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General Information. 

All starting materials were of the highest commercially available grade and used without further 

purification. All solvents used in the reactions were distilled from appropriate drying agents prior 

to use. Reactions were monitored by thin layer chromatography using silica gel HSGF254 plates. 

Flash chromatography (FC) was performed using silica gel HG/T2354-2010. 1H and 13C NMR 

(300 and 75 MHz or 400 and 100 MHz or 600 MHz and 151 MHz respectively) spectra were 

recorded in DMSO-d6 and CDCl3. 1H NMR chemical shifts are reported in ppm (δ) relative to 

tetramethylsilane (TMS) with the solvent resonance employed as the internal standard (CDCl3, δ = 

7.26 ppm; DMSO-d6, δ = 2.50 ppm). Data are reported as follows: chemical shift, multiplicity (s = 

singlet, br s = broad singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constants 

(Hz) and integration. 13C NMR chemical shifts are reported in ppm from tetramethylsilane (TMS) 

with the solvent resonance as the internal standard (CDCl3, δ = 77.16 ppm; DMSO-d6, δ = 39.52 

ppm). ESI HRMS spectra were recorded on BioTOF Q. 

 

General procedure for preparation of the substrates 1[1, 2, 3, 4] 

 

To a solution of POCl3 (0.93 mL, 10 mmol) in DMF (15 mL) was added indole 7 (5 mmol) at 0oC, 

the reaction was performed at room temperature until indole 7 disappeared. Then the solution was 

cooled to 0℃, neutralized with aq NaOH to pH = 7, and the reaction mixture was stirred at 90℃ 

for 2 h later. The resulting mixture was poured into ice water (150 mL) and solid precipitated, 

filtered, dried to get pure indole-3-carbaldehyde 8. 

Indole-3-carbaldehyde 8 (4 mmol), BnNH2 (44 µL, 0.4 mmol), HOAc (23 µL, 0.4 mmol) and 

oxindole 9 (4 mmol) were reflux in EtOH (20 mL) for 5-12 h. The resulting mixture was cooled to 

0 oC, NaBH4 (0.76 g, 20 mmol) was added, and the mixture was stirred at room temperature 

overnight. The reaction was quenched with a saturated aqueous solution of NH4Cl, and extracted 

with EtOAc for three times, washed with brine, dried over anhydrous Na2SO4, evaporated and the 

residue was purified by recrystallization or column chromatography (silica gel, hexane/EtOAc = 
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5/1 to 3/1) to afford 10. 

3-((1H-indol-3-yl)methyl)indolin-2-one 10 (3 mmol), (Boc)2O (2.76 mL, 12 mmol) and Na2CO3 

(2.54 g, 24 mmol) were stirred in THF at 30 oC for 5-12 h. The resulting mixture was filtrated, 

evaporated and purified by column chromatography (silica gel, hexane/EtOAc = 50/1 to 30/1) to 

afford 1. 

Experiment data for the substrates 1 

Tert-butyl 3-((1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate (1a): 

white solid, 1H NMR (600 MHz, CDCl3): δ 8.03 (br s, 1H), 7.74 (d, J = 8.1 Hz, 

1H), 7.63 (d, J = 7.8 Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.17-7.23 (m, 2H), 

7.09-7.12 (m, 1H), 6.98 (t, J = 7.5 Hz, 1H), 6.89 (d, J = 2.2 Hz, 1H), 6.85 (d, J 

= 7.4 Hz, 1H), 3.92 (dd, J = 8.8, 4.5 Hz, 1H), 3.62 (dd, J = 14.5, 4.5 Hz, 1H), 3.17 (dd, J = 14.5, 

8.8 Hz, 1H), 1.61 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 176.08, 149.40, 140.25, 136.33, 128.16, 

128.13, 127.28, 124.56, 124.00, 123.16, 122.31, 119.69, 119.05, 114.87, 111.89, 111.26, 84.32, 

46.68, 28.21, 27.87. ESI HRMS exact mass calcd. for (C22H22N2O3 + Na)+ requires m/z 385.1523, 

found m/z 385.1520. 

Tert-butyl 3-((4-fluoro-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate 

(1b): white solid, 1H NMR (600 MHz, CDCl3): δ 8.38 (br s, 1H), 7.77 (d, J = 

8.1 Hz, 1H), 7.23 (t, J = 7.9 Hz, 1H), 7.14 (d, J = 8.1 Hz, 1H), 7.07 (td, J = 8.0, 

5.0 Hz, 1H), 6.99 (td, J = 7.5, 0.7 Hz, 1H), 6.88 (dd, J = 11.7, 4.8 Hz, 2H), 

6.75 (dd, J = 11.1, 7.8 Hz, 1H), 3.97 (dd, J = 8.1, 5.9 Hz, 1H), 3.67 (dd, J = 14.5, 5.8 Hz, 1H), 

3.22 (dd, J = 14.5, 8.3 Hz, 1H), 1.64 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 176.10, 157.41 (d, J 

= 245.6 Hz), 149.53, 140.01, 139.24 (d, J = 11.7 Hz), 128.08, 128.05, 124.61, 124.04, 123.48, 

122.70 (d, J = 7.7 Hz), 116.14 (d, J = 19.8 Hz), 114.79, 110.94, 107.58, 104.84 (d, J = 19.7 Hz), 

84.39, 47.04, 28.90, 28.25. ESI HRMS exact mass calcd. for (C22H21FN2O3 + Na)+ requires m/z 

403.1428, found m/z 403.1430. 

Tert-butyl 3-((4-chloro-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate 

(1c): white solid, 1H NMR (600 MHz, CDCl3): δ 8.37 (br s, 1H), 7.83 (d, J = 

8.1 Hz, 1H), 7.21-7.37 (m, 2H), 7.05-7.15 (m, 2H), 6.92-7.03 (m, 2H), 6.80 (d, 

J = 7.5 Hz, 1H), 4.09 (dd, J = 8.7, 6.1 Hz, 1H), 3.85 (dd, J = 14.6, 6.1 Hz, 1H), 

3.25 (dd, J = 14.6, 8.9 Hz, 1H), 1.66 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 

175.89, 149.63, 140.02, 138.10, 128.16, 128.08, 126.52, 125.19, 124.71, 124.16, 123.93, 122.82, 

120.81, 114.88, 112.60, 110.31, 84.38, 47.32, 29.26, 28.28. ESI HRMS exact mass calcd. for 

(C22H21ClN2O3 + Na)+ requires m/z 419.1133, found m/z 419.1141. 
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Tert-butyl 

3-((4-methoxy-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate (1d): 

white solid, 1H NMR (600 MHz, CDCl3): δ 8.01 (br s, 1H), 7.80 (d, J = 8.1 Hz, 

1H), 7.22 (t, J = 7.7 Hz, 1H), 7.11 (t, J = 8.0 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 

6.92 (t, J = 7.5 Hz, 1H), 6.80 (d, J = 1.9 Hz, 1H), 6.65 (d, J = 7.5 Hz, 1H), 6.51 (d, J = 7.8 Hz, 1H), 

4.13 (dd, J = 9.6, 5.1 Hz, 1H), 3.93 (s, 3H), 3.83 (dd, J = 13.9, 5.1 Hz, 1H), 3.00 (dd, J = 13.9, 9.7 

Hz, 1H), 1.65 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 176.29, 154.98, 149.71, 140.03, 138.41, 

128.71, 127.79, 124.81, 123.68, 123.25, 122.09, 117.33, 114.70, 113.20, 104.68, 99.69, 84.18, 

55.26, 47.23, 29.97, 28.29. ESI HRMS exact mass calcd. for (C23H24N2O4 + Na)+ requires m/z 

415.1628, found m/z 415.1641. 

Tert-butyl 3-((5-fluoro-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate 

(1e): white solid, 1H NMR (600 MHz, CDCl3): δ 8.01 (br s, 1H), 7.72 (d, J = 

8.1 Hz, 1H), 7.21-7.24 (m, 3H), 7.03 (t, J = 7.5 Hz, 1H), 6.90-6.94 (m, 3H), 

3.87 (dd, J = 7.9, 4.6 Hz, 1H), 3.51 (dd, J = 14.6, 4.5 Hz, 1H), 3.22 (dd, J = 

14.6, 8.0 Hz, 1H), 1.59 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 175.83, 157.79 

(d, J = 234.5 Hz), 149.21, 140.22, 132.56, 128.12, 127.80, 127.60 (d, J = 9.8 Hz), 124.86, 124.21, 

123.96, 114.81, 111.71, 111.64, 110.54 (d, J = 26.4 Hz), 103.91 (d, J = 23.4 Hz), 84.22, 46.58, 

28.04, 27.52. ESI HRMS exact mass calcd. for (C22H21FN2O3 + Na)+ requires m/z 403.1428, 

found m/z 403.1421. 

Tert-butyl 3-((5-bromo-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate 

(1f): yellow solid, 1H NMR (600 MHz, CDCl3): δ 8.11 (br s, 1H), 7.73 (d, J = 

8.1 Hz, 1H), 7.68 (d, J = 1.5 Hz, 1H), 7.23-7.25 (m, 2H), 7.19-7.21 (m, 1H), 

7.04 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 7.5 Hz, 1H), 6.88 (d, J = 2.2 Hz, 1H), 3.88 

(dd, J = 8.0, 4.6 Hz, 1H), 3.51 (dd, J = 14.6, 4.6 Hz, 1H), 3.21 (dd, J = 14.6, 

8.1 Hz, 1H), 1.60 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 175.89, 149.33, 140.33, 134.85, 129.05, 

128.33, 127.88, 125.14, 124.48, 124.38, 124.12, 121.68, 114.99, 112.98, 112.69, 111.41, 84.41, 

46.68, 28.20, 27.59. ESI HRMS exact mass calcd. for (C22H21BrN2O3 + Na)+ requires m/z 

463.0628, found m/z 463.0632. 

Methyl 

3-((1-(tert-butoxycarbonyl)-2-oxoindolin-3-yl)methyl)-1H-indole-5-carbox

ylate (1g): white solid, 1H NMR (600 MHz, CDCl3): δ 8.34 (br s, 2H), 7.89 (d, 

J = 8.5 Hz, 1H), 7.72 (d, J = 8.1 Hz, 1H), 7.35 (d, J = 8.5 Hz, 1H), 7.22 (t, J = 

7.9 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.96 (d, J = 1.5 Hz, 1H), 6.91 (d, J = 7.4 

Hz, 1H), 3.95 (dd, J = 8.1, 4.8 Hz, 1H), 3.92 (s, 3H), 3.61 (dd, J = 14.7, 4.8 Hz, 1H), 3.27 (dd, J = 
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14.7, 8.3 Hz, 1H), 1.60 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 175.89, 168.22, 149.33, 140.24, 

138.84, 128.30, 127.82, 126.95, 124.53, 124.44, 124.15, 123.74, 122.00, 121.81, 114.94, 113.21, 

111.01, 84.42, 51.99, 46.65, 28.19, 27.45. ESI HRMS exact mass calcd. for (C24H24N2O5 + Na)+ 

requires m/z 443.1577, found m/z 443.1585. 

Tert-butyl 3-((5-cyano-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate 

(1h): white solid, 1H NMR (600 MHz, CDCl3): δ 8.45 (br s, 1H), 7.84 (s, 1H), 

7.68 (d, J = 8.1 Hz, 1H), 7.37 (s, 2H), 7.24-7.27 (m, 1H), 7.09-7.11 (m, 2H), 

6.98 (d, J = 2.1 Hz, 1H), 3.88-3.90 (m, 1H), 3.49 (dd, J = 14.7, 4.8 Hz, 1H), 

3.40 (dd, J = 14.7, 7.0 Hz, 1H), 1.57 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 

175.78, 149.21, 140.42, 137.71, 128.56, 127.57, 127.25, 125.49, 125.11, 124.87, 124.33, 124.14, 

120.77, 115.11, 112.39, 112.12, 102.82, 84.54, 46.87, 28.17, 27.12. ESI HRMS exact mass calcd. 

for (C23H21N3O3 + Na)+ requires m/z 410.1475, found m/z 410.1476. 

Tert-butyl 3-((5-methyl-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate 

(1i): white solid, 1H NMR (600 MHz, CDCl3): δ 7.96 (br s, 1H), 7.76 (d, J = 

8.1 Hz, 1H), 7.42 (s, 1H), 7.20-7.28 (m, 2H), 7.02 (dd, J = 8.2, 0.9 Hz, 1H), 

6.98 (t, J = 7.5 Hz, 1H), 6.86 (d, J = 2.1 Hz, 1H), 6.81 (d, J = 7.5 Hz, 1H), 3.92 

(dd, J = 9.2, 4.3 Hz, 1H), 3.58-3.65 (m, 1H), 3.09 (dd, J = 14.5, 9.3 Hz, 1H), 

2.44 (s, 3H), 1.62 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 176.12, 149.43, 140.21, 134.74, 128.92, 

128.29, 128.09, 127.43, 124.66, 123.94, 123.33, 118.67, 114.85, 111.42, 110.96, 84.30, 46.55, 

28.22, 28.08, 21.62. ESI HRMS exact mass calcd. for (C23H24N2O3 + Na)+ requires m/z 399.1679, 

found m/z 399.1686. 

Tert-butyl 

3-((5-methoxy-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate (1j): 

white solid, 1H NMR (600 MHz, CDCl3): δ 7.93 (br s, 1H), 7.74 (d, J = 8.2 Hz, 

1H), 7.23 (t, J = 7.4 Hz, 2H), 6.96 -7.06 (m, 2H), 6.85 (dt, J = 8.8, 4.9 Hz, 3H), 

3.90 (dd, J = 8.8, 4.4 Hz, 1H), 3.84 (s, 3H), 3.58 (dd, J = 14.6, 4.4 Hz, 1H), 

3.16 (dd, J = 14.6, 8.8 Hz, 1H), 1.61 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 176.13, 154.22, 

149.37, 140.32, 131.41, 128.15, 127.65, 124.60, 124.01, 124.00, 114.91, 112.75, 111.99, 111.55, 

111.54, 100.63, 84.32, 56.02, 46.65, 28.20, 27.95. ESI HRMS exact mass calcd. for (C23H24N2O4 + 

Na)+ requires m/z 415.1628, found m/z 415.1625. 

Tert-butyl 3-((6-fluoro-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate 

(1k): white solid, 1H NMR (600 MHz, CDCl3): δ 8.02 (br s, 1H), 7.72 (d, J = 

8.2 Hz, 1H), 7.50 (dd, J = 8.7, 5.3 Hz, 1H), 7.23 (t, J = 7.8 Hz, 1H), 6.98-7.06 

(m, 2H), 6.90 (d, J = 7.4 Hz, 1H), 6.81-6.88 (m, 2H), 3.88 (dd, J = 8.2, 4.5 Hz, 



S6 
 

1H), 3.56 (dd, J = 14.6, 4.5 Hz, 1H), 3.21 (dd, J = 14.6, 8.3 Hz, 1H), 1.60 (s, 9H). 13C NMR (151 

MHz, CDCl3): δ 176.00, 160.17 (d, J = 237.5 Hz), 149.32, 140.33, 136.16 (d, J = 12.4 Hz), 128.24, 

127.98, 124.41, 124.07, 123.92, 123.38 (d, J = 3.3 Hz), 119.85 (d, J = 10.4 Hz), 114.94, 111.88, 

108.45 (d, J = 24.5 Hz), 97.52 (d, J = 26.2 Hz), 84.37, 46.76, 28.20, 27.68. ESI HRMS exact mass 

calcd. for (C22H21FN2O3 + Na)+ requires m/z 403.1428, found m/z 403.1423. 

Tert-butyl 3-((6-chloro-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate 

(1l): white solid, 1H NMR (600 MHz, CDCl3): δ 8.05 (br s, 1H), 7.71 (d, J = 

8.2 Hz, 1H), 7.48 (d, J = 8.5 Hz, 1H), 7.32 (d, J = 1.7 Hz, 1H), 7.23 (t, J = 7.8 

Hz, 1H), 6.98-7.08 (m, 2H), 6.91 (d, J = 7.5 Hz, 1H), 6.85 (d, J = 2.3 Hz, 1H), 

3.87 (dd, J = 8.1, 4.6 Hz, 1H), 3.54 (ddd, J = 14.6, 4.6, 0.7 Hz, 1H), 3.23 (dd, J 

= 14.6, 8.2 Hz, 1H), 1.60 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 175.98, 149.28, 140.33, 136.56, 

128.27, 128.21, 127.90, 125.94, 124.37, 124.10, 123.83, 120.42, 119.99, 114.96, 111.89, 111.17, 

84.41, 46.78, 28.19, 27.57. ESI HRMS exact mass calcd. for (C22H21ClN2O3 + Na)+ requires m/z 

419.1133, found m/z 419.1124. 

Tert-butyl 

3-((6-methoxy-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate (1m): 

white solid, 1H NMR (600 MHz, CDCl3): δ 7.89 (br s, 1H), 7.74 (d, J = 8.2 

Hz, 1H), 7.48 (d, J = 8.7 Hz, 1H), 7.22 (t, J = 7.9 Hz, 1H), 6.99 (t, J = 7.5 Hz, 

1H), 6.83-6.85 (m, 2H), 6.76-6.77 (m, 2H), 3.89 (dd, J = 8.8, 4.4 Hz, 1H), 

3.83 (s, 3H), 3.58 (dd, J = 14.5, 4.4 Hz, 1H), 3.13 (dd, J = 14.6, 8.8 Hz, 1H), 1.61 (s, 9H). 13C 

NMR (151 MHz, CDCl3): δ 176.08, 156.74, 149.40, 140.25, 137.11, 128.17, 128.11, 124.57, 

123.99, 121.90, 121.71, 119.70, 114.85, 111.88, 109.62, 94.78, 84.30, 55.78, 46.72, 28.22, 27.94. 

ESI HRMS exact mass calcd. for (C23H24N2O4 + Na)+ requires m/z 415.1628, found m/z 415.1621. 

Tert-butyl 

3-((7-bromo-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate (1n): 

yellow solid, 1H NMR (600 MHz, CDCl3): δ 8.17 (br s, 1H), 7.73 (d, J = 8.2 

Hz, 1H), 7.55 (d, J = 7.9 Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.24 (t, J = 7.9 

Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.98 (t, J = 7.8 Hz, 1H), 6.93 (d, J = 2.0 Hz, 1H), 6.90 (d, J = 

7.5 Hz, 1H), 3.89 (dd, J = 8.3, 4.5 Hz, 1H), 3.57 (dd, J = 14.6, 4.5 Hz, 1H), 3.22 (dd, J = 14.7, 8.3 

Hz, 1H), 1.60 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 175.89, 149.28, 140.33, 134.93, 128.52, 

128.29, 127.86, 124.65, 124.40, 124.10, 123.73, 120.89, 118.39, 114.98, 113.09, 104.84, 84.38, 

46.70, 28.20, 27.79. ESI HRMS exact mass calcd. for (C22H21BrN2O3 + Na)+ requires m/z 

463.0628, found m/z 463.0614. 
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Tert-butyl 

3-((7-methyl-1H-indol-3-yl)methyl)-2-oxoindoline-1-carboxylate (1o): 

white solid, 1H NMR (600 MHz, CDCl3): δ 7.94 (br s, 1H), 7.75 (d, J = 8.2 

Hz, 1H), 7.49 (d, J = 7.8 Hz, 1H), 7.23 (t, J = 7.8 Hz, 1H), 7.04 (t, J = 7.4 

Hz, 1H), 6.96-7.02 (m, 2H), 6.92 (d, J = 2.2 Hz, 1H), 6.84 (d, J = 7.5 Hz, 1H), 3.92 (dd, J = 9.0, 

4.4 Hz, 1H), 3.60-3.69 (m, 1H), 3.14 (dd, J = 14.6, 9.0 Hz, 1H), 2.49 (s, 3H), 1.62 (s, 9H). 13C 

NMR (151 MHz, CDCl3): δ 176.07, 149.43, 140.24, 135.96, 128.22, 128.12, 126.83, 124.61, 

123.99, 122.88, 122.85, 120.40, 119.93, 116.79, 114.87, 112.51, 84.31, 46.65, 28.22, 28.02, 16.73. 

ESI HRMS exact mass calcd. for (C23H24N2O3 + Na)+ requires m/z 399.1679, found m/z 399.1683. 

3-((1H-indol-3-yl)methyl)-1-acetylindolin-2-one (1p): white solid, 1H NMR 

(600 MHz, CDCl3): δ 8.13 (d, J = 8.2 Hz, 1H), 7.98 (s, 1H), 7.64 (d, J = 7.9 Hz, 

1H), 7.33 (d, J = 8.1 Hz, 1H), 7.23-7.29 (m, 1H), 7.19 (t, J = 7.6 Hz, 1H), 

7.06-7.15 (m, 2H), 7.00 (d, J = 7.5 Hz, 1H), 6.75 (d, J = 1.8 Hz, 1H), 3.98 (dd, 

J = 7.8, 4.6 Hz, 1H), 3.56 (dd, J = 14.6, 4.5 Hz, 1H), 3.34 (dd, J = 14.6, 7.9 Hz, 1H), 2.55 (s, 3H). 

13C NMR (151 MHz, CDCl3): δ 178.34, 171.07, 140.78, 136.16, 128.35, 127.19, 124.84, 124.20, 

123.03, 122.38, 119.71, 118.97, 116.45, 111.29, 111.19, 46.88, 27.76, 26.69. ESI HRMS exact 

mass calcd. for (C19H16N2O2 + Na)+ requires m/z 327.1104, found m/z 327.1100. 

1-acetyl-3-((4-chloro-1H-indol-3-yl)methyl)indolin-2-one (1q): white solid, 

1H NMR (600 MHz, CDCl3): δ 8.22-8.24 (m, 2H), 7.27-7.33 (m, 2H), 

7.08-7.15 (m, 2H), 7.05 (td, J = 7.5, 0.9 Hz, 1H), 6.92 (d, J = 2.3 Hz, 1H), 6.83 

(d, J = 7.5 Hz, 1H), 4.15 (dd, J = 8.8, 6.1 Hz, 1H), 3.84 (ddd, J = 14.5, 6.0, 0.6 

Hz, 1H), 3.29 (dd, J = 14.5, 8.8 Hz, 1H), 2.69 (s, 3H). 13C NMR (151 MHz, CDCl3): δ 178.06, 

171.28, 140.40, 138.05, 128.36, 128.29, 126.50, 124.91, 124.72, 124.44, 124.10, 123.03, 121.00, 

116.50, 112.48, 110.33, 47.41, 29.33, 26.91. ESI HRMS exact mass calcd. for (C19H15ClN2O2 + 

Na)+ requires m/z 361.0714, found m/z 361.0709. 

Tert-butyl 3-((1H-indol-3-yl)methyl)-4-chloro-2-oxoindoline-1-carboxylate 

(1r): white solid, 1H NMR (600 MHz, CDCl3): δ 7.85 (s, 1H), 7.56 (d, J = 7.9 

Hz, 1H), 7.47 (dd, J = 6.0, 3.0 Hz, 1H), 7.21 (d, J = 8.1 Hz, 1H), 7.10-7.15 (m, 

2H), 7.05-7.10 (m, 1H), 6.98-7.03 (m, 1H), 6.76 (d, J = 2.3 Hz, 1H), 3.94 (dd, 

J = 5.4, 3.9 Hz, 1H), 3.78 (dd, J = 14.7, 5.5 Hz, 1H), 3.70 (dd, J = 14.6, 3.8 Hz, 1H), 1.48 (s, 9H). 

13C NMR (151 MHz, CDCl3): δ 175.31, 148.82, 142.11, 135.77, 130.44, 129.39, 127.51, 125.69, 

124.62, 123.29, 121.88, 119.53, 119.23, 113.32, 110.79, 110.11, 84.35, 47.78, 28.04, 25.20. ESI 

HRMS exact mass calcd. for (C22H21ClN2O3 + Na)+ requires m/z 419.1133, found m/z 419.1128. 
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Tert-butyl 

3-((1H-indol-3-yl)methyl)-5-fluoro-2-oxoindoline-1-carboxylate (1s): 

white solid, 1H NMR (600 MHz, CDCl3): δ 8.07 (s, 1H), 7.73 (dd, J = 8.9, 

4.6 Hz, 1H), 7.64 (d, J = 7.9 Hz, 1H), 7.38 (d, J = 8.1 Hz, 1H), 7.18-7.24 (m, 

1H), 7.15-7.10 (m, 1H), 6.88-6.96 (m, 2H), 6.53 (dd, J = 8.0, 2.6 Hz, 1H), 

3.90 (dd, J = 9.1, 4.4 Hz, 1H), 3.64 (ddd, J = 14.5, 4.4, 0.8 Hz, 1H), 3.14 (dd, J = 14.6, 9.1 Hz, 

1H), 1.61 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 175.54, 159.58 (d, J = 242.5 Hz), 149.33, 

136.41, 136.21, 129.93 (d, J = 8.6 Hz), 127.05, 123.20, 122.50, 119.85, 118.93, 116.05 (d, J = 8.0 

Hz), 114.54 (d, J = 23.0 Hz), 112.09 (d, J = 24.9 Hz), 111.46, 111.40, 84.52, 46.72, 28.20, 27.89. 

ESI HRMS exact mass calcd. for (C22H21FN2O3 + Na)+ requires m/z 403.1428, found m/z 

403.1429. 

Tert-butyl 

3-((1H-indol-3-yl)methyl)-5-bromo-2-oxoindoline-1-carboxylate (1t): 

white solid, 1H NMR (600 MHz, CDCl3): δ 8.06 (s, 1H), 7.64 (t, J = 9.0 Hz, 

2H), 7.33-7.40 (m, 2H), 7.21 (dd, J = 11.2, 3.9 Hz, 1H), 7.13 (dd, J = 11.0, 

3.9 Hz, 1H), 6.96 (d, J = 0.7 Hz, 1H), 6.91 (d, J = 1.9 Hz, 1H), 3.88 (dd, J = 8.7, 4.4 Hz, 1H), 3.61 

(dd, J = 14.5, 4.4 Hz, 1H), 3.16 (dd, J = 14.6, 8.8 Hz, 1H), 1.60 (s, 9H). 13C NMR (151 MHz, 

CDCl3): δ 175.09, 149.18, 139.33, 136.37, 131.05, 130.26, 127.63, 127.04, 123.20, 122.49, 119.85, 

118.94, 117.01, 116.51, 111.37, 84.69, 46.52, 28.18, 27.90. ESI HRMS exact mass calcd. for 

(C22H21BrN2O3 + Na)+ requires m/z 463.0628, found m/z 463.0620. 

Tert-butyl 

3-((1H-indol-3-yl)methyl)-5-methyl-2-oxoindoline-1-carboxylate (1u): 

white solid, 1H NMR (600 MHz, CDCl3): δ 8.02 (s, 1H), 7.61 (t, J = 8.0 Hz, 

2H), 7.36 (d, J = 8.1 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 7.10 (t, J = 7.5 Hz, 

1H), 7.03 (d, J = 7.9 Hz, 1H), 6.90 (d, J = 2.1 Hz, 1H), 6.71 (s, 1H), 3.87 (dd, J = 8.4, 4.5 Hz, 1H), 

3.59 (dd, J = 14.6, 4.5 Hz, 1H), 3.19 (dd, J = 14.6, 8.5 Hz, 1H), 2.21 (s, 3H), 1.60 (s, 9H). 13C 

NMR (151 MHz, CDCl3): δ 176.25, 149.44, 137.86, 136.30, 133.58, 128.53, 128.17, 127.37, 

125.22, 123.03, 122.27, 119.62, 119.08, 114.63, 112.05, 111.23, 84.13, 46.78, 28.22, 27.81, 21.14. 

ESI HRMS exact mass calcd. for (C23H24N2O3 + Na)+ requires m/z 399.1679, found m/z 399.1674. 

Tert-butyl 

3-((1H-indol-3-yl)methyl)-6-chloro-2-oxoindoline-1-carboxylate (1v): 

white solid, 1H NMR (600 MHz, CDCl3): δ 8.06 (s, 1H), 7.82 (d, J = 1.8 Hz, 

1H), 7.62 (d, J = 7.9 Hz, 1H), 7.37 (d, J = 8.1 Hz, 1H), 7.20 (t, J = 7.6 Hz, 

1H), 7.12 (t, J = 7.5 Hz, 1H), 6.96 (dd, J = 8.0, 1.8 Hz, 1H), 6.88 (d, J = 2.0 Hz, 1H), 6.71 (d, J = 
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8.0 Hz, 1H), 3.88 (dd, J = 8.9, 4.5 Hz, 1H), 3.61 (dd, J = 14.5, 4.5 Hz, 1H), 3.14 (dd, J = 14.5, 8.9 

Hz, 1H), 1.61 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 175.53, 149.12, 141.15, 136.34, 133.90, 

127.12, 126.43, 125.38, 124.01, 123.17, 122.45, 119.82, 118.96, 115.65, 111.50, 111.35, 84.85, 

46.38, 28.16, 27.86. ESI HRMS exact mass calcd. for (C22H21ClN2O3 + Na)+ requires m/z 

419.1133, found m/z 419.1127. 

General procedure for the one-pot stepwise Aldol/Chloroetherification/Aromatization 

reaction 

3-(3-indolomethyl)oxindole 1 (0.1 mmol), paraformaldehyde (18 mg, 0.6 mmol) and catalyst 3a 

(3.2 mg, 0.01 mmol) were stirred in ClCH2CH2Cl at 0℃ until the reaction finished. Then, 

DABCO (13.5 mg, 0.12 mmol) and NCS (16 mg, 0.12 mmol) were added and the reaction 

mixture was vigorously stirred at 0℃ for 30 min. The crude reaction mixture was directly 

loaded on a silica-gel column and next chromatograph afforded the corresponding product 2. 

 

Experiment data for the products 2 

(R)-tert-butyl 

2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-carboxylate 

(2a): white solid, 31 mg, 79% yield, 95% ee, mp 142.8-144.5 ºC; 1H NMR (300 

MHz, DMSO-d6): δ 11.20 (s, 1H), 7.85 (d, J = 8.1 Hz, 1H), 7.35 (t, J = 7.5 Hz, 1H), 

7.21-7.24 (m, 2H), 7.06 (t, J = 7.5 Hz, 1H), 6.90-6.97 (m, 3H), 4.42 (d, J = 10.6 Hz, 

1H), 4.30 (d, J = 10.6 Hz, 1H), 3.11 (d, J = 15.0 Hz, 1H), 2.82 (d, J = 15.0 Hz, 1H), 1.58 (s, 9H); 

13C NMR (75 MHz, DMSO-d6): δ 174.53, 148.61, 148.09, 138.69, 130.93, 130.06, 128.49, 126.87, 

124.45, 123.50, 119.22, 118.95, 116.25, 114.50, 110.49, 84.07, 83.88, 71.06, 45.23, 28.06, 27.68; 

The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak OD-H column 

(90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 20.21 min, tminor = 12.28 min); 

[α]D
20 = +33.3 (c = 1.25, CH2Cl2); ESI HRMS exact mass calcd. for (C23H22N2O4 + H)+ requires 

m/z 391.1652, found m/z 391.1649. 
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(R)-tert-butyl 

5'-fluoro-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-ca

rboxylate (2b): white solid, 24.5 mg, 60% yield, 89% ee, mp 177.0-178.3 ºC; 1H 

NMR (300 MHz, DMSO-d6): δ 11.49 (s, 1H), 7.82 (d, J = 8.1 Hz, 1H), 7.32 (t, J = 

7.6 Hz, 1H), 7.02-7.08 (m, 2H), 6.94-6.96 (m, 1H), 6.87-6.89 (m, 1H), 6.63-6.70 (m, 

1H), 4.40 (d, J = 10.7 Hz, 1H), 4.28 (d, J = 10.7 Hz, 1H), 3.21 (d, J = 15.2 Hz, 1H), 2.95 (d, J = 

15.3 Hz, 1H), 1.54 (s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 174.25, 155.15 (d, J = 238 Hz), 

148.63, 147.81, 138.84, 133.43 (d, J = 12.6 Hz), 129.81, 128.56, 124.47, 123.45, 119.47 (d, J = 

7.8 Hz), 114.93 (d, J = 20.1 Hz), 114.58, 107.18, 104.34 (d, J = 18.0 Hz), 83.79, 82.09, 70.98, 

45.10, 28.90, 27.67; The enantiomeric ratio was determined by HPLC analysis using Daicel 

Chiralpak AD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 10.97 

min, tminor = 10.23 min); [α]D
20 = +4.7 (c = 1.0, CH2Cl2); ESI HRMS exact mass calcd. for 

(C23H21FN2O4 + H)+ requires m/z 409.1558, found m/z 409.1565. 

(R)-tert-butyl 

5'-chloro-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-c

arboxylate (2c): white solid, 24.2 mg, 57% yield, 87% ee, mp 188.1-189.7 ºC; 

1H NMR (300 MHz, DMSO-d6): δ 11.59 (s, 1H), 7.85 (d, J = 8.1 Hz, 1H), 

7.34-7.39 (m, 1H), 7.18-7.21 (m, 1H), 7.08-7.13 (m, 1H), 7.01 (d, J = 6.8 Hz, 1H), 

6.92-6.94 (m, 2H), 4.45 (d, J = 10.7 Hz, 1H), 4.32 (d, J = 10.7 Hz, 1H), 3.36 (d, J = 15.4 Hz, 1H), 

3.18 (d, J = 15.4 Hz, 1H), 1.57 (s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 174.27, 148.83, 148.62, 

138.84, 132.02, 129.83, 128.60, 124.51, 124.12, 123.50, 122.49, 119.99, 119.26, 114.59, 109.63, 

84.08, 83.81, 70.78, 45.07, 29.47, 27.68; The enantiomeric ratio was determined by HPLC 

analysis using Daicel Chiralpak AD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 

254 nm; tmajor = 6.18 min, tminor = 7.47 min); [α]D
20 = -9.3 (c = 0.9, CH2Cl2); ESI HRMS exact 

mass calcd. for (C23H21ClN2O4 + H)+ requires m/z 425.1263, found m/z 425.1245. 

(R)-tert-butyl 

5'-methoxy-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]

-1-carboxylate (2d): white solid, 24.0 mg, 57% yield, 88% ee, mp 168.3-169.9 

ºC; 1H NMR (300 MHz, DMSO-d6): δ 11.17 (s, 1H), 7.83 (d, J = 8.1 Hz, 1H), 

7.35 (t, J = 7.5 Hz, 1H), 7.08 (t, J = 7.5 Hz, 1H), 6.82-6.94 (m, 3H), 6.43-6.46 (m, 

1H), 4.38 (d, J = 10.3 Hz, 1H), 4.25 (d, J = 10.5 Hz, 1H), 3.71 (s, 3H), 3.25 (d, J = 15.5 Hz, 1H), 

2.99 (d, J = 15.2 Hz, 1H), 1.57 (s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 174.56, 152.51, 148.62, 

146.39, 138.72, 131.77, 130.16, 128.45, 124.43, 123.51, 119.88, 116.27, 114.49, 104.34, 100.05, 

83.81, 83.45, 70.71, 54.97, 45.31, 30.18, 27.69; The enantiomeric ratio was determined by HPLC 
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analysis using Daicel Chiralpak AD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 

254 nm; tmajor = 8.11 min, tminor = 10.25 min); [α]D
20 = +19.0 (c = 1.0, CH2Cl2); ESI HRMS exact 

mass calcd. for (C24H24N2O5 + Na)+ requires m/z 443.1577, found m/z 443.1566. 

(R)-tert-butyl 

6'-fluoro-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-c

arboxylate (2e): white solid, 28.1 mg, 69% yield, 95% ee, mp 180.3-181.3 ºC; 

1H NMR (300 MHz, DMSO-d6): δ 11.31 (s, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.35 (t, 

J = 7.5 Hz, 1H), 7.18-7.22 (m, 1H), 7.05-7.09 (m, 1H), 7.01 (dd, J = 2.5 and 9.9 

Hz, 1H), 6.92-6.95 (m, 1H), 6.77 (t, J = 7.8 Hz, 1H), 4.44 (d, J = 10.7 Hz, 1H), 4.32 (d, J = 10.7 

Hz, 1H), 3.09 (d, J = 15.1 Hz, 1H), 2.82 (d, J = 15.1 Hz, 1H), 1.58 (s, 9H); 13C NMR (75 MHz, 

DMSO-d6): δ 174.40, 157.25 (d, J = 229 Hz), 149.61, 148.63, 138.74, 129.89, 128.58, 127.47 (d, J 

= 6.6 Hz), 127.37, 124.50, 123.50, 114.56, 111.22 (d, J = 9.6 Hz), 106.39 (d, J = 25.1 Hz), 101.78 

(d, J = 23.9 Hz), 84.92 (d, J = 4.0 Hz), 83.91, 71.11, 45.11, 27.96, 27.68; The enantiomeric ratio 

was determined by HPLC analysis using Daicel Chiralpak OD-H column (90/10 hexane/i-PrOH; 

flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 13.44 min, tminor = 11.48 min); [α]D
20 = +38.4 (c = 1.2, 

CH2Cl2); ESI HRMS exact mass calcd. for (C23H21FN2O4 + H)+ requires m/z 409.1558, found m/z 

409.1559. 

(R)-tert-butyl 

6'-bromo-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1

-carboxylate (2f): yellow solid, 33.8 mg, 72% yield, 95% ee, mp 163.4-165.4 º

C; 1H NMR (300 MHz, DMSO-d6): δ 11.44 (s, 1H), 7.84 (d, J = 8.1 Hz, 1H), 

7.34-7.39 (m, 2H), 7.18 (d, J = 8.5 Hz, 1H), 7.06-7.11 (m, 2H), 6.91-6.93 (m, 

1H), 4.45 (d, J = 10.5 Hz, 1H), 4.32 (d, J = 10.7 Hz, 1H), 3.08 (d, J = 15.3 Hz, 1H), 2.84 (d, 15.1 

Hz, 1H), 1.57 (s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 174.31, 149.15, 148.59, 138.71, 129.80, 

129.65, 128.78, 128.60, 124.52, 123.47, 121.46, 118.55, 114.54, 112.39, 111.59, 84.32, 83.92, 

71.11, 44.99, 27.77, 27.68; The enantiomeric ratio was determined by HPLC analysis using Daicel 

Chiralpak OD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 14.55 

min, tminor = 12.81 min); [α]D
20 = +48.5 (c = 0.73, CH2Cl2); ESI HRMS exact mass calcd. for 

(C23H21BrN2O4 + H)+ requires m/z 469.0757, found m/z 469.0748. 

(R)-1-tert-butyl 6'-methyl 

2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1,6'-dic

arboxylate (2g): white solid, 22.8 mg, 51% yield, 90% ee, mp 187.8-189.5 º

C; 1H NMR (300 MHz, DMSO-d6): δ 11.71 (s, 1H), 7.93 (s, 1H), 7.85 (d, J = 

8.1 Hz, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.31-7.38 (m, 2H), 7.09 (t, J = 7.5 Hz, 
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1H), 6.95 (d, J = 7.4 Hz, 1H), 4.47 (d, J = 10.7 Hz, 1H), 4.35 (d, J = 10.7 Hz, 1H), 3.80 (s, 3H), 

3.16 (d, J = 15.2 Hz, 1H), 2.93 (d, J = 15.2 Hz, 1H), 1.57 (s, 9H); 13C NMR (75 MHz, DMSO-d6): 

δ 174.31, 167.33, 149.30, 148.63, 138.77, 133.99, 129.82, 128.58, 126.51, 124.51, 123.46, 120.73, 

120.44, 118.32, 114.57, 110.33, 85.37, 83.89, 71.24, 51.59, 45.05, 27.67, 27.57; The enantiomeric 

ratio was determined by HPLC analysis using Daicel Chiralpak OD-H column (90/10 

hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 32.04 min, tminor = 29.60 min); [α]D
20 = 

+41.3 (c = 0.35, CH2Cl2); ESI HRMS exact mass calcd. for (C25H24N2O6 + Na)+ requires m/z 

471.1527, found m/z 471.1525. 

(R)-tert-butyl 

6'-cyano-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-

carboxylate (2h): white solid, 24.9 mg, 60% yield, 95% ee, mp 188.5-190.2 ºC; 

1H NMR (300 MHz, DMSO-d6): δ 11.90 (s, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.74 

(s, 1H), 7.32-7.40 (m, 3H), 7.10 (t, J = 7.4 Hz, 1H), 6.96 (d, J = 7.4 Hz, 1H), 

4.50 (d, J = 10.7 Hz, 1H), 4.36 (d, J = 10.8 Hz, 1H), 3.11 (d, J = 15.3 Hz, 1H), 2.90 (d, J = 15.3 

Hz, 1H), 1.57 (s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 174.20, 149.89, 148.59, 138.79, 133.15, 

129.59, 128.70, 126.85, 124.58, 123.47, 122.55, 121.05, 120.93, 114.59, 111.50, 100.95, 85.27, 

83.95, 71.22, 44.80, 27.68, 27.60; The enantiomeric ratio was determined by HPLC analysis using 

Daicel Chiralpak OD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor 

= 26.02 min, tminor = 22.55 min); [α]D
20 = +45.7 (c = 0.5, CH2Cl2); ESI HRMS exact mass calcd. 

for (C24H21N3O4 + Na)+ requires m/z 438.1424, found m/z 438.1407. 

(R)-tert-butyl 

6'-methyl-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-

1-carboxylate (2i): white solid, 29.1 mg, 72% yield, 96% ee, mp 176.9-179.2 º

C; 1H NMR (300 MHz, DMSO-d6): δ 10.99 (s, 1H), 7.80 (d, J = 8.0 Hz, 1H), 

7.31 (t, J = 7.5 Hz, 1H), 6.96-7.07 (m, 3H), 6.84 (d, J = 7.7 Hz, 1H), 6.74 (d, J = 

8.0 Hz, 1H), 4.21-4.34 (m, 2H), 3.04 (d, J = 15.2 Hz, 1H), 2.74 (d, J = 15.3 Hz, 1H), 2.27 (s, 3H), 

1.54 (s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 174.59, 148.61, 148.20, 138.67, 130.12, 129.13, 

128.49, 127.39, 127.08, 124.46, 123.50, 120.49, 116.28, 114.51, 110.22, 83.91, 83.67, 71.05, 

45.30, 28.05, 27.70, 21.34; The enantiomeric ratio was determined by HPLC analysis using Daicel 

Chiralpak AD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 7.45 

min, tminor = 13.54 min); [α]D
20 = +56.2 (c = 0.9, CH2Cl2); ESI HRMS exact mass calcd. for 

(C24H24N2O4 + Na)+ requires m/z 427.1628, found m/z 427.1610. 
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(R)-tert-butyl 

6'-methoxy-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indol

e]-1-carboxylate (2j): white solid, 26 mg, 62% yield, 94% ee, mp 180.5-182.3 

ºC; 1H NMR (300 MHz, DMSO-d6): δ 10.99 (s, 1H), 7.84 (d, J = 8.1 Hz, 1H), 

7.36 (t, J = 7.8 Hz, 1H), 7.05-7.33 (m, 2H), 6.91 (d, J = 7.5 Hz, 1H), 6.77 (d, J 

= 2.3 Hz, 1H), 6.59 (dd, J = 8.6 and 2.4 Hz, 1H), 4.41 (d, J = 10.7 Hz, 1H), 4.28 (d, J = 10.7 Hz, 

1H), 3.69 (s, 3H), 3.09 (d, J = 15.0 Hz, 1H), 2.80 (d, J = 15.0 Hz, 1H), 1.58 (s, 3H); 13C NMR (75 

MHz, DMSO-d6): δ 174.56, 153.54, 148.69, 148.62, 138.69, 130.07, 128.51, 127.46, 125.68, 

124.47, 123.53, 114.51, 111.06, 107.76, 99.89, 84.29, 83.91, 71.02, 55.32, 45.27, 28.20, 27.70; 

The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak AD-H column 

(90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 12.43 min, tminor = 19.61 min); 

[α]D
20 = +56.6 (c = 1.25, CH2Cl2); ESI HRMS exact mass calcd. for (C24H24N2O5 + Na)+ requires 

m/z 443.1577, found m/z 443.1572. 

(R)-tert-butyl 

7'-fluoro-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-ca

rboxylate (2k): white solid, 25.7 mg, 63% yield, 95% ee, mp 185.4-186.3 ºC; 1H 

NMR (300 MHz, DMSO-d6): δ 11.34 (s, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.35 (t, J = 

6.9 Hz, 1H), 7.17-7.21 (m, 1H), 7.00-7.08 (m, 2H), 6.93 (d, J = 6.7 Hz, 1H), 

6.77-6.81 (m, 1H), 4.41 (d, J = 10.6 Hz, 1H), 4.28 (d, J = 10.6 Hz, 1H), 3.08 (d, J = 15.1 Hz, 1H), 

2.82 (d, J = 15.0 Hz, 1H), 1.57 (s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 174.46, 157.70 (d, J = 

230 Hz), 148.61, 148.27 (d, J = 2.7 Hz), 138.72, 130.82 (d, J = 12.4 Hz), 129.97, 128.56, 124.51, 

123.56, 123.50, 116.91 (d, J = 9.6 Hz), 114.53, 106.62 (d, J = 23.3 Hz), 97.32 (d, J = 26.0 Hz), 

84.08, 83.90, 70.98, 45.12, 27.94, 27.69; The enantiomeric ratio was determined by HPLC 

analysis using Daicel Chiralpak AD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 

254 nm; tmajor = 8.66 min, tminor = 13.37 min); [α]D
20 = -15.2 (c = 0.65, CH2Cl2); ESI HRMS exact 

mass calcd. for (C23H21FN2O4 + Na)+ requires m/z 431.1378, found m/z 431.1365. 

(R)-tert-butyl 

7'-chloro-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-ca

rboxylate (2l): white solid, 29.3 mg, 69% yield, 93% ee, mp 128.0-130.2 ºC; 1H 

NMR (300 MHz, DMSO-d6): δ 11.42 (s, 1H), 7.83 (d, J = 8.2 Hz, 1H), 7.36 (t, J = 

7.6 Hz, 1H), 7.21-7.24 (m, 2H), 7.09 (t, J = 7.6 Hz, 1H), 6.91-6.97 (m, 2H), 4.44 (d, 

J = 10.6 Hz, 1H), 4.31 (d, J = 10.8 Hz, 1H), 3.08 (d, J = 15.1 Hz, 1H), 2.85 (d, J = 15.0 Hz, 1H), 

1.57 (s, 1H); 13C NMR (75 MHz, DMSO-d6): δ 174.37, 148.76, 148.61, 138.75, 131.40, 129.84, 

128.61, 125.69, 124.52, 123.50, 119.10, 117.52, 114.55, 110.23, 84.50, 83.91, 71.06, 45.01, 27.83, 
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27.69; The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak AD-H 

column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 9.15 min, tminor = 13.78 

min); [α]D
20 = +0.9 (c = 1.0, CH2Cl2); ESI HRMS exact mass calcd. for (C23H21ClN2O4 + Na)+ 

requires m/z 447.1082, found m/z 447.1070. 

(R)-tert-butyl 

7'-methoxy-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1

-carboxylate (2m): white solid, 6.3 mg, 15% yield, 95% ee, mp 261.9-263.4 ºC; 

1H NMR (400 MHz, CDCl3): δ 7.90 (d, J = 6.4 Hz, 1H), 7.79 (s, 1H), 7.30 (t, J = 

6.4 Hz, 1H), 7.16 (d, J = 6.8 Hz, 1H), 6.99 (t, J = 6.0 Hz, 1H), 6.93-6.94 (m, 1H), 

6.84 (s, 1H), 6.75 (d, J = 6.4 Hz, 1H), 4.40 (d, J = 8.4 Hz, 1H), 4.12 (d, J = 8.4 Hz, 

1H), 3.83 (s, 3H), 3.35 (d, J = 12 Hz, 1H), 2.76 (d, J = 12 Hz, 1H), 1.66 (s, 9H); 13C NMR (100 

MHz, CDCl3): δ 175.65, 155.30, 149.09, 146.59, 138.61, 131.58, 130.32, 128.60, 124.85, 124.07, 

121.62, 117.40, 114.86, 108.50, 95.99, 85.30, 84.86, 72.00, 55.94, 46.40, 28.32, 28.13; The 

enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak OD-H column 

(90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 14.49 min, tminor = 13.10 min); 

[α]D
20 = +23.1 (c = 0.55, CH2Cl2); ESI HRMS exact mass calcd. for (C24H24N2O5 + H)+ requires 

m/z 421.1758, found m/z 421.1755. 

(R)-tert-butyl 

8'-bromo-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-ca

rboxylate (2n): white solid, 17.8 mg, 38% yield, 93% ee, mp 178.8-180.5 ºC; 1H 

NMR (300 MHz, DMSO-d6): δ 11.52 (s, 1H), 7.84 (d, J = 8.1 Hz, 1H), 7.37 (t, J = 

7.8 Hz, 1H), 7.24 (d, J = 7.6 Hz, 1H), 7.07-7.17 (m, 2H), 6.86-6.96 (m, 2H), 4.47 (d, 

J = 10.5 Hz, 1H), 4.33 (d, J = 10.7 Hz, 1H), 3.10 (d, J = 15.1 Hz, 1H), 2.86 (d, J = 15.3 Hz, 1H), 

1.57 (s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 174.32, 149.10, 148.60, 138.75, 129.79, 129.46, 

128.58, 124.53, 123.49, 121.79, 120.53, 115.67, 114.53, 103.28, 85.62, 83.89, 71.12, 44.93, 27.92, 

27.68; The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak AD-H 

column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 7.56 min, tminor = 9.66 

min); [α]D
20 = -14.7 (c = 0.85, CH2Cl2); ESI HRMS exact mass calcd. for (C23H21BrN2O4 + Na)+ 

requires m/z 491.0577, found m/z 491.0573. 

(R)-tert-butyl 

8'-methyl-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-c

arboxylate (2o): white solid, 27 mg, 67% yield, 95% ee, mp 161.9-163.5 ºC; 1H 

NMR (300 MHz, DMSO-d6): δ 11.10 (s, 1H), 7.84 (d, J = 8.1 Hz, 1H), 7.35 (t, J = 

7.5 Hz, 1H), 7.03-7.32 (m, 2H), 6.75-6.92 (m, 3H), 4.42 (d, J = 10.6 Hz, 1H), 4.29 
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(d, J = 10.6 Hz, 1H), 3.10 (d, J = 15.0 Hz, 1H), 2.80 (d, J = 15.0 Hz, 1H), 2.42 (s, 3H), 1.58 (s, 

9H); 13C NMR (75 MHz, DMSO-d6): δ 174.61, 148.62, 148.20, 138.69, 130.21, 130.14, 128.50, 

126.53, 124.47, 123.52, 120.28, 119.64, 119.16, 114.52, 113.95, 84.44, 83.90, 71.07, 45.29, 28.19, 

27.70, 16.85; The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak 

AD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 6.44 min, tminor = 

9.83 min); [α]D
20 = +7.0 (c = 1.0, CH2Cl2); ESI HRMS exact mass calcd. for (C24H24N2O4 + Na)+ 

requires m/z 427.1628, found m/z 427.1623. 

 (R)-1-acetyl-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indol]-2-one 

(2p): white solid, 21.9 mg, 66% yield, 81% ee, mp 196.8-198.3 ºC; 1H NMR (300 

MHz, DMSO-d6): δ 11.16 (s, 1H), 8.15 (d, J = 7.9 Hz, 1H), 7.30-7.33 (m, 1H), 

7.17-7.20 (m, 2H), 7.06-7.09 (m, 1H), 6.89-6.93 (m, 3H), 4.41 (d, J = 10.5 Hz, 1H), 

4.30 (d, J = 10.6 Hz, 1H), 3.11 (d, J = 15.0 Hz, 1H), 2.83 (d, J = 15.3 Hz, 1H), 2.46 

(s, 3H); 13C NMR (75 MHz, DMSO-d6): δ 177.19, 170.72, 148.13, 139.39, 130.92, 130.47, 128.47, 

126.85, 125.06, 123.38, 119.25, 118.98, 116.24, 115.71, 110.50, 84.08, 71.03, 45.37, 28.05, 26.52; 

The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak OD-H column 

(90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 26.92 min, tminor = 22.25 min); 

[α]D
20 = +60.7 (c = 0.75, CH2Cl2); ESI HRMS exact mass calcd. for (C20H16N2O3 + H)+ requires 

m/z 333.1234, found m/z 333.1243. 

(R)-1-acetyl-5'-chloro-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indo

l]-2-one (2q): white solid, 31 mg, 84% yield, 76% ee, mp 223.8-225.1 ºC; 1H 

NMR (400 MHz, CDCl3): δ 8.30 (d, J = 6.4 Hz, 1H), 7.92 (s, 1H), 7.35 (t, J = 6.0 

Hz, 1H), 7.16 (d, J = 6.0 Hz, 1H), 7.10 (t, J = 5.6 Hz, 1H), 6.99-7.02 (m, 3H), 4.41 

(d, J = 8.0 Hz, 1H), 4.21 (d, J = 8.4 Hz, 1H), 3.60 (d, J = 12.4 Hz, 1H), 3.30 (d, J = 

12.4 Hz, 1H), 2.72 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 177.66, 170.82, 147.82, 139.14, 

131.67, 130.17, 128.99, 125.62, 124.96, 124.55, 123.63, 121.01, 120.76, 116.57, 109.09, 85.90, 

71.75, 46.27, 29.85, 26.85; The enantiomeric ratio was determined by HPLC analysis using Daicel 

Chiralpak OD-H column (60/40 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 5.25 

min, tminor = 6.17 min); [α]D
20 = +27.3 (c = 1.0, CH2Cl2); ESI HRMS exact mass calcd. for 

(C20H15ClN2O3 + Na)+ requires m/z 389.0663, found m/z 389.0648; 

(R)-tert-butyl 

4-chloro-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-ca

rboxylate (2r): white solid, 34 mg, 80% yield, 94% ee, mp 173.2-175.1 ºC; 1H 

NMR (300 MHz, DMSO-d6): δ 11.05 (s, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.45 (t, J = 

8.2 Hz, 1H), 7.29 (d, J = 8.2 Hz, 1H), 7.17-7.23 (m, 2H), 6.92-6.95 (m, 2H), 4.81 (d, 
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J = 11.1 Hz, 1H), 4.53 (d, J = 11.1 Hz, 1H), 3.58 (d, J = 15.8 Hz, 1H), 2.92 (d, J = 15.8 Hz, 1H), 

1.52 (s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 172.32, 148.60, 148.37, 141.55, 130.78, 130.73, 

129.43, 126.85, 125.71, 124.59, 118.98, 118.80, 116.10, 113.70, 110.32, 84.07, 83.03, 66.74, 

45.62, 27.63, 22.94; The enantiomeric ratio was determined by HPLC analysis using Daicel 

Chiralpak OD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 12.66 

min, tminor = 8.47 min); [α]D
20 = +25.6 (c = 1.0, CH2Cl2); ESI HRMS exact mass calcd. for 

(C23H21ClN2O4 + H)+ requires m/z 425.1263, found m/z 425.1254. 

(R)-tert-butyl 

5-fluoro-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1-

carboxylate (2s): white solid, 24 mg, 59% yield, 92% ee, mp 187.3-189.7 ºC; 1H 

NMR (300 MHz, DMSO-d6): δ 11.20 (s, 1H), 7.86 (dd, J = 8.8 and 4.7 Hz, 1H), 

7.18-7.25 (m, 3H), 6.91-7.00 (m, 2H), 6.72 (dd, J = 8.1 and 2.7 Hz, 1H), 4.46 (d, 

J = 10.7 Hz, 1H), 4.31 (d, J = 10.8 Hz, 1H), 3.10 (d, J = 15.1 Hz, 1H), 2.88 (d, J = 15.1 Hz, 1H), 

1.57 (s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 174.05, 159.05 (d, J = 238.8 Hz), 148.58, 147.97, 

135.14, 131.88 (d, J = 8.5 Hz), 130.91, 126.76, 119.33, 119.02, 116.30, 116.07 (d, J = 8.2 Hz), 

114.88 (d, J = 22.4 Hz), 110.84 (d, J = 24.6 Hz), 110.53, 83.99, 83.90, 70.65, 45.37, 27.85, 27.67; 

The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak AD-H column 

(90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 7.69 min, tminor = 12.11 min); 

[α]D
20 = +34.9 (c = 0.88, CH2Cl2); ESI HRMS exact mass calcd. for (C23H21FN2O4 + Na)+ requires 

m/z 431.1378, found m/z 431.1367. 

(R)-tert-butyl 

5-bromo-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1

-carboxylate (2t): white solid, 22 mg, 47% yield, 92% ee, mp 262.0-264.4 ºC; 

1H NMR (300 MHz, DMSO-d6): δ 11.21 (s, 1H), 7.81 (d, J = 8.7 Hz, 1H), 

7.55-7.58 (m, 1H), 7.23 (d, J = 7.1 Hz, 2H), 6.94-7.03 (m, 3H), 4.47 (d, J = 10.6 

Hz, 1H), 4.30 (d, J = 10.6 Hz, 1H), 3.10 (d, J = 15.1 Hz, 1H), 2.88 (d, J = 15.3 Hz, 1H), 1.57 (s, 

9H); 13C NMR (75 MHz, DMSO-d6): δ 173.69, 148.47, 147.93, 138.26, 132.44, 131.25, 130.89, 

126.73, 126.06, 119.38, 119.04, 116.64, 116.39, 116.34, 110.56, 84.17, 83.95, 70.69, 45.28, 27.85, 

27.66; The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak AD-H 

column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 8.91 min, tminor = 12.63 

min); [α]D
20 = +110.8 (c = 0.65, CH2Cl2); ESI HRMS exact mass calcd. for (C23H21BrN2O4 + Na)+ 

requires m/z 491.0577, found m/z 491.0571. 
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(R)-tert-butyl 

5-methyl-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-

1-carboxylate (2u): white solid, 29 mg, 72% yield, 94% ee, mp 152.7-154.8 ºC; 

1H NMR (300 MHz, DMSO-d6): δ 11.17 (s, 1H), 7.72 (d, J = 8.2 Hz, 1H), 

7.15-7.23 (m, 3H), 6.91-6.99 (m, 2H), 6.77 (s, 1H), 4.39 (d, J = 10.6 Hz, 1H), 

4.26 (d, J = 10.6 Hz, 1H), 3.08 (d, J = 15.1 Hz, 1H), 2.82 (d, J = 15.1 Hz, 1H), 2.16 (s, 3H), 1.56 

(s, 9H); 13C NMR (75 MHz, DMSO-d6): δ 174.57, 148.66, 148.12, 136.37, 133.47, 130.89, 130.14, 

128.89, 126.86, 123.95, 119.24, 118.96, 116.31, 114.36, 110.53, 84.17, 83.77, 71.11, 45.29, 27.97, 

27.70, 20.75; The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak 

AD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 7.99 min, tminor = 

10.20 min); [α]D
20 = +51.9 (c = 0.9, CH2Cl2); ESI HRMS exact mass calcd. for (C24H24N2O4 + 

Na)+ requires m/z 427.1628, found m/z 427.1628. 

(R)-tert-butyl 

6-chloro-2-oxo-4',9'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indole]-1

-carboxylate (2v): white solid, 21 mg, 59% yield, 93% ee, mp 185.0-186.1 ºC; 

1H NMR (300 MHz, DMSO-d6): δ 11.21 (s, 1H), 7.87 (d, J = 1.9 Hz, 1H), 

7.15-7.22 (m, 3H), 6.93-6.99 (m, 2H), 6.89 (d, J = 8.1 Hz, 1H), 4.44 (d, J = 10.5 

Hz, 1H), 4.29 (d, J = 10.5 Hz, 1H), 3.10 (d, J = 15.1 Hz, 1H), 2.83 (d, J = 15.0 Hz, 1H), 1.58 (s, 

9H); 13C NMR (75 MHz, DMSO-d6): δ 174.09, 148.49, 147.98, 140.09, 132.73, 130.91, 129.00, 

126.77, 124.88, 124.22, 119.31, 119.00, 116.27, 114.72, 110.52, 84.32, 83.92, 70.80, 45.14, 27.94, 

27.64; The enantiomeric ratio was determined by HPLC analysis using Daicel Chiralpak OD-H 

column (90/10 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor = 22.02 min, tminor = 

13.05 min); [α]D
20 = +49.4 (c = 0.85, CH2Cl2); ESI HRMS exact mass calcd. for (C23H21ClN2O4 + 

Na)+ requires m/z 447.1082, found m/z 447.1080. 

 

General procedure for the one-pot stepwise construction of 4 

3-(3-indolomethyl)oxindole 1r (0.1 mmol, 39.7 mg), paraformaldehyde (18 mg, 0.6 mmol) and 

catalyst 3a (3.2 mg, 0.01 mmol) were stirred in ClCH2CH2Cl at 0℃ for 42 h. Then, DABCO 

(13.5 mg, 0.12 mmol) and NCS (40 mg, 0.3 mmol) were added and the reaction mixture was 
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vigorously stirred at 0℃ for 30 min. The crude reaction mixture was directly loaded on a 

silica-gel column and next chromatograph (PE:EA = 5:1) afforded the corresponding product 

4 (white solid, 35 mg) with 76% yield and 94% ee.  

(3R,4a'S)-tert-butyl 

4,4a'-dichloro-2-oxo-4',4a'-dihydro-2'H-spiro[indoline-3,3'-pyrano[2,3-b]indol

e]-1-carboxylate (4): white solid, mp 171.4-172.9 ºC; 1H NMR (400 MHz, 

CDCl3): δ 7.90 (d, J = 6.8 Hz, 1H), 7.42 (d, J = 6.4 Hz, 1H), 7.32-7.37 (m, 3H), 

7.21 (d, J = 6.4 Hz, 1H), 7.11 (t, J = 5.6 Hz, 1H), 5.87 (d, J = 9.2 Hz, 1H), 4.24 (d, J 

= 9.6 Hz, 1H), 3.84 (d, J = 12.8 Hz, 1H), 2.69 (d, J = 12.8 Hz, 1H), 1.57 (s, 9H); 13C NMR (100 

MHz, CDCl3): δ 175.66, 173.99, 151.76, 148.76, 141.61, 138.86, 131.19, 130.72, 130.57, 126.33, 

124.56, 122.07, 121.85, 120.35, 114.06, 85.69, 67.13, 61.96, 45.96, 36.16, 27.98; [α]D
20 = -86.4 (c 

= 1.5, CH2Cl2); ESI HRMS exact mass calcd. for (C23H20Cl2N2O4 + H)+ requires m/z 459.0873, 

found m/z 459.0878. 

The enantiomeric ratio was determined by HPLC analysis of 4 after deprotection of Boc using 

Daicel Chiralpak OD-H column (70/30 hexane/i-PrOH; flow rate: 1.0 mL/min; λ = 254 nm; tmajor 

= 7.40 min, tminor = 10.63 min). 

Synthesis of bispirooxindole 5 

 

 

 

 

 

 

 

To the solution of 2a (0.077 mmol, 30 mg) in THF (2 mL), H2O (1 mL) and HOAc (1 mL) was 

added NBS (0.092 mmol, 16.4 mg) at 0℃ , The resulting mixture was warmed to room 

temperature and vigorously stirred until the slightly red fade away. The mixture was extracted 

with CH2Cl2 three times, and the combined organic layers were washed with brine and dried over 

anhydrous Na2SO4. After filtration, the solution was concentrated under reduced pressure and the 

resulting crude mixture was purified by silica gel column chromatography (PE:EA = 3:1) to afford 

compound 5 (white solid, 15 mg) with 48% yield. 

Tert-buty(4'R)-2,2"-dioxo-3'H,5'H-dispiro[indoline-3,2'-furan-4'3"-indoline]-1

"-carboxylate (5): white solid, 1H NMR (400 MHz, CDCl3): δ 8.18 (s, 0.4H), 8.03 

(d, J = 10.0 Hz, 1H), 7.92 (d, J = 5.6 Hz, 0.7H), 7.78-7.85 (m, 2H), 7.41 (d, J = 6.8 
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Hz, 0.4H), 7.34 (m, 1H), 7.24-7.30 (m, 2H), 7.11-7.14 (m, 0.7H), 6.88 (d, J = 6.4 Hz, 0.7H), 6.78 

(d, J = 6.4 Hz, 0.4H), 4.57-4.60 (m, 1H), 4.48-4.51 (m, 1H), 2.86-2.91 (m, 1H), 2.76-2.79 (m, 1H), 

1.68 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 179.11, 178.74, 178.38, 178.34, 149.11, 149.06, 

140.81, 139.91, 139.43, 139.35, 133.22, 131.13, 130.29, 129.40, 129.35, 129.31, 128.98, 128.85, 

126.32, 125.39, 124.17, 124.08, 123.74, 116.30, 114.96, 114.87, 111.59, 110.01, 84.94, 84.79, 

84.33, 84.17, 78.78, 78.32, 55.54, 55.43, 46.70, 46.57, 28.16; The enantiomeric ratio was 

determined by HPLC analysis using Daicel Chiralpak IC column (90/10 hexane/i-PrOH; flow rate: 

1.0 mL/min; λ = 254 nm; t = 10.79, 12.15, 15.68, 18.41); [α]D
20 = -16.2 (c = 0.75, CH2Cl2); ESI 

HRMS exact mass calcd. for (C23H22N2O5 + Na)+ requires m/z 429.1421, found m/z 429.1410. 

Synthesis of compound 6 

 

 

 

 

 

 

To the solution of 2q (31 mg, 0.084 mmol) in CH2Cl2 (4 mL) were added Et3N (70 µL, 0.5 mmol) 

and DMAP (2 mg, 0.2 eq), then p-nitrobenzene sulfonyl chloride (93 mg, 0.42 mmol) was added 

to the solution by portion under stirration at 0℃. The resulting mixture was warmed to room 

temperature and vigorously stirred until the reaction finished. The reaction was quenched with a 

saturated NH4Cl solution, extracted with CH2Cl2 three times, and the combined organic layers 

were washed with brine and dried over anhydrous Na2SO4. After filtration, the solution was 

concentrated under reduced pressure and the resulting crude mixture was purified by silica gel 

column chromatography (PE:EA = 8:1) to afford compound 6 (yellow solid, 37 mg) with 80% 

yield.  

(R)-1-acetyl-5'-chloro-9'-((4-nitrophenyl)sulfonyl)-4',9'-dihydro-2'H

-spiro[indoline-3,3'-pyrano[2,3-b]indol]-2-one (6): yellow solid, mp 

171.5-173.0 ºC; 1H NMR (400 MHz, CDCl3): δ 8.28-8.32 (m, 3H), 

8.14 (d, J = 6.4 Hz, 2H), 8.07 (d, J = 5.6 Hz, 1H), 7.37 (t, J = 6.4 Hz, 

1H), 7.17-7.19 (m, 2H), 7.02 (t, J = 6.0 Hz, 1H), 6.77 (d, J = 7.2 Hz, 

1H), 4.31-4.37 (m, 2H), 3.44 (d, J = 13.2 Hz, 1H), 3.20 (d, J = 13.2 Hz, 

1H), 2.66 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 176.68, 170.55, 150.99, 146.58, 143.33, 139.30, 

132.33, 129.59, 128.88, 128.66, 126.11, 125.59, 125.41, 125.27, 124.60, 124.06, 122.98, 116.92, 

112.61, 93.04, 72.41, 45.26, 29.52, 26.75; ESI HRMS exact mass calcd. for (C26H18ClN3O7S + 
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Na)+ requires m/z 574.0446, found m/z 574.0462.  

 

synthesis of 1r a 

3-(3-indolomethyl)oxindole 1r (0.1 mmol, 39.7 mg), paraformaldehyde (18 mg, 0.6 mmol) and 

catalyst 3a (3.2 mg, 0.01 mmol) were stirred in DCE (2 mL) at 0℃ for 42 h. Purification of the 

crude product by flash column chromatography afforded the Aldol product 1r a (petroleum 

ether/ethyl acetate as eluent (3:1)). 

 (R)-tert-butyl 

3-((1H-indol-3-yl)methyl)-4-chloro-3-(hydroxymethyl)-2-oxoindoline-1-carbo

xylate (1r a): white solid, 95% yield, 92% ee; 1H NMR (600 MHz, CDCl3): δ 

7.83 (s, 1H), 7.52 (dd, J = 8.6, 5.3 Hz, 2H), 7.18 (d, J = 8.0 Hz, 1H), 7.12 (d, J = 

4.2 Hz, 2H), 7.06 (t, J = 7.4 Hz, 1H), 6.99 (t, J = 7.4 Hz, 1H), 6.66 (d, J = 1.6 Hz, 

1H), 4.45 (dd, J = 10.9, 3.1 Hz, 1H), 4.30-4.40 (m, 1H), 3.63 (d, J = 14.3 Hz, 1H), 3.49 (d, J = 

14.3 Hz, 1H), 2.04-2.05 (m, 1H), 1.44 (s, 9H). 13C NMR (151 MHz, CDCl3): δ 177.68, 148.53, 

142.70, 135.63, 130.29, 129.78, 127.33, 125.60, 125.46, 123.28, 121.88, 119.54, 119.21, 113.57, 

110.75, 109.11, 84.50, 64.82, 59.15, 27.97, 27.50. The enantiomeric ratio was determined by 

HPLC analysis using Daicel Chiralpak OD-H column (90/10 hexane/i-PrOH; flow rate: 1.0 

mL/min; λ = 254 nm; tminor = 20.71 min, tmajor = 29.21 min); [α]D
20 = +97.4 (c = 1.0, CH2Cl2); ESI 

HRMS exact mass calcd. for (C23H23ClN2O4 + Na)+ requires m/z 449.1239, found m/z 449.1243. 

X-ray crystal structure of compound 6 and 1r a 

The chemical structure of pentacyclic spirooxindoles 2 has been confirmed by a single crystal 

X-ray analysis of 6. And the absolute configuration of the chiral quaternary carbon has been 

confirmed by a single crystal X-ray analysis of 1ra (the product of the first Aldol reaction of 1r). 

 

 

 

 

 

 

Table 1.  Crystal data and structure refinement for 6. 
 

      Identification code             6 
   

      Empirical formula             C26 H20 Cl N3 O8 S 
  



S21 
 

      Formula weight               569.96 
   

      Temperature                  296(2) K 
   

      Wavelength                  0.71073A 
   

      Crystal system, space group     Triclinic, P-1    
  

      Unit cell dimensions           a = 5.6165(18) A   alpha = 65.52(3) deg. 

                                  b = 13.983(2) A    beta =88.60(3) deg. 
 

                                  c = 16.7686(17) A   gamma = 86.77(3) deg. 

      Volume                     1196.6(4) A^3 
   

      Z, Calculated density          2, 1.582 Mg/m^3 
  

      Absorption coefficient         0.308 mm^-1 
  

      F(000)                     588 
    

      Crystal size                  0.26 x 0.21 x 0.17 mm 
  

      Theta range for data collection   1.60 to 25.00 deg. 
  

      Limiting indices               -6<=h<=6, -16<=k<=16, -19<=l<=11 

      Reflections collected / unique    6021 / 4185 [R(int) = 0.0828] 
 

      Completeness to theta = 25.00    99.2 % 
  

      Absorption correction          Semi-empirical from equivalents 

      Max. and min. transmission      0.9496 and 0.9243 
  

      Refinement method            Full-matrix least-squares on F^2 

      Data / restraints / parameters     4185 / 3 / 359 
  

      Goodness-of-fit on F^2          0.898 
   

      Final R indices [I>2sigma(I)]     R1 = 0.0706, wR2 = 0.1010 
 

      R indices (all data)             R1 = 0.2192, wR2 = 0.1237 
 

      Extinction coefficient           0.0039(8) 
   

      Largest diff. peak and hole       0.239 and -0.311 e.A^-3 
 

 

 

 

 

 

 

 

 

C7R 

Table 2.  Crystal data and structure refinement for 1ra. 

Identification code 1ra 

Empirical formula C23H23ClN2O4 

Formula weight 426.88 

Temperature/K 293(2) 

Crystal system monoclinic 



S22 
 

Space group P21 

a/Å 8.8442(2) 

b/Å 10.8918(2) 

c/Å 11.5077(3) 

α/° 90 

β/° 90.266(3) 

γ/° 90 

Volume/Å3 1108.51(5) 

Z 2 

ρcalcg/cm3 1.279 

μ/mm-1 1.783 

F(000) 448.0 

Crystal size/mm3 0.2 × 0.15 × 0.12 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 7.682 to 134.056 

Index ranges -10 ≤ h ≤ 6, -13 ≤ k ≤ 13, -13 ≤ l ≤ 13 

Reflections collected 7923 

Independent reflections 3966 [Rint = 0.0272, Rsigma = 0.0378] 

Data/restraints/parameters 3966/1/275 

Goodness-of-fit on F2 1.024 

Final R indexes [I>=2σ (I)] R1 = 0.0401, wR2 = 0.0909 

Final R indexes [all data] R1 = 0.0535, wR2 = 0.0997 

Largest diff. peak/hole / e Å-3 0.13/-0.16 

Flack parameter 0.019(11) 
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2a: Racemic 

2a: Chiral 



S47 
 

 



S48 
 

2b: Racemic 

2b: Chiral 
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2c: Racemic 

2c: Chiral 



S51 
 

 



S52 
 

2d: Racemic 

2d: Chiral 
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2e: Racemic 

2e: Chiral 
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2f: Racemic 

2f: Chiral 
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2g: Racemic 

2g: Chiral 
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2h: Racemic 

2h: Chiral 
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2i: Racemic 

2i: Chiral 
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2j: Racemic 

2j: Chiral 
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2k: Racemic 

2k: Chiral 
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2l: Racemic 

2l: Chiral 
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2m: Racemic 

2m: Chiral 
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2n: Racemic 

2n: Chiral 
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2o: Racemic 

2o: Chiral 
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2p: Racemic 

2p: Chiral 
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2q: Racemic 

2q: Chiral 
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2r: Racemic 

2r: Chiral 
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2s: Racemic 

2s: Chiral 
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2t: Racemic 

2t: Chiral 
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2u: Racemic 

2u: Chiral 
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2v: Racemic 

2v: Chiral 
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Racemic: 1r a 

Chiral 


