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I. General remark 

Unless otherwise noted, all reagents and solvents were purchased from 

commercial suppliers and used without further purification. Anhydrous solvents were 

purchased from J&K 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 77.00 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 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 

instrucment. Column Chromatography was performed with silica gel Merck 60 (300-

400 mesh). 

Substrate 1 were synthesized from the corresponding substituted aminophenol 

according to method A.[1] The corresponding substituted aminophenol of 1g and 1h 

were prepared according to method B.[2] 

The absolute configuration of product 2d is (R), which was determined by X-ray 

analysis.[3] The absolute configurations of other hydrogenation products were assigned 

by analogy. 

 

II. General procedure for the synthesis of substrates 

General procedure of method A 

 

To a beaker with pre-weighted solid aminophenol (A1, 5 mmol), a dropwise of 

stoichiometric diethyl acetylenedicarboxylate (A2, 5 mmol) was added slowly and 
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stirred with the help of a spatula for 2-5 minutes. The liquid disappeared and a relatively 

exothermic phenomenon occurred, and then were purified by flash chromatography on 

silica gel. They were further purified through recrystalization in CH2Cl2 and petroleum 

ether to give the substrate 1 (1l was prepared with dimethyl acetylenedicarboxylate). 

 

General procedure of method B 

 

Step 1 

To a stirred suspension of substituted phenol (S1, 10 mmol) in acetonitrile (30 mL), 

solid sodium nitrite (1.5 equiv.) and potassium hydrogen sulfate (2.0 equiv.) was then 

added. Later maintained the reaction temperature at 50 oC for 4-6 h and the crude 

product was analyzed by GC-MS. The reaction was vacuumed to evaporate acetonitrile 

and then extracted with H2O (30 mL) and ethanol acetate (30 mL×2). The organic layer 

was dried over Na2SO4, concentrated and purified by flash chromatography on silica 

gel to give the product for step 2. 

Step 2 

To a suspension of corresponding O-nitrophenol (S2) in dichloromethane, Pd/C 

powder (5 %) was added. In the atmosphere of H2 at 5 atm and being stirred for 6 h, S2 

was hydrogenated to generate corresponding substituted aminophenol (S3). Then S3 

was used for the synthesis of 1g and 1h according to method A. 

 

Ethyl (Z)-2-(2-oxo-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 1a 

 

Yellow solid; 1H NMR (400 MHz, Chloroform-d) δ = 10.68 (s, 1H), 7.15-7.11 (m, 

2H), 7.02 (dd, J = 7.7, 1.6 Hz, 1H), 6.96 (dd, J = 8.3, 1.4 Hz, 1H), 5.92 (s, 1H), 4.23 (q, 

J = 7.1 Hz, 2H), 1.32 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 



4 

 

169.87, 155.92, 139.93, 137.98, 125.61, 124.17, 122.66, 116.96, 114.76, 91.10, 60.34, 

14.23. 
 

Ethyl (Z)-2-(6-fluoro-2-oxo-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 1b 

 

Yellow solid; m. p. 110-112 oC; 1H NMR (400 MHz, Chloroform-d) δ = 10.70 (s, 

1H), 7.10 (dd, J = 8.5, 4.9 Hz, 1H), 6.74-6.68 (m, 2H), 5.97 (s, 1H), 4.24 (q, J = 7.1 Hz, 

2H), 1.33 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 169.74, 159.71 

(d, J = 243.0 Hz), 155.58, 137.31, 136.11 (d, J = 3.0 Hz), 125.06 (d, J = 12.0 Hz), 

118.13 (d, J = 9.0 Hz), 109.24 (d, J = 24.0 Hz), 101.91 (d, J = 28.0 Hz), 92.49, 60.59, 

14.21. ESI-HRMS Calculated for C12H11FNO4
+ ([M+H]+): 252.0667; Found: 252.0665. 

 

Ethyl (Z)-2-(6-chloro-2-oxo-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 1c 

 

Yellow solid; 1H NMR (400 MHz, Chloroform-d) δ = 10.69 (s, 1H), 7.08 (d, J = 

9.2 Hz, 1H), 6.98-6.96 (m, 2H), 5.97 (s, 1H), 4.24 (q, J = 7.0 Hz, 2H), 1.33 (t, J = 7.0 

Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 169.67, 155.44, 138.48, 137.25, 

130.82, 125.13, 122.49, 118.08, 114.64, 92.64, 60.61, 14.22. 

 

Ethyl (Z)-2-(7-chloro-2-oxo-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 1d 

 

Yellow solid; 1H NMR (400 MHz, Chloroform-d) δ = 10.69 (s, 1H), 7.15 (d, J = 

1.9 Hz, 1H), 7.10 (dd, J = 8.5, 2.2 Hz, 1H), 6.89 (d, J = 8.5 Hz, 1H), 5.93 (s, 1H), 4.23 

(q, J = 7.1 Hz, 2H), 1.32 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 

169.78, 155.28, 140.13, 137.31, 127.41, 125.71, 123.02, 117.30, 115.48, 92.03, 60.53, 

14.22. 
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Ethyl (Z)-2-(6-methyl-2-oxo-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 1e 

 

Yellow solid; 1H NMR (400 MHz, Chloroform-d) δ = 10.61 (s, 1H), 7.00 (d, J = 

8.3 Hz, 1H), 6.81- 6.78 (m, 1H), 6.75-6.74 (m, 1H), 5.89 (s, 1H), 4.22 (q, J = 7.1 Hz, 

2H), 2.31 (s, 3H), 1.32 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 

169.88, 156.09, 138.05, 137.93, 135.65, 123.73, 123.34, 116.60, 115.00, 90.81, 60.27, 

20.91, 14.24. 

 

Ethyl (Z)-2-(7-methyl-2-oxo-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 1f 

 

Yellow solid; 1H NMR (400 MHz, Chloroform-d) δ = 10.63 (s, 1H), 6.93-6.91 (m, 

2H), 6.84-6.82 (m, 1H), 5.87 (s, 1H), 4.21 (q, J = 7.1 Hz, 2H), 2.31 (s, 3H), 1.31 (t, J = 

7.1 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 169.97, 156.10, 139.76, 138.04, 

132.93, 126.22, 121.65, 117.19, 114.46, 90.26, 60.23, 20.77, 14.25. 

 

Ethyl (Z)-2-(6-methoxy-2-oxo-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 1g 

 

Yellow solid; m.p. 135-136 oC; 1H NMR (400 MHz, Chloroform-d) δ = 10.69 (s, 

1H), 7.06 (d, J = 9.0 Hz, 1H), 6.55 (dd, J = 9.0, 2.8 Hz, 1H), 6.48 (d, J = 2.8 Hz, 1H), 

5.93 (s, 1H), 4.24 (q, J = 7.1 Hz, 2H), 3.79 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H); 13C NMR 

(100 MHz, Chloroform-d) δ = 169.97, 157.21, 156.06, 137.99, 134.13, 124.67, 117.68, 

108.40, 99.73, 91.28, 60.40, 55.72, 14.25. ESI-HRMS Calculated for C13H13NNaO5
+ 

([M+Na]+): 286.0686; Found: 286.0684. 

 

Ethyl (Z)-2-(6-(tert-butyl)-2-oxo-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 1h 
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Yellow solid; 1H NMR (400 MHz, Chloroform-d) δ = 10.71 (s, 1H), 7.08-7.03 (m, 

2H), 6.97 (d, J = 2.1 Hz, 1H), 5.91 (s, 1H), 4.25 (q, J = 7.1 Hz, 2H), 1.34 (t, J = 7.1 Hz, 

3H), 1.31 (s, 9H); 13C NMR (100 MHz, Chloroform-d) δ = 170.08, 156.22, 149.27, 

138.28, 137.85, 123.50, 119.92, 116.42, 111.91, 90.66, 60.33, 34.62, 31.27, 14.28. 

 

Ethyl (Z)-2-(5-methyl-2-oxo-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 1i 

 

Yellow solid; m. p. 142-143 oC; 1H NMR (400 MHz, Chloroform-d) δ = 10.85 (s, 

1H), 7.02-6.99 (m, 2H), 6.92 (t, J = 7.8 Hz, 1H), 5.94 (s, 1H), 4.25 (q, J = 7.1 Hz, 2H), 

2.37 (s, 3H), 1.34 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 170.22, 

156.04, 140.02, 138.10, 126.72, 123.13, 122.74, 122.17, 114.73, 91.02, 60.37, 16.16, 

14.30. ESI-HRMS Calculated for C13H14NO4
+ ([M+H]+): 248.0917; Found: 248.0918. 

  

Ethyl (Z)-2-(2-oxo-6-(trifluoromethyl)-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 

1j 

 

Green solid; m.p. 120-121 oC; 1H NMR (400 MHz, Chloroform-d) δ = 10.80 (s, 

1H), 7.29-7.22 (m, 3H), 5.99 (s, 1H), 4.25 (q, J = 7.1 Hz, 2H), 1.33 (t, J = 7.1 Hz, 3H); 

13C NMR (100 MHz, Chloroform-d) δ = 169.59, 155.18, 141.91 (d, J = 1.0 Hz), 137.14, 

128.16 (q, J = 3.3 Hz), 124.67 (d, J = 2.0 Hz), 119.54 (d, J = 3.0 Hz), 117.58, 112.12 

(d, J = 4.0 Hz), 112.05 (d, J = 4.0 Hz), 93.16, 60.72, 14.19.  

 

Methyl (Z)-2-(2-oxo-2H-benzo[b][1,4]oxazin-3(4H)-ylidene)acetate 1k 
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Yellow solid; 1H NMR (400 MHz, Chloroform-d) δ = 10.67 (s, 1H), 7.16-7.12 (m, 

2H), 7.04-6.96 (m, 2H), 5.93 (s, 1H), 3.78 (s, 3H); 13C NMR (100 MHz, Chloroform-

d) δ = 170.26, 155.91, 139.95, 138.10, 125.68, 124.10, 122.80, 117.02, 114.81, 90.65, 

51.49. 

 

III. General procedure of asymmetric hydrogenation of substrates  

 

A mixture of Rh(NBD)2BF4 (0.003 mmol, 1.1 mg) with (S)-DTBM-SegPhos (0.0033 

mmol, 3.9 mg) resolved in anhydrous trifluoroethanol (TFE, 1 mL) was accomplished 

in a Ar-filled glovebox. The mixed solution was then stirred at room temperature for 

40 min in the glovebox. An aliquot of the catalyst solution (0.3 mL, 0.001 mmol) was 

transferred by syringe into the vials charged with different substrates 1 (0.1 mmol for 

each) in anhydrous TFE (0.5 mL) together with anhydrous CH2Cl2 (0.2 mL). The vials 

were subsequently transferred into an autoclave into which hydrogen gas was charged. 

The reaction was then stirred under H2 (20 atm) at 50 oC for 24 h. After completed, the 

hydrogen gas was released slowly and carefully. The solution was concentrated and 

passed through a short column of silica gel (eluant: EA) to remove the metal complex. 

And it was purified by flash chromatography on silica gel. The ee values of all 

compounds were determined by HPLC on a chiral stationary phase. 

 

(R)-Ethyl 2-(2-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)acetate 2a 

 

Brown solid; m.p. 66-68 oC; 96% conv., 21.9 mg, 93% yield, 97% ee; [α]D 
20 = 

+3.14 (c = 0.7, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel 

OD-H column, hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection at 

210 nm; tR = 16.5 min (major), 17.8 min (minor). 1H NMR (400 MHz, Chloroform-d) 
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δ = 7.04-6.99 (m, 2H), 6.88-6.84 (m, 1H), 6.81-6.78 (m, 1H), 4.76 (s, 1H), 4.29 (dt, J 

= 10.3, 2.7 Hz, 1H), 4.24-4.19 (m, 2H), 3.18 (dd, J = 17.5, 2.9 Hz, 1H), 2.82 (dd, J = 

17.5, 10.3 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 

171.26, 165.61, 140.94, 132.32, 125.16, 120.56, 116.87, 115.39, 61.39, 51.40, 35.58, 

14.11. ESI-HRMS Calculated for C12H14NO4
+ ([M+H]+): 236.0917; Found: 236.0918. 

 

(R)-ethyl 2-(6-fluoro-2-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)acetate 2b 

 

Brown solid; m.p. 116-118 oC; 92% conv., 23.2 mg, 92% yield, 97% ee; [α]D 
20 = 

+2.5 (c = 0.8, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel 

OD-H column, hexane: isopropanol = 97:3; flow rate = 0.5 mL/min; UV detection at 

210 nm; tR = 52.9 min (minor), 54.9 min (major). 1H NMR (400 MHz, Chloroform-d) 

δ = 6.96 (dd, J = 8.7, 5.0 Hz, 1H), 6.54-6.50 (m, 2H), 4.87 (s, 1H), 4.30-4.19 (m, 3H), 

3.17 (dd, J = 17.6, 2.8 Hz, 1H), 2.81 (dd, J = 17.6, 10.4 Hz, 1H), 1.30 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, Chloroform-d) δ = 171.14, 165.07, 159.68 (d, J = 241.0 Hz), 

136.86 (d, J = 2.0 Hz), 133.28 (d, J = 11.0 Hz), 117.70 (d, J = 10.0 Hz), 106.66 (d, J = 

24.0 Hz), 102.33 (d, J = 27.0 Hz), 61.48, 50.93, 35.57, 14.06. ESI-HRMS Calculated 

for C13H17FNO5
+ ([M+CH3OH+H]+): 286.1085; Found: 286.1083. 

 

(R)-Ethyl 2-(6-chloro-2-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)acetate 2c 

 

White solid; m.p. 104-108 oC; >99% conv., 22.9 mg, 85% yield, >99% ee; [α]D 
20 

= +44.2 (c = 0.6, CHCl3); The enantiomeric excess was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 97:3; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR = 31.5 min (minor), 36.2 min (major). 1H NMR (400 MHz, 

Chloroform-d) δ = 6.95-6.92 (m, 1H), 6.83-6.79 (m, 2H), 4.85 (s, 1H), 4.30-4.19 (m, 

3H), 3.16 (dd, J = 17.7, 2.8 Hz, 1H), 2.81 (dd, J = 17.6, 10.5 Hz, 1H), 1.29 (t, J = 7.1 
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Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 171.09, 164.88, 139.33, 133.18, 

130.16, 120.24, 117.85, 115.16, 61.53, 51.01, 35.55, 14.09. ESI-HRMS Calculated for 

C13H17ClNO5
+ ([M+CH3OH+H]+): 302.0790; Found: 302.0789. 

 

(R)-Ethyl 2-(7-chloro-2-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)acetate 2d 

 

Yellow solid; m.p. 108-110 oC; >99% conv., 23.9 mg, 89% yield, >99% ee; [α]D
20 

= +61.8 (c = 0.6, CHCl3); The enantiomeric excess was determined by HPLC on 

Chiralcel OD-H column, hexane: isopropanol = 98:2; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR = 27.4 min (major), 37.4 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ = 7.03 (d, J = 2.2 Hz, 1H), 6.98 (dd, J = 8.4, 2.3 Hz, 1H), 6.72 (d, J = 

8.4 Hz, 1H), 4.81 (s, 1H), 4.28-4.18 (m, 3H), 3.17 (dd, J = 17.6, 2.8 Hz, 1H), 2.81 (dd, 

J = 17.6, 10.3 Hz, 1H), 1.30 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ 

= 171.16, 164.84, 141.04, 131.03, 125.07, 125.00, 117.14, 116.08, 61.50, 51.19, 35.47, 

14.09. ESI-HRMS Calculated for C13H17ClNO5
+ ([M+CH3OH+H]+): 302.0790; Found: 

302.0789. 

 

(R)-Ethyl 2-(6-methyl-2-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)acetate 2e 

 

White solid; m.p. 68-70 oC; >99% conv., 22.9 mg, 92% yield, 97% ee; [α]D 
20 = 

+41.2 (c = 0.8, CHCl3); The enantiomeric excess was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 98:2; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR = 35.7 min (major), 39.6 min (minor). 1H NMR (400 MHz, 

Chloroform-d) δ = 6.90 (d, J = 8.1 Hz, 1H), 6.66-6.60 (m, 2H), 4.68 (s, 1H), 4.27-4.18 

(m, 3H), 3.15 (dd, J = 17.5, 2.8 Hz, 1H), 2.80 (dd, J = 17.5, 10.4 Hz, 1H), 2.27 (s, 3H), 

1.29 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 171.24, 165.78, 138.90, 

135.00, 131.95, 121.08, 116.49, 115.81, 61.33, 51.40, 35.51, 20.90, 14.08. ESI-HRMS 
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Calculated for C13H15NNaO4
+ ([M+Na]+): 272.0893; Found: 272.0892. 

 

(R)-Ethyl 2-(7-methyl-2-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)acetate 2f 

 

White solid; m.p. 49-50 oC; >99% conv., 22.2 mg, 89% yield, 99% ee; [α]D 
20 =  

-1.7 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel 

OD-H column, hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection at 

210 nm; tR = 16.2 min (major), 19.9 min (minor). 1H NMR (400 MHz, Chloroform-d) 

δ = 6.84-6.80 (m, 2H), 6.69 (d, J = 7.9 Hz, 1H), 4.63 (s, 1H), 4.25-4.18 (m, 3H), 3.16 

(dd, J = 17.5, 2.9 Hz, 1H), 2.81 (dd, J = 17.5, 10.3 Hz, 1H), 2.28 (s, 3H), 1.29 (t, J = 

7.2 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 171.26, 165.88, 140.89, 130.52, 

129.75, 125.59, 117.19, 115.27, 61.32, 51.55, 35.44, 20.57, 14.08. ESI-HRMS 

Calculated for C13H16NO4
+ ([M+H]+): 250.1074; Found: 250.1082. 

 

(R)-Ethyl 2-(6-methoxy-2-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)acetate 2g 

 

White solid; m.p. 72-74 oC; >99% conv., 22.6 mg, 85% yield, 98% ee; [α]D 
20 = 

+11.4 (c = 0.07, CHCl3); The enantiomeric excess was determined by HPLC on 

Chiralcel OD-H column, hexane: isopropanol = 98:2; flow rate = 1.0 mL/min; UV 

detection at 210 nm; tR = 46.0 min (minor), 58.5 min (major). 1H NMR (400 MHz, 

Chloroform-d) δ = 6.93 (d, J = 8.8 Hz, 1H), 6.40-6.33 (m, 2H), 4.76 (s, 1H), 4.27-4.20 

(m, 3H), 3.75 (s, 3H), 3.16 (dd, J = 17.5, 2.7 Hz, 1H), 2.80 (dd, J = 17.6, 10.4 Hz, 1H), 

1.30 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 171.32, 165.64, 156.96, 

135.11, 133.00, 117.39, 105.45, 100.92, 61.40, 55.57, 51.26, 35.53, 14.10. ESI-HRMS 

Calculated for C14H20NO6
+ ([M+CH3OH+H]+): 298.1285; Found: 298.1322. 

 

(R)-Ethyl 2-(6-(tert-butyl)-2-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)acetate 2h 
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White solid; m.p. 79-81 oC; >99% conv., 25.0 mg, 86% yield, 92% ee; [α]D 
20 = 

+11.4 (c = 0.5, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel 

OD-H column, hexane: isopropanol = 98:2; flow rate = 1.0 mL/min; UV detection at 

210 nm; tR = 17.1 min (major), 19.6 min (minor). 1H NMR (400 MHz, Chloroform-d) 

δ = 6.95 (d, J = 8.5 Hz, 1H), 6.87 (dd, J = 8.5, 2.1 Hz, 1H), 6.81 (d, J = 2.2 Hz, 1H), 

4.73 (s, 1H), 4.28-4.19 (m, 3H), 3.20 (dd, J = 17.5, 2.8 Hz, 1H), 2.82 (dd, J = 17.6, 10.4 

Hz, 1H), 1.31 (t, J = 7.2 Hz, 3H), 1.28 (s, 9H); 13C NMR (100 MHz, Chloroform-d) δ 

= 171.47, 165.92, 148.58, 138.85, 131.72, 117.68, 116.27, 112.58, 61.41, 51.50, 35.69, 

34.50, 31.38, 14.16. ESI-HRMS Calculated for C16H21NNaO4
+ ([M+Na]+): 314.1363; 

Found: 314.1381. 

 

(R)-Ethyl 2-(5-methyl-2-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)acetate 2i 

 

White solid; m.p. 74-76 oC; 92% conv., 21.9 mg, 88% yield, 97% ee; [α]D 
20 = 

+55.0 (c = 0.6, CHCl3); The enantiomeric excess was determined by HPLC on Chiralcel 

OD-H column, hexane: isopropanol = 97:3; flow rate = 1.0 mL/min; UV detection at 

210 nm; tR = 15.6 min (major), 17.1 min (minor). 1H NMR (400 MHz, Chloroform-d) 

δ = 6.91-6.89 (m, 2H), 6.77 (t, J = 7.8 Hz, 1H), 4.83 (s, 1H), 4.26-4.21 (m, 3H), 3.17 

(dd, J = 17.5, 2.8 Hz, 1H), 2.83 (dd, J = 17.5, 10.5 Hz, 1H), 2.21 (s, 3H), 1.30 (t, J = 

7.1 Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 171.41, 165.71, 140.85, 130.70, 

126.35, 123.73, 119.88, 114.68, 61.39, 51.35, 35.37, 16.40, 14.12. ESI-HRMS 

Calculated for C13H16NO4
+ ([M+H]+): 250.1074; Found: 250.1073. 

 

(R)-Ethyl 2-(2-oxo-6-(trifluoromethyl)-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl) 

acetate 2j 
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White solid; m.p. 149-151 oC; 81% conv., 24.2 mg, 80% yield, 88% ee; [α]D 
20 = 

-2.1 (c = 0.9, CHCl3); The enantiomeric excess was determined by HPLC on Chiralpak 

AD-H column, hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection at 

210 nm; tR = 16.5 min (major), 18.3 min (minor). 1H NMR (400 MHz, Chloroform-d) 

δ 7.14–7.09 (m, 2H), 7.06-7.05 (m, 1H), 5.00 (s, 1H), 4.35-4.32 (m, 1H), 4.27-4.19 (m, 

2H), 3.19 (dd, J = 17.5, 2.8 Hz, 1H), 2.84 (dd, J = 17.6, 10.3 Hz, 1H), 1.31 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, Chloroform-d) δ = 171.05, 164.56, 142.76, 132.52, 

127.58 (d, J = 33.0 Hz), 117.46 (d, J = 4.0 Hz), 117.23, 112.38 (d, J = 3.0 Hz), 61.61, 

51.07, 35.64, 14.09. ESI-HRMS Calculated for C14H17F3NO5
+ ([M+CH3OH+H]+): 

336.1053; Found: 336.1051. 

 

(R)-Methyl 2-(2-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazin-3-yl)acetate 2k 

 

Brown solid; m.p. 122-124 oC; 92% conv., 19.2 mg, 87% yield, 99% ee; [α]D 
20 = 

+4.0 (c = 0.3, CHCl3); The enantiomeric excess was determined by HPLC on Chiralpak 

AD-H column, hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection at 

210 nm; tR = 32.7 min (minor), 41.0 min (major). 1H NMR (400 MHz, Chloroform-d) 

δ = 7.04-6.99 (m, 2H), 6.88-6.79 (m, 2H), 4.29 (dd, J = 10.3, 2.8 Hz, 1H), 3.76 (s, 3H), 

3.20 (dd, J = 17.6, 2.8 Hz, 1H), 2.84 (dd, J = 17.6, 10.3 Hz, 1H); 13C NMR (100 MHz, 

Chloroform-d) δ = 171.72, 165.58, 140.91, 132.26, 125.18, 120.60, 116.87, 115.41, 

52.31, 51.34, 35.34. ESI-HRMS Calculated for C12H16NO5
+ ([M+CH3OH+H]+): 

254.1023; Found: 254.1020. 
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V. NMR spectra 
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VI. HPLC spectra  
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