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1. General Information 

Substrates were obtained from commercial sources or synthesized following literature procedures. All 

reagents and ligands were purchased from commercial suppliers without further purification unless 

otherwise noticed. Solvents used in moisture and oxygen sensitive reactions were distilled after 

dehydration (ether solvents were dried over sodium metal). Reactions involving organometallic or 

moisture sensitive compounds were carried out under dry nitrogen and glassware dried by heating gun 

for 5 min prior to use. Column chromatography was carried out using silica gel (200-300 mesh). 1H and 

13C NMR spectra were recorded on Bruker AVANCE III 400 MHz, 500 MHz, or 600 MHz using CDCl3 

as solvent with TMS as internal standard. Melting points were measured on a Büchi Melting Point B-

545 apparatus. HRMS were recorded on Thermo Scientific LTQ Orbitrap XL or Agilent 6210 TOF 

LC/MS mass spectrometer, and in the EI mode on Waters GCT Premier TOF MS. Optical rotations were 

determined using a Rudolph Autopol IV polarimeter. HPLC analyses were performed using Agilent 1260 

chromatography. Chiralpak OJ-H, Chiralpak OD-H column were purchased from Daicel Chemical 

Industries, LTD. Amylose-2, Cellulose-1 and Cellulose-2 columns were purchased from Phenomenex. 
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2. Substrate Structures 
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3. Substrate Preparation 

3.1 Substrates 2a-2x are commercially available. 

3.2 Substrates 1a-1i and 5a were synthesized with the following procedure: 

 

S2 was prepared according to literature method1 from commercially available diol S1. 

 

4-dimethylaminopyridine (3.0 mmol, 0.1 eq.) was added to a dry 250 ml three-necked flask, and THF 

(150 mL) was added as the reaction solvent under nitrogen atmosphere, followed by the addition of S2 

(30 mmol, 1.0 eq.). The three-necked flask was placed in an ice bath, and then Boc2O (30 mmol, 1.0 eq.) 

was slowly added and reacted at room temperature for 24 hours. When the reaction was completed 

(monitored by TLC), the resulting mixture was concentrated under reduced pressure and the crude was 

purified by chromatography on silica gel to afford S3. 

 

S6 was prepared according to literature method2 from commercially o-aminophenol derivative S4 and 

acrolein derivative S5. 

 
The corresponding S6 (5 mmol, 1.0 eq.), Cs2CO3 (7.5 mmol, 1.5 eq.) and S3 (7.5 mmol, 1.5 eq.) were 

added to the dry 100 ml Schlenk flask, and under the nitrogen atmosphere, DMF (25 mL) was added as 

the reaction solvent, and refluxed at 80 ℃ for 12 hours. After the reaction was completed (monitored by 

TLC), saturated ammonium chloride aqueous solution was added. The resulting mixture was transferred 

to a separation funnel and the aqueous layer was extracted with ethyl acetate. The combined organic 

phases were dried over anhydrous sodium sulfate, and the solvent was removed under reduced pressure 

to afford the crude product. The residue was purified by column chromatography on silica gel to afford 

1 or 5a'. 

 

To a stirred solution of 5a' (1 mmol, 1.0 eq.) in dry pyridine (2 mL) was added tosylchloride (1.1 mmol, 

1.1 eq.). The reaction mixture was stirred for 12 hours. After the reaction was completed (monitored by 

TLC), saturated NaHCO3 aqueous solution was added. The resulting mixture was transferred to a 

separation funnel and the aqueous layer was extracted with DCM. The combined organic phases were 

dried over anhydrous sodium sulfate, and the solvent was removed under reduced pressure to afford the 
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crude product. The residue was purified by column chromatography on silica gel to afford 5a. 

Spectroscopic Characterization  

 

tert-butyl (1-(quinolin-8-yloxy)but-3-en-2-yl) carbonate (1a) 

white solid, 44% yield (3 steps). Melting point: 43-44 ℃ 

1H NMR (400 MHz, CDCl3) δ 8.92 (dd, J = 4.0, 1.6 Hz, 1H), 8.11 (dd, J = 8.4, 1.6 Hz, 1H), 7.49-7.36 

(m, 3H), 7.16 (dd, J = 6.8, 2.0 Hz, 1H), 6.04 (ddd, J = 17.2, 10.8, 6.4 Hz, 1H), 5.67-5.63 (m, 1H), 5.48 

(dt, J = 17.2, 1.2 Hz, 1H), 5.34 (dt, J = 10.4, 1.2 Hz, 1H), 4.42 (ddd, J = 40.4, 10.8, 6.8 Hz, 2H), 1.46 (s, 

9H). 
13C NMR (100 MHz, CDCl3) δ 154.4, 152.6, 149.3, 140.6, 135.8, 133.0, 129.6, 126.5, 121.5, 120.6, 

118.8, 110.5, 82.4, 75.3, 70.5, 27.8. 

HRMS (ESI) calcd for C18H22NO4
+ [M+H]+ 316.1543, found 316.1539. 

 

tert-butyl (1-((3-methylquinolin-8-yl)oxy)but-3-en-2-yl) carbonate (1b) 

white solid, 41% yield (3 steps). Melting point: 88-89 ℃ 

1H NMR (500 MHz, CDCl3) δ 8.77 (d, J = 2.5 Hz, 1H), 7.87 (d, J = 1.0 Hz, 1H), 7.40 (t, J = 8.5 Hz, 

1H), 7.34 (dd, J = 8.5, 1.0 Hz, 1H), 7.08 (dd, J = 6.5, 1.0 Hz, 1H), 6.04 (ddd, J = 17.0, 10.5, 6.5 Hz, 1H), 

5.66-5.62 (m, 1H), 5.47 (dt, J = 17.0, 1.5 Hz, 1H), 5.34 (dt, J = 11.0, 1.0 Hz, 1H), 4.41 (ddd, J = 53.0, 

11.0, 7.0 Hz, 2H), 2.50 (s, 3H), 1.47 (s, 9H). 

13C NMR (125 MHz, CDCl3) δ 154.4, 152.6, 151.2, 138.8, 134.5, 133.0, 131.0, 129.5,126.6, 120.0, 118.8, 

109.5, 82.4, 75.3, 70.3, 27.8, 18.6. 

HRMS (ESI) calcd for C19H24NO4
+ [M+H]+ 330.1700, found 330.1693. 

 

tert-butyl (1-((3-ethylquinolin-8-yl)oxy)but-3-en-2-yl) carbonate (1c) 

white solid, 38% yield (3 steps). Melting point: 71-73 ℃ 

1H NMR (500 MHz, CDCl3) δ 8.81 (d, J = 2.0 Hz, 1H), 7.89 (d, J = 2.0 Hz, 1H), 7.46-7.35 (m, 2H), 7.09 

(dd, J = 7.5, 1.0 Hz, 1H), 6.06 (ddd, J = 17.0, 10.5, 6.0 Hz, 1H), 5.69-5.62 (m, 1H), 5.50 (dt, J = 17.5, 

1.0 Hz, 1H), 5.36 (dt, J = 11.0, 1.0 Hz, 1H), 4.42 (ddd, J = 52.5, 11.0, 7.0 Hz, 2H), 2.84 (q, J = 7.5 Hz, 

2H), 1.48 (s, 9H), 1.35 (t, J = 8.0 Hz, 3H). 

13C NMR (125 MHz, CDCl3) δ 154.4, 152.6, 150.8, 139.1, 137.1, 133.2, 133.0, 129.6, 126.5, 120.2, 

118.8, 109.6, 82.4, 75.2, 70.4, 27.8, 26.2, 15.2.  

HRMS (ESI) calcd for C20H26NO4
+ [M+H]+ 344.1856, found 344.1857. 
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tert-butyl (1-((4-ethylquinolin-8-yl)oxy)but-3-en-2-yl) carbonate (1d) 

white solid, 28% yield (3 steps). Melting point: 54-56 ℃ 

1H NMR (500 MHz, CDCl3) δ 8.83 (d, J = 4.5 Hz, 1H), 7.64 (dd, J = 8.5, 1.0 Hz, 1H), 7.45 (t, J = 8.0 

Hz, 1H), 7.27 (s, 1H), 7.15 (d, J = 7.5 Hz, 1H), 6.04 (ddd, J = 17.0, 10.5, 6.0 Hz, 1H), 5.66-5.62 (m, 1H), 

5.48 (dt, J = 17.0, 1.0 Hz, 1H), 5.34 (dt, J = 10.5, 1.0 Hz, 1H), 4.41 (ddd, J = 51.5, 11.0, 7.0 Hz, 2H), 

3.09 (q, J = 7.5 Hz, 2H), 1.46 (s, 9H), 1.38 (t, J = 8.0 Hz, 3H). 

13C NMR (125 MHz, CDCl3) δ 155.0, 152.6, 149.6, 149.2, 140.7, 133.0, 128.8, 126.1, 120.3, 118.7, 

116.2, 110.2, 82.3, 75.3, 70.5, 27.8, 25.4, 14.0.  

HRMS (ESI) calcd for C20H26NO4
+ [M+H]+ 344.1856, found 344.1848. 

 

tert-butyl (1-((5-methylquinolin-8-yl)oxy)but-3-en-2-yl) carbonate (1e)  

white solid, 38% yield (3 steps). Melting point: 107-108 ℃ 

1H NMR (500 MHz, CDCl3) δ 8.95 (dd, J = 4.5, 2.0 Hz, 1H), 8.28 (dd, J = 8.5, 1.5 Hz, 1H), 7.46 (dd, J 

= 8.5, 4.5Hz, 1H), 7.28 (dd, J = 8.0, 1.0 Hz, 1H), 7.07 (d, J = 7.5 Hz, 1H), 6.05 (ddd, J = 17.5, 11.0, 6.5 

Hz, 1H), 5.67-5.63 (m, 1H), 5.49 (dt, J = 17.0, 1.0 Hz, 1H), 5.35 (dt, J = 10.5, 1.0 Hz, 1H), 4.41 (ddd, J 

= 49.0, 11.0, 7.5 Hz, 1H), 2.61 (d, J = 0.5 Hz, 3H), 1.48 (s, 9H).  

13C NMR (125 MHz, CDCl3) δ 152.9, 152.7, 148.8, 140.9, 133.0, 132.5, 128.6, 126.9, 126.6, 121.1, 

118.7, 110.4, 82.3, 75.3, 70.6, 27.8, 18.1. 

HRMS (ESI) calcd for C19H24NO4
+ [M+H]+ 330.1700, found 330.1694. 

 

tert-butyl (1-((5-phenylquinolin-8-yl)oxy)but-3-en-2-yl) carbonate (1f) 

white solid, 27% yield (3 steps). Melting point: 118-119 ℃ 

1H NMR (500 MHz, CDCl3) δ 8.94 (dd, J = 4.0, 1.5 Hz, 1H), 8.21 (dd, J = 8.5, 1.5 Hz, 1H), 7.50-7.47 

(m, 2H), 7.44-7.41 (m, 4H), 7.37 (dd, J = 8.5, 4.0 Hz, 1H), 7.22 (d, J = 8.0 Hz, 1H), 6.06 (ddd, J = 17.0, 

10.5, 6.5 Hz, 1H), 5.70-5.66 (m, 1H), 5.51 (dt, J = 17.0, 1.0 Hz, 1H), 5.36 (dt, J = 11.0, 1.0 Hz, 1H), 4.47 

(ddd, J = 49.5, 11.0, 7.0 Hz, 2H), 1.48 (s, 9H).  

13C NMR (125 MHz, CDCl3) δ 153.8, 152.7, 149.1, 140.6, 139.4, 134.3, 133.3, 133.0, 130.1, 128.4, 

127.8, 127.3, 127.1, 121.5, 118.9, 110.0, 82.4, 75.3, 70.5, 27.8. 

HRMS (ESI) calcd for C24H26NO4
+ [M+H]+ 392.1856, found 392.1852. 
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tert-butyl (1-((5-chloroquinolin-8-yl)oxy)but-3-en-2-yl) carbonate (1g) 

white solid, 33% yield (3 steps). Melting point: 61-63 ℃ 

1H NMR (500 MHz, CDCl3) δ 8.97 (dd, J = 4.5, 2.0 Hz, 1H), 8.53 (dd, J = 8.5, 1.5 Hz, 1H), 7.55-7.52 

(m, 2H), 7.09 (d, J = 8.5 Hz, 1H), 6.02 (ddd, J = 17.5, 11.0, 6.5 Hz, 1H), 5.65-5.61 (m, 1H), 5.48 (dt, J 

= 17.5, 1.0 Hz, 1H), 5.35 (dt, J = 11.0, 1.0 Hz, 1H), 4.40 (ddd, J = 43.5, 11.0, 7.0 Hz, 2H), 1.46 (s, 9H).   

13C NMR (125 MHz, CDCl3) δ 153.7, 152.6, 149.8, 141.1, 132.9, 132.7, 127.2, 126.3, 123.1, 122.3, 

119.0, 110.4, 82.5, 75.1, 70.7, 27.7. 

HRMS (ESI) calcd for C18H21ClNO4
+ [M+H]+ 350.1154, found 350.1148.  

 
tert-butyl (1-((6-methylquinolin-8-yl)oxy)but-3-en-2-yl) carbonate (1h) 

white solid, 38% yield (3 steps). Melting point: 63-65 ℃ 

1H NMR (500 MHz, CDCl3) δ 8.83 (dd, J = 4.0, 1.5 Hz, 1H), 8.00 (dd, J = 8.5, 2.0 Hz, 1H), 7.35 (dd, J 

= 8.5, 4.5 Hz, 1H), 7.18 (s, 1H), 6.97 (d, J = 1.5 Hz, 1H), 6.04 (ddd, J = 17.0, 10.5, 6.0 Hz, 1H), 5.66-

5.62 (m, 1H), 5.48 (dt, J = 17.0, 1.0 Hz, 1H), 5.34 (dt, J = 11.0, 0.5 Hz, 1H), 4.39 (ddd, J = 45.5, 11.0, 

7.0 Hz, 2H), 2.49 (s, 3H), 1.46 (s, 9H).    

13C NMR (125 MHz, CDCl3) δ 153.9, 152.7, 148.4, 139.1, 136.6, 135.2, 132.9, 129.5, 121.6, 119.4, 

118.8, 112.6, 82.5, 75.4, 70.4, 27.7, 22.1. 

HRMS (ESI) calcd for C19H24NO4
+ [M+H]+ 330.1700, found 330.1695. 

 
tert-butyl (1-((6-fluoroquinolin-8-yl)oxy)but-3-en-2-yl) carbonate (1i) 

yellow solid, 39% yield (3 steps). Melting point: 52-53℃ 

1H NMR (500 MHz, CDCl3) δ 8.86 (dd, J = 4.0, 1.5 Hz, 1H), 8.05 (dd, J = 8.0, 1.5 Hz, 1H), 7.42 (dd, J 

= 8.0, 4.0 Hz, 1H), 7.03 (dd, J = 9.0, 3.0 Hz, 1H), 6.94 (dd, J = 10.5, 2.5 Hz, 1H), 6.03 (ddd, J = 17.0, 

10.5, 6.5 Hz, 1H), 5.66-5.62 (m, 1H), 5.50 (dt, J = 17.5, 1.0 Hz, 1H), 5.36 (dt, J = 10.5, 1.0 Hz, 1H), 4.39 

(ddd, J = 39.5, 10.5, 7.0 Hz, 2H), 1.46 (s, 9H). 

13C NMR (125 MHz, CDCl3) δ 160.4 (d, J = 245 Hz), 156.0 (d, J = 11.3 Hz), 152.6, 148.4, 148.4, 137.9, 

135.3, 135.3, 132.6, 129.5 (d, J = 11.3 Hz), 122.4, 119.2, 103.1(d, J = 21.3 Hz), 101.32 (d, J = 27.5 Hz), 

82.6, 75.0, 70.6, 27.7. 

19F NMR (377 MHz, CDCl3) δ -110.7. 

HRMS (ESI) calcd for C18H21FNO4
+ [M+H]+ 334.1449, found 334.1450. 
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tert-butyl (1-((4-methyl-N-(quinolin-8-yl)phenyl)sulfonamido)but-3-en-2-yl) carbonate (5a) 

yellow solid, 8% yield (3 steps). Melting point: 111-112 ℃ 

1H NMR (400 MHz, CDCl3) δ 8.47 (s, 1H), 8.12 (d, J = 8.1 Hz, 1H), 7.81 (s, 2H), 7.61-7.43 (m, 3H), 

7.28 (s, 1H), 7.08 (d, J = 7.8 Hz, 2H), 5.81 (ddd, J = 16.8, 10.1, 6.6 Hz, 1H), 5.27 (dd, J = 31.6, 13.8 Hz, 

3H), 4.26 (s, 2H), 2.36 (s, 3H), 1.43 (s, 9H).   

13C NMR (100 MHz, CDCl3) δ 152.4, 149.4, 144.7, 142.8, 136.8, 136.2, 133.8, 133.7, 129.5, 128.9, 

128.8, 127.9, 126.2, 121.0, 118.6, 82.0, 54.0, 27.7, 21.5.  

HRMS (ESI) calcd for C25H29N2O5S+ [M+H]+: 469.1792, found 469.1801. 
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4. Reaction Conditions Optimization 

4.1 Ligand Screening 
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4.2 Solvent Screening 
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4.3 Further Screening of Ligand Substituents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S11 

 

4.4 Other Parameters Screening 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S12 

 

5. General Procedure for Enantioselective C-N Coupling 

 

Condition A 

To a dried Schlenk tube were charged with PdCl2 (9.0 mol%, 1.6 mg), CuI (6.0 mol%, 1.1 mg), chiral 

ligand L6 (16 mol%, 7.5 mg), Na2CO3 (3.0 eq., 31.8 mg), and 1 (0.1 mmol) under N2 atmosphere. PhtBu 

(0.5 mL), cyclohexane (0.5 mL) and 2 (0.3 mmol) was then introduced respectively via syringe. The 

resulting mixture was stirred at room temperature (unless otherwise noticed) until the reaction was 

completed (monitored by TLC). The solution was washed with water and extracted with ethyl acetate, 

then removed the solvent under reduced pressure. The residue was purified by flash chromatography on 

silica gel to afford 3. 

 

Condition B 

To a dried Schlenk tube were charged with PdBr2 (6.0 mol%, 1.6 mg), CuI (9.0 mol%, 1.7 mg), chiral 

ligand L6 (16 mol%, 7.5 mg), K2CO3 (3.0 eq., 41.4 mg), and 1 (0.1 mmol) under N2 atmosphere. PhtBu 

(0.5 mL), cyclohexane (0.5 mL) and 2 (0.3 mmol) was then introduced respectively via syringe. The 

resulting mixture was stirred at room temperature (unless otherwise noticed) until the reaction was 

completed (monitored by TLC). The solution was washed with water and extracted with ethyl acetate, 

then removed the solvent under reduced pressure. The residue was purified by flash chromatography on 

silica gel to afford 3. 

 

Condition C 

To a dried Schlenk tube were charged with PdBr2 (6.0 mol%, 1.6 mg), Cu(MeCN)4BF4 (9.0 mol%, 2.8 

mg), chiral ligand L6 (16 mol%, 7.5 mg), K2CO3 (3.0 eq., 41.4 mg), and 1 (0.1 mmol) under N2 

atmosphere. PhtBu (0.5 mL), cyclohexane (0.5 mL) and 2 (0.3 mmol) was then introduced respectively 

via syringe. The resulting mixture was stirred at room temperature (unless otherwise noticed) until the 

reaction was completed (monitored by TLC). The solution was washed with water and extracted with 

ethyl acetate, then removed the solvent under reduced pressure. The residue was purified by flash 

chromatography on silica gel to afford 3. 
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6. Characterization Data of Products 

 

5-(Phenylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinolone (3a)  

Condition A, colorless oil, 77% yield, 95% ee. 

1H NMR (500 MHz, CDCl3) δ 7.39-7.37 (m, 2H), 7.30-7.27 (m, 3H), 6.73 (dd, J = 6.5, 3.0 Hz, 1H), 

6.67-6.65 (m, 2H), 6.51 (dd, J = 9.5, 1.0 Hz, 1H), 5.86 (dd, J = 9.5, 5.5 Hz, 1H), 5.72 (ddd, J = 17.0, 

10.0, 8.0 Hz, 1H), 5.61 (dd, J = 17.0, 1.5 Hz, 1H), 5.44 (dd, J = 10.0, 1.5 Hz, 1H), 5.07 (d, J = 6.0 Hz, 

1H), 4.25-4.21 (m, 2H), 4.11 (dd, J = 11.5, 8.5 Hz, 1H). 

13C NMR (100 MHz, CDCl3) δ 144.1, 133.1, 131.9, 129.2, 128.3, 128.2, 126.3, 122.7, 122.4, 121.6, 

121.0, 120.2, 118.9, 116.6, 85.6, 84.9, 68.0, 56.6, 46.9. 

HRMS (ESI) calcd for C21H18NO+ [M+H]+ 300.1383, found 300.1391. 

Specific rotation [α]D
20 = -360.0 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm) 

tR = 25.0 min (major), 22.9 min (minor). 

 
5-((4-methoxyphenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3b) 

Condition A, colorless oil, 45% yield, 93% ee.  

1H NMR (500 MHz, CDCl3) δ 7.36-7.28 (m, 2H), 6.85-6.78 (m, 2H), 6.76-6.71 (m, 1H), 6.68-6.62 (m, 

2H), 6.50 (dd, J = 9.6, 0.6 Hz, 1H), 5.86 (dd, J = 9.5, 5.5 Hz, 1H), 5.70 (dd, J = 9.7, 7.9 Hz, 1H), 5.61 

(dd, J = 17.1, 1.5 Hz, 1H), 5.43 (dd, J = 9.9, 1.5 Hz, 1H), 5.06 (d, J = 5.5 Hz, 1H), 4.27-4.20 (m, 2H), 

4.19-4.06 (m, 1H), 3.80 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ 159.6, 144.1, 133.3, 133.1, 129.2, 126.2, 122.4, 121.8, 120.9, 120.2, 

118.7, 116.5, 114.7, 113.8, 84.7, 84.2, 68.0, 56.5, 55.3, 46.9. 

HRMS (ESI) calcd for C22H20NO2
+ [M+H]+ 330.1489, found 330.1497. 

Specific rotation [α]D
20 = -255.9 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 90:10, 0.6 mL/min, λ = 254 nm) 

tR = 11.0 min (major), 9.8 min (minor). 

 
5-((4-chlorophenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3c) 

Condition C at 15 ℃ for 24 h, colorless oil, 52% yield, 98% ee. 

1H NMR (500 MHz, CDCl3) δ 7.3-7.25 (m, 4H), 6.76-6.73 (m, 1H), 6.68-6.65 (m, 2H), 6.51 (d, J = 9.5 

Hz, 1H), 5.85 (dd, J = 9.5, 5.5 Hz, 1H), 5.72 (ddd, J = 17.5, 10.0, 8.0 Hz, 1H), 5.60 (dd, J = 17.0, 1.5 Hz, 

1H), 5.44 (dd, J = 10.0, 1.0 Hz, 1H), 5.06 (d, J = 5.5 Hz, 1H), 4.24-4.18 (m, 2H), 4.13-4.08 (m, 1H). 

13C NMR (125 MHz, CDCl3) δ 144.2, 134.3, 133.1, 133.1, 129.1, 128.5, 126.5, 122.4, 121.3, 121.1, 

121.0, 120.3, 118.9, 116.6, 86.6, 83.8, 68.0, 56.6, 46.8. 
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HRMS (ESI) calcd for C21H17CINO+ [M+H]+ 334.0993, found 334.0999. 

Specific rotation [α]D
20 = -310.8 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm) 

tR =17.6 min (major), 25.1min (minor). 

 
5-((4-fluorophenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3d) 

Condition C, colorless oil, 41% yield, 96% ee.  

1H NMR (500 MHz, CDCl3) δ 7.36-7.32 (m, 2H), 6.98-6.94 (m, 2H), 6.72 (dd, J = 6.0, 3.0 Hz, 1H), 

6.66-6.63 (m, 2H), 6.50 (dd, J = 9.5, 1.0 Hz, 1H), 5.84 (dd, J = 9.5, 5.5 Hz, 1H), 5.70 (ddd, J = 17.0, 

10.0, 8.0 Hz, 1H), 5.59 (dd, J = 17.0, 1.5 Hz, 1H), 5.42 (dd, J = 10.0, 1.5 Hz, 1H), 5.03 (d, J = 5.5 Hz, 

1H), 4.23-4.18 (m, 2H), 4.09 (td, J = 8.5, 2.0 Hz, 1H). 

13C NMR (125 MHz, CDCl3) δ 162.5(d, J = 247.5 Hz), 144.1, 133.7 (d, J = 8.8 Hz), 133.1, 129.2, 126.4, 

122.4, 121.5, 120.9, 120.2, 118.8, 118.7(d, J = 3.8 Hz), 116.6, 115.5 (d, J = 21.3 Hz), 85.3, 83.8, 68.0, 

56.6, 46.8.  

19F NMR (377 MHz, CDCl3) δ -110.9. 

HRMS (ESI) calcd for C21H17FNO+ [M+H]+ 318.1289, found 318.1284. 

Specific rotation [α]D
20 = -309.0 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm) 

tR =13.9 min (major), 11.2min (minor). 

 
5-((4-(trifluoromethyl)phenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3e) 

Condition A, colorless oil, 54% yield, 93% ee.  

1H NMR (500 MHz, CDCl3) δ 7.52 (d, J = 8.3 Hz, 2H), 7.46 (d, J = 8.2 Hz, 2H), 6.78-6.70 (m, 1H), 

6.69-6.61 (m, 2H), 6.57-6.47 (m, 1H), 5.86-5.78 (m, 1H), 5.77-5.64 (m, 1H), 5.59 (dd, J = 17.1, 1.5 Hz, 

1H), 5.43 (dd, J = 9.9, 1.5 Hz, 1H), 5.06 (d, J = 5.7 Hz, 1H), 4.26-4.14 (m, 2H), 4.13-4.05 (m, 1H). 

13C NMR (125 MHz, CDCl3) δ 144.2, 133.0, 132.1, 130.2, 129.9, 129.1, 126.7, 126.5, 125.1 (q, J = 3.8 

Hz), 124.9, 122.8, 122.4, 121.1, 120.3, 119.1, 116.7, 88.2, 83.6, 67.9, 56.7, 46.7.  

19F NMR (377 MHz, CDCl3) δ -62.8.  

HRMS (ESI) calcd for C22H17F3NO+ [M+H]+ 368.1257, found 368.1253. 

Specific rotation [α]D
20 = -263.5 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 90:10, 0.6 mL/min, λ = 254 nm) 

tR =7.8 min (major), 7.1 min (minor). 

 
5-((4-(tert-butyl)phenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3f) 

Condition C, colorless oil, 65% yield, 92% ee.  
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1H NMR (500 MHz, CDCl3) δ 7.32-7.28 (m, 4H), 6.71 (dd, J = 6.0, 3.0 Hz, 1H), 6.65-6.63 (m, 2H), 6.48 

(dd, J = 9.5, 1.0 Hz, 1H), 5.84 (dd, J = 9.5, 5.5 Hz, 1H), 5.71 (ddd, J = 17.0, 9.5, 7.5 Hz, 1H), 5.58 (dd, 

J = 17.5, 1.5 Hz, 1H), 5.41 (dd, J = 10.0, 2.0 Hz, 1H), 5.05 (d, J = 5.5 Hz, 1H), 4.23-4.19 (m, 2H), 4.12-

4.08 (m, 1H), 1.29 (s, 9H). 

13C NMR (125 MHz, CDCl3) δ 151.6, 144.1, 133.1, 131.6, 129.2, 126.2, 125.2, 122.4, 121.7, 120.8, 

120.2, 119.6, 118.7, 116.5, 85.0, 84.9, 68.0, 56.5, 47.0, 34.7, 31.1. 

HRMS (ESI) calcd for C25H25NONa+ [M+Na]+ 378.1834, found 378.1836. 

Specific rotation [α]D
20 = -345.0 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.5 mL/min, λ = 254 nm) 

tR = 9.7 min (major), 8.5 min (minor). 

 
5-((4-nitrophenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3g) 

Condition C, colorless oil, 52% yield, 96% ee.  

1H NMR (500 MHz, CDCl3) δ 8.13 (dt, J = 8.5, 2.5 Hz, 2H), 7.49 (dt, J = 9.0, 2.0 Hz, 2H), 6.75-6.71 

(m, 1H), 6.67-6.66 (m, 2H), 6.53 (dd, J = 9.5, 1.0 Hz, 1H), 5.84 (dd, J = 9.5, 5.5 Hz, 1H), 5.69 (ddd, J = 

17.5, 10.0, 8.0 Hz, 1H), 5.59 (dd, J = 17.0, 1.5 Hz, 1H), 5.44 (dd, J = 10.0, 1.5 Hz, 1H), 5.07 (d, J = 6.0 

Hz, 1H), 4.22 (dd, J = 11.0, 3.5 Hz, 1H), 4.16 (td, J = 8.0, 3.0 Hz, 1H), 4.08 (dd, J = 11.0, 8.0 Hz, 1H). 

13C NMR (125 MHz, CDCl3) δ 147.1, 144.3, 132.9, 132.6, 129.5, 129.0, 127.0, 123.5, 122.4, 121.3, 

120.7, 120.3, 119.2, 116.8, 91.3, 83.1, 67.9, 56.8, 46.7.  

HRMS (ESI) calcd for C21H17N2O3
+ [M+H]+: 345.1239, found 345.1231. 

Specific rotation [α]D
20 = -302.1 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.5 mL/min, λ = 254 nm) 

tR = 27.5 min (major), 42.5 min (minor). 

 
4-((3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinolin-5-yl)ethynyl)benzaldehyde (3h) 

Condition C at 15 ℃ for 24 h, colorless oil, 42% yield, 95% ee.  

1H NMR (500 MHz, CDCl3) δ 9.97 (s, 1H), 7.78-7.77 (m, 2H), 7.50 (d, J = 8.0 Hz, 2H), 6.74-6.71 (m, 

1H), 6.67-6.63 (m, 2H), 6.52 (dd, J = 9.5, 0.5 Hz, 1H), 5.84 (dd, J = 9.5, 5.5 Hz, 1H), 5.69 (ddd, J = 17.5, 

10.0, 8.0 Hz, 1H), 5.59 (dd, J = 17.0, 1.5 Hz, 1H), 5.43 (dd, J = 10.0, 1.5 Hz, 1H), 5.07 (d, J = 5.5 Hz, 

1H), 4.23-4.16 (m, 2H), 4.08 (dd, J = 10.0, 7.5 Hz, 1H). 

13C NMR (125 MHz, CDCl3) δ 191.4, 144.2, 135.5, 133.0, 132.4, 129.4, 129.1, 128.9, 126.8, 122.4, 

121.2, 121.0, 120.3, 119.1, 116.7, 89.9, 84.1, 67.9, 56.7, 46.8. 

HRMS (ESI) calcd for C22H18NO2
+ [M+H]+: 328.1338, found 328.1332. 

Specific rotation [α]D
20 = -315.0 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 250 nm) 

tR = 39.6 min (major), 49.0 min (minor). 
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methyl 4-((3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinolin-5-yl)ethynyl)benzoate (3i) 

Condition A, colorless oil, 50% yield, 91% ee. 

1H NMR (500 MHz, CDCl3) δ 7.94 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 8.3 Hz, 2H), 6.75-6.70 (m, 1H), 

6.68-6.62 (m, 2H), 6.51 (d, J = 9.5 Hz, 1H), 5.84 (dd, J = 9.5, 5.7 Hz, 1H), 5.76-5.55 (m, 2H), 5.43 (dd, 

J = 9.9, 1.4 Hz, 1H), 5.06 (d, J = 5.6 Hz, 1H), 4.27-4.14 (m, 2H), 4.14-4.01 (m, 1H), 3.90 (s, 3H).  

13C NMR (125 MHz, CDCl3) δ 166.5, 144.2, 133.0, 131.8, 129.6, 129.4 129.1, 127.3, 126.7, 122.4, 121.1, 

120.3, 118.9, 116.7, 88.7, 84.2, 67.9, 56.7, 52.2, 46.8.  

HRMS (ESI) calcd for C23H20NO3
+ [M+H]+: 358.1438, found 358.1431. 

Specific rotation [α]D
20 = -298.5 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 90:10, 0.6 mL/min, λ = 254 

nm), tR = 21.3 min (major), 18.5 min (minor). 

 
1-(4-((3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinolin-5- yl)ethynyl)phenyl)ethan-1-one (3j) 

Condition C, colorless oil, 45% yield, 98% ee.  

1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 6.77-6.68 (m, 1H), 

6.69-6.61 (m, 2H), 6.51 (d, J = 9.5 Hz, 1H), 5.84 (dd, J = 9.5, 5.7 Hz, 1H), 5.77-5.50 (m, 2H), 5.43 (dd, 

J = 9.8, 1.7 Hz, 1H), 5.06 (d, J = 5.7 Hz, 1H), 4.25-4.15 (m, 2H), 4.12-4.02 (m, 1H), 2.57 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 197.5, 144.3, 136.4, 133.1, 132.1, 129.2, 128.2, 127.7, 126.8, 122.5, 

121.3, 120.4, 119.1, 116.8, 89.2, 84.3, 68.1, 56.8, 46.9, 26.7. 

HRMS (ESI) calcd for C23H19NO2Na+ [M+Na]+: 364.1313, found 364.1308. 

Specific rotation [α]D
20 = -423.8 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 90:10, 0.7 mL/min, λ = 254 

nm), tR = 14.4 min (major), 11.6 min (minor). 

 
4-((3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinolin-5-yl)ethynyl)benzonitrile(3k) 

Condition C at 15 ℃ for 24 h, colorless oil, 46% yield, 90% ee. 

1H NMR (400 MHz, CDCl3) δ 7.55 (d, J = 8.5 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 6.70 (dt, J = 22.4, 5.0 

Hz, 3H), 6.52 (dd, J = 9.5, 0.8 Hz, 1H), 5.83 (dd, J = 9.5, 5.7 Hz, 1H), 5.69 (ddd, J = 17.5, 9.8, 7.8 Hz, 

1H), 5.57 (dd, J = 17.1, 1.7 Hz, 1H), 5.43 (dd, J = 9.8, 1.6 Hz, 1H), 5.05 (d, J = 5.7 Hz, 1H), 4.24-4.12 

(m, 2H), 4.07 (dd, J = 10.4, 7.8 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 144.3, 133.0, 132.5, 132.0, 129.1, 127.7, 127.0, 122.5, 121.4, 121.0, 

120.4, 119.2, 118.5, 116.9, 111.8, 90.4, 83.4, 68.0, 56.9, 46.8. 

HRMS (ESI) calcd for C22H16N2ONa+ [M+Na]+: 347.1160, found 347.1160.  

Specific rotation [α]D
20 = -259.6 (c = 0.5, CH2Cl2). 
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HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 90:10, 0.7 mL/min, λ = 254 

nm), tR = 14.5 min (major), 12.1 min (minor). 

 
5-((4-(trifluoromethoxy)phenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline(3l) 

Condition A at 15 ℃ for 24 h, colorless oil, 47% yield, 96% ee. 

1H NMR (400 MHz, CDCl3) δ 7.49-7.29 (m, 2H), 7.11 (d, J = 8.1 Hz, 2H), 6.76-6.68 (m, 1H), 6.68-6.61 

(m, 2H), 6.50 (dd, J = 9.5, 0.9 Hz, 1H), 5.83 (dd, J = 9.5, 5.6 Hz, 1H), 5.70 (ddd, J = 17.6, 9.8, 7.9 Hz, 

1H), 5.58 (dd, J = 17.1, 1.7 Hz, 1H), 5.50-5.33 (m, 1H), 5.05 (t, J = 9.4 Hz, 1H), 4.26-4.13 (m, 2H), 4.08 

(dq, J = 4.0, 2.4 Hz, 1H).  

13C NMR (101 MHz, CDCl3) δ 149.0, 144.3, 133.5, 133.2, 129.2, 126.7, 122.6, 121.5 (q, J = 13.2 Hz), 

121.2, 120.9, 120.4, 119.1, 116.8, 86.7, 83.6, 68.1, 56.8, 46.8. 

19F NMR (376 MHz, CDCl3) δ -57.8. 

HRMS (ESI) calcd for C22H17F3NO2
+ [M+H]+: 384.1211, found 384.1218. 

Specific rotation [α]D
20 = -323.0 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 9.9 min (major), 8.6 min (minor). 

 

5-(o-tolylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3m) 

Condition B, colorless oil, 59% yield, 91% ee.  

1H NMR (500 MHz, CDCl3) δ 7.35 (d, J = 7.7 Hz, 1H), 7.18 (dt, J = 14.6, 3.9 Hz, 2H), 7.14-7.07 (m, 

1H), 6.74 (dd, J = 6.5, 2.9 Hz, 1H), 6.70-6.64 (m, 2H), 6.57-6.49 (m, 1H), 5.92 (dd, J = 9.5, 5.7 Hz, 1H), 

5.80-5.68 (m, 1H), 5.45 (dd, J = 9.9, 1.5 Hz, 1H), 5.04 (d, J = 5.7 Hz, 1H), 4.33-4.19 (m, 2H), 4.18-4.06 

(m, 1H), 2.29 (s, 3H). 

13C NMR (125 MHz, CDCl3) δ 144.4, 140.3, 133.2, 132.0, 129.3, 128.3, 126.4, 125.4, 122.8, 122.5, 

122.0, 121.0, 120.1, 119.0, 116.5, 89.6, 83.9, 68.0, 56.7, 46.8, 20.7.  

HRMS (ESI) calcd for C22H20NO+ [M+H]+: 314.1539, found 314.1545. 

Specific rotation [α]D
20 = -289.9 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 92:8, 0.6 mL/min, λ = 254 nm), 

tR = 22.4 min (major), 18.0 min (minor). 

 
5-((2-bromophenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3n) 

Condition A, colorless soild, Melting point: 51-63 ℃, 63% yield, 92% ee. 

1H NMR (500 MHz, CDCl3) δ 7.53 (d, J = 8.0 Hz, 1H), 7.38 (d, J = 7.5 Hz, 1H), 7.20 (t, J = 7.5 Hz, 

1H), 7.12 (t, J = 8.0 Hz, 1H), 6.72-6.70 (m, 1H), 6.66-6.62 (m, 2H), 6.51 (d, J = 9.5 Hz, 1H), 5.88 (dd, J 

= 9.5, 5.5 Hz, 1H), 5.74-5.63 (m, 2H), 5.43 (dd, J = 9.5, 1.5 Hz, 1H), 5.07 (d, J = 6.0 Hz, 1H), 4.32 (td, 
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J = 8.0, 3.5 Hz, 1H), 4.24 (dd, J = 11.0, 3.0 Hz, 1H), 4.09 (dd, J = 11.0, 8.0 Hz, 1H). 

13C NMR (125 MHz, CDCl3) δ 144.3, 133.5, 133.1, 132.3, 129.4, 129.3, 126.9, 126.7, 125.7, 124.9, 

122.6, 121.3, 121.2, 120.2, 118.9, 116.6, 90.6, 83.4, 68.0, 56.6, 46.9. 

HRMS (ESI) calcd for C21H17BrNO+ [M+H]+: 378.0448, found 378.0500. 

Specific rotation [α]D
20 = -207.0 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.5 mL/min, λ = 254 nm), 

tR = 12.4 min (major), 11.4 min (minor). 

 
5-((2-chlorophenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3o) 

Condition B, colorless oil, 63% yield, 92% ee. 

1H NMR (500 MHz, CDCl3) δ 7.38 (dd, J = 7.5, 1.5 Hz, 1H), 7.35 (dd, J = 8.0, 1.0 Hz, 1H), 7.21 (td, J 

= 7.5, 2.0 Hz, 1H), 7.15 (td, J = 7.5, 1.5 Hz, 1H), 6.72 (dd, J = 6.5, 3.0 Hz, 1H), 6.66-6.63 (m, 2H), 6.52 

(dd, J = 9.5, 1.5 Hz, 1H), 5.87 (dd, J = 9.5, 5.5 Hz, 1H), 5.71 (ddd, J = 17.5, 10.0, 8.0 Hz, 1H), 5.64 (dd, 

J = 17.5, 2.5 Hz, 1H), 5.44-5.42 (m, 1H), 5.09 (d, J = 5.5 Hz, 1H), 4.30 (td, J = 8.0, 3.5 Hz, 1H), 4.23 

(dd, J = 11.0, 3.0 Hz, 1H), 4.10 (dd, J = 11.0, 7.5 Hz, 1H). 

13C NMR (125 MHz, CDCl3) δ 144.3, 136.1, 133.4, 133.0, 129.3, 129.2, 129.2, 126.7, 126.3, 122.7, 

122.5, 121.3, 121.2, 120.2, 118.9, 116.6, 91.2, 81.6, 68.0, 56.6, 46.9. 

HRMS (ESI) calcd for C21H17ClNO+ [M+H]+: 334.0993, found 334.0992. 

Specific rotation [α]D
20 = -320.7 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 31.6 min (major), 15.7 min (minor). 

 
5-((3-methoxyphenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3p) 

Condition B, colorless oil, 65% yield, 92% ee.  

1H NMR (500 MHz, CDCl3) δ 7.18 (t, J = 8.0 Hz, 1H), 6.97 (dt, J = 7.5, 1.0 Hz, 1H), 6.90 (dd, J = 2.5, 

1.5 Hz, 1H), 6.85 (ddd, J = 8.0, 2.5, 0.5 Hz, 1H), 6.74-6.71 (m, 1H), 6.66-6.63 (m, 2H), 6.50 (dd, J = 9.5, 

1.0 Hz, 1H), 5.85 (dd, J = 9.5, 5.5 Hz, 1H), 5.71 (ddd, J = 17.5, 10.0, 8.0 Hz, 1H), 5.60 (dd, J = 17.5, 1.5 

Hz, 1H), 5.42 (dd, J = 9.5, 1.5 Hz, 1H), 5.06 (d, J = 6.0 Hz, 1H), 4.24-4.20 (m, 2H), 4.10 (dd, J = 11.5, 

8.0 Hz, 1H), 3.77 (s, 3H).  

13C NMR (125 MHz, CDCl3) δ 159.3, 144.1, 133.1, 129.3, 129.2, 126.4, 124.4, 123.7, 122.4, 121.5, 

120.9, 120.2, 118.8, 116.7, 116.6, 114.9, 85.5, 84.8, 68.0, 56.6, 55.3, 46.9. 

HRMS (ESI) calcd for C22H20NO2
+ [M+H]+: 330.1489, found 330.1485. 

Specific rotation [α]D
20 = -362.5 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 12.2 min (major), 10.6 min (minor). 
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5-((3-chlorophenyl)ethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3q) 

Condition A, colorless oil, 54% yield, 91% ee. 

1H NMR (500 MHz, CDCl3) δ 7.35 (s, 1H), 7.27-7.23 (m, 2H), 7.19 (t, J = 8.0 Hz, 1H), 6.74-6.71 (m, 

1H), 6.66-6.65 (m, 2H), 6.50 (d, J = 9.5 Hz, 1H), 5.83 (dd, J = 9.5, 6.0 Hz, 1H), 5.70 (ddd, J = 17.5, 10.0, 

8.0 Hz, 1H), 5.59 (dd, J = 17.5, 1.5 Hz, 1H), 5.43 (dd, J = 10.0, 1.5 Hz, 1H), 5.04 (d, J = 5.5 Hz, 1H), 

4.23-4.16 (m, 2H), 4.09 (dd, J = 10.5, 7.5 Hz, 1H). 

13C NMR (125 MHz, CDCl3) δ 144.2, 134.0, 133.0, 131.7, 130.0, 129.4, 129.1, 128.6, 126.6, 124.4, 

122.4, 121.2, 121.1, 120.3, 118.9, 116.7, 86.9, 83.5, 67.9, 56.7, 46.8. 

HRMS (ESI) calcd for C21H17ClNO+ [M+H]+: 334.0993, found 334.0998. 

Specific rotation [α]D
20 = -247.0 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 13.8 min (major), 11.8 min (minor). 

 

5-(phenanthren-9-ylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline(3r) 

Condition C, yellow solid, Melting point: 95-98 ℃, 57% yield, 97% ee. 

1H NMR (400 MHz, CDCl3) δ 8.63 (t, J = 8.8 Hz, 2H), 8.14 (d, J = 8.0 Hz, 1H), 7.91 (s, 1H), 7.80 (d, J 

= 7.7 Hz, 1H), 7.69-7.50 (m, 4H), 6.83-6.69 (m, 3H), 6.60 (d, J = 9.5 Hz, 1H), 6.01 (dd, J = 9.5, 5.8 Hz, 

1H), 5.85-5.59 (m, 2H), 5.48 (dd, J = 9.7, 1.5 Hz, 1H), 5.17 (d, J = 5.7 Hz, 1H), 4.40-4.21 (m, 2H), 4.14 

(dd, J = 10.9, 8.1 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 144.7, 133.4, 132.0, 131.18, 130.4, 130.1, 129.5, 128.6, 127.6, 127.3, 

126.7, 123.0, 122.8, 122.0, 121.3, 120.4, 119.2, 116.7, 90.5, 83.4, 68.2, 57.0, 47.1. 

HRMS (ESI) calcd for C29H22NO+ [M+H]+: 400.1696, found 400.1699. 

Specific rotation [α]D
20 = -353.5 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel AD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 16.1 min (major), 11.5 min (minor). 

 
5-(pyren-1-ylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline(3s) 

Condition A, yellow solid, Melting point: 80-83 ℃, 42% yield, 91% ee. 

1H NMR (400 MHz, CDCl3) δ 8.23 (d, J = 9.1 Hz, 1H), 8.18 (dd, J = 7.6, 4.2 Hz, 2H), 8.08-7.97 (m, 

6H), 6.80 (dt, J = 8.3, 4.1 Hz, 1H), 6.76 (d, J = 4.9 Hz, 2H), 6.62 (dd, J = 9.5, 0.7 Hz, 1H), 6.05 (dd, J = 

9.5, 5.8 Hz, 1H), 5.86-5.62 (m, 2H), 5.53-5.40 (m, 1H), 5.22 (d, J = 5.8 Hz, 1H), 4.40 (td, J = 7.9, 3.3 

Hz, 1H), 4.28 (dd, J = 10.9, 3.3 Hz, 1H), 4.16 (dd, J = 10.9, 8.0 Hz, 1H), 4.16 (dd, J = 10.9, 8.0 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 144.7, 133.4, 132.2, 131.3, 131.1, 129.8, 129.6, 128.5, 128.3, 127.3, 
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126.8, 126.3, 125.7, 124.4, 123.1, 122.1, 121.3, 120.4, 119.3, 117.3, 116.7, 91.6, 84.3, 68.2, 57.0, 47.3. 

HRMS (ESI) calcd for C31H22NO+ [M+H]+: 424.1701, found 424.1691. 

Specific rotation [α]D
20 = -364.2 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 92:8, 0.5 mL/min, λ = 254 nm), 

tR = 19.0 min (major), 15.3 min (minor). 

 

5-(cyclohex-1-en-1-ylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3t) 

Condition C, colorless oil, 46% yield, 96% ee. 

1H NMR (500 MHz, CDCl3) δ 6.71-6.67 (m, 1H), 6.63-6.59 (m, 2H), 6.43 (dd, J = 9.5, 1.0 Hz, 1H), 

6.04-6.02 (m, 1H), 5.77 (dd, J = 10.0, 5.5 Hz, 1H), 5.67 (ddd, J = 17.5, 10.0, 8.0 Hz, 1H), 5.54 (dd, J = 

17.0, 1.5 Hz, 1H), 5.38 (dd, J = 10.0, 1.5 Hz, 1H), 4.93 (d, J = 5.5 Hz, 1H), 4.19-4.11 (m, 2H), 4.07 (dd, 

J = 10.0, 7.0 Hz, 1H), 2.06-2.04 (m, 4H), 1.60-1.53 (m, 4H).  

13C NMR (125 MHz, CDCl3) δ 144.0, 135.2, 133.1, 129.2, 125.9, 122.4, 122.0, 120.7, 120.1, 118.6, 

116.4, 86.7, 82.7, 67.9, 56.4, 46.9, 29.3, 25.6, 22.2, 21.4. 

HRMS (ESI) calcd for C21H22NO+ [M+H]+: 304.1696, found 304.1699. 

Specific rotation [α]D
20 = -291.5 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.5 mL/min, λ = 254 nm), 

tR = 9.6 min (major), 8.7 min (minor). 

 

5-(pyridin-2-ylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3u) 

Condition C at 15 ℃ for 24 h, colorless oil, 42% yield, 92% ee. 

1H NMR (400 MHz, CDCl3) δ 8.53 (d, J = 4.8 Hz, 1H), 7.59 (td, J = 7.8, 1.8 Hz, 1H), 7.34 (d, J = 7.8 

Hz, 1H), 7.19 (ddd, J = 7.6, 4.9, 1.0 Hz, 1H), 6.74-6.68 (m, 1H), 6.66-6.60 (m, 2H), 6.50 (dd, J = 9.5, 

0.9 Hz, 1H), 5.84 (dd, J = 9.5, 5.7 Hz, 1H), 5.75-5.52 (m, 2H), 5.41 (dd, J = 9.7, 1.9 Hz, 1H), 5.09 (d, J 

= 5.7 Hz, 1H), 4.22 (ddd, J = 11.6, 7.7, 3.3 Hz, 2H), 4.12-4.00 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 150.0, 144.2, 142.9, 136.2, 133.0, 129.2, 127.5, 126.9, 123.0, 122.5, 

121.3, 121.1, 120.4, 119.0, 116.8, 85.9, 84.3, 68.0, 56.7, 46.9. 

HRMS (ESI) calcd for C20H16N2ONa+ [M+Na]+: 323.1160, found 323.1165. 

Specific rotation [α]D
20 = -201.0 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 90:10, 0.5 mL/min, λ = 254 

nm), tR = 19.5 min (major), 20.5 min (minor). 

 

5-(thiophen-3-ylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3v) 

Condition A, colorless oil, 75% yield, 96% ee.  

1H NMR (400 MHz, CDCl3) δ 7.37 (dd, J = 3.0, 1.1 Hz, 1H), 7.22 (dd, J = 5.0, 3.0 Hz, 1H), 7.04 (dd, J 
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= 5.0, 1.1 Hz, 1H), 6.74-6.68 (m, 1H), 6.66-6.60 (m, 2H), 6.49 (dd, J = 9.5, 1.0 Hz, 1H), 5.83 (dd, J = 

9.5, 5.6 Hz, 1H), 5.76-5.64 (m, 1H), 5.58 (dd, J = 17.1, 1.8 Hz, 1H), 5.41 (dd, J = 9.8, 1.8 Hz, 1H), 5.03 

(d, J = 5.6 Hz, 1H), 4.24-4.15 (m, 2H), 4.13-4.04 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 144.2, 133.1, 130.2, 129.2, 126.4, 125.3, 122.5, 121.7, 121.1, 120.3, 

118.9, 116.7, 85.3, 80.0, 68.1, 56.6, 47.0. 

HRMS (ESI) calcd for C19H15NOSNa+ [M+Na]+: 328.0772, found 328.0776. 

Specific rotation [α]D
20 = -371.8 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 11.6 min (major), 10.3 min (minor). 

 

3-methyl-5-(3-phenoxyprop-1-yn-1-yl)-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3w) 

Condition C, colorless oil, 42% yield, 90% ee. 

1H NMR (400 MHz, CDCl3) δ 7.19 (d, J = 6.1 Hz, 1H), 6.98-6.74 (m, 4H), 6.68-6.60 (m, 1H), 6.61-6.50 

(m, 2H), 6.38 (d, J = 9.5 Hz, 1H), 5.67 (dd, J = 9.5, 5.7 Hz, 1H), 5.54-5.40 (m, 1H), 5.27-5.15 (m, 2H), 

4.73 (d, J = 5.5 Hz, 1H), 4.58 (d, J = 1.4 Hz, 2H), 4.02 (dd, J = 10.2, 2.7 Hz, 1H), 3.88 (ddd, J = 13.1, 

10.7, 5.4 Hz, 2H).  

13C NMR (101 MHz, CDCl3) δ 157.6, 144.3, 132.9, 129.6, 129.2, 126.7, 122.5, 121.9, 121.6, 121.3, 

120.3, 119.1, 116.7, 115.3, 115.0, 84.0, 80.0, 68.0, 56.5, 56.2, 46.3. 

HRMS (ESI) calcd for C22H19NO2Na+ [M+Na]+: 352.1313, found 352.1313. 

Specific rotation [α]D
20 = -225.8.5 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 90:10, 0.7 mL/min, λ = 254 

nm), tR = 18.7 min (major), 15.3 min (minor). 

 

5-(3-(phenylthio)prop-1-yn-1-yl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3x) 

Condition C at 15 ℃ for 24 h, yellow oil, 46% yield, 94% ee. 

1H NMR (400 MHz, CDCl3) δ 7.28 (d, J = 7.5 Hz, 2H), 7.16 (dt, J = 13.9, 7.3 Hz, 3H), 6.63 (dd, J = 

6.5, 3.0 Hz, 1H), 6.56 (dd, J = 8.6, 5.2 Hz, 2H), 6.35 (d, J = 9.5 Hz, 1H), 5.63 (dd, J = 9.5, 5.6 Hz, 1H), 

5.54-5.40 (m, 1H), 5.32-5.15 (m, 2H), 4.67 (d, J = 5.5 Hz, 1H), 3.94 (ddd, J = 18.5, 10.8, 5.7 Hz, 2H), 

3.78 (td, J = 7.9, 3.3 Hz, 1H), 3.51 (d, J = 4.5 Hz, 2H). 

13C NMR (101 MHz, CDCl3) δ 144.2, 135.0, 133.0, 130.3, 129.5, 129.0, 126.9, 126.3, 122.5, 121.7, 

121.1, 120.3, 119.0, 116.7, 81.0, 79.9, 67.9, 56.4, 46.3, 23.0.  

HRMS (ESI): calcd for C22H19NOSNa+ [M+Na]+: 368.1085, found 368.1089. 

Specific rotation [α]D
20 = -228.8 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.5 mL/min, λ = 254 nm), 

tR = 19.4 min (major), 17.5 min (minor). 
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6-Methyl-5-(phenylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3ab) 

Condition B, colorless oil, 85% yield, 95% ee. 

1H NMR (400 MHz, CDCl3) δ 7.40-7.38 (m, 2H), 7.30-7.29 (m, 3H), 6.73-6.64 (m, 3H), 6.29 (s, 1H), 

5.77-5.61 (m, 2H), 5.46 (dd, J = 9.6, 1.6 Hz, 1H), 4.81 (s, 1H), 4.28-4.22 (m, 2H), 4.11 (dd, J = 11.2, 8.8 

Hz, 1H), 2.04 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 144.2, 133.3, 131.9, 131.0, 128.3, 128.2, 127.6, 123.5, 122.7, 122.0, 

121.1, 119.3, 119.0, 115.6, 85.2, 85.1, 68.0, 56.8, 51.6, 20.7. 

HRMS (ESI) calcd for C22H20NO+ [M+H]+: 314.1539, found 314.1532.  

Specific rotation [α]D
20 = -386.83 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 12.4 min (major), 14.7 min (minor). 

 

6-ethyl-5-(phenylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3ac) 

Condition B, colorless oil, 60% yield, 96% ee. 

1H NMR (500 MHz, CDCl3) δ 7.37-7.35 (m, 2H), 7.29-7.25 (m, 3H), 6.72-6.67 (m, 3H), 6.28 (s, 1H), 

5.74-5.61 (m, 2H), 5.45 (dd, J = 9.5, 2.0 Hz, 1H), 4.80 (s, 1H), 4.26-4.21 (m, 2H), 4.11-4.07 (m, 1H), 

2.46-2.25 (m, 2H), 1.24 (t, J = 7.5 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 144.4, 136.8, 133.3, 131.9, 128.2, 128.2, 127.9, 123.7, 122.8, 121.1, 

119.9, 119.6, 119.2, 115.6, 85.4, 85.0, 68.1, 56.8, 50.5, 27.2, 11.7.   

HRMS (ESI) calcd for C23H22NO+ [M+H]+: 328.1696, found 328.1698. 

Specific rotation [α]D
20 = -199.33 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 98:2, 0.5 mL/min, λ = 254 nm), 

tR = 12.5 min (major), 13.8 min (minor). 

 
7-ethyl-5-(phenylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3ad) 

Condition B, colorless oil, 63% yield, 95% ee.  

1H NMR (500 MHz, CDCl3) δ 7.37-7.35 (m, 2H), 7.27-7.26 (m, 3H), 6.88 (dd, J = 7.5, 1.5 Hz, 1H), 6.76 

(dd, J = 8.0, 1.0 Hz, 1H), 6.71 (t, J = 7.5 Hz, 1H), 5.75-5.68 (m, 2H), 5.61 (dd, J = 17.0, 1.5 Hz, 1H), 

5.43 (dd, J = 10.0, 1.5 Hz, 1H), 4.99 (d, J = 6.0 Hz, 1H), 4.25-4.20 (m, 2H), 4.10 (td, J = 8.5, 2.0 Hz, 

1H), 2.53-2.44 (m, 2H), 1.21 (t, J = 7.5 Hz, 3H). 

13C NMR (125 MHz, CDCl3) δ 144.5, 137.2, 133.3, 131.8, 129.5, 128.2, 123.8, 122.8, 121.0, 118.6, 

116.9, 116.8, 116.2, 86.1, 84.5, 67.8, 56.9, 46.8, 24.8, 12.3.  

 HRMS (ESI) calcd for C23H22NO+ [M+H]+: 328.1696, found 328.1694. 

Specific rotation [α]D
20 = -317.2 (c = 0.5, CH2Cl2). 
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HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 19.0 min (major), 13.0 min (minor). 

 
8-Methyl-5-(phenylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinolone (3ae) 

Condition A, colorless oil, 63% yield, 94% ee.  

1H NMR (400 MHz, CDCl3) δ 7.41-7.39 (m, 2H), 7.31-7.29 (m, 3H), 6.70 (dd, J = 21.6, 9.6 Hz, 2H), 

6.52 (d, J = 8.0 Hz, 1H), 5.93 (dd, J = 8.8, 6.0 Hz, 1H), 5.78-5.69 (m, 1H), 5.62 (d, J = 16.8 Hz, 1H), 

5.44 (d, J = 10.0 Hz, 1H), 5.06 (d, J = 5.6 Hz, 1H), 4.27-4.21 (m, 2H), 4.10 (t, J = 9.6 Hz, 1H), 2.28 (s, 

3H). 

13C NMR (100 MHz, CDCl3) δ 142.6, 133.3, 131.9, 129.3, 128.3, 128.2, 127.2, 123.5, 122.7, 121.2, 

120.9, 120.6, 120.4, 115.9, 85.8, 84.7, 67.9, 56.9, 46.4, 18.5.  

 HRMS (ESI) calcd for C22H20NO+ [M+H]+: 314.1539, found 314.1546. 

Specific rotation [α]D
20 = -389.2 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 27.9 min (major), 21.1 min (minor). 

 
8-phenyl-5-(phenylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3af) 

Condition B, colorless oil, 67% yield, 94% ee.  

1H NMR (500 MHz, CDCl3) δ 7.43-7.28 (m, 10H), 6.80 (d, J = 8.5 Hz, 1H), 6.67 (d, J = 8.0 Hz, 1H), 

6.53 (dd, J = 9.5, 0.5 Hz, 1H), 5.83 (dd, J = 10.0, 6.0 Hz, 1H), 5.74 (ddd, J = 17.5, 10.0, 8.5 Hz, 1H), 

5.62 (dd, J = 17.0, 1.5 Hz, 1H), 5.44 (dd, J = 10.0, 1.5 Hz, 1H), 5.05 (d, J = 5.5 Hz, 1H), 4.30-4.24 (m, 

2H), 4.16-4.11 (m, 1H). 

13C NMR (125 MHz, CDCl3) δ 143.5, 140.5, 133.6, 133.2, 131.9, 129.9, 129.5, 128.3, 128.2, 128.0, 

126.7, 124.9, 122.7, 121.1, 120.9, 120.3, 120.0, 116.1, 85.8, 84.6, 67.9, 56.9, 46.2.  

HRMS (ESI) calcd for C27H22NO+ [M+H]+: 376.1696, found 376.1698. 

Specific rotation [α]D
20 = -20.5 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 50.4min (major), 26.8 min (minor). 

 
8-chloro-5-(phenylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3ag) 

Condition B, colorless oil, 58% yield, 98% ee.  

1H NMR (500 MHz, CDCl3) δ 7.38-7.36 (m, 2H), 7.30-7.27 (m, 3H), 6.87 (dd, J = 10.0, 1.0 Hz, 1H), 

6.65 (dd, J = 15.5, 8.5 Hz, 2H), 5.94 (dd, J = 9.5, 5.5 Hz, 1H), 5.68 (ddd, J = 17.5, 10.0, 8.5 Hz, 1H), 

5.59 (dd, J = 17.0, 1.5 Hz, 1H), 5.43 (dd, J = 10.0, 2.0 Hz, 1H), 5.06 (d, J = 4.5 Hz, 1H), 4.23-4.18 (m, 

2H), 4.07-4.04 (m, 1H).  
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13C NMR (100 MHz, CDCl3) δ 142.9, 132.7, 131.9, 130.5, 128.5, 128.3, 124.0, 122.9, 122.6, 122.5, 

121.2, 119.6, 119.0, 116.9, 85.1, 67.8, 56.5, 46.5 

HRMS (ESI) calcd for C21H17ClNO+ [M+H]+: 334.0993, found 334.0996. 

Specific rotation [α]D
20 = -196.5 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 17.2 min (major), 13.6 min (minor). 

 

9-methyl-5-(phenylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3ah) 

Condition A, colorless oil, 69% yield, 99% ee. 

1H NMR (400 MHz, CDCl3) δ 7.41-7.39 (m, 2H), 7.3-7.29 (m, 3H), 6.58 (s, 1H), 6.51-6.48 (m, 2H), 

5.88 (dd, J = 9.6, 5.6 Hz, 1H), 5.77-5.60 (m, 2H), 5.44 (dd, J = 9.6, 1.6 Hz, 1H), 5.04 (d, J = 5.6 Hz, 1H), 

4.25-4.20 (m, 2H), 4.14-4.09 (m, 1H), 2.24 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ 144.1, 133.2, 131.9, 128.5, 128.3, 128.2, 126.7, 126.4, 122.8, 122.5, 

121.8, 121.0, 120.7, 117.1, 85.6, 84.9, 68.2, 56.6, 46.9, 20.6. 

HRMS (ESI) calcd for C22H20NO+ [M+H]+: 314.1539, found 314.1547. 

Specific rotation [α]D
20 = -414.0 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6 mL/min, λ = 254 nm), 

tR = 18.1 min (major), 16.0 min (minor). 

 

9-fluoro-5-(phenylethynyl)-3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (3ai) 

Condition B, colorless oil, 72% yield, 92% ee. 

1H NMR (500 MHz, CDCl3) δ 7.37-7.35 (m, 2H), 7.29-7.26 (m, 3H), 6.48 (dd, J = 9.5, 2.5 Hz, 1H), 

6.44-6.40 (m, 2H), 5.93 (dd, J = 9.5, 5.5 Hz, 1H), 5.68 (ddd, J = 17.0, 9.5, 8.0Hz, 1H), 5.60 (dd, J = 17.0, 

2.0 Hz, 1H), 5.43 (dd, J = 10.0, 2.0 Hz, 1H), 4.98 (d, J = 6.0 Hz, 1H), 4.23-4.15 (m, 2H), 4.08 (dd, J = 

10.0, 7.5 Hz, 1H). 

13C NMR (125 MHz, CDCl3) δ 156.2 (d, J = 235 Hz), 144.9 (d, J = 11.3 Hz), 132.8, 131.9, 128.4, 128.2, 

125.8 (d, J = 2.5 Hz), 125.4 (d, J = 1.3 Hz), 123.4, 123.0 (d, J = 10.0 Hz), 122.5, 121.3, 106.2 (d, J = 

22.5 Hz), 103.9 (d, J = 26.3 Hz), 85.2, 85.0, 68.3, 56.4, 46.7. 

19F NMR (377 MHz, CDCl3) δ -124.5. 

HRMS (ESI) calcd for C21H17FNO+ [M+H]+: 318.1289, found 318.1288. 

Specific rotation [α]D
20 = -269.7 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 98:2, 0.6 mL/min, λ = 254 nm), 

tR = 16.9 min (major), 18.4 min (minor). 
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7. Synthetic Applications 

7.1 Scale-up Reaction 

 

To a dried Schlenk tube was charged with PdCl2 (9.0 mol%, 16.0 mg), CuI (6.0 mol%, 11.4 mg), chiral 

ligand L6 (16 mol%, 75.5 mg), Na2CO3 (3.0 eq., 318.0 mg), and 1a (1.0 mmol) under N2 atmosphere. 

PhtBu (5.0 mL), cyclohexane (5.0 mL) and 2 (3.0 mmol) was then introduced respectively via syringe. 

The resulting mixture was stirred at room temperature for 12 hours until the reaction was completed 

(monitored by TLC). The solution was washed with water and extracted with ethyl acetate, then removed 

the solvent under reduced pressure. The residue was purified by flash chromatography on silica gel to 

afford 3a (224.5 mg, 75% yield, 95% ee). 

 

7.2 Synthetic Transformations 

 
To a dried Schlenk tube was added 3a (0.2 mmol) and 9-BBN (0.5 M in THF, 2 eq., 0.8 mL). The reaction 

mixture at room temperature for 2 hours until the reaction was completed (monitored by TLC). Then the 

reaction mixture was cooled to 0 °C, 3 M aqueous NaOH solution (2.0 mL) was added. After 5 min, 30% 

H2O2 (1.5 mL) was added by syringe. After stirring for an additional 2 hours at room temperature, 

saturated aqueous Na2SO3 solution was added, then the reaction mixture was extracted ethyl acetate. The 

combined organic phases were dried over anhydrous sodium sulfate, and the solvent was removed under 

reduced pressure to afford the crude product. The residue was purified by column chromatography on 

silica gel to afford 4a. 

 

To a dried Schlenk tube was added 3a (0.2 mmol), ethyl acetate (1.0 mL) and 10% Pd/C (20 mol%) 

respectively under N2 atmosphere. The vessel was purged 3 times with hydrogen and stirred at room 

temperature for 12 hours until the reaction was completed (monitored by TLC). The solvent was removed 

under reduced pressure was purified and the residue was purified by flash chromatography on silica gel 

to afford 4b. 

 

To a dried Schlenk tube was added 3i (0.2 mmol) and THF (1.0 mL) respectively under N2 atmosphere. 

MeMgBr (1.0 M in THF, 2.5 eq., 0.5 mL) was added at 0 ℃. The reaction was then gradually warm to 



S26 

 

room temperature and stirred for 2 hours. After the reaction was completed (monitored by TLC), 

saturated NaHCO3 aqueous solution was added. Then the reaction mixture was extracted ethyl acetate. 

The combined organic phases were dried over anhydrous sodium sulfate, and the solvent was removed 

under reduced pressure to afford the crude product. The residue was purified by column chromatography 

on silica gel to afford 4c. 

Spectroscopic Characterization  

 

2-(5-(phenylethynyl)-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinolin-3-yl)ethan-1-ol (4a) 

colorless oil, 88% yield, 93% ee.  

1H NMR (500 MHz, CDCl3) δ 7.42-7.21 (m, 2H), 6.84-6.73 (m, 3H), 6.70-6.62 (m, 1H), 6.58-6.44 (m, 

2H), 5.84 (dd, J = 9.6, 5.7 Hz, 1H), 5.24-5.03 (m, 1H), 4.22 (dt, J = 33.2, 16.6 Hz, 1H), 4.02 (dd, J = 

10.6, 2.6 Hz, 1H), 3.96-3.76 (m, 3H), 2.06 (d, J = 11.5 Hz, 1H), 1.93 (ddt, J = 13.7, 8.5, 5.1 Hz, 1H), 

1.87-1.70 (m, 1H).  

13C NMR (125 MHz, CDCl3) δ 143.3, 131.8, 128.3, 127.9, 126.2, 123.0, 122.5, 121.6, 120.3, 118.1, 

116.7, 86.0, 84.8, 66.8, 59.7, 52.4, 50.0, 33.3.  

HRMS (ESI) calcd for C21H20NO2 [M+H]+: 318.1489, found 318.1499. 

Specific rotation [α]D
20 = -453.7 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 80:20, 0.6 mL/min, λ = 254 nm), 

tR = 11.6 min (major), 15.2 min (minor). 

 

3-ethyl-5-phenethyl-2,3,6,7-tetrahydro-5H-[1,4]oxazino[2,3,4-ij]quinoline (4b) 

colorless oil, 80% yield, 98% ee. 

1H NMR (500 MHz, CDCl3) δ 7.34-7.29 (m, 2H), 7.25-7.20 (m, 3H), 6.65 (t, J = 7.5 Hz, 2H), 6.49 (t, J 

= 7.5 Hz, 1H), 4.21 (dd, J = 10.5, 2.5 Hz, 1H), 3.97 (dd, J = 10.5, 2.5 Hz, 1H), 3.37 (td, J = 8.5, 4.0 Hz, 

1H), 3.18-3.15 (m, 1H), 2.88 (ddd, J = 16.5, 12.0, 5.5 Hz, 1H), 2.77-2.69 (m, 2H), 2.63-2.57 (m, 1H), 

2.04-1.99 (m, 1H), 1.93-1.79 (m, 3H), 1.64-1.57 (m, 2H), 0.94 (t, J = 7.5 Hz, 3H). 

13C NMR (125 MHz, CDCl3) δ 142.5, 141.9, 130.2, 128.5, 128.3, 126.0, 121.8, 121.3, 114.9, 113.7, 66.0, 

55.4, 54.2, 33.4, 32.1, 24.3, 23.3, 22.5, 10.5. 

HRMS (ESI) calcd for C21H26NO+ [M+H]+: 308.2009, found 308.2001. 

Specific rotation [α]D
20 = -330.9 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OJ-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 95:5, 0.6mL/min, λ = 254 nm), 

tR = 12.3 min (major), 16.6 min (minor). 

 

2-(4-((3-vinyl-2,3-dihydro-5H-[1,4]oxazino[2,3,4-ij]quinolin-5-yl)ethynyl)phenyl)propan-2-ol (4c) 
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colorless oil, 78% yield, 91% ee.  

1H NMR (400 MHz, CDCl3) δ 7.38 (dd, J = 20.6, 8.5 Hz, 4H), 6.73 (dd, J = 6.2, 3.3 Hz, 1H), 6.67 (s, 

2H), 6.51 (dd, J = 9.6, 0.7 Hz, 1H), 5.87 (dd, J = 9.5, 5.6 Hz, 1H), 5.70 (dd, J = 9.7, 7.7 Hz, 1H), 5.61 

(dd, J = 17.1, 1.6 Hz, 1H), 5.44 (dd, J = 9.8, 1.6 Hz, 1H), 5.06 (t, J = 7.3 Hz, 1H), 4.23 (d, J = 8.2 Hz, 

2H), 4.14-4.08 (m, 1H), 2.11 (d, J = 20.2 Hz, 1H), 1.56 (s, 6H). 

13C NMR (101 MHz, CDCl3) δ 149.4, 144.1, 133.1, 131.7, 129.2, 126.3, 124.4, 122.4, 121.6, 123.0, 

120.2, 118.8, 116.6, 85.4, 84.7, 72.4, 67.9, 56.6, 46.9, 31.7.  

HRMS (ESI) calcd for C24H24NO2
+ [M+H]+: 358.1802, found 358.1803. 

Specific rotation [α]D
20 = -388.2 (c = 0.5, CH2Cl2). 

HPLC (Daicel Chiralcel OD-H (25 cm × 0.46 cm ID), hexane/i-PrOH = 80:20, 0.5 mL/min, λ = 254 

nm), tR = 15.4 min (major), 13.6 min (minor). 
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8. Control Experiments 

 
Entry 4: To a dried Schlenk tube were charged with PdCl2 (9.0 mol%, 1.6 mg), (phenylethynyl)copper3 

(3.0 eq., 49.4 mg), chiral ligand L6 (3.1 eq., 146.2 mg), Na2CO3 (3.0 eq., 31.8 mg), and 1a (0.1 mmol) 

under N2 atmosphere. PhtBu (0.5 mL) and cyclohexane (0.5 mL) was then introduced respectively via 

syringe. The resulting mixture was stirred at room temperature for 12 hours until the reaction was 

completed (monitored by TLC). The solution was washed with water and extracted with ethyl acetate, 

then removed the solvent under reduced pressure. The residue was purified by flash chromatography on 

silica gel to afford 3a (trace, 95% ee). 

Entry 5: To a dried Schlenk tube were charged with PdCl2 (9.0 mol%, 1.6 mg), (phenylethynyl)copper3 

(1.0 eq., 16.5 mg), chiral ligand L6 (1.1 eq., 51.9 mg), Na2CO3 (3.0 eq., 31.8 mg), and 1a (0.1 mmol) 

under N2 atmosphere. PhtBu (0.5 mL) and cyclohexane (0.5 mL) was then introduced respectively via 

syringe. The resulting mixture was stirred at room temperature for 12 hours until the reaction was 

completed (monitored by TLC). The solution was washed with water and extracted with ethyl acetate, 

then removed the solvent under reduced pressure. The residue was purified by flash chromatography on 

silica gel to afford 3a (17% yield, 95% ee). 

Entry 6: To a dried Schlenk tube were charged with PdCl2 (9.0 mol%, 1.6 mg), CuI (6.0 mol%, 1.1 mg), 

chiral ligand L6 (16 mol%, 7.5 mg), Na2CO3 (3.0 eq., 31.8 mg), and 5a (0.1 mmol) under N2 atmosphere. 

PhtBu (0.5 mL), cyclohexane (0.5 mL) and 2a (0.3 mmol) was then introduced respectively via syringe. 

The resulting mixture was stirred at room temperature for 12 hours until the reaction was completed 

(monitored by TLC). The solution was washed with water and extracted with ethyl acetate, then removed 

the solvent under reduced pressure. The residue was purified by flash chromatography on silica gel to 

afford 5b (20% yield, racemic). 

Entry 7: To a dried Schlenk tube were charged with PdCl2 (9.0 mol%, 1.6 mg), CuI (6.0 mol%, 1.1 mg), 

chiral ligand L5 (16 mol%, 7.8 mg), Na2CO3 (3.0 eq., 31.8 mg), and 1a (0.1 mmol) under N2 atmosphere. 

PhtBu (0.5 mL), cyclohexane (0.5 mL) and 2a (0.3 mmol) was then introduced respectively via syringe. 

The resulting mixture was stirred at room temperature for 12 hours until the reaction was completed 

(monitored by TLC). The solution was washed with water and extracted with ethyl acetate, then removed 

the solvent under reduced pressure. The residue was purified by flash chromatography on silica gel to 

afford 3a (30% yield, 15% ee). 
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5-(phenylethynyl)-1-tosyl-3-vinyl-2,3-dihydro-1H,5H-pyrido[1,2,3-de]quinoxaline(5b) 

yellow solid, 20% yield, Melting point: 105-108 ℃ 

1H NMR (500 MHz, CDCl3) δ 7.59 (dd, J = 13.1, 4.7 Hz, 3H), 7.31 (ddd, J = 12.2, 10.6, 6.4 Hz, 5H), 

6.99 (d, J = 8.1 Hz, 2H), 6.90-6.83 (m, 1H), 6.75 (t, J = 7.8 Hz, 1H), 6.46 (d, J = 9.5 Hz, 1H), 5.76 (dd, 

J = 9.4, 5.9 Hz, 1H), 5.51 (dd, J = 9.4, 8.2 Hz, 1H), 5.42-5.34 (m, 2H), 4.96 (d, J = 5.9 Hz, 1H), 4.21 (dd, 

J = 13.6, 2.8 Hz, 1H), 3.39 (ddd, J = 23.9, 11.0, 6.6 Hz, 2H), 1.89 (s, 3H).  

13C NMR (125 MHz, CDCl3) δ 143.7, 135.8, 134.2, 133.5, 132.1, 129.6, 128.4, 127.48, 126.1, 125.2, 

124.6, 123.9, 122.8, 122.4, 121.4, 121.2, 118.3, 85.0, 84.4, 55.3, 48.1, 46.4, 21.0. 

HRMS (ESI) calcd for C28H25N2O2S+ ([M+H]+): 453.1631, found 453.1636. 
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9. DFT Calculation 

Computational Details  

In order to understand the origin of enantioselectivity, density functional theory (DFT) calculations were 

carried out using the Gaussian 09 software package.4 The stationary structures were optimized using 

B3LYP-D3 method5-7 and Def2-SVP basis set.8 The geometry optimizations were performed without 

symmetry constraints, and the nature of the extrema was checked by analytical frequency calculations. 

The intrinsic reaction coordinate (IRC)9 pathways have been traced to verify two desired minima 

connected by the transition states. Single-point calculations with the M06L10-12/ Def2-TZVP8 level of 

theory in cyclohexane medium while using Truhlar’s SMD solvation model13 were performed using the 

geometries obtained at optimization step. The independent gradient model based on Hirshfeld partition 

(IGMH) analysis was conducted with Multiwfn and VMD.14-16 The 3-D images of the calculated 

structures were prepared using CYLview.17 

 

Table S1. Coordination data sets and free energies for DFT optimized structures at M06L/ Def2-

TZVP/SMD(cyclohexane)//B3LYP-D3/Def2-SVP level at 298 K. 

 

Ts-R 

-2986.048131 

C                 -0.84231300    0.19623200   -4.22354800 

 C                 -0.48792800   -1.15316800   -4.20417900 

 C                  0.19114400   -1.66972500   -3.09928100 

 C                  0.52710600   -0.86527600   -1.99433200 

 C                  0.17968700    0.51103500   -2.02360700 

 C                 -0.50533600    1.01249600   -3.14312400 

 P                  1.39503600   -1.60332000   -0.52020600 

 C                  0.56761600    1.46185200   -0.89489500 

 N                 -0.42654600    2.55604200   -0.81435100 

 S                 -0.24215600    3.59150800    0.54880400 

 C                 -1.25801200    5.04425500   -0.12318700 

 O                 -1.07230100    3.05770400    1.70042600 

 C                  1.96803400    2.03923300   -1.07525500 

 C                  2.28253400    2.82110400   -2.19656600 

 C                  3.56493000    3.35022800   -2.35019400 

 C                  4.54620800    3.09712300   -1.38321700 

 C                  4.23275700    2.32070600   -0.26572000 

 C                  2.94579900    1.79595500   -0.10356900 

 C                  1.22155200   -3.42257800   -0.82193400 

 C                 -0.06100900   -3.99945800   -0.75293800 

 C                 -0.23892100   -5.37350900   -0.91104300 

 C                  0.86841600   -6.20508600   -1.12057700 

 C                  2.14618700   -5.64524000   -1.18051400 

 C                  2.32358600   -4.26365700   -1.03800500 

 C                  3.17389200   -1.30116100   -0.87802300 

 C                  4.05534800   -1.29585800    0.21678800 
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 C                  5.42164400   -1.09156000    0.00375200 

 C                  5.91266600   -0.87523100   -1.28713600 

 C                  5.03289100   -0.86385000   -2.37522300 

 C                  3.66810900   -1.08159700   -2.17402800 

 C                 -2.66584500    4.55307600   -0.45806300 

 C                 -0.52016500    5.61798200   -1.33146200 

 C                 -1.29146300    6.03275100    1.04872600 

 H                 -1.37409600    0.61805100   -5.08057700 

 H                 -0.73276200   -1.80572500   -5.04629100 

 H                  0.46690900   -2.72516000   -3.09782800 

 H                 -0.77423700    2.06962300   -3.16032200 

 H                  0.58368100    0.87054200    0.04046600 

 H                 -1.38358700    2.19223100   -0.82459900 

 H                  1.51902300    3.01293900   -2.95391900 

 H                  2.70883800    1.17654300    0.77187500 

 H                 -0.92981400   -3.35974100   -0.58739700 

 H                 -1.24455500   -5.80057300   -0.86505100 

 H                  0.73294900   -7.28361100   -1.23535100 

 H                  3.01748100   -6.28523900   -1.34292400 

 H                  3.32810200   -3.84066700   -1.09338800 

 H                  3.64680600   -1.35409400    1.23127600 

 H                  6.10123100   -1.07314900    0.86005300 

 H                  6.98009000   -0.69945200   -1.44671700 

 H                  5.40992600   -0.67827000   -3.38440400 

 H                  2.98718400   -1.06493800   -3.02800100 

 H                 -3.06679500    3.95356000    0.37392200 

 H                 -3.33278400    5.41552600   -0.62288300 

 H                 -2.67333100    3.94360700   -1.37473000 

 H                 -0.48181600    4.89210500   -2.15580700 

 H                  0.51506500    5.89584700   -1.07566800 

 H                 -1.03765000    6.52631900   -1.68360200 

 H                 -1.87325800    6.92481900    0.76421100 

 H                 -1.75731100    5.57270500    1.93248600 

 H                 -0.27725000    6.36454100    1.32515200 

 Pd                 0.49446400   -1.11034200    1.62613000 

 H                  4.99336300    2.10735300    0.48904600 

 H                  5.55412400    3.50277600   -1.50671800 

 H                  3.80299600    3.95653400   -3.22861200 

 C                 -6.35449100    0.89285200   -1.59129500 

 C                 -6.89105200   -0.27908400   -1.08828500 

 C                 -6.10585700   -1.09963900   -0.24123800 

 C                 -4.76629000   -0.70168800    0.07363500 

 C                 -4.24963400    0.53529700   -0.42251900 

 C                 -5.04757300    1.30550000   -1.25802100 
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 H                 -7.58575800   -2.65092400    0.11402400 

 H                 -6.95475700    1.52751900   -2.24726600 

 H                 -7.91047600   -0.58350100   -1.33372400 

 C                 -6.56586400   -2.32018200    0.32679400 

 H                 -4.63989100    2.24630900   -1.63129300 

 C                 -4.41379500   -2.63415300    1.35443700 

 C                 -5.73727500   -3.07534700    1.13124900 

 H                 -3.69342100   -3.19846600    1.95569200 

 H                 -6.07635600   -4.00862100    1.58366800 

 N                 -3.97262900   -1.50782100    0.83777500 

 O                 -3.01770000    0.97061400   -0.10791900 

 C                 -2.36161400    0.38586900    1.03178900 

 H                 -2.93091100    0.63025000    1.94211700 

 H                 -1.40001700    0.89347500    1.12391100 

 C                 -2.21647900   -1.10787600    0.86312700 

 H                 -2.04918100   -1.39465100   -0.18290700 

 C                 -1.47007900   -1.87210400    1.83713000 

 H                 -1.41878300   -2.95343200    1.66447000 

 C                 -1.01939100   -1.33020300    3.09428500 

 H                 -1.41785500   -0.38054200    3.46878400 

 H                 -0.75613800   -2.03409400    3.89033300 

 O                  2.26534700   -0.22300100    2.31955100 

 C                  2.42135500    0.44497500    3.53537000 

 C                  1.44798800    1.63630700    3.63986300 

 H                  1.57336800    2.20023100    4.58042700 

 H                  1.60395900    2.32880700    2.79837100 

 H                  0.40764800    1.28451900    3.57997900 

 C                  3.87363000    0.97229200    3.57538900 

 H                  4.09946800    1.50036900    4.51747500 

 H                  4.57762800    0.13126400    3.46750200 

 H                  4.04474400    1.66917300    2.74017300 

 C                  2.20725000   -0.51108300    4.72637200 

 H                  2.39133400   -0.01871000    5.69691300 

 H                  1.17550700   -0.89207300    4.71872200 

 H                  2.88679800   -1.37343200    4.63236700 

 

Ts-S 

-2986.042570 

C                  6.26581600    1.09051100   -3.59395900 

 C                  7.23716900    0.99986400   -2.61185400 

 C                  6.92633700    0.37043500   -1.38219500 

 C                  5.61305300   -0.16854800   -1.17990500 

 C                  4.63144100   -0.08172400   -2.21635400 

 C                  4.97610800    0.55718800   -3.40370300 
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 H                  8.86031600    0.63967800   -0.42722200 

 H                  6.49778200    1.57938000   -4.54328200 

 H                  8.23745000    1.40962500   -2.76655200 

 C                  7.84913500    0.24252800   -0.30690600 

 H                  4.21492700    0.62378100   -4.18284700 

 C                  6.14822200   -0.84875400    0.99629500 

 C                  7.46903800   -0.36773600    0.87163900 

 H                  5.78738900   -1.31355700    1.91976800 

 H                  8.16409700   -0.48006400    1.70559400 

 N                  5.27870700   -0.74606300    0.00882900 

 O                  3.38963400   -0.56162600   -2.09090000 

 C                  3.05942400   -1.43362500   -0.99781400 

 H                  3.56189200   -2.40275200   -1.15918800 

 H                  1.97302200   -1.59070100   -1.07689900 

 C                  3.46605800   -0.87400200    0.34684800 

 H                  3.55545200   -1.65125900    1.11328000 

 C                  3.01997400    0.40289600    0.82652300 

 H                  3.42859400    0.69758000    1.80013200 

 C                  2.27131700    1.37367600    0.07271000 

 H                  2.17252200    1.25274200   -1.01089700 

 H                  2.31996300    2.41979600    0.39861000 

 C                 -1.32309800    1.56513900   -4.07739800 

 C                 -0.46785000    2.38105500   -3.32887500 

 C                 -0.48393600    2.30299700   -1.94031800 

 C                 -1.34944300    1.42405700   -1.25070400 

 C                 -2.19098400    0.57920700   -2.01141800 

 C                 -2.16608000    0.67998700   -3.41466500 

 P                 -1.06876600    1.38154300    0.59157500 

 C                 -3.05475300   -0.53869700   -1.41818300 

 N                 -2.44859600   -1.86842900   -1.59977300 

 S                 -0.94974700   -2.05211600   -0.75023300 

 C                 -1.12758500   -3.84625000   -0.20254900 

 O                  0.15335700   -2.07689500   -1.79615300 

 C                 -4.50059900   -0.51502200   -1.89981500 

 C                 -5.17095600    0.71439500   -2.01568200 

 C                 -6.51802200    0.76402800   -2.37693900 

 C                 -7.22106100   -0.41778600   -2.63623400 

 C                 -6.56322400   -1.64479100   -2.52442500 

 C                 -5.21419800   -1.69378400   -2.15537300 

 C                 -1.00071500    3.17572100    1.04947500 

 C                 -0.24458600    3.51776300    2.18293400 

 C                 -0.20441200    4.83837500    2.63918000 

 C                 -0.91030300    5.83720700    1.96180800 

 C                 -1.65791100    5.50822200    0.82629500 
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 C                 -1.70492700    4.18681200    0.37377500 

 C                 -2.65708100    0.88272800    1.39492500 

 C                 -2.63661200   -0.29342800    2.16450600 

 C                 -3.81815000   -0.75071400    2.75870100 

 C                 -5.01348100   -0.04498600    2.59597800 

 C                 -5.02887500    1.13705600    1.84527000 

 C                 -3.85507400    1.60451800    1.25178100 

 C                 -1.42867500   -4.71229200   -1.42163200 

 C                 -2.23459500   -3.87133700    0.85093600 

 C                  0.23873300   -4.17393200    0.41272900 

 H                 -1.32620900    1.61530300   -5.16908700 

 H                  0.21319100    3.07661500   -3.82585100 

 H                  0.19457600    2.93919400   -1.36914600 

 H                 -2.83469500    0.03740000   -3.99448300 

 H                 -3.11450200   -0.40088600   -0.33535000 

 H                 -2.28093600   -2.10194000   -2.58248600 

 H                 -4.62747700    1.64125400   -1.82116500 

 H                 -4.70848900   -2.65449500   -2.05139800 

 H                  0.31689500    2.73830900    2.70533600 

 H                  0.38639800    5.08762400    3.52449600 

 H                 -0.87443800    6.87131300    2.31442800 

 H                 -2.20778500    6.28485700    0.28792300 

 H                 -2.28158900    3.94672000   -0.52231900 

 H                 -1.68936600   -0.84648000    2.26945300 

 H                 -3.79930900   -1.67180400    3.34783500 

 H                 -5.93613500   -0.41166900    3.05384800 

 H                 -5.96117700    1.69262600    1.71567500 

 H                 -3.87945700    2.52721500    0.66851000 

 H                 -0.68872400   -4.52211000   -2.21511100 

 H                 -1.37062400   -5.77750800   -1.14222300 

 H                 -2.43769200   -4.51800200   -1.81588200 

 H                 -3.19497600   -3.53336000    0.43287700 

 H                 -1.96693300   -3.23056000    1.70412400 

 H                 -2.36188200   -4.90239400    1.22139400 

 H                  0.20110100   -5.18049000    0.86171100 

 H                  1.02468200   -4.16612800   -0.35758100 

 H                  0.48328800   -3.43512700    1.19486500 

 Pd                 0.86055100    0.22525300    1.09437800 

 H                 -7.10228000   -2.57517600   -2.72252100 

 H                 -8.27487100   -0.38043000   -2.92423100 

 H                 -7.02150100    1.73101800   -2.45933600 

 O                  0.17706800   -1.46617100    2.26637900 

 C                  0.59210500   -1.65872700    3.58049000 

 C                 -0.24828600   -2.80644200    4.18467600 
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 H                  0.02656300   -3.02941200    5.22987200 

 H                 -1.31654600   -2.53720900    4.15841400 

 H                 -0.11778500   -3.72197700    3.58673200 

 C                  0.38456000   -0.38564800    4.43488800 

 H                  0.66301700   -0.53768300    5.49218800 

 H                  0.99544300    0.43945000    4.03119300 

 H                 -0.67008400   -0.07194600    4.39324500 

 C                  2.08819200   -2.05344100    3.63372800 

 H                  2.43360800   -2.27906400    4.65757700 

 H                  2.25811900   -2.94145100    3.00293200 

 H                  2.69877400   -1.22595800    3.23862500 
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10. Ligand Exchange Experiment 

 

(B): To a dried Schlenk tube was charged with PdCl2 (0.02 mmol, 3.5 mg) and chiral ligand L6 (0.02 

mmol, 9.4 mg) under a nitrogen atmosphere. Anhydrous CH2Cl2 (0.5 mL) was then injected via syringe, 

and the resulting mixture was stirred at room temperature for 30 min. After complete removal of CH2Cl2 

under reduced pressure, CDCl3 (0.7 mL) was introduced into the reaction system. Subsequently, the ³¹P 

NMR spectrum of the solution was recorded. 

(C): To a dried Schlenk tube was charged with PdCl2 (0.02 mmol, 3.5 mg), 1a (0.02 mmol, 6.3 mg) and 

chiral ligand L6 (0.02 mmol, 9.4 mg) under a nitrogen atmosphere. Anhydrous CH2Cl2 (0.5 mL) was 

then injected via syringe, and the resulting mixture was stirred at room temperature for 30 min. After 

complete removal of CH2Cl2 under reduced pressure, CDCl3 (0.7 mL) was introduced into the reaction 

system. Subsequently, the ³¹P NMR spectrum of the solution was recorded. 

(D): To a dried Schlenk tube was charged with PdCl2 (0.02 mmol, 3.5 mg), 1a (0.1 mmol, 31.5 mg) and 

chiral ligand L6 (0.02 mmol, 9.4 mg) under a nitrogen atmosphere. Anhydrous CH2Cl2 (0.5 mL) was 

then injected via syringe, and the resulting mixture was stirred at room temperature for 30 min. After 

complete removal of CH2Cl2 under reduced pressure, CDCl3 (0.7 mL) was introduced into the reaction 

system. Subsequently, the ³¹P NMR spectrum of the solution was recorded. 

(E): To a dried Schlenk tube was charged with PdCl2 (0.02 mmol, 3.5 mg) and 1a (0.02 mmol, 6.3 mg) 

under a nitrogen atmosphere. Anhydrous CH2Cl2 (0.5 mL) was then injected via syringe, and the resulting 

mixture was stirred at room temperature for 30 min. Then chiral ligand L6 (0.02 mmol, 9.4 mg) was 

added to the reaction mixture under a nitrogen atmosphere and further stirred at room temperature for 30 

min. After complete removal of CH2Cl2 under reduced pressure, CDCl3 (0.7 mL) was introduced into the 

reaction system. Subsequently, the ³¹P NMR spectrum of the solution was recorded. 

(F): To a dried Schlenk tube was charged with PdCl2 (0.02 mmol, 3.5 mg), 1a (0.02 mmol, 6.3 mg) and 

chiral ligand L6 (0.02 mmol, 9.4 mg) under a nitrogen atmosphere. Anhydrous CH2Cl2 (0.5 mL) was 



S37 

 

then injected via syringe, and the resulting mixture was stirred at room temperature for 30 min. After 

complete removal of CH2Cl2 under reduced pressure, CDCl3 (0.7 mL) and THF (0.4 mmol, 32 μL) was 

introduced into the reaction system. Subsequently, the ³¹P NMR spectrum of the solution was recorded. 
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11. Single crystal X-ray diffraction data of 3s 

 

Table 1 Crystal data and structure refinement for 240712_ZL_1131_bi_0m.  

Identification code  240712_ZL_1131_bi_0m  

Empirical formula  C31H21NO  

Formula weight  423.49  

Temperature/K  170.00  

Crystal system  monoclinic  

Space group  P21  

a/Å  5.3366(2)  

b/Å  14.7782(6)  

c/Å  13.3985(6)  

α/°  90  

β/°  90.342(2)  

γ/°  90  

Volume/Å3  1056.66(8)  

Z  2  

ρcalcg/cm3  1.331  

μ/mm-1  0.395  

F(000)  444.0  

Crystal size/mm3  0.15 × 0.06 × 0.03  

Radiation  GaKα (λ = 1.34139)  

2Θ range for data collection/°  5.738 to 121.25  

Index ranges  -6 ≤ h ≤ 6, -17 ≤ k ≤ 19, -17 ≤ l ≤ 17  

Reflections collected  35644  

Independent reflections  4755 [Rint = 0.0850, Rsigma = 0.0604]  

Data/restraints/parameters  4755/1/298  
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Goodness-of-fit on F2  1.104  

Final R indexes [I>=2σ (I)]  R1 = 0.0481, wR2 = 0.1015  

Final R indexes [all data]  R1 = 0.0584, wR2 = 0.1046  

Largest diff. peak/hole / e Å-3  0.16/-0.22  

Flack parameter -0.03(17) 

 

Table 2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters 

(Å2×103) for 240712_ZL_1131_bi_0m. Ueq is defined as 1/3 of the trace of the orthogonalised UIJ 

tensor. 

Atom x y z U(eq) 

O1 8124(3) 6159.9(11) 6867.9(12) 39.0(4) 

N1 11190(4) 4861.8(14) 5883.4(14) 29.3(4) 

C1 7423(5) 3441.6(19) 7585.8(19) 42.1(7) 

C2 5888(5) 4076(2) 8015.0(19) 43.4(7) 

C3 6154(5) 4985(2) 7770.6(18) 39.9(6) 

C4 7914(5) 5246.4(16) 7081.2(18) 32.2(6) 

C5 9403(4) 4609.0(16) 6592.2(17) 28.6(5) 

C6 9181(5) 3694.2(16) 6870.0(18) 33.9(6) 

C7 10897(5) 3056.5(17) 6402.9(19) 40.2(6) 

C8 12158(5) 3284.3(17) 5593.3(19) 39.3(6) 

C9 11746(5) 4190.8(17) 5109.6(18) 32.1(5) 

C10 11040(5) 5800.0(15) 5521.2(17) 31.0(5) 

C11 10446(5) 6398.4(16) 6408(2) 37.5(6) 

C12 13469(5) 6074.0(18) 5069(2) 39.2(6) 

C13 13769(6) 6298.1(19) 4138(2) 47.6(7) 

C14 9737(5) 4137.3(16) 4331.6(18) 32.7(5) 

C15 8163(5) 4101.9(17) 3690.0(17) 33.4(5) 

C16 6310(4) 4070.7(16) 2911.8(17) 30.8(5) 

C17 4658(5) 3340.1(16) 2837.5(17) 33.3(5) 

C18 2852(5) 3299.3(15) 2095.9(19) 33.9(6) 

C19 2595(4) 3997.4(15) 1401.7(18) 28.3(5) 

C20 4246(4) 4753.1(14) 1463.0(17) 26.2(5) 

C21 6133(4) 4784.6(15) 2213.5(17) 27.3(5) 

C22 7800(5) 5547.7(17) 2225.2(18) 35.4(6) 

C23 7554(5) 6228.7(17) 1561.9(19) 38.2(6) 

C24 5628(5) 6228.0(16) 813.9(18) 32.9(5) 

C25 3988(4) 5476.4(15) 763.6(17) 28.1(5) 

C26 2073(5) 5443.4(16) 18.6(17) 32.5(6) 

C27 483(5) 4665.8(18) -28(2) 38.7(6) 
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Table 2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters 

(Å2×103) for 240712_ZL_1131_bi_0m. Ueq is defined as 1/3 of the trace of the orthogonalised UIJ 

tensor. 

Atom x y z U(eq) 

C28 736(5) 3984.2(18) 620(2) 37.5(6) 

C29 1814(5) 6176.4(19) -640(2) 41.9(6) 

C30 3424(5) 6902.0(19) -590(2) 44.8(7) 

C31 5322(5) 6932.8(17) 124(2) 42.6(6) 

 

Table 3 Anisotropic Displacement Parameters (Å2×103) for 240712_ZL_1131_bi_0m. The 

Anisotropic displacement factor exponent takes the form: -2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

O1 45.0(10) 33.7(9) 38.4(10) -5.0(8) 5.3(8) 10.0(8) 

N1 30.7(10) 32.7(10) 24.4(10) -0.7(8) -0.7(8) 4.9(8) 

C1 44.2(16) 46.5(15) 35.6(15) 5.9(12) -4.3(12) -5.5(12) 

C2 34.8(14) 63.7(18) 31.6(15) 4.1(13) 1.4(11) -4.3(13) 

C3 32.5(14) 58.9(17) 28.3(13) -5.1(12) -1.2(11) 8.0(12) 

C4 33.4(13) 37.8(13) 25.3(12) -3.8(10) -5.1(10) 7.8(10) 

C5 27.0(12) 36.4(12) 22.5(12) -0.8(9) -4.7(9) 3.6(9) 

C6 37.7(14) 35.8(13) 28.1(13) 0.9(10) -4.4(10) 2.5(10) 

C7 54.0(17) 31.2(13) 35.4(15) 3.2(11) -4.8(13) 9.9(12) 

C8 47.6(16) 35.9(14) 34.3(14) -2.9(11) -4.1(12) 16.6(12) 

C9 33.6(13) 35.6(13) 27.2(12) -1.3(10) 2.2(10) 8.7(10) 

C10 31.7(13) 31.4(13) 29.9(13) 0.9(10) -4.7(10) 2.2(9) 

C11 42.2(14) 32.9(13) 37.5(14) -2.7(11) -0.6(12) 2.8(11) 

C12 34.1(13) 40.7(14) 42.8(15) -0.1(11) -1.5(11) -3.2(11) 

C13 49.8(17) 43.8(16) 49.2(18) -2.6(13) 8.9(14) -13.8(13) 

C14 41.1(13) 30.8(12) 26.2(12) -1.6(10) 2.8(10) 9.1(11) 

C15 39.8(14) 35.3(13) 25.2(13) -4.3(10) 4.0(11) 8.3(11) 

C16 34.0(13) 32.8(12) 25.7(12) -5.3(10) 3.4(10) 7.3(10) 

C17 42.2(14) 27.5(12) 30.2(13) 1.8(10) 7.1(10) 5.9(10) 

C18 37.6(14) 26.9(12) 37.4(14) -1.9(10) 8.3(11) -5.5(10) 

C19 27.3(12) 27.4(12) 30.3(13) -4.9(9) 5.7(9) -1.1(9) 

C20 28.7(12) 24.4(11) 25.4(11) -5.2(9) 5.6(9) 1.8(9) 

C21 28.9(12) 28.6(12) 24.6(11) -6.1(9) 3.7(9) 3.0(9) 

C22 35.1(14) 37.9(14) 33.4(14) -9.2(11) -0.5(11) -6.6(11) 

C23 43.0(14) 30.4(13) 41.3(14) -7.4(11) 7.3(12) -10.8(11) 

C24 39.5(14) 27.7(12) 31.8(13) -3.4(10) 10.1(11) 0.4(10) 

C25 30.9(13) 28.0(11) 25.4(12) -3.2(9) 8.3(10) 4.2(9) 
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Table 3 Anisotropic Displacement Parameters (Å2×103) for 240712_ZL_1131_bi_0m. The 

Anisotropic displacement factor exponent takes the form: -2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

C26 32.5(13) 39.7(13) 25.4(12) -0.3(10) 7.0(10) 9.3(10) 

C27 32.5(14) 50.0(16) 33.6(13) -7.4(11) -4.2(11) 2.9(12) 

C28 32.6(14) 39.7(14) 40.3(15) -8.8(12) 0.6(11) -7.5(11) 

C29 40.3(14) 53.0(16) 32.5(14) 4.6(12) 8.3(11) 17.7(13) 

C30 55.4(18) 40.4(15) 38.7(15) 10.5(12) 15.3(13) 18.9(14) 

C31 53.3(17) 29.0(13) 45.6(16) 1.8(11) 18.9(13) 1.5(12) 

 

Table 4 Bond Lengths for 240712_ZL_1131_bi_0m. 

Atom Atom Length/Å   Atom Atom Length/Å 

O1 C4 1.385(3)   C16 C17 1.397(3) 

O1 C11 1.431(3)   C16 C21 1.413(3) 

N1 C5 1.401(3)   C17 C18 1.381(3) 

N1 C9 1.466(3)   C18 C19 1.395(3) 

N1 C10 1.471(3)   C19 C20 1.425(3) 

C1 C2 1.374(4)   C19 C28 1.438(3) 

C1 C6 1.396(4)   C20 C21 1.419(3) 

C2 C3 1.390(4)   C20 C25 1.428(3) 

C3 C4 1.376(4)   C21 C22 1.436(3) 

C4 C5 1.398(3)   C22 C23 1.349(4) 

C5 C6 1.407(3)   C23 C24 1.431(3) 

C6 C7 1.458(4)   C24 C25 1.416(3) 

C7 C8 1.324(4)   C24 C31 1.401(3) 

C8 C9 1.504(4)   C25 C26 1.425(3) 

C9 C14 1.493(3)   C26 C27 1.430(4) 

C10 C11 1.517(3)   C26 C29 1.403(4) 

C10 C12 1.491(4)   C27 C28 1.336(4) 

C12 C13 1.301(4)   C29 C30 1.376(4) 

C14 C15 1.199(3)   C30 C31 1.390(4) 

C15 C16 1.433(3)         

  

Table 5 Bond Angles for 240712_ZL_1131_bi_0m. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C4 O1 C11 113.58(18)   C17 C16 C21 119.3(2) 



S42 

 

Table 5 Bond Angles for 240712_ZL_1131_bi_0m. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C5 N1 C9 116.14(19)   C21 C16 C15 120.1(2) 

C5 N1 C10 116.04(19)   C18 C17 C16 121.5(2) 

C9 N1 C10 114.52(18)   C17 C18 C19 120.8(2) 

C2 C1 C6 120.6(3)   C18 C19 C20 118.9(2) 

C1 C2 C3 119.9(3)   C18 C19 C28 122.7(2) 

C4 C3 C2 120.0(3)   C20 C19 C28 118.4(2) 

O1 C4 C5 120.9(2)   C19 C20 C25 119.5(2) 

C3 C4 O1 117.9(2)   C21 C20 C19 120.16(19) 

C3 C4 C5 121.2(2)   C21 C20 C25 120.38(19) 

N1 C5 C6 119.6(2)   C16 C21 C20 119.3(2) 

C4 C5 N1 122.0(2)   C16 C21 C22 122.7(2) 

C4 C5 C6 118.3(2)   C20 C21 C22 118.0(2) 

C1 C6 C5 119.8(2)   C23 C22 C21 121.4(2) 

C1 C6 C7 123.3(2)   C22 C23 C24 121.8(2) 

C5 C6 C7 117.0(2)   C25 C24 C23 118.4(2) 

C8 C7 C6 120.7(2)   C31 C24 C23 122.8(2) 

C7 C8 C9 120.4(2)   C31 C24 C25 118.8(2) 

N1 C9 C8 109.11(19)   C24 C25 C20 119.9(2) 

N1 C9 C14 112.45(18)   C24 C25 C26 120.0(2) 

C14 C9 C8 110.9(2)   C26 C25 C20 120.0(2) 

N1 C10 C11 107.59(19)   C25 C26 C27 118.8(2) 

N1 C10 C12 110.1(2)   C29 C26 C25 118.8(2) 

C12 C10 C11 110.3(2)   C29 C26 C27 122.4(2) 

O1 C11 C10 112.27(19)   C28 C27 C26 121.3(2) 

C13 C12 C10 124.8(3)   C27 C28 C19 122.0(2) 

C15 C14 C9 178.4(3)   C30 C29 C26 120.8(3) 

C14 C15 C16 178.9(3)   C29 C30 C31 120.8(2) 

C17 C16 C15 120.6(2)   C30 C31 C24 120.7(2) 

  

Table 6 Torsion Angles for 240712_ZL_1131_bi_0m. 

A B C D Angle/˚   A B C D Angle/˚ 

O1 C4 C5 N1 1.1(3)   C16 C21 C22 C23 -178.6(2) 

O1 C4 C5 C6 177.4(2)   C17 C16 C21 C20 1.3(3) 

N1 C5 C6 C1 179.2(2)   C17 C16 C21 C22 -178.4(2) 

N1 C5 C6 C7 1.0(3)   C17 C18 C19 C20 0.6(3) 

N1 C10 C11 O1 -59.9(3)   C17 C18 C19 C28 -179.8(2) 
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Table 6 Torsion Angles for 240712_ZL_1131_bi_0m. 

A B C D Angle/˚   A B C D Angle/˚ 

N1 C10 C12 C13 117.2(3)   C18 C19 C20 C21 0.7(3) 

C1 C2 C3 C4 1.6(4)   C18 C19 C20 C25 -179.4(2) 

C1 C6 C7 C8 166.1(3)   C18 C19 C28 C27 178.8(2) 

C2 C1 C6 C5 0.7(4)   C19 C20 C21 C16 -1.6(3) 

C2 C1 C6 C7 178.7(2)   C19 C20 C21 C22 178.1(2) 

C2 C3 C4 O1 -179.5(2)   C19 C20 C25 C24 -179.6(2) 

C2 C3 C4 C5 2.1(4)   C19 C20 C25 C26 0.7(3) 

C3 C4 C5 N1 179.5(2)   C20 C19 C28 C27 -1.6(3) 

C3 C4 C5 C6 -4.2(3)   C20 C21 C22 C23 1.7(3) 

C4 O1 C11 C10 50.4(3)   C20 C25 C26 C27 -1.7(3) 

C4 C5 C6 C1 2.8(3)   C20 C25 C26 C29 178.1(2) 

C4 C5 C6 C7 -175.3(2)   C21 C16 C17 C18 0.0(3) 

C5 N1 C9 C8 -47.3(3)   C21 C20 C25 C24 0.3(3) 

C5 N1 C9 C14 76.2(3)   C21 C20 C25 C26 -179.4(2) 

C5 N1 C10 C11 40.1(3)   C21 C22 C23 C24 0.0(4) 

C5 N1 C10 C12 160.37(19)   C22 C23 C24 C25 -1.5(3) 

C5 C6 C7 C8 -15.9(4)   C22 C23 C24 C31 179.3(2) 

C6 C1 C2 C3 -2.9(4)   C23 C24 C25 C20 1.3(3) 

C6 C7 C8 C9 -3.1(4)   C23 C24 C25 C26 -178.9(2) 

C7 C8 C9 N1 33.5(3)   C23 C24 C31 C30 180.0(2) 

C7 C8 C9 C14 -90.8(3)   C24 C25 C26 C27 178.5(2) 

C9 N1 C5 C4 -151.9(2)   C24 C25 C26 C29 -1.6(3) 

C9 N1 C5 C6 31.9(3)   C25 C20 C21 C16 178.5(2) 

C9 N1 C10 C11 179.76(19)   C25 C20 C21 C22 -1.8(3) 

C9 N1 C10 C12 -60.0(2)   C25 C24 C31 C30 0.8(4) 

C10 N1 C5 C4 -12.9(3)   C25 C26 C27 C28 1.2(4) 

C10 N1 C5 C6 170.9(2)   C25 C26 C29 C30 2.0(3) 

C10 N1 C9 C8 173.2(2)   C26 C27 C28 C19 0.5(4) 

C10 N1 C9 C14 -63.4(3)   C26 C29 C30 C31 -1.0(4) 

C11 O1 C4 C3 161.2(2)   C27 C26 C29 C30 -178.2(2) 

C11 O1 C4 C5 -20.4(3)   C28 C19 C20 C21 -178.9(2) 

C11 C10 C12 C13 -124.2(3)   C28 C19 C20 C25 1.0(3) 

C12 C10 C11 O1 180.0(2)   C29 C26 C27 C28 -178.7(2) 

C15 C16 C17 C18 179.7(2)   C29 C30 C31 C24 -0.5(4) 

C15 C16 C21 C20 -178.4(2)   C31 C24 C25 C20 -179.5(2) 

C15 C16 C21 C22 1.9(3)   C31 C24 C25 C26 0.3(3) 

C16 C17 C18 C19 -0.9(4)             
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Table 7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement Parameters (Å2×103) for 

240712_ZL_1131_bi_0m. 

Atom x y z U(eq) 

H1 7288.01 2824.82 7777.97 51 

H2 4644.77 3894.36 8478.25 52 

H3 5121.77 5426.27 8079.47 48 

H7 11112.69 2470.79 6682.87 48 

H8 13331.12 2872.61 5316.11 47 

H9 13339.01 4373.18 4775.43 39 

H10 9670.38 5851.72 5011.63 37 

H11A 11814.93 6347.15 6907.31 45 

H11B 10365.86 7036.51 6185.71 45 

H12 14904.72 6085.84 5491.28 47 

H13A 12377.17 6294.35 3693.25 57 

H13B 15380.65 6465.54 3904.1 57 

H17 4779.94 2860.52 3307.42 40 

H18 1771.67 2789.39 2058.21 41 

H22 9102.79 5573.16 2710.55 43 

H23 8690.96 6722.71 1591.89 46 

H27 -777.87 4632.94 -530.43 46 

H28 -343.91 3475.64 562.56 45 

H29 511 6171.3 -1126.22 50 

H30 3235.91 7387.9 -1048.19 54 

H31 6424.1 7437.35 145.08 51 
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12. NMR Spectra and HPLC data 
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