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1. General Information 

All air-sensitive manipulations were carried out with standard Schlenk techniques 

under nitrogen or argon. NMR spectra were recorded on Bruker AVANCE AV-400 

spectrometer (400 MHz for 1H, 101 MHz for 13C) or Bruker AVANCE AV-300 

spectrometer (300 MHz for 1H, 75 MHz for 13C). Chemical shifts were reported in δ 

(ppm) referenced to the residual solvent peak of CDCl3 (δ 7.26) for 1H NMR and CDCl3 

(δ 77.00) for 13C NMR, the residual solvent peak of DMSO-d6 (δ 2.50) for 1H NMR 

and DMSO-d6 (δ 39.52) for 13C NMR. Multiplicity was indicated as follows: s (singlet), 

d (doublet), t (triplet), q (quartet), m (multiplet), br (broad). Coupling constants were 

reported in Hertz (Hz). Specific rotations were measured on an ANTON PAAR MCP 

100 automatic polarimeter. High resolution mass spectra (HRMS) were obtained on 

Thermo Scientific LTQ Orbitrap XL (ESI). For thin layer chromatography (TLC), 

Yantai pre-coated TLC plates (HSGF 254) were used, and compounds were visualized 

with a UV light at 254 nm. Further visualization was achieved by staining with KMnO4 

followed by heating. Column chromatography separations were performed on silica gel 

(300–400 mesh). Enantiomeric excesses (ee) were determined by HPLC analysis on 

SHIMADZU HPLC system with Daicel chiral columns. 

2. Materials 

Toluene was distilled over benzophenone ketyl under N2. EtOH and THF (Extra Dry, 

with molecular sieves, stabilized with BHT, water ≤50 ppm (by K.F.)) were purchased 

from commercial supplier and used as received. Rhodium complex [RhCl(cod)]2
[1] was 

purchased from commercial suppliers and used as received. Catalysts [RhCl(L1)]2
[2], 

[RhCl(L2)]2
[2], [RhCl(L3)]2

[3] and [RhCl((R,R)-Ph-bod)]2
[4] were prepared according to 

the literature procedures. All the organoboronic acids were purchased from commercial 

suppliers and used as received. 
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3. A Typical Procedure for Table 1 

 

1a (40.2 mg, 0.20 mmol), 2a (41.4 mg, 0.30 mmol), [RhCl(L)]2 (3.0 μmol, 3 mol % 

Rh), were placed in an oven-dried Schlenk tube under nitrogen. EtOH (1.0 mL) and 

KOH (10 mol%, in 0.10 mL H2O) were added, and the reaction was stirred at 50 ℃ for 

18 h. Upon completion, the reaction mixture was diluted with water (5.0 mL) and 

EtOAc (5.0 mL). The layers were separated and the aqueous layer was extracted again 

with EtOAc for two more times (5.0 mL × 2). The solvent was removed on a rotary 

evaporator. The residue was dissolved in dichloromethane (5.0 mL), KOH (2 mmol, in 

10.0 mL H2O) were added, and the mixture was stirred at room temperature for 10 min 

(Note: to remove phenol from protodeboronation of 2a, phenol shares a very similar 

polarity with 3a). The organic layer was separated and dried with Na2SO4, and the 

solvent was removed on a rotary evaporator. The crude product was subjected to silica 

gel chromatography with petroleum ether/EtOAc (v/v = 15/1) to give 3a as a white 

solid. 

4. Procedure for Scheme 3 

 

1 (0.20 mmol), 2 (0.30 mmol), and [RhCl((R, R)-Ph-bod)]2 (2.5 mg, 3 mol % Rh) were 

placed in an oven-dried Schlenk tube under nitrogen. EtOH (1.0 mL) and KOH (10 

mol%, in 0.10 mL H2O) were added, and the reaction was stirred at 50 ℃ for 18 h. 

Upon completion, the reaction mixture was diluted with water (5.0 mL) and EtOAc (5.0 

mL). The layers were separated and the aqueous layer was extracted again with EtOAc 
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for two more times (5.0 mL × 2). The solvent was removed on a rotary evaporator. The 

residue was dissolved in dichloromethane (5.0 mL), KOH (2 mmol, in 10.0 mL H2O) 

were added, and the mixture was stirred at room temperature for 10 min (Note: to 

remove phenols from protodeboronation of 2). The organic layer was separated and 

dried over Na2SO4, and the solvent was removed on a rotary evaporator. The crude 

product was subjected to silica gel chromatography with petroleum ether/EtOAc to give 

3. 

5. Procedure for Scheme 4 

 

1a (703.5 mg, 3.50 mmol), 2a (724.1 mg, 5.25 mmol), [RhCl((R, R)-Ph-bod)]2 (41.6 

mg, 52.5 μmol), were placed in an oven-dried Schlenk tube (100 mL) under nitrogen. 

EtOH (17.5 mL) and KOH (10 mol%, in 1.75 mL H2O) were added, and the reaction 

was stirred at 50 ℃ for 18 h. Upon completion, the reaction mixture was diluted with 

water (20.0 mL) and EtOAc (20.0 mL). The layers were separated and the aqueous layer 

was extracted again with EtOAc for two more times (20.0 mL × 2). The solvent was 

removed on a rotary evaporator. The residue was dissolved in dichloromethane (30.0 

mL), KOH (35 mmol, in 30.0 mL H2O) were added, and the mixture was stirred at room 

temperature for 20 min (Note: to remove phenol from protodeboronation of 2a, phenol 

shares a very similar polarity with 3a). The organic layer was separated and dried with 

Na2SO4, and the solvent was removed on a rotary evaporator. The crude product was 

subjected to silica gel chromatography with petroleum ether/EtOAc (v/v = 50/1) to give 

3a (937 mg) as a white solid. 
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6. Procedure for Scheme 5 

 

4 (0.20 mmol), 2 (0.30 mmol), and [RhCl((R, R)-Ph-bod)]2 (2.5 mg, 3 mol % Rh) were 

placed in an oven-dried Schlenk tube under nitrogen. 1,4-Dioxane (1.0 mL) and KOH 

(10 mol%, in 0.10 mL H2O) were added, and the reaction was stirred at 50 ℃ for 18 h. 

Upon completion, the reaction mixture was diluted with water (5.0 mL) and EtOAc (5.0 

mL). The layers were separated and the aqueous layer was extracted again with EtOAc 

for two more times (5.0 mL × 2). The solvent was removed on a rotary evaporator, and 

the crude product was subjected to silica gel chromatography with petroleum 

ether/EtOAc/dichloromethane to give 5. 

7. Characterization of the Products  

Ethyl (S)-2-amino-4-phenyl-4H-chromene-3-carboxylate (3a) 

Compound 3a. (98% yield, 91% ee (S)). White solid, 57.9 mg at 

0.20 mmol scale. The ee of 3a was determined by HPLC analysis: 

(Chiralcel IA column, 1.0 mL/min, hexane/isopropanol = 95/5, 254 

nm, tmajor = 14.9 min (S), tminor = 10.2 min (R)); []20
D +  (c 0.34, 

CH2Cl2) for 91% ee (S). 1H NMR (400 MHz, DMSO-d6) δ 1.05 (t, J = 7.0 Hz, 3H), 3.97 

(q, J = 7.1 Hz, 2H), 4.94 (s, 1H), 6.99 – 7.13 (m, 3H), 7.15 – 7.30 (m, 6H), 7.68 (s, 2H). 

13C NMR (101 MHz, DMSO-d6) δ 14.7, 40.1, 59.1, 76.6, 116.2, 124.9, 126.4, 126.9, 

127.5, 128.1, 128.7, 129.8, 148.5, 149.0, 161.6, 168.7. HRMS (ESI) m/z calcd for 

C18H17NNaO3
+ (M+Na)+ 318.1101, found 318.1102. 
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Ethyl (S)-2-amino-4-(2-fluorophenyl)-4H-chromene-3-carboxylate (3b) 

Compound 3b. (93% yield, 89% ee (S)). White solid, 58.5 mg at 

0.20 mmol scale. The ee of 3b was determined by HPLC analysis: 

(Chiralcel IA column, 1.0 mL/min, hexane/isopropanol = 95/5, 254 

nm, tmajor = 13.9 min (S), tminor = 9.0 min (R)); []20
D + (c 0.17, 

CH2Cl2) for 89% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 1.00 (t, J = 7.1 Hz, 3H), 3.84 

– 3.96 (m, 2H), 5.23 (s, 1H), 6.98 – 7.11 (m, 4H), 7.11 – 7.25 (m, 4H), 7.72 (s, 2H). 13C 

NMR (75 MHz, DMSO-d6) δ 14.5, 33.9 (d, J = 2.4 Hz), 59.0, 74.8, 115.7 (d, J = 22.0 

Hz), 116.2, 124.8 (d, J = 16.2 Hz), 125.0, 125.3, 128.39, 128.45 (d, J = 8.9 Hz), 129.5, 

130.0 (d, J = 4.6 Hz), 135.1 (d, J = 13.3 Hz), 149.0, 159.9 (d, J = 242.9 Hz), 161.7, 

168.6. HRMS (ESI) m/z calcd for C18H16FNNaO3
+ [M+Na]+ 336.1006, found 336.1008. 

Ethyl (S)-2-amino-4-(o-tolyl)-4H-chromene-3-carboxylate (3c) 

Compound 3c. (90% yield, 83% ee (S)). White solid, 55.7 mg at 

0.20 mmol scale. The ee of 3c was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 98/2, 254 

nm, tmajor = 9.3 min (S), tminor = 10.1 min (R)); []20
D + (c 0.42, 

CH2Cl2) for 83% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 1.01 (t, J = 7.1 Hz, 3H), 

2.55 (s, 3H), 3.80 – 4.05 (m, 2H), 5.20 (s, 1H), 6.94 – 7.12 (m, 7H), 7.13 –7.23 (m, 1H), 

7.67 (s, 2H). 13C NMR (75 MHz, DMSO-d6) δ 14.6, 19.9, 35.7, 59.1, 76.9, 116.3, 124.9, 

126.1, 126.7, 127.0, 128.0, 128.7, 129.3, 130.5, 134.2, 147.6, 148.7, 161.4, 168.9. 

HRMS (ESI) m/z calcd for C19H19NNaO3
+ [M+Na]+ 332.1257, found 332.1259. 

Ethyl (S)-2-amino-4-(2-(trifluoromethyl)phenyl)-4H-chromene-3-carboxylate (3d) 

Compound 3d. (93% yield, 83% ee (S)). White solid, 67.7 mg at 

0.20 mmol scale. The ee of 3d was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 98/2, 254 

nm, tmajor = 8.1 min (S), tminor =9.0 min (R)); []20
D + (c 0.48, 

CH2Cl2) for 83% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 0.88 (t, J = 7.1 Hz, 3H), 3.82 

– 3.94 (m, 2H), 5.37 (s, 1H), 6.96 – 7.06 (m, 1H), 7.10 (m, 2H), 7.17 – 7.26 (m, 1H), 

7.26 – 7.35 (m, 2H), 7.50 (t, J = 7.5 Hz, 1H), 7.60 – 7.68 (m, 1H), 7.84 (s, 2H). 13C 
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NMR (75 MHz, DMSO-d6) δ 14.4, 35.6, 58.8, 76.7, 116.7, 125.0, 125.2 (q, J = 273.1 

Hz), 125.5, 125.9 (q, J = 29.0 Hz), 126.1 (q, J = 5.8 Hz), 126.9, 128.5, 129.2 (q, J = 3.0 

Hz), 130.8, 133.3, 148.2, 148.6, 161.7, 168.6. HRMS (ESI) m/z calcd for 

C19H16F3NNaO3
+ [M+Na]+ 386.0974, found 386.0974. 

Ethyl (S)-2-amino-4-(2,6-difluorophenyl)-4H-chromene-3-carboxylate (3e) 

Compound 3e. (98% yield, 82% ee (S)). White solid, 65.1 mg at 

0.20 mmol scale. The ee of 3e was determined by HPLC analysis: 

(Chiralcel IA column, 1.0 mL/min, hexane/ isopropanol = 95/5, 254 

nm, tmajor = 10.6 min (S), tminor = 9.2 min (R)); []20
D + (c 0.32, 

CH2Cl2) for 82% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 1.05 (t, J = 7.1 Hz, 3H), 3.91 

– 4.06 (m, 2H), 5.02 (s, 1H), 6.84 – 7.02 (m, 3H), 7.03 – 7.12 (m, 2H), 7.20 – 7.35 (m, 

2H), 7.77 (s, 2H). 13C NMR (75 MHz, CDCl3) δ13.3, 39.2 (t, J = 3.9 Hz), 58.6, 76.7, 

100.5 (t, J = 50.8 Hz), 109.4 (q, J = 24.4 Hz), 115.2, 123.7, 123.8, 126.9, 128.3, 147.7, 

150.7 (t, J = 15.4 Hz), 159.3, 161.8 (q, J = 258.9 Hz), 168.0. HRMS (ESI) m/z calcd 

for C18H15F2NNaO3
+ [M+Na]+ 354.0912, found 354.0918. 

Ethyl (S)-2-amino-4-(3,5-difluorophenyl)-4H-chromene-3-carboxylate (3f) 

Compound 3f. (96% yield, 92% ee (S)). White solid, 63.5 mg at 

0.20 mmol scale. The ee of 3f was determined by HPLC analysis: 

(Chiralcel IA column, 1.0 mL/min, hexane/ isopropanol = 95/5, 254 

nm, tmajor = 13.8 min (S), tminor = 9.1 min (R)); []20
D + (c 0.29, 

CH2Cl2) for 92% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 1.05 (t, 

J = 7.1 Hz, 3H), 3.95 – 4.10 (m, 2H), 5.02 (s, 1H), 6.84 – 7.00 (m, 3H), 7.02 – 7.12 (m, 

2H), 7.17 – 7.41 (m, 2H), 7.77 (s, 2H). 13C NMR (75 MHz, CDCl3) δ 14.4, 40.3 (t, J = 

4.1 Hz), 59.6, 77.7, 101.6 (t J = 50.7 Hz), 110.4 (q, J = 24.4 Hz), 116.3, 124.75, 124.81, 

128.0, 129.3, 148.7, 151.8 (t, J = 15.3 Hz), 160.4, 162.9 (q, J = 259.1 Hz), 169.1. HRMS 

(ESI) m/z calcd for C18H15F2NNaO3
+ [M+Na]+ 354.0912, found 354.0918. 
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Ethyl (S)-2-amino-4-(3-chlorophenyl)-4H-chromene-3-carboxylate (3g) 

Compound 3g. (88% yield, 89% ee (S)). White solid, 57.9 mg at 

0.20 mmol scale. The ee of 3g was determined by HPLC analysis: 

(Chiralcel IA column, 1.0 mL/min, hexane/dichloromethane= 95/5, 

254 nm, tmajor = 12.8 min (S), tminor = 10.2 min (R)); []20
D + (c 

0.42, CH2Cl2) for 89% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 1.06 (t, J = 7.1 Hz, 3H), 

3.90 – 4.06 (m, 2H), 4.97 (s, 1H), 7.02 – 7.19 (m, 4H), 7.19 – 7.30 (m, 4H), 7.72 (s, 

2H). 13C NMR (101 MHz, DMSO-d6) δ 14.7, 39.7, 59.1, 76.0, 116.3, 125.1, 126.0, 

126.2, 126.4, 127.4, 128.4, 129.8, 130.7, 133.2, 149.0, 151.0, 161.5, 168.5. HRMS (ESI) 

m/z calcd for C18H16ClNNaO3
+ [M+Na]+ 352.0711, found 352.0719. 

Ethyl (S)-2-amino-4-(p-tolyl)-4H-chromene-3-carboxylate (3h) 

Compound 3h. (92% yield, 88% ee (S)). Colorless oil, 56.9 mg at 

0.20 mmol scale. The ee of 3h was determined by HPLC analysis: 

(Chiralcel IA column, 1.0 mL/min, hexane/isopropanol = 95/5, 254 

nm, tmajor = 14.9 min (S), tminor = 9.5 min (R)); []20
D + (c 0.38, 

CH2Cl2) for 88% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 1.08 (t, 

J = 7.1 Hz, 3H), 2.19 (s, 3H), 3.90 – 4.05 (m, 2H), 4.89 (s, 1H), 6.95 – 7.10 (m, 6H), 

7.15 – 7.25 (m, 2H), 7.64 (s, 2H). 13C NMR (75 MHz, CDCl3) δ 14.4, 21.1, 40.0, 59.5, 

79.0, 116.0, 124.6, 126.7, 127.3, 127.5, 129.0, 129.5, 135.6, 145.0, 148.9, 160.4, 169.5. 

HRMS (ESI) m/z calcd for C19H19NNaO3
+ [M+Na]+ 332.1257, found 332.1257. 

Ethyl (S)-2-amino-4-(4-methoxyphenyl)-4H-chromene-3-carboxylate (3i) 

Compound 3i. (88% yield, 88% ee (S)). Colorless oil, 57.3 mg at 

0.20 mmol scale. The ee of 3i was determined by HPLC analysis: 

(Chiralcel IA column, 1.0 mL/min, hexane/isopropanol = 95/5, 254 

nm, tmajor =14.8 min (S), tminor =9.4 min (R)); []20
D + (c 0.42, 

CH2Cl2) for 88% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 1.08 (t, 

J = 7.1 Hz, 3H), 2.19 (s, 3H), 3.91 – 4.03 (m, 2H), 4.89 (s, 1H), 6.96 – 7.10 (m, 6H), 

7.16 – 7.23 (m, 2H), 7.64 (s, 2H). 13C NMR (75 MHz, DMSO-d6) δ 14.8, 21.0, 39.7, 

59.1, 76.7, 116.2, 124.9, 127.1, 127.3, 128.0, 129.2, 129.7, 135.3, 145.6, 149.0, 161.5, 
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168.8. HRMS (ESI) m/z calcd for C19H19NNaO4
+ [M+Na]+ 348.1206, found 348.1208. 

Ethyl (S)-2-amino-4-(naphthalen-2-yl)-4H-chromene-3-carboxylate (3j) 

Compound 3j. (96% yield, 87% ee (S)). White solid, 66.4 mg at 

0.20 mmol scale. The ee of 3j was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 95/5, 254 

nm, tmajor = 20.6 min (S), tminor = 13.3 min (R)); []20
D + (c 0.44, 

CH2Cl2) for 87% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 1.03 (t, 

J = 7.1 Hz, 3H), 3.88 – 7.35 (m, 2H), 5.12 (s, 1H), 6.96 – 7.07 (m, 1H), 7.11 (d, J = 

8.2Hz, 1H), 7.18 – 7.35 (m, 3H), 7.37 – 7.47 (m, 2H), 7.69 – 7.75 (m, 3H), 7.76 – 7.86 

(m, 3H). 13C NMR (75 MHz, DMSO-d6) δ 14.7, 40.3, 59.1, 76.4, 116.3, 125.0, 125.4, 

125.9, 126.4, 126.5, 126.6, 127.9, 128.0, 128.2, 128.5, 129.9, 132.1, 133.3, 145.9, 149.1, 

161.5, 168.8. HRMS (ESI) m/z calcd for C22H19NNaO3
+ [M+Na]+ 368.1257, found 

368.1252. 

Ethyl (S)-2-amino-4-(naphthalen-1-yl)-4H-chromene-3-carboxylate (3k) 

Compound 3k. (98% yield, 73% ee (S)). White solid, 67.7 mg at 

0.20 mmol scale. The ee of 3k was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 98/2, 254 

nm, tmajor = 11.7 min (S), tminor = 13.6 min (R)); []20
D +1.5×102 (c 

0.24, CH2Cl2) for 73% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 0.67 (t, J = 7.1 Hz, 

3H), 3.62 – 3.92 (m, 2H), 5.89 (s, 1H), 6.84 – 6.97 (m, 1H), 7.00 – 7.22 (m, 3H), 7.23 

– 7.32 (m, 1H), 7.38 (t, J = 7.7 Hz, 1H), 7.46 – 7.55 (m, 1H), 7.56 – 7.64 (m, 1H), 7.64 

– 7.78 (m, 3H), 7.80 – 7.96 (m, 1H), 8.63 (d, J = 8. 6 Hz, 1H). 13C NMR (75 MHz, 

DMSO-d6) δ 14.2, 34.5, 58.9, 77.2, 116.4, 124.2, 124.8, 125.9, 126.1, 126.2, 126.4, 

126.8, 127.1, 128.1, 128.9, 129.0, 131.0, 133.8, 146.1, 148.6, 161.4, 168.9. HRMS (ESI) 

m/z calcd for C22H19NNaO3
+ [M+Na]+ 368.1257, found 368.1253. 
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Ethyl (S)-2-amino-4-pentyl-4H-chromene-3-carboxylate (3l) 

Compound 3l. (83% yield, 60% ee (S)). Colorless oil, 47.9 mg at 

0.20 mmol scale. The ee of 3l was determined by HPLC analysis: 

(Chiralcel IA column, 1.0 mL/min, hexane/isopropanol = 95/5, 254 

nm, tmajor = 9.0 min (S), tminor = 7.1 min (R)); []20
D + (c 0.18, 

CH2Cl2) for 60% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 0.76 (t, 

J = 6.7 Hz, 3H), 0.88 – 1.03 (m, 1H), 1.07 – 1.19 (m, 5H), 1.23 (t, J = 7.1 Hz, 3H), 1.38 

– 1.58 (m, 2H), 3.78 (t, J = 5.3 Hz, 1H), 3.97 – 4.23 (m, 2H), 6.94 – 7.03 (m, 1H), 7.06 

– 7.14 (m, 1H), 7.15 – 7.27 (m, 2H), 7.48 (s, 2H). 13C NMR (75 MHz, DMSO-d6) δ 

13.7, 14.4, 21.9, 24.1, 31.1, 33.1, 38.5, 58.4, 75.2, 115.2, 124.0, 127.0, 127.1, 128.3, 

149.8, 161.8, 168.3. HRMS (ESI) m/z calcd for C17H23NNaO3
+ [M+Na]+ 312.1570, 

found 312.1570. 

Methyl (S)-2-amino-4-phenyl-4H-chromene-3-carboxylate (3m) 

Compound 3m. (92% yield, 92% ee (S)). White solid, 51.9 mg at 

0.20 mmol scale. The ee of 3m was determined by HPLC analysis: 

(Chiralcel IA column, 1.0 mL/min, hexane/isopropanol = 95/5, 

254 nm, tmajor = 20.1 min (S), tminor = 11.9 min (R)); []20
D 

+12× (c 0.35, CH2Cl2) for 92% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 3.52 (s, 

3H), 4.95 (s, 1H), 7.00 – 7.14 (m, 3H), 7.16 – 7.29 (m, 6H), 7.71 (s, 2H). 13C NMR (75 

MHz, CDCl3) δ 40.3, 50.9, 78.7, 116.0, 124.6, 126.2, 126.5, 127.42, 127.44, 128.4, 

129.4, 147.7, 148.9, 160.6, 169.8. HRMS (ESI) m/z calcd for C17H15NNaO3
+ [M+Na]+ 

304.0944, found 304.0948. 

Ethyl (S)-2-amino-6-methyl-4-phenyl-4H-chromene-3-carboxylate (3n) 

Compound 3n. (96% yield, 91% ee (S)). White solid, 59.2 mg 

at 0.20 mmol scale. The ee of 3n was determined by HPLC 

analysis: (Chiralcel IA column, 1.0 mL/min, hexane/iso-

propanol = 95/5, 254 nm, tmajor = 10.5 min (S), tminor = 9.1 min 

(R)); []20
D + (c 0.38, CH2Cl2) for 91% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 

1.06 (t, J = 7.1 Hz, 3H), 2.17 (s, 3H), 3.96 (q, J = 7.1 Hz, 2H), 4.87 (s, 1H), 6.93 – 7.02 
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(m, 3H), 7.05 – 7.13 (m, 1H), 7.16 – 7.27 (m, 4H), 7.64 (s, 2H). 13C NMR (75 MHz, 

DMSO-d6) δ 14.7, 20.7, 40.2, 59.0, 76.7, 116.0, 126.4, 126.5, 127.5, 128.6, 128.7, 129.8, 

133.9, 147.0, 148.6, 161.7, 168.8. HRMS (ESI) m/z calcd for C19H19NNaO3
+ [M+Na]+ 

332.1257, found 332.1259. 

Ethyl (S)-2-amino-6-fluoro-4-phenyl-4H-chromene-3-carboxylate (3o) 

Compound 3o. (74% yield, 83% ee (S)). White solid, 46.1 mg 

at 0.20 mmol scale. The ee of 3o was determined by HPLC 

analysis: (Chiralcel IA column, 1.0 mL/min, hexane/iso-

propanol, 254 nm, tmajor = 13.7 min (S), tminor = 9.6 min (R)); 

[]20
D + (c 0.31, CH2Cl2) for 83% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 1.05 (t, 

J = 7.1 Hz, 3H), 3.96 (q, J = 7.1 Hz, 2H), 4.95 (s, 1H), 6.99 – 7.08 (m, 1H), 7.08 – 7.15 

(m, 3H), 7.17 – 7.28 (m, 4H), 7.69 (s, 2H). 13C NMR (75 MHz, DMSO-d6) δ 14.7, 59.1, 

75.8, 114.8, 115.290 (d, J = 69.9 Hz), 115.293 (d, J = 22.8 Hz), 117.9 (d, J = 8.7 Hz), 

126.6, 127.4, 128.8, 128.9 (d, J = 8.6 Hz),145.4 (d, J = 2.2 Hz), 147.9, 158.8 (d, J = 

238.9 Hz), 161.6, 168.6. HRMS (ESI) m/z calcd for C18H16FNNaO3
+ [M+Na]+ 

336.1006, found 336.1008. 

Ethyl (S)-2-amino-7-fluoro-4-phenyl-4H-chromene-3-carboxylate (3p) 

Compound 3p. (68% yield, 83% ee (S)). Colorless oil, 42.9 mg 

at 0.20 mmol scale. The ee of 3p was determined by HPLC 

analysis: (Chiralcel IA column, 1.0 mL/min, hexane/iso-

propanol, 254 nm, tmajor = 14.9 min (S), tminor = 10.2 min (R)); 

[]20
D + (c 0.27, CH2Cl2) for 83% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 1.05 (t, 

J = 7.1 Hz, 3H), 3.96 (q, J = 7.1 Hz, 2H), 4.92 (s, 1H), 6.82 – 7.02 (m, 2H), 7.04 – 7.14 

(m, 1H), 7.15 – 7.33 (m, 5H), 7.69 (s, 2H). 13C NMR (75 MHz, DMSO-d6) δ 14.7, 39.5, 

59.2, 76.6, 103.7 (d, J = 25.3 Hz), 112.1 (d, J = 21.1 Hz), 123.2 (d, J = 2.8 Hz), 126.5, 

127.4, 128.8, 131.2 (d, J = 9.8 Hz), 148.4, 149.5 (d, J = 12.3 Hz), 161.1, 161.3 (d, J = 

241.7 Hz), 168.6. HRMS (ESI) m/z calcd for C18H16FNNaO3
+ [M+Na]+ 336.1006, 

found 336.1008. 

 



 

S12 
 

(S)-2-Amino-4-phenyl-4H-chromene-3-carbonitrile (5a) 

Compound 5a. (89% yield, 91% ee (S)). White solid, 44.2 mg at 0.20 

mmol scale. A known compound.[5] The ee of 5a was determined by 

HPLC analysis: (Chiralcel IB column, 1.0 mL/min, 

hexane/isopropanol = 90/10, 254 nm, tmajor = 9.8 min (S), tminor = 12.2 

min (R)); []20
D + (c 0.38, acetone) for 91% ee (S), [ref. 5: []20

D = +36 (c 0.40, 

acetone) for 92% ee (S)]. 1H NMR (400 MHz, DMSO-d6) δ 4.78 (s, 1H), 6.99 (d, J = 

3.0 Hz, 2H), 7.03 – 7.11 (m, 3H), 7.16 – 7.27 (m, 4H), 7.28 – 7.36 (m, 2H). 13C NMR 

(101 MHz, DMSO-d6) δ 40.9, 56.3, 116.5, 121.0, 124.0, 125.1, 127.3, 127.9, 128.6, 

129.2, 129.8, 146.4, 148.8, 160.9. 

(S)-2-Amino-4-(o-tolyl)-4H-chromene-3-carbonitrile (5b) 

Compound 5b (91% yield, 82% ee (S)). Pale yellow solid, 47.7 mg 

at 0.20 mmol scale. The ee of 5b was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 90/10, 254 

nm, tmajor = 8.5 min (S), tminor = 10.7 min (R)); []20
D −  (c 0.24, 

CH2Cl2) for 82% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 2.35 (s, 3H), 5.06 (s, 1H), 

6.84 – 6.93 (m, 3H), 6.95 – 7.02 (m, 1H), 7.01 – 7.09 (m, 2H), 7.09 – 7.19 (m, 3H), 

7.19 – 7.28 (m, 1H). 13C NMR (75 MHz, DMSO-d6) δ 19.6, 37.7, 56.2, 116.4, 120.9, 

123.8, 125.1, 127.0, 127.2, 128.7, 129.6, 129.8, 131.2, 135.4, 144.2, 149.0, 160.5. 

HRMS (ESI) m/z calcd for C17H14N2NaO+ [M+Na]+ 285.0998, found 285.0998. 

(S)-2-Amino-4-(2-fluorophenyl)-4H-chromene-3-carbonitrile (5c) 

Compound 5c. (84% yield, 82% ee (S)). Pale yellow solid, 44.8 mg 

at 0.20 mmol scale. The ee of 5c was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 90/10, 254 

nm, tmajor = 8.7 min (S), tminor = 10.3 min (S)); []20
D + (c 0.30, 

CHCl3) for 82% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 5.04 (s, 1H), 6.97 – 7.10 (m, 

5H), 7.11 – 7.20 (m, 2H), 7.20 – 7.32 (m, 3H). 13C NMR (75 MHz, DMSO-d6) δ 35.5, 

54.7, 116.3 (d, J = 21.3 Hz), 116.5, 120.8, 122.7, 125.2 (d, J = 3.5 Hz), 125.3, 128.9, 

129.4, 129.6 (d, J = 8.3 Hz), 130.4 (d, J = 4.2 Hz), 132.7 (d, J = 12.6 Hz), 149.0, 160.4 
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(d, J = 243.9 Hz), 162.0. HRMS (ESI) m/z calcd for C16H11FN2NaO+ [M+Na]+ 

289.0748, found 289.0748. 

(S)-2-Amino-4-(3-chlorophenyl)-4H-chromene-3-carbonitrile (5d) 

Compound 5d. (72% yield, 83% ee (S)). Pale yellow solid, 40.9 mg 

at 0.20 mmol scale. The ee of 5d was determined by HPLC analysis: 

(Chiralcel IF column, 1.0 mL/min, hexane/isopropanol = 90/10, 254 

nm, tmajor = 9.7 min (S), tminor = 11.2 min (R)); []20
D + (c 0.26, 

CH2Cl2) for 83% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 4.85 (s, 

1H), 7.08 (d, J = 4.4 Hz, 5H), 7.14 – 7.21 (m, 1H), 7.22 – 7.32 (m, 3H), 7.32 – 7.40 (m, 

1H). 13C NMR (75 MHz, DMSO-d6) δ 40.4, 55.7, 116.7, 120.8, 123.2, 125.3, 126.7, 

127.4, 127.6, 128.9, 129.7, 131.2, 133.7, 148.7, 148.8, 161.0. HRMS (ESI) m/z calcd 

for C16H11ClN2NaO+ [M+Na]+ 305.0452, found 305.0454. 

(S)-2-Amino-4-(4-methoxyphenyl)-4H-chromene-3-carbonitrile (5e) 

Compound 5e. (82% yield, 90% ee (S)). Pale yellow solid, 45.8 mg 

at 0.20 mmol scale. The ee of 5e was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 90/10, 254 

nm, tmajor = 12.3 min (S), tminor = 18.0 min (R)); []20
D + (c 0.17, 

CH2Cl2) for 90% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 3.72 (s, 

3H), 4.72 (s, 1H), 6.78 – 6.98 (m, 4H), 7.00 – 7.08 (m, 3H), 7.09 – 7.16 (m, 2H), 7.17 

– 7.27 (m, 1H). 13C NMR (75 MHz, DMSO-d6) δ 40.1, 55.5, 56.6, 114.5, 116.5, 121.1, 

124.3, 125.0, 128.5, 129.0, 129.8, 138.5, 148.7, 158.6, 160.7. HRMS (ESI) m/z calcd 

for C17H14N2NaO2
+ [M+Na]+ 301.0947, found 301.0947. 

(S)-2-Amino-4-(p-tolyl)-4H-chromene-3-carbonitrile (5f) 

Compound 5f. (81% yield, 88% ee (S)). Pale yellow solid, 42.7 mg 

at 0.20 mmol scale. The ee of 5f was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 90/10, 254 

nm, tmajor = 9.1 min (S), tminor = 11.2 min (R)); []20
D + (c 0.30, 

CH2Cl2) for 88% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 2.25 (s, 

3H), 4.72 (s, 1H), 6.94 (s, 2H), 6.99 – 7.07 (m, 3H), 7.07 – 7.16 (m, 4H), 7.18 – 7.27 
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(m, 1H). 13C NMR (75 MHz, DMSO-d6) δ 21.1, 40.5, 56.4, 116.5, 121.0, 124.1, 125.0, 

127.8, 128.6, 129.7, 129.8, 136.4, 143.5, 148.7, 160.8. HRMS (ESI) m/z calcd for 

C17H14N2NaO+ [M+Na]+ 285.0998, found 285.0999. 

(R)-2-Amino-4-(naphthalen-1-yl)-4H-chromene-3-carbonitrile (5g) 

Compound 5g. (43% yield, 71% ee (R)). Pale yellow solid, 25.8 mg 

at 0.20 mmol scale. The ee of 5g was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 90/10, 254 

nm, tmajor = 11.9 min (S), tminor = 20.2 min (R)); []20
D + (c 0.17, 

CH2Cl2) for 71% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 5.69 (s, 

1H), 6.84 – 6.98 (m, 2H), 7.06 (s, 2H), 7.14 (d, J = 8.1 Hz, 1H), 7.17 – 7.28 (m, 1H), 

7.37 (d, J = 7.2 Hz, 1H), 7.43 – 7.61 (m, 3H), 7.84 (d, J = 8.1 Hz, 1H), 7.91 – 8.01 (m, 

1H), 8.17 – 8.45 (m, 1H). 13C NMR (75 MHz, DMSO) δ 160.8, 148.8, 134.3, 131.2, 

129.3, 129.1, 128.8, 128.2, 127.7, 126.7, 126.2, 126.2, 125.1, 124.2, 124.0, 121.0, 116.6, 

56.8. HRMS (ESI) m/z calcd for C20H14N2NaO+ [M+Na]+ 321.0998, found 321.0997. 

(S)-2-Amino-4-(furan-2-yl)-4H-chromene-3-carbonitrile (5h) 

Compound 5h. (35% yield, 86% ee (S)). Yellow solid, 16.7 mg at 

0.20 mmol scale. The ee of 5h was determined by HPLC analysis: 

(Chiralcel IB column, 1.0 mL/min, hexane/isopropanol = 90/10, 254 

nm, tmajor = 10.0 min (S), tminor = 11.1 min (R)); []20
D + (c 0.14, 

CH2Cl2) for 86% ee (S). 1H NMR (300 MHz, DMSO-d6) δ 4.91 (s, 1H), 6.19 (d, J = 3.2 

Hz, 1H), 6.36 (dd, J = 3.2, 1.9 Hz, 1H), 6.95 – 7.07 (m, 3H), 7.07 – 7.15 (m, 1H), 7.15 

– 7.21 (m, 1H), 7.23 – 7.31 (m, 1H), 7.52 (dd, J = 1.9, 0.9 Hz, 1H). 13C NMR (75 MHz, 

DMSO-d6) δ 34.2, 53.0, 105.8, 110.3, 116.0, 120.1, 120.8, 124.5, 128.5, 128.9, 142.5, 

148.6, 156.4, 161.0. HRMS (ESI) m/z calcd for C14H10N2NaO2
+ [M+Na]+ 261.0634, 

found 261.0635. 
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9. X-ray crystal structures of 3a 

 

Figure S1. ORTEP illustration of 3a. 

Identification code 1114DXWCZQ01_0m 

Empirical formula C18H17NO3 

Formula weight 295.32 

Temperature/K 153.0 

Crystal system orthorhombic 

Space group P212121 

a/Å 8.9919(2) 

b/Å 12.2777(2) 

c/Å 14.0831(3) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 1554.77(5) 

Z 4 

ρcalcg/cm3 1.262 

μ/mm-1 0.698 

F(000) 624.0 

Crystal size/mm3 0.26 × 0.16 × 0.13 
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Radiation CuKα (λ = 1.54178) 

2Θ range for data collection/° 11.676 to 148.96 

Index ranges -11 ≤ h ≤ 11, -14 ≤ k ≤ 15, -17 ≤ l ≤ 17 

Reflections collected 13884 

Independent reflections 3127 [Rint = 0.0418, Rsigma = 0.0302] 

Data/restraints/parameters 3127/0/205 

Goodness-of-fit on F2 1.087 

Final R indexes [I>=2σ (I)] R1 = 0.0324, wR2 = 0.0807 

Final R indexes [all data] R1 = 0.0355, wR2 = 0.0834 

Largest diff. peak/hole / e Å-3 0.13/-0.18 

Flack parameter 0.00(9) 
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10. NMR Spectra  
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11. HPLC Charts  
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