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1. General information 

Commercially available compounds were used without further purification. Solvents were 

dried according to standard procedures. Column chromatography was performed with silica 

gel (200300 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, chemical shifts were reported in δ (ppm) units relative to tetramethylsilane 

(TMS) as internal standard. 13C NMR spectra were measured at 100 MHz with 400 MHz 

spectrometer, chemical shifts are reported in ppm relative to tetramethylsilane and referenced 

to solvent peak (CDCl3, δ C = 77.00). High resolution mass spectra (Electron spray ionization) 

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

electrospray ionization (ESI) source. Optical rotations were measured with a Krüss P8000 

polarimeter. Optical rotations were measured with a polarimeter at the indicated concentration 

with the units of g/100 mL. Enantiomeric excesses were determined by chiral HPLC analysis 

using an Agilent 1200 LC instrument with a Daicel Chiralpak IB or IC column. 

 

2. Materials 

1a‒1k were prepared according to literature reported by Liu and co-workers.[1] 2a‒2n were 

prepared according to the literature.[2] The chiral organocatalysts were prepared by following 

the reported procedures.[3] 

 

3. Procedure for the synthesis of racemates of 3 

To a dried small bottle were added 2 (0.05 mmol), Et3N (1.0 mg, 0.01 mmol, 0.2 equiv) and 

DCE (0.5 mL). The mixture was stirred at room temperature for 5 min, and 1 (0.06 mmol) 

was then added. After stirring at room temperature for 48 h, the reaction mixture was 

concentrated and directly purified by silica gel column chromatography to afford the 

racemates of 3. 

 

4. Procedure for the synthesis of chiral compounds 3 
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To a dried small bottle were added 2 (0.10 mmol), chiral organocatalyst C6 (3.2 mg, 0.005 

mmol, 0.05 equiv) and DCE (1.0 mL). The mixture was stirred at room temperature for 5 min, 

and 1 (0.12 mmol) was then added. After stirring at room temperature for 48 h, the reaction 

mixture was concentrated and directly purified by silica gel column chromatography to afford 

the desired products 3. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 2,4'',9'-trioxo-3''-phenyl-2''-thioxo-4a',9a'- 

dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dicarboxylat

e (3a). From 1a (47.0 mg, 0.12 mmol) and 2a (29.3 mg, 0.10 mmol), purified by silica gel 

(200-300 mesh) column chromatography using dichloromethane/petroleum ether (1/2) as 

eluent to obtain 62.3 mg (91% yield) compound 3a as a white solid, m.p. 189191 °C. HPLC 

(Daicel Chiralpak IC, n-hexane/2-propanol = 90:10, flow rate 1.0 mL/min, detection at 254 

nm): tR = 25.9 min (minor), tR = 29.9 min (major); >99% ee. [α]D
25 = +17.1° (c = 2.15, 

CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.86 (d, J = 8.0 Hz, 1H, ArH), 7.83 (dd, J1 = 7.6 Hz, 

J2 = 1.6 Hz, 1H, ArH), 7.607.50 (m, 4H, ArH), 7.377.32 (m, 3H, ArH), 7.207.15 (m, 2H, 

ArH), 7.06 (t, J = 8.0 Hz, 1H, ArH), 6.95 (d, J = 8.0 Hz, 1H, ArH), 4.94 (d, J = 14.0 Hz, 1H, 

CH), 4.17 (s, 1H, CH), 4.093.97 (m, 2H, CH2), 3.773.70 (m, 1H, CH), 2.63 (dd, J1 = 15.2 

Hz, J2 = 3.6 Hz, 1H, CH2), 1.80 (dd, J1 = 15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 1.67 (s, 9H, CH3), 

1.05 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  202.0, 190.3, 177.3, 176.1, 

166.8, 159.5, 148.9, 139.4, 136.5, 135.4, 130.8, 129.7, 129.6, 129.0, 128.0, 127.1, 124.7, 

122.5, 121.0, 120.0, 117.7, 115.4, 84.9, 82.7, 65.6, 62.7, 53.1, 47.0, 39.6, 33.7, 28.1, 13.5 ppm. 

HRMS (ESI): m/z calcd. for C36H33N2O8S2 [M + H]+ 685.1673, found 685.1689. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 5-methoxy-2,4'',9'-trioxo-3''-phenyl-2''- 

thioxo-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,

3'-dicarboxylate (3d). From 1d (50.6 mg, 0.12 mmol) and 2a (29.3 mg, 0.10 mmol), 

purified by silica gel (200-300 mesh) column chromatography using 

dichloromethane/petroleum ether (1/2) as eluent to obtain 58.6 mg (82% yield) compound 3d 

as a white solid, m.p. 192194 °C. HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate = 

90:10, flow rate 1.0 mL/min, detection at 254 nm): tR = 19.8 min (minor), tR = 22.5 min 

(major); 97% ee. [α]D
25 = +40.2° (c = 1.66, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.84 (dd, 

J1 = 7.6 Hz, J2 = 1.6 Hz, 1H, ArH), 7.78 (d, J = 9.2 Hz, 1H, ArH), 7.607.56 (m, 2H, ArH), 

7.547.50 (m, 2H, ArH), 7.33 (d, J = 7.2 Hz, 2H, ArH), 7.07 (t, J = 7.8 Hz, 1H, ArH), 6.95 (d, 

J = 8.0 Hz, 1H, ArH), 6.85 (dd, J1 = 9.0 Hz, J2 = 2.6 Hz, 1H, ArH), 6.73 (d, J =2.4 Hz, 1H, 

ArH), 4.94 (d, J = 14.0 Hz, 1H, CH), 4.13 (s, 1H, CH), 4.124.01 (m, 2H, CH2), 3.80 (s, 3H, 

OCH3), 3.763.69 (m, 1H, CH), 2.63 (dd, J1 = 15.2 Hz, J2 = 3.6 Hz, 1H, CH2), 1.77 (dd, J1 = 

15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 1.66 (s, 9H, CH3), 1.08 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C 

NMR (100 MHz, CDCl3):  202.1, 190.4, 177.4, 176.1, 166.8, 159.5, 157.1, 148.9, 136.6, 

135.4, 132.7, 132.1, 129.7, 129.6, 128.1, 127.1, 122.5, 120.0, 117.7, 116.4, 113.4, 107.7, 84.7, 

82.7, 65.6, 62.8, 55.7, 53.1, 47.3, 39.6, 33.8, 28.1, 13.6 ppm. HRMS (ESI): m/z calcd. for 

C37H35N2O9S2 [M + H]+ 715.1786, found 715.1778. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 5-fluoro-2,4'',9'-trioxo-3''-phenyl-2''-thioxo 

-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dica

rboxylate (3e). From 1e (49.1 mg, 0.12 mmol) and 2a (29.3 mg, 0.10 mmol), purified by 

silica gel (200-300 mesh) column chromatography using dichloromethane/petroleum ether 

(1/2) as eluent to obtain 60.4 mg (86% yield) compound 3e as a white solid, m.p. 191192 °C. 

HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate = 90:10, flow rate 1.0 mL/min, detection 

at 254 nm): tR = 12.3 min (minor), tR = 14.6 min (major); 94% ee. [α]D
25 = +11.3° (c = 2.10, 

CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.86 (dd, J1 = 8.8 Hz, J2 = 4.4 Hz, 1H, ArH), 7.82 

(dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H, ArH), 7.597.55 (m, 2H, ArH), 7.517.45 (m, 2H, ArH), 

7.30 (d, J = 7.2 Hz, 2H, ArH), 7.077.00 (m, 2H, ArH), 6.92 (dd, J1 = 7.4 Hz, J2 = 2.6 Hz, 1H, 

ArH), 6.87 (d, J = 8.4 Hz, 1H, ArH), 4.93 (d, J = 13.6 Hz, 1H, CH), 4.19 (s, 1H, CH), 

4.154.02 (m, 2H, CH2), 3.723.65 (m, 1H, CH), 2.56 (dd, J1 = 15.2 Hz, J2 = 3.6 Hz, 1H, 

CH2), 1.74 (dd, J1 = 15.0 Hz, J2 = 11.8 Hz, 1H, CH2), 1.66 (s, 9H, CH3), 1.10 (t, J = 7.0 Hz, 

3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  201.8, 190.1, 177.4, 175.7, 166.8, 159.9 (d, 

1JCF = 243.0 Hz), 159.3, 148.8, 136.6, 135.3, 132.6 (d, 3JCF = 7.5 Hz), 129.74, 129.67, 

128.0, 127.1, 122.5, 119.8, 117.6, 121.0, 116.8 (d, 3JCF = 7.7 Hz), 115.4 (d, 2JCF = 22.5 Hz), 

109.1 (d, 2JCF = 24.7 Hz), 85.1, 82.5, 65.6, 62.9, 52.8, 47.4, 39.4, 33.4, 28.1, 13.6 ppm. 19F 

NMR (376 MHz, CDCl3):  116.5 ppm. HRMS (ESI): m/z calcd. for C36H32FN2O8S2 [M + 

H]+ 703.1579, found 703.1578. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 5-chloro-2,4'',9'-trioxo-3''-phenyl-2''-thioxo 

-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dica

rboxylate (3f). From 1f (51.1 mg, 0.12 mmol) and 2a (29.3 mg, 0.10 mmol), purified by 

silica gel (200-300 mesh) column chromatography using dichloromethane/petroleum ether 

(1/2) as eluent to obtain 66.2 mg (92% yield) compound 3f as a light yellow solid, m.p. 
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194196 °C. HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate = 90:10, flow rate 1.0 

mL/min, detection at 254 nm): tR = 11.1 min (minor), tR = 12.7 min (major); 93% ee. [α]D
25 = 

+40.9° (c = 2.33, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.847.81 (m, 2H, ArH), 

7.607.56 (m, 2H, ArH), 7.527.46 (m, 2H, ArH), 7.337.30 (m, 3H, ArH), 7.17 (d, J = 2.0 

Hz, 1H, ArH), 7.05 (t, J = 8.0 Hz, 1H, ArH), 6.89 (d, J = 8.0 Hz, 1H, ArH), 4.92 (d, J = 13.6 

Hz, 1H, CH), 4.19 (s, 1H, CH), 4.154.02 (m, 2H, CH2), 3.713.64 (m, 1H, CH), 2.57 (dd, J1 

= 15.0 Hz, J2 = 3.4 Hz, 1H, CH2), 1.74 (dd, J1 = 15.0 Hz, J2 = 11.8 Hz, 1H, CH2), 1.66 (s, 9H, 

CH3), 1.10 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  201.8, 190.1, 177.3, 

175.4, 166.7, 159.3, 148.7, 138.0, 136.6, 135.3, 132.6, 130.1, 129.73, 129.67, 129.0, 128.0, 

127.1, 122.5, 121.7, 119.8, 117.6, 116.6, 85.2, 82.4, 65.6, 62.9, 52.9, 47.2, 39.4, 33.4, 28.0, 

13.6 ppm. HRMS (ESI): m/z calcd. for C36H32ClN2O8S2 [M + H]+ 719.1283, found 719.1298. 

 

(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 6-chloro-2,4'',9'-trioxo-3''-phenyl-2''-thioxo 

-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dica

rboxylate (3g). From 1g (51.1 mg, 0.12 mmol) and 2a (29.3 mg, 0.10 mmol), purified by 

silica gel (200-300 mesh) column chromatography using dichloromethane/petroleum ether 

(1/2) as eluent to obtain 67.6 mg (94% yield) compound 3g as a light yellow solid, m.p. 

193195 °C. HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate = 90:10, flow rate 1.0 

mL/min, detection at 254 nm): tR = 14.2 min (minor), tR = 19.8 min (major); 86% ee. [α]D
25 = 

+14.3° (c = 2.35, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.95 (d, J = 2.0 Hz, 1H, ArH), 7.82 

(dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H, ArH), 7.607.56 (m, 2H, ArH), 7.547.50 (m, 2H, ArH), 

7.32 (d, J = 7.2 Hz, 2H, ArH), 7.16 (dd, J1 = 8.0 Hz, J2 = 2.0 Hz, 1H, ArH), 7.127.05 (m, 2H, 

ArH), 6.95 (d, J = 8.4 Hz, 1H, ArH), 4.92 (d, J = 13.6 Hz, 1H, CH), 4.14 (s, 1H, CH), 

4.114.02 (m, 2H, CH2), 3.733.66 (m, 1H, CH), 2.61 (dd, J1 = 15.2 Hz, J2 = 3.6 Hz, 1H, 

CH2), 1.77 (dd, J1 = 15.0 Hz, J2 = 12.0 Hz, 1H, CH2), 1.67 (s, 9H, CH3), 1.09 (t, J = 7.2 Hz, 
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3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  201.7, 190.2, 177.2, 175.5, 166.7, 159.4, 

148.6, 140.4, 136.6, 135.3, 134.8, 129.7, 129.6, 129.2, 128.0, 127.1, 124.7, 122.5, 122.0, 

119.9, 117.7, 116.2, 85.4, 82.5, 65.5, 62.9, 53.0, 46.9, 39.5, 33.5, 28.0, 13.6 ppm. HRMS 

(ESI): m/z calcd. for C36H32ClN2O8S2 [M + H]+ 719.1283, found 719.1285. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 7'-fluoro-2,4'',9'-trioxo-3''-phenyl-2''-thioxo 

-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dica

rboxylate (3h). From 1h (49.1 mg, 0.12 mmol) and 2a (29.3 mg, 0.10 mmol), purified by 

silica gel (200-300 mesh) column chromatography using dichloromethane/petroleum ether 

(1/2) as eluent to obtain 66.1 mg (94% yield) compound 3h as a light yellow solid, m.p. 

185187 °C. HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate = 90:10, flow rate 1.0 

mL/min, detection at 254 nm): tR = 14.1 min (minor), tR = 24.1 min (major); 85% ee. [α]D
25 = 

+19.0° (c = 2.21, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.86 (d, J = 8.4 Hz, 1H, ArH), 

7.607.56 (m, 2H, ArH), 7.547.51 (m, 1H, ArH), 7.48 (dd, J1 = 8.0 Hz, J2 = 3.2 Hz, 1H, 

ArH), 7.377.31 (m, 3H, ArH), 7.277.22 (m, 1H, ArH), 7.18 (d, J = 4.4 Hz, 2H, ArH), 6.95 

(dd, J1 = 9.2 Hz, J2 = 4.0 Hz, 1H, ArH), 4.93 (d, J = 14.0 Hz, 1H, CH), 4.17 (s, 1H, CH), 

4.093.99 (m, 2H, CH2), 3.763.69 (m, 1H, CH), 2.62 (dd, J1 = 15.2 Hz, J2 = 3.6 Hz, 1H, 

CH2), 1.79 (dd, J1 = 15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 1.67 (s, 9H, CH3), 1.05 (t, J = 7.2 Hz, 

3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  201.8, 189.7, 177.2, 176.1, 166.8, 157.7 (d, 

1JCF = 242.5 Hz), 155.7, 148.8, 139.4, 135.3, 130.6, 129.7, 129.6, 129.1, 128.0, 124.8, 

124.1 (d, 2JCF = 24.5 Hz), 121.1, 120.4 (d, 3JCF = 6.6 Hz), 119.5 (d, 3JCF = 7.3 Hz), 115.4, 

112.2 (d, 2JCF = 23.4 Hz), 85.0, 82.9, 65.5, 62.8, 53.2, 47.0, 39.5, 33.6, 28.1, 13.5 ppm. 19F 

NMR (376 MHz, CDCl3):  119.4 ppm. HRMS (ESI): m/z calcd. for C36H32FN2O8S2 [M + 

H]+ 703.1579, found 703.1587. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 7'-chloro-2,4'',9'-trioxo-3''-phenyl-2''- 

thioxo-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,

3'-dicarboxylate (3i). From 1i (51.1 mg, 0.12 mmol) and 2a (29.3 mg, 0.10 mmol), 

purified by silica gel (200-300 mesh) column chromatography using 

dichloromethane/petroleum ether (1/2) as eluent to obtain 69.0 mg (96% yield) compound 3i 

as a light yellow solid, m.p. 195197 °C. HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate 

= 90:10, flow rate 1.0 mL/min, detection at 254 nm): tR = 14.4 min (minor), tR = 22.6 min 

(major); 81% ee. [α]D
25 = +24.8° (c = 2.37, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.86 (d, J 

= 8.0 Hz, 1H, ArH), 7.78 (d, J = 2.8 Hz, 1H, ArH), 7.597.55 (m, 2H, ArH), 7.537.49 (m, 

1H, ArH), 7.45 (dd, J1 = 8.8 Hz, J2 = 2.4 Hz, 1H, ArH), 7.377.30 (m, 3H, ArH), 7.17 (d, J = 

4.4 Hz, 2H, ArH), 6.91 (d, J = 8.8 Hz, 1H, ArH), 4.94 (d, J = 14.0 Hz, 1H, CH), 4.17 (s, 1H, 

CH), 4.083.99 (m, 2H, CH2), 3.763.69 (m, 1H, CH), 2.61 (dd, J1 = 15.2 Hz, J2 = 3.2 Hz, 

1H, CH2), 1.79 (dd, J1 = 15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 1.67 (s, 9H, CH3), 1.05 (t, J = 7.2 

Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  201.7, 189.3, 177.2, 176.1, 166.8, 157.9, 

148.8, 139.4, 136.4, 135.3, 130.6, 129.7, 129.6, 129.1, 128.1, 128.0, 126.4, 124.8, 121.1, 

120.7, 119.4, 115.4, 85.0, 82.8, 65.5, 62.8, 53.2, 47.0, 39.5, 33.5, 28.1, 13.5 ppm. HRMS 

(ESI): m/z calcd. for C36H32ClN2O8S2 [M + H]+ 719.1283, found 719.1300. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 7'-methyl-2,4'',9'-trioxo-3''-phenyl-2''- 

thioxo-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,

3'-dicarboxylate (3j). From 1j (48.6 mg, 0.12 mmol) and 2a (29.3 mg, 0.10 mmol), 

purified by silica gel (200-300 mesh) column chromatography using 

dichloromethane/petroleum ether (1/2) as eluent to obtain 65.0 mg (93% yield) compound 3j 

as a light yellow solid, m.p. 184186 °C. HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate 

= 90:10, flow rate 1.0 mL/min, detection at 254 nm): tR = 15.7 min (minor), tR = 21.2 min 

(major); 87% ee. [α]D
25 = +21.7° (c = 2.09, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.86 (d, J 

= 8.4 Hz, 1H, ArH), 7.627.56 (m, 3H, ArH), 7.547.51 (m, 1H, ArH), 7.367.31 (m, 4H, 

ArH), 7.207.17 (m, 2H, ArH), 6.85 (d, J = 8.4 Hz, 1H, ArH), 4.90 (d, J = 13.6 Hz, 1H, CH), 

4.16 (s, 1H, CH), 4.093.98 (m, 2H, CH2), 3.743.67 (m, 1H, CH), 2.63 (dd, J1 = 15.2 Hz, J2 

= 3.2 Hz, 1H, CH2), 2.30 (s, 3H, CH3), 1.78 (dd, J1 = 15.2 Hz, J2 = 11.6 Hz, 1H, CH2), 1.67 (s, 

9H, CH3), 1.05 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  202.1, 190.6, 

177.3, 176.1, 166.9, 157.6, 148.9, 139.4, 137.6, 135.4, 132.0, 130.8, 129.7, 129.6, 129.0, 

128.1, 126.7, 124.7, 121.0, 119.6, 117.5, 115.4, 84.9, 82.7, 65.6, 62.7, 53.1, 47.1, 39.6, 33.8, 

28.1, 20.4, 13.6 ppm. HRMS (ESI): m/z calcd. for C37H35N2O8S2 [M + H]+ 699.1829, found 

699.1837. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 7'-isopropyl-2,4'',9'-trioxo-3''-phenyl-2''- 

thioxo-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,

3'-dicarboxylate (3k). From 1k (52.0 mg, 0.12 mmol) and 2a (29.3 mg, 0.10 mmol), 

purified by silica gel (200-300 mesh) column chromatography using 

dichloromethane/petroleum ether (1/2) as eluent to obtain 71.0 mg (98% yield) compound 3k 

as a light yellow solid, m.p. 200202 °C. HPLC (Daicel Chiralpak IB, n-hexane/ethyl acetate 

= 85:15, flow rate 1.0 mL/min, detection at 254 nm): tR = 8.5 min (minor), tR = 14.0 min 



 
S9

(major); 88% ee. [α]D
25 = +24.4° (c = 2.45, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.86 (d, J 

= 8.0 Hz, 1H, ArH), 7.69 (d, J = 2.4 Hz, 1H, ArH), 7.607.56 (m, 2H, ArH), 7.547.50 (m, 

1H, ArH), 7.41 (dd, J1 = 8.8 Hz, J2 = 2.4 Hz, 1H, ArH), 7.377.32 (m, 3H, ArH), 7.197.18 

(m, 2H, ArH), 6.91 (d, J = 8.8 Hz, 1H, ArH), 4.91 (d, J = 13.6 Hz, 1H, CH), 4.16 (s, 1H, CH), 

4.103.98 (m, 2H, CH2), 3.753.68 (m, 1H, CH), 2.922.85 (m, 1H, CH), 2.65 (dd, J1 = 15.0 

Hz, J2 = 3.4 Hz, 1H, CH2), 1.78 (dd, J1 = 15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 1.67 (s, 9H, CH3), 

1.22 (d, J = 6.8 Hz, 6H, CH3), 1.06 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, 

CDCl3):  202.1, 190.6, 177.3, 176.1, 166.9, 157.8, 148.9, 143.1, 139.4, 135.4, 135.3, 130.8, 

129.7, 129.5, 129.0, 128.1, 124.7, 124.1, 121.0, 119.7 117.6, 115.4, 84.9, 82.7, 65.6, 62.7, 

53.1, 47.1, 39.6, 33.8, 33.3, 28.1, 23.81, 23.77, 13.6 ppm. HRMS (ESI): m/z calcd. for 

C39H39N2O8S2 [M + H]+ 727.2142, found 727.2157. 
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NC
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O

S
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O
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(3R,3'S,4'R,4a'S,9a'R)-tert-Butyl 3'-cyano-2,4'',9'-trioxo-3''-phenyl-2''-thioxo-4a',9a'- 

dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1-carboxylate 

(3l). From 1a (47.0 mg, 0.12 mmol) and 2b (24.6 mg, 0.10 mmol), purified by silica gel 

(200-300 mesh) column chromatography using dichloromethane/petroleum ether (1/2) as 

eluent to obtain 52.3 mg (82% yield) compound 3l as a light yellow solid, m.p. 247249 °C. 

HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate = 90:10, flow rate 1.0 mL/min, detection 

at 254 nm): tR = 12.8 min (minor), tR = 25.2 min (major); 92% ee. [α]D
25 = +36.9° (c = 0.85, 

CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.93 (d, J = 8.0 Hz, 1H, ArH), 7.86 (dd, J1 = 7.8 Hz, 

J2 = 1.4 Hz, 1H, ArH), 7.597.53 (m, 4H, ArH), 7.487.43 (m, 1H, ArH), 7.307.25 (m, 4H, 

ArH), 7.11 (t, J = 8.0 Hz, 1H, ArH), 6.99 (d, J = 8.0 Hz, 1H, ArH), 4.89 (d, J = 13.6 Hz, 1H, 

CH), 4.03 (s, 1H, CH), 3.943.87 (m, 1H, CH), 2.78 (dd, J1 = 15.4 Hz, J2 = 3.8 Hz, 1H, CH2), 

1.90 (dd, J1 = 15.4 Hz, J2 = 11.8 Hz, 1H, CH2), 1.68 (s, 9H, CH3) ppm. 13C NMR (100 MHz, 

CDCl3):  199.8, 189.8, 175.6, 173.7, 159.2, 148.2, 139.5, 136.9, 134.8, 130.8, 130.1, 129.8, 
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128.2, 127.3, 126.8, 125.7, 122.9, 122.1, 120.0, 117.8, 116.1, 113.2, 85.9, 81.4, 65.4, 47.9, 

42.3, 40.0, 32.3, 28.1 ppm. HRMS (ESI): m/z calcd. for C34H28N3O6S2 [M + H]+ 638.1414, 

found 638.1420. 

 

(3R,3'S,4'R,4a'S,9a'R)-Di-tert-butyl 2,4'',9'-trioxo-3''-phenyl-2''-thioxo-4a',9a'-dihydro- 

1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dicarboxylate (3m). 

From 1a (47.0 mg, 0.12 mmol) and 2c (32.1 mg, 0.10 mmol), purified by silica gel (200-300 

mesh) column chromatography using dichloromethane/petroleum ether (1/2) as eluent to 

obtain 70.1 mg (98% yield) compound 3m as a light yellow solid, m.p. 154156 °C. HPLC 

(Daicel Chiralpak IC, n-hexane/ethyl acetate = 90:10, flow rate 1.0 mL/min, detection at 254 

nm): tR = 11.1 min (minor), tR = 15.5 min (major); 86% ee. [α]D
25 = +13.6° (c = 2.59, CH2Cl2). 

1H NMR (400 MHz, CDCl3):  7.88 (d, J = 8.0 Hz, 1H, ArH), 7.84 (dd, J1 = 7.8 Hz, J2 = 1.8 

Hz, 1H, ArH), 7.597.49 (m, 4H, ArH), 7.387.33 (m, 3H, ArH), 7.217.17 (m, 2H, ArH), 

7.06 (t, J = 7.6 Hz, 1H, ArH), 6.97 (d, J = 8.4 Hz, 1H, ArH), 4.97 (d, J = 14.0 Hz, 1H, CH), 

4.03 (s, 1H, CH), 3.793.72 (m, 1H, CH), 2.63 (dd, J1 = 15.2 Hz, J2 = 3.6 Hz, 1H, CH2), 1.78 

(dd, J1 = 15.0 Hz, J2 = 11.8 Hz, 1H, CH2), 1.66 (s, 9H, CH3), 1.17 (s, 9H, CH3) ppm. 13C 

NMR (100 MHz, CDCl3):  202.2, 190.6, 177.4, 175.7, 165.9, 159.6, 149.0, 139.3, 136.5, 

135.6, 130.8, 129.6, 129.5, 129.0, 128.2, 127.1, 124.8, 122.4, 121.1, 120.0, 117.8, 115.2, 85.0, 

84.8, 82.4, 66.0, 54.3, 46.9, 39.8, 33.7, 28.1, 27.2 ppm. HRMS (ESI): m/z calcd. for 

C38H37N2O8S2 [M + H]+ 713.1986, found 713.1992. 
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(3R,3'S,4'R,4a'S,9a'R)-tert-Butyl 3'-acetyl-2,4'',9'-trioxo-3''-phenyl-2''-thioxo-4a',9a'- 

dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1-carboxylate 

(3n). From 1a (47.0 mg, 0.12 mmol) and 2d (26.2 mg, 0.10 mmol), purified by silica gel 

(200-300 mesh) column chromatography using dichloromethane/petroleum ether (1/2) as 

eluent to obtain 53.7 mg (82% yield) compound 3n as a light yellow solid, m.p. 198199 °C. 

HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate = 90:10, flow rate 1.0 mL/min, detection 

at 254 nm): tR = 18.7 min (minor), tR = 24.5 min (major); 99% ee. [α]D
25 = +22.5° (c = 1.38, 

CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.897.84 (m, 2H, ArH), 7.627.53 (m, 4H, ArH), 

7.367.32 (m, 1H, ArH), 7.277.25 (m, 2H, ArH), 7.197.15 (m, 2H, ArH), 7.09 (t, J = 8.0 

Hz, 1H, ArH), 6.98 (d, J = 8.0 Hz, 1H, ArH), 4.96 (d, J = 14.0 Hz, 1H, CH), 4.21 (s, 1H, CH), 

3.843.78 (m, 1H, CH), 2.61 (dd, J1 = 15.0 Hz, J2 = 3.4 Hz, 1H, CH2), 2.00 (s, 3H, CH3), 1.80 

(dd, J1 = 15.2 Hz, J2 = 11.6 Hz, 1H, CH2), 1.68 (s, 9H, CH3) ppm. 13C NMR (100 MHz, 

CDCl3):  201.4, 200.3, 190.4, 177.7, 176.3, 159.4, 148.9, 139.5, 136.6, 135.1, 130.2, 130.0, 

129.8, 129.3, 128.0, 127.2, 124.7, 122.6, 120.8, 120.0, 117.7, 115.8, 84.9, 83.5, 64.9, 60.0, 

46.8, 39.7, 33.5, 29.9, 28.1 ppm. HRMS (ESI): m/z calcd. for C35H30N2O7S2Na [M + Na]+ 

677.1387, found 677.1398. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 3''-methyl-2,4'',9'-trioxo-2''-thioxo-4a',9a'- 

dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dicarboxylat
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e (3p). From 1a (47.0 mg, 0.12 mmol) and 2f (23.1 mg, 0.10 mmol), purified by silica gel 

(200-300 mesh) column chromatography using dichloromethane/petroleum ether (1/2) as 

eluent to obtain 58.2 mg (93% yield) compound 3p as a white solid, m.p. 150152 °C. HPLC 

(Daicel Chiralpak IB, n-hexane/ethyl acetate = 85:15, flow rate 1.0 mL/min, detection at 254 

nm): tR = 10.2 min (minor), tR = 13.7 min (major); 95% ee. [α]D
25 = 27.1° (c = 2.44, CH2Cl2). 

1H NMR (400 MHz, CDCl3):  7.85 (d, J = 8.0 Hz, 1H, ArH), 7.81 (dd, J1 = 7.8 Hz, J2 = 1.8 

Hz, 1H, ArH), 7.507.46 (m, 1H, ArH), 7.367.32 (m, 1H, ArH), 7.207.15 (m, 2H, ArH), 

7.04 (t, J = 8.0 Hz, 1H, ArH), 6.86 (d, J = 7.6 Hz, 1H, ArH), 4.87 (d, J = 13.6 Hz, 1H, CH), 

4.09 (s, 1H, CH), 4.043.96 (m, 1H, CH2), 3.863.78 (m, 1H, CH2), 3.713.63 (m, 1H, CH), 

3.53 (s, 3H, CH3), 2.62 (dd, J1 = 15.0 Hz, J2 = 3.4 Hz, 1H, CH2), 1.78 (dd, J1 = 15.2 Hz, J2 = 

12.0 Hz, 1H, CH2), 1.66 (s, 9H, CH3), 0.98 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, 

CDCl3):  202.1, 190.4, 177.6, 176.1, 166.5, 159.4, 148.8, 139.5, 136.4, 130.7, 129.0, 127.0, 

124.7, 122.4, 121.0, 119.9, 117.9, 115.5, 84.8, 82.2, 65.1, 62.4, 53.2, 47.0, 39.6, 33.6, 31.6, 

28.1, 13.4 ppm. HRMS (ESI): m/z calcd. for C31H31N2O8S2 [M + H]+ 623.1516, found 

623.1538. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 2,4'',9'-trioxo-3''-propyl-2''-thioxo-4a',9a'- 

dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dicarboxylat

e (3q). From 1a (47.0 mg, 0.12 mmol) and 2g (25.9 mg, 0.10 mmol), purified by silica gel 

(200-300 mesh) column chromatography using dichloromethane/petroleum ether (1/2) as 

eluent to obtain 61.2 mg (94% yield) compound 3q as a white solid, m.p. 147149 °C. HPLC 

(Daicel Chiralpak IB, n-hexane/ethyl acetate = 85:15, flow rate 1.0 mL/min, detection at 254 

nm): tR = 7.5 min (minor), tR = 11.2 min (major); 92% ee. [α]D
25 = 37.4° (c = 2.54, CH2Cl2). 

1H NMR (400 MHz, CDCl3):  7.85 (d, J = 8.4 Hz, 1H, ArH), 7.82 (dd, J1 = 8.0 Hz, J2 = 1.6 

Hz, 1H, ArH), 7.507.46 (m, 1H, ArH), 7.367.31 (m, 1H, ArH), 7.207.15 (m, 2H, ArH), 
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7.05 (t, J = 8.0 Hz, 1H, ArH), 6.82 (d, J = 8.4 Hz, 1H, ArH), 4.87 (d, J = 14.0 Hz, 1H, CH), 

4.244.17 (m, 1H, CH2), 4.08 (s, 1H, CH), 4.023.96 (m, 2H, CH2), 3.883.80 (m, 1H, CH2), 

3.713.63 (m, 1H, CH), 2.62 (dd, J1 = 15.2 Hz, J2 = 3.6 Hz, 1H, CH2), 1.861.74 (m, 3H, 

CH2), 1.66 (s, 9H, CH3), 1.06 (t, J = 7.4 Hz, 3H, CH3), 0.98 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C 

NMR (100 MHz, CDCl3):  202.2, 190.5, 177.6, 176.1, 166.6, 159.5, 148.8, 139.5, 136.5, 

130.7, 129.0, 127.1, 124.6, 122.3, 121.0, 119.9, 117.6, 115.4, 84.8, 82.4, 64.5, 62.5, 53.1, 47.0, 

46.4, 39.5, 33.6, 28.1, 20.2, 13.4, 11.3 ppm. HRMS (ESI): m/z calcd. for C33H35N2O8S2 [M + 

H]+ 651.1829, found 651.1814. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 3''-benzyl-2,4'',9'-trioxo-2''-thioxo-4a',9a'- 

dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dicarboxylat

e (3r). From 1a (47.0 mg, 0.12 mmol) and 2h (30.7 mg, 0.10 mmol), purified by silica gel 

(200-300 mesh) column chromatography using dichloromethane/petroleum ether (1/2) as 

eluent to obtain 61.9 mg (89% yield) compound 3r as a white solid, m.p. 161162 °C. HPLC 

(Daicel Chiralpak IB, n-hexane/ethyl acetate = 85:15, flow rate 1.0 mL/min, detection at 254 

nm): tR = 9.5 min (minor), tR = 21.4 min (major); 93% ee. [α]D
25 = 39.2° (c = 2.36, CH2Cl2). 

1H NMR (400 MHz, CDCl3):  7.85 (d, J = 8.4 Hz, 1H, ArH), 7.78 (dd, J1 = 7.8 Hz, J2 = 1.8 

Hz, 1H, ArH), 7.57 (dd, J1 = 7.8 Hz, J2 = 1.8 Hz, 2H, ArH), 7.437.39 (m, 1H, ArH), 

7.387.31 (m, 4H, ArH), 7.17 (d, J = 4.4 Hz, 2H, ArH), 7.01 (t, J = 8.0 Hz, 1H, ArH), 6.50 (d, 

J = 8.4 Hz, 1H, ArH), 5.43 (d, J = 14.4 Hz, 1H, CH2), 5.19 (d, J = 14.0 Hz, 1H, CH2), 4.85 (d, 

J = 13.6 Hz, 1H, CH), 4.09 (s, 1H, CH), 3.963.88 (m, 1H, CH), 3.723.61 (m, 2H, CH2), 

2.61 (dd, J1 = 15.0 Hz, J2 = 3.4 Hz, 1H, CH2), 1.75 (dd, J1 = 15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 

1.65 (s, 9H, CH3), 0.92 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  201.7, 

190.4, 177.7, 176.2, 166.5, 159.4, 148.8, 139.5, 136.3, 134.8, 130.8, 129.1, 129.0, 128.4, 

128.1, 127.0, 124.7, 122.3, 121.0, 119.9, 117.7, 115.5, 84.8, 82.4, 64.7, 62.5, 53.0, 47.9, 47.0, 
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39.5, 33.6, 28.1, 13.5 ppm. HRMS (ESI): m/z calcd. for C37H35N2O8S2 [M + H]+ 699.1829, 

found 699.1809. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 3''-cyclohexyl-2,4'',9'-trioxo-2''-thioxo- 

4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dicar

boxylate (3s). From 1a (47.0 mg, 0.12 mmol) and 2i (29.9 mg, 0.10 mmol), purified by silica 

gel (200-300 mesh) column chromatography using dichloromethane/petroleum ether (1/2) as 

eluent to obtain 62.9 mg (91% yield) compound 3s as a light yellow solid, m.p. 181183 °C. 

HPLC (Daicel Chiralpak IB, n-hexane/ethyl acetate = 90:10, flow rate 1.0 mL/min, detection 

at 254 nm): tR = 10.0 min (minor), tR = 16.9 min (major); 94% ee. [α]D
25 = 6.7° (c = 1.70, 

CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.85 (d, J = 8.0 Hz, 1H, ArH), 7.81 (dd, J1 = 8.0 Hz, 

J2 = 1.6 Hz, 1H, ArH), 7.507.46 (m, 1H, ArH), 7.357.31 (m, 1H, ArH), 7.17 (d, J = 4.4 Hz, 

2H, ArH), 7.04 (t, J = 7.6 Hz, 1H, ArH), 6.83 (d, J = 8.0 Hz, 1H, ArH), 5.06 (t, J = 12.2 Hz, 

1H, CH), 4.79 (d, J = 13.6 Hz, 1H, CH), 4.053.97 (m, 2H, CH + CH2), 3.933.85 (m, 1H, 

CH2), 3.683.61 (m, 1H, CH), 2.60 (dd, J1 = 15.0 Hz, J2 = 3.4 Hz, 1H, CH2), 2.442.35 (m, 

2H, CH2), 1.91 (t, J = 10.8 Hz, 2H, CH2), 1.801.71 (m, 3H, CH2), 1.66 (s, 9H, CH3), 

1.501.22 (m, 4H, CH2), 1.00 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  

203.2, 190.6, 177.6, 176.1, 166.7, 159.6, 148.9, 139.5, 136.5, 130.9, 129.0, 127.1, 124.6, 

122.3, 120.9, 119.9, 117.7, 115.4, 84.8, 82.8, 62.5, 62.3, 58.3, 52.8, 47.0, 39.5, 33.7, 28.1, 

27.6, 27.4, 26.0, 25.9, 25.1, 13.6 ppm. HRMS (ESI): m/z calcd. for C36H39N2O8S2 [M + H]+ 

691.2142, found 691.2117. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 3''-(4-fluorophenyl)-2,4'',9'-trioxo-2''- 

thioxo-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,

3'-dicarboxylate (3t). From 1a (47.0 mg, 0.12 mmol) and 2j (31.1 mg, 0.10 mmol), 

purified by silica gel (200-300 mesh) column chromatography using 

dichloromethane/petroleum ether (1/2) as eluent to obtain 68.9 mg (98% yield) compound 3t 

as a light yellow solid, m.p. 179181 °C. HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate 

= 90:10, flow rate 1.0 mL/min, detection at 254 nm): tR = 14.9 min (minor), tR = 12.7 min 

(major); 92% ee. [α]D
25 = +17.3° (c = 2.88, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.86 (d, J 

= 8.0 Hz, 1H, ArH), 7.84 (dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H, ArH), 7.557.50 (m, 1H, ArH), 

7.377.30 (m, 3H, ArH), 7.277.23 (m, 2H, ArH), 7.207.16 (m, 2H, ArH), 7.07 (t, J = 8.0 

Hz, 1H, ArH), 6.94 (d, J = 8.0 Hz, 1H, ArH), 4.94 (d, J = 13.6 Hz, 1H, CH), 4.15 (s, 1H, CH), 

4.063.97 (m, 2H, CH2), 3.763.69 (m, 1H, CH), 2.64 (dd, J1 = 15.0 Hz, J2 = 3.4 Hz, 1H, 

CH2), 1.80 (dd, J1 = 15.2 Hz, J2 = 11.6 Hz, 1H, CH2), 1.67 (s, 9H, CH3), 1.03 (t, J = 7.2 Hz, 

3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  201.9, 190.3, 177.3, 176.1, 166.8, 162.9 (d, 

1JCF = 248.5 Hz), 159.4, 148.8, 139.4, 136.6, 131.1 (d, 4J CF = 3.2 Hz), 130.7, 130.0 (d, 3J 

CF = 9.0 Hz), 129.1, 127.2, 124.8, 122.5, 121.0, 120.0, 117.7, 116.7 (d, 2J CF = 23.0 Hz), 

115.4, 84.9, 82.6, 65.6, 62.8, 53.2, 47.0, 39.6, 33.7, 28.1, 13.5 ppm. 19F NMR (376 MHz, 

CDCl3):  110.5 ppm. HRMS (ESI): m/z calcd. for C36H32FN2O8S2 [M + H]+ 703.1579, 

found 703.1587. 
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 3''-(4-chlorophenyl)-2,4'',9'-trioxo-2''- 

thioxo-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,

3'-dicarboxylate (3u). From 1a (47.0 mg, 0.12 mmol) and 2k (32.8 mg, 0.10 mmol), 

purified by silica gel (200-300 mesh) column chromatography using 

dichloromethane/petroleum ether (1/2) as eluent to obtain 60.9 mg (85% yield) compound 3u 

as a light yellow solid, m.p. 177179 °C. HPLC (Daicel Chiralpak IB, n-hexane/ethyl acetate 

= 85:15, flow rate 1.0 mL/min, detection at 254 nm): tR = 9.6 min (minor), tR = 18.0 min 

(major); 94% ee. [α]D
25 = +8.6° (c = 2.59, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.877.82 

(m, 2H, ArH), 7.557.50 (m, 3H, ArH), 7.377.33 (m, 1H, ArH), 7.307.26 (m, 2H, ArH), 

7.207.16 (m, 2H, ArH), 7.07 (t, J = 8.0 Hz, 1H, ArH), 6.94 (d, J = 8.0 Hz, 1H, ArH), 4.93 (d, 

J = 13.6 Hz, 1H, CH), 4.15 (s, 1H, CH), 4.063.97 (m, 2H, CH2), 3.763.69 (m, 1H, CH), 

2.64 (dd, J1 = 15.0 Hz, J2 = 3.4 Hz, 1H, CH2), 1.80 (dd, J1 = 15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 

1.67 (s, 9H, CH3), 1.02 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  201.7, 

190.2, 177.1, 176.1, 166.8, 159.4, 148.8, 139.4, 136.6, 135.7, 133.7, 130.7, 129.9, 129.5, 

129.1, 127.2, 124.8, 122.6, 121.0, 120.0, 117.7, 115.4, 84.9, 82.6, 65.7, 62.8, 53.2, 47.0, 39.6, 

33.7, 28.1, 13.5 ppm. HRMS (ESI): m/z calcd. for C36H32ClN2O8S2 [M + H]+ 719.1283, found 

719.1291. 

N

O

Boc

O
SN

O

S

O
EtO2C

Br

3v
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 3''-(4-bromophenyl)-2,4'',9'-trioxo-2''- 

thioxo-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,

3'-dicarboxylate (3v). From 1a (47.0 mg, 0.12 mmol) and 2k (37.2 mg, 0.10 mmol), 

purified by silica gel (200-300 mesh) column chromatography using 

dichloromethane/petroleum ether (1/2) as eluent to obtain 68.0 mg (89% yield) compound 3v 

as a light yellow solid, m.p. 201203 °C. HPLC (Daicel Chiralpak IB, n-hexane/ethyl acetate 

= 85:15, flow rate 1.0 mL/min, detection at 254 nm): tR = 10.0 min (minor), tR = 18.1 min 

(major); 94% ee. [α]D
25 = +4.9° (c = 1.90, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.877.83 

(m, 2H, ArH), 7.727.68 (m, 2H, ArH), 7.557.51 (m, 1H, ArH), 7.377.33 (m, 1H, ArH), 

7.247.18 (m, 4H, ArH), 7.08 (t, J = 8.0 Hz, 1H, ArH), 6.94 (d, J = 8.0 Hz, 1H, ArH), 4.93 (d, 

J = 14.0 Hz, 1H, CH), 4.14 (s, 1H, CH), 4.063.97 (m, 2H, CH2), 3.763.69 (m, 1H, CH), 

2.65 (dd, J1 = 15.2 Hz, J2 = 3.2 Hz, 1H, CH2), 1.80 (dd, J1 = 15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 

1.67 (s, 9H, CH3), 1.02 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  201.6, 

190.2, 177.1, 176.1, 166.8, 159.4, 148.8, 139.4, 136.6, 134.3, 132.9, 130.7, 129.8, 129.1, 

127.2, 124.8, 123.9, 122.6, 121.0, 120.0, 117.7, 115.4, 85.0, 82.6, 65.8, 62.8, 53.2, 47.0, 39.6, 

33.8, 28.1, 13.5 ppm. HRMS (ESI): m/z calcd. for C36H32
79BrN2O8S2 [M + H]+ 763.0778, 

found 763.0790; calcd. for C36H32
81BrN2O8S2 [M + H]+ 765.0758, found 765.0733. 

N

O

Boc

O
SN

O

S

O
EtO2C

H3C

3w
 

(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 2,4'',9'-trioxo-2''-thioxo-3''-(p-tolyl)-4a',9a'- 

dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,3'-dicarboxylat

e (3w). From 1a (47.0 mg, 0.12 mmol) and 2l (30.7 mg, 0.10 mmol), purified by silica gel 

(200-300 mesh) column chromatography using dichloromethane/petroleum ether (1/2) as 

eluent to obtain 65.0 mg (93% yield) compound 3w as a light yellow solid, m.p. 192194 °C. 

HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate = 90:10, flow rate 1.0 mL/min, detection 

at 254 nm): tR = 14.4 min (minor), tR = 17.8 min (major); 95% ee. [α]D
25 = +8.0° (c = 2.54, 
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CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.86 (d, J = 8.4 Hz, 1H, ArH), 7.83 (dd, J1 = 8.0 Hz, 

J2 = 1.6 Hz, 1H, ArH), 7.547.50 (m, 1H, ArH), 7.397.32 (m, 3H, ArH), 7.227.17 (m, 4H, 

ArH), 7.06 (t, J = 8.0 Hz, 1H, ArH), 6.95 (d, J = 8.0 Hz, 1H, ArH), 4.93 (d, J = 14.0 Hz, 1H, 

CH), 4.16 (s, 1H, CH), 4.093.98 (m, 2H, CH2), 3.773.70 (m, 1H, CH), 2.64 (dd, J1 = 15.2 

Hz, J2 = 3.6 Hz, 1H, CH2), 2.43 (s, 3H, CH3), 1.79 (dd, J1 = 15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 

1.67 (s, 9H, CH3), 1.05 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  202.2, 

190.4, 177.3, 176.1, 166.8, 159.5, 148.9, 139.8, 139.4, 136.5, 132.7, 130.8, 130.3, 129.0, 

127.7, 127.1, 124.7, 122.5, 121.0, 120.0, 117.7, 115.4, 84.9, 82.7, 65.5, 62.7, 53.1, 47.0, 39.6, 

33.7, 28.1, 21.4, 13.6 ppm. HRMS (ESI): m/z calcd. for C37H35N2O8S2 [M + H]+ 699.1829, 

found 699.1830. 

N
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(3R,3'S,4'R,4a'S,9a'R)-1-(tert-Butyl) 3'-ethyl 3''-(4-methoxyphenyl)-2,4'',9'-trioxo-2''- 

thioxo-4a',9a'-dihydro-1'H,3'H,9'H-dispiro[indoline-3,2'-xanthene-4',5''-thiazolidine]-1,

3'-dicarboxylate (3x). From 1a (47.0 mg, 0.12 mmol) and 2m (32.3 mg, 0.10 mmol), 

purified by silica gel (200-300 mesh) column chromatography using 

dichloromethane/petroleum ether (1/2) as eluent to obtain 66.1 mg (92% yield) compound 3x 

as a light yellow solid, m.p. 196198 °C. HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate 

= 90:10, flow rate 1.0 mL/min, detection at 254 nm): tR = 41.0 min (minor), tR = 29.2 min 

(major); 94% ee. [α]D
25 = +4.5° (c = 2.33, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.86 (d, J 

= 8.0 Hz, 1H, ArH), 7.83 (dd, J1 = 8.0 Hz, J2 = 1.6 Hz, 1H, ArH), 7.547.50 (m, 1H, ArH), 

7.377.33 (m, 1H, ArH), 7.267.23 (m, 2H, ArH), 7.207.18 (m, 2H, ArH), 7.087.05 (m, 

3H, ArH), 6.94 (d, J = 8.4 Hz, 1H, ArH), 4.93 (d, J = 13.6 Hz, 1H, CH), 4.16 (s, 1H, CH), 

4.083.97 (m, 2H, CH2), 3.86 (s, 3H, OCH3), 3.773.70 (m, 1H, CH), 2.64 (dd, J1 = 15.0 Hz, 

J2 = 3.4 Hz, 1H, CH2), 1.79 (dd, J1 = 15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 1.67 (s, 9H, CH3), 1.05 

(t, J = 7.0 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  202.4, 190.4, 177.4, 176.1, 
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166.8, 160.2, 159.5, 148.9, 139.4, 136.5, 130.8, 129.1, 129.0, 127.8, 127.1, 124.7, 122.5, 

121.0, 120.0, 117.7, 115.4, 114.8, 84.9, 82.7, 65.4, 62.7, 55.5, 53.1, 47.0, 39.6, 33.7, 28.1, 

13.6 ppm. HRMS (ESI): m/z calcd. for C37H35N2O9S2 [M + H]+ 715.1778, found 715.1779. 

 

5. Gram-scale synthesis of 3a 

 

Rhodamine derivative 2a (586.8 mg, 2.0 mmol) and catalyst C6 (64.0 mg, 5 mol %) were 

dissolved in dry DCE (20 mL) at room temperature for 15 min. Then, oxindole-chromone 1a 

(782.8 mg, 2.4 mmol) was added. After stirring at room temperature for 48 h, the reaction 

mixture was concentrated and directly purified by silica gel column chromatography 

(petroleum ether/CH2Cl2, 2:1) to afford the desired product 3a as a white solid (1.2737 g, 93% 

yield) with >20:1 dr and 95% ee. 

 

6. Procedure and the characterization data of compounds 3b and 3c 
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O

S
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O

3a, >20:1 dr, 95% ee

NH

O
EtO2C

O
SN

O

S

Ph

O

3b, 95% yield

CF3CO2H

CH2Cl2, rt, 4 h
N

O

CH3

EtO2C

O
SN

O

S

Ph

O

3c, 88% yield
>20:1 dr, 93% ee

DMF, 0 oC to rt

NaH, CH3I

 

Compound 3a (165.5 mg, 0.24 mmol) was dissolved in dry CH2Cl2 (5 mL) at at room 

temperature. Trifluoroacetic acid (0.3 mL) was added dropwise and the reaction mixture was 

stirred at room temperature for 4 h. After that, the reaction mixture was concentrated and 

directly purified by silica gel column chromatography (CH2Cl2 to CH2Cl2/CH3OH, 30:1) to 

afford the desired product 3b as a light yellow solid (133.3 mg, 95% yield), but cannot be 

separated by HPLC. m.p. 194196 °C. [α]D
25 = +54.9° (c = 2.64, DMSO). 1H NMR (400 
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MHz, DMSO-d6):  10.71 (s, 1H, NH ), 7.787.76 (m, 1H, ArH), 7.677.62 (m, 3H, ArH), 

7.597.56 (m, 1H, ArH), 7.41 (d, J = 7.6 Hz, 1H, ArH), 7.34 (d, J = 7.6 Hz, 2H, ArH), 7.23 

(td, J1 = 7.6 Hz, J2 = 0.9 Hz, 1H, ArH), 7.187.14 (m, 2H, ArH), 7.00 (t, J = 7.6 Hz, 1H, 

ArH), 6.90 (d, J = 7.6 Hz, 1H, ArH), 5.34 (d, J = 13.6 Hz, 1H, CH), 4.31 (s, 1H, CH), 

4.094.02 (m, 1H, CH2), 4.003.92 (m, 1H, CH2), 3.693.62 (m, 1H, CH), 2.25 (dd, J1 = 14.4 

Hz, J2 = 11.6 Hz, 1H, CH2), 2.14 (dd, J1 = 14.4 Hz, J2 = 3.6 Hz, 1H, CH2), 0.96 (t, J = 7.2 Hz, 

3H, CH3) ppm. 13C NMR (100 MHz, DMSO-d6):  202.9, 190.3, 179.4, 176.4, 167.0, 158.9, 

141.7, 136.6, 135.1, 133.1, 129.7, 129.6, 128.2, 128.0, 126.6, 122.5, 121.8, 121.7, 119.9, 

117.7, 109.6, 81.8, 79.1, 65.8, 61.8, 51.3, 46.6, 32.0, 13.4 ppm. HRMS (ESI): m/z calcd. for 

C31H25N2O6S2 [M + H]+ 585.1149, found 585.1163. 

To a stirred solution of 3b (116.9 mg, 0.2 mmol) in DMF (5 mL) was added NaH (12.0 mg, 

0.3 mmol) at 0 °C. Then methyl iodide (42.6 mg, 0.3 mmol) in 2 mL DMF was added 

dropwise into the stirred reaction mixture. The reaction mixture was allowed to stir at room 

temperature for another 12 h, the product 3b was completely consumped as detected by TLC 

analysis. After that, the mixture was treated with water (20 mL) and extracted with CH2Cl2 (3 

× 10 mL). The combined organic extracts was washed by brine, dried over Na2SO4, and the 

solvent was removed under vacuum. The crude product was purified by flash column 

chromatography on silica gel (petroleum ether/CH2Cl2, 1:2 to CH2Cl2) to afford the pure 

product 3c as a white soild (111.4 mg, 93% yield), m.p. 191193 °C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 90:10, flow rate 1.0 mL/min, detection at 254 nm): tR = 

30.7 min (minor), tR = 40.4 min (major); 93% ee. [α]D
25 = +42.5° (c = 2.87, CHCl3). 1H NMR 

(400 MHz, CDCl3):  7.84 (dd, J1 = 7.6 Hz, J2 = 1.6 Hz, 1H, ArH), 7.607.56 (m, 2H, ArH), 

7.557.51 (m, 2H, ArH), 7.357.31 (m, 3H, ArH), 7.17 (d, J = 6.8 Hz, 1H, ArH), 7.097.05 

(m, 2H, ArH), 6.97 (d, J = 8.0 Hz, 1H, ArH), 6.90 (d, J = 7.6 Hz, 1H, ArH), 4.95 (d, J = 13.6 

Hz, 1H, CH), 4.17 (s, 1H, CH), 4.134.05 (m, 1H, CH2), 4.003.92 (m, 1H, CH2), 3.903.83 

(m, 1H, CH), 3.27 (s, 3H, CH3), 2.51 (dd, J1 = 14.8 Hz, J2 = 3.2 Hz, 1H, CH2), 1.84 (dd, J1 = 

15.0 Hz, J2 = 11.8 Hz, 1H, CH2), 1.03 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C NMR (100 MHz, 

CDCl3):  202.2, 190.7, 177.6, 177.4, 166.9, 159.6, 143.4, 136.5, 135.5, 132.0, 129.7, 129.6, 

128.8, 128.1, 127.1, 122.8, 122.4, 121.1, 120.1, 117.8, 108.6, 83.0, 65.7, 62.4, 52.5, 46.7, 39.5, 
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33.3, 26.3, 13.8 ppm. HRMS (ESI): m/z calcd. for C32H27N2O6S2 [M + H]+ 599.1305, found 

599.1325. 

 

7. Procedure and the characterization data of compound 4 

 

To a solution of compound 3a (124.5 mg, 0.18 mmol) in acetic acid (3.0 mL) was added 

chromium trioxide (54.0 mg, 0.54 mmol) in three portions over 30 min at room temperature. 

The solution was stirred at 50 C for 12 h. The mixture was treated with water (20 mL) and 

extracted with EtOAc (3 × 10 mL). The combined organic extracts was washed by brine, 

dried over Na2SO4, and the solvent was removed under vacuum. The crude product was 

purified by flash column chromatography on silica gel (petroleum ether/CH2Cl2, 1:2) to afford 

the pure product 4 as a white soild (98.7 mg, 82% yield), m.p. 196197 °C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 85:15, flow rate 1.0 mL/min, detection at 254 nm): tR = 

9.1 min (minor), tR = 17.2 min (major); 95% ee. [α]D
25 = +15.3° (c = 1.37, CH2Cl2). 1H NMR 

(400 MHz, CDCl3):  7.877.84 (m, 2H, ArH), 7.577.50 (m, 3H, ArH), 7.497.46 (m, 1H, 

ArH), 7.407.33 (m, 3H, ArH), 7.217.15 (m, 2H, ArH), 7.07 (t, J = 8.0 Hz, 1H, ArH), 6.96 

(d, J = 8.4 Hz, 1H, ArH), 4.94 (d, J = 13.6 Hz, 1H, CH), 4.21 (s, 1H, CH), 4.123.99 (m, 2H, 

CH2), 3.783.71 (m, 1H, CH), 2.66 (dd, J1 = 15.0 Hz, J2 = 3.4 Hz, 1H, CH2), 1.81 (dd, J1 = 

15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 1.67 (s, 9H, CH3), 1.05 (t, J = 7.2 Hz, 3H, CH3) ppm. 13C 

NMR (100 MHz, CDCl3):  190.5, 176.1, 175.3, 171.5, 166.9, 159.5, 148.9, 139.5, 136.6, 

133.1, 130.8, 129.4, 129.3, 129.1, 127.2, 127.0, 124.7, 122.5, 121.1, 120.0, 117.7, 115.4, 84.9, 

82.4, 64.1, 62.6, 53.3, 47.1, 39.7, 33.9, 28.1, 13.6 ppm. HRMS (ESI): m/z calcd. for 

C36H32N2O9SNa [M + Na]+ 691.1721, found 691.1741. 
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8. Procedure and the characterization data of compound 5 

 

To a solution of compound 3a (161.8 mg, 0.236 mmol) in CH2Cl2 (5.0 mL) was added NaBH4 

(53.9 mg, 1.42 mmol) at 0 C. Methanol (3.0 mL) was then added dropwise to the reaction 

solution. The solution was stirred at room temperature for 2 h. The mixture was treated with 

water (20 mL) and extracted with CH2Cl2 (3 × 10 mL). The combined organic extracts was 

washed by brine, dried over Na2SO4, and the solvent was removed under vacuum. The crude 

product was purified by flash column chromatography on silica gel (petroleum ether/CH2Cl2, 

1:2 to CH2Cl2) to afford the pure product 5 as a white soild (123.2 mg, 76% yield), m.p. 

182184 °C. HPLC (Daicel Chiralpak IB, n-hexane/ethyl acetate = 75:25, flow rate 1.0 

mL/min, detection at 254 nm): tR = 11.2 min (minor), tR = 11.9 min (major); 94% ee. [α]D
25 = 

+91.5° (c = 1.46, CH2Cl2). 1H NMR (400 MHz, CDCl3):  7.91 (d, J = 8.0 Hz, 1H, ArH), 7.84 

(dd, J1 = 7.6 Hz, J2 = 1.6 Hz, 1H, ArH), 7.627.52 (m, 4H, ArH), 7.447.41 (m, 2H, ArH), 

7.377.33 (m, 1H, ArH), 7.207.16 (m, 2H, ArH), 7.08 (t, J = 8.0 Hz, 1H, ArH), 6.97 (d, J = 

8.0 Hz, 1H, ArH), 4.89 (d, J = 13.6 Hz, 1H, CH), 4.10 (s, 1H, CH), 4.073.99 (m, 2H, CH2), 

3.823.75 (m, 1H, CH), 3.673.52 (m, 1H, CH), 2.67 (dd, J1 = 15.0 Hz, J2 = 3.4 Hz, 1H, 

CH2), 1.81 (dd, J1 = 15.2 Hz, J2 = 12.0 Hz, 1H, CH2), 1.66 (s, 9H, CH3), 1.02 (t, J = 7.2 Hz, 

3H, CH3) ppm. 13C NMR (100 MHz, CDCl3):  199.8, 190.2, 175.6, 173.2, 166.7, 159.3, 

149.0, 139.5, 136.6, 133.7, 130.8, 130.7, 130.3, 129.0, 127.2, 126.3, 124.7, 122.5, 120.9, 

119.9, 117.7, 115.4, 84.9, 82.8, 64.5, 62.8, 53.3, 47.0, 39.4, 33.8, 28.0, 13.3 ppm. HRMS 

(ESI): m/z calcd. for C36H35N2O8S2 [M + H]+ 687.1829, found 687.1823. 
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10. Copies of 1H and 13C NMR spectra of new compounds 
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11. Copies of HPLC chromatograms 
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