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1. General information and starting materials  

General information. Commercially available reagents were used without further purification. 

Column chromatography was performed with silica gel (200-300 mesh). Melting points were 

determined with an XT-4 melting-point apparatus and are uncorrected. 1H NMR spectra were 

measured with Bruker Ascend 400 MHz spectrometer in CDCl3, chemical shifts were reported 

in δ (ppm) units relative to tetramethylsilane (TMS) as the internal standard. 13C NMR spectra 

were measured at 100 MHz (or 176 MHz) with a Bruker Ascend 400 MHz (or 700 MHz) 

spectrometer, chemical shifts were reported in δ (ppm) relative to tetramethylsilane and 

referenced to the solvent peak (CDCl3 at 77.0 ppm). High resolution mass spectra were 

measured with an Agilent 6520 Accurate-Mass-Q-TOF MS system equipped with an 

electrospray ionization (ESI) source. Enantiomeric excesses were determined by chiral HPLC 

analysis using an Agilent 1200 LC instrument with a Daicel Chiralpak IC or AD-H column. 

Optical rotations were measured with a Krüss P8000 polarimeter at the indicated concentration 

with the units of grams per 100 mL. 

 

Starting materials. 1a–1l and 3a–3f were prepared according to the literature.[1] 2a−2m were 

prepared as described in the literature.[2] The squaramide organocatalysts were prepared by 

following the reported procedures.[3] 

 

[1] Y. Zhang, A. Yu, J. Jia, S. Ma, K. Li, Y. Wei and X. Meng, Chem. Commun. (Camb), 2017, 

53, 10672-10675. b) V. Dočekal, B. Formánek, I. Císařová and J. Veselý, Org. Chem. Front., 

2019, 6, 3259-3263. 

[2] H. H. Nguyen and M. J. Kurth, Org. Lett., 2013, 15, 362-365. b) R. Maity, C. Gharui, A. K. 

Sil and S. C. Pan, Org. Lett., 2017, 19, 662-665. 

[3] a) Y. Zhu, J. P. Malerich and V. H. Rawal, Angew. Chem. Int. Ed., 2010, 49, 153-156. b) W. 

Yang, D. M. Du, Org. Lett. 2010, 12, 5450−5453. c) W.Yang, D. M. Du, Adv. Synth. Catal., 

2011, 353, 1241−1246. 
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2. Enantioselective synthesis and characterization of compounds 3 

Unsaturated benzothiophene 1a (0.12 mmol), α-nitroketones 2 (0.10 mmol), and catalyst C3 

(0.0025 mmol) were dissolved in CH2Cl2 (1.0 mL), and the mixture was stirred at room 

temperature for 48 h. After completion of the reaction, the residue was purified by flash column 

chromatography on silica gel (petroleum ether/ethyl acetate = 10:1 to 8:1) to afford the pure 

products 3. Racemates were prepared following a similar procedure with Et3N (2.5 mol%). 

 

(S)-2-(2-Nitro-1-phenylethyl)benzo[b]thiophen-3-yl benzoate (3aa). White solid (42.8 mg, 

95% yield), mp 87–89 °C. HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 

1.0 mL/min, detection at 254 nm): tR = 7.2 min (major), tR = 8.7 min (minor); 96% ee. [α]D
25 = 

+56.6 (c = 1.58, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.27 – 8.25 (m, 2H, ArH), 7.69 – 

7.66 (m, 2H, ArH), 7.55 (t, J = 7.8 Hz, 2H, ArH), 7.47 – 7.45 (m, 1H, ArH), 7.33 – 7.24 (m, 

7H, ArH), 5.28 (t, J = 8.0 Hz, 1H, CH), 5.04 (d, J = 7.8 Hz, 2H, CH2) ppm. 13C NMR (100 

MHz, CDCl3): δ 164.2, 138.1, 137.3, 135.8, 134.2, 132.5, 130.4, 129.3, 129.1, 128.8, 128.2, 

128.1, 127.4, 125.4, 124.8, 122.8, 120.7, 78.0, 41.8 ppm. HRMS (ESI): m/z calcd. for 

C23H21N2O4S [M + NH4]+ 421.1217, found 421.1215. 

 
(S)-5-Methyl-2-(2-nitro-1-phenylethyl)benzo[b]thiophen-3-yl benzoate (3ba). Colorless oil 

(33.8 mg, 81% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 7.0 min (major), tR = 7.7 min (minor); 96% ee. [α]D
25 = 

+55.4 (c = 1.84, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.29 – 8.27 (m, 2H, ArH), 7.71 (t, J 

= 7.4 Hz, 1H, ArH), 7.60 – 7.56 (m, 3H, ArH), 7.32 – 7.25 (m, 6H, ArH), 7.16 (dd, J1 = 8.4, J2 

= 1.2 Hz, 1H, ArH), 5.26 (t, J = 8.0 Hz, 1H, CH), 5.05 (d, J = 8.0 Hz, 2H, ArH), 2.38 (s, 3H, 

CH3) ppm. 13C NMR (100 MHz, CDCl3): δ 164.3, 137.8, 137.4, 134.9, 134.2, 133.1, 132.8, 

130.5, 129.3, 129.1, 128.8, 128.3, 128.1, 127.4, 127.2, 122.5, 120.5, 78.1, 41.8, 21.4 ppm. 

HRMS (ESI): m/z calcd. for C24H23N2O4S [M + NH4]+ 435.1374, found 435.1366; calcd. for 

C24H19NO4SK [M + K]+ 456.0666, found 456.0664. 
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(S)-5-Chloro-2-(2-nitro-1-phenylethyl)benzo[b]thiophen-3-yl benzoate (3ca). Colorless oil 

(41.6 mg, 95% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 95:5, flow rate 1.0 

mL/min, detection at 254 nm): tR = 15.7 min (major), tR = 19.7 min (minor); 97% ee. [α]D
25 = 

+62.6 (c = 2.13, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.27 – 8.25 (m, 2H, ArH), 7.72 (t, J 

= 7.4 Hz, 1H, ArH), 7.62 – 7.56 (m, 3H, ArH), 7.44 (d, J = 1.6 Hz, 1H, ArH), 7.32 – 7.27 (m, 

6H, ArH), 5.26 (t, J = 8.0 Hz, 1H, CH), 5.05 (d, J = 8.0 Hz, 2H, CH2) ppm. 13C NMR (100 

MHz, CDCl3): δ 164.1, 137.4, 137.1, 134.4, 133.9, 133.8, 131.6, 131.4, 130.5, 129.2, 128.9, 

128.3, 127.9, 127.4, 126.0, 123.9, 120.4, 77.9, 41.9 ppm. HRMS (ESI): m/z calcd. for 

C23H20ClN2O4S [M + NH4]+ 455.0827, found 455.0829; calcd. for C23H16ClNO4SNa [M + Na]+ 

460.0381, found 460.0384. 

 

(S)-2-(2-Nitro-1-(o-tolyl)ethyl)benzo[b]thiophen-3-yl benzoate (3da). Colorless oil (38.0 mg, 

91% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 95:5, flow rate 1.0 mL/min, 

detection at 254 nm): tR = 14.0 min (major), tR = 20.6 min (minor); 94% ee. [α]D
25 = +68.1 (c 

= 1.10, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.28 – 8.26 (m, 2H, ArH), 7.74 – 7.67 (m, 2H, 

ArH), 7.58 (t, J = 7.8 Hz, 2H, ArH), 7.48 – 7.46 (m, 1H, ArH), 7.39 – 7.37 (m, 1H, ArH), 7.34 

– 7.31 (m, 2H, ArH), 7.24 – 7.14 (m, 3H, ArH), 5.51 (dd, J1 = 8.8 Hz, J2 = 7.2 Hz, 1H, CH), 

5.15 – 5.04 (m, 2H, CH2), 2.34 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ 164.3, 138.1, 

136.7, 136.0, 135.7, 134.3, 132.5, 131.3, 130.5, 129.2, 128.9, 128.2, 128.1, 126.6, 125.4, 125.1, 

124.8, 122.8, 120.7, 77.6, 37.6, 19.3 ppm. HRMS (ESI): m/z calcd. for C24H23N2O4S [M + 

NH4]+ 435.1374, found 435.1367; calcd. for C24H19NO4SK [M + K]+ 456.0666, found 456.0663. 
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(S)-2-(2-Nitro-1-(m-tolyl)ethyl)benzo[b]thiophen-3-yl benzoate (3ea). Colorless oil (35.9 

mg, 86% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 6.7 min (major), tR = 8.0 min (minor); 95% ee. [α]D
25 = 

+60.1 (c = 0.79, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.27 (d, J = 7.2 Hz, 2H, ArH), 7.73 

– 7.70 (m, 2H, ArH), 7.58 (t, J = 7.8 Hz, 1H, ArH), 7.48 – 7.46 (m, 1H, ArH), 7.34 – 7.32 (m, 

2H, ArH), 7.21 (t, J = 7.4 Hz, 1H, ArH), 7.13 (d, J = 8.4 Hz, 2H, ArH), 7.07 (d, J = 7.6 Hz, 1H, 

ArH), 5.24 (t, J = 8.0 Hz, 1H, CH), 5.06 (d, J = 8.0 Hz, 2H, CH2), 2.27 (s, 3H, CH3) ppm. 13C 

NMR (100 MHz, CDCl3): δ 164.2, 138.9, 138.1, 137.2, 135.8, 134.2, 132.6, 130.5, 129.4, 

129.01, 128.96, 128.8, 128.3, 125.4, 124.8, 124.3, 122.8, 120.7, 78.1, 41.8, 21.4 ppm. HRMS 

(ESI): m/z calcd. for C24H23N2O4S [M + NH4]+ 435.1374, found 435.1365; calcd. for 

C24H19NO4SK [M + K]+ 456.0666, found 456.0660. 

 

(S)-2-(1-(4-Methoxyphenyl)-2-nitroethyl)benzo[b]thiophen-3-yl benzoate (3fa). Colorless 

oil (36.8 mg, 86% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 

1.0 mL/min, detection at 254 nm): tR = 9.8 min (major), tR = 11.5 min (minor); 93% ee. [α]D
25 

= +61.1 (c = 0.43, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.28 – 8.27 (m, 2H, ArH), 7.74 – 

7.70 (m, 2H, ArH), 7.59 (t, J = 7.6 Hz, 2H, ArH), 7.48 – 7.46 (m, 1H, ArH), 7.35 – 7.32 (m, 

2H, ArH), 7.26 (d, J = 8.4 Hz, 2H, ArH), 6.84 (d, J = 8.8 Hz, 2H, ArH), 5.25 (dd, J1 = 8.4 Hz, 

J2 = 7.6 Hz, 1H, CH), 5.05 – 5.02 (m, 2H, CH2), 3.76 (s, 3H, CH3) ppm. 13C NMR (100 MHz, 

CDCl3): δ 164.3, 159.4, 137.9, 135.8, 134.3, 132.7, 130.5, 129.8, 129.4, 128.9, 128.6, 128.3, 

125.4, 124.9, 122.9, 120.7, 114.5, 78.4, 55.3, 41.2 ppm. HRMS (ESI): m/z calcd. for 

C24H23N2O5S [M + NH4]+ 451.1323, found 451.1322; calcd. for C24H19NO5SK [M + K]+ 

472.0616, found 472.0617. 
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(S)-2-(1-(2-Fluorophenyl)-2-nitroethyl)benzo[b]thiophen-3-yl benzoate (3ga). Colorless oil 

(37.9 mg, 90% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 6.6 min (major), tR = 8.2 min (minor); 95% ee. [α]D
25 = 

+47.7 (c = 1.73, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.28 – 8.26 (m, 2H, ArH), 7.73 – 

7.69 (m, 2H, ArH), 7.57 (t, J = 7.8 Hz, 2H, ArH), 7.48 – 7.46 (m, 1H, ArH), 7.38 – 7.32 (m, 

3H, ArH), 7.27 – 7.22 (m, 1H, ArH), 7.08 (t, J = 7.6 Hz, 1H, ArH), 7.06 – 7.01 (m, 1H, ArH), 

5.58 (t, J = 7.8 Hz, 1H, CH), 5.10 (d, J = 8.0 Hz, 2H, CH2) ppm. 13C NMR (100 MHz, CDCl3): 

δ 157.2, 153.4 (d, 1JC–F = 245.9 Hz), 131.5, 128.7, 127.2, 125.5, 123.5, 123.0 (d, 3JC–F = 8.3 

Hz), 121.8, 121.6 (d, 3JC–F = 3.5 Hz), 121.2, 120.7, 118.5, 117.9, 117.7 (d, 4JC–F = 3.5 Hz), 117.5 

(d, 2JC–F = 13.8 Hz), 115.8, 113.8, 109.2 (d, 2JC–F = 21.8 Hz), 69.9 (d, 4JC–F = 2.8 Hz), 28.9 (d, 
3JC–F = 3.0 Hz) ppm. HRMS (ESI): m/z calcd. for C23H16FNO4SNa [M + Na]+ 444.0677, found 

444.0682; calcd. for C23H16FNO4SK [M + K]+ 460.0416, found 460.0420. 

 

(S)-2-(1-(4-Chlorophenyl)-2-nitroethyl)benzo[b]thiophen-3-yl benzoate (3ha). Colorless 

oil (39.3 mg, 90% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 

1.0 mL/min, detection at 254 nm): tR = 6.6 min (major), tR = 8.2 min (minor); 93% ee. [α]D
25 = 

+65.4 (c =1.88, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.26 – 8.24 (m, 2H, ArH), 7.73 – 

7.70 (m, 2H, ArH), 7.58 (t, J = 7.8 Hz, 2H, ArH), 7.49 – 7.47 (m, 1H, ArH), 7.35 – 7.33 (m, 

2H, ArH), 7.27 (s, 4H, ArH), 5.25 (dd, J1 = 8.8 Hz, J2 = 7.2 Hz, 1H, CH), 5.08 – 4.98 (m, 2H, 

CH2) ppm. 13C NMR (100 MHz, CDCl3): δ 164.2, 138.3, 135.8, 135.7, 134.3, 134.2, 132.5, 

130.5, 129.3, 128.9, 128.8, 128.5, 128.1, 125.6, 125.0, 122.8, 120.8, 77.9, 41.2 ppm. HRMS 

(ESI): m/z calcd. for C23H16ClNO4SNa [M + Na]+ 460.0381, found 460.0387; calcd. for 

C23H16ClNO4SK [M + K]+ 476.0120, found 476.0124. 
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(S)-2-(1-(3-Bromophenyl)-2-nitroethyl)benzo[b]thiophen-3-yl benzoate (3ia). Colorless oil 

(42.8 mg, 89% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 7.9 min (major), tR = 9.4 min (minor); 96% ee. [α]D
25 = 

+50.6 (c = 2.03, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.26 (dd, J = 8.2, 1.0 Hz, 2H , ArH), 

7.74 – 7.69 (m, 2H , ArH), 7.58 (t, J = 7.6 Hz, 2H , ArH), 7.49 – 7.47 (m, 2H , ArH), 7.40 – 

7.38 (m, 1H , ArH), 7.35 – 7.30 (m, 2H , ArH), 7.27 (d, J = 7.6 Hz, 1H , ArH), 7.17 (t, J = 7.8 

Hz, 1H , ArH), 5.23 (dd, J1 = 8.8 Hz, J2 = 7.2 Hz, 1H, CH), 5.08 – 4.99 (m, 2H) ppm. 13C NMR 

(100 MHz, CDCl3): δ 164.2, 139.5, 138.4, 135.7, 134.3, 132.5, 131.4, 130.7, 130.6, 130.5, 128.9, 

128.2, 128.0, 126.0, 125.6, 125.0, 123.1, 122.8, 120.8, 77.7, 41.4 ppm. HRMS (ESI): m/z calcd. 

for C23H20
79BrN2O4S [M + NH4]+ 499.0322, found 499.0320, C23H20

81BrN2O4S [M + NH4]+ 

501.0302, found 501.0304. 

 

(S)-2-(2-Nitro-1-(4-(trifluoromethyl)phenyl)ethyl)benzo[b]thiophen-3-yl benzoate (3ja). 

White solid (44.3 mg, 94% yield), mp 130–131 °C. HPLC (Daicel Chiralpak IC, n-hexane/2-

propanol = 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 5.5 min (major), tR = 6.6 

min (minor); 97% ee. [α]D
25 = +54.3 (c = 2.13, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.24 

– 8.22 (m, 2H), 7.74 – 7.70 (m, 2H, ArH), 7.57 (t, J = 8.8 Hz, 4H ArH), 7.50 – 7.45 (m, 3H 

ArH), 7.36 – 7.34 (m, 2H, ArH), 5.33 (t, J = 7.8 Hz, 1H, CH), 5.08 (d, J = 8.0 Hz, 2H, CH2) 

ppm. 13C NMR (100 MHz, CDCl3): δ 164.2, 141.3, 138.5, 135.7, 134.4, 132.5, 130.438 (q, 1JC–

F = 32.6 Hz), 130.436, 128.9, 127.99, 127.95, 127.8, 126.1 (q, 2JC–F = 3.7 Hz), 125.7, 125.1, 

122.9, 122.4, 120.8, 77.6, 41.6 ppm. HRMS (ESI): m/z calcd. for C24H20F3N2O4S [M + NH4]+ 

489.1091, found 489.1091; calcd. for C24H16F3NO4SK [M + K]+ 510.0384, found 510.0384. 
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(S)-2-(2-Nitro-1-(4-nitrophenyl)ethyl)benzo[b]thiophen-3-yl benzoate (3ka). White solid 

(39.5 mg, 88% yield), mp 138–139 °C. HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 

70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 21.4 min (major), tR = 25.1 min (minor); 

94% ee. [α]D
25 = +37.8 (c = 2.00, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.24 – 8.22 (m, 2H, 

ArH), 8.16 (d, J = 8.8 Hz, 2H, ArH), 7.76 – 7.72 (m, 2H, ArH), 7.59 (t, J = 7.8 Hz, 1H ArH), 

7.53 – 7.49 (m, 3H ArH), 7.40 – 7.35 (m, 2H, ArH), 5.38 (t, J = 7.8 Hz, 1H, CH), 5.11 (d, J 

=7.6 Hz, 2H, CH2) ppm. 13C NMR (176 MHz, CDCl3): δ 164.2, 147.6, 144.4, 138.8, 135.7, 

134.6, 132.4, 130.4, 129.0, 128.6, 127.8, 127.0, 125.9, 125.2, 124.3, 122.9, 120.9, 77.4, 41.5 

ppm. HRMS (ESI): m/z calcd. for C23H20N2O6S [M + NH4]+ 466.1068, found 466.1079; calcd. 

for C23H16N2O6SNa [M + Na]+ 471.0621, found 471.0637. 

 

(S)-2-(1-(2,4-Dichlorophenyl)-2-nitroethyl)benzo[b]thiophen-3-yl benzoate (3la). 

Colorless oil (39.1 mg, 83% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, 

flow rate 1.0 mL/min, detection at 254 nm): tR = 6.4 min (major), tR = 7.8 min (minor); 95% ee. 

[α]D
25 = +25.4 (c = 1.87, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.24 – 8.22 (m, 2H, ArH), 

7.74 – 7.69 (m, 2H, ArH), 7.56 (t, J = 7.6 Hz, 2H, ArH), 7.50 – 7.46 (m, 1H, ArH), 7.39 – 7.32 

(m, 4H, ArH), 7.20 (dd, J1 = 8.4, J2 = 2.0 Hz Hz, 1H, ArH), 5.77 (t, J = 8.0 Hz, 1H, CH), 5.07 

– 5.04 (m, 2H, CH2) ppm. 13C NMR (100 MHz, CDCl3): δ 164.2, 138.9, 135.7, 134.8, 134.7, 

134.3, 133.5, 132.5, 130.4, 130.2, 128.8, 128.5, 128.1, 127.8, 126.7, 125.7, 125.0, 122.8, 120.9, 

76.6, 38.0 ppm. HRMS (ESI): m/z calcd. for C23H19Cl2N2O4S [M + NH4]+ 489.0438, found 

489.0442; calcd. for C23H15Cl2NO4SK [M + K]+ 509.9730, found 509.9731. 
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(S)-2-(1-(2-Chloroquinolin-3-yl)-2-nitroethyl)benzo[b]thiophen-3-yl benzoate (3ma). 

Colorless oil (32.2 mg, 89% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, 

flow rate 1.0 mL/min, detection at 254 nm): tR = 13.1 min (major), tR = 15.3 min (minor); 98% 

ee. [α]D
25 = +129.5 (c =1.63, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.21 (s, 1H, ArH), 8.17 

– 8.15 (m, 2H, ArH), 7.97 (d, J = 8.4 Hz, 1H, ArH), 7.75 – 7.65 (m, 4H, ArH), 7.53 – 7.48 (m, 

4H, ArH), 7.38 – 7.35 (m, 2H, ArH), 5.86 (t, J = 8.0 Hz, 1H, CH), 5.22 (qd, J1 = 14.0, J2 = 8.4 

Hz, 2H, CH2) ppm. 13C NMR (100 MHz, CDCl3): δ 164.3, 149.9, 146.9, 139.2, 136.3, 135.8, 

134.3, 132.7, 131.0, 130.4, 129.0, 128.8, 128.2, 127.8, 127.6, 126.8, 126.2, 125.8, 125.1, 122.8, 

120.9, 76.3, 38.8 ppm. HRMS (ESI): m/z calcd. for C27H17Cl2NO4S [M + H]+ 489.0671, found 

489.0658; calcd. for C27H16Cl2NO4SK [M + K]+ 527.0229, found 527.0227. 

 

(S)-2-(2-Nitro-1-phenylethyl)benzo[b]thiophen-3-yl 2-methylbenzoate (3ab). Colorless oil 

(28.8 mg, 69% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 6.2 min (major), tR = 6.9 min (minor); 97% ee. [α]D
25 =53.5 

(c = 0.70, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.29 (dd, J1 = 7.8 Hz, J2 = 1.0 Hz, 1H, ArH), 

7.73 – 7.71 (m, 1H, ArH), 7.56 (td, J1 = 7.4 Hz, J2 = 1.2 Hz, 1H, ArH), 7.51 – 7.49 (m, 1H, 

ArH), 7.42 – 7.27 (m, 9H, ArH), 5.29 (t, J = 8.0 Hz, 1H, CH), 5.08 (d, J = 8.0 Hz, 2H, CH2), 

2.68 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ 164.6, 142.1, 138.2, 137.4, 135.8, 133.4, 

132.7, 132.2, 131.4, 129.2, 129.1, 128.2, 127.4, 127.2, 126.2, 125.4, 124.9, 122.9, 120.7, 78.1, 

41.8, 22.0 ppm. HRMS (ESI): m/z calcd. for C24H23N2O4 [M + NH4]+ 435.1363, found 435.1363. 
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(S)-2-(2-Nitro-1-phenylethyl)benzo[b]thiophen-3-yl 3-methylbenzoate (3ac). White solid 

(38.0 mg, 91% yield), mp 77–78 °C. HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, 

flow rate 1.0 mL/min, detection at 254 nm): tR = 7.3 min (major), tR = 9.3 min (minor); 95% ee. 

[α]D
25 = +40.5 (c = 1.87, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.09 – 8.07 (m, 2H, ArH), 

7.72 – 7.69 (m, 1H, ArH), 7.52 (d, J = 7.6 Hz, 1H, ArH), 7.48 – 7.44 (m, 2H, ArH), 7.33 – 7.27 

(m, 7H, ArH), 5.28 (t, J = 8.0 Hz, 1H, CH), 5.06 (d, J = 8.0 Hz, 2H, CH2), 2.48 (s, 3H, CH3). 
13C NMR (100 MHz, CDCl3): δ 164.5, 138.8, 138.2, 137.4, 135.8, 135.0, 132.6, 131.0, 129.3, 

129.1, 128.8, 128.2, 128.1, 127.6, 127.4, 125.4, 124.8, 122.8, 120.7, 78.1, 41.8, 21.3 ppm. 

HRMS (ESI): m/z calcd. for C24H23N2O4S [M + NH4]+ 435.1373, found 435.1363. 

 
(S)-2-(2-Nitro-1-phenylethyl)benzo[b]thiophen-3-yl 4-methoxybenzoate (3ad). Colorless 

oil (41.1 mg, 95% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 

1.0 mL/min, detection at 254 nm): tR = 10.0 min (major), tR = 12.9 min (minor); 95% ee. [α]D
25 

= +63.0 (c = 1.91, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.24 – 8.21 (m, 2H, ArH), 7.70 – 

7.62 (m, 1H, ArH), 7.49 – 7.45 (m, 1H, ArH), 7.36 – 7.26 (m, 7H, ArH), 7.05 – 7.03 (m, 2H, 

ArH), 5.27 (t, J = 7.8 Hz, 1H, CH), 5.06 (d, J = 8.0 Hz, 2H, CH2), 3.91 (s, 3H, CH3) ppm. 13C 

NMR (100 MHz, CDCl3): δ 164.4, 163.9, 138.3, 137.5, 135.8, 132.73, 132.67, 129.2, 129.1, 

128.2, 127.4, 125.3, 124.8, 122.8, 120.8, 120.4, 114.1, 78.0, 55.6, 41.8 ppm. HRMS (ESI): m/z 

calcd. for C24H19NO5SNa [M + Na]+ 456.0877, found 456.0877; calcd. for C24H19NO5SK [M + 

K]+ 472.0616, found 472.0613. 
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(S)-2-(2-Ntro-1-phenylethyl)benzo[b]thiophen-3-yl 4-fluorobenzoate (3ae). White solid 

(33.3 mg, 79% yield), mp 96–97 °C. HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, 

flow rate 1.0 mL/min, detection at 254 nm): tR = 7.1 min (major), tR = 8.5 min (minor); 95% ee. 

[α]D
25 = +64.4 (c = 1.28, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.30 – 8.26 (m, 2H, ArH), 

7.73 – 7.69 (m, 1H, ArH), 7.47 – 7.43 (m, 1H, ArH), 7.35 – 7.22 (m, 9H, ArH), 5.27 (t, J = 8.0 

Hz, 1H, CH), 5.05 (d, J = 7.6 Hz, 2H, CH2) ppm. 13C NMR (100 MHz, CDCl3): δ 166.5 (d, 1JC–

F = 244.9 Hz), 163.3, 138.0, 137.3, 135.8, 133.2 (d, 3JC–F = 9.5 Hz), 132.5, 129.4, 129.1, 128.2, 

127.4, 125.5, 124.9, 124.5 (d, 4JC–F = 3.0 Hz), 122.9, 120.6, 116.2 (d, 2JC–F = 22.2 Hz), 78.2, 

41.8 ppm. HRMS (ESI): m/z calcd. for C23H20FN2O4S [M + NH4]+ 439.1123, found 439.1121; 

calcd. for C23H16FNO4SNa [M + Na]+ 444.0677, found 444.0672. 

 
(S)-2-(2-Nitro-1-phenylethyl)benzo[b]thiophen-3-yl 4-chlorobenzoate (3af). White solid 

(39.3 mg, 90% yield), mp 97–98 °C. HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, 

flow rate 1.0 mL/min, detection at 254 nm): tR = 7.5 min (major), tR = 9.2 min (minor); 96% ee. 

[α]D
25 = +12.1 (c = 4.79, CH2Cl2). 1H NMR (400 MHz, CDCl3): 8.19 (d, J = 8.4 Hz, 2H, ArH), 

7.73 – 7.71 (m, 1H, ArH), 7.55 (d, J = 8.4 Hz, 2H, ArH), 7.46 – 7.42 (m, 1H, ArH), 7.35 – 7.27 

(m, 7H, ArH), 5.26 (t, J = 8.0 Hz, 1H, CH), 5.05 (d, J = 8.0 Hz, 2H, CH2) ppm. 13C NMR (100 

MHz, CDCl3): δ 163.4, 140.9, 137.9, 137.3, 135.8, 132.4, 131.8, 129.4, 129.3, 129.2, 128.3, 

127.4, 126.7, 125.5, 124.9, 122.9, 120.6, 78.2, 41.8 ppm. HRMS (ESI): m/z calcd. for 

C23H20ClN2O4S [M + NH4]+ 455.0827, found 455.0825; calcd. for C23H16ClNO4SK [M + K]+ 

476.0120, found 476.0122. 
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(S)-2-(2-Nitro-1-phenylethyl)benzo[b]thiophen-3-yl 3-bromobenzoate(3ag). White solid 

(32.2 mg, 67% yield), mp 105–107 °C. HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 

70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 7.4 min (major), tR = 8.8 min (minor); 

92% ee. [α]D
25 = +44.6 (c = 1.04, CH2Cl2).1H NMR (400 MHz, CDCl3): δ 8.37 (t, J = 1.6 Hz, 

1H, ArH), 8.19 (d, J = 8.0 Hz, 1H, ArH), 7.85 – 8.83 (m, 1H, ArH), 7.74 – 7.71 (m, 1H, ArH), 

7.48 – 7.44 (m, 2H, ArH), 7.36 – 7.28 (m, 7H, ArH), 5.26 (t, J = 8.0 Hz, 1H, CH), 5.06 (d, J = 

8.0 Hz, 2H, CH2) ppm. 13C NMR (100 MHz, CDCl3): δ 163.0, 137.8, 137.24, 137.19, 135.8, 

133.4, 132.3, 130.4, 130.1, 129.5, 129.2, 129.0, 128.3, 127.4, 125.5, 124.9, 122.92, 122.88 

120.6, 78.2, 41.8 ppm. HRMS (ESI): m/z calcd. for C23H20
79BrN2O4S [M + NH4]+ 499.0322, 

found 499.0274, C23H20
81BrN4O4S [M + NH4]+ 501.0302, found 501.0257. 

 
(S)-2-(2-Nitro-1-phenylethyl)benzo[b]thiophen-3-yl 4-bromobenzoate (3ah). Colorless oil 

(40.4 mg, 84% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 7.9 min (major), tR = 9.8 min (minor); 96% ee. [α]D
25 = 

+64.1 (c = 1.69, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.12 – 8.09 (m, 2H, ArH), 7.73 – 

7.70 (m, 3H, ArH), 7.45 – 7.42 (m, 1H, ArH), 7.35 – 7.27 (m, 7H, ArH), 5.26 (t, J = 7.8 Hz, 

1H, CH), 5.04 (d, J = 8.0 Hz, 2H, CH2) ppm. 13C NMR (100 MHz, CDCl3): δ 163.6, 137.9, 

137.3, 135.8, 132.4, 132.3, 131.9, 129.6, 129.4, 129.2, 128.2, 127.4, 127.1, 125.5, 124.9, 122.9, 

120.6, 78.2, 41.8 ppm. HRMS (ESI): m/z calcd. for C23H20
79BrN2O4S [M + NH4]+ 499.0322, 

found 499.0328, C23H20
81BrN4O4S [M + NH4]+ 501.0302, found 501.0309; calcd. for 

C23H16
79BrNO4SNa [M + Na]+ 503.9876, found 503.9890, C23H16

81BrNO4SNa [M + Na]+ 

505.9856, found 505.9861. 
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(S)-2-(2-Nitro-1-phenylethyl)benzo[b]thiophen-3-yl 4-nitrobenzoate (3ai). Colorless oil 

(26.9 mg, 60% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 21.4 min (major), tR = 28.8 min (minor); 96% ee. [α]D
25 = 

+53.8 (c = 0.64, CH2Cl2).1H NMR (400 MHz, CDCl3): δ 8.41 (s, 4H, ArH), 7.76 – 7.74 (m, 

1H, ArH), 7.45 – 7.43 (m, 1H, ArH), 7.39 – 7.36 (m, 2H, ArH), 7.34 – 7.28 (m, 5H, ArH), 5.27 

(t, J = 8.0 Hz, 1H, CH), 5.10 – 5.01 (m, 2H, CH2). 13C NMR (100 MHz, CDCl3) δ 162.4, 151.2, 

137.6, 137.1, 135.8, 133.6, 132.1, 131.6, 129.7, 129.2, 128.4, 127.4, 125.7, 125.1, 124.0, 123.0, 

120.5, 78.3, 41.9 ppm. HRMS (ESI): m/z calcd. for C23H20N3O6S [M + NH4]+ 466.1068, found 

466.1072; calcd. for C23H16N2O6SK [M + K]+ 487.0361, found 487.0358. 

 

(S)-2-(2-Nitro-1-phenylethyl)benzo[b]thiophen-3-yl 1-naphthoate (3aj). Colorless oil (29.9 

mg, 66% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 7.6 min (major), tR = 9.2 min (minor); 96% ee. [α]D
25 = 

+91.8 (c = 0.52, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 9.00 (d, J = 8.4 Hz, 1H, ArH), 8.61 

– 8.61 (dd, J1 = 8.8 Hz, J2 = 0.8 Hz, 1H, ArH), 8.18 (d, J = 8.4 Hz, 1H, ArH), 7.97 (d, J = 8.0 

Hz, 1H, ArH), 7.75 – 7.73 (m, 1H, ArH), 7.69 – 7.58 (m, 3H, ArH), 7.57 – 7.55 (m, 1H, ArH), 

7.37 – 7.26 (m, 7H, ArH), 5.36 (t, J = 8.0 Hz, 1H, CH), 5.15 – 5.05 (m, 2H, CH2) ppm. 13C 

NMR (100 MHz, CDCl3): δ 164.6, 138.3, 137.4, 135.9, 135.1, 134.0, 132.7, 131.84, 131.78, 

129.4, 129.2, 128.8, 128.6, 128.2, 127.5, 126.7, 125.7, 125.4, 124.9, 124.6, 124.4, 122.9, 120.8, 

78.2, 41.9 ppm. HRMS (ESI): m/z calcd. for C27H23N2O4S [M + NH4]+ 471.1374, found 

471.1370; calcd. for C27H19NO4SK [M + K]+ 492.0666, found 492.0664. 
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(S)-2-(2-nitro-1-phenylethyl)benzo[b]thiophen-3-yl thiophene-2-carboxylate (3ak). White 

solid (40.0 mg, 97% yield), mp 112-113 °C. HPLC (Daicel Chiralpak IC, n-hexane/2-propanol 

= 70:30, flow rate 1.0 mL/min, detection at 254 nm): tR = 8.4 min (major), tR = 10.4 min (minor); 

91% ee. [α]D
25 = +55.8 (c = 1.55, CH2Cl2).1H NMR (400 MHz, CDCl3): 8.07 (dd, J1 = 3.8 Hz, 

J2 = 1.4 Hz, 1H, ArH), 7.74 (dd, J1 = 4.8 Hz, J2 = 1.2 Hz, 1H, ArH), 7.71 – 7.69 (m, 1H, ArH), 

7.52 – 7.50 (m, 1H, ArH), 7.37 – 7.27 (m, 7H, ArH), 7.25 – 7.23 (m, 1H, ArH), 5.29 (t, J = 8.0 

Hz, 1H, CH), 5.07 (d, J = 8.0 Hz, 1H, CH2). 13C NMR (100 MHz, CDCl3): δ 159.6, 137.6, 

137.3, 135.7, 135.6, 134.5, 132.5, 131.2, 129.6, 129.1, 128.4, 128.2, 127.4, 125.4, 124.9, 122.8, 

120.8, 78.0, 41.8 ppm. HRMS (ESI): m/z calcd. for C21H19N2O4S2 [M + NH4]+ 427.0781, found 

427.0784; calcd. for C21H15NO4S2Na [M + Na]+ 432.0335, found 432.0334. 

3. Enantioselective synthesis and characterization of compounds 5 

Unsaturated α-nitroketones 2 (0.10 mmol), benzothiophene 4 (0.12 mmol), and catalyst C6 (5 

mmol%) were dissolved in CH2Cl2 (1.0 mL), and the mixture was stirred at -10°C for 120 h. 

After completion of the reaction, the residue was purified by flash column chromatography on 

silica gel (petroleum ether/ethyl acetate = 10:1 to 8:1) to afford the pure products 5. Racemates 

were prepared following a similar procedure with Et3N (5 mol %) as achiral catalyst. 

 

(R)-3-(2-Nitro-1-phenylethyl)benzo[b]thiophen-2-yl benzoate (5aa). Colorless oil ( 38.7 mg, 

96% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 mL/min, 

detection at 254 nm): tR = 12.6 min (minor), tR = 14.4 min (major); 90% ee. [α]D
25 = ‒3.1 (c = 

1.15, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.13 (dd, J1 = 8.4 Hz, J2 = 8.4 Hz, 1.2 Hz, 2H, 

ArH), 7.78 – 7.75 (m, 1H, ArH), 7.71 – 7.66 (m, 1H, ArH), 7.59 – 7.52 (m, 3H, ArH), 7.34 – 

7.27 (m, 6H, ArH), 7.25 – 7.21 (m, 1H, ArH), 5.52 (t, J = 7.8 Hz, 1H, CH), 5.28 (dd, J1 = 13.0 

Hz, J2 = 7.8 Hz, 1H, CH2), 5.16 (dd, J = 12.8 Hz, J2 = 7.6 Hz, 1H, CH2) ppm. 13C NMR (100 

MHz, CDCl3): δ 163.4, 148.8, 137.5, 135.0, 134.7, 134.6, 130.4, 129.1, 129.0, 127.8, 127.7, 

127.2, 124.9, 124.7, 122.6, 121.6, 118.5, 77.3, 40.7 ppm. HRMS (ESI): m/z calcd. for 
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C23H21N2O4S [M + NH4]+ 421.1217, found 421.1208. 

 

(R)-3-(2-Nitro-1-(m-tolyl)ethyl)benzo[b]thiophen-2-yl benzoate (5ba). Colorless oil (37.5 

mg, 90% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 12.6 min (minor), tR = 13.4 min (major); 94% ee. [α]D
25 = 

‒5.6 (c = 1.70, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.13 – 8.11 (m, 2H, ArH), 7.76 – 7.74 

(m, 1H, ArH), 7.70 – 7.65 (m, 1H, ArH), 7.62 – 7.60 (m, 1H, ArH), 7.53 (t, J = 7.8 Hz, 2H, 

ArH), 7.34 – 7.32 (m, 2H, ArH), 7.18 – 7.10 (m, 3H, ArH), 7.02 (d, J = 7.2 Hz, 1H, ArH), 5.48 

(t, J = 7.8 Hz, 1H, CH), 5.26 (dd, J1 = 13.2 Hz, J2 = 8.0 Hz, 1H, CH2), 5.13 (dd, J1 = 13.2 Hz, 

J2 = 7.6 Hz, 1H, CH2), 2.22 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ 163.3, 148.6, 

138.8, 137.3, 134.9, 134.7, 134.5, 130.3, 128.9, 128.4, 127.8, 127.7, 124.8, 124.6, 124.2, 122.5, 

121.5, 118.6, 77.3, 40.6, 21.4 ppm. HRMS (ESI): m/z calcd. for C24H23N2O4S [M + NH4]+ 

435.1374, found 435.1376; calcd. for C24H19NO4SNa [M + Na]+ 440.0927, found 440.0925. 

 

(R)-3-(1-(3-Methoxyphenyl)-2-nitroethyl)benzo[b]thiophen-2-yl benzoate (5ca). Colorless 

oil (37.7 mg, 87% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 

1.0 mL/min, detection at 254 nm): tR = 18.0 min (minor), tR = 20.9 min (major); 81% ee. [α]D
25 

= +6.5 (c = 1.65, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.15 – 8.13 (m, 2H, ArH), 7.76 – 

7.73 (m, 1H, ArH), 7.68 (t, J = 7.6 Hz, 1H, ArH), 7.58 – 7.52 (m, 3H, ArH), 7.34 – 7.30 (m, 

2H, ArH), 7.23 (d, J = 8.4 Hz, 2H, ArH), 6.82 – 6.78 (m, 2H, ArH), 5.45 (t, J = 7.8 Hz, 1H, 

CH), 5.23 (dd, J1 = 12.8 Hz, J2 = 8.0 Hz, 1H, CH2) 5.13 (dd, J1 = 12.8 Hz, J2 = 7.6 Hz, 1H, 

CH2) 3.72 (s, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3): δ 163.4, 158.9, 148.5, 134.9, 134.7, 

134.5, 130.3, 129.3, 128.9, 128.3, 127.7, 124.8, 124.6, 122.5, 121.6, 118.8, 114.4, 77.6, 55.2, 

40.2 ppm. HRMS (ESI): m/z calcd. for C24H23N2O5S [M + NH4]+ 451.1323, found 451.1332; 



S15 

C24H19NO5SNa [M + Na]+ 456.0876, found 456.0885. 

 

(R)-3-(1-(2-Fluorophenyl)-2-nitroethyl)benzo[b]thiophen-2-yl benzoate (5da). Colorless 

oil (28.6 mg, 68% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 

1.0 mL/min, detection at 254 nm): tR = 10.4 min (minor), tR = 14.8 min (major); 82% ee. [α]D
25 

= +3.5 (c = 1.31, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.14 – 8.08 (m, 4H, ArH), 7.81 – 

7.78 (m, 1H, ArH), 7.713 – 7.70 (m, 1H, ArH), 7.57 – 7.49 (m, 5H, ArH), 7.38 – 7.36 (m, 2H, 

ArH), 5.59 (dd, J1 = 8.4 Hz, J2 = 6.8 Hz, 1H, CH), 5.34 (dd, J1 = 13.4 Hz, J2 = 8.6 Hz, 1H, 

CH2), 5.14 (dd, J = 13.4 Hz, 6.8 Hz, 1H, CH2) ppm. 13C NMR (100 MHz, CDCl3): δ 163.3, 

160.6 (d, 1JC–F = 245.8 Hz), 149.0, 134.7 (d, 2JC–F = 20.8 Hz), 134.5, 130.3, 129.6 (d, 3JC–F = 

8.5 Hz), 129.0, 128.6 (d, 4JC–F = 3.5 Hz), 127.7, 124.9, 124.7, 124.6 (d, 4JC–F = 3.6 Hz), 124.2 

(d, 3JC–F = 13.7 Hz), 122.5, 121.3, 117.0, 116.1 (d, 2JC–F = 21.9 Hz) , 75.9 (d, 4JC–F = 1.7 Hz), 

35.3 (d, 3JC–F = 2.7 Hz) ppm. HRMS (ESI): m/z calcd. for C23H20FN2O4S [M + NH4]+ 439.1123, 

found 439.1122; calcd. for C23H16FNO4SNa [M + Na]+ 444.0677, found 444.0674. 

 

(R)-3-(1-(4-Chlorophenyl)-2-nitroethyl)benzo[b]thiophen-2-yl benzoate (5ea). Colorless 

oil (35.8 mg, 82% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 

1.0 mL/min, detection at 254 nm): tR = 13.2 min (minor), tR = 16.3 min (major); 98% ee. [α]D
25 

= ‒2.9 (c = 1.79, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.12 – 8.10 (m, 2H, ArH), 7.77 – 

7.75 (m, 1H, ArH), 7.70 (t, J = 7.6 Hz, 1H, ArH), 7.57 – 7.53 (m, 3H, ArH), 7.35 – 7.33 (m, 

2H, ArH), 7.25 (s, 4H, ArH), 5.47 (t, J = 7.8 Hz, 1H, CH), 5.25 (dd, J1 = 13.2 Hz, J2 = 8.4 Hz, 

1H, CH2), 5.12 (dd, J1 = 13.2 Hz, J2 = 7.2 Hz, 1H, CH2) ppm. 13C NMR (100 MHz, CDCl3): δ 

163.3, 149.0, 135.9, 134.9, 134.6, 134.4, 133.6, 130.3, 129.2, 129.0, 128.6, 127.5, 124.9, 124.8, 

122.6, 121.4, 118.1, 77.1, 40.2 ppm. HRMS (ESI): m/z calcd. for C23H16ClNO4SK [M + K]+ 

476.0120, found 476.0127. 
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(R)-3-(2-Nitro-1-(4-nitrophenyl)ethyl)benzo[b]thiophen-2-yl benzoate (5fa). Colorless oil 

(20.2 mg, 45% yield). HPLC (Daicel Chiralpak AD-H, n-hexane/2-propanol = 70:30, flow rate 

1.0 mL/min, detection at 254 nm): tR = 13.1 min (minor), tR = 15.7 min (major); 93% ee. [α]D
25 

= ‒13.1 (c = 0.31, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.18 – 8.16 (m, 2H, ArH), 7.76 – 

7.67 (m, 3H, ArH), 7.55 (t, J = 7.8 Hz, 2H, ArH), 7.38 – 7.32 (m, 3H, ArH), 7.23 – 7.19 (m, 

1H, ArH), 7.07 – 6.99 (m, 2H, ArH), 5.74 (t, J = 8.0 Hz, 1H, CH), 5.29 – 5.19 (m, 2H, CH2) 

ppm. 13C NMR (100 MHz, CDCl3): δ 163.3, 149.6, 147.3, 144.8, 135.0, 134.9, 134.1, 130.3, 

129.1, 128.2, 127.3, 125.2, 125.1, 124.2, 122.8, 121.0, 117.5, 76.5, 40.4 ppm. HRMS (ESI): 

m/z calcd. for C23H20N3O6S [M + NH4]+ 466.1067, found 466.1075. 

 

(R)-3-(2-Nitro-1-phenylethyl)benzo[b]thiophen-2-yl 3-methylbenzoate (5ac). Colorless oil 

(36.7 mg, 88% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 14.3 min (minor), tR = 15.6 min (major); 91% ee. [α]D
25 = 

‒13.0 (c = 0.95, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 7.94 – 7.92 (m, 2H, ArH), 7.78 – 

7.73 (m, 1H, ArH), 7.59 – 7.55 (m, 1H, ArH),7.48 (d, J = 7.6 Hz, 1H, ArH), 7.42 (t, J = 7.8 Hz, 

1H, ArH), 7.34 – 7.21 (m, 7H, ArH), 5.52 (t, J = 7.8 Hz, 1H, CH), 5.28 (dd, J1 = 12.8 Hz, J2 = 

8.0 Hz, 1H, CH2), 5.15 (dd, J1 = 13.0 Hz, J2 = 7.4 Hz, 1H, CH2), 2.45 (s, 3H, CH3) ppm. 13C 

NMR (176 MHz, CDCl3): δ 163.5, 148.8, 138.9, 137.5, 135.3, 135.0, 134.7, 130.9, 129.1, 128.8, 

127.6, 127.5, 127.2, 124.8, 124.6, 122.5, 121.5, 118.4, 77.4, 40.7, 21.3 ppm. HRMS (ESI): m/z 

calcd. for C24H23N2O4S [M + NH4]+ 435.1374, found 435.1373; calcd. for C24H19NO4SNa [M 

+ Na]+ 440.0927, found 440.0925. 
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(R)-3-(2-Nitro-1-phenylethyl)benzo[b]thiophen-2-yl 4-methoxybenzoate (5ad). Colorless 

oil (39.9 mg, 90% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 

1.0 mL/min, detection at 254 nm): tR = 19.9 min (minor), tR = 22.0 min (major); 95% ee. [α]D
25 

= ‒2.4 (c = 2.71, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.11 – 8.08 (m, 1H, ArH), 7.78 – 

7.74 (m, 1H, ArH), 7.58 – 7.54 (m, 1H, ArH), 7.34 – 7.28 (m, 6H, ArH), 7.25 – 7.22 (m, 1H, 

ArH), 7.03 – 6.99 (m, 1H, ArH), 5.51 (t, J = 7.8 Hz, 1H, CH), 5.28 (dd, J1 = 13.0 Hz, J2 = 8.2 

Hz, 1H, CH2), 5.16 (dd, J1 = 13.2 Hz, J2 = 7.6 Hz, 1H, CH2), 3.91 (s, 3H, CH3) ppm. 13C NMR 

(176 MHz, CDCl3): δ 164.6, 163.0, 148.9, 137.6, 135.0, 134.7, 132.6, 129.1, 127.6, 127.2, 124.7, 

124.5, 122.5, 121.5, 119.8, 118.2, 114.3, 77.5, 55.6, 40.8 ppm. HRMS (ESI): m/z calcd. for 

C24H23N2O5S [M + NH4]+ 451.1323, found 451.1313; C24H19NO5SNa [M + Na]+ 456.0876, 

found 456.0867. 

 

(R)-3-(2-Nitro-1-phenylethyl)benzo[b]thiophen-2-yl 4-fluorobenzoate (5ae). Colorless oil 

(39.2 mg, 93% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 12.7 min (minor), tR = 14.9 min (major); 90% ee. [α]D
25 = 

‒16.2 (c = 2.02, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.15 – 8.12 (m, 2H, ArH), 7.76 – 

7.74 (m, 1H, ArH), 7.57 – 7.55 (m, 1H, ArH), 7.35 – 7.26 (m, 6H, ArH), 7.24 – 7.18 (m, 3H, 

ArH), 5.52 (t, J = 8.0 Hz, 1H, CH) 5.26 (dd, J1 = 13.0 Hz, J2 = 7.6 Hz, 1H, CH2), 5.13 (dd, J1 

= 13.2 Hz, J2 = 8.0 Hz, 1H, CH2) ppm. 13C NMR (176 MHz, CDCl3): δ 166.6 (d, 1JC–F = 257.0 

Hz), 162.4, 148.6, 137.3, 134.9, 134.5, 133.1 (d, 3JC–F = 10.6 Hz), 129.1, 127.6, 127.1, 124.8, 

124.7, 124.0, 123.9 (d, 4JC–F = 2.6 Hz), 122.5, 121.6, 118.6, 116.3 (d, 2JC–F = 22.2 Hz), 77.2, 

40.6 ppm. HRMS (ESI): m/z calcd. for C23H20FN2O4S [M + NH4]+ 439.1123, found 439.1119; 

calcd. for C23H16FNO4SNa [M + Na]+ 444.0677, found 444.0673. 
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(R)-3-(2-Nitro-1-phenylethyl)benzo[b]thiophen-2-yl thiophene-2-carboxylate (5ak). 

Colorless oil (29.5 mg, 72% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, 

flow rate 1.0 mL/min, detection at 254 nm): tR = 17.6 min (major), tR = 19.9 min (minor); 89% 

ee. [α]D
25 = ‒1.6 (c = 1.61, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.01 – 8.00 (m, 1H, ArH), 

7.75 – 7.73 (m, 2H, ArH), 7.62 – 7.60 (m, 1H, ArH), 7.36 – 7.26 (m, 6H, ArH), 7.24 – 7.20 (m, 

2H, ArH), 5.47 (t, J = 8.0 Hz, 1H, CH), 5.32 (dd, J1 = 13.0 Hz, J2 = 8.2 Hz, 1H, CH2), 5.20 (dd, 

J1 = 12.8 Hz, J2 = 7.6 Hz, 1H, CH2) ppm. 13C NMR (176 MHz, CDCl3): δ 158.4, 148.1, 137.6, 

136.1, 135.0, 134.9, 134.5, 130.5, 129.1, 128.6, 127.7, 127.3, 124.8, 124.7, 122.4, 121.5, 118.2, 

77.5, 41.0 ppm. HRMS (ESI): m/z calcd. for C21H19N2O4S2 [M + NH4]+ 427.0781, found 

427.0778; calcd. for C21H15NO4S2Na [M + Na]+ 432.0335, found 432.0331. 

4. Enantioselective synthesis and characterization of compound 6 

The compound 3aa (40.3 mg, 0.1 mmol) was dissolved in CHCl3 (1.0 mL) and HCO2H (1.0 

mL), H2O2 (35% aq, 0.5 mL) was added dropwise and the mixture was stirred at room 

temperature for 12 h. After completion of the reaction, the residue was purified by flash column 

chromatography on silica gel (petroleum ether/ethyl acetate = 3:1 to 1:1) to afford the pure 

product 6. 

 

(S)-2-(2-Nitro-1-phenylethyl)-1,1-dioxidobenzo[b]thiophen-3-yl benzoate (6). Colorless oil 

(35.3 mg, 81% yield). HPLC (Daicel Chiralpak IC, n-hexane/2-propanol = 70:30, flow rate 1.0 

mL/min, detection at 254 nm): tR = 23.7 min (major), tR = 27.1 min (minor); 96% ee. [α]D
25 = 

‒5.9 (c = 3.66, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 8.02 – 8.00 (m, 2H, ArH), 7.77 – 7.75 

(m, 1H, ArH), 7.72 (t, J = 7.4 Hz, 1H, ArH), 7.58 – 7.52 (m, 4H, ArH), 7.35 – 7.33 (m, 2H, 

ArH), 7.24 – 7.17 (m, 4H, ArH), 5.28 (dd, J1 = 13.8 Hz, J2 = 6.2 Hz, 1H, CH), 5.18 (dd, J1 = 

13.6 Hz, J2 = 9.6 Hz, 1H, CH2), 5.05 (dd, J1 = 9.4 Hz, J2 = 6.2 Hz, 1H, CH2) ppm. 13C NMR 

(176 MHz, CDCl3): δ 162.3, 148.9, 136.9, 135.0, 134.1, 133.5, 131.0, 130.6, 129.1, 129.0, 128.5, 

128.4, 128.2, 127.8, 126.7, 121.4, 121.3, 74.8, 39.2 ppm. HRMS (ESI): m/z calcd. for 

C23H21N2O6S [M + NH4]+ 453.1115, found 453.1115. 
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5. Crystal data and structure refinement for 3ka 

Table S1. Crystal data and structure refinement for 3ka (CCDC 2120491) 

Identification code  mo_210929_NC_1784_0m  

Empirical formula  C23H16N2O6S  

Formula weight  448.44  

Temperature/K  170.0  

Crystal system  monoclinic  

Space group  P21  

a/Å  14.8028(7)  

b/Å  8.2847(3)  

c/Å  17.6240(7)  

α/°  90  

β/°  108.031(2)  

γ/°  90  

Volume/Å3  2055.20(15)  

Z  4  

ρcalcg/cm3  1.449  

μ/mm-1  0.203  

F(000)  928.0  

Crystal size/mm3  0.49 × 0.2 × 0.16  

Radiation  MoKα (λ = 0.71073)  

2Θ range for data collection/°  4.316 to 54.296  

Index ranges  -18 ≤ h ≤ 18, -10 ≤ k ≤ 10, -22 ≤ l ≤ 22  

Reflections collected  40374  

Independent reflections  9048 [Rint = 0.0388, Rsigma = 0.0318]  

Data/restraints/parameters  9048/1/577  

Goodness-of-fit on F2  1.025  

Final R indexes [I>=2σ (I)]  R1 = 0.0357, wR2 = 0.0885  

Final R indexes [all data]  R1 = 0.0416, wR2 = 0.0929  

Largest diff. peak/hole / e Å-3  0.30/-0.22  

Flack parameter -0.01(2) 
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6. Copies of 1H and 13C NMR spectra of new compounds 
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7. Copies of HPLC chromatograms of new products 
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