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General Information 

All reactions were carried out under an atmosphere of argon using oven-dried glassware. Super 

dry solvents, metal catalysts, were purchased from chemical companies and used without further 

treatment. Flash column chromatography was performed using silica gel (300-400 mesh). 1H 

NMR ,13C NMR, 19F NMR spectra were recorded in CDCl3 or DMSO-d6 on a 400 MHz 

spectrometer; chemical shifts are reported in ppm with the solvent signals as reference, and 

coupling constants (J) are given in Hertz. The peak information is described as: s = singlet, d = 

doublet, t = triplet, q = quartet, m= multiplet. High-resolution mass spectra (HRMS) were 

recorded on a commercial apparatus (ESI Source). cyclic 1-azadienes1 and 

α-Hydroxy-1-indanone2 were synthesized according to the literature. 

General Procedure for optimization of the reaction conditions. 

Under a nitrogen atmosphere, a solution of diethylzinc (40 μL, 1.0 M in hexane, 0.04 mmol) 

was added dropwise to a solution of L (0.02 mmol) in solvent (2 mL). After the mixture was 

stirred for 30 min at room temperature, then, cyclic 1-azadienes 1a (0.2 mmol) and 

α-Hydroxy-1-indanone 2a (0.25 mmol) were added. The reaction mixture was stirred for 36 h at 

the same temperature. The reaction was quenched with HCl solution (1 M, 2 mL), and the organic 

layer was extracted with CH2Cl2 (3 × 5 mL). The combined organic layer was washed with brine 

and dried over Na2SO4. The solvent was removed under reduced pressure by using a rotary 

evaporator. The residue was purified by flash chromatography with petroleum ether/ethyl acetate 

(4/1) to afford the desired product 3aa. 

Asymmetric reaction for the synthesis of diverse bispirocyclic saccharines 

Under a nitrogen atmosphere, a solution of diethylzinc (40 μL, 1.0 M in hexane, 0.04 mmol) 

was added dropwise to a solution of L3c (0.02 mmol) in THF (2 mL). After the mixture was 

stirred for 30 min at room temperature, then, cyclic 1-azadienes 1a (0.2 mmol) and 

α-Hydroxy-1-indanone 2a (0.25 mmol) were added. The reaction mixture was stirred for 36 h at 

30℃ temperature. The reaction was quenched with HCl solution (1 M, 2 mL), and the organic 

layer was extracted with CH2Cl2 (3 × 5 mL). The combined organic layer was washed with brine 

and dried over Na2SO4. The solvent was removed under reduced pressure by using a rotary 

evaporator. The residue was purified by flash chromatography with petroleum ether/ethyl acetate 

(4/1) to afford the desired product 3. 

Characterization of 3 

(2'R,3R,3'S)-3'-Phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-inden]-1''(3'

'H)-one 1,1-dioxide (3aa): 

 

White solid in 65% isolated yield (54 mg, >20:1 dr); m.p.: 84.1-86.0 ℃. [α]D
20 = +121 (c = 1.0, CH2Cl2, 

99% ee); 1H NMR (400 MHz, CDCl3) δ 7.79–7.78 (m, 2H), 7.74–7.68 (m, 2H), 7.62 (t, J = 8.0 Hz, 

1H), 7.48 (t, J = 7.4 Hz, 1H), 7.34 (t, J = 7.4 Hz, 1H), 7.17–7.15 (m, 3H), 7.05 (d, J = 7.7 Hz, 1H), 

6.99–6.90 (m, 2H), 6.45 (s, 1H), 4.27 (dd, J = 13.2, 6.1 Hz, 1H), 3.14–3.02 (m, 2H), 2.96 (t, J = 12.8 

Hz, 1H), 2.82–2.77 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 206.2, 151.7, 138.0, 137.5, 136.6, 135.2, 

134.4, 133.7, 131.4, 128.6, 128.1, 127.8, 127.8, 126.2, 124.7, 124.2, 121.2, 96.8, 91.3, 50.2, 44.5, 36.5; 
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HRMS (ESI): m/z for [M+Na]+: calcd 440.0927, found 440.0924; HPLC: Daicel Chiralpak IA, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 26.32 min and tminor = 42.12 min. 

3'-Phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-inden]-1''(3''H)-one 

1,1-dioxide (3aa')： 

 

White solid in 14% isolated yield (12 mg, 2:1 dr); m.p.: 84.3-86.5 ℃. 1H NMR (400 MHz, CDCl3) δ 

8.46 (d, J = 8.7 Hz, 1H), 7.81–7.64 (m, 3.72H), 7.63–7.55 (m, 1.54H), 7.49–7.40 (m, 2H), 7.37 (d, J = 

7.7 Hz, 1H), 7.29 (d, J = 7.7 Hz, 1H), 7.21 (m, 1.68H), 7.18–7.11 (m, 3.80H), 7.11–7.00 (m, 4.52H), 

6.92 (s, 0.55H), 5.62 (s, 1H), 4.08 (dd, J = 13.8, 5.7 Hz, 1H), 3.94 (dd, J = 13.8, 5.7 Hz, 0.56H), 3.64–

3.37 (m, 4.70H), 3.05 (dd, J = 12.6, 5.6 Hz, 0.52H), 2.71 (dd, J = 12.6, 5.6 Hz, 1H); 13C NMR (101 

MHz, CDCl3) δ 207.2, 204.6, 150.7, 150.3, 141.1, 139.9, 137.2, 136.1, 135.8, 135.1, 134.8, 134.7, 

134.0, 133.8, 133.3, 133.3, 130.9, 128.6, 128.4, 128.1, 127.9, 127.9, 127.8, 127.8, 126.2, 125.9, 125.8, 

124.1, 123.9, 123.4, 121.1, 120.5, 97.5, 95.4, 92.4, 91.9, 56.1, 53.5, 44.2, 43.3, 39.7, 38.0; HRMS 

(ESI): m/z for [M+Na]+: calcd 440.0927, found 440.0930. 

(2'R,3R,3'S)-4''-Methyl-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-i

nden]-1''(3''H)-one 1,1-dioxide (3ab): 

 

 

White solid in 60% isolated yield (52 mg, >20:1 dr); m.p.: 182.8-183.9 ℃. [α]D
20 = +132 (c = 1.0, 

CDCl3, 95% ee); 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 7.7 Hz, 1H), 7.75–7.69 (m, 2H), 7.68–7.63 

(m, 2H), 7.32–7.27 (m, 2H), 7.17 (d, J = 6.7 Hz, 3H), 6.97–6.90 (m, 2H), 6.45 (s, 1H), 4.26 (dd, J = 

13.1, 6.2 Hz, 1H), 3.02–2.80 (m, 3H), 2.85–2.80 (m, 1H), 1.96 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

206.4, 150.5, 138.0, 137.60, 136.80, 135.5, 135.3, 134.2, 133.5, 131.4, 128.4, 128.2, 127.8, 124.1, 

122.1, 121.4, 96.8, 91.6, 50.7, 44.6, 35.1, 17.5; HRMS (ESI): m/z for [M+Na]+: calcd 454.1084, found 

454.1085; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, 

tmajor = 25.83 min and tminor = 19.69 min. 

(2'R,3R,3'S)-4''-Methoxy-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''

-inden]-1''(3''H)-one 1,1-dioxide (3ac): 

 

Yellow solid in 50% isolated yield (45 mg, >20:1 dr); m.p.: 160.2-162.4 ℃. [α]D
20 = +82 (c = 1.0, 

CH2Cl2, 91% ee); 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.7 Hz, 1H), 7.75–7.71 (m, 1H), 7.65 (m, 

7.0 Hz, 2H), 7.40 (d, J = 7.5 Hz, 1H), 7.32 (t, J = 7.8 Hz, 1H), 7.20–7.16 (m, 3H), 6.95 (d, J = 8.0 Hz, 

3H), 6.21 (s, 1H), 4.31 (dd, J = 13.2, 6.2 Hz, 1H), 3.71 (s, 3H), 3.10–2.90 (m, 3H), 2.86–2.81 (m, 1H); 

13C NMR (101 MHz, CDCl3) δ 205.8, 156.4, 140.6, 138.3, 137.5, 135.7, 135.3, 133.6, 131.3, 129.5, 

128.6, 127.8, 127.7, 124.1, 121.3, 116.7, 116.3, 96.8, 91.1, 55.5, 50.3, 44.7, 33.1; HRMS (ESI): m/z 
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for [M+Na]+: calcd 470.1033, found 470.1039; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30, 

flow rate = 1 mL/min, λ = 254 nm, tmajor = 17.11 min and tminor = 12.01 min. 

(2'R,3R,3'S)-4''-Chloro-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-i

nden]-1''(3''H)-one 1,1-dioxide(3ad): 

 

 

White solid in 56% isolated yield (50 mg, >20:1 dr); m.p.: 230.1-232.2 ℃. [α]D
20 = +64 (c = 1.0, 

CH2Cl2, 75% ee); 1H NMR (400 MHz, CDCl3) δ 7.81 (d, J = 7.7 Hz, 1H), 7.75–7.70 (m, 3H), 7.65 (t, J 

= 7.4 Hz, 1H), 7.48 (d, J = 7.8 Hz, 1H), 7.33 (t, J = 7.7 Hz, 1H), 7.20–7.17 (m, 3H), 6.97–6.95 (m, 2H), 

6.22 (s, 1H), 4.29 (dd, J = 13.3, 6.1 Hz, 1H), 3.15–2.94 (m, 3H), 2.83 (m, 1H); 13C NMR (101 MHz, 

CDCl3) δ 205.2, 149.1, 138.0, 137.5, 136.3, 135.9, 134.7, 133.7, 132.4, 131.5, 129.6, 128.7, 128.1, 

127.7, 124.2, 122.9, 121.3, 96.9, 91.1, 50.8, 44.5, 35.4; HRMS (ESI): m/z for [M+Na]+: calcd 

474.0538, found 474.0543; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 27.99 min and tminor = 20.81 min. 

(2'R,3R,3'S)-5''-Methyl-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-i

nden]-1''(3''H)-one 1,1-dioxide(3ae): 

 

Yellow solid in 66% isolated yield (57 mg, >20:1 dr); m.p.: 169.2-170.6 ℃. [α]D
20 = +108 (c = 1.0, 

CH2Cl2, 98% ee); 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 7.7 Hz, 1H), 7.73–7.65 (m, 4H), 7.21–

7.16 (m, 4H), 6.99–6.92 (m, 2H), 6.87 (s, 1H), 6.47 (s, 1H), 4.32–4.27 (m, 1H), 3.08–2.91 (m, 3H), 

2.85–2.80 (m, 1H), 2.34 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 205.5, 152.2, 148.2, 137.9, 137.5, 

135.6, 133.5, 132.0, 131.4, 129.4, 128.6, 127.8, 127.7, 126.5, 124.7, 124.1, 121.4, 96.7, 91.4, 50.4, 44.7, 

36.4, 22.3; HRMS (ESI): m/z for [M+Na]+: calcd 454.1084, found 454.1082; HPLC: Daicel Chiralpak 

IA, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 31.67 min and tminor = 49.97 

min. 

(2'R,3R,3'S)-5''-Methoxy-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''

-inden]-1''(3''H)-one 1,1-dioxide(3af): 

 
Yellow solid in 52% isolated yield (46 mg, >20:1 dr); m.p.: 153.6-154.7 ℃. [α]D

20 = +143 (c = 1.0, 

CH2Cl2, 91% ee); 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 7.7 Hz, 2H), 7.73 (d, J = 7.0 Hz, 1H), 

7.68 (d, J = 6.8 Hz, 1H), 7.66–7.61 (m, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.39–7.33 (m, 1H), 7.12–7.06 (m, 

2H), 6.71 (dd, J = 8.0, 2.8 Hz, 1H), 6.56 (d, J = 8.5 Hz, 1H), 6.45 (s, 1H), 6.38 (s, 1H), 4.25 (dd, J = 

13.1, 6.2 Hz, 1H), 3.54 (s, 3H), 3.15–3.02 (m, 2H), 2.93 (t, J = 12.7 Hz, 1H), 2.80 (dd, J = 12.2, 6.2 Hz, 

1H); 13C NMR (101 MHz, CDCl3) δ 203.8, 166.7, 154.8, 137.8, 137.5, 135.7, 133.5, 131.4, 128.6, 

127.8, 127.7, 127.4, 126.8, 124.1, 121.4, 116.1, 109.4, 96.6, 91.4, 55.7, 50.2, 44.6, 36.6; HRMS (ESI): 
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m/z for [M+Na]+: calcd 470.1033, found 470.1037; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH 

=70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 24.34 min and tminor = 19.81 min. 

(2'R,3R,3'S)-5''-Fluoro-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-in

den]-1''(3''H)-one 1,1-dioxide (3ag): 

 

Yellow solid in 69% isolated yield (60 mg, >20:1 dr); m.p.: 130.6-131.8 ℃. [α]D
20 = +107 (c = 1.0, 

CH2Cl2, 96% ee); 1H NMR (400 MHz, CDCl3) δ 7.87–7.81 (m, 2H), 7.74 (t, J = 7.1 Hz, 1H), 7.67 (d, J 

= 7.5 Hz, 2H), 7.22–7.20 (m, 3H), 7.11–7.04 (m, 1H), 7.00–6.93 (m, 2H), 6.74 (d, J = 8.1 Hz, 1H), 

6.35 (s, 1H), 4.29 (dd, J = 13.1, 6.2 Hz, 1H), 3.14–3.02 (m, 2H), 2.95 (t, J = 12.7 Hz, 1H), 2.85–2.81 

(m, 1H); 19F NMR (376 MHz, CDCl3) δ -98.77; 13C NMR (101 MHz, CDCl3) δ 204.2, 168.1 (d, J = 

259.5 Hz), 154.6 (d, J = 10.6 Hz), 137.8, 137.5, 135.1, 133.6, 131.4, 130.8 (d, J = 2.1 Hz), 128.7, 128.0, 

127.7, 127.4, 127.3, 124.1, 121.4, 116.6 (d, J = 23.8 Hz), 113.0 (d, J = 22.4 Hz), 96.8, 91.3, 50.6, 44.5, 

36.5; HRMS (ESI): m/z for [M+Na]+: calcd 458.0833, found 458.0838; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 20.06 min and tminor = 15.93 min. 

(2'R,3R,3'S)-5''-Chloro-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-i

nden]-1''(3''H)-one 1,1-dioxide (3ah):  

 

Yellow solid in 54% isolated yield (49 mg, 17:1 dr); m.p.: 189.1-189.9 ℃. [α]D
20 = +76 (c = 1.0, 

CH2Cl2, 97% ee); 1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 8.3 Hz, 1H), 7.79 (d, J = 1.8 Hz, 1H), 

7.73 (d, J = 7.5 Hz, 1H), 7.69–7.64 (m, 2H), 7.46 (m, 1H), 7.23–7.18 (m, 3H), 7.01 (d, J = 8.2 Hz, 1H), 

6.95 (m, 2H), 6.23 (s, 1H), 4.28 (dd, J = 13.1, 6.3 Hz, 1H), 3.11–2.99 (m, 2H), 2.94 (t, J = 12.7 Hz, 1H), 

2.86–2.81 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 205.0, 149.6, 137.9, 137.6, 136.4, 135.8, 134.9, 

134.5, 133.6, 131.4, 128.7, 128.0, 127.7, 127.4, 124.4, 124.0, 121.4, 96.8, 91.6, 50.8, 44.5, 36.1; 

HRMS (ESI): m/z for [M+Na]+: calcd 474.0538, found 474.0541; HPLC: Daicel Chiralpak IA, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 20.97 min and tminor = 48.71 min. 

(2'R,3R,3'S)-5''-Bromo-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-in

den]-1''(3''H)-one 1,1-dioxide (3ai): 

 

Yellow solid in 70% isolated yield (69 mg, >20:1 dr); m.p.: 147.5-148.9 ℃. [α]D
20 = +83 (c = 1.0, 

CH2Cl2, 85% ee); 1H NMR (400 MHz, CDCl3) δ 7.88–7.80 (m, 2H), 7.73 (d, J = 7.6 Hz, 1H), 7.66 (t, J 

= 8.0 Hz, 2H), 7.21 (dd, J = 5.0, 2.0 Hz, 3H), 7.07 (td, J = 8.7, 2.3 Hz, 1H), 6.96 (dd, J = 6.5, 3.2 Hz, 

2H), 6.74 (dd, J = 8.3, 2.2 Hz, 1H), 6.37 (s, 1H), 4.29 (dd, J = 13.1, 6.2 Hz, 1H), 3.12–3.02 (m, 2H), 

2.95 (t, J = 12.7 Hz, 1H), 2.85–2.81 (m, 1H).; 13C NMR(101 MHz, CDCl3) δ 205.0, 153.0, 137.8, 

137.5, 135.0, 133.6, 133.1, 132.1, 131.9, 131.5, 129.4, 128.8, 128.0, 127.7, 125.9, 124.0, 121.4, 96.8, 

91.0, 50.6, 44.5, 36.2; HRMS (ESI): m/z for [M+Na]+: calcd 518.0033, found 518.0037; HPLC:Daicel 
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Chiralpak IA,n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 32.25 min and tminor 

= 55.14 min. 

(2'R,3R,3'S)-6''-Methyl-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-i

nden]-1''(3''H)-one 1,1-dioxide (3aj): 

 

Yellow solid in 60% isolated yield (52 mg, >20:1 dr); m.p.: 129.3-130.2 ℃. [α]D
20 = +54 (c = 1.0, 

CH2Cl2, 99% ee); 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 7.7 Hz, 1H), 7.72 (d, J = 7.9 Hz, 1H), 

7.69–7.64 (m, 2H), 7.61 (s, 1H), 7.32 (d, J = 8.8 Hz, 1H), 7.18 (dd, J = 5.0, 1.7 Hz, 3H), 6.95 (d, J = 

6.9 Hz, 3H), 6.42 (s, 1H), 4.28 (dd, J = 13.1, 6.3 Hz, 1H), 3.08–2.91 (m, 3H), 2.82 (dd, J = 12.2, 6.3 Hz, 

1H), 2.38 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 206.2, 149.0, 138.2, 138.0, 137.8, 137.6, 135.4, 

134.5, 133.5, 131.4, 128.56, 127.8, 127.7, 125.8, 124.6, 124.1, 121.4, 96.7, 91.6, 50.6, 44.6, 36.1, 21.1; 

HRMS (ESI): m/z for [M+Na]+: calcd 454.1084, found 454.1088; HPLC: Daicel Chiralpak IA, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 23.07 min and tminor = 36.45 min. 

(2'R,3R,3'S)-6''-Methoxy-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''

-inden]-1''(3''H)-one 1,1-dioxide (3ak): 

 

Yellow solid in 70% isolated yield (63 mg, >20:1 dr); m.p.: 181.3-181.8 ℃. [α]D
20 = +64 (c = 1.0, 

CH2Cl2, 90% ee); 1H NMR (400 MHz, CDCl3) δ 7.83 (d, J = 7.7 Hz, 1H), 7.73 (d, J = 7.9 Hz, 1H), 

7.69–7.63 (m, 2H), 7.24 (d, J = 2.4 Hz, 1H), 7.21–7.17 (m, 3H), 7.10 (dd, J = 8.4, 2.6 Hz, 1H), 6.98–

6.93 (m, 3H), 6.39 (s, 1H), 4.28 (dd, J = 13.1, 6.2 Hz, 1H), 3.84 (s, 3H), 3.05–2.91 (m, 3H), 2.83 (dd, J 

= 12.2, 6.2 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 206.1, 159.7, 144.6, 138.0, 137.6, 135.4, 135.3, 

133.5, 131.4, 128.6, 127.8, 127.7, 126.9, 126.0, 124.1, 121.4, 105.6, 96.8, 91.9, 55.7, 50.7, 44.6, 35.8; 

HRMS (ESI): m/z for [M+Na]+: calcd 470.1033, found 470.103; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 40.59 min and tminor = 28.64 min. 

(2'R,3R,3'S)-6''-Bromo-3'-phenyl-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-in

den]-1''(3''H)-one 1,1-dioxide (3al): 

 

Yellow solid in 63% isolated yield (62 mg, 17:1 dr); m.p.: 192.3-193.4 ℃. [α]D
20 = +91 (c = 1.0, 

CH2Cl2, 83% ee); 1H NMR (400 MHz, CDCl3) δ 7.94 (s, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.73 (d, J = 7.6 

Hz, 1H), 7.67 (t, J = 6.6 Hz, 2H), 7.60 (dd, J = 8.1, 1.8 Hz, 1H), 7.23–7.18 (m, 3H), 6.96 (dd, J = 5.1, 

3.0 Hz, 3H), 6.22 (s, 1H), 4.31–4.24 (m, 1H), 3.09–2.90 (m, 3H), 2.83 (dd, J = 12.3, 6.3 Hz, 1H); 13C 

NMR (101 MHz, CDCl3) δ 204.9, 150.0, 139.2, 137.9, 137.6, 136.1, 134.9, 133.6, 131.4, 128.7, 128.0, 
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127.7, 127.7, 127.5, 124.0, 122.3, 121.4, 96.8, 91.4, 50.8, 44.5, 36.2; HRMS (ESI): m/z for [M+Na]+: 

calcd 518.0033, found 518.0032; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 22.35 min and tminor = 17.24 min. 

(2'R,3R,3'S)-3'-(4-fluorophenyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-ind

en]-1''(3''H)-one 1,1-dioxide (3ba): 

 

Yellow solid in 62% isolated yield (54 mg, >20:1 dr); m.p.: 177.8-179.0 ℃. [α]D
20 = +109 (c = 1.0, 

CH2Cl2, 96% ee); 1H NMR (400 MHz, CDCl3) δ 7.86–7.80 (m, 2H), 7.77–7.72 (m, 1H), 7.69–7.64 (m, 

2H), 7.53 (td, J = 7.5, 1.3 Hz, 1H), 7.41–7.36 (m, 1H), 7.09 (d, J = 8.6 Hz, 1H), 6.95–6.84 (m, 4H), 

6.32 (s, 1H), 4.27 (dd, J = 12.7, 6.7 Hz, 1H), 3.10–3.04(m, 2H), 2.93–2.78 (m, 2H); 19F NMR (376 

MHz, CDCl3) δ -113.95; 13C NMR (101 MHz, CDCl3) δ 205.8, 162.1 (d, J = 247.2 Hz), 151.3, 137.8 

(d, J = 31.1 Hz), 136.6, 134.4, 133.5, 131.4, 131.0 (d, J = 3.3 Hz), 129.4, 129.3, 128.2, 126.2, 124.8, 

124.0, 121.4, 115.6, 115.4, 96.7, 91.2, 45.0, 44.9, 36.4; HRMS (ESI): m/z for [M+Na]+: calcd 

458.0833, found 458.0841; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 25.58 min and tminor = 15.44 min. 

(2'R,3R,3'S)-3'-(4-chlorophenyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-in

den]-1''(3''H)-one 1,1-dioxide (3ca): 

 

Yellow solid in 68% isolated yield (61 mg, >20:1 dr); m.p.: 237.7-238.8 ℃. [α]D
20 = +128 (c = 1.0, 

CH2Cl2, 97% ee); 1H NMR (400 MHz, CDCl3) δ 7.83 (dd, J = 8.0, 4.0 Hz, 2H), 7.76–7.72 (m, 1H), 

7.70–7.63 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.39 (t, J = 7.5 Hz, 1H), 7.22–7.14 (m, 2H), 7.11 (d, J = 

7.7 Hz, 1H), 6.89 (d, J = 8.0 Hz, 2H), 6.34 (s, 1H), 4.27 (dd, J = 12.6, 6.6 Hz, 1H), 3.13–3.03 (m, 2H), 

2.94–2.75 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 205.7, 151.3, 137.9, 137.7, 136.7, 134.3, 133.8, 

133.7, 133.5, 131.4, 129.0, 128.8, 128.3, 126.2, 124.8, 124.0, 121.4, 96.7, 91.0, 50.0, 44.7, 36.4; 

HRMS (ESI): m/z for [M+Na]+: calcd 474.0538, found 474.0537; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 20.91 min and tminor = 12.79 min. 

(2'R,3R,3'S)-3'-(4-bromophenyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-in

den]-1''(3''H)-one 1,1-dioxide (3da): 

 

Yellow solid in 69% isolated yield (68 mg, 17:1 dr); m.p.: 198.6-199.7 ℃. [α]D
20 = +108 (c = 1.0, 

CH2Cl2, 93% ee); 1H NMR (400 MHz, CDCl3) δ 7.87–7.80 (m, 2H), 7.76–7.71 (m, 1H), 7.67 (t, J = 

6.3 Hz, 2H), 7.55 (td, J = 7.5, 1.3 Hz, 1H), 7.40 (t, J = 7.3 Hz, 1H), 7.31 (d, J = 8.4 Hz, 2H), 7.12 (d, J 

= 7.7 Hz, 1H), 6.83 (d, J = 8.4 Hz, 2H), 6.31 (s, 1H), 4.26 (dd, J = 12.6, 6.7 Hz, 1H), 3.12–3.03 (m, 

2H), 2.92–2.78 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 205.7, 151.3, 137.9, 137., 136.8, 134.4, 134.3, 

133.5, 131.7, 131.4, 129.4, 128.3, 126.3, 124.9, 124.0, 121.8, 121.4, 96.7, 90.9, 50.0, 44.7, 36.4; 
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HRMS (ESI): m/z for [M+Na]+: calcd 518.0033, found 518.0029; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 50.11 min and tminor = 31.01 min. 

 

(2'R,3R,3'S)-3'-(P-tolyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-inden]-1''(

3''H)-one 1,1-dioxide (3ea): 

 

Yellow solid in 60% isolated yield (52 mg, >20:1 dr); m.p.: 115.3-117.1 ℃. [α]D
20 = +88 (c = 1.0, 

CDCl3, 91% ee); 1H NMR (400 MHz, CDCl3) δ 7.82 (dd, J = 7.6, 4.1 Hz, 2H), 7.73 (d, J = 6.9 Hz, 1H), 

7.66 (d, J = 7.6 Hz, 2H), 7.51 (d, J = 6.6 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H), 7.09 (d, J = 7.7 Hz, 1H), 

6.98 (d, J = 7.9 Hz, 2H), 6.84 (d, J = 8.0 Hz, 2H), 6.40 (s, 1H), 4.26 (dd, J = 13.1, 6.3 Hz, 1H), 3.15–

3.03 (m, 2H), 2.93 (t, J = 12.7 Hz, 1H), 2.81 (dd, J = 12.2, 6.3 Hz, 1H), 2.25 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 206.3, 151.7, 138.0, 137.5, 137.5, 136.5, 134.4, 133.5, 132.2, 131.4, 129.3, 128.1, 

127.6, 126.2, 124.8, 124.1, 121.37, 96.7, 91.2, 50.2, 44.8, 36.5, 21.0; HRMS (ESI): m/z for [M+Na]+: 

calcd 454.1084, found 454.1070; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 14.84 min and tminor = 10.16 min. 

(2'R,3R,3'S)-3'-(4-Methoxyphenyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-

inden]-1''(3''H)-one 1,1-dioxide (3fa): 

 

 

Yellow solid in 55% isolated yield (49 mg, >20:1 dr); m.p.: 158.8-160.2 ℃. [α]D
20 = 139 (c = 1.0, 

CH2Cl2, 88% ee); 1H NMR (400 MHz, CDCl3) δ 7.82 (t, J = 7.1 Hz, 2H), 7.73 (s, 1H), 7.66 (dd, J = 7.6, 

2.9 Hz, 2H), 7.51 (t, J = 7.5 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H), 7.09 (d, J = 7.7 Hz, 1H), 6.87 (d, J = 8.6 

Hz, 2H), 6.70 (d, J = 8.7 Hz, 2H), 6.40 (s, 1H), 4.24 (dd, J = 13.0, 6.3 Hz, 1H), 3.73 (s, 3H), 3.15–3.07 

(m, 2H), 2.89 (t, J = 12.6 Hz, 1H), 2.80 (dd, J = 12.2, 6.4 Hz, 1H); 13C NMR (101 MHz, CDCl3)δ 

206.3, 159.0, 151.6, 138.1, 137.6, 136.5, 134.4, 133.5, 131.3, 128.8, 128.1, 127.2, 126.2, 124.7, 124.1, 

121.4, 113.9, 96.7, 91.4, 55.2, 50.0, 44.9, 36.4; HRMS (ESI): m/z for [M+Na]+: calcd 470.1033, found 

470.1037; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, 

tmajor = 30.85 min and tminor = 15.29 min. 

(2'R,3R,3'S)-3'-(M-tolyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-inden]-1''(

3''H)-one 1,1-dioxide (3ga): 
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Yellow solid in 47% isolated yield (40 mg, >20:1 dr); m.p.: 178.7-180.2 ℃. [α]D
20 = +76 (c = 1.0, 

CH2Cl2, 90% ee); 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.7 Hz, 2H), 7.73 (d, J = 7.9 Hz, 1H), 

7.71–7.63 (m, 2H), 7.51 (t, J = 7.5 Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H), 7.07 (t, J = 8.2 Hz, 2H), 6.98 (d, J 

= 7.5 Hz, 1H), 6.76 (d, J = 7.6 Hz, 1H), 6.70 (s, 1H), 6.40 (s, 1H), 4.25 (dd, J = 13.1, 6.2 Hz, 1H), 

3.12–3.02 (m, 2H), 2.94 (t, J = 12.7 Hz, 1H), 2.81 (dd, J = 12.2, 6.2 Hz, 1H), 2.16 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 206.3, 151.8, 138.3, 138.0, 137.5, 136.5, 135.2, 134.4, 133.5, 131.4, 128.7, 128.5, 

128.4, 128.0, 126.2, 124.7, 124.7, 124.2, 121.4, 96.8, 91.4, 50.5, 44.5, 36.5, 21.3; HRMS. (ESI): m/z 

for [M+Na]+: calcd 454.1084, found 454.1085; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30, 

flow rate = 1 mL/min, λ = 254 nm, tmajor = 25.25 min and tminor = 17.55 min 

(2'R,3R,3'S)-3'-(2-Methoxyphenyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-

inden]-1''(3''H)-one 1,1-dioxide (3ha): 

 

Yellow solid in 48% isolated yield (43 mg, >20:1 dr); m.p.: 170.2-171.5 ℃. [α]D
20 = +131 (c = 1.0, 

CH2Cl2, 93% ee); 1H NMR (400 MHz, CDCl3) δ 7.77 (dd, J = 10.7, 7.6 Hz, 2H), 7.67–7.63 (m, 1H), 

7.61–7.55 (m, 2H), 7.45–7.40 (m, 1H), 7.32–7.27 (m, 1H), 7.16 (t, J = 7.8 Hz, 2H), 7.05 (d, J = 7.6 Hz, 

1H), 6.91 (t, J = 6.9 Hz, 1H), 6.64 (s, 1H), 6.51 (d, J = 8.0 Hz, 1H), 4.39 (dd, J = 13.6, 6.1 Hz, 1H), 

3.01 (s, 3H), 2.95–2.83 (m, 3H), 2.69 (dd, J = 11.8, 6.2 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ 205.6, 

156.9, 151.3, 137.6, 137.5, 135.6, 134.5, 133.4, 131.3, 128.8, 127.6, 126.8, 126.1, 125.3, 124.6, 124.1, 

121.4, 120.6, 109.7, 96.4, 90.6, 53.7, 44.6, 43.7, 36.8; HRMS (ESI): m/z for [M+Na]+: calcd 470.1033, 

found 470.1038; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 

254 nm, tmajor = 27.43 min and tminor = 23.21 min. 

(2'R,3R,3'S)-3'-(3,4-Dimethylphenyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2

''-inden]-1''(3''H)-one 1,1-dioxide (3ia): 

 

Yellow solid in 50% isolated yield (44 mg, >20:1 dr); m.p.: 172.5-173.8 ℃. [α]D
20 = +113 (c = 1.0, 

CH2Cl2, 90% ee); 1H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 7.7 Hz, 2H), 7.70 (t, J = 6.5 Hz, 2H), 

7.66–7.61 (m, 1H), 7.53–7.48 (m, 1H), 7.35 (t, J = 7.4 Hz, 1H), 7.09 (d, J = 7.7 Hz, 1H), 6.93 (d, J = 

7.7 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 6.65 (s, 1H), 6.46 (s, 1H), 4.22 (dd, J = 13.2, 6.2 Hz, 1H), 3.08 (q, 

J = 17.1 Hz, 2H), 2.93 (t, J = 12.7 Hz, 1H), 2.78 (dd, J = 12.2, 6.2 Hz, 1H), 2.15 (s, 3H), 2.06 (s, 3H); 

13C NMR (101 MHz, CDCl3) δ 206.5, 151.9, 138.0, 137.4, 136.8, 136.4, 136.1, 134.4, 133.6, 132.6, 

131.3, 129.7, 129.1, 128.0, 126.3, 125.0, 124.7, 124.2, 121.3, 96.7, 91.3, 50.1, 44.6, 36.5, 19.7, 19.4; 

HRMS (ESI): m/z for [M+Na]+: calcd 468.1240, found 468.1243; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 28.54 min and tminor = 17.48 min. 

(2'R,3R,3'S)-3'-(3-Bromo-4-chlorophenyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-fura

n-2',2''-inden]-1''(3''H)-one 1,1-dioxide (3ja): 
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Yellow solid in 60% isolated yield (64 mg, 11:1 dr); m.p.: 169.4-170.5 ℃. [α]D
20 = +153 (c = 1.0, 

CH2Cl2, 90% ee); 1H NMR (400 MHz, CDCl3) δ 7.85–7.82 (m, 2H), 7.73 (d, J = 7.9 Hz, 1H), 7.70–

7.65 (m, 2H), 7.57 (t, J = 8.2 Hz, 1H), 7.40 (t, J = 7.4 Hz, 1H), 7.21 (d, J = 8.1 Hz, 2H), 7.14 (d, J = 7.7 

Hz, 1H), 6.78 (dd, J = 8.3, 2.2 Hz, 1H), 6.35 (s, 1H), 4.22 (dd, J = 12.3, 6.9 Hz, 1H), 3.15–3.02 (m, 

2H), 2.91–2.77 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 205.4, 151.1, 137.8, 137.6, 136.9, 135.7, 

134.2, 134.0, 133.6, 132.8, 131.5, 130.3, 128.5, 127.9, 126.3, 124.9, 124.1, 122.8, 121.4, 96.7, 90.9, 

49.6, 44.5, 36.4; HRMS (ESI): m/z for [M+Na]+: calcd 551.9643, found 551.9648; HPLC: Daicel 

Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate =1mL/min, λ =254 nm, tmajor = 57.68 min and tminor = 

28.21 min. 

(2'R,3R,3'S)-3'-(3,4-Dichlorophenyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2'

'-inden]-1''(3''H)-one 1,1-dioxide (3ka): 

 

Yellow solid in 65% isolated yield (63 mg, >20:1 dr); m.p.: 188.4-189.3 ℃. [α]D
20 = +102 (c = 1.0, 

CH2Cl2, 86% ee); 1H NMR (400 MHz, CDCl3) δ 7.86–7.81 (m, 1H), 7.76–7.71 (m, 1H), 7.70–7.63 (m, 

3H), 7.52 (d, J = 6.6 Hz, 1H), 7.22 (dd, J = 5.0, 1.9 Hz, 3H), 6.96 (dd, J = 6.4, 3.1 Hz, 2H), 6.29 (s, 1H), 

4.29 (dd, J = 13.2, 6.3 Hz, 1H), 3.12–3.01 (m, 2H), 2.94 (t, J = 12.7 Hz, 1H), 2.83 (dd, J = 12.2, 6.3 Hz, 

1H); 13C NMR(101 MHz, CDCl3) δ 205.4, 151.1, 137.8, 137.6, 136.9, 135.6, 134.2, 133.6, 132.9, 

132.0, 131.5, 130.5, 129.5, 128.4, 127.3, 126.3, 124.9, 124.1, 121.4, 96.6, 90.8, 49.7, 44.6, 36.4; 

HRMS (ESI): m/z for [M+Na]+: calcd 508.0148, found 508.0152; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 56.74 min and tminor = 26.59 min. 

(2'R,3R,3'S)-3'-(4-Bromo-2-fluorophenyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan

-2',2''-inden]-1''(3''H)-one 1,1-dioxide (3la): 

 

Yellow solid in 80% isolated yield (82 mg, >20:1 dr); m.p.: 218.4-219.3 ℃. [α]D
20 = +176 (c =1.0, 

CH2Cl2, 94% ee); 1H NMR (400 MHz, CDCl3) δ 7.80 (t, J = 7.1 Hz, 2H), 7.75–7.62 (m, 3H), 7.54 (t, J 

= 7.5 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H), 7.26 (d, J = 8.0 Hz, 1H), 7.19–7.09 (m, 2H), 7.02 (d, J = 11.5 

Hz, 1H), 6.54 (s, 1H), 4.39 (dd, J = 13.3, 6.3 Hz, 1H), 3.17–2.94 (m, 3H), 2.78 (dd, J = 12.2, 6.3 Hz, 

1H); 19F NMR (376 MHz, CDCl3) δ -108.99; 13C NMR(101 MHz, CDCl3) δ 205.2, 160.8 (d, J = 251.8 

Hz),150.7, 137.5, 136.5, 133.9, 133.6, 131.5, 130.0 (d, J = 4.7 Hz), 128.3, 127.8 (d, J = 3.6 Hz), 126.1, 

125.0, 124.2, 122.5 (d, J = 14.8 Hz), 122.1 (d, J = 9.7 Hz), 121.3, 119.4 (d, J = 25.5 Hz), 96.6, 90.5, 

44.5, 44.1, 36.6; HRMS (ESI): m/z for [M+Na]+: calcd 535.9938, found 535.9942; HPLC: Daicel 



11 

 

Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 21.04 min and tminor 

= 13.07 min. 

(2'R,3R,3'S)-3'-(Benzo[d][1,3]dioxol-4-yl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan

-2',2''-inden]-1''(3''H)-one 1,1-dioxide (3ma): 

 

Yellow solid in 51% isolated yield (47 mg, >20:1 dr); m.p.: 190.5-191.6 ℃. [α]D
20 = +88 (c = 1.0, 

CH2Cl2, 91% ee); 1H NMR (400 MHz, CDCl3) δ 7.85–7.78 (m, 2H), 7.72 (d, J = 6.6 Hz, 1H), 7.66 (d, 

J = 7.5 Hz, 2H), 7.54 (t, J = 7.4 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H), 7.15 (d, J = 8.1 Hz, 1H), 6.60 (d, J = 

8.0 Hz, 1H), 6.47 (d, J = 1.4 Hz, 1H), 6.43–6.39 (m, 1H), 6.37 (s, 1H), 5.89 (dd, J = 12.8, 1.2 Hz, 2H), 

4.22 (dd, J = 12.7, 6.6 Hz, 1H), 3.21–3.04 (m, 2H), 2.91–2.75 (m, 2H); 13C NMR(101 MHz, CDCl3) δ 

206.1, 151.7, 147.9, 147.1, 138.0, 137.5, 136.6, 134.3, 133.5, 131.4, 129.0, 128.2, 126.2, 124.8, 124.1, 

121.4, 121.3, 108.3, 108.0, 101.2, 96.6, 91.1, 50.2, 45.0, 36.4; HRMS (ESI): m/z for [M+Na]+: calcd 

484.0826,found 484.0832; HPLC: Daicel Chiralpak IB,n-hexane/i-PrOH = 70/30, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 41.72 min and tminor = 21.64 min. 

(2'R,3R,3'S)-3'-(Naphthalen-2-yl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-i

nden]-1''(3''H)-one 1,1-dioxide (3na): 

 

Yellow solid in 48% isolated yield (45 mg, >20:1 dr); m.p.: 224.7-226.1 ℃. [α]D
20 = +97 (c = 1.0, 

CH2Cl2, 90% ee); 1H NMR (400 MHz, CDCl3) δ 7.82–7.75 (m, 2H), 7.72–7.56 (m, 6H), 7.53 (d, J = 

8.5 Hz, 1H), 7.45 (s, 1H), 7.38 (t, J = 4.8 Hz, 3H), 7.30 (t, J = 7.7 Hz, 1H), 6.92 (d, J = 7.6 Hz, 1H), 

6.86 (m, 1H), 6.35 (s, 1H), 4.41 (dd, J = 13.1, 6.1 Hz, 1H), 3.09–2.97 (m, 3H), 2.87 (dd, J = 12.2, 6.2 

Hz, 1H); 13C NMR(101 MHz, CDCl3) δ 206.1, 151.7, 138.0, 137.6, 136.6, 134.3, 133.5, 133.1, 133.1, 

132.7, 131.4, 128.3, 128.1, 127.7, 127.6, 126.6, 126.4, 126.3, 126.2, 125.8, 124.9, 124.4, 121.4, 96.8, 

91.2, 50.6, 44.8, 36.6; HRMS (ESI): m/z for [M+Na]+: calcd 490.1084, found 490.1080; HPLC: 

Daicel Chiralpak IA, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 20.40 min 

and tminor = 35.97 min. 

(2'R,3R,3'S)-3'-(Furan-2-yl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-inden]-

1''(3''H)-one 1,1-dioxide (3oa): 

 

Yellow solid in 57% isolated yield (46 mg, 10:1 dr); m.p.: 122.5-124.3 ℃. [α]D
20 = +65 (c = 1.0, 

CH2Cl2, 93% ee); 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.7 Hz, 2H), 7.73 (d, J = 6.7 Hz, 1H), 

7.69–7.63 (m, 2H), 7.59–7.54 (m, 1H), 7.40 (t, J = 7.4 Hz, 1H), 7.17 (d, J = 7.7 Hz, 1H), 7.12 (dd, J = 

5.1, 1.2 Hz, 1H), 6.84 (dd, J = 5.1, 3.5 Hz, 1H), 6.58 (d, J = 3.6 Hz, 1H), 6.42 (s, 1H), 4.50–4.42 (m, 
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1H), 3.28–3.08 (m, 2H), 2.97 (dd, J = 12.2, 6.3 Hz, 1H), 2.86 (t, J = 12.6 Hz, 1H); 13C NMR (101 

MHz, CDCl3) δ 205.8, 152.0, 138.5, 137.7, 137.5, 136.7, 134.1, 133.6, 131.4, 128.2, 127.1, 126.2, 

126.1, 124.9, 124.8, 124.2, 121.3, 96.6, 91.3, 46.7, 46.3, 36.6; HRMS (ESI): m/z for [M+Na]+: calcd 

430.0720, found 430.0735; HPLC: Daicel Chiralpak IB, n-hexane/i-PrOH = 70/30, flow rate = 1 

mL/min, λ = 254 nm, tmajor = 15.95 min and tminor = 14.13 min. 

(2'R,3R,3'R)-3'-(Thiophen-2-yl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan-2',2''-ind

en]-1''(3''H)-one 1,1-dioxide (3pa): 

 

Brown solid in 63% isolated yield (53 mg, 10:1 dr); m.p.: 92.4-92.9 ℃. [α]D
20 = + 90 (c = 1.0, CH2Cl2, 

93% ee); 1H NMR (400 MHz, CDCl3) δ 7.82 (d, J = 7.5 Hz, 2H), 7.74 (d, J = 9.1 Hz, 1H), 7.70–7.64 

(m, 2H), 7.57 (t, J = 6.8 Hz, 1H), 7.42 (s, 1H), 7.21 (d, J = 8.2 Hz, 1H), 7.14 (d, J = 7.7 Hz, 1H), 7.08 

(d, J = 2.2 Hz, 1H), 6.73 (dd, J = 8.3, 2.2 Hz, 1H), 6.38 (s, 1H), 4.23 (dd, J = 12.5, 6.8 Hz, 1H), 3.09 (q, 

J = 17.2 Hz, 2H), 2.94–2.76 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 205.7, 152.0, 138.6, 137.7, 137.6, 

136.7, 134.2, 133.6, 131.4, 128.2, 127.1, 126.2, 126.1, 124.9, 124.7, 124.1, 121.4, 96.6, 91.3, 46.7, 46.3, 

36.6; HRMS (ESI): m/z for [M+Na]+: calcd 446.0492, found 446.0995; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 14.95 min and tminor = 13.13 min.  
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Gram-scale reaction and derivations of adducts  

 
Under a nitrogen atmosphere, a solution of diethylzinc (400 μL, 1.0 M in hexane, 0.8 mmol) was added 

dropwise to a solution of L3c (0.2 mmol) in THF (10 mL). After the mixture was stirred for 30 min at 

room temperature, then, cyclic 1-azadienes 1c (4.0 mmol) and α-hydroxy-1-indanone 2a (5.0 mmol) 

were added. The reaction mixture was stirred for 36 h at the 36℃. The reaction was quenched with 

HCl solution (1 M, 2 mL), and the organic layer was extracted with CH2Cl2 (3 × 5 mL). The combined 

organic layer was washed with brine and dried over Na2SO4. The solvent was removed under reduced 

pressure by using a rotary evaporator. The residue was purified by flash chromatography with 

petroleum ether/ethyl acetate (4/1) to afford the desired product 1.19g of 3ca. 

 

Transformation of 3ca to 4  

 

Sodium borohydrside (15 mg, 0.4 mmol, 4 equiv.) was added to a solution of 3ca (45 mg, 0.1 mmol) in 

methanol (3 mL) at 0 °C. Then, the resulting reaction mixture was stirred at room temperature for 30 

minutes. Saturated aqueous NH4Cl (3 mL) was then added to quench the reaction. The organic layer 

was extracted with DCM (3 x 5 mL), then washed with brine, dried over MgSO4 and concentrated 

under reduced pressure. The crude reaction mixture was purified via column chromatography 

(petroleum ether/ethyl acetate =1/1) on silica gel to afford pure product 4 as a white solid in 91% yield. 

 

(2'R,3R,3'S)-3'-(4-Chlorophenyl)-1''-hydroxy-1'',3',3'',4'-tetrahydro-2H-dispiro[benzo[d]isothiaz

ole-3,5'-furan-2',2''-indene] 1,1-dioxide (4) 

 

Yellow solid in 91% isolated yield (41 mg, >20:1 dr); m.p.: 145.7-147.1 ℃. [α]D
20 = +149 (c = 1.0, 

CH2Cl2, 91% ee); 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 7.8 Hz, 1H), 7.42–7.38 (m, 1H), 7.27 (t, J 

= 7.7 Hz, 1H), 7.22–7.20 (m, 1H), 7.07 (t, J = 8.2 Hz, 1H), 7.02 (d, J = 5.9 Hz, 1H), 6.96 (d, J = 8.0 Hz, 

2H), 6.88 (s, 1H), 6.72 (d, J = 7.8 Hz, 1H), 6.11 (d, J = 2.5 Hz, 1H), 4.92–4.90 (m, 1H), 4.83 (s, 1H), 

3.07–3.04 (m, 1H), 2.87 (d, J = 17.2 Hz, 1H), 2.69–2.63 (m, 1H), 2.52–2.44 (m, 2H), 1.97 (d, J = 17.2 

Hz, 1H), 1.74 (s, 1H); 13C NMR (101 MHz, CDCl3) δ 141.8, 141.4, 140.8, 138.5, 135.4, 132.3, 132.2, 

130.3, 129.7, 129.0, 128.2, 127.7, 126.3, 125.9, 124.7, 120.9, 85.3, 81.2, 57.5, 44.8, 43.2, 36.1; HRMS 

(ESI): m/z for [M+Na]+: calcd 476.0694, found 476.0683; HPLC: Daicel Chiralpak IB, 

n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 6.74 min and tminor = 8.28 min. 
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Transformation of 3ca to 5  

To a stirred solution of 3ca (45 mg, 0.1 mmol, 1.0 equiv) and triethylamine (40 uL, 0.3 mmol, 3.0 

equiv) in CH2Cl2 (3 mL), DMAP (1.2 mg, 0.01 mmol, 0.1 equiv), Acetic anhydride (11 uL, 0.12 mmol, 

1.2 equiv) was added at 0 ° C. The reaction mixture was stirred at this temperature for 30 min and 

further stirred at room temperature for 6 h. Saturated aqueous NH4Cl (3 mL) was then added to quench 

the reaction and extracted with CH2Cl2 (3 x 10 mL). Drying (Na2SO4) and concentrated under reduced 

pressure. The crude reaction mixture was purified via column chromatography (petroleum ether/ethyl 

acetate =6/1) on silica gel to afford pure product 5 as a white solid in 81% yield. 

(2'R,3R,3'S)-2-Acetyl-3'-(4-chlorophenyl)-3',4'-dihydro-2H-dispiro[benzo[d]isothiazole-3,5'-furan

-2',2''-inden]-1''(3''H)-one 1,1-dioxide (5) 

 

Yellow solid in 81% isolated yield (40 mg, >20:1 dr); m.p.: 144.5-146.1 ℃. [α]D
20 = +131 (c = 1.0, 

CH2Cl2, 92% ee); 1H NMR (400 MHz, CDCl3) δ 8.63 (d, J = 8.0 Hz, 1H), 7.95 (t, J = 8.0 Hz, 1H), 

7.82 (d, J = 7.0 Hz, 1H), 7.71 (t, J = 8.1 Hz, 2H), 7.49 (t, J = 8.1 Hz, 1H), 7.34–7.28 (m, 1H), 7.16 (d, J 

= 8.5 Hz, 3H), 7.09 (d, J = 8.6 Hz, 2H), 4.54 (dd, J = 13.2, 8.7 Hz, 1H), 3.97 (t, J = 13.3 Hz, 1H), 3.37 

(m, 2H), 2.81–2.67 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 205.1, 168.0, 152.9, 139.2, 136.4, 135.5, 

134.2, 134.0, 133.6, 131.2, 131.0, 129.6, 128.7, 127.7, 126.4, 125.7, 124.2, 120.6, 98.8, 92.0, 50.9, 40.9, 

37.6, 24.9; HRMS (ESI): m/z for [M+Na]+: calcd 516.0643, found 516.0645; HPLC: Daicel Chiralpak 

IB, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 7.52 min and tminor = 25.80 

min 
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NMR Spectra of compounds 
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Single-crystal X-ray diffraction of 3ai (CCDC 2175173) 
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