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I. General information 

All solvents used in the reaction were commercial available without further purification. 

Purification of reaction products was carried out by flash chromatography using silica 

gel (300 – 400 mesh). TLC was visualized by UV fluorescence (254 nm) or KMnO4, 

phosphomolybdic acid. The 1H NMR spectra were recorded on a Bruker 400 or an 

Agilent 400 (400 MHz). All chemical shifts (δ) were given in ppm. Data were reported 

as follows: chemical shift, intergration, multiplicity (s = single, d = doublet, t = triplet, 

q = quartet, br = broad, m = multiplet) and coupling constants (Hz). 13C NMR spectra 

were recorded on a Bruker 400 (100 MHz) or an Agilent 500 (126 MHz). 19F NMR 

spectra were recorded on an Agilent 400 (376 MHz). 31P NMR spectra were recorded 

on an Agilent 400 (163 MHz). High-resolution mass spectra (HRMS) were recorded on 

a Bruker APEXIII 7.0 Tesla ESI – FT mass spectrometer or an Agilent TOF/LC-MS 

1260-6230 mass spectrometer. Melting points were determined on a SGW X-4 melting 

point and were uncorrected. Optical rotations were measured on an Anton Paar MCP 

5500 Polarimeter at λ = 589 nm. IR spectra were recorded on a Perkin-Elmer 983G 

instrument. All bifunctional phosphine catalysts were synthesized according to 

procedures reported previously.1,2 
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II. General experimental procedure 

2.1 General procedure for the preparation of ketimines 

To a solution of corresponding trifluoromethyl ketone (2.0 mmol, 1.0 equiv) in toluene 

(5.0 mL) was added N-Boc-imino-(triphenyl)-phosphorane (4.0 mmol, 2.0 equiv.). The 

system was stirred at reflux until the completion of reaction (monitored by TLC). Then 

the system was cooled down to room temperature and the solvent was removed in 

vacuum. The residue was purified by silica gel column chromatography to give 

corresponding N-Boc ketimines. The N-PMP ketimines were prepared according to the 

reported literature.3,7 

2.2 General procedure for the asymmetric Strecker reaction 

General procedure for the asymmetric Strecker reaction of N-PMP ketimines  

To a solution of organophosphine catalyst (0.005 mmol, 5 mol%) in dichloromethane 

(1.0 mL) was added methyl acrylate (0.005 mmol, 5 mol%). The system was stirred at 

room temperature for ten minutes, then TMSCN (0.2 mmol) was added. Five minutes 

later the system was cooled to -20 °C and after another ten minutes corresponding 

ketimine (0.1 mmol) was added. After the completion of reaction (monitored by TLC) 

the system was allowed to warm to room temperature and the solvent was removed in 

vacuum. The residue was purified by silica gel column chromatography to give the pure 

product. 

General procedure for the asymmetric Strecker reaction of N-Boc ketimines 

To a solution of organophosphine catalyst (0.005 mmol, 5 mol%) in dichloromethane 

(1.0 mL) was added methyl acrylate (0.005 mmol, 5 mol%). The system was stirred at 

room temperature for ten minutes and then corresponding ketimine (0.1 mmol) was 

added. Ten minutes later the system was cooled to -72 °C and after another ten minutes 

TMSCN (0.2 mmol) was added. After the completion of reaction (monitored by TLC) 

the system was allowed to warm to room temperature and the solvent was removed in 

vacuum. The residue was purified by silica gel column chromatography to give the pure 

product. 

2.3 Optimization of the reaction conditions for the reaction of N-Boc ketiminea 
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Entry Cat. Temp./°C Solvent Additive t/h yield/%b ee/%c 

1 4a 20 DCM Methyl acrylate 0.5 85 0 

2 4b 20 DCM Methyl acrylate 0.5 86 3 

3 4c 20 DCM Methyl acrylate 0.5 87 2 

4 4d 20 DCM Methyl acrylate 0.5 91 19 

5 4e 20 DCM Methyl acrylate 0.5 93 29 

6 4f 20 DCM Methyl acrylate 0.5 90 16 

7 4g 20 DCM Methyl acrylate 0.5 90 18 

8 4h 20 DCM Methyl acrylate 0.5 93 23 

9 4e 0 DCM Methyl acrylate 1 89 43 

10 4e -20 DCM Methyl acrylate 1 94 60 

11 4e -60 DCM Methyl acrylate 2 89 70 

12 4e -72 DCM Methyl acrylate 2 91 85 

13 4e -72 Toluene Methyl acrylate 2 88 46 

14 4e -72 Et2O Methyl acrylate 2 89 39 

15d 

16 

17 

4e 

4i 

4j 

-72 

-72 

-72 

DCM 

DCM 

DCM 

Methyl acrylate 

Methyl acrylate 

Methyl acrylate 

3 

3 

3 

90 

86 

89 

82 

35 

30 

   a Reaction conditions: 0.10 mmol 1'a, 0.20 mmol 2, methyl acrylate (5 mol%), chiral phosphine (5 mol%), DCM 

(1.0 mL). b Isolated yield. c The ee value was determined by chiral HPLC analysis. d Chiral phosphine (1 mol%) 

was used. 

2.4 Procedure for transformations of α-trifluoromethyl-α-amino nitriles 

2.4.1 Procedure for the preparation of 5a 

Hydrogen chloride gas was introduced into a solution of 3’a (15.1 mg, 0.05 mmol, 85% 

ee) in methanol (1.0 mL) at 0 oC until the starting material consumed. The resulting 
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mixture was stirred overnight and then the mixture was concentrated under reduced 

pressure, and saturated aqueous sodium hydrogen carbonate solution was added to 

adjust pH 9. The aqueous phase was extracted with dichloromethane (3 × 1.0 mL), and 

then the combined organic layers were washed with water and brine. Anhydrous 

Na2SO4 was added to the mixture, followed by a filtration. The filtrate was concentrated 

under reduced pressure and the residue was purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 3/1) to give 5a (9.0 mg) in 90% yield 

as colorless oil. 

2.4.2 Procedure for the preparation of 5b4 

To a stirred solution of 3’a (30.0 mg, 0.1 mmol, 85% ee) in acetone (2.0 mL) was added 

Na2CO3 (53.0 mg, 0.5 mmol). Then 30% H2O2 aq. (2.0 mL) was added dropwise to the 

suspension at 0 C. The resulting mixture was stirred at room temperature overnight, 

then water was added and the resulting mixture was extracted with ethyl acetate (3 × 

5.0 mL). The combined organic layers were washed with water and brine and dried over 

anhydrous Na2SO4. The filtrate was concentrated under reduced pressure, and the 

resulting residue was purified by silica gel column chromatography (petroleum 

ether/ethyl acetate = 3/1) to give 5b (28.0 mg) in 88% yield as colorless oil. 

2.4.3 Procedure for the preparation of 5c 

To a stirred solution of 3’a (300.2 mg, 1.0 mmol, 85% ee) and NiCl2•6H2O (237.7 mg, 

1.0 mmol) in methanol (18.0 mL) was added NaBH4 (264.8 mg, 7.0 mmol) in portions 

at 0 °C over 10 minutes. The resulting mixture was stirred for 3h at 0 °C until 3’a 

completely disappeared (monitored by TLC). The reaction was quenched by the 

addition of saturated NH4Cl aqueous solution (2.0 mL), and the resulting mixture was 

stirred at room temperature until the generation of gas ceased. Anhydrous Na2SO4 was 

added to the mixture, followed by a filtration with diatomite. The filtrate was 

concentrated under reduced pressure and the residue was purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 5/1-1/1) to give 5c (278.9 mg) in 92% 

yield as a white solid. 

2.4.4 Procedure for the preparation of 5d 

To a stirred solution of 4-bromobenzoic acid (48.2 mg, 0.24 mmol) in CH2Cl2 (10.0 mL) 

were added HBTU (113.8 mg, 0.3 mmol) and DIPEA (51.6 mg, 0.4 mmol) successfully 

at 0 °C. Then 5c (60.8 mg, 0.2 mmol, 85% ee) was added and the reaction mixture was 

stirred at room temperature and monitored by TLC. After 6h, the resulting solution was 

poured into 10.0 mL of H2O, and extracted with dichloromethane (3 × 10.0 mL). The 

combined organic layers were washed with water and brine, dried over anhydrous 

Na2SO4. The filtrate was concentrated under reduced pressure, and the resulting residue 

was purified by silica gel column chromatography (petroleum ether/ethyl acetate = 4/1) 

to give 5d (89.9 mg) in 92% yield as a white solid. 

2.4.5 Procedure for the preparation of 5e 

To a stirred solution of 5c (60.8 mg, 0.2 mmol, 85% ee) in CH2Cl2 (5.0 mL) was added 

4-nitrophenyl isothiocyanate (43.2 mg, 0.24 mmol) and the resulting mixture was 

stirred for 5h (monitored by TLC). Then the solvent was removed in vacuum and the 
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residue was purified by silica gel column chromatography (petroleum ether/ethyl 

acetate = 5/1) to give 5e (91.0 mg) in 94% yield as a yellow solid. 

2.4.6 Procedure for the preparation of 5f5 

To the soulution of 5c (30.0mg, 0.1 mmol) in toluene (1.0 mL) was added DBU (0.003 

mmmol). The mixture was heated until the starting material consumed. Then it was 

cooled to room temperature and concentrated under reduced pressure. The residue was 

purified by fast silica gel column chromatography (ethyl acetate / methanol = 20/1) to 

afford product 5f in 90% yield as a pale yellow solid. 

2.5 Procedure for the synthesis of the bifunctional catalyst 4j 

The dipeptide-based organophosphine 4i was prepared according to the reported 

reference.2 

 

(S)-2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-N-((S)-1-(diphenylphosphanyl)-3,3-

dimethylbutan-2-yl)-2-phenylacetamide (4j) 

 

White solid, mp 190-192 °C; 1H NMR (CDCl3, 400 MHz) δ 9.07 (s, 1H), 8.82-8.80 (m, 1H), 7.88 

(s, 2H), 7.62-7.61 (m, 2H), 7.44-7.37 (m, 5H), 7.24 (m, 5H), 7.15-7.13 (m, 6H), 6.44-6.42 (d, 

J=7.2Hz, 1H), 5.95-5.93 (m, 1H), 3.66-3.58 (m, 1H), 2.41-2.37 (m, 1H), 0.79 (s, 9H); 13C NMR 

(CDCl3, 100 MHz) δ 181.41, 172.51, 140.05, 139.21, 139.08, 136.99, 136.84, 135.49, 133.74, 

133.54, 131.82, 131.64, 131.14, 130.80, 129.28, 129.23, 128.86, 128.77, 128.71, 128.45, 128.39, 

128.38, 128.33, 128.17, 124.07, 121.68, 117.79, 62.17, 56.09, 35.46, 31.23, 31.09, 29.69, 26.13.; 
19F NMR (CDCl3, 376 MHz) δ -63.0; 31P NMR (CDCl3, 162 MHz) δ -22.5; IR (Neat): 3290, 2965, 

1653, 1538, 1473, 1382, 1278, 1180, 1131, 738, 695; HRMS (ESI): calcd for [M+H]+ 

(C35H35N3OF6PS)+ requires 690.2064; found 690.2137; [α]D
26.2 = +28.5 (c = 1.0, CHCl3). 
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III. Experimental data 

Experimental data of 3a-3n6a,6b 

(R)-3,3,3-trifluoro-2-((4-methoxyphenyl)amino)-2-phenylpropanenitrile (3a) 

White solid; 1H NMR (CDCl3, 400 MHz) δ 7.76-7.78 (m, 2H), 7.45-7.51 (m, 3H), 6.71 (d, J = 8.8 

Hz, 2H), 6.60 (d, J = 8.8 Hz, 2H), 4.32 (s, 1H), 3.70 (s, 3H); 13C NMR (CDCl3, 126 MHz) δ 155.3, 

134.6, 130.7, 129.7, 129.1, 128.0, 122.3 (q, 1JCF = 286.4 Hz ), 120.0, 114.9, 114.5, 66.3 (q, 2JCF = 

30.0 Hz), 55.4; 19F NMR (CDCl3, 376 MHz) δ -76.5 (s, 3F); enantiomeric excess: 91%, determined 

by HPLC (Chiralpak OD, hexane/i-PrOH 90/10, flow rate 0.7 mL/min; tmajor = 8.9 min, tminor = 11.0 

min, λ = 254 nm); [α]D
28.0 = -68.7 (c = 1.0, CHCl3). 

(R)-3,3,3-trifluoro-2-(4-fluorophenyl)-2-((4-methoxyphenyl)amino)propanenitrile (3b) 

Yellow oil; 1H NMR (CDCl3, 400 MHz) δ 7.67-7.70 (m, 2H), 7.07-7.11 (m, 2H), 6.65 (d, J = 9.2 

Hz, 2H), 6.53 (d, J = 9.2 Hz, 2H), 4.24 (s, 1H), 3.64 (s, 3H); 13C NMR (CDCl3, 126 MHz) δ 165.0, 

163.0, 155.4, 134.3, 130.2, 130.1, 125.5, 125.4, 122.2 (q, 1JCF = 285.9 Hz), 120.2, 116.4, 116.3, 

114.8, 114.6, 65.8 (q, 2JCF = 30.2 Hz), 55.4; 19F NMR (CDCl3, 376 MHz) δ -76.7 (s, 3F), -109.6 (s, 

1F); enantiomeric excess: 88%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 95/5, flow 

rate 0.7 mL/min; tmajor = 11.9 min, tminor = 13.8 min, λ = 254 nm); [α]D
28.3 = -82.9 (c = 1.0, CHCl3). 

(R)-2-(4-chlorophenyl)-3,3,3-trifluoro-2-((4-methoxyphenyl)amino)propanenitrile (3c) 

Yellow oil; 1H NMR (CDCl3, 400 MHz) δ 7.62-7.64 (m, 2H), 7.36-7.39 (m, 2H), 6.65 (d, J = 8.8 

Hz, 2 Hz), 6.52 (d, J = 8.8 Hz, 2H), 4.24 (s, 1H), 3.64 (s, 3H); 13C NMR (CDCl3, 126 MHz) δ 155.4, 

137.1, 134.1, 129.5, 128.3, 122.1 (q, 1JCF = 286.6 Hz), 120.1, 114.6, 65.6 (q, 2JCF = 30.2 Hz), 55.4; 

19F NMR (CDCl3, 376 MHz) δ -76.6 (s, 3F); enantiomeric excess: 90%, determined by HPLC 

(Chiralpak AD-H, hexane/i-PrOH 95/5, flow rate 0.7 mL/min; tmajor = 11.8 min, tminor = 13.2 min, λ 

= 254 nm); [α]D
28.5 = -75.5 (c = 1.0, CHCl3). 

(R)-2-(3-chlorophenyl)-3,3,3-trifluoro-2-((4-methoxyphenyl)amino)propanenitrile (3d) 

White solid, mp: 78-79 °C; 1H NMR (CDCl3, 400 MHz) δ 7.76 (s, 1H), 7.66 (d, J = 8.4 Hz, 1H), 

7.46-7.49 (m, 1H), 7.40 (t, J = 8.0 Hz, 1H), 6.72 (d, J = 8.8 Hz, 2H), 6.60 (d, J = 8.8 Hz, 2H), 4.31 

(s, 1H), 3.71 (s, 3H);; 13C NMR (CDCl3, 126 MHz) δ 155.5, 135.4, 134.1, 131.8, 131.1, 130.4, 

128.2, 126.3, 122.1 (q, 1JCF = 284.3 Hz), 120.1, 114.6, 66.0 (q, 2JCF = 29.9 Hz), 55.4; 19F NMR 

(CDCl3, 376 MHz) δ -76.2 (s, 3F); IR (Neat): 3343, 2836, 2359, 1513, 1241, 1206, 1180, 1035, 823, 

788; enantiomeric excess: 89%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 90/10, flow 

rate 1.0 mL/min; tmajor = 5.4 min, tminor = 6.0 min, λ = 254 nm); [α]D
25 = -111.7 (c = 1.0, CHCl3). 

(R)-2-(2-chlorophenyl)-3,3,3-trifluoro-2-((4-methoxyphenyl)amino)propanenitrile (3e) 

Colorless oil; 1H NMR (CDCl3, 400 MHz) δ 7.86 (d, J = 7.6 Hz, 1H), 7.48-7.50 (m, 1H), 7.38-7.43 

(m, 1H), 7.31-7.35 (m, 1H), 6.71-6.75 (m, 2H), 6.58-6.62 (m, 2H), 4.52 (s, 1H), 3.71 (s, 3H); 13C 

NMR (CDCl3, 126 MHz) δ 155.0, 134.3, 133.5, 132.7, 131.8, 131.5, 127.5, 126.2, 122.6 (q, 1JCF  

= 285.9 Hz), 119.0, 114.6, 64.6 (q, 2JCF = 30.9 Hz), 55.4; 19F NMR (CDCl3, 376 MHz) δ -74.7 (s, 

3F); IR (Neat): 3355, 2927, 1513, 1468, 1239, 1208, 1178, 1036, 762; HRMS (EI): calcd for 

[C16H12ClF3N2O] requires 340.0590; found 340.0587; enantiomeric excess: 90%, determined by 
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HPLC (Chiralpak AD-H, hexane/i-PrOH 90/10, flow rate 1.0 mL/min; tmajor = 6.5 min, tminor = 7.5 

min, λ = 254 nm); [α]D
25 = -240.7 (c = 0.5, CHCl3). 

(R)-2-(4-bromophenyl)-3,3,3-trifluoro-2-((4-methoxyphenyl)amino)propanenitrile (3f) 

Yellow oil; 1H NMR (CDCl3, 400 MHz) δ 7.52-7.57 (m, 4H), 6.65 (d, J = 8.8 Hz, 2H), 6.52 (d, J = 

8.8 Hz, 2H), 4.24 (s, 1H), 3.64 (s, 3H); 13C NMR (CDCl3, 126 MHz) δ 155.4, 134.1, 132.4, 129.7, 

128.8, 125.4, 122.0 (q, 1JCF = 286.6 Hz), 120.1, 114.6, 66.0 (q, 2JCF = 30.2 Hz), 55.4; 19F NMR 

(CDCl3, 376 MHz) δ -76.5 (s, 3F); enantiomeric excess: 90%, determined by HPLC (Chiralpak AD-

H, hexane/i-PrOH 95/5, flow rate 0.7 mL/min; tmajor = 12.8 min, tminor = 14.0 min, λ = 254 nm); 

[α]D
28.9 = -60.3 (c = 1.0, CHCl3). 

(R)-3,3,3-trifluoro-2-((4-methoxyphenyl)amino)-2-(p-tolyl)propanenitrile (3g) 

Yellow oil; 1H NMR (CDCl3, 400 MHz) δ 7.55-7.57 (m, 2H), 7.18-7.20 (m, 2H), 6.63 (d, J = 8.8 

Hz, 2H), 6.53 d, J = 8.8 Hz, 2H), 4.21 (s, 1H), 3.63 (s, 3H), 2.32 (s, 3H); 13C NMR (CDCl3, 126 

MHz) δ 155.2, 141.0, 134.7, 129.8, 127.9, 126.7, 122.4 (q, 1JCF = 286.3 Hz), 120.0, 115.1, 114.5, 

66.2 (q, 2JCF = 30.1 Hz), 55.4, 21.2; 19F NMR (CDCl3, 376 MHz) δ -76.7 (s, 3F); enantiomeric 

excess: 92%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 95/5, flow rate 0.7 mL/min; 

tmajor = 12.1 min, tminor = 15.5 min, λ = 254 nm); [α]D
28.7 = -63.4 (c = 1.0, CHCl3). 

(R)-3,3,3-trifluoro-2-((4-methoxyphenyl)amino)-2-(m-tolyl)propanenitrile (3h) 

Yellow oil; 1H NMR (CDCl3, 400 MHz) δ 7.44-7.50 (m, 2H), 7.21-7.29 (m, 2H), 6.64 (d, J = 8.8 

Hz, 2H), 6.54 (d, J = 8.8 Hz, 2H), 4.21 (s, 1H), 3.63 (s, 3H), 2.33 (s, 3H); 13C NMR (CDCl3, 126 

MHz) δ 155.2, 139.1, 134.7, 131.5, 129.6, 129.0, 128.5, 125.1, 122.3 (q, 1JCF = 286.4 Hz), 120.0, 

115.0, 114.5, 66.4 (q, 2JCF = 30.1 Hz), 55.4, 21.5; 19F NMR (CDCl3, 376 MHz) δ -76.4 (s, 3F); 

enantiomeric excess: 91%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 95/5, flow rate 

0.7 mL/min; tmajor = 9.3 min, tminor = 10.7 min, λ = 254 nm); [α]D
29.0 = -79.9 (c = 1.0, CHCl3). 

(R)-3,3,3-trifluoro-2-(4-methoxyphenyl)-2-((4-methoxyphenyl)amino)propanenitrile (3i) 

Yellow oil; 1H NMR (CDCl3, 400 MHz) δ 7.59 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 6.64 

(d, J = 8.0 Hz, 2H), 6.54 (d, J = 8.0 Hz, 2H), 4.21 (s, 1H), 3.76 (s, 3H), 3.63 (s, 3H); 13C NMR 

(CDCl3, 126 MHz) δ 161.3, 155.2, 134.7, 129.4, 122.4 (q, 1JCF = 286.2 Hz), 121.3, 120.1, 115.1, 

114.5 (2C), 65.9 (q, 2JCF = 30.0 Hz), 55.4 (2C); 19F NMR (CDCl3, 376 MHz) δ -76.9 (s, 3F); 

enantiomeric excess: 90%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 80/20, flow rate 

1.0 mL/min; tmajor = 6.0 min, tminor = 7.0 min, λ = 254 nm); [α]D
28.8 = -66.2 (c = 1.0, CHCl3). 

(R)-3,3,3-trifluoro-2-((4-methoxyphenyl)amino)-2-(4-(trifluoromethyl)phenyl)propanenitrile (3j) 

Yellow oil; 1H NMR (CDCl3, 400 MHz) δ 7.52-7.57 (m, 4H), 6.65 (d, J = 8.8 Hz, 2H), 6.52 (d, J = 

8.8 Hz, 2H), 4.24 (s, 1H), 3.64 (s, 3H); 13C NMR (CDCl3, 126 MHz) δ 155.5, 133.9, 133.7, 133.0 

(q, 2JCF = 33.1 Hz), 128.7, 126.2 (q, 3JCF = 3.7 Hz), 123.5 (q, 1JCF = 273.2 Hz), 122.1 (q, 1JCF = 

286.8 Hz), 120.1, 114.7, 114.4, 66.0 (q, 2JCF = 30.1 Hz), 55.4; 19F NMR (CDCl3, 376 MHz) δ -63.0 

(s, 3F), -76.3 (s, 3F); enantiomeric excess: 86%, determined by HPLC (Chiralpak PC-2, hexane/i-

PrOH 98/2, flow rate 0.7 mL/min; tmajor = 10.6 min, tminor = 9.6 min, λ = 254 nm); [α]D
29.2 = -74.7 (c 

= 1.0, CHCl3). 

(R)-3,3,3-trifluoro-2-((4-methoxyphenyl)amino)-2-(thiophen-2-yl)propanenitrile (3k) 
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Yellow oil; 1H NMR (CDCl3, 400 MHz) δ 7.40-7.45 (m, 2H), 7.00-7.02 (m, 1H), 6.67-6.72 (m, 4H), 

4.17 (s, 1H), 3.67 (s, 3H); 13C NMR (CDCl3, 126 MHz) δ 156.1, 134.2, 133.4, 130.2, 129.5, 127.2, 

121.9 (q, 1JCF = 287.0 Hz), 121.7, 114.5, 114.3, 64.0 (q, 2JCF = 30.1 Hz), 55.4; 19F NMR (CDCl3, 

376 MHz) δ -76.6 (s, 3F); enantiomeric excess: 86%, determined by HPLC (Chiralpak AD-H, 

hexane/i-PrOH 95/5, flow rate 0.7 mL/min; tmajor = 13.8 min, tminor = 16.1 min, λ = 254 nm); [α]D
29.1 

= -35.7 (c = 1.0, CHCl3). 

(R)-3,3,3-trifluoro-2-((4-fluorophenyl)amino)-2-phenylpropanenitrile (3l) 

White solid; 1H NMR (CDCl3, 400 MHz) δ 7.67-7.68 (m, 2H), 7.39-7.44 (m, 3H), 6.76-6.80 (m, 

2H), 6.49-6.52 (m, 2H), 4.41 (s, 1H); 13C NMR (CDCl3, 126 MHz) δ 158.3 (d, 1JCF =242 Hz), 137.3, 

130.9, 129.3, 129.2, 127.9, 122.2 (q, 1JCF = 286.4 Hz), 119.2(d, 3JCF = 7.9 Hz), 115.9(d, 2JCF = 22.8 

Hz), 114.6, 65.8 (q, 2JCF = 30.2 Hz); 19F NMR (CDCl3, 376 MHz) δ -76.6 (s, 3F), -121.7 (s, 1F); 

enantiomeric excess: 90%, determined by HPLC (Chiralpak OJ, hexane/i-PrOH 90/10, flow rate 1.0 

mL/min; tmajor = 10.3 min, tminor = 7.2 min, λ = 254 nm); [α]D
27.9 = -91.5 (c = 1.0, CHCl3). 

(R)-2-((4-bromophenyl)amino)-3,3,3-trifluoro-2-phenylpropanenitrile (3m) 

White solid; 1H NMR (CDCl3, 400 MHz) δ 7.64-7.66 (m, 2H), 7.40-7.44 (m, 3H), 7.17 (d, J = 8.8 

Hz, 2H), 6.39 (d, J = 8.8 Hz, 2H), 4.55 (s, 1H); 13C NMR (CDCl3, 126 MHz) δ 140.3, 132.1, 131.0, 

129.4, 128.9, 127.7, 122.1 (q, 1JCF = 286.6 Hz), 118.7, 114.4, 114.3, 65.2 (q, 2JCF = 30.5 Hz). 19F 

NMR (CDCl3, 376 MHz) δ -76.7 (s, 3F); enantiomeric excess: 82%, determined by HPLC 

(Chiralpak OJ, hexane/i-PrOH 95/5, flow rate 0.7 mL/min; tmajor = 25.2 min, tminor = 19.0 min, λ = 

254 nm); [α]D
28.0 = -79.7 (c = 1.0, CHCl3). 

(R)-3,3,3-trifluoro-2-phenyl-2-(p-tolylamino)propanenitrile (3n) 

White solid; 1H NMR (CDCl3, 400 MHz) δ 7.68-7.69 (m, 2H), 7.39-7.40 (m, 3H), 6.87 (d, J = 8.4 

Hz, 2H), 6.42 (d, J = 8.4 Hz, 2H), 4.40 (s, 1H), 2.14 (s, 3H); 13C NMR (CDCl3, 126 MHz) δ 138.8, 

131.3, 130.7, 129.7, 129.6, 129.2, 127.9, 122.3 (q, 1JCF = 286.3 Hz), 117.4, 114.8, 65.6 (q, 2JCF = 

30.1 Hz), 20.5; 19F NMR (CDCl3, 376 MHz) δ -76.7 (s, 3F); enantiomeric excess: 89%, determined 

by HPLC (Chiralpak OJ, hexane/i-PrOH 90/10, flow rate 1.0 mL/min; tmajor = 9.3 min, tminor = 7.0 

min, λ = 254 nm); [α]D
28.1 = -106.2 (c = 1.0, CHCl3). 

Experimental data of 3’a-3’m 

Tert-butyl (S)-(1-cyano-2,2,2-trifluoro-1-phenylethyl)carbamate (3’a) 

White solid, mp: 81-82 °C; 1H NMR (CDCl3, 400 MHz) δ 7.64-7.66 (m, 2H), 7.47-7.48 (m, 3H), 

6.17 (br, 1H), 1.31 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 152.7, 130.7, 130.3, 128.9, 126.6, 121.7 

(q, 1JCF = 284.7 Hz), 113.8, 83.2, 62.4 (q, 2JCF = 31.3 Hz), 27.7; 19F NMR (CDCl3, 376 MHz) δ -

75.7 (s, J = 3F); IR (Neat): 3244, 3147, 2980, 2933, 2855, 1717, 1492, 1454, 1370, 1250, 1192, 

1156; HRMS (ESI): calcd for [M-H]- (C14H14O2N2F3)- requires 299.1013; found 299.1005; 

enantiomeric excess: 85%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 95/5, flow rate 

0.6 mL/min; tmajor = 16.1 min, tminor = 11.4 min, λ = 254 nm); [α]D
24 = 35.4 (c = 1.0, CHCl3). 

Tert-butyl (S)-(1-cyano-2,2,2-trifluoro-1-(3-fluorophenyl)ethyl)carbamate (3’b) 

Colorless oil; 1H NMR (CDCl3, 400 MHz) δ 7.44-7.48 (m, 2H), 7.35-7.38 (m, 1H), 7.17-7.22 (m, 
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1H), 6.41 (br, 1H), 1.34 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 162.7 (d, 1JCF = 247.2 Hz), 152.7, 

133.1, 130.6 (d, 3JCF = 8.2 Hz), 122.6, 122.5, 121.5 (q, 1JCF = 284.9 Hz), 117.5 (d, 2JCF = 21.0 Hz), 

114.1 (d, 2JCF = 24.7 Hz), 113.5, 83.6, 62.0 (q, 2JCF = 31.0 Hz), 27.7; 19F NMR (CDCl3, 376 MHz) 

δ -72.2 (s, 3F), -107.5 (s, 1F); IR (Neat): 3244, 3147, 2981, 1719, 1598, 1492, 1371, 1249, 1201, 

1156; HRMS (ESI): calcd for [M-H]- (C14H13O2N2F4)- requires 317.0919; found 317.0915; 

enantiomeric excess: 79%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 98/2, flow rate 

0.4 mL/min; tmajor = 36.0 min, tminor = 27.3 min, λ = 254 nm); [α]D
25 = 47.6 (c = 0.5, CHCl3). 

Tert-butyl (S)-(1-cyano-2,2,2-trifluoro-1-(4-fluorophenyl)ethyl)carbamate (3’c) 

Colorless oil; 1H NMR (CDCl3, 400 MHz) δ 7.62-7.65 (dd, J = 8.4 Hz, 4.8 Hz, 2H), 7.17 (t, J = 8.4 

Hz, 2H), 5.92 (br, 1H), 1.35 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 163.5 (d, 1JCF = 249.6 Hz), 

152.4, 128.8 (d, 3JCF= 8.7 Hz), 126.4, 121.6 (q, 1JCF = 284.4 Hz), 116.1 (d, 2JCF = 22.2 Hz), 113.7, 

83.5, 61.9 (q, 2JCF = 31.0 Hz), 27.8; 19F NMR (CDCl3, 376 MHz) δ -76.1 (s, 3F), -110.2 (s, 1F); IR 

(Neat): 3246, 3148, 2981, 1719, 1605, 1512, 1395, 1371, 1251, 1191; HRMS (ESI): calcd for [M-

H]- (C14H13O2N2F4)- requires 317.0919; found 317.0915; enantiomeric excess: 89%, determined by 

HPLC (Chiralpak AD-H, hexane/i-PrOH 98/2, flow rate 0.4 mL/min; tmajor = 31.3 min, tminor = 24.0 

min, λ = 254 nm); [α]D
25 = 52.4 (c = 0.5, CHCl3). 

Tert-butyl (S)-(1-cyano-1-(3,5-difluorophenyl)-2,2,2-trifluoroethyl)carbamate (3’d) 

White solid, mp: 96-98 °C; 1H NMR (CDCl3, 400 MHz) δ 7.21-7.23 (m, 2H), 6.93-6.98 (m, 1H), 

6.23 (br, 1H), 1.37 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 163.5 (dd, 1JCF = 249.7 Hz, 3JCF = 12.4 

Hz), 152.6, 134.7, 121.3 (q, 1JCF = 284.7 Hz), 113.1, 110.5 (d, 2JCF = 28.0 Hz), 110.5 (d, 3JCF = 11.7 

Hz), 106.2 (t, 2JCF = 24.9 Hz), 84.0, 61.9 (q, 2JCF = 31.1 Hz), 27.8; 19F NMR (CDCl3, 376 MHz) δ 

-71.9 (s, 3F), -103.4 (s, 1F); IR (Neat): 3242, 3142, 2975, 1731, 1624, 1608, 1491, 1442, 1370, 

1254, 1212, 1187, 1122; HRMS (ESI): calcd for [M-H]- (C14H12O2N2F5)- requires 335.0824; found 

317.0818; enantiomeric excess: 83%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 95/5, 

flow rate 0.6 mL/min; tmajor = 8.9 min, tminor = 8.2 min, λ = 254 nm); [α]D
25 = 52.5 (c = 0.5, CHCl3). 

Tert-butyl (S)-(1-(2-chlorophenyl)-1-cyano-2,2,2-trifluoroethyl)carbamate (3’e) 

Colorless oil; 1H NMR (CDCl3, 400 MHz) δ 7.81-7.83 (m, 1H), 7.37-7.48 (m, 3H),5.74 (br, 1H), 

1.37 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 152.5, 132.6, 131.4, 130.9, 127.3, 126.8, 122.1 (q, 1JCF  

= 285.9 Hz), 113.4, 83.1, 62.6 (q, 2JCF = 32.0 Hz), 27.8; 19F NMR (CDCl3, 376 MHz) δ -73.9 (s, 

3F); IR (Neat): 3242, 3144, 2979, 1720, 1433, 1370, 1248, 1191, 1157; HRMS (ESI): calcd for 

[M+NH4]+ (C14H18O2N3ClF3)+ requires 352.1034.0623; found 352.1034; enantiomeric excess: 85%, 

determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 90/10, flow rate 1.0 mL/min; tmajor = 10.5 

min, tminor = 5.6 min, λ = 254 nm); [α]D
25 = 0.47 (c = 1.0, CHCl3). 

Tert-butyl (S)-(1-(3-chlorophenyl)-1-cyano-2,2,2-trifluoroethyl)carbamate (3’f) 

Colorless oil; 1H NMR (CDCl3, 400 MHz) δ 7.64 (s, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.40-7.49 (m, 

2H),6.33 (br, 1H), 1.34 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 152.7, 135.1, 132.8, 130.6, 130.1, 

126.8, 125.0, 121.5 (q, 1JCF = 284.9 Hz), 113.4, 83.7, 62.0 (q, 2JCF = 31.8 Hz), 27.7; 19F NMR 

(CDCl3, 376 MHz) δ -72.0 (s, 3F); IR (Neat): 3245, 3147, 2980, 1718, 1478, 1370, 1249, 1193, 

1156; HRMS (ESI): calcd for [M-H]- (C14H13O2N2ClF3)- requires 333.0623; found 333.0622; 

enantiomeric excess: 72%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 98/2, flow rate 
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0.4 mL/min; tmajor = 38.6 min, tminor = 33.2 min, λ = 254 nm); [α]D
25 = 36.4 (c = 0.5, CHCl3). 

Tert-butyl (S)-(1-(4-chlorophenyl)-1-cyano-2,2,2-trifluoroethyl)carbamate (3’g) 

White solid, mp: 108-110 °C; 1H NMR (CDCl3, 400 MHz) δ 7.59 (d, J = 7.6 Hz, 2H), 7.46 (d, J = 

8.8 Hz, 2H), 6.35 (br, 1H), 1.34 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 152.7, 136.7, 129.1, 128.0, 

121.5 (q, 1JCF = 284.7 Hz), 113.5, 83.6, 62.0 (q, 2JCF = 31.3 Hz), 27.8; 19F NMR (CDCl3, 376 MHz) 

δ -72.0 (s, 3F); IR (Neat): 3241, 3142, 2980, 1717, 1493, 1369, 1248, 1193, 1156; HRMS (ESI): 

calcd for [M-H]- (C14H13O2N2ClF3)- requires 333.0623; found 333.0618; enantiomeric excess: 83%, 

determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 91/9, flow rate 0.7 mL/min; tmajor = 6.7 min, 

tminor = 6.2 min, λ = 214 nm); [α]D
25 = 43.3 (c = 0.5, CHCl3). 

Tert-butyl (S)-(1-(3-bromophenyl)-1-cyano-2,2,2-trifluoroethyl)carbamate (3’h) 

White solid, mp: 118-120 °C; 1H NMR (CDCl3, 400 MHz) δ 7.79 (s, 2H), 7.62 (t, J = 8.0 Hz, 2H), 

7.36 (t, J = 8.0 Hz, 1H), 6.38 (br, 1H), 1.33 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 152.7, 133.6, 

130.4, 129.6, 125.4, 123.0, 121.4 (q, 1JCF = 285.0 Hz), 113.4, 83.7, 61.9 (q, 2JCF = 31.0 Hz), 27.7; 

19F NMR (CDCl3, 376 MHz) δ -72.1 (s, 3F); IR (Neat): 3245, 3147, 2980, 1719, 1476, 1370, 1249, 

1193, 1156; HRMS (ESI): calcd for [M-H]- (C14H13O2N2BrF3)- requires 377.0118; found 377.0112; 

enantiomeric excess: 68%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 98/2, flow rate 

0.6 mL/min; tmajor = 27.1, tminor = 25.2, λ = 254 nm); [α]D
25= 25.9 (c = 0.5, CHCl3). 

Tert-butyl (S)-(1-(4-bromophenyl)-1-cyano-2,2,2-trifluoroethyl)carbamate (3’i) 

White solid, mp: 102-104 °C; 1H NMR (CDCl3, 400 MHz) δ 7.62 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 

8.4 Hz, 2H), 6.23 (br, 1H), 1.34 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 152.6, 132.2, 129.9, 128.3, 

125.0, 121.5 (q, 1JCF = 284.4 Hz), 113.5, 83.6, 62.2 (q, 2JCF = 31.2 Hz), 27.8; 19F NMR (CDCl3, 376 

MHz) δ -72.1 (s, 3F); IR (Neat): 3244, 3146, 2980, 1718, 1489, 1370, 1248, 1194, 1156, 1076; 

HRMS (ESI): calcd for [M-H]- (C14H13O2N2BrF3)- requires 377.0107; found 377.0114; 

enantiomeric excess: 70%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 98/2, flow rate 

0.4 mL/min; tmajor = 27.8 min, tminor = 23.9 min, λ = 254 nm); [α]D
25 = 33.5 (c = 0.5, CHCl3). 

Tert-butyl (S)-(1-cyano-2,2,2-trifluoro-1-(3-nitrophenyl)ethyl)carbamate (3’j) 

Colorless oil; 1H NMR (CDCl3, 400 MHz) δ 8.51 (s, 1H), 8.38 (d, J = 8.0 Hz, 1H), 8.05 (d, J = 8.0 

Hz, 1H), 7.73 (t, J = 8.0 Hz, 1H), 6.20 (br, 1H), 1.36 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 152.5, 

148.6, 133.1, 132.8, 130.3, 125.4, 121.8, 120.9 (q, 1JCF = 285.0 Hz), 113.1, 84.1, 61.9 (q, 2JCF = 30.6 

Hz), 27.8; 19F NMR (CDCl3, 376 MHz) δ -72.1 (s, 3F); IR (Neat): 3320, 3147, 2981, 2938, 1722, 

1538, 1458, 1352, 1250, 1197; HRMS (ESI): calcd for [M-H]- (C14H13O4N3F3)- requires 344.0864; 

found 344.0863; enantiomeric excess: 70%, determined by HPLC (Chiralpak AS-H, hexane/i-PrOH 

95/5, flow rate 0.6 mL/min; tmajor = 17.1 min, tminor = 15.6 min, λ = 254 nm); [α]D
25 = 25.4 (c = 0.5, 

CHCl3). 

Tert-butyl (S)-(1-cyano-2,2,2-trifluoro-1-(p-tolyl)ethyl)carbamate (3’k) 

White solid, mp: 74-75 °C; 1H NMR (CDCl3, 400 MHz) δ 7.51 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 

Hz, 2H), 5.96 (br, 1H), 2.39 (s, 3H), 1.34 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 152.6, 140.6, 

129.6, 127.6, 126.5, 121.8 (q, 1JCF = 284.2 Hz), 113.9, 83.1, 62.2 (q, 2JCF = 31.1 Hz), 27.8, 21.1; 19F 

NMR (CDCl3, 376 MHz) δ -75.9 (s, 3F); IR (Neat): 3244, 3146, 2980, 1715, 1394, 1369, 1251, 
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1210, 1185, 1158; HRMS (ESI): calcd for [M+NH4]+ (C15H21F3N3O2)+ requires 332.1580; found 

332.1581; enantiomeric excess: 84%, determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 90/10, 

flow rate 1.0 mL/min; tmajor = 5.0 min, tminor = 4.6 min, λ = 254 nm); [α]D
25 = 25.4 (c = 1.0, CHCl3). 

Tert-butyl (S)-(1-cyano-2,2,2-trifluoro-1-(thiophen-2-yl)ethyl)carbamate (3’l) 

White solid; mp: 61-62 °C; 1H NMR (CDCl3, 400 MHz) δ 7.43-7.45 (m, 2H), 7.06-7.08 (m, 1H), 

6.56 (br, 1H), 1.38 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 152.9, 134.2, 129.3, 128.2, 127.2, 111.4 

(q, 1JCF = 284.9 Hz), 113.2, 83.6, 59.2 (q, 2JCF = 32.8 Hz), 27.8; 19F NMR (CDCl3, 376 MHz) δ -

76.3 (s, 3F); IR (Neat): 3146, 2981, 2359, 1716, 1370, 1251, 1216, 1188,1157; HRMS (ESI): calcd 

for [M+NH4]+ (C12H17F3N3O2S)+ requires 324.0988; found 324.0988; enantiomeric excess: 77%, 

determined by HPLC (Chiralpak AD-H, hexane/i-PrOH 95/5, flow rate 0.8 mL/min; tmajor = 12.7 

min, tminor = 10.0 min, λ = 220 nm); [α]D
25 = 14.2 (c = 1.0, CHCl3). 

Benzyl (S)-(1-cyano-2,2,2-trifluoro-1-phenylethyl)carbamate (3’m) 

White solid, mp: 91-92 °C; 88% yield; 1H NMR (CDCl3, 400 MHz) δ 7.62-7.60 (m, 2H), 7.48-7.40 

(m, 3H), 7.30-7.19 (m, 5H), 6.29 (br, 1H), 5.12-5.03 (m, 2H); 13C NMR (CDCl3, 100 MHz) δ 153.6, 

134.8, 130.6, 129.9, 129.1, 128.6, 128.3, 126.7, 121.8 (q, 1JCF = 284.5 Hz), 113.5, 68.4, 62.4 (q, 2JCF 

= 31.2 Hz); 19F NMR (CDCl3, 376 MHz) δ -100.4 (s, 3F); IR (Neat): 3301, 3035, 1724, 1525, 1454, 

1258, 1005, 742; HRMS (ESI): calcd for [M+Na]+ (C17H13F3N2O2Na)+ requires 357.0821; found 

357.0824; enantiomeric excess: 49%, determined by HPLC (Chiralpak OD-H, hexane/i-PrOH 90/10, 

flow rate 1.0 mL/min; tmajor = 9.0 min, tminor = 7.0 min, λ = 254 nm); [α]D
25 = 25.1 (c = 1.0, CHCl3). 

Experimental data of 5a-5f 

(S)-2-amino-3,3,3-trifluoro-2-phenylpropanenitrile (5a)6a 

Colorless oil; 1H NMR (CDCl3, 400 MHz) δ 7.78 (d, J = 8.0 Hz, 2H), 7.45-7.52 (m, 3H), 2.31 (br, 

2H); 13C NMR (CDCl3, 100 MHz) δ 131.0, 130.8, 129.0, 127.2, 122.5 (q, 1JCF = 283.0 Hz), 117.9, 

61.2 (q, 2JCF = 31.6 Hz); 19F NMR (CDCl3, 376 MHz) δ -78.5 (s, 3F); HRMS (ESI): calcd for 

[M+H]+ (C9H8F3N2)+ requires 201.0634 ; found 201.0635 ; enantiomeric excess: 85%, determined 

by HPLC (Chiralpak AD-H, hexane/i-PrOH 95/5, flow rate 0.8 mL/min; tmajor = 12.3 min, tminor = 

11.6. min, λ = 220 nm); [α]D
25 = 0.20 (c = 0.5, CHCl3). 

Tert-butyl (S)-(3-amino-1,1,1-trifluoro-3-oxo-2-phenylpropan-2-yl)carbamate (5b) 

Colorless oil; 1H NMR (CDCl3, 400 MHz) δ 7.39-7.49 (m, 5H), 6.30 (br, 1H), 5.88 (br, 2H), 1.32 

(s, 9H); 13C NMR (CDCl3, 100 MHz) δ 167.7, 153.2, 132.9, 129.1, 128.8, 127.0, 123.9 (q, 1JCF = 

285.9 Hz), 81.0, 67.9 (q, 2JCF = 27.5 Hz), 28.0; 19F NMR (CDCl3, 376 MHz) δ -70.5 (s, 3F); IR 

(Neat): 3354, 2980, 1698, 1600, 1480, 1425, 1369, 1255, 1161, 1052; HRMS (ESI): calcd for 

[M+H]+ (C14H18O3N2F3)+ requires 319.1264; found 319.1267; enantiomeric excess: 85%, 

determined by HPLC (Chiralpak PC-2, hexane/i-PrOH 90/10, flow rate 1.0 mL/min; tmajor = 13.5 

min, tminor = 9.4 min, λ = 220 nm); [α]D
25 = 30.7 (c = 0.5, CHCl3). 

Tert-butyl (S)-(3-amino-1,1,1-trifluoro-2-phenylpropan-2-yl)carbamate (5c) 

White solid, mp: 70-71 °C; 1H NMR (CDCl3, 400 MHz) δ 7.31-7.45 (m, 5H), 5.71 (br, 1H), 3.64 

(d, J = 13.6 Hz 1H), 3.27 (d, J = 13.2 Hz, 1H), 1.39 (s, 11H); 13C NMR (CDCl3, 100 MHz) δ 154.0, 
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136.1, 128.5, 128.3, 126.3, 126.0 (q, 1JCF = 285.6 Hz), 80.5, 65.1 (q, 2JCF = 25.0 Hz), 46.7, 28.1; 19F 

NMR (CDCl3, 376 MHz) δ -70.7 (s, 3F); enantiomeric excess: 85%, determined by HPLC 

(Chiralpak IC, hexane/i-PrOH 90/10, flow rate 1.0 mL/min; tmajor = 7.7 min, tminor = 8.5 min, λ = 

254 nm); [α]D
25 = 20.8 (c = 1.0, CHCl3). 

Tert-butyl (S)-(3-(4-bromobenzamido)-1,1,1-trifluoro-2-phenylpropan-2-yl)carbamate (5d) 

White solid, mp: 48-49 °C; 1H NMR (CDCl3, 400 MHz) δ 8.11 (br, 1H), 7.42-7.51 (m, 6H), 7.31-

7.38 (m, 3H), 5.86 (br, 1H), 4.79 (br, 1H), 3.94 (d, J = 14.0 Hz, 1H), 1.46 (s, 9H); 13C NMR (CDCl3, 

100 MHz) δ 166.6, 155.4, 133.0, 132.7, 131.6, 129.0, 128.6, 128.5, 127.2, 126.1, 124.9 (q, 1JCF = 

284.2 Hz), 81.7, 65.8 (q, 2JCF = 25.6 Hz), 43.8, 28.2; 19F NMR (CDCl3, 376 MHz) δ -76.2 (s, 3F); 

IR (Neat): 3300, 2978, 1713, 1651 1591, 1258, 1157, 1011 843; HRMS (ESI): calcd for [M+H]+ 

(C21H23BrF3N2O3)+ requires 487.0839; found 487.0843; enantiomeric excess: 85%, determined by 

HPLC (Chiralpak PC-2, hexane/i-PrOH 90/10, flow rate 1.0 mL/min; tmajor = 8.6 min, tminor = 6.7 

min, λ = 254 nm); [α]D
25 = -57.9 (c = 1.0, CHCl3). 

Tert-butyl (S)-(1,1,1-trifluoro-3-(3-(4-nitrophenyl)thioureido)-2-phenylpropan-2-yl)carbamate 

(5e) 

Yellow solid, mp: 72-74 °C ; 1H NMR (CDCl3, 400 MHz) δ 8.89 (br, 1H), 8.61 (br, 1H), 7.97 (d, J 

= 8.0 Hz, 2H), 7.44-7.48 (m, 5H), 6.73 (br, 2H), 5.64 (br, 1H), 5.42 (br, 1H), 3.96 (d, J = 12.4 Hz, 

1H), 1.31 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 179.8, 155.5, 144.4, 142.3, 132.2, 129.4, 128.7, 

127.7, 125.0, 124.6 (q, 1JCF = 284.4 Hz), 123.0, 82.4, 66.1 (q, 2JCF = 21.1 Hz), 49.6, 27.9; 19F NMR 

(CDCl3, 376 MHz) δ -77.6 (s, 3F); IR (Neat): 3280, 2979, 1712, 1596, 1344, 1260, 1015, 853, 703; 

HRMS (ESI): calcd for [M-H]- (C21H24F3N4O4S)+ requires 485.1466; found 485.1465; 

enantiomeric excess: 86%, determined by HPLC (Chiralpak ADH, hexane/i-PrOH 90/10, flow rate 

1.0 mL/min; tmajor = 23.8 min, tminor = 30.2 min, λ = 254 nm); [α]D
25 = 13.1 (c = 1.0, CHCl3). 

(S)-4-phenyl-4-(trifluoromethyl)imidazolidin-2-one (5f)5,6b 

White solid; 1H NMR (DMSO-d6, 400 MHz) δ 8.31 (br, 1H), 7.42-7.53 (m, 5H), 6.79 (br, 1H), 4.03 

(d, J = 10.4 Hz, 1H), 3.68 (d, J = 11.2 Hz, 1H); 13C NMR (DMSO-d6, 100 MHz) δ 161.6, 137.5, 

129.2, 128.9, 127.2, 126.3 (q, 1JCF = 284.2 Hz), 64.8 (q, 2JCF = 28.0 Hz), 48.0; 19F NMR (CDCl3, 

376 MHz) δ -74.8 (s, 3F); enantiomeric excess: 88%, determined by HPLC (Chiralpak OD-H, 

hexane/i-PrOH 85/15, flow rate 1.0 mL/min; tmajor = 6.2 min, tminor = 6.9 min, λ = 254 nm). 
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Copies of NMR and HPLC spectra for 5a-5f 
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VI. Crystal structure data for 3’i 
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Table 1. Crystal data and structure refinement for mo_d8v19305_0m. 

Identification code  mo_d8v19305_0m 

Empirical formula  C14 H14 Br F3 N2 O2 

Formula weight  379.18 

Temperature  193(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P 21/n 

Unit cell dimensions a = 9.2263(4) Å = 90°. 

 b = 15.7424(7) Å = 108.325(2)°. 

 c = 11.8768(6) Å  = 90°. 

Volume 1637.56(13) Å3 

Z 4 

Density (calculated) 1.538 Mg/m3 

Absorption coefficient 2.547 mm-1 

F(000) 760 

Crystal size 0.170 x 0.150 x 0.120 mm3 

Theta range for data collection 2.588 to 25.998°. 

Index ranges -11<=h<=11, -19<=k<=19, -12<=l<=14 

Reflections collected 16250 

Independent reflections 3207 [R(int) = 0.0356] 

Completeness to theta = 25.242° 99.6 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7456 and 0.4692 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3207 / 0 / 207 

Goodness-of-fit on F2 1.040 

Final R indices [I>2sigma(I)] R1 = 0.0291, wR2 = 0.0706 

R indices (all data) R1 = 0.0389, wR2 = 0.0753 

Extinction coefficient 0.0023(7) 

Largest diff. peak and hole 0.521 and -0.344 e.Å-3 
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Table 2. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (Å2x 103) 

for mo_d8v19305_0m. U(eq) is defined as one third of the trace of the orthogonalized U ij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   

Br(1) 11226(1) 8777(1) 8432(1) 38(1) 

F(1) 8340(2) 3917(1) 6905(2) 60(1) 

F(2) 10260(2) 4619(1) 8014(2) 59(1) 

F(3) 9302(2) 4932(1) 6168(2) 53(1) 

O(1) 4050(2) 5749(1) 5563(1) 30(1) 

O(2) 5422(2) 6197(1) 7403(1) 31(1) 

N(1) 6500(2) 5346(1) 6412(2) 26(1) 

N(2) 7320(3) 4646(2) 9273(2) 63(1) 

C(1) 7867(2) 5323(1) 7424(2) 29(1) 

C(2) 8958(3) 4691(2) 7115(3) 43(1) 

C(3) 7550(3) 4955(2) 8494(2) 41(1) 

C(4) 8654(2) 6194(1) 7707(2) 26(1) 

C(5) 9432(3) 6436(2) 8854(2) 34(1) 

C(6) 10186(3) 7211(2) 9081(2) 36(1) 

C(7) 10140(2) 7733(1) 8146(2) 29(1) 

C(8) 9347(3) 7511(1) 6996(2) 34(1) 

C(9) 8608(2) 6736(2) 6781(2) 32(1) 

C(10) 5216(2) 5770(1) 6405(2) 25(1) 

C(11) 4143(3) 6661(2) 7639(2) 34(1) 

C(12) 4901(3) 7011(2) 8865(2) 54(1) 

C(13) 3612(3) 7369(2) 6743(2) 46(1) 

C(14) 2889(3) 6033(2) 7628(3) 52(1) 

_______________________________________________________________________________ 
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Table 3. Bond lengths [Å] and angles [°] for mo_d8v19305_0m. 

_____________________________________________________  

Br(1)-C(7)  1.899(2) 

F(1)-C(2)  1.335(3) 

F(2)-C(2)  1.338(3) 

F(3)-C(2)  1.317(3) 

O(1)-C(10)  1.218(2) 

O(2)-C(10)  1.324(3) 

O(2)-C(11)  1.488(3) 

N(1)-C(10)  1.357(3) 

N(1)-C(1)  1.444(3) 

N(1)-H(1)  0.84(2) 

N(2)-C(3)  1.123(3) 

C(1)-C(3)  1.507(3) 

C(1)-C(4)  1.538(3) 

C(1)-C(2)  1.539(3) 

C(4)-C(5)  1.379(3) 

C(4)-C(9)  1.382(3) 

C(5)-C(6)  1.388(3) 

C(5)-H(5)  0.9500 

C(6)-C(7)  1.371(3) 

C(6)-H(6)  0.9500 

C(7)-C(8)  1.376(3) 

C(8)-C(9)  1.382(3) 

C(8)-H(8)  0.9500 

C(9)-H(9)  0.9500 

C(11)-C(12)  1.508(4) 

C(11)-C(13)  1.511(4) 

C(11)-C(14)  1.519(3) 

C(12)-H(12A)  0.9800 

C(12)-H(12B)  0.9800 

C(12)-H(12C)  0.9800 

C(13)-H(13A)  0.9800 

C(13)-H(13B)  0.9800 

C(13)-H(13C)  0.9800 

C(14)-H(14A)  0.9800 

C(14)-H(14B)  0.9800 

C(14)-H(14C)  0.9800 
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C(10)-O(2)-C(11) 121.31(17) 

C(10)-N(1)-C(1) 123.38(19) 

C(10)-N(1)-H(1) 115.5(17) 

C(1)-N(1)-H(1) 119.8(17) 

N(1)-C(1)-C(3) 111.12(18) 

N(1)-C(1)-C(4) 112.88(18) 

C(3)-C(1)-C(4) 111.26(19) 

N(1)-C(1)-C(2) 106.44(19) 

C(3)-C(1)-C(2) 105.5(2) 

C(4)-C(1)-C(2) 109.24(17) 

F(3)-C(2)-F(1) 107.9(2) 

F(3)-C(2)-F(2) 107.9(2) 

F(1)-C(2)-F(2) 107.2(2) 

F(3)-C(2)-C(1) 111.6(2) 

F(1)-C(2)-C(1) 111.2(2) 

F(2)-C(2)-C(1) 110.7(2) 

N(2)-C(3)-C(1) 177.0(3) 

C(5)-C(4)-C(9) 119.5(2) 

C(5)-C(4)-C(1) 121.7(2) 

C(9)-C(4)-C(1) 118.8(2) 

C(4)-C(5)-C(6) 120.5(2) 

C(4)-C(5)-H(5) 119.7 

C(6)-C(5)-H(5) 119.7 

C(7)-C(6)-C(5) 118.9(2) 

C(7)-C(6)-H(6) 120.6 

C(5)-C(6)-H(6) 120.6 

C(6)-C(7)-C(8) 121.6(2) 

C(6)-C(7)-Br(1) 119.58(17) 

C(8)-C(7)-Br(1) 118.84(17) 

C(7)-C(8)-C(9) 119.0(2) 

C(7)-C(8)-H(8) 120.5 

C(9)-C(8)-H(8) 120.5 

C(8)-C(9)-C(4) 120.5(2) 

C(8)-C(9)-H(9) 119.7 

C(4)-C(9)-H(9) 119.7 

O(1)-C(10)-O(2) 126.13(19) 

O(1)-C(10)-N(1) 122.5(2) 

O(2)-C(10)-N(1) 111.40(18) 
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O(2)-C(11)-C(12) 101.98(18) 

O(2)-C(11)-C(13) 109.32(18) 

C(12)-C(11)-C(13) 111.1(2) 

O(2)-C(11)-C(14) 108.98(18) 

C(12)-C(11)-C(14) 111.5(2) 

C(13)-C(11)-C(14) 113.3(2) 

C(11)-C(12)-H(12A) 109.5 

C(11)-C(12)-H(12B) 109.5 

H(12A)-C(12)-H(12B) 109.5 

C(11)-C(12)-H(12C) 109.5 

H(12A)-C(12)-H(12C) 109.5 

H(12B)-C(12)-H(12C) 109.5 

C(11)-C(13)-H(13A) 109.5 

C(11)-C(13)-H(13B) 109.5 

H(13A)-C(13)-H(13B) 109.5 

C(11)-C(13)-H(13C) 109.5 

H(13A)-C(13)-H(13C) 109.5 

H(13B)-C(13)-H(13C) 109.5 

C(11)-C(14)-H(14A) 109.5 

C(11)-C(14)-H(14B) 109.5 

H(14A)-C(14)-H(14B) 109.5 

C(11)-C(14)-H(14C) 109.5 

H(14A)-C(14)-H(14C) 109.5 

H(14B)-C(14)-H(14C) 109.5 

_____________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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Table 4. Anisotropic displacement parameters (Å2x 103) for mo_d8v19305_0m. The anisotropic 

displacement factor exponent takes the form: -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

Br(1) 40(1)  28(1) 46(1)  -9(1) 10(1)  -3(1) 

F(1) 44(1)  28(1) 92(1)  -9(1) 2(1)  5(1) 

F(2) 32(1)  49(1) 78(1)  -5(1) -9(1)  13(1) 

F(3) 42(1)  56(1) 64(1)  -12(1) 22(1)  9(1) 

O(1) 22(1)  33(1) 31(1)  -6(1) 2(1)  4(1) 

O(2) 26(1)  40(1) 28(1)  -8(1) 8(1)  2(1) 

N(1) 22(1)  29(1) 26(1)  -6(1) 5(1)  1(1) 

N(2) 60(2)  70(2) 50(2)  19(1) 4(1)  -14(1) 

C(1) 25(1)  29(1) 30(1)  1(1) 2(1)  0(1) 

C(2) 29(1)  34(1) 59(2)  -5(1) 1(1)  4(1) 

C(3) 35(1)  39(1) 38(2)  9(1) -3(1)  -7(1) 

C(4) 20(1)  29(1) 29(1)  -1(1) 6(1)  2(1) 

C(5) 34(1)  38(1) 27(1)  2(1) 7(1)  -4(1) 

C(6) 38(1)  41(1) 26(1)  -8(1) 7(1)  -5(1) 

C(7) 24(1)  27(1) 36(1)  -7(1) 9(1)  1(1) 

C(8) 35(1)  32(1) 31(1)  1(1) 7(1)  0(1) 

C(9) 32(1)  33(1) 26(1)  -2(1) 1(1)  -2(1) 

C(10) 25(1)  23(1) 28(1)  -1(1) 9(1)  -1(1) 

C(11) 35(1)  38(1) 35(1)  -6(1) 18(1)  6(1) 

C(12) 66(2)  61(2) 37(2)  -12(1) 20(1)  11(2) 

C(13) 57(2)  38(1) 44(2)  -4(1) 20(1)  11(1) 

C(14) 44(2)  51(2) 73(2)  -4(1) 38(2)  0(1) 

______________________________________________________________________________ 
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Table 5. Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2x 10 3) for 

mo_d8v19305_0m. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(1) 6400(30) 5006(16) 5850(20) 32(7) 

H(5) 9451 6069 9494 41 

H(6) 10726 7376 9871 43 

H(8) 9309 7885 6360 40 

H(9) 8063 6575 5990 39 

H(12A) 5252 6541 9425 81 

H(12B) 4167 7358 9107 81 

H(12C) 5776 7363 8861 81 

H(13A) 4492 7709 6721 68 

H(13B) 2885 7730 6970 68 

H(13C) 3113 7125 5957 68 

H(14A) 2408 5827 6817 78 

H(14B) 2122 6314 7911 78 

H(14C) 3329 5553 8148 78 

________________________________________________________________________________ 
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Table 6. Torsion angles [°] for mo_d8v19305_0m. 

________________________________________________________________  

C(10)-N(1)-C(1)-C(3) 58.8(3) 

C(10)-N(1)-C(1)-C(4) -67.0(3) 

C(10)-N(1)-C(1)-C(2) 173.1(2) 

N(1)-C(1)-C(2)-F(3) 60.5(2) 

C(3)-C(1)-C(2)-F(3) 178.61(19) 

C(4)-C(1)-C(2)-F(3) -61.7(3) 

N(1)-C(1)-C(2)-F(1) -60.1(3) 

C(3)-C(1)-C(2)-F(1) 58.1(3) 

C(4)-C(1)-C(2)-F(1) 177.8(2) 

N(1)-C(1)-C(2)-F(2) -179.23(19) 

C(3)-C(1)-C(2)-F(2) -61.1(2) 

C(4)-C(1)-C(2)-F(2) 58.6(3) 

N(1)-C(1)-C(4)-C(5) 147.1(2) 

C(3)-C(1)-C(4)-C(5) 21.4(3) 

C(2)-C(1)-C(4)-C(5) -94.7(3) 

N(1)-C(1)-C(4)-C(9) -34.5(3) 

C(3)-C(1)-C(4)-C(9) -160.19(19) 

C(2)-C(1)-C(4)-C(9) 83.7(2) 

C(9)-C(4)-C(5)-C(6) -1.1(3) 

C(1)-C(4)-C(5)-C(6) 177.3(2) 

C(4)-C(5)-C(6)-C(7) 0.3(3) 

C(5)-C(6)-C(7)-C(8) 1.0(3) 

C(5)-C(6)-C(7)-Br(1) -177.73(17) 

C(6)-C(7)-C(8)-C(9) -1.3(3) 

Br(1)-C(7)-C(8)-C(9) 177.40(17) 

C(7)-C(8)-C(9)-C(4) 0.4(3) 

C(5)-C(4)-C(9)-C(8) 0.8(3) 

C(1)-C(4)-C(9)-C(8) -177.7(2) 

C(11)-O(2)-C(10)-O(1) 5.1(3) 

C(11)-O(2)-C(10)-N(1) -175.52(17) 

C(1)-N(1)-C(10)-O(1) -176.48(19) 

C(1)-N(1)-C(10)-O(2) 4.1(3) 

C(10)-O(2)-C(11)-C(12) 178.2(2) 

C(10)-O(2)-C(11)-C(13) -64.1(3) 

C(10)-O(2)-C(11)-C(14) 60.2(3) 

________________________________________________________________  
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Symmetry transformations used to generate equivalent atoms:  

Table 7. Hydrogen bonds for mo_d8v19305_0m [Å and °]. 

____________________________________________________________________________  

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

____________________________________________________________________________  

 C(14)-H(14A)...O(1) 0.98 2.44 3.002(3) 116.1 

 C(13)-H(13C)...O(1) 0.98 2.43 2.997(3) 116.3 

 C(13)-H(13B)...Br(1)#1 0.98 3.12 4.070(3) 163.2 

 N(1)-H(1)...O(1)#2 0.84(2) 1.99(3) 2.826(2) 174(2) 

____________________________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

#1 x-1,y,z    #2 -x+1,-y+1,-z+1       


