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1. General experimental information 

Reagents were purchased from commercial sources and were used as received unless mentioned 

otherwise. Reactions were monitored by TLC. 1H NMR and 13C NMR spectra were recorded in 

CDCl3. 1H NMR chemical shifts are reported in ppm relative to tetramethylsilane (TMS) with the 

solvent resonance employed as the internal standard (CDCl3 at 7.26 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 at 77.16 ppm). Melting points of major diastereoisomer were recorded on a B¿chi Melting 

Point B-545. Specific rotation of major diastereoisomer were determined by Perkin Elmer 341 

2. General procedure for the synthesis of compounds 3. 

 

In an ordinary vial equipped with a magnetic stirring bar, 3-cynao-4-alkenyl-2H-chromen-2-ones 

1 (0.1 mmol) and isatin-derived MBH carbonates 2 (0.15 mmol), catalyst C4 (0.02 mmol, 20 mol%) 

and dried DCE (2 mL), then the mixture was stirred at 0 ÁC. After completion of the reaction as 

indicated by TLC, the product 3 were isolated by flash chromatography on silica gel.  

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenylspiro[cyclo-

pentane-1,3'-indolin]-2-ene-2-carboxylate (3aa) 

 

Pale yellow solid, 49.2 mg, 95% yield; 95:5 er; [Ŭ]D
20 = +247.7 (c. 2.21, CH2Cl2); m.p. 106.8-

107.3 °C.  

HPLC  (Chiralpak AD-H column, i-propanol/n-hexane = 30/70, column temperature = 30 °C , flow 

rate = 1.0 mL/min, l = 254 nm) tR = 12.2 min (major), 13.7 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.76 (d, J = 8.2 Hz, 1H), 7.67-7.46 (m, 4H), 7.43-7.23 (m, 5H), 

7.22-6.99 (m, 3H), 6.55 (d, J = 7.6 Hz, 1H), 6.19 (dd, J = 9.4, 1.8 Hz, 1H), 4.83 (d, J = 9.4 Hz, 1H), 

4.02 (q, J = 7.1 Hz, 2H), 2.91 (s, 3H), 1.08 (t, J = 7.1 Hz, 3H). 
13C NMR (75 MHz, CDCl3) ŭ 177.2, 162.0, 160.2, 156.8, 152.5, 148.7, 143.1, 140.2, 136.3, 135.3, 

129.8, 129.4, 128.2, 127.9, 126.3, 125.7, 125.2, 123.1, 117.8, 117.6, 115.5, 108.3, 102.9, 66.5, 61.0, 

58.1, 51.7, 26.4, 13.9. 

HRMS (ESI) calcd. for C32H24N2NaO5 [M + Na]+ 539.1577, found: 539.1579. 
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Ethyl (1R,4S,5S)-5-(7-bromo-3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3ba) 

 

Pale yellow solid, 58.9 mg, 99% yield; 95:5 er; [Ŭ]D
20 = +338.0 (c. 2.62, CHCl3); m.p. 88.5-88.9 °C . 

HPLC  (Chiralpak AD-H column, i-propanol/n-hexane = 30/70, column temperature = 30 °C , flow 

rate = 1.0 mL/min, l = 254 nm) tR = 9.9 min (major), 11.7 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.68-7.58 (m, 2H), 7.54-7.44 (m, 2H), 7.42-7.31 (m, 4H), 7.30-7.25 

(m, 2H), 7.24-7.17 (m, 1H), 7.10 (t, J = 7.5 Hz, 1H), 6.61 (d, J = 7.7 Hz, 1H), 6.16 (dd, J = 9.5, 1.9 

Hz, 1H), 4.74 (d, J = 9.6 Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 2.96 (s, 3H), 1.09 (t, J = 7.1 Hz, 3H).  

13C NMR (75 MHz, CDCl3) ŭ 177.2, 161.9, 159.5, 156.2, 152.6, 148.6, 143.1, 140.0, 138.4, 136.5, 

130.0, 129.5, 128.7, 128.3, 127.9, 127.4, 126.0, 125.9, 123.2, 120.8, 116.9, 115.4, 108.5, 103.0, 

66.5, 61.1, 58.2, 51.7, 26.5, 14.0.  

HRMS (ESI) calcd. for C32H23BrN2NaO5 [M + Na]+ 617.0683, found:617.0670. 

Ethyl (1R,4S,5S)-5-(3-cyano-6-fluoro-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl spi-

ro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ca) 

 

Pale yellow solid, 41.1 mg, 77% yield; 91.5:8.5 er; [Ŭ]D
20 = +287.7 (c. 1.60, CHCl3); m.p. 177.5-

177.8 °C . HPLC  (Chiralpak IB column, i-propanol/n-hexane = 25/75, column temperature = 30 °C , 

flow rate = 1.0 mL/min, l = 254 nm) tR = 8.7 min (minor), 9.8 min (major).  
1H NMR (300 MHz, CDCl3) ŭ 7.62-7.56 (m, 1H), 7.55-7.48 (m, 3H), 7.43-7.34 (m, 2H), 7.33-7.26 

(m, 2H), 7.26-7.23 (m, 1H), 7.22-7.03 (m, 3H), 6.59 (d, J = 7.8 Hz, 1H), 6.16 (dd, J = 9.4, 2.1 Hz, 

1H), 4.65 (d, J = 9.4 Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 2.99 (s, 3H), 1.09 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) ŭ 177.2, 161.8, 159.3 (d, J = 3.0 Hz, 1C), 159.0 (d, J = 247.5 Hz, 

1C), 157.8, 156.4, 148.6 (d, J = 2.0 Hz, 1C), 148.5, 143.1, 140.0, 136.4, 129.9, 129.4, 128.3, 127.9, 

126.0, 125.7, 123.1, 122.6 (d, J = 25.3 Hz, 1C), 119.2 (d, J = 9.1 Hz, 1C), 118.8 (d, J = 9.1 Hz, 1C), 

115.1, 112.1 (d, J = 27.3 Hz, 1C), 108.3, 103.9, 66.4, 61.0, 58.4, 51.7, 26.3, 13.9. 

HRMS (ESI) calcd. for C32H23FN2NaO5 [M + Na]+ 557.1483, found: 557.1496. 

Ethyl (1R,4S,5S)-5-(6-chloro-3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl 

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3da) 
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Pale yellow solid, 45.7 mg, 83% yield; 92:8 er; [Ŭ]D
20 = +321.1 (c. 1.92, CHCl3); m.p. 197.1-

198.3 °C . 

HPLC  (Chiralpak OD-H column, i-propanol/n-hexane = 25/75, column temperature = 30 °C , flow 

rate = 1.0 mL/min, l = 254 nm) tR = 10.5 min (minor), 12.5 min (major). 
1H NMR (300 MHz, CDCl3) ŭ 7.76 (d, J = 2.2 Hz, 1H), 7.60-7.46 (m, 4H), 7.44-7.35 (m, 2H), 

7.35-7.29 (m, 1H), 7.26-7.23 (m, 1H), 7.23-7.16 (m, 1H), 7.15-7.03 (m, 2H), 6.58 (d, J = 7.7 Hz, 

1H), 6.17 (dd, J = 9.2, 2.1 Hz, 1H), 4.67 (d, J = 9.2 Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 3.01 (s, 3H), 

1.09 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) ŭ 177.3, 161.9, 159.4, 156.3, 150.8, 148.6, 143.1, 140.1, 136.4, 135.1, 

131.2, 130.0, 129.5, 128.4, 128.0, 126.1, 125.8, 125.6, 123.2, 119.0, 118.9, 115.1, 108.4, 103.9, 

66.5, 61.1, 58.4, 51.7, 26.4, 14.0. 

HRMS (ESI) calcd. for C32H23ClN2NaO5 [M + Na]+ 573,1188, found: 573.1215. 

Ethyl (1R,4S,5S)-5-(6-bromo-3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl 

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ea) 

 

Pale yellow solid, 56.3 mg, 95% yield; 89.5:10.5 er; [Ŭ]D
20 = +297.8 (c. 2.19, CHCl3); m.p. 186.6-

186.9 °C . 

HPLC  (Chiralpak AD-H column, i-propanol/n-hexane = 30/70, column temperature = 30 °C , flow 

rate = 1.0 mL/min, l = 254 nm) tR = 15.4 min (major), 17.6 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.90 (d, J = 2.0 Hz, 1H), 7.64 (dd, J = 8.8, 2.1 Hz, 1H), 7.59-7.49 

(m, 3H), 7.44-7.35 (m, 2H), 7.34-7.27 (m, 1H), 7.26-7.14 (m, 2H), 7.12-7.01 (m, 2H), 6.59 (d, J = 

7.7 Hz, 1H), 6.18 (dd, J = 9.2, 2.2 Hz, 1H), 4.66 (d, J = 9.3 Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 3.03 

(s, 3H), 1.09 (t, J = 7.1 Hz, 3H) 

13C NMR (101 MHz, CDCl3) ŭ 177.2, 161.9, 159.3, 156.2, 151.3, 148.6, 143.1, 140.1, 137.9, 136.4, 

130.0, 129.5, 128.8, 128.3, 128.0, 126.1, 125.6, 123.2, 119.3, 119.2, 118.3, 115.1, 108.4, 103.9, 

66.5, 61.1, 58.4, 51.7, 26.5, 14.0. 

HRMS (ESI) calcd. for C32H23BrN2NaO5 [M + Na]+ 617.0683, found: 617.0688. 

Ethyl (1R,4S,5S)-5-(3-cyano-6-methyl-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl 

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3fa) 
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Pale yellow solid, 39.5 mg, 75% yield; 95:5 er; [Ŭ]D
20 = +355.2 (c. 2.80, CHCl3); m.p. 195.3-

196.4 °C . 

HPLC (Chiralpak IA column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 10.5 min (major), 12.7 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.62-7.49 (m, 4H), 7.42-7.33 (m, 3H), 7.32-7.26 (m, 2H), 7.21-7.14 

(m, 1H), 7.11-7.01 (m, 2H), 6.55 (d, J = 7.7 Hz, 1H), 6.20 (dd, J = 9.4, 2.1 Hz, 1H), 4.79 (d, J = 9.4 

Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 2.92 (s, 3H), 2.39 (s, 3H), 1.09 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) ŭ 177.3, 162.0, 160.1, 157.1, 150.6, 148.8, 143.0, 140.3, 136.4, 136.3, 

135.2, 129.8, 129.4, 128.2, 128.0, 126.3, 126.0, 125.6, 123.1, 117.5, 117.3, 115.7, 108.3, 102.7, 

66.5, 61.0, 58.0, 51.6, 26.2, 21.0, 13.9. 

HRMS (ESI) calcd. for C33H26N2NaO5 [M + Na]+ 553,1734, found: 553.1747. 

 

Ethyl (1R,4S,5S)-4-(4-chlorophenyl)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo 

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ga) 

 

Pale yellow solid, 27.2 mg, 50% yield; 92:8 er; [Ŭ]D
20 = 241.9 (c. 1.20, CHCl3); m.p. 198.9-199.5 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 30/70, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 12.0 min (major), 15.0 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.77-7.68 (m, 1H), 7.62-7.52 (m, 2H), 7.51-7.41 (m, 2H), 7.40-7.27 

(m, 3H), 7.24-7.14 (m, 3H), 7.14-7.04 (m, 1H), 6.55 (d, J = 7.7 Hz, 1H), 6.15 (dd, J = 9.3, 2.2 Hz, 

1H), 4.74 (d, J = 9.3 Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 2.92 (s, 3H), 1.09 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) ŭ 177.2, 161.9, 160.0, 156.8, 152.6, 148.0, 143.1, 138.8, 136.9, 135.5, 

134.2, 130.0, 129.7, 129.4, 126.2, 126.1, 125.8, 125.3, 123.2, 117.8, 117.7, 115.5, 108.4, 102.9, 

66.6, 61.2, 58.1, 51.2, 26.4, 14.0. 

HRMS (ESI) calcd. for C32H23ClN2NaO5 [M + Na]+ 573,1188, found: 573.1206. 

Ethyl (1R,4S,5S)-4-(4-bromophenyl)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo 

spiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3ha) 
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Pale yellow solid, 36.3 mg, 61% yield; 92:8 er; [Ŭ]D
20 = +327.6 (c. 0.83, CHCl3); m.p. 115.1-

115.8 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 30/70, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 12.8 min (major), 15.8 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.72 (d, J = 8.3 Hz, 1H), 7.62-7.52 (m, 2H), 7.52-7.45 (m, 2H), 

7.44-7.36 (m, 2H), 7.33-7.26 (m, 1H), 7.24-7.14 (m, 3H), 7.09 (td, J = 7.6, 1.0 Hz, 1H), 6.55 (d, J 

= 7.7 Hz, 1H), 6.14 (dd, J = 9.3, 2.1 Hz, 1H), 4.74 (d, J = 9.4 Hz, 1H), 4.03 (q, J = 7.1 Hz, 2H), 2.92 

(s, 3H), 1.09 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) ŭ 177.2, 161.9, 159.9, 156.8, 152.6, 147.9, 143.1, 139.3, 136.9, 135.5, 

132.6, 130.0, 129.7, 126.2, 126.1, 125.7, 125.3, 123.2, 122.3, 117.8, 115.5, 108.4, 102.9, 66.6, 61.2, 

58.1, 51.2, 26.4, 14.0. 

HRMS (ESI) calcd. for C32H23BrN2NaO5 [M + Na]+ 617.0683, found: 617.0705. 

 

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-4-(4-fluorophenyl)-1'-ethyl-2'-

oxospiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ik) 

 

Pale yellow solid, 17.5 mg, 32% yield; 94:6 er; [Ŭ]D
20 =225.4 (c. 0.87, CH2Cl2); m.p. 159.3-160.2 °C.  

HPLC  (Chiralpak IA column, EtOH/n-hexane = 15/85, column temperature = 30 °C , flow rate = 

1.0 mL/min, l = 254 nm) tR = 11.6 min (major), 13.2 min (minor). 
1H NMR (400 MHz, CDCl3) ŭ 7.81 (d, J = 8.1 Hz, 1H), 7.63 (d, J = 7.4 Hz, 1H), 7.58 (t, J = 7.8 

Hz, 1H), 7.54-7.45 (m, 2H), 7.34-7.27 (m, 1H), 7.26-7.16 (m, 3H), 7.14-7.00 (m, 3H), 6.61 (d, J = 

7.8 Hz, 1H), 6.15 (dd, J = 9.5, 2.0 Hz, 1H), 4.79 (d, J = 9.6 Hz, 1H), 4.11-3.96 (m, 2H), 3.58 (dq, J 

= 14.4, 7.2 Hz, 1H), 3.44 (dq, J = 14.2, 7.1 Hz, 1H), 1.09 (t, J = 7.1 Hz, 3H), 0.86 (t, J = 7.2 Hz, 

3H). 
13C NMR (101 MHz, CDCl3) ŭ 176.6, 162.6 (d, J = 248.3 Hz, 1C), 161.9, 159.9, 156.8, 152.6, 

148.3, 142.3, 137.0, 135.9 (d, J = 3.2 Hz, 1C), 135.4, 130.0, 129.6 (d, J = 8.3 Hz, 1C), 126.4, 126.2, 

126.2, 125.5, 122.9, 117.9, 117.7, 116.3 (d, J = 21.7 Hz, 1C), 115.6, 108.5, 103.0, 66.4, 61.1, 58.0, 

51.0, 35.0, 14.0, 11.9. 

HRMS (ESI) calcd. for C33H25FN2NaO5 [M + Na]+ 571.1640, found: 571.1645. 

 

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-4-(4-methoxyphenyl)-1'-ethyl-2'-

oxospiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3jk) 
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Pale yellow solid, 24.3 mg, 43% yield; 97:3 er; [Ŭ]D
20 = +243.0 (c. 1.20, CH2Cl2); m.p. 102.3-

103.4 °C.  

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 30/70, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 9.8 min (major), 14.0 min (minor). 
1H NMR (400 MHz, CDCl3) ŭ 7.85 (d, J = 8.3 Hz, 1H), 7.65 (d, J = 7.4 Hz, 1H), 7.61-7.53 (m, 

1H), 7.45 (d, J = 8.7 Hz, 2H), 7.35-7.15 (m, 4H), 7.09 (t, J = 7.6 Hz, 1H), 6.89 (d, J = 8.7 Hz, 2H), 

6.61 (d, J = 7.7 Hz, 1H), 6.13 (dd, J = 9.6, 1.9 Hz, 1H), 4.83 (d, J = 9.7 Hz, 1H), 4.10-3.97 (m, 2H), 

3.77 (s, 3H), 3.59 (dq, J = 14.5, 7.2 Hz, 1H), 3.44 (dq, J = 14.3, 7.1 Hz, 1H), 1.09 (t, J = 7.1 Hz, 

3H), 0.85 (t, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) ŭ 176.7, 162.0, 160.2, 159.5, 156.9, 152.6, 149.0, 142.3, 136.4, 135.2, 

132.0, 129.8, 129.0, 126.5, 126.3, 126.2, 125.4, 122.8, 118.0, 117.6, 115.6, 114.8, 108.4, 103.0, 

66.3, 61.0, 58.0, 55.4, 51.0, 34.9, 14.0, 11.9. 

HRMS (ESI) calcd. for C34H28N2NaO6 [M + Na]+ 583,1840, found: 583.1853. 

 

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-4-(naphthalen-2-yl)-2'-

oxospiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3mk) 

 

Pale yellow solid, 23.6 mg, 41% yield; 95.5:4.5 er; [Ŭ]D
20 = +201.2 (c. 1.18, CH2Cl2); m.p. 225.5-

225.8 °C.  

HPLC  (Chiralpak OD-H column, i-propanol/n-hexane = 5/95, column temperature = 30 °C , flow 

rate = 1.0 mL/min, l = 254 nm) tR = 39.6 min (minor), 44.8 min (major). 
1H NMR (400 MHz, CDCl3) ŭ 7.96 (s, 1H), 7.93-7.79 (m, 4H), 7.76-7.65 (m, 2H), 7.60-7.44 (m, 

3H), 7.37 (d, J = 2.1 Hz, 1H), 7.32-7.21 (m, 2H), 7.20-7.07 (m, 2H), 6.64 (d, J = 7.7 Hz, 1H), 6.37 

(dd, J = 9.6, 2.0 Hz, 1H), 4.99 (d, J = 9.7 Hz, 1H), 4.09 (qt, J = 7.1, 3.6 Hz, 2H), 3.62 (dq, J = 14.5, 

7.3 Hz, 1H), 3.46 (dq, J = 14.3, 7.1 Hz, 1H), 1.13 (t, J = 7.1 Hz, 3H), 0.87 (t, J = 7.2 Hz, 3H). 
13C NMR (101 MHz, CDCl3) ŭ 176.7, 162.0, 160.0, 157.0, 152.6, 148.6, 142.4, 137.4, 137.0, 135.3, 

133.5, 133.1, 130.0, 129.6, 128.0, 127.8, 127.2, 126.7, 126.6, 126.5, 126.4, 126.3, 125.5, 125.3, 

123.0, 118.0, 117.6, 115.8, 108.5, 103.1, 66.5, 61.1, 57.8, 51.9, 35.0, 14.0, 11.9. 

HRM S (ESI) calcd. for C37H28N2NaO5 [M + Na]+ 603.1890, found: 603.1873. 
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Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-5'-fluoro-1'-methyl-2'-oxo-4-phenyl 

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ab) 

 

Pale yellow solid, 54.1 mg, 99% yield; >20:1 dr, 93:7 er; [Ŭ]D
20 = +289.5 (c. 2.08, CHCl3); m.p. 

213.6-214.2 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 12.2 min (major), 13.7 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.78-7.71 (m, 1H), 7.62-7.54 (m, 1H), 7.53-7.46 (m, 2H), 7.44-7.32 

(m, 3H), 7.32-7.26 (m, 3H), 7.22-7.14 (m, 1H), 6.92 (td, J = 8.7, 2.6 Hz, 1H), 6.52 (dd, J = 8.6, 4.0 

Hz, 1H), 6.16 (dd, J = 9.5, 2.2 Hz, 1H), 4.83 (d, J = 9.6 Hz, 1H), 4.05 (q, J = 7.1 Hz, 2H), 2.92 (s, 

3H), 1.12 (t, J = 7.1 Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 177.0, 161.9, 160.6, 159.9, 157.4, 156.8, 152.6, 149.1, 139.9, 139.2, 

139.2, 136.1, 135.5, 129.5, 128.3, 127.9, 127.8, 126.2, 125.3, 117.8, 117.8, 116.4, 116.1, 115.5, 

114.4, 114.0, 109.0, 108.9, 103.0, 66.7, 61.2, 57.8, 51.8, 26.6, 14.0. 

HRMS (ESI) calcd. for C32H23FN2NaO5 [M + Na]+ 557.1483, found: 557.1474. 

Ethyl (1R,4S,5S)-5'-chloro-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl 

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ac) 

 

Pale yellow solid, 54.6 mg, 99% yield; >20:1 dr, 94:6 er; [Ŭ]D
20 = +364.3 (c. 2.16, CHCl3); m.p. 

201.9-202.5 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 11.6 min (major), 13.4 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.75 (d, J = 8.4 Hz, 1H), 7.65-7.61 (m, 1H), 7.61-7.54 (m, 1H), 

7.52-7.46 (m, 2H), 7.40-7.33 (m, 2H), 7.32-7.25 (m, 4H), 7.22-7.14 (m, 2H), 6.51 (d, J = 8.3 Hz, 

1H), 6.16 (dd, J = 9.7, 2.0 Hz, 1H), 4.81 (d, J = 9.6 Hz, 1H), 4.07 (q, J = 7.1 Hz, 2H), 2.91 (s, 3H), 

1.14 (t, J = 7.1 Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 176.8, 161.9, 159.6, 156.7, 152.6, 149.2, 141.7, 139.8, 136.1, 135.5, 

129.9, 129.5, 128.6, 128.4, 127.9, 127.8, 126.4, 126.2, 125.3, 117.8, 115.4, 109.3, 103.1, 66.5, 61.3, 

57.8, 51.7, 26.6, 14.0. 

HRMS (ESI) calcd. for C32H23ClN2NaO5 [M + Na]+ 573,1188, found: 573.1170. 

Ethyl (1R,4S,5S)-5'-bromo-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl 

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ad) 
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Pale yellow solid, 60.7 mg, 99% yield; >20:1 dr, 93:7 er; [Ŭ]D
20 = +337.6 (c. 2.48, CHCl3); m.p. 

191.5-192.2 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 12.9 min (major), 15.1 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.78-7.71 (m, 2H), 7.62-7.54 (m, 1H), 7.52-7.46 (m, 2H), 7.42-7.32 

(m, 3H), 7.32-7.27 (m, 3H), 7.21-7.14 (m, 1H), 6.46 (d, J = 8.3 Hz, 1H), 6.16 (dd, J = 9.6, 2.0 Hz, 

1H), 4.80 (d, J = 9.7 Hz, 1H), 4.07 (q, J = 7.1 Hz, 2H), 2.90 (s, 3H), 1.14 (t, J = 7.1 Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 176.7, 161.8, 159.5, 156.7, 152.6, 149.1, 142.2, 139.8, 136.1, 135.5, 

132.7, 129.5, 129.1, 128.4, 128.2, 127.9, 126.2, 125.3, 117.8, 115.7, 115.4, 109.8, 103.2, 66.5, 61.3, 

57.9, 51.7, 26.5, 14.0. 

HRMS (ESI) calcd. for C32H23BrN2NaO5 [M + Na]+ 617.0683, found: 617.0663. 

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1',5'-dimethyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ae) 

 

Pale yellow solid, 52.3 mg, 99% yield; >20:1 dr, 95:5 er; [Ŭ]D
20 = +475.5 (c. 1.54, CHCl3); m.p. 

196.1-197.2 °C . 

HPLC  (Chiralpak AD-H column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow 

rate = 1.0 mL/min, l = 254 nm) tR = 12.1 min (major), 15.2 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.79 (d, J = 7.7 Hz, 1H), 7.60-7.47 (m, 3H), 7.46-7.41 (m, 1H), 

7.40-7.32 (m, 2H), 7.32-7.23 (m, 4H), 7.15 (dd, J = 8.3, 1.1 Hz, 1H), 7.01-6.94 (m, 1H), 6.43 (d, J 

= 7.8 Hz, 1H), 6.17 (dd, J = 9.6, 2.1 Hz, 1H), 4.80 (d, J = 9.7 Hz, 1H), 4.05 (q, J = 7.1 Hz, 2H), 2.86 

(s, 3H), 2.34 (s, 3H), 1.11 (t, J = 7.1 Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 176.9, 162.1, 160.0, 157.0, 152.4, 148.6, 140.5, 140.1, 136.4, 135.2, 

132.7, 130.0, 129.4, 128.2, 127.9, 126.7, 126.5, 126.1, 125.2, 117.9, 117.6, 115.5, 108.0, 103.0, 

66.6, 61.1, 58.1, 51.5, 26.4, 21.1, 14.0. 

HRMS (ESI) calcd. for C33H26N2NaO5 [M + Na]+ 553,1734, found: 553.1731. 

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-5'-methoxy-1'-methyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3af) 
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Pale yellow solid, 55.2 mg, 99% yield; >20:1 dr, 94:6 er; [Ŭ]D
20 = +407.6 (c. 2.25, CHCl3); m.p. 

84.6-85.1 °C . 

HPLC  (Chiralpak AD-H column, i-propanol/n-hexane = 30/70, column temperature = 30 °C , flow 

rate = 1.0 mL/min, l = 254 nm) tR = 16.5 min (major), 24.2 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.82-7.71 (m, 1H), 7.61-7.46 (m, 3H), 7.40-7.32 (m, 2H), 7.31-7.24 

(m, 4H), 7.24-7.19 (m, 1H), 6.72 (dd, J = 8.5, 2.5 Hz, 1H), 6.46 (d, J = 8.5 Hz, 1H), 6.24-6.11 (m, 

1H), 4.84 (d, J = 9.4 Hz, 1H), 4.04 (q, J = 7.1 Hz, 2H), 3.85 (s, 3H), 2.90 (s, 3H), 1.10 (t, J = 7.1 

Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 176.9, 162.0, 160.4, 157.0, 156.1, 152.5, 148.9, 140.2, 136.4, 135.4, 

129.4, 128.2, 128.0, 127.3, 126.5, 125.2, 117.9, 117.6, 116.0, 115.9, 111.7, 109.1, 102.8, 66.9, 61.1, 

58.0, 56.2, 51.8, 26.5, 14.0. 

HRMS (ESI) calcd. for C33H26N2NaO6 [M + Na]+ 569.1683, found: 569.1678. 

Ethyl (1R,4S,5S)-6'-chloro-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ag) 

 

Pale yellow solid, 54.3 mg, 99% yield; >20:1 dr, 93:7 er; [Ŭ]D
20 = +318.5 (c. 2.37, CHCl3); m.p. 

122.1-122.8 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 11.6 min (major), 22.3 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.76-7.69 (m, 1H), 7.63-7.53 (m, 2H), 7.53-7.46 (m, 2H), 7.41-7.32 

(m, 2H), 7.31-7.25 (m, 4H), 7.20 (dd, J = 8.3, 1.0 Hz, 1H), 7.06 (dd, J = 8.0, 1.9 Hz, 1H), 6.58 (d, 

J = 1.7 Hz, 1H), 6.15 (dd, J = 9.4, 2.0 Hz, 1H), 4.82 (d, J = 9.5 Hz, 1H), 4.05 (q, J = 7.1 Hz, 2H), 

2.93 (s, 3H), 1.13 (t, J = 7.1 Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 177.4, 161.9, 160.0, 156.8, 152.6, 149.0, 144.5, 139.9, 136.1, 135.7, 

135.5, 129.5, 128.4, 127.9, 126.8, 126.1, 125.4, 124.6, 123.0, 117.9, 117.8, 115.6, 109.3, 103.0, 

66.1, 61.3, 57.8, 51.9, 26.6, 14.0. 

HRMS (ESI) calcd. for C32H23ClN2NaO5 [M + Na]+ 573,1188, found: 573.1196. 

Ethyl (1R,4S,5S)-6'-bromo-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ah) 

 

Pale yellow solid, 63.3 mg, 99% yield; >20:1 dr, 92.5:7.5 er; [Ŭ]D
20 = +291.2 (c. 2.68, CHCl3); m.p. 

137.1-137.8 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 30/70, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 9.1 min (major), 15.2 min (minor). 
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1H NMR (300 MHz, CDCl3) ŭ 7.77-7.68 (m, 1H), 7.63-7.54 (m, 1H), 7.53-7.45 (m, 3H), 7.41-7.32 

(m, 2H), 7.31-7.24 (m, 3H), 7.24-7.17 (m, 2H), 6.73 (d, J = 1.6 Hz, 1H), 6.15 (dd, J = 9.4, 2.1 Hz, 

1H), 4.82 (d, J = 9.5 Hz, 1H), 4.05 (q, J = 7.1 Hz, 2H), 2.92 (s, 3H), 1.13 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) ŭ 177.2, 161.8, 159.9, 156.8, 152.6, 148.9, 144.5, 139.9, 136.1, 135.5, 

129.4, 128.3, 127.9, 127.1, 126.1, 125.9, 125.3, 125.1, 123.6, 117.9, 117.8, 115.5, 112.0, 103.0, 

66.1, 61.2, 57.7, 51.9, 26.5, 14.0. 

HRMS (ESI) calcd. for C32H23BrN2NaO5 [M + Na]+ 617.0683, found: 617.0695. 

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-7'-fluoro-1'-methyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ai) 

 

Pale yellow solid, 52.8 mg, 99% yield; >20:1 dr, 90:10 er; [Ŭ]D
20 = +286.8 (c. 2.33, CHCl3); m.p. 

178.2-178.5 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 12.0 min (major), 15.0 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.76-7.69 (m, 1H), 7.63-7.55 (m, 1H), 7.54-7.47 (m, 2H), 7.44-7.33 

(m, 3H), 7.33-7.26 (m, 4H), 7.24-7.17 (m, 1H), 7.09-6.99 (m, 1H), 6.99-6.88 (m, 1H), 6.18 (dd, J = 

9.4, 2.1 Hz, 1H), 4.82 (d, J = 9.5 Hz, 1H), 4.06 (q, J = 7.1 Hz, 2H), 3.13 (d, J = 2.6 Hz, 3H), 1.14 

(t, J = 7.1 Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 177.0, 161.9, 159.8, 156.8, 152.6, 149.0, 147.5 (d, J = 243.0 Hz, 

1C), 140.0, 136.2, 135.5, 129.8, 129.7, 129.2 (d, J = 3.0 Hz, 1C), 128.3, 127.9, 126.2, 125.3, 123.7 

(d, J = 6.0 Hz, 1C), 121.7 (d, J = 3.0 Hz, 1C), 118.0, 117.8, 117.7, 115.5, 103.0, 66.6 (d, J = 2.3 Hz, 

1C), 61.2, 58.1, 51.7, 29.0, 28.9, 14.0. 

HRMS (ESI) calcd. for C32H23FN2NaO5 [M + Na]+ 557.1483, found: 557.1509. 

Methyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3aj) 

 

Pale yellow solid, 40.2 mg, 80% yield; >20:1 dr, 94:6 er; [Ŭ]D
20 = +266.2 (c. 1.18, CHCl3); m.p. 

213.4-214.2 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 13.5 min (major), 20.4 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.79-7.72 (m, 1H), 7.64-7.48 (m, 4H), 7.40-7.33 (m, 2H), 7.31-7.24 

(m, 4H), 7.23-7.05 (m, 3H), 6.56 (d, J = 7.7 Hz, 1H), 6.20 (dd, J = 9.4, 2.2 Hz, 1H), 4.82 (d, J = 9.5 

Hz, 1H), 3.63 (s, 3H), 2.91 (s, 3H). 
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13C NMR (75 MHz, CDCl3) ŭ 177.2, 162.5, 160.1, 156.9, 152.5, 148.9, 143.1, 140.2, 136.1, 135.3, 

130.0, 129.5, 128.3, 128.0, 126.4, 126.1, 125.8, 125.2, 123.2, 117.9, 117.7, 115.6, 108.4, 103.0, 

66.6, 58.1, 52.2, 51.8, 26.4. 

HRMS (ESI) calcd. for C31H22N2NaO5 [M + Na]+ 525.1421, found: 525.1408. 

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ak) 

 

Pale yellow solid, 36.5 mg, 69% yield; >20:1 dr, 96.5:3.5 er; [Ŭ]D
20 = +309.8 (c. 2.54, CHCl3); m.p. 

87.9-88.3 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 11.7 min (major), 16.6 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.82 (d, J = 8.4 Hz, 1H), 7.64 (d, J = 7.4 Hz, 1H), 7.60-7.47 (m, 

3H), 7.41-7.32 (m, 2H), 7.31-7.24 (m, 3H), 7.23-7.13 (m, 2H), 7.12-7.04 (m, 1H), 6.59 (d, J = 7.7 

Hz, 1H), 6.16 (dd, J = 9.6, 2.0 Hz, 1H), 4.86 (d, J = 9.7 Hz, 1H), 4.03 (qq, J = 7.4, 3.7 Hz, 2H), 3.57 

(dq, J = 14.4, 7.2 Hz, 1H), 3.42 (dq, J = 14.0, 7.1 Hz, 1H), 1.08 (t, J = 7.1 Hz, 3H), 0.84 (t, J = 7.2 

Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 176.6, 161.9, 160.0, 156.9, 152.6, 148.6, 142.3, 140.1, 136.8, 135.2, 

129.9, 129.4, 128.2, 127.9, 126.5, 126.3, 126.2, 125.4, 122.9, 118.0, 117.6, 115.6, 108.4, 103.0, 

66.4, 61.0, 57.8, 51.7, 35.0, 14.0, 11.9. 

HRMS (ESI) calcd. for C33H26N2NaO5 [M + Na]+ 553,1734, found: 553.1727. 

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-5'-fluoro-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3al) 

 

Pale yellow solid, 48.6 mg, 89% yield; >20:1 dr, 96.5:3.5 er; [Ŭ]D
20 = +316.3 (c. 2.00, CHCl3); m.p. 

176.4-177.1 °C . 

HPLC  (Chiralpak IA column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow rate 

= 1.0 mL/min, l = 254 nm) tR = 10.4 min (major), 13.3 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.88-7.77 (m, 1H), 7.61-7.53 (m, 1H), 7.53-7.46 (m, 2H), 7.46-7.40 

(m, 1H), 7.40-7.32 (m, 2H), 7.32-7.26 (m, 3H), 7.18 (dd, J = 8.3, 1.1 Hz, 1H), 6.92 (td, J = 8.7, 2.6 

Hz, 1H), 6.55 (dd, J = 8.5, 4.0 Hz, 1H), 6.13 (dd, J = 9.7, 2.1 Hz, 1H), 4.86 (d, J = 9.8 Hz, 1H), 4.05 

(qd, J = 7.1, 2.2 Hz, 2H), 3.57 (dt, J = 14.6, 7.3 Hz, 1H), 3.41 (dq, J = 14.3, 7.2 Hz, 1H), 1.12 (t, J 

= 7.1 Hz, 3H), 0.82 (t, J = 7.2 Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 176.4, 161.8, 159.7, 158.9 (d, J = 241.5 Hz, 1C), 156.8, 152.7, 149.0, 

139.8, 138.4, 136.5, 135.4, 129.5, 128.3, 128.0, 127.9, 126.5, 125.5, 117.9, 117.7, 116.3 (d, J = 23.3 
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Hz, 1C), 115.6, 114.7 (d, J = 24.8 Hz, 1C), 109.0 (d, J = 8.3 Hz, 1C), 103.1, 66.6, 61.2, 57.6, 51.8, 

35.2, 14.0, 11.8. 

HRMS (ESI) calcd. for C33H25FN2NaO5 [M + Na]+ 571.1640, found: 571.1636. 

Ethyl (1R,4S,5S)-5'-chloro-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3am) 

 

Pale yellow solid, 51.2 mg, 91% yield; >20:1 dr, 97:3 er; [Ŭ]D
20 = +334.2 (c. 2.32, CHCl3); m.p. 

201.1-201.5 °C . 

HPLC  (Chiralpak AD-H column, i-propanol/n-hexane = 15/85, column temperature = 30 °C , flow 

rate = 1.0 mL/min, l = 254 nm) tR = 12.8 min (major), 17.4 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.86-7.78 (m, 1H), 7.66 (d, J = 1.9 Hz, 1H), 7.62-7.53 (m, 1H), 

7.53-7.44 (m, 2H), 7.41-7.32 (m, 2H), 7.31-7.25 (m, 3H), 7.23-7.14 (m, 2H), 6.55 (d, J = 8.3 Hz, 

1H), 6.14 (dd, J = 9.9, 2.0 Hz, 1H), 4.90 ï 4.79 (m, 1H), 4.07 (qd, J = 7.0, 1.1 Hz, 2H), 3.57 (dt, J 

= 14.1, 7.1 Hz, 1H), 3.40 (dt, J = 14.2, 7.0 Hz, 1H), 1.13 (t, J = 7.1 Hz, 3H), 0.80 (t, J = 7.2 Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 176.2, 161.8, 159.4, 156.7, 152.7, 149.0, 141.0, 139.7, 136.5, 135.4, 

129.8, 129.5, 128.3, 128.0, 127.9, 126.9, 126.4, 125.5, 117.9, 117.8, 115.4, 109.4, 103.2, 61.2, 57.6, 

51.7, 35.1, 14.0, 11.8. 

HRMS (ESI) calcd. for C33H25ClN2NaO5 [M + Na]+ 587.1344, found: 587.1348. 

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-5'-methyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3an) 

 

Pale yellow solid, 39.6 mg, 73% yield; >20:1 dr, 96.5:3.5 er; [Ŭ]D
20 = +355.1 (c. 1.03, CHCl3); m.p. 

187.9-188.7 °C . 

HPLC  (Chiralpak AD-H column, i-propanol/n-hexane = 20/80, column temperature = 30 °C , flow 

rate = 1.0 mL/min, l = 254 nm) tR = 8.6 min (major), 12.4 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.86 (d, J = 8.3 Hz, 1H), 7.59-7.45 (m, 4H), 7.41-7.32 (m, 2H), 

7.32-7.25 (m, 3H), 7.20-7.12 (m, 1H), 7.03-6.96 (m, 1H), 6.48 (d, J = 7.9 Hz, 1H), 6.15 (dd, J = 9.9, 

2.0 Hz, 1H), 4.83 (d, J = 9.9 Hz, 1H), 4.05 (q, J = 7.1 Hz, 3H), 3.53 (dq, J = 14.2, 7.4 Hz, 1H), 3.37 

(dq, J = 14.1, 7.1 Hz, 1H), 2.36 (s, 3H), 1.11 (t, J = 7.1 Hz, 3H), 0.78 (t, J = 7.2 Hz, 3H). 

13C NMR (75 MHz, CDCl3) ŭ 176.4, 162.1, 159.9, 157.0, 152.6, 148.5, 140.1, 139.8, 136.9, 135.2, 

132.5, 130.1, 129.4, 128.2, 128.0, 127.3, 126.7, 126.2, 125.4, 118.1, 117.6, 115.6, 108.2, 103.2, 

66.5, 61.0, 57.9, 51.5, 35.0, 21.1, 14.0, 11.9. 

HRMS (ESI) calcd. for C34H28N2NaO5 [M + Na]+ 567.1890, found: 567.1870. 
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Ethyl (1R,4S,5S)-6'-bromo-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-2'-oxo-4-phenyl-

spiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3ao) 

 

Pale yellow solid, 58.0 mg, 95% yield; >20:1 dr, 96.5:3.5 er; [Ŭ]D
20 = +302.0 (c. 2.40, CHCl3); m.p. 

116.1-116.7 °C . 

HPLC (Chiralpak IA column, i-propanol/n-hexane = 20/80, column temperature = 30 ÁC, flow 

rate = 1.0 mL/min, l = 254 nm) tR = 9.2 min (major), 18.7 min (minor). 
1H NMR (300 MHz, CDCl3) ŭ 7.79 (d, J = 8.4 Hz, 1H), 7.63-7.44 (m, 4H), 7.41-7.30 (m, 3H), 

7.31-7.25 (m, 3H), 7.24-7.13 (m, 2H), 6.76 (s, 1H), 6.12 (dd, J = 9.6, 1.7 Hz, 1H), 4.84 (d, J = 9.7 

Hz, 1H), 4.05 (q, J = 7.1 Hz, 2H), 3.59 (dq, J = 14.4, 7.0 Hz, 1H), 3.40 (dq, J = 14.4, 7.3 Hz, 1H), 

1.12 (t, J = 7.1 Hz, 3H), 0.84 (t, J = 7.2 Hz, 3H). 

13C NMR (75 MHz, CDCl 3) ŭ 176.7, 161.8, 159.8, 156.8, 152.7, 148.8, 143.9, 139.8, 136.5, 135.5, 

129.5, 128.3, 127.9, 127.6, 126.3, 125.7, 125.5, 125.2, 123.7, 117.9, 115.6, 112.0, 103.1, 66.0, 61.2, 

57.4, 51.9, 35.2, 14.0, 11.8. 

HRMS (ESI) calcd. for C33H25BrN2NaO5 [M + Na]+ 631.0839, found: 631.0852.  
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3. Crystal data and structure refinement for 3am 

 

Identification code  3am 

Solvent system for growing the single crystal EtOH/DCM 

Empirical formula  C33H25ClN2O5  

Formula weight  565.00  

Temperature/K  293(2)  

Crystal system  triclinic  

Space group  P1  

a/Å  10.5960(5)  

b/Å  11.6796(5)  

c/Å  12.6988(6)  

Ŭ/Á  69.855(4)  

ɓ/Á  70.549(4)  

ɔ/Á  88.791(4)  

Volume/Å3  1383.43(12)  

Z  2  

ɟcalcg/cm3  1.356  

ɛ/mm-1  1.603  

F(000)  588.0  

Crystal size/mm3  0.16 × 0.15 × 0.1  

Radiation  CuKŬ (ɚ = 1.54184)  

2Ū range for data collection/Á  7.908 to 141.862  

Index ranges  -12 Ò h Ò 12, -14 Ò k Ò 13, -15 Ò l Ò 15  

Reflections collected  19847  

Independent reflections  9547 [Rint = 0.0386, Rsigma = 0.0497]  

Data/restraints/parameters  9547/3/743  

Goodness-of-fit on F2  1.051  

Final R indexes [I>=2ů (I)]  R1 = 0.0449, wR2 = 0.1108  

Final R indexes [all data]  R1 = 0.0499, wR2 = 0.1165  

Largest diff. peak/hole / e Å-3  0.16/-0.22  

Flack parameter -0.004(10) 
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4. 1H, 13C NMR and HPLC spectra for compounds 3 

Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3aa) 
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Ethyl (1R,4S,5S)-5-(7-bromo-3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3ba) 

 

 



 

S19 
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Ethyl (1R,4S,5S)-5-(3-cyano-6-fluoro-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ca) 
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Ethyl (1R,4S,5S)-5-(6-chloro-3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3da) 
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Ethyl (1R,4S,5S)-5-(6-bromo-3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ea) 
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Ethyl (1R,4S,5S)-5-(3-cyano-6-methyl-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3fa) 
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Ethyl (1R,4S,5S)-4-(4-chlorophenyl)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-

oxospiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ga) 
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Ethyl (1R,4S,5S)-4-(4-bromophenyl)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-

oxospiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3ha)  
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Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-4-(4-fluorophenyl)-2'-

oxospiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3ik) 
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Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-4-(4-methoxyphenyl)-2'-

oxospiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3jk) 
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Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-ethyl-4-(naphthalen-2-yl)-2'-

oxospiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate 
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Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-5'-fluoro-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ab) 
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Ethyl (1R,4S,5S)-5'-chloro-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ac) 
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Ethyl (1R,4S,5S)-5'-bromo-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ad) 
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Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-1',5'-dimethyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin] -2-ene-2-carboxylate (3ae) 
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Ethyl (1R,4S,5S)-5-(3-cyano-2-oxo-2H-chromen-4-yl)-5'-methoxy-1'-methyl-2'-oxo-4-

phenylspiro[cyclopentane-1,3'-indolin]-2-ene-2-carboxylate (3af) 

 

 


