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General Information. 
Commercial reagents were used as received, unless otherwise stated. 1H and 13C NMR were 
recorded in CDCl3 on 400 MHz spectrometer. Chemical shifts are reported in ppm from 
tetramethylsilane with the solvent resonance as the internal standard. The following abbreviations 
were used to designate chemical shift mutiplicities: s = singlet, d = doublet, t = triplet, q = quartet, 
m = multiplet. All first-order splitting patterns were assigned on the basis of the appearance of the 
multiplet. Splitting patterns that could not be easily interpreted are designated as multiplet (m). Mass 
spectra were obtained using electrospray ionization (ESI). Substrates 1 and 2 were synthesized 
according to the reported literatures.1,2,3

General procedure for synthesis of products 3. 
To a reaction tube, benzothiophenones 1 (0.1 mmol), acrylates 2 (0.15 mmol), catalyst C2 (0.01 
mmol), 3Å MS (40 mg) were added. The tube was cooled to -20 °C and then cooled toluene (1 mL, 
-20 °C) was added. The resulting mixture was stirred at -20 °C. After monitored by TLC, the 
reaction solution was concentrated in vacuum and the products 3 were obtained by silica gel column 
chromatography (EA:PE=1:8).

Methyl (S)-3-((S)-3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-2-(1,3-dioxoisoindolin-
2-yl)propanoate (3a). 

White solid, 45 mg, 96 % yield, 4 days; [α]D
25 -40.4 (c = 1.2, CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 5.5, 3.0 Hz, 2H), 7.72 (dd, J = 
5.5, 3.1 Hz, 2H), 7.41 – 7.32 (m, 2H), 7.30 – 7.26 (m, 1H), 7.21 – 7.18 
(m, 1H), 7.13 – 7.07 (m, 1H), 7.05 – 6.99 (m, 2H), 6.73 – 6.65 (m, 2H), 
4.47 (dd, J = 11.9, 2.6 Hz, 1H), 3.67 (s, 3H), 3.46 (dd, J = 14.9, 12.0 Hz, 
1H), 3.18 (d, J = 12.9 Hz, 1H), 3.05 (d, J = 12.9 Hz, 1H), 2.99 (dd, J = 
14.9, 2.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 208.3, 169.3, 167.2, 

137.1, 136.6, 134.3, 133.9, 131.9, 130.3, 129.4, 127.9, 127.1, 126.7, 124.9, 123.7, 123.6, 63.4, 53.2, 
48.5, 48.1, 37.2; HRMS (ESI): m/z calcd for [C27H21NNaO5S]+ 492.1038, found 492.1036; HPLC: 
Daicel Chiralpak AD-H, i-PrOH /n-hexane =1/4 , Flow rate = 1 mL/min, UV = 210 nm, tR = 16.1 
min (minor) and tR = 23.0 min (major).

Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-((S)-3-(4-methylbenzyl)-2-oxo-2,3-
dihydrobenzo[b]thiophen-3-yl)propanoate (3b). 

White solid, 48 mg, 99 % yield, 4 days; [α]D
25 -35.6 (c = 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 5.4, 3.1 Hz, 2H), 7.71 
(dd, J = 5.5, 3.0 Hz, 2H), 7.40-7.32 (m, 2H), 7.29 – 7.17 (m,2H), 6.83 
(d, J = 7.9 Hz, 2H), 6.57 (d, J = 8.0 Hz, 2H), 4.46 (dd, J = 11.9, 2.5 
Hz, 1H), 3.66 (s, 3H), 3.44 (dd, J = 14.9, 12.0 Hz, 1H), 3.13 (d, J = 
13.0 Hz, 1H), 3.06 – 2.93 (m, 2H), 2.19 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 208.3, 169.3, 167.1, 137.2, 136.6, 136.6, 134.3, 131.9, 

130.8, 130.1, 129.2, 128.6, 126.6, 124.9, 123.7, 123.5, 63.4, 53.2, 48.5, 47.6, 37.1, 21.1; HRMS 
(ESI): m/z calcd for [C28H23NNaO5S]+ 508.1189, found 508.1192; HPLC: Daicel ChiralpakIC-H, 
i-PrOH /n-hexane =1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 20.7 min (minor) and tR = 68.1 
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min (major).
Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-((S)-3-(4-methoxybenzyl)-2-oxo-2,3-

dihydrobenzo[b]thiophen-3-yl)propanoate (3c). 
White solid, 49 mg, 99 % yield, 4 days; [α]D

25 -29.3 (c = 0.8, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 5.4, 3.1 Hz, 2H), 7.72 
(dd, J = 5.5, 3.1 Hz, 2H), 7.42 – 7.32 (m,2H), 7.29 – 7.18 (m, 2H), 
6.63 – 6.52 (m, 4H), 4.47 (dd, J = 11.9, 2.5 Hz, 1H), 3.68 (s, 3H), 
3.66 (s, 3H), 3.43 (dd, J = 14.9, 12.0 Hz, 1H), 3.12 (d, J = 13.1 Hz, 
1H), 3.04 – 2.92 (m, 2H); 13C NMR (100 MHz, CDCl3) δ 208.5, 
169.3, 167.2, 158.6, 137.2, 136.6, 134.3, 131.9, 131.3, 129.2, 126.7, 

126.0, 124.9, 123.7, 123.6, 113.2, 63.5, 55.2, 53.12, 48.56, 47.3, 37.0; HRMS (ESI): m/z calcd for 
[C28H23NNaO6S]+ 524.1144, found 524.1143; HPLC: Daicel Chiralpak AD-H, i-PrOH /n-hexane 
=1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 21.7 min (minor) and tR = 32.8 min (major).

Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-((S)-3-(3-methylbenzyl)-2-oxo-2,3-
dihydrobenzo[b]thiophen-3-yl)propanoate (3d). 

White solid, 47 mg, 97 % yield, 4 days; [α]D
25 -29.7 (c = 1.5, CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 5.5, 3.0 Hz, 2H), 7.71 (dd, J = 
5.5, 3.1 Hz, 2H), 7.41-7.32 (m, 2H), 7.30 – 7.24 (m, 1H), 7.22 – 7.17 (m, 
1H), 6.92 – 6.86 (m, 2H), 6.53 – 6.43 (m, 2H), 4.48 (dd, J = 11.9, 2.6 
Hz, 1H), 3.66 (s, 3H), 3.45 (dd, J = 14.9, 12.0 Hz, 1H), 3.13 (d, J = 12.8 
Hz, 1H), 3.06 – 2.94 (m, 2H), 2.10 (s, 3H); 13C NMR (100 MHz, CDCl3) 
δ 208.3, 169.3, 167.1, 137.3, 137.2, 136.6, 134.3, 133.7, 131.9, 131.1, 

129.2, 127.8, 127.6, 127.2, 126.6, 124.9, 123.6, 123.5, 63.4, 53.2, 48.5, 48.0, 37.1, 21.3; HRMS 
(ESI): m/z calcd for [C28H23NNaO5S]+ 508.1195, found 508.1193; HPLC: Daicel Chiralpak AD-H, 
i-PrOH /n-hexane =1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 12.2 min (minor) and tR = 19.0 
min (major).

Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-((S)-3-(3-methoxybenzyl)-2-oxo-2,3-
dihydrobenzo[b]thiophen-3-yl)propanoate (3e). 

White solid, 49 mg, 99 % yield, 4 days; [α]D
25 -47.8 (c = 0.8, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 5.5, 3.0 Hz, 2H), 7.72 
(dd, J = 5.5, 3.0 Hz, 2H), 7.35 – 7.20 (m, 3H), 7.16 – 7.03 (m, 2H), 
6.86 – 6.78 (m, 1H), 6.74-6.69 (m, 1H), 6.64 (d, J = 8.2 Hz, 1H), 4.43 
(dd, J = 11.8, 2.6 Hz, 1H), 3.65 (s, 3H), 3.46 (s, 3H), 3.42 (dd, J = 
15.0, 11.9 Hz, 1H), 3.17 (dd, J = 28.9, 13.0 Hz, 2H), 3.00 (dd, J = 
15.0, 2.6 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 208.1, 169.4, 167.1, 

157.7, 137.4, 135.8, 134.2, 132.2, 131.9, 128.8, 128.6, 125.9, 125.6, 123.6, 123.1, 122.8, 119.9, 
110.1, 63.1, 54.8, 53.1, 48.6, 40.8, 36.2; HRMS (ESI): m/z calcd for [C28H23NNaO6S]+ 524.1144, 
found 524.1143; HPLC: Daicel Chiralpak AD-H, i-PrOH /n-hexane =1/4, Flow rate = 1 mL/min, 
UV = 210 nm, tR = 14.6 min (minor) and tR = 16.1 min (major).

S

O

N
O

O

O
O

3c

O

S

O

N
O

O

O
O

3d

S

O

N
O

O

O
O

3e

O



S4

Methyl (S)-3-((S)-3-(3,4-dimethoxybenzyl)-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-2-(1,3-
dioxoisoindolin-2-yl)propanoate (3f). 

White solid, 49 mg, 92 % yield, 4 days; [α]D
25 -48.9 (c = 0.7, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 5.4, 3.1 Hz, 2H), 7.72 
(dd, J = 5.4, 3.1 Hz, 2H), 7.45 – 7.31 (m, 3H), 7.21 (d, J = 7.4 Hz, 
1H), 6.54 (d, J = 8.2 Hz, 1H), 6.31 (dd, J = 8.2, 1.7 Hz, 1H), 6.04 
(d, J = 1.7 Hz, 1H), 4.49 (dd, J = 12.0, 2.4 Hz, 1H), 3.75 (s, 3H), 
3.67 (s, 3H), 3.50 (s, 3H), 3.45 (dd, J = 11.4, 8.5 Hz, 1H), 3.14 (d, J 
= 13.1 Hz, 1H), 3.04 – 2.95 (m, 2H); 13C NMR (100 MHz, CDCl3) 

δ 208.4, 169.3, 167.1, 148.0, 147.9, 137.4, 137.0, 134.3, 131.8, 129.2, 126.6, 126.3, 124.8, 123.7, 
122.5, 112.9, 110.4, 63.6, 55.7, 55.5, 53.2, 48.5, 47.8, 37.1; HRMS (ESI): m/z calcd for 
[C29H25NNaO7S]+ 554.1250, found 554.1248; HPLC: Daicel Chiralpak AD-H, i-PrOH /n-hexane 
=1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 32.4 min (minor) and tR = 37.2 min (major).

Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-((S)-3-(naphthalen-1-ylmethyl)-2-oxo-2,3-
dihydrobenzo[b]thiophen-3-yl)propanoate (3g).

White solid, 51 mg, 99 % yield, 4 days; [α]D
25 +7.2 (c = 1.5, CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 7.86 – 7.51 (m, 7H), 7.38 – 7.12 (m, 6H), 
6.93 (dd, J = 20.8, 7.4 Hz, 2H), 4.47 (dd, J = 11.8, 2.3 Hz, 1H), 3.78 (d, 
J = 13.6 Hz, 1H), 3.69 (s, 3H), 3.56 (dd, J = 14.9, 11.9 Hz, 1H), 3.40 (d, 
J = 13.6 Hz, 1H), 3.12 (dd, J = 14.9, 2.4 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ 208.0, 169.3, 167.1, 136.9, 136.3, 134.3, 133.6, 132.6, 131.8, 
130.5, 129.2, 129.1, 128.4, 128.1, 126.5, 125.6, 125.4, 124.7, 124.0, 

123.7, 123.5, 123.1, 63.3, 53.2, 48.6, 43.0, 36.3; HRMS (ESI): m/z calcd for [C31H23NNaO5S]+ 
544.1195, found 544.1193; HPLC: Daicel Chiralpak AD-H, i-PrOH /n-hexane =1/4, Flow rate = 1 
mL/min, UV = 210 nm, tR = 15.4 min (minor) and tR = 26.3 min (major).

Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-((S)-3-isobutyl-2-oxo-2,3-dihydrobenzo[b]thiophen-
3-yl)propanoate (3h).

Colorless oil, 38 mg, 87 % yield, 1 day; [α]D
25 -39.2 (c = 0.5, CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 7.86 – 7.28 (m, 2H), 7.76 – 7.72 (m, 2H), 7.40 – 
7.34 (m, 3H), 7.28 – 7.26 (m, 1H), 4.40 (d, J = 9.5 Hz, 1H), 3.64 (s, 3H), 
3.32 (dd, J = 14.9, 11.9 Hz, 1H), 2.78 (d, J = 12.5 Hz, 1H), 2.02 (dd, J = 
13.8, 5.9 Hz, 1H), 1.76 (dd, J = 13.8, 6.2 Hz, 1H), 1.46 – 1.38 (m, 1H), 0.76 
(d, J = 6.6 Hz, 3H), 0.51 (d, J = 6.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ 208.5, 169.2, 167.1, 138.5, 136.2, 134.2, 131.8, 129.0, 126.8, 124.4, 123.6, 

61.8, 53.0, 51.2, 48.2, 39.7, 24.7, 24.4, 24.0; HRMS (ESI): m/z calcd for [C24H27N2O5S]+ 455.1635, 
found 455.1621; HPLC: Daicel Chiralpak AD-H, i-PrOH /n-hexane =1/9, Flow rate = 1 mL/min, 
UV = 210 nm, tR = 16.7 min (minor) and tR = 23.5 min (major).
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Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-((S)-3-(3-methoxy-3-oxopropyl)-2-oxo-2,3-
dihydrobenzo[b]thiophen-3-yl)propanoate (3i).

White solid, 34 mg, 72 % yield, 2 days; [α]D
25 -34.8 (c = 1.0, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 7.85 – 7.61 (m, 4H), 7.43 – 7.27 (m, 
4H), 4.44 (d, J = 9.5 Hz, 1H), 3.65 (s, 3H), 3.54 (s, 3H), 3.41 – 3.29 
(m, 1H), 2.87 (d, J = 12.7 Hz, 1H), 2.31 – 2.12 (m, 3H), 1.97 – 1.89 
(m, 1H); 13C NMR (100 MHz, CDCl3) δ 207.4, 172.5, 169.0, 167.0, 
137.0, 136.0, 134.2, 131.8, 129.4, 127.2124.2, 123.8, 123.6, 61.1, 53.1, 
51.7, 48.4, 37.8, 36.8, 28.1; HRMS (ESI): m/z calcd for 

[C24H25N2O7S]+ 485.1377, found 485.1360; HPLC: Daicel Chiralpak AS-H, i-PrOH /n-hexane 
=1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 22.8 min (minor) and tR = 25.8 min (major).

Ethyl (S)-3-((S)-3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-2-(1,3-dioxoisoindolin-2-
yl)propanoate (3j).

White solid, 41 mg, 86 % yield, 4 days; [α]D
25 -27.1 (c = 1.1, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 5.5, 3.0 Hz, 2H), 7.71 (dd, 
J = 5.5, 3.0 Hz, 2H), 7.43 – 7.32 (m, 2H), 7.30 – 7.26 (m, 1H), 7.22 – 
7.17 (m, 1H), 7.12-7.06 (m, 1H), 7.06 – 6.99 (m, 2H), 6.72 – 6.63 (m, 
2H), 4.45 (dd, J = 11.9, 2.6 Hz, 1H), 4.20 – 4.05 (m, 2H), 3.45 (dd, J 
= 14.9, 11.9 Hz, 1H), 3.18 (d, J = 12.9 Hz, 1H), 3.05 (d, J = 12.9 Hz, 
1H), 2.99 (dd, J = 14.9, 2.6 Hz, 1H), 1.16 (t, J = 7.1 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 208.3, 168.8, 167.2, 137.1, 136.6, 134.3, 134.0, 131.9, 130.3, 129.2, 127.8, 
127.1, 126.7, 124.9, 123.6, 123.6, 63.4, 62. 4, 48.7, 48.1, 37.2, 14.1; HRMS (ESI): m/z calcd for 
[C28H23NNaO5S]+ 508.1195, found 508.1192; HPLC: Daicel Chiralpak AD-H, i-PrOH /n-hexane 
=1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 15.2 min (minor) and tR = 24.0 min (major).

Benzyl (S)-3-((S)-3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-2-(1,3-dioxoisoindolin-2-
yl)propanoate (3k). 

White solid, 43 mg, 78 % yield, 4 days; [α]D
25 -20.2 (c = 1.1, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.81 (dd, J = 5.5, 3.0 Hz, 
2H), 7.70 (dd, J = 5.5, 3.1 Hz, 2H), 7.37 – 7.33 (m, 2H), 7.31 – 
7.26 (m, 3H), 7.24 – 7.17 (m, 4H), 7.12-7.06 (m, 1H), 7.04 – 
6.97 (m, 2H), 6.72 – 6.64 (m, 2H), 5.11 (q, J = 12.4 Hz, 2H), 
4.52 (dd, J = 11.9, 2.6 Hz, 1H), 3.49 (dd, J = 14.9, 11.9 Hz, 1H), 
3.17 (d, J = 12.9 Hz, 1H), 3.06 – 2.95 (m, 2H); 13C NMR (100 

MHz, CDCl3) δ 208.2, 168.7, 167.2, 137.0, 136.6, 135.1, 134.3, 133.9, 131.8, 130.3, 129.3, 128.6, 
128.4, 128.0, 127.8, 127.1, 126.7, 124.9, 123.7, 123.5, 67.9, 63.4, 48.8, 48.0, 37.2; HRMS (ESI): 
m/z calcd for [C33H25NNaO5S]+ 570.1351, found 570.1349; HPLC: Daicel Chiralpak AD-H, i-PrOH 
/n-hexane =1/4 , Flow rate = 1 mL/min, UV = 210 nm, tR = 26.6 min (minor) and tR = 36.8 min 
(major).

4-methylbenzyl (S)-3-((S)-3-benzyl-2-oxo-2,3-
dihydrobenzo[b]thiophen-3-yl)-2-(1,3-dioxoisoindolin-2-
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yl)propanoate (3l). 
White solid, 45 mg, 80 % yield, 4 days; [α]D

25 -16.9 (c = 0.9, CHCl3); 1H NMR (400 MHz, CDCl3) 
δ 7.81 (dd, J = 5.5, 3.0 Hz, 2H), 7.70 (dd, J = 5.5, 3.1 Hz, 2H), 7.40 – 7.30 (m, 2H), 7.25 – 7.21 (m, 
1H), 7.20 – 7.16 (m, 1H), 7.13 – 7.06 (m, 5H), 7.04-6.98 (m, 2H), 6.72 – 6.61 (m, 2H), 5.07 (dd, J 
= 27.1, 12.2 Hz, 2H), 4.50 (dd, J = 11.9, 2.6 Hz, 1H), 3.48 (dd, J = 14.9, 12.0 Hz, 1H), 3.16 (d, J = 
12.9 Hz, 1H), 3.06 – 2.94 (m, 2H), 2.31 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 208.3, 168.7, 167.2, 
138.3, 137.0, 136.5, 134.3, 133.9, 132.1, 131.8, 130.3, 129.3, 129.2, 128.2, 127.8, 127.1, 126.7, 
124.9, 123.6, 123.5, 67.9, 63.4, 48.8, 48.1, 37.2, 21.3; HRMS (ESI): m/z calcd for [C34H27NNaO5S]+ 
584.1508, found 584.1508; HPLC: Daicel Chiralpak AD-H, i-PrOH /n-hexane =1/4 , Flow rate = 1 
mL/min, UV = 210 nm, tR = 23.3 min (minor) and tR = 30.0 min (major).

4-methoxybenzyl (S)-3-((S)-3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-2-(1,3-
dioxoisoindolin-2-yl)propanoate (3m). 

White solid, 29 mg, 50 % yield, 4 days; [α]D
25 -7.0 (c = 0.2, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.81 (dd, J = 5.5, 3.0 
Hz, 2H), 7.70 (dd, J = 5.5, 3.1 Hz, 2H), 7.37 – 7.32 (m, 2H), 
7.24 – 7.20 (m, 1H), 7.20 – 7.16 (m, 2H), 7.15 – 7.13 (m, 
1H), 712-7.06 (m,1H), 7.04-6.98 (m, 2H), 6.86 – 6.79 (m, 
2H), 6.70-6.66 (m, 2H), 5.05 (dd, J = 23.2, 12.0 Hz, 2H), 
4.48 (dd, J = 11.9, 2.6 Hz, 1H), 3.78 (s, 3H), 3.46 (dd, J = 

14.9, 11.9 Hz, 1H), 3.25 – 3.10 (m, 1H), 3.02 (d, J = 12.9 Hz, 1H), 2.97 (dd, J = 14.9, 2.6 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ 208.3, 168.8, 167.2, 159.8, 137.1, 136.6, 134.3, 134.0, 131.9, 130.3, 
130.0, 129.3, 127.7, 127.3, 127.1, 126.7, 125.0, 123.7, 123.6, 114.0, 67.9, 63.4, 55.4, 48.8, 48.1, 
37.2; HRMS (ESI): m/z calcd for [C34H27NNaO6S]+ 600.1457, found 600.1455; HPLC: Daicel 
Chiralpak AD-H, i-PrOH /n-hexane =1/4, Flow rate = 1 mL/min, UV =210 nm, tR = 20.3 min 
(minor) and tR = 24.0 min (major).

4-chlorobenzyl (S)-3-((S)-3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-2-(1,3-
dioxoisoindolin-2-yl)propanoate (3n).

White solid, 44 mg, 76 % yield, 4 days; [α]D
25 -21.6 (c = 0.8, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.82 (dd, J = 5.5, 3.0 
Hz, 2H), 7.71 (dd, J = 5.5, 3.1 Hz, 2H), 7.39 – 7.31 (m, 2H), 
7.28 – 7.18 (m, 4H), 7.16 – 7.06 (m, 3H), 7.05 – 6.99 (m, 
2H), 6.71 – 6.65 (m, 2H), 5.06 (s, 2H), 4.51 (dd, J = 11.9, 
2.6 Hz, 1H), 3.47 (dd, J = 14.9, 11.9 Hz, 1H), 3.16 (d, J = 
12.9 Hz, 1H), 3.03 (d, J = 12.9 Hz, 1H), 2.97 (dd, J = 15.0, 
2.7 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 208.2, 168.7, 

167.1, 137.0, 136.6, 134.4, 133.9, 133.6, 131.8, 130.3, 129.5, 129.3, 128.9, 127.9, 127.1, 126.7, 
124.9, 123.7, 123.6, 67.1, 63.4, 48.7, 48.0, 37.1; HRMS (ESI): m/z calcd for [C33H24ClNNaO5S]+ 
604.0962, found 604.0960; HPLC: Daicel Chiralpak OD-H, i-PrOH /n-hexane =1/4, Flow rate = 1 
mL/min, UV = 210 nm, tR = 18.6 min (minor) and tR = 21.2 min (major).

4-bromobenzyl (S)-3-((S)-3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-2-(1,3-
dioxoisoindolin-2-yl)propanoate (3o). 

S

O

N
O

O

O
O

3m

O

S

O

N
O

O

O
O

3n

Cl

S

O

N
O

O

O
O

3o

Br



S7

White solid, 43 mg, 68 % yield, 4 days; [α]D
25 -19.4 (c = 0.4, CHCl3); 1H NMR (400 MHz, CDCl3) 

δ 7.82 (dd, J = 5.4, 3.1 Hz, 2H), 7.72 (dd, J = 5.4, 3.1 Hz, 2H), 7.47 – 7.30 (m, 4H), 7.24 – 7.16 (m, 
2H), 7.15 – 6.98 (m, 5H), 6.68 (d, J = 7.3 Hz, 2H),5.05 (s, 2H), 4.50 (dd, J = 11.9, 2.5 Hz, 1H), 3.47 
(dd, J = 14.9, 12.0 Hz, 1H), 3.16 (d, J = 12.9 Hz, 1H), 3.03 (d, J = 12.9 Hz, 1H), 2.97 (dd, J = 15.0, 
2.5 Hz, 1H); 13C NMR (10 MHz, CDCl3) δ 208.2, 168.7, 167.1, 137.0, 136.6, 134.4, 134.1, 133.9, 
131.8, 130.3, 129.8, 129.3, 127.9, 127.2, 126.7, 124.9, 123.7, 123.6, 122.6, 67.1, 63.4, 48.7, 48.1, 
37.2; HRMS (ESI): m/z calcd for [C33H24BrNNaO5S]+ 648.0457, found 648.0455; HPLC: Daicel 
Chiralpak OD-H, i-PrOH /n-hexane =1/4, Flow rate = 1 mL/min, UV = 210m, tR = 17.9 min (minor) 
and tR = 20.7 min (major).

3,5-bis(trifluoromethyl)benzyl (S)-3-((S)-3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-
2-(1,3-dioxoisoindolin-2-yl)propanoate (3p).

White solid, 33 mg, 49 % yield, 4 days; [α]D
25 -28.0 (c = 0.7, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 5.5, 3.0 
Hz, 2H), 7.77 (s, 1H), 7.73 (dd, J = 5.5, 3.1 Hz, 2H), 7.61 (s, 
2H), 7.41 – 7.32 (m, 2H), 7.27-7.18 (m, 2H), 7.13-7.07 (m, 
1H), 7.05-7.00 (m,2H), 6.71 – 6.66 (m, 2H), 5.31 (d, J = 13.2 
Hz, 1H), 5.07 (d, J = 13.2 Hz, 1H), 4.56 (dd, J = 11.8, 2.6 Hz, 
1H), 3.48 (dd, J = 14.9, 11.8 Hz, 1H), 3.18 (d, J = 12.9 Hz, 

1H), 3.05 (d, J = 12.9 Hz, 1H), 3.00 (dd, J = 14.9, 2.7 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 
208.2, 168.6, 167.1, 137.6, 137.0, 136.6, 134.5, 133.8, 131.9, 131.7, 130.3, 129.4, 127.9, 127.2, 
126.8, 124.9, 123.8, 123.7, 122.4, 66.0, 63.3, 48.5, 48.0, 37.2; HRMS (ESI): m/z calcd for 
[C35H23F6NNaO5S]+ 706.1092, found 706.1100; HPLC: Daicel Chiralpak AD-H, i-PrOH /n-hexane 
=1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 12.2 min (minor) and tR = 16.6 min (major).

Ethyl 3-(3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-2-(1,1-dioxido-3-
oxobenzo[d]isothiazol-2(3H)-yl)propanoate (3q).

White solid, 51 mg, 98 % yield, 4 days; [α]D
25 +34.0 (c = 1.3, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 8.09-7.78 (m, 4H), 7.33-6.95 (m, 7H), 
6.73 (d, J = 7.4 Hz, 2H), 4.65-4.49 (m, 1H), 4.22-4.10 (m, 2H), 3.45-
3.05 (m, 4H), 1.24-1.14 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 208.3, 
207.7, 167.7, 167.3, 159.5, 158.8, 137.6, 137.5, 136.9, 136.6, 136.5, 
136.3, 135.0, 134.9, 134.4, 134.2, 133.9, 130.2, 129.0, 128.5, 127.7, 
127.0, 126.7, 126.2, 125.5, 125.4, 125.2, 125.1, 123.3, 123.1, 121.0, 

120.8, 63.7, 63.2, 62.6, 51.1, 50.8, 48.0, 47.4, 36.0, 35.8, 13.9; HRMS (ESI): m/z calcd 
for[C27H23NNaO6S2]+ 544.0865, found 544.0862; HPLC: Daicel ChiralpakIC-H, i-PrOH /n-hexane 
=1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 33.7 min (major) and tR = 38.0 min (minor).
General procedure for synthesis of product 4.
To a reaction tube, benzothiophenone 1a (24 mg, 0.1 mmol), nitroolefin A (32.5 mg, 0.15 mmol), 
catalyst C7 (5.11 mg, 0.01 mmol), 3Å MS (40 mg) were added. The tube was cooled to -20 °C and 
then cooled toluene (0.4 mL, -20 °C) was added. The resulting mixture was stirred at -20 °C. After 
monitored by TLC, the reaction solution was concentrated in vacuum and the product 4 was obtained 
by silica gel column chromatography (EA:PE=1:8). 
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3-benzyl-3-(1-(2,6-dichlorophenyl)-2-nitroethyl)benzo[b]thiophen-2(3H)-one (4).
Yellow solid, 32 mg, 70 % yield, 7 days; [α]D

25 -58.9 (c = 0.2, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ 7.24-7.16 (m, 2H), 7.15-6.92 (m, 8H), 6.85-6.76 
(m, 2H), 5.66 (d, J = 9.5 Hz, 1H), 5.39 (d, J = 10.0 Hz, 2H), 3.50 (d, J = 12.8 
Hz, 1H), 3.35 (d, J = 12.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 208.3, 
138.0, 136.5, 135.6, 135.5, 133.1, 132.6, 131.0, 129.9, 129.7, 128.9, 128.7, 
128.0, 127.6, 126.4, 125.5, 122.7, 77.5, 77.2, 76.8, 74.9, 65.1, 48.8, 46.8; 

HRMS (ESI): m/z calcd for [C23H17Cl2NNaO3S]+ 480.0204, found 480.0202; HPLC: Daicel 
Chiralpak AD-H, i-PrOH /n-hexane =1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 9.1 min (major) 
and tR = 9.8 min (minor).

General procedure for synthesis of product 5. 
To a reaction tube, benzothiophenone 1a (24 mg, 0.1 mmol), maleimide B (26.8 mg, 0.15 mmol), 
catalyst C1 (4.13 mg, 0.01 mmol), 3Å MS (40 mg) were added. The tube was cooled to -20 °C and 
then cooled DCM (0.4 mL, -20 °C) was added. The resulting mixture was stirred at -20 °C. After 
monitored by TLC, the reaction solution was concentrated in vacuum and the product 5 was obtained 
by silica gel column chromatography (EA:PE=1:8). 

3-(3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-1-cyclohexylpyrrolidine-2,5-dione (5).
White solid, 41.5 mg, 99 % yield, 4 days; [α]D

25 -112.3 (c = 0.5, CHCl3); 

1H NMR (400 MHz, CDCl3) δ 7.39 – 7.34 (m, 1H), 7.27 (dt, J = 6.2, 2.0 
Hz, 2H), 7.20 – 7.15 (m, 1H), 7.11 – 6.99 (m, 3H), 6.78 (d, J = 7.0 Hz, 
2H), 4.21 – 3.78 (m, 2H), 3.43 (dd, J = 8.8, 4.7 Hz, 2H), 2.68 (dd, J = 
18.4, 9.3 Hz, 1H), 2.35 – 1.96 (m, 3H), 1.84 (s, 2H), 1.68 (d, J = 11.9 
Hz, 1H), 1.57 (t, J = 11.8 Hz, 2H), 1.40 – 1.22 (m, 3H); 13C NMR (100 

MHz, CDCl3) δ 207.2, 177.0, 175.2, 136.6, 135.1, 134.5, 130.2, 129.7, 127.9, 126.9, 126.7, 125.5, 
123.5, 65.9, 52.1, 45.5, 43.4, 31.0, 28.0, 26.0, 25.1; HRMS (ESI): m/z calcd for[C25H25NNaO3S]+ 
442.1453, found 442.1450; HPLC: Daicel Chiralpak IA-H, i-PrOH /n-hexane =1/4, Flow rate = 1 
mL/min, UV = 210 nm, tR = 7.5 min (major) and tR = 10.1 min (minor).

General procedure for synthesis of product 6. 
To a reaction tube, benzothiophenone 1a (24 mg, 0.1 mmol), azodicarboxylate C (26.1 mg, 0.15 
mmol), (DHQD)2PYR (8.81 mg, 0.01 mmol), 3Å MS (40 mg) were added. The tube was cooled to 
-20 °C and then cooled DCM (0.5 mL, -20 °C) was added. The resulting mixture was stirred at -20 
°C. After monitored by TLC, the reaction solution was concentrated in vacuum and the product 6 
was obtained by silica gel column chromatography (EA:PE=1:10). 

Diethyl 1-(3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)hydrazine-1,2-dicarboxylate (6).
White solid, 40.6 mg, 98 % yield, 2 days; [α]D

25 +87.8 (c = 1.0, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ 8.15 (d, J = 7.5 Hz, 1H), 7.35 (t, J = 7.5 Hz, 
1H), 7.29-7.20 (m, 1H), 7.12 (t, J = 7.4 Hz, 1H), 7.08-6.96 (m, 4H), 6.64 
(d, J = 7.3 Hz, 2H), 4.38-4.26 (m, 2H), 4.00 (d, J = 6.9 Hz, 2H), 3.43 (d, J 
= 12.1 Hz, 1H), 3.16 (d, J = 12.2 Hz, 1H), 1.36 (t, J = 7.1 Hz, 3H), 1.01 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 207.2, 157.4, 154.4, 137.3, 134.7, 131.7, 130.7, 129.1, 127.7, 
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127.3, 126.9, 125.6, 122.6, 78.2, 63.4, 62.7, 44.5, 14.6, 13.9; HRMS (ESI): m/z calcd for 
[C21H22N2NaO5S]+ 437.1147, found 437.1145; HPLC: Daicel Chiralpak IA-H, i-PrOH /n-hexane 
=1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 6.8 min (major) and tR = 11.7 min (minor).

General procedure for synthesis of product 7. 
To a reaction tube, benzothiophenone 1a (36 mg, 0.15 mmol), ketimine D (33.5 mg, 0.1 mmol), 
(DHQD)2AQN (8.57 mg, 0.01 mmol) were added. The tube was cooled to -20 °C and then cooled 
MTBE (0.4 mL, -20 °C) was added. The resulting mixture was stirred at -20 °C. After monitored 
by TLC, the reaction solution was concentrated in vacuum and the product 7 was obtained by silica 
gel column chromatography (EA:PE=1:8). 

tert-butyl (1-benzyl-3-(3-benzyl-2-oxo-2,3-dihydrobenzo[b]thiophen-3-yl)-2-oxoindolin-3-
yl)carbamate (7).

White solid, 53.5 mg, 93 % yield, 4 days; [α]D
25 +151.0 (c = 1.5, CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 7.58 (d, J = 7.3 Hz, 1H), 7.45 (s, 1H), 7.31 (t, J = 
7.7 Hz, 1H), 7.22 – 7.02 (m, 7H), 6.98 (t, J = 7.4 Hz, 2H), 6.79 (t, J = 7.6 Hz, 
1H), 6.71 – 6.62 (m, 4H), 6.56 (d, J = 7.8 Hz, 1H), 5.90 (d, J = 7.8 Hz, 1H), 4.75 
(d, J = 15.8 Hz, 1H), 4.31 (d, J = 15.7 Hz, 1H), 3.86 (d, J = 12.8 Hz, 1H), 3.42 
(d, J = 12.8 Hz, 1H), 1.30 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 209.0, 174.9, 

154.6, 144.8, 137.0, 135.4, 133.9, 133.3, 130.6, 130.1, 129.6, 128.6, 127.9, 127.2, 127.1, 127.1, 
126.9, 126.4, 125.5, 124.8, 123.0, 122.6, 109.73, 80.6, 67.9, 64.6, 44.4, 40.1, 28.2; HRMS (ESI): 
m/z calcd for [C35H32N2O4SH]+ 577.2162, found 577.2146; HPLC: Daicel Chiralpak AD-H, i-PrOH 
/n-hexane =1/4, Flow rate = 1 mL/min, UV = 210 nm, tR = 7.0 min (minor) and tR = 29.4 min 
(major).
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Fig. S1 ORTEP diagram showing of compound 3f.

Table 1 Crystal data and structure refinement for shelx. 
Identification code                           shelx
Empirical formula                        C29H25NO7S
Formula weight                             531.56 
Temperature                               133(2) K 
Wavelength                                0.71073 A 
Crystal system, space group           Orthorhombic,  P2(1)2(1)2(1) 
Unit cell dimensions               a = 8.0159(11) A   alpha = 90 deg. 

                         b = 15.545(3) A    beta = 90 deg. 
                         c = 21.174(3) A   gamma = 90 deg. 

Volume                               2638.4(7) A^3 
Z, Calculated density                    4, 1.338 Mg/m^3 
Absorption coefficient                    0.171 mm^-1 
F(000)                                   1112 
Crystal size                        0.20 x 0.18 x 0.12 mm 
Theta range for data collection           3.02 to 27.64 deg. 
Limiting indices                -10<=h<=10, -19<=k<=20, -27<=l<=27 
Reflections collected / unique      29028 / 6099 [R(int) = 0.0340] 
Completeness to theta = 27.64                 99.2 % 
Absorption correction             Semi-empirical from equivalents 
Max. and min. transmission                0.9798 and 0.9666 
Refinement method                 Full-matrix least-squares on F^2 
Data / restraints / parameters                6099 / 0 / 346 
Goodness-of-fit on F^2                       1.014 
Final R indices [I>2sigma(I)]          R1 = 0.0276, wR2 = 0.0700 
R indices (all data)                  R1 = 0.0315, wR2 = 0.0720 
Absolute structure parameter                  0.00(5) 
Largest diff. peak and hole             0.210 and -0.165 e.A^-3

NMR Spectra and HPLC Spectra
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