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Table 1. Screening the reaction conditions of tuning the product selectivity. 
 
 
 
 
 
 
 
 

Entry Conditionsa 
Yield (%) b 

2a 3a 

1 10 mol% In(OTf)3, DCE, MS, reflux, 31 h < 5 7 

2 10 mol% Mg(OTf)2, DCE, MS, reflux, 22 h 0 0 

3 10 mol% Cu(OTf)2, DCE, MS, reflux, 31 h -- 11 

4 10 mol% Ni(ClO4)2
.6H2O, DCE, MS, reflux, 16 h < 5 < 5 

5 10 mol% Y(OTf)3, DCE, MS, reflux, 31 h 43 8 

6 10 mol% Yb(OTf)3, DCE, MS, reflux, 31 h 28 10 

7 10 mol% Bi(OTf)3, DCE, MS, reflux, 22 h < 5 63 

8 10 mol% Sc(OTf)3, DCE, MS, reflux, 35 h 80c < 5 

9 10 mol% Sc(OTf)3, DCE, reflux, 35 h 86d < 5 

10 10 mol% Sc(OTf)3, DCM, MS, reflux, 35 h 29 < 5 

11 10 mol% Sc(OTf)3, TCE, MS, 80 oC, 36 h 43 < 5 

12 10 mol% Sc(OTf)3, CHCl3, MS, reflux, 24 h 55 25 

13 10 mol% Sc(OTf)3, toluene, MS, 80 oC, 22 h 57 < 5 

14 10 mol% Sc(OTf)3, CH3CN, MS, reflux, 35 h 0 0 

15 5 mol% IPrAuCl/AgOTf, DCE, RT, 5 h 0 92 

16 5 mol% IPrAuCl/AgOTf, CH3CN, RT, 3 h 0 92 

17 5 mol% IPrAuCl/AgOTf, toluene, RT, 10 h 0 89 

18 5 mol% IPrAuCl/AgSbF6, CH3CN, RT, 6 h 0 79 

19 5 mol% PPh3AuCl/AgSbF6, CH3CN, RT, 1 h 0 64 

20 5 mol% PPh3AuCl/AgOTf, CH3CN, RT, 4 h 0 71 

21 5 mol% AuCl, CH3CN, RT, 11.5 h 0 81 
a Unless otherwise specified, the reaction was run with a 0.2-0.3 mmol scale (0.1 M) with (25-38 
mg) or without 4Å molecular sieves. DCE = 1,2-dichloroethane, TCE = 1,1,2,2-tetrachloroethane;  
b isolated yield; c dr = 12:1; d dr = 15:1. 
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Figure 1. X-ray crystal structure of compound 2n 
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Figure 2. X-ray crystal structure of compound 3g 
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General procedure for the synthesis of yne-enones:  

 

1. (E)-3-(2-morpholinobenzylidene)-5-phenylpent-4-yn-2-one 

(Z)-3-bromo-4-(2-morpholinophenyl)but-3-en-2-one (5 mmol, 1.55 g), 

whichwas started from 2-fluorobenzaldehyde, ethynylbenzene (7.5 mmol, 

0.765 g), Pd(PPh3)4 (1 mol%, 57.8 mg), and CuI (2 mol%, 19.1 mg) were taken 

up in THF at room temperature. Diisopropyl amine (15 mmol, 1.52 g) was 

added, and the resulting reaction mixture was stirred at room temperature till 

the complete consumption of the bromide as determined by TLC analysis. 

Water was added and the mixture was extracted three times with Et2O, the 

combined organic layers were washed with brine and dried (MgSO4). After 

filtration and concentration, the residue was purified by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 10 : 1) to give the 

desired product 1a (1.59 g) as a yellow solid in 96% yield. m.p: 92-94 ℃; 1H 

NMR (300 MHz, CDCl3): 8.44 (d, J = 7.8 Hz, 1 H), 8.23 (s, 1 H), 7.55-7.47 (m, 

2 H), 7.45-7.30 (m, 4 H), 7.14 (t, J = 7.5 Hz, 1 H), 7.08 (d, J = 7.8 Hz, 1 H), 3.90 

(t, J = 4.5 Hz, 4 H), 2.99 (t, J = 4.5 Hz, 4 H), 2.62 (s, 3 H); 13C NMR (75 MHz, 

CDCl3): 196.23, 153.42, 140.46, 131.37, 129.78, 128.69, 128.46, 128.09, 

122.93, 122.42, 119.57, 118.24, 98.15, 86.62, 67.15, 53.42, 28.12 ppm. MS 

(70 eV): m/z (%): 331 (M+, 47.61), 230 (100). Anal, calcd for C22H21NO2: C, 

79.73, H, 6.39, N, 4.23, found: C, 79.93, H, 6.42. N, 4.19. 
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2. (E)-3-(2-morpholinobenzylidene)-5-p-tolylpent-4-yn-2-one 

 

The reaction of (Z)-3-bromo-4-(2-morpholinophenyl)but-3-en-2-one (5 mmol, 

1.55 g), 1-ethynyl-4-methylbenzene (7.5 mmol, 0.87 g), Pd(PPh3)4 (1 mol%, 

57.8 mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.515 g) in 

THF afforded 1b (1.66 g) as a yellow solid in 96% yield by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 10 : 1); m.p: 

127-128 ℃; 1H NMR (300 MHz, CDCl3): 8.45 (d, J = 7.8 Hz, 1 H), 8.21 (s, 1 H), 

7.45-7.35 (m, 3 H), 7.20-7.00 (m, 4 H), 3.90 (t, J = 4.5 Hz, 4 H), 2.99 (t, J = 4.5 

Hz, 4 H), 2.62 (s, 3 H), 2.38 (s, 3 H); 13C NMR ( 75 MHz, CDCl3): 196.39, 

153.33, 139.89, 138.95, 131.27, 131.24, 129.72, 129.21, 128.08, 122.37, 

119.81, 119.63, 118.16, 98.39, 86.01, 67.12, 53.37, 28.16, 21.52 ppm; MS (70 

eV): m/z (%): 345 (M+, 69.82), 244 (100). HRMS calcd for C23H23NO2: 

345.1729, found: 345.1729. 

 

3.(E)-5-(4-methoxyphenyl)-3-(2-morpholinobenzylidene)pent-4-yn-2-one 

 

The reaction of (Z)-3-bromo-4-(2-morpholinophenyl)but-3-en-2-one (5 mmol, 
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1.55 g), 1-ethynyl-4-methoxybenzene (7.5 mmol, 0.99 g), Pd(PPh3)4 (1 mol%, 

57.8 mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.515 g) in 

THF afforded 1c (1.66 g) as a yellow solid in 92% yield by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 8 : 1); m.p: 82-83 ℃; 

1H NMR (300 MHz, CDCl3): 8.45 (d, J = 7.8 Hz, 1 H), 8.17 (s, 1 H), 7.50-7.35 

(m, 3 H), 7.13 (t, J = 7.5 Hz, 1 H), 7.06 (d, J = 7.8 Hz, 1 H), 6.89 (d, J = 9.0 Hz, 

2 H), 3.90 (t, J = 4.5 Hz, 4 H), 3.83 (s, 3 H), 2.98 (t, J = 4.5 Hz, 4 H), 2.61 (s, 3 

H); 13C NMR (75 MHz, CDCl3): 196.48, 159.95, 153.28, 139.45, 132.87, 

131.19, 129.68, 128.17, 122.35, 119.80, 118.16, 115.00, 114.12, 98.30, 85.43, 

67.14, 55.30, 53.36, 28.13 ppm; MS (70 eV): m/z (%): 361 (M+, 35.80), 91 

(100). Anal, calcd for C23H23NO3: C, 76.43; H, 6.41; N, 3.88; found: C, 76.47, H, 

6.62. N, 3.90. 

 

4. (E)-3-(2-morpholinobenzylidene)-5-(4-nitrophenyl)pent-4-yn-2-one 

 

The reaction of (Z)-3-bromo-4-(2-morpholinophenyl)but-3-en-2-one (5 mmol, 

1.55 g), 1-ethynyl-4-nitrobenzene (7.5 mmol, 1.1025 g), Pd(PPh3)4 (1 mol%, 

57.8 mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.515 g) in 

THF afforded 1d (0.90 g) as an orange solid in 48% yield by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 5 : 1); m.p: 158-159 ℃; 

1H NMR (300 MHz, CDCl3): 8.40-8.25 (m, 2 H), 8.23 (d, J = 8.1 Hz, 2 H), 7.62 

(d, J = 8.1 Hz, 2 H), 7.45 (t, J = 7.8 Hz, 1 H), 7.19-7.06 (m, 2 H), 3.90 (t, J = 4.2 

Hz, 4 H), 3.00 (t, J = 4.2 Hz, 4 H), 2.62 (s, 3 H); 13C NMR (75 MHz, CDCl3): 

195.42, 153.66, 147.15, 143.13, 132.06, 129.74, 129.66, 127.66, 123.76, 
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122.45, 118.88, 118.48, 95.81, 91.59, 67.13, 53.48, 28.03 ppm. MS (70 eV): 

m/z (%): 376 (M+, 68.11), 43 (100). HRMS calcd for C22H20N2O4: 376.1423, 

found: 376.1423. 

 

5. (E)-5-cyclohexenyl-3-(2-morpholinobenzylidene)pent-4-yn-2-one 

N

Me

O

O

 

The reaction of (Z)-3-bromo-4-(2-morpholinophenyl)but-3-en-2-one (5 

mmol, 1.55 g), 1-ethynylcyclohex-1-ene (7.5 mmol, 0.80 g), Pd(PPh3)4 (1 

mol%, 57.8 mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 

1.515 g) in THF afforded 1e (1.36 g) as an yellow solid in 81% yield by flash 

column chromatography on silica gel (hexanes/ethyl acetate = 20 : 1); m.p: 

113-114 ℃; 1H NMR (300 MHz, CDCl3): 8.36 (d, J = 7.8 Hz, 1 H), 8.09 (s, 1 H), 

7.35 (t, J = 7.5 Hz, 1 H), 7.12-6.95 (m, 2 H), 6.19 (brs, 1 H), 3.86 (t, J = 4.5 Hz, 

4 H), 2.93 (t, J = 4.5 Hz, 4 H), 2.52 (s, 3 H), 2.25-2.05 (m, 4 H), 1.70-1.50 (m, 4 

H); 13C NMR (75 MHz, CDCl3): 196.48, 153.10, 138.78, 135.93, 130.97, 

129.49, 128.06, 122.17, 120.65, 119.74, 118.00, 100.24, 84.06, 67.01, 53.24, 

28.54, 27.93, 25.68, 22.07, 21.31 ppm. MS (70 eV): m/z (%): 335 (M+, 45.95), 

292 (100). HRMS calcd for C22H25NO2: 335.1885, found: 335.1886.  

 

6. (E)-3-(2-morpholinobenzylidene)non-4-yn-2-one 
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The reaction of (Z)-3-bromo-4-(2-morpholinophenyl)but-3-en-2-one (5 

mmol, 1.55 g), hex-1-yne (7.5 mmol, 0.62 g), Pd(PPh3)4 (1 mol%, 57.8 mg), 

CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.52 g) in THF 

afforded 1f (1.51 g) as an yellow oil in 97% yield by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 20 : 1); 1H NMR (300 

MHz, CDCl3): 8.37 (dd, J = 7.8, 1.2 Hz, 1 H), 8.09 (s, 1 H), 7.37 (td, J =7.5, 1.2 

Hz, 1 H), 7.12-6.95 (m, 2 H), 3.88 (t, J = 4.5 Hz, 4 H), 2.95 (t, J = 4.5 Hz, 4 H), 

2.55-2.40 (m, 5 H), 1.70-1.55 (m, 2 H), 1.55-1.40 (m, 2 H), 0.95 (t, J = 7.2 Hz, 3 

H); 13C NMR (75 MHz, CDCl3): 197.08, 152.95, 139.18, 130.93, 129.46, 

128.06, 122.18, 120.28, 117.99, 99.95, 77.29, 67.08, 53.22, 30.39, 27.93, 

22.01, 19.48, 13.54 ppm. MS (70 eV): m/z (%): 311 (M+, 79.82), 268 (100). 

HRMS calcd for C20H25NO2: 311.1884, found: 311.1885. 

 

7. (E)-5-phenyl-3-(2-(piperidin-1-yl)benzylidene)pent-4-yn-2-one 

 

The reaction of (Z)-3-bromo-4-(2-(piperidin-1-yl)phenyl)but-3-en-2-one (5 

mmol, 1.535 g), ethynylbenzene (7.5 mmol, 0.77 g), Pd(PPh3)4 (1 mol%, 57.8 

mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.52 g) in THF 

afforded 1g (1.58 g) as an yellow solid in 96% yield by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 30 : 1); m.p.: 

109-110 ; ℃ 1H NMR (300 MHz, CDCl3): 8.44 (d, J = 7.5 Hz, 1 H), 8.21 (s, 1 H), 

7.60-7.45 (m, 2 H), 7.43-7.30 (m, 4 H), 7.15-7.10 (m, 2 H), 3.00-2.85 (m, 4 H), 

2.63 (s, 3 H), 1.85-1.70 (m, 4 H), 1.65-1.52 (m, 2 H);  13C NMR (75 MHz, 

CDCl3): 196.50, 155.02, 141.45, 131.38, 131.27, 129.60, 128.54, 128.42, 

127.98, 123.11, 121.48, 119.09, 118.39, 97.87, 86.76, 54.65, 28.04, 26.42, 
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24.21 ppm. MS (70 eV): m/z (%): 329 (M+, 63.14), 286 (100). Anal, calcd for 

C23H23NO: C, 83.85, H, 7.04, N, 4.25, found: C, 83.90, H, 6.98. N, 4.21. 

 

8. (E)-3-(2-(piperidin-1-yl)benzylidene)-5-p-tolylpent-4-yn-2-one 

N

Me

O

Me  

The reaction of (Z)-3-bromo-4-(2-(piperidin-1-yl)phenyl)but-3-en-2-one (5 

mmol, 1.54 g), 1-ethynyl-4-methylbenzene (7.5 mmol, 0.87 g), Pd(PPh3)4 (1 

mol%, 57.8 mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.52 

g) in THF afforded 1h (1.44 g) as an yellow solid in 84% yield by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 40 : 1); m.p.: 

126-128 ℃; 1H NMR (300 MHz, CDCl3): 8.45 (d, J = 7.8 Hz, 1 H), 8.19 (s, 1 H), 

7.45-7.30 (m, 3 H), 7.17 (d, J = 8.1 Hz, 2 H), 7.10-7.00 (m, 2 H), 3.05-2.85 (m, 

4 H), 2.62 (s, 3 H), 2.38 (s, 3 H), 1.80-1.70 (m, 4 H), 1.65-1.50 (m, 2 H);  13C 

NMR (75 MHz, CDCl3): 196.60, 155.00, 140.95, 138.78, 131.29, 131.16, 

129.60, 129.19, 128.11, 121.49, 120.10, 119.29, 118.39, 98.18, 86.21, 54.65, 

28.01, 26.44, 24.24, 21.52 ppm. MS (70 eV): m/z (%): 343 (M+, 41.18), 149 

(100). Anal, calcd for C24H25NO: C, 83.93, H, 7.34, N, 4.08, found: C, 83.79, H, 

7.35. N, 4.06. 

 

9. (E)-5-(4-methoxyphenyl)-3-(2-(piperidin-1-yl)benzylidene)pent-4-yn-2- 

one 
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N

Me

O

OMe  

The reaction of (Z)-3-bromo-4-(2-(piperidin-1-yl)phenyl)but-3-en-2-one (5 

mmol, 1.54 g), 1-ethynyl-4-methoxybenzene (7.5 mmol, 0.99 g), Pd(PPh3)4 (1 

mol%, 57.8 mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.52 

g) in THF afforded 1i (1.60 g) as an yellow solid in 89% yield by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 50 : 1); m.p.: 98-99 ℃; 

1H NMR (300 MHz, CDCl3): 8.45 (d, J = 7.5 Hz, 1 H), 8.17 (s, 1 H), 7.55-7.40 

(m, 2 H), 7.39-7.30 (m, 1 H), 7.10-7.00 (m, 2 H), 6.95-6.80 (m, 2 H), 3.83 (s, 3 

H), 3.00-2.87 (m, 4 H), 2.62 (s, 3 H), 1.87-1.72 (m, 4 H), 1.65-1.55 (m, 2 H);  

13C NMR (75 MHz, CDCl3): 196.65, 159.89, 154.94, 140.51, 132.88, 131.08, 

129.55, 128.19, 121.47, 119.46, 118.38, 115.30, 114.12, 98.06, 85.61, 55.31, 

54.63, 27.98, 26.44, 24.24 ppm. MS (70 eV): m/z (%): 359 (M+, 93.29), 316 

(100). HRMS calcd for C24H25NO2: 359.1885, found: 359.1884.  

 

10. (E)-5-cyclopropyl-3-(2-(piperidin-1-yl)benzylidene)pent-4-yn-2-one 

 

The reaction of (Z)-3-bromo-4-(2-(piperidin-1-yl)phenyl)but-3-en-2-one (5 

mmol, 1.54 g), ethynylcyclopropane (7.5 mmol, 0.495 g), Pd(PPh3)4 (1 mol%, 

57.8 mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.52 g) in 

THF afforded 1j (1.14 g) as an yellow solid in 78% yield by flash column 
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chromatography on silica gel (hexanes/ethyl acetate = 50 : 1); m.p.: 68-69 ℃; 

1H NMR (300 MHz, CDCl3): 8.32 (d, J = 7.2 Hz, 1 H), 8.07 (s, 1 H), 7.36-7.28 

(m, 1 H), 7.05-6.95 (m, 2 H), 2.95-2.85 (m, 4 H), 2.50 (s, 3 H), 1.80-1.70 (m, 4 

H), 1.60-1.45 (m, 3 H), 0.95-0.75 (m, 4 H);  13C NMR (75 MHz, CDCl3): 

197.10, 154.63, 140.23, 130.85, 129.14, 128.18, 121.31, 119.91, 118.27, 

102.63, 72.71, 54.52, 27.71, 26.42, 24.21, 8.68, 0.71 ppm. MS (70 eV): m/z 

(%): 293 (M+, 42.70), 250 (100). HRMS calcd for C20H23NO: 293.1780, found: 

293.1779.  

 

11. (E)-3-(2-(azocan-1-yl)benzylidene)-5-phenylpent-4-yn-2-one 

 

The reaction of (Z)-4-(2-(azocan-1-yl)phenyl)-3-bromobut-3-en-2-one (5 

mmol, 1.68 g), ethynylbenzene (7.5 mmol, 0.77 g), Pd(PPh3)4 (1 mol%, 57.8 

mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.52 g) in THF 

afforded 1k (1.39 g) as an red oil in 78% yield by flash column chromatography 

on silica gel (hexanes/ethyl acetate = 70 : 1); 1H NMR (300 MHz, CDCl3): 8.39 

(d, J = 7.8 Hz, 1 H), 8.31 (s, 1 H), 7.55-7.48 (m, 2 H), 7.40-7.30 (m, 4 H), 7.19 

(d, J = 7.5 Hz, 1 H), 7.03 (t, J = 7.5 Hz, 1 H), 3.30-3.22(m, 4 H), 2.64 (s, 3 H), 

1.77 (bs, 10 H); 13C NMR (75 MHz, CDCl3): 196.26, 155.74, 142.97, 131.28, 

131.08, 129.88, 128.46, 128.37, 128.06, 123.11, 120.72, 120.09, 118.35, 

97.58, 87.00, 55.54, 28.21, 28.12, 27.45, 25.08 ppm; MS (70 eV): m/z (%): 357 

(100). HRMS calcd for C25H27NO: 357.2093, found: 357.2092.  

 

12. (E)-3-(2-(dibenzylamino)benzylidene)-5-phenylpent-4-yn-2-one 
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The reaction of (Z)-3-bromo-4-(2-(dibenzylamino)phenyl)but-3-en-2-one (5 

mmol, 2.10 g), ethynylbenzene (7.5 mmol, 0.77 g), Pd(PPh3)4 (1 mol%, 57.8 

mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.52 g) in THF 

afforded 1l (1.94 g) as an yellow oil in 88% yield by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 40 : 1); 1H NMR (300 

MHz, CDCl3): 8.50 (s, 1 H), 8.42 (d, J = 7.8 Hz, 1 H), 7.55-7.45 (m, 2 H), 

7.40-7.34 (m, 3 H), 7.32-7.15 (m, 11 H), 7.08 (t, J = 7.5 Hz, 1 H), 6.98 (d, J = 

8.1 Hz, 1 H), 4.17 (s, 3 H), 2.58 (s, 3 H); 13C NMR ( 75 MHz, CDCl3): 196.37, 

152.03, 141.39, 137.64, 131.41, 130.74, 129.88, 129.28, 128.61, 128.45, 

128.31, 127.17, 123.04, 122.38, 121.73, 119.81, 97.90, 86.74, 57.82, 28.06 

ppm; MS (70 eV): m/z (%): 441 (M+, 14.55), 91 (100). HRMS calcd for 

C32H27NO: 441.2093, found: 441.2094 

 

13. (E)-3-(2-(diethylamino)benzylidene)-5-phenylpent-4-yn-2-one 

 

The reaction of (Z)-3-bromo-4-(2-(diethylamino)phenyl)but-3-en-2-one (5 

mmol, 1.48 g), ethynylbenzene (7.5 mmol, 0.77 g), Pd(PPh3)4 (1 mol%, 57.8 

mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.515 g) in THF 

afforded 1m (0.97 g) as an yellow oil in 61% yield by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 80 : 1); 1H NMR (300 

MHz, CDCl3): 8.47 (d, J = 7.8 Hz, 1 H), 8.24 (s, 1 H), 7.55-7.45 (m, 2 H), 
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7.40-7.30 (m, 4 H), 7.15-7.00 (m, 2 H), 3.10 (q, J = 7.2 Hz, 4 H), 2.63 (s, 3 H), 

1.07 (t, J = 7.2 Hz, 6 H); 13C NMR (75 MHz, CDCl3): 196.58, 152.60, 141.89, 

131.34, 130.62, 129.78, 129.76, 128.52, 128.42, 123.13, 121.57, 120.82, 

118.90, 97.75, 86.96, 47.94, 28.12, 12.45 ppm; MS (70 eV): m/z (%): 317 (M+, 

20.24), 288 (100). HRMS calcd for C22H23NO: 317.1780, found: 317.1779. 

 

14. (E)-3-(4-bromo-2-morpholinobenzylidene)-5-phenylpent-4-yn-2-one 

 

The reaction of (Z)-3-bromo-4-(4-bromo-2-morpholinophenyl)but-3-en-2- 

one (5 mmol, 1.95 g), ethynylbenzene (7.5 mmol, 0.765 g), Pd(PPh3)4 (1 mol%, 

57.8 mg), CuI (2 mol%, 19.1 mg) and diisopropyl amine (15 mmol, 1.52 g) in 

THF afforded 1n (1.62 g) as an yellow solid in 79% yield by flash column 

chromatography on silica gel (hexanes/ethyl acetate = 10 : 1); m.p: 

144-145 ℃; 1H NMR (300 MHz, CDCl3): 8.28 (d, J = 8.4 Hz, 1 H), 8.08 (s, 1 H), 

7.55-7.46 (m, 2 H), 7.40-7.30 (m, 3 H), 7.28-7.20 (m, 1 H), 7.19-7.11 (m, 1 H), 

3.89 (t, J = 4.5 Hz, 4 H), 2.98 (t, J = 4.5 Hz, 4 H), 2.61 (s, 3 H); 13C NMR ( 75 

MHz, CDCl3): 195.90, 154.33, 139.10, 131.33, 130.81, 128.88, 128.52, 126.81, 

125.46, 125.40, 122.63, 121.80, 119.79, 98.73, 86.35, 66.93, 53.19, 28.14. MS 

(70 eV): m/z (%): 409 (M+, 18.26), 411 (M++2, 18.18), 43 (100). Anal, calcd for 

C22H20BrNO2: C, 64.40, H, 4.91, N, 3.41, found: C, 64.29, H, 4.91. N, 3.41. 

 

15. (E)-2-(5-bromo-2-(piperidin-1-yl)benzylidene)-1-phenyl-4-p-tolylbut-3- 

yn-1-one 
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The reaction of (Z)-2-bromo-3-(5-bromo-2-(piperidin-1-yl)phenyl)-1-phenyl- 

prop-2-en-1-one (5 mmol, 2.25 g), 1-ethynyl-4-methylbenzene (7.5 mmol, 0.87 

g), Pd(PPh3)4 (1 mol%, 57.8 mg), CuI (2 mol%, 19.1 mg) and diisopropyl 

amine (15 mmol, 1.52 g) in THF afforded 1o (2.06 g) as an yellow solid in 85% 

yield by flash column chromatography on silica gel (hexanes/ethyl acetate = 

30 : 1); m.p: 122-123 ℃; 1H NMR (300 MHz, CDCl3): 8.83 (d, J = 2.4 Hz, 1 H), 

7.99 (d, J = 8.7 Hz, 2 H), 7.87 (s, 1 H), 7.60-7.52 (m, 1 H), 7.52-7.40 (m, 3 H), 

7.36 (d, J = 8.4 Hz, 2 H), 7.14 (d, J = 8.1 Hz, 2 H), 6.92 (d, J = 8.7 Hz, 1 H), 

2.95-2.80 (m, 4 H), 2.36 (s, 3 H), 1.70-1.60 (m, 4 H), 1.59-1.49 (m, 2 H); 13C 

NMR ( 75 MHz, CDCl3): δ= 193.53, 153.46, 140.95, 139.05, 137.37, 133.47, 

132.29, 132.00, 131.45, 130.21, 129.57, 129.18, 128.03, 120.76, 120.34, 

119.68, 114.54, 101.14, 86.04, 54.44, 26.16, 23.98, 21.56 ppm. MS (70 eV): 

m/z (%): 483 (M+, 22.11), 105 (100). HRMS calcd for C29H26BrNO: 483.1198, 

found: 483.1200. 

 

16. 1-((4aS,5R)-5-(phenylethynyl)-1,2,4,4a,5,6-hexahydro-[1,4]oxazino[4, 

3-a]quinolin-5-yl)ethanone 

 

Synthesis of 2a: A solution of 1a (0.3 mmol, 99.3 mg) and Sc(OTf)3 (10 
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mol%, 14.8 mg) in DCE (3.0 mL) was stirred under reflux for 34.5 h. The 

reaction was completed as determined by TLC analysis. After concentration of 

the reaction mixture under reduced pressure, the residue was purified by flash 

column chromatography on silica gel (hexanes/ethyl acetate = 40 : 1) to afford 

the pure product 2a (85.3 mg, dr = 15 : 1) as a yellow oil in a yield of 86%; 1H 

NMR (300 MHz, CDCl3): major : 7.40-7.24 (m, 5 H), 7.20-7.10 (m, 1 H), 7.04 (d, 

J = 7.2 Hz, 1 H), 6.85-6.70 (m, 2 H), 4.10-3.90 (m, 2 H), 3.80-3.70 (m, 2 H), 

3.69-3.60 (m, 2 H), 3.25 (d, J = 15.3 Hz, 1 H), 3.20-3.10 (m, 1 H), 3.05 (d, J = 

15.3 Hz, 1 H ), 2.53 (s, 3 H); 13C NMR (75 MHz, CDCl3): 205.61, 144.38, 

131.61, 129.23, 128.40, 128.21, 127.66, 122.52, 120.59, 118.23, 112.26, 

86.96, 86.84, 68.25, 66.38, 58.40, 49.36, 46.97, 38.05, 27.67 ppm. MS (70 eV): 

m/z (%): 331 (100). HRMS calcd for C22H21NO2: 331.1572, found: 331.1570. 

 

17. (1-((4aS,5R)-5-(p-tolylethynyl)-1,2,4,4a,5,6-hexahydro-[1,4]oxazino 

[4,3-a]quinolin-5-yl)ethanone) 

 

The reaction of 1b (0.3 mmol, 103.5 mg) under the catalysis of Sc(OTf)3 

(10 mol%, 14.8 mg) in DCE (3.0 mL) afforded the 2b (70.4 mg, dr = 17 : 1) by 

flash column chromatography on silica gel (hexanes/ethyl acetate = 40 : 1) as 

a light yellow oil in 68% yield; 1H NMR (300 MHz, CDCl3): major : 7.30-7.00 (m, 

6 H), 6.85-6.70 (m, 2 H), 4.05-3.90 (m, 2 H), 3.80-3.60 (m, 4 H), 3.23 (d, J = 

15.3 Hz, 1 H), 3.20-3.00 (m, 2 H), 2.52 (s, 3 H), 2.34 (s, 3 H); 13C NMR (75 

MHz, CDCl3): 205.74, 144.35, 138.55, 131.49, 129.21, 128.94, 127.64, 120.70, 

119.43, 118.21, 112.26, 87.05, 86.04, 68.26, 66.34, 58.39, 49.33, 47.01, 37.95, 

27.59, 21.42 ppm. MS (70 eV): m/z (%): 345 (100). HRMS calcd for C23H23NO2: 
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345.1729, found: 345.1729. 

 

18. 1-((4aS,5R)-5-((4-nitrophenyl)ethynyl)-1,2,4,4a,5,6-hexahydro-[1,4]ox- 

azino[4,3-a]quinolin-5-yl)ethanone 

 

The reaction of 1d (0.3 mmol, 112.8 mg) under the catalysis of Sc(OTf)3 

(10 mol%, 14.8 mg) in DCE (3.0 mL) afforded the 2d (89.1 mg, dr = 10 : 1) by 

flash column chromatography on silica gel (hexanes/ethyl acetate = 10 : 1) as 

a light yellow solid in 79% yield; m.p.: 109-110 , ℃ 1H NMR (300 MHz, CDCl3): 

major: 8.13 (d, J = 8.7 Hz, 2 H), 7.45 (d, J = 8.7 Hz, 2 H), 7.17 (t, J = 7.8 Hz, 1 

H), 7.03 (d, J = 7.2 Hz, 1 H), 6.85-6.70 (m, 2 H), 3.99 (d, J = 8.1 Hz, 2 H), 

3.85-3.55 (m, 4 H), 3.27(d, J = 15.6 Hz, 1 H), 3.15-3.00 (m, 2 H), 2.53 (s, 3 H); 

13C NMR (75 MHz, CDCl3): 204.77, 147.10, 144.31, 132.45, 129.33, 129.27, 

127.84, 123.47, 120.05, 118.48, 112.42, 92.58, 85.27, 68.12, 66.50, 58.41, 

49.56, 46.88, 38.20, 28.05 ppm. MS (70 eV): m/z (%): 376 (100). HRMS calcd 

for C22H20N2O4: 376.1423, found: 376.1425. 

 

19. 1-((4aR,5R)-5-(phenylethynyl)-2,3,4,4a,5,6-hexahydro-1H-pyrido[1,2-a] 

quinolin-5-yl)ethanone 
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The reaction of 1g (0.3 mmol, 98.7 mg) under the catalysis of Sc(OTf)3 (10 

mol%, 14.8 mg) in DCE (3.0 mL) afforded the 2g (74.1 mg, dr = 11 : 1) by flash 

column chromatography on silica gel (hexanes/ethyl acetate = 40 : 1) as a light 

yellow solid in 75% yield; m.p: 82-83 ℃; 1H NMR (300 MHz, CDCl3): major: 

7.40-7.35 (m, 2 H), 7.35-7.25 (m, 3 H), 7.15-7.00 (m, 2 H), 6.79 (d, J = 8.4 Hz, 

1 H), 6.69 (t, J = 7.2 Hz, 1 H), 4.05 (d, J = 7.2 Hz, 1 H), 3.69 (d, J = 10.5 Hz, 1 

H), 3.36 (d, J = 15.6 Hz, 1 H), 3.10-2.85 (m, 2 H), 2.45 (s, 3 H), 1.94 (d, J = 

10.8 Hz, 2 H), 1.75-1.50 (m, 4 H); 13C NMR (75 MHz, CDCl3): 204.37, 143.74, 

131.64, 129.17, 128.29, 128.22, 127.39, 122.75, 121.06, 117.47, 113.01, 

88.20, 86.09, 61.67, 51.31, 49.06, 34.40, 26.25, 25.78, 25.21, 23.07 ppm. MS 

(70 eV): m/z (%): 329 (100). HRMS calcd for C23H23NO: 329.1780, found: 

329.1778. 

 

20. 1-((4aR,5R)-5-(p-tolylethynyl)-2,3,4,4a,5,6-hexahydro-1H-pyrido[1,2-a] 

quinolin-5-yl)ethanone 

 

The reaction of 1h (0.3 mmol, 102.9 mg) under the catalysis of Sc(OTf)3 

(10 mol%, 14.8 mg) in DCE (3.0 mL) afforded the 2h (75.1 mg, dr = 8 : 1) by 

flash column chromatography on silica gel (hexanes/ethyl acetate = 40 : 1) as 

a light yellow oil in 73% yield; 1H NMR (300 MHz, CDCl3): major: 7.26 (d, J = 

7.2 Hz, 2 H), 7.15-7.00 (m, 4 H), 6.77 (d, J = 8.4 Hz, 1 H), 6.68 (t, J = 8.2 Hz, 1 

H), 4.04 (d, J = 13.8 Hz, 1 H), 3.68 (d, J = 10.5 Hz, 1 H), 3.34 (d, J = 15.9 Hz, 1 

H), 3.00(d, J = 15.9 Hz, 1 H), 2.95-2.80 (m, 1 H), 2.43 (s, 3 H), 2.33 (s, 3 H), 

1.93 (d, J = 11.7 Hz, 2 H), 1.70-1.50 (m, 4 H); 13C NMR (75 MHz, CDCl3): 

204.42, 143.63, 138.44, 131.52, 129.18, 128.98, 127.35, 121.14, 119.64, 
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117.46, 113.00, 87.41, 86.12, 61.71, 51.19, 49.09, 34.14, 26.09, 25.62, 25.28, 

22.93, 21.45 ppm. MS (70 eV): m/z (%): 343 (M+, 1.83), 91 (100). HRMS calcd 

for C24H25NO: 343.1936, found: 343.1937. 

 

21. 1-(6-(phenylethynyl)-6,6a,7,8,9,10,11,12-octahydro-5H-azocino[1,2-a] 

quinolin-6-yl)ethanone 

 

The reaction of 1k (0.3 mmol, 107.1 mg) under the catalysis of Sc(OTf)3 

(10 mol%, 14.8 mg) in DCE (3.0 mL) afforded the 2k (85.7 mg, dr = 2 : 1) by 

flash column chromatography on silica gel (hexanes/ethyl acetate = 10 : 1) as 

a light yellow oil in 80% yield; major : minor = 2:1, 1H NMR (300 MHz, CDCl3): 

[7.50-7.40 (m, 1.34 H), 7.27-7.20 (m, 1.66 H)], 7.37-7.30 (m, 2 H), 7.18-7.00 

(m, 3 H), 6.80-6.50 (m, 2 H), 4.10-3.75 (m, 2 H), [3.55-3.32 (m, 1.33 H), 

3.30-3.10 (m, 1.34 H), 2.85 (d, J = 16.8 Hz, 0.33 H)], 2.51 (s, 1 H), 2.29 (s, 2 H), 

2.15-1.30 (m, 10 H); 13C NMR ( 75 MHz, CDCl3): 204.72, 202.88, 143.04, 

142.59, 131.64, 131.57, 129.90, 128.83, 128.38, 128.28, 128.11, 128.08, 

127.42, 127.17, 122.87, 122.64, 118.52, 118.23, 116.03, 115.90, 112.28, 

111.55, 89.43, 88.87, 85.93, 84.23, 63.98, 62.92, 56.25, 53.96, 50.22, 49.37, 

32.33, 30.81, 30.15, 30.12, 28.16, 27.96, 27.91, 27.57, 27.53, 27.23, 26.94, 

26.70, 25.97, 24.89 ppm. MS (70 eV): m/z (%): 357 (100). HRMS calcd for 

C25H27NO: 357.2093, found: 357.2093. 

 

22.  (1-ethyl-2-methyl-3-(phenylethynyl)-1,2,3,4–tetrahydroquinolin- 

3-yl)ethanone 
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The reaction of 1m (0.3 mmol, 95.1 mg) under the catalysis of Sc(OTf)3 

(10 mol%, 14.8 mg) in DCE (3.0 mL) afforded the 2m (62.8 mg, dr = 1 : 1) by 

flash column chromatography on silica gel (hexanes/ethyl acetate = 30 : 1) in 

66% yield. 

The first fraction: Yellow solid in a yield of 35%; m.p: 110-111℃; 1H NMR 

(300 MHz, CDCl3): 7.45-7.35 (m, 2 H), 7.35-7.27 (m, 3 H), 7.15-7.00 (m, 2 H), 

6.66 (t, J = 7.2 Hz, 1 H), 6.56 (d, J = 8.4 Hz, 1 H), 4.05 (q, J = 6.3 Hz, 1 H), 

3.50-3.20 (m, 3 H), 3.15 (d, J = 6.3 Hz, 1 H), 2.35 (s, 3 H), 1.35 (d, J = 6.3 Hz, 

3 H), 1.24 (t, J = 7.2 Hz, 3 H); 13C NMR (75 MHz, CDCl3): 202.29, 142.00, 

131.61, 128.84, 128.41, 128.29, 127.32, 122.58, 118.79, 116.28, 111.14, 88.57, 

85.76, 57.57, 50.69, 44.77, 31.72, 24.36, 15.24, 13.09 ppm. MS (70 eV): m/z 

(%): 317 (100). HRMS calcd for C22H23NO: 317.1780, found: 317.1782. 

The second fraction: Yellow oil in a yield of 31%;1H NMR ( 300 MHz, CDCl3): 

7.26-7.18 (m, 5 H), 7.15-7.05 (m, 2 H), 6.63 (t, J = 7.2 Hz, 1 H), 3.90-3.80 (m, 1 

H), 3.72-3.60 (m, 1 H), 3.45-3.20 (m, 2 H), 2.87 (d, J = 16.5 Hz, 1 H), 2.50 (s, 3 

H), 1.30 (t, J = 7.2 Hz, 3 H), 0.95 (d, J = 6.6 Hz, 3 H); 13C NMR ( 75 MHz, 

CDCl3): 204.55, 141.79, 131.53, 129.99, 128.10, 128.08, 127.27, 122.87, 

117.97, 115.50, 110.71, 89.75, 84.48, 58.73, 49.81, 45.36, 30.26, 25.99, 15.81, 

13.10 ppm. 

 

23. 1-((4aS,5R)-9-bromo-5-(phenylethynyl)-1,2,4,4a,5,6-hexahydro-[1,4] 

ox-azino[4,3-a]quinolin-5-yl)ethanone 
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The reaction of 1o (0.3 mmol, 122.7 mg) under the catalysis of Sc(OTf)3 

(10 mol%, 14.8 mg) in DCE (3.0 mL) afforded the 2o (88.4 mg, dr = 12 : 1) by 

flash column chromatography on silica gel (hexanes/ethyl acetate = 10 : 1) as 

a light yellow solid in 72% yield. m.p: 121-123 ;  ℃ 1H NMR (300 MHz, CDCl3): 

7.40-7.24 (m, 5 H), 6.90-6.78 (m, 3 H), 4.05-3.90 (m, 2 H), 3.75-3.55 (m, 4 H), 

3.20-3.05 (m, 2 H), 2.96 (d, J = 15.3 Hz, 1 H), 2.51 (s, 3 H); 13C NMR (75 MHz, 

CDCl3): 205.42, 145.51, 131.61, 130.42, 128.55, 128.26, 122.27, 121.37, 

120.87, 119.38, 115.17, 87.25, 86.28, 68.17, 66.22, 58.11, 49.02, 46.77, 37.64, 

27.74 ppm. MS (70 eV): m/z (%): 409 (M+, 78.46), 43 (100). HRMS calcd for 

C22H20BrNO2: 409.0677, found: 409.0677.  

 
 

24. 11-methyl-13-phenyl-3,4,10,13b-tetrahydro-1H-benzo[f]furo[3,4-c][1,4] 

oxazino[4,3-a]azepine 

 
To a dry Schlenk tube, IPrAuCl (5 mol%, 9.3 mg), AgOTf (5 mol%, 3.9 mg) 

and anhydrous CH3CN (1.0 mL) were added and the mixture was stirred at 

room temperature for 10 min in dark. After which, the substrate 1a (0.3 mmol, 

99.3 mg) and anhydrous CH3CN (2.0 mL) were added, and this reaction 

mixture was stirred for 3 h at room temperature and the reaction was complete 

as determined by TLC analysis. After concentration under reduced pressure, 

the residue was purified by flash column chromatography on silica gel 
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(hexanes/ethyl acetate = 20:1) to afford the pure product 3a (91.4 mg) as a 

light yellow solid in 92% yield. m.p.: 163-165 ; ℃ 1H NMR (300 MHz, CDCl3): 

7.59 (d, J = 7.8 Hz, 2 H), 7.37 (t, J = 7.5 Hz, 2 H), 7.30-7.10 (m, 4 H), 7.01 (t, J 

= 7.5 Hz, 1 H), 4.44 (dd, J = 9.6, 2.4 Hz, 1 H), 4.28 (d, J = 13.5 Hz, 1 H), 4.15 (d, 

J = 9.6 Hz, 1 H), 3.95-3.75 (m, 2 H), 3.65-3.50 (m, 2 H), 3.30 (d, J = 13.5 Hz, 1 

H), 3.10 (d, J = 11.4 Hz, 1 H), 2.35 (s, 3 H); 13C NMR (75 MHz, CDCl3): 149.29, 

146.15, 144.44, 139.32, 131.34, 128.61, 127.38, 126.94, 126.69, 124.85, 

123.46, 119.98, 119.29, 117.80, 71.44, 67.62, 60.76, 51.84, 28.81, 11.28 ppm. 

MS (70 eV): m/z (%):331 (M+, 79.81), 273 (100). Anal, calcd for C22H21NO2: C, 

79.73, H, 6.39, N, 4.23, found: C, 79.74, H, 6.47. N, 4.27. 

 

25. 11-methyl-13-p-tolyl-3,4,10,13b-tetrahydro-1H-benzo[f]furo[3,4-c][1,4] 

oxazino[4,3-a]azepine 

 
The reaction of 1b (0.3 mmol, 103.5 mg) in anhydrous CH3CN (3.0 mL) 

was catalyzed by IPrAuOTf, afforded 3b (88.0 mg) as a yellow solid in 85% 

yield; m.p.: 148-149 ; ℃ 1H NMR (300 MHz, CDCl3): 7.50 (d, J = 7.8 Hz, 2 H), 

7.28 (t, J = 7.5 Hz, 1 H), 7.23-7.15 (m, 4 H), 7.03 (t, J = 7.5 Hz, 1 H), 4.44 (dd, 

J = 9.9, 2.4 Hz, 1 H), 4.28 (d, J = 15.5 Hz, 1 H), 4.05 (d, J = 10.8 Hz, 1 H), 

3.90-3.75 (m, 2 H), 3.65-3.45 (m, 2 H), 3.31 (d, J = 13.5 Hz, 1 H), 3.11 (d, J = 

11.4 Hz, 1 H), 2.36 (s, 6 H); 13C NMR ( 75 MHz, CDCl3): 149.29, 146.34, 

143.98, 139.30, 136.45, 129.29, 128.59, 127.32, 126.92, 124.80, 123.41, 

119.94, 119.09, 116.98, 71.39, 67.58, 60.72, 51.81, 28.80, 21.11, 11.25 ppm. 

MS (70 eV): m/z (%): 345 (M+, 72.87), 287(100). HRMS calcd for C23H23NO2: 

345.1729, found: 345.1730. 

 

26. 13-(4-methoxyphenyl)-11-methyl-3,4,10,13b-tetrahydro-1H-benzo[f] 
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furo [3,4-c][1,4]oxazino[4,3-a]azepine 

 
The reaction of 1c (0.3 mmol, 108.3 mg) in anhydrous CH3CN (3.0 mL) 

was catalyzed by IPrAuOTf, afforded 3c (75.8 mg) as a light yellow solid in 70% 

yield; m.p.: 138-139 ; ℃ 1H NMR (300 MHz, CDCl3): 7.48 (d, 2 H), 7.30-7.20 (m, 

1 H), 7.20-7.10 (m, 2 H), 7.00 (td, J = 7.2, 0.9 Hz, 1 H), 6.95-6.85 (m, 2 H), 

4.36 (dd, J = 9.9, 2.7 Hz, 1 H), 4.25 (d, J = 13.5 Hz, 1 H), 4.02 (d, J = 14.1 Hz, 

1 H), 3.90-3.70 (m, 5 H), 3.60-3.40 (m, 2 H), 3.28 (d, J = 13.5 Hz, 1 H), 3.09 (d, 

J = 10.8 Hz, 1 H), 2.33 (s, 3 H); 13C NMR (75 MHz, CDCl3): 158.37, 149.31, 

146.24, 143.68, 139.31, 127.33, 126.96, 126.37, 124.30, 123.43, 119.94, 

118.96, 116.10, 114.07, 71.44, 67.61, 60.71, 55.21, 51.85, 28.83, 11.25 ppm. 

MS (70 eV): m/z (%): 361 (M+, 71.09), 303 (100). HRMS calcd for C23H23NO3: 

361.1678, found: 361.1680.  

 

27. 11-methyl-13-(4-nitrophenyl)-3,4,10,13b-tetrahydro-1H-benzo[f]furo[3, 

4-c][1,4]oxazino[4,3-a]azepine 

 

The reaction of 1d (0.3 mmol, 112.8 mg) in anhydrous CH3CN (3.0 mL) 

was catalyzed by IPrAuOTf, afforded 3d (111.7 mg) as a light yellow solid in 99% 

yield; m.p.: 273-274 ; ℃ 1H NMR (300 MHz, CDCl3): 8.20 (d, J = 9.0 Hz, 2 H), 

7.70 (d, J = 9.0 Hz, 2 H), 7.32-7.22 (m, 1 H), 7.17 (d, J = 7.8 Hz, 2 H), 7.01 (t, J 

= 7.5 Hz, 1 H), 4.41 (dd, J = 14.7, 2.7 Hz, 1 H), 4.28 (d, J = 13.5 Hz, 1 H), 4.05 

(d, J = 10.8 Hz, 1 H), 3.90-3.75 (m, 2 H), 3.55-3.45 (m, 2 H), 3.28 (d, J = 13.5 
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Hz, 1 H), 3.11 (d, J = 10.8 Hz, 1 H), 2.36 (s, 3 H); 13C NMR (75 MHz, CDCl3): 

148.94, 147.21, 145.41, 144.01, 139.09, 136.91, 127.64, 126.97, 124.48, 

124.40, 123.77, 122.50, 120.72, 120.14, 71.19, 67.63, 60.91, 51.72, 28.63, 

11.48 ppm. MS (70 eV): m/z (%): 376 (M+, 70.37), 318 (100). HRMS calcd for 

C22H20N2O4: 376.1423, found: 376.1424.  

 

28. 13-cyclohexenyl-11-methyl-3,4,10,13b-tetrahydro-1H-benzo[f]furo[3,4- 

c] [1,4]oxazino[4,3-a]azepine 

 
The reaction of 1e (0.3 mmol, 100.5 mg) in anhydrous CH3CN (3.0 mL) 

was catalyzed by IPrAuOTf, afforded 3e (64.5 mg) as a light yellow solid in 64% 

yield; m.p: 52-53  ℃ 1H NMR (300 MHz, CDCl3): 7.19 (t, J = 7.8 Hz, 1 H), 7.08 

(t, J = 8.4 Hz, 2 H), 6.93 (t, J = 7.2 Hz, 1 H), 5.95 (s, 1 H), 4.20-4.05 (m, 2 H), 

3.97 (d, J = 10.5 Hz, 1 H), 3.89 (d, J = 11.4 Hz, 1 H), 3.77 (t, J = 10.8 Hz, 1 H), 

3.55-3.35 (m, 2 H), 3.89 (d, J = 13.2 Hz, 1 H), 3.02 (d, J = 10.4 Hz, 1 H), 

2.45-2.30 (m, 1 H), 2.21 (s, 3 H), 2.13 (s, 3 H), 1.70-1.50 (m, 4 H); 13C NMR 

(75 MHz, CDCl3): 149.30, 148.56, 142.59, 139.35, 128.77, 127.17, 126.84, 

125.02, 123.19, 119.79, 118.43, 115.63, 71.76, 67.57, 60.59, 51.79, 28.78, 

26.05, 25.39, 22.48, 21.91, 11.09 ppm. MS (70 eV): m/z (%): 335 (100). HRMS 

calcd for C22H25NO2: 335.1885, found: 335.1885.  

 

29. 13-butyl-11-methyl-3,4,10,13b-tetrahydro-1H-benzo[f]furo[3,4-c][1,4] 

oxazino[4,3-a]azepine 
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The reaction of 1f (0.3 mmol, 93.3 mg) in anhydrous CH3CN (3.0 mL) 

was catalyzed by IPrAuOTf, afforded 3f (49.5 mg) as a yellow oil in 53% yield; 

1H NMR (300 MHz, CDCl3): 7.11 (t, J = 7.5 Hz, 1 H), 6.99 (t, J = 8.7 Hz, 2 H), 

6.85 (t, J = 7.5 Hz, 1 H), 4.03 (d, J = 13.2 Hz, 1 H), 3.89 (d, J = 10.5 Hz, 1 H), 

3.76 (dd, J = 10.2, 2.7 Hz, 1 H), 3.67 (t, J = 10.4 Hz, 2 H), 3.46 (t, J = 10.5 Hz, 

1 H), 3.34 (td, J = 10.4, 2.7 Hz, 1 H), 3.10 (d, J = 15.2 Hz, 1 H), 2.94 (d, J = 

11.4 Hz, 1 H), 2.27 (t, J = 7.5 Hz, 2 H), 2.11 (s, 3 H), 1.52-1.32 (m, 2 H), 

1.30-1.10 (m, 2 H), 0.79 (t, J = 7.5 Hz, 3 H); 13C NMR (75 MHz, CDCl3): 149.31, 

149.22, 142.48, 139.40, 127.14, 126.99, 123.18, 119.92, 117.11, 114.68, 72.81, 

67.46, 59.72, 51.80, 30.48, 28.77, 26.40, 22.57, 13.79, 11.06 ppm. MS (70 eV): 

m/z (%): 311 (M+, 79.81), 149 (100). HRMS calcd for C20H25NO2: 311.1885, 

found: 311.1885.  

 

30. 11-methyl-13-phenyl-1,2,3,4,10,13b-hexahydrobenzo[f]furo[3,4-c]pyri- 

do[1,2-a]azepine 

 
The reaction of 1g (0.3 mmol, 98.7 mg) in anhydrous CH3CN (3.0 mL) was 

catalyzed by IPrAuOTf, afforded 3g (97.7 mg) as a light yellow solid in 99% 

yield; m.p.: 149-150 ; ℃ 1H NMR (300 MHz, CDCl3): 7.57 (d, J = 7.8 Hz, 2 H), 

7.40 (t, J = 7.5 Hz, 2 H), 7.27-7.17 (m, 2 H), 7.15 (d, J = 7.5 Hz, 2 H), 6.96 (t, J 

= 7.5 Hz, 1 H), 4.32-4.16 (m, 2 H), 3.42-3.15 (m, 3 H), 2.36 (s, 3 H), 2.00-1.59 

(m, 6 H); 13C NMR (75 MHz, CDCl3): 150.48, 144.94, 143.81, 139.83, 131.88, 

128.40, 127.05, 126.37, 126.14, 124.77, 123.92, 122.60, 120.55, 119.31, 

61.45, 53.81, 35.52, 28.89, 26.80, 25.34, 11.28 ppm. MS (70 eV): m/z (%): 329 

(100). Anal, calcd for C23H23NO: C, 83.85, H, 7.04, N, 4.25, found: C, 83.64, H, 

6.97. N, 4.30. 
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31.  11-methyl-13-p-tolyl-1,2,3,4,10,13b-hexahydrobenzo[f]furo[3,4-c]py- 

rido[1,2-a]azepine 

 
The reaction of 1h (0.3 mmol, 102.9 mg) in anhydrous CH3CN (3.0 mL) was 

catalyzed by IPrAuOTf, afforded 3h (97.8 mg) as a light yellow solid in 95% 

yield; m.p.: 137-139 ; ℃ 1H NMR (300 MHz, CDCl3): 7.44 (d, J = 7.8 Hz, 2 H), 

7.35-7.05 (m, 5 H), 7.00-6.85 (m, 1 H), 4.32-4.05 (m, 2 H), 3.42-3.05 (m, 3 H), 

2.36 (s, 3 H), 2.33 (s, 3 H), 2.00-1.50 (m, 6 H); 13C NMR (75 MHz, CDCl3): 

150.55, 145.19, 143.40, 139.86, 135.88, 129.20, 129.12, 127.03, 126.40, 

124.79, 123.12, 122.58, 120.55, 119.15, 61.48, 53.84, 35.50, 28.93, 26.83, 

25.36, 21.14, 11.28 ppm. MS (70 eV): m/z (%): 343 (100). HRMS calcd for 

C24H25NO: 343.1936, found: 343.1936.  

 

32. 13-(4-methoxyphenyl)-11-methyl-1,2,3,4,10,13b-hexahydrobenzo[f] 

furo[3,4-c]pyrido[1,2-a]azepine 

 
The reaction of 1i (0.3 mmol, 107.7 mg) in anhydrous CH3CN (3.0 mL) was 

catalyzed by IPrAuOTf, afforded 3i (100.2 mg) as a yellow solid in 93% yield; 

m.p.: 138-139 ; ℃ 1H NMR (300 MHz, CDCl3): 7.46 (d, J = 8.7 Hz, 2 H), 

7.23-7.05 (m, 3 H), 7.00-6.80 (m, 3 H), 4.23 (d, J = 6.9 Hz, 1 H), 4.13 (d, J = 

8.7 Hz, 1 H), 3.82 (s, 3 H), 3.40-3.10 (m, 3 H), 2.32 (s, 3 H), 2.00-1.50 (m, 6 H); 

13C NMR (75 MHz, CDCl3): 158.04, 150.57, 145.09, 143.06, 139.87, 127.02, 

126.42, 126.33, 124.99, 122.58, 122.23, 120.53, 119.05, 113.90, 61.47, 55.21, 

53.85, 35.57, 28.96, 26.86, 25.37, 11.24 ppm. MS (70 eV): m/z (%): 359 (100). 
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HRMS calcd for C24H25NO2: 359.1885, found: 359.1884.  

 

33. 13-cyclopropyl-11-methyl-1,2,3,4,10,13b-hexahydrobenzo[f]furo[3,4-c] 

pyrido[1,2-a]azepine 

 

The reaction of 1j (0.35 mmol, 102.6 mg) in anhydrous CH3CN (3.5 mL) 

was catalyzed by IPrAuOTf, afforded 3j (62.6 mg) as a light yellow oil in 61% 

yield; 1H NMR (300 MHz, CDCl3): 7.26-7.15 (m, 1 H), 7.11 (t, J = 7.5 Hz, 2 H), 

6.93 (t, J = 7.2 Hz, 1 H), 4.14 (d, J = 13.2 Hz, 1 H), 3.85-3.75 (m, 1 H), 3.35 (d, 

J = 4.2 Hz, 1 H), 3.25-3.10 (m, 2 H), 2.20 (s, 3 H), 2.05-1.87 (m, 2 H), 

1.87-1.70 (m, 3 H), 1.69-1.55 (m, 2 H), 0.95-0.65 (m, 4 H); 13C NMR (75 MHz, 

CDCl3): 150.71, 147.37, 140.75, 139.83, 126.89, 126.57, 122.44, 121.22, 

120.55, 117.65, 60.61, 53.76, 36.77, 28.91, 26.86, 25.31, 11.02, 7.59, 6.31, 

5.33 ppm. MS (70 eV): m/z (%): 293 (100). HRMS calcd for C20H23NO: 

293.1780, found: 293.1780.  

 

34. Synthesis of 3k. 

 
The reaction of 1k (0.3 mmol, 107.1 mg) in anhydrous CH3CN (3.0 mL) 

was catalyzed by IPrAuOTf, afforded 3k (100.7 mg) as a light yellow oil in 94% 

yield; 1H NMR (300 MHz, CDCl3): 7.60 (d, J = 7.8 Hz, 2 H), 7.50-7.40 (m, 2 H), 

7.35-7.25 (m, 1 H), 7.24-7.05 (m, 3 H), 6.86 (t, J = 7.2 Hz, 1 H), 4.95 (dd, J = 

10.2, 4.2 Hz, 1 H), 4.23 (d, J = 16.2 Hz, 1 H), 3.85 (d, J = 15.3 Hz, 1 H), 3.74 (d, 

J = 16.2 Hz, 1 H), 3.35-3.20 (m, 1 H), 2.37 (s, 3 H), 2.20-1.50 (m, 10 H); 13C 
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NMR (75 MHz, CDCl3): 148.40, 145.10, 144.50, 131.83, 130.20, 130.08, 

128.50, 127.10, 126.57, 125.57, 124.19, 120.09, 119.74, 118.50, 57.98, 54.67, 

34.56, 31.23, 28.02, 27.26, 26.69, 23.91, 11.31 ppm. MS (70 eV): m/z (%): 357 

(M+, 47.25), 273 (100). HRMS calcd for C25H27NO: 357.2092, found: 357.2029. 

 

35. 5-benzyl-1-methyl-3,4-diphenyl-5,10-dihydro-4H-benzo[b]furo[3,4-e] 

azepine 

 

The reaction of 1l (0.25 mmol, 110.3 mg) in anhydrous CH3CN (2.5 mL) 

was catalyzed by IPrAuOTf, afforded 3l (107.0 mg) as a yellow solid in 97% 

yield; m.p.: 62-63 ; ℃ 1H NMR (300 MHz, CDCl3): 7.48 (d, J = 7.5 Hz, 2 H), 

7.29 (t, J = 7.5 Hz, 2 H), 7.23-7.11 (m, 4 H), 7.10-6.96 (m, 6 H), 6.95-6.88 (m, 2 

H), 6.85-6.70 (m, 2 H), 6.50-6.35 (m, 1 H), 5.49 (s, 1 H), 4.42 (dd, J = 14.7, 2.7 

Hz, 1 H), 4.28 (d, J = 14.7 Hz, 2 H), 3.57 (d, J = 14.7 Hz, 1 H), 2.41 (s, 3 H); 

13C NMR (75 MHz, CDCl3): 147.86, 145.98, 144.69, 139.03, 138.97, 136.15, 

131.15, 128.65, 128.48, 128.26, 128.17, 127.86, 127.27, 127.03, 126.77, 

126.63, 126.20, 125.35, 124.31, 123.42, 122.27, 118.39, 61.37, 57.26, 30.19, 

11.61 ppm. MS (70 eV): m/z (%): 441 (M+, 27.47), 350 (100). HRMS calcd for 

C32H27NO: 441.2094, found: 441.2093.  

 

36. 5-ethyl-1,4-dimethyl-3-phenyl-5,10-dihydro-4H-benzo[b]furo[3,4-e]az- 

epine 
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The reaction of 1m (0.35 mmol, 111.0 mg) in anhydrous CH3CN (3.5 mL) 

was catalyzed by IPrAuOTf, afforded 3m (103.2 mg) as a yellow solid in 93% 

yield; 1H NMR (300 MHz, CDCl3): 7.54 (d, J = 8.4 Hz, 2 H), 7.35 (t, J = 7.5 Hz, 

2 H), 7.19 (t, J = 7.5 Hz, 3 H), 7.09 (d, J = 7.8 Hz, 1 H), 6.99 (t, J = 7.2 Hz, 1 H), 

4.82 (q, J = 6.6 Hz, 1 H), 4.12 (d, J = 14.4 Hz, 1 H), 3.55-3.30 (m, 2 H), 

3.20-3.00 (m, 1 H), 2.33 (s, 3 H), 1.16 (t, J = 7.5 Hz, 3 H), 0.97 (d, J = 6.6 Hz, 3 

H); 13C NMR (75 MHz, CDCl3): 147.08, 144.66, 144.12, 137.77, 132.18, 

128.42, 126.47, 126.26, 125.51, 125.09, 124.15, 123.47, 117.35, 54.33, 47.01, 

29.95, 16.15, 14.51, 11.45 ppm. MS (70 eV): m/z (%): 317 (M+, 15.18), 302 

(100). HRMS calcd for C22H23NO: 317.1780, found: 317.1780.  

 

37. 7-bromo-11-methyl-13-phenyl-3,4,10,13b-tetrahydro-1H-benzo[f]furo 

[3,4-c][1,4]oxazino[4,3-a]azepine 

 

The reaction of 1n (0.25 mmol, 102.5 mg) in anhydrous CH3CN (3.5 mL) 

was catalyzed by IPrAuOTf, afforded 3n (71.8 mg) as a yellow solid in 70% 

yield; m.p.: 174-175 ; ℃ 1H NMR (300 MHz, CDCl3): 7.54 (d, J = 7.8 Hz, 2 H), 

7.34 (t, J = 7.5 Hz, 2 H), 7.25-7.15 (m, 2 H), 7.14-7.05 (m, 1 H), 7.00 (d, J = 8.1 

Hz, 1 H), 4.40 (dd, J = 9.9, 2.7 Hz, 1 H), 4.14 (d, J = 13.5 Hz, 1 H), 4.00 (d, J = 

10.8 Hz, 1 H), 3.90-3.70 (m, 2 H), 3.60-3.40 (m, 2 H), 3.24 (d, J = 13.5 Hz, 1 H), 

3.05 (d, J = 10.8 Hz, 1 H), 2.31 (s, 3 H); 13C NMR (75 MHz, CDCl3): 150.59, 
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146.37, 144.59, 138.16, 131.12, 128.68, 128.17, 126.89, 126.31, 124.91, 

123.61, 120.47, 118.58, 117.18, 71.41, 67.41, 60.74, 51.86, 28.32, 11.29 ppm. 

MS (70 eV): m/z (%): 409 (M+, 96.87), 411 (100). Anal, calcd for C22H20BrNO2: 

C, 64.40, H, 4.91, N, 3.41, found: C, 64.49, H, 4.99. N, 3.45. 

 

38. 8-bromo-11-phenyl-13-p-tolyl-1,2,3,4,10,13b-hexahydrobenzo[f]furo[3, 

4-c]pyrido[1,2-a]azepine) 

 

The reaction of 1o (0.25 mmol, 120.8 mg) in anhydrous CH3CN (3.5 mL) 

was catalyzed by IPrAuOTf, afforded 3o (112.3 mg) as a yellow solid in 93% 

yield; m.p.: 257-258 ; ℃ 1H NMR ( 300 MHz, CDCl3): 7.69 (d, J = 7.5 Hz, 2 H), 

7.60-7.40 (m, 4 H), 7.39-7.26 (m, 2 H), 7.26-7.15 (m, 3 H), 6.98 (d, J = 8.4 Hz, 

1 H), 4.41 (d, J = 13.2 Hz, 1 H), 4.22 (d, J = 9.6 Hz, 2 H), 3.74 (d, J = 13.2 Hz, 1 

H), 3.32 (d, J = 10.8 Hz, 1 H), 3.25-3.10 (m, 1 H), 2.37 (s, 3 H), 2.00-1.60 (m, 6 

H); 13C NMR ( 75 MHz, CDCl3): δ= 149.43, 146.81, 145.90, 141.28, 136.79, 

131.01, 129.99, 129.52, 129.25, 128.64, 127.27, 126.45, 125.36, 124.17, 

122.04, 119.93, 115.26, 61.43, 53.67, 35.54, 29.03, 26.63, 25.25, 21.21 ppm. 

MS (70 eV): m/z (%): 483 (M+, 8.63), 43 (100). HRMS calcd for C29H26BrNO: 

483.1198, found: 483.1195. 

 

39. 1-(5-benzoyl-2,4,4a,7-tetrahydro-1H-benzo[f][1,4]oxazino[4,3-a]aze 
pin-6-yl)ethanone 

 
To a solution of 3a (115.9 mg, 0.35 mmol) in DCM (3.5 mL) was added 
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m-CPBA (85%, 78.7 mg, 0.39 mmol) at 0 , then the reaction mixture was ℃

allowed to stirred at 0  and monitored by TLC. Upon the complete ℃

consumption of 3a, aqueous Na2S2O3 solution (5 mL, 1 mol· L-1) was added 

and the product was extracted with DCM three times, the organic layer was 

then washed with brine and dried with Na2SO4. After filtration and 

concentration under reduced pressure, the crude product was purified by 

column chromatography to give compound 4 as a yellow solid in 81% yield 

(98.9 mg). m.p.: 192-193 ; ℃ 1H NMR ( 300 MHz, CDCl3): 7.50-7.40 (m, 3 H), 

7.38-7.23 (m, 3 H), 7.17 (d, J = 6.3 Hz, 1 H), 7.10-7.00 (m, 2 H), 4.58 (d, J = 

13.8 Hz, 1 H), 4.10-3.90 (m, 2 H), 3.88-3.75 (m, 2 H), 3.68 (d, J = 9.0 Hz, 1 H), 

3.32-3.20 (m, 2 H), 3.07 (d, J = 11.7 Hz, 1 H), 2.23 (s, 3 H); 13C NMR (75 MHz, 

CDCl3): 199.75, 196.17, 148.32, 142.93, 142.23, 138.75, 135.59, 133.17, 

128.60, 128.57, 128.17, 126.42, 122.94, 119.11, 69.36, 67.38, 63.93, 50.98, 

31.29, 28.90 ppm. MS (70 eV): m/z (%): 347 (M+, 79.22), 105 (100). HRMS 

calcd for C22H21NO3: 347.1521, found: 347.1520.  
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