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Experimental Section 
 
General Methods. IR spectra were recorded on a Bruker Vector 22 FT-IR spectrophotometer. 1H NMR and 13C 
NMR spectra were recorded on a Varian Mercury 200 (200 MHz) and Mercury Plus 300 (300 MHz) spectrometer 
in CDCl3 solution with TMS as an internal standard and chemical shifts are reported in ppm. Mass spectra were 
obtained on a VG-ZAB-HS spectrometer. CH analyses were performed on an Elementar Vario EL analyzer. 
Optical rotations were measured on a Perkin-Elmer Model 341LC polarimeter with a thermally jacketed 10 cm 
cell (concentration c given as g/100 mL). HPLC analyses were performed on an HP1100 HPLC equipment. The 
e.e. values were determined by HPLC analysis with chiralcel AS, OD or OD-H columns (4.6×250 mm) with a 
mixture of hexane-isopropanol as an eluent at an eluent rate of 0.5 or 0.8 mL/min at monitoring wave 254 nm. All 
chalcones were prepared according to the literature procedure.1 TsN=IPh was prepared according to the literature 
method.2 CuOTf.1/2PhH was purchased from Aldrich. Benzene was heated under reflux over sodium and distilled 
prior to use. Dichloromethane and acetonitrile were refluxed and distilled from calcium hydride prior to use. All 
reactions were carried out under an atmosphere of nitrogen in gas burner-dried glassware with magnetic stirring.  
 

Synthesis of chiral ligand AnBOX: Anthracene-1,8-dicarboxylic acid was prepared as previously reported3 
and anthracene-1,8-dicarbonyl dichloride was synthesized according to the literature procedure.4 



(S,S)-N,N’-Bis[1-(hydroxymethyl)-2-methylpropyl]-anthracene-1,8-dicarboxamide 

 

O O NHHN
OH HO

 
 

A 250 mL flask fitted with a magnetic stir bar was charged with a solution of 0.87 g (2.9 mmol) 
anthracene-1,8-dicarbonyl dichloride in 50 mL of dry THF. The solution was cooled in an ice bath, and a solution 
of 0.89 g (8.7) L-valinol in 30 mL of dry THF was added dropwise. Some yellow solid was observed. After 
addition, the ice bath was removed and the yellow suspension was stirred at room temperature overnight, then 
filtered to give yellow crude product, which was recrystallized from ethanol to afford 1.04 g of yellow needle 
crystals in 83% yield. mp 252-254 oC; TLC ethyl acetate, Rf = 0.47; [α]24

D = -65.9 (c 0.41, CH3OH); IR (KBr) ν 
cm-1 3314 (O-H), 1635 (C=O): 1H NMR (400 MHz, DMSO-d6/TMS) δ 0.95 (d, J = 6.8 Hz, 6H, 2CH3), 1.01 (d, J 
= 6.8 Hz, 6H, 2CH3), 1.97-2.02 [m, 2H, 2CH(CH3)2], 3.55-3.58 (m, 4H, 2CH2O), 3.93-3.97 (m, 2H, 2CHNH), 
4.62 (t, J =5.6 Hz, 2H, 2OH), 7.53-7.61 (m, 4H, 2NH, 2ArH), 8.15-8.19 (m, 2H, ArH), 8.66 (s, 1H, ArH), 9.18 (s, 
1H, ArH); 13C NMR (100 MHz, DMSO-d6/TMS) δ 18.33, 19.84, 28.38, 56.21, 61.48, 123.09, 124.76, 124.97, 
126.79, 128.19, 129.56, 131.04, 135.96, 168.54; MS (EI) m/z (relative intensity, %): 436 (9, M+), 418 (6, M-H2O), 
406 (38), 388 (17), 357 (4), 348 (5), 334 (33), 316 (27), 307 (23), 289 (35), 272 (35), 248 (61), 233 (13), 221 (16), 
204 (36), 190 (5), 176 (33); Anal. Calcd for C26H32N2O4: C, 71.53; H, 7.39; N, 6.42. Found: C, 71.72; H, 7.28; N, 
6.12. 
 
(S,S)-1,8-Bis[4-(1-methylethyl)oxazolin-2-yl]anthracene (AnBOX) 
 

O N N O

 

 
A 250 mL flask fitted with a magnetic stir bar was charged with a solution of 1.04 g (2.39 mmol) above 

dihydroxy diamide in 80 mL of dry THF, 12.1 mL (166 mmol) of SOCl2 was added and the reaction mixture was 
brought to reflux for 4 h to give clear yellow solution. The resulting solution was evaporated in vacuo to remove 
THF and excess SOCl2. The residue was dissolved in 120 mL of ethyl acetate, then washed with 48 mL of 2 M 
K2CO3, water, and brine, respectively. The organic layer was dried over Na2SO4, filtered, and concentrated in 
vacuo to yield yellow solid, which was used without purification. The yellow solid was dissolved in 112 mL of 
acetonitrile, then 24.2 g (175 mmol) K2CO3 and 9.7 mL of water were added. After refluxing for 8 h, the resulting 
solution was cooled to room temperature and concentrated, then 640 mL of ethyl acetate and 160 mL of water 
were added. The organic extract was dried over Na2SO4, filtered, and concentrated to give crude product, which 
was purified by column chromatography (silica gel 50 g, ethyl acetate: petroleum 1:4 (v/v)) to afford 0.77 g of 
yellow crystals in 80% yield. mp 122-124 oC; TLC ethyl acetate: petroleum 1:2 (v/v), Rf = 0.35; [α]20

D = +64.7 (c 
0.97, CHCl3); IR (KBr) ν cm-1 1645 (C=N); 1H NMR δ 1.03 (d, J = 6.9 Hz, 6H, 2CH3), 1.15 (d, J = 6.9 Hz, 6H, 



2CH3), 2.00-2.06 (m, 2H, 2CH(CH3)2), 4.23-4.33 (m, 4H, 2CH2O), 4.51-4.56 (m, 2H, 2CHN), 7.48 (dd, J = 8.4, 
6.9 Hz, 2H, ArH), 8.08-8.13 (m, 4H, ArH), 8.47 (s, 1H, ArH), 10.64 (s, 1H, ArH); 13C NMR δ 18.09, 19.37, 32.84, 
69.47, 73.24, 124.47, 124.88, 125.90, 127.54, 129.38, 129.48, 131.46, 131.74, 163.80; MS (EI) m/z (rel. intensity): 
400 (22.2, M+), 357 (18.7, M-C3H7), 330 (100.0), 287 (7.9), 271 (72.4), 244 (24.0), 228 (6.0), 216 (11.5), 202 
(11.9), 190 (4.1), 176 (4.3); Anal. cacld for C26H28N2O2: C 77.97, H 7.05, N 6.99; Found: C 77.99, H 7.26, N 6.76. 

Asymmetric aziridination of chalcones, general procedure: A three-necked flask (25 mL) is charged with 
chalcone 2a (312 mg, 1.50 mmol), AnBOX 1 (24 mg, 0.06 mmol) and the CuOTf .1/2PhH (13 mg, 0.05 mmol) 
under nitrogen atmosphere. Dichloromethane (8 mL) is added by syringe and the resulting mixture is stirred for 1 
h at 24 oC. PhI=NTs (373 mg, 1.00 mmol) is added portionwise to the mixture over 2 h. After the addition, the 
reaction mixture is kept stirring for another 3 h. The aziridine product is obtained after flash silica gel 
chromatography with a mixture of petroleum ether (60-90 oC) and ethyl acetate (6:1, v/v) as an eluent. 

 
(2S,3R)-2-Benzoyl-3-phenyl-1-(p-toluenesulfonyl)aziridine (3a) (Entry 3): 
 

N
Ts O

 
 
Colorless crystal, yield 80%; mp 112-114 oC [Lit5. (2R,3S)-enantiomer, 86% ee, mp 109.0-110.5], TLC ethyl 
acetate: petroleum 1:5 (v/v), Rf  0.20; The ee of the product was determined by HPLC with Chiralcel OD column 
with hexane/2-propanol (90:10, v/v) as an eluent at flow rate 0.8 mL/min (τmajor = 30.5 min; τminor = 35.9 min). 
[α]20

D = +5.70 (c 1.00, CHCl3, 96% ee) [Lit3. (2R,3S)-enantiomer, [α]24
D = -5.24 (c 0.85, CHCl3, 86% ee)]; IR 

(KBr) ν cm-1 1688 (s), 1332 (s), 1161 (s); 1H NMR δ 2.40 (s, 3H, CH3), 4.29 (d, J = 5.2 Hz, 1H, CH), 4.52 (d, J = 
5.2 Hz, 1H, CH), 7.22-7.26 (m, 2H, ArH), 7.34-7.38 (m, 5H, ArH), 7.46-7.51 (m, 2H, ArH), 7.60-7.65 (m, 1H, 
ArH), 7.72 (d, J = 8.5 Hz, 2H, ArH), 8.06 (d, J = 8.5 Hz, 2H, ArH); 13C NMR δ 21.60, 47.47, 50.18, 127.51, 
127.67, 128.63, 128.78, 128.93, 129.46, 132.88, 134.10, 135.92, 136.56, 144.36, 190.33. MS (EI) m/z (relative 
intensity, %): 377 (M+, 6), 221 (M+-Ts, 99), 105 (PhCO+, 100), 77 (Ph+, 79). Anal. Calcd for C22H19NO3S: C, 
70.00; H, 5.07; N, 3.71. Found: C, 70.06; H, 5.12; N, 3.58.  
 
(2R,3S)-2-Benzoyl-3-phenyl-1-(p-toluenesulfonyl)aziridine (3’a) (Entry 9): 
 

N
Ts O

 
 
Colorless crystal, yield 38%; mp 109-111 oC; [Lit5. mp 109.0-110.5, 86% ee], TLC ethyl acetate: petroleum 1:5 
(v/v), Rf  0.20; The ee of the product was determined by HPLC with Chiralcel OD column with 
hexane/2-propanol (90:10, v/v) as an eluent at flow rate 0.8 mL/min (τminor = 28.9 min; τmajor = 33.1 min). [α]20

D = 
-5.21 (c 1.01, CHCl3, 86% ee) [Lit3. [α]24

D = -5.24 (c 0.85, CHCl3, 86% ee)]. 
 



(2S,3R)-2-Benzoyl-3-(p-tolyl)-1-(p-toluenesulfonyl)aziridine (3b): 
 

N
Ts O

 

 
Colorless crystal, yield 86%; mp 133-135 oC; TLC ethyl acetate: petroleum 1:6 (v/v), Rf  0.20; The ee of the 
product was determined by HPLC with Chiralcel OD column with hexane/2-propanol (90:10, v/v) as an eluent at 
flow rate 0.8 mL/min (τmajor = 23.7 min; τminor = 27.4 min): [α]20

D = -3.09 (c 0.91, CHCl3, 98% ee); IR (KBr) ν 
cm-1 1687 (s), 1332 (s), 1162 (s); 1H NMR δ 2.35 (s, 3H, CH3), 2.40 (s, 3H, CH3), 4.33 (d, J = 4.3 Hz, 1H, CH), 
4.46 (d, J = 4.3 Hz, 1H, CH), 7.15 (d, J = 7.8 Hz, 2H, ArH), 7.22-7.26 (m, 4H, ArH), 7.46-7.51 (m, 2H, ArH, 
7.60-7.62 (m, 1H, ArH), 7.72 (d, J = 8.1 Hz, 2H, ArH), 8.04-8.06 (m, 2H, ArH); 13C NMR δ 21.24, 21.60, 47.89, 
49.74, 127.66, 128.79, 128.89, 129.31, 129.45, 129.57, 134.06, 135.90, 136.70, 138.89, 144.29, 190.53. MS (EI) 
m/z (relative intensity, %): 391 (M+, 14), 235 (M+-Ts-H, 100), 130 (M+-Ts-H-PhCO, 16) 105 (PhCO+, 65), 91 
(CH3C6H4

+, 35), 77 (Ph+, 58). Anal. Calcd for C23H21NO3S: C, 70.56; H, 5.41; N, 3.58. Found: C, 70.51; H, 5.47; 
N, 3.40.  
Note: 2-(p-Toluoyl)-3-(p-tolyl)-1-(p-toluenesulfonyl)aziridine (3b) was assigned as (2S,3R) configuration based 
on the same reaction mechanism and relative retention times although it has a minus sign of specific rotation. 
 
(2S,3R)-2-Benzoyl-3-(4-chlorophenyl)-1-(p-toluenesulfonyl)aziridine (3c): 
 

N
Ts O

Cl  
 

Colorless crystal, yield 70%; mp 153-154 oC ; TLC ethyl acetate: petroleum 1:6, Rf 0.26; The ee of the product 
was determined by HPLC with Chiralcel OD column with hexane/2-propanol (90:10, v/v) as an eluent at flow rate 
0.8 mL/min (τmajor = 32.0 min; τminor = 47.7 min): [α]20

D +3.11 (c 1.03 , CHCl3, 76% ee); IR (KBr) ν cm-1 1688 (s), 
1332 (s), 1162 (s); 1H NMR δ 2.40 (s, 3H, CH3), 4.24 (d, J = 4.3 Hz, 1H, CH), 4.48 (d, J = 4.3 Hz, 1H, CH), 
7.22-7.31 (m, 6H, ArH), 7.45-7.52 (m, 2H, ArH), 7.59-7.63 (m, 1H, ArH), 7.69-7.73 (m, 2H, ArH), 8.01-8.06 (m, 
2H, ArH); 13C NMR δ 21.56, 46.62, 50.20, 127.72, 128.81, 128.88, 128.91, 128.95, 129.56, 131.56, 134.13, 
134.91, 135.93, 136.53, 144.54, 190.02. MS (EI) m/z (relative intensity, %): 411 (M+, 6), 255 (M+-Ts-H, 100), 105 
(PhCO+, 78), 77 (Ph+, 70). Anal. Calcd for C22H18ClNO3S: C, 64.15; H, 4.40; N, 3.40. Found: C, 64.12; H, 4.44; 
N, 3.14. 
 



(2S,3R)-2-Benzoyl-3-(3-chlorophenyl)-1-(p-toluenesulfonyl)aziridine (3d): 
 

N
Ts O

Cl

 
 

Colorless crystal, yield 76%; mp 140-142 oC ; TLC ethyl acetate: petroleum 1:6 (v/v), Rf 0.33; The ee of the 
product was determined by HPLC with Chiralcel OD column with hexane/2-propanol (90:10, v/v) as an eluent at 
flow rate 0.8 mL/min (τmajor = 28.6 min; τminor = 38.1 min): [α]20

D = +12.2 (c 1.06, CHCl3, 84% ee); IR (KBr) ν 
cm-1 1689 (s), 1333 (s), 1161 (s); 1H NMR δ 2.41 (s, 3H, CH3), 4.20 (d, J = 4.2 Hz, 1H, CH), 4.50 (d, J = 4.2 Hz, 
1H, CH), 7.21-7.23 (m, 1H, ArH), 7.25-7.32 (m, 5H, ArH), 7.46-7.52 (m, 2H, ArH), 7.61-7.66 (m, 1H, ArH), 
7.69-7.72 (m, 2H, ArH), 8.03-8.06 (m, 2H, ArH); 13C NMR δ 21.63, 46.04, 50.48, 125.70, 127.37, 127.76, 128.81, 
128.98, 129.03, 129.58, 129.91, 134.20, 134.63, 135.21, 135.81, 136.16, 144.65, 189.87. MS (EI) m/z (relative 
intensity, %): 411 (M+, 5), 255 (M+-Ts-H, 100), 105 (PhCO+, 67). Anal. Calcd for C22H18ClNO3S: C, 64.15; H, 
4.40; N, 3.40. Found: C, 64.11; H, 4.30; N, 3.35. 
 
(2S,3R)-2-Benzoyl-3-(2-chlorophenyl)-1-(p-toluenesulfonyl)aziridine (3e): 
 

N
Ts O

Cl

 
 

Colorless crystal, yield 91%; mp 129-130 oC ; TLC ethyl acetate: petroleum 1:5 (v/v), Rf 0.33; The ee of the 
product was determined by HPLC with Chiralpak AS column with hexane/2-propanol (90:10, v/v) as an eluent at 
flow rate 0.8 mL/min (τmajor = 67.2 min; τminor = 83.2 min): [α]20

D = +12.3 (c 1.06, CHCl3, 79% ee); IR (KBr) ν 
cm-1 1688 (s), 1334 (s), 1162 (s); 1H NMR δ 2.42 (s, 3H, CH3), 4.21 (d, J = 4.0 Hz, 1H, CH), 4.78 (d, J = 4.0 Hz, 
1H, CH), 7.20-7.29 (m, 5H, ArH), 7.34-7.38 (m, 1H, ArH), 7.45-7.52 (m, 2H, ArH), 7.59-7.66 (m, 1H, ArH), 7.75 
(d, J = 8.4 Hz, 2H, ArH), 8.07 (d, J = 7.0 Hz, 2H, ArH); 13C NMR δ 21.62, 45.59, 49.42, 126.86, 127.92, 128.24, 
128.75, 128.99, 129.46, 129.54, 129.90, 131.45, 134.02, 134.84, 136.04, 144.55, 155.02, 189.73. MS (EI) m/z 
(relative intensity, %): 411 (M+, 21), 376 (M+-Cl, 72), 255 (M+-Ts-H, 100), 220 (M+-Ts-H-Cl, 6), 150 
(M+-Ts-H-PhCO, 14), 105 (PhCO+, 61), 77 (Ph+, 78). Anal. Calcd for C22H18ClNO3S: C, 64.15; H, 4.40; N, 3.40. 
Found: C, 63.97; H, 4.32; N, 3.18. 
 
(2S,3R)-2-Benzoyl-3-(3-fluorophenyl)-1-(p-toluenesulfonyl)aziridine (3f): 
 

N
Ts O

F

 
 

Colorless crystal, yield 85%; mp 108-111 oC ; TLC ethyl acetate: petroleum 1:6 (v/v), Rf 0.18; The ee of the 
product was determined by HPLC with Chiralcel OD column with hexane/2-propanol (90:10, v/v) as an eluent at 
flow rate 0.8 mL/min (τmajor = 27.1 min; τminor = 36.2 min): [α]20

D = +12.0 (c 1.03, CHCl3, 71% ee); IR (KBr) ν 
cm-1 1684 (s), 1333 (s), 1161 (s); 1H NMR δ 2.41 (s, 3H, CH3), 4.19 (d, J = 4.2 Hz, 1H, CH), 4.53 (d, J = 4.2 Hz, 



1H, CH), 6.98-7.06 (m, 2H, CH), 7.13-7.17 (m, 1H, ArH), 7.23-7.33 (m, 3H, ArH), 7.45-7.53 (m, 2H, ArH), 
7.60-7.65 (m, 1H, ArH), 7.70-7.74 (m, 2H, ArH), 8.02-8.06 (m, 2H, ArH); 13C NMR δ 21.59, 46.22, 50.71, 114.22 
(d, 2JF-C-C = 22.9 Hz), 115.88 (d, 2JF-C-C = 21.0 Hz), 123.26, 123.31, 127.76, 128.81, 128.99, 129.58, 130.37, 
133.00 (d, 1JF-C = 288.8 Hz), 134.13, 135.98, 136.49, 144.57, 189.88. MS (EI) m/z (relative intensity, %): 395 (M+, 
5), 240 (M+-Ts, 48), 105 (PhCO+, 100), 77 (Ph+, 67). Anal. Calcd for C22H18FNO3S: C, 66.82; H, 4.59; N, 3.54. 
Found: C, 66.81, H, 4.72, N, 3.40. 
 
(2S,3R)-3-Phenyl-2-(p-toluoyl)-1-(p-toluenesulfonyl)aziridine (3g): 
 

N
Ts O

 

 
Colorless needle crystal, yield 92%; mp 138-139 oC; TLC ethyl acetate: petroleum 1:6 (v/v), Rf  0.23; The ee of 
the product was determined by HPLC with Chiralcel OD column with hexane/2-propanol (90:10, v/v) as an eluent 
at flow rate 0.8 mL/min (τmajor = 27.8 min): [α]20

D = +4.00 (c 0.93, CHCl3, >99.9% ee); IR (KBr) ν cm-1 1683 (s), 
1331 (s), 1162 (s); 1H NMR δ 2.40 (s, 3H, CH3), 2.43 (s, 3H, CH3), 4.28 (d, J = 4.2 Hz, 1H, CH), 4.50 (d, J = 4.2 
Hz, 1H, CH), 7.20 (m, 3H, ArH), 7.24-7.26 (m, 1H, ArH), 7.30-7.33 (m, 5H, ArH), 7.72 (d, J = 8.6 Hz, 2H, ArH), 
7.96 (d, J = 8.2 Hz, 2H, ArH); 13C NMR δ 21.55, 21.76, 47.48, 50.13, 127.56, 127.71, 128.58, 128.80, 129.06, 
129.45, 129.46, 133.02, 133.62, 136.76, 144.25, 145.14, 189.76. MS (EI) m/z (relative intensity, %): 391 (M+, 13), 
236 (M+-Ts, 77), 119 (CH3C6H4CO+, 100), 91 (CH3C6H4+, 68), 77 (Ph+, 10). Anal. Calcd for C23H21NO3S: C, 
70.56; H, 5.41; N, 3.58. Found: C, 70.50; H, 5.40; N, 3.32.  
 
(2S,3R)-2-(p-Toluoyl)-3-(p-tolyl)-1-(p-toluenesulfonyl)aziridine (3h): 
 

N
Ts O

 

 
Colorless crystal, yield 59%; mp 168-170 oC; TLC ethyl acetate: petroleum 1:5 (v/v), Rf  0.27; The ee of the 
product was determined by HPLC with Chiralcel OD column with hexane/2-propanol (90:10, v/v) as an eluent at 
flow rate 0.8 mL/min (τmajor = 24.5 min); [α]20

D = –5.83 (c 0.60, CHCl3, > 99.9% ee); IR (KBr) ν cm-1 1680 (s), 
1331 (s), 1161 (s); 1H NMR δ 2.34 (s, 3H, CH3), 2.39 (s, 3H, CH3), 2.43 (s, 3H, CH3), 4.32 (d, J = 4.4 Hz, 1H, 
CH), 4.44 (d, J = 4.4 Hz, 1H, CH), 7.14 (d, J = 8.1 Hz, 2H, ArH), 7.22 (d, J = 5.4 Hz, 2H, ArH), 7.24 (d, J = 5.4 
Hz, 2H, ArH), 7.28 (d, J = 8.4 Hz, 2H, ArH), 7.72 (d, J = 8.4 Hz, 2H, ArH), 7.95 (d, J = 8.1 Hz, 2H, ArH); 13C 
NMR δ 21.24, 21.60, 21.81, 47.86, 49.73, 127.63, 129.02, 129.28, 129.45, 129.65, 133.49, 136.75, 138.82, 144.22, 
145.17, 189.98. MS (EI) m/z (relative intensity, %): 405 (M+, 36), 249 (M+-Ts-H, 100), 119 (CH3C6H4CO+, 67), 
91 (CH3C6H4

+, 75). Anal. Calcd for C24H23NO3S: C, 71.09; H, 5.72; N, 3.45. Found: C, 70.98; H, 5.77; N, 3.28. 
Note: 2-(p-Toluoyl)-3-(p-tolyl)-1-(p-toluenesulfonyl)aziridine (3h) was assigned as (2S,3R) configuration based 
on the same reaction mechanism and relative retention times in chiral column although it has a minus sign of 
specific rotation. 
 



(2S,3R)-2-(4-Chlorobenzoyl)-3-(p-tolyl)-1-(p-toluenesulfonyl)azridine (3i): 
 

N
Ts O

Cl
 

 
Colorless needle crystal, yield 51%; mp 159-161 oC ; TLC ethyl acetate: petroleum 1:6 (v/v), Rf 0.39; The ee of the 
product was determined by HPLC with chiral OD-H column with hexane/2-propanol (90:10, v/v) as an eluent at 
flow rate 0.5 mL/min (τmajor = 39.9 min; τminor = 45.5 min): [α]20

D = +2.00 (c 0.55, CHCl3, 68% ee); IR (KBr) ν 
cm-1 1686 (s), 1325 (s), 1161 (s); 1H NMR δ 2.34 (s, 3H, CH3), 2.41 (s, 3H, CH3), 4.21 (d, J = 4.5 Hz, 1H, CH), 
4.47 (d, J = 4.5 Hz, 1H, CH), 7.12- 7.26 (m, 6H, ArH), 7.45 (d, J = 9.0 Hz, 2H, ArH), 7.71 (d, J = 8.2 Hz, 2H, 
ArH), 8.00 (d, J = 8.6 Hz, 2H, ArH); 13C NMR δ 21.22, 21.60, 47.51, 49.87, 127.41, 127.63, 128.87, 129.11, 
129.32, 129.50, 130.27, 134.24, 136.47, 138.91, 140.64, 144.45, 189.39. MS (EI) m/z (relative intensity, %): 425 
(M+, 46), 270 (M+-Ts, 55), 139 (ClC6H4CO+, 100), 91 (CH3C6H4

+, 26). Anal. Calcd for C23H20ClNO3S: C, 64.86; 
H, 4.73; N, 3.29. Found: C, 64.95; H, 4.82; N, 2.97.  
 
References 
1. Dippy, J. F. J.; Lewis, R. H. Rec. Trav. Chim. 1937, 56, 1000-1006. 
2. Yamada, Y.; Yamamoto, T.; Okawara, M. Chem. Lett. 1975, 361-362. 
3. Roger, M. E.; Averill, B. A. J. Org. Chem., 1986, 51, 3308-3314. 
4. Waldmann, H.; Stengl, R. Chem. Ber., 1950, 83, 167-170. 
5. Suga, H.; kakehi, A.; Ito, S.; Ibata, T.; Fudo, T.; Watanabe, Y.; Kinoshita, Y. Bull. Chem. Soc. Jpn. 2003, 76, 

189-199. 



3a 
Racemate 
 

 
 
(2S,3R)-Enantiomer (major) 
 

 



3b 
Racemate 
 

 
 
(2S,3R)-Enantiomer 
 

 



3c 
Racemate 
 

 

 
(2S,3R)-Enantiomer 
 

 



3d 
Racemate 
 

 

 
(2S,3R)-Enantiomer 
 

 



3e 
Racemate 
 

 
 
(2S,3R)-Enantiomer 
 

 



3f 
Racemate 
 

 
 
(2S,3R)-Enantiomer 
 

 



3g 
Racemate 
 

 
 
(2S,3R)-Enantiomer 
 

 



3h 
Racemate 
 

 
 
(2S,3R)-Enantiomer 
 

 



3i 
Racemate 
 

 
 
(2S,3R)-Enantiomer 
 

 



3a’ 

N
Ts O

 

 



3b 

N
Ts O

 

 

 



3b 

N
Ts O

 

 

 



3c 

N
Ts O

Cl  
 

 



3c 

N
Ts O

Cl  
 

 



3d 

N
Ts O

Cl

 
 

 



3d 

N
Ts O

Cl

 
 

 



3e 

N
Ts O

Cl

 
 

 



3e 

N
Ts O

Cl

 
 

 



3f 

N
Ts O

F

 
 

 



3f 

N
Ts O

F

 
 

 



3g 

N
Ts O

 
 

 



3g 

N
Ts O

 
 

 



3h 

N
Ts O

 

 

 



3h 

N
Ts O

 

 

 



3i 

N
Ts O

Cl
 

 

 



3i 

N
Ts O

Cl
 

 

 



Diamide 

O O NHHN
OH HO

 
 

 



Diamide 
 

 



AnBOX 

O N N O

 

 

 



AnBOX 
 

 


