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1. General and Materials 

General: Commercially available reagents were used without further purification. Solvents 

were treated prior to use according to the standard methods. 
1
H NMR, 

13
C NMR and 

19
F NMR 

spectra were recorded at room temperature in CDCl3 on 400 MHz instrument with tetra- 

methylsilane (TMS) as internal standard. Enantiomeric excess was determined by HPLC analysis, 

using chiral column described below in detail. Optical rotations were measured by polarimeter. 

Flash column chromatography was performed on silica gel (200-300 mesh). 

2. General Procedure for Synthesis of α-CF3 Hydrazones
 

General Procedure A for the synthesis of cyclic substrates (1a-1k) 

All cyclic substrates were prepared from the accessible starting materials appropriate 

fluorinated γ-ketoacids and arylhydrazines according to the literature methods.
[1] 

Hydrazones 1a, 

1c, 1d, 1f, and 1i are known and their NMR data matched the literature data. 

 

Fluorinated γ-ketoacids (4.0 mmol), TsOH (0.4 mmol), and arylhydrazines (4.0 mmol) were 

mixed and refluxed in toluene (30 mL) for 12 h under nitrogen atmosphere. Then the mixture was 

cooled to room temperature. Solvent was removed under reduced pressure and the crude mixture 

was subjected to flash column chromatography on silica gel using petroleum ether/ 

dichloromethane (1:1) as eluent to afford the pure products. 

General Procedure B for the synthesis of linear substrates (3a-3j) 

All acyclic substrates were prepared from the accessible starting materials appropriate 

2,2,2-trifluoro-1-arylethanones and arylhydrazines according to the literature methods.
[2] 

Hydrazones 3a-b are known and their NMR data matched the literature data. 

 

2,2,2-Trifluoro-1-arylethanones (5.0 mmol), AcOH (5.0 mmol) and arylhydrazines (6.0 

mmol) were mixed and refluxed in EtOH (30 mL) for 12 h. Then the mixture was cooled to room 

temperature. Solvent was removed under reduced pressure and the crude mixture was subjected to 

flash column chromatography on silica gel using petroleum ether/dichloromethane (10:1) as eluent 

to afford the pure products. 

2-m-Tolyl-6-(trifluoromethyl)-4,5-dihydropyridazin-3(2H)-one (1b): Yellow
 

oil; yield 

21%; 1
H NMR (400 MHz, CDCl3) δ 7.30 (t, J = 7.7 Hz, 1H), 7.23 (d, J = 8.5 Hz, 2H), 7.13 (d, J = 7.7 

Hz, 1H), 2.88–2.80 (m, 2H), 2.79–2.77 (m, 2H), 2.38 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 164.3, 140.8 (q, JC-F = 36.4 Hz), 140.0, 138.8, 128.6, 128.4, 125.7, 122.2, 

120.7 (q, JC-F = 272.0 Hz), 27.0, 21.4, 20.3; 19
F NMR (377 MHz, CDCl3) δ -70.9 (s, 

3F); HRMS Calculated For C12H12F3N2O [M+H]
+ 

257.0902, found 257.0896. 
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2-(3-Chlorophenyl)-6-(trifluoromethyl)-4,5-dihydropyridazin-3(2H)-one (1e) Yellow
 
oil; 

yield 46%; 1H NMR (400 MHz, CDCl3) δ 7.51 (t, J = 1.9 Hz, 1H), 7.39–7.38 (m, 1H), 

7.33 (t, J = 7.9 Hz, 1H), 7.29–7.27 (m, 1H), 2.90–2.84 (m, 2H), 2.83–2.76 (m, 2H); 

13
C NMR (100 MHz, CDCl3) δ 164.1, 141.6 (q, JC-F = 36.7 Hz), 140.9, 134.3, 129.6, 

127.4, 124.9, 122.8, 120.7 (q, JC-F = 272.0 Hz), 27.0, 20.3; 19
F NMR (377 MHz, 

CDCl3) δ -71.0 (s, 3F); HRMS Calculated For C11H9ClF3N2O [M+H]
+
 277.0356, found: 277.0350. 

2-(2-Fluorophenyl)-6-(trifluoromethyl)-4,5-dihydropyridazin-3(2H)-one (1g): Yellow
 
solid; 

mp: 54-55 
o
C, yield 39%; 

1
H NMR (400 MHz, CDCl3) δ 7.40–7.34 (m, 2H), 7.24–7.15 (m, 2H), 

2.94–2.90 (m, 2H), 2.85–2.80 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ 164.0, 157.3 (d, 

JC-F = 252.3 Hz), 141.3 (q, JC-F = 36.4 Hz), 130.3 (d, JC-F = 8.0 Hz), 128.5, 127.9 (d, JC-F 

= 12.5 Hz), 124.6 (d, JC-F = 3.8 Hz), 119.0 (q, JC-F = 272.0 Hz), 116.6 (d, JC-F = 19.8 Hz), 

26.4, 20.4; 19F NMR (377 MHz, CDCl3) δ -71.0 (s, 3F), -119.7 (s, 1F); HRMS 

Calculated For C11H9F4N2O [M+H]
+
 261.0651, found: 261.0646. 

2-(3-Fluorophenyl)-6-(trifluoromethyl)-4,5-dihydropyridazin-3(2H)-one (1h): Yellow
 

oil; 

yield 49%; 1
H NMR (400 MHz, CDCl3) δ 7.40–7.27 (m, 3H), 7.01 (t, J = 8.2 Hz, 1H), 2.90–2.86 (m, 

2H), 2.84–2.80 (m, 2H).; 13C NMR (100 MHz, CDCl3) δ 164.1, 162.5 (d, JC-F = 246.1 

Hz), 141.3 (q, JC-F = 36.4 Hz), 141.3 (d, JC-F = 10.0 Hz), 129.8 (d, JC-F = 9.0 Hz). 120.2 

(q, JC-F = 272.0 Hz), 120.0 (d, JC-F = 3.2 Hz), 114.1 (d, JC-F = 21.0 Hz), 112.1 (d, JC-F = 

25.2 Hz), 27.0, 20.2;
 19

F NMR (377 MHz, CDCl3) δ -71.0 (s, 3F), -111.8 (s, 1F); 

HRMS Calculated For C11H9F4N2O [M+H]
+
 261.0651, found: 261.0646. 

2-(3,4-Dimethylphenyl)-6-(trifluoromethyl)-4,5-dihydropyridazin-3(2H)-one (1j): Yello- 

w
 
oil; yield 49%; 1H NMR (400 MHz, CDCl3) δ 7.18–7.64 (m, 3H), 2.85–2.81 (m, 2H), 2.79–2.74 (m, 

2H), 2.27 (s, 3H), 2.26 (s, 3H); 13
C NMR (100 MHz, CDCl3) δ 164.3, 140.6 (q, JC-F = 

36.7 Hz), 137.8, 137.3, 136.4, 129.9, 126.3, 122.6, 120.8 (q, JC-F = 272.0 Hz), 26.9, 

20.3, 19.9, 19.4; 19
F NMR (377 MHz, CDCl3) δ -70.9 (s, 3F); HRMS Calculated For 

C13H14F3N2O [M+H]
+
 271.1058, found: 271.1053. 

2-(3,5-Dimethylphenyl)-6-(trifluoromethyl)-4,5-dihydropyridazin-3(2H)-one (1k): Yello- 

w
 
solid; mp: 104-105 

o
C, yield 47%; 1H NMR (400 MHz, CDCl3) δ 7.02 (s, 2H), 6.96 (s, 1H), 2.85 (d, 

J = 7.2 Hz, 2H), 2.80–2.76 (m, 2H), 2.34 (s, 6H); 13
C NMR (100 MHz, CDCl3) δ 164.3, 

140.6 (q, JC-F = 36.7 Hz), 139.9, 138.6, 129.5, 123.0, 120.8 (q, JC-F = 272.0 Hz), 27.0, 

21.3, 20.3; 19F NMR (377 MHz, CDCl3) δ -70.9 (s, 3F); HRMS Calculated For 

C13H14F3N2O [M+H]
+
 271.1058, found: 271.1053. 

1-m-Tolyl-2-(2,2,2-trifluoro-1-phenylethylidene)hydrazine (3c): Yellow
 
oil; yield 60%; 1

H 

NMR (400 MHz, CDCl3) δ 7.75 (s, 1H), 7.57–7.52 (m, 3H), 7.39 (d, J = 7.1 Hz, 2H), 7.13 (t, J = 7.8 

Hz, 1H), 6.88 (s, 1H), 6.82 (d, J = 8.1 Hz, 1H), 6.75 (d, J = 7.5 Hz, 1H), 2.30 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 142.9, 139.4, 131.3 (q, JC-F = 34.8 Hz), 130.6, 

129.9, 129.2, 129.0, 127.1, 122.8, 121.8 (q, JC-F = 270.8 Hz), 114.2, 110.8, 21.5; 19F 

NMR (377 MHz, CDCl3) δ -66.2 (s, 3F); HRMS Calculated For C15H14F3N2 

[M+H]
+
 279.1109, found: 279.1104. 
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1-(4-Fluorophenyl)-2-(2,2,2-trifluoro-1-phenylethylidene)hydrazine (3d): Yellow
 

oil; 

yield 63%; 1H NMR (400 MHz, CDCl3) δ 7.78 (s, 1H), 7.60–7.52 (m, 3H), 7.41 (d, J = 5.5 Hz, 2H), 

7.02–6.92 (m, 4H); 13
C NMR (100 MHz, CDCl3) δ 158.3 (d, JC-F = 239.8 Hz), 

139.3, 131.7 (q, JC-F = 35.0 Hz), 130.7, 129.9, 128.9, 127.0, 121.8 (q, JC-F = 

270.8 Hz), 115.9 (d, J = 22.8 Hz), 114.8 (d, JC-F = 7.7 Hz); 19
F NMR (377 MHz, 

CDCl3) δ -66.3 (s, 3F), -122.3 (s, 1F); HRMS Calculated For C14H11F4N2 

[M+H]
+
 283.0858, found: 283.0853. 

1-Phenyl-2-(2,2,2-trifluoro-1-p-tolylethylidene)hydrazine (3e): Yellow
 
oil; yield 50%; 1

H 

NMR (400 MHz, CDCl3) δ 7.80 (s, 1H), 7.37 (d, J = 7.6 Hz, 2H), 7.30–7.24 (m, 4H), 7.06–7.03 (m, 

2H), 6.94–6.91 (m, 1H), 2.44 (s, 3H); 13
C NMR (100 MHz, CDCl3) δ 143.0, 140.8, 

131.8 (q, JC-F = 34.8 Hz), 130.5, 129.3, 128.8, 124.0, 121.8, 121.2 (q, JC-F = 270.7 

Hz), 113.5, 21.5; 19F NMR (377 MHz, CDCl3) δ -66.4 (s, 3F); HRMS Calculated 

For C15H14F3N2 [M+H]
+
 279.1109, found: 279.1104. 

1-Phenyl-2-(2,2,2-trifluoro-1-m-tolylethylidene)hydrazine (3f): Yellow
 
oil; yield 52%; 1

H 

NMR (400 MHz, CDCl3) δ 7.79 (s, 1H), 7.47–7.43 (m, 1H), 7.36–7.33 (m, 1H), 7.28–7.20 (m, 4H), 

7.07–7.04 (m, 2H), 6.96–6.91 (m, 1H), 2.44 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

143.0, 139.9, 131.8 (q, JC-F = 34.8 Hz), 131.4, 129.7, 129.4, 129.3, 127.0, 126.0, 

121.8, 121.2 (q, JC-F = 270.7 Hz), 113.6, 21.5; 19
F NMR (377 MHz, CDCl3) δ -66.4 

(s, 3F); HRMS Calculated For C15H14F3N2 [M+H]
+
 279.1109, found: 279.1104. 

1-Phenyl-2-(2,2,2-trifluoro-1-(4-fluorophenyl)ethylidene)hydrazine (3g): Yellow
 

oil; 

yield 25%; 1H NMR (400 MHz, CDCl3) δ 7.72 (s, 1H), 7.43–7.39 (m, 2H), 7.29–7.24 (m, 4H), 

7.08–7.04 (m, 2H), 6.98–6.93 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 163.8 (d, 

JC-F = 251.7 Hz), 142.8, 132.0 (d, JC-F = 8.6 Hz), 130.5 (q, JC-F = 35.2 Hz), 129.4, 

122.9 (d, JC-F = 3.7 Hz), 122.1, 120.3 (q, JC-F = 270.5 Hz), 117.2 (d, JC-F = 21.8 

Hz), 113.6; 19
F NMR (377 MHz, CDCl3) δ -66.5 (s, 3F), -108.7 (s, 1F); HRMS 

Calculated For C14H11F4N2 [M+H]+ 283.0858, found: 283.0853. 

1-(1-(3,4-Dimethylphenyl)-2,2,2-trifluoroethylidene)-2-phenylhydrazine (3h): Yellow
 
oil; 

yield 83%; 1
H NMR (400 MHz, CDCl3) δ 7.82 (s, 1H), 7.33–7.30 (m, 1H), 7.28–7.23 (m, 2H), 

7.16–7.11 (m, 2H), 7.06–7.04 (m, 2H), 6.96–6.91 (m, 1H), 2.35 (s, 3H), 2.34 (s, 

3H); 13
C NMR (100 MHz, CDCl3) δ 143.1, 139.5, 138.5, 132.0 (q, JC-F = 34.8 Hz), 

131.0, 129.7, 129.3, 126.3, 124.4, 121.9 (q, JC-F = 270.7 Hz), 121.7, 113.5, 19.9, 

19.8; 19F NMR (377 MHz, CDCl3) δ -66.5 (s, 3F); HRMS Calculated For 

C16H16F3N2 [M+H]
+
 293.1266, found: 293.1260. 

1-(1-(3,5-Dimethylphenyl)-2,2,2-trifluoroethylidene)-2-phenylhydrazine (3i): Yellow
 
oil; 

yield 80%; 1H NMR (400 MHz, CDCl3) δ 7.77 (s, 1H), 7.21 (t, J = 7.9 Hz, 2H), 7.13 (s, 1H), 7.02 (d, J 

= 7.9 Hz, 2H), 6.97 (s, 2H), 6.89 (t, J = 7.3 Hz, 1H), 2.36 (s, 6H); 13C NMR (100 

MHz, CDCl3) δ 143.1, 139.8, 132.3, 132.2 (q, JC-F = 34.8 Hz), 129.4, 127.0, 126.4, 

121.8, 121.7 (q, JC-F = 270.7 Hz), 113.6, 21.4; 19
F NMR (377 MHz, CDCl3) δ 

-66.3 (s, 3F); HRMS Calculated For C16H16F3N2 [M+H]
+
 293.1266, found: 

293.1260. 

1-Phenyl-2-(2,2,2-trifluoro-1-(naphthalen-2-yl)ethylidene)hydrazine (3j): Pale
 

yellow
 

solid; mp = 130-131 °C, yield 73%; 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.5 Hz, 1H), 7.93–7.86 

CF3

N

H
N

CF3

N

H
N

CF3

N

H
N
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(m, 4H), 7.64–7.56 (m, 2H), 7.45 (d, J = 8.4 Hz, 1H), 7.27–7.22 (m, 2H), 7.05 

(d, J = 7.7 Hz, 2H), 6.93 (t, J = 7.3 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 

142.9, 133.9, 133.4, 131.6 (q, JC-F = 34.8 Hz), 129.9, 129.4, 129.3, 128.5, 128.0, 

127.8, 127.2, 125.3, 124.4, 122.6 (q, JC-F = 270.7 Hz), 121.9, 113.6; 19
F NMR 

(377 MHz, CDCl3) δ -66.1 (s, 3F); HRMS Calculated For C18H14F3N2 [M+H]
+
 315.1109, found: 

315.1104. 

3. General Procedure for Hydrogenation of α-CF3 Hydrazones
 

 

General procedure: (S)-SegPhos (6.7 mg, 0.011 mmol) and Pd(OCOCF3)2 (3.3 mg, 0.01 

mmol) were placed in a dried Schlenk tube under nitrogen atmosphere, and 1 mL degassed 

anhydrous acetone was added. The mixture was stirred at room temperature for 1 h, and then 

solvent was removed under vacuum to give the catalyst. In a glovebox, trifluoromethyl substituted 

hydrazones (0.2 mmol) and the above catalyst together with TFE (2.0 mL) were stirred at room 

temperature for 1 min. Subsequently, trifluoroacetic acid (TFA, 22.8 mg, 0.2 mmol) was added to 

the reaction mixture. The hydrogenation was performed at 80 
o
C under H2 (1000 psi) in a stainless 

steel autoclave for 48 h. After carefully releasing the hydrogen, the resulting mixture was 

concentrated under vacuum and dissolved in saturated aqueous sodium bicarbonate (5 mL). After 

stirring for 10 min, the mixture was extracted with dichloromethane and dried over sodium sulfate. 

After purification by silica gel chromatography using petroleum ether/dichloromethane (1:1) as 

eluent, the enantiomeric excess of the products were determined by HPLC with chiral column. 

Scalable reaction: (R)-SegPhos (33.5 mg, 0.055 mmol) and Pd(OCOCF3)2 (16.5 mg, 0.05 

mmol) were placed in a dried Schlenk tube under nitrogen atmosphere, and 2 mL degassed 

anhydrous acetone was added. The mixture was stirred at room temperature for 1 h, and then 

solvent was removed under vacuum to give the catalyst. In a glovebox, trifluoromethyl substituted 

hydrazones 1c (256.2 mg, 1.0 mmol) and the above catalyst together with TFE (5.0 mL) were 

stirred at room temperature for 1 min. Subsequently, trifluoroacetic acid (TFA, 114.0 mg, 1.0 

mmol) was added to the reaction mixture. The hydrogenation was performed at 80 
o
C under H2 

(1000 psi) in a stainless steel autoclave for 48 h. After carefully releasing the hydrogen, the 

resulting mixture was concentrated under vacuum and dissolved in saturated aqueous sodium 

bicarbonate (20 mL). After stirring for 10 min, the mixture was extracted with dichloromethane 

and dried over sodium sulfate. The residue was purified by silica gel column chromatography 

(petroleum ester/ dichloromethane = 1/1) to afford a yellow oil compound: 0.245 g, 95% yield. 

The enantiomeric excess of the product 2c were determined by HPLC: 95% ee; (OD-H, elute: 

Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 1.0 mL/min), t1 = 12.0 min, t2 = 17.8 min 

(maj). 
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(+)-2-Phenyl-6-(trifluoromethyl)piperazin-3-one (2a): Yellow oil; yield 94%, 95% ee, 

[α]
20

D = +5.0 (c 0.50, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.70–7.67 (m, 2H), 7.36–7.31 (m, 2H), 

7.15 (t, J = 7.4 Hz, 1H), 4.78 (d, J = 7.6 Hz, 1H), 3.76–3.67 (m, 1H), 2.70–2.60 (m, 2H), 

2.43–2.36 (m, 1H), 2.17–2.10 (m, 1H); 13
C NMR (101 MHz, CDCl3) δ 172.4, 141.3, 

128.5, 125.3, 125.0 (q, JC-F = 278.7 Hz), 121.4, 55.7 (q, JC-F = 30.2 Hz), 31.0, 21.7; 
19

F 

NMR (377 MHz, CDCl3) δ -76.1 (s, 3F); HRMS Calculated For C11H12F3N2O 

[M+H]
+
 245.0902, found: 245.0896; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 

nm, flow rate: 1.0 mL/min), t1 = 12.6 min (maj), t2 = 20.0 min. 

(+)-2-m-Tolyl-6-(trifluoromethyl)piperazin-3-one (2b): Yellow oil; yield 91%, 95% ee, 

[α]
20

D = +7.0 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.48–7.42 (m, 2H), 7.21 (t, J = 7.8 Hz, 

1H), 6.97 (d, J = 7.5 Hz, 1H), 4.81 (d, J = 7.7 Hz, 1H), 3.71–3.62 (m, 1H), 2.67–2.52 

(m, 2H), 2.40–2.32 (m, 4H), 2.15–2.07 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 172.5, 

141.2, 138.4, 128.3, 126.3, 125.3 (q, JC-F = 278.8 Hz), 122.4, 118.8, 55.6 (q, JC-F = 

30.2 Hz), 30.9, 21.7, 21.6; 
19

F NMR (377 MHz, CDCl3) δ -76.0 (s, 3F); HRMS 

Calculated For  C12H14F3N2O [M+H]
+
 259.1058, found: 259.1053; HPLC (OD-H, elute: 

Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 1.0 mL/min), t1 = 11.1 min (maj), t2 = 17.2 

min. 

(+)-2-p-Tolyl-6-(trifluoromethyl)piperazin-3-one (2c): Yellow oil; yield 95%, 95% ee, 

[α]
20

D = +6.6 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.5 Hz, 2H), 7.13 (d, J = 8.3 

Hz, 2H), 4.84 (d, J = 7.6 Hz, 1H), 3.70–3.61 (m, 1H), 2.66–2.55 (m, 2H), 2.37–2.31 (m, 

4H), 2.14–2.03 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 172.4, 138.8, 135.2, 129.1, 

126.0 (q, JC-F = 278.8 Hz), 121.7, 55.6 (q, JC-F = 30.2 Hz), 30.9, 21.7, 20.9; 
19

F NMR 

(377 MHz, CDCl3) δ -76.1 (s, 3F); HRMS Calculated For C12H14F3N2O [M+H]
+
 

259.1058, found: 259.1053; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, 

flow rate: 1.0 mL/min), t1 = 11.5 min (maj), t2 = 17.4 min. 

(+)-2-(4-Methoxyphenyl)-6-(trifluoromethyl)piperazin-3-one (2d): Yellow oil; yield 93%, 

95% ee, [α]
20

D = +5.2 (c 0.50, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.54–7.49 (m, 2H), 6.87–6.83 

(m, 2H), 4.89 (d, J = 7.6 Hz, 1H), 3.78 (s, 3H), 3.71–3.60 (m, 1H), 2.66–2.56 (m, 

2H), 2.39–2.34 (m, 1H), 2.15–2.05 (m, 1H); 13
C NMR (100 MHz, CDCl3) δ 172.2, 

157.2, 134.4, 124.7 (q, JC-F = 278.7 Hz), 123.5, 113.7, 55.6 (q, JC-F = 30.1 Hz), 55.4, 

30.7, 21.8; 
19

F NMR (377 MHz, CDCl3) δ -76.1 (s, 3F); HRMS Calculated For 

C12H14F3N2O2 [M+H]
+
 275.1007, found: 275.1002; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, 

detector: 254 nm, flow rate: 1.0 mL/min), t1 = 17.3 min (maj), t2 = 31.1 min. 

(+)-2-(3-Chlorophenyl)-6-(trifluoromethyl)piperazin-3-one (2e): Yellow solid; mp = 

99-100 
o
C, yield 95%, 95% ee, [α]

20
D = +3.0 (c 0.50, CHCl3);

 1
H NMR (400 MHz, CDCl3) δ 7.78 (t, 

J = 2.1 Hz, 1H), 7.66–7.62 (m, 1H), 7.24 (t, J = 8.2 Hz, 1H), 7.12–7.09 (m, 1H), 4.86 

(d, J = 7.4 Hz, 1H), 3.76–3.67 (m, 1H), 2.65–2.54 (m, 2H), 2.42–2.36 (m, 1H), 

2.14–2.06 (m, 1H); 13
C NMR (100 MHz, CDCl3) δ 172.7, 142.4, 134.1, 129.5, 125.1, 

125.0 (q, JC-F = 278.7 Hz), 121.0, 118.9, 55.5 (q, JC-F = 30.1 Hz), 31.1, 21.4; 
19

F NMR 

(377 MHz, CDCl3) δ -76.1 (s, 3F); HRMS Calculated For C11H11ClF3N2O [M+H]
+
 279.0512, 

found: 279.0507; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 1.0 

mL/min), t1 = 11.2 min (maj), t2 = 18.6 min. 
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(S)-2-(4-Chlorophenyl)-6-(trifluoromethyl)piperazin-3-one (2f): Pale yellow solid; mp = 

148-149 °C, yield 93%, 97% ee, [α]
20

D = +6.0 (c 0.50, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.71 

(d, J = 9.0 Hz, 2H), 7.29 (d, J = 9.1 Hz, 2H), 4.74 (d, J = 7.5 Hz, 1H), 3.81–3.70 (m, 

1H), 2.74–2.58 (m, 2H), 2.47–2.40 (m, 1H), 2.19–2.12 (m, 1H); 13
C NMR (100 MHz, 

CDCl3) δ 172.3, 139.9, 130.2, 128.5, 122.2, 125.0 (q, JC-F = 278.8 Hz), 55.6 (q, JC-F = 

30.1 Hz), 31.1, 21.5; 
19

F NMR (377 MHz, CDCl3) δ -76.1 (s, 3F); HRMS Calculated 

For C11H11ClF3N2O [M+H]
+
 279.0512, found: 279.0507; HPLC (OD-H, elute: Hexanes/i-PrOH = 

90/10, detector: 254 nm, flow rate: 1.0 mL/min), t1 = 11.3 min (maj), t2 = 16.0 min. 

(+)-2-(2-Fluorophenyl)-6-(trifluoromethyl)piperazin-3-one (2g): Yellow oil; yield 82%, 

92% ee, [α]
20

D = +6.6 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.31–7.26 (m, 2H), 7.17–7.10 

(m, 2H), 5.13 (d, J = 7.8 Hz, 1H), 3.74 (dt, J = 16.2, 8.2 Hz, 1H), 2.74–2.59 (m, 2H), 2.43 

(dq, J = 9.9, 5.3 Hz, 1H), 2.25–2.17 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 172.6, 157.2 

(d, JC-F = 249.1 Hz), 129.3 (d, JC-F = 8.0 Hz), 128.5 (d, JC-F = 12.3 Hz), 128.1, 126.0 (q, 

JC-F = 278.6 Hz), 124.4 (d, JC-F = 3.7 Hz), 116.4 (d, JC-F = 19.8 Hz), 55.6 (q, JC-F = 30.0 

Hz), 29.6, 22.0; 
19

F NMR (377 MHz, CDCl3) δ -76.3 (s, 3F), -119.7 (s, 1F); HRMS Calculated For 

C11H11F4N2O [M+H]
+
 263.0808, found: 263.0802; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, 

detector: 254 nm, flow rate: 1.0 mL/min), t1 = 15.4 min (maj), t2 = 24.6 min. 

(+)-2-(3-Fluorophenyl)-6-(trifluoromethyl)piperazin-3-one (2h): Yellow oil; yield 90%, 

95% ee, [α]
20

D = +5.8 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.61–7.56 (m, 2H), 7.31–7.25 

(m, 1H), 6.86–6.82 (m, 1H), 4.75 (d, J = 7.4 Hz, 1H), 3.80–3.71 (m, 1H), 2.74–2.58 (m, 

2H), 2.47–2.39 (m, 1H), 2.18–2.11 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 172.7, 

162.6 (d, JC-F = 243.9 Hz), 142.9 (d, JC-F = 10.3 Hz), 129.6 (d, JC-F = 9.1 Hz), 124.9 (q, 

JC-F = 278.7 Hz), 116.1 (d, JC-F = 3.0 Hz), 111.7 (d, JC-F = 21.2 Hz), 108.2 (d, JC-F = 

26.9 Hz), 55.5 (q, JC-F = 30.6 Hz), 31.2, 21.4; 
19

F NMR (377 MHz, CDCl3) δ -76.2 (s, 3F), -112.0 (s, 

1F); HRMS Calculated For C11H11F4N2O [M+H]
+
 263.0808, found: 263.0802; HPLC (OD-H, 

elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 1.0 mL/min), t1 = 10.5 min (maj), t2 = 

16.4 min. 

(+)-2-(4-Fluorophenyl)-6-(trifluoromethyl)piperazin-3-one (2i): Yellow oil; yield 92%, 

96% ee, [α]
20

D = +6.2 (c 0.50, CHCl3);
 1
H NMR (400 MHz, CDCl3) δ 7.67–7.64 (m, 2H), 7.04–6.99 

(m, 2H), 4.83 (d, J = 7.6 Hz, 1H), 3.79–3.68 (m, 1H), 2.71–2.55 (m, 2H), 2.44–2.39 (m, 

1H), 2.19–2.11 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 172.4, 159.9 (d, JC-F = 244.9 

Hz), 137.3 (d, JC-F = 2.9 Hz), 124.4 (q, JC-F = 278.7 Hz), 123.2 (d, JC-F = 8.1 Hz), 115.1 

(d, JC-F = 22.5 Hz), 55.5 (q, JC-F = 30.2 Hz), 30.9, 21.7; 
19

F NMR (377 MHz, CDCl3) 

δ -76.1 (s, 3F), -117. 1 (s, 1F); HRMS Calculated For C11H11F4N2O [M+H]
+
 263.0808, found: 

263.0802; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 1.0 

mL/min), t1 = 11.3 min (maj), t2 = 17.6 min. 

(-)-2-(3,4-Dimethylphenyl)-6-(trifluoromethyl)piperazin-3-one (2j): Yellow oil; yield 

86%, 95% ee, [α]
20

D = -3.2 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 2.0 Hz, 1H), 

7.40–7.33 (m, 1H), 7.08 (d, J = 8.2 Hz, 1H), 4.80 (d, J = 7.7 Hz, 1H), 3.70–3.61 (m, 

1H), 2.65–2.56 (m, 2H), 2.37–2.33 (m, 1H), 2.24 (s, 3H), 2.21 (s, 3H), 2.15–2.03 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ 172.3, 139.0, 136.8, 134.1, 129.6, 124.7 (q, JC-F = 

278.7 Hz), 123.2, 119.5, 55.6 (q, JC-F = 30.0 Hz), 30.8, 21.8, 20.0, 19.2; 
19

F NMR (377 

MHz, CDCl3) δ -76.0 (s, 3F); HRMS Calculated For C13H16F3N2O [M+H]
+
 273.1215, found: 
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273.1209; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 1.0 

mL/min), t1 = 11.5 min (maj), t2 = 17.8 min. 

(+)-2-(3,5-Dimethylphenyl)-6-(trifluoromethyl)piperazin-3-one (2k): Yellow oil; yield 

97%, 96% ee, [α]
20

D = +2.4 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.26 (s, 2H), 6.81 (s, 1H), 

4.72 (d, J = 7.9 Hz, 1H), 3.77–3.64 (m, 1H), 2.71–2.59 (m, 2H), 2.40–2.35 (m, 1H), 

2.31 (s, 6H), 2.18–2.11 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 172.2, 141.0, 138.2, 

127.4, 125.5 (q, JC-F = 278.6 Hz), 119.7, 55.7 (q, JC-F = 30.1 Hz), 30.9, 21.7, 21.5; 
19

F 

NMR (377 MHz, CDCl3) δ -76.0 (s, 3F); HRMS Calculated For C13H16F3N2O 

[M+H]
+
 273.1215, found: 273.1209; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 

nm, flow rate: 1.0 mL/min), t1 = 10.6 min (maj), t2 = 19.8 min. 

(S)-1-Phenyl-2-(2,2,2-trifluoro-1-phenylethyl)hydrazine (4a): Pale yellow solid; mp = 

44-45 °C, yield 94%, 92% ee, [α]
20

D = +91.6 (c 0.50, CHCl3);
 1H NMR (400 MHz, CDCl3) δ 

7.43–7.40 (m, 5H), 7.23–7.22 (m, 2H), 6.85–6.78 (m, 3H), 5.27 (br, 1H), 4.39 (q, J = 

7.4 Hz, 1H), 4.13 (br, 1H); 13
C NMR (100 MHz, CDCl3) δ 147.6, 132.8, 129.5, 

129.4, 129.1, 128.5, 126.3 (q, JC-F = 280.6 Hz), 120.1, 113.2, 65.0 (q, JC-F = 27.6 Hz); 
19

F NMR (377 MHz, CDCl3) δ -72.6 (s, 3F); HRMS Calculated For C14H14F3N2 

[M+H]
+
 267.1109, found: 267.1104; HPLC (OD-H, elute: Hexanes/i-PrOH = 95/5, detector: 254 

nm, flow rate: 0.7 mL/min), t1 = 25.7 min, t2 = 26.9 min (maj). 

(-)-1-p-Tolyl-2-(2,2,2-trifluoro-1-phenylethyl)hydrazine (4b): Pale yellow oil; yield 89%, 

93% ee, [α]
20

D = -103.0 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.43–7.38 (m, 5H), 

7.02–7.01 (m, 2H), 6.72–6.70 (m, 2H), 5.15 (br, 1H), 4.40 (q, J = 7.5 Hz, 1H), 

4.12 (br, 1H), 2.26 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 145.2, 132.9, 129.9, 

129.5, 129.5, 129.1, 128.5, 125.7 (q, JC-F = 280.5 Hz), 113.5, 64.7 (q, JC-F = 27.6 

Hz), 20.5; 
19

F NMR (377 MHz, CDCl3) δ -72.6 (s, 3F); HRMS Calculated For 

C15H16F3N2 [M+H]
+
 281.1266, found: 281.126; HPLC (OD-H, elute: Hexanes/i-PrOH = 95/5, 

detector: 254 nm, flow rate: 0.7 mL/min), t1 = 21.1 min, t2 = 28.3 min (maj). 

(+)-1-m-Tolyl-2-(2,2,2-trifluoro-1-phenylethyl)hydrazine (4c): Pale yellow oil; yield 87%, 

93% ee, [α]
20

D = +43.6 (c 0.50, CHCl3);
 1

H NMR (400 MHz, CDCl3) δ 7.44–7.38 (m, 5H), 7.10 (t, J 

= 7.9 Hz, 1H), 6.67–6.60 (m, 3H), 5.23 (br, 1H), 4.44–4.35 (m, 1H), 4.11 (d, J = 4.1 

Hz, 1H), 2.28 (br, 3H); 13
C NMR (100 MHz, CDCl3) δ 147.6, 139.3, 132.9, 129.5, 

129.2, 129.1, 128.5, 124.9 (q, JC-F = 280.5 Hz), 121.0, 113.9, 110.2, 64.9 (q, JC-F = 

27.6 Hz), 21.6; 
19

F NMR (377 MHz, CDCl3) δ -72.6 (s, 3F); HRMS Calculated 

For C15H16F3N2 [M+H]
+
 281.1266, found: 281.126; HPLC (OG-H, elute: Hexanes/i-PrOH = 95/5, 

detector: 254 nm, flow rate: 0.7 mL/min), t1 = 12.1 min (maj), t2 = 13.7 min. 

(+)-1-(4-Fluorophenyl)-2-(2,2,2-trifluoro-1-phenylethyl)hydrazine (4d): Pale yellow oil; 

yield 93%, 93% ee, [α]
20

D = +37.0 (c 0.50, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.45–7.38 (m, 

5H), 6.91 (dd, J = 9.7, 7.7 Hz, 2H), 6.80–6.76 (m, 2H), 5.15 (br, 1H), 4.40–4.33 

(m, 1H), 4.16 (d, J = 5.9 Hz, 1H); 13
C NMR (100 MHz, CDCl3) δ 157.3 (d, JC-F = 

237.6 Hz), 143.8 (d, JC-F = 2.0 Hz), 132.7, 129.6, 129.1, 128.4, 125.6 (q, JC-F = 

280.5 Hz), 115.8 (d, JC-F = 22.5 Hz), 114.4 (d, JC-F = 7.6 Hz), 65.0 (q, JC-F = 27.6 

Hz); 
19

F NMR (377 MHz, CDCl3) δ -72.5 (s, 3F), -124.8 (s, 1F); HRMS Calculated For C14H13F4N2 

[M+H]
+
 285.1009, found: 285.0998; HPLC (OG-H, elute: Hexanes/i-PrOH = 95/5, detector: 254 
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nm, flow rate: 0.7 mL/min), t1 = 15.9 min (maj), t2 = 20.3 min. 

(+)-1-Phenyl-2-(2,2,2-trifluoro-1-p-tolylethyl)hydrazine (4e): Pale yellow oil; yield 91%, 

92% ee, [α]
20

D = +94.0 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.29 (d, J = 8.1 Hz, 2H), 

7.24–7.19 (m, 4H), 6.85–6.79 (m, 3H), 5.25 (br, 1H), 4.39–4.32 (m, 1H), 4.09 (d, 

J = 5.4 Hz, 1H), 2.38 (s, 3H); 13
C NMR (100 MHz, CDCl3) δ 147.6, 139.5, 129.8, 

129.4, 128.4, 125.8 (q, JC-F = 280.4 Hz), 123.0, 120.0, 113.1, 64.6 (q, JC-F = 27.6 

Hz), 21.2; 
19

F NMR (377 MHz, CDCl3) δ -72.8 (s, 3F); HRMS Calculated For 

C15H16F3N2 [M+H]
+
 281.1266, found: 281.1260; HPLC (AD-H, elute: Hexanes/i-PrOH = 90/10, 

detector: 254 nm, flow rate: 0.7 mL/min), t1 = 10.1 min, t2 = 13.9 min (maj). 

(+)-1-Phenyl-2-(2,2,2-trifluoro-1-m-tolylethyl)hydrazine (4f): Pale yellow oil; yield 94%, 

92% ee, [α]
20

D = +69.0 (c 0.50, CHCl3); 
1H NMR (400 MHz, CDCl3) δ 7.32 (t, J = 7.8 Hz, 1H), 

7.25–7.18 (m, 5H), 6.86–6.80 (m, 3H), 5.25 (br, 1H), 4.39–4.31 (m, 1H), 4.13-4.10 

(m, 1H), 2.39 (s, 3H); 13
C NMR (100 MHz, CDCl3) δ 147.6, 138.9, 132.7, 130.3, 

129.4, 129.1, 129.0, 126.4 (q, JC-F = 280.4 Hz), 125.5, 120.0, 113.1, 64.9 (q, JC-F = 

27.6 Hz), 21.5; 
19

F NMR (377 MHz, CDCl3) δ -72.6 (s, 3F); HRMS Calculated 

For C15H16F3N2 [M+H]
+
 281.1266, found: 281.1260; HPLC (AD-H, elute: 

Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 9.5 min, t2 = 13.0 min 

(maj). 

(+)-1-Phenyl-2-(2,2,2-trifluoro-1-(4-fluorophenyl)ethyl)hydrazine (4g): Pale yellow solid; 

mp: 49-50 
o
C, yield 91%, 91% ee, [α]

20
D = +91.0 (c 0.50, CHCl3);

 1
H NMR (400 MHz, CDCl3) δ 

7.40–7.36 (m, 2H), 7.24–7.19 (m, 2H), 7.13–7.07 (m, 2H), 6.86–6.77 (m, 3H), 

5.24 (br, 1H), 4.44–4.37 (m, 1H), 4.10–4.08 (m, 1H); 13C NMR (100 MHz, 

CDCl3) δ 163.3 (d, JC-F = 248.8 Hz), 147.5, 130.4 (d, JC-F = 8.4 Hz), 129.4, 128.7, 

125.7 (q, JC-F = 279.8 Hz), 120.2, 116.1 (d, JC-F = 21.7 Hz), 113.1, 64.3 (q, JC-F = 

27.7 Hz); 
19

F NMR (377 MHz, CDCl3) δ -72.9 (s, 3F), -111.7 (s, 1F); HRMS Calculated For 

C14H13F4N2 [M+H]
+
 285.1009, found: 285.0998; HPLC (AD-H, elute: Hexanes/i-PrOH = 90/10, 

detector: 254 nm, flow rate: 0.7 mL/min), t1 = 10.9 min, t2 = 13.6 min (maj). 

(+)-1-(1-(3,4-Dimethylphenyl)-2,2,2-trifluoroethyl)-2-phenylhydrazine (4h): Pale yellow 

oil; yield 93%, 91% ee, [α]
20

D = +132.6 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.23–7.10 

(m, 5H), 6.84–6.79 (m, 3H), 5.23 (br, 1H), 4.31 (p, J = 7.4 Hz, 1H), 4.09–4.07 (m, 

1H), 2.29 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 147.7, 138.2, 137.5, 130.3, 

130.1, 129.6, 129.4, 125.9, 125.2 (q, JC-F = 280.4 Hz), 120.0, 113.2, 64.7 (q, JC-F = 

27.6 Hz), 19.9, 19.6; 
19

F NMR (377 MHz, CDCl3) δ -72.7 (s, 3F); HRMS 

Calculated For C16H18F3N2 [M+H]
+
 295.1422, found: 295.1415; HPLC (AD-H, elute: 

Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 9.8 min, t2 = 12.6 min 

(maj). 

(+)-1-(1-(3,5-Dimethylphenyl)-2,2,2-trifluoroethyl)-2-phenylhydrazine (4i): Pale yellow 

oil; yield 92%, 93% ee, [α]
20

D = +113.8 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.23–7.18 

(m, 2H), 7.05 (s, 1H), 6.98 (s, 2H), 6.85–6.79 (m, 3H), 5.22 (d, J = 1.4 Hz, 1H), 

4.29 (p, J = 7.4 Hz, 1H), 4.09 (dd, J = 6.8, 2.1 Hz, 1H), 2.34 (s, 6H); 13
C NMR 

(100 MHz, CDCl3) δ 147.7, 138.8, 132.6, 131.2, 129.4, 126.2, 126.0 (q, JC-F = 

280.4 Hz), 120.0, 113.2, 65.0 (q, JC-F = 27.6 Hz), 21.3; 
19

F NMR (377 MHz, 
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CDCl3) δ -72.5 (s, 3F); HRMS Calculated For C16H18F3N2 [M+H]
+
 295.1422, found: 295.1415; 

HPLC (AD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 0.7 mL/min), t1 = 8.1 

min, t2 = 10.0 min (maj). 

(+)-1-Phenyl-2-(2,2,2-trifluoro-1-(naphthalen-2-yl)ethyl)hydrazine (4j): Pale yellow solid; 

mp = 106-107 °C, yield 92%, 93% ee, [α]
20

D = +125.4 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) 

δ 7.92–7.85 (m, 4H), 7.55–7.52 (m, 3H), 7.21–7.19 (m, 2H), 6.86–6.80 (m, 3H), 

5.26 (d, J = 1.5 Hz, 1H), 4.57 (p, J = 7.3 Hz, 1H), 4.25–4.22 (m, 1H); 13C NMR 

(100 MHz, CDCl3)  δ 147.6, 133.7, 133.1, 130.1, 129.4, 129.1, 128.6, 128.2, 

127.8, 127.0, 126.8, 126.6 (q, JC-F = 280.6 Hz), 125.2, 120.1, 113.2, 65.1 (q, 

JC-F = 27.9 Hz); 
19

F NMR (377 MHz, CDCl3) δ -72.3 (s, 3F); HRMS Calculated For C18H16F3N2 

[M+H]
+
 317.1266, found: 317.1244; HPLC (AD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 

nm, flow rate: 0.7 mL/min), t1 = 14.7 min, t2 = 22.1 min (maj). 

4. General Procedure for Direct Reductive Amination 

 

General procedure: (S)-SegPhos (6.7 mg, 0.011 mmol) and Pd(OCOCF3)2 (3.3 mg, 0.01 

mmol) were placed in a dried Schlenk tube under nitrogen atmosphere, and degassed anhydrous 

acetone was added. The mixture was stirred at room temperature for 1 h, and then solvent was 

removed under vacuum to give the catalyst. Ketone 5 (0.22 mmol), trifluoroacetic acid (0.1 mmol) 

and arylhydrazine 6 (0.20 mmol) were stirred in anhydrous TFE (1 mL) for 4 h at 70 
o
C in a tube 

under nitrogen atmosphere. In a glovebox, the above catalyst together with TFE (1 mL) was added 

to the tube and the reaction was stirred at room temperature for 1 min. Subsequently, another 

portion of trifluoroacetic acid (0.1 mmol) was added to the reaction mixture. The hydrogenation 

was performed at 80 
o
C under H2 (1000 psi) in a stainless steel autoclave for 48 h. After carefully 

releasing the hydrogen, the resulting mixture was concentrated under vacuum and dissolved in 

saturated aqueous sodium bicarbonate (5 mL). After stirring for 10 min, the mixture was extracted 

with dichloromethane and dried over sodium sulfate. After purification by silica gel 

chromatography using petroleum ether/dichloromethane (1:1) as eluent, the enantiomeric excess 

of the products were determined by HPLC with chiral column. 

5. The X-ray Crystallographic Analysis of Products 

The absolute configuration of hydrogenation product 2i was assigned as (S)-2-(4-chloro-ph- 

enyl)-6-(trifluoromethyl)piperazin-3-one based on X-ray diffraction analysis after recrystallization 

from mixture solvent dichloromethane/n-hexane to upgrade ee to >99%. The configurations of the 

other chiral products are assigned by analogy. The CCDC 1410066 contains detail supplementary 

crystallographic data for this paper. These can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac.uk. 
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Figure S1. The X-ray structure of (S)-2-(4-chlorophenyl)-6-(trifluoromethyl)piperazin-3-one 2i. 

The absolute configuration of hydrogenation product 4a was assigned as (S)-1-phenyl-2- 

(2,2,2-trifluoro-1-phenylethyl)hydrazine based on X-ray diffraction analysis after recrystallization 

from mixture solvent dichloromethane/n-hexane to upgrade ee to >99%. The configurations of the 

other chiral products are assigned by analogy. The CCDC 1410075 contains detail supplementary 

crystallographic data for this paper. These can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac.uk. 

 

Figure S2. X-ray structure of (S)-1-phenyl-2-(2,2,2-trifluoro-1-phenylethyl)hydrazine 4a 
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7. Copy of NMR of Substrates and Products 
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1g - 1H NMR (CDCl3, 400 MHz)

N

N

O

CF3

F



S18 

 

 

1g - 13C NMR (CDCl3, 100 MHz)

N

N

O

CF3

F



S19 

 

1g - 19F NMR (CDCl3, 377 MHz)
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1h - 1H NMR (CDCl3, 400 MHz)
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1h - 19F NMR (CDCl3, 377 MHz)
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1j - 1H NMR (CDCl3, 400 MHz)
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1j - 13C NMR (CDCl3, 100 MHz)
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1j - 19F NMR (CDCl3, 377 MHz)

N

N

O

CF3



S26 

 

 

1k - 1H NMR (CDCl3, 400 MHz)

N

N

O

CF3



S27 

 

 

1k - 13C NMR (CDCl3, 100 MHz)

N

N

O

CF3



S28 

 

 

1k - 19F NMR (CDCl3, 377 MHz)

N

N

O

CF3



S29 

 

 

3c - 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N



S30 

 

 

3c - 13C NMR (CDCl3, 100 MHz)

CF3

N

H
N



S31 

 

 

3c - 19F NMR (CDCl3, 377 MHz)

CF3

N

H
N



S32 

 

 

3d - 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N

F



S33 

 

 

3d - 13C NMR (CDCl3, 100 MHz)

CF3

N

H
N

F



S34 

 

 

3d - 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N

F



S35 

 

 

3e - 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N



S36 

 

 

3e - 13C NMR (CDCl3, 100 MHz)

CF3

N

H
N



S37 

 

3e - 19F NMR (CDCl3, 377 MHz)

CF3

N

H
N



S38 

 

 

3f - 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N



S39 

 

 

3f - 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N



S40 

 

3f - 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N



S41 

 

 

3g - 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N

F



S42 

 

 

3g - 13C NMR (CDCl3, 100 MHz)

CF3

N

H
N

F



S43 

 

3g - 19F NMR (CDCl3, 377 MHz)

CF3

N

H
N

F



S44 

 

 

3h- 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N



S45 

 

 

3h- 13C NMR (CDCl3, 300 MHz)

CF3

N

H
N



S46 

 

3h - 19F NMR (CDCl3, 400 MHz)

CF3

N

H
N



S47 

 

 

3i - 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N



S48 

 

 

3i - 13C NMR (CDCl3, 100 MHz)

CF3

N

H
N



S49 

 

3i - 19F NMR (CDCl3, 377 MHz)

CF3

N

H
N



S50 

 

 

3j - 1H NMR (CDCl3, 400 MHz)

CF3

N

H
N



S51 

 

 

3j - 13C NMR (CDCl3, 100 MHz)

CF3

N

H
N



S52 

 

 

3j - 19F NMR (CDCl3, 400 MHz)

CF3

N

H
N



S53 

 

 

2a - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3



S54 

 

 

2a - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3



S55 

 

 

2a - 19F NMR (CDCl3, 377 MHz)

NH

N

O

CF3



S56 

 

 

2b - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3



S57 

 

 

2b - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3



S58 

 

2b - 19F NMR (CDCl3, 377 MHz)

NH

N

O

CF3



S59 

 

 

2c - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3



S60 

 

 

2c - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3



S61 

 

2c - 19F NMR (CDCl3, 377 MHz)

NH

N

O

CF3



S62 

 

 

2d - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3

OMe



S63 

 

 

2d - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3

OMe



S64 

 

2d - 19F NMR (CDCl3, 377 MHz)

NH

N

O

CF3

OMe



S65 

 

 

2e - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3

Cl



S66 

 

 

2e - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3

Cl



S67 

 

2e - 19F NMR (CDCl3, 377 MHz)

NH

N

O

CF3

Cl



S68 

 

 

2f - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3

Cl



S69 

 

 

2f - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3

Cl



S70 

 

 

2f - 19F NMR (CDCl3, 377 MHz)

NH

N

O

CF3

Cl



S71 

 

 

2g - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3

F



S72 

 

 

2g - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3

F



S73 

 

2g - 19F NMR (CDCl3, 377 MHz)

NH

N

O

CF3

F



S74 

 

 

2h - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3

F



S75 

 

 

2h - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3

F



S76 

 

 

2h - 19F NMR (CDCl3, 377MHz)

NH

N

O

CF3

F



S77 

 

 

2i - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3

F



S78 

 

 

2i - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3

F



S79 

 

 

2i - 19F NMR (CDCl3, 377 MHz)

NH

N

O

CF3

F



S80 

 

 

2j - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3



S81 

 

 

2j - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3



S82 

 

 

2j - 19F NMR (CDCl3, 377 MHz)

NH

N

O

CF3



S83 

 

 

2k - 1H NMR (CDCl3, 400 MHz)

NH

N

O

CF3



S84 

 

 

2k - 13C NMR (CDCl3, 100 MHz)

NH

N

O

CF3



S85 

 

2k - 19F NMR (CDCl3, 377 MHz)

NH

N

O

CF3



S86 

 

 

4a - 1H NMR (CDCl3, 400 MHz)

CF3

HN

H
N



S87 

 

 

4a - 13C NMR (CDCl3, 100 MHz)

CF3

HN

H
N



S88 

 

 

4a - 19F NMR (CDCl3, 377 MHz)

CF3

HN

H
N



S89 

 

 

4b - 1H NMR (CDCl3, 400 MHz)

CF3

HN

H
N



S90 

 

 

4b - 13C NMR (CDCl3, 100 MHz)

CF3

HN

H
N



S91 

 

4b - 19F NMR (CDCl3, 377 MHz)

CF3

HN

H
N



S92 

 

 

4c - 1H NMR (CDCl3, 400 MHz)

CF3

HN

H
N



S93 

 

 

4c - 13C NMR (CDCl3, 100 MHz)

CF3

HN

H
N



S94 

 

4c - 19F NMR (CDCl3, 377 MHz)

CF3

HN

H
N



S95 

 

 

4d - 1H NMR (CDCl3, 400 MHz)

CF3

HN

H
N

F



S96 

 

 

4d - 13C NMR (CDCl3, 100 MHz)

CF3

HN

H
N

F



S97 

 

4d - 19F NMR (CDCl3, 377 MHz)

CF3

HN

H
N

F



S98 

 

 

4e - 1H NMR (CDCl3, 400 MHz)

CF3

HN

H
N



S99 

 

 

4e - 13C NMR (CDCl3, 100 MHz)

CF3

HN

H
N



S100 

 

 

4e - 19F NMR (CDCl3, 400 MHz)

CF3

HN

H
N



S101 

 

 

4f - 1H NMR (CDCl3, 400 MHz)

CF3

HN

H
N



S102 

 

 

4f - 13C NMR (CDCl3, 100 MHz)

CF3

HN

H
N



S103 

 

 

4f - 19F NMR (CDCl3, 377 MHz)

CF3

HN

H
N



S104 

 

 

4g - 1H NMR (CDCl3, 400 MHz)

CF3

HN

H
N

F



S105 

 

 

4g - 13C NMR (CDCl3, 100 MHz)

CF3

HN

H
N

F



S106 

 

 

4g - 19F NMR (CDCl3, 377 MHz)

CF3

HN

H
N

F



S107 

 

 

4h - 1H NMR (CDCl3, 400 MHz)

CF3

HN

H
N



S108 

 

 

4h - 13C NMR (CDCl3, 100 MHz)

CF3

HN

H
N



S109 

 

 

4h - 19F NMR (CDCl3, 377 MHz)

CF3

HN

H
N



S110 

 

 

4i - 1H NMR (CDCl3, 400 MHz)

CF3

HN

H
N



S111 

 

 

4i - 13C NMR (CDCl3, 100 MHz)

CF3

HN

H
N



S112 

 

 

4i - 19F NMR (CDCl3, 377 MHz)

CF3

HN

H
N



S113 

 

4j - 1H NMR (CDCl3, 400 MHz)

CF3

HN

H
N



S114 

 

 

4j - 13C NMR (CDCl3, 100 MHz)

CF3

HN

H
N



S115 

 

 

4j - 19F NMR (CDCl3, 377 MHz)

CF3

HN

H
N



S116 

 

8. Copy of HPLC for Racemic and Chiral Products 

           

(+/-) - 2a

NH

N

O

CF3

(+) - 2a

NH

N

O

CF3



S117 

 

           

(+/-) - 2b

NH

N

O

CF3

(+) - 2b

NH

N

O

CF3



S118 

 

           

(+/-) - 2c

NH

N

O

CF3

(+) - 2c

NH

N

O

CF3



S119 

 

           

(+/-) - 2d

NH

N

O

CF3

OMe

(+) - 2d

NH

N

O

CF3

OMe



S120 

 

           

(+/-) - 2e

NH

N

O

CF3

Cl

(+) - 2e

NH

N

O

CF3

Cl



S121 

 

           

(+/-) - 2f

NH

N

O

CF3

Cl

(+) - 2f

NH

N

O

CF3

Cl



S122 

 

           

(+/-) - 2g

NH

N

O

CF3

F

(+) - 2g

NH

N

O

CF3

F



S123 

 

           

(+/-) - 2h

NH

N

O

CF3

F

(+) - 2h

NH

N

O

CF3

F



S124 

 

           

(+/-) - 2i

NH

N

O

CF3

F

(+) - 2i

NH

N

O

CF3

F



S125 

 

           

(+/-) - 2j

NH

N

O

CF3

(+) - 2j

NH

N

O

CF3



S126 

 

           

(+/-) - 2k

NH

N

O

CF3

(+) - 2k

NH

N

O

CF3



S127 

 

           

(+/-) -4a

CF3

HN

H
N

(+) - 4a

CF3

HN

H
N



S128 

 

           

(+/-) -4b

CF3

HN

H
N

(-) - 4b

CF3

HN

H
N



S129 

 

           

(+/-) -4c

CF3

HN

H
N

(+) - 4c

CF3

HN

H
N



S130 

 

           

(+/-) - 4d

CF3

HN

H
N

F

(+) - 4d

CF3

HN

H
N

F



S131 

 

           

(+/-) - 4e

CF3

HN

H
N

(+) - 4e

CF3

HN

H
N



S132 

 

           

(+/-) - 4f

CF3

HN

H
N

(+) - 4f

CF3

HN

H
N



S133 

 

           

(+/-) - 4g

CF3

HN

H
N

F

(+) - 4g

CF3

HN

H
N

F



S134 

 

           

(+/-) - 4h

CF3

HN

H
N

(+) - 4h

CF3

HN

H
N



S135 

 

           

(+/-) - 4i

CF3

HN

H
N

(+) - 4i

CF3

HN

H
N



S136 

 

           

(+/-) - 4j

CF3

HN

H
N

(+) - 4j

CF3

HN

H
N


