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I. General Remarks 

All the reactions with air- or moisture-sensitive compounds were carried out in a dry reaction 

vessel under a positive pressure of nitrogen or in the argon-filled glovebox. Unless otherwise noted, 

all reagents and solvents were purchased from commercial suppliers without further purification. 

Anhydrous solvents were purchased from J&K Chemical Technology company and transferred by 

syringe. 1H NMR and 13C NMR spectra were recorded on a Bruker ADVANCE III (400 MHz) 

spectrometer with CDCl3 as the solvent and tetramethylsilane (TMS) as the internal standard. 

Chemical shifts are reported in parts per million (ppm, δ scale) downfield from TMS at 0.00 ppm 

and referenced to the CDCl3 at 7.26 ppm (for 1H NMR) or 77.0 ppm (for 13C NMR). Data are 

reported as: multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling 

constant in hertz (Hz) and signal area integration in natural numbers. 13C NMR and 31P NMR 

analyses were run with decoupling. Enantiomeric excess values were determined by Daicel chiral 

column on an Agilent 1260 Series HPLC instrument. Optical rotations [α]D were measured on a 

PERKIN ELMER polarimeter 343 instrument. 

All the benzoxazinone or quinoxalinones were prepared according the literature.[1-7] The 

absolute configuration of products 2a, 2c, 2e-2h, 2j, 2m, 4a and 4c were determined by comparison 

of analytical data with the literature (HPLC spectra, optical rotation).[3, 5, 8-9] The absolute 

configuration of others were assigned by analogy. 

 

II. General Procedure for the Synthesis of Substrates 

A) Preparation of substrates 1a-1p [1] 

 

To the solution of appropriate 2-aminophenol derivative (10.0 mmol, 1.0 eq.) and the 

corresponding α-ketoester (11.0 mmol, 1.1 eq.) in dry ethanol (20 mL) 4Å molecular sieves (2.0 g) 

was added and the resulting mixture was refluxed for 12 h. Then the solution was cooled to room 

temperature and passed through a pad of celite, and concentrated in vacuo. The crude product was 

purified by column chromatography using petroleum ether/EtOAc (20:1) mixtures as the eluent. If 
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required, the isolated product after chromatography was further recrystallized from EtOH to obtain 

the corresponding benzoxazinones. 

 

B) Preparation of substrates 3a-3d [1] 

 

To the solution of 1,2-diaminobenzene (10.0 mmol, 1.0 eq.) in THF (20 mL) the appropriate 

α-ketoester or ethyl benzoylacetate (10 mmol, 1.0 eq.) was added followed with pyridine (2 mL), 

the resulting mixture was refluxed for 12 h. Then the solution was cooled to room temperature and 

concentrated in vacuo. The crude product was purified by column chromatography using petroleum 

ether/EtOAc (20:1) mixtures as the eluent. If required, the isolated product after chromatography 

was further recrystallized from EtOH to obtain the corresponding quinoxalinones or 4-phenyl-1H-

benzo[b][1,4]diazepin-2(3H)-one. 

 

 

Dissolve the 3-phenylquinoxaline-2(1H)-one (2.0 mmol, 1.0 eq.) in DMF (15 mL) and NaH 

(6.0 mmol, 3.0 eq.) was added slowly at 0 °C, methyl iodide (6.0 mmol) was then added. The 

resulting mixture was stirred at 0 °C for another 2 h, and then quenched with water and extracted 

with EtOAc. The organic layer was washed with saturated NaHCO3 and brine and then dried over 

Na2SO4. The solvent was removed in vacuo to give a solid that was purified by column 

chromatography using petroleum ether/EtOAc (20:1) mixtures as the eluent to give the 

corresponding N-methylated 3-substituted quinoxalin-2(1H)-one. 

 

C) Preparation of substrate 1q [2]  
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2-amino-5-nitro-phenol (50.0 mmol) was dissolved in trimethylorthoformate (25 mL) and 

stirred at 150 °C for 12 h. Then the solution was cooled to room temperature and concentrated in 

vacuo. The crude product was purified by column chromatography using petroleum ether/EtOAc 

(10:1) mixtures as the eluent to get the desired 6-nitrobenzo[d]oxazole. 

A solution of 6-nitrobenzo[d]oxazole (50.0 mmol) in EtOH (25 mL) was added Pd/C (1.6 g) 

and stirred under H2 atmosphere (ballon) at 25 °C for 12 h, then the reaction mixture passed through 

a column of silica gel to remove the Pd/C and the solution was concentrated under vacuo to get the 

benzo[d]oxazol-6-amine. 

2,4-dichloro-5-fluoro-pyrimidine (55.0 mmol) and benzo[d]oxazol-6-amine (50.0 mmol) was 

dissolved in iPrOH (50 mL) and Et3N (75 mmol), the resulting mixture was allowed heated to reflux 

for 12 h. Then the reaction mixture was concentrated under vacuo and purified by column 

chromatography to get the desired product 1q’. 

1q’ (4 mmol) and pyruvic acid (6 mmol) was dissolved in iPrOH (5 mL) and TFA (0.8 mmol) 

was added slowly. The resulting mixture was heated to 70 °C and stirred for 18 h. Then the solution 

was cooled to room temperature and washed with NaHCO3 (aqueous) then extracted with EA (2×20 

mL). The organic layer was concentrated under vacuo and purified by column chromatography to 

get the desired product 1q. 

 

3-phenyl-2H-benzo[b][1,4]oxazin-2-one (1a) 
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Light yellow solid, 77% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.34-8.32 (m, 2H), 7.87-

7.85 (m, 1H), 7.57-7.48 (m, 4H), 7.42-7.38 (m, 1H), 7.35-7.33 (m, 1H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 152.3, 150.9, 146.4, 134.1, 131.6, 131.4, 131.1, 129.44, 129.41, 128.4, 125.6, 116.2. 

The characterization data of compound 1a is in accordance with the reported data in the literature.[2a] 

 

7-methyl-3-phenyl-2H-benzo[b][1,4]oxazin-2-one (1b) 

 

Yellow solid, mp = 147-149 °C, 82% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.32-8.30 

(m, 2H), 7.73 (d, J = 8.0 Hz, 1H), 7.53-7.47 (m, 3H), 7.22-7.20 (m, 1H) , 7.14 (s, 1H), 2.49 (s, 3H); 

13C NMR (100 MHz, CDCl3): δ (ppm) 152.5, 149.6, 146.3, 142.5, 134.3, 131.1, 129.7, 129.3, 129.0, 

128.3, 126.7, 116.2, 21.8. The characterization data of compound 1b is in accordance with the 

reported data in the literature.[1, 2a] 

 

6-methyl-3-phenyl-2H-benzo[b][1,4]oxazin-2-one (1c) 

 

Yellow solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.32-8.30 (m, 2H), 7.62 (s, 1H), 7.54-7.46 

(m, 3H), 7.31-7.28 (m, 1H), 7.20-7.18 (m, 1H), 2.43 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 

152.4, 150.6, 144.3, 135.4, 134.2, 132.1, 131.28, 131.25, 129.3, 129.2, 128.3, 115.7, 20.8. The 

characterization data of compound 1c is in accordance with the reported data in the literature.[2a]  

 

6-fluoro-3-phenyl-2H-benzo[b][1,4]oxazin-2-one (1d) 

N

O O

1d

F

 

Yellow solid, mp = 143-145 °C, 89% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.36-8.33 

(m, 2H), 7.58-7.49 (m, 4H), 7.34-7.30 (m, 1H), 7.28-7.23 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 
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(ppm) 159.4 (d, J = 244.0 Hz), 151.9 (d, J = 11.0 Hz), 142.8 (d, J = 3.0 Hz), 133.7, 132.0 (d, J = 

12.0 Hz), 131.8, 129.6, 128.5, 118.5 (d, J = 25.0 Hz), 117.2 (d, J = 9.0 Hz), 115.0 (d, J = 24.0 Hz). 

HRMS (ESI): [M+H+] Calc. 242.0617, found 242.0611. 

 

6-chloro-3-phenyl-2H-benzo[b][1,4]oxazin-2-one (1e)  

 

Light yellow solid, mp = 149-151 °C, 86% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.34-

8.32 (m, 2H), 7.85 (s, 1H), 7.58-7.46 (m, 4H), 7.29-7.27 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 151.74, 151.68, 145.0, 133.7, 132.1, 131.9, 131.0, 130.7, 129.6, 128.8, 128.5, 117.3. The 

characterization data of compound 1e is in accordance with the reported data in the literature. [2a] 

 

3-(4-methoxyphenyl)-2H-benzo[b][1,4]oxazin-2-one (1f) 

 

Yellow solid, mp = 146-149 °C, 66% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.41-8.39 

(m, 2H), 7.84-7.81 (m, 1H), 7.49-7.47 (m, 1H), 7.38-7.36 (m, 1H), 7.34-7.31 (m, 1H), 7.02-7.00 (m, 

2H), 3.90 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 162.3, 152.5, 149.8, 146.2, 131.7, 131.4, 

130.4, 129.1, 126.8, 125.5, 116.0, 113.8, 55.4. The characterization data of compound 1f is in 

accordance with the reported data in the literature.[2a] 

 

3-(4-fluorophenyl)-2H-benzo[b][1,4]oxazin-2-one (1g) 

 

Light brown solid, mp = 166-169 °C, 79% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.43-

8.40 (m, 2H), 7.86-7.83 (m, 1H), 7.55-7.51 (m, 1H), 7.43-7.39 (m, 1H), 7.36-7.33 (m, 1H), 7.21-

7.16 (m, 2H); 13C NMR (100 MHz, CDCl3): δ (ppm) 164.8 (d, J = 252.0 Hz), 152.3, 149.5, 146.4, 
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131.9, 131.8, 131.5, 131.2, 129.4, 125.7, 116.2, 115.5 (d, J = 22.0 Hz). The characterization data of 

compound 1g is in accordance with the reported data in the literature.[2a] 

 

3-(p-tolyl)-2H-benzo[b][1,4]oxazin-2-one (1h) 

 

Yellow solid, 70% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.26 (d, J = 8.0 Hz, 2H), 7.85-

7.83 (m, 1H), 7.52-7.48 (m, 1H), 7.41-7.37 (m, 1H), 7.34-7.30 (m, 3H), 2.44 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 152.4, 150.7, 146.4, 142.0, 131.7, 131.4, 130.8, 129.4, 129.3, 129.1, 125.5, 

116.1, 21.6. The characterization data of compound 1h is in accordance with the reported data in 

the literature.[1, 2a] 

 

3-(4-(tert-butyl)phenyl)-2H-benzo[b][1,4]oxazin-2-one (1i) 

N

O O

1i
tBu  

Light yellow solid, mp = 141-144 °C, 73% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.28-

8.26 (m, 2H), 7.86-7.83 (m, 1H), 7.54-7.48 (m, 3H), 7.41-7.32 (m, 2H), 1.37 (s, 9H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 155.0, 152.4, 150.8, 146.4, 131.7, 131.4, 130.8, 129.3, 129.2, 125.5, 125.4, 

116.1, 35.0, 31.1.  

 

3-(m-tolyl)-2H-benzo[b][1,4]oxazin-2-one (1j) 

 

Yellow solid, mp = 93-96 °C, 53% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.12 (d, J = 

8.0 Hz, 2H), 7.87-7.85 (m, 1H), 7.54-7.49 (m, 1H), 7.41-7.32 (m, 4H), 2.46 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 152.3, 151.1, 146.4, 138.1, 134.0, 132.3, 131.6, 131.0, 129.8, 129.4, 128.3, 

126.7, 125.5, 116.1, 21.5. HRMS (ESI): [M+H+] Calc. 238.0868, found 238.0860. 
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3-phenyl-2H-naphtho[2,3-b][1,4]oxazin-2-one (1k) 

 

Deep yellow solid, 69% yield; known compound;[4] 1H NMR (400 MHz, CDCl3): δ (ppm) 

8.38-8.35 (m, 3H), 8.00 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.70 (s, 1H), 7.62-7.50 (m, 

5H); 13C NMR (100 MHz, CDCl3): δ (ppm) 152.2, 151.1, 144.2, 134.2, 133.9, 131.5, 130.9, 130.8, 

129.5, 129.2, 128.9, 128.5, 128.4, 127.4, 126.0, 112.3. The characterization data of compound 1k is 

in accordance with the reported data in the literature.[4]  

 

3-phenyl-2H-naphtho[1,2-b][1,4]oxazin-2-one (1l) 

 

Deep yellow solid, mp = 157-160 °C, 73% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.50-

8.48 (m, 1H), 8.43-8.41 (m, 2H), 7.92-7.89 (m, 1H), 7.85-7.77 (m, 2H), 7.68-7.63 (m, 2H), 7.56-

7.50 (m, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 152.4, 150.0, 142.6, 134.3, 134.2, 131.3, 129.3, 

128.7, 128.4, 128.0, 127.9, 127.3, 125.6, 125.5, 122.5, 122.1.  

 

3-(thiophen-3-yl)-2H-benzo[b][1,4]oxazin-2-one (1m) 

 

Wheat solid, mp = 123-126 °C, 43% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.76 (brs, 

1H), 8.00-7.98 (m, 1H), 7.79-7.77 (m, 1H), 7.49-7.45 (m, 1H), 7.38-7.34 (m, 2H), 7.31-7.26 (m, 

1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 152.1, 145.90, 145.87, 136.1, 132.2, 131.5, 130.6, 129.1, 

127.8, 125.52, 125.48, 116.1. HRMS (ESI): [M+H+] Calc. 230.0276, found 230.0269. 
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3-methyl-2H-benzo[b][1,4]oxazin-2-one (1n) 

 

Brown solid; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.72-7.70 (m, 1H), 7.50-7.46 (m, 1H), 

7.38-7.34 (m, 1H), 7.30-7.28 (m, 1H), 2.58 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 155.1, 

153.2, 146.5, 131.0, 130.5, 128.6, 125.4, 116.4, 21.3. The characterization data of compound 1n is 

in accordance with the reported data in the literature.[2a] 

 

3-isopropyl-2H-benzo[b][1,4]oxazin-2-one (1o) 

 

White solid; mp = 37-39 °C, 82% yield; known compound;[3] 1H NMR (400 MHz, CDCl3) δ 

7.75 (d, J = 7.9 Hz, 1H), 7.46 (t, J = 7.8 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.28- 7.26 (m, 1H), 3.46 

(hept, J = 6.7 Hz, 1H), 1.33 (d, J = 6.8 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 161.9, 152.5, 146.2, 

131.2, 130.3, 128.9, 125.2, 116.2, 31.9, 19.8.  

 

3-phenethyl-2H-benzo[b][1,4]oxazin-2-one (1p) 

 

Yellow solid; mp = 108-111 °C, 71% yield; known compound;[1] 1H NMR (400 MHz, CDCl3) 

δ 7.76 (dd, J = 7.9, 1.6 Hz, 1H), 7.50-7.46 (m, 1H), 7.39-7.35 (m, 1H), 7.31-7.28 (m, 5H), 7.23- 

7.20 (m, 1H), 3.25-3.20 (m, 2H), 3.16-3.11 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 157.0, 152.9, 

146.4, 140.7, 131.1, 130.6, 128.8, 128.51, 128.47, 126.2, 125.4, 116.4, 35.8, 32.1. 

 

7-((2-chloro-5-fluoropyrimidin-4-yl)amino)-3-methyl-2H-benzo[b][1,4]oxazin-2-one (1q) 
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Yellow solid, mp >300 °C, 35% total yield; 1H NMR (400 MHz, C2D6SO): δ (ppm) 10.35 (s, 

1H), 8.43 (d, J = 4.0 Hz, 1H), 7.88 (d, J = 4.0 Hz, 1H), 7.72-7.65 (m, 2H), 2.38 (s, 3H); 13C NMR 

(100 MHz, C2D6SO): δ (ppm) 153.7 (d, J = 48.0 Hz), 153.1 (d, J = 4.0 Hz), 151.0 (d, J = 12.0 Hz), 

147.1, 147.0, 144.5, 142.8 (d, J = 21.0 Hz), 140.1, 128.6, 127.6, 117.9, 107.7, 21.4. HRMS (ESI): 

[M+H+] Calc. 307.0398, found 307.0391. 

 

3-phenylquinoxalin-2(1H)-one (3a)  

 

Light yellow solid, 84% yield; known compound;[5] 1H NMR (400 MHz, C2D6SO): δ (ppm) 

12.60 (s, 1H), 8.32-8.29 (m, 2H), 7.84 (t, J = 4.0 Hz, 1H), 7.57-7.48 (m, 4H), 7.35-7.31 (m, 2H); 

13C NMR (100 MHz, C2D6SO): δ (ppm) 155.1, 154.6, 136.1, 132.52, 132.48, 130.8, 130.7, 129.7, 

129.3, 128.3, 123.9, 115.6.  

 

3-ethylquinoxalin-2(1H)-one (3b) 

 

Light yellow solid, 65% yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 12.40 (s, 1H), 7.85-7.83 

(m, 1H), 7.51-7.47 (m, 1H), 7.38-7.32 (m, 2H), 3.03 (q, J = 8.0 Hz, 2H), 1.39 (t, J = 8.0 Hz, 3H); 

13C NMR (100 MHz, CDCl3): δ (ppm) 162.5, 156.5, 132.8, 130.9, 129.6, 128.7, 124.1, 115.6, 26.8, 

10.9.  

 

1-methyl-3-phenylquinoxalin-2(1H)-one (3c)  
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Yellow white solid; 57% yield; known compound;[5] 1H NMR (400 MHz, CDCl3): δ (ppm) 

8.31-8.28 (m, 2H), 7.96-7.94 (m, 1H), 7.60-7.54 (m, 1H), 7.50-7.47 (m, 3H), 7.38-7.33 (m, 2H), 

3.78 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 154.7, 154.2, 136.1, 133.3, 133.1, 130.4, 130.3, 

129.5, 128.1, 123.7, 113.6, 29.3.  

 

4-phenyl-1,3-dihydro-2H-benzo[b][1,4]diazepin-2-one (3d)  

 

White solid; 81% yield; known compound;[7] 1H NMR (400 MHz, CDCl3): δ (ppm) 8.88 (s, 

1H), 8.12-8.10 (m, 2H), 7.52-7.47 (m, 4H), 7.28-7.24 (m, 2H), 7.12-7.10 (m, 1H), 3.58 (s, 2H);13C 

NMR (100 MHz, CDCl3): δ (ppm) 167.7, 158.8, 140.0, 137.6, 131.0, 129.0, 128.7, 128.3, 127.7, 

126.5, 125.1, 121.8, 39.8.  

 

III. General Procedure for Asymmetric Hydrogenation 

In the argon-filled glovebox, a solution of L5 (4.9 mg, 0.0055 mmol) and [Ir(COD)Cl]2 (1.7 

mg, 0.0025 mmol) in 1.0 mL anhydrous THF was stirred at room temperature for 45 min. 10 μL of 

the resulting solution transferred by syringe into a vial charged with 1 (0.05 mmol) in 1.0 mL 

anhydrous THF, then a solution of HCl (1.0 eq.) in dioxane (4 M) was added via syringe. The vials 

were transferred to an autoclave, which was then charged with 30 atm of H2 and stirred at room 

temperature for 16 h. The hydrogen gas was released slowly and the solution was concentrated and 

passed through a short column of silica gel to remove the metal complex. The product was analyzed 

by NMR spectroscopy for conversion and chiral HPLC for ee values. 

 

(S)-3-phenyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2a) 
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White solid; >99% conversion; 93% yield, 10.5 mg; 99% ee; known compound;[3] [α] D
25 = 

+78.4 (c = 1.0, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H 

column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 220 nm; tR = 16.6 

min (major), 11.4 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.39-7.35 (m, 5H), 7.05-7.00 

(m, 2H), 6.88-6.70 (m, 2H), 5.05 (d, J = 4.0 Hz, 1H), 4.27 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 165.2, 140.8, 136.3, 132.3, 128.97, 128.95, 127.5, 125.2, 120.4, 116.9, 114.8, 59.2.  

 

(S)-7-methyl-3-phenyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2b) 

 

Off-white solid, mp = 81-84 °C; >99% conversion; 94% yield, 11.2 mg; >99% ee; known 

compound;[8] [α]D
25 = +105.1 (c = 0.7, CHCl3); The enantiomeric excess was determined by HPLC 

on Chiralcel OD-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 

210 nm; tR = 21.0 min (major), 12.2 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.39-7.35 

(m, 5H), 6.86-6.82 (m, 2H), 6.71 (d, J = 8.0 Hz, 1H), 5.02 (s, 1H), 4.15 (s, 1H), 2.29 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 165.5, 140.8, 136.4, 130.3, 129.8, 128.9, 127.5, 125.6, 117.3, 

114.8, 59.4, 20.6.  

 

(S)-6-methyl-3-phenyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2c) 

 

Off-white solid; >99% conversion; 95% yield, 11.4 mg; >99% ee; known compound;[8] [α]D
25 

= +115.3 (c = 0.7, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H 

column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 14.5 

min (major), 10.2 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.41-7.36 (m, 5H), 6.93 (d, J 
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= 8.0 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H), 6.62 (s, 1H), 5.04 (s, 1H), 4.17 (s, 1H), 2.29 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 165.3, 138.8, 136.5, 135.0, 131.9, 128.96, 128.94, 127.4, 121.0, 

116.6, 115.3, 59.3, 21.0.  

 

(S)-6-fluoro-3-phenyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2d) 

 

Off-white solid, mp = 105-108 °C; >99% conversion; 93% yield, 11.3 mg; >99% ee; [α]D
25 = 

+109.2 (c = 0.7, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H 

column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 21.0 

min (major), 12.7 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.40-7.38 (m, 5H), 7.00-6.96 

(m, 1H), 6.58-6.52 (m, 2H), 5.07 (s, 1H), 4.38 (s, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 164.6, 

159.7 (d, J = 241.0 Hz), 136.84, 136.81, 136.0, 133.2 (d, J = 11.0 Hz), 129.1 (d, J = 7.0 Hz), 127.3, 

117.8 (d, J = 10.0 Hz), 106.5 (d, J = 23.0 Hz), 101.8 (d, J = 27.0 Hz), 58.7. HRMS (ESI): [M+H+] 

Calc. 244.0774, found 244.0763. 

 

(S)-6-chloro-3-phenyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2e)  

 

Off-white solid, mp = 149-151 °C; >99% conversion; 94% yield, 12.2 mg; >99% ee; known 

compound;[5] [α]D
25 = +93.4 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC 

on Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV detection at 

220 nm; tR = 20.4 min (major), 22.4 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.38-7.37 

(m, 5H), 6.96 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 4.0 Hz, 1H), 6.81 (s, 1H), 5.08 (s, 1H), 4.35 (s, 1H); 

13C NMR (100 MHz, CDCl3): δ (ppm) 164.4, 139.3, 135.9, 133.1, 130.2, 129.2, 129.1, 127.3, 120.1, 

118.0, 114.6, 58.7.  
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(S)-3-(4-methoxyphenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2f) 

 

Light yellow solid; >99% conversion; 92% yield, 11.7 mg; >99% ee; known compound;[3] 

[α]D
25 = +87.8 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel 

OD-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 220 nm; tR = 

36.6 min (major), 13.7 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.32 (d, J = 8.0 Hz, 2H), 

7.05-7.02 (m, 2H), 6.90-6.86 (m, 3H), 6.81-6.79 (m, 1H), 4.99 (s, 1H), 4.22 (s, 1H), 3.79 (s, 3H); 

13C NMR (100 MHz, CDCl3): δ (ppm) 165.6, 160.0, 140.9, 132.5, 128.8, 128.3, 125.1, 120.3, 116.9, 

114.8, 114.3, 58.8, 55.3.  

 

(S)-3-(4-fluorophenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2g) 

 

Off-white solid; >99% conversion; 92% yield, 11.2 mg; >99% ee; known compound;[3] [α]D
25 

= +93.1 (c = 1.0, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H 

column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 220 nm; tR = 15.3 

min (major), 8.6 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.42-7.38 (m, 2H), 7.09-7.04 

(m, 4H), 6.89-6.82 (m, 2H), 5.04 (s, 1H), 4.23 (s, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 165.1, 

163.0 (d, J = 247.0 Hz), 140.9, 132.2, 132.0 (d, J = 3.0 Hz), 129.4 (d, J = 9.0 Hz), 125.2, 120.6, 

117.0, 116.0 (d, J = 21.0 Hz), 114.9, 58.7.  

 

(S)-3-(p-tolyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2h) 

 

Off-white solid; >99% conversion; 91% yield, 10.9 mg; >99% ee; known compound;[5] [α]D
25 

= +99.8 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H 



15 

 

column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 220 nm; tR = 33.2 

min (major), 10.0 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.29 (d, J = 8.0 Hz, 2H), 7.18 

(d, J = 8.0 Hz, 2H), 7.05-7.02 (m, 2H), 6.88-6.86 (m, 1H), 6.80 (d, J = 8.0 Hz, 1H), 5.01 (s, 1H), 

4.23 (s, 1H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 165.4, 140.9, 138.9, 133.3, 132.5, 

129.6, 127.3, 125.1, 120.3, 116.9, 114.8, 59.0, 21.2.  

 

(S)-3-(4-(tert-butyl)phenyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2i) 

 

Off-white solid; >99% conversion; 88% yield, 12.4 mg; >99% ee; known compound;[3] [α]D
25 

= +98.8 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H 

column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 220 nm; tR = 8.8 

min (major), 7.3 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.39 (d, J = 8.0 Hz, 2H), 7.33 

(d, J = 8.0 Hz, 2H), 7.05-7.02 (m, 2H), 6.86-6.84 (m, 1H), 6.80-6.78 (m, 1H), 5.03 (s, 1H), 4.22 (s, 

1H), 1.30 (s, 9H); 13C NMR (100 MHz, CDCl3): δ (ppm) 165.4, 152.0, 140.9, 133.3, 132.5, 127.2, 

125.9, 125.1, 120.3, 116.9, 114.8, 59.0, 34.6, 31.2.  

 

(S)-3-(m-tolyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2j) 

 

Off-white solid, mp = 101-104 °C; >99% conversion; 95% yield, 11.4 mg; >99% ee; known 

compound;[8] [α]D
25 = +87.3 (c = 1.0, CHCl3); The enantiomeric excess was determined by HPLC 

on Chiralcel OD-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 

210 nm; tR = 15.4 min (major), 10.0 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.25-7.16 

(m, 4H), 7.06-7.00 (m, 2H), 6.88-6.86 (m, 1H), 6.80 (d, J = 8.0 Hz, 1H), 5.01 (s, 1H), 4.24 (s, 1H), 

2.34 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 165.4, 140.9, 138.8, 136.2, 132.4, 129.8, 128.8, 

128.2, 125.1, 124.5, 120.3, 116.9, 114.8, 59.3, 21.4.  
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(S)-3-phenyl-3,4-dihydro-2H-naphtho[2,3-b][1,4]oxazin-2-one (2k) 

 

Brown solid; >99% conversion; 95% yield, 13.1 mg; >99% ee; known compound of racemic 

product;[4] [α]D
25 = +165.4 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC on 

Chiralcel OD-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 254 

nm; tR = 35.3 min (major), 25.8 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.73 (d, J = 8.0 

Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.48 (s, 1H), 7.43-7.32 (m, 7H), 7.15 (s, 1H), 5.19 (s, 1H), 4.55 

(s, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 165.2, 141.5, 136.4, 131.9, 131.6, 129.1, 128.5, 

127.5, 127.3, 126.0, 125.8, 124.0, 113.7, 109.6, 59.2.  

 

(S)-3-phenyl-3,4-dihydro-2H-naphtho[1,2-b][1,4]oxazin-2-one (2l)  

 

Brown solid; >99% conversion; 91% yield, 12.5 mg; 97% ee; known compound of racemic 

product;[4] [α]D
25 = -22.4 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC on 

Chiralcel OD-H column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 210 

nm; tR = 26.7 min (major), 22.4 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 8.09 (d, J = 8.0 

Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.53-7.48 (m, 1H), 7.46-7.43 (m, 2H), 

7.37-7.35 (m, 4H), 7.04 (d, J = 8.0 Hz, 1H), 5.17 (s, 1H), 4.37 (s, 1H); 13C NMR (100 MHz, CDCl3): 

δ (ppm) 164.9, 136.3, 133.3, 129.0, 128.8, 127.9, 127.7, 127.5, 127.0, 125.1, 124.1, 123.9, 119.3, 

116.0, 59.3.  

 

(S)-3-(thiophen-3-yl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2m) 
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Yellow solid; >99% conversion; 96% yield, 11.1 mg; >99% ee; known compound;[9] [α]D
25 = 

+53.4 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H 

column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 14.3 

min (major), 10.6 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.33-7.31 (m, 1H), 7.27-7.26 

(m, 1H), 7.09-7.07 (m, 1H), 7.05-7.01 (m, 2H), 6.87-6.81 (m, 2H), 5.20 (s, 1H), 4.31 (s, 1H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 164.6, 140.8, 137.0, 132.0, 127.0, 126.3, 125.2, 123.6, 120.5, 

116.9, 115.0, 55.2.  

 

(S)-3-methyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2n) 

 

Off-white solid; >99% conversion; 91% yield, 7.4 mg; 97% ee; known compound;[10] [α]D
25 = 

+17.8 (c = 1.0, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H 

column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 17.2 

min (major), 13.6 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.04-6.98 (m, 2H), 6.88-6.84 

(m, 1H), 6.79-6.76 (m, 1H), 3.98 (q, J = 4.0 Hz, 1H), 1.55 (d, J = 4.0 Hz, 3H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 167.3, 141.4, 132.9, 124.9, 120.4, 116.9, 115.0, 50.5, 17.2.  

 

Experimental value for (S)-2n’: [α]D
20 = +15.4 (c = 0.4, CHCl3); Literature data [α]D

20 = +19.8 

(c = 1.0, CHCl3).[11] 

 

(+)-3-isopropyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2o) 
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White solid; mp = 61-63 °C; >99% conversion; 95% yield, 9.0 mg; 98% ee; known 

compound;[3] [α]D
25 = +24.0 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC 

on Chiralcel OD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV detection at 

254 nm; tR = 8.2 min (minor), 10.8 min (major). 1H NMR (400 MHz, CDCl3) δ 7.00-6.96 (m, 2H), 

6.83-6.75 (m, 2H), 3.98 (s, 1H), 3.77-3.76 (m, 1H), 2.31-2.13 (m, 1H), 1.07 (d, J = 6.9 Hz, 3H), 

1.01 (d, J = 6.7 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 165.7, 140.7, 132.1, 124.9, 119.8, 116.6, 

114.7, 60.4, 29.8, 18.9, 17.6. 

 

(+)-3-phenethyl-3,4-dihydro-2H-benzo[b][1,4]oxazin-2-one (2p) 

 

Brown solid; >99% conversion; 91% yield, 11.5 mg; 91% ee; known compound;[1] [α]D
25 = 

+6.5 (c = 1.0, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H 

column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 13.7 

min (minor), 22.4 min (major).1H NMR (400 MHz, CDCl3) δ 7.31 (t, J = 7.3 Hz, 2H), 7.23 (d, J = 

8.0 Hz, 3H), 7.02-6.96 (m, 2H), 6.86-6.82 (m, 1H), 6.66-6.64 (m, 1H), 3.93 (ddd, J = 7.3, 5.2, 2.1 

Hz, 1H), 3.74 (s, 1H), 2.86-2.80 (m, 2H), 2.32-2.27 (m, 1H), 2.11-2.05 (m, 1H). 13C NMR (100 

MHz, CDCl3) δ 166.4, 141.1, 140.3, 132.1, 128.7, 128.4, 126.5, 124.9, 120.4, 116.8, 115.2, 54.4, 

32.6, 31.7. 

 

(S)-7-((2-chloro-5-fluoropyrimidin-4-yl)amino)-3-methyl-3,4-dihydro-2H-

benzo[b][1,4]oxazin-2-one (2q) 
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Off-white solid; >99% conversion; 92% yield, 14.1 mg; 91% ee; [α]D
25 = +17.8 (c = 1.0, 

CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H column, hexane: 

isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 18.1 min (major), 26.2 

min (minor). 1H NMR (400 MHz, C2D6SO): δ (ppm) 9.90 (s, 1H), 8.27 (d, J = 4.0 Hz, 1H), 7.41 (d, 

J = 4.0 Hz, 1H), 7.26-7.24 (m, 1H), 6.86-6.84 (m, 1H), 6.37 (s, 1H), 4.03-3.98 (m, 1H), 1.38 (d, J 

= 8.0 Hz, 3H); 13C NMR (100 MHz, C2D6SO): δ (ppm) 167.9, 153.5, 151.5 (d, J = 11.0 Hz), 145.6 

(d, J = 257.0 Hz), 143.2, 141.5 (d, J = 20.0 Hz), 140.8, 131.9, 129.7, 119.2, 115.0, 110.8, 50.0, 17.0.  

 

(S)-3-phenyl-3,4-dihydroquinoxalin-2(1H)-one (4a) 

 

Off-white solid; >99% conversion; 90% yield, 10.1 mg; >99% ee; known compound;[5] [α]D
25 

= +78.6 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel OD-H 

column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 16.0 

min (major), 26.1 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 9.09 (s, 1H), 7.41-7.40 (m, 

2H), 7.32-7.28 (m, 3H), 6.92-6.88 (m, 1H), 6.76-6.68 (m, 3H), 5.06 (s, 1H), 4.30 (s, 1H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 167.2, 139.0, 132.8, 128.8, 128.4, 127.1, 124.7, 124.0, 119.3, 115.7, 

113.6, 60.6.  

 

(+)-3-ethyl-3,4-dihydroquinoxalin-2(1H)-one (4b) 

 

Viscous liquid; >99% conversion; 91% yield, 8.0 mg; 99% ee; [α]D
25 = +27.0 (c = 0.5, CHCl3), 

The enantiomeric excess was determined by HPLC on Chiralcel OD-H column, hexane: isopropanol 

= 80:20; flow rate = 1.0 mL/min; UV detection at 220 nm; tR = 7.9 min (major), 9.5 min (minor). 

1H NMR (400 MHz, CDCl3): δ (ppm) 9.10 (s, 1H), 6.90-6.86 (m, 1H), 6.77-6.72 (m, 2H), 6.68 (d, 
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J = 8.0 Hz, 1H), 3.99 (s, 1H), 3.89-3.86 (m, 1H), 1.90-1.75 (m, 2H), 1.04 (t, J = 8.0 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ (ppm) 169.2, 133.0, 125.2, 123.8, 119.2, 115.4, 113.9, 57.5, 25.0, 9.6.  

 

(S)-1-methyl-3-phenyl-3,4-dihydroquinoxalin-2(1H)-one (4c) 

 

Off-white solid; >99% conversion; 91% yield, 10.8 mg; 98% ee; known compound;[5] [α]D
25 = 

+115.9 (c = 1.0, CHCl3); The enantiomeric excess was determined by HPLC on Chiralpak AD-H 

column, hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 11.5 

min (major), 14.9 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 7.38-7.36 (m, 2H), 7.31-7.29 

(m, 3H), 6.98-6.86 (m, 3H), 6.75-6.73 (m, 1H), 5.05 (s, 1H), 4.36 (s, 1H), 3.38 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 166.0, 139.0, 134.4, 128.7, 128.3, 127.1, 123.7, 119.5, 114.8, 113.9, 

60.8, 29.2.  

 

(R)-1,3,4,5-Tetrahydro-4-phenyl-2H-1,5-benzodiazepin-2-one (4d)  

 

Solid; >99% conversion; 93% yield, 11.1 mg; >99% ee; known compound;[12] [α]D
25 = -115.9 

(c = 1.0, CH2Cl2); The enantiomeric excess was determined by HPLC on Chiralcel OJ-H column, 

hexane: isopropanol = 80:20; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 32.6 min (major), 

18.9 min (minor). 1H NMR (400 MHz, CDCl3): δ (ppm) 8.18 (s, 1H), 7.38-7.33 (m, 5H), 7.09-7.05 

(m, 1H), 6.96-6.94 (m, 2H), 6.85-6.83 (m, 1H), 5.04-5.01 (m, 1H), 3.84 (s, 1H), 2.92-2.86 (m, 1H), 

2.76-2.72 (m, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 172.0, 144.3, 138.3, 129.0, 128.1, 127.8, 

126.1, 125.9, 122.4, 121.5, 121.1, 63.3, 41.8.  
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IV. Linear Effect of the Hydrogenation of Substrate 1a 

Table S1. Linear effect for Ir/ligand L5-catalyzed asymmetric hydrogenation of 1a. 

 

 

 

entry ee of L5 (%) conv. (%) ee of 2a(%) 

1 0 >99 3 

2 10 >99 13 

3 20 >99 24 

4 40 >99 45 

5 60 >99 64 

6 80 >99 81 

7 90 >99 92 

8 >99 >99 99 

     

Figure S1. Linear effect of the hydrogenation of substrate 1a using ligand L5 with different ee 

values 
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VI. NMR Spectra
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VII. HPLC Spectra 
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