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1.0 General Methods  
All commercially available reagents were used without further purification unless otherwise stated. 

All solvents were dried according to established procedures. Reactions were monitored by thin 

layer chromatography (TLC), column chromatography purifications were carried out using silica 

gel GF254. 1H, 13C and 19F NMR spectra were recorded on a Varian instrument (300 MHz, 75  

MHz and 282 MHz, respectively) and internally referenced to tetramethylsilane signal or residual 

protio solvent signals. Data are presented as follows: chemical shift, integration, multiplicity (s = 

singlet, d = doublet, dd = doublet of doublets, t = triplet, m = multiplet) and coupling constant in 

Hertz (Hz). Optical rotations were recorded on a Perkin-Elmer 341 polarimeter. HRMS was 

measured with an APEX II 47e mass spectrometer. Melting points were measured on an XT-4 

melting point apparatus and were uncorrected. The ee values determination was carried out using 

chiral high-performance liquid chromatography (HPLC) with Daicel Chiracel OD-H column or 

Chiracel IC column on Waters with a 2998 UV-detector and the dr (Z:E) was determined by 19F 

NMR spectroscopic analysis. 
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Figure S1: Catalysts for the Asymmetric Vinylogous Michael-Type Reaction. 

 

Catalyst 1e were commercially available and were used as such without further purification. 
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Thiourea catalysts 1a1, 1b1a,2, 1c3, 1d3b, 1f1a,2,1g4, 1h3 were prepared according to known 

procedures, and their spectral and optical data perfectly matched those reported in literature. 

3-alkylidene oxindoles 2 were prepared according to literature procedures.5 Trifluoromethylated 

nitroalkenes 3 were prepared according to literature procedures.6 

 

2.0 General procedure for the asymmetric synthesis of 4: 

 
To a solution of 3-alkylidene oxindole 2a (0.225 mmol, 1.5 equiv) and catalyst 1c (0.0225 mmol, 

15 mol %) in toluene (0.75 mL) at room temperature, was added trifluoromethylated nitroalkene 

3a (0.15 mmol, 1 equiv). The reaction was kept under vigorous stirring for 36 h at room 

temperature. The reaction solution was then concentrated in vacuum and the residue was purified  

by silica gel flash chromatography (petroleum ether/ ethyl acetate 15:1) to yield pure 4aa as a 

yellow solid. The enantiomeric ratio was determined by HPLC on a chiral stationary phase, and 

the dr (Z : E) was determined by 19F NMR spectroscopic analysis. The corresponding opposite 

enantiomers of the products (ent-4aa) were obtained using the corresponding opposite enantiomer 

of the catalyst 1c (catalyst 1h in Figure S1) under the same reaction conditions. 

 

2.0 Proposed Model for the Asymmetric Vinylogous Michael-Type Reaction 
 

 
Figure S2: Proposed modes of activation of the substrates. 

 

4.0 Characterization Data   
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(R,Z)-tert-butyl 

2-oxo-3-(5,5,5-trifluoro-4-(nitromethyl)-4-phenylpentan-2-ylidene)indoline-1-carboxylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 92% yield; [α]D
20= -150 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel OD-H column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 8.9 min, tminor = 10.2 min]; 1H NMR (300 

MHz, CDCl3) δ 7.83 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 7.5 Hz, 2H), 7.51 (d, J = 7.7 Hz, 1H), 7.48 – 7.31 

(m, 4H), 7.18 (td, J = 7.7, 1.0 Hz, 1H), 5.50 (dd, J = 13.9, 1.1 Hz, 1H), 5.23 (d, J = 13.9 Hz, 1H), 3.93 

– 3.79 (m, 2H), 2.04 (s, 3H), 1.69 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F coupling not assigned) δ 

166.10, 151.10, 148.86, 138.31, 134.35, 129.25, 128.81, 128.53, 127.11, 126.86, 124.73, 124.10, 

123.06, 114.73, 84.94, 75.72, 55.72, 55.39, 42.01, 28.16, 25.85. 19F NMR (282 MHz, CDCl3) δ -65.78 

(s, 3F). HRMS-ESI (m/z): Calculated for C25H25F3N2NaO5 [M+ Na] +: 513.1608, Found: 513.1609. 

 

 
(R,Z)-tert-butyl 

2-oxo-3-(5,5,5-trifluoro-4-(nitromethyl)-4-p-tolylpentan-2-ylidene)indoline-1-carboxylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 87% yield; [α]D
20= -209 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 10.8 min, tminor = 13.5 min]; 1H NMR (300 

MHz, CDCl3) δ 7.83 (d, J = 8.1 Hz, 1H), 7.51 (d, J = 7.9 Hz, 3H), 7.35 (t, J = 7.4 Hz, 1H), 7.25 – 7.13 

(m, 3H), 5.45 (d, J = 13.8 Hz, 1H), 5.22 (d, J = 13.8 Hz, 1H), 3.89 (d, J = 13.2 Hz, 1H), 3.80 (d, J = 

13.2 Hz, 1H), 2.37 (s, 3H), 2.04 (s, 3H), 1.69 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F coupling not 

assigned) δ 166.07, 151.40, 148.87, 138.41, 138.28, 131.21, 129.48, 129.18, 126.99, 126.72, 124.71, 

124.07, 123.10, 114.70, 84.90, 77.44, 77.02, 76.60, 75.77, 55.45, 55.13, 41.91, 28.15, 25.89, 20.99. 19F 

NMR (282 MHz, CDCl3) δ -66.06 (s, 3F). HRMS-ESI (m/z): Calculated for C26H27F3N2NaO5 [M+ Na] 
+: 527.1764, Found: 527.1767. 

 

 
(R,Z)-tert-butyl 

3-(4-(4-chlorophenyl)-5,5,5-trifluoro-4-(nitromethyl)pentan-2-ylidene)-2-oxoindoline-1-carboxyla

te 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 91% yield; [α]D
20= -99 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 9.9 min, tminor = 12.8 min]; 1H NMR (300 

MHz, CDCl3) δ 7.82 (d, J = 8.1 Hz, 1H), 7.60 (d, J = 8.3 Hz, 2H), 7.53 (d, J = 7.7 Hz, 1H), 7.44 – 7.32 

(m, 3H), 7.19 (t, J = 7.6 Hz, 1H), 5.50 (d, J = 13.8 Hz, 1H), 5.17 (d, J = 13.8 Hz, 1H), 3.90 (d, J = 13.3 

Hz, 1H), 3.72 (d, J = 13.3 Hz, 1H), 2.11 (s, 3H), 1.69 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F coupling 
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not assigned) δ 166.20, 150.35, 148.77, 138.30, 134.61, 133.04, 129.41, 128.97, 128.65, 127.13, 124.81, 

124.22, 122.91, 114.77, 85.07, 77.49, 77.06, 76.64, 75.59, 60.41, 55.50, 55.17, 42.17, 28.14, 26.02. 19F 

NMR (282 MHz, CDCl3) δ -65.85 (s, 3F). HRMS-ESI (m/z): Calculated for C25H24ClF3N2NaO5 [M+ 

Na] +: 547.1218, Found: 547.1227. 

 

 
(R,Z)-tert-butyl 

2-oxo-3-(5,5,5-trifluoro-4-(4-fluorophenyl)-4-(nitromethyl)pentan-2-ylidene)indoline-1-carboxylat

e 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 84% yield; [α]D
20= -247 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 9.5 min, tminor = 12.7 min]; 1H NMR (300 

MHz, CDCl3) δ 7.82 (d, J = 8.1 Hz, 1H), 7.65 (dd, J = 8.5, 5.0 Hz, 2H), 7.52 (d, J = 7.7 Hz, 1H), 7.41 

– 7.31 (m, 1H), 7.19 (td, J = 7.7, 0.9 Hz, 1H), 7.12 (t, J = 8.6 Hz, 2H), 5.55 – 5.40 (m, 1H), 5.18 (d, J = 

13.8 Hz, 1H), 3.89 (d, J = 13.3 Hz, 1H), 3.76 (d, J = 13.3 Hz, 1H), 2.10 (s, 3H), 1.69 (s, 9H). 13C NMR 

(75 MHz, CDCl3, C-F coupling not assigned) δ 166.18, 164.02, 160.71, 150.56, 148.78, 138.30, 130.24, 

130.19, 129.38, 129.20, 129.12, 127.07, 124.78, 124.19, 122.94, 115.92, 115.64, 114.77, 85.05, 77.47, 

77.04, 76.62, 75.75, 55.40, 55.08, 42.23, 29.70, 28.14, 25.96. 19F NMR (282 MHz, CDCl3) δ -65.96 (s, 

3F), -113.01(s, 1F). HRMS-ESI (m/z): Calculated for C25H24F4N2NaO5 [M+ Na] +: 531.1514, Found: 

531.1511. 

 

 
(R,Z)-tert-butyl 

2-oxo-3-(5,5,5-trifluoro-4-(nitromethyl)-4-(4-(trifluoromethyl)phenyl)pentan-2-ylidene)indoline-1

-carboxylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 90% yield; [α]D
20= -200 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 7.4 min, tminor = 9.5 min]; 1H NMR (300 

MHz, CDCl3) δ 7.83 (d, J = 8.2 Hz, 3H), 7.70 (d, J = 8.5 Hz, 2H), 7.54 (d, J = 7.7 Hz, 1H), 7.38 (t, J = 

7.7 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 5.61 (d, J = 13.9 Hz, 1H), 5.17 (d, J = 13.9 Hz, 1H), 4.03 (d, J = 

13.3 Hz, 1H), 3.62 (d, J = 13.4 Hz, 1H), 2.16 (s, 3H), 1.69 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F 

coupling not assigned) δ 166.25, 149.83, 148.73, 138.79, 138.34, 130.85, 130.42, 129.52, 127.68, 

127.36, 125.73, 125.68, 124.85, 124.26, 122.83, 114.81, 85.14, 77.47, 77.05, 76.62, 75.42, 55.84, 55.51, 

42.38, 29.70, 28.13, 26.90, 26.03. 19F NMR (282 MHz, CDCl3) δ -62.86 (s, 3F), -65.47 (s, 3F). 

HRMS-ESI (m/z): Calculated for C26H24F6N2NaO5 [M+ Na] +: 581.1482, Found: 581.1479. 
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(R,Z)-tert-butyl 

3-(4-(3-chlorophenyl)-5,5,5-trifluoro-4-(nitromethyl)pentan-2-ylidene)-2-oxoindoline-1-carbo

xylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 88% yield; [α]D
20= -168 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 9.8 min, tminor = 12.9 min]; 1H NMR (300 

MHz, CDCl3) δ 7.83 (d, J = 8.1 Hz, 1H), 7.64 (s, 1H), 7.60 – 7.55 (m, 1H), 7.53 (d, J = 7.8 Hz, 1H), 

7.42 – 7.32 (m, 3H), 7.24 – 7.15 (m, 1H), 5.50 (d, J = 13.9 Hz, 1H), 5.18 (d, J = 13.9 Hz, 1H), 3.89 (d, 

J = 13.3 Hz, 1H), 3.74 (d, J = 13.3 Hz, 1H), 2.11 (s, 3H), 1.69 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F 

coupling not assigned) δ 166.13, 150.13, 148.80, 138.34, 136.56, 134.76, 130.03, 129.42, 128.77, 

127.46, 127.19, 125.44, 124.81, 124.21, 122.91, 114.78, 85.04, 77.48, 77.06, 76.63, 75.47, 55.62, 55.29, 

42.15, 29.70, 28.14, 26.90, 26.00. 19F NMR (282 MHz, CDCl3) δ -65.70 (s, 3F). HRMS-ESI (m/z): 

Calculated for C25H24ClF3N2NaO5 [M+ Na] +: 547.1218, Found: 547.1225. 
 

 

(R,Z)-tert-butyl 

2-oxo-3-(5,5,5-trifluoro-4-(3-methoxyphenyl)-4-(nitromethyl)pentan-2-ylidene)indoline-1-carboxy

late 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 82% yield; [α]D
20= -259 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 13.3 min, tminor = 16.0 min]; 1H NMR (300 

MHz, CDCl3) δ 7.84 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 7.7 Hz, 1H), 7.39 – 7.30 (m, 2H), 7.24 – 7.13 (m, 

3H), 6.91 (dd, J = 8.2, 1.5 Hz, 1H), 5.44 (d, J = 14.0 Hz, 1H), 5.24 (d, J = 14.0 Hz, 1H), 3.94 (d, J = 

13.2 Hz, 1H), 3.82 (s, 3H), 3.77 (d, J = 13.2 Hz, 1H), 2.04 (s, 3H), 1.68 (s, 9H). 13C NMR (75 MHz, 

CDCl3, C-F coupling not assigned) δ 166.02, 159.69, 151.06, 148.89, 138.31, 135.81, 129.80, 129.24, 

126.83, 124.72, 124.10, 123.06, 119.37, 114.72, 113.85, 113.33, 84.87, 77.48, 77.06, 76.63, 75.74, 

55.60, 55.32, 41.85, 29.70, 28.14, 25.76. 19F NMR (282 MHz, CDCl3) δ -65.79 (s, 3F). HRMS-ESI 

(m/z): Calculated for C26H27F3N2NaO6 [M+ Na] +: 543.1713, Found: 543.1713. 
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(R,Z)-tert-butyl 

2-oxo-3-(5,5,5-trifluoro-4-(nitromethyl)-4-m-tolylpentan-2-ylidene)indoline-1-carboxylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 90% yield; [α]D
20= -146 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 10.0 min, tminor = 13.8 min]; 1H NMR (300 

MHz, CDCl3) δ 7.83 (d, J = 8.1 Hz, 1H), 7.51 (d, J = 7.7 Hz, 1H), 7.42 (s, 2H), 7.33 (dt, J = 13.9, 8.1 

Hz, 2H), 7.22 – 7.13 (m, 2H), 5.47 (d, J = 13.9 Hz, 1H), 5.23 (d, J = 13.9 Hz, 1H), 3.89 (d, J = 13.2 Hz, 

1H), 3.80 (d, J = 13.2 Hz, 1H), 2.39 (s, 3H), 2.03 (s, 3H), 1.69 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F 

coupling not assigned) δ 166.06, 151.32, 148.89, 138.43, 138.29, 134.26, 129.28, 129.21, 128.66, 

127.68, 126.76, 124.71, 124.10, 123.10, 114.72, 84.90, 77.48, 77.05, 76.63, 75.74, 55.63, 55.31, 41.94, 

29.71, 28.15, 25.87, 21.76. 19F NMR (282 MHz, CDCl3) δ -65.70 (s, 3F). HRMS-ESI (m/z): Calculated 

for C26H27F3N2NaO5 [M+ Na] +: 527.1764, Found: 527.1762. 

 

 
(R,Z)-tert-butyl 

2-oxo-3-(5,5,5-trifluoro-4-(2-fluorophenyl)-4-(nitromethyl)pentan-2-ylidene)indoline-1-carboxylat

e 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 83% yield; [α]D
20= -113 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm; tmajor = 18.8 min, tminor = 21.5 min]; 1H NMR (300 

MHz, CDCl3) δ 7.83 (d, J = 8.1 Hz, 1H), 7.61 (t, J = 8.1 Hz, 1H), 7.47 (d, J = 7.8 Hz, 1H), 7.44 – 7.36 

(m, 1H), 7.33 (t, J = 7.5 Hz, 1H), 7.25 – 7.19 (m, 1H), 7.19 – 7.05 (m, 2H), 5.56 (d, J = 14.9 Hz, 1H), 

5.31 (dd, J = 14.9, 1.8 Hz, 1H), 4.20 (d, J = 13.2 Hz, 1H), 3.82 (d, J = 13.2 Hz, 1H), 2.03 (s, 3H), 1.68 

(s, 9H). 13C NMR (75 MHz, CDCl3, C-F coupling not assigned) δ 165.78, 163.02, 159.74, 150.43, 

148.94, 138.36, 130.87, 130.74, 129.21, 129.13, 126.47, 124.66, 123.97, 123.17, 121.43, 121.30, 

117.14, 116.80, 114.64, 84.68, 77.46, 77.04, 76.62, 74.96, 74.85, 54.21, 54.15, 53.83, 38.20, 28.15, 

25.33. 19F NMR (282 MHz, CDCl3) δ -67.92 (s, 3F), -107.22 (d, J = 3.0Hz, 1F). HRMS-ESI (m/z): 

Calculated for C25H24F4N2NaO5 [M+ Na] +: 531.1514, Found: 531.1520. 

 

N
O

F3C NO2

4ajBoc  
(R,Z)-tert-butyl 
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3-(4-(3,5-dimethylphenyl)-5,5,5-trifluoro-4-(nitromethyl)pentan-2-ylidene)-2-oxoindoline-1-carbo

xylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 92% yield; [α]D
20= -179 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 8.2 min, tminor = 10.9 min]; 1H NMR (300 

MHz, CDCl3) δ 7.84 (d, J = 7.9 Hz, 1H), 7.51 (d, J = 7.7 Hz, 1H), 7.40 – 7.29 (m, 1H), 7.23 – 7.13 (m, 

3H), 7.00 (s, 1H), 5.44 (d, J = 14.8 Hz, 1H), 5.22 (d, J = 14.0 Hz, 1H), 3.90 (d, J = 13.2 Hz, 1H), 3.78 

(d, J = 13.1 Hz, 1H), 2.34 (s, 6H), 2.03 (s, 3H), 1.69 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F coupling 

not assigned) δ 166.01, 151.53, 148.92, 138.29, 138.24, 134.18, 130.16, 129.16, 126.67, 124.77, 124.67, 

124.07, 123.16, 114.72, 84.86, 77.46, 77.04, 76.61, 75.78, 55.55, 55.22, 41.85, 28.15, 25.90, 21.63. 19F 

NMR (282 MHz, CDCl3) δ -65.63 (s, 3F). HRMS-ESI (m/z): Calculated for C27H29F3N2NaO5 [M+ Na] 
+: 541.1921, Found: 541.1947. 

 

 
 

(R,Z)-tert-butyl 

2-oxo-3-(5,5,5-trifluoro-4-(nitromethyl)-4-(thiophen-2-yl)pentan-2-ylidene)indoline-1-carbox

ylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 91% yield; [α]D
20= -156 ( c 1.0, CHCl3), 98% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 13.5 min, tminor = 16.1 min]; 1H NMR (300 

MHz, CDCl3) δ 7.82 (d, J = 8.1 Hz, 1H), 7.51 (d, J = 7.7 Hz, 1H), 7.39 (dd, J = 5.2, 1.0 Hz, 1H), 7.38 

– 7.31 (m, 1H), 7.30 (d, J = 3.6 Hz, 1H), 7.17 (td, J = 7.7, 0.9 Hz, 1H), 7.03 (dd, J = 5.1, 3.8 Hz, 1H), 

5.34 (d, J = 13.2 Hz, 1H), 5.22 (d, J = 13.2 Hz, 1H), 4.27 (d, J = 13.0 Hz, 1H), 3.65 (d, J = 13.0 Hz, 

1H), 2.05 (s, 3H), 1.67 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F coupling not assigned) δ 165.83, 

150.24, 148.86, 138.37, 136.54, 129.30, 127.96, 126.93, 126.81, 126.43, 124.74, 124.08, 123.02, 

114.69, 84.86, 77.50, 77.07, 76.65, 53.91, 53.57, 42.20, 28.14, 25.18. 19F NMR (282 MHz, CDCl3) δ 

-69.22 (s, 3F). HRMS-ESI (m/z): Calculated for C23H23F3N2NaO5S [M+ Na] +: 519.1172, Found: 

519.1180. 

 

 

(R,Z)-tert-butyl 

2-oxo-3-(5,5,5-trifluoro-4-(naphthalen-2-yl)-4-(nitromethyl)pentan-2-ylidene)indoline-1-carb

oxylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 
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Yellow solid, 82% yield; [α]D
20= -302 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 14.7 min, tminor = 16.8 min]; 1H NMR (300 

MHz, CDCl3) δ 8.04 (s, 1H), 7.91 (d, J = 8.8 Hz, 1H), 7.88 – 7.76 (m, 4H), 7.59 – 7.50 (m, 2H), 7.47 

(d, J = 7.9 Hz, 1H), 7.39 – 7.30 (m, 1H), 7.15 (td, J = 7.7, 0.8 Hz, 1H), 5.63 (d, J = 14.0 Hz, 1H), 5.30 

(d, J = 13.9 Hz, 1H), 3.99 (d, J = 13.2 Hz, 1H), 3.88 (d, J = 13.2 Hz, 1H), 2.02 (s, 3H), 1.70 (s, 9H). 
13C NMR (75 MHz, CDCl3, C-F coupling not assigned) δ 166.18, 151.04, 148.88, 138.30, 132.87, 

132.67, 131.67, 129.28, 128.60, 128.57, 127.46, 127.07, 126.91, 126.70, 124.76, 124.43, 124.14, 

123.05, 114.74, 84.98, 77.49, 77.07, 76.64, 75.76, 55.97, 55.64, 41.94, 28.17, 26.02. 19F NMR (282 

MHz, CDCl3) δ -65.55 (s, 3F). HRMS-ESI (m/z): Calculated for C29H27F3N2NaO5 [M+ Na] +: 

563.1764, Found: 563.1784. 

 

 
(S,Z)-tert-butyl 

3-(4-(nitromethyl)-6-phenyl-4-(trifluoromethyl)hexan-2-ylidene)-2-oxoindoline-1-carboxylat

e 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 93% yield; [α]D
20= -57 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 8.5 min, tminor = 13.9 min]; 1H NMR (300 

MHz, CDCl3) δ 7.82 (d, J = 8.1 Hz, 1H), 7.62 (d, J = 7.7 Hz, 1H), 7.41 – 7.26 (m, 5H), 7.26 – 7.18 (m, 

2H), 5.21 (d, J = 12.2 Hz, 1H), 4.65 (d, J = 12.2 Hz, 1H), 4.39 (d, J = 13.2 Hz, 1H), 3.12 (td, J = 12.9, 

4.3 Hz, 1H), 2.96 – 2.83 (m, 2H), 2.47 (s, 3H), 2.43 – 2.29 (m, 1H), 2.13 (td, J = 13.6, 4.8 Hz, 1H), 

1.67 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F coupling not assigned) δ 166.08, 151.32, 148.81, 140.65, 

138.26, 129.27, 128.66, 128.53, 126.83, 126.37, 124.88, 124.19, 123.06, 114.76, 84.98, 77.47, 77.05, 

76.62, 74.92, 50.69, 50.37, 37.71, 34.26, 29.71, 29.54, 28.14, 26.51. 19F NMR (282 MHz, CDCl3) δ 

-69.76 (s, 3F). HRMS-ESI (m/z): Calculated for C27H29F3N2NaO5 [M+ Na] +: 541.1921, Found: 

541.1920. 

 

 
(S,Z)-tert-butyl 

3-(4-(nitromethyl)-4-(trifluoromethyl)dodecan-2-ylidene)-2-oxoindoline-1-carboxylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 60% yield; [α]D
20= -47 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 6.3 min, tminor = 13.8 min]; 1H NMR (300 

MHz, CDCl3) δ 7.81 (d, J = 8.2 Hz, 1H), 7.61 (d, J = 7.5 Hz, 1H), 7.40 – 7.32 (m, 1H), 7.22 (td, J = 

7.7, 1.0 Hz, 1H), 5.08 – 4.97 (m, 1H), 4.59 (d, J = 12.0 Hz, 1H), 4.16 (d, J = 13.2 Hz, 1H), 2.90 (d, J = 

13.2 Hz, 1H), 2.44 (s, 3H), 2.08 – 1.95 (m, 1H), 1.91 – 1.78 (m, 1H), 1.67 (s, 9H), 1.60 – 1.50 (m, 2H), 
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1.35 – 1.26 (m, 10H), 0.93 – 0.85 (m, 3H). 13C NMR (75 MHz, CDCl3, C-F coupling not assigned) δ 

199.14, 165.97, 151.85, 148.83, 138.21, 129.14, 126.63, 124.82, 124.12, 123.15, 114.71, 84.88, 77.44, 

77.02, 76.59, 75.48, 50.64, 50.32, 37.66, 32.03, 31.81, 29.97, 29.29, 29.24, 28.14, 26.43, 26.39, 23.00, 

22.65, 14.13. 19F NMR (282 MHz, CDCl3) δ -69.53 (s, 3F). HRMS-ESI (m/z): Calculated for 

C27H37F3N2NaO5 [M+ Na] +: 549.2547, Found: 549.2552. 

 

 
(R,Z)-tert-butyl 

5-fluoro-2-oxo-3-(5,5,5-trifluoro-4-(nitromethyl)-4-phenylpentan-2-ylidene)indoline-1-carbox

ylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 86% yield; [α]D
20= -120 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel OD-H column, 

n-hexane/i-PrOH = 70/30, 0.4 mL/min, 254 nm; tmajor = 15.4 min, tminor = 16.4 min]; 1H NMR (300 

MHz, CDCl3) δ 7.82 (dd, J = 9.0, 4.8 Hz, 1H), 7.62 (d, J = 7.6 Hz, 2H), 7.49 – 7.37 (m, 3H), 7.21 (dd, 

J = 9.2, 2.6 Hz, 1H), 7.06 (td, J = 8.8, 2.6 Hz, 1H), 5.47 (d, J = 13.9 Hz, 1H), 5.23 (d, J = 13.9 Hz, 1H), 

3.94 (d, J = 13.2 Hz, 1H), 3.83 (d, J = 13.2 Hz, 1H), 2.01 (s, 3H), 1.68 (s, 9H). 13C NMR (75 MHz, 

CDCl3, C-F coupling not assigned) δ 165.74, 160.97, 157.76, 153.01, 148.77, 134.35, 134.32, 134.07, 

128.86, 128.66, 127.10, 127.08, 126.46, 126.43, 124.23, 124.12, 115.90, 115.79, 115.68, 115.38, 

112.21, 111.86, 85.11, 77.45, 77.02, 76.60, 75.69, 55.65, 55.32, 41.63, 29.70, 28.14, 25.65. 19F NMR 

(282 MHz, CDCl3) δ -66.07 (s, 3F), -117.84 (s, 1F). HRMS-ESI (m/z): Calculated for 

C25H24F4N2NaO5 [M+ Na] +: 531.1514, Found: 531.1516. 

 

 
(R,Z)-tert-butyl 

5-bromo-2-oxo-3-(5,5,5-trifluoro-4-(nitromethyl)-4-phenylpentan-2-ylidene)indoline-1-carboxylat

e 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 81% yield; [α]D
20= -112 ( c 1.0, CHCl3), 98% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 12.2 min, tminor = 13.7 min]; 1H NMR (300 

MHz, CDCl3) δ 7.74 (d, J = 8.7 Hz, 1H), 7.62 (d, J = 8.0 Hz, 3H), 7.51 – 7.37 (m, 4H), 5.44 (d, J = 

14.1 Hz, 1H), 5.22 (d, J = 13.9 Hz, 1H), 3.96 (d, J = 13.2 Hz, 1H), 3.81 (d, J = 13.2 Hz, 1H), 2.02 (s, 

3H), 1.68 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F coupling not assigned) δ 165.29, 153.30, 148.64, 

137.19, 134.01, 131.85, 128.87, 128.68, 127.39, 127.09, 125.90, 124.77, 117.14, 116.24, 85.29, 77.44, 

77.02, 76.60, 75.68, 55.93, 55.60, 55.28, 41.57, 28.12, 25.87. 19F NMR (282 MHz, CDCl3) δ -66.13 (s, 
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3F). HRMS-ESI (m/z): Calculated for C25H24BrF3N2NaO5 [M+ Na] +: 591.0713, Found: 591.0716. 

 

 

(R,Z)-tert-butyl 

5-methyl-2-oxo-3-(5,5,5-trifluoro-4-(nitromethyl)-4-phenylpentan-2-ylidene)indoline-1-carboxylat

e 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 81% yield; [α]D
20= -181 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 11.9 min, tminor = 15.0 min]; 1H NMR (300 

MHz, CDCl3) δ 7.70 (d, J = 8.3 Hz, 1H), 7.64 (d, J = 7.6 Hz, 2H), 7.48 – 7.36 (m, 3H), 7.30 (s, 1H), 

7.16 (d, J = 8.3 Hz, 1H), 5.49 (d, J = 13.9 Hz, 1H), 5.23 (d, J = 13.9 Hz, 1H), 3.91 – 3.78 (m, 2H), 2.36 

(s, 3H), 2.03 (s, 3H), 1.68 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F coupling not assigned) δ 166.33, 

150.66, 148.90, 136.07, 134.42, 133.58, 129.76, 128.80, 128.50, 127.12, 127.02, 125.40, 123.09, 

114.53, 84.76, 77.47, 77.05, 76.62, 75.71, 55.72, 55.39, 42.11, 28.16, 26.90, 25.95, 21.36. 19F NMR 

(282 MHz, CDCl3) δ -65.73 (s, 3F). HRMS-ESI (m/z): Calculated for C26H27F3N2NaO5 [M+ Na] +: 

527.1764, Found: 527.1765. 

 

 
(R,Z)-tert-butyl 

6-chloro-2-oxo-3-(5,5,5-trifluoro-4-(nitromethyl)-4-phenylpentan-2-ylidene)indoline-1-carbo

xylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 87% yield; [α]D
20= -181 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel OD-H column, 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 10.7 min, tminor = 12.1 min]; 1H NMR (300 

MHz, CDCl3) δ 7.91 (d, J = 1.9 Hz, 1H), 7.62 (d, J = 7.5 Hz, 2H), 7.48 – 7.37 (m, 4H), 7.15 (dd, J = 

8.4, 1.9 Hz, 1H), 5.45 (d, J = 13.9 Hz, 1H), 5.22 (d, J = 13.9 Hz, 1H), 3.91 (d, J = 13.3 Hz, 1H), 3.81 

(d, J = 13.3 Hz, 1H), 2.01 (s, 3H), 1.69 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F coupling not assigned) 

δ 165.60, 151.82, 148.58, 139.07, 135.09, 134.11, 128.84, 128.63, 127.11, 126.06, 125.34, 124.11, 

121.49, 115.49, 85.45, 77.45, 77.02, 76.60, 75.69, 55.62, 55.30, 54.97, 41.63, 28.11, 25.82. 19F NMR 

(282 MHz, CDCl3) δ -66.05 (s, 3F). HRMS-ESI (m/z): Calculated for C25H24ClF3N2NaO5 [M+ Na] +: 

547.1218, Found: 547.1218. 
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N
O

F3C NO2

4faBoc  
(R,E)-tert-butyl 

2-oxo-3-(4,4,4-trifluoro-3-(nitromethyl)-1,3-diphenylbutylidene)indoline-1-carboxylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 91% yield; [α]D
20= +122 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; tmajor = 11.3 min, tminor = 12.4 min]; 1H NMR (300 

MHz, CDCl3) δ 7.72 (d, J = 8.2 Hz, 1H), 7.42 – 7.24 (m, 8H), 7.22 – 7.10 (m, 2H), 6.62 (t, J = 7.6 Hz, 

1H), 6.19 (d, J = 7.5 Hz, 1H), 5.74 (d, J = 7.8 Hz, 1H), 5.12 (d, J = 3.6 Hz, 1H), 5.07 (d, J = 6.2 Hz, 

1H), 4.46 (d, J = 15.8 Hz, 1H), 4.34 (d, J = 13.3 Hz, 1H), 1.70 (s, 9H). 13C NMR (75 MHz, CDCl3, C-F 

coupling not assigned) δ 166.34, 153.34, 148.98, 138.49, 138.30, 133.07, 129.37, 129.25, 129.04, 

128.84, 128.58, 127.74, 127.39, 126.37, 123.52, 123.23, 122.52, 114.30, 84.79, 77.50, 77.07, 76.65, 

75.01, 52.73, 52.41, 32.31, 29.71, 28.18. 19F NMR (282 MHz, CDCl3) δ -70.84 (s, 3F). HRMS-ESI 

(m/z): Calculated for C30H27F3N2NaO5 [M+ Na] +: 575.1764, Found: 575.1788. 

 

 

(R,Z)-tert-butyl 

2-oxo-3-(6,6,6-trifluoro-5-(nitromethyl)-5-phenylhexan-3-ylidene)indoline-1-carboxylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 72% yield; [α]D
20= -269 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 80/20, 1.0 mL/min, 254 nm; tmajor = 6.9 min, tminor = 8.8 min]; 1H NMR (300 

MHz, CDCl3) δ 7.82 (d, J = 8.1 Hz, 1H), 7.59 (d, J = 7.5 Hz, 2H), 7.53 (d, J = 7.8 Hz, 1H), 7.46 – 7.29 

(m, 4H), 7.16 (t, J = 7.4 Hz, 1H), 5.47 (d, J = 14.0 Hz, 1H), 5.30 (d, J = 14.0 Hz, 1H), 4.06 (d, J = 13.1 

Hz, 1H), 3.61 (d, J = 13.0 Hz, 1H), 2.55 – 2.39 (m, 1H), 2.06 – 1.90 (m, 1H), 1.69 (s, 9H), 0.98 (t, J = 

7.6 Hz, 3H). 13C NMR (75 MHz, CDCl3, C-F coupling not assigned) δ 166.55, 158.35, 148.81, 138.32, 

134.00, 129.23, 128.77, 128.53, 127.12, 125.95, 124.30, 124.13, 122.09, 114.72, 84.91, 77.46, 77.04, 

76.61, 75.83, 55.71, 55.39, 38.36, 29.54, 28.15, 10.93. 19F NMR (282 MHz, CDCl3) δ -66.51 (s, 3F). 

HRMS-ESI (m/z): Calculated for C26H27F3N2NaO5 [M+ Na] +: 527.1764, Found: 527.1789. 

 



S13 
 

N
O

F3C NO2

4iaO
O

 

(R,Z)-methyl 

2-oxo-3-(5,5,5-trifluoro-4-(nitromethyl)-4-phenylpentan-2-ylidene)indoline-1-carboxylate 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 81% yield; [α]D
20= -175 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel IC column, 

n-hexane/i-PrOH = 80/20, 1.0 mL/min, 254 nm; tmajor = 17.3 min, tminor = 20.9 min]; 1H NMR (300 

MHz, CDCl3) δ 8.00 (d, J = 8.1 Hz, 1H), 7.62 (d, J = 7.5 Hz, 2H), 7.51 (d, J = 7.8 Hz, 1H), 7.47 – 7.34 

(m, 4H), 7.20 (t, J = 7.4 Hz, 1H), 5.44 (d, J = 14.1 Hz, 1H), 5.25 (d, J = 13.9 Hz, 1H), 4.08 (s, 3H), 

3.97 (d, J = 13.2 Hz, 1H), 3.80 (d, J = 13.3 Hz, 1H), 2.03 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 165.60, 

152.02, 151.36, 137.92, 134.10, 129.44, 128.86, 128.64, 127.12, 126.55, 124.67, 124.51, 123.23, 

114.96, 77.47, 77.04, 76.62, 75.68, 55.57, 55.25, 54.14, 41.60, 25.83. 19F NMR (282 MHz, CDCl3) δ 

-66.03 (s, 3F). HRMS-ESI (m/z): Calculated for C22H19F3N2NaO5 [M+ Na] +: 471.1138, Found: 

471.1139. 

 

 
(R,Z)-3-(4-(4-chlorophenyl)-5,5,5-trifluoro-4-(nitromethyl)pentan-2-ylidene)indolin-2-one 

Purified by chromatography on silica gel, eluting with ethyl acetate/petroleum ether 1:15 (v/v); 

Yellow solid, 95% yield; [α]D
20= -89 ( c 1.0, CHCl3), 99% ee [Daicel Chiralcel OD-H column, 

n-hexane/i-PrOH = 80/20, 1.0 mL/min, 254 nm; tmajor = 8.9 min, tminor = 13.8 min]; 1H NMR (300 

MHz, CDCl3) δ 9.30 (s, 1H), 7.60 (d, J = 8.5 Hz, 2H), 7.42 (t, J = 8.3 Hz, 3H), 7.27 (d, J = 9.0 Hz, 1H), 

7.05 (t, J = 7.7 Hz, 1H), 6.91 (d, J = 7.7 Hz, 1H), 5.48 (d, J = 14.0 Hz, 1H), 5.26 (d, J = 14.0 Hz, 1H), 

3.94 (d, J = 13.2 Hz, 1H), 3.81 (d, J = 13.2 Hz, 1H), 2.05 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 169.55, 

149.45, 139.79, 134.65, 133.11, 129.40, 128.98, 128.67, 128.50, 125.18, 123.27, 122.44, 109.94, 77.48, 

77.06, 76.64, 75.19, 55.06, 54.73, 41.15, 25.22. 19F NMR (282 MHz, CDCl3) δ -66.29 (s, 3F). 

HRMS-ESI (m/z): Calculated for C20H16ClF3N2NaO3 [M+ Na] +: 447.0694, Found: 447.0696. 
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6.0 Absolute Configuration and X-Ray Analysis Data     
 
CCDC 986456 (5) 
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Table 1 Crystal data and structure refinement for 5 
 

Identification code  chenqiao1126 

Empirical formula  C20 H20 Cl F3 N2 O5 

Formula weight  460.83 

Temperature  293(2) K 

Wavelength  0.71073 Å 

Crystal system  Orthorhombic 

Space group  P 2 21 21 

Unit cell dimensions a = 7.6488(11) Å = 90°. 

 b = 16.8386(13) Å = 90°. 

 c = 17.9210(19) Å  = 90°. 

Volume 2308.1(5) Å3 

Z 4 

Density (calculated) 1.326 Mg/m3 

Absorption coefficient 0.221 mm-1 

F(000) 952 

Crystal size 0.420 x 0.320 x 0.280 mm3 

Theta range for data collection 3.320 to 25.677°. 

Index ranges -6<=h<=9, -15<=k<=20, -21<=l<=21 

Reflections collected 7371 

Independent reflections 4289 [R(int) = 0.0825] 

Completeness to theta = 25.242° 98.5 %  

Max. and min. transmission 1.000 and 0.440 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4289 / 0 / 264 

Goodness-of-fit on F2 0.961 

Final R indices [I>2sigma(I)] R1 = 0.1035, wR2 = 0.2653 

R indices (all data) R1 = 0.1738, wR2 = 0.3379 

Absolute structure parameter 0.06(13) 

Extinction coefficient 0.032(10) 

Largest diff. peak and hole 0.432 and -0.336 e.Å-3 
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7.0 Copies of HPLC Spectra of Racemic and Chiral Products 
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4ab + ent-4ab 
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4ac + ent-4ac 
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