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1. General and Materials 

All reactions were carried out under an atmosphere of nitrogen using the standard Schlenk 

techniques, unless otherwise noted. Commercially available reagents were used without further 

purification. Solvents were treated prior to use according to the standard methods. 1H NMR, 13C 

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

tography was performed on silica gel (200-300 mesh). The heat source for all heating reactions is 

the oil bath. High-resolution mass spectrometry (HRMS) was measured on an electrospray 

ionization (ESI) apparatus using the time-of-flight (TOF) mass spectrometry. All reactions were 

monitored by TLC analysis. A variety of organic hydrogen-bonding urea catalysts[1] such as OC-1 

to OC-7 were synthesized according to the known literature procedures. 

2. Hydrogen Bonding Promoted Biomimetic Asymmetric Reduction 

2.1 Biomimetic Asymmetric Reduction of Benzoxazinones 

 

General procedure: A mixture of [Ru(p-cymene)I2]2 (0.001 mmol, 0.5 mol%), organocatalyst 

urea OC-3 (0.04 mmol, 20 mol%), NAD(P)H model FENAM ((R)-H1, 0.02 mmol, 10 mol%) and 

substrates 1 (0.20 mmol) in chloroform (3.0 mL) was stirred at room temperature for 5 min in 

glove box and then the reaction mixture was transferred to an autoclave. The hydrogenation was 

performed at 70 oC (oil bath temperature) under hydrogen gas (500 psi) for 48 h. After careful 

release of the hydrogen gas, the autoclave was opened and the reaction mixture was directly 

purified by column chromatography on silica gel using hexanes and ethyl acetate as eluent to give 

the desirable chiral products 2. The enantiomeric excesses were determined by chiral HPLC. 
_______________________________________________________________________________ 

(R)-3-Phenyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2a): 

42 mg, 93% yield, white solid, known compound, Rf = 0.50 (hexanes/ethyl acetate 5/1), 94% ee, 

[α]20
D = -103.19 (c 0.72, CHCl3). [lit.[2]: [α]20

D = +106.5 (c 0.4, CHCl3) for 

97% ee], 1H NMR (400 MHz, CDCl3) δ 7.44-7.33 (m, 5H), 7.08-7.00 (m, 2H), 

6.90-6.84 (m, 1H), 6.83-6.79 (m, 1H), 5.07 (s, 1H), 4.24 (brs, 1H). 13C NMR 

(100 MHz, CDCl3)
 δ 165.2, 140.9, 136.4, 132.4, 129.0, 127.5, 125.2, 120.4, 

117.0, 114.9, 59.3. HPLC: Chiracel OD-H column, 254 nm, 30 oC, n-Hexane/i-PrOH = 70/30, 

flow = 0.7 mL/min, retention time 10.9 min (major) and 15.0 min.  
_______________________________________________________________________________ 

(R)-3-(p-Tolyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2b): 

45 mg, 94% yield, yellow solid, known compound, Rf = 0.60 (hexanes/ethyl acetate 5/1), 93% ee, 

[α]20
D = -91.88 (c 0.90, CHCl3). [lit.

[2]: [α]20
D = +85.0 (c 0.4, CHCl3) for 86% ee], 1H NMR (400 
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MHz, CDCl3) δ 7.27 (d, J = 8.1 Hz, 2H), 7.16 (d, J = 7.9 Hz, 2H), 7.05-6.98 (m, 2H), 6.88-6.82 

(m, 1H), 6.81-6.76 (m, 1H), 4.99 (d, J = 1.5 Hz, 1H), 4.22 (brs, 1H), 2.33 

(s, 3H). 13C NMR (100 MHz, CDCl3)
  δ 165.4, 138.9, 133.4, 132.5, 129.7, 

127.4, 125.2, 120.3, 117.0, 114.9, 59.1, 21.2. HPLC: Chiracel OD-H 

column, 230 nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow = 0.7 mL/min, 

retention time 9.6 min (major) and 26.0 min.  
_______________________________________________________________________________ 

(R)-3-(4-Methoxyphenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2c): 

47 mg, 92% yield, yellow solid, known compound, Rf = 0.45 (hexanes/ethyl acetate 5/1), 88% ee, 

[α]20
D = -85.93 (c 0.96, CHCl3). [lit.

[2]: [α]20
D = +69.0 (c 0.2, CHCl3) for 

80% ee], 1H NMR (400 MHz, CDCl3) δ 7.36-7.29 (m, 2H), 7.07-6.99 (m, 

2H), 6.93-6.84 (m, 3H), 6.82-6.78 (m, 1H), 5.00 (s, 1H), 4.19 (brs, 1H), 

3.79 (s, 3H). 13C NMR (100 MHz, CDCl3)
  δ 165.6, 160.1, 141.0, 132.6, 

128.8, 128.4, 125.2, 120.4, 117.0, 114.9, 114.4, 58.8, 55.4. HPLC: Chiracel OD-H column, 230 

nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow = 0.7 mL/min, retention time 11.8 min (major) and 

25.8 min.  
_______________________________________________________________________________ 

(R)-3-(4-Fluorophenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2d): 

42 mg, 86% yield, yellow solid, known compound, Rf = 0.65 (hexanes/ethyl acetate 5/1), 93% ee, 

[α]20
D = -92.70 (c 0.74, CHCl3). [lit.

[2]: [α]20
D = +107.0 (c 0.2, CHCl3) for 

89% ee], 1H NMR (400 MHz, CDCl3) δ 7.41-7.35 (m, 2H), 7.09-7.00 (m, 

4H), 6.90-6.84 (m, 1H), 6.83-6.79 (m, 1H), 5.01 (d, J = 1.8 Hz, 1H), 4.26 

(brs, 1H). 13C NMR (100 MHz, CDCl3)
  δ 165.2, 163.0 (d, 1JF-C = 246.6 

Hz), 140.9, 132.3, 132.1 (d, 4JF-C = 3.2 Hz), 129.4 (d, 3JF-C = 8.3 Hz), 125.3, 120.6, 117.0, 116.0 (d, 
2JF-C = 21.6 Hz), 115.0, 58.7. 19F NMR (376 MHz, CDCl3) δ -112.4. HPLC: Chiracel AD-H 

column, 230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, retention time 11.2 min 

and 13.9 min (major).  
_______________________________________________________________________________ 

(R)-3-(4-Chlorophenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2e): 

49 mg, 94% yield, white solid, known compound, Rf = 0.65 (hexanes/ethyl acetate 5/1), 93% ee, 

[α]20
D = -107.18 (c 0.96, CHCl3). [lit.

[2]: [α]20
D = +90.0 (c 0.2, CHCl3) for 

87% ee], 1H NMR (400 MHz, CDCl3) δ 7.40-7.30 (s, 4H), 7.08-7.00 (m, 

2H), 6.91-6.85 (m, 1H), 6.84-6.80 (m, 1H), 5.02 (d, J = 1.6 Hz, 1H), 4.25 

(brs, 1H). 13C NMR (100 MHz, CDCl3) δ 164.8, 140.9, 135.0, 134.7, 132.1, 

129.2, 128.9, 125.3, 120.7, 117.1, 115.0, 58.7. HPLC: Chiracel AD-H column, 230 nm, 30 oC, 

n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, retention time 11.1 min and 12.9 min (major).  
_______________________________________________________________________________ 

(R)-3-(4-Bromophenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2f): 

50 mg, 82% yield, white solid, known compound, Rf = 0.70 (hexanes/ethyl acetate 5/1), 90% ee, 

[α]20
D = -96.05 (c 0.66, CHCl3). [lit.

[2]: [α]20
D = +83.0 (c 0.2, CHCl3) for 

90% ee], 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.3 Hz, 2H), 7.30 (d, J 

= 8.3 Hz, 2H), 7.10-6.98 (m, 2H), 6.94-6.86 (m, 1H), 6.85-6.81 (m, 1H), 

5.03 (s, 1H), 4.21 (brs, 1H). 13C NMR (100 MHz, CDCl3) δ 164.7, 140.9, 
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135.2, 132.2, 132.1, 129.2, 125.3, 123.2, 120.8, 117.1, 115.0, 58.8. HPLC: Chiracel AD-H column, 

230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/min, retention time 11.8 min and 13.0 

min (major).  
_______________________________________________________________________________ 

(R)-3-(2-Methoxyphenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2g): 

49 mg, 96% yield, yellow solid, known compound, Rf = 0.40 (hexanes/ethyl acetate 5/1), 94% ee, 

[α]20
D = 147.23 (c 0.98, CHCl3). [lit.

[3]: [α]20
D = +150.14 (c 0.68, CHCl3) for 

95% ee], 1H NMR (400 MHz, CDCl3) δ 7.39-7.31 (m, 1H), 7.30-7.25 (m, 

1H), 7.15-7.06 (m, 1H), 7.05-6.92 (m, 3H), 6.90-6.81 (m, 1H), 6.77-6.67 (m, 

1H), 5.46 (s, 1H), 4.34 (brs, 1H), 3.86 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

165.6, 157.1, 141.1, 132.6, 130.2, 128.2, 125.0, 124.9, 120.9, 120.0, 116.7, 115.1, 111.2, 55.7, 

54.6. HPLC: Chiracel AD-H column, 230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 0.8 mL/ 

min, retention time 11.9 min and 15.8 min (major).  
_______________________________________________________________________________ 

(R)-3-(3,4-Dimethylphenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2h): 

48 mg, 95% yield, white solid, known compound, Rf = 0.70 (hexanes/ethyl acetate 5/1), 91% ee, 

[α]20
D = -74.40 (c 1.18, CHCl3). [lit.

[4]: []16
D = -85.1 (c 0.96, CHCl3) for 

90% ee], 1H NMR (400 MHz, CDCl3) δ 7.15 (s, 1H), 7.12-7.07 (m, 2H), 

7.04-6.97 (m, 2H), 6.86-6.81 (m, 1H), 6.79-6.75 (m, 1H), 4.94 (d, J = 1.7 

Hz, 1H), 4.22 (brs, 1H), 2.23 (s, 6H). 13C NMR (100 MHz, CDCl3) δ 

165.6, 141.0, 137.6, 137.4, 133.8, 132.6, 130.2, 128.8, 125.1, 124.8, 120.3, 116.9, 114.9, 59.1, 

19.9, 19.5. HPLC: Chiracel OD-H column, 230 nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow = 0.7 

mL/min, retention time 13.4 min (major) and 29.8 min.  
_______________________________________________________________________________ 

(R)-6-Methyl-3-phenyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2i): 

45 mg, 94% yield, yellow solid, known compound, Rf = 0.55 (hexanes/ethyl acetate 5/1), 97% ee, 

[α]20
D = -136.88 (c 0.90, CHCl3). [lit.

[4]: []16
D = -104.9 (c 0.74, CHCl3) 

for 87% ee], 1H NMR (400 MHz, CDCl3) δ 7.44-7.32 (m, 5H), 6.91 (d, J 

= 8.2 Hz, 1H), 6.68-6.63 (m, 1H), 6.62-6.58 (m, 1H), 5.02 (d, J = 1.9 Hz, 

1H), 4.19 (brs, 1H), 2.28 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 165.4, 

138.9, 136.6, 135.1, 132.0, 129.0, 128.9, 127.5, 121.0, 116.7, 115.4, 59.3, 21.0. HPLC: Chiracel 

OD-H column, 230 nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow = 0.7 mL/min, retention time 9.9 

min (major).and 13.0 min.  
_______________________________________________________________________________ 

(R)-6-Chloro-3-phenyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2j): 

47 mg, 91% yield, white solid, known compound, Rf = 0.65 (hexanes/ethyl acetate 5/1), 98% ee, 

[α]20
D = -146.08 (c 0.92, CHCl3). [lit.

[4]: []15
D = -109.9 (c 0.90, CHCl3) 

for 89% ee], 1H NMR (400 MHz, CDCl3) δ 7.43-7.36 (m, 5H), 6.96 (d, J = 

8.2 Hz, 1H), 6.85-6.78 (m, 2H), 5.09 (d, J = 1.9 Hz, 1H), 4.32 (brs, 1H). 
13C NMR (100 MHz, CDCl3) δ 164.3, 139.4, 136.0, 133.1, 130.2, 129.2, 

129.1, 127.3, 120.2, 118.0, 114.6, 58.8. HPLC: Chiracel OD-H column, 230 nm, 30 oC, n-Hexane/ 

i-PrOH = 70/30, flow = 0.7 mL/min, retention time 10.6 min (major) and 15.7 min.  
_______________________________________________________________________________ 

N
H

O O

Me

N
H

O O

Cl
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_______________________________________________________________________________ 

(R)-3-Methyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2k): 

27 mg, 83% yield, white solid, known compound, Rf = 0.45 (hexanes/ethyl acetate 5/1), 90% ee, 

[α]20
D = -30.92 (c 0.54, CHCl3). [lit.

[5]: []27
D = -38.4 (c 0.24, CHCl3) for 97% 

ee], 1H NMR (400 MHz, CDCl3)  δ 7.05-6.96 (m, 2H), 6.88-6.82 (m, 1H), 

6.81-6.74 (m, 1H), 4.02-3.94 (m, 1H), 3.90 (brs, 1H), 1.54 (d, J = 6.6 Hz, 3H). 
13C NMR (100 MHz, CDCl3) δ 167.3, 141.4, 133.0, 124.9, 120.5, 116.9, 115.1, 

50.6, 17.2. HPLC: Chiracel OD-H column, 230 nm, 30 oC, n-Hexane/i-PrOH = 70/30, flow = 0.7 

mL/min, retention time 7.6 min (major) and 8.6 min.  
_______________________________________________________________________________ 

(R)-3-Butyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2l): 

39 mg, 95% yield, white solid, known compound,[6] Rf = 0.60 (hexanes/ethyl acetate 5/1), 92% ee, 

[α]20
D = -20.90 (c 0.78, CHCl3), 

1H NMR (400 MHz, CDCl3) δ 7.06-6.93 (m, 

2H), 6.87-6.80 (m, 1H), 6.79-6.74 (m, 1H), 4.04-3.85 (m, 2H), 2.02-1.86 (m, 

1H), 1.82-1.70 (m, 1H), 1.52-1.30 (m, 4H), 0.92 (t, J = 7.0 Hz, 3H). 13C 

NMR (100 MHz, CDCl3) δ 166.7, 141.1, 132.4, 125.0, 120.2, 116.7, 115.1, 54.9, 31.0, 27.4, 22.4, 

13.9. HPLC: Chiracel OD-H column, 230 nm, 30 oC, n-Hexane/i-PrOH = 95/5, flow = 0.7 mL/ 

min, retention time 18.3 min (major) and 23.5 min.  
_______________________________________________________________________________ 

2.2 Biomimetic Asymmetric Reduction of Quinoxalinones 

N

Fe

N

N

[Ru(p-cymene)I2]2, 70 oC, 48 h

FENAM (R)-H1, CHCl3, H2 (500 psi)

O

R1
N
H

N O

R1

3

R2
R2

4
FENAM (R)-H1

NN

O

HH

F F

OC-3

 

General procedure: A mixture of [Ru(p-cymene)I2]2 (0.001 mmol, 0.5 mol%), organocatalyst 

urea OC-3 (0.04 mmol, 20 mol%), NAD(P)H model FENAM (0.02 mmol, 10 mol%, (R)-H1) and 

substrates 3 (0.20 mmol) in chloroform (3.0 mL) was stirred at room temperature for 5 min in 

glove box and then the mixture was transferred to an autoclave. The hydrogenation was performed 

at 70 oC (oil bath temperature) under hydrogen gas (500 psi) for 48 h. After careful release of the 

hydrogen gas, the autoclave was opened and the reaction mixture was directly purified by column 

chromatography on silica gel using hexanes and ethyl acetate as eluent to give the desirable 

products 4. The enantiomeric excesses were determined by chiral HPLC. 
_______________________________________________________________________________ 

(R)-1-Methyl-3-phenyl-3,4-dihydroquinoxalin-2(1H)-one (4a): 

44 mg, 92% yield, white solid, known compound, Rf = 0.45 (hexanes/ethyl acetate 5/1), 92% ee, 

[α]20
D = -140.26 (c 0.74, CHCl3). [lit.[2]: []20

D = +153.0 (c 0.4, CHCl3) for 

92% ee], 1H NMR (400 MHz, CDCl3) δ 7.41-7.36 (m, 2H), 7.34-7.28 (m, 3H), 

6.99-6.92 (m, 2H), 6.91-6.83 (m, 1H), 6.74 (dd, J = 7.6, 1.1 Hz, 1H), 5.06 (s, 

1H), 4.32 (brs, 1H), 3.39 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 166.1, 139.1, 

134.5, 128.7, 128.4, 128.3, 127.1, 123.8, 119.5, 114.8, 114.0, 60.9, 29.3. HPLC: Chiracel AD-H 

N
H

N O
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column, 254 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 10.6 min 

and 13.5 min (major).  
_______________________________________________________________________________ 

(R)-3-(4-Chlorophenyl)-1-methyl-3,4-dihydroquinoxalin-2(1H)-one (4b): 

50 mg, 92% yield, white solid, known compound, Rf = 0.35 (hexanes/dichloromethane 1/3), 93% 

ee, [α]20
D = -143.07 (c 1.04, CHCl3). [lit.

[2]: []20
D = +163.1 (c 0.4, CHCl3) 

for 88% ee], 1H NMR (400 MHz, CDCl3) δ 7.34-7.26 (m, 4H), 6.99-6.92 

(m, 2H), 6.91-6.84 (m, 1H), 6.75 (dd, J = 7.7, 1.3 Hz, 1H), 5.02 (s, 1H), 

4.34 (brs, 1H), 3.38 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 165.7, 137.4, 

134.2, 128.9, 128.6, 128.3, 123.9, 119.8, 114.9, 114.1, 60.2, 29.3. HPLC: Chiracel OD-H column, 

230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 10.2 min (major) 

and 16.4 min.  
_______________________________________________________________________________ 

(R)-3-(4-Bromophenyl)-1-methyl-3,4-dihydroquinoxalin-2(1H)-one (4c): 

61 mg, 96% yield, white solid, known compound, Rf = 0.50 (hexanes/dichloromethane 3/1), 92% 

ee, [α]20
D = -120.24 (c 0.40, CHCl3). [lit.

[2]: []20
D = +122.1 (c 0.4, CHCl3) 

for 94% ee], 1H NMR (400 MHz, CDCl3) δ 7.50-7.44 (m, 2H), 7.31-7.28 

(m, 2H), 7.03 -6.94 (m, 2H), 6.93-6.87 (m, 1H), 6.78 (dd, J = 7.7, 1.3 Hz, 

1H), 5.04 (s, 1H), 4.33 (brs, 1H), 3.41 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 165.6, 138.0, 134.2, 131.8, 128.9, 128.3, 123.9, 122.4, 119.9, 114.9, 114.1, 60.3, 29.3. HPLC: 

Chiracel OD-H column, 230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention 

time 10.6 min (major) and 17.2 min.  
_______________________________________________________________________________ 

(R)-1-Methyl-3-(p-tolyl)-3,4-dihydroquinoxalin-2(1H)-one (4d): 

49 mg, 97% yield, white solid, known compound, Rf = 0.40 (hexanes/ethyl acetate 5/1), 88% ee, 

[α]20
D = -128.93 (c 0.94, CHCl3). [lit.

[2]: []20
D = +106.2 (c 0.4, CHCl3) 

for 89% ee], 1H NMR (400 MHz, CDCl3) δ 7.27-7.24 (m, 2H), 7.14-7.08 

(m, 2H), 6.98-6.90 (m, 2H), 6.88-6.81 (m, 1H), 6.72 (dd, J = 7.6, 1.3 Hz, 

1H), 5.00 (s, 1H), 4.32 (brs, 1H), 3.37 (s, 3H), 2.30 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 166.3, 138.1, 136.1, 134.6, 129.4, 128.4, 127.0, 123.7, 119.5, 114.8, 114.0, 60.6, 

29.2, 21.1. HPLC: Chiracel AD-H column, 230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 

mL/min, retention time 10.7 min and 14.3 min (major). 
_______________________________________________________________________________ 

(R)-3-(4-Methoxyphenyl)-1-methyl-3,4-dihydroquinoxalin-2(1H)-one (4e): 

49 mg, 91% yield, white solid, known compound, Rf = 0.75 (hexanes/ethyl acetate 2/1), 83% ee, 

[α]20
D = -95.36 (c 0.54, CHCl3). [lit.

[2]: []20
D = +120.9 (c 0.4, CHCl3) 

for 90% ee], 1H NMR (400 MHz, CDCl3) δ 7.31-7.26 (m, 2H), 6.97-6.90 

(m, 2H), 6.89-6.80 (m, 3H), 6.74-6.69 (m, 1H), 4.97 (s, 1H), 4.32 (brs, 

1H), 3.76 (s, 3H), 3.37 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 166.4, 

159.6, 134.6, 131.3, 128.4, 128.4, 123.7, 119.5, 114.8, 114.1, 114.0, 60.3, 55.3, 29.2. HPLC: 

Chiracel AD-H column, 230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention 

time 15.9 min and 18.9 min (major).  
_______________________________________________________________________________ 
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_______________________________________________________________________________ 

(R)-3-(2-Methoxyphenyl)-1-methyl-3,4-dihydroquinoxalin-2(1H)-one (4f): 

46 mg, 86% yield, yellow solid, known compound, Rf = 0.45 (hexanes/ethyl acetate 3/1), 83% ee, 

[α]20
D = 174.23 (c 0.92, CHCl3). [lit.[2]: []20

D = -168.4 (c 0.4, CHCl3) for 

74% ee], 1H NMR (400 MHz, CDCl3) δ 7.25-7.20 (m, 1H), 7.02-6.93 (m, 

2H), 6.90-6.87 (m, 1H), 6.86-6.79 (m, 3H), 6.58 (dd, J = 7.4, 1.7 Hz, 1H), 

5.44 (s, 1H), 4.50 (brs, 1H), 3.86 (s, 3H), 3.48 (s, 3H). 13C NMR (100 MHz, 

CDCl3) δ 166.4, 157.2, 134.7, 129.4, 128.8, 127.5, 126.7, 123.6, 120.7, 119.4, 114.6, 114.4, 110.9, 

55.8, 55.6, 29.2. HPLC: Chiracel OD-H column, 230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow 

= 1.0 mL/min, retention time 14.6 min and 17.5 min (major).  
_______________________________________________________________________________ 

(R)-3-(3-Fluorophenyl)-1-methyl-3,4-dihydroquinoxalin-2(1H)-one (4g): 

49 mg, 96% yield, white solid, the known compound, Rf = 0.50 (hexanes/ethyl acetate 3/1), 94% 

ee, [α]20
D = -139.28 (c 0.98, CHCl3). [lit.

[2]: []20
D = +121.8 (c 0.4, CHCl3) 

for 91% ee], 1H NMR (400 MHz, CDCl3) δ 7.31-7.26 (m, 1H), 7.20-7.08 

(m, 2H), 7.03-6.91 (m, 3H), 6.90-6.85 (m, 1H), 6.76 (dd, J = 7.7, 1.3 Hz, 

1H), 5.06 (s, 1H), 4.33 (brs, 1H), 3.39 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 165.5, 162.9 (d, 1JF-C = 245.2 Hz), 141.5 (d, 3JF-C = 6.8 Hz), 134.1, 130.2 (d, 3JF-C = 8.1 Hz), 

128.2, 123.9, 122.9 (d, 4JF-C = 2.9 Hz), 119.8, 115.2 (d, 2JF-C = 21.0 Hz), 114.9, 114.3, 114.1, 60.4 

(d, 4JF-C = 1.8 Hz), 29.3. 19F NMR (376 MHz, CDCl3) δ -112.2. HPLC: Chiracel AD-H column, 

230 nm, 30 oC, n-Hexane /i-PrOH = 85/15, flow = 1.0 mL/min, retention time 13.4 min (minor) 

and 17.4 min (major).  
_______________________________________________________________________________ 

(R)-1-Allyl-3-phenyl-3,4-dihydroquinoxalin-2(1H)-one (4h): 

50 mg, 95% yield, yellow solid, known compound, Rf = 0.40 (hexanes/ethyl acetate 5/1), 93% ee, 

[α]20
D = -96.32 (c 0.98, CHCl3). [lit.

[2]: []20
D = +93.0 (c 0.2, CHCl3) for 91% 

ee], 1H NMR (400 MHz, CDCl3) δ 7.42-7.36 (m, 2H), 7.35-7.26 (m, 3H), 

6.97-6.90 (m, 2H), 6.85-6.79 (m, 1H), 6.75 (dd, J = 7.7, 1.2 Hz, 1H), 

5.92-5.80 (m, 1H), 5.19-5.03 (m, 3H), 4.71-4.62 (m, 1H), 4.54-4.46 (m, 1H), 

4.36 (brs, 1H). 13C NMR (100 MHz, CDCl3) δ 165.7, 138.9, 134.6, 132.0, 

128.7, 128.3, 127.5, 127.0, 123.8, 119.6, 116.7, 115.4, 114.3, 60.8, 44.7. HPLC: Chiracel AD-H 

column, 230 nm, 30 oC, n-Hexane/i-PrOH = 80/20, flow = 1.0 mL/min, retention time 10.3 min 

and 15.9 min (major).  
_______________________________________________________________________________ 

(R)-3-Ethyl-1-methyl-3,4-dihydroquinoxalin-2(1H)-one (4i): 

37 mg, 97% yield, colorless oil, known compound,[7] Rf = 0.35 (hexanes/ethyl acetate 5/1), 90% 

ee, [α]20
D = -30.81 (c 0.74, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 6.97-6.91 (m, 

2H), 6.89-6.83 (m, 1H), 6.73 (dd, J = 7.5, 1.1 Hz, 1H), 4.06 (brs, 1H), 3.85-3.79 

(m, 1H), 3.38 (s, 3H), 1.92-1.81 (m, 1H), 1.80-1.67 (m, 1H), 1.02 (t, J = 7.5 Hz, 

3H). 13C NMR (100 MHz, CDCl3) δ 167.8, 134.6, 128.9, 123.5, 119.4, 114.6, 

114.3, 57.9, 29.0, 24.8, 9.8. HPLC: Chiracel AD-H column, 230 nm, 30 oC, n-Hexane/i-PrOH = 

85/15, flow = 1.0 mL/min, retention time 7.5 min and 8.7 min (major).  
_______________________________________________________________________________ 



S7 
 

_______________________________________________________________________________ 

(R)-6-Bromo-1,3-dimethyl-3,4-dihydroquinoxalin-2(1H)-one (4j): 

47 mg, 92% yield, white solid, the known compound,[8] Rf = 0.45 (hexanes/ethyl acetate 5/1), 94% 

ee, [α]20
D = -70.56 (c 0.88, CHCl3). 

1H NMR (400 MHz, CDCl3) δ 6.95 (d, J 

= 8.3 Hz, 1H), 6.83 (s, 1H), 6.75 (d, J = 8.5 Hz, 1H), 4.02-3.93 (m, 1H), 3.33 

(s, 3H), 1.43 (d, J = 6.0 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 167.9, 136.2, 

128.3, 122.2, 116.9, 116.0, 115.9, 52.1, 29.2, 18.1 HPLC: Chiracel AD-H 

column, 230 nm, 30 oC, n-Hexane/i-PrOH = 85/15, flow = 1.0 mL/min, retention time 8.4 min and 

10.7 min (major).  
_______________________________________________________________________________ 

3. Plausible Mechanism and Transition State Model 
Based on experimental results and putative mechanism on biomimetic reduction,[9] a plausible 

mechanism and transition state model for biomimetic asymmetric reduction are illustrated in 

Figure S1. The reaction proceeds through the following process: chiral NAD(P)H models were 

regenerated with hydrogen gas, and then the hydride transferred to the unsaturated C=N bond, 

similar to the coenzyme NAD(P)H mediated reduction. The stereochemistry of this reaction could 

be explained by the plausible transition state model. The urea catalyst promotes the reaction 

through hydrogen-bonding activation of C=N bond. The chiral NAD(P)H model selectively 

transfers the hydrogen atom from the less steric face to the imine, leading to the (R)- products with 

excellent enantioselectivity. 

 

Figure S1. Plausible Mechanism and Transition State Model  
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