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Part I General information 

Unless otherwise indicated, all reactions were carried out under N2 atmosphere at 

room temperature with magnetic stirring. Anhydrous THF and toluene were distilled 

from sodium and benzophenone. Anhydrous CH2Cl2 was distilled from CaH2. Chiral 

triazolium salts 4-51, oxindoles2 and -bromoenals3 were prepared according to 

literatures. Column chromatography was performed on silica gel 200~300 mesh. All 

1H NMR (400 and 500 MHz), 13C NMR (100 and 125 MHz) spectra were recorded on 

a Bruker Avance 400 and Bruker Avance 500 spectrometer in CDCl3, with 

tetramethylsilane as an internal standard and reported in parts per million (ppm, δ). 1H 

NMR Spectroscopy splitting patterns were designated as singlet (s), doublet (d), 

triplet (t), quartet (q). Splitting patterns that could not be interpreted or easily 

visualized were designated as multiplet (m) or broad (br). Infrared spectra were 

recorded on a JASCO FT/IR-480 spectrophotometer and reported as wave number 

(cm-1). Optical rotations were measured on Perkin Elmer/Model-343 digital 

polarimeter operating at the sodium D line with a 100 mm path cell, and are reported 

as follows: [α]T 
D (concentration (g/100 mL), solvent). 

 

Part II Experimental part 

1. NHC-catalyzed reaction of bromoenals and oxindoles (Scheme 2) 

 

General procedure: An oven-dried 50 mL Schlenk tube was charged with bromoenal 1 

(0.24 mmol), oxindole 2 (0.2 mmol), NHC precursor 4a (16.8 mg, 0.04 mmol), 

K2CO3 (33.1 mg, 0.24 mmol), 4Å MS (100 mg) and THF (2 mL). The reaction 

mixture was stirred at 40 oC until the full consumption of the α-bromoenal (typically, 
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12-24 h). The reaction mixture was concentrated under reduced pressure and the 

residue was purified by column chromatography on silica gel (petroleum ether/EtOAc 

as the eluent, typically 5:1 to 20:1) to furnish the corresponding adduct 3. 

Racemic samples for the chiral phase HPLC analysis were prepared using triazolium 

S1 as the NHC pre-catalyst under the same conditions. 

 

 

zzf-398-b 

(1R,2R)-1'-benzyl-2,4-diphenylspiro[cyclopentane-1,3'-indolin]-3-en-2'-one 

53 mg, 63% yield, 6:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 

20:1); HPLC analysis: 82% ee [Daicel CHIRALPAK AD-H column, 20 oC, 254 nm, 

hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 12.3 min (minor), 20.7 min (major)]. 

1H NMR (400 MHz, CDCl3) δ 7.57 (d, J = 7.3 Hz, 2H), 7.49 (d, J = 6.6 Hz, 1H), 

7.40-7.36 (t, 9.5 Hz, 2H), 7.34-7.27 (m, 2H), , 7.27-7.23 (m, 1H), 7.18-7.11 (m, 4H), 

7.11-7.08 (m, 1H), 7.08-7.03 (m, 2H), 6.67-6.61 (m, 3H), 6.55 (d, J = 7.5 Hz, 1H), 

6.38 (d, J = 1.6 Hz, 1H), 4.97 (d, J = 15.7 Hz, 1H), 4.63 (d, J = 1.9 Hz, 1H), 4.22 (d, J 

= 15.7 Hz, 1H), 3.48 (dt, J = 16.0, 2.2 Hz, 1H), 3.26 (dt, J = 16.0, 2.2 Hz, 1H); 13C 

NMR (101 MHz, CDCl3) δ 177.82, 142.73, 142.21, 138.65, 135.80, 135.46, 134.49, 

128.58, 128.52, 128.14, 128.02, 127.82, 127.33, 127.14, 127.04, 126.30, 125.96, 

122.66, 122.41, 108.78, 63.07, 58.55, 44.04, 43.52. IR (KBr) 1712, 1858, 1611, 1171, 

753, 652; HRMS (ESI) calcd for C31H25NO C31H26NO [M+H]+: 428.2009, found 

428.2008. 
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zzf-363 

benzyl 

(1R,2R)-2'-oxo-2,4-diphenylspiro[cyclopentane-1,3'-indolin]-3-ene-1'-carboxylate 

32 mg, 35% yield, 13:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 20:1); 

HPLC analysis: 85% ee [Daicel CHIRALPAK IB column, 20 oC, 254 nm, 

hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 15.5 min (major), 28.2 min (minor)]. 

1H NMR (400 MHz, CDCl3) δ 7.84 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 7.4 Hz, 2H), 7.48 

(d, J = 7.3 Hz, 1H), 7.39 (t, J = 7.5 Hz, 3H), 7.32 (dd, J = 9.8, 6.1 Hz, 5H), 7.28 (d, J = 

6.8 Hz, 2H), 7.17-7.08 (m, 3H), 6.98-6.88 (m, 2H), 6.28 (d, J = 1.6 Hz, 1H), 5.20 (q, J 

= 12.6 Hz, 2H), 4.50 (d, J = 1.6 Hz, 1H), 3.54 (dt, J = 16.1, 2.0 Hz, 1H), 3.24 (dt, J = 

16.1, 2.0 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 175.95, 150.53, 142.56, 138.70, 

137.86, 135.16, 135.09, 133.74, 128.60, 128.49, 128.47, 128.19, 128.14, 128.06, 

127.99, 127.65, 127.53, 125.98, 125.17, 124.92, 122.12, 114.96, 77.30, 77.05, 76.80, 

67.91, 65.45, 59.10, 43.54. IR (KBr) 1771, 1731, 1108, 754, 657; HRMS (ESI) calcd 

for C32H26NO3 [M+H]+: 472.1907, found: 472.1902. 

 

zzf-421 

(1R,2R)-1'-methyl-2,4-diphenylspiro[cyclopentane-1,3'-indolin]-3-en-2'-one 

25 mg, 36% yield, 6:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 

20:1); HPLC analysis: 84% ee [Daicel CHIRALPAK IB column, 20 oC, 254 nm, 

hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 6.3 min (major), 9.3 min (minor)]. 1H 

NMR (400 MHz, CDCl3) δ 7.56 (d, J = 7.3 Hz, 2H), 7.45 (d, J = 7.3 Hz, 1H), 7.38 (t, 
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J = 7.4 Hz, 2H), 7.34-7.26 (m, 2H), 7.19-7.18 (m, 3H), 7.10 (t, J = 7.4 Hz, 1H), 

6.97-6.96 (d, J = 3.6 Hz, 2H), 6.74 (d, J = 7.7 Hz, 1H), 6.35 (d, J = 14,8 Hz 1H), 4.49 

(d, J = 2.4 Hz, 1H), 3.46 (dt, J = 16.0, 2.0 Hz), 3.16 (dt, J = 16.0, 2.0 Hz, 1H), 2.85 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 177.66, 143.37, 142.50, 138.76, 135.45, 128.52, 

128.06, 128.03, 127.85, 127.83, 127.21, 125.98, 125.86, 122.65, 122.09, 107.64, 

63.34, 58.21, 43.11, 25.78. IR (KBr) 1710, 1635, 1077, 697, 507. 351.1623; HRMS 

(ESI) calcd for C25H22NO [M+H]+: 352.1696, found: 352.1687. 

 

zzf-423 

(1R,2R)-2,4-diphenylspiro[cyclopentane-1,3'-indolin]-3-en-2'-one 

34 mg, 51% yield, 13:1 dr. White solid, mp. = 187-188oC; Rf = 0.2 (petroleum 

ether/ethyl acetate 5:1); [α]25 
D  = +132 (c 0.14, CHCl3); HPLC analysis: 62% ee 

[Daicel CHIRALPAK IB column, 20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL 

/min, 254 nm, 6.7 min (major), 11.7 min (minor)]. 1H NMR (500 MHz, CDCl3) δ 

7.57 (d, J = 7.3 Hz, 2H), 7.44 (d, J = 7.6 Hz, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.31 (t, J = 

7.3 Hz, 1H), 7.22 (dd, J = 8.6, 7.9 Hz, 1H), 7.21-7.19 (m, 3H), 7.09 (t, J = 7.5 Hz, 1H), 

7.04-6.99 (m, 2H), 6.76 (d, J = 7.7 Hz, 1H). 6.35 (dd, J = 3.9, 1.8 Hz, 1H), 4.52 (t, J = 

4.4 Hz, 1H), 3.47 (dt, J = 16.1, 2.0 Hz, 1H), 3.16 (dt, J = 16.1, 2.0 Hz,, 1H); 13C NMR 

(126 MHz, CDCl3) δ 179.78, 142.41, 140.23, 138.77, 135.86, 135.27, 128.55, 128.17, 

128.01, 127.90, 127.27, 125.97, 125.79, 122.73, 122.54, 109.40, 63.31, 58.46, 43.32, 

29.72. IR (KBr) 1707, 1633, 1075, 753, 698; HRMS (ESI) calcd for C24H20NO 

[M+H]+: 338.1539, found: 338.1534.  
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zzf-399 

(1R,2R)-1'-benzyl-4-(4-fluorophenyl)-2-phenylspiro[cyclopentane-1,3'-indolin]-3-

en-2'-one 

54 mg, 61% yield, 10:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 

20:1); HPLC analysis: 81% ee [Daicel CHIRALPAK IB column, 20 oC, 254 nm, 

hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 7.6 min (major), 12.4 min (minor)]. 1H 

NMR (500 MHz, CDCl3) δ 7.53 (dd, J = 8.5, 5.5 Hz, 2H), 7.49 (d, J = 7.1 Hz, 1H), 

7.25 (d, J = 8.9 Hz, 1H), 7.21 (t, J = 7.3 Hz, 2H), 7.18-7.10 (m, 4H), 7.10-7.07 (m, 

1H), 7.07 (s, 1H), 7.06-7.02 (m, 2H), 6.61 (d, J = 6.7 Hz, 2H), 6.54 (d, J = 7.6 Hz, 1H). 

6.30 (d, J = 1.2 Hz, 1H), 4.96 (d, J = 15.7 Hz, 1H), 4.63 (s, 1H), 4.21 (d, J = 15.7 Hz, 

1H), 3.43 (dt, J = 15.9, 2.1 Hz , J = 15.9 Hz, 1H), 3.24 (dt, J = 15.9, 2.1 Hz, 1H); 13C 

NMR (126 MHz, CDCl3) δ 177.81, 162.56 (d, J = 247.70 Hz) 142.76, 141.10, 138.50, 

135.71, 134.12, 131.70, 131.67, 128.53 (d, J = 1.24 Hz), 128.17, 128.10, 127.82, 

127.61, 127.55, 127.38, 127.15, 126.99, 126.02, 122.70, 122.43, 115.41 (d, J = 21.62 

Hz), 108.84, 77.31, 77.05, 76.80, 63.00, 58.68, 44.15, 43.51. IR (KBr) 1713, 1611, 

1078, 908, 507; HRMS (ESI) calcd for C31H25FNO [M+H]+: 446.1915, found: 

446.1907. 

zzf-439 

(1R,2R)-1'-benzyl-2-phenyl-4-(p-tolyl)spiro[cyclopentane-1,3'-indolin]-3-en-2'-on

e 
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40 mg, 45% yield, 6:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 

20:1); HPLC analysis: 77% ee [Daicel CHIRALPAK AD-H column, 20 oC, 254 nm, 

hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 14.1 min (major), 30.0 min (minor)]. 

1H NMR (500 MHz, CDCl3) δ 7.47 (m, 3H), 7.24 (t, J = 2.4 Hz, 4H), 7.23-7.18 (m, 

2H), 7.17-7.11 (m, 3H), 7.06 (t, J = 2.4 Hz, 2H), 6.66 (d, J = 3.9 Hz, 2H), 6.55 (d, J = 

7.6 Hz, 1H), 6.32 (d, J = 7.3 Hz, 1H), 4.97 (d, J = 15.7 Hz, 1H), 4.61 (d, J = 4.4 Hz, 

1H), 4.23 (d, J = 15.7 Hz, 1H), 3.47 (dt, J = 15.9, 2.0 Hz, 1H), 3.23 (dt, J = 15.9, 2.0 

Hz, 1H), 2.38 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 177.87, 142.67, 142.08, 138.79, 

137.64, 135.81, 134.68, 132.65, 129.19, 128.58, 128.51, 128.11, 127.95, 127.28, 

127.13, 127.04, 125.87, 125.27, 122.64, 122.38, 108.74, 63.09, 58.49, 44.06, 43.51, 

21.28. IR (KBr) 1714, 1611, 1168, 767, 659; HRMS (ESI) calcd for C32H28NO 

[M+H]+: 442.2165, found: 442.2159. 

 

zzf-403 

(1R,2R)-1'-benzyl-4-(3-methoxyphenyl)-2-phenylspiro[cyclopentane-1,3'-indolin]

-3-en-2'-one 

53 mg, 58% yield, 5:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 20:1); 

HPLC analysis: 89% ee [Daicel CHIRALPAK IB column, 20 oC, 254 nm, 

hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 10.7 min (minor), 13.9 min (major)]. 

1H NMR (500 MHz, CDCl3) δ 7.49 (d, J = 7.2 Hz, 1H), 7.29 (dd, J = 14.0, 6.2 Hz, 

2H), 7.22 (t, J = 7.3 Hz, 2H), 7.15 (dd, J = 13.0, 7.2 Hz, 5H), 7.09 (d, J = 8.2 Hz, 2H), 

7.07-7.02 (m, 3H), 6.89-6.84 (m, 1H), 6.64 (d, J = 6.5 Hz, 2H), 6.55 (d, J = 7.6 Hz, 

1H), 6.37 (d, J = 7.3 Hz, 1H), 4.97 (d, J = 15.7 Hz, 1H), 4.62 (d, J = 4.4 Hz, 1H), 4.22 

(d, J = 15.7 Hz, 1H), 3.84 (s, 3H), 3.47 (dt, J = 15.9, 2.0 Hz, 1H), 3.25 (dt, J = 15.9, 

2.0 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 177.80, 159.73, 142.70, 142.11, 138.57, 
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136.86, 135.77, 134.44, 129.48, 128.57, 128.52, 128.14, 128.02, 127.34, 127.14, 

127.02, 126.71, 122.67, 122.40, 118.59, 113.38, 111.57, 108.78, 63.00, 58.51, 55.30, 

44.08, 43.51. IR (KBr) 1712, 1611, 1106, 753, 698; HRMS (ESI) calcd for 

C32H28NO2 [M+H]+: 458.2115, found: 458.2106. 

 

zzf-413 

(1R,2R)-1'-benzyl-4-(furan-2-yl)-2-phenylspiro[cyclopentane-1,3'-indolin]-3-en-2

'-one 

54 mg, 65% yield, 1.2:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 20:1); 

HPLC analysis: 58% ee [Daicel CHIRALPAK IB column, 20 oC, 254 nm, 

hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 9.6 min (minor), 17.6 min (major)]. 1H 

NMR (400 MHz, CDCl3) δ 7.46 (t, J = 7.1 Hz, 2H), 7.30 (dd, J = 12.3, 5.0 Hz, 2H), 

7.21 (dd, J = 14.8, 7.2 Hz, 3H), 7.14 (t, J = 6.9 Hz, 2H), 7.01 (dd, J = 11.4, 6.6 Hz, 

6H), 6.91 (t, J = 7.4 Hz, 1H), 6.71 (t, J = 7.5 Hz, 1H), 6.61 (d, J = 6.2 Hz, 1H), 6.48 (d, 

J = 7.8 Hz, 1H), 6.43 (dd, J = 4.8, 2.9 Hz, 1H), 6.35 (s, 1H), 6.30 (d, J = 3.2 Hz, 1H), 

6.28 (d, J = 7.3 Hz, 1H). 5.07 (d, J = 15.6 Hz, 1H), 4.87 (d, J = 1.9 Hz , 1H), 4.76 (d, J 

= 15.6 Hz, 1H), 4.20 (d, J = 15.7 Hz, 1H), 3.49 (dt, J = 15.3, 2.6 Hz, 1H), 2.98 (dt, J = 

15.3, 2.6 Hz,1H); 13C NMR (101 MHz, CDCl3) δ 179.86, 151.01, 142.51, 141.80, 

138.55, 135.88, 132.44, 128.66, 128.52, 128.14, 127.76, 127.54, 127.39, 126.99, 

126.83, 125.03, 124.18, 121.97, 111.29, 108.54, 107.58, 63.03, 59.55, 43.92, 43.50. 

IR (KBr) 1709, 1612, 1078, 739, 532; HRMS (ESI) calcd for C29H24NO2 [M+H]+: 

418.1802, found: 418.1793. 
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zzf-411 

(1R,2R)-1'-benzyl-2-phenyl-4-(thiophen-2-yl)spiro[cyclopentane-1,3'-indolin]-3-e

n-2'-one 

63 mg, 73% yield, 4:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 

20:1); HPLC analysis: 77% ee [Daicel CHIRALPAK AD-H column, 20 oC, 254 nm, 

hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 13.5 min (minor), 20.1 min (major)]. 

1H NMR (500 MHz, CDCl3) δ 7.48 (dd, J = 7.2, 0.7 Hz, 1H), 7.25 (d, J = 2.0 Hz, 2H), 

7.21 (t, J = 7.2 Hz, 2H), 7.14 (t, J = 7.5 Hz, 3H), 7.08 (td, J = 7.6, 0.9 Hz, 1H), 7.05 (d, 

J = 3.1 Hz, 1H), 7.03-7.01 (m, 4H), 6.62 (d, J = 6.4 Hz, 2H), 6.54 (d, J = 7.6 Hz, 1H), 

6.21 (d, J = 1.6 Hz, 1H), 4.97 (d, J = 15.7 Hz, 1H), 4.97 (d, J = 15.7 Hz, 1H), 4.62 (d, 

J = 1.9 Hz, 1H), 4.62 (d, J = 1.9 Hz, 1H), 4.20 (d, J = 15.7 Hz, 1H), 4.20 (d, J = 15.7 

Hz, 1H), 3.51-3.42 (m, 1H), 3.51-3.40 (m, 1H), 3.25 (dt, J = 15.8, 2.3 Hz, 1H), 3.25 

(dt, J = 15.8, 2.3 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 177.85, 142.43, 142.15, 

138.56, 135.37, 134.82, 134.17, 131.78, 131.64, 129.07, 128.75, 128.56, 128.52, 

128.17, 128.07, 127.85, 127.35, 126.21, 125.93, 122.86, 122.60, 121.05, 108.57, 

63.04, 58.65, 43.98, 42.91. IR (KBr) 1716, 1608, 1101, 753, 574; HRMS (ESI) calcd 

for C29H24NOS [M+H]+: 434.1573, found: 434.1565. 

 

zzf-405 

(1R,2R)-1'-benzyl-5'-methyl-2,4-diphenylspiro[cyclopentane-1,3'-indolin]-3-en-2'

-one 
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64 mg, 73% yield, 6:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 

20:1); HPLC analysis: 84% ee [Daicel CHIRALPAK IB column, 20 oC, 254 nm, 

hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 5.4 min (major), 18.5 min (minor)]. 1H 

NMR (500 MHz, CDCl3) δ 7.61-7.54 (m, 2H), 7.39 (t, J = 7.6 Hz, 2H), 7.33-7.29 (m, 

2H), 7.26- 7.24 (t, J = 1.6 Hz, 1H), 7.23 (d, J = 7.3 Hz, 2H), 7.16-7.12 (m, 2H), 

7.09-7.05 (m, 2H), 6.94 (dd, J = 7.9, 0.7 Hz, 1H), 6.68-6.64 (m, 2H), 6.44 (d, J = 7.9 

Hz, 1H), 6.37 (d, J = 1.9 Hz, 1H), 4.94 (d, J = 15.7 Hz, 1H), 4.61 (d, J = 2.1 Hz, 1H), 

4.21 (d, J = 15.7 Hz, 1H), 3.52-3.45 (dt, J = 15.9, 2.2 Hz, 1H, 1H), 3.24 (dt, J = 15.9, 

2.2 Hz, 1H), 2.35 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 177.81, 142.19, 140.27, 

138.76, 135.92, 135.48, 134.71, 132.19, 128.60, 128.50, 128.48, 128.24, 128.20, 

128.10, 127.78, 127.37, 127.29, 127.09, 127.05, 126.31, 125.97, 125.91, 123.17, 

108.51, 63.11, 58.50, 44.07, 43.53, 21.22. IR (KBr) 1705, 1558, 1249, 909, 659; 

HRMS (ESI) calcd for C32H28NO [M+H]+: 442.2162, found: 442.2165. 

 

zzf-415 

(1R,2R)-1'-benzyl-6'-chloro-2,4-diphenylspiro[cyclopentane-1,3'-indolin]-3-en-2'-

one 

68 mg, 74% yield, > 20:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 

20:1); [α]25 
D  = +23 (c 0.39, CHCl3); HPLC analysis: 81% ee [Daicel CHIRALPAK IB 

column, 20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 8.9 min 

(major), 27.8 min (minor)]. 1H NMR (500 MHz, CDCl3) δ 7.59-7.54 (m, 2H), 

7.43-7.36 (m, 3H), 7.32 (d, J = 7.4 Hz, 1H), 7.28 (ddd, J = 6.0, 4.1, 1.2 Hz, 1H), 

7.25-7.21 (m, 1H), 7.19-7.13 (m, 3H), 7.09-7.02 (m, 3H), 6.64-6.59 (m, 2H), 6.54 (d, 

J = 1.8 Hz, 1H), 6.39-6.33 (m, 1H), 5.05 (d, J = 15.7 Hz, 1H), 4.94 (d, J = 15.7 Hz, 

1H), 4.59 (d, J = 2.1 Hz, 1H), 4.18 (d, J = 15.7 Hz, 1H), 3.52-3.42 (dt, J = 15.9, 2.3 

Hz,, 1H), 3.22 (dt, J = 15.9, 2.3 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 177.71, 
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143.92, 142.12, 138.29, 135.24, 135.17, 133.66, 132.86, 128.68, 128.55, 128.25, 

127.94, 127.50, 127.37, 126.96, 126.14, 125.94, 123.34, 122.54, 109.33, 77.30, 77.04, 

76.79, 63.04, 58.24, 43.98, 43.59. IR (KBr) 1706, 1646, 1176, 807, 652; HRMS (ESI) 

calcd for C31H25NOCl [M+H]+ : 462.1619, found: 462.1609. 

 

zzf-387 

(1R,2S)-1'-benzyl-4-phenyl-2-(p-tolyl)spiro[cyclopentane-1,3'-indolin]-3-en-2'-on

e 

54 mg, 61% yield, 10:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 

20:1); [α]25 
D  = +133 (c = 0.15, CHCl3); HPLC analysis: 86% ee [Daicel CHIRALPAK 

AD-H column, 20 oC, 254 nm, hexane/i-PrOH = 80:20, 1.0 mL /min, 254 nm, 12.7 

min (minor), 26.0 min (major)]. 1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 7.3 Hz, 

2H), 7.48 (d, J = 7.1 Hz, 1H), 7.38 (t, J = 7.4 Hz, 2H), 7.34-7.27 (m, 1H), 7.15 (t, J = 

8.2 Hz, 4H), 7.10-7.05 (m, 1H), 7.03 (d, J = 7.8 Hz, 2H), 6.95 (d, J = 7.8 Hz, 2H), 

6.67 (d, J = 6.9 Hz, 2H), 6.54 (d, J = 7.6 Hz, 1H), 6.36 (d, J = 7.3 Hz 1H), 5.01 (d, J = 

15.7 Hz, 1H), 4.60 (d, J = 14,8 Hz, 1H), 4.23 (d, J = 15.7 Hz, 1H), 3.48 (dt, J = 15.9, 

2.0 Hz, 1H), 3.24 (dt, J = 15.9, 2.0 Hz, 1H), 2.33 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 177.91, 142.71, 141.95, 136.79, 135.82, 135.61, 135.49, 134.65, 128.83, 

128.49, 128.39, 127.93, 127.75, 127.13, 127.07, 126.59, 125.94, 122.62, 122.37, 

108.74, 62.78, 58.53, 44.00, 43.51, 21.28. IR (KBr) 1715, 1352, 1076, 751, 653. 

441.2093; HRMS (ESI) calcd for C32H28NO [M+H]+: 442.2165, found 427.2162. 
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zzf-377 

(1R,2R)-1'-benzyl-2-(4-methoxyphenyl)-4-phenylspiro[cyclopentane-1,3' 

indolin]-3-en-2'-one. 

62 mg, 68% yield, 17:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 20:1); 

HPLC analysis: 86% ee [Daicel CHIRALPAK IB column, 20 oC, 254 nm, 

hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 10.8 min (minor), 31.2 min (major)]. 

1H NMR (400 MHz, CDCl3) δ 7.56 (d, J = 7.6 Hz, 2H), 7.47 (d, J = 7.2 Hz, 1H), 7.37 

(t, J = 7.5 Hz, 2H), 7.30 (dd, J = 14.5, 7.1 Hz, 1H), 7.18-7.11 (m, 4H), 7.07 (dd, J = 

13.7, 6.3 Hz, 1H), 6.96 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 8.5 Hz, 2H), 6.64 (d, J = 6.0 

Hz, 2H), 6.55 (d, J = 7.6 Hz, 1H), 6.34 (s, 1H), 5.01 (d, J = 15.7 Hz, 1H), 4.59 (d, J = 

1.6 Hz 1H), 4.21 (d, J = 15.7 Hz, 1H), 3.77 (s, 3H), 3.46 (dt, J = 15.9, 2.0 Hz, 1H), 

3.24 (dt, J = 15.9, 2.0 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 177.99, 158.96, 

142.79, 141.85, 135.79, 135.52, 134.41, 130.68, 129.63, 128.51, 128.43, 127.98, 

127.77, 127.21, 127.05, 126.68, 125.95, 122.63, 122.43, 113.49, 108.71, 77.32, 77.07, 

76.81, 62.48, 58.68, 55.13, 43.85, 43.50. IR (KBr) 1712, 1611, 1031, 831, 576; 

HRMS (ESI) calcd for C32H28NO2 [M+H]+: 458.2115, found: 458.2107. 

zzf-382 

(1R,2R)-1'-benzyl-2-(4-fluorophenyl)-4-phenylspiro[cyclopentane-1,3'-indolin]-3-

en-2'-one. 

53 mg, 60% yield, >20:1 dr. White solid; mp. = 96-97 oC; Rf = 0.2 (petroleum 

ether/ethyl acetate 20:1); [α]25 
D  = +100 (c = 0.08, CHCl3); HPLC analysis: 86% ee 

[Daicel CHIRALPAK AD-H column, 20 oC, 254 nm, hexane/i-PrOH = 80:20, 1.0 mL 
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/min, 254 nm, 8.9 min (major), 27.8 min (minor)]. 1H NMR (500 MHz, CDCl3) δ 7.56 

(d, J = 7.3 Hz, 2H), 7.48 (d, J = 7.2 Hz, 1H), 7.42-7.35 (m, 2H), 7.34-7.28 (m, 1H), 

7.21-7.13 (m, 4H), 6.99 (dd, J = 8.5, 5.6 Hz, 1H), 6.88 (t, J = 8.7 Hz, 2H), 6.70-6.64 

(m, 2H), 6.60 (d, J = 7.7 Hz, 1H), 6.33 (d, J = 1.6 Hz, 1H), 4.98 (d, J = 15.6 Hz, 1H), 

4.60 (d, J = 1.8 Hz, 1H), 4.23 (d, J = 15.6 Hz, 1H), 3.47 (d, J = 16.0 Hz, 1H), 3.26 (dt, 

J = 16.0, 2.2 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 177.75, 162.29 (d, JC-F = 

243.6 Hz), 142.73, 142.39, 135.71, 135.29, 9134.33, 134.13, 130.09, 130.03, 128.66 

(d, JC-F = 7.3 Hz), 128.13, 127.92, 127.03, 127.05, 125.96, 114.9344 (d, JC-F = 8.2 

Hz), 108.77, 62.24, 58.51, 43.90, 43.51. IR (KBr) 1712, 1608, 840, 753, 551; HRMS 

(ESI) calcd for C31H25FNO [M+H]+: 442.1915, found: 446.1906. 

 

zzf-373 

(1R,2R)-1'-benzyl-2-(4-bromophenyl)-4-phenylspiro[cyclopentane-1,3'-indolin]-3

-en-2'-one 

65 mg, 65% yield, > 20:1 dr. Light yellow solid, mp. = 106-107 oC; Rf = 0.2 

(petroleum ether/ethyl acetate 20:1); [α]25 
D  = +121 (c 0.09, CHCl3); HPLC analysis: 

83% ee [Daicel CHIRALPAK AD-H column, 20 oC, 254 nm, hexane/i-PrOH = 80:20, 

1.0 mL /min, 254 nm, 11.1 min (major), 24.4 min (minor)]. 1H NMR (500 MHz, 

CDCl3) δ 7.58-7.54 (m, 2H), 7.48 (dd, J = 7.3, 0.8 Hz, 1H), 7.39 (dd, J = 10.4, 4.7 Hz, 

2H), 7.32 (d, J = 8.4 Hz, 3H), 7.22 (d, J = 7.0 Hz, 2H), 7.16 (td, J = 7.7, 1.2 Hz, 1H), 

7.09 (td, J = 7.6, 0.9 Hz, 1H), 6.91 (d, J = 8.4 Hz, 2H), 6.66 (dd, J = 8.5, 6.5 Hz, 2H), 

6.59 (d, J = 7.7 Hz, 1H), 6.31 (d, J = 1.6 Hz, 1H), 5.01 (d, J = 15.6 Hz, 1H), 4.58 (d, J 

= 2.1 Hz, 1H), 4.21 (d, J = 15.6 Hz, 1H), 3.52-3.41 (dt, J = 16.0, 2.4 Hz,, 1H), 3.26 (dt, 

J = 16.0, 2.4 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 177.66, 142.76, 142.67, 137.71, 

135.63, 135.22, 133.89, 131.24, 130.28, 128.63, 128.55, 128.21, 127.98, 127.39, 

127.03, 125.97, 125.59, 122.79, 122.48, 121.34, 108.86, 62.28, 58.46, 44.08, 43.60. 
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IR (KBr) 1712, 1611, 1171, 1029, 802; HRMS (ESI) calcd for C31H25BrNO [M+H]+: 

506.1114, found: 506.1103. 

 

zzf-371 

(1R,2R)-1'-benzyl-2-(2-methoxyphenyl)-4-phenylspiro[cyclopentane-1,3'-indolin]

-3-en-2'-one 

58.0 mg, 64% yield, > 20:1 dr. Colorless oil; Rf = 0.2 (petroleum ether/ethyl acetate 

20:1); [α]25 
D  = +63 (c 0.15, CHCl3); HPLC analysis: 92% ee [Daicel CHIRALPAK IB 

column, 20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 7.0 min 

(major), 16.1 min (minor)]. 1H NMR (500 MHz, CDCl3) δ 7.57 (d, J = 7.5 Hz, 2H), 

7.46 (d, 1H), 7.43-7.35 (q, 3H), 7.30 (t, J = 7.3 Hz, 1H), 7.20 (m, 4H), 7.14-7.08 (t, J 

= 7.6 Hz 1H), 7.04 (t, J = 7.7 Hz,1H), 6.95 (t, J = 7.4 Hz 1H), 6.90-6.85 (m, 2H), 6.68 

(d, J = 3.1 Hz 1H), 6.62 (d, J = 7.7 Hz 1H), 6.33 (d, J = 1.8 Hz, 1H), 4.97 (d, J = 1.5 

Hz, 1H), 4.92 (d, J = 15.5 Hz, 1H), 4.43 (d, J = 15.5 Hz, 1H), 3.49 (dt, J = 15.9, 2.3 

Hz, 1H), 3.13 (dt, J = 15.9, 2.3 Hz, 1H), 3.14 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 

177.98, 157.33, 142.33, 142.18, 136.75, 136.31, 135.57, 129.79, 128.54, 128.51, 

128.08, 127.70, 127.59, 127.39, 127.30, 127.19, 126.65, 125.92, 122.40, 122.17, 

120.31, 109.87, 108.21, 57.11, 55.29, 54.60, 44.61, 43.64. IR (KBr) 1712,1578, 1106, 

849, 753; HRMS (ESI) calcd for C32H28NO2 [M+H]+: 458.2115, found: 458.2107. 

 

zzf-375 

(1R,2S)-1'-benzyl-2-(2-bromophenyl)-4-phenylspiro[cyclopentane-1,3'-indolin]-3
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-en-2'-one 

61 mg, 61% yield, > 20:1 dr. White solid, mp. = 120-121oC; Rf = 0.2 (petroleum 

ether/ethyl acetate 20:1); [α]25 
D  = +75 (c 0.15, CHCl3); HPLC analysis: 88% ee 

[Daicel CHIRALPAK AD-H column, 20 oC, 254 nm, hexane/i-PrOH = 80:20, 1.0 mL 

/min, 254 nm, 10.5 min (minor), 15.2 min (major)]. 1H NMR (400 MHz, CDCl3) δ 

7.58 (d, J = 7.4 Hz, 2H), 7.46 (d, J = 7.0 Hz, 2H), 7.40 (t, J = 7.4 Hz, 2H), 7.36-7.26 

(m, 2H), 7.22 (d, J = 5.6 Hz, 2H), 7.18-7.08 (m, 2H), 7.03 (d, J = 7.0 Hz, 2H), 6.67 (d, 

J = 7.7 Hz, 1H), 6.27 (d, J = 7.6 Hz 1H), 4.98 (s, 1H), 4.80 (d, J = 15.5 Hz, 1H), 4.64 

(d, J = 15.6 Hz, 1H), 3.56 (dt, J = 16.0, 2.0 Hz, 1H), 3.09 (dt, J = 16.0, 2.0 Hz, 1H); 

13C NMR (126 MHz, CDCl3) δ 177.34, 143.30, 142.25, 138.43, 136.50, 136.01, 

135.12, 132.42, 131.29, 128.79, 128.64, 128.55, 128.07, 127.89, 127.45, 127.33, 

127.01, 126.12, 126.02, 125.06, 122.77, 122.16, 108.70, 77.29, 77.04, 76.78, 61.05, 

56.74, 44.61, 43.95. IR (KBr) 1712, 1611, 1525, 1217, 753; HRMS (ESI) calcd for 

C31H25BrNO [M+H]+: 506.1114, found: 506.1106. 

 

2. Hydrogenation of spirocyclopentene-2-oxindoles (Scheme 3) 

 zzf-438-b 

A suspension of Pd(OH)2/C (15 mg) and spirocyclopentene-2-oxindole 3k (30 mg) in 

methanol (5 mL) was stirred at room temperature under 1 atm hydrogen atmosphere. 

After stirring for 1 h, the solvent was filtered through a plug of celite, evaporated. The 

residue was purified by column chromatography to afford 

spirocyclopentane-2-oxindole 4a with the loss of chlorine. 

(1R,2R,4R)-1'-benzyl-2,4-diphenylspiro[cyclopentane-1,3'-indolin]-2'-one 

29 mg, 89% yield, > 20:1 dr. Colorless oil; Rf = 0.3 (petroleum ether/ethyl acetate 

20:1); [α]25 
D  = +81 (c 0.15, CHCl3); HPLC analysis: 80% ee [Daicel CHIRALPAK IB 
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column, 20 oC, 254 nm, hexane/i-PrOH = 90:10, 1.0 mL /min, 254 nm, 6.2 min 

(major), 8.7 min (minor)]. 1H NMR (500 MHz, CDCl3) δ 7.61 (d, J = 7.3 Hz, 2H), 

7.51-7.48 (m, 1H), 7.38 (t, J = 7.6 Hz, 2H), 7.27- 7.24 (m, 1H), 7.21 (t, J = 7.4 Hz, 

1H), 7.12 (dt, J = 6.2, 4.0 Hz, 4H), 7.08 (dt, J = 10.9, 4.2 Hz, 3H), 6.97 (d, J = 7.5 Hz, 

2H), 6.45 (d, J = 7.4 Hz, 2H), 6.41 (d, J = 7.2 Hz, 1H), 4.99 (d, J = 15.9 Hz, 1H), 4.21 

(d, J = 15.9 Hz, 1H), 3.72 (dd, J = 13.5, 5.0 Hz, 1H), 3.69–3.58 (m, 1H), 3.23 (dd, J = 

25.4, 12.1 Hz, 1H), 2.67–2.58 (m, 2H), 2.39 (m, 1H); 13C NMR (126 MHz, CDCl3) δ 

177.98, 144.53, 142.90, 137.50, 135.45, 134.41,128.58, 128.52, 128.11, 127.93, 

127.77, 127.11, 127.00, 126.58, 126.45, 122.70, 122.30, 108.87, 58.69, 57.94, 45.37, 

45.20, 43.51, 39.43. IR (KBr) 1705, 1612, 909, 659; HRMS (ESI) calcd for 

C31H27NONa [M+Na]+  452.1985, found 452.1988. 

 

zzf-438-a 

(1R,2R,4R)-1'-benzyl-2-(2-methoxyphenyl)-4-phenylspiro[cyclopentane-1,3'-indo

lin]-2'-one 

The same procedure as the reaction of 3k but using 3p (60 mg), Pd(OH)2 (5 mg) to 

give 4p (61 mg, 99% yield). > 20:1 dr. White solid, mp. = 86-87oC; Rf = 0.3 

(petroleum ether/ethyl acetate 20:1); [α]25 
D  = +187 (c 0.046, CHCl3); HPLC analysis: 

91% ee [Daicel CHIRALPAK IB column, 20 oC, 254 nm, hexane/i-PrOH = 95:5, 1.0 

mL /min, 254 nm, 7.9 min (minor),13.7 min (major)]. 1H NMR (500 MHz, CDCl3) δ 

7.59 (dd, J = 10.8, 4.3 Hz, 3H), 7.51 (dd, J = 7.3, 0.6 Hz, 1H), 7.37 (t, J = 7.7 Hz, 2H), 

7.27-7.23 (m, 1H), 7.21-7.16 (m, 1H), 7.15-7.06 (m, 4H), 7.01 (td, J = 7.7, 1.2 Hz, 

1H), 6.91 (dd, J = 11.0, 4.0 Hz, 1H), 6.59 (d, J = 7.7 Hz, 1H), 6.51 (d, J = 7.1 Hz, 2H), 

6.39 (d, J = 7.6 Hz, 1H), 5.06 (d, J = 15.8 Hz, 1H), 4.33 (dd, J = 13.7, 5.2 Hz, 1H), 

4.18 (d, J = 15.8 Hz, 1H), 3.73-3.61 (m, 1H), 3.11 (dd, J = 23.8, 10.3 Hz, 1H), 2.99 (s, 

3H), 2.69-2.54 (m, 2H), 2.28 (dt, J = 10.8, 5.2 Hz, 1H); 13C NMR (126 MHz, CDCl3) 
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