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1. General

All reactions were carried out under an atmosphere of nitrogen using the standard Schlenk 
techniques, unless otherwise noted. 1H NMR, 13C NMR and 19F NMR spectra were recorded at 
room temperature in CDCl3,CD3OD or DMSO on 400 MHz instrument with tetramethylsilane 
(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). All reactions were monitored by 
TLC analysis.

2. General procedure for synthesis of 3-(trifluoromethyl)quinoxalinone 

The 3-(trifluoromethyl)quinoxalinones were prepared from the accessible starting materials 
benzene-1,2-diamine and ethyl 3,3,3-trifluoro-2-oxopropanoate according to the literature 
methods.[1] The compounds 1a-1g, 1i and 1n were the known compounds. [1b-f]
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General procedure: 4,5-dibromobenzene-1,2-diamine 3 (536 mg, 2.02 mmol), aryl boronic 
acid (5.12 mmol) and Pd(PPh3)4 (64.1 mg, 0.0555 mmol) were dissolved in toluene (50 mL). Next, 
2.0 M K2CO3 aqueous solution (15 mL) was added to the toluene solution under nitrogen 
atmosphere. The mixture was stirred at 85 oC for 24 hours. The reaction was quenched by the 
addition of 30 mL of H2O and the aqueous layer was extracted with 3 x 20 mL of CH2Cl2. The 
combined organic layers were washed with 40 mL of brine, dried over anhydrous Na2SO4. 
Evaporation of solvent and purification of the residue by column chromatography (Hexanes 
/EtOAc) gave 4[1a].

A suspension of diamine 4 (1.0 equiv) in EtOH (8.0 mL) was stirred at room temperature and 
treated by dropwise addition of ethyl 3,3,3-trifluoro-2-oxopropanoate 5 (1.0 equiv). The mixture 
was reflux overnight. Evaporation of EtOH and purification of the residue by column 
chromatography (petroleum ether/EtOAc) gave 1[1b].

6,7-Dibromo-3-(trifluoromethyl)quinoxalinone (1g): 1.029 g, 92% yield, pale solid 291-
293oC, Rf = 0.55 (hexanes/ethyl acetate = 2/1); 1H NMR (400 MHz, CD3OD) δ 8.24 (s, 1H), 7.72 

(s, 1H); 13C NMR (100 MHz, CD3OD) δ 151.7, 146.0 (d, J = 33.0 Hz) , 
133.8, 133.3, 130.3, 129.3, 119.9, 119.7 (q, J = 273.0 Hz), 118.7; 19F NMR 
(376 MHz, CD3OD) δ - 71.6; HRMS (ESI) m/z Calculated for 

C9H3Br2F3N2ONa [M+Na]+ 392.8456, found 392.8444.
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8-Methyl-3-(trifluoromethyl)quinoxalinone (1h)1f: 0.254 g, 22% yield, pale solid 307-309 oC, 
Rf = 0.16 (hexanes/ethyl acetate = 5/1); 1H NMR (400 MHz, DMSO) δ 12.41 (s, 
1H), 7.75 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 7.2 Hz, 1H), 7.32 (t, J = 7.7 Hz, 1H), 
2.46 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 152.7, 134.9, 132.8, 130.5, 128.3 

(2C), 125.3, 124.3, 120.6 (q, J = 274.0 Hz,), 17.3; 19F NMR (376 MHz, DMSO) δ – 68.5.

3-(Trifluoromethyl)benzoquinoxalinone (1j): 0.619 g, 78% yield, pale solid 341-343 oC, Rf = 
0.41 (hexanes/ethyl acetate = 2/1); [CAS: 339348-44-6]; 1H NMR (400 MHz, DMSO) δ 12.90 (s, 

1H), 8.59 (s, 1H), 8.10 (d, J = 8.3 Hz, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.66 (dd, 
J = 22.1, 14.8 Hz, 2H), 7.52 (t, J = 7.4 Hz, 1H); 13C NMR (100 MHz, 
DMSO) δ 152.0, 145.3 (q, J = 32.0 Hz), 135.2, 131.1, 130.7, 130.0, 129.5, 

129.4, 127.3, 125.7, 124.5, 117.6 (q, J =276.0 Hz), 111.6; 19F NMR (376 MHz, DMSO) δ – 68.3.

6,7-Diphenyl-3-(trifluoromethyl)quinoxalinone (1k): 0.592 g, 87% yield, yellow solid 283-
285 oC, Rf = 0.17 (hexanes/ethyl acetate = 3/1); 1H NMR (400 MHz, CDCl3) δ 12.54 (brs, 1H), 

8.05 (s, 1H), 7.51 (s, 1H), 7.32 – 7.27 (m, 3H), 7.26 – 7.23 (m, 3H), 7.21 – 
7.17 (m, 2H), 7.17 – 7.12 (m, 2H). 13C NMR (100 MHz, CDCl3) 153.6, 147.0, 
139.3, 138.8, 131.9, 131.5, 130.4, 129.8, 129.7, 128.3, 128.2, 127.9, 127.9, 

127.3, 121.3, 118.5, 117.5; 19F NMR (376 MHz, CDCl3) δ - 69.3; HRMS (ESI) m/z Calculated for 
C21H14F3N2O [M+H]+ 367.1053, found 367.1052.

6,7-Bis(4-methoxyphenyl)-3-(trifluoromethyl)quinoxalinone (1l): 0.639 g, 80% yield, yellow 
solid 308-310 oC, Rf = 0.37 (hexanes/ethyl acetate = 3/1); 1H NMR (400 MHz, CDCl3) δ 12.05 

(brs, 1H), 7.99 (s, 1H), 7.39 (s, 1H), 7.12 (d, J = 8.7 Hz, 2H), 7.07 (d, J = 8.7 
Hz, 2H), 6.82 (dd, J = 12.1, 8.7 Hz, 4H), 3.82 (s, 3H), 3.81 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ 159.4, 158.8, 153.6, 146.7, 138.4, 131.9, 131.7(d), 
131.4, 130.9, 130.8, 130.3, 120.0 (q, J = 273.0 Hz), 117.1, 115.9, 113.8, 

137.7, 55.3, 55.2; 19F NMR (376 MHz, CDCl3) δ - 69.3; HRMS (ESI) m/z Calculated for 
C23H18F3N2O3 [M+H]+ 427.1264, found 427.1258.

7-(3-Methoxyphenyl)-6-(4-methoxyphenyl)-3-(trifluoromethyl)quinoxalinone (1m): 0.363 g, 
85% yield, pale solid 181-183 oC, Rf = 0.47 (hexanes/ethyl acetate = 5/1); 1H NMR (400 MHz, 

CDCl3) δ 12.46 (brs, 1H), 8.07 (s, 1H), 7.51 (s, 1H), 7.20 (dt, J = 17.2, 7.9 
Hz, 2H), 6.90 – 6.74 (m, 4H), 6.73 – 6.66 (m, 2H), 3.66 (s, 3H), 3.65 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 159.3, 153.6, 146.8, 140.6, 140.5, 138.6, 
131.8, 131.5, 130.4, 129.4, 129.3, 122.2, 122.0, 119.9 (q, J = 275.0 Hz), 

117.3, 115.0, 114.9, 114.2, 113.4, 55.2, 55.1; 19F NMR (376 MHz, CDCl3) δ - 69.3; HRMS (ESI) 
m/z Calculated for C23H18F3N2O3 [M+H]+ 427.1264, found 427.1270.

6,7-Bis(2-methoxyphenyl)-3-(trifluoromethyl)quinoxalinone (1n): 0.511 g, 94% yield, pale 
solid 211-213 oC, Rf = 0.28 (hexanes/ethyl acetate = 2/1); 1H NMR (400 MHz, CD3OD) δ 7.84 (s, 

1H), 7.34 (s, 1H), 7.20 (q, J = 7.7 Hz, 2H), 7.06 (d, J = 7.2 Hz, 2H), 6.90 – 
6.72 (m, 4H), 3.49 (d, 6H); 13C NMR (100 MHz, CD3OD) δ 156.2, 156.1, 
152.4, 145.4, 144.0, 143.7, 136.3, 131.0, 130.9, 130.5, 129.7, 129.0, 128.8, 
128.6, 120.2 (q, J = 274.0 Hz), 119.6, 119.5, 116.9, 110.2, 110.1, 54.1, 54.0; 

19F NMR (376 MHz, CD3OD) δ - 71.0; HRMS (ESI) m/z Calculated for C23H18F3N2O3 [M+H]+ 
427.1264, found 427.1260.

3-(Trifluoromethyl)-6,7-bis(4-(trifluoromethyl)phenyl)quinoxalinone (1o): 0.342 g, 45% 
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yield, pale solid 302-304 oC, Rf = 0.32 (hexanes/ethyl acetate = 5/1); 1H NMR (400 MHz, CDCl3) 
δ 12.56 (s, 1H), 8.10 (s, 1H), 7.60 (d, J = 8.1 Hz, 2H), 7.58 – 7.51 (m, 3H), 7.32 (d, J = 8.0 Hz, 
2H), 7.27 (d, J = 6.9 Hz, 2H); 13C NMR (100 MHz, CDCl3) δ 153.5, 145.2, 142.3, 137.1, 135.9, 
133.9, 132.3, 132.0, 130.7, 130.3, 130.1, 130.0, 129.7, 125.5 (dq, J = 3.0 Hz, 2C), 123.9 (q, J = 
271.0 Hz,), 123.3 (q, J = 271.0 Hz), 119.7 (q, J = 274.0 Hz), 118.0; 19F NMR (376 MHz, CDCl3) δ 
- 62.60, - 62.67, - 69.46; HRMS (ESI) m/z Calculated for C23H12F9N2O [M+H]+ 503.0800, found 
503.0789.

3. Typical procedure for palladium-catalyzed asymmetric hydrogenation of 3-
(trifluoromethyl)quinoxalinone

Pd(OCOCF3)2/(R)-SegPhos

HFIP, 60 oC, H2 (600 psi)N

N O

CF3 N
H

N O

CF3
Ar Ar

R R

Typical procedure: (R)-SegPhos (5.4 mg, 0.009 mmol) and Pd(OCOCF3)2 (2.6 mg, 0.0075 
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. The solvent was removed 
under vacuum to give the catalyst. This catalyst was taken into a glovebox filled with nitrogen and 
dissolved in dry HFIP (3 mL). To a mixture of 3-(trifluoromethyl)quinoxalinone (0.25 mmol), the 
catalyst solution was added, and then the mixture was transferred to an autoclave, which was 
charged with H2 (600 psi). The autoclave was stirred under directed conditions for 48 h, then the 
hydrogen was carefully released, the autoclave was opened, and the reaction mixture was 
evaporated. The enantiomeric excesses were determined by chiral HPLC after the purification by 
column chromatography on silica gel (ethyl acetate/petroleum).

Racemates of 2 were prepared by the reduction of the corresponding 3-
(trifluoromethyl)quinoxalinone using (±)-BINAP and Pd(OCOCF3)2 as catalyst. 

(R)-(+)-3-(Trifluoromethyl)-3,4-dihydroquinoxalinone (2a): 52 mg, 97% yield, pale solid 
120-122 oC, Rf = 0.45 (hexanes/ethyl acetate = 3/1), 96% ee, [α]20

D = + 10.19 (c 0.52, CHCl3); 1H 
NMR (400 MHz, CDCl3)δ 9.13 (brs, 1H), 6.96 (ddd, J = 8.6, 6.2, 2.7 Hz, 1H), 
6.85 – 6.79 (m, 2H), 6.76 (d, J = 7.8 Hz, 1H), 4.54 (q, J = 7.7 Hz, 1H), 4.38 (s, 
1H); 13C NMR (100 MHz, CDCl3) δ 159.8, 130.2, 124.7, 123.7, 123.5 (q, J = 

286.0 Hz), 120.3, 115.9, 113.9, 58.3 (q, J = 30.0 Hz); 19F NMR (376 MHz, CDCl3) δ - 74.3; 
HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 mL/min), 30 oC, t1 
= 12.6 min (maj), t2 = 14.5 min; HRMS (ESI) m/z Calculated for C9H8F3N2O [M+H]+ 217.0583, 
found 217.0584.

(R)-6-Methoxy-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2b) : 59 mg, 96% yield, pale 
yellow solid 180-182 oC, Rf = 0.32 (hexanes/ethyl acetate = 2/1), 97% ee, [α]20

D = + 1.36 (c 0.59, 
EtOAc); 1H NMR (400 MHz, DMSO) δ 10.71 (s, 1H), 6.91 (d, J = 2.1 Hz, 
1H), 6.68 (d, J = 8.5 Hz, 1H), 6.43 (d, J = 2.5 Hz, 1H), 6.24 (dd, J = 8.5, 
2.6 Hz, 1H), 4.75 (qd, J = 8.4, 2.7 Hz, 1H), 3.65 (s, 3H); 13C NMR (100 

MHz, DMSO) δ 158.6, 156.3, 130.0, 124.7 (q, J = 287.0 Hz), 118.6, 116.0, 103.8, 99.9, 57.2 (q, J 
= 28.0 Hz), 55.5; 19F NMR (376 MHz, DMSO) δ – 72.8; HPLC (OD-H, elute: Hexanes/i-PrOH 
= 90/10, detector: 230 nm, flow rate: 1.0 mL/min), 30 oC, t1 = 13.6 min (maj), t2 = 21.1 min; 
HRMS (ESI) m/z Calculated for C10H10F3N2O2 [M+H]+ 247.0689, found 247.0664.
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(R)-(+)-6-Chloro-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2c) : 55 mg, 96% yield, 
pale soild 168-170 oC, Rf = 0.54 (hexanes/ethyl acetate = 3/1), 90% ee, [α]20

D = + 13.27 (c 0.55, 
EtOAc); 1H NMR (400 MHz, DMSO) δ 11.04 (s, 1H), 7.16 (d, J = 2.1 Hz, 
1H), 6.91-6.82 (m, 3H), 4.91 (qd, J = 8.3, 2.6 Hz, 1H); 13C NMR (100 MHz, 
DMSO) δ 159.2, 131.0, 126.1, 124.6 (q, J = 286.0 Hz), 123.3, 121.9, 115.0, 

114.9, 57.1 (q, J = 28.0 Hz); 19F NMR (376 MHz, DMSO) δ - 72.8; HPLC (OD-H, elute: 
Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 mL/min), 30 oC, t1 = 12.2 min (maj), t2 
= 16.2 min; HRMS (ESI) m/z Calculated for C9H7ClF3N2O [M+H]+ 251.0194, found 251.0193.

(R)-(+)-7-Chloro-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2d) : 61 mg, 98% yield, 
pale soild 159-161 oC, Rf = 0.41 (hexanes/ethyl acetate = 3/1), 88% ee, [α]20

D = + 0.33 (c 0.61, 
EtOAc); 1H NMR (400 MHz, DMSO) δ 11.00 (s, 1H), 7.20 (s, 1H), 6.85 (d, 
J = 2.1 Hz, 1H), 6.76 (d, J = 8.3 Hz, 1H), 6.69 (d, J = 2.1 Hz, 1H), 4.89 (qd, 
J = 8.3, 2.5 Hz, 1H); 13C NMR (100 MHz, DMSO) δ 158.9, 133.4, 127.5, 
124.6 (q, J = 286.0 Hz), 123.9, 118.2, 116.6, 113.2, 56.8 (q, J = 28.0 Hz); 19F 

NMR (376 MHz, DMSO) δ - 72.9; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 
nm, flow rate: 1.0 mL/min), 30 oC, t1 = 9.9 min (maj), t2 = 11.0 min; HRMS (ESI) m/z Calculated 
for C9H7ClF3N2O [M+H]+ 251.0194, found 251.0191.

(R)-(+)-6,7-Dimethyl-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2e) : 58 mg, 95% 
yield, pale yellow soild 182-184 oC, Rf = 0.26 (hexanes/ethyl acetate = 3/1), 89% ee, [α]20

D = + 
0.86 (c 0.58, EtOAc); 1H NMR (400 MHz, DMSO) δ 10.70 (s, 1H), 6.63 (d, J 
= 1.7 Hz, 1H), 6.60 (s, 1H), 6.54 (s, 1H), 4.67 (qd, J = 8.5, 2.7 Hz, 1H), 2.07 
(s, 3H), 2.05 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.2, 131.2, 129.5,  
126.1, 124.8 (q, J = 286.0 Hz), 122.7, 116.6, 115.2, 57.6 (q, J = 28.0 

Hz),19.4, 19.0; 19F NMR (376 MHz, DMSO) δ - 72.7; HPLC (OD-H, elute: Hexanes/i-PrOH = 
90/10, detector: 230 nm, flow rate: 1.0 mL/min), 30 oC, t1 = 12.2 min (maj), t2 = 19.7 min; 
HRMS (ESI) m/z Calculated for C11H12F3N2O [M+H]+ 245.0896, found 245.0893.

(R)-(+)--6,7-Dichloro-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2f) : 69 mg, 97% yield, 
pale soild 230-232 oC, Rf = 0.39 (hexanes/ethyl acetate = 3/1), 95% ee, [α]20

D = + 8.70 (c 0.69, 
EtOAc); 1H NMR (400 MHz, DMSO) δ 11.11 (s, 1H), 7.34 (d, J = 1.8 Hz, 
1H), 7.01 (s, 1H), 6.93 (s, 1H), 4.96 (qd, J = 8.3, 2.6 Hz, 1H); 13C NMR 
(100 MHz, DMSO) δ 158.9, 132.3, 125.2, 125.1, 124.4 (q, J = 286.0 Hz), 
119.6, 116.3, 114.5, 56.7 (d, J = 28.0 Hz); 19F NMR (376 MHz, DMSO) δ -

72.9; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 mL/min), 30 
oC, t1 = 9.5 min (maj), t2 = 10.9 min; HRMS (ESI) m/z Calculated for C9H6Cl2F3N2O [M+H]+ 
284.9804, found 284.9799.

(R)-(-)-6,7-Dibromo-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2g): 78 mg, 84% yield, 
pale soild 221-223 oC, Rf = 0.41 (hexanes/ethyl acetate = 3/1), 90% ee, [α]20

D = - 20.13 (c 0.78, 
EtOAc); 1H NMR (400 MHz, DMSO) δ 11.10 (s, 1H), 7.34 (d, J = 2.4 Hz, 
1H), 7.15 (s, 1H), 7.04 (s, 1H), 4.96 (qd, J = 8.3, 2.7 Hz, 1H); 13C NMR (100 
MHz, DMSO) δ 158.9, 132.9, 125.9, 124.4 (q, J = 277.0 Hz), 119.2, 117.6, 
117.1, 110.1, 56.7 (q, J = 28.0 Hz); 19F NMR (376 MHz, DMSO) δ - 72.9; 

HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 mL/min), 30 oC, t1 
= 11.5 min (maj), t2 =13.6 min; HRMS (ESI) m/z Calculated for C9H6Br2F3N2O [M+H]+ 372.8793, 
found 372.8816.
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(R)-(+)-8-Methyl-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2h) : 55 mg, 96% yield, 
pale oil, Rf = 0.45 (hexanes/ethyl acetate = 3/1), 88% ee, [α]20

D = + 16.91 (c 0.55, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ 8.09 (brs, 1H), 6.86 (t, J = 7.7 Hz, 1H), 6.68 (d, J = 
7.6 Hz, 1H), 6.63 (d, J = 7.8 Hz, 1H), 4.51 (q, J = 7.6 Hz, 1H), 4.34 (s, 1H), 2.25 
(s, 3H); 13C NMR (100 MHz, CDCl3) δ 159.8, 130.3, 124.0 (2C), 123.6 (q, J = 
286.0 Hz), 122.2, 122.1, 112.0, 58.2 (q, J = 30.0 Hz), 16.4; 19F NMR (376 MHz, 

CDCl3) δ - 74.3; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 
mL/min), 30 oC, t1 = 11.3 min (maj), t2 = 16.6 min; HRMS (ESI) m/z Calculated for C10H10F3N2O 

[M+H]+ 231.0740, found 231.0738.

(R)-(+)-3-(trifluoromethyl)-3,4-dihydrobenzo[g]quinoxalinone (2j) : 66 mg, 99% yield, pale 
yellow soild 198-200 oC, Rf = 0.33 (hexanes/ethyl acetate = 3/1), 91% ee, [α]20

D = + 50.45 (c 0.66, 
EtOAc); 1H NMR (400 MHz, DMSO) δ 11.26 (s, 1H), 7.60 (dd, J = 18.1, 
8.0 Hz, 2H), 7.40 – 7.06 (m, 5H), 4.91 (q, J = 16.6,Hz, 1H); 13C NMR (100 
MHz, DMSO) δ 160.1, 132.3, 131.3, 127.9, 127.1, 127.0, 125.9, 125.2, 

124.7 (q, J = 286.0 Hz), 123.4, 111.4, 108.0, 57.3 (q, J = 28.0 Hz); 19F NMR (376 MHz, DMSO) δ 
- 72.6; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 mL/min), 
30 oC, t1 = 20.0 min (maj), t2 = 29.7 min; HRMS (ESI) m/z Calculated for C13H10F3N2O [M+H]+ 
267.0740, found 267.0743.

(R)-(-)-6,7-Diphenyl-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2k): 91 mg, 99% yield, 
pale yellow soild 89-91 oC, Rf = 0.58 (hexanes/ethyl acetate = 3/1), 99% ee, [α]20

D = - 7.8 (c 0.91, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ 9.13 (brs, 1H), 7.25 – 7.15 (m, 6H), 
7.10 (dd, J = 10.2, 5.7 Hz, 4H), 6.87 (d, J = 4.6 Hz, 1H), 6.82 (s, 1H), 4.59 
(q, J = 7.5 Hz, 1H), 4.48 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 159.6, 
140.7, 140.5, 137.2, 133.0, 129.8, 129.7, 129.4, 127.9, 126.6, 126.4, 123.5 

(q, J = 286.0 Hz), 123.0, 117.8, 117.6, 115.9, 58.3 (q, J = 29.0 Hz); 19F NMR (376 MHz, CDCl3) 
δ - 74.2; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 mL/min), 
30 oC, t1 = 18.7 min (maj), t2 = 29.9 min; HRMS (ESI) m/z Calculated for C21H16F3N2O [M+H]+ 
369.1209, found 369.1213.

(R)-(+)-6,7-Bis(4-methoxyphenyl)-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2l) : 102 
mg, 95% yield, pale yellow oil, Rf = 0.27 (hexanes/ethyl acetate = 2/1), >99% ee, [α]20

D = + 0.49 
(c 1.02, EtOAc); 1H NMR (400 MHz, DMSO) δ 10.99 (brs, 1H), 
7.12 – 6.84 (m, 5H), 6.88 – 6.67 (m, 6H), 4.89 (q, J = 14.6 Hz, 1H), 
3.71 (d, 6H); 13C NMR (100 MHz, CDCl3) δ 159.2, 158.2, 158.0, 
135.2, 133.9, 133.8, 131.0, 130.9 (2C), 130.2, 124.7 (q, J = 286.0 
Hz), 124.0, 117.2, 115.5, 113.9 (2C), 57.4 (q, J = 28.0 Hz), 55.4 (d, 
2C); 19F NMR (376 MHz, DMSO) δ - 72.6; HPLC (OD-H, elute: 

Hexanes/i-PrOH = 85/15, detector: 230 nm, flow rate: 1.0 mL/min), 30 oC, t1 = 23.1 min (maj), t2 
= 51.8 min; HRMS (ESI) m/z Calculated for C23H20F3N2O3 [M+H]+ 429.1421, found 429.1423.

(R)-(+)-6,7-Bis(3-methoxyphenyl)-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2m) : 106 
mg, 99% yield, pale yellow soild 84-86 oC, Rf = 0.20 (hexanes/ethyl acetate = 3/1), 98% ee, [α]20

D 
= + 2.83 (c 1.06, EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.26 (brs, 
1H), 7.12 (td, J = 7.9, 2.6 Hz, 2H), 6.87 (s, 1H), 6.82 (s, 1H), 6.78 – 
6.68 (m, 4H), 6.62 (d, J = 7.0 Hz, 2H), 4.59 (q, J = 18.7 Hz, 1H), 

N
H

H
N O

CF3

N
H

H
N O

CF3

Ph

Ph

N
H

H
N O

CF3

MeO

MeO

N
H

H
N O

CF3

MeO
MeO

N
H

H
N O

CF3



S6

4.52 (brs, 1H), 3.61 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 159.6, 159.1 (2C), 142.1, 141.9, 137.0, 
132.8, 129.5, 129.0 (2C), 123.5 (q, J = 286.0 Hz) 123.0, 122.2, 122.1, 117.6, 115.7, 115.1, 115.0, 
112.8, 112.6, 58.6 (q, J = 30.0 Hz), 55.1 (d, 2C); 19F NMR (376 MHz, CDCl3) δ - 74.2; HPLC 
(OD-3, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 0.8 mL/min), 30 oC, t1 = 36.1 
min (maj), t2 = 64.5 min; HRMS (ESI) m/z Calculated for C23H20F3N2O3 [M+H]+ 429.1421, found 
429.1388.

(R)-(+)-6,7-Bis(2-methoxyphenyl)-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2n) : 106 
mg, 99% yield, pale yellow soild 144-146 oC, Rf = 0.14 (hexanes/ethyl acetate = 3/1), >99% ee, 

[α]20
D = + 2.26 (c 1.06, EtOAc); 1H NMR (400 MHz, CDCl3) δ 10.89 (brs, 

1H), 7.17 – 7.04 (m, 3H), 6.91 (d, J = 10.4 Hz, 2H), 6.82 (t, J = 7.5 Hz, 
2H), 6.73 (t, J = 7.4 Hz, 1H), 6.68 (s, 1H), 6.63 (d, J = 8.1 Hz, 1H), 4.62 
(s, 1H), 4.34 (q, J = 18.1 Hz, 1H), 3.68 (s, 3H), 3.44 (s, 3H); 13C NMR 
(100 MHz, CDCl3) δ 159.5, 156.2, 156.1, 134.3, 131.7, 131.6, 130.1, 

129.7, 129.3, 129.1, 128.0, 125.2, 123.8 (q, J = 285.0 Hz), 122.8, 120.1, 120.0, 117.7, 116.0, 
110.2, 110.1, 57.6 (q, J = 29.0 Hz), 54.9, 54.6; 19F NMR (376 MHz, CDCl3) δ - 74.7; HPLC (OD-
3, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 0.8 mL/min), 30 oC, t1 = 46.8 min 
(maj), t2 = 89.1 min; HRMS (ESI) m/z Calculated for C23H23F3N3O3 [M+NH4]+ 446.1685, found 
446.1686.

(R)-(+)-3-(Trifluoromethyl)-6,7-bis(4-(trifluoromethyl)phenyl)-3,4-dihydroquinoxalinone 
(2o) : 111 mg, 88% yield, pale yellow oil, Rf = 0.48 (hexanes/ethyl acetate = 3/1), 79% ee, [α]20

D 
= + 0.54 (c 1.11, EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.23 (brs, 
1H), 7.48 (dd, J = 8.2, 3.3 Hz, 4H), 7.19 (dd, J = 10.7, 8.4 Hz, 4H), 
6.85 (d, J = 18.5 Hz, 2H), 4.62 (q, J = 7.5 Hz, 1H), 4.59 (brs, 1H); 
13C NMR (100 MHz, CDCl3) δ 159.8, 143.9, 143.7, 135.8, 131.4, 
130.2, 130.1, 130.0, 129.2 (q, J = 32.0 Hz), 128.9 (q, J = 32.0 Hz), 

125.1 (dq, J = 3.0 Hz, 2C), 124.1 (q, J = 271.0 Hz ), 124.0 (q, J = 271.0 Hz), 123.7, 123.4 (q, J = 
285.0 Hz), 117.9, 115.9, 58.2 (q, J = 30.0 Hz); 19F NMR (376 MHz, CDCl3) δ - 62.4, - 62.5, - 
74.2; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 mL/min), 
30 oC, t1 = 10.5 min (maj), t2 = 13.8 min; HRMS (ESI) m/z Calculated for C23H14F9N2O [M+H]+ 
505.0957, found 505.0946.

(R)-(-)-1-Methyl-3-(trifluoromethyl)-3,4-dihydroquinoxalinone (2p): 57 mg, 99% yield, 
pale solid 132-134 oC, Rf = 0.37 (hexanes/ethyl acetate = 5/1), 96% ee, [α]20

D = - 5.79 (c 0.57, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.02 – 6.93 (m, 2H), 6.93 – 6.86 (m, 
1H), 6.78 (d, J = 7.8 Hz, 1H), 4.53 (q, J = 7.8 Hz, 1H), 4.47 (s, 1H), 3.44 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ 158.7, 131.8, 127.3, 124.2, 123.7 (q, J = 
286.0 Hz), 120.3, 114.9, 114.1, 58.5 (q, J = 29.0 Hz), 29.4; 19F NMR (376 MHz, 

CDCl3) δ - 74.1; HPLC (OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 
mL/min), 30 oC, t1 = 8.6 min, t2 = 16.7 min (maj); HRMS (ESI) m/z Calculated for C10H10F3N2O 
[M+H]+ 231.0740, found 231.0745.

(R)-1-Benzyl-3-(trifluoromethyl)-3,4-dihydroquinoxalin-2-one (2q): 76 mg, 99% yield, 
pale solid 125-127 oC, Rf = 0.26 (hexanes/ethyl acetate = 5/1), 92% ee, [α]20

D = + 25.26 (c 0.76, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.25 (t, J = 7.3 Hz, 2H), 7.19 – 7.14 (m, 3H), 6.90 – 6.81 
(m, 1H), 6.79 – 6.72 (m, 1H), 6.70 – 6.65 (m, 2H), 5.44 (d, J = 16.2 Hz, 1H), 4.87 (d, J = 16.2 Hz, 
1H), 4.55 (q, J = 7.8 Hz, 1H), 4.39 (brs, 1H); 13C NMR (100 MHz, CDCl3) δ 158.9, 135.8, 131.8,  
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128.9, 127.4, 126.6, 126.2, 124.4, 123.8 (q, J = 286.0 Hz), 120.4, 115.8, 114.2, 
58.7 (q, J = 29.0 Hz), 46.3; 19F NMR (376 MHz, CDCl3) δ – 73.8; HPLC (OD-
H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 mL/min), 30 

oC, t1 = 9.6 min, t2 = 13.4 min (maj); HRMS (ESI) m/z Calculated for C16 H14 F3 N2 O [M+H]+ 
307.1053, found 307.1054.

(R)-(+)-3-(Trifluoromethyl)-3,4-dihydro-2H-benzo[b][1,4]oxazinone (2r) : 30 mg, 55% 
yield, pale yellow soild 85-87 oC, Rf = 0.16 (hexanes/ethyl acetate = 5/1), 57% ee, [α]20

D = + 
13.67(c 0.3, CH3Cl); 1H NMR (400 MHz, CDCl3) δ 7.05 (d, J = 7.3 Hz, 2H), 6.88 (dd, J = 27.4, 

7.3 Hz, 2H), 4.64 (q, J = 6.7 Hz, 1H), 4.39 (brs, 1H); 13C NMR (100 MHz, 
CDCl3) δ 157.7, 140.1, 128.8, 125.8, 122.7 (q, J = 284.0 Hz), 121.2, 117.0, 
114.9, 57.0 (q, J = 31.0 Hz); 19F NMR (376 MHz, CDCl3) δ – 73.5; HPLC 

(OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 1.0 mL/min), 30 oC, t1 = 7.9 
min, t2 = 14.7 min (maj); HRMS (ESI) m/z Calculated for C9H6F3NO2Na [M+Na]+ 240.0243, 
found 240.0244.

4. The scale-up experiment

Pd(OCOCF3)2/(R)-SegPhos

HFIP, 60 oC, H2 (600 psi)N

H
N O

CF3 N
H

H
N O

CF3
1a 2a

(R)-SegPhos (110 mg, 0.18 mmol) and Pd(OCOCF3)2 (50 mg, 0.15 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. The solvent was removed under vacuum 
to give the catalyst. This catalyst was taken into a glovebox filled with nitrogen and dissolved 
in dry HFIP (15 mL). To a mixture of 3-(trifluoromethyl)quinoxalinone (1.071 g, 5.0 mmol), 
the catalyst solution was added, and then the mixture was transferred to an autoclave, which 
was charged with H2 (600 psi). The autoclave was stirred under directed conditions for 48 h, 
then the hydrogen was carefully released, the autoclave was opened, and the reaction mixture 
was evaporated.  The organic layer was concentrated in vacuo. Purification was performed on 
silica gel using ethyl acetate/hexanes (3:1) as the eluent to give chiral product 2a (1.078 g, 99% 
yield, 95% ee).

5. Typical procedure for reduction of (R)-3-(trifluoromethyl)-3,4-
dihydroquinoxalinone 

0 oC to RTN
H

N O

CF3 N
H

N

CF3

R R

BH3THF, THF

2 6

Typical procedure: To a stirred solution of 2 (1.0 equiv.) in the THF at 0oC was added 
BH3

.THF (10.0 equiv, 1.0 M in THF), and the mixture was left to stir for overnight at 0 oC to 
room temperature. The reaction was quenched by the addition of MeOH, and the resulting 
mixture was concentrated in vacuo. The residue obtained was purified by column 
chromatography (petroleum ether/EtOAc) to give 6[2].
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(R)-(-)-2-(Trifluoromethyl)-1,2,3,4-tetrahydroquinoxaline (6a) : 32 mg, 89% yield, pale 
yellow soild 128-130 oC, Rf = 0.30 (hexanes/ethyl acetate = 20/1), 96% ee, [α]20

D = - 4.69 (c 
0.32, CH3Cl); 1H NMR (400 MHz, CDCl3) δ 6.87 – 6.79 (m, 2H), 6.75 – 6.68 
(m, 1H), 6.65 (dd, J = 8.1, 1.3 Hz, 1H), 4.13 (qd, J = 6.8, 3.1 Hz, 1H), 3.61 
(dd, J = 11.6, 3.5 Hz, 1H), 3.50 (dd, J = 11.7, 6.7 Hz, 1H); 13C NMR (100 
MHz, CDCl3) δ 131.7, 131.4, 124.9 (q, J = 280.0 Hz), 120.2, 119.6, 115.6, 

114.9, 52.3 (q, J = 30.0 Hz), 39.5 (q, J = 2.0 Hz); 19F NMR (376 MHz, CDCl3) δ – 76.5; HPLC 
(OJ-H, elute: Hexanes/i-PrOH = 90/10, detector: 230 nm, flow rate: 0.9 mL/min), 30 oC, t1 = 
55.7 min, t2 = 64.2 min (maj).

(R)-(+)-1-methyl-3-(trifluoromethyl)-1,2,3,4-tetrahydroquinoxaline (6p) : 47 mg, 94% 
yield, pale yellow oil, Rf = 0.78 (hexanes/ethyl acetate = 5/1), 95% ee, [α]20

D = + 2.34 (c 0.47, 
CH3Cl); 1H NMR (400 MHz, CDCl3) δ 6.79 (td, J = 7.6, 1.5 Hz, 1H), 6.72 (td, 
J = 7.5, 1.4 Hz, 1H), 6.66 (dd, J = 7.9, 1.3 Hz, 1H), 6.60 (dd, J = 7.6, 1.5 Hz, 
1H), 4.18 – 3.94 (m, 2H), 3.33 (qd, J = 11.5, 4.6 Hz, 2H), 2.91 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ 135.2, 131.9, 124.9 (q, J = 280.0 Hz), 119.6, 

119.2, 113.9, 112.3, 52.8 (q, J = 30.0 Hz), 47.5 (q, J = 20.0 Hz), 39.0; 19F NMR (376 MHz, 
CDCl3) δ – 76.9; HPLC (OJ-H, elute: Hexanes/i-PrOH = 95/5, detector: 230 nm, flow rate: 0.8 
mL/min), 30 oC, t1 = 29.4 min, t2 = 36.7 min (maj); HRMS (ESI) m/z Calculated for C10H12F3N2 
[M+H]+ 217.0947, found 217.0944.

(R)-(+)-1-benzyl-3-(trifluoromethyl)-1,2,3,4-tetrahydroquinoxaline (6q) : 57 mg, 75% 
yield, pale yellow oil, Rf = 0.67 (hexanes/ethyl acetate = 5/1), 92% ee, [α]20

D = + 12.63 (c 0.57, 
CH3Cl); 1H NMR (400 MHz, CDCl3) δ 7.30 – 7.14 (m, 5H), 6.66 – 6.47 (m, 
4H), 4.35 (q, J = 15.8 Hz, 2H), 3.94 – 3.89 (m, 1H), 3.40 – 3.24 (m, 2H); 13C 
NMR (100 MHz, CDCl3) δ 137.6, 134.0, 131.7, 128.7, 127.4, 124.9 (q, J = 
280.0 Hz), 119.7, 119.3, 114.3, 113.1, 55.7, 52.3 (q, J = 30.0 Hz), 45.4; 19F 

NMR (376 MHz, CDCl3) δ – 73.4; HPLC (OJ-H, elute: Hexanes/i-PrOH = 95/5, detector: 230 
nm, flow rate: 0.9 mL/min), 30 oC, t1 = 30.0 min, t2 = 60.0 min (maj); HRMS (ESI) m/z 
Calculated for C16 H16 F3 N2 [M+H]+ 293.1260, found 293.1262.

6. The determination of the absolute configuration of 6a

The absolute configuration of the product 2-(trifluoromethyl)-1,2,3,4-
tetrahydroquinoxaline 6a [96% ee, [α]20

D = - 4.69 (c 0.32, CHCl3)] was determined by X-ray 
diffraction analysis by recrystallization from mixture solvent of dichloromethane/n-hexane to 
upgrade ee to >99%, The configurations of the other chiral products are assigned by analogy. 
CCDC 1879859 contains the structure and supplementary crystallographic data for the structure 
of (R)-2-(trifluoromethyl)-1,2,3,4-tetrahydroquinoxaline 6a. These data can be obtained free of 
charge via www.ccdc.com.ac.uk/data_request/cif from the Cambridge Crystallographic Data 
Centre.
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Figure 1. The X-ray structure of (R)-2-(trifluoromethyl)-1,2,3,4-tetrahydroquinoxaline 6a.
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5. Copy of NMR and HPLC for the Compounds
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