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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 AS, chiralcel 

OJ, and chiralcel OD column with hexane and i-PrOH. Compounds 11 and Allylic carbonates 

22 were prepared according to the literature procedure. Chiral ligands (R,Rp)-L1, (S,Sp)-L1, 

(S,S,S)-L2 and (R,R,R)-L2 were prepared according to the literature procedure.3,4 The absolute 

configurations of 3l and 4l were determined based on X-ray diffraction analysis, and those of 

other adducts were deduced on the basis of these results. 

 

2. General Procedure for Sequential Ir-Catalyzed Allylation of α-Trifluoromethyl 

Aldimine Esters Followed by Kinetic Resolution via 2-aza-Cope Rearrangement  

 

In a 25 mL nitrogen-filled dry Schlenk tube, [Ir(COD)Cl]2 (6.7 mg, 0.01 mmol), 

phosphoramidite ligand (S,S,S)-L2 (10.8 mg, 0.02 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.5 Then, α-Trifluoromethyl aldimine esters 1 (0.5 mmol), allylic carbonates 2 
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(0.4 mmol), Cs2CO3 (0.5 mol) and dry benzene (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 the base was removed 

through a short silica gel plug (PE / EA = 50:1), then the crude product was diluted in 1 ml 

benzene and heated to 50 ℃. Once one of the diastereomers was consumed (monitored by 19F 

NMR), a solution of NH2OH•AcOH in methanol [1 M, 20 mL, prepared from NH2OH•HCl, 

NaOH (solid, 1 equiv.), and AcOH (1 equiv.) in methanol] was added to the reaction mixture. 

After stirring at 15 ℃ for 2 h, the reaction mixture was concentrated via rotary evaporation 

under reduced pressure, and then purified by flash chromatography on silica gel (PE / EA = 

10:1) to give the allylation products 3 and rearranged products 5. 

 

 

Ethyl (2R,3S)-2-amino-3-phenyl-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 56% yield. [α]25
D = 8.7 (c 0.93, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.39 – 

7.14 (m, 5H), 6.30 – 6.05 (m, 1H), 5.21 – 4.98 (m, 2H), 4.32 – 4.12 (m, 2H), 4.04 (d, J = 9.4 

Hz, 1H), 1.83 (brs, 2H), 1.26 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 166.9, 136.5, 

134.1, 128.1, 127.5, 126.6, 123.6 (q, J = 288.3 Hz), 117.6, 67.2 (q, J = 25.6 Hz), 61.7, 51.2, 

12.9. 19F NMR (376 MHz, CDCl3) δ -72.66 (s). HRMS Calcd. For C14H17F3NO2 ([M+H]+): 

288.1206, found: 288.1193. The product was analyzed by HPLC to determine the enantiomeric 

excess: 99% ee (Chiralpak AD, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 206 nm); 

tr = 5.11 and 5.64 min. 

 

 

(S,E)-1,4-diphenylbut-3-en-1-amine (Known compound): 

White solid; 35% yield, m.p. 70-72 °C; [α]25
D = -26.1 (c 0.9, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.48 – 7.12 (m, 10H), 6.48 (d, J = 15.8 Hz, 1H), 6.27 – 6.00 (m, 1H), 4.08 (dd, J = 

7.9, 5.3 Hz, 1H), 2.70 – 2.42 (m, 2H), 1.68 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 145.8, 137.4, 

132.9, 128.5, 128.4, 127.2, 127.1, 127.0, 126.4, 126.1, 55.8, 43.5. HRMS Calcd. For C16H18N 
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([M+H]+): 224.1434, found: 224.1426. The product was analyzed by HPLC to determine the 

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

λ = 206 nm); tr = 6.76 and 9.07 min. 

 

 

Ethyl (2R,3S)-2-amino-3-(p-tolyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 59% yield. [α]25
D = 27.5 (c 1.2, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.30 – 

7.09 (m, 4H), 6.25 (ddd, J = 17.2, 10.0, 9.6 Hz, 1H), 5.23 – 5.08 (m, 2H), 4.38 – 4.19 (m, 2H), 

4.08 (d, J = 9.4 Hz, 1H), 2.32 (s, 3H), 1.89 (brs, 2H), 1.33 (t, J = 7.1 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 167.0, 136.3, 134.3, 133.4, 128.3, 127.9, 123.6 (q, J = 288.4 Hz), 117.4, 67.2 

(q, J = 25.4 Hz), 61.7, 50.8, 20.0, 12.3. 19F NMR (376 MHz, CDCl3) δ -72.61 (s). HRMS Calcd. 

For C15H19F3NO2([M+H]+): 302.1362, found: 302.1352. The product was analyzed by HPLC 

to determine the enantiomeric excess: 99% ee (Chiralpak AD, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 206 nm); tr = 4.94 and 5.21 min. 

 

 

(S,E)-1-phenyl-4-(p-tolyl)but-3-en-1-amine: 

White solid; 30% yield, m.p. 65-67 °C; [α]25
D = -23.6 (c 0.56, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.43 – 7.30 (m, 4H), 7.29 – 7.17 (m, 3H), 7.10 (d, J = 7.9 Hz, 2H), 6.45 (d, J = 15.8 

Hz, 1H), 6.18 – 6.01 (m, 1H), 4.07 (dd, J = 8.0, 5.2 Hz, 1H), 2.68 – 2.42 (m, 2H), 2.32 (s, 3H), 

1.74 (brs, 2H). 13C NMR (101 MHz, CDCl3) δ 145.7, 137.0, 134.6, 132.8, 129.2, 128.5, 127.1, 

126.4, 126.0, 125. 9, 55.8, 43.4, 21.2. HRMS Calcd. For C17H20N ([M+H]+): 238.1590, found: 

238.1584. The product was analyzed by HPLC to determine the enantiomeric excess: 96% ee 

(Chiralpak OD, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 206 nm); tr = 6.37 and 

8.43 min. 
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Ethyl (2R,3S)-2-amino-3-(m-tolyl)-2-(trifluoromethyl)pent-4-enoate: 

Colourless oil; 53% yield. [α]25
D = 16.8 (c 1.02, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.36 – 

6.99 (m, 4H), 6.26 (ddd, J = 16.8, 9.6, 9.6 Hz, 1H), 5.24 – 5.08 (m, 2H), 4.39 – 4.18 (m, 2H), 

4.07 (d, J = 9.5 Hz, 1H), 2.34 (s, 3H), 1.91 (brs, 2H), 1.33 (t, J = 7.1 Hz, 3H). 13C NMR (101 

MHz, CDCl3) δ 168.0, 138.2, 137.5, 135.3, 129.8, 128.4, 128.3, 126.2, 124.6(q, J = 288.3 Hz), 

118.5, 68.2(q, J = 25.5 Hz), 62.7, 52.2, 21.5, 14.0. 19F NMR (376 MHz, CDCl3) δ -72.66 (s). 

HRMS Calcd. For C15H19F3NO2([M+H]+): 302.1362, found: 302.1352. The product was 

analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 206 nm); tr = 4.71 and 5.35 min. 

 

 

(S,E)-1-phenyl-4-(m-tolyl)but-3-en-1-amine: 

Thick oil; 35% yield. [α]25
D = -20.1 (c 1.21, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.42 – 

7.10 (m, 8H), 7.02 (d, J = 7.2 Hz, 1H), 6.45 (d, J = 15.8 Hz, 1H), 6.22 – 6.05 (m, 1H), 4.06 (dd, 

J = 8.0, 5.2 Hz, 1H), 2.72 – 2.42 (m, 2H), 2.32 (s, 3H), 1.70 (brs, 2H). 13C NMR (101 MHz, 

CDCl3) δ 145.8, 138.1, 137.3, 133.0, 128.5, 128.4, 128.0, 127.1, 126.9, 126.8, 126.4, 123.29, 

55.8, 43.5, 21.4. HRMS Calcd. For C17H20N ([M+H]+): 238.1590, found: 238.1586. The 

product was analyzed by HPLC to determine the enantiomeric excess: 97% ee (Chiralpak OD, 

i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 206 nm); tr = 7.01 and 8.80 min. 

 

 

Ethyl (2R,3S)-2-amino-3-(4-methoxyphenyl)-2-(trifluoromethyl)pent-4-enoate: 
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Colorless oil; 66% yield. [α]25
D = 83.3 (c 0.33, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.34 – 

7.19 (m, 2H), 6.87 (d, J = 8.7 Hz, 2H), 6.23 (ddd, J = 16.8, 9.6, 9.6 Hz, 1H), 5.15 (dd, J = 9.5, 

8.2 Hz, 2H), 4.40 – 4.18 (m, 2H), 4.08 (d, J = 9.4 Hz, 1H), 3.79 (s, 3H), 1.33 (t, J = 7.1 Hz, 

3H).13C NMR (101 MHz, CDCl3) δ 168.1, 159.0, 135.3, 130.1, 129.4, 124.63 (q, J = 287.2 Hz), 

118.3, 114.0, 68.23 (q, J = 25.1 Hz, 1H), 62.7, 55.2, 51.4, 14.0. 19F NMR (376 MHz, CDCl3) δ 

-72.61 (s). HRMS Calcd. For C15H19F3NO3([M+H]+): 318.1312, found: 318.1304. The product 

was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD, i-

propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 206 nm); tr = 7.00 and 7.46 min. 

 

 

(S,E)-4-(4-methoxyphenyl)-1-phenylbut-3-en-1-amine: 

White solid; 24% yield, m.p. 70-72 °C; [α]25
D = -15.4 (c 0.72, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.42 – 7.30 (m, 4H), 7.26 (m, 4H), 6.83 (d, J = 8.7 Hz, 2H), 6.42 (d, J = 15.8 Hz, 1H), 

6.10 – 5.90 (m, 1H), 4.06 (dd, J = 7.9, 5.4 Hz, 1H), 3.79 (s, 3H), 2.69 – 2.46 (m, 4H). 13C NMR 

(101 MHz, CDCl3) δ 158.9, 145.3, 132.4, 130.2, 128.5, 127.3, 127.2, 126.4, 124.5, 113.9, 55.8, 

55.3, 43.1. HRMS Calcd. For C17H20NO ([M+H]+): 254.1539, found: 254.1534. The product 

was analyzed by HPLC to determine the enantiomeric excess: 94% ee (Chiralpak OD, i-

propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 206 nm); tr = 7.36 and 8.79 min. 

 

 

Ethyl (2R,3S)-2-amino-3-(3-methoxyphenyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 53% yield. [α]25
D = 9.7 (c 0.63, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.33 – 

7.17 (m, 1H), 6.92 (dd, J = 11.6, 5.0 Hz, 2H), 6.86 – 6.79 (m, 1H), 6.25 (ddd, J = 16.8, 9.6, 9.6 

Hz, 1H), 5.26 – 5.07 (m, 2H), 4.37 – 4.20 (m, 2H), 4.07 (d, J = 9.5 Hz, 1H), 3.80 (s, 3H), 1.93 

(brs, 2H), 1.34 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 167.9, 159.6, 139.1, 135.1, 

129.5, 124.6 (q, J = 288.5 Hz), 121.4, 118.6, 115.1, 112.8, 68.3 (q, J = 25.7 Hz), 62.8, 55.2, 
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52.2, 14.0. 19F NMR (376 MHz, CDCl3) δ -72.71 (s). HRMS Calcd. For C15H19F3NO3([M+H]+): 

318.1312, found: 318.1305. The product was analyzed by HPLC to determine the enantiomeric 

excess: 99% ee (Chiralpak AD, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 206 nm); 

tr = 7.00 and 7.46 min. 

 

 

(S,E)-4-(3-methoxyphenyl)-1-phenylbut-3-en-1-amine: 

Thick oil; 36% yield. [α]25
D = -17.1 (c 0.61, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.44 – 

7.30 (m, 4H), 7.30 – 7.16 (m, 2H), 6.93 (d, J = 7.7 Hz, 1H), 6.87 (d, J = 2.1 Hz, 1H), 6.77 (dd, 

J = 8.1, 2.1 Hz, 1H), 6.45 (d, J = 15.8 Hz, 1H), 6.24 – 6.07 (m, 1H), 4.08 (dd, J = 8.0, 5.3 Hz, 

1H), 3.80 (s, 3H), 2.67 – 2.42 (m, 2H), 1.91 (brs, 2H). 13C NMR (101 MHz, CDCl3) δ 159. 8, 

145.7, 138.8, 132.8, 129.5, 128.5, 127.4, 127.1, 126.3, 118.8, 112. 8, 111.5, 55. 8, 55.2, 43.4. 

HRMS Calcd. For C17H20NO ([M+H]+): 254.1539, found: 254.1534. The product was analyzed 

by HPLC to determine the enantiomeric excess: 97% ee (Chiralpak OD, i-propanol/hexane = 

40/60, flow rate 1.0 mL/min, λ = 206 nm); tr = 9.10 and 12.21 min. 

 

 

Ethyl (2R,3S)-2-amino-3-(benzo[d][1,3]dioxol-5-yl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 73% yield. [α]25
D = 20.2 (c 1.11, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 6.87 (d, 

J = 1.2 Hz, 1H), 6.78 (dd, J = 9.8, 4.7 Hz, 2H), 6.19 (ddd, J = 16.8, 10.0, 10.0 Hz, 1H), 5.94 (s, 

2H), 5.16 (dd, J = 9.6, 8.2 Hz, 2H), 4.37 – 4.20 (m, 2H), 4.04 (d, J = 9.3 Hz, 1H), 1.90 (brs, 

2H), 1.33 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 167.0, 147.7, 147.0, 135.2, 131.2, 

124.59 (q, J = 288.5 Hz), 122.5, 118.4, 109.3, 108.4, 101.1, 68.2 (q, J = 25.4 Hz), 62.8, 51.8, 

14.0. 19F NMR (376 MHz, CDCl3) δ -72.71 (s). HRMS Calcd. For C19H17F3NO4([M+H]+): 

332.1104, found: 332.1095. The product was analyzed by HPLC to determine the enantiomeric 
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excess: 99% ee (Chiralpak AD, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 206 nm); 

tr = 8.20 and 8.80 min. 

 

 

(S,E)-4-(benzo[d][1,3]dioxol-5-yl)-1-phenylbut-3-en-1-amine: 

Thick oil; 22% yield. [α]25
D = -13.2 (c 0.62, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.43 – 

7.31 (m, 4H), 7.29 – 7.22 (m, 1H), 6.87 (s, 1H), 6.81 – 6.68 (m, 2H), 6.39 (d, J = 15.7 Hz, 1H), 

6.06 – 5.88 (m, 3H), 4.06 (dd, J = 8.0, 5.3 Hz, 1H), 2.68 – 2.39 (m, 2H), 1.62 (brs, 2H). 13C 

NMR (101 MHz, CDCl3) δ 148.0, 146.9, 145.8, 132.4, 131.9, 128.5, 127.1, 126.3, 125.2, 120.6, 

108.3, 105.5, 101.0, 55.8, 43.4. HRMS Calcd. For C17H18NO2 ([M+H]+): 268.1332, found: 

268.1326. The product was analyzed by HPLC to determine the enantiomeric excess: 96% ee 

(Chiralpak OD, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 206 nm); tr = 8.67 and 

10.42 min. 

 

 

Ethyl (2R,3S)-2-amino-3-(4-chlorophenyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 44% yield. [α]25
D =35.9 (c 1.28, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.30 (s, 

4H), 6.31 – 6.12 (m, 1H), 5.25 – 5.10 (m, 2H), 4.39 – 4.20 (m, 2H), 4.09 (d, J = 9.3 Hz, 1H), 

1.89 (brs, 2H), 1.33 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 166.8, 135.1, 133.8, 

132.5, 129.5, 127.7, 123.5 (q, J = 288.4 Hz), 118.0, 67.1 (q, J = 25.7 Hz), 61.9, 50.4, 12.9. 19F 

NMR (376 MHz, CDCl3) δ -72.64 (s). HRMS Calcd. For C14H16ClF3NO2([M+H]+): 322.0816, 

found: 328.0806. The product was analyzed by HPLC to determine the enantiomeric excess: 

99% ee (Chiralpak AD, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 206 nm); tr = 5.48 

and 5.83 min. 
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(S,E)-4-(4-chlorophenyl)-1-phenylbut-3-en-1-amine: 

White solid; 30% yield m.p. 85-88 °C; [α]25
D = -19.1 (c 0.35, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.33 – 7.36 (m, 4H), 7.29 – 7.20 (m, 5H), 6.42 (d, J = 15.8 Hz, 1H), 6.23 – 6.05 (m, 

1H), 4.08 (dd, J = 7.9, 5.4 Hz, 1H), 2.67 – 2.43 (m, 2H), 1.65 (brs, 2H). 13C NMR (101 MHz, 

CDCl3) δ 145.7, 135.9, 132.8, 131.6, 128.7, 128.5, 127.8, 127.3, 127.1, 126.3, 55.8, 43.4. 

HRMS Calcd. For C16H17ClN([M+H]+): 258.1044, found: 258.1038. The product was analyzed 

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

40/60, flow rate 1.0 mL/min, λ = 206 nm); tr = 6.70 and 7.48 min. 

 

 

Ethyl (2R,3S)-2-amino-3-(3-chlorophenyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil;41% yield. [α]25
D = 26.2 (c 1.15, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.37 (s, 

1H), 7.30 – 7.21 (m, 3H), 6.31 – 6.13 (m, 1H), 5.18 (dd, J = 13.5, 2.1 Hz, 2H), 4.38 – 4.21 (m, 

2H), 4.08 (d, J = 9.4 Hz, 1H), 1.91 (brs, 2H), 1.34 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 166.7, 138.7, 133.6, 133.2, 128.7, 128.2, 126. 8, 126.4, 123.4 (q, J = 288.5 Hz), 118.1, 

67.1 (q, J = 25.8 Hz), 61.9, 50.8, 12.9. 19F NMR (376 MHz, CDCl3) δ -72.70 (s). HRMS Calcd. 

For C14H16ClF3NO2([M+H]+): 322.0816, found: 328.0806. The product was analyzed by HPLC 

to determine the enantiomeric excess: 99% ee (Chiralpak AD, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 206 nm); tr = 4.66 and 5.22 min. 

 

 

(S,E)-4-(3-chlorophenyl)-1-phenylbut-3-en-1-amine: 

White solid; 29% yield, m.p. 60-62 °C; [α]25
D = -12.5 (c 0.67, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.41 – 7.14 (m, 9H), 6.40 (d, J = 15.8 Hz, 1H), 6.28 – 6.05 (m, 1H), 4.08 (dd, J = 7.8, 
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5.5 Hz, 1H), 2.68 – 2.46 (m, 2H), 1.80 (brs, 2H). 13C NMR (101 MHz, CDCl3) δ 145.4, 139.2, 

134.5, 131.6, 129.7, 128.6, 128.5, 127.2, 127.1, 126.3, 126.0, 124.4, 55.8, 43.3. HRMS Calcd. 

For C16H17ClN([M+H]+): 258.1044, found: 258.1034. The product was analyzed by HPLC to 

determine the enantiomeric excess: 98% ee (Chiralpak OD, i-propanol/hexane = 40/60, flow 

rate 1.0 mL/min, λ = 206 nm); tr = 7.05 and 8.46 min. 

 

 

Ethyl (2R,3S)-2-amino-3-(3,4-dichlorophenyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 49% yield. [α]25
D = 31.5 (c 1.17, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.48 (d, 

J = 1.9 Hz, 1H), 7.40 (d, J = 8.3 Hz, 1H), 7.21 (dd, J = 8.3, 1.8 Hz, 1H), 6.16 (ddd, J = 16.8, 

10.0, 10.0 Hz, 1H), 5.19 (dd, J = 13.8, 5.1 Hz, 2H), 4.39 – 4.20 (m, 2H), 4.06 (d, J = 9.3 Hz, 

1H), 1.91 (brs, 2H), 1.34 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 167.6, 138.0, 134.4, 

132.5, 131.8, 131.0, 130.4, 128.6, 124.4 (q, J = 288.4 Hz), 119.5, 68.0 (q, J = 25.7 Hz), 63.1, 

51.2, 14.0. 19F NMR (376 MHz, CDCl3) δ -72.65 (s). HRMS Calcd. For 

C14H15Cl2F3NO2([M+H]+): 356.0426, found: 352.0415. The product was analyzed by HPLC to 

determine the enantiomeric excess: 99% ee (Chiralpak AD, i-propanol/hexane = 5/95, flow rate 

1.0 mL/min, λ = 206 nm); tr = 4.86 and 5.23 min. 

 

 

(S,E)-4-(3,4-dichlorophenyl)-1-phenylbut-3-en-1-amine: 

White solid; 31% yield, m.p. 66-68 °C; [α]25
D = -6.2 (c 0.77, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.47 – 7.31 (m, 6H), 7.29 – 7.25 (m, 1H), 7.12 (dd, J = 8.3, 1.9 Hz, 1H), 6.36 (d, J = 

15.8 Hz, 1H), 6.22 – 6.08 (m, 1H), 4.08 (dd, J = 7.8, 5.6 Hz, 1H), 2.49 – 2.63 (m, 2H), 1.71 

(brs, 2H). 13C NMR (101 MHz, CDCl3) δ 145.4, 137.5, 132.6, 130.8, 130.5, 130.4, 129.3, 128.6, 

127.8, 127.2, 126.3, 125.4, 55.8, 43.3. HRMS Calcd. For C17H18Cl2N([M+H]+): 275.0371, 

found: 275.0378. The product was analyzed by HPLC to determine the enantiomeric excess: 
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99% ee (Chiralpak OD, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 206 nm); tr = 

6.87 and 7.91 min. 

 

 

Ethyl (2R,3S)-2-amino-3-(4-bromophenyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 48% yield. [α]25
D = 24.7 (c 1.42, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.46 (d, 

J = 8.4 Hz, 2H), 7.32 – 7.16 (m, 2H), 6.31 – 6.12 (m, 1H), 5.26 – 5.07 (m, 2H), 4.40 – 4.20 (m, 

2H), 4.08 (d, J = 9.3 Hz, 1H), 1.91 (brs, 2H), 1.33 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 167.8, 136.7, 134.8, 131.6, 130.9, 124.5 (q, J = 288.5 Hz), 121.7, 119.1, 68.0 (q, J = 

25.6 Hz), 62.9, 51.5, 14.0. 19F NMR (376 MHz, CDCl3) δ -72.63 (s). HRMS Calcd. For 

C14H16BrF3NO2([M+H]+): 366.0311, found: 366.0299. The product was analyzed by HPLC to 

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

1.0 mL/min, λ = 206 nm); tr = 13.66 and 15.26 min. 

 

 

(S,E)-4-(4-bromophenyl)-1-phenylbut-3-en-1-amine: 

White solid; 32% yield, m.p. 72-74 °C; [α]25
D = -3.5 (c 0.37, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.46 – 7.30 (m, 6H), 7.30 – 7.23 (m, 1H), 7.18 (d, J = 8.4 Hz, 2H), 6.40 (d, J = 15.8 

Hz, 1H), 6.21 – 6.06 (m, 1H), 4.08 (dd, J = 7.7, 5.5 Hz, 1H), 2.68 – 2.44 (m, 2H), 1.71 (brs, 

2H). 13C NMR (101 MHz, CDCl3) δ 145.5, 136.3, 131.7, 131.6, 128.6, 127.9, 127.7, 127.2, 

126.3, 120.9, 55.8, 43.3. HRMS Calcd. For C16H17BrN([M+H]+): 302.0539, found: 302.0532. 

The product was analyzed by HPLC to determine the enantiomeric excess: 98% ee (Chiralpak 

OD, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 206 nm); tr = 6.70 and 7.48 min. 
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Ethyl (2R,3S)-2-amino-2-(trifluoromethyl)-3-(4-(trifluoromethyl)phenyl)pent-4-enoate: 

Colorless oil; 49% yield. [α]25
D = 9.3 (c 1.01, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.59 (d, 

J = 8.2 Hz, 2H), 7.50 (d, J = 8.1 Hz, 2H), 6.25 (ddd, J = 18.0, 10.8, 9.6 Hz, 1H), 5.31 – 5.09 

(m, 2H), 4.45 – 4.23 (m, 2H), 4.17 (d, J = 9.3 Hz, 1H), 1.92 (brs, 2H), 1.34 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 167.66, 141.88, 134.59, 129.86 (q, J = 32.7 Hz), 129.62, 125.39 

(q, J = 3.8 Hz), 124.48 (q, J = 288.3 Hz),124.09 (q, J = 273.1 Hz), 119.41, 68.14 (q, J = 25.8 

Hz), 63.02, 51.93, 13.96. 19F NMR (376 MHz, CDCl3) δ -62.64 (s), -72.70 (s). HRMS Calcd. 

For C15H16F6NO2([M+H]+): 356.1072, found: 352.1080. The product was analyzed by HPLC 

to determine the enantiomeric excess: 96% ee (Chiralpak AD, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 206 nm); tr = 4.67 and 5.01 min. 

 

 

(S,E)-1-phenyl-4-(4-(trifluoromethyl)phenyl)but-3-en-1-amine: 

White solid; 41% yield, m.p. 80-82 °C; [α]25
D = -10.9 (c 1.06, CH2Cl2). 1H NMR (400 MHz, 

MeOD) δ 7.79 – 7.18 (m, 9H), 6.53 (d, J = 15.8 Hz, 1H), 6.42 – 6.16 (m, 1H), 4.29 – 4.09 (m, 

1H), 2.75 (s, 2H), 1.29 (brs, 2H). 13C NMR (101 MHz, MeOD) δ 141.44, 141.03, 131.87, 128.99 

(q, J = 32.8 Hz), 128.49, 128.37, 127.71, 126.44, 126.21, 125.03 (q, J = 3.8 Hz), 124.35 (q, J = 

271.9 Hz), 55.38, 40.66. 19F NMR (376 MHz, MeOD) δ -63.98 (s). HRMS Calcd. For 

C17H17F3N([M+H]+): 292.1304, found: 293.1308. The product was analyzed by HPLC to 

determine the enantiomeric excess: 97% ee (Chiralpak OD, i-propanol/hexane = 40/60, flow 

rate 1.0 mL/min, λ = 206 nm); tr = 5.72 and 6.24 min. 
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Ethyl (2R,3S)-2-amino-3-(4-nitrophenyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 60% yield. [α]25
D = 34.4 (c 0.97, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 8.19 (d, 

J = 8.6 Hz, 2H), 7.57 (d, J = 8.5 Hz, 2H), 6.23 (ddd, J = 17.2, 9.6, 9.2 Hz, 1H), 5.22 (dd, J = 

13.4, 8.2 Hz, 2H), 4.58 – 4.27 (m, 2H), 4.22 (d, J = 9.2 Hz, 1H), 1.95 (brs, 2H), 1.35 (t, J = 7.1 

Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 167.41, 147.36, 145.37, 134.08, 130.16, 124.35 (q, J 

= 288.5 Hz), 123.55, 119.95, 68.10 (q, J = 25.9 Hz), 63.19, 51.87, 13.94. 19F NMR (376 MHz, 

CDCl3) δ -72.68 (s). HRMS Calcd. For C14H16F3N2O4([M+H]+): 333.1046, found: 333.1057. 

The product was analyzed by HPLC to determine the enantiomeric excess: 96% ee (Chiralpak 

AD, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 206 nm); tr = 10.29 and 11.05 min. 

 

 

Ethyl (2R,3S)-2-amino-3-(naphthalen-2-yl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 50% yield. [α]25
D = 40.0 (c 0.13, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.83 - 

7.79 (m, 4H), 7.50 – 7.46 (m, 3H), 6.38 (ddd, J = 17.2, 9.6, 8.4 Hz, 1H), 5.21 (dd, J = 13.6, 6.9 

Hz, 2H), 4.38 – 4.25 (m, 3H), 1.97 (brs, 2H), 1.36 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 167.0, 134.2, 134.1, 132.3, 131.7, 127.2, 127.1, 126.9, 126.6, 126.1, 125.2, 125.0, 

123.6 (q, J = 288.6 Hz), 117.8, 67.3 (q, J = 25.6 Hz), 61.8, 51.2, 13.0. 19F NMR (376 MHz, 

CDCl3) δ -72.57 (s). HRMS Calcd. For C18H19F3NO2([M+H]+): 338.1362, found: 338.1351. 

The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak 

ID, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 206 nm); tr = 6.26 and 7.36 min. 
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(S,E)-4-(naphthalen-2-yl)-1-phenylbut-3-en-1-amine: 

White solid; 35% yield, m.p. 80-84 °C; [α]25
D = -11.8 (c 0.85, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.79 – 7.74 (m, 3H), 7.67 (s, 1H), 7.55 (dd, J = 8.5, 1.6 Hz, 1H), 7.49 – 7.33 (m, 6H), 

7.29 – 7.25 (m, 1H), 6.64 (d, J = 15.8 Hz, 1H), 6.39 – 6.20 (m, 1H), 4.12 (dd, J = 8.0, 5.3 Hz, 

1H), 2.77 – 2.49 (m, 2H), 1.77 (brs, 2H). 13C NMR (101 MHz, CDCl3) δ 145.8, 134.8, 133.6, 

133.0, 132.8, 128.5, 128.1, 127.9, 127.7, 127.5, 127.1, 126.4, 126.2, 125.8, 125.7, 123.5, 55.9, 

43.6. HRMS Calcd. For C20H20N([M+H]+): 274.1590, found: 274.1582. The product was 

analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak OD, i-

propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 206 nm); tr = 11.73 and 13.80 min. 

 

 

Ethyl (2R,3R)-2-amino-3-(furan-2-yl)-2-(trifluoromethyl)pent-4-enoate: 

Brown oil; 44% yield. [α]25
D = 92.3 (c 1.28, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.40 (s, 

1H), 6.47 – 6.29 (m, 1H), 6.24 (d, J = 3.1 Hz, 1H), 6.18 – 5.94 (m, 1H), 5.26 – 5.11 (m, 1H), 

4.41 – 4.19 (m, 3H), 2.14 (brs, 2H), 1.33 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 

167.5, 150.6, 142.5, 132.4, 124.3 (q, J = 287.9 Hz), 119. 5, 110.5, 108.5, 68.0 (q, J = 26.0 Hz), 

62.9, 46.4, 14.0. 19F NMR (376 MHz, CDCl3) δ -74.60 (s). HRMS Calcd. For 

C12H15F3NO2([M+H]+): 278.0999, found: 278.0987. The product was analyzed by HPLC to 

determine the enantiomeric excess: 99% ee (Chiralpak AS, i-propanol/hexane = 5/95, flow rate 

1.0 mL/min, λ = 206 nm); tr = 4.87 and 5.05 min. 

 

 

(S,E)-4-(furan-2-yl)-1-phenylbut-3-en-1-amine: 

Brown thick oil; 30% yield. [α]25
D = -9.0 (c 1.64, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.47 
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– 7.11 (m, 6H), 6.46 – 6.21 (m, 2H), 6.21 – 5.96 (m, 2H), 4.06 (dd, J = 8.0, 5.2 Hz, 1H), 2.58 – 

2.43 (m, 2H), 1.90 (brs, 2H). 13C NMR (101 MHz, CDCl3) δ 152.8, 145.6, 141.6, 128.5, 127.1, 

126.3, 125.9, 121.4, 111.2, 106.8, 55.8, 43.3. HRMS Calcd. For C14H16NO([M+H]+): 214.1226, 

found: 214.1219. The product was analyzed by HPLC to determine the enantiomeric excess: 

97% ee (Chiralpak OD, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, λ = 206 nm); tr = 

5.90 and 7.64 min. 

 

 

Ethyl (2R,3R)-2-amino-3-(thiophen-2-yl)-2-(trifluoromethyl)pent-4-enoate: 

Brown oil; 57% yield. [α]25
D = 92.7 (c 1.41 CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.32 – 7.21 

(m, 1H), 7.00 – 6.97 (m, 2H), 6.18 – 6.09 (m, 1H), 5.31 – 5.08 (m, 2H), 4.46 (d, J = 9.3 Hz, 

1H), 4.39 – 4.17 (m, 2H), 2.05 (brs, 2H), 1.33 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, CDCl3) 

δ 166.6, 138.1, 134.1, 125.7, 125.5, 124.3, 123.3 (q, J = 288.4 Hz), 117.6, 67.1 (q, J = 25.6 Hz), 

61.9, 47.6, 12.9. 19F NMR (376 MHz, CDCl3) δ -73.00 (s). HRMS Calcd. For 

C12H15F3NO2S([M+H]+): 294.0770, found: 294.0758. The product was analyzed by HPLC to 

determine the enantiomeric excess: 99% ee (Chiralpak AD, i-propanol/hexane = 5/95, flow rate 

1.0 mL/min, λ = 206 nm); tr = 5.40 and 5.85 min. 

 

 

(S,E)-1-phenyl-4-(thiophen-2-yl)but-3-en-1-amine: 

Brown thick oil; 29% yield. [α]25
D = -24.2 (c 1.23, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.43 

– 7.30 (m, 4H), 7.26 (d, J = 7.0 Hz, 1H), 7.09 (d, J = 4.9 Hz, 1H), 6.96 – 6.90 (m, 1H), 6.88 (d, 

J = 2.9 Hz, 1H), 6.60 (d, J = 15.6 Hz, 1H), 6.16 – 5.88 (m, J = 15.2, 7.5 Hz, 1H), 4.06 (dd, J = 

8.0, 5.2 Hz, 1H), 2.66 – 2.40 (m, 2H), 1.70 (brs, 2H). 13C NMR (101 MHz, CDCl3) δ 145.7, 

142.6, 128.5, 127.3, 127.1, 126.9, 126.3, 126.0, 124.9, 123.6, 55.7, 43.3. HRMS Calcd. For 

C14H16NS([M+H]+): 230.0998, found: 230.0990. The product was analyzed by HPLC to 

determine the enantiomeric excess: 94% ee (Chiralpak OD, i-propanol/hexane = 40/60, flow 
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rate 1.0 mL/min, λ = 206 nm); tr = 6.75 and 9.06 min. 

 

 

Methyl (2R,3S)-2-amino-3-(3,4-dichlorophenyl)-2-(trifluoromethyl)pent-4-enoate 

Colorless oil; 58% yield. [α]25
D = 16.9 (c 1.39, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.48 (d, 

J = 1.9 Hz, 1H), 7.40 (d, J = 8.3 Hz, 1H), 7.21 (dd, J = 8.3, 1.8 Hz, 1H), 6.30 – 6.05 (m, 1H), 

5.27 – 5.11 (m, 2H), 4.06 (d, J = 9.3 Hz, 1H), 3.84 (s, 3H), 1.91 (brs, 2H). 13C NMR (101 MHz, 

CDCl3) δ 168.1, 137.8, 134.5, 132.5, 131.9, 131.0, 130.4, 128.6, 124.4 (q, J = 288.3 Hz), 119.4, 

68.3 (q, J = 25.8 Hz) 53.6, 51.3. 19F NMR (376 MHz, CDCl3) δ -72.66 (s). HRMS Calcd. For 

C13H13Cl2F3NO2([M+H]+): 342.0270, found: 342.0260. The product was analyzed by HPLC to 

determine the enantiomeric excess: 99% ee (Chiralpak IE, i-propanol/hexane = 5/95, flow rate 

1.0 mL/min, λ = 206 nm); tr = 5.92 and 6.63 min 

 

 

(S,E)-1-(4-chlorophenyl)-4-phenylbut-3-en-1-amine: 

White solid; 33% yield, m.p. 82-84 °C; [α]25
D = -10.4 (c 1.63, CH2Cl2). 

1H NMR (400 MHz, 

CDCl3) δ 7.41 – 7.12 (m, 9H), 6.47 (d, J = 15.8 Hz, 1H), 6.24 – 6.01 (m, 1H), 4.07 (dd, J = 7.9, 

5.3 Hz, 1H), 2.63 – 2.41 (m, 2H), 1.57 (brs, 2H). 13C NMR (101 MHz, CDCl3) δ 144.2, 137.2, 

133.2, 132.6, 128.6, 128.5, 127.8, 127.3, 126.5, 126.1, 55.2, 43.5. HRMS Calcd. For C16H17ClN 

([M+H]+): 258.1044, found: 258.1036. The product was analyzed by HPLC to determine the 

enantiomeric excess: 94% ee (Chiralpak OD, i-propanol/hexane = 40/60, flow rate 1.0 mL/min, 

λ = 256 nm); tr = 8.11 and 10.60 min. 
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(S,E)-4-phenyl-1-(p-tolyl)but-3-en-1-amine: 

Thick oil; 39% yield. [α]25
D = -15.7 (c 0.96, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.45 – 

7.08 (m, 9H), 6.48 (d, J = 15.8 Hz, 1H), 6.24 – 6.04 (m, 1H), 4.04 (dd, J = 7.7, 5.5 Hz, 1H), 

2.69 – 2.45 (m, 2H), 2.34 (s, 3H), 2.13 (brs, 2H). 13C NMR (101 MHz, CDCl3) δ 142.6, 137.4, 

136.7, 132.8, 129.2, 128.5, 127.2, 127.1, 126.2, 126.1, 55.5, 43.4, 21.1. HRMS Calcd. For 

C17H20N([M+H]+): 238.1590, found: 238.1585. The product was analyzed by HPLC to 

determine the enantiomeric excess: 98% ee (Chiralpak OD, i-propanol/hexane = 40/60, flow 

rate 1.0 mL/min, λ = 206 nm); tr = 6.84 and 8.78 min. 

 

3. Divergent Synthesis of α-quaternary α-CF3 AAs. 

 

 

 

To a 25 mL nitrogen-filled dry Schlenk tube, [Ir(COD)Cl]2 (6.7 mg, 0.01 mmol), 

phosphoramidite ligand (S,S,S)-L2 or (R,R,R)-L2 (10.8 mg, 0.02 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.5 Then, α-Trifluoromethyl aldimine esters 1 (0.5 mmol), allylic 

carbonates 2 (0.4 mmol), Cs2CO3 (0.5 mol) and dry benzene (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 = 50:1) , then the crude product was diluted in 1ml 

MeOH and NH2OH•OAc was added. After stirring at rt for 2 h, the reaction mixture was 

concentrated via rotary evaporation under reduced pressure, and then purified by preparative 

HPLC or chromatography on silica gel (PE / EA = 20:1) to give diastereoisomers 3 and 4. 
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The separation of diastereomers (2R,3S)-3a and (2S,3S)-4a was conducted by prep-HPLC 

(Chiralpak IA-H , 0.10 cm I.D. ×25 cm L, MeCH / H2O = 45%, flow rate 3 mL/min, λ = 206 

nm); tmajor = 11.38 min and tminor = 14.14 min. 

 

 

Ethyl (2R,3S)-2-amino-3-phenyl-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 56% yield. The product was analyzed by HPLC to determine the enantiomeric 

excess: >99% ee (Chiralpak AS, i-propanol/hexane = 1/99, flow rate 1.0 mL/min, λ = 206 nm); 

tr = 4.56 and 5.22 min. 

 

 

Ethyl (2S,3S)-2-amino-3-phenyl-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 35% yield. [α]25
D = 30.2 (c 0.88, CH2Cl2). 

1H NMR (400 MHz, CDCl3) δ 7.44 – 

7.33 (m, 2H), 7.34 – 7.20 (m, 3H), 6.40 – 6.01 (m, 1H), 5.38 – 5.09 (m, 2H), 4.13 (d, J = 9.0 

Hz, 1H), 4.11 – 3.89 (m, 2H), 1.97 (brs, 2H), 1.10 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

CDCl3) δ 167.9, 138.1, 134.3, 129.0, 128.4, 127.6, 124.8 (q, J = 288.5 Hz), 119.2, 68.4 (q, J = 

25.4 Hz), 62.4, 52.1, 13.7. 19F NMR (376 MHz, CDCl3) δ -72.78 (s). The product was analyzed 

by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak AS, i-propanol/hexane = 

1/99, flow rate 1.0 mL/min, λ = 206 nm); tr = 4.37 and 4.84 min. 

 

The separation of diastereomers (2S,3R)-3a and (2R,3R)-4a was conducted by prep-HPLC 

(Chiralcel OJ-H , 0.46 cm I.D. ×15 cm L, MeOH = 100%, flow rate 0.5 mL/min, λ = 214 nm); 

tmajor = 5.53 min and tminor = 6.40 min. 
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Ethyl (2S,3R)-2-amino-3-phenyl-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 55% yield. [α]25
D = -8.5 (c 0.37, CH2Cl2). The product was analyzed by HPLC to 

determine the enantiomeric excess: >99% ee (Chiralpak AS, i-propanol/hexane = 1/99, flow 

rate 1.0 mL/min, λ = 206 nm); tr = 4.56 and 5.22 min. 

 

 

Ethyl (2R,3R)-2-amino-3-phenyl-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 35% yield. [α]25
D = -30.5 (c 1.00, CH2Cl2). The product was analyzed by HPLC 

to determine the enantiomeric excess: >99% ee (Chiralpak AS, i-propanol/hexane = 1/99, 

flow rate 1.0 mL/min, λ = 206 nm); tr = 4.37 and 4.84 min. 

 

 

Ethyl (2R,3S)-2-amino-3-(naphthalen-2-yl)-2-(trifluoromethyl)pent-4-enoate: 

White solid; 50% yield. HRMS Calcd. For C18H19F3NO2([M+H]+): 338.1362, found: 338.1351. 

The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak 

ID, i-propanol/hexane = 1/99, flow rate 1.0 mL/min, λ = 206 nm); tr = 11.54 and 13.71 min. 
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Ethyl (2S,3S)-2-amino-3-(naphthalen-2-yl)-2-(trifluoromethyl)pent-4-enoate: 

White solid; 35% yield, m.p. 58-60 °C; [α]25
D = 89.5 (c 1.02, CH2Cl2). 1H NMR (400 MHz, 

CDCl3) δ 8.09 – 7.64 (m, 4H), 7.68 – 7.34 (m, 3H), 6.50 – 6.08 (m, 1H), 5.25 (dd, J = 13.5, 7.4 

Hz, 2H), 4.31 (d, J = 8.9 Hz, 1H), 4.14 – 3.75 (m, 2H), 2.02 (brs, 2H), 1.03 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 167.9, 135.7, 134.3, 133.3, 132.7, 128.1, 128.0, 127.9, 127.6, 

127.1, 126.1, 126.0, 124.9 (q, J = 288.7 Hz), 119.5, 68.5 (q, J = 25.3 Hz), 62.5, 52.1, 13.7. 19F 

NMR (376 MHz, CDCl3) δ -72.77 (s). The product was analyzed by HPLC to determine the 

enantiomeric excess: >99% ee (Chiralpak ID, i-propanol/hexane = 1/99, flow rate 1.0 mL/min, 

λ = 206 nm); tr = 11.98 and 12.32 min. 

 

 

Ethyl (2S,3R)-2-amino-3-(naphthalen-2-yl)-2-(trifluoromethyl)pent-4-enoate: 

White solid; 54% yield. [α]25
D = -39.1 (c 1.03, CH2Cl2). The product was analyzed by HPLC to 

determine the enantiomeric excess: >99% ee (Chiralpak ID, i-propanol/hexane = 1/99, flow rate 

1.0 mL/min, λ = 206 nm); tr = 11.54 and 13.71 min. 
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Ethyl (2R,3R)-2-amino-3-(naphthalen-2-yl)-2-(trifluoromethyl)pent-4-enoate: 

White solid; 36% yield. [α]25
D = -88.0 (c 0.82, CH2Cl2). The product was analyzed by HPLC to 

determine the enantiomeric excess: >99% ee (Chiralpak ID, i-propanol/hexane = 1/99, flow rate 

1.0 mL/min, λ = 206 nm); tr = 11.98 and 12.32 min. 

 

 

Methyl (2R,3S)-2-amino-3-(3,4-dichlorophenyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 58% yield. The product was analyzed by HPLC to determine the enantiomeric 

excess: >99% ee (Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 220 nm); 

tr = 5.90 and 6.59 min. 

 

 

Methyl (2S,3S)-2-amino-3-(3,4-dichlorophenyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 31% yield. [α]25
D = 80.2 (c 1.08, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.54 (d, 

J = 2.0 Hz, 1H), 7.36 (d, J = 8.3 Hz, 1H), 7.28 (d, J = 2.0 Hz, 1H), 6.10 (ddd, J = 17.6, 9.6, 8.8 

Hz, 1H), 5.23 (dd, J = 21.8, 13.6 Hz, 2H), 4.07 (d, J = 9.0 Hz, 1H), 3.63 (s, 3H), 1.98 (brs, 2H). 

13C NMR (101 MHz, CDCl3) δ 167.9, 138.4, 133.3, 132.3, 131.7, 131.1, 130.3, 128.4, 127.4 (q, 

J = 289.1 Hz), 120.1, 68.2 (q, J = 25.8 Hz), 53.3, 51.2. 19F NMR (376 MHz, CDCl3) δ -73.04 

(s). The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee 

(Chiralpak IE, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 220 nm); tr = 4.59 and 7.17 

min. 
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Methyl (2S,3R)-2-amino-3-(3,4-dichlorophenyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 53% yield. [α]25
D = -17.1 (c 1.52, CH2Cl2). The product was analyzed by HPLC 

to determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 220 nm); tr = 5.90 and 6.59 min. 

 

 

Methyl (2S,3S)-2-amino-3-(3,4-dichlorophenyl)-2-(trifluoromethyl)pent-4-enoate: 

Colorless oil; 28% yield. [α]25
D = -79.5 (c 1.02, CH2Cl2). The product was analyzed by HPLC 

to determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 220 nm); tr = 4.59 and 7.17 min. 

 

4. Gram Scale and Synthetic Applications 

 

 

In a 50 mL nitrogen-filled dry Schlenk tube, [Ir(COD)Cl]2 (67.0 mg, 0.1 mmol), 

phosphoramidite ligand (S,S,S)-L2 (108.0 mg, 0.2 mmol), degassed THF (5 mL) and degassed 

propylamine (5 mL) were added. After stirring at 50 oC for 30 mins, the reaction was 
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concentrated via rotary evaporation under reduced pressure to give the iridium complex as a 

pale yellow solid. Then under the nitrogen-refilled dry Schlenk tube, 1b (1.2 g, 5 mmol), allylic 

carbonates 2p (1.0 g, 4 mmol) and dry benzene (20 mL) was added. After stirring at room 

temperature for 12 hours, the reaction mixture was concentrated via rotary evaporation under 

reduced pressure, and purified by flash chromatography on silica gel (PE / EA = 20 : 1) to 

remove the base. The crude product was diluted in 10 ml MeOH, then NH2OH•OAc was added. 

After stirring for 3 hours, the solvent was removed by rotary evaporation, diastereoisomers 3p 

(66 % yield and 99 % ee) and 4p (34 % yield and 99 % ee) were obtained by chromatography 

on silica gel (PE / EA = 20 : 1) as colorless oil. 

 

 

3p (0.36 g, 1 mmol) was added to a 25 ml nitrogen-filled dry shlenk tube, followed by THF. 

Under -78 ℃, DIBAL-H (1.70 ml, 2.50 mmol)was added dropwised. After stirring for 2 hours 

at room temprature, the reaction was quenched by coled 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) to 

give the inseparable products 6 (83% yield and 99 % ee) as colorless oil. 

 

(2S,3S)-2-amino-3-(3,4-dichlorophenyl)-2-(trifluoromethyl)pent-4-en-1-ol 

Colorless oil; 85% yield. [α]25
D = 102.3 (c 1.11, CH2Cl2).

1H NMR (400 MHz, CDCl3) δ 7.51 

(d, J = 2.0 Hz, 1H), 7.39 (d, J = 8.3 Hz, 1H), 7.23 (dd, J = 8.3, 2.0 Hz, 1H), 6.46 – 6.07 (m, 

1H), 5.32 – 5.10 (m, 1H), 3.75 (d, J = 9.7 Hz, 1H), 3.57 (dd, J = 56.2, 11.6 Hz, 2H), 1.81 (brs, 

3H). 13C NMR (101 MHz, CDCl3) δ 138.9, 135.5, 134.6, 132.4, 131.5, 130.3, 129.0, 127.1 (q, 
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J = 289.4 Hz), 125.71, 119.4, 62.8, 61.8 (q, J = 23.0 Hz), 51.3. 19F NMR (376 MHz, CDCl3) δ 

-73.23 (s). HRMS Calcd. For C14H13Cl2F3NO([M+H]+): 314.0321, found: 314.0307. The 

product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak AD, 

i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 209 nm); tr = 12.25 and 14.80 min. 

 

 

(2R,3S)-2-amino-3-(3,4-dichlorophenyl)-2-(trifluoromethyl)pent-4-en-1-ol 

Colorless oil; 83% yield. [α]25
D = 103.2 (c 0.73, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.43 

(d, J = 1.9 Hz, 1H), 7.38 (d, J = 8.3 Hz, 1H), 7.17 (dd, J = 8.3, 1.9 Hz, 1H), 6.56 – 6.10 (m, 

1H), 5.46 – 5.08 (m, 2H), 3.72 (d, J = 10.3 Hz, 1H), 3.69 – 3.62 (m, 2H), 1.59 (brs, 3H). 13C 

NMR (101 MHz, CDCl3) δ 139.0, 134.8, 132.4, 131.4, 131.1, 130.3, 128.6, 127.2 (q, J = 289.3 

Hz), 120.0, 62.3, 62.3, 61.6 (q, J = 23.2 Hz), 50.7. 19F NMR (376 MHz, CDCl3) δ -72.75 (s). 

The product was analyzed by HPLC to determine the enantiomeric excess: 99% ee (Chiralpak 

OJ, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 210 nm); tr = 14.92 and 16.19 min. 

 

 

To a 25-mL vial, stirrer bar, 6 (50.0 mg, 0.2 mmol), CH2Cl2 (2 mL) and Et3N (32.4 mg, 0.3 

mmol) were added. After stirring for 5 mins under 0 ℃, MsCl (27.4 mg, 0.2 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, and then purified by flash chromatography on Al2O3 (PE / 

EA = 10 : 1) to give 7 (95 % yield and 99 % ee)as colorless oil. 
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(S)-2-((S)-1-(3,4-dichlorophenyl)allyl)-2-(trifluoromethyl)aziridine: 

Colorless oil; 92% yield. [α]25
D = 184.0 (c 1.59, CH2Cl2). 1H NMR (400 MHz, C6D6) δ 7.13 (s, 

1H), 6.95 (d, J = 8.3 Hz, 1H), 6.53 (s, 1H), 6.04 – 5.21 (m, 1H), 5.12 – 4.44 (m, 2H), 3.50 (d, J 

= 8.4 Hz, 1H), 1.48 (s, 1H), 0.94 (s, 1H). 13C NMR (101 MHz, C6D6) δ 139.5, 134.4, 132.5, 

131.3, 130.3, 128.2, 128.1, 125.6 (q, J = 278.8 Hz), 119.4, 47.1, 40.1 (q, J = 32.0 Hz), 24.8. 
19F 

NMR (376 MHz, C6D6) δ -70.60 (s). HRMS Calcd. For C12H11Cl2F3N ([M+H]+): 296.0215, 

found: 296.0206. The product was analyzed by HPLC to determine the enantiomeric excess: 

99% ee (Chiralpak OJ, i-propanol/hexane = 5/95, flow rate 1.0 mL/min, λ = 210 nm); tr = 6.50 

and 6.90 min. 

 

 

(R)-2-((S)-1-(3,4-dichlorophenyl)allyl)-2-(trifluoromethyl)aziridine: 

Colorless oil; 95% yield. [α]25
D = 137.6 (c 2.02, CH2Cl2).  1H NMR (400 MHz, C6D6) δ 7.50 

– 7.20 (m, 1H), 6.99 (d, J = 8.3 Hz, 1H), 6.82 – 6.57 (m, 1H), 5.80 – 5.25 (m, 1H), 5.00 – 4.66 

(m, 2H), 3.49 (d, J = 8.8 Hz, 1H), 1.54 (s, 1H), 1.25 (s, 2H).  13C NMR (101 MHz, C6D6) δ 

139.9, 135.0, 132.6, 131.4, 130.2, 128.1, 127.7, 125.6 (q, J = 278.9 Hz), 118.1, 47.2, 40.4 (q, J 

= 31.7 Hz), 24.9. 19F NMR (376 MHz, C6D6) δ -70.54 (s). The product was analyzed by HPLC 

to determine the enantiomeric excess: 99% ee (Chiralpak OJ, i-propanol/hexane = 5/95, flow 

rate 1.0 mL/min, λ = 210 nm); tr = 6.09 and 6.45 min. 

 

 



S26 
 

5. References 

(1) (a) Ohkura, H.; Berbasov, D. O.; Soloshonok, V. A. Tetrahedron, 2003, 59, 1647. (b) 

Soloshonok, V. A.; Kukhar, V. P. Tetrahedron, 1997, 53, 8307. 

(2) Stanley, L. M.; Hartwig, J. F. Angew. Chem., Int. Ed. 2009, 48, 7841. 

(3) Richards, C. J.; Mulvaney, A. W. Tetrahedron: Asymmetry 1996, 7, 1419. 

(4) Smith, C. R.; Mans, D. J.; Rajanbabu, T. V. Org. Synth. 2008, 85, 238. 

(5) Stanley, L. M.; Hartwig, J. F. J. Am. Chem. Soc. 2009, 131, 8971. 



S27 
 

7. NMR spectra 
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8. HPLC spectra 
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