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1. General remarks 

1H NMR spectra were recorded on a Bruker 400 MHz spectrometer in CDCl3. Chemical 

shifts are reported in ppm with the internal TMS signal at 0.0 ppm as a standard. 13C NMR 

spectra were recorded on a Bruker 100 MHz spectrometer in CDCl3. Chemical shifts are 

reported in ppm with the internal chloroform signal at 77.0 ppm as a standard. 19F NMR spectra 

were recorded on a Bruker 376 MHz spectrometer in CDCl3. Chemical shifts are reported in 

ppm with the internal CF3COOH signal at -76.55 ppm. The data are reported as (s = single, d = 

double, t = triple, q = quartet, m = multiple or unresolved, brs = broad single, coupling 

constant(s) in Hz, integration). Commercially obtained reagents were used without further 

purification. All reactions were monitored by TLC with silica gel-coated plates. Enantiomeric 

ratios were determined by HPLC, using a chiralpak AD-H, chiralpak IE, chiralpak ID and 

chiralpak AS with hexane and i-PrOH. High Resolution Mass Spectra were recorded using ESI-

TOF technique. Optical rotations were measured on an Rudolph Research Analytical Autopol 

VI polarimeter with [α]D values reported in degrees; concentration (c) is in g/100 mL. All 

reactions were reacted under N2 atmosphere. Allylic carbonates 21 were prepared according to 

the literature procedure. Chiral ligands (S,S,S)-L1 was prepared according to the literature 

procedure.2 The racemic products were obtained by running reactions with a racemic catalyst.  

 

2. Control experiments 
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Table S1. The evaluation of the acceleration effect of additives 

 

entry Additives (x equiv) T/oC Conv. (%)a ee (%)b 

1 (R)-CPA (1.0 equiv) 25 - - 

2 (+)-CSA (1.0 equiv) 25 - - 

3 Et3B (1.0 equiv) 25 - - 

4 AlCl3 (1.0 equiv) 25 - - 

5 DBU (1.0 equiv) 25 - - 

6 DBU (1.0 equiv) 50 50 64 

7 Ir-complex (0.1 equiv) 50 50 64 

a Determined by crude 1H NMR. b Determined by HPLC analysis. 

 

3. Procedure for the synthesis of ketoimine ester 1 

 

 

 

In a 100 mL round-bottom flask, diphenylmethanimine (10.0 mmol, 1.0 equiv) and α-

trifluoromethyl α-amino ester hydrochloride4 (11.0 mmol, 1.1 equiv) were dissolved in 40 mL 

toluene. Equipped with a reflux condenser, a magnic stirring bar and Dean-Stark trap, the 

systerm was heated to reflux for 5 hours to ensure equivalent water was distilled out. After 

cooling to rt, toluene was evaporated in vacuo to give the crude 1a which was purified by 

column chromatography (PE : EA = 20 : 1). 

 

 

Ethyl 2-((diphenylmethylene)amino)-3,3,3-trifluoropropanoate: 
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Colourless oil; 80% yield. 1H NMR (400 MHz, CDCl3) δ 7.74 – 7.66 (m, 2H), 7.54 – 7.42 (m, 

4H), 7.36 (t, J = 7.5 Hz, 2H), 7.23 – 7.15 (m, 2H), 4.60 (qd, J = 7.2, 1.7 Hz, 1H), 4.36 – 4.08 

(m, 2H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 175.7, 164.9 (q, J = 2.1 Hz), 

138.5, 135.1, 131.4, 129.4, 129.3, 128.9, 128.2, 127.6, 123.1 (q, J = 281.5 Hz), 67.2 (q, J = 29.1 

Hz), 62.2, 14.0. 19F NMR (376 MHz, CDCl3) δ -71.18 (d, J = 7.1 Hz). HRMS Calcd. For 

C18H17F3NO2 ([M+H]+): 336.1202, found: 336.1193. 

 

 

 

In a 100 mL round-bottom flask, 9H-fluoren-9-amine (12.0 mmol, 1.2 equiv.) and ethyl 

3,3,3-trifluoro-2-oxopropanoate (10.0 mmol, 1.0 equiv.) were dissolved with 40 mL DCM, and 

triethylamine (30.0 mmol, 3.0 equiv.) was added to the solution.Then the mixture was cooled 

to 0 °C,and then titanium tetrachloride (6.0 mmol, 0.6 equiv.) was added dropwise to the 

solution and the reaction mixture was stirred at room temperature until TLC revealed complete 

conversion of ethyl 3,3,3-trifluoro-2-oxopropanoate. After reaction completed, the reaction 

mixture was quenched by 10% NaOH solution, the reaction mixture was filtered and the organic 

layer was washed with saturated NaHCO3, saturated NaCl, and dried over Na2SO4. Organic 

layer was concentrated under reduced pressure, the crude mixture was purified by silica-gel 

(treated with Et3N) column chromatography to obtain the compounds 1b in good yields. 

 

 

Ethyl 2-((9H-fluoren-9-ylidene)amino)-3,3,3-trifluoropropanoate: 

Yellow oil; 88% yield. 1H NMR (400 MHz, CDCl3) δ 7.92 (d, J = 7.5 Hz, 1H), 7.67 (dd, J = 

16.3, 7.6 Hz, 2H), 7.55 (d, J = 7.5 Hz, 1H), 7.52 – 7.40 (m, 2H), 7.38 – 7.25 (m, 2H), 5.58 (q, 

J = 7.1 Hz, 1H), 4.30 (q, J = 7.1 Hz, 2H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) 
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δ 168.7, 164.5, 144.4, 141.3, 137.8, 132.7, 132.2, 131.2, 128.7, 128.2, 126.7, 123.9, 123.4 (q, J 

= 282.0 Hz), 120.8, 119.5, 66.5 (q, J = 29.9 Hz), 62.8, 14.0. 19F NMR (376 MHz, CDCl3) δ -

72.38 (d, J = 7.0 Hz). HRMS Calcd. For C18H15F3NO2 ([M+H]+): 334.1049, found: 334.1040. 

 

 

 

α-Trifluoromethyl α-amino ester hydrochloride or β-trifluoromethyl β-amino ester 

hydrochloride5 (10.0 mmol, 1.0 equiv) and N-methyl isatin (11.0 mmol, 1.1 equiv) were added 

to a 100 mL round-bottom flask which was equipped with a reflux condenser, a magnic stirring 

bar and Dean-Stark trap. After the addition of toluene, the systerm was heated to reflux for 5 

hours to ensure equivalent water was distilled out. After cooling to rt, toluene was evaporated 

in vacuo to give the crude isatin-activated ketoimine esters which were purified by column 

chromatography (PE : EA = 5:1).  

 

 

Ethyl (Z)-3,3,3-trifluoro-2-((1-methyl-2-oxoindolin-3-ylidene)amino)propanoate 

Yellow solid; 90% yield. 1H NMR (400 MHz, CDCl3) δ 7.79 (d, J = 7.4 Hz, 1H), 7.49 (td, J = 

7.8, 1.0 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 7.9 Hz, 1H), 6.22 (q, J = 8.0 Hz, 1H), 

4.43 – 4.16 (m, 2H), 3.21 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 163.8, 

158.5, 158.1, 146.7, 134.4, 123.7, 123.6, 123.3 (q, J = 280.9 Hz), 120.5, 108.9, 64.5 (q, J = 30.1 

Hz), 62.6, 25.9, 14.0. 19F NMR (376 MHz, CDCl3) δ -71.84 (d, J = 8.1 Hz). HRMS Calcd. For 

C14H14F3N2O3 ([M+H]+): 315.0951, found: 315.0939. 

 



S6 

 

 

Ethyl (Z)-4,4,4-trifluoro-3-((1-methyl-2-oxoindolin-3-ylidene)amino)butanoate: 

Yellow solid; 91% yield. 1H NMR (400 MHz, CDCl3) δ 7.57 (dd, J = 7.4, 0.6 Hz, 1H), 7.37 (td, 

J = 7.8, 1.2 Hz, 1H), 7.00 (td, J = 7.6, 0.7 Hz, 1H), 6.72 (d, J = 7.9 Hz, 1H), 6.65 – 6.47 (m, 

1H), 4.10 – 3.95 (m, 2H), 3.13 (s, 3H), 2.95 – 2.75 (m, 2H), 1.11 (t, J = 7.1 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 168.4, 157.6, 156.5, 145.1, 133.1, 123.6 (q, J = 282.8 Hz), 122.3, 122.1, 

119.7, 107.7, 60.0, 55.2 (q, J = 29.5 Hz), 33.9, 24.8, 13.0. 19F NMR (376 MHz, CDCl3) δ -74.93 

(d, J = 7.3 Hz). HRMS Calcd. For C15H16F3N2O3 ([M+H]+): 329.1108, found: 329.1100. 

 

 

 

In a 100 mL round-bottom flask, 3-amino oxindole hydrochloride (12.0 mmol, 1.2 equiv.) 

and trifluoromethyl substituted γ- to ε-ketoesters6 (10.0 mmol, 1.0 equiv.) were dissolved with 

40 mL DCM, and triethylamine (30.0 mmol, 3.0 equiv.) was added to the solution.Then 

tetraethyl titanate (30.0 mmol, 3.0 equiv.) was added dropwise to the solution and the reaction 

mixture was stirred at room temperature until TLC revealed complete conversion of ketoesters. 

After reaction completed, the reaction mixture was quenched by water, the reaction mixture 

was filtered and the organic layer was washed with saturated NaHCO3, saturated NaCl, and 

dried over Na2SO4. Organic layer was concentrated under reduced pressure, the crude mixture 

was purified by silica-gel column chromatography to obtain compounds in good yields. 

 

 

Ethyl (Z)-5,5,5-trifluoro-4-((1-methyl-2-oxoindolin-3-ylidene)amino)pentanoate: 
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Yellow solid; 88% yield. 1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 7.4 Hz, 1H), 7.47 (td, J = 

7.8, 1.2 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.18 – 6.02 (m, 1H), 4.15 – 

4.04 (m, 2H), 3.22 (s, 3H), 2.47 – 2.28 (m, 3H), 2.24 – 2.12 (m, 1H), 1.21 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 172.4, 158.7, 156.6, 146.0, 134.0, 125.2 (q, J = 281.6 Hz), 123.5, 

123.1, 120.7, 108.7, 60.6, 59.0 (q, J = 28.9 Hz), 30.1, 25.9, 25.0, 14.2. 19F NMR (376 MHz, 

CDCl3) δ -74.53 (d, J = 7.3 Hz). HRMS Calcd. For C16H18F3N2O3 ([M+H]+): 344.1295, found: 

344.1287. 

 

 

Ethyl (Z)-6,6,6-trifluoro-5-((1-methyl-2-oxoindolin-3-ylidene)amino)hexanoate: 

Yellow solid; 90% yield. 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 7.5 Hz, 1H), 7.46 (t, J = 

7.7 Hz, 1H), 7.11 (t, J = 7.5 Hz, 1H), 6.82 (d, J = 7.8 Hz, 1H), 6.19 – 5.93 (m, 1H), 4.10 (q, J 

= 7.1 Hz, 2H), 3.22 (s, 3H), 2.41 – 2.27 (m, 2H), 2.14 – 1.97 (m, 1H), 1.97 – 1.81 (m, 1H), 1.79 

– 1.57 (m, 2H), 1.23 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 173.1, 158.7, 156.2, 

145.9, 133.8, 123.4, 123.0, 122.5 (q, J = 281.0 Hz), 120.8, 108.7, 60.4, 59.5 (q, J = 28.7 Hz), 

33.9, 29.4, 25.8, 20.7, 14.2. 19F NMR (376 MHz, CDCl3) δ -74.45 (d, J = 7.2 Hz). HRMS Calcd. 

For C17H20F3N2O3 ([M+H]+): 357.1421, found: 357.1413. 

 

 

Ethyl (Z)-7,7,7-trifluoro-6-((1-methyl-2-oxoindolin-3-ylidene)amino)heptanoate: 

Yellow solid; 92% yield. 1H NMR (400 MHz, CDCl3) δ 7.68 (dd, J = 7.4, 0.6 Hz, 1H), 7.46 (td, 

J = 7.8, 1.2 Hz, 1H), 7.11 (td, J = 7.6, 0.7 Hz, 1H), 6.83 (d, J = 7.8 Hz, 1H), 6.20 – 5.97 (m, 

1H), 4.08 (q, J = 7.1 Hz, 2H), 2.27 (t, J = 7.5 Hz, 2H), 2.07 – 1.96 (m, 1H), 1.89 – 1.76 (m, 1H), 

1.70 – 1.60 (m, 2H), 1.44 – 1.30 (m, 2H), 1.21 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 173.5, 158.7, 156.0, 145.8, 133.8, 125.3 (q, J = 281.4 Hz), 123.4, 122.9, 120.8, 108.6, 60.3, 



S8 

 

59.8 (q, J = 28.4 Hz), 34.0, 29.7, 25.9, 24.8, 24.7, 14.2. 19F NMR (376 MHz, CDCl3) δ -74.43 

(d, J = 7.5 Hz). HRMS Calcd. For C18H22F3N2O3 ([M+H]+): 371.1577, found: 371.1569. 

 

4. General procedure for the cascade umpolung allylation/2-aza-Cope rearrangement. 

 

 

 

In a 25 mL nitrogen-filled dry Schlenk tube, [Ir(COD)Cl]2 (3.3 mg, 0.005 mmol), 

phosphoramidite ligand (S,S,S)-L1 (5.6 mg, 0.01 mmol), degassed THF (0.5 mL) and degassed 

propylamine (0.5 mL) were added. After stirring at 50 oC for 30 mins, the reaction was 

concentrated via rotary evaporation under reduced pressure to give the iridium complex as a 

pale yellow solid.7 Then, ethyl (Z)-3,3,3-trifluoro-2-((1-methyl-2-oxoindolin-3-

ylidene)amino)propanoate 1c (0.20 mmol), allylic carbonates 2 (0.22 mmol), Cs2CO3 (0.2mmol) 

and dry CH2Cl2 (2 mL) was added into the nitrogen-refilled Schlenk tube. Once starting 

material was consumed (monitored by TLC), the reaction mixture was concentrated via rotary 

evaporation under reduced pressure, and then purified by flash chromatography on silica gel 

(PE / EA = 5:1) to give the racemic product 3. 

 

 

Ethyl (R,E)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-5-phenyl-2-(trifluoromethyl) 

pent-4-enoate: 

Yellow oil; 99% yield. [α]25
D = 80.9 (c 3.22, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.71 (dd, 

J = 7.4, 0.6 Hz, 1H), 7.41 (td, J = 7.7, 1.2 Hz, 1H), 7.24 – 7.03 (m, 6H), 6.69 (d, J = 7.8 Hz, 
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1H), 6.32 – 6.05 (m, 2H), 4.41 – 4.17 (m, 2H), 3.63 – 3.47 (m, 1H), 3.13 – 3.00 (m, 1H), 2.94 

(s, 3H), 1.27 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.4, 157.8, 156.1, 146.3, 

137.0, 134.0, 133.9, 128.4, 127.3, 126.2, 125.0 (q, J = 287.4 Hz)124.6, 123.4, 123.3, 121.3, 

108.6, 73.2 (q, J = 25.6 Hz), 62.1, 35.9, 25.7, 14.0. 19F NMR (376 MHz, CDCl3) δ -75.57 (s).  

HRMS Calcd. For C23H22F3N2O3 ([M+H]+): 431.1577, found: 431.1566. The product was 

analyzed by HPLC to determine the enantiomeric excess: 96% ee (Chiralpak ID-H, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 290 nm); tr = 6.96 and 7.85 min. 

 

 

Ethyl (R,E)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-5-(p-tolyl)-2-

(trifluoromethyl)pent-4-enoate: 

Yellow oil; 91% yield; [α]25
D = 65.5 (c 6.64, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.71 (d, J 

= 6.9 Hz, 1H), 7.41 (td, J = 7.8, 1.2 Hz, 1H), 7.18 – 6.94 (m, 5H), 6.70 (d, J = 7.8 Hz, 1H), 6.17 

– 6.02 (m, 2H), 4.42 – 4.15 (m, 2H), 3.52-3.51 (m, 1H), 3.12 – 3.01 (m, 1H), 2.96 (s, 3H), 2.28 

(s, 3H), 1.27 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.4, 157.7, 156.1, 146.3, 

137.1, 134.3, 133.8, 129.0, 126.1, 125.0 (q, J = 287.3 Hz), 123.5, 123.3, 121.3, 108.5, 73.3 (q, 

J = 25.4 Hz), 62.1, 35.9, 25.7, 21.2, 13.9. 19F NMR (376 MHz, CDCl3) δ -75.57 (s). HRMS 

Calcd. For C24H24F3N2O3 ([M+H]+): 445.1734, found: 445.1722. The product was analyzed by 

HPLC to determine the enantiomeric excess: 94% ee (Chiralpak ID-H, i-propanol/hexane = 

5/95, flow rate 1.0 mL/min, λ = 246 nm); tr = 6.64 and 7.42 min. 

 

 

Ethyl (R,E)-5-(4-methoxyphenyl)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-2-

(trifluoromethyl)pent-4-enoate: 
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Yellow oil; 89% yield; [α]25
D = 99.3 (c 4.97, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.71 (d, J 

= 7.2 Hz, 1H), 7.41 (td, J = 7.7, 0.9 Hz, 1H), 7.19 – 6.99 (m, 3H), 6.72 (dd, J = 23.2, 8.2 Hz, 

3H), 6.20 – 5.87 (m, 2H), 4.42 – 4.17 (m, 2H), 3.76 (s, 3H), 3.59-3.47 (m, 1H), 3.09 – 2.98 (m, 

1H), 2.95 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.4, 159.0, 157.8, 

156.0, 146.3, 133.8, 133.4, 129.9, 127.3, 125.0 (q, J = 287.5 Hz), 123.3, 122.4, 121.3, 113.7, 

108.5, 73.3 (q, J = 25.6 Hz), 62.1, 55.3, 35.9, 25.7, 13.9. 19F NMR (376 MHz, CDCl3) δ -75.57 

(s). HRMS Calcd. For C24H24F3N2O4 ([M+H]+): 461.1683, found: 461.1676. The product was 

analyzed by HPLC to determine the enantiomeric excess: 96% ee (Chiralpak ID-H, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 246 nm); tr = 10.47 and 12.92 min. 

 

 

Ethyl (R,E)-5-(4-chlorophenyl)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-2-

(trifluoromethyl)pent-4-enoate:  

Yellow oil; 99% yield; [α]25
D = 93.3 (c 5.23, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.71 (d, J 

= 7.4 Hz, 1H), 7.42 (t, J = 7.7 Hz, 1H), 7.23 – 7.01 (m, 5H), 6.72 (d, J = 7.8 Hz, 1H), 6.28 – 

5.99 (m, 2H), 4.39 – 4.16 (m, 2H), 3.53-3.50 (m, 1H), 3.10-3.04 (m, 1H), 2.98 (s, 3H), 1.26 (t, 

J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.3, 157.7, 156.1, 146.3, 135.5, 134.0, 132.9, 

132.6, 128.5, 127.4, 125.3, 124.9 (q, J = 287.4 Hz), 123.4, 123.4, 121.2, 108.6, 73.1 (q, J = 25.5 

Hz), 62.2, 35.9, 25.8, 13.9. 19F NMR (376 MHz, CDCl3) δ -75.57 (s). HRMS Calcd. For 

C23H21ClF3N2O3 ([M+H]+): 465.1187, found: 465.1172. The product was analyzed by HPLC to 

determine the enantiomeric excess: 94% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 246 nm); tr = 6.89 and 7.66 min. 
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Ethyl (R,E)-5-(4-bromophenyl)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-2-

(trifluoromethyl)pent-4-enoate 

Yellow oil; 87% yield; [α]25
D = 48.1 (c 7.52, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.76 – 

7.65 (m, 1H), 7.43 (td, J = 7.8, 1.1 Hz, 1H), 7.33 (d, J = 8.5 Hz, 2H), 7.18 – 7.00 (m, 3H), 6.72 

(d, J = 7.8 Hz, 1H), 6.13 (dt, J = 25.4, 12.2 Hz, 2H), 4.39 – 4.15 (m, 2H), 3.53-3.50 (m, 1H), 

3.10-3.03 (m, 1H), 2.98 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.3, 

157.7, 156.1, 146.3, 135.9, 134.0, 132.7, 131.4, 127.7, 125.5, 124.9 (q, J = 287.5), 123.4, 123.4, 

121.2, 121.0, 108.6, 73.1 (q, J = 25.5), 62.2, 35.9, 25.8, 13.9. 19F NMR (376 MHz, CDCl3) δ -

75.58 (s). HRMS Calcd. For C23H21BrF3N2O3 ([M+H]+): 509.0682, found: 509.0664. The 

product was analyzed by HPLC to determine the enantiomeric excess: 94% ee (Chiralpak ID-

H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 246 nm); tr = 7.31 and 8.12 min. 

 

 

Ethyl (R,E)-5-(3,4-dichlorophenyl)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-2-

(trifluoromethyl)pent-4-enoate: 

Yellow oil; 99% yield; [α]25
D = 38.1 (c 7.51, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.71 (d, J 

= 7.4 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 7.31 – 7.19 (m, 2H), 7.13 – 6.97 (m, 2H), 6.74 (d, J = 

7.8 Hz, 1H), 6.26 – 5.99 (m, 2H), 4.42 – 4.15 (m, 2H), 3.53-3.50 (m, 1H), 3.14 – 3.06 (m, 1H), 

2.97 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.2, 157.7, 156.2, 146.3, 

137.2, 134.1, 132.4, 131.5, 130.9, 130.3, 127.8, 126.8, 125.4, 124.9 (q, J = 287.0 Hz)123.5, 

123.4, 121.2, 108.7, 73.0 (q, J = 25.6 Hz), 62.2, 35.8, 25.8, 13.9. 19F NMR (376 MHz, CDCl3) 

δ -75.54 (s). HRMS Calcd. For C23H20Cl2F3N2O3 ([M+H]+): 499.0798, found: 499.0781. The 

product was analyzed by HPLC to determine the enantiomeric excess: 90% ee (Chiralpak ID-

H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 246 nm); tr = 7.11 and 7.79 min. 
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Ethyl (R,E)-5-(3-methoxyphenyl)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-2-

(trifluoromethyl)pent-4-enoate:  

Yellow oil; 99% yield; [α]25
D = 98.5 (c 4.36, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.71 (d, J 

= 7.3 Hz, 1H), 7.41 (td, J = 7.7, 1.0 Hz, 1H), 7.20 – 6.99 (m, 2H), 6.86 – 6.62 (m, 4H), 6.23 – 

6.02 (m, 2H), 4.39 – 4.15 (m, 2H), 3.73 (s, 3H), 3.57-3.52 (m, 1H), 3.13 – 3.03 (m, 1H), 2.97 

(s, 3H), 1.27 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.4, 159.6, 157.7, 156.2, 

146.3, 138.5, 133.9, 133.9, 129.3, 125.0 (q, J = 287.2 Hz), 124.9, 123.4, 123.3, 121.3, 118.7, 

113.0, 111.4, 108.6, 73.2 (q, J = 25.7 Hz), 62.1, 55.2, 35.8, 25.7, 13.9. 19F NMR (376 MHz, 

CDCl3) δ -75.56 (s). HRMS Calcd. For C24H24F3N2O4 ([M+H]+): 461.1683, found: 461.1668. 

The product was analyzed by HPLC to determine the enantiomeric excess: 94% ee (Chiralpak 

ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 246 nm); tr = 10.07and 11.76 min. 

 

  

Ethyl (R,E)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-5-(m-tolyl)-2-

(trifluoromethyl)pent-4-enoate:  

Yellow oil; 92% yield; [α]25
D = 178.2 (c 1.38, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.79 – 

7.63 (m, 1H), 7.41 (td, J = 7.8, 1.2 Hz, 1H), 7.09 (ddd, J = 12.5, 6.9, 5.4 Hz, 2H), 6.97 (d, J = 

6.5 Hz, 3H), 6.69 (d, J = 7.8 Hz, 1H), 6.18 – 6.04 (m, 2H), 4.41 – 4.14 (m, 2H), 3.56-3.52 (m, 

1H), 3.11 – 3.01 (m, 1H), 2.94 (s, 3H), 2.26 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 165.4, 157.8, 156.1, 146.3, 137.9, 137.0, 134.2, 133.9, 128.3, 128.1, 126.9, 

125.0 (q, J = 287.4 Hz), 124.4, 123.4, 123.3, 121.3, 108.6, 73.3(q, J = 25.5 Hz), 62.1, 35.9, 

25.7, 21.4, 14.0. 19F NMR (376 MHz, CDCl3) δ -75.55 (s). HRMS Calcd. For C24H24F3N2O3 

([M+H]+): 445.1734, found: 445.1723. The product was analyzed by HPLC to determine the 
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enantiomeric excess: 94% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, 

λ = 246 nm); tr = 6.88 and 7.66 min. 

 

  

Ethyl (R,E)-5-(benzo[d][1,3]dioxol-5-yl)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-

2-(trifluoromethyl)pent-4-enoate: 

Yellow oil; 98% yield; [α]25
D = 116.9 (c 1.42, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.71 (d, 

J = 7.3 Hz, 1H), 7.42 (dd, J = 11.2, 4.3 Hz, 1H), 7.20 – 7.02 (m, 1H), 6.85 – 6.69 (m, 2H), 6.69 

– 6.62 (m, 1H), 6.62 – 6.52 (m, 1H), 6.07 (d, J = 15.8 Hz, 1H), 6.02 – 5.81 (m, 3H), 4.33-4.21 

(m, 2H), 3.53-3.48 (m, 1H), 3.12 – 3.04  (m, 1H), 2.95 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 165.4, 157.7, 156.1, 147.8, 146.9, 146.3, 133.9, 133.4, 131.6, 125.0 

(q, J = 287.45 Hz), 123.4, 123.4, 122.8, 121.3, 120.6, 108.6, 108.1, 105.6, 101.0, 73.2 (q, J = 

25.5 Hz), 62.1, 35.8, 25.8, 13.9. 19F NMR (376 MHz, CDCl3) δ -75.51 (s). HRMS Calcd. For 

C24H22F3N2O5 ([M+H]+): 475.1475, found: 475.1466. The product was analyzed by HPLC to 

determine the enantiomeric excess: 94% ee (Chiralpakl ID-H, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 246 nm); tr = 12.73 and 16.89 min. 
 

 

Ethyl (R,E)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-5-(o-tolyl)-2-

(trifluoromethyl)pent-4-enoate:  

Yellow oil; 82% yield; [α]25
D = 78.7 (c 1.22, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.70 (d, J 

= 7.4 Hz, 1H), 7.41 (t, J = 7.7 Hz, 1H), 7.28 (dd, J = 12.7, 7.8 Hz, 2H), 7.15 – 6.96 (m, 3H), 

6.71 (d, J = 7.8 Hz, 1H), 6.35 (d, J = 15.7 Hz, 1H), 6.01 (dt, J = 15.4, 7.5 Hz, 1H), 4.27 (dddd, 

J = 25.0, 10.7, 7.2, 3.6 Hz, 2H), 3.61-3.57 (m, 1H), 3.14-3.10 (m, 1H), 2.98 (s, 3H), 2.01 (s, 
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3H), 1.27 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.4, 157.7, 156.1, 146.4, 136.1, 

135.0, 134.0, 132.0, 130.0, 127.2, 126.0, 125.8, 125.7, 125. 1(q, J = 287.3 Hz), 123.4, 123.4, 

121.3, 108.6, 73.2 (q, J = 25.7 Hz), 62.2, 36.1, 25.7, 19.3, 14.0. 19F NMR (376 MHz, CDCl3) δ 

-75.57 (s). HRMS Calcd. For C24H24F3N2O3 ([M+H]+): 445.1734, found: 445.1726. The 

product was analyzed by HPLC to determine the enantiomeric excess: 63% ee (Chiralpak ID-

H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 246 nm); tr = 6.62 and 7.14min. 

 

  

Ethyl (R,E)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-5-(naphthalen-2-yl)-2-

(trifluoromethyl)pent-4-enoate:  

Yellow oil; 86% yield; [α]25
D = 80.9 (c 2.51, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.83 – 

7.61 (m, 4H), 7.53 – 7.34 (m, 5H), 7.09 (td, J = 7.6, 0.5 Hz, 1H), 6.62 (d, J = 7.8 Hz, 1H), 6.28 

(s, 2H), 4.44 – 4.16 (m, 2H), 3.69 – 3.55 (m, 1H), 3.14 – 3.04 (m, 1H), 2.85 (s, 3H), 1.28 (t, J 

= 7.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.4, 157.8, 156.2, 146.3, 134.5, 134.2, 133.9, 

133.4, 132.8, 128.0, 127.9, 127.6, 126.2, 125.7, 125.7, 125.1, 125.0 (q, J = 288.1 Hz),123.6, 

123.4, 123.4, 121.3, 108.6, 73.3 (q, J = 25.6 Hz), 62.1, 36.1, 25.7, 14.0. 19F NMR (376 MHz, 

CDCl3) δ -75.58 (s). HRMS Calcd. For C27H24F3N2O3 ([M+H]+): 481.1734, found: 481.1722. 

The product was analyzed by HPLC to determine the enantiomeric excess: 94% ee (Chiralpak 

ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 246 nm); tr = 8.78 and 10.12 min. 

 

  

Ethyl (R,E)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-5-(thiophen-2-yl)-2-

(trifluoromethyl)pent-4-enoate:  
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Yellow oil; 90% yield; [α]25
D = 102.3 (c 6.60, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.77 – 

7.65 (m, 1H), 7.42 (td, J = 7.8, 1.2 Hz, 1H), 7.16 – 6.99 (m, 2H), 6.86 (dd, J = 5.1, 3.5 Hz, 1H), 

6.73 (d, J = 8.2 Hz, 2H), 6.30 (d, J = 15.6 Hz, 1H), 5.98 (dt, J = 15.4, 7.6 Hz, 1H), 4.40 – 4.18 

(m, 2H), 3.50-3.47 (m, 1H), 3.12 – 3.00 (m, 1H), 2.98 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 165.3, 157.7, 156.2, 146.4, 142.0, 134.0, 127.1, 127.0, 125.0 (q, J 

= 287.3 Hz), 124.9, 124.2, 124.0, 123.4, 121.3, 108.6, 73.1 (q, J = 25.6 Hz), 62.2, 35.8, 25.8, 

13.9. 19F NMR (376 MHz, CDCl3) δ -75.50 (s). HRMS Calcd. For C21H20F3N2O3S ([M+H]+): 

437.1141, found: 437.1128. The product was analyzed by HPLC to determine the enantiomeric 

excess: 94% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 246 nm); 

tr = 8.33 and 9.01 min. 

 

 

Ethyl (R,E)-5-(furan-2-yl)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-2-

(trifluoromethyl)pent-4-enoate: 

Yellow oil; 92% yield; [α]25
D = 87.9 (c 0.88, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.71 (d, J 

= 7.0 Hz, 1H), 7.43 (td, J = 7.8, 1.1 Hz, 1H), 7.29 – 7.21 (m, 1H), 7.09 (dd, J = 9.8, 5.2 Hz, 

1H), 6.76 (d, J = 7.8 Hz, 1H), 6.27 (dd, J = 3.2, 1.8 Hz, 1H), 6.09 (dd, J = 16.7, 2.9 Hz, 3H), 

4.35 – 4.15 (m, 2H), 3.55-3.51 (m, 1H), 3.25 – 3.14 (m, 1H), 3.09 (s, 3H), 1.26 (t, J = 7.1 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 165.4, 157.6, 156.2, 152.6, 146.5, 141.7, 134.0, 125.0 (q, 

J = 287.4 Hz), 123.5, 123.4, 123.0, 122.2, 121.3, 111.1, 108.6, 107.0, 73.0 (q, J = 25.6 Hz), 

62.2, 35.6, 25.9, 13.9. 19F NMR (376 MHz, CDCl3) δ -75.16 (s). HRMS Calcd. For 

C21H20F3N2O4 ([M+H]+): 421.1370, found: 421.1342. The product was analyzed by HPLC to 

determine the enantiomeric excess: 86% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 246 nm); tr = 9.17 and 9.84 min. 
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Ethyl (R,E)-2-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-2-(trifluoromethyl)hex-4-

enoate: 

Yellow oil; 95% yield; [α]25
D = 95.1 (c 1.15, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.72 (d, J 

= 7.3 Hz, 1H), 7.45 (t, J = 7.4 Hz, 1H), 7.11 (t, J = 7.5 Hz, 1H), 6.81 (d, J = 7.8 Hz, 1H), 5.45 

– 5.26 (m, 2H), 4.34 – 4.14 (m, 2H), 3.33 (dd, J = 14.7, 6.4 Hz, 1H), 3.18 (s, 3H), 3.02 (dd, J = 

14.8, 6.3 Hz, 1H), 1.52 (d, J = 5.5 Hz, 2H), 1.31 – 1.20 (m, 3H). 13C NMR (101 MHz, CDCl3) 

δ 165.68, 157.59, 155.81, 146.43, 133.84, 129.57, 125.1 (q, J = 287.5 Hz), 124.87, 123.40, 

123.37, 121.36, 108.55, 73.0 (q, J = 25.4 Hz), 62.05, 35.28, 25.97, 17.80, 13.90. 19F NMR (376 

MHz, CDCl3) δ -75.15 (s). HRMS Calcd. For C18H20F3N2O3 ([M+H]+): 369.14213, found: 

369.1412. The product was analyzed by HPLC to determine the enantiomeric excess: 86% ee 

(Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 246 nm); tr = 6.07 and 

6.78 min. 

 

 

In a 25 mL nitrogen-filled dry Schlenk tube, [Ir(COD)Cl]2 (3.3 mg, 0.005 mmol), 

phosphoramidite ligand (S,S,S)-L1 (5.6 mg, 0.01 mmol), degassed THF (0.5 mL) and degassed 

propylamine (0.5 mL) were added. After stirring at 50 oC for 30 mins, the reaction was 

concentrated via rotary evaporation under reduced pressure to give the iridium complex as a 

pale yellow solid.6 Then, 1d (0.20 mmol), allylic carbonates 2 (0.22 mmol), DBU (0.2mmol) 

and dry DCE (2 mL) was added into the nitrogen-refilled Schlenk tube. Once starting material 

was consumed (monitored by TLC), the reaction mixture was concentrated via rotary 
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evaporation under reduced pressure, and then purified by chromatography on silica gel (PE / 

EA = 5:1) to give corresponding products 4 and 5. 

 

 

Ethyl (R,E)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-6-phenyl-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 37% yield; [α]25
D = 54.4 (c 1.32, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J 

= 7.4 Hz, 1H), 7.41 (t, J = 7.7 Hz, 1H), 7.29 (t, J = 8.6 Hz, 4H), 7.20 (t, J = 6.8 Hz, 1H), 7.09 

(t, J = 7.5 Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 6.45 (d, J = 15.7 Hz, 1H), 6.20 – 6.07 (m, 1H), 

4.10 – 3.91 (m, 3H), 3.29 – 3.14 (m, 4H), 3.15 – 2.95 (m, 2H), 1.08 (t, J = 7.1 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 169.5, 157.8, 155.0, 145.9, 137.1, 134.5, 133.4, 128.5, 127.4, 127.0 

(q, J = 276.0 Hz), 126.3, 123.5, 123.3, 123.2, 122.2, 108.4, 67.9 (q, J = 25.5 Hz), 60.6, 37.4, 

35.8, 26.2, 13.8. 19F NMR (376 MHz, CDCl3) δ -76.62 (s). HRMS Calcd. For C24H24F3N2O3 

([M+H]+): 445.1734, found: 445.1724. The product was analyzed by HPLC to determine the 

enantiomeric excess: 91% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, 

λ = 244 nm); tr = 8.44 and 10.81 min. 

 

 

Ethyl (Z)-4,4,4-trifluoro-3-(((S)-1-methyl-2-oxo-3-((S)-1-phenylallyl)indolin-3-

yl)amino)but-2-enoate: 

Yellow oil; 54% yield; [α]25
D = -45.0 (c 3.25, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 8.89 (s, 

1H), 7.39 (d, J = 7.3 Hz, 1H), 7.34 – 7.24 (m, 1H), 7.15 – 7.04 (m, 2H), 6.99 (t, J = 7.5 Hz, 2H), 

6.56 (d, J = 7.4 Hz, 2H), 6.45 (d, J = 7.8 Hz, 1H), 6.41 – 6.29 (m, 1H), 5.61 (dd, J = 64.8, 13.5 

Hz, 2H), 5.32 (s, 1H), 4.24 (q, J = 7.0 Hz, 2H), 3.93 (d, J = 10.2 Hz, 1H), 2.57 (s, 3H), 1.31 (t, 
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J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 175.2, 168.9, 146.3 (q, J = 32.9 Hz), 143.7, 

136.1, 132.7, 129.6, 128.9, 128.3, 127.5, 126.5, 124.6, 122.2, 122.1, 119.7 (q, J = 277.8 Hz), 

107.9, 92.5 (q, J = 6.4 Hz), 68.3, 60.1, 59.6, 25.4, 14.3. 19F NMR (376 MHz, CDCl3) δ -65.78 

(s). HRMS Calcd. For C24H24F3N2O3 ([M+H]+): 445.1734, found: 445.1724. The product was 

analyzed by HPLC to determine the enantiomeric excess: 98% ee (Chiralpak IE-H, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 304 nm); tr = 13.91 and 15.70 min. 

 

 

Ethyl (R,E)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-6-(p-tolyl)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 35% yield; [α]25
D = 69.5 (c 1.07, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J 

= 7.2 Hz, 1H), 7.47 – 7.34 (m, 1H), 7.20 (d, J = 8.0 Hz, 2H), 7.09 (dd, J = 7.4, 6.1 Hz, 3H), 

6.78 (d, J = 7.8 Hz, 1H), 6.41 (d, J = 15.7 Hz, 1H), 6.18 – 5.97 (m, 1H), 4.14 – 3.83 (m, 3H), 

3.29 – 3.14 (m, 4H), 3.16 – 2.96 (m, 2H), 2.31 (s, 3H), 1.07 (t, J = 7.1 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 169.6, 157.8, 155.0, 145.9, 137.3, 134.4, 134.3, 133.3, 129.2, 127.1 (q, J = 

282.1 Hz), 126.2, 123.5, 123.1, 122.2, 108.4, 68.0 (q, J = 24.9 Hz), 60.5, 37.4, 35.8, 26.2, 21.2, 

13.8. 19F NMR (376 MHz, CDCl3) δ -76.59 (s). HRMS Calcd. For C25H26F3N2O3 ([M+H]+): 

459.1890, found: 459.1882. The product was analyzed by HPLC to determine the enantiomeric 

excess: 90% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 244 nm); 

tr = 8.06 and 10.40 min. 

 

 

Ethyl (Z)-4,4,4-trifluoro-3-(((S)-1-methyl-2-oxo-3-((S)-1-(p-tolyl)allyl)indolin-3-

yl)amino)but-2-enoate: 
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Yellow oil; 45% yield; [α]25
D = -48.1 (c 3.08, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 8.87 (s, 

1H), 7.38 (d, J = 7.3 Hz, 1H), 7.34 – 7.27 (m, 1H), 7.16 – 7.03 (m, 1H), 6.80 (d, J = 7.9 Hz, 

2H), 6.46 (dd, J = 13.0, 7.9 Hz, 3H), 6.39 – 6.24 (m, 1H), 5.75 – 5.44 (m, 2H), 5.31 (s, 1H), 

4.35 – 4.17 (m, 2H), 3.90 (d, J = 10.2 Hz, 1H), 2.60 (s, 3H), 2.19 (s, 3H), 1.31 (t, J = 7.1 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 175.3, 168.9, 146.3 (q, J = 32.8 Hz), 143.7, 137.1, 133.1, 

132.9, 129.5, 128.2, 128.1, 127.8 (q, J = 299.0 Hz) 126.7, 124.6, 122.1, 121.9, 107.9, 92.4 (q, 

J = 6.4 Hz), 68.3, 60.1, 59.3, 25.5, 21.0, 14.3. 19F NMR (376 MHz, CDCl3) δ -65.78 (s). HRMS 

Calcd. For C25H26F3N2O3 ([M+H]+): 459.1890, found: 459.1879. The product was analyzed by 

HPLC to determine the enantiomeric excess: 98% ee (Chiralpak IE-H, i-propanol/hexane = 

5/95, flow rate 1.0 mL/min, λ = 304 nm); tr = 14.80 and 16.92 min. 

 

 

Ethyl (R,E)-6-(4-methoxyphenyl)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 34% yield; [α]25
D = 113.9 (c 1.19, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.65 (dd, 

J = 7.4, 0.7 Hz, 1H), 7.40 (td, J = 7.7, 1.2 Hz, 1H), 7.25 – 7.21 (m, 2H), 7.08 (td, J = 7.6, 0.6 

Hz, 1H), 6.91 – 6.70 (m, 3H), 6.38 (d, J = 15.7 Hz, 1H), 6.08 – 5.91 (m, 1H), 4.05 – 3.88 (m, 

3H), 3.78 (s, 3H), 3.28 – 3.14 (m, 4H), 3.12 – 2.97 (m, 2H), 1.07 (t, J = 7.1 Hz, 3H). 13C NMR 

(101 MHz, CDCl3) δ 169.6, 159.1, 157.8, 154.9, 145.9, 134.0, 133.3, 129.9, 127.1 (q, J = 286.5 

Hz), 127.4, 123.5, 123.1, 122.2, 121.0, 113.9, 108.4, 68.0 (q, J = 25.0 Hz), 60.5, 55.3, 37.5, 

35.8, 26.2, 13.8. 19F NMR (376 MHz, CDCl3) δ -76.56 (s). HRMS Calcd. For C25H26F3N2O4 

([M+H]+): 475.1839, found: 475.1827. The product was analyzed by HPLC to determine the 

enantiomeric excess: 85% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, 

λ = 244 nm); tr = 13.90 and 19.53 min. 
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Ethyl (Z)-4,4,4-trifluoro-3-(((S)-3-((S)-1-(4-methoxyphenyl)allyl)-1-methyl-2-oxoindolin-

3-yl)amino)but-2-enoate: 

Yellow oil; 57% yield; [α]25
D = -51.4 (c 1.37, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 8.87 (s, 

1H), 7.38 (d, J = 7.2 Hz, 1H), 7.35 – 7.29 (m, 1H), 7.16 – 7.05 (m, 1H), 6.66 – 6.42 (m, 5H), 

6.42 – 6.21 (m, 1H), 5.78 – 5.44 (m, J 2H), 5.31 (s, 1H), 4.30 – 4.16 (m, 2H), 3.89 (d, J = 10.2 

Hz, 1H), 3.69 (s, 3H), 2.63 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

175.4, 168.9, 158.8, 146.3 (q, J = 32.8 Hz), 143.7, 133.0, 129.5, 129.4, 128.2, 126.7, 124.6, 

122.1, 121.8, 119.7 (q, J = 277.9 Hz), 112.9, 108.0, 92.4 (q, J = 6.4 Hz), 68.3, 60.1, 58.8, 55.2, 

25.6, 14.3. 19F NMR (376 MHz, CDCl3) δ -65.80 (s). HRMS Calcd. For C25H26F3N2O4 

([M+H]+): 475.1839, found: 475.1824. The product was analyzed by HPLC to determine the 

enantiomeric excess: 96% ee (Chiralpak IE-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, 

λ = 304 nm); tr = 18.85 and 23.81 min. 

 

 

Ethyl (R,E)-6-(4-chlorophenyl)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 38% yield; [α]25
D = 12.8 (c 0.52, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.70 – 

7.61 (m, 1H), 7.41 (td, J = 7.7, 1.2 Hz, 1H), 7.30 – 7.17 (m, 4H), 7.13 – 7.03 (m, 1H), 6.78 (d, 

J = 7.8 Hz, 1H), 6.39 (d, J = 15.7 Hz, 1H), 6.21 – 6.02 (m, 1H), 4.09 – 3.90 (m, 3H), 3.32 – 

3.16 (m, 4H), 3.13 – 2.96 (m, 2H), 1.08 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

169.4, 157.8, 155.1, 145.9, 135.5, 133.4, 133.2, 133.0, 128.6, 127.5, 127.0(q, J = 288.5 Hz), 

124.1, 123.5, 123.1, 122.2, 108.5, 67.9 (q, J = 25.1 Hz), 60.6, 37.4, 35.8, 26.2, 13.8. 19F NMR 

(376 MHz, CDCl3) δ -76.66 (s). HRMS Calcd. For C24H23ClF3N2O3 ([M+H]+): 479.1344, found: 



S21 

 

479.1326. The product was analyzed by HPLC to determine the enantiomeric excess: 91% ee 

(Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 244 nm); tr = 8.62 and 

10.73 min. 

 

 

Ethyl (Z)-3-(((S)-3-((S)-1-(4-chlorophenyl)allyl)-1-methyl-2-oxoindolin-3-yl)amino)-4,4,4-

trifluorobut-2-enoate: 

Yellow oil; 52% yield; [α]25
D = -46.5 (c 1.94, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 8.87 (s, 

1H), 7.38 (d, J = 7.3 Hz, 1H), 7.35 – 7.28 (m, 1H), 7.13 (t, J = 7.5 Hz, 1H), 6.98 (d, J = 8.6 Hz, 

2H), 6.60 – 6.42 (m, 3H), 6.40 – 6.21 (m, 1H), 5.60 (dd, J = 54.3, 13.5 Hz, 2H), 5.33 (s, 1H), 

4.23 (q, J = 6.8 Hz, 2H), 3.91 (d, J = 10.1 Hz, 1H), 2.64 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 175.1, 168.9, 146.2 (q, J = 32.9 Hz), 143.6, 134.7, 133.3, 132.2, 

129.8, 129.7, 127.6, 126.2, 124.7, 122.6, 122.3, 119.6 (q, J = 277.8 Hz), 108.1, 92.8 (q, J = 6.4 

Hz), 68.0, 60.2, 58.8, 25.5, 14.3. 19F NMR (376 MHz, CDCl3) δ -65.86 (s). HRMS Calcd. For 

C24H23ClF3N2O3 ([M+H]+): 479.1344, found: 479.1328. The product was analyzed by HPLC 

to determine the enantiomeric excess: 98% ee (Chiralpak IE-H, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 304 nm); tr = 10.05 and 12.55 min. 

 

 

Ethyl (R,E)-6-(4-bromophenyl)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 35% yield; [α]25
D = 90.8 (c 0.50, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J 

= 7.3 Hz, 1H), 7.47 – 7.34 (m, 3H), 7.16 (d, J = 8.4 Hz, 2H), 7.09 (t, J = 7.5 Hz, 1H), 6.79 (d, 

J = 7.8 Hz, 1H), 6.38 (d, J = 15.7 Hz, 1H), 6.20 – 6.06 (m, 1H), 4.08 – 3.91 (m, 3H), 3.31 – 
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3.18 (m, 4H), 3.12 – 2.97 (m, 2H), 1.08 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

169.4, 157.8, 155.1, 145.9, 136.0, 133.5, 133.3, 131.6, 127.8, 127.0 (q, J = 286.5 Hz), 124.2, 

123.6, 123.2, 122.1, 121.2, 108.5, 67.8 (q, J = 25.1 Hz), 60.6, 37.4, 35.8, 26.2, 13.8. 19F NMR 

(376 MHz, CDCl3) δ -76.68 (s). HRMS Calcd. For C24H23BrF3N2O3 ([M+H]+): 523.0839, found: 

523.0816. The product was analyzed by HPLC to determine the enantiomeric excess: 90% ee 

(Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 244 nm); tr = 9.37 and 

11.65 min. 

 

 

Ethyl (Z)-3-(((S)-3-((S)-1-(4-bromophenyl)allyl)-1-methyl-2-oxoindolin-3-yl)amino)-

4,4,4-trifluorobut-2-enoate: 

Yellow oil; 55% yield; [α]25
D = -26.0 (c 0.85, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 8.87 (s, 

1H), 7.38 (d, J = 7.3 Hz, 1H), 7.35 – 7.29 (m, 1H), 7.21 – 7.09 (m, 3H), 6.47 (dd, J = 30.6, 8.0 

Hz, 3H), 6.37 – 6.21 (m, 1H), 5.73 – 5.47 (m, 2H), 5.33 (s, 1H), 4.32 – 4.19 (m, 2H), 3.90 (d, J 

= 10.1 Hz, 1H), 2.64 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 175.1, 

168.9, 146.2 (q, J = 32.8 Hz), 143.6, 135.2, 132.2, 130.6, 130.1, 129.8, 126.2, 124.7, 122.7, 

122.3, 121.5, 119.6 (q, J = 277.5 Hz), 108.2, 92.9 (q, J = 6.4 Hz), 68.0, 60.2, 58.8, 25.5, 14.3. 

19F NMR (376 MHz, CDCl3) δ -65.86 (s). HRMS Calcd. For C24H23BrF3N2O3 ([M+H]+): 

523.0839, found: 523.0823. The product was analyzed by HPLC to determine the enantiomeric 

excess: 97% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 304 nm); 

tr = 10.78 and 13.27 min. 
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Ethyl (R,E)-6-(3,4-dichlorophenyl)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 34% yield; [α]25
D = 95.8 (c 1.02, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.58 (d, J 

= 7.3 Hz, 1H), 7.40 – 7.31 (m, 1H), 7.27 (dd, J = 14.6, 5.1 Hz, 2H), 7.11 – 6.99 (m, 2H), 6.72 

(d, J = 7.8 Hz, 1H), 6.27 (d, J = 15.7 Hz, 1H), 6.15 – 5.99 (m, 1H), 4.01 – 3.82 (m, 3H), 3.28 – 

3.09 (m, 4H), 3.09 – 2.92 (m, 2H), 1.01 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

168.3, 156.7, 154.2, 144.9, 136.1, 132.5, 131.5, 131.0, 130.0, 129.3, 126.9, 125.9 (q, J = 286.6 

Hz), 124.6, 124.4, 122.6, 122.2, 121.0, 107.5, 66.7 (q, J = 25.0 Hz), 59.6, 36.2, 34.7, 25.2, 12.8. 

19F NMR (376 MHz, CDCl3) δ -76.71 (s). HRMS Calcd. For C24H22Cl2F3N2O3 ([M+H]+): 

513.0954, found: 513.0953. The product was analyzed by HPLC to determine the enantiomeric 

excess: 92% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 244 nm); 

tr = 9.11 and 11.26 min. 

 

 

Ethyl (Z)-3-(((S)-3-((S)-1-(3,4-dichlorophenyl)allyl)-1-methyl-2-oxoindolin-3-yl)amino)-

4,4,4-trifluorobut-2-enoate: 

Yellow oil; 48% yield; [α]25
D = -63.2 (c 2.79, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 8.86 (s, 

1H), 7.45 – 7.30 (m, 2H), 7.23 – 7.05 (m, 2H), 6.67 – 6.46 (m, 3H), 6.36 – 6.17 (m, 1H), 5.61 

(dd, J = 47.5, 13.5 Hz, 2H), 5.34 (s, 1H), 4.29 – 4.15 (m, 2H), 3.89 (d, J = 10.1 Hz, 1H), 2.69 

(s, 3H), 1.31 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 174.96, 168.88, 146.09 (q, J = 

32.9 Hz), 143.51, 136.43, 131.66, 131.47, 131.46, 130.05, 129.33, 128.09, 125.97, 125.96, 

124.65, 123.10, 122.48, 119.61 (q, J = 277.6 Hz), 108.20, 93.12 (q, J = 6.4 Hz), 67.86, 60.25, 

58.49, 25.60, 14.29. 19F NMR (376 MHz, CDCl3) δ -65.89 (s). HRMS Calcd. For 

C24H22Cl2F3N2O3 ([M+H]+): 513.0954, found: 513.0941. The product was analyzed by HPLC 

to determine the enantiomeric excess: 87% ee (Chiralpak IE-H, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 304 nm); tr = 7.39 and 13.24 min. 
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Ethyl (R,E)-6-(3-methoxyphenyl)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 32% yield; [α]25
D = 80.4 (c 1.44, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.65 (dd, 

J = 7.4, 0.7 Hz, 1H), 7.41 (td, J = 7.7, 1.2 Hz, 1H), 7.18 (t, J = 7.9 Hz, 1H), 7.08 (td, J = 7.6, 

0.7 Hz, 1H), 6.90 (d, J = 7.6 Hz, 1H), 6.86 – 6.81 (m, 1H), 6.81 – 6.72 (m, 2H), 6.41 (d, J = 

15.7 Hz, 1H), 6.22 – 6.03 (m, 1H), 4.06 – 3.91 (m, 3H), 3.79 (s, 3H), 3.31 – 3.16 (m, 4H), 3.16 

– 2.99 (m, 2H), 1.08 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 169.5, 159.7, 157.8, 

155.0, 145.9, 138.5, 134.4, 133.4, 129.5, 127.0 (q, J = 286.8 Hz), 123.7, 123.5, 123.2, 122.2, 

118.9, 113.1, 111.6, 108.5, 67.9 (q, J = 25.1 Hz), 60.6, 55.2, 37.4, 35.8, 26.2, 13.8. 19F NMR 

(376 MHz, CDCl3) δ -76.63 (s). HRMS Calcd. For C25H26F3N2O4 ([M+H]+): 475.1839, found: 

475.1825. The product was analyzed by HPLC to determine the enantiomeric excess: 89% ee 

(Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 244 nm); tr = 14.14 and 

24.37 min. 

 

 

Ethyl (Z)-4,4,4-trifluoro-3-(((S)-3-((S)-1-(3-methoxyphenyl)allyl)-1-methyl-2-oxoindolin-

3-yl)amino)but-2-enoate: 

Yellow oil; 47% yield; [α]25
D = -60.8 (c 3.39, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 8.88 (s, 

1H), 7.39 (d, J = 7.3 Hz, 1H), 7.37 – 7.28 (m, 1H), 7.13 (t, J = 7.4 Hz, 1H), 6.95 (t, J = 7.9 Hz, 

1H), 6.64 (dd, J = 8.2, 2.2 Hz, 1H), 6.49 (d, J = 7.8 Hz, 1H), 6.42 – 6.25 (m, 2H), 5.96 (s, 1H), 

5.82 – 5.48 (m, 2H), 5.32 (s, 1H), 4.24 (q, J = 7.1 Hz, 2H), 3.92 (d, J = 10.2 Hz, 1H), 3.49 (s, 

3H), 2.62 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 175.2, 168.9, 158.6, 
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146.3 (q, J = 32.9 Hz), 143.9, 137.5, 132.6, 129.6, 128.5, 126.7, 124.6, 122.3, 122.1, 121.2, 

119.7 (q, J = 277.6 Hz), 114.3, 112.3, 107.9, 92.6 (q, J = 6.5 Hz), 68.2, 60.2, 59.5, 54.9, 25.5, 

14.3. 19F NMR (376 MHz, CDCl3) δ -65.81 (s). HRMS Calcd. For C25H26F3N2O4 ([M+H]+): 

475.1839, found: 475.1827. The product was analyzed by HPLC to determine the enantiomeric 

excess: 91% ee (Chiralpak IE-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 304 nm); 

tr = 4.29 and 4.89 min. 

 

 

Ethyl (R,E)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-6-(m-tolyl)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 39% yield; [α]25
D = 76.5 (c 0.95, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J 

= 7.4 Hz, 1H), 7.50 – 7.34 (m, 1H), 7.21 – 7.05 (m, 4H), 7.02 (d, J = 7.3 Hz, 1H), 6.77 (d, J = 

7.8 Hz, 1H), 6.42 (d, J = 15.7 Hz, 1H), 6.24 – 6.07 (m, 1H), 4.11 – 3.91 (m, 3H), 3.33 – 3.15 

(m, 4H), 3.15 – 2.95 (m, 2H), 2.31 (s, 3H), 1.07 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 169.6, 157.8, 155.0, 145.9, 138.0, 137.0, 134.7, 133.4, 128.4, 128.3, 127.1 (q, J = 286.4 Hz), 

127.0, 123.5, 123.5, 123.1, 123.0, 122.2, 108.4, 68.0 (q, J = 24.9 Hz), 60.6, 37.5, 35.8, 26.2, 

21.4, 13.8. 19F NMR (376 MHz, CDCl3) δ -76.57 (s). HRMS Calcd. For C25H26F3N2O3 

([M+H]+): 459.1890, found: 459.1876. The product was analyzed by HPLC to determine the 

enantiomeric excess: 94% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, 

λ = 244 nm); tr = 7.538 and 9.14 min. 

 

 

Ethyl (Z)-4,4,4-trifluoro-3-(((S)-1-methyl-2-oxo-3-((S)-1-(m-tolyl)allyl)indolin-3-

yl)amino)but-2-enoate: 
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Yellow oil; 57% yield; [α]25
D = -76.1 (c 2.86, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 8.87 (s, 

1H), 7.39 (d, J = 7.3 Hz, 1H), 7.34 – 7.23 (m, 1H), 7.20 – 7.05 (m, 1H), 6.97 – 6.81 (m, 2H), 

6.57 – 6.17 (m, 4H), 5.83 – 5.46 (m, 2H), 5.32 (s, 1H), 4.35 – 4.13 (m, 2H), 3.88 (d, J = 10.3 

Hz, 1H), 2.58 (s, 3H), 2.07 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

175.2, 168.9, 146.3 (q, J = 32.8 Hz), 143.8, 137.0, 135.9, 132.8, 129.5, 128.1, 127.3, 127.2 (q, 

J = 332.7 Hz), 126.7, 124.6, 122.1, 122.0, 121.1, 118.3, 107.8, 92.5 (q, J = 6.4 Hz), 68.3, 60.1, 

59.6, 25.4, 21.2, 14.3. 19F NMR (376 MHz, CDCl3) δ -65.75 (s). HRMS Calcd. For 

C25H26F3N2O3 ([M+H]+): 459.1890, found: 459.1882. The product was analyzed by HPLC to 

determine the enantiomeric excess: 97% ee (Chiralpak IE-H, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 304 nm); tr = 12.89 and 14.27 min. 

 

 

Ethyl (R,E)-6-(benzo[d][1,3]dioxol-5-yl)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-

3-(trifluoromethyl)hex-5-enoate: 

Yellow oil; 41% yield; [α]25
D = 110.5 (c 1.84, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.65 (dd, 

J = 7.4, 0.7 Hz, 1H), 7.41 (td, J = 7.7, 1.2 Hz, 1H), 7.08 (td, J = 7.6, 0.6 Hz, 1H), 6.84 (d, J = 

1.0 Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 6.76 – 6.64 (m, 2H), 6.35 (d, J = 15.7 Hz, 1H), 6.05 – 

5.86 (m, 3H), 4.12 – 3.92 (m, 3H), 3.26 – 3.13 (m, 4H), 3.12 – 2.98 (m, 2H), 1.07 (t, J = 7.1 

Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 169.6, 157.8, 155.0, 147.9, 147.1, 145.9, 134.0, 133.4, 

131.6, 127.0 (q, J = 286.6 Hz), 123.5, 123.1, 122.2, 121.5, 120.8, 108.4, 108.2, 105.7, 101.0, 

68.0 (q, J = 24.9 Hz), 60.5, 37.3, 35.8, 26.2, 13.8. 19F NMR (376 MHz, CDCl3) δ -76.57 (s). 

HRMS Calcd. For C25H24F3N2O5 ([M+H]+): 489.1632, found: 489.1620. The product was 

analyzed by HPLC to determine the enantiomeric excess: 85% ee (Chiralpak ID-H, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 244 nm); tr = 9.39 and 14.25 min. 
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Ethyl (Z)-3-(((S)-3-((S)-1-(benzo[d][1,3]dioxol-5-yl)allyl)-1-methyl-2-oxoindolin-3-

yl)amino)-4,4,4-trifluorobut-2-enoate: 

Yellow oil; 53% yield; [α]25
D = -61.1 (c 2.19, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 8.85 (s, 

1H), 7.43 – 7.30 (m, 2H), 7.11 (t, J = 7.3 Hz, 1H), 6.52 (dd, J = 20.5, 7.9 Hz, 2H), 6.35 – 6.12 

(m, 2H), 5.95 (s, 1H), 5.81 (dd, J = 8.9, 1.2 Hz, 2H), 5.70 – 5.43 (m, 2H), 5.31 (s, 1H), 4.33 – 

4.13 (m, 2H), 3.86 (d, J = 10.1 Hz, 1H), 2.71 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 175.3, 168.9, 146.7, 146.6, 146.2 (q, J = 32.9 Hz), 143.8, 132.8, 129.9, 129.7, 

126.6, 124.6, 122.2, 122.0, 119.7 (q, J = 277.8 Hz), 108.4, 107.9, 107.4, 100.8, 92.6 (q, J = 6.4 

Hz), 68.1, 60.1, 59.1, 25.7, 14.3. 19F NMR (376 MHz, CDCl3) δ -65.82 (s). HRMS Calcd. For 

C25H24F3N2O5 ([M+H]+): 489.1632, found: 489.1623. The product was analyzed by HPLC to 

determine the enantiomeric excess: 95% ee (Chiralpak IE-H, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 304 nm); tr = 26.93 and 30.49 min. 

 

 

Ethyl (R,E)-6-(3-chlorophenyl)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 43 % yield; [α]25
D = 118.6 (c 2.03, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.65 (d, 

J = 7.0 Hz, 1H), 7.49 – 7.35 (m, 1H), 7.27 (s, 1H), 7.24 – 7.14 (m, 3H), 7.09 (t, J = 7.4 Hz, 1H), 

6.79 (d, J = 7.8 Hz, 1H), 6.38 (d, J = 15.7 Hz, 1H), 6.24 – 6.09 (m, 1H), 4.10 – 3.89 (m, 3H), 

3.35 – 3.17 (m, 4H), 3.15 – 2.97 (m, 2H), 1.08 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 169.4, 157.8, 155.2, 145.9, 138.9, 134.4, 133.5, 133.1, 129.7, 127.4, 127.0 (q, J = 286.5 Hz), 

126.2, 125.0, 124.5, 123.6, 123.2, 122.1, 108.5, 67.8 (q, J = 25.1 Hz), 60.6, 37.3, 35.8, 26.2, 
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13.8. 19F NMR (376 MHz, CDCl3) δ -76.67 (s). HRMS Calcd. For C24H23ClF3N2O3 ([M+H]+): 

479.1344, found: 479.1334. The product was analyzed by HPLC to determine the enantiomeric 

excess: 93% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 244 nm); 

tr = 8.11 and 9.89 min. 

 

 

Ethyl (Z)-3-(((S)-3-((S)-1-(3-chlorophenyl)allyl)-1-methyl-2-oxoindolin-3-yl)amino)-4,4,4-

trifluorobut-2-enoate: 

Yellow oil; 56% yield; [α]25
D = -100.3 (c 2.63, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 8.87 (s, 

1H), 7.47 – 7.29 (m, 2H), 7.21 – 6.92 (m, 3H), 6.65 – 6.49 (m, 2H), 6.40 (s, 1H), 6.38 – 6.20 

(m, 1H), 5.81 – 5.46 (m, 2H), 5.33 (s, 1H), 4.38 – 4.17 (m, 2H), 3.90 (d, J = 10.2 Hz, 1H), 2.64 

(s, 3H), 1.31 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 175.0, 168.9, 146.2 (q, J = 32.8 

Hz), 143.6, 138.1, 133.2, 132.0, 129.9, 128.7, 128.2, 127.6, 127.0, 126.2, 124.6, 122.8, 122.3, 

119.6 (q, J = 277.6 Hz), 108.02, 92.9 (q, J = 6.3 Hz), 68.1, 60.2, 59.1, 25.5, 14.3. 19F NMR (376 

MHz, CDCl3) δ -65.82 (s). HRMS Calcd. For C24H23ClF3N2O3 ([M+H]+): 479.1344, found: 

479.1334. The product was analyzed by HPLC to determine the enantiomeric excess: 97% ee 

(Chiralpak IE-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 304 nm); tr = 11.26 and 

15.37 min. 

 

 

Ethyl (R,E)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-6-(naphthalen-2-yl)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 35% yield; [α]25
D = 65.6 (c 0.50, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.81 – 

7.70 (m, 3H), 7.70 – 7.62 (m, 2H), 7.52 (dd, J = 8.5, 1.2 Hz, 1H), 7.48 – 7.36 (m, 3H), 7.08 (t, 
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J = 7.5 Hz, 1H), 6.76 (d, J = 7.8 Hz, 1H), 6.60 (d, J = 15.7 Hz, 1H), 6.34 – 6.19 (m, 1H), 4.13 

– 3.93 (m, 3H), 3.30 (dd, J = 14.4, 7.0 Hz, 1H), 3.18 (s, 3H), 3.22 – 3.02 (m, 2H), 1.08 (t, J = 

7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 169.6, 157.8, 155.1, 145.9, 134.7, 134.5, 133.5, 

133.4, 132.9, 128.1, 128.0, 127.1 (q, J = 286.4 Hz), 127.6, 126.2, 126.0, 125.8, 123.7, 123.6, 

123.5, 123.2, 122.2, 108.5, 68.0 (q, J = 25.1 Hz), 60.6, 37.6, 35.8, 26.2, 13.9. 19F NMR (376 

MHz, CDCl3) δ -76.60 (s). HRMS Calcd. For C28H26F3N2O3 ([M+H]+): 495.1890, found: 

495.1882. The product was analyzed by HPLC to determine the enantiomeric excess: 90% ee 

(Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 244 nm); tr = 11.63 and 

15.59 min. 

 

 

Ethyl (Z)-4,4,4-trifluoro-3-(((S)-1-methyl-3-((S)-1-(naphthalen-2-yl)allyl)-2-oxoindolin-3-

yl)amino)but-2-enoate: 

Yellow oil; 45% yield; [α]25
D = -32.3 (c 3.60, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 8.96 (s, 

1H), 7.74 – 7.60 (m, 1H), 7.57 – 7.43 (m, 3H), 7.41 – 7.33 (m, 2H), 7.32 – 7.26 (m, 1H), 7.16 

(t, J = 7.3 Hz, 1H), 7.01 (s, 1H), 6.68 (d, J = 8.3 Hz, 1H), 6.54 – 6.39 (m, 1H), 6.33 (d, J = 7.7 

Hz, 1H), 5.81 – 5.47 (m, 2H), 5.35 (s, 1H), 4.35 – 4.18 (m, 2H), 4.11 (d, J = 10.1 Hz, 1H), 2.41 

(s, 3H), 1.32 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 175.3, 168.9, 146.3 (q, J = 32.8 

Hz), 143.7, 133.6, 132.8, 132.7, 132.5, 129.6, 127.9, 127.6, 127.3, 126.8, 126.6, 126.3, 125.9, 

125.8, 124.7, 122.3, 122.2, 119.7 (q, J = 277.8 Hz), 108.0, 92.7 (q, J = 6.3 Hz), 68.3, 60.2, 59.7, 

25.4, 14.3. 19F NMR (376 MHz, CDCl3) δ -65.77 (s). HRMS Calcd. For C28H26F3N2O3 

([M+H]+): 495.1890, found: 495.1877. The product was analyzed by HPLC to determine the 

enantiomeric excess: 97% ee (Chiralpak IE-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, 

λ = 304 nm); tr = 17.95 and 21.08 min. 

 



S30 

 

 

Ethyl (R,E)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-6-(thiophen-2-yl)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 90% yield; [α]25
D = 170.6 (c 3.27, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.65 (dd, 

J = 7.4, 0.7 Hz, 1H), 7.41 (td, J = 7.7, 1.3 Hz, 1H), 7.13 – 7.02 (m, 2H), 6.90 (dt, J = 12.4, 3.4 

Hz, 2H), 6.78 (d, J = 7.8 Hz, 1H), 6.58 (d, J = 15.5 Hz, 1H), 5.97 (ddd, J = 15.4, 8.2, 1.1 Hz, 

1H), 4.05 – 3.93 (m, 3H), 3.27 – 3.14 (m, 4H), 3.11 – 2.97 (m, 2H), 1.07 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 169.5, 157.8, 155.1, 145.9, 142.0, 133.4, 127.7, 127.2, 127.0 (q, 

J = 286.2 Hz), 125.3, 124.1, 123.5, 123.2, 122.9, 122.2, 108.5, 67.9 (q, J = 25.0 Hz), 60.6, 37.3, 

35.7, 26.2, 13.8. 19F NMR (376 MHz, CDCl3) δ -76.68 (s). HRMS Calcd. For C22H22F3N2O3S 

([M+H]+): 451.1298, found: 459.1285. The product was analyzed by HPLC to determine the 

enantiomeric excess: 94% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, 

λ = 244 nm); tr = 9.26 and 12.61 min. 

 

 

Ethyl (R,E)-6-(furan-2-yl)-3-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-3-

(trifluoromethyl)hex-5-enoate: 

Yellow oil; 81% yield; [α]25
D = 35.9 (c 2.29, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.65 (dd, 

J = 7.4, 0.7 Hz, 1H), 7.41 (td, J = 7.7, 1.3 Hz, 1H), 7.29 (d, J = 1.5 Hz, 1H), 7.08 (td, J = 7.6, 

0.8 Hz, 1H), 6.79 (d, J = 7.8 Hz, 1H), 6.36 – 6.30 (m, 2H), 6.15 (d, J = 3.2 Hz, 1H), 6.07 (dt, J 

= 14.8, 7.2 Hz, 1H), 4.06 – 3.91 (m, 3H), 3.31 – 3.17 (m, 4H), 3.12 – 2.97 (m, 2H), 1.07 (t, J = 

7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 169.5, 157.7, 155.0, 152.5, 146.0, 141.8, 133.4, 

127.0 (q, J = 286.4 Hz), 123.5, 123.2, 122.8, 122.1, 121.9, 111.1, 108.4, 107.4, 67.8 (q, J = 25.0 

Hz), 60.5, 37.3, 35.7, 26.2, 13.8. 19F NMR (376 MHz, CDCl3) δ -76.57 (s). HRMS Calcd. For 
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C22H22F3N2O4 ([M+H]+): 435.1526, found: 435.1516. The product was analyzed by HPLC to 

determine the enantiomeric excess: 85% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 244 nm); tr = 9.39 and 14.25 min. 

 

 

Ethyl (Z)-3-(((R/S)-3-((R)-but-3-en-2-yl)-1-methyl-2-oxoindolin-3-yl)amino)-4,4,4-

trifluorobut-2-enoate: 

Yellow oil; 88% yield; [α]25
D = -31.0 (c 2.45, CH2Cl2). Minor: 1H NMR (400 MHz, CDCl3) δ 

8.87 (s, 1H), 7.38 – 7.30 (m, 1H), 7.20 (dd, J = 6.7, 4.0 Hz, 1H), 7.11 – 7.03 (m, 1H), 6.81 (d, 

J = 7.9 Hz, 1H), 5.54 – 5.05 (m, 4H), 4.28 – 4.14 (m, 2H), 3.15 (s, 3H), 2.95 – 2.75 (m, 1H), 

1.30 (t, J = 6.8, 3H), 1.12 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 175.9, 169.2, 

146.9 (q, J = 33.0 Hz), 143.7, 135.7, 129.4, 127.7, 124.2, 122.4, 119.6 (q, J = 277.8 Hz), 118.8 , 

107.9, 92.2 (q, J = 6.5 Hz), 67.1, 60.2, 48.6, 26.0, 14.4, 14.2. 19F NMR (376 MHz, CDCl3) δ -

65.83 (s). Major: 1H NMR (400 MHz, CDCl3) δ 8.84 (s, 1H), 7.37 – 7.30 (m, 1H), 7.24 – 7.17 

(m, 1H), 7.10 – 7.03 (m, 1H), 6.84 (d, J = 7.8 Hz, 1H), 5.93 – 5.77 (m, 1H), 5.56 – 5.03 (m, 

3H), 4.30 – 4.12 (m, 2H), 3.20 (s, 3H), 2.94 – 2.76 (m, 1H), 1.29 (t, J = 7.2 Hz, 3H), 0.74 (d, J 

= 6.7 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 176.3, 168.9, 146.4 (q, J = 32.9 Hz), 143.8, 135.4, 

129.4, 127.0, 124.7, 122.4, 120.1, 119.6 (q, J = 277.8 Hz), 108.0, 92.2 (q, J = 6.5 Hz), 67.0, 

60.1, 47.9, 26.1, 14.4, 14.3. 19F NMR (376 MHz, CDCl3) δ -66.05 (s). HRMS Calcd. For 

C19H22F3N2O3 ([M+H]+): 383.1577, found: 383.1563. The product was analyzed by HPLC to 

determine the enantiomeric excess: Major: 89% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, 

flow rate 1.0 mL/min, λ = 304 nm); tr = 7.26 and 10.79 min; Minor: 81% ee (Chiralpak ID-H, 

i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 304 nm); tr = 6.25 and 12.00 min. 
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In a 25 mL nitrogen-filled dry Schlenk tube, [Ir(COD)Cl]2 (3.3 mg, 0.005 mmol), 

phosphoramidite ligand (S,S,S)-L1 (5.6 mg, 0.01 mmol), degassed THF (0.5 mL) and degassed 

propylamine (0.5 mL) were added. After stirring at 50 oC for 30 mins, the reaction was 

concentrated via rotary evaporation under reduced pressure to give the iridium complex as a 

pale yellow solid6. Then, 1 (0.20 mmol), cinnamyl carbonate 2a(0.22 mmol), DBU (0.2mmol) 

and dry DCE (2 mL) was added into the nitrogen-refilled Schlenk tube. Once starting material 

was consumed (monitored by TLC), the reaction mixture was concentrated via rotary 

evaporation under reduced pressure, and then purified by chromatography on silica gel (PE / 

EA = 5:1) to give corresponding products 6 and 7. 

 

 

Ethyl (S,E)-4-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-7-phenyl-4-

(trifluoromethyl)hept-6-enoate: 

Yellow oil; 44% yield; [α]25
D = 179.2 (c 0.61, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.61 (d, 

J = 7.3 Hz, 1H), 7.41 (td, J = 7.7, 1.0 Hz, 1H), 7.29 – 7.21 (m, 4H), 7.20 – 7.13 (m, 1H), 7.08 

(t, J = 7.4 Hz, 1H), 6.77 (d, J = 7.8 Hz, 1H), 6.39 (d, J = 15.7 Hz, 1H), 6.19 – 6.03 (m, 1H), 

4.11 – 3.99 (m, 2H), 3.32 (dd, J = 14.5, 7.6 Hz, 1H), 3.20 (s,3H), 3.15 – 2.98 (m, 2H), 2.57 – 

2.40 (m, 2H), 2.32 – 2.17 (m, 1H), 1.19 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

172.8, 157.2, 154.5, 146.0, 137.3, 133.9, 133.4, 128.4, 127.2, 126.2, 126.1 (q, J = 284.3 Hz), 

124.2, 123.4, 122.9, 122.1, 108.4, 68.9 (q, J = 23.9 Hz),, 60.5, 37.0, 29.4, 27.8, 26.2, 14.1. 19F 
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NMR (376 MHz, CDCl3) δ -74.82 (s). HRMS Calcd. For C25H26F3N2O3 ([M+H]+): 459.1890, 

found: 459.1879. The product was analyzed by HPLC to determine the enantiomeric excess: 

90% ee (Chiralpak ID-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 244 nm); tr = 

9.98 and 12.34 min. 

 

 

Ethyl (Z)-5,5,5-trifluoro-4-(((S)-1-methyl-2-oxo-3-((S)-1-phenylallyl)indolin-3-

yl)imino)pentanoate: 

Yellow oil; 35% yield; [α]25
D = 47.5 (c 1.03, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.32 (td, 

J = 7.6, 1.6 Hz, 1H), 7.20 – 6.95 (m, 5H), 6.78 – 6.69 (m, 2H), 6.65 (d, J = 7.8 Hz, 1H), 6.63 – 

6.53 (m, 1H), 5.41 – 5.07 (m, 2H), 4.07 (d, J = 6.9 Hz, 1H), 3.99 (q, J = 7.1 Hz, 2H), 2.76 (s, 

3H), 2.45 – 2.27 (m, 1H), 2.11 (dd, J = 9.5, 7.2 Hz, 2H), 2.02 – 1.88 (m, 1H), 1.16 (t, J = 7.1 

Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 175.4, 171.2, 160.5 (q, J = 32.6 Hz), 143.2, 136.7, 

135.4, 129.7, 129.5, 128.9, 127.5, 127.2, 124.7, 122.8, 119.5 (q, J = 281.6 Hz), 119.3, 108.5, 

72.1, 60.8, 58.0, 28.6, 25.9, 25.8, 14.1. 19F NMR (376 MHz, CDCl3) δ -71.32 (s). HRMS Calcd. 

For C25H26F3N2O3 ([M+H]+): 459.1890, found: 459.1876. The product was analyzed by HPLC 

to determine the enantiomeric excess: 94% ee (Chiralpak IE-H, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 304 nm); tr = 6.29 and 7.58 min. 

 

 

Ethyl (S,E)-5-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-8-phenyl-5-

(trifluoromethyl)oct-7-enoate: 

Yellow oil; 45% yield; [α]25
D = 31.7 (c 0.57, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.62 (d, J 

= 7.2 Hz, 1H), 7.40 (dt, J = 7.8, 3.9 Hz, 1H), 7.32 – 7.21 (m, 4H), 7.18 (dd, J = 6.1, 2.4 Hz, 
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1H), 7.08 (t, J = 7.5 Hz, 1H), 6.77 (d, J = 7.8 Hz, 1H), 6.38 (d, J = 15.7 Hz, 1H), 6.20 – 6.02 

(m, 1H), 4.16 – 4.01 (m, 2H), 3.28 (dd, J = 14.5, 7.5 Hz, 1H), 3.19 (s, 3H), 3.07 (dd, J = 14.5, 

7.5 Hz, 1H), 2.67 (t, J = 11.5 Hz, 1H), 2.31 – 2.18 (m, 2H), 2.18 – 2.08 (m, 1H), 1.90 – 1.72 

(m, 1H), 1.63 – 1.45 (m, 1H), 1.21 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 173.2, 

157.2, 153.9, 145.8, 137.4, 133.7, 133.2, 128.4, 127.9 (q, J = 287.1 Hz), 127.2, 126.2, 124.5, 

123.4, 122.9, 122.2, 108.4, 69.5 (q, J = 24.2 Hz), 58.3, 37.1, 34.6, 32.5, 26.2, 19.8, 8.2. 19F 

NMR (376 MHz, CDCl3) δ -74.64 (s). HRMS Calcd. For C26H28F3N2O3 ([M+H]+): 473.2047, 

found: 473.2038. The product was analyzed by HPLC to determine the enantiomeric excess: 

93% ee (Chiralpak AS-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 250 nm); tr = 

6.80 and 9.42 min. 

 

 

Ethyl (Z)-6,6,6-trifluoro-5-(((S)-1-methyl-2-oxo-3-((S)-1-phenylallyl)indolin-3-

yl)imino)hexanoate: 

Yellow oil; 37% yield; [α]25
D = 28.0 (c 4.56, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.37 – 

7.28 (m, 1H), 7.20 – 6.97 (m, 5H), 6.76 – 6.68 (m, 2H), 6.65 (d, J = 7.8 Hz, 1H), 6.62 – 6.51 

(m, 1H), 5.24 (ddt, J = 73.7, 17.2, 1.5 Hz, 2H), 4.08 (d, J = 6.8 Hz, 1H), 4.05 – 3.94 (m, 2H), 

2.76 (s, 3H), 1.98 – 1.75 (m, 4H), 1.73 – 1.55 (m, 2H), 1.17 (t, J = 7.1 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 175.2, 172.0, 161.6 (q, J = 32.3 Hz), 143.1, 136.8, 135.4, 129.6, 129.5, 129.1, 

127.5, 127.2, 124.8, 122.7, 119.5 (q, J = 282.1 Hz), 119.3, 108.3, 72.1, 60.4, 58.3, 34.0, 30.6, 

25.7, 20.0, 14.1. 19F NMR (376 MHz, CDCl3) δ -70.84 (s). HRMS Calcd. For C26H28F3N2O3 

([M+H]+): 473.2047, found: 473.2037. The product was analyzed by HPLC to determine the 

enantiomeric excess: 95% ee (Chiralpak AS-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, 

λ = 210 nm); tr = 4.37 and 4.70 min. 
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Ethyl (S,E)-6-(((Z)-1-methyl-2-oxoindolin-3-ylidene)amino)-9-phenyl-6-

(trifluoromethyl)non-8-enoate: 

Yellow oil; 44% yield; [α]25
D = 78.8 (c 1.09, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.62 (d, J 

= 7.0 Hz, 1H), 7.40 (td, J = 7.7, 0.9 Hz, 1H), 7.26 (dd, J = 19.2, 4.9 Hz, 4H), 7.20 – 7.13 (m, 

1H), 7.08 (t, J = 7.5 Hz, 1H), 6.77 (d, J = 7.8 Hz, 1H), 6.38 (d, J = 15.7 Hz, 1H), 6.20 – 6.02 

(m, 1H), 4.05 (q, J = 7.1 Hz, 2H), 3.35 – 3.24 (m, 1H), 3.20 (s, 3H), 3.12 – 3.02 (m, 1H), 2.71 

– 2.57 (m, 1H), 2.24 (t, J = 7.4 Hz, 2H), 2.20 – 2.04 (m, 1H), 1.62 – 1.45 (m, 4H), 1.19 (t, J = 

7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 173.5, 157.2, 153.7, 145.8, 137.4, 133.6, 133.2, 

128.4, 127.9 (q, J = 286.8 Hz), 127.2, 126.2, 124.6, 123.4, 122.9, 122.2, 108.4, 69.6 (q, J = 23.9 

Hz), 60.2, 37.1, 34.1, 32.8, 26.2, 25.5, 23.7, 14.2. 19F NMR (376 MHz, CDCl3) δ -74.65 (s). 

HRMS Calcd. For C27H30F3N2O3 ([M+H]+): 487.2203, found: 487.2193. The product was 

analyzed by HPLC to determine the enantiomeric excess: 90% ee (Chiralpak IE-H, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 8.52 and 9.34 min. 

 

 

Ethyl (Z)-7,7,7-trifluoro-6-(((S)-1-methyl-2-oxo-3-((S)-1-phenylallyl)indolin-3-

yl)imino)heptanoate: 

Yellow oil; 36% yield; [α]25
D = 31.9 (c 1.61, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.33 (td, 

J = 7.8, 1.8 Hz, 1H), 7.19 – 6.96 (m, 5H), 6.78 – 6.50 (m, 4H), 5.38 – 5.07 (m, 2H), 4.12 – 3.96 

(m, 3H), 2.76 (s, 3H), 1.97 (t, J = 7.6 Hz, 2H), 1.91 – 1.69 (m, 2H), 1.44 – 1.02 (m, 5H), 0.98 

– 0.72 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 175.2, 172.9, 161.6 (q, J = 32.1 Hz), 143.1, 

136.8, 135.4, 129.6, 129.5, 129.2, 127.5, 127.2, 124.9, 122.7, 119.5 (q, J = 283.2 Hz), 119.3, 

108.2, 72.1, 60.3, 58.3, 33.5, 31.1, 25.7, 25.2, 24.1, 14.2. 19F NMR (376 MHz, CDCl3) δ -70.86 
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(s). HRMS Calcd. For C27H30F3N2O3 ([M+H]+): 487.2203, found: 487.2193. The product was 

analyzed by HPLC to determine the enantiomeric excess: 97% ee (Chiralpak AD-H, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 220 nm); tr = 4.92 and 7.21 min. 

 

5. Synthetic transformations 

 

 

 

To a 10 mL vial, 3a or 4a (0.4 mmol) was diluted in 1 ml MeOH, then NH2OH•OAc (0.5 

mmol) was added. After stirring for 3 hours, the solvent was removed by rotary evaporation, 8 

or 9 were obtained by chromatography on silica gel (PE / EA = 20 : 1) as colorless oil. 

 

 

Ethyl (S,E)-2-amino-5-phenyl-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 80% yield; [α]25
D = 11.3 (c 3.80, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.49 – 

7.05 (m, 5H), 6.56 (d, J = 15.8 Hz, 1H), 6.15 – 5.96 (m, 1H), 4.31 (q, J = 7.1 Hz, 2H), 2.98 (dd, 

J = 13.8, 7.1 Hz, 1H), 2.65 (dd, J = 13.8, 7.8 Hz, 1H), 1.94 (s, 2H), 1.32 (t, J = 7.1 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 168.9, 136.4, 136.2, 128.6, 127.9, 126.4, 124.9 (q, J = 286.5 Hz), 

121.1, 64.3 (q, J = 26.9 Hz), 36.7, 14.1. 19F NMR (376 MHz, CDCl3) δ -77.10 (s). HRMS Calcd. 

For C14H17F3NO2 ([M+H]+): 288.1143, found: 288.1130. As the product could not be split by 

HPLC, the enantiomeric excess was determined as 95% base on products 3a and 12. 

 

 

Ethyl (S,E)-3-amino-6-phenyl-3-(trifluoromethyl)hex-5-enoate: 
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Colorless oil; 86% yield; [α]25
D = -1.5 (c 3.88, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.45 – 

7.15 (m, 5H), 6.52 (d, J = 15.8 Hz, 1H), 6.32 – 6.10 (m, 1H), 4.15 (qd, J = 7.1, 1.5 Hz, 2H), 

2.74 – 2.50 (m, 4H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 170.1, 136.8, 

135.3, 128.6, 127.7, 127.1 (q, J = 287.1 Hz), 126.3, 122.5, 61.0, 58.3 (q, J = 25.9 Hz), 38.9, 

38.3, 14.1. 19F NMR (376 MHz, CDCl3) δ -79.49 (s). HRMS Calcd. For C15H19F3NO2 ([M+H]+): 

302.1362, found: 302.1352. The product was analyzed by HPLC to determine the enantiomeric 

excess: 91% ee (Chiralpak AD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 250 

nm); tr = 9.83 and 12.00 min. 

 

 

 

To a 5 mL vial equipped with stirrer bar were added 8 or 9 (0.2 mmol), I2 (0.6 mmol) and 

CH3CN (1 mL). NaHCO3 was added to the mixture and stirred at -20 oC for 12 h. Once the start 

material was disappeared, the mixture was quenched by addition of CH2Cl2 (5 mL) and 

saturated Na2S2O3 (5 mL), and the aqueous layer was extracted with additional portions of 

CH2Cl2. The combined organic layers were combined, concentrated, purified by flash 

chromatography on silica gel (PE / EA = 5:1) to give the desired product 10 or 11 as brown oil. 

 

 

Ethyl (2R,4R,5S)-4-iodo-5-phenyl-2-(trifluoromethyl)pyrrolidine-2-carboxylate: 

Colorless oil; 81% yield; [α]25
D = 12.5 (c 0.83, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.50 – 

7.29 (m, 5H), 4.55 – 4.21 (m, 3H), 3.86 – 3.69 (m, 1H), 3.24 (s, 1H), 3.04 (dd, J = 13.8, 6.9 Hz, 

1H), 2.73 (dd, J = 13.7, 12.4 Hz, 1H), 1.37 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

169.7, 137.2, 129.0, 128.9, 127.3, 124.6 (q, J = 283.9 Hz), 73.4, 71.1 (q, J = 29.7 Hz), 63.6, 

44.0, 24.0, 14.0. 19F NMR (376 MHz, CDCl3) δ -76.30 (s). HRMS Calcd. For C14H16F3INO2 

([M+H]+): 414.0172, found: 414.0157. The product was analyzed by HPLC to determine the 
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enantiomeric excess: 95% ee (Chiralpak IE-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, 

λ = 220 nm); tr = 4.19 and 4.54 min. 

 

 

Ethyl 2-((2S,4R,5S)-4-iodo-5-phenyl-2-(trifluoromethyl)pyrrolidin-2-yl)acetate: 

Colorless oil; 86% yield; [α]25
D = -1.9 (c 1.87, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.53 – 

7.41 (m, 2H), 7.41 – 7.30 (m, 3H), 4.38 (d, J = 10.2 Hz, 1H), 4.31 – 4.18 (m, 2H), 3.96 (dd, J 

= 18.8, 10.4 Hz, 1H), 2.95 – 2.55 (m, 5H), 1.31 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 169.9, 137.7, 128.7, 128.6, 127.0 (q, J = 291.5 Hz), 127.3, 73.0, 65.7 (q, J = 27.6 Hz), 61.4, 

43.5, 38.0, 38.0, 25.5, 14.2. 19F NMR (376 MHz, CDCl3) δ -80.33 (s), -80.57 (s). HRMS Calcd. 

For C15H18F3INO2 ([M+H]+): 428.0329, found: 428.0317. The product was analyzed by HPLC 

to determine the enantiomeric excess: 91% ee (Chiralpak OD-H, i-propanol/hexane = 5/95, 

flow rate 1.0 mL/min, λ = 210 nm); tr = 4.38 and 4.62 min. 

 

 

 

8 or 9 (0.4 mmol) was added to a 25 ml nitrogen-filled dry shlenk tube, followed by THF. 

Under -20 ℃, DIBAL-H (1.0 mmol) was added dropwised. After stirring for 2 hours at room 

temprature, the reaction was quenched by cold NaOH aq (1 M, 10 ml), and the aqueous layer 

was extracted with additional portions of CH2Cl2. The combined organic layers were combined, 

concentrated and purified by flash chromatography on silica gel (PE / EA = 5 : 1). The crude 

product, CH2Cl2 (2 mL) and Et3N (, 0.5 mmol) were added to a 25-mL vial,. After stirring for 

5 mins under 0 ℃, MsCl (0.4 mmol) was added via a microsyringe, then the reaction was 

allowed to react for overnight at rt. Once the starting material was consumed (monitored by 

TLC), the reaction mixture was concentrated via rotary evaporation under reduced pressure, 
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and then purified by flash chromatography on Al2O3 (PE / EA = 10 : 1) to give 12 or 13 as 

colorless oil. 

 

 

(R)-2-cinnamyl-2-(trifluoromethyl)aziridine: 

Colorless oil; 85% yield; [α]25
D = 0.4 (c 1.03, CH2Cl2). 

1H NMR (400 MHz, DMSO) δ 7.42 (d, 

J = 7.4 Hz, 2H), 7.33 (t, J = 7.4 Hz, 2H), 7.24 (t, J = 7.1 Hz, 1H), 6.55 (d, J = 15.8 Hz, 1H), 

6.38 – 6.14 (m, 1H), 2.70 (d, J = 7.0 Hz, 2H), 2.12 (t, J = 8.2 Hz, 1H), 1.91 (d, J = 9.7 Hz, 1H), 

1.78 (d, J = 7.9 Hz, 1H). 13C NMR (101 MHz, DMSO) δ 137.1, 133.6, 129.1, 127.9, 126.9 (q, 

J = 277.4 Hz ), 126.6, 124.2, 37.9 (q, J = 33.2 Hz ), 33.5, 26.8. 19F NMR (376 MHz, CDCl3) δ 

-70.54 (s). HRMS Calcd. For C12H13F3N ([M+H]+): 228.0995, found: 228.0989. The product 

was analyzed by HPLC to determine the enantiomeric excess: 92% ee (Chiralpak AD-H, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 254 nm); tr = 6.34 and 8.35 min. 

 

 

(R)-2-cinnamyl-2-(trifluoromethyl)azetidine: 

Colorless oil; 80% yield; [α]25
D = -32.2 (c 0.64, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.56 – 

7.09 (m, 5H), 6.60 (d, J = 15.7 Hz, 1H), 6.48 – 6.24 (m, 1H), 3.63 – 3.34 (m, 2H), 2.77 – 2.42 

(m, 4H). 13C NMR (101 MHz, CDCl3) δ 135.2, 128.7, 127.7,126.8 (q, J = 283.4 Hz) 126.3, 

122.4, 65.3 (q, J = 28.6 Hz), 41.3, 37.7, 24.6. 19F NMR (376 MHz, CDCl3) δ -81.85 (s). HRMS 

Calcd. For C13H15F3N ([M+H]+): 242.1151, found: 242.1149. The product was analyzed by 

HPLC to determine the enantiomeric excess: 90% ee (Chiralpak AD-H, i-propanol/hexane = 

5/95, flow rate 1.0 mL/min, λ = 250 nm); tr = 5.70 and 13.34 min. 
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To a 10 mL vial, 6a or 6b (0.4 mmol) was diluted in 1 ml MeOH, then NH2OH•OAc (0.5 

mmol) was added. After stirring for 3 hours, the solvent was removed by rotary evaporation, 14 

or 15 were obtained by chromatography on silica gel (PE / EA = 20 : 1) as colorless oil. 

 

 

(R)-4-cinnamyl-4-(trifluoromethyl)azetidin-2-one: 

Colorless oil; 80% yield; [α]25
D = -14.0 (c 0.73, CH2Cl2).

 1H NMR (400 MHz, CDCl3) δ 7.42 – 

7.19 (m, 5H), 6.89 (s, 1H), 6.55 (d, J = 15.8 Hz, 1H), 6.18 – 6.00 (m, 1H), 2.77 (ddd, J = 14.4, 

6.2, 1.4 Hz, 1H), 2.64 – 2.43 (m, 2H), 2.43 – 2.25 (m, 2H), 2.21 – 2.04 (m, 1H). 13C NMR (101 

MHz, CDCl3) δ 178.0, 136.4, 136.3, 128.7, 128.0, 126.5 (q, J = 285.7 Hz), 126.4, 120.7, 64. 0 

(q, J = 27.9 Hz), 37.4, 29.7, 25.5. 19F NMR (376 MHz, CDCl3) δ -80.14 (s). HRMS Calcd. For 

C14H15F3NO ([M+H]+): 270.1100, found: 270.1094. The product was analyzed by HPLC to 

determine the enantiomeric excess: 90% ee (Chiralpak AD-H, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 250 nm); tr = 10.20 and 14.62 min. 

 

 

(S)-5-cinnamyl-5-(trifluoromethyl)pyrrolidin-2-one: 

Colorless oil; 86% yield; [α]25
D = -52.9 (c 0.75, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.38 – 

7.28 (m, 4H), 7.28 – 7.23 (m, 1H), 6.65 (brs, 1H), 6.52 (d, J = 15.8 Hz, 1H), 6.21 – 5.99 (m, 

1H), 2.68 (dd, J = 14.2, 5.8 Hz, 1H), 2.55 (dd, J = 14.3, 8.7 Hz, 1H), 2.44 – 2.22 (m, 2H), 2.16 

– 2.01 (m, 1H), 2.01 – 1.71 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 173.0, 136.5, 136.2, 128.7, 

127.9, 126.4, 126.3 (q, J = 287.1 Hz), 121.0, 60.2 (q, J = 26.4 Hz), 39.6, 30.7, 25.8, 17.5. 19F 

NMR (376 MHz, CDCl3) δ -78.81 (s). HRMS Calcd. For C15H17F3NO ([M+H]+): 284.1257, 

found: 284.1251. The product was analyzed by HPLC to determine the enantiomeric excess: 

93% ee (Chiralpak AD-H, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 250 nm); tr = 

12.31 and 16.10 min. 
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Branched allylation product 5a (0.2 mmol) was added to a 10 mL vial, then (+)-CSA (0.3 

mmol) deluted in 1 mL MeOH was added to the vial. After stirring for 3 hours, the solvent was 

removed by rotary evaporation and 16 was obtained by chromatography on silica gel (PE / EA 

/ Et3N = 5 : 1: 1) as colorless oil. 

 

 

(S)-3-amino-1-methyl-3-((S)-1-phenylallyl)indolin-2-one: 

Yellow oil; 86% yield; [α]25
D = 3.9 (c 3.66, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.44 (dd, J 

= 7.4, 0.8 Hz, 1H), 7.34 – 7.26 (m, 1H), 7.18 – 6.96 (m, 4H), 6.75 – 6.64 (m, 2H), 6.56 (d, J = 

7.8 Hz, 1H), 6.43 (ddd, J = 17.0, 10.1, 9.2 Hz, 1H), 5.43 – 5.19 (m, 2H), 3.69 (d, J = 9.1 Hz, 

1H), 2.74 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 178.9, 143.7, 137.6, 135.1, 129.9, 129.2, 

128.4, 127.6, 127.0, 124.4, 122.4, 119.6, 108.0, 64.6, 58.7, 25.6. HRMS Calcd. For C18H19N2O 

([M+H]+): 279.1492, found: 279.1489. The product was analyzed by HPLC to determine the 

enantiomeric excess: 98% ee (Chiralpak OD-H, i-propanol/hexane = 40/60, flow rate 1.0 

mL/min, λ = 220 nm); tr = 5.53 and 5.96 min. 

 

 

 

 

 

 

 

 



S42 

 

6. References 

[1] L. M. Stanley, J. F. Hartwig, Angew. Chem., Int. Ed. 2009, 48, 7841. 

[2] C. R. Smith, D. J. Mans, T. V. Rajanbabu, Org. Synth. 2008, 85, 238. 

[3] Q. Yang, Y. Li, J.-D. Yang, Y. Liu, L. Zhang, S. Luo, J.-P. Cheng, Angew. Chem. Int. Ed., 

doi: 10.1002/anie.202008528. 

[4] V. A. Soloshonok, V. P. Kukhar, Tetrahedron, 1997, 53, 8307. 

[5] V. Michaut, F. Metz, J.-M. Paris, J.-C. Plaquevent, J. Fluorine. Chem. 2007, 128 500. 

[6] W. Wan, J. Hou, H. Jiang, Y. Wang, S. Zhu, H. Deng, J. Hao, Tetrahedron, 2009, 65, 4212. 

[7] L. M. Stanley, J. F. Hartwig, J. Am. Chem. Soc. 2009, 131, 8971. 

 

 

 

 

 



S43 

 

7. NMR spectra 
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8. HPLC spectra. 
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