsilane (with the central peak of CHCl3 at 

77.16 ppm used as standard). 1H NMR chemical shifts are expressed in parts per million () 

downfield from tetramethylsilane (with the peak of CHCl3 at 7.26 ppm used as standard; with the 

peak of benzene at 7. 36 ppm used as standard). All 13C spectra were measured with complete 

proton decoupling. NMR coupling constants (J) are reported in Hertz (Hz), and splitting patterns are 

indicated as follows: br, broad; s, singlet; d, doublet; dd, doublet of doublet; ddd, doublet of doublet of 

doublet; dt, doublet of triplet; t, triplet; q, quartet; m, multiplet. High resolution mass spectrometric 

measurements (HRMS) were performed by the AB SCIEX, Triple TOF 5600+. Enantiomeric 

excesses were determined by HPLC analysis on Shimadzu HPLC units, including the following 

instruments: pump, LC-16; detector, SPD-16; column, Daicel Chiralpak AD-H, OD-H, OJ-H, and IC. 
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Scheme 1. Catalyst screening
a
  

 

 
a
 Reactions were carried out with substrate 1a (0.1 mmol), catalyst (0.01 mmol), and DCDMH (0.12 

mmol) in CH2Cl2 (4 mL). The yield was isolated yield and the ee was determined by chiral HPLC. 
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Figure 1. 
1
H-NMR analysis of (DHQd)2PHAL and 1i  

 

Evaluation of antibacterial activity. 

The compounds were diluted in 10% DMSO and 2µL of the dilution was added to a 200µl 

reaction so that the final concentration of DMSO is 0.1% in all of reactions.  Minimum inhibitory 

concentrations (MIC) for  compounds   were  determined following Luria-Bertani broth dilution 

guidelines .  MIC values were determined as the lowest concentration of inhibitor to prevent visible 

Staphylococcus aureus growth after 18 h of incubation at 37 °C. OD550nm absorbance signal was 

measured using a multi-well spectrophotometer (Molecular Devices SpectraMax M5 microplate 

reader). 

The compounds  were diluted in 10% DMSO and 2µL of the dilution was added to a 200µl 

reaction so that the final concentration of DMSO is 0.1% in all of reactions.  Minimum inhibitory 

concentrations (MIC) for  compounds   were  determined following Luria-Bertani broth dilution 

guidelines.  MIC values were determined as the lowest concentration of inhibitor to prevent visible 

Staphylococcus aureus (MRSA) growth after 18 h of incubation at 37 °C. OD550nm absorbance signal 

was measured using a multi-well spectrophotometer (Molecular Devices SpectraMax M5 microplate 

reader). 

 

 

 

 

CD2Cl2 (DHQD)2PHAL 

(DHQD)2PHAL + 1i 

1i 
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Staphylococcus aureus MIC results table 

Compound MIC 

2h 1000 µg/ml 

4 33 µg/ml 

PhSSPh >1000 µg/ml 

 Benzylpenicilin sodium  0.003 µg/ml 

 

Staphylococcus aureus (MRSA) MIC results table 

Compound MIC 

2h 1000 µg/ml 

4 33 µg/ml 

 Benzylpenicilin sodium  0.1 µg/ml  

 

Table 1 Substrate Scope
a 

a
 Reactions were carried out with substrate 1 (0.1 mmol), (DHQD)2PHAL (0.005 mmol), and 

DCDMH (0.12 mmol) in CH2Cl2 (4 mL) at －10 
o
C. The yield is isolated yield and the ee was 

determined by chiral HPLC.  
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SYNTHESIS OF ALKENOL SUBSTRATES AND ASYMMETRIC 

CHLOROCYCLOETHERIFICATION REACTIONS 

 

General Procedure for the Synthesis of Alkenol Substrates. 

  

To a solution of A (2.0 mmol, 1.0 equiv) and Et3N (202.2 mg, 2.0 mmol, 1.0 equiv) in CH2Cl2 (5.0 

mL) was added B (2.0 mmol, 1.0 equiv) at room temperature. The mixture was then stirred for 2 h at 

room temperature. Water (10.0 mL) and EtOAc (15.0 mL) were added. The organic layer was 

washed with water, and dried over magnesium sulfate. Concentration of the organic layer offered the 

crude product C, which was used without further purification. 

To a solution of C (1.0 mmol, 1.0 equiv) and K2CO3 (138.0 mg, 1.0 mmol, 1.0 equiv) in DMF (2.0 

mL) was added D (1.0 mmol, 1.0 equiv) at room temperature. The mixture was then stirred for 24 h 

at 50
o
C. Water (10.0 mL) and EtOAc (15.0 mL) were added. The organic layer was washed with 

water, and dried over magnesium sulfate. Concentration of the organic layer offered the crude 

product that was further purified by flash column chromatography (hexane/EtOAc) to give the pure 

alkenol substrates 1a－t. 

 

1a 

322.2 mg, 89%, yellow solid; MP 146－147°C; 
1
H NMR (CDCl3, 400 MHz):  8.30 (d, J = 12.0 Hz, 

2H), 7.92 (d, J = 8.0 Hz, 2H), 7.39-7.31 (m, 5H), 5.49 (s, 1H), 5.25 (s, 1H), 4.39 (s, 2H), 3.68 (t, J = 

4.0 Hz, 2H), 3.32 (t, J = 4.0 Hz, 2H); 
13

C NMR (CDCl3, 100 MHz):  150.0, 144.9, 142.5, 137.9, 

128.7, 128.5, 128.4, 126.5, 124.3, 117.5, 60.5, 52.9, 49.5; HRMS (TOF) m/z: [M＋H]＋Calcd for 

C17H18N2O5S 363.1755; found 363.1756. 

 

1b 

304.5 mg, 92%, yellow solid; MP 113－114°C; 
1
H NMR (CDCl3, 400 MHz):  7.71-7.32 (m, 9H), 

5.52 (s, 1H), 5.25 (s, 1H), 4.27 (s, 2H), 3.60 (t, J = 4.0 Hz, 2H), 3.20 (t, J = 4.0 Hz, 2H), 2.46 (s, 3H); 
13

C NMR (CDCl3, 100 MHz):  143.7, 143.1, 137.8, 135.2, 129.8, 128.6, 128.3, 127.6, 126.5, 116.8, 

61.0, 53.7, 50.2, 21.6; HRMS (TOF) m/z: [M＋H]＋Calcd for C18H21NO3S 332.4927; found 

332.4928. 

 

1c 
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304.9 mg, 91%, white solid; MP 109－110°C; 
1
H NMR (CDCl3, 400 MHz):  7.81-7.16 (m, 9H), 

5.51 (s, 1H), 5.25 (s, 1H), 4.30 (s, 2H), 3.63 (t, J = 4.0 Hz, 2H), 3.23 (t, J = 8.0 Hz, 2H), 2.11 (s, 

broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  166.4 (d, J = 253.0 Hz), 142.9, 137.9, 134.6, 130.2 (d, J 

= 10.0 Hz), 128.6 (d, J = 29.0 Hz), 126.5, 117.0, 116.5 (d, J = 22.0 Hz), 60.8, 53.3, 49.9 ; HRMS 

(TOF) m/z: [M＋H]＋Calcd for C17H18FNO3S 336.7719; found 336.7720. 

 

1d 

365.8 mg, 94%, white solid; MP 122－123°C; 
1
H NMR (CDCl3, 400 MHz):  7.89-7.31 (m, 9H), 

5.49 (s, 1H), 5.26 (s, 1H), 4.35 (s, 2H), 3.66 (t, J = 4.0 Hz, 2H), 3.29 (t, J = 8.0 Hz, 2H), 2.06 (s, 

broad, 1H); 
13

C NMR (CDCl3, 100 MHz): 142.7, 137.9, 128.6, 128.4, 127.9, 126.5, 126.3 (q, J = 

40.0 Hz), 117.4, 60.7, 53.2, 49.7; HRMS (TOF) m/z: [M＋H]＋Calcd for C18H18F3NO3S 386.4971; 

found 386.4972. 

 

1e 

362.6 mg, 88%, yellow solid; MP 168－169°C; 
1
H NMR (CDCl3, 400 MHz):  7.78-7.13 (m, 11H), 

5.65 (s, 1H), 5.32 (s, 1H), 4.45 (s, 2H), 3.91 (t, J = 4.0 Hz, 2H), 3.61 (t, J = 4.0 Hz, 2H), 2.52 (s, 

broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  149.0, 145.1, 142.3, 137.2, 133.6, 130.8, 128.4, 128.2, 

127.4, 126.4, 126.1, 125.8, 125.2, 124.6, 123.4, 121.5, 60.5, 54.0, 48.4; HRMS (TOF) m/z: [M＋H]＋

Calcd for C21H20N2O5S 413.7411; found 413.7412. 

 

1f 

330.6 mg, 87%, yellow solid; MP 130－131°C; 
1
H NMR (CDCl3, 400 MHz):  8.34 (d, J = 8.0 Hz, 

2H), 7.97 (d, J = 8.0 Hz, 2H), 7.42-7.01 (m, 4H), 5.46 (s, 1H), 5.23 (s, 1H), 4.34 (s, 2H), 3.65 (t, J = 

4.0 Hz, 2H), 3.30 (t, J = 4.0 Hz, 2H), 1.94 (s, broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  164.0 (d, J 

= 247.0 Hz), 164.0, 150.1, 144.8, 141.6, 133.8, 128.6, 128.3 (d, J = 8.0 Hz), 124.3, 117.3, 115.7 (d, J 

= 21.0 Hz), 60.6, 53.2, 49.7; HRMS (TOF) m/z: [M＋H]＋Calcd for C17H17FN2O5S 381.5014; found 

381.5015. 

 

1g 
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352.4 mg, 89%, yellow oil; 
1
H NMR (CDCl3, 400 MHz):  8.35 (d, J = 8.0 Hz, 2H), 7.97 (d, J = 8.0 

Hz, 2H), 7.37-7.28 (m, 4H), 5.50 (s, 1H), 5.27 (s, 1H), 4.35 (s, 2H), 3.67 (t, J = 4.0 Hz, 2H), 3.31 (t, 

J = 4.0 Hz, 2H), 1.82 (s, broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  150.1, 144.8, 141.6, 136.2, 

134.5, 128.8, 128.5, 127.8, 124.3, 117.8, 60.7, 53.1, 49.6; HRMS (TOF) m/z: [M＋H]＋Calcd for 

C17H17ClN2O5S 397.4425; found 397.4426. 

 

1h 

378.4 mg, 86%, yellow solid; MP 161－162°C; 
1
H NMR (CDCl3, 400 MHz):  8.34 (d, J = 8.0 Hz, 

2H), 7.97 (d, J = 8.0 Hz, 2H), 7.61-7.53 (m, 4H), 5.59 (s, 1H), 5.8 (s, 1H), 4.40 (s, 2H), 3.67 (t, J = 

4.0 Hz, 2H), 3.33 (t, J = 4.0 Hz, 2H), 1.90 (s, broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  150.1, 

144.8, 141.6, 141.4, 128.5, 126.9, 125.6 (t, J = 4.0 Hz), 124.3, 119.1, 60.6, 52.9, 49.6; HRMS (TOF) 

m/z: [M＋H]＋Calcd for C17H17BrN2O5S 441.2986; found 441.2987. 

 

1i 

434.3 mg, 89%, yellow solid; MP 192－193°C; 
1
H NMR (CDCl3, 400 MHz):  8.35 (dd, J1 = 8.0 Hz, 

J1 = 160.0 Hz, 4H), 7.68(dd, J1 = 8.0 Hz, J1 = 204.0 Hz, 4H), 5.51 (s, 1H), 5.32 (s, 1H), 4.34 (s, 2H), 

3.67 (t, J = 4.0 Hz, 2H), 3.31 (t, J = 8.0 Hz, 2H), 1.83 (s, broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  

150.1, 144.7, 137.8, 137.3, 128.5, 128.3, 124.4, 118.0, 94.3, 60.6, 53.0, 49.6; HRMS (TOF) m/z: [M

＋H]＋Calcd for C17H17IN2O5S 489.3044; found 489.3045. 

 

1j 

374.1 mg, 87%, yellow solid; MP 147－148°C; 
1
H NMR (CDCl3, 400 MHz):  8.34 (d, J = 8.0 Hz, 

2H), 7.97 (d, J = 8.0 Hz, 2H), 7.61-7.53 (m, 4H), 5.59 (s, 1H), 5.38 (s, 1H), 4.40 (s, 2H), 3.67 (t, J = 

4.0 Hz, 2H), 3.33 (t, J = 4.0 Hz, 2H), 1.90 (s, broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  150.1, 

144.8, 141.6, 141.4, 128.5, 126.9, 125.6 (d, J = 4.0 Hz), 124.3, 119.1, 60.6, 52.9, 49.6; HRMS (TOF) 

m/z: [M＋H]＋Calcd for C18H17F3N2O5S 431.4750; found 431.4751. 

 

1k 

350.2 mg, 88%, yellow solid; MP 147－148°C; 
1
H NMR (CDCl3, 400 MHz):  8.83 (d, J = 12.0 Hz, 

2H), 8.01 (d, J = 8.0 Hz, 2H), 7.28-7.11 (m, 3H), 5.50 (s, 1H), 5.29 (s, 1H), 4.31 (s, 2H), 3.66 (t, J = 
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4.0 Hz, 2H), 3.31 (t, J = 4.0 Hz, 2H); 
13

C NMR (CDCl3, 100 MHz):  151.5 (d, J = 240.0 Hz), 150.1, 

149.0, 144.7, 140.7, 134.8, 128.6, 124.4, 122.7, 122.6, 118.2, 117.6 (d, J = 18.0 Hz), 115.6 (d, J = 

18.0 Hz), 60.7, 53.1, 49.7; HRMS (TOF) m/z: [M＋H]＋Calcd for C17H16F2N2O5S 399.2945; found 

399.2946. 

 

1l 

387.0 mg, 90%, yellow solid; MP 155－156°C; 
1
H NMR (CDCl3, 400 MHz):  8.35 (d, J = 8.0 Hz, 

2H), 7.97 (d, J = 8.0 Hz, 2H), 7.43-7.26 (m, 3H), 5.53 (s, 1H), 5.33 (s, 1H), 4.33 (s, 2H), 3.70 (t, J = 

4.0 Hz, 2H), 3.34 (t, J = 4.0 Hz, 2H); 
13

C NMR (CDCl3, 100 MHz):  150.1, 144.8, 140.6, 137.9, 

132.8, 132.6, 130.6, 128.5, 128.4, 125.8, 124.4, 118.9, 60.6, 52.8, 49.6; HRMS (TOF) m/z: [M＋H]＋

Calcd for C17H16Cl2N2O5S 431.5090; found 431.5089. 

 

1m 

363.1 mg, 91%, yellow solid; MP 126－127°C; 
1
H NMR (CDCl3, 400 MHz):  7.69-7.31 (m, 7H), 

5.51 (s, 1H), 5.32 (s, 1H), 4.22 (s, 2H), 3.62 (t, J = 4.0 Hz, 2H), 3.21 (t, J = 4.0 Hz, 2H), 2.46 (s, 3H), 

2.08 (s, broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  144.0, 141.1, 138.0, 135.3, 132.7, 132.3, 130.5, 

130.0, 128.4, 127.4, 127.1, 125.9, 118.4; HRMS (TOF) m/z: [M＋H]＋Calcd for C18H19Cl2NO3S 

400.6237; found 400.6238. 

 

1n 

349.7 mg, 93%, yellow oil; 
1
H NMR (CDCl3, 400 MHz):  8.24 (d, J = 12.0 Hz, 2H), 7.91 (d, J = 8.0 

Hz, 2H), 7.25 (d, J = 12.0 Hz, 2H), 7.09 (d, J = 32.0 Hz, 2H), 5.42 (s, 1H), 5.19 (s, 1H), 4.34 (s, 2H), 

3.65 (t, J = 4.0 Hz, 2H), 3.33 (t, J = 4.0 Hz, 2H), 2.55 (s, 1H), 2.31 (s, 3H); 
13

C NMR (CDCl3, 100 

MHz):  149.8, 145.0, 142.3, 138.3, 135.1, 129.3, 128.5, 126.3, 124.3, 116.7, 60.4, 52.8, 49.4, 21.1; 

HRMS (TOF) m/z: [M＋H]＋Calcd for C18H20N2O5S 377.4129; found 377.4130. 

 

1o 

249.0 mg, 83%, white solid; MP 93－94°C; 
1
H NMR (CDCl3, 400 MHz):  8.38 (d, J = 8.0 Hz, 2H), 

8.06 (d, J = 8.0 Hz, 2H), 4.96 (s, 1H), 4.89 (s, 1H), 3.84 (s, 2H), 3.74 (t, J = 4.0 Hz, 2H), 3.34 (t, J = 

4.0 Hz, 2H), 1.71 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  150.0, 145.4, 139.9, 128.5, 124.4, 115.3, 

60.6, 55.4, 50.0, 19.8; HRMS (TOF) m/z: [M＋H]＋Calcd for C12H16N2O5S 301.6912; found 

301.6913. 
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To a solution of A1 (610.1 mg, 10.0 mmol, 3.3 equiv) in MeCN (10.0 mL) was added D1 (588.0 

mg, 3.0 mmol, 1.0 equiv) at room temperature. The mixture was then stirred for 2 h at room 

temperature. After removal of MeCN, water (30.0 mL) and EtOAc (50.0 mL) were added. The 

organic layer was washed with water, and dried over magnesium sulfate. Concentration of the 

organic layer offered the crude product that was further purified by flash column chromatography 

(hexane/EtOAc) to give the pure alkenol substrates E. 318.6 mg, 60%, yellow oil; 
1
H NMR (CDCl3, 

400 MHz):  7.45-7.29 (m, 5H), 5.43 (s, 1H), 5.34 (s, 1H), 5.26 (s, 1H), 3.71 (s, 2H), 3.64 (t, J = 4.0 

Hz, 2H), 2.81 (t, J = 4.0 Hz, 2H), 2.16 (s, 1H, contains H2O); 
13

C NMR (CDCl3, 100 MHz):  146.1, 

139.6, 128.5, 127.8, 126.2, 113.8, 60.8, 52.9, 50.2; HRMS (TOF) m/z: [M＋H]＋Calcd for C11H15NO 

178.6154; found 178.6153. 

To a solution of E (137.0 mg, 1.0 mmol, 1.0 equiv) in CH2Cl2 (4.0 mL) was added benzoyl 

chloride (140.7 mg, 1.0 mmol, 1.0 equiv) at room temperature. The mixture was then stirred for 2 h 

at room temperature. After removal of CH2Cl2, water (10.0 mL) and EtOAc (15.0 mL) were added. 

The organic layer was washed with water, and dried over magnesium sulfate. Concentration of the 

organic layer offered the crude product that was further purified by flash column chromatography 

(hexane/EtOAc) to give the pure alkenol substrates 1p. 267.0 mg, 95%, yellow oil; 
1
H NMR (CDCl3, 

400 MHz):  7.61-7.27 (m, 10H), 6.49 (s, broad, 1H), 5.56 (s, 1H), 5.34 (s, 1H), 4.46 (s, 2H), 

3.66-3.63 (m, 4H); 
13

C NMR (CDCl3, 100 MHz):  167.4, 144.0, 138.3, 134.4, 131.4, 128.5, 128.0, 

127.0, 126.1, 115.3, 73.1, 68.4, 39.7; HRMS (TOF) m/z: [M＋H]＋Calcd for C18H19NO2 282.4761; 

found 282.4762. 

 

 

To a solution of E (137.0 mg, 1.0 mmol, 1.0 equiv) and Cs2CO3 (651.6 mg, 2.0 mmol, 2.0 equiv) 

in DMF (2.0 mL) was added iodobenzene (408.0 mg, 2.0 mmol, 2.0 equiv) at room temperature. The 

mixture was then stirred for 8 h at 110
o
C. Water (10.0 mL) and EtOAc (15.0 mL) were added. The 

organic layer was washed with water, and dried over magnesium sulfate. Concentration of the 

organic layer offered the crude product that was further purified by flash column chromatography 

(hexane/EtOAc) to give the pure alkenol substrates 1q. 179.6 mg, 71%, yellow oil; 
1
H NMR (CDCl3, 

400 MHz):  7.49-6.88 (m, 10H), 5.46 (s, 1H), 5.32 (s, 1H), 4.12 (t, J = 4.0 Hz, 2H), 3.78 (s, 2H), 

3.08 (m, 4H), 1.96 (s, broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  158.8, 146.1, 139.8, 129.5, 128.5, 

127.8, 126.2, 120.8, 114.5, 113.6, 67.1, 53.3, 48.0; HRMS (TOF) m/z: [M＋H]＋Calcd for C17H19NO 

254.7139; found 254.7140. 

 

1r 
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288.5 mg, 91%, yellow solid; MP 104－105°C; 
1
H NMR (CDCl3, 400 MHz):  7.82-7.32 (m, 10H), 

5.51 (s, 1H), 5.25 (s, 1H), 4.29 (s, 2H), 3.61 (t, J = 4.0 Hz, 2H), 3.22 (t, J = 4.0 Hz, 2H), 2.05 (s, 

broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  143.0, 138.3, 137.8, 132.9, 129.2, 128.6, 128.3, 127.5, 

126.5, 116.9,60.9, 53.6, 50.1; HRMS (TOF) m/z: [M＋H]＋Calcd for C17H19NO3S 318.5124; found 

318.5123. 

 
1s 

349.7 mg, 93%, yellow oil; 
1
H NMR (CDCl3, 400 MHz):  8.26 (d, J = 12.0 Hz, 2H), 7.90 (d, J = 8.0 

Hz, 2H), 7.21-7.11 (m, 4H), 5.44 (s, 1H), 5.21 (s, 1H), 4.37 (s, 2H), 3.69 (t, J = 4.0 Hz, 2H), 3.34 (t, 

J = 4.0 Hz, 2H), 3.32 (s, 3H); 
13

C NMR (CDCl3, 100 MHz):  149.9, 145.1, 142.6, 138.3, 138.0, 

129.1, 128.5, 127.2, 124.2, 123.6, 117.2, 60.4, 52.8, 49.5, 21.4; HRMS (TOF) m/z: [M＋H]＋Calcd 

for C18H20N2O5S 377.4129; found 377.4128. 

 
1t 

370.8 mg, 90%, yellow solid; MP 161－162°C; 
1
H NMR (CDCl3, 400 MHz):  8.05-7.45 (m, 11H), 

5.59 (s, 1H), 5.35 (s, 1H), 4.49 (s, 2H), 3.72 (t, J = 4.0 Hz, 2H), 3.39 (t, J = 4.0 Hz, 2H), 2.28 (s, 

broad, 1H); 
13

C NMR (CDCl3, 100 MHz):  149.6, 145.1, 142.5, 135.3, 133.0, 128.3, 128.2, 128.1, 

127.6, 126.6, 125.5, 124.5, 124.0, 118.3, 60.5, 52.9, 49.3; HRMS (TOF) m/z: [M＋H]＋Calcd for 

C21H20N2O5S 413.7411; found 413.7410. 

 

1u 

354.9 mg, 91%, yellow oil; 
1
H NMR (CDCl3, 400 MHz):  8.26 (d, J = 12.0 Hz, 2H), 7.89 (d, J = 

12.0 Hz, 2H), 7.29-7.22 (m, 5H), 5.39 (s, 1H), 5.18 (s, 1H), 4.52 (t, J = 4.0 Hz, 2H), 3.30 (s, 2H), 

1.27 (s, 6H); 
13

C NMR (CDCl3, 100 MHz):  149.9, 145.3, 142.7, 138.7, 128.6, 128.5, 128.3, 126.5, 

124.1, 117.5, 71.8, 58.1, 53.8, 27.9; HRMS (TOF) m/z: [M＋H]＋Calcd for C19H22N2O5S 391.6274; 

found 391.6275. 

General Procedure for the asymmetric chlorocycloetherification. 

 

To a solution of 1a-o, r-u (0.1 mmol, 1.0 equiv) and (DHQD)2PHAL (3.9 mg, 0.005 mmol, 0.05 

equiv) in CH2Cl2 (4.0 mL) was added DCDMH (23.6 mg, 1.2 mmol, 1.2 equiv) at －10 
o
C. The 

mixture was then stirred for 2－3 days at －10 
o
C. The reaction was quenched with saturated 

Na2SO3 (1.0 mL) at －10 
o
C. The solution was diluted with water (3.0 mL) and extrated with EtOAc, 
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dried over MgSO4 and concentrated in vacuo. The residue was purified by flash column 

chromatography (hexane/EtOAc) to yield the corresponding morpholines 2a-o, r-u. 

  

To a solution of 1a,b, l, r-u (0.1 mmol, 1.0 equiv) and (ECin)2PHAL (3.6 mg, 0.005 mmol, 0.05 

equiv) in CH2Cl2 (4.0 mL) was added DCDMH (23.6 mg, 1.2 mmol, 1.2 equiv) at －10 
o
C. The 

mixture was then stirred for 2－3 days at －10 
o
C. The reaction was quenched with saturated 

Na2SO3 (1.0 mL) at －10 
o
C. The solution was diluted with water (3.0 mL) and extrated with EtOAc, 

dried over MgSO4 and concentrated in vacuo. The residue was purified by flash column 

chromatography (hexane/EtOAc) to yield the corresponding morpholines ent-2a,b, l, r-u. 

   

Representative Procedure for the asymmetric chlorocycloetherification (1.0 mmol scale). 

To a solution of 1a (362.1 mg, 1.0 mmol, 1.0 equiv) and (DHQD)2PHAL (39.0 mg, 0.05 mmol, 0.05 

equiv) in CH2Cl2 (40.0 mL) was added DCDMH protionwise (236.2 mg, 1.2 mmol, 1.2 equiv) at －

10 
o
C. The mixture was then stirred for 3 days at －10 

o
C. The reaction was quenched with saturated 

Na2SO3 (10.0 mL) at －10 
o
C. The solution was diluted with water (30.0 mL) and extrated with 

EtOAc, dried over MgSO4 and concentrated in vacuo. The residue was purified by flash column 

chromatography (hexane/EtOAc) to yield 2a. 

To a solution of 1a (362.1 mg, 1.0 mmol, 1.0 equiv) and (ECin)2PHAL (36.0 mg, 0.05 mmol, 0.05 

equiv) in CH2Cl2 (40.0 mL) was added DCDMH protionwise (236.2 mg, 1.2 mmol, 1.2 equiv) at －

10 
o
C. The mixture was then stirred for 3 days at －10 

o
C. The reaction was quenched with saturated 

Na2SO3 (10.0 mL) at －10 
o
C. The solution was diluted with water (30.0 mL) and extrated with 

EtOAc, dried over MgSO4 and concentrated in vacuo. The residue was purified by flash column 

chromatography (hexane/EtOAc) to yield ent-2a. 

 

2a 

386.1 mg (1.0 mmol scale), 97%, yellow solid; MP 189－190°C; []



D
25= －19.2 (c 1.0, MeOH, 82% 

ee); 
1
H NMR (CDCl3, 400 MHz):  8.45 (d, J = 8.0 Hz, 2H), 8.00 (d, J = 12.0 Hz, 2H), 7.52-7.38 (m, 

5H), 4.18-4.15 (m, 1H), 3.85-3.65 (m, 4H), 3.34-3.31 (m, 1H), 3.03 (d, J = 12.0 Hz, 1H), 2.85-2.75 

(m, 1H); 
13

C NMR (CDCl3, 100 MHz):  150.5, 141.1, 137.5, 129.0, 128.6, 127.0, 124.6, 76.8, 60.9, 

50.2, 49.1, 45.4; HRMS (TOF) m/z: [M＋H]＋Calcd for C17H17ClN2O5S 397.6944; found 397.6945; 

HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t1 = 10.9 min (minor), 

t2 = 14.5 min (major). 
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ent-2a 

382.0 mg (1.0 mmol scale), 96%; []



D
25= +18.9 (c 1.0, MeOH, 82% ee); HPLC (Daicel Chiralcel 

AD-H, i-PrOH/Hexane = 35/65, 1.0 mL/min, 254 nm) t1 = 11.3 min (major), t2 = 15.0 min (minor). 

 



15 

 

 

2b 

34.7 mg, 95%, yellow solid; MP 177－178°C; []



D
25= －58.2 (c 1.0, MeOH, 80% ee); 

1
H NMR 

(CDCl3, 400 MHz):  7.69-7.34 (m, 9H), 4.03-4.00 (m, 1H), 3.83-3.68 (m, 4H), 3.23-3.20 (m, 1H), 

3.00 (d, J = 12.0 Hz, 1H), 2.79-2.73 (m, 1H); 
13

C NMR (CDCl3, 100 MHz):  144.1, 138.2, 132.1, 

129.9, 128.8, 128.3, 127.9, 127.0,76.7, 61.1, 50.0, 49.4, 45.5, 21.6; HRMS (TOF) m/z: [M＋H]＋

Calcd for C18H20ClNO3S 366.8199; found 366.8198; HPLC (Daicel Chiralcel OJ-H, i-PrOH/Hexane 

= 35/65, 1.0 mL/min, 210 nm) t1 = 13.3 min (minor), t2 = 15.4 min (major). 

 

 

 

 

ent-2b 

34.7 mg, 95%; []



D
25= +57.6 (c 1.0, MeOH, 83% ee); HPLC (Daicel Chiralcel OJ-H, i-PrOH/Hexane 

= 35/65, 1.0 mL/min, 210 nm) t1 = 14.0 min (major), t2 = 17.1 min (minor). 
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2c 

33.7 mg, 91%, yellow solid; MP 182－183°C; []



D
25= +79.2 (c 1.0, MeOH, >99% ee); 

1
H NMR 

(CDCl3, 400 MHz):  7.83-7.25 (m, 9H), 4.08 (d, J = 12.0 Hz, 1H), 3.83-3.70 (m, 4H), 3.26-2.72 (m, 

3H); 
13

C NMR (CDCl3, 100 MHz):  166.8 (d, J = 254.0 Hz), 137.9, 130.6 (d, J = 9.0 Hz), 128.9, 

128.5, 127.0, 116.8 (d, J = 22.0 Hz), 76.8, 61.0, 50.1, 49.3, 45.5; HRMS (TOF) m/z: [M＋H]＋Calcd 

for C17H17ClFNO3S 370.8264; found 370.8265; HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane = 1 

/99, 1.0 mL/min, 210 nm) t1 = 10.4 min (minor), t2 = 11.9 min (major). 
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2d 

38.5 mg, 92%, yellow solid; MP 189－190°C; []



D
25= +62.7 (c 1.0, MeOH, 99.5% ee); 

1
H NMR 

(CDCl3, 400 MHz):  7.95-7.86 (m, 4H), 7.53-7.36 (m, 5H), 4.14 (d, J = 12.0 Hz, 1H), 3.84-3.70 (m, 

4H), 3.03-2.76 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  138.9, 137.7, 135.1 (q, J = 32.0 Hz), 128.9, 

128.5, 128.3, 127.0, 126.6, 126.5, 76.8, 60.9, 50.1, 49.2, 45.4; HRMS (TOF) m/z: [M＋H]＋Calcd for 

C18H17ClF3NO3S 420.6102; found 420.6103; HPLC (Daicel Chiralcel IC, i-PrOH/Hexane = 10/90, 

1.0 mL/min, 210 nm) t1 = 10.4 min (minor), t2 = 11.9 min (major). 
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2e 

36.6 mg, 82%, yellow solid; MP 204－205°C; []



D
25= －47.3 (c 1.0, MeOH, 96% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.74-8.71 (m, 1H), 8.50 (d, J = 12.0 Hz, 2H), 8.06 (d, J = 8.0 Hz, 2H), 

7.91-7.50 (m, 6H), 4.74 (d, J = 12.0 Hz, 1H), 4.07 (dd, J1 = 12.0 Hz, J2 = 48.0 Hz, 2H), 3.83-3.49 (m, 

3H), 2.91 (d, J = 12.0 Hz, 1H), 2.69-2.62 (m, 1H); 
13

C NMR (CDCl3, 100 MHz):  150.6, 141.1, 

135.0, 131.2, 130.8, 130.4, 129.7, 129.6, 129.1, 126.5, 125.6, 125.1, 125.0, 124.6, 79.7,61.2, 50.2, 

49.1, 45.3; HRMS (TOF) m/z: [M＋H]＋Calcd for C21H19ClN2O5S 447.8358; found 447.8359; HPLC 

(Daicel Chiralcel AD-H, i-PrOH/Hexane = 35/65, 1.0 mL/min, 254 nm) t1 = 10.2 min (minor), t2 = 

12.1 min (major). 

 

 

 

2f 
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39.3 mg, 95%, yellow solid; MP 172－173°C; []



D
25= +77.2 (c 1.0, MeOH, 90% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.43 (d, J = 12.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 7.52-7.12 (m, 4H), 

4.17-3.69 (m, 3H), 3.66 (s, 2H), 3.36-2.94 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  163.9 (d, J = 

248.0 Hz), 150.5, 141.1, 133.3 (d, J = 3.0 Hz), 129.1 (d, J = 9.0 Hz), 124.6, 116.0 (d, J = 22.0 Hz), 

76.5, 60.9, 50.1, 49.3, 45.4; HRMS (TOF) m/z: [M＋H]＋Calcd for C17H16ClFN2O5S 415.3826; 

found 415.3827; HPLC (Daicel Chiralcel IC, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm) t1 = 

18.0 min (major), t2 = 16.0 min (minor). 

 

 

2g 

41.3 mg, 96%, yellow solid; MP 177－178°C; []



D
25= +96.3 (c 1.0, MeOH, 91% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.46 (d, J = 8.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 7.47-7.42 (m, 4H), 

4.17-3.85 (m, 3H), 3.65 (s, 2H), 3.37-2.73 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  150.5, 141.1, 

136.1, 134.7, 129.0, 128.6, 124.6, 76.6, 61.0, 49.9, 49.2, 45.4; HRMS (TOF) m/z: [M＋H]＋Calcd for 

C17H16Cl2N2O5S 431.5090; found 431.5089; HPLC (Daicel Chiralcel OD-H, i-PrOH/Hexane = 30/70, 

1.0 mL/min, 210 nm) t1 = 17.2 min (major), t2 = 23.0 min (minor). 
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2h 

45.5 mg, 96%, yellow solid; MP 197－198°C; []



D
25= +73.0 (c 1.0, MeOH, 94% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.46 (d, J = 12.0 Hz, 2H), 7.99 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H), 

7.40 (d, J = 8.0 Hz, 2H), 4.15-3.65 (m, 5H), 3.36-2.74 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  

150.5, 141.0, 136.6, 132.1, 129.0, 128.9, 124.6, 122.9, 76.7, 61.0, 49.8, 49.2, 45.5; HRMS (TOF) 

m/z: [M＋H]＋Calcd for C17H16ClBrN2O5S 475.1367; found 475.1368; HPLC (Daicel Chiralcel IC, 

i-PrOH/Hexane = 30/70, 1.0 mL/min, 254 nm) t1 = 31.7 min (major), t2 = 36.9 min (minor). 
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2i 

48.5 mg, 93%, yellow solid; MP 217－218°C; []



D
25= +64.9 (c 1.0, MeOH, 90% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.45 (d, J = 8.0 Hz, 2H), 7.99 (d, J = 8.0 Hz, 2H), 7.80 (d, J = 8.0 Hz, 2H), 

7.27 (d, J = 8.0 Hz, 2H), 4.14-3.64 (m, 5H), 3.35-2.74 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  

150.5, 141.0, 138.1, 137.3, 129.1, 129.0, 124.6, 94.7, 76.8, 61.0, 49.8, 49.1, 45.4; HRMS (TOF) m/z: 

[M＋H]＋Calcd for C17H16ClIN2O5S 523.7125; found 523.7126; HPLC (Daicel Chiralcel IC, 

i-PrOH/Hexane = 30/70, 1.0 mL/min, 210 nm) t1 = 12.9 min (minor), t2 = 16.8 min (major). 
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 2j 

39.0 mg, 84%, yellow solid; MP 195－196°C; []



D
25= +49.3 (c 1.0, MeOH, 77% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.46 (d, J = 8.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 7.74 (d, J = 12.0 Hz, 2H), 

7.67 (d, J = 8.0 Hz, 2H), 4.19-3.65 (m, 5H), 3.36-2.77 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  

150.6, 141.7, 140.9, 131.0, 130.6, 129.0, 127.6, 125.9 (q, J = 4.0 Hz), 124.7, 76.7, 61.0, 49.6, 49.4, 

45.4; HRMS (TOF) m/z: [M＋H]＋Calcd for C18H16ClF3N2O5S 465.8291; found 465.8292; HPLC 

(Daicel Chiralcel IC, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210nm) t1 = 13.3 min (major), t2 = 17.8 

min (minor).  
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2k 

42.3 mg, 98%, yellow solid; MP 179－180°C; []



D
25= +68.9 (c 1.0, MeOH, 90% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.47 (d, J = 12.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 7.40-7.24 (m, 3H), 

4.10-3.61 (m, 5H), 3.37-2.93 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  151.8, 150.6, 149.5 (d, J = 

12.0 Hz), 141.1, 134.8, 128.9, 124.6, 123.5, 117.8 (d, J = 18.0 Hz), 116.1 (d, J = 19.0 Hz), 76.3, 61.0, 

49.6, 49.4, 45.5; HRMS (TOF) m/z: [M＋H]＋Calcd for C17H15ClF2N2O5S 433.7523; found 

433.7524; HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm) t1 = 14.7 

min (minor), t2 = 16.3 min (major). 
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2l 

44.6 mg, 96%, yellow solid; MP 184－185°C; []



D
25= +44.4 (c 1.0, MeOH, 94% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.46 (d, J = 8.0 Hz, 2H), 8.00 (d, J = 8.0 Hz, 2H), 7.60-7.35 (m, 3H), 

4.07-3.62 (m, 5H), 3.35-2.80 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  150.6, 141.0, 138.0, 133.3, 

133.0, 130.9, 129.2, 129.0, 126.6, 124.7, 76.4, 61.1, 49.4, 45.4, 22.5; HRMS (TOF) m/z: [M＋H]＋

Calcd for C17H15Cl3N2O5S 465.5796; found 465.5797; HPLC (Daicel Chiralcel IC, i-PrOH/Hexane = 

35/65, 1.0 mL/min, 210 nm) t1 = 11.5 min (major), t2 = 14.9 min (minor). 
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ent-2l 

43.6 mg, 94%, []



D
25= －29.7 (c 1.0, MeOH, 85% ee); HPLC (Daicel Chiralcel IC, i-PrOH/Hexane = 

35/65, 1.0 mL/min, 210 nm) t1 = 11.3 min (minor), t2 = 14.5 min (major). 

 

 

2m 

41.6 mg, 96%, yellow solid; MP 171－172°C; []



D
25= +32.1 (c 1.0, MeOH, 89% ee); 

1
H NMR 

(CDCl3, 400 MHz):  7.68-7.34 (m, 7H), 3.92-3.61 (m, 5H), 3.24-2.76 (m, 3H), 2.47 (s, 3H); 
13

C 

NMR (CDCl3, 100 MHz):  144.4, 138.6, 133.1, 132.6, 131.9, 130.7, 130.0, 129.2, 127.8, 126.7, 

76.3, 61.3, 49.7, 49.4, 45.5, 21.6; HRMS (TOF) m/z: [M＋H]＋Calcd for C18H18Cl3NO3S 434.7022; 

found 434.7023; HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane = 20/80, 1.0 mL/min, 210 nm) t1 = 

8.5 min (minor), t2 = 10.4 min (major). 
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2n 

40.2 mg, 98%, yellow solid; MP 200－201°C; []



D
25= +61.4 (c 1.0, MeOH, 84% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.45 (d, J = 8.0 Hz, 2H), 7.99 (d, J = 8.0 Hz, 2H), 7.40-7.25 (m, 4H), 4.16 (d, J 

= 12.0 Hz, 1H), 3.83-3.63 (m, 4H), 3.35-3.31 (m, 1H), 3.00 (d, J = 12.0 Hz, 1H), 2.79-2.74 (m, 1H), 

2.39 (s, 3H); 
13

C NMR (CDCl3, 100 MHz):  150.5, 141.3, 138.5, 134.5, 129.7, 129.0, 126.9, 124.5, 

76.7, 60.8, 50.3, 49.1, 45.4,21.9; HRMS (TOF) m/z: [M＋H]＋Calcd for C18H19ClN2O5S 411.6972; 

found 411.6973; HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t1 = 

10.0 min (minor), t2 = 12.1 min (major). 
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2o 

30.1 mg, 90%, yellow solid; MP 146－147°C; []



D
25= +2.8 (c 1.0, MeOH, 26% ee); 

1
H NMR (CDCl3, 

400 MHz):  8.45 (d, J = 12.0 Hz, 2H), 7.98 (d, J = 12.0 Hz, 2H), 3.91-3.55 (m, 4H), 3.12-2.90 (m, 

4H), 1.38 (s, 3H); 
13

C NMR (CDCl3, 100 MHz):  152.2, 141.6, 128.9, 124.5, 72.7, 60.4, 51.4, 47.4, 

45.3, 20.8; HRMS (TOF) m/z: [M＋H]＋Calcd for C12H15ClN2O5S 335.6819; found 335.6820; HPLC 

(Daicel Chiralcel AD-H, i-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t1 = 10.0 min (minor), t2 = 

13.1 min (major). 
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2d-Br 

44.9 mg, 97%, white solid; MP 197－198°C; []



D
25= +9.4 (c 1.0, MeOH, 54% ee); 

1
H NMR (CDCl3, 

400 MHz):  7.94-7.86 (m, 4H), 7.52-7.37 (m, 5H), 4.07 (d, J = 12.0 Hz, 1H), 3.85-3.57 (m, 4H), 

3.25-2.81 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  138.9, 137.9, 135.1, 134.8, 128.9, 128.5, 128.3, 

126.8, 126.5 (q, J = 30.0 Hz), 128.9, 128.5, 128.3, 127.0, 126.6, 126.5, 76.8, 60.9, 50.1, 49.2, 45.4; 

HRMS (TOF) m/z: [M＋H]＋Calcd for C18H17BrF3NO3S 464.5912; found 464.5913; HPLC (Daicel 

Chiralcel AD-H, i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm) t1 = 10.1 min (minor), t2 = 14.6 min 

(major). 
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2d-I 

48.5 mg, 95%, yellow solid; MP 225－226°C; []



D
25= 0 (c 1.0, MeOH, 2% ee); 

1
H NMR (CDCl3, 400 

MHz):  7.93-7.85 (m, 4H), 7.49-7.35 (m, 5H), 3.87-3.75 (m, 3H), 3.65 (d, J = 8.0 Hz, 1H), 3.48 (d, 

J = 8.0 Hz, 1H), 3.21-2.92 (m, 3H); 
13

C NMR (CDCl3, 100 MHz):  138.9, 138.6, 135.1, 134.8, 

128.8, 128.3, 126.6 (q, J = 30.0 Hz), 126.4, 75.0, 61.1, 51.4, 45.3, 13.8; HRMS (TOF) m/z: [M＋H]
＋ Calcd for C18H17IF3NO3S 512.4077; found 512.4076; HPLC (Daicel Chiralcel AD-H, 

i-PrOH/Hexane = 10/90, 1.0 mL/min, 210 nm) t1 = 10.1 min (minor), t2 = 14.6 min (major). 

 

 

 

 

ent-2r 
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33.0 mg, 94%, yellow solid; MP 165－166°C; []



D
25=－65.1 (c 1.0, MeOH, 73% ee); 

1
H NMR 

(CDCl3, 400 MHz):  7.81-7.35 (m, 10H), 4.07 (d, J = 12.0 Hz,1H), 3.84-3.68 (m, 4H), 3.26-3.23 (m, 

1H), 3.01 (d, J = 12.0 Hz, 1H), 2.79-2.73 (m, 1H); 
13

C NMR (CDCl3, 100 MHz):  138.0, 135.0, 

133.3, 129.3, 128.8, 128.4, 127.8, 127.0, 76.7, 61.0, 50.1, 49.4, 45.5; HRMS (TOF) m/z: [M＋H]＋

Calcd for C17H18ClN2O3S 352.9033; found 352.9034; HPLC (Daicel Chiralcel AD-H, 

i-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t1 = 6.9 min (major), t2 = 9.2 min (minor). 

 

 

 

2r 

33.3 mg, 95%, []



D
25= +61.2 (c 1.0, MeOH, 73% ee); HPLC (Daicel Chiralcel AD-H, i-PrOH/Hexane 

= 35/65, 1.0 mL/min, 210 nm) t1 = 6.9 min (minor), t2 = 9.1 min (major). 
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ent-2s 

40.2 mg, 98%, yellow solid; MP 186－187°C; []



D
25= +65.3 (c 1.0, MeOH, 86% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.45 (d, J = 8.0 Hz, 2H), 7.99 (d, J = 8.0 Hz, 2H), 7.36-7.19 (m, 4H), 4.11 (d, J 

= 12.0 Hz, 1H), 3.80-3.75 (m, 4H), 3.32-3.30 (m, 1H), 3.05 (d, J = 12.0 Hz, 1H), 2.84-2.78 (m, 1H), 

2.41 (s, 3H); 
13

C NMR (CDCl3, 100 MHz):  150.5, 141.2, 138.6, 137.5, 129.4, 129.0, 128.8, 127.5, 

127.6, 124.0, 76.7, 60.9, 50.0, 49.2, 45.4, 21.7; HRMS (TOF) m/z: [M ＋ H] ＋Calcd for 

C18H19ClN2O5S 411.6972; found 411.6971; HPLC (Daicel Chiralcel OD-H, i-PrOH/Hexane = 35/65, 

1.0 mL/min, 210 nm) t1 = 14.2 min (minor), t2 = 15.8 min (major). 
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2s 

38.5 mg, 94%, []



D
25 = － 59.6 (c 1.0, MeOH, 79% ee); HPLC (Daicel Chiralcel OD-H, 

i-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t1 = 13.4 min (major), t2 = 15.0 min (minor). 

 

 

ent-2t 

41.5 mg, 93%, yellow solid; MP 198－199°C; []



D
25= －55.8 (c 1.0, MeOH, 80% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.42-7.54 (m, 11H), 4.32-3.75 (m, 5H), 3.36 (d, J = 8.0 Hz, 1H), 3.12 (d, J = 

16.0 Hz, 1H), 2.86-2.81 (m, 1H); 
13

C NMR (CDCl3, 100 MHz):  150.5, 141.4, 134.8, 133.2, 133.1, 

128.9, 128.5, 127.6, 127.4, 126.8, 126.5, 124.5, 123.7, 77.0, 61.1, 50.0, 49.3, 45.4; HRMS (TOF) 

m/z: [M＋H]＋Calcd for C21H19ClN2O5S 447.8358; found 447.8357; HPLC (Daicel Chiralcel OD-H, 

i-PrOH/Hexane = 35/65, 1.0 mL/min, 210 nm) t1 = 30.1 min (minor), t2 = 34.4 min (major). 
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2t 

41.9 mg, 94%, []



D
25= +52.9 (c 1.0, MeOH, 78% ee); HPLC (Daicel Chiralcel OD-H, i-PrOH/Hexane 

= 35/65, 1.0 mL/min, 210 nm) t1 = 30.2 min (major), t2 = 34.6 min (minor).  

 

 

ent-2u 

40.7 mg, 96%, yellow solid; MP 185－186°C; []



D
25= －67.3 (c 1.0, MeOH, 81% ee); 

1
H NMR 

(CDCl3, 400 MHz):  8.47 (d, J = 8.0 Hz, 2H), 8.03 (d, J = 8.0 Hz, 2H), 7.59-7.33 (m, 5H), 4.33 (d, J 
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= 12.0 Hz, 1H), 3.68 (dd, J1 = 12.0 Hz, J2 = 32.0 Hz, 2H), 3.21 (d, J = 12.0 Hz, 1H), 2.91 (d, J = 16.0 

Hz, 1H), 2.50 (d, J = 12.0 Hz, 1H), 1.28 (s, 3H), 0.83 (s, 3H); 
13

C NMR (CDCl3, 100 MHz):  150.5, 

141.6, 140.5, 128.9, 128.4, 128.3, 126.8, 124.6, 75.4, 73.5, 55.1, 52.1, 48.8, 28.2, 26.5; HRMS 

(TOF) m/z: [M＋H]＋Calcd for C19H21ClN2O5S 425.7761; found 425.7763; HPLC (Daicel Chiralcel 

OD-H, i-PrOH/Hexane = 30/70, 1.0 mL/min, 210 nm) t1 = 11.3 min (major), t2 = 16.6 min (minor). 

 

 

2u 

41.1 mg, 97%, []



D
25 = － 67.3 (c 1.0, MeOH, 81% ee); HPLC (Daicel Chiralcel OD-H, 

i-PrOH/Hexane = 30/70, 1.0 mL/min, 210 nm) t1 = 11.7 min (minor), t2 = 16.5 min (major). 
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Synthesis of 4 

 

4 

To a solution of 2h (47.5 mg, 0.1 mmol, 1.0 equiv) in DMF (1.0 mL), was added sodium 

thiophenolate (132.0 mg, 1.0 mmol, 10.0 equiv) at room temperature. The mixture was then stirred 

for 12 h at room temperature. Then water and EtOAc were added. The organic layer was washed 

with water, and dried over magnesium sulfate. Concentration of the organic layer offered the crude 

product that was further purified by flash column chromatography (hexane/EtOAc) to give the 

corresponding 4 as yellow oil, 30.0 mg, 91%;[]



D
25= +32.7 (c 1.0, MeOH, 94% ee); 

1
H NMR (CDCl3, 

400 MHz):  7.61-7.25 (m, 9H), 4.00-3.62 (m, 6H), 3.24-2.71 (m, 3H); 
13

C NMR (CDCl3, 100 

MHz):  146.5, 137.1, 134.7, 132.0, 131.4, 130.7, 130.0, 129.5, 128.9, 128.2, 127.1, 122.7, 76.6, 

61.1, 49.8, 49.4, 45.4; HRMS (TOF) m/z: [M+H]
+ 

Calcd for C17H19BrNOS 364.1977; found 

364.1978; HPLC (Daicel Chiralcel IC, i-PrOH/Hexane = 20/80, 1.0 mL/min, 254 nm) t1 = 12.1 min 

(major), t2 = 19.3 min (minor). 
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X-ray of ent-2a 

Sample preparation for crystal growth: Compound ent-2a (20 mg) was dissolved in EtOAc/Hexane (v/v = 

1 mL / 2 mL), while slow evaporation of solvent at room temperature white crystals were grown. 

 

 
Thermal ellipsoids are shown at 50% probability. 
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400 MHz, CDCl3 

 
        1a 

100 MHz, CDCl3 

1H/13C Spectra 



39 

 
        1b 

400 MHz, CDCl3 

 
        1b 

100 MHz, CDCl3 
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