
 

S1 
 

Supporting Information 

Asymmetric Synthesis of Poly-Substituted Spirocyclohexane Oxindoles via 

Squaramide Catalyzed cascade Michael-Michael-Aldol Sequence  

 

Qiang-Sheng Sun, Xiao-Yang Chen, Hua Zhu, Hua Lin, Xing-Wen Sun*, and Guo-Qiang Lin 

Department of Chemistry, Fudan University, 220 Handan Road, Shanghai 200433 (China)  

 

sunxingwen@fudan.edu.cn 

 

Table of Contents 
 

I. General experimental methods. (S2) 

 

II. Screening of other catalysts and achiral bases. (S2-3) 

 

III. Synthesis and characterization of six-membered spirocyclic oxindoles. (S3-27) 

 

IV. Transformations of desired products. (S28-29) 

 

V. Synthesis and characterization of 5. (S29-32) 

 

VI. Gram-scale cascade reactions. (S33) 

 

VII. Copies of NMR spectra. (S34-79) 

 

VIII. X-ray structure of deprotected 4b. (S80-81) 

 

IX. X-ray structure of deprotected 5b.(S82) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2014



 

S2 
 

General experiment methods: 

NMR spectra were all recorded on ECA (400 MHz) spectrometer. Chemical shifts are reported in 

δ ppm referenced to an internal SiMe4 standard for 1H NMR and chloroform-d (δ 77.0) for 13C 

NMR. HRMS was measured on Brucker micrOTOF II serial 10257. Optical rotations were 

measured in CHCl3 on a Rudolph research analytical, Auto pol® IV, automatic parameter. HPLC 

was performed on an Agilent 1100 series instrument or a Jasco uv-2075 plus intelligent uv/vis 

detector by using Daicel Chiracel AD-H column or PC-2 column. Flash column chromatography 

was performed using silica gel (300–400 mesh). Analytical thin–layer chromatography was 

performed using glass plates pre-coated with 0.25 mm 300–400 mesh silica gel impregnated with 

a fluorescent indicator (254 nm). Thin layer chromatography plates were visualized by exposure to 

ultraviolet light. Commercial reagents and solvents were used as received. Dichloromethane was 

fractionally distilled. 

Screening of other catalysts and achiral bases: 

Table 1 Screening of other catalysts a 

 
 

Entry Catalyst/(X mol%) Time/h Yieldb drc eed 

1 Q-1 (10) 3+48 27% 1:1.4 - 

2 Q-2 (10) 3+48 25% 1:1.3 - 

3 Q-3 (10) 3+48 19% 2.2:1 - 

4 Q-4 (10) 3+21 55% > 20:1 95% 

5 Q-5 (5) 1+21 65% > 20:1 > 99% 

6 Q-6 (5) 1+21 85% > 20:1 > 99% 

7e Q-7 (10) 3+21 64% > 20:1 -98% 
a The reaction was performed using 0.22 mmol of 1a, 0.20 mmol of 2a, X mol% of catalyst, 

followed adding 0.3 mmol of 3a in DCM (1.0 M) at room temperature. b Isolated yield after 
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column chromatography. c dr was detected by 1H NMR. d ee value of the major product was 

determined by HPLC analysis on a chiral stationary phase. e opposite enantiomer. 

Table 2 Screening of achiral basesa 

N
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O O

(S)
NO2

+

 

Entry Catalyst/(X mol%) Time/h Yieldb drc eed 

1 TEA(100) 24 36% 1:1 >99% 

2 TBD(100) 24 59% 2.7(desired):1 >99% 

3 DABCO(100) 24 41% 2(desired):1 >99% 
a The reaction was performed using 0.20 mmol (S)-Michael adduct of acac and nitroalkene, 0.2 

mmol achiral base, 0.3 mmol of 3a in DCM (1.0 M) at room temperature. b Isolated yield after 

column chromatography. c dr was detected by 1H NMR. d ee value of the major product was 

determined by HPLC analysis on a chiral stationary phase. 

General procedure for synthesis of spirocyclic oxindoles 4a-4p 
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In all cases

Q-6

 

A solution of β-dicarbonyl compounds 1 (0.22 mmol), nitroalkene 2 (0.20 mmol) and catalyst 

Q-6 (5 mol%) in CH2Cl2 (0.20 mL) was stirred for 1 hour until all the nitroalkene consumed, then 

3 (0.3 mmol ) was added. After the reaction completed, the solution was concentrated and purified 

using column chromatography (Petroleum ether: ethyl acetate: DCM = 10: 1: 1, Rf (P) = 0.4) to 

afford the desired product. 

All racemic reactions were catalyzed by achiral base TEA. 

 



 

S4 
 

4a was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 85% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak PC-2 column: hexane/i-PrOH 95:5, flow rate 

0.70 mL/min, λ = 214 nm: τmajor = 19.22 min., τminor = 11.36 min. ሾαሿଶ
  = 11.788 (c = 1.0, CHCl3). 

HRMS: (ESI+, m/z) calculated for [C30H34N2O9Na]+ (M+Na)+: 589.2162, found: 589.2149.  
1H NMR (400 MHz, CDCl3): δ 0.86 (s, 3H), 0.86 (t, J = 6.8 Hz, 3H), 1.63 (s, 1H), 1.71 (s, 9H), 

3.83-3.88 (m, 2H), 3.95 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.22 (d, J = 12.0 Hz, 1H), 4.32 (d, J 

= 12.0 Hz, 1H), 5.35 (s, 1H), 5.96 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.18-7.37 (m, 7H), 

7.64-7.66 (m, 1H), 7.72 (d, J = 8.0 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 215.39, 175.20, 168.44, 148.50, 140.24, 135.98, 129.51, 129.36, 

128.69, 126.68, 125.63, 124.68, 114.44, 87.22, 85.29, 73.20, 61.88, 57.46, 55.01, 50.19, 46.08, 

34.66, 28.17, 22.72, 13.42. 
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4b was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 80% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 13.03 min., τminor = 21.47 min. ሾαሿଶ
  = 7.989 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C30H33BrN2O9Na]+ (M+Na)+: 667.1267, found: 

667.1244.  
1H NMR (400 MHz, CDCl3): δ 0.85 (s, 3H), 0.86 (t, J = 6.8 Hz, 3H), 1.62 (s, 1H), 1.75 (s, 9H), 

3.78-3.84 (m, 2H), 3.92 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.22 (d, J = 12.0 Hz, 1H), 4.33 (d, J 

= 12.0 Hz, 1H), 4.73 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.22-7.75 (m, 6H), 7.67 

(m, 1H), 7.72 (d, J = 8.0 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 214.85, 175.20, 168.28, 148.43, 135.18, 132.57, 129.58, 126.65, 

125.49, 124.73, 122.82, 114.48, 87.06, 85.39, 73.15, 61.94, 57.43, 54.89, 50.07, 45.46, 34.88, 

28.17, 22.72, 13.41. 
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4c was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 79% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 8.32 min., τminor = 12.08 min. ሾαሿଶ
  = 11.189 (c = 1.0, 
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CHCl3). HRMS: (ESI+, m/z) calculated for [C30H33ClN2O9Na]+ (M+Na)+: 623.1772, found: 

623.1738.  
1H NMR (400 MHz, CDCl3): δ 0.86 (s, 3H), 0.86 (t, J = 6.8 Hz, 3H), 1.75 (s, 12H), 3.82-3.88 (m, 

2H), 3.96 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.22 (d, J = 12.0 Hz, 1H), 4.33 (d, J = 12.0 Hz, 

1H), 4.64 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.22-7.42 (m, 6H), 7.69(m, 1H), 7.75 

(d, J = 8.0 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 214.89, 175.23, 168.31, 148.44, 140.21, 134.64, 129.61, 126.64, 

125.49, 124.73, 114.49, 87.13, 85.40, 73.16, 61.94, 57.43, 54.94, 50.07, 45.39, 34.87, 28.17, 22.72, 

13.41. 
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4d was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 68% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 16.47 min., τminor = 24.28 min. ሾαሿଶ
  = 6.793 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C30H33FN2O9Na]+ (M+Na)+: 607.2068, found: 

607.2023.  
1H NMR (400 MHz, CDCl3): δ 0.85 (s, 3H), 0.86 (t, J = 7.2 Hz, 3H), 1.73 (s, 3H), 1.75 (s, 9H), 

3.82-3.88 (m, 2H), 3.97 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.24 (d, J = 12.0 Hz, 1H), 4.36 (d, J 

= 12.0 Hz, 1H), 4.66 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.09-7.42 (m, 6H), 

7.69(m, 1H), 7.76 (d, J = 8.0 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 215.05, 175.22, 168.34, 163.90, 161.43, 148.45, 140.22, 131.84, 

129.56, 126.64, 125.52, 124.72, 116.32 (d, 1C, J = 1.2Hz), 114.48, 87.31, 85.36, 73.17, 61.92, 

57.44, 55.08, 50.10, 45.28, 34.76, 28.17, 22.73, 13.41. 
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4e was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 72% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 13.88 min., τminor = 16.59 min. ሾαሿଶ
  = 12.388 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C31H36N2O9Na]+ (M+Na)+: 603.2319, found: 

603.2298.  
1H NMR (400 MHz, CDCl3): δ 0.85 (s, 3H), 0.86 (t, J = 7.2 Hz, 3H), 1.69 (s, 3H), 1.75 (s, 9H), 

2.36 (s, 3H), 3.82-3.88 (m, 2H), 3.95 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.24 (d, J = 12.0 Hz, 

1H), 4.36 (d, J = 12.0 Hz, 1H), 4.79 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.17-7.42 

(m, 6H), 7.69(m, 1H), 7.76 (d, J = 8.0 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 215.51, 175.22, 168.47, 148.50, 140.23, 138.44, 132.80, 130.02, 

129.47, 126.69, 125.69, 124.66, 114.42, 87.35, 85.26, 73.21, 61.84, 57.46, 54.99, 50.21, 45.73, 

34.75, 28.18, 22.73, 21.15, 13.42. 
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4f was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 71% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 27.56 min., τminor = 17.71 min. ሾαሿଶ
  = 7.793 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C31H36N2O10Na]+ (M+Na)+: 619.2268, found: 

619.2212.  
1H NMR (400 MHz, CDCl3): δ 0.85 (s, 3H), 0.86 (t, J = 7.2 Hz, 3H), 1.72 (s, 3H), 1.74 (s, 9H), 

3.83 (s, 3H), 3.82-3.88 (m, 2H), 3.94 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.23 (d, J = 12.0 Hz, 

1H), 4.36 (d, J = 12.0 Hz, 1H), 4.77 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 6.92-7.44 

(m, 6H), 7.70(m, 1H), 7.76 (d, J = 8.0 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 215.53, 175.17, 168.45, 159.66, 148.51, 140.24, 129.46, 127.72, 

126.67, 125.68, 124.65, 114.42, 87.44, 85.24, 73.21, 61.83, 57.45, 55.24, 55.07, 50.21, 45.34, 

34.73, 28.17, 22.72, 13.41. 
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4g was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 87% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 18.20 min., τminor = 15.13 min. ሾαሿଶ
  = -4.995 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C28H32N2O10Na]+ (M+Na)+: 579.1955, found: 

579.1938.  
1H NMR (400 MHz, CDCl3): δ 0.86 (s, 3H), 0.86 (t, J = 7.2 Hz, 3H), 1.73 (s, 9H), 1.87 (s, 3H), 

3.82-3.88 (m, 2H), 4.17 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.31 (d, J = 12.0 Hz, 1H), 4.39 (d, J 

= 12.0 Hz, 1H), 4.67 (s, 1H), 6.01 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 6.26 (d, J = 3.2 Hz, 1H), 

6.35 (dd, J1 = 3.2 Hz, J2 = 1.6 Hz, 1H), 7.21-7.25 (m, 1H), 7.37-7.41 (m, 1H), 7.49(d, J = 1.6 Hz, 

1H), 7.69 (m, 1H), 7.78 (d, J = 8.0 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 215.04, 174.42, 168.15, 151.08, 148.69, 143.34, 140.32, 129.50, 

126.74, 125.54, 124.55, 114.39, 110.85, 109.76, 85.18, 73.17, 61.88, 57.26, 52.49, 50.03, 39.85, 

33.42, 28.16, 22.42, 13.38. 
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4h was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 77% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 18.65 min., τminor = 16.71 min. ሾαሿଶ
  = 6.794 (c = 1.0, 
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CHCl3). HRMS: (ESI+, m/z) calculated for [C28H32N2O9SNa]+ (M+Na)+: 595.1726, found: 

595.1680.  
1H NMR (400 MHz, CDCl3): δ 0.85 (s, 3H), 0.87 (t, J = 7.2 Hz, 3H), 1.74 (s, 9H), 1.87 (s, 3H), 

3.82-3.89 (m, 2H), 4.25-4.38 (m, 3H), 4.66 (s, 1H), 5.94 (dd, J1 = 12.8 Hz, J2 = 12.8 Hz, 1H), 

7.00 (dd, J1 = 5.2 Hz, J2 = 3.6 Hz, 1H), 7.08 (d, J = 2.4 Hz, 1H), 7.22-7.26 (m, 1H), 7.32 (d, J = 

2.4 Hz, 1H), 7.38-7.42 (m, 1H), 7.68 (m, 1H), 7.76 (d, J = 8.0 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 215.09, 168.14, 163.41, 140.29, 138.40, 129.55, 127.56, 127.32, 

126.64, 126.13, 125.51, 124.66, 114.46, 88.12, 85.28, 73.27, 61.96, 57.27, 55.81, 50.39, 41.45, 

34.62, 28.17, 22.62, 13.40. 
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4i was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 65% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 10.08 min., τminor = 24.75 min. ሾαሿଶ
  = -1.699 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C31H36N2O9Na]+ (M+Na)+: 603.2319, found: 

603.2303.  
1H NMR (400 MHz, CDCl3): δ 0.86 (s, 3H), 0.87 (t, J = 7.2 Hz, 3H), 1.67 (s, 3H), 1.74 (s, 9H), 

2.41 (s, 3H), 3.84-3.89 (q, 2H), 3.95 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.27 (d, J = 12.0 Hz, 

1H), 4.36 (d, J = 12.0 Hz, 1H), 4.77 (s, 1H), 6.02 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.18-7.51 

(m, 7H), 7.63 (d, J = 8.2 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 215.39, 175.32, 168.37, 148.56, 137.87, 136.04, 134.36, 129.97, 

129.33, 128.66, 127.17, 125.53, 114.20, 87.30, 85.05, 73.19, 61.78, 57.53, 55.06, 50.22, 46.11, 

34.62, 28.18, 22.74, 21.16, 13.39. 
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4j was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 77% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 9.42 min., τminor = 31.47 min. ሾαሿଶ
  = -1.798 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C30H33ClN2O9Na]+ (M+Na)+: 623.1772, found: 

623.1742.  
1H NMR (400 MHz, CDCl3): δ 0.86 (s, 3H), 0.91 (t, J = 7.2 Hz, 3H), 1.67 (s, 3H), 1.74 (s, 9H), 

3.86-3.91 (q, 2H), 3.94 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.21 (d, J = 12.0 Hz, 1H), 4.33 (d, J 

= 12.0 Hz, 1H), 4.81 (s, 1H), 5.99 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.33-7.46 (m, 6H), 7.71(d, 

J = 2.4 Hz, 1H), 7.74 (d, J = 8.8 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 215.13, 174.43, 168.36, 150.38, 148.31, 138.88, 135.79, 130.21, 

129.51, 129.39, 128.76, 128.56, 127.50, 126.89, 115.66, 87.05, 85.62, 73.12, 62.06, 57.56, 54.94, 

50.09, 46.10, 34.62, 28.15, 22.74, 13.42. 
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4k was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 79% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 21.48 min., τminor = 15.82 min. ሾαሿଶ
  = 14.985 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C30H33FN2O9Na]+ (M+Na)+: 607.2068, found: 

607.2035.  
1H NMR (400 MHz, CDCl3): δ 0.88 (s, 3H), 0.88 (t, J = 7.2 Hz, 3H), 1.67 (s, 3H), 1.68 (s, 9H), 

3.84-3.99 (m, 3H), 4.24 (d, J = 12.0 Hz, 1H), 4.36 (d, J = 12.0 H, 1H,), 4.80(s, 1H), 6.00 (dd, J1 = 

12.0 Hz, J2 = 12.0 Hz, 1H), 7.13-7.40 (m, 6H), 7.50(d, J = 1.2 Hz, 1H), 7.52 (d, J = 1.2 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 215.24, 174.35, 168.26, 149.43, 146.93 (d, 1C, J = 5.1Hz), 135.81, 

129.37, 128.93, 128.74, 125.45, 124.20, 122.57, 117.75, 117.55, 87.01, 86.51, 85.55, 73.12, 62.05, 

58.23, 54.89, 50.04, 46.05, 34.62, 27.67, 22.67, 13.40. 
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4l was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 32% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 14.76 min., τminor = 26.71 min. ሾαሿଶ
  = 51.149 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C32H32N2O9Na]+ (M+Na)+: 611.2006, found: 

611.1982.  
1H NMR (400 MHz, CDCl3): δ 0.93 (s, 3H), 1.76 (s, 9H), 1.90 (s, 3H), 4.26 (dd, J1 = 12.0 Hz, J2 

= 12.0 Hz, 1H), 4.59 (d, J = 12.0 H, 1H,), 4.87 (s, 1H), 5.48 (d, J = 12.0 Hz, 1H), 6.28 (dd, J1 = 

2.4 Hz, J2 = 0.4 Hz, 1H), 6.35 (dd, J1 = 3.2 Hz, J2 = 2.4 Hz, 1H), 6.91 (m, 1H), 7.32 (m, 2H), 

7.50 (m, 2H), 7.66 (m, 4H). 
13C NMR (100 MHz, CDCl3): 215.51, 197.06, 174.28, 148.70, 148.64, 143.38, 140.03, 136.54, 

133.76, 129.41, 128.36, 128.22, 126.83, 124.87, 124.18, 114.53, 110.84, 109.71, 85.93, 85.07, 

73.70, 57.75, 52.78, 49.58, 40.37, 33.56, 28.20, 22.44. 
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4m was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 70% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 48.80 min., τminor = 22.35 min. ሾαሿଶ
  = 4.396 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C29H34N2O11Na]+ (M+Na)+: 609.2060, found: 

609.2021.  
1H NMR (400 MHz, CDCl3): δ 0.86 (t, J = 7.2 Hz, 3H), 0.89 (s, 3H), 1.01 (t, J = 7.2 Hz, 3H), 1.57 

(s, 3H), 1.67 (s, 9H), 3.82-3.88 (q, 2H), 4.04 (dd, J1 = 7.6 Hz, J2 = 7.2 Hz, 1H), 4.09 (d, J = 12.0 

Hz, 1H), 4.24 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.32 (d, J = 12.0 Hz, 1H), 4.41 (s, 1H), 5.99 

(dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 6.29 (d, J = 3.2 Hz, 1H), 6.32 (dd, J1 = 3.2 Hz, J2 = 1.6 Hz, 

1H), 7.21-7.25 (m, 1H), 7.38-7.42 (m, 1H), 7.46(d, J = 1.6 Hz, 1H), 7.70 (m, 1H), 7.82 (d, J = 8.0 

Hz, 1H).  
13C NMR (100 MHz, CDCl3): 174.21, 157.17, 149.09, 148.74, 143.25, 129.52, 126.64, 124.50, 

114.45, 110.29, 109.23, 85.16, 72.46, 61.89, 61.59, 56.92, 50.04, 49.48, 39.59, 28.16, 22.63, 13.76, 

13.39. 
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4n was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 79% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak PC-2 column: hexane/i-PrOH 80:20, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 8.34 min., τminor = 11.82 min. ሾαሿଶ
  = 4.596 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C31H35ClN2O10Na]+ (M+Na)+: 653.1878, found: 

653.1845.  
1H NMR (400 MHz, CDCl3): δ 0.77 (t, J = 7.2 Hz, 3H), 0.85 (t, J = 7.2 Hz, 3H), 0.90 (s, 3H), 1.74 

(s, 9H), 3.82-3.90 (m, 4H), 3.98 (d, J1 = 12.0 Hz, 1H), 4.07 (q, 1H), 4.33 (d, J = 12.0 Hz, 1H), 

4.34 (s, 1H), 5.93 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.23-7.43 (m, 6H), 7.69(m, 1H), 7.79 (d, J 

= 8.0 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 174.76, 174.00, 168.20, 148.55, 140.30, 134.50, 134.42, 129.90, 

129.58, 129.09, 126.57, 125.68, 124.64, 114.52, 87.21, 85.23, 72.50, 61.92, 61.46, 57.07, 51.20, 

50.14, 45.11, 28.17, 22.78, 13.56, 13.40. 
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4o was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 48% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 12.69 min., τminor = 7.17 min. ሾαሿଶ
  = 5.993 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C31H36N2O10Na]+ (M+Na)+: 619.2268, found: 

619.2238  
1H NMR (400 MHz, CDCl3): δ 0.73 (t, J = 7.2 Hz, 3H), 0.86 (t, J = 7.2 Hz, 3H), 0.93 (s, 3H), 1.73 

(s, 9H), 3.76-3.90 (m, 4H), 3.97 (d, J1 = 12.0 Hz, 1H), 4.07 (q, 1H), 4.34 (d, J = 12.0 Hz, 1H), 

4.45 (s, 1H), 5.98 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.21-7.43 (m, 7H), 7.71(m, 1H), 7.80 (d, J 

= 8.0 Hz, 1H).  
13C NMR (100 MHz, CDCl3): 174.70, 174.24, 168.33, 148.63, 140.31, 135.82, 129.51, 128.84, 

128.45, 126.60, 125.80, 124.59, 114.48, 87.33, 85.12, 77.38, 77.07, 76.75, 72.50, 61.85, 61.27, 

57.09, 51.33, 50.27, 45.76, 28.17, 22.81, 13.44, 13.40. 
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4p was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 18% yield with >20:1 dr and >99% ee. The ee was 

determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 95:5, flow 

rate 0.70 mL/min, λ = 214 nm: τmajor = 18.88 min., τminor = 21.54 min. ሾαሿଶ
  = 20.778 (c = 1.0, 
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CHCl3). HRMS: (ESI+, m/z) calculated for [C36H38N2O10Na]+ (M+Na)+: 681.2424, found: 

681.2395  
1H NMR (400 MHz, CDCl3): δ 0.49 (t, J = 7.2 Hz, 3H), 0.87 (t, J = 7.2 Hz, 3H), 1.61 (s, 9H), 

3.51-3.56 (m, 2H), 3.80-3.93 (m, 2H), 4.30 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.58 (d, J = 12.0 

Hz, 1H), 4.70 (d, J = 12.0 Hz, 1H), 5.03 (s, 1H), 6.23 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 

6.96-7.54 (m, 13H), 7.80 (m, 1H).  
13C NMR (100 MHz, CDCl3): 174.67, 173.88, 168.46, 148.00, 139.80, 138.25, 135.78, 129.17, 

128.92, 128.55, 128.12, 127.34, 126.14, 125.40, 123.94, 114.13, 87.31, 84.29, 76.08, 61.93, 61.03, 

58.21, 50.08, 49.59, 46.11, 28.09, 13.38, 13.13. 
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4q was isolated as single diasteroisomer by flash column chromatography (petroleum/ethyl 

acetate/dichloromethane =10/1/1) in 15% yield with 1:1 dr and >99% ee. The ee was determined 

by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 90:10, flow rate 0.70 

mL/min, λ = 214 nm: τmajor = 12.07 min., τminor = 13.81 min. ሾαሿଶ
  = 0.999 (c = 0.4, CHCl3). 

HRMS: (ESI+, m/z) calculated for [C36H38N2O10H]+ (M+H)+: 509.1924, found: 509.1915.  
1H NMR (400 MHz, CDCl3): δ 0.80 (t, J = 7.2 Hz, 3H), 0.84 (s, 3H), 1.66 (s, 3H), 2.78 (s, 3H), 

3.73-3.79 (m, 2H), 3.92 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 4.14 (d, J = 12.0 Hz, 1H), 4.29 (d, J 

= 12.0 Hz, 1H), 4.74 (s, 1H), 5.87 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 7.21-7.39 (m, 7H), 

7.67-7.69 (m, 1H), 8.17-8.20(m, 1H).  
13C NMR (100 MHz, CDCl3): 215.12, 177.32, 170.86, 169.10, 140.83, 135.99, 129.88, 129.59, 

128.93, 126.69, 125.86, 125.45, 116.04, 87.37, 73.33, 62.14, 57.83, 55.42, 50.71, 46.01, 34.76, 

27.12, 22.92, 13.52. 
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Results of other Michael acceptors: 

N
Boc

O

EtO2C
OH

O2N
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yield = 78%, dr = 2:1yield = 59% dr = 1.08:1

O

CH3

O
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O

Ph H3C
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yield = 0% yield = 0%  
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To a solution of 4o (59 mg, 0.1 mmol) in DCM (2 mL) was added TFA (2 mL). After 10 minutes, 

the reaction mixture was cooled to 0 oC and diluted by 20 mL DCM. Then the mixture was 

quenched by 1M NaOH aq. and adjusted pH = 11.0. The mixture was extracted by DCM (3×20 

mL). The organic layer was combined, dried by Na2SO4, and concertrated in vacuo. Purification 

on flash column chromatography (petroleum/ethyl acetate =2/1) obtained 6o in quatitative yield. 
ሾαሿଶ

  = 3.525 (c = 1.0, CHCl3). HRMS: (ESI+, m/z) calculated for [C26H28N2O8Na]+ (M+Na)+: 

519.1743, found: 519.1721  
1H NMR (400 MHz, CDCl3): δ 0.74 (t, J = 7.2 Hz, 3H), 0.77 (t, J = 7.2 Hz, 3H), 1.00 (s, 3H), 

3.75-3.92 (m, 4H), 4.01-4.10 (m, 2H), 4.39-4.42 (m, 2H), 6.11 (dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 

1H), 6.84 (d, J = 8.0 Hz, 1H), 7.10-7.14 (m, 1H), 7.28-7.38 (m, 4H), 7.43 (br, 2H), 7.69 (d, J = 8.0 

Hz, 1H), 8.40 (s, 1H).  
13C NMR (100 MHz, CDCl3): 177.46, 174.26, 169.20, 141.32, 136.03, 129.33, 128.83, 128.41, 

127.41, 127.24, 122.76, 109.73, 87.13, 72.25, 61.64, 61.17, 57.44, 51.46, 49.71, 45.74, 22.73, 

13.49, 13.36. 

  
To a solution of 6o (52 mg, 0.1 mmol) in MeOH (2 mL) was added Zn powder (50 mg) and 2 mL 

0.1 N HCl aq.. After 10 minutes, the reaction mixture was cooled to 0 oC and diluted by 20 mL 

ethyl acetate. Then the mixture was quenched by 1M NaOH aq. and adjusted pH = 11.0. The 

mixture was extracted by ethyl acetate (3×20 mL). The organic layer was combined, dried by 

Na2SO4, and concertrated in vacuo. 7o was obtained in 75% yield. ሾαሿଶ
  = -17.985 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C26H31N2O6H]+ (M+H)+: 467.2182, found: 467.2217  
1H NMR (400 MHz, CDCl3): δ 0.69 (t, J = 7.2 Hz, 3H), 0.73 (t, J = 7.2 Hz, 3H), 0.96 (s, 3H), 3.17 

(dd, J1 = 12.0 Hz, J2 = 12.0 Hz, 1H), 3.70 (d, J = 12.0 Hz, 1H), 3.73-3.94 (m, 4H), 4.04 (d, J = 

12.0 Hz, 1H), 4.30 (dd, J = 12.0 Hz, 1H), 4.38 (br, 1H), 6.87 (d, J = 8.0 Hz, 1H), 7.07-7.112 (m, 

1H), 7.24-7.38 (m, 6H), 7.67 (d, J = 8.0 Hz, 1H), 8.07 (br, 1H). 
13C NMR (100 MHz, CDCl3): 178.72, 175.57, 172.19, 141.28, 138.75, 128.67, 127.61, 127.34, 

122.35, 109.38, 72.42, 60.63, 60.53, 59.95, 57.57, 52.00, 48.97, 43.23, 23.14, 13.52. 
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To a solution of 4o (59 mg, 0.1 mmol) in MeOH (2 mL) was added Zn powder (50 mg) and 2 mL 

0.1 N HCl aq.. After 10 minutes, the reaction mixture was cooled to 0 oC and diluted by 20 mL 

ethyl acetate. Then the mixture was quenched by 1M NaOH aq. and adjusted pH = 11.0. The 

mixture was extracted by ethyl acetate (3×20 mL). The organic layer was combined, dried by 

Na2SO4, and concertrated in vacuo. 8o was obtained in 77% yield. ሾαሿଶ
  = -9.987 (c = 1.0, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C31H39N2O8+H] (M+H)+: 567.2706, found: 567.2692.  
1H NMR (400 MHz, CDCl3): δ 0.73 (t, J = 7.2 Hz, 3H), 0.86 (t, J = 7.2 Hz, 3H), 0.93 (s, 3H), 1.73 

(s, 9H), 3.75-3.93 (m, 5H), 4.15-4.19 (m, 2H), 4.52 (s, 1H), 7.21-7.25 (m, 1H), 7.33-7.39 (br, 6H), 

7.74-7.78 (m, 1H). 
13C NMR (100 MHz, CDCl3): 175.51, 174.83, 171.22, 148.84, 139.99, 137.23, 135.41, 129.70, 

128.95, 128.57, 127.60, 126.97, 124.44, 114.16, 84.68, 72.77, 60.94, 60.79, 60.56, 57.13, 51.95, 

49.85, 38.79, 28.19, 23.08, 13.53, 13.45. 

General procedure for synthesis of spirocyclic oxindoles 5: 

 

A solution of β-dicarbonyl compounds 1 (0.2 mmol), oxindoles derivatives 3 (0.3 mmol) and 

catalyst Q-6 (5 mol%) in CH2Cl2 (0.20 mL) was stirred under 0 oC until all the β-dicarbonyl 

compounds consumed, then 10 mol% of QN-TU and nitroalkenes 2 (0.22 mmol ) was added. 

After the reaction completed, the solution was concentrated and purified using column 

chromatography (Petroleum ether: ethyl acetate: DCM = 5: 1: 1, Rf(5)= 0.3) to afford the desired 

product. 
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5a 

The title compound 5a was isolated as single diasteroisomer by flash column chromatography 

(petroleum/ethyl acetate/dichloromethane =5/1/1) in 43% yield with 2.5:1 dr and 96% ee. The ee 

was determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 80:20, 

flow rate 0.70 mL/min, λ = 214 nm: τmajor = 10.83 min., τminor = 8.08 min. ሾαሿଶ
  = -2.597 (c = 1, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C30H34N2O9+Na] (M+Na)+: 589.2162, found: 

589.2138.  
1H NMR (400 MHz, CDCl3): δ 0.81 (t, J = 7.2 Hz, 3H), 1.49 (s, 3H), 1.55 (s, 9H), 2.36 (s, 3H), 

3.69-3.86 (m, 2H), 3.93 (d, J = 12.0 Hz, 1H), 4.12(d, J = 12.0 Hz, 1H), 4.13 (s, 1H), 4.21(d, J = 

2.4 Hz, 1H), 4.24 (d, J = 2.4 Hz, 1H), 5.35 (s, 1H), 5.86 (d, J = 12.0 Hz), 6.44-7.19 (m, 7H), 7.38 

(m, 1H), 7.45 (m, 1H).  
13C NMR (100 MHz, CDCl3): 211.69, 175.45, 169.91, 148.17, 139.48, 132.11, 129.08, 128.21, 

127.91, 124.52, 122.39, 114.74, 89.74, 84.34, 70.98, 61.70, 52.55, 48.77, 48.42, 33.91, 28.07, 

25.31, 13.29. 
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5b 

The title compound 5b was isolated as single diasteroisomer by flash column chromatography 

(petroleum/ethyl acetate/dichloromethane =5/1/1) in 52% yield with 4:1 dr and 92% ee. The ee 

was determined by HPLC analysis on a Daicel Chiralpak AD-H column: hexane/i-PrOH 80:20, 

flow rate 0.70 mL/min, λ = 214 nm: τmajor = 9.29 min., τminor = 7.31 min. ሾαሿଶ
  = 20.575 (c = 1, 

CHCl3). HRMS: (ESI+, m/z) calculated for [C30H33BrN2O9+Na] (M+ Na)+ : 667.1267, found: 

667.1237.  
1H NMR (400 MHz, CDCl3): δ 0.81 (t, J = 7.2 Hz, 3H), 1.49 (s, 3H), 1.57 (s, 9H), 2.36 (s, 3H), 

3.70-3.85 (m, 2H), 3.91 (d, J = 12.0 Hz, 1H), 4.13 (s, 1H), 4.19 (d, J = 5.2 Hz, 1H), 4.22 (d, J = 

5.2 Hz, 1H), 5.80 (d, J = 12.0 Hz, 1H), 6.31-7.02 (br, 4H), 7.19-7.23 (m, 2H), 7.38-7.44 (m, 2H).  
13C NMR (100 MHz, CDCl3): 211.68, 175.42, 169.77, 147.92, 139.43, 131.38, 131.13, 129.36, 

127.65, 124.68, 122.48, 122.34, 114.96, 89.54, 84.69, 70.98, 61.80, 52.43, 48.76, 47.82, 33.97, 

28.05, 25.26, 13.31. 
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Gram-scale cascade reactions: 
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