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EXPERIMENTAL 

General Methods 

The 1H NMR spectra were recorded with a Bruker Ascend™ 400 (400 MHz), a Bruker Avance-

500 (500 MHz), or a JEOL 400 YH (JMTC-400) (400 MHz) spectrometer in CDCl3 or acetone-d6 

or CD3OD using tetramethylsilane as an internal standard. The 13C NMR spectra were recorded 

with a Bruker Ascend™ 400 (100 MHz), a Bruker Avance-500 (125 MHz), or a JEOL 400 YH 

(JMTC-400) (100 MHz) spectrometer in CDCl3 or acetone-d6 or CD3OD using residual non-

deuterated solvent peaks as an internal standard. The 19F NMR spectra were recorded with a Bruker 

Ascend™ 400 (376 MHz) or a Bruker Avance-500 (470 MHz) spectrometer in CDCl3 or acetone-

d6 or CD3OD using hexafluorobenzene as an external standard. The IR spectra were recorded with 

a Bruker FT-IR spectrometer (ALPHA). The high-resolution mass spectra were recorded with a 

HR-TOF-MS Micromass model VQ-TOF2 mass spectrometer, a Bruker MicroTOF spectrpmeter, 

a Bruker UHR-TOF (Ultra High Resolution-TOF), or a Jeol DARTTM. The mass spectra were 

recorded with a Thermo Finnigan Polaris Q mass spectrometer, or a Jeol DARTTM. Melting points 

were recorded with a Buchi 510 melting Point Apparatus and uncorrected. The specific rotation 

values were recorded with a Jasco P-1020 polarimeter.  

 Tetrahydrofuran (THF) was distilled from sodium-benzophenone ketyl. Dichloromethane 

(CH2Cl2), toluene, and ethyl acetate (EtOAc) were distilled over calcium hydride and stored over 

activated molecular sieves (4 Å). Acetone and acetonitrile (MeCN) were distilled over potassium 

carbonate and calcium hydride, respectively. Methanol (MeOH) and ethanol (EtOH) were distilled 

over Mg turnings. Acetone, MeCN, MeOH, and EtOH were stored without using activated 

molecular sieves. Other common solvents (CH2Cl2, hexanes, and EtOAc) were distilled before 

use. All glassware including needles and syringes were oven-dried and kept in a desiccator before 

use. Column chromatography was performed by using Merck silica gel 60 (Art. 7734). (R)-E-4-

Phenyl-3-(4,4,4-trifluorobut-2-enoyl)oxazolidin-2-one [(R)-E-1] was synthesized according to the 

literature.[1] 

 

1. Synthesis of (R,S)-3A and (R,R)-3B 

(R)-4-Phenyl-3-[(S)-4,4,4-trifluoro-3-(phenylthio)butanoyl]oxazolidin-2-one [(R,S)-3aA] and 

(R)-4-Phenyl-3-[(R)-4,4,4-trifluoro-3-(phenylthio)butanoyl]oxazolidin-2-one [(R,R)-3aB] 

Conditions A: A flame-dried round bottom flask equipped with a magnetic stirring bar, an argon 

inlet, and a rubber septum was charged with 1 (57.4 mg, 0.20 mmol) and dry acetone (1 mL). The 

resulting solution was cooled at –78 oC then thiophenol (2a, 24 L, 0.22 mmol) and N,N-

diisopropylethylamine (i-Pr2NEt) (2 L, 0.01 mmol) were added. After stirring at –78 oC for 30 

min, the reaction mixture was quenched with water (5 mL) and extracted with EtOAc (3 × 10 mL). 

The combined organic layer was washed with a saturated aqueous NaCl solution (20 mL) and dried 

over anhydrous Na2SO4. After removal of the solvent in vacuo, the crude mixture of (R,S)-3aA and 

(R,R)-3aB (89:11 dr, 1H NMR analysis) was purified by column chromatography (50% CH2Cl2 in 
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hexanes) to afford (R,S)-3aA (58.4 mg, 75% yield) as colorless viscous oil  and (R,R)-3aB (8.8 mg, 

11% yield) as a white solid. 
Conditions B: A flame-dried round bottom flask equipped with a magnetic stirring bar, an argon 

inlet, and a rubber septum was charged with 1 (58.0 mg, 0.20 mmol), 1,4-

diazabicyclo[2.2.2]octane (DABCO) (2.2 mg, 0.02 mmol), and dry THF (1 mL). The resulting 

solution was cooled at –78 oC then 2a (24 L, 0.22 mmol) was added. After stirring at –78 oC for 

30 min, the reaction mixture was quenched with water (5 mL) and extracted with EtOAc (3 × 10 

mL). The combined organic layer was washed with a saturated aqueous NaCl solution (20 mL) 

and dried over anhydrous Na2SO4. After removal of the solvent in vacuo, the crude mixture of 

(R,S)-3aA and (R,R)-3aB (21:79 dr, 1H NMR analysis) was purified by column chromatography 

(50% CH2Cl2 in hexanes) to afford (R,S)-3aA (13.0 mg, 17% yield) and (R,R)-3aB (49.0 mg, 62% 

yield). 

Scale-up synthesis: According to the Conditions A, the reaction of 1 (287 mg, 1 mmol) with 2a (0.12 

mL, 1.1 mmol) and i-Pr2NEt (10 L, 0.05 mmol) in dry acetone (5 mL) afforded (R,S)-3aA (303 

mg, 77% yield) and (R,R)-3aB (38.1 mg, 10% yield). 

 

(R,S)-3aA: Rf 0.30 (50% CH2Cl2 in hexanes); [𝛼]𝐷
25 –61.4 (c 0.8, CHCl3).

 

1H NMR (400 MHz, CDCl3):  7.60–7.54 (m, 2H, ArH), 7.44–7.34 (m, 

3H, ArH), 7.34–7.29 (m, 5H, ArH), 5.50 (dd, J = 3.4, 8.8 Hz, 1H, CHN), 

4.75 (dd, J = 8.8, 8.8 Hz, 1H, CHHO), 4.34 (dd, J = 3.4, 8.8 Hz, 1H, 

CHHO), 4.13–4.02 (m, 1H, CHCF3), 3.63 (dd, J = 10.6, 18.4 Hz, 1H, 

CHH), 3.27 (dd, J = 3.1, 18.4 Hz, 1H, CHH). 13C NMR (125 MHz, 

CDCl3):  168.1 (CO), 153.4 (CO), 138.5 (C), 133.5 (2 × CH), 132.5 (C), 129.3 (2 × CH), 129.1 

(2 × CH), 129.0 (CH), 128.7 (CH), 126.3 (q, 1JCF = 277.2 Hz, CF3), 125.9 (2 × CH), 70.3 (CH2), 

57.7 (CH), 47.3 (q, 2JCF = 29.8 Hz, CH), 35.2 (CH2). 
19F NMR (470 MHz, CDCl3):   –70.7 (CF3). 

IR (ATR): max 1777s, 1704s, 1494w, 1440s, 1385s, 1313s, 1246s, 1154s, 1096s cm–1. MS: m/z 

(%) relative intensity 396 [(M+ H)+, 94], 395 [M+, 100], 394 (13), 375 (6), 192 (15), 164 (7), 120 

(11), 104 (8), 90 (5). HRMS (ESI-TOF) calcd for C19H16F3NO3SNa+ [M + Na]+: 418.0695, found: 

418.0693. 

 

(R,R)-3aB: Rf 0.25 (50% CH2Cl2 in hexanes); mp 139–141 oC (50% 

CH2Cl2 in hexanes); [𝛼]𝐷
25 –110.1 (c 0.7, CHCl3).

 1H NMR (400 MHz, 

CDCl3):  7.43–7.32 (m, 5H, ArH), 7.30–7.17 (m, 5H, ArH), 5.48 (dd, J 

= 4.2, 8.8 Hz, 1H, CHN), 4.73 (dd, J = 8.8, 8.8 Hz, 1H, CHHO), 4.32 (dd, 

J = 4.2, 8.8 Hz, 1H, CHHO), 4.02–3.88 (m, 1H, CHCF3), 3.66 (dd, J = 

10.4, 17.7 Hz, 1H, CHH), 3.27 (dd, J = 3.7, 17.7 Hz, 1H, CHH). 13C NMR 

(100 MHz, CDCl3):  168.4 (CO), 153.5 (CO), 138.3 (C), 134.1 (2 × CH), 

132.2 (C), 129.2 (2 × CH), 129.0 (2 × CH), 128.9 (CH), 128.8 (CH), 126.3 (q, 1JCF = 277.3 Hz, 

CF3), 126.1 (2 × CH), 70.1 (CH2), 57.9 (CH), 48.2 (q, 2JCF = 29.7 Hz, CH), 35.4 (q, 3JCF = 1.8 Hz, 

CH2). 
19F NMR (470 MHz, CDCl3):   –70.7 (CF3). IR (ATR): max 1781s, 1713s, 1580m, 1494m, 
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1386s, 1330s, 1308s, 1236s, 1155s, 1109s, 1075s, 1036s, 1025s cm–1. MS: m/z (%) relative 

intensity 396 [(M+ H)+, 72], 395 [M+, 100], 393 (40), 191 (26), 120 (13), 109 (17), 104 (29). 

HRMS (ESI-TOF) calcd for C19H16F3NO3SNa+ [M + Na]+: 418.0695, found: 418.0693. 

 

(R)-4-Phenyl-3-[(S)-4,4,4-trifluoro-3-(4-methylthio)butanoyl]oxazolidin-2-one [(R,S)-3bA] 

and (R)-4-Phenyl-3-[(R)-4,4,4-trifluoro-3-(4-methylthio)butanoyl]oxazolidin-2-one [(R,R)-

3bB] 

According to the Conditions A, the reaction of 1 (57.9 mg, 0.20 mmol) with 4-methylbenzenethiol 

(28.4 mg, 0.22 mmol) gave a crude mixture of (R,S)-3bA and (R,R)-3bB (89:11 dr, 1H NMR 

analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3bA 

(59.0 mg, 72% yield) as a colorless viscous oil and (R,R)-3bB (7.4 mg, 9% yield) as a white solid. 

According to the Conditions B, the reaction of 1 (58.1 mg, 0.20 mmol) with 4-methylbenzenethiol 

(28.4 mg, 0.22 mmol) gave a crude mixture of (R,S)-3bA and (R,R)-3bB (24:76 dr, 1H NMR 

analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3bA 

(18.4 mg, 23% yield) and (R,R)-3bB (59.0 mg, 72% yield). 

 

(R,S)-3bA: Rf 0.30 (50% CH2Cl2 in hexanes); [𝛼]𝐷
25 –58.1 (c 1.9, 

CHCl3).
 1H NMR (400 MHz, CDCl3):  7.45 (d, J = 8.0 Hz, 2H, ArH), 

7.44–7.29 (m, 5H, ArH), 7.12 (d, J = 8.0 Hz, 2H, ArH), 5.50 (dd, J = 

3.4, 8.6 Hz, 1H, CHN), 4.75 (dd, J = 8.6, 8.6 Hz, 1H, CHHO), 4.34 

(dd, J = 3.4, 8.6 Hz, 1H, CHHO), 4.06–3.94 (m, 1H, CHCF3), 3.61 

(dd, J = 10.6, 18.4 Hz, 1H, CHH), 3.24 (dd, J = 3.1, 18.4 Hz, 1H, 

CHH), 2.33 (s, 3H, CH3). 
13C NMR (100 MHz, CDCl3):  168.1 

(CO), 153.4 (CO), 139.1 (C), 138.5 (C), 134.1 (2 × CH), 129.9 (2 × CH), 129.3 (2 × CH), 129.0 

(CH), 128.7 (C), 126.4 (q, 1JCF = 277.4 Hz, CF3), 125.9 (2 × CH), 70.3 (CH2), 57.7 (CH), 47.5 (q, 
2JCF = 29.5 Hz, CH), 35.1 (q, 3JCF = 1.8 Hz, CH2), 21.2 (CH3). 

19F NMR (470 MHz, CDCl3):   –

70.6 (CF3). IR (ATR): max 1775s, 1711s, 1493m, 1385s, 1319s, 1244s, 1200s, 1151s, 1096s cm–

1. MS: m/z (%) relative intensity 410 [(M+ H)+, 97], 409 [M+, 100], 286 (12), 206 (48), 164 (12), 

149 (14), 124 (46), 123 (26), 121 (19), 120 (21), 104 (21), 91 (19), 77 (10). HRMS (ESI-TOF) 

calcd for C20H18F3NO3SNa+ [M + Na]+: 432.0852, found: 432.0857. 

 

(R,R)-3bB: Rf 0.25 (50% CH2Cl2 in hexanes); mp 160–162 oC 

(50% CH2Cl2 in hexanes); [𝛼]𝐷
29 –115.1 (c 1.0, CHCl3).

 1H NMR 

(400 MHz, CDCl3):  7.45–7.32 (m, 5H, ArH), 7.11 (d, J = 8.1 Hz, 

2H, ArH), 7.00 (d, J = 8.1 Hz, 2H, ArH), 5.48 (dd, J = 4.2, 8.9 Hz, 

1H, CHN), 4.72 (dd, J = 8.9, 8.9 Hz, 1H, CHHO), 4.32 (dd, J = 

4.2, 8.9 Hz, 1H, CHHO), 3.95–3.82 (m, 1H, CHCF3), 3.63 (dd, J 

= 10.4, 17.7 Hz, 1H, CHH), 3.24 (dd, J = 3.6, 17.7 Hz, 1H, CHH), 

2.30 (s, CH3). 
13C NMR (100 MHz, CDCl3):  168.4 (CO), 153.5 (CO), 139.1 (C), 138.3 (C), 134.5 

(2 × CH), 129.8 (2 × CH), 129.2 (2 × CH), 128.9 (CH), 128.5 (C), 126.3 (q, 1JCF = 277.2 Hz, CF3), 
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126.1 (2 × CH), 70.1 (CH2), 57.9 (CH), 48.4 (q, 2JCF = 29.4 Hz, CH), 35.3 (q, 3JCF = 1.7 Hz, CH2), 

21.1 (CH3). 
19F NMR (470 MHz, CDCl3):   –70.6 (CF3). IR (ATR): max 1783s, 1709s, 1493w, 

1411m, 1321s, 1203s, 1155s, 1076s cm–1. MS: m/z (%) relative intensity 410 [(M+ H)+, 64], 409 

[M+, 100], 389 (17), 206 (41), 164 (29), 104 (11), 91 (14), 77 (19). HRMS (ESI-TOF) calcd for 

C20H18F3NO3SNa+ [M + Na]+: 432.0852, found: 432.0847. 

 

(R)-4-Phenyl-3-{(S)-4,4,4-trifluoro-3-[(4-methoxyphenyl)thio]butanoyl}oxazolidin-2-one [(R,S)-

3cA] and (R)-4-Phenyl-3-{(R)-4,4,4-trifluoro-3-[(4-methoxyphenyl)thio]butanoyl}oxazolidin-2-

one [(R,R)-3cB] 

According to the Conditions A, the reaction of 1 (58.1 mg, 0.20 mmol) with 4-

methoxybenzenethiol (32 L, 0.22 mmol) gave a crude mixture of (R,S)-3cA and (R,R)-3cB (92:8 

dr, 1H NMR analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) gave 

(R,S)-3cA (67.8 mg, 80% yield) as pale-yellow viscous oil and (R,R)-3cB (5.0 mg, 6% yield) as a 

white solid. According to the Conditions B, the reaction of 1 (58.2 mg, 0.20 mmol) with 4-

methoxybenzenethiol (32 L, 0.22 mmol) gave a crude mixture of (R,S)-3cA and (R,R)-3cB (38:62 

dr, 1H NMR analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) afforded 

(R,S)-3cA (26.3 mg, 31% yield) and (R,R)-3cB (47.2 mg, 55% yield). 

Scale-up synthesis: According to the Conditions A, the reaction of 1 (286 mg, 1.0 mmol) with 4-

methoxybenzenethiol (0.16 mL, 1.1 mmol) and i-Pr2NEt (10 L, 0.05 mmol) in dry acetone (5 

mL) gave (R,S)-3cA (350 mg, 82% yield) and (R,R)-3cB (17.4 mg, 4% yield). According to the 

Conditions B, the reaction of 1 (286 mg, 1.0 mmol) with 4-methoxybenzenethiol (0.16 mL, 1.1 

mmol) and DABCO (11.2 mg, 0.10 mmol) in dry THF (5 mL) gave (R,S)-3cA (113 mg, 27% yield) 

and (R,R)-3cB (255 mg, 60% yield).  

 

(R,S)-3cA: Rf 0.25 (50% CH2Cl2 in hexanes); [𝛼]𝐷
25 –68.8 (c 1.8, 

CHCl3).
 1H NMR (400 MHz, CDCl3):  7.51 (d, J = 8.3 Hz, 2H, 

ArH), 7.45–7.29 (m, 5H, ArH), 6.84 (d, J = 8.3 Hz, 2H, ArH), 5.49 

(dd, J = 3.2, 8.7 Hz, 1H, CHN), 4.75 (dd, J = 8.7, 8.7 Hz, 1H, 

CHHO), 4.33 (dd, J = 3.2, 8.7 Hz, 1H, CHHO), 3.99–3.84 (m, 1H, 

CHCF3), 3.80 (s, 3H, OCH3), 3.59 (dd, J = 11.2, 18.7 Hz, 1H, 

CHH), 3.20 (dd, J = 2.8, 18.7 Hz, 1H, CHH). 13C NMR (100 MHz, 

CDCl3):  168.2 (CO), 160.5 (C), 153.4 (CO), 138.5 (C), 136.6 (2 × CH), 129.3 (2 × CH), 129.0 

(CH), 126.4 (q, 1JCF = 277.0 Hz, CF3), 125.9 (2 × CH), 122.5 (C), 114.6 (2 × CH), 70.3 (CH2), 

57.8 (CH), 55.3 (OCH3), 47.9 (q, 2JCF = 29.2 Hz, CH), 35.0 (q, 3JCF = 1.7 Hz, CH2). 
19F NMR (470 

MHz, CDCl3):   –70.5 (CF3). IR (ATR): max 1775s, 1716s, 1589m, 1491m, 1385s, 1306s, 1238s, 

1205m, 1146s, 1090s cm–1. MS: m/z (%) relative intensity 426 [(M+ H)+, 77], 425 [M+, 100], 

424(4), 242 (2), 140 (2), 105 (1). HRMS (DART) calcd for C20H19F3NO4S
+ [M + H]+: 426.0981, 

found: 426.0983. 
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(R,R)-3cB: Rf 0.18 (50% CH2Cl2 in hexanes); mp 164–167 oC (50% 

CH2Cl2 in hexanes); [𝛼]𝐷
28 –85.7 (c 1.0, CHCl3).

 1H NMR (400 

MHz, CDCl3):  7.46–7.34 (m, 5H, ArH), 7.17–7.10 (m, 2H, ArH), 

6.75–6.68 (m, 2H, ArH), 5.49 (dd, J = 4.2, 8.9 Hz, 1H, CHN), 4.74 

(dd, J = 8.9, 8.9 Hz, 1H, CHHO), 4.34 (dd, J = 4.2, 8.9 Hz, 1H, 

CHHO), 3.85–3.74 (m, 4H, CHCF3, OCH3), 3.62 (dd, J = 10.5, 17.7 

Hz, 1H, CHH), 3.21 (dd, J = 3.4, 17.7 Hz, 1H, CHH). 13C NMR 

(100 MHz, CDCl3):  168.5 (CO),160.4 (C), 153.4 (CO), 138.3 (C), 136.8 (2 × CH), 129.2 (2 × 

CH), 128.9 (CH), 126.4 (q, 1JCF = 277.2 Hz, CF3), 126.2 (2 × CH), 122.4 (C), 114.5 (2 × CH), 70.1 

(CH2), 57.9 (CH), 55.3 (OCH3), 48.6 (q, 2JCF = 29.2 Hz, CH), 35.2 (q, 3JCF = 1.7 Hz, CH2). 
19F 

NMR (470 MHz, CDCl3):   –70.6 (CF3). IR (ATR): max 1790s, 1696s, 1458m, 1443m, 1330s, 

1242s, 1155s, 1075s, 1038s, 1026s cm–1. MS: m/z (%) relative intensity 426 [(M+ H)+, 63], 425 

[M+, 100], 286 (7), 242 (6), 140 (73), 139 (17), 121 (11), 120 (11), 95 (7). HRMS (ESI-TOF) calcd 

for C20H19F3NO4S
+ [M + H]+: 426.0981, found: 426.0970. 

 

(R)-4-Phenyl-3-{(S)-4,4,4-trifluoro-3-[(4-chlorophenyl)thio]butanoyl}oxazolidin-2-one [(R,S)-

3dA] and (R)-4-Phenyl-3-{(R)-4,4,4-trifluoro-3-[(4-chlorophenyl)thio]butanoyl}oxazolidin-2-

one [(R,R)-3dB] 

According to the Conditions A, the reaction of 1 (58.2 mg, 0.20 mmol) with 4-chlorobenzenethiol 

(31.8 mg, 0.22 mmol) gave a crude mixture of (R,S)-3dA and (R,R)-3dB (71:29 dr, 1H NMR 

analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) gave (R,S)-3dA (49.3 

mg, 58% yield) as a white semi-solid and (R,R)-3dB (20.8 mg, 24% yield) as a white solid. 

According to the Conditions B, the reaction of 1 (57.8 mg, 0.20 mmol) with 4-chlorobenzenethiol 

(31.8 mg, 0.22 mmol) gave a crude mixture of (R,S)-3dA and (R,R)-3dB (25:75 dr, 1H NMR 

analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) gave (R,S)-3dA (21.6 

mg, 25% yield) and (R,R)-3dB (54.0 mg, 63% yield). 

 

(R,S)-3dA: Rf 0.30 (50% CH2Cl2 in hexanes); [𝛼]𝐷
24 –51.9 (c 1.3, 

CHCl3).
 1H NMR (400 MHz, CDCl3):  7.55–7.48 (m, 2H, ArH), 

7.45–7.35 (m, 3H, ArH), 7.35–7.27 (m, 4H, ArH), 5.50 (dd, J = 3.4, 

8.8 Hz, 1H, CHN), 4.77 (dd, J = 8.8, 8.8 Hz, 1H, CHHO), 4.35 (dd, J 

= 3.4, 8.8 Hz, 1H, CHHO), 4.06–3.94 (m, 1H, CHCF3), 3.62 (dd, J = 

10.8, 18.5 Hz, 1H, CHH), 3.26 (dd, J = 2.9, 18.5 Hz, 1H, CHH). 13C 

NMR (100 MHz, CDCl3):  168.0 (CO), 153.5 (CO), 138.4 (C), 135.1 

(C), 135.0 (2 × CH), 131.0 (C), 129.4 (2 ×CH), 129.3 (2 ×CH), 129.1 (CH), 126.3 (q, 1JCF = 276.6 

Hz, CF3), 125.9 (2 × CH), 70.3 (CH2), 57.8 (CH), 47.7 (q, 2JCF = 29.7 Hz, CH), 35.2 (q, 3JCF = 1.7 

Hz, CH2). 
19F NMR (470 MHz, CDCl3):   –70.7 (CF3). IR (ATR): max 1780s, 1706s, 1476m, 

1382s, 1305s, 1276s, 1245s, 1202s, 1150s, 1097s cm–1. MS: m/z (%) relative intensity 430 [(M+ 

H)+, 76], 429 [M+, 100], 286 (7), 240 (4), 164 (13), 120 (20), 108 (14), 104 (15), 91 (7), 77 (4). 

HRMS (ESI-TOF) calcd for C19H15ClF3NO3SNa+ [M + Na]+: 452.0305, found: 452.0291. 
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(R,R)-3dB: Rf 0.25 (50% CH2Cl2 in hexanes); mp 164–166 oC (50% 

CH2Cl2 in hexanes); [𝛼]𝐷
26 –116.7 (c 1.1, CHCl3).

 1H NMR (400 MHz, 

CDCl3):  7.45–7.33 (m, 5H, ArH), 7.18–7.10 (m, 4H, ArH), 5.48 (dd, 

J = 4.3, 8.9 Hz, 1H, CHN), 4.75 (dd, J = 8.9, 8.9 Hz, 1H, CHHO), 4.34 

(dd, J = 4.3, 8.9 Hz, 1H, CHHO), 3.95–3.82 (m, 1H, CHCF3), 3.69 

(dd, J = 10.7, 17.7 Hz, 1H, CHH), 3.23 (dd, J = 3.4, 17.7 Hz, 1H, 

CHH). 13C NMR (125 MHz, CDCl3):  168.3 (CO), 153.4 (CO), 138.2 

(C), 135.5 (2 × CH), 135.3 (C), 130.8 (C), 129.2 (4 ×CH), 128.9 (CH), 126.2 (q, 1JCF = 276.9 Hz, 

CF3), 126.1 (2 × CH), 70.1 (CH2), 57.9 (CH), 48.6 (q, 2JCF = 29.7 Hz, CH), 35.4 (CH2). 
19F NMR 

(470 MHz, CDCl3):   –70.8 (CF3). IR (ATR): max 1792s, 1694s, 1452m, 1383s, 1312s, 1268m, 

1245m, 1209m, 1148s, 1091s, 1039s cm–1. MS: m/z (%) relative intensity 430 [(M+ H)+, 100], 429 

[M+, 99], 286 (10), 164 (13), 120 (25), 108 (15), 104 (30), 91 (5), 77 (7). HRMS (ESI-TOF) calcd 

for C19H15ClF3NO3SNa+ [M + Na]+: 452.0305, found: 452.0293. 

 

(R)-4-Phenyl-3-{(S)-4,4,4-trifluoro-3-[(4-fluorophenyl)thio]butanoyl}oxazolidin-2-one [(R,S)-

3eA] and (R)-4-Phenyl-3-{(R)-4,4,4-trifluoro-3-[(4-fluorophenyl)thio]butanoyl}oxazolidin-2-one 

[(R,R)-3eB] 

According to the Conditions A, the reaction of 1 (58.3 mg, 0.20 mmol) with 4-fluorobenzenethiol 

(24 L, 0.22 mmol) gave a crude mixture of (R,S)-3eA and (R,R)-3eB (85:15 dr, 1H NMR 

analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3eA 

(61.1 mg, 74% yield) as a white semi-solid and (R,R)-3eB (12.1 mg, 15% yield) as a white solid. 

According to the Conditions B, the reaction of 1 (57.9 mg, 0.20 mmol) with 4-fluorobenzenethiol 

(24 L, 0.22 mmol) gave a crude mixture of (R,S)-3eA and (R,R)-3eB (22:78 dr, 1H NMR 

analysis). Purification by column chromatography (50% CH2Cl2 in hexane) afforded (R,S)-3eA 

(14.0 mg, 17% yield) and (R,R)-3eB (49.8 mg, 60% yield). 

Scale-up synthesis: According to the Conditions A, the reaction of 1 (1.14 g, 4.0 mmol) with 4-

fluorobenzenethiol (0.48 mL, 4.4 mmol) and i-Pr2NEt (36 L, 0.20 mmol) in dry acetone (20 mL) 

gave (R,S)-3eA (1.25 g, 76% yield) and (R,R)-3eB (195 mg, 12% yield). 

 

(R,S)-3eA: Rf 0.25 (50% CH2Cl2 in hexanes); [𝛼]𝐷
26 –61.0 (c 1.3, 

CHCl3).
 1H NMR (400 MHz, CDCl3):  7.57 (dd, J = 5.2, 8.7 Hz, 2H, 

ArH), 7.45–7.30 (m, 5H, ArH), 7.01 (dd, J = 8.7, 8.7 Hz, 2H, ArH), 

5.51 (dd, J = 3.4, 8.8 Hz, 1H, CHN), 4.76 (dd, J = 8.8, 8.8 Hz, 1H, 

CHHO), 4.35 (dd, J = 3.4, 8.8 Hz, 1H, CHHO), 4.02–3.89 (m, 1H, 

CHCF3), 3.61 (dd, J = 10.8, 18.5 Hz, 1H, CHH), 3.25 (dd, J = 2.9, 18.5 

Hz, 1H, CHH). 13C NMR (125 MHz, CDCl3):  168.1 (CO), 163.2 (d, 
1JCF = 248.3 Hz, C), 153.4 (CO), 138.4 (C), 136.4 (d, 3JCF = 8.5 Hz, 2 × CH), 129.3 (2 × CH), 

129.0 (CH), 127.6 (d, 4JCF = 3.5 Hz, C), 126.3 (q, 1JCF = 277.1 Hz, CF3), 125.9 (2 × CH), 116.3 

(d, 2JCF = 21.9 Hz, 2 × CH), 70.3 (CH2), 57.8 (CH), 48.0 (q, 2JCF = 29.5 Hz, CH), 35.2 (CH2). 
19F 

NMR (470 MHz, CDCl3):   –70.6 (CF3), –111.7 (F). IR (ATR): max 1778s, 1704s, 1491w, 1384m, 
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1322s, 1307s, 1274s, 1215s, 1199s, 1148s, 1099s cm–1. MS: m/z (%) relative intensity 414 [(M+ 

H)+, 99], 413 [M+, 100], 286 (5), 164 (6), 127 (5), 120 (12), 104 (5), 91 (4). HRMS (ESI-TOF) 

calcd for C19H15F4NO3SNa+ [M + Na]+: 436.0601, found: 436.0595. 

 

(R,R)-3eB: Rf 0.20 (50% CH2Cl2 in hexanes); mp 154–156 oC (50% 

CH2Cl2 in hexanes); [𝛼]𝐷
26 –104.0 (c 1.2, CHCl3).

 1H NMR (400 MHz, 

CDCl3):  7.45–7.34 (m, 5H, ArH), 7.21–7.14 (m, 2H, ArH), 6.91–6.84 

(m, 2H, ArH), 5.49 (dd, J = 4.3, 8.9 Hz, 1H, CHN), 4.75 (dd, J = 8.9, 8.9 

Hz, 1H, CHHO), 4.34 (dd, J = 4.3, 8.9 Hz, 1H, CHHO), 3.90–3.77 (m, 

1H, CHCF3), 3.67 (dd, J = 10.7, 17.7 Hz, 1H, CHH), 3.21 (dd, J = 3.3, 

17.7 Hz, 1H, CHH). 13C NMR (100 MHz, CDCl3):  168.4 (CO), 163.3 

(d, 1JCF = 248.6 Hz, C), 153.4 (CO), 138.3 (C), 136.8 (d, 3JCF = 8.5 Hz, 2 × CH), 129.2 (2 × CH), 128.9 

(CH), 127.3 (d, 4JCF = 3.4 Hz, C), 126.3 (q, 1JCF = 276.7 Hz, CF3), 126.2 (2 × CH), 116.1 (d, 2JCF = 

21.8 Hz, 2 × CH), 70.1 (CH2), 57.9 (CH), 48.8 (q, 2JCF = 29.8 Hz, CH), 35.3 (q, 3JCF = 1.8 Hz, CH2). 
19F NMR (470 MHz, CDCl3):   –70.7 (CF3), –111.6 (F). IR (ATR): max 1792s, 1697s, 1589m, 1489m, 

1384s, 1310s, 1210s, 1146s, 1118s, 1095s cm–1. MS: m/z (%) relative intensity 414 [(M+ H)+, 98], 413 

[M+, 100], 393 (3), 210 (3), 164 (6), 120 (15), 91 (3). HRMS (ESI-TOF) calcd for C19H15F4NO3SNa+ 

[M + Na]+: 436.0601, found: 436.0602. 

 

(R)-4-Phenyl-3-{(S)-4,4,4-trifluoro-3-[(3-methoxyphenyl)thio]butanoyl}oxazolidin-2-one [(R,S)-

3fA] and (R)-4-Phenyl-3-{(R)-4,4,4-trifluoro-3-[(3-methoxyphenyl)thio]butanoyl}oxazolidin-2-

one [(R,R)-3fB] 

According to the Conditions A, the reaction of 1 (57.7 mg, 0.20 mmol) with 3-

methoxybenzenethiol (32 L, 0.22 mmol) gave a crude mixture of (R,S)-3fA and (R,R)-3fB (85:15 

dr, 1H NMR analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) afforded 

(R,S)-3fA (63.1 mg, 75% yield) as a colorless viscous oil and (R,R)-3fB (10.4 mg, 12% yield) as 

a white solid. According to the Conditions B, the reaction of 1 (57.6 mg, 0.20 mmol) with 3-

methoxybenzenethiol (32 L, 0.22 mmol) gave a crude mixture of (R,S)-3fA and (R,R)-3fB (36:64 

dr, 1H NMR analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) afforded 

(R,S)-3fA (28.0 mg, 33%) and (R,R)-3fB (49.1 mg, 60%). 

 

(R,S)-3fA: Rf 0.20 (50% CH2Cl2 in hexanes); [𝛼]𝐷
24 –50.8 (c 1.2, 

CHCl3).
 1H NMR (400 MHz, CDCl3):  7.45–7.33 (m, 3H, ArH), 

7.33–7.29 (m, 2H, ArH), 7.23 (dd, J = 8.0, 8.0 Hz, 1H, ArH), 7.15 

(ddd, J = 0.9, 2.0, 8.0 Hz, 1H, ArH), 7.11 (dd, J = 2.0, 2.0 Hz, 1H, 

ArH), 6.86 (ddd, J = 0.9, 2.0, 8.0 Hz, 1H, ArH), 5.48 (dd, J = 3.4, 

8.8 Hz, 1H, CHN), 4.74 (dd, J = 8.8, 8.8 Hz, 1H, CHHO), 4.34 (dd, 

J = 3.4, 8.8 Hz, 1H, CHHO), 4.16–4.05 (m, 1H, CHCF3), 3.80 (s, 

3H, OCH3), 3.63 (dd, J = 10.6, 18.4 Hz, 1H, CHH), 3.27 (dd, J = 3.2, 18.4 Hz, 1H, CHH). 13C 

NMR (100 MHz, CDCl3):  168.0 (CO), 159.7 (C), 153.4 (CO), 138.5 (C), 133.5 (C), 130.0 (CH), 



SI-9 

129.3 (2 × CH), 129.0 (CH), 126.3 (q, 1JCF = 277.3 Hz, CF3), 125.9 (2 × CH), 125.5 (CH), 118.5 

(CH), 114.5 (CH), 70.3 (CH2), 57.4 (CH), 55.3 (OCH3), 47.1 (q, 2JCF = 29.7 Hz, CH), 35.2 (q, 3JCF 

= 1.7 Hz, CH2). 
19F NMR (376 MHz, CDCl3):   –70.7 (CF3). IR (ATR): max 1776s, 1704s, 1589m, 

1478m, 1386s, 1311s, 1245s, 1154s, 1097s, 1037s cm–1. MS: m/z (%) relative intensity 426 [(M+ 

H)+, 85], 425 [M+, 100], 424 (18), 407 (6), 263 (5), 222 (66), 195 (4), 120 (4). HRMS (ESI-TOF) 

calcd for C20H19F3NO4S
+ [M + H]+: 426.0981, found: 426.0987. 

 

(R,R)-3fB: Rf 0.15 (50% CH2Cl2 in hexanes); mp 113–115 oC (50% 

CH2Cl2 in hexanes); [𝛼]𝐷
23 –106.1 (c 1.2, CHCl3).

 1H NMR (400 

MHz, CDCl3):  7.42–7.30 (m, 5H, ArH), 7.11 (dd, J = 8.0, 8.0 Hz, 

1H, ArH), 6.89–6.78 (m, 3H, ArH), 5.48 (dd, J = 4.3, 8.9 Hz, 1H, 

CHN), 4.73 (dd, J = 8.9, 8.9 Hz, 1H, CHHO), 4.30 (dd, J = 4.3, 8.9 

Hz, 1H, CHHO), 4.05–3.94 (m, 1H, CHCF3), 3.73–3.62 (m, 4H, 

OCH3, CHH), 3.29 (dd, J = 3.7, 17.8 Hz, 1H, CHH). 13C NMR (100 

MHz, CDCl3):  168.0 (CO), 159.7 (C), 153.5 (CO), 138.3 (C), 133.4 (C), 129.8 (CH), 129.2 (2 × 

CH), 128.8 (CH), 126.3 (q, 1JCF = 277.2 Hz, CF3), 125.9 (2 × CH), 125.8 (CH), 118.5 (CH), 115.1 

(CH), 70.1 (CH2), 57.9 (CH), 55.2 (OCH3), 48.1 (q, 2JCF = 29.8 Hz, CH), 35.5 (q, 3JCF = 1.6 Hz, 

CH2). 
19F NMR (376 MHz, CDCl3):   –70.7 (CF3). IR (ATR): max 1782s, 1706s, 1590m, 1483m, 

1379s, 1300s, 1245s, 1155s, 1076s, 1033s cm–1. MS: m/z (%) relative intensity 426 [(M+ H)+, 77], 

425 [M+, 98], 384 (15), 223 (12), 222 (100), 164 (10), 140 (28), 120 (13), 95 (6). HRMS (ESI-

TOF) calcd for C20H19F3NO4S
+ [M + H]+: 426.0981, found: 426.0984. 

 

(R)-4-Phenyl-3-{(S)-4,4,4-trifluoro-3-[(3-chlorophenyl)thio]butanoyl}oxazolidin-2-one [(R,S)-

3gA] and (R)-4-Phenyl-3-{(R)-4,4,4-trifluoro-3-[(3-chlorophenyl)thio]butanoyl}oxazolidin-2-one 

[(R,R)-3gB] 

According to the Conditions A, the reaction of 1 (58.1 mg, 0.20 mmol) with 3-chlorobenzenethiol 

(26 L, 0.22 mmol) gave a crude mixture of (R,S)-3gA and (R,R)-3gB (75:25 dr, 1H NMR 

analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-

3gA(53.1 mg, 62% yield) as a colorless viscous oil and (R,R)-3gB (19.3 mg, 23% yield) as a white 

solid. According to the Conditions B, the reaction of 1 (58.1 mg, 0.20 mmol) with 3-

chlorobenzenethiol (26 L, 0.22 mmol) gave a crude mixture of (R,S)-3gA and (R,R)-3gB (46:54 

dr, 1H NMR analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) afforded 

(R,S)-3gA (32.7 mg, 38% yield) and (R,R)-3gB (36.4 mg, 43% yield). 

(R,S)-3gA: Rf 0.33 (50% CH2Cl2 in hexanes); [𝛼]𝐷
27 –53.1 (c 1.0, 

CHCl3).
 1H NMR (400 MHz, CDCl3):  7.57–7.54 (m, 1H, ArH), 7.48–

7.35 (m, 4H, ArH), 7.35–7.24 (m, 4H, ArH), 5.50 (dd, J = 3.4, 8.8 Hz, 

1H, CHN), 4.77 (dd, J = 8.8, 8.8 Hz, 1H, CHHO), 4.35 (dd, J = 3.4, 

8.8 Hz, 1H, CHHO), 4.15–4.00 (m, 1H, CHCF3), 3.62 (dd, J = 10.8, 

18.6 Hz, 1H, CHH), 3.28 (dd, J = 3.0, 18.6 Hz, 1H, CHH). 13C NMR 
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(100 MHz, CDCl3):  167.9 (CO), 153.4 (CO), 138.4 (C), 134.6 (C), 134.5 (C), 132.8 (CH), 131.3 

(CH), 130.2 (CH), 129.3 (2 ×CH), 129.0 (CH), 128.9 (CH), 126.2 (q, 1JCF = 277.2 Hz, CF3), 125.9 

(2 × CH), 70.4 (CH2), 57.8 (CH), 47.2 (q, 2JCF = 30.0 Hz, CH), 35.1 (q, 3JCF = 1.7 Hz, CH2). 
19F 

NMR (470 MHz, CDCl3):   –70.7 (CF3). IR (ATR): max 1779s, 1698s, 1605w, 1576w, 1459m, 

1363s, 1311s, 1290s, 1257s, 1210s, 1156s, 1102s, 1046s, 1013s cm–1. MS: m/z (%) relative 

intensity 430 [(M+ H)+, 100], 429 [M+, 83], 409 (11), 226 (12), 183 (11), 164 (13), 120 (20), 108 

(22), 104 (18). HRMS (ESI-TOF) calcd for C19H15ClF3NO3SNa+ [M + Na]+: 452.0305, found: 

452.0293. 

 

(R,R)-3gB: Rf 0.25 (50% CH2Cl2 in hexanes); mp 127–130 oC (50% 

CH2Cl2 in hexanes); [𝛼]𝐷
24 –113.4 (c 1.1, CHCl3).

 1H NMR (400 MHz, 

CDCl3):  7.45–7.32 (m, 5H, ArH), 7.25–7.20 (m, 2H, ArH), 7.16–

7.09 (m, 2H, ArH), 5.49 (dd, J = 4.3, 8.9 Hz, 1H, CHN), 4.75 (dd, J = 

8.9, 8.9 Hz, 1H, CHHO), 4.34 (dd, J = 4.3, 8.9 Hz, 1H, CHHO), 4.00–

3.89 (m, 1H, CHCF3), 3.69 (dd, J = 10.7, 17.7 Hz, 1H, CHH), 3.24 

(dd, J = 3.4, 17.7 Hz, 1H, CHH). 13C NMR (125 MHz, CDCl3):  168.2 

(CO), 153.5 (CO), 138.2 (C), 134.5 (C), 134.3 (C), 133.4 (CH), 131.8 (CH), 130.0 (CH), 129.2 (2 

×CH), 129.0 (CH), 128.9 (CH), 126.2 (q, 1JCF = 276.8 Hz, CF3), 126.1 (2 × CH), 70.2 (CH2), 57.9 

(CH), 48.4 (q, 2JCF = 30.0 Hz, CH), 35.4 (CH2). 
19F NMR (470 MHz, CDCl3):   –70.8 (CF3). IR 

(ATR): max 1791s, 1690s, 1573w, 1563w, 1472m, 1386s, 1324s, 1268s, 1247s, 1211s, 1151s, 

1100s, 1073s cm–1. MS: m/z (%) relative intensity 430 [(M+ H)+, 100], 429 [M+, 79], 409 (32), 

389 (18), 286 (17), 226 (19), 211 (12), 183 (15), 121 (10), 120 (23), 108 (13), 104 (69), 91 (7), 77 

(6). HRMS (ESI-TOF) calcd for C19H15ClF3NO3SNa+ [M + Na]+: 452.0305, found: 452.0301. 

 

(R)-4-Phenyl-3-{(S)-4,4,4-trifluoro-3-[(2-methoxyphenyl)thio]butanoyl}oxazolidin-2-one [(R,S)-

3hA] and (R)-4-Phenyl-3-{(R)-4,4,4-trifluoro-3-[(2-methoxyphenyl)thio]butanoyl}oxazolidin-2-

one [(R,R)-3hB] 

According to the Conditions A, the reaction of 1 (57.8 mg, 0.20 mmol) with 2-

methoxybenzenethiol (32 L, 0.22 mmol) gave a crude mixture of (R,S)-3hA and (R,R)-3hB 

(84:16 dr, 1H NMR analysis). Purification by column chromatography (30% EtOAc in hexanes) 

afforded (R,S)-3hA (59.7 mg, 70% yield) as a colorless viscous oil and (R,R)-3hB (13.0 mg, 15% 

yield) as a white solid. According to the Conditions B, the reaction of 1 (57.5 mg, 0.20 mmol) with 

2-methoxybenzenethiol (32 L, 0.22 mmol) gave a crude mixture of (R,S)-3hA and (R,R)-3hB 

(65:35 dr, 1H NMR analysis). Purification by column chromatography (30% EtOAc in hexanes) 

afforded (R,S)-3hA ( 51.4 mg, 60% yield) and (R,R)-3hB (29.4 mg, 35% yield). 
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(R,S)-3hA: Rf 0.18 (30% EtOAc in hexanes); [𝛼]𝐷
23 –62.9 (c 1.2, CHCl3).

 

1H NMR (400 MHz, CDCl3):  7.51 (dd, J = 1.6, 7.6 Hz, 1H, ArH), 7.42–

7.27 (m, 6H, ArH), 6.95–6.86 (m, 2H, ArH), 5.43 (dd, J = 3.6, 8.8 Hz, 

1H, CHN), 4.70 (dd, J = 8.8, 8.8 Hz, 1H, CHHO), 4.40–4.28 (m, 2H, 

CHHO, CHCF3), 3.89 (s, 3H, OCH3), 3.60 (dd, J = 8.9, 18.2 Hz, 1H, 

CHH), 3.32 (dd, J = 4.3, 18.2 Hz, 1H, CHH). 13C NMR (100 MHz, 

CDCl3):  168.2 (CO), 159.3 (C), 153.4 (CO), 138.5 (C), 135.3 (CH), 

130.5 (CH), 129.2 (2 × CH), 128.9 (CH), 126.3 (q, 1JCF = 277.9 Hz, CF3), 125.9 (2 × CH), 121.0 

(CH), 119.5 (C), 111.0 (CH), 70.2 (CH2), 57.8 (CH), 55.8 (OCH3), 44.1 (q, 2JCF = 29.5 Hz, CH), 

35.1 (q, 3JCF = 1.8 Hz, CH2). 
19F NMR (376 MHz, CDCl3):   –70.2 (CF3). IR (ATR): max 1777s, 

1706s, 1582m, 1476m, 1385s, 1318s, 1242s, 1154s, 1099s, 1066s, 1040s, 1022s cm–1. MS: m/z 

(%) relative intensity 426 [(M+ H)+, 89], 425 [M+, 100], 265 (11), 222 (9), 120 (5), 110 (3), 91 

(1). HRMS (ESI-TOF) calcd for C20H19F3NO4S
+ [M + H]+: 426.0981, found: 426.0989. 

 

(R,R)-3hB: Rf 0.20 (30% EtOAc in hexanes); mp 132–134 oC (30% EtOAc 

in hexanes); [𝛼]𝐷
24 –78.3 (c 1.2, CHCl3).

 1H NMR (400 MHz, CDCl3):  

7.42–7.27 (m, 7H, ArH), 6.87–6.77 (m, 2H, ArH), 5.43 (dd, J = 3.8, 8.8 

Hz, 1H, CHN), 4.70 (dd, J = 8.8, 8.8 Hz, 1H, CHHO), 4.33–4.20 (m, 2H, 

CHHO, CHCF3), 3.62–3.53 (m, 4H, OCH3, CHH), 3.45 (dd, J = 5.6, 17.6 

Hz, 1H, CHH). 13C NMR (100 MHz, CDCl3):  168.3 (CO), 159.2 (C), 

153.8 (CO), 138.5 (C), 135.4 (CH), 130.5 (CH), 129.2 (2 × CH), 128.8 

(CH), 126.4 (q, 1JCF = 277.9 Hz, CF3), 126.0 (2 × CH), 120.8 (CH), 119.8 (C), 111.0 (CH), 70.2 

(CH2), 57.8 (CH), 55.4 (OCH3), 44.6 (q, 2JCF = 29.4 Hz, CH), 35.7 (q, 3JCF = 1.7 Hz, CH2). 
19F 

NMR (376 MHz, CDCl3):   –70.5 (d, J = 11.1 Hz, CF3). IR (ATR): max 1784s, 1713s, 1585m, 

1475m, 1407m, 1317s, 1298s, 1243s, 1183s, 1156s, 1076s, 1057s, 1023s cm–1. MS: m/z (%) 

relative intensity 426 [(M+ H)+, 91], 425 [M+, 100], 286 (6), 265 (28), 222 (23), 164 (8), 140 (41), 

120 (13), 104 (10), 77 (10). HRMS (ESI-TOF) calcd for C20H18F3NO4SNa+ [M + H]+: 426.0981, 

found: 426.0978. 

 

(R)-4-Phenyl-3-{(S)-4,4,4-trifluoro-3-[(2-chlorophenyl)thio]butanoyl}oxazolidin-2-one [(R,S)-

3iA] and (R)-4-Phenyl-3-{(R)-4,4,4-trifluoro-3-[(2-chlorophenyl)thio]butanoyl}oxazolidin-2-one 

[(R,R)-3iB] 

According to the Conditions A, the reaction of 1 (57.9 mg, 0.20 mmol) with 2-chlorobenzenethiol 

(26 L, 0.22 mmol) gave a crude mixture of (R,S)-3iA and (R,R)-3iB (78:22 dr, 1H NMR analysis). 

Purification by column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3iA (61.1 mg, 

71% yield) and (R,R)-3iB (17.2 mg, 20% yield) each as a white solid. According to the Conditions 

B, the reaction of 1 (57.9 mg, 0.20 mmol) with 2-chlorobenzenethiol (26 L, 0.22 mmol) gave a 

crude mixture of (R,S)-3iA and (R,R)-3iB (55:45 dr, 1H NMR analysis). Purification by column 

chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3iA (38.4 mg, 45% yield) and (R,R)-3iB 

(31.2 mg, 37% yield). 
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(R,S)-3iA: Rf 0.30 (50% CH2Cl2 in hexanes); mp 136–138 oC (50% CH2Cl2 

in hexanes); [𝛼]𝐷
27 –64.0 (c 1.2, CHCl3).

 1H NMR (400 MHz, CDCl3):  

7.66–7.60 (m, 1H, ArH), 7.45–7.32 (m, 4H, ArH), 7.32–7.28 (m, 2H, ArH), 

7.28–7.19 (m, 2H, ArH), 5.46 (dd, J = 3.5, 8.8 Hz, 1H, CHN), 4.75 (dd, J = 

8.8, 8.8 Hz, 1H, CHHO), 4.33 (dd, J = 3.5, 8.8 Hz, 1H, CHHO), 4.31–4.21 

(m, 1H, CHCF3), 3.65 (dd, J = 9.5, 18.3 Hz, 1H, CHH), 3.37 (dd, J = 3.8, 

18.3 Hz, 1H, CHH). 13C NMR (100 MHz, CDCl3):  167.9 (CO), 153.5 

(CO), 138.4 (C), 136.8 (C), 134.1 (CH), 131.7 (C), 130.1 (CH), 129.5 (CH), 129.3 (2 × CH), 129.0 

(CH), 127.5 (CH), 126.0 (2 × CH), 126.1 (q, 1JCF = 277.7 Hz, CF3), 70.3 (CH2), 57.8 (CH), 45.7 (q, 
2JCF = 29.9 Hz, CH), 35.1 (q, 3JCF = 1.8 Hz, CH2). 

19F NMR (470 MHz, CDCl3):   –70.4 (CF3). IR 

(ATR): max 1788s, 1701s, 1389s, 1301s, 1254s, 1195s, 1139s, 1103s, 1056s, 1033s, 1023s cm–1. 

MS: m/z (%) relative intensity 430 [(M+ H)+, 100], 429 [M+, 74], 426 (10), 425 (19), 409 (16), 286 

(11), 183 (11), 120 (26), 108 (21), 104 (54), 91 (8), 77 (6). HRMS (ESI-TOF) calcd for 

C19H15ClF3NO3SNa+ [M + Na]+: 452.0305, found: 452.0317. 

 

(R,R)-3iB: Rf 0.25 (50% CH2Cl2 in hexanes); mp 144–146 oC (50% 

CH2Cl2 in hexanes); [𝛼]𝐷
24 –79.4 (c 1.0, CHCl3).

 1H NMR (400 MHz, 

CDCl3):  7.44 (dd, J = 1.6, 7.7 Hz, 1H, ArH), 7.40–7.30 (m, 6H, ArH), 

7.20 (ddd, J = 1.6, 7.7, 7.7 Hz, 1H, ArH), 7.14 (ddd, J = 1.6, 7.7, 7.7 Hz, 

1H, ArH), 5.46 (dd, J = 4.0, 8.9 Hz, 1H, CHN), 4.73 (dd, J = 8.9, 8.9 Hz, 

1H, CHHO), 4.32 (dd, J = 4.0, 8.9 Hz, 1H, CHHO), 4.25–4.13 (m, 1H, 

CHCF3), 3.60 (dd, J = 8.6, 17.6 Hz, 1H, CHH), 3.46 (dd, J = 4.7, 17.6 Hz, 

1H, CHH). 13C NMR (100 MHz, CDCl3):  168.0 (CO), 153.5 (CO), 138.2 (C), 137.3 (C), 134.8 (d, 

J = 0.6 Hz, CH), 131.4 (C), 130.0 (CH), 129.7 (CH), 129.2 (2 × CH), 128.9 (CH), 127.4 (CH), 126.1 

(q, 1JCF = 277.8 Hz, CF3), 125.9 (2 × CH), 70.2 (CH2), 57.8 (CH), 46.1 (q, 2JCF = 30.0 Hz, CH), 35.4 

(q, 3JCF = 1.7 Hz, CH2). 
19F NMR (470 MHz, CDCl3):   –70.4 (CF3). IR (ATR): max 1796s, 1687s, 

1493m, 1384s, 1328s, 1268s, 1148s, 1083s, 1071s, 1036s cm–1. MS: m/z (%) relative intensity 430 

[(M+ H)+, 100], 429 [M+, 76], 409 (12), 286 (6), 120 (12), 108 (18), 104 (14), 91 (4). HRMS (ESI-

TOF) calcd for C19H15ClF3NO3SNa+ [M + Na]+: 452.0305, found: 452.0293. 

 

(R)-4-Phenyl-3-{(S)-4,4,4-trifluoro-3-{[4-(tert-butyl)-2-methylphenyl]thio}butanoyl}oxazolidin-

2-one [(R,S)-3jA] and (R)-4-Phenyl-3-{(R)-4,4,4-trifluoro-3-{[4-(tert-butyl)-2-

methylphenyl]thio}butanoyl}oxazolidin-2-one [(R,R)-3jB] 

According to the Conditions A, the reaction of 1 (59.7 mg, 0.21 mmol) with 4-(tert-butyl)-2-

methylbenzenethiol (42 L, 0.23 mmol) gave a crude mixture of (R,S)-3jA and (R,R)-3jB (88:12 

dr, 1H NMR analysis). Purification by column chromatography (50% CH2Cl2 in hexanes) afforded 

(R,S)-3jA (83.8 mg, 86% yield) as a colorless viscous oil and (R,R)-3jB (5.9 mg, 6% yield) as a 

white solid. According to the Conditions B, the reaction of 1 (57.8 mg, 0.20 mmol) with 4-(tert-

butyl)-2-methylbenzenethiol (40 L, 0.22 mmol) gave a crude mixture of (R,S)-3jA and (R,R)-3jB 
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(73:27 dr, 1H NMR analysis). Purification by column chromatography (50% CH2Cl2 in hexane) 

afforded (R,S)-3jA (55.8 mg, 60% yield) and (R,R)-3jB (21.1 mg, 23% yield). 

 

(R,S)-3jA: Rf 0.38 (50% CH2Cl2 in hexanes); [𝛼]𝐷
25 –46.3 (c 1.1, 

CHCl3).
 1H NMR (400 MHz, acetone-d6):  7.72 (d, J = 2.1 Hz, 1H, 

ArH), 7.40–7.30 (m, 6H, ArH), 7.21 (d, J = 8.0 Hz, 1H, ArH), 5.62 

(dd, J = 3.5, 8.8 Hz, 1H, CHN), 4.88 (dd, J = 8.8, 8.8 Hz, 1H, 

CHHO), 4.31 (dd, J = 3.5, 8.8 Hz, 1H, CHHO), 4.30–4.19 (m, 1H, 

CHCF3), 3.62 (dd, J = 9.4, 18.2 Hz, 1H, CHH), 3.48 (dd, J = 4.0, 

18.2 Hz, 1H, CHH), 2.40 (s, 3H, CH3), 1.30 (s, 9H, 3 × CH3). 
13C 

NMR (100 MHz, acetone-d6):  168.7 (CO), 154.8 (CO), 150.7 (C), 140.7 (C), 138.8 (C), 132.3 

(C), 132.0 (CH), 131.2 (CH), 129.8 (2 × CH), 129.2 (CH), 127.8 (q, 1JCF = 276.8 Hz, CF3), 127.0 

(CH), 126.9 (2 × CH), 71.6 (CH2), 58.6 (CH), 47.4 (q, 2JCF = 29.0 Hz, CH), 35.9 (q, 3JCF = 1.7 Hz, 

CH2), 35.1 (C), 31.5 (3 × CH3), 20.3 (CH3). 
19F NMR (470 MHz, acetone-d6):   –71.1 (CF3). IR 

(ATR): max 1779s, 1706s, 1384m, 1311m, 1199m, 1154s, 1099s cm–1. MS: m/z (%) relative 

intensity 466 [(M+ H)+, 100], 465 [M+, 74], 262 (11), 165 (6), 120 (14). HRMS (ESI-TOF) calcd 

for C24H26F3NO3SNa+ [M + Na]+: 488.1478, found: 488.1482. 

 

(R,R)-3jB: Rf 0.20 (50% CH2Cl2 in hexanes); mp 134–137 oC (50% 

CH2Cl2 in hexanes; [𝛼]𝐷
23 –108.9 (c 1.1, CHCl3).

 1H NMR (400 

MHz, acetone-d6):  7.54 (d, J = 2.0 Hz, 1H, ArH), 7.45–7.29 (m, 

5H, ArH), 7.27 (dd, J = 2.0, 8.0 Hz, 1H, ArH), 7.13 (d, J = 8.0 Hz, 

1H, ArH), 5.64 (dd, J = 4.0, 8.8 Hz, 1H, CHN), 4.87 (dd, J = 8.8, 

8.8 Hz, 1H, CHHO), 4.31 (dd, J = 4.0, 8.8 Hz, 1H, CHHO), 4.20–

4.06 (m, 1H, CHCF3), 3.76 (dd, J = 10.0, 17.8 Hz, 1H, CHH), 3.34 

(dd, J = 3.5, 17.8 Hz, 1H, CHH), 2.23 (s, 3H, CH3), 1.21 (s, 9H, 3 × CH3). 
13C NMR (100 MHz, 

acetone-d6):  169.0 (CO), 154.9 (CO), 150.7 (C), 140.6 (C), 138.9 (C), 132.6 (C), 132.1 (CH), 

131.1 (CH), 129.8 (2 × CH), 129.1 (CH), 127.9 (q, 1JCF = 276.4 Hz, CF3), 127.0 (CH), 126.9 (2 × 

CH), 71.4 (CH2), 58.7 (CH), 48.5 (q, 2JCF = 29.1 Hz, CH), 35.9 (s, CH2), 35.0 (C), 31.5 (3 × CH3), 

20.2 (CH3). 
19F NMR (376 MHz, acetone-d6):   –71.3 (d, J = 10.9 Hz, CF3). IR (ATR): max 1789s, 

1697s, 1488w, 1442w, 1380s, 1324s, 1263s, 1176s, 1148s, 1105s cm–1. MS: m/z (%) relative 

intensity 466 [(M+ H)+, 100], 465 [M+, 71], 464 (18), 262 (7), 165 (7), 120 (12). HRMS (ESI-

TOF) calcd for C24H26F3NO3SNa+ [M + Na]+: 488.1478, found: 488.1481. 

 

(R)-4-Phenyl-3-{(S)-4,4,4-trifluoro-3-[(2-acetamidophenyl)thio]butanoyl}oxazolidin-2-one 

[(R,S)-3kA] and (R)-4-Phenyl-3-{(R)-4,4,4-trifluoro-3-[(2-

acetamidophenyl)thio]butanoyl}oxazolidin-2-one [(R,R)-3kB] 

According to the Conditions A, the reaction of 1 (57.7 mg, 0.20 mmol) with 2-aminobenzenethiol 

(24 L 0.22 mmol) followed by the N-acetylation of the obtained crude mixture with acetic 

anhydride (58 L, 0.6 mmol) in CH2Cl2 (1 mL) gave a crude mixture of (R,S)-3kA and (R,R)-3kB 
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(84:16 dr, 1H NMR analysis). Purification by column chromatography (30% EtOAc in hexanes) 

afforded (R,S)-3kA (67.9 mg, 75% yield) and (R,R)-3kB (9.8 mg, 11% yield) each as a light-brown 

solid. According to the Conditions B, the reaction of 1 (57.6 mg, 0.20 mmol) with 2-

aminobenzenethiol (24 L, 0.22 mmol) followed by the N-acetylation of the obtained crude 

mixture with acetic anhydride (58 L, 0.6 mmol) in CH2Cl2 (1 mL) gave a crude mixture of (R,S)-

3kA and (R,R)-3kB (60:40 dr, 1H NMR analysis). Purification by column chromatography (30% 

EtOAc in hexanes) afforded (R,S)-3kA (45.5 mg, 50% yield) and (R,R)-3kB (33.9 mg, 38% yield). 

 

(R,S)-3kA: Rf 0.13 (30% EtOAc in hexanes); mp 141–144 oC (30% EtOAc 

in hexane); [𝛼]𝐷
23 –111.0 (c 1.3, CH2Cl2).

 1H NMR (400 MHz, acetone-d6): 

 9.22 (brs, 1H, NH), 8.45 (dd, J = 1.0, 7.9 Hz, 1H, ArH), 7.62 (d, J = 7.9 

Hz, 1H, ArH), 7.48–7.31 (m, 6H, ArH), 7.05 (ddd, J = 1.0, 7.9, 7.9 Hz, 1H, 

ArH), 5.71 (dd, J = 4.0, 8.8 Hz, 1H, CHN), 4.93 (dd, J = 8.8, 8.8 Hz, 1H, 

CHHO), 4.34 (dd, J = 4.0, 8.8 Hz, 1H, CHHO), 4.07–3.94 (m, 1H, CHCF3), 

3.59 (dd, J = 2.6, 19.1 Hz, 1H, CHH), 3.47 (dd, J = 11.3, 19.1 Hz, 1H, 

CHH), 2.12 (s, 3H, CH3). 
13C NMR (100 MHz, acetone-d6):  170.2 (CO), 169.7 (CO), 154.7 

(CO), 142.8 (C), 140.6 (C), 138.7 (C), 132.0 (CH), 129.8 (2 × CH), 129.2 (CH), 127.8 (q, 1JCF = 

277.7 Hz, CF3), 127.1 (2 × CH), 124.2 (CH), 121.5 (CH), 119.5 (C), 71.7 (CH2), 59.0 (CH), 46.4 

(q, 2JCF = 28.7 Hz, CH), 34.9 (q, 3JCF = 2.1 Hz, CH2), 24.8 (CH3). 
19F NMR (376 MHz, acetone-

d6):   –70.5 (CF3). IR (ATR): max 3307m, 1779s, 1707m, 1682s, 1579m, 1520m, 1400m, 1329s, 

1223s, 1181s, 1129s, 1063s cm–1. MS: m/z (%) relative intensity 453 [(M+ H)+, 100], 452 [M+, 6], 

290 (6), 167 (9), 134 (39), 125 (35), 120 (6), 80 (10). HRMS (ESI-TOF) calcd for C21H20F3N2O4S
+ 

[M + H]+: 453.1090, found: 453.1088. 

 

(R,R)-3kB: Rf 0.10 (30% EtOAc in hexanes); mp 156–159 oC (30% EtOAc 

in hexane); [𝛼]𝐷
23 –85.2 (c 1.2, CH2Cl2).

 1H NMR (400 MHz, acetone-d6): 

 8.86 (brs, 1H, NH), 8.41 (dd, J = 1.1, 7.9 Hz, 1H, ArH), 7.55 (d, J = 7.9 

Hz, 1H, ArH), 7.50–7.33 (m, 6H, ArH), 7.01 (ddd, J = 1.1, 7.9, 7.9 Hz, 

1H, ArH), 5.72 (dd, J = 4.5, 8.8 Hz, 1H, CHN), 4.92 (dd, J = 8.8, 8.8 Hz, 

1H, CHHO), 4.30 (dd, J = 4.5, 8.8 Hz, 1H, CHHO), 4.07–3.95 (m, 1H, 

CHCF3), 3.61 (dd, J = 10.9, 18.9 Hz, 1H, CHH), 3.52 (dd, J = 3.0, 18.9 

Hz, 1H, CHH), 1.75 (s, 3H, CH3). 
13C NMR (100 MHz, acetone-d6):  170.5 (CO), 169.6 (CO), 

154.8 (CO), 142.7 (C), 140.4 (C), 138.9 (CH), 132.2 (CH), 130.0 (2 × CH), 129.3 (CH), 127.9 (q, 
1JCF = 277.1 Hz, CF3), 126.7 (2 × CH), 124.1 (CH), 121.4 (CH), 119.3 (C), 71.6 (CH2), 58.9 (CH), 

46.6 (q, 2JCF = 28.9 Hz, CH), 35.1 (q, 3JCF = 2.2 Hz, CH2), 24.4 (CH3). 
19F NMR (376 MHz, 

acetone-d6):   –70.5 (d, J = 8.8 Hz, CF3). IR (ATR): max 3324m, 1781s, 1687s, 1577m, 1517m, 

1434m, 1391s, 1249s, 1213s, 1147s, 1098s cm–1. MS: m/z (%) relative intensity intensity 453 [(M+ 

H)+, 100], 452 [M+, 5], 290 (7), 167 (8), 134 (43), 125 (32), 120 (3), 80 (7).HRMS (ESI-TOF) 

calcd for C21H20F3N2O4S
+ [M + H]+: 453.1090, found: 453.1091. 
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(R)-4-Phenyl-3-[(S)-4,4,4-trifluoro-3-(cyclohexylthio)butanoyl]oxazolidin-2-one [(R,S)-3lA] and 

(R)-4-Phenyl-3-[(R)-4,4,4-trifluoro-3-(cyclohexylthio)butanoyl]oxazolidin-2-one [(R,R)-3lB] 

Conditions C: A flame-dried round bottom flask equipped with a magnetic stirring bar, an argon inlet, 

and a rubber septum was charged with 1 (57.5 mg, 0.20 mmol) and dry THF (1 mL). The resulting 

solution was cooled at –78 oC then cyclohexanethiol (26 mg, 0.22 mmol) and a solution of P2-t-Bu 

(2.0 M in THF, 10 L, 10 mol%) were added. After stirring at –78 oC for 30 min., the reaction mixture 

was quenched with H2O (5 mL) and extracted with EtOAc (3 × 10 mL). The combined organic layer 

was washed with a saturated aqueous NaCl solution (20 mL) and dried over anhydrous Na2SO4. After 

removal of the solvent in vacuo, the crude mixture (63:37 dr, 19F NMR analysis) was purified by 

column chromatography (50% CH2Cl2 in hexanes) to afford (R,S)-3lA (43.1 mg, 55% yield) as a 

white semi-solid and (R,R)-3lB (26.1 mg, 33% yield) as a white solid. According to the Conditions 

B, the reaction of 1 (57.3 mg, 0.20 mmol) with cyclohexanethiol (26 mg, 0.22 mmol) gave a crude 

mixture of (R,S)-3lA and (R,R)-3lB (7:93 dr, 19F NMR analysis). Purification by column 

chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3lA (4.3 mg, 6% yield) and (R,R)-3lB 

(67.6 mg, 85% yield).  

 

(R,S)-3lA: Rf 0.30 (50% CH2Cl2 in hexanes); [𝛼]𝐷
27 –79.7 (c 1.5, CHCl3). 

1H NMR (500 MHz, CDCl3):  7.45–7.28 (m, 5H, ArH), 5.47 (dd, J = 3.4, 

8.8 Hz, 1H, CHN), 4.74 (dd, J = 8.8, 8.8 Hz, 1H, CHHO), 4.32 (dd, J = 

3.4, 8.8 Hz, 1H, CHHO), 3.84–3.72 (m, 1H, CHCF3), 3.54 (dd, J = 10.5, 

18.2 Hz, 1H, CHH), 3.24 (dd, J = 3.1, 18.2 Hz, 1H, CHH), 2.95–2.85 (m, 

1H, CH), 2.09–2.00 (m, 1H, CHH), 1.95–1.87 (m, 1H, CHH), 1.80–1.70 

(m, 2H, CH2), 1.35–1.15 (m, 6H, 3 × CH2). 
13C NMR (125 MHz, CDCl3): 

 168.3 (CO), 153.5 (CO), 138.6 (C), 129.3 (2 × CH), 128.9 (CH), 125.8 (2 × CH), 126.7 (q, 1JCF 

= 276.3 Hz, CF3), 70.2 (CH2), 57.7 (CH), 45.4 (CH), 41.1 (q, 2JCF = 29.7 Hz, CH), 36.2 (CH2), 

33.4 (CH2), 33.3 (CH2), 25.8 (CH2), 25.7 (CH2), 25.6 (CH2). 
19F NMR (470 MHz, CDCl3):   –

72.3 (CF3). IR (ATR): max 1785s, 1702s, 1403m, 1385m, 1317s, 1257m, 1210m, 1153s, 1094s, 

1065s cm–1. MS: m/z (%) relative intensity 402 [(M+ H)+, 100], 401 [M+, 10], 381 (7), 120 (7), 81 

(5). HRMS (ESI-TOF) calcd for C19H22F3NO3SNa+ [M + Na]+: 424.1165, found: 424.1162. 

 

(R,R)-3lB: Rf 0.25 (50% CH2Cl2 in hexanes); mp 130–133 oC (50% 

CH2Cl2 in hexanes); [𝛼]𝐷
27  –77.2 (c 1.4, CHCl3). 

1H NMR (400 MHz, 

CDCl3):  7.42–7.30 (m, 5H, ArH), 5.47 (dd, J = 4.3, 8.8 Hz, 1H, CHN), 

4.72 (dd, J = 8.8, 8.8 Hz, 1H, CHHO), 4.30 (dd, J = 4.3, 8.8 Hz, 1H, 

CHHO), 3.78–3.62 (m, 2H, CHCF3, CHH), 3.24–3.14 (m, 1H, CHH), 

2.72–2.62 (m, 1H, CH), 1.87–1.77 (m, 1H, CHH), 1.70–1.60 (m, 2H, 

CH2), 1.55–1.45 (m, 2H, CH2), 1.28–1.15 (m, 2H, CH2), 1.15–1.01 (m, 2H, CH2), 0.97–0.85 (m, 

1H, CHH). 13C NMR (125 MHz, CDCl3):  168.8 (CO), 153.4 (CO), 138.3 (C), 129.1 (2 × CH), 

128.7 (CH), 126.4 (q, 1JCF = 276.6 Hz, CF3), 126.1 (2 × CH), 70.1 (CH2), 57.9 (CH), 45.3 (CH), 

41.8 (q, 2JCF = 30.2 Hz, CH) , 36.1 (CH2) , 33.3 (CH2) , 32.7 (CH2), 25.6 (CH2), 25.5 (CH2), 25.4 
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(CH2). 
19F NMR (376 MHz, CDCl3):   –72.4 (CF3). IR (ATR): max 1780s, 1700s, 1412m, 1328s, 

1265s , 1212s , 1160s, 1088s, 1073s cm–1. MS: m/z (%) relative intensity 402 [(M+ H)+, 100], 401 

[M+, 17], 400 (9), 381 (8), 120 (8), 81 (7). HRMS (ESI-TOF) calcd for C19H22F3NO3SNa+ [M + 

Na]+: 424.1165, found: 424.1163. 

 

(R)-4-Phenyl-3-[(S)-4,4,4-trifluoro-3-(propylthio)butanoyl]oxazolidin-2-one [(R,S)-3mA] and 

(R)-4-Phenyl-3-[(R)-4,4,4-trifluoro-3-(propylthio)butanoyl]oxazolidin-2-one [(R,R)-3mB] 

According to the Conditions C, the reaction of 1 (57.5 mg, 0.20 mmol) with 1-propanethiol (18 

L, 0.22 mmol) gave a crude mixture of (R,S)-3mA:(R,R)-3mB (64:36 dr, 19F NMR analysis). 

Purification by column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3mA (43.4 mg, 

60% yield) as a white semi-solid and (R,R)-3mB (23.5 mg, 33% yield) as a white solid. According 

to the Conditions B, the reaction of 1 (57.0 mg, 0.20 mmol) with 1-propanethiol (18 L, 0.22 mmol) 

gave a crude mixture of (R,S)-3mA and (R,R)-3mB (3:97 dr, 19F NMR analysis). Purification by 

column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3mA (2.1 mg, 3% yield) and 

(R,R)-3mB (63.4 mg, 90% yield).  

 

(R,S)-3mA: Rf 0.30 (50% CH2Cl2 in hexanes); [𝛼]𝐷
26 –91.9 (c 1.3, CHCl3).

 

1H NMR (400 MHz, acetone-d6):  7.44–7.31 (m, 5H, ArH), 5.62 (dd, J = 

3.7, 8.7 Hz, 1H, CHN), 4.89 (dd, J = 8.7, 8.7 Hz, 1H, CHHO), 4.29 (dd, J 

= 3.7, 8.7 Hz, 1H, CHHO), 3.90–3.77 (m, 1H, CHCF3), 3.49–3.38 (m, 2H, 

CH2), 2.71 (t, J = 7.3, 2H, CH2), 1.65–1.54 (m, 2H, CH2), 0.95 (t, J = 7.3, 

3H, CH3). 
13C NMR (100 MHz, CDCl3):  168.3 (CO), 153.5 (CO), 138.5 

(C), 129.3 (2 × CH), 129.0 (CH), 126.7 (q, 1JCF = 277.0 Hz, CF3), 125.9 (2 × CH), 70.3 (CH2), 

57.8 (CH), 42.9 (q, 2JCF = 30.0 Hz, CH), 35.9 (q, 3JCF = 2.0 Hz, CH2), 35.4 (CH2), 22.5 (CH2), 

13.2 (CH3).
 19F NMR (470 MHz, CDCl3):   –72.1 (CF3). IR (ATR): max 1794s, 1697s, 1392s, 

1340s, 1258s , 1217s , 1153s , 1103s cm–1. MS: m/z (%) relative intensity 362 [(M+ H)+, 100], 361 

[M+, 6], 343(19), 341(9), 226 (6), 228 (5), 164 (48) , 146 (8) , 120 (27) , 104 (37). HRMS (DART) 

calcd for C16H19F3NO3
+ [M +H]+: 362.1032, found: 362.1029. 

 

(R,R)-3mB: Rf 0.25 (50% CH2Cl2 in hexanes); mp 116–118 oC (50% 

CH2Cl2 in hexanes); [𝛼]𝐷
26 –73.1 (c 1.0, CHCl3).

 1H NMR (400 MHz, 

CDCl3):  7.43–7.29 (m, 5H, ArH), 5.47 (dd, J = 4.2, 8.9 Hz, 1H, CHN), 

4.73 (dd, J = 8.9, 8.9 Hz, 1H, CHHO), 4.29 (dd, J = 4.2, 8.9 Hz, 1H, 

CHHO), 3.74–3.55 (m, 2H, CHCF3, CHH), 3.25 (dd, J = 3.2, 16.9 Hz, 1H, 

CHH), 2.51 (t, J = 7.3, 2H, CH2), 1.52–1.35 (m, 2H, CH2), 0.81 (t, J = 7.3, 

3H, CH3). 
13C NMR (100 MHz, CDCl3):  168.5 (CO), 153.5 (CO), 138.3 (C), 129.1 (2 × CH), 

128.8 (CH), 126.7 (q, 1JCF = 276.9 Hz, CF3), 125.8 (2 × CH), 70.1 (CH2), 57.8 (CH), 43.2 (q, 2JCF 

= 30.0 Hz, CH), 35.8 (q, 3JCF = 1.8 Hz, CH2), 35.3 (CH2), 22.3 (CH2), 13.0 (CH3). 
19F NMR (470 

MHz, CDCl3):   –72.2 (CF3). IR (ATR): max 1789s, 1696s, 1384s, 1313s, 1210s, 1147s, 1120s, 

1097s, 1071s cm–1. MS: m/z (%) relative intensity 362 [(M+ H)+, 100], 361 [M+, 6], 343 (17), 266 
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(3), 164 (4), 120 (13). HRMS (ESI-TOF) calcd for C16H19F3NO3
+ [M +H]+: 362.1032, found: 

362.1032. 

 

(R)-4-Phenyl-3-[(S)-4,4,4-trifluoro-3-(benzylthio)butanoyl]oxazolidin-2-one [(R,S)-3nA] and 

(R)-4-Phenyl-3-[(R)-4,4,4-trifluoro-3-(benzylthio)butanoyl]oxazolidin-2-one [(R,R)-3nB] 

According to the Conditions C, the reaction of 1 (57.5 mg, 0.20 mmol) with benzylthiol (26 L, 

0.22 mmol) gave a crude mixture of (R,S)-3nA:(R,R)-3nB (65:35 dr, 19F NMR analysis). 

Purification by column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3nA (41.3 mg, 

50% yield) as a white semi-solid and (R,R)-3nB (14.1 mg, 17% yield) as a white solid. According 

to the Conditions B, the reaction of 1 (57.3 mg, 0.20 mmol) with benzylthiol (26 L, 0.22 mmol) 

gave a crude mixture of (R,S)-3nA and (R,R)-3nB (8:92 dr, 19F NMR analysis). Purification by 

column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3nA (6.0 mg, 8% yield) and 

(R,R)-3nB (72.4 mg, 90% yield). 

 

(R,S)-3nA: Rf 0.25 (50% CH2Cl2 in hexanes); [𝛼]𝐷
26 –86.6 (c 1.7, CHCl3). 

1H NMR (400 MHz, CDCl3):  7.42–7.32 (m, 3H, ArH), 7.32–7.24 (m, 

7H, ArH), 5.41 (dd, J = 3.5, 8.9 Hz, 1H, CHN), 4.71 (dd, J = 8.9, 8.9 Hz, 

1H, CHHO), 4.30 (dd, J = 3.5, 8.9 Hz, 1H, CHHO), 3.93 (ABq, J = 12.5 

Hz, 2H, CH2), 3.76–3.67 (m, 1H, CHCF3), 3.52 (dd, J = 10.3, 18.2 Hz, 1H, 

CHH), 3.26 (dd, J = 3.5, 18.2 Hz, 1H, CHH). 13C NMR (125 MHz, CDCl3):  168.0 (CO), 153.4 

(CO), 138.5 (C), 136.5 (C), 129.3 (2 × CH), 129.1 (2 × CH), 128.9 (CH), 128.6 (2 × CH), 127.5 

(CH), 126.6 (q, 1JCF = 276.9 Hz, CF3), 125.9 (2 × CH), 70.2 (CH2), 57.7 (CH), 42.7 (q, 2JCF = 30.0 

Hz, CH), 37.5 (CH2), 35.6 (CH2). 
19F NMR (470 MHz, CDCl3):   –71.8 (CF3). IR (ATR): max 

1792s, 1694s, 1390m, 1318m, 1263s , 1151s , 1070s , 1026s cm–1. MS: m/z (%) relative intensity 

410 [(M+ H)+, 100], 409 [M+, 2], 391 (7), 181 (7), 164 (7), 120 (19), 91 (35). HRMS (ESI-TOF) 

calcd for C20H18F3NO3SNa+ [M + Na]+: 432.0852, found: 432.0851. 

 

(R,R)-3nB: Rf 0.20 (50% CH2Cl2 in hexanes); mp 132–134 oC (50% 

CH2Cl2 in hexanes); [𝛼]𝐷
25 –58.4 (c 0.9, CHCl3). 

1H NMR (400 MHz, 

CDCl3):  7.45–7.36 (m, 3H, ArH), 7.35–7.29 (m, 2H, ArH), 7.24–7.16 

(m, 3H, ArH), 7.09–7.03 (m, 2H, ArH), 5.41 (dd, J = 4.2, 8.9 Hz, 1H, 

CHN), 4.69 (dd, J = 8.9, 8.9 Hz, 1H, CHHO), 4.27 (dd, J = 4.2, 8.9 Hz, 

1H, CHHO), 3.74 (ABq, J = 13.2 Hz, 2H, CH2), 3.67–3.49 (m, 2H, CHCF3, CHH), 3.23 (dd, J = 

3.2, 16.6 Hz, 1H, CHH). 13C NMR (100 MHz, CDCl3):  168.2 (CO), 153.4 (CO), 138.4 (C), 136.1 

(C), 129.2 (2 × CH), 129.1 (2 × CH), 128.8 (CH), 128.4 (2 × CH), 127.4 (CH), 126.7 (q, 1JCF = 

277.2 Hz, CF3), 126.0 (2 × CH), 70.1 (CH2), 57.8 (CH), 42.5 (q, 2JCF = 30.1 Hz, CH), 37.4 (CH2), 

35.5 (q, 3JCF = 1.7 Hz, CH2). 
19F NMR (470 MHz, CDCl3):   –72.0 (CF3). IR (ATR): max 1794s, 

1694s, 1493w, 1454w, 1391s, 1318s, 1260s, 1149s, 1104s, 1070s cm–1. MS: m/z (%) relative 

intensity 410 [(M+ H)+, 100], 409 [M+, 2], 391 (14), 228 (6), 164 (15), 120 (25), 91 (27). HRMS 

(ESI-TOF) calcd for C20H18F3NO3SNa+ [M + Na]+: 432.0852, found: 432.0851. 
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(R)-4-Phenyl-3-{(S)-4,4,4-trifluoro-3-[(furan-2-ylmethyl)thio]butanoyl}oxazolidin-2-one [(R,S)-

3oA] and (R)-4-Phenyl-3-{(R)-4,4,4-trifluoro-3-[(furan-2-ylmethyl)thio]butanoyl}oxazolidin-2-

one [(R,R)-3oB] 

According to the Conditions C, the reaction of 1 (57.8 mg, 0.20 mmol) with furan-2-ylethanethiol 

(24 L, 0.22 mmol) gave a crude mixture of (R,S)-3oA:(R,R)-3oB (60:40 dr, 1H NMR analysis). 

Purification by column chromatography (30% EtOAc in hexanes) afforded (R,S)-3oA (31.1 mg, 

39% yield) as a brown viscous oil and (R,R)-3oB (17.6 mg, 22% yield) as a white solid. According 

to the Conditions B, the reaction of 1 (57.6 mg, 0.20 mmol) with furan-2-ylethanethiol (24 L, 0.22 

mmol) gave a crude mixture of (R,S)-3oA and (R,R)-3oB (7:93 dr, 1H NMR analysis). Purification 

by column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3oA (5.3 mg, 7% yield) and 

(R,R)-3oB (67.9 mg, 85% yield).  

 

(R,S)-3oA: Rf 0.38 (30% EtOAc in hexanes); [𝛼]𝐷
24 –70.8 (c 1.3, 

CH2Cl2).
 1H NMR (400 MHz, acetone-d6):  7.49 (dd, J = 0.8, 1.9 Hz, 

1H, ArH), 7.44–7.30 (m, 5H, ArH), 6.36 (dd, J = 1.9, 3.2 Hz, 1H, ArH), 

6.32 (dd, J = 0.8, 3.2 Hz, 1H, ArH), 5.60 (dd, J = 3.7, 8.8 Hz, 1H, CHN), 

4.88 (dd, J = 8.8, 8.8 Hz, 1H, CHHO), 4.28 (dd, J = 3.7, 8.8 Hz, 1H, 

CHHO), 4.02 (s, 2H, CH2), 4.00–3.90 (m, 1H, CHCF3), 3.55–3.39 (m, 

2H, CH2). 
13C NMR (100 MHz, acetone-d6):  168.7 (CO), 154.8 (CO), 151.3 (C), 143.7 (CH), 

140.7 (C), 129.4 (2 × CH), 129.1 (CH), 128.0 (q, 1JCF = 277.6 Hz, CF3), 126.9 (2 × CH), 111.4 

(CH), 109.4 (CH), 71.5 (CH2), 58.6 (CH), 43.2 (q, 2JCF = 29.6 Hz, CH), 36.6 (q, 3JCF = 1.8 Hz, 

CH2), 29.7 (CH2). 
19F NMR (470 MHz, acetone-d6):   –71.8 (CF3). IR (ATR): max 1776s, 1704s, 

1495m, 1478m, 1457m, 1387s, 1316s, 1254s, 1200s, 1151s, 1099s, 1068s cm–1. MS: m/z (%) 

relative intensity 400 [(M+ H)+, 48], 399 [M+, 5], 397 (3), 382 (6), 242 (18), 241 (100), 237 (3), 

161 (23), 81 (11). HRMS (ESI-TOF) calcd for C18H16F3NO4SNa+ [M + Na]+: 422.0644, found: 

422.0642. 

 

(R,R)-3oB: Rf 0.35 (30% EtOAc in hexanes); mp 122–124 oC (30% 

EtOAc in hexanes); [𝛼]𝐷
24 –79.6 (c 1.0, CH2Cl2).

 1H NMR (400 MHz, 

acetone-d6):  7.45–7.32 (m, 6H, ArH), 6.29 (dd, J = 1.9, 3.2 Hz, 1H, 

ArH), 6.20 (dd, J = 0.6, 3.2 Hz, 1H, ArH), 5.61 (dd, J = 3.9, 8.9 Hz, 1H, 

CHN), 4.86 (dd, J = 8.9, 8.9 Hz, 1H, CHHO), 4.29 (dd, J = 3.9, 8.9 Hz, 

1H, CHHO), 3.94–3.82 (m, 3H, CH2, CHCF3), 3.60 (dd, J = 9.7, 17.4 

Hz, 1H, CHH), 3.35 (dd, J = 4.1, 17.4 Hz, 1H, CHH). 13C NMR (100 MHz, acetone-d6):  168.9 

(CO), 154.8 (CO), 151.1 (C), 143.7 (CH), 140.6 (C), 129.8 (2 × CH), 129.0 (CH), 128.0 (q, 1JCF = 

276.2 Hz, CF3), 126.9 (2 × CH), 111.4 (CH), 109.3 (CH), 71.4 (CH2), 58.7 (CH), 43.5 (q, 2JCF = 

29.7 Hz, CH), 36.5 (q, 3JCF = 1.9 Hz, CH2), 30.0 (CH2). 
19F NMR (470 MHz, acetone-d6):   –71.8 

(CF3). IR (ATR): max 1782s, 1705s, 1558m, 1541m, 1520m, 1474m, 1407m, 1273s, 1245s, 1154s, 

1142s, 1093s, 1038s cm–1. MS: m/z (%) relative intensity 400 [(M+ H)+, 67], 381 (18), 242 (15), 
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241 (100), 164 (17), 161 (80), 112 (7), 80 (91), 52 (20). HRMS (ESI-TOF) calcd for 

C18H16F3NO4SNa+ [M + Na]+: 422.0644, found: 422.0638. 

 

(R)-4-Phenyl-3-[(S)-4,4,4-trifluoro-3-(tert-butylthio)butanoyl]oxazolidin-2-one [(R,S)-3pA] and 

(R)-4-Phenyl-3-[(R)-4,4,4-trifluoro-3-(tert-butylthio)butanoyl]oxazolidin-2-one [(R,R)-3pB] 

According to the Conditions C, the reaction of 1 (57.1 mg, 0.20 mmol) with tert-butylthiol (26 L, 

0.22 mmol) gave a crude mixture of (R,S)-3pA:(R,R)-3pB (60:40 dr, 1H NMR analysis). 

Purification by column chromatography (50% CH2Cl2 in hexanes) afforded (R,S)-3pA (39.0 mg, 

52% yield) as a white semi-solid and (R,R)-3pB (21.1 mg, 28% yield) as a white solid. 

 

(R,S)-3pA: Rf 0.30 (50% CH2Cl2 in hexanes); [𝛼]𝐷
25 –92.7 (c 1.1, CHCl3).

 1H 

NMR (400 MHz, CDCl3):  7.44–7.33 (m, 3H, ArH), 7.33–7.27 (m, 2H, 

ArH), 5.44 (dd, J = 3.6, 8.8 Hz, 1H, CHN), 4.73 (dd, J = 8.8, 8.8 Hz, 1H, 

CHHO), 4.31 (dd, J = 3.6, 8.8 Hz, 1H, CHHO), 3.88–3.79 (m, 1H, CHCF3), 

3.53 (dd, J = 7.7, 18.0 Hz, 1H, CHH), 3.43 (dd, J = 5.5, 18.0 Hz, 1H, CHH), 

1.33 (s, 9H, 3 × CH3). 
13C NMR (125 MHz, CDCl3):  168.5 (CO), 153.5 

(CO), 138.5 (C), 129.3 (2 × CH), 128.9 (CH), 126.4 (q, 1JCF = 277.0 Hz, CF3), 125.8 (2 × CH), 

70.2 (CH2), 57.8 (CH), 44.9 (C), 40.0 (q, 2JCF = 29.7 Hz, CH), 37.6 (q, 3JCF = 2.0 Hz, CH2), 31.1 

(3 × CH3). 
19F NMR (376 MHz, CDCl3):   –70.6 (d, J = 11.2 Hz, CF3). IR (ATR): max 1787s, 

1697s, 1455w, 1405s, 1366m, 1300m, 1269m, 1212m, 1180s, 1114s cm–1. MS: m/z (%) relative 

intensity 376 [(M+ H)+, 100], 375 [M+, 58], 320 (27), 275 (14), 242 (10), 151 (9), 120 (33), 119 

(27), 104 (9). HRMS (ESI-TOF) calcd for C17H20F3NO3SNa+ [M + Na]+: 398.1008, found: 

398.1005. 

 

(R,R)-3pB: Rf 0.20 (50% CH2Cl2 in hexanes); mp 142–145 oC (50% CH2Cl2 

in hexanes); [𝛼]𝐷
25 –105.3 (c 0.6, CHCl3).

 1H NMR (400 MHz, CDCl3):  

7.41–7.30 (m, 5H, ArH), 5.46 (dd, J = 4.2, 8.8 Hz, 1H, CHN), 4.72 (dd, J = 

8.8, 8.8 Hz, 1H, CHHO), 4.29 (dd, J = 4.2, 8.8 Hz, 1H, CHHO), 3.80–3.70 

(m, 1H, CHCF3), 3.64 (dd, J = 9.0, 17.2 Hz, 1H, CHH), 3.31 (dd, J = 4.7, 

17.2 Hz, 1H, CHH), 1.11 (s, 9H, 3 × CH3). 
13C NMR (125 MHz, CDCl3):  

168.7 (CO), 153.4 (CO), 138.5 (C), 129.1 (2 × CH), 128.8 (CH), 126.4 (q, 1JCF = 276.1 Hz, CF3), 

126.3 (2 × CH), 70.0 (CH2), 57.8 (CH), 44.7 (C), 40.5 (q, 2JCF = 30.1 Hz, CH), 37.0 (CH2), 30.8 

(3 × CH3). 
19F NMR (376 MHz, CDCl3):   –70.6 (d, J = 11.1 Hz, CF3). IR (ATR): max 1778s, 

1703s, 1465m, 1379s, 1310s, 1259s, 1246s, 1210s, 1177s, 1156s, 1116s, 1091s, 1072s cm–1. MS: 

m/z (%) relative intensity 376 [(M+ H)+, 100], 375 [M+, 57], 320 (19), 275 (16), 242 (11), 120 

(25), 119 (20), 104 (7), 57 (6). HRMS (ESI-TOF) calcd for C17H20F3NO3SNa+ [M + Na]+: 

398.1008, found: 398.1003. 
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2. Synthesis of acids 4  

(S)-4,4,4-Trifluoro-3-(phenylthio)butanoic acid [(S)-4a][2] 

A solution of (R,S)-3aA (298 mg, 0.75 mmol) in THF (8 mL) cooled at 0 °C was 

treated with an aqueous solution of H2O2 (30% v/v, 0.44 mL, 3.8 mmol) 

followed by a dropwise addition of a cooled solution of LiOH·H2O (51 mg, 1.5 

mmol) dissolved in water (4 mL). After stirring at 0 °C for 1 h, two phases of the 

reaction mixture were separated. To recover the chiral auxiliary, the aqueous 

phase was further extracted with CH2Cl2 (3 × 20 mL) then the combined organic 

phase was washed with a saturated aqueous NaHCO3 solution (2 × 25 mL), dried over anhydrous 

Na2SO4, and concentrated in vacuo. To collect the acid product, the previously obtained aqueous phase 

was acidified with 10% HCl and extracted with CH2Cl2 (3 × 20 mL). The combined CH2Cl2 phase was 

dried over anhydrous Na2SO4 and concentrated in vacuo to provide the crude carboxylic acid which 

was further purified by column chromatography (20% EtOAc in CH2Cl2) to give (S)-4a (130 mg, 69% 

yield) as a yellow liquid. Rf 0.25 (20% EtOAc in CH2Cl2); [𝛼]𝐷
24 +7.6 (c 1.1, CH2Cl2); [𝛼]𝐷

26 +7.6 (c 

1.02, CHCl3) [lit. [𝛼]𝐷
25 +8.9 (c 1.02, CHCl3)].

[2] 1H NMR (400 MHz, CDCl3):  7.62–7.54 (m, 2H, ArH), 

7.40–7.31 (m, 3H, ArH), 3.97–3.85 (m, 1H, CHCF3), 2.98 (dd, J = 3.9, 17.1 Hz, 1H, CHH), 2.72 

(dd, J = 10.5, 17.1 Hz, 1H, CHH). 13C NMR (100 MHz, CDCl3):  175.2 (CO), 134.3 (2 × CH), 

131.6 (C), 129.3 (2 × CH), 129.1 (CH), 126.0 (q, 1JCF = 277.2 Hz, CF3), 48.2 (q, 2JCF = 29.8 Hz, 

CH), 34.2 (CH2). 
19F NMR (376 MHz, CDCl3):   –70.9 (CF3). IR (ATR): max 3058brm, 1715s, 

1477m, 1439m, 1416m, 1303s, 1247s, 1149s, 1100s cm–1. MS: m/z (%) relative intensity 250 [M+, 

100], 249 [(M–H)–, 2], 233 (27), 229 (45), 209 (29), 165 (77), 135 (25), 109 (21), 65 (11). HRMS 

(ESI-TOF) calcd for C10H8F3O2S
– [M – H]–: 249.0203, found: 249.0204. 

(R)-4,4,4-Trifluoro-3-(phenylthio)butanoic acid [(R)-4b] (55.6 mg, 71% 

yield) was synthesized from (R,R)-3aB (122 mg, 0.31 mmol).  [𝛼]𝐷
25 –13.3 (c 

1.1, CH2Cl2). 

 

 

 

(S)-4,4,4-Trifluoro-3-(4–methoxyphenylthio)butanoic acid [(S)-4c][2] 

According to the synthesis of (S)-4a, hydrolysis of (R,S)-3cA (346 mg, 

0.81 mmol) and purification by column chromatography (20% EtOAc 

in CH2Cl2) afforded (S)-4c (152 mg, 67% yield) as a yellow liquid. Rf 

0.25 (20% EtOAc in CH2Cl2); [𝛼]𝐷
25 +7.1 (c 1.24, CHCl3) [lit. [𝛼]𝐷

25 

+7.2 (c 1.24, CHCl3)].
[2] 1H NMR (400 MHz, CDCl3):  7.55–7.49 (m, 

2H, ArH), 6.90–6.84 (m, 2H, ArH), 3.81 (s, 3H, OCH3), 3.80–3.70 (m, 

1H, CHCF3), 2.93 (dd, J = 3.9, 17.1 Hz, 1H, CHH), 2.68 (dd, J = 10.6, 17.1 Hz, 1H, CHH). 13C 

NMR (100 MHz, CDCl3):  174.8 (q, 4JCF = 2.9 Hz, CO), 160.7 (C), 137.1 (2 × CH), 126.1 (q, 
1JCF = 277.4 Hz, CF3), 121.6 (C), 114.7 (2 × CH), 55.3 (OCH3), 48.5 (q, 2JCF = 29.8 Hz, CH), 33.9 

(q, 3JCF = 1.9 Hz, CH2). 
19F NMR (376 MHz, CDCl3):   –70.6 (CF3). IR (ATR): max 3218brm, 

1729s, 1590m, 1493m, 1354m, 1288s, 1239s, 1222s, 1172s, 1141s, 1096s, 1014s cm–1. MS: m/z 
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(%) relative intensity 280 [M+, 100], 260 (19), 195 (16), 157 (14), 139 (84), 108 (10), 95 (19), 66 

(5). HRMS (ESI-TOF) calcd for C11H10F3O3S
– [M – H]–: 279.0308, found: 279.0313.  

 

(R)-4,4,4-Trifluoro-3-(4–methoxyphenylthio)butanoic acid [(R)-4d][3] 

(90.8 mg, 68% yield) was synthesized from (R,R)-3cB (198 mg, 0.47 

mmol). [𝛼]𝐷
25 ─3.8. (c 1.05, CHCl3) [lit. [𝛼]𝐷

25 ─5.5 (c 1.24, CHCl3)].
[3] 

 

 

(S)-4,4,4-Trifluoro-3-(4–fluorophenylthio)butanoic acid [(S)-4e]  

According to the synthesis of (S)-4a, hydrolysis of (R,S)-3eA (1.25 g, 3.0 

mmol) and purification by column chromatography (20% EtOAc in 

CH2Cl2) afforded (S)-4e (533 mg, 66% yield) as a yellow liquid. Rf 0.25 

(20% EtOAc in CH2Cl2); [𝛼]𝐷
23 +2.2 (c 1.0, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3):  7.63–7.54 (m, 2H, ArH), 7.10–7.00 (m, 2H, ArH), 3.87–3.74 

(m, 1H, CHCF3), 2.97 (dd, J = 3.7, 17.1 Hz, 1H, CHH), 2.70 (dd, J = 10.8, 

17.1 Hz, 1H, CHH). 13C NMR (100 MHz, CDCl3):  174.7 (CO), 163.5 (d, 1JCF = 248.9 Hz, C), 

137.1 (d, 3JCF = 8.5 Hz, 2 × CH), 126.6 (d, 4JCF = 3.4 Hz, C), 126.0 (q, 1JCF = 277.2 Hz, CF3), 

116.5 (d, 2JCF = 21.8 Hz, 2 × CH), 48.6 (q, 2JCF = 29.7 Hz, CH), 34.0 (CH2). 
19F NMR (376 MHz, 

CDCl3): –70.8 (CF3), –111.1 (F). IR (ATR): max 2932brm, 1715s, 1590m, 1490m, 1417m, 1356s, 

1228s, 1153s, 1101s, 1014s cm–1. MS: m/z (%) relative intensity 268 [M+, 100], 251 (25), 248 

(30), 223 (7), 183 (44), 153 (23), 127 (10). HRMS (ESI-TOF) calcd for C10H7F4O2S
– [M – H]–: 

267.0108, found: 267.0112. 

(R)-4,4,4-Trifluoro-3-(4–fluorophenylthio)butanoic acid [(R)-4f] (65.9 

mg, 64% yield) was synthesized from (R,R)-3eB (159 mg, 0.39 mmol). 

[𝛼]𝐷
23 –1.2 (c 1.1, CH2Cl2). 

 

 

 

(S)-4,4,4-Trifluoro-3-[(2-acetamidophenyl)thio]butanoic acid [(S)-4g] 

According to the synthesis of (S)-4a, hydrolysis of (R,S)-3kA (392 mg, 0.87 

mmol) gave (S)-4g (176 mg, 66% yield) as a white solid. Rf 0.13 (5% MeOH 

in CH2Cl2); mp 145–148 oC (5% MeOH in CH2Cl2); [𝛼]𝐷
21 ─72.3 (c 1.1, 

acetone). 1H NMR (400 MHz, acetone-d6):  9.12 (brs, 1H, NH), 8.43 (d, J = 

8.1 Hz, 1H, ArH), 7.64 (d, J = 8.1 Hz, 1H, ArH), 7.43 (ddd, J = 1.3, 8.1, 8.1 

Hz, 1H, ArH), 7.08 (ddd, J = 1.3, 8.1, 8.1 Hz, 1H, ArH), 4.10–3.90 (m, 1H, 

CHCF3), 3.10 (dd, J = 2.9, 17.9 Hz, 1H, CHH), 2.71 (dd, J = 11.5, 17.9 Hz, 1H, CHH), 2.21 (s, 

3H, CH3). 
13C NMR (100 MHz, acetone-d6):  172.2 (CO), 169.7 (CO), 142.6 (C), 138.6 (CH), 

132.0 (CH), 127.6 (q, 1JCF = 277.0 Hz, CF3), 124.4 (CH), 121.8 (CH), 119.8 (C), 47.6 (q, 2JCF = 

29.2 Hz, CH), 33.1 (q, 3JCF = 2.1 Hz, CH2), 24.6 (CH3). 
19F NMR (376 MHz, acetone-d6):   –70.8 

(d, J = 10.3 Hz, CF3). IR (ATR): max 3298brm, 2706brm, 2507brm, 2345brm, 1721s, 1637s, 



SI-22 

1580s, 1534s, 1438m, 1302s, 1240s, 1149s, 1092s cm–1. MS: m/z (%) relative intensity 308 [(M+ 

H)+, 100], 307 [M+, 1], 306 [(M─ H)─, 1], 290 (4), 266 (16), 248 (11), 164 (7). HRMS (DART) 

calcd for C12H13F3NO3S
+ [M + H]+: 308.0563, found: 308.0567. 

 

(R)-4,4,4-Trifluoro-3--[(2-acetamidophenyl)thio]butanoic acid [(R)-4h] 

(111 mg, 57% yield) was synthesized from (R,R)-3kB (284 mg, 0.63 mmol). 

[𝛼]𝐷
24 +71.1 (c 1.0, acetone). 

 

 

3. Synthesis of 5 

(S)-2-(Trifluoromethyl)thiochroman-4-one [(S)-5a][2] 

A flame-dried round bottom flask equipped with a magnetic stirring bar, an 

argon inlet, and a rubber septum was charged with (S)-4a (46.8 mg, 0.19 mmol) 

and dry CH2Cl2 (0.5 mL) followed by the slow addition of thionyl chloride (42 

L, 0.57 mmol). After stirring at room temperature for 3 h, the reaction mixture 

was concentrated in vacuo to give the crude acid chloride which was further 

dissolved in dry CH2Cl2 (0.5 mL) under a positive pressure of argon. To a solution was slowly 

added AlCl3 (76.1 mg, 0.57 mmol) and the reaction mixture was allowed to stir at room 

temperature for 1 h. The reaction mixture was quenched with H2O (5 mL) and extracted with 

CH2Cl2 (3 × 10 mL). The combined organic phase was washed with a saturated aqueous NaCl 

solution (10 mL), dried over anhydrous Na2SO4 and concentrated in vacuo. Purification by column 

chromatography (40% CH2Cl2 in hexanes) afforded (S)-5a (33.9 mg, 79% yield) as a white solid. Rf 

0.35 (40% CH2Cl2 in hexanes); mp 60–63 oC (40% CH2Cl2 in hexanes); [𝛼]𝐷
24 +175.5 (c 0.58, 

CHCl3) [lit. [𝛼]𝐷
25 +159.4 (c 0.58, CHCl3)].

[2] 1H NMR (400 MHz, acetone-d6):  8.02 (dd, J = 1.1, 

8.0 Hz, 1H, ArH), 7.55 (ddd, J = 1.1, 8.0, 8.0 Hz, 1H, ArH), 7.40 (dd, J = 1.1, 8.0 Hz, 1H, ArH), 

7.30 (ddd, J = 1.1, 8.0, 8.0 Hz, 1H, ArH), 4.61–4.50 (m, 1H, CHCF3), 3.42 (dd, J = 5.3, 17.0 Hz, 

1H, CHH), 3.18 (dd, J = 5.3, 17.0 Hz, 1H, CHH). 13C NMR (100 MHz, acetone-d6):  191.1 (CO), 

138.6 (C), 135.0 (CH), 131.2 (C), 129.1 (CH), 127.9 (CH), 127.2 (q, 1JCF = 277.9 Hz, CF3), 126.7 

(CH), 42.9 (q, 2JCF = 30.6 Hz, CH), 38.4 (CH2). 
19F NMR (376 MHz, acetone-d6): –71.9 (d, J = 

9.7 Hz, CF3). IR (ATR): max 1682s, 1591m, 1437m, 1349m, 1288s, 1180s, 1153s, 1107s cm–1. 

MS: m/z (%) relative intensity 233 [(M+ H)+, 12], 232 [M+, 4], 183 (16), 165 (75), 149 (23), 136 

(18), 134 (21), 131 (41), 127 (25), 123 (54), 121 (52), 109 (100), 108 (25), 103 (10). HRMS 

(DART) calcd for C10H8F3OS+ [M + H]+: 233.0242, found: 233.0250. 

 

(R)-2-(Trifluoromethyl)thiochroman-4-one [(R)-5b] (41.7 mg, 82% yield) was 

synthesized from (R)-4b (55.6 mg, 0.22 mmol) [𝛼]𝐷
24 –162.4 (c 0.58, CHCl3). 
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(S)-6-Methoxy-2-(trifluoromethyl)thiochroman-4-one [(S)-5c][2] 

According to the synthesis of (S)-5a, the reaction of (S)-4c (61.6 mg, 0.22 

mmol) and purification by column chromatography (40% CH2Cl2 in 

hexanes) afforded (S)-5c (44.5 mg, 77% yield) as bright yellow liquid. Rf 

0.25 (40% CH2Cl2 in hexanes); [𝛼]𝐷
26 +139.6 (c 0.6, CHCl3) [lit. [𝛼]𝐷

25 

+120.4 (c 0.6, CHCl3)].
[2] 1H NMR (400 MHz, CDCl3):  7.60 (d, J = 2.9 

Hz, 1H, ArH), 7.19 (d, J = 8.7 Hz, 1H, ArH), 7.06 (dd, J = 2.9, 8.7 Hz, 1H, ArH), 3.98–3.88 (m, 

1H, CHCF3), 3.83 (s, 3H, OCH3), 3.27–3.13 (m, 2H, CH2). 
13C NMR (100 MHz, CDCl3):  190.7 

(CO), 157.9 (C), 130.8 (C), 128.7 (C), 128.4 (CH), 125.3 (q, 1JCF = 278.5 Hz, CF3), 122.8 (CH), 

111.3 (CH), 55.6 (OCH3), 42.9 (q, 2JCF = 31.1 Hz, CH), 38.2 (CH2). 
19F NMR (376 MHz, CDCl3): 

–71.1 (d, J = 8.3 Hz, CF3). IR (ATR): max 1680s, 1599m, 1474m, 1404m, 1324m, 1252s, 1219s, 

1154s, 1104s, 1024s cm–1. MS: m/z (%) relative intensity 263 [(M+ H)+, 15], 262 [M+, 34], 218 

(26), 193 (10), 166 (55), 150 (10), 140 (12), 139 (100), 138 (53), 124 (16), 123 (58). HRMS (ESI-

TOF) calcd for C11H10F3O2S
+ [M + H]+: 263.0348, found: 263.0356. 

 

(R)-6-Methoxy-2-(trifluoromethyl)thiochroman-4-one [(R)-5d][3] (26.3 

mg, 83% yield) was synthesized from (R)-4d (34.9 mg, 0.12 mmol).  [𝛼]𝐷
25 

–121.1 (c 0.6, CHCl3) [lit. [𝛼]𝐷
25 ─116.4 (c 0.6, CHCl3)]. 

 

 

4. Synthesis of 6 
(S)-N-(Benzyloxy)-4,4,4-trifluoro-3-[(4-methoxyphenyl)sulfonyl]butanamide [(S)-6a] 

To a flame-dried round bottom flask equipped with a 

magnetic stirring bar, an argon inlet, and a rubber septum 

charged with acid (S)-4c (166 mg, 0.59 mmol) and dry 

CH2Cl2 (1.5 mL) was added SOCl2 (0.2 mL, 1.8 mmol). The 

reaction mixture was stirred at room temperature for 3 h then 

the resulting acid chloride product was concentrated in 

vacuo and used in the next step without purification. A 

separated flame-dried round bottom flask equipped with a magnetic stirring bar, an argon inlet, 

and a rubber septum was charged with o-benzylhydroxylamine hydrochloride (284 mg, 1.8 mmol) 

and dry CH2Cl2 (1.8 mL). After stirring for a few minutes at 0 oC, Et3N (0.25 mL, 1.8 mmol) was 

added and the reaction was allowed to stir at 0 oC for 1 h. To the resulting mixture, a solution of 

crude acid chloride in dry CHCl2 (1.5 mL) was slowly added. After stirring at 0 oC for 2 h, the 

reaction mixture was quenched with H2O (10 mL) and extracted with CH2Cl2 (3 × 10 mL). The 

combined organic phase was washed with 20% aqueous citric acid solution (2 × 20 mL) and a saturated 

aqueous NaHCO3 solution (2 × 20 mL), dried over anhydrous Na2SO4, and concentrated in vacuo. 

The obtained crude product was dissolved in dry CH2Cl2 (2 mL), cooled at 0 oC, and treated with 
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a solution of m-CPBA (256 mg, 1.5 mmol) in dry CH2Cl2 (1.5 mL) under a positive pressure of 

argon. After stirring at 0 oC for 1 h, the reaction mixture was quenched with H2O (10 mL) and 

extracted with CH2Cl2 (3 × 10 mL). The combined organic phase was washed with a saturated aqueous 

NaHCO3 solution, dried over anhydrous Na2SO4, and concentrated in vacuo. Purification by column 

chromatography (40% EtOAc in hexanes) gave (S)-6a (167 mg, 68% yield) as a white semi-solid. Rf 

0.25 (40% EtOAc in hexanes); [𝛼]𝐷
22 26.9 (c 1.0, acetone). 1H NMR (400 MHz, acetone-d6):  

10.49 (s, 1H, NH), 7.96–7.86 (m, 2H, ArH), 7.51–7.31 (m, 5H, ArH), 7.22 (d, J = 8.8 Hz, 2H, 

ArH), 4.98–4.82 (m, 2H, CH2), 4.78–4.65 (m, 1H, CHCF3), 3.95 (s, 3H, OCH3), 2.96 (dd, J = 6.4, 

16.5 Hz, 1H, CHH), 2.71 (dd, J = 5.7, 16.5 Hz, 1H, CHH). 13C NMR (100 MHz, acetone-d6):  

165.7 (C), 165.5 (CO), 137.0 (C), 132.3 (2 × CH), 130.4 (C), 130.0 (2 × CH), 129.3 (CH), 129.2 

(2 × CH), 124.5 (q, 1JCF = 278.2 Hz, CF3), 115.7 (2 × CH), 78.5 (CH2), 63.6 (q, 2JCF = 27.6 Hz, 

CH), 56.4 (OCH3), 28.6 (CH2). 
19F NMR (376 MHz, acetone-d6): –65.8 (CF3). IR (ATR): max 

3230m, 1658s, 1593s, 1578m, 1520m, 1496m, 1455m, 1419m, 1344s, 1248s, 1194s, 1142s, 1048s, 

1028s cm–1. MS: m/z (%) relative intensity 418 [(M+ H)+, 50], 375 (19), 295 (29), 246 (23), 203 

(8), 181 (9), 155 (100), 124 (9). HRMS (DART) calcd for C18H19F3NO5S
+ [M + H]+: 418.0931, 

found: 418.0921. 

 

(R)-N-(Benzyloxy)-4,4,4-trifluoro-3-[(4-methoxyphenyl)sul 

fonyl]butanamide [(R)-6b] (89.8 mg, 71% yield) was 

synthesized from (R)-4d (88.0 mg, 0.31 mmol). [𝛼]𝐷
22 –27.3 

(c 1.0, acetone). 

 

 

(S)-N-(Benzyloxy)-4,4,4-trifluoro-3-[(4-fluorophenyl)sulfonyl] butanamide [(S)-6c]  

According to the synthesis of (S)-6a, the reaction of (S)-4e (229 

mg, 0.86 mmol) and purification by column chromatography 

(40% EtOAc in hexanes) afforded (S)-6c (143 mg, 41% yield) as 

a white solid. Rf 0.38 (40% EtOAc in hexanes); mp 115–118 oC 

(40% EtOAc in hexanes); [𝛼]𝐷
22 +20.8 (c 1.0, acetone). 1H NMR 

(400 MHz, acetone-d6):  10.51 (s, 1H, NH), 8.15–8.02 (m, 2H, 

ArH), 7.52 (dd, J = 8.7, 8.7 Hz, 2H, ArH), 7.47–7.32 (m, 5H, ArH), 5.02–4.77 (m, 3H, CH2, CHCF3), 

3.00 (dd, J = 6.8, 16.6 Hz, 1H, CHH), 2.76 (dd, J = 5.4, 16.6 Hz, 1H, CHH). 13C NMR (100 MHz, 

acetone-d6):  167.4 (d, 1JCF = 253.8 Hz, C), 165.3 (CO), 136.9 (C), 135.5 (C), 133.3 (d, 3JCF = 10.1 

Hz, 2 × CH), 130.0 (2 × CH), 129.3 (CH), 129.2 (2 × CH), 124.4 (q, 1JCF = 278.2 Hz, CF3), 117.8 (d, 
2JCF = 23.0 Hz, 2 × CH), 78.5 (CH2), 63.6 (q, 2JCF = 27.8 Hz, CH), 28.4 (CH2). 

19F NMR (376 MHz, 

acetone-d6): –65.8 (CF3), –104.1 (F). IR (ATR): max 3229m, 1661s, 1590s, 1518m, 1493s, 1424m, 

1408m, 1345s, 1239s, 1191s, 1144s, 1102s, 1081s cm–1. MS: m/z (%) relative intensity 406 [(M+ H)+, 

100], 386 (13), 363 (38), 283 (8), 203 (19), 181 (33), 143 (13), 124 (10). HRMS (DART) calcd for 

C17H16F4NO4S
+ [M + H]+: 406.0731, found: 406.0738. 
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(R)-N-(Benzyloxy)-4,4,4-trifluoro-3-[(4-fluorophenyl)sulfon 

yl]butanamide [(R)-6d] (164 mg, 41% yield) was synthesized 

from (R)-4f (263 mg, 0.98 mmol). [𝛼]𝐷
22 –20.0 (c 1.0, acetone). 

 

 

 

5. Synthesis of 7 

(S)-4,4,4-Trifluoro-N-hydroxy-3-[(4-methoxyphenyl)sulfonyl]butanamide [(S)-7a][4] 

A flame-dried round bottom flask equipped with a magnetic stirring 

bar, an argon inlet, and a rubber septum was charged with (S)-6a 

(59.7 mg, 0.14 mmol), Pd(OH)2/C (20%wt , 19.7 mg, 0.14 mmol), 

dry MeOH (2.4 mL),  and dry EtOAc (0.6 mL). The argon inlet was 

replaced by a H2 balloon, and the reaction mixture was stirred at 

room temperature for 1 h. The resulting mixture was filtered 

through a celite pad, and the residue was eluted with MeOH (15 mL). After removal of the solvent 

in vacuo, the crude product was purified by column chromatography (5% MeOH in CH2Cl2) to 

afford (S)-7a (32.8 mg, 71% yield) as a white semi-solid. Rf 0.23 (5% MeOH in CH2Cl2); mp 131–

134 oC (5% MeOH in CH2Cl2); [𝛼]𝐷
25 +5.2 (c 1.0, EtOH) [lit. [𝛼]𝐷

23 +16.1 (c 1.1, EtOH)].[4] 1H 

NMR (400 MHz, CD3OD):  7.89 (d, J = 10.0 Hz, 2H, ArH), 7.17 (d, J = 10.0 Hz, 2H, ArH), 

4.70–4.58 (m, 1H, CHCF3), 3.92 (s, 3H, OCH3), 2.94 (dd, J = 6.2, 16.2 Hz, 1H, CHH), 2.65 (dd, 

J = 6.2, 16.2 Hz, 1H, CHH). 13C NMR (100 MHz, CD3OD):  167.1 (CO), 166.5 (C), 132.6 (2 × 

CH), 130.4 (C), 124.8 (q, 1JCF = 278.2 Hz, CF3), 115.9 (2 × CH), 64.2 (q, 2JCF = 27.7 Hz, CH), 

56.6 (OCH3), 28.7 (CH2). 
19F NMR (376 MHz, CD3OD): –66.7 (d, J = 10.6 Hz, CF3). IR (ATR): 

max 3312brm, 1659s, 1593s, 1497s, 1345s, 1320m, 1251s, 1194s, 1143s, 1082s, 1014s cm–1. MS: 

m/z (%) relative intensity 328 [(M+ H)+, 14], 327 (M+, 3), 312 (18), 310 (5), 295 (18), 284 (9), 278 

(26), 247 (18), 246 (100), 189 (8), 171 (11), 155 (26). HRMS (DART) calcd for C11H13F3NO5S
+ 

[M + H]+: 328.0461, found: 328.0470. 

 

(R)-4,4,4-Trifluoro-N-hydroxy-3-[(4-methoxyphenyl)sulfonyl] 

butanamide [(R)-7b][4] (40.4 mg, 71% yield) was synthesized from 

(R)-6b (70.9 mg, 0.17 mmol). [𝛼]𝐷
25 –3.3 (c 0.88, EtOH) [lit. [𝛼]𝐷

23 

─16.9 (c 0.88, EtOH)]. 

 

(S)-4,4,4-Trifluoro-N-hydroxy-3-[(4-fluorophenyl)sulfonyl]butanamide [(S)-7c]  

According to the synthesis of (S)-7a, the reaction of (R)-6c (154 mg, 0.38 

mmol) and purification by column chromatography (60% EtOAc in 

hexanes) gave (R)-7c (85.4 mg, 71% yield) as a white solid. Rf 0.25 

(60% EtOAc in hexanes); [𝛼]𝐷
24 +3.9 (c 1.1, EtOH). 1H NMR (400 

MHz, CD3OD):  8.09–8.01 (m, 2H, ArH), 7.46–7.38 (m, 2H, ArH), 



SI-26 

4.82–4.71 (m, 1H, CHCF3), 2.97 (dd, J = 6.2, 16.3 Hz, 1H, CHH), 2.69 (dd, J = 6.2, 16.3 Hz, 1H, 

CHH). 13C NMR (100 MHz, CD3OD):  168.1 (d, 1JCF = 254.6 Hz, C), 166.9 (CO), 135.7 (C), 

133.6 (d, 3JCF = 10.1 Hz, 2 × CH), 124.7 (q, 1JCF = 278.2 Hz, CF3), 118.0 (d, 2JCF = 23.1 Hz, 2 × 

CH), 64.1 (q, 2JCF = 28.0 Hz, CH), 28.5 (CH2). 
19F NMR (376 MHz, CD3OD): –66.6 (d, J = 10.2 

Hz, CF3), –104.1 (F). IR (ATR): max 3365brm, 3151brm, 1672s, 1590s, 1494s, 1344s, 1240s, 

1147s, 1081s cm–1. MS: m/z (%) relative intensity 316 [(M+ H)+, 91], 315 (M+, 3), 313 (3), 302 

(4), 300 (56), 298 (91), 284 (12), 283 (100), 256 (7), 177 (39), 158 (16). HRMS (DART) calcd for 

C10H10F4NO4S
+ [M + H]+: 316.0261, found: 316.0254. 

 

(R)-4,4,4-Trifluoro-N-hydroxy-3-[(4-fluorophenyl)sulfonyl]butan 

amide [(R)-7d] (86.5 mg, 69% yield) was synthesized from (R)-6d (159 

mg, 0.39 mmol). [𝛼]𝐷
24 –3.2 (c 1.1, EtOH). 
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1H NMR Spectrum of (R,S)-3aA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3aA (125 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3aA (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3aA 
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1H NMR Spectrum of (R,R)-3aB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3aB (100 MHz, CDCl3)
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19F NMR Spectrum of (R,R)-3aB (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3aB 
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1H NMR Spectrum of (R,S)-3bA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3bA (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3bA (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3bA 
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1H NMR Spectrum of (R,R)-3bB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3bB (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,R)-3bB (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3bB 
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1H NMR Spectrum of (R,S)-3cA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3cA (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3cA (470 MHz, CDCl3) 
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HRMS (DART) and Specific rotation of (R,S)-3cA 
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1H NMR Spectrum of (R,R)-3cB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3cB (100 MHz, CDCl3) 

 



SI-49 

19F NMR Spectrum of (R,R)-3cB (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3cB 
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1H NMR Spectrum of (R,S)-3dA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3dA (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3dA (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3dA 
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1H NMR Spectrum of (R,R)-3dB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3dB (125 MHz, CDCl3) 
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19F NMR Spectrum of (R,R)-3dB (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3dB 
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1H NMR Spectrum of (R,S)-3eA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3eA (125 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3eA (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3eA 
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1H NMR Spectrum of (R,R)-3eB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3eB (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,R)-3eB (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3eB 
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1H NMR Spectrum of (R,S)-3fA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3fA (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3fA (376 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3fA 
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1H NMR Spectrum of (R,R)-3fB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3fB (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,R)-3fB (376 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3fB 
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1H NMR Spectrum of (R,S)-3gA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3gA (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3gA (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3gA 
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1H NMR Spectrum of (R,R)-3gB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3gB (125 MHz, CDCl3) 
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19F NMR Spectrum of (R,R)-3gB (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3gB 
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1H NMR Spectrum of (R,S)-3hA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3hA (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3hA (376 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3hA 
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1H NMR Spectrum of (R,R)-3hB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3hB (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,R)-3hB (376 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3hB
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1H NMR Spectrum of (R,S)-3iA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3iA (100 MHz, CDCl3) 

 



SI-93 

19F NMR Spectrum of (R,S)-3iA (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3iA

 

 

 



SI-95 

1H NMR Spectrum of (R,R)-3iB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3iB (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,R)-3iB (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3iB 
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1H NMR Spectrum of (R,S)-3jA (400 MHz, acetone-d6) 
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13C NMR Spectrum of (R,S)-3jA (100 MHz, acetone-d6) 
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19F NMR Spectrum of (R,S)-3jA (470 MHz, acetone-d6) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3jA 
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1H NMR Spectrum of (R,R)-3jB (400 MHz, acetone-d6) 
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13C NMR Spectrum of (R,R)-3jB (100 MHz, acetone-d6) 
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19F NMR Spectrum of (R,R)-3jB (376 MHz, acetone-d6) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3jB
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1H NMR Spectrum of (R,S)-3kA (400 MHz, acetone-d6) 
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13C NMR Spectrum of (R,S)-3kA (100 MHz, acetone-d6) 
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19F NMR Spectrum of (R,S)-3kA (376 MHz, acetone-d6) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3kA
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1H NMR Spectrum of (R,R)-3kB (400 MHz, acetone-d6) 
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13C NMR Spectrum of (R,R)-3kB (100 MHz, acetone-d6) 
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19F NMR Spectrum of (R,R)-3kB (376 MHz, acetone-d6) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3kB 
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1H NMR Spectrum of (R,S)-3lA (500 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3lA (125 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3lA (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3lA 
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1H NMR Spectrum of (R,R)-3lB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3lB (125 MHz, CDCl3) 
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19F NMR Spectrum of (R,R)-3lB (376 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3lB 
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1H NMR Spectrum of (R,S)-3mA (400 MHz, acetone-d6) 
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13C NMR Spectrum of (R,S)-3mA (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3mA (470 MHz, CDCl3) 
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HRMS (DART) and Specific rotation of (R,S)-3mA 
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1H NMR Spectrum of (R,R)-3mB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3mB (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,R)-3mB (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3mB 
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1H NMR Spectrum of (R,S)-3nA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3nA (125 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3nA (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3nA
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1H NMR Spectrum of (R,R)-3nB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3nB (100 MHz, CDCl3) 
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19F NMR Spectrum of (R,R)-3nB (470 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3nB
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1H NMR Spectrum of (R,S)-3oA (400 MHz, acetone-d6) 
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13C NMR Spectrum of (R,S)-3oA (100 MHz, acetone-d6) 
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19F NMR Spectrum of (R,S)-3oA (470 MHz, acetone-d6) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3oA 
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1H NMR Spectrum of (R,R)-3oB (400 MHz, acetone-d6) 
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13C NMR Spectrum of (R,R)-3oB (100 MHz, acetone-d6) 
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19F NMR Spectrum of (R,R)-3oB (470 MHz, acetone-d6) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3oB
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1H NMR Spectrum of (R,S)-3pA (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,S)-3pA (125 MHz, CDCl3) 
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19F NMR Spectrum of (R,S)-3pA (376 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,S)-3pA
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1H NMR Spectrum of (R,R)-3pB (400 MHz, CDCl3) 
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13C NMR Spectrum of (R,R)-3pB (125 MHz, CDCl3) 

 



SI-153 

19F NMR Spectrum of (R,R)-3pB (376 MHz, CDCl3) 
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HRMS (ESI-TOF) and Specific rotation of (R,R)-3pB
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1H NMR Spectrum of (S)-4a (400 MHz, CDCl3) 
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13C NMR Spectrum of (S)-4a (100 MHz, CDCl3) 
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19F NMR Spectrum of (S)-4a (376 MHz, CDCl3) 

 

 



SI-158 

HRMS (ESI-TOF) of (S)-4a  
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Specific rotations of (S)-4a and (R)-4b 
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1H NMR Spectrum of (S)-4c (400 MHz, CDCl3) 
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13C NMR Spectrum of (S)-4c (100 MHz, CDCl3) 
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19F NMR Spectrum of (S)-4c (376 MHz, CDCl3) 
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HRMS (ESI-TOF) of (S)-4c 

  

  

 

 

 

 

 

 

 

 

 

 

 



SI-164 

Specific rotations of (S)-4c and (R)-4d 
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1H NMR Spectrum of (S)-4e (400 MHz, CDCl3) 
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13C NMR Spectrum of (S)-4e (100 MHz, CDCl3) 
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19F NMR Spectrum of (S)-4e (376 MHz, CDCl3) 
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HRMS (ESI-TOF) of (S)-4e  
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Specific rotations of (S)-4e and (R)-4f 
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1H NMR Spectrum of (S)-4g (400 MHz, acetone-d6) 
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13C NMR Spectrum of (S)-4g (100 MHz, acetone-d6) 
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19F NMR Spectrum of (S)-4g (376 MHz, acetone-d6) 
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HRMS (DART) of (S)-4g 
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Specific rotations of (S)-4g and (R)-4h 
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1H NMR Spectrum of (S)-5a (400 MHz, acetone-d6) 
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13C NMR Spectrum of (S)-5a (100 MHz, acetone-d6) 
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19F NMR Spectrum of (S)-5a (376 MHz, acetone-d6) 
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HRMS (DART) of (S)-5a 
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Specific rotations of (S)-5a and (R)-5b 
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1H NMR Spectrum of (S)-5c (400 MHz, CDCl3) 
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13C NMR Spectrum of (S)-5c (100 MHz, CDCl3) 
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19F NMR Spectrum of (S)-5c (376 MHz, CDCl3) 
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HRMS (ESI-TOF) of (S)-5c  
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Specific rotations of (S)-5c and (R)-5d 
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1H NMR Spectrum of (S)-6a (400 MHz, acetone-d6) 
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13C NMR Spectrum of (S)-6a (100 MHz, acetone-d6) 
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19F NMR Spectrum of (S)-6a (376 MHz, acetone-d6) 
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HRMS (DART) of (S)-6a 
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Specific rotations of (S)-6a and (R)-6b 
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1H NMR Spectrum of (S)-6c (400 MHz, acetone-d6) 
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13C NMR Spectrum of (S)-6c (100 MHz, acetone-d6) 
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19F NMR Spectrum of (S)-6c (376 MHz, acetone-d6) 
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HRMS (DART) of (S)-6c 
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Specific rotations of (S)-6c and (R)-6d 
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1H NMR Spectrum of (S)-7a (400 MHz, CD3OD) 
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13C NMR Spectrum of (S)-7a (100 MHz, CD3OD) 

 



SI-197 

19F NMR Spectrum of (S)-7a (376 MHz, CD3OD) 
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HRMS (DART) of (S)-7a 
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Specific rotations of (S)-7a and (R)-7b 
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1H NMR Spectrum of (S)-7c (400 MHz, CD3OD) 
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13C NMR Spectrum of (S)-7c (100 MHz, CD3OD) 
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19F NMR Spectrum of (S)-7c (376 MHz, CD3OD) 
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HRMS (DART) of (S)-7c 
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Specific rotations of (S)-7c and (R)-7d 
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The information of the crystal measurement 

Crystallographic data of (R,R)-3aB and (R,R)-3pB (CCDC: 2257377 and 2257378) were 

collected on D8 VENTURE Bruker diffractometer. The crystals were kept at 273.15 K during data 

collection. Using Olex2[1], Both structures were solved with the olex2.solve[2] structure program 

using Charge Flipping and refine with the XL[3] refinement package using Least Squares  

minimization.  

 [1] Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A. K.; Puschmann, H. J. Appl. 

Cryst. 2009, 42, 339-341. 

 [2] Bourhis, L. J.;Dolomanov, O. V.;Gildea, R. J.;Howard, J. A. K.;Puschmann, H. Acta 

Cryst. 2015, A71, 59-75. 

 [3] Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122. 

 

 

The description of the sample preparation 

The crystals used in X-ray diffraction data collection were obtained by slow evaporation 

technique, for (R,R)-3aB using total 25% CH2Cl2 in hexanes and for (R,R)-3pB using total 10% 

CH2Cl2 in methanol, in vials. Each compound was dissolved using the minimum amount of CH2Cl2 

then hexanes [for (R,R)-3aB] or methanol [for (R,R)-3pB] was added dropwise until the clear 

solution turned cloudy. CH2Cl2 was then added dropwise to the cloudy solution until it appeared 

as a clear solution again. Each vial was let stand undisturbed at room temperature (35 ℃). 
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X-ray diffraction analysis of compound (R,R)-3aB (CCDC 2257377) 

Crystal data 

Chemical formula     C19H16F3NO3S 

Mr       395.39 

Crystal system , space group    Monoclinic, C2 

Temperature (K)     273 

a, b, c (Å)      21.0440 (12), 5.1578 (3), 19.5025 (11) 

β (⁰)       119.164 (2) 

V (Å3)       1848.46 (19) 

Z       4 

Radiation type      Cu Kα 

µ (mm-1)      2.01 

Crystal size (mm3)     0.3 × 0.1 × 0.1      

Data collection 

Diffractometer      BRUKER D8 VENTURE 

Absorption correction     – 

No. of measured, independent and   10969, 3389, 3082 

observed [I > 2σ(I)] reflections  

Rint       0.035 

(sin θ/λ)max (Å
-1)     0.619 

Refinement 

R[F2 > 2σ(F2)], wR(F2), S    0.042, 0.120, 1.05 

No. of reflections     3389 

No. of parameters     244 

No. of restraints     1 

H-atom treatment     H-atom parameters constrained 

Δρmax, Δρmin (e Å-3)     0.14, –0.29 

Absolute structure Flack x determined using 1155 quotients 

[(I+)-(I-)]/[(I+)+(I-)] [Parsons, Flack and 

Wagner, Acta Cryst. B69 (2013) 249-259]. 

Absolute structure parameter 0.124 (11)  

Computer programs: SAINT V8.40B (2016), olex2.solve 1.3 (Bourhis et al., 2015), XL (Sheldrick, 2008), Olex2 1.3 (Dolomanov et al., 2009). 

References 

1. Bourhis, L. J.; Dolomanov, O. V.; Gildea, R. J.; Howard, J. A. K.; Puschmann, H. Acta Cryst. 

2015, A71, 59-75. 

2. Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A. K.; Puschmann, H. J. Appl. Cryst. 

2009, 42, 339-341. 

3. Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122. 
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SI-210 

ORTEP plot of (R,R)-3aB (CCDC 2257377) 
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X-ray diffraction analysis of compound (R,R)-3pB (CCDC 2257378) 

Crystal data 

Chemical formula     C17H20F3NO3S 

Mr       375.40 

Crystal system , space group    Orthorhombic, P212121 

Temperature (K)     273 

a, b, c (Å)      5.4848 (3), 11.8755 (7), 32.4602 (19) 

V (Å3)       2114.3 (2) 

Z       4 

Radiation type      Cu Kα 

µ (mm-1)      1.72 

Crystal size (mm3)     0.1 × 0.1 × 0.1      

Data collection 

Diffractometer      BRUKER D8 VENTURE 

Absorption correction     – 

No. of measured, independent and   19206, 3668, 3356 

observed [I > 2σ(I)] reflections  

Rint       0.054 

(sin θ/λ)max (Å
-1)     0.603 

Refinement 

R[F2 > 2σ(F2)], wR(F2), S    0.073, 0.214, 1.09 

No. of reflections     3668 

No. of parameters     229 

H-atom treatment     H-atom parameters constrained 

Δρmax, Δρmin (e Å-3)     0.95, –0.28 

Absolute structure Flack x determined using 1279 quotients 

[(I+)-(I-)]/[(I+)+(I-)] [Parsons, Flack and 

Wagner, Acta Cryst. B69 (2013) 249-259]. 

Absolute structure parameter 0.092 (8)  

 

Computer programs: SAINT V8.40B (2016), olex2.solve 1.3 (Bourhis et al., 2015), XL (Sheldrick, 2008), Olex2 1.3 (Dolomanov et al., 2009). 

 

References 

1. Bourhis, L. J.; Dolomanov, O. V.; Gildea, R. J.; Howard, J. A. K.; Puschmann, H. Acta Cryst.   

2. Dolomanov, O. V.; Bourhis, L. J.; Gildea, R. J.; Howard, J. A. K.; Puschmann, H. J. Appl. Cryst. 

2009, 42, 339-341. 

3. Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122. 
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ORTEP plot of (R,R)-3pB (CCDC 2257378) 
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Attempts to record 1H and 19F NMR spectra of the intermediate G 

 
 

1H NMR (400 MHz, CDCl3)  

(7 sections/ 10 min per section) 

the starting material 1 (marked as a red *) and DABCO (marked as a blue *) 
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19F NMR (470 MHz, CDCl3 with C6F6 as an int. standard)  

(7 sections/ 10 min per section) 
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1H NMR (400 MHz, CDCl3)  

(7 sections/ 10 min per section) 

 

 

(R,S)-3aA(*) and (R,R)-3bA(*) 
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19F NMR (470 MHz, CDCl3 with C6F6 as an int. standard)  

(7 sections/ 10 min per section) 

 

 
 

 


