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1. General Information:  

Unless otherwise noted, all reactions were carried out in standard Schlenk techniques with 

magnetic stirring bar under air. Materials obtained from commercial suppliers were used directly 

without further purification. 1H NMR spectra were recorded on a BRUKER 500 (500 MHz), 

BRUKER 400 (400 MHz) spectrometer or a Bruker 300 MHz spectrometer in CDCl3. Chemical 

shifts are reported in ppm with tetramethylsilane (TMS: 0 ppm) with the solvent resonance as the 

internal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, 

t = triplet, q = quartet, m = multiplet), coupling constants (Hz), and integration. 13C NMR spectra 

were recorded on a BRUKER 500 (125 MHz), BRUKER 400 (100 MHz) spectrometer and a Bruker 

300 (75.0 MHz) spectrometer in CDCl3 with complete proton decoupling. Chemical shifts are 

reported in ppm with the deuterium solvent as the internal standard (e.g. CDCl3: 77.0 ppm). 

Anhydrous tetrahydrofuran (THF), toluene, dichloromethane (DCM) and diethyl ether (Et2O) 

were distilled from sodium and benzophenone to use; AgOTf, AgSbF6, AgNTf2, AgBF4, and AgPF6 

were purchased from Alfa-Aesar Company and used directly. 

Reactions were monitored by thin layer chromatography (TLC) using silicycle pre-coated silica 

gel plates. Flash column chromatography was performed on silica gel 60 (particle size 200-400 

mesh ASTM, purchased from Yantai, China) and eluted with hexane/ethyl acetate or hexane/ 

CH2Cl2. 
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2. Table S1. Optimization of Reaction Conditions.a  

 

entry Cat. (5 mol%) Solvent 3/4/5/6 

1 Cu(CH3CN)4BF4 DCM 44(30)/0/5/76 

2 CuOAc DCM 68(10)/0/4/35 

3 CuOTf DCM 54(24)/0/2/66 

4 Cu(ClO4)2·6H2O DCM 60(12)/0/2/33 

5 CuF2 DCM 70(12)/0/2/24 

6 CuCl DCM 72(4)/0/0/22 

7 CuCl2 DCM 85(2)/0/2/3 

8 CuCl2 DCE 76(2)/0/5/5 

9 CuCl2 toluene 53/0/3/35 

10 CuCl2 THF 25/0/5/31 

a Unless specific note, the solution of 2a (0.4 mmol) in 1 mL of solvent was introduced into 1a (0.6 mmol) and 

catalyst (5 mol%) in solvent (1 mL) at room temperature by a syringe in 15 min. b NMR yield. The number in 

parenthesis is the corresponding lactone 11. c NR means no reaction. d - means not detected. 
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3. General procedure for copper-catalyzed ortho-selective C-H bond 

functionalization of naphthols 

 

In a dried glass tube, CuCl2 (2.36 mg, 0.02 mmol, 5 mol%), naphthalen-1-ol 1a (86.5 mg, 0.6 

mmol, 1.5 equiv) and DCM (1 mL) was added at room temperature. Then a solution of 2a (76.2 mg, 

0.4 mmol) dissolved in 1 mL DCM was introduced into the reaction mixture by a syringe. The 

resulting mixture was continually stirred at room temperature until 2a was consumed completely 

determined by TLC analysis. After being filtrated through celite and concentrated, the residue was 

purified by column chromatography on silica gel to afford the desired product. 

1) Methyl 2-(1-hydroxynaphthalen-2-yl)-2-phenylacetate (3aa) 

  

96 mg; 82% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.77 (s, 1H), 8.31-8.29 (m, 1H), 

7.78-7.75 (m, 1H), 7.48-7.45 (m, 2H), 7.40 (d, J = 8.4 Hz, 1H), 7.31-7.20 (m, 6H), 5.21 (s, 1H), 

3.84 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 176.6, 151.4, 136.6, 134.4, 129.0, 128.7, 127.5, 127.2, 

126.6, 126.3, 125.4, 122.6, 120.3, 116.0, 55.9, 53.3; MS (EI): m/z (%): 292 (M+, 15.46), 231 (100); 

HRMS (EI) calcd. for C19H16O3: 292.1099, found: 292.1108. 

2) Ethyl 2-(1-hydroxynaphthalen-2-yl)-2-phenylacetate (3ab)a 

 

98.0 mg, 80% yield; colorless oil.  

3) Isopropyl 2-(1-hydroxynaphthalen-2-yl)-2-phenylacetate (3ac)a 
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90.9 mg, 71% yield; colorless oil.  

4) tert-Butyl 2-(1-hydroxynaphthalen-2-yl)-2-phenylacetate (3ad)a 

 

108.3 mg, 81% yield was obtained as a colorless oil.  

5) Methyl 2-(4-chlorophenyl)-2-(1-hydroxynaphthalen-2-yl)acetate (3ae) 

 

105 mg, 80% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.62 (s, 1H), 8.29-8.26 (m, 1H), 

7.79-7.76 (m, 1H), 7.48 (t, J = 4.4 Hz, 2H), 7.41 (d, J = 8.4 Hz, 1H), 7.25 (d, J = 8.4 Hz, 2H), 7.18 

(t, J = 9.2 Hz, 3H), 5.17 (s, 1H), 3.85 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 176.1, 151.2, 135.2, 

134.5, 133.5, 129.0, 128.8, 128.7, 127.3, 126.7, 126.2, 125.5, 122.4, 120.5, 115.9, 55.0, 53.3; 

HRMS (ESI) calculated for [C19H16ClO3][M+H]+: 327.0782, found: 327.0779. 

6) Methyl 2-(4-bromophenyl)-2-(1-hydroxynaphthalen-2-yl)acetate (3af) 

  

120 mg, 81% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.57 (s, 1H), 8.27-8.25 (m, 1H), 

7.77-7.74 (m, 1H), 7.47-7.44 (m, 2H), 7.39 (dd, J = 8.4, 2.0 Hz, 3H), 7.17 (d, J = 8.4 Hz, 1H), 7.10 

(d, J = 8.4 Hz, 2H), 5.14 (s, 1H), 3.82 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 176.0, 151.1, 135.7, 

134.4, 131.8, 129.4, 128.6, 127.3, 126.7, 126.2, 125.5, 122.3, 121.6, 120.5, 115.9, 54.9, 53.3; 

HRMS (ESI) calculated for [C19H15BrO3][M+Na]+: 393.0097, found: 393.0101. 

7) Methyl 2-(1-hydroxynaphthalen-2-yl)-2-(p-tolyl)acetate (3ag) 
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102 mg, 83% yield; colorless oil. 1H NMR (500 MHz, CDCl3) δ 8.89 (s, 1H), 8.43 (d, J = 4.5 Hz, 

1H), 7.88 (d, J = 4.0 Hz, 1H), 7.58-7.50 (m, 3H), 7.34-7.20 (m, 5H), 5.31 (s, 1H), 3.93 (s, 3H), 2.41 

(s, 3H); 13C NMR (125 MHz, CDCl3) δ 176.6, 151.2, 137.2, 134.3, 133.6, 129.4, 128.9, 127.4, 

127.2, 126.5, 126.2, 125.3, 122.5, 120.2, 116.3, 55.4, 53.1, 20.9; HRMS (ESI) calculated for 

[C20H18NaO3][M+Na]+: 329.1149, found: 329.1150. 

8) Methyl 2-(1-hydroxynaphthalen-2-yl)-2-(4-methoxyphenyl)acetate (3ah) 

 

119 mg, 92% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.60 (s, 1H), 8.31-8.28 (m, 1H), 

7.77-7.74 (m, 1H), 7.47-7.44 (m, 2H), 7.38 (d, J = 8.4 Hz, 1H), 7.17 (dd, J = 13.6, 8.4 Hz, 3H), 6.80 

(d, J = 8.8 Hz, 2H), 5.15 (s, 1H), 3.82 (s, 3H), 3.72 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 176.7, 

158.9, 151.2, 134.4, 128.9, 128.7, 128.6, 127.2, 126.5, 126.3, 125.3, 122.5, 120.2, 116.4, 114.1, 

55.2, 55.1, 53.2; HRMS (ESI) calculated for [C20H19O4][M+H]+: 323.1278, found: 323.1283. 

9) Methyl 2-(3-bromophenyl)-2-(1-hydroxynaphthalen-2-yl)acetate (3ai) 

 

115.4 mg, 78% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.54 (s, 1H), 8.28-8.25 (m, 1H), 

7.78-7.76 (m, 1H), 7.47 (t, J = 4.4 Hz, 2H), 7.41-7.36 (m, 3H), 7.22-7.11 (m, 3H), 5.18 (s, 1H), 3.84 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.8, 151.2, 139.0, 134.5, 130.7, 130.2, 128.6, 127.3, 

126.8, 126.3, 126.2, 125.6, 122.8, 122.4, 120.6, 115.8, 55.1, 53.4; HRMS (ESI) calculated for 

[C19H15BrNaO3][M+Na]+: 393.0097, found: 393.0101. 

10) Methyl 2-(1-hydroxynaphthalen-2-yl)-2-(3-(trifluoromethyl)phenyl)acetate (3aj) 
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116.6 mg, 81% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.46 (s, 1H), 8.26-8.24 (m, 1H), 

7.79-7.76 (m, 1H), 7.54-7.38 (m, 7H), 7.21 (d, J = 8.4 Hz, 1H), 5.27 (s, 1H), 3.85 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 175.7, 151.1, 137.9, 134.5, 131.5, 131.0 (q, J = 33.0 Hz), 129.2, 128.5, 128.0, 

127.4, 126.8, 126.2, 125.6, 124.4 (q, J = 4.0 Hz), 123.9 (q, J = 271 Hz), 122.3, 120.7, 115.8, 55.1, 

53.4; HRMS (ESI) calculated for [C20H16F3O3][M+H]+: 361.1059, found: 361.1046. 

11) Methyl 2-(2-chlorophenyl)-2-(1-hydroxynaphthalen-2-yl)acetate (3ak) 

 

108.2 mg, 83% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.27-8.24 (m, 1H), 7.79-7.76 (m, 

2H), 7.49-7.47 (m, 2H), 7.43-7.39 (m, 2H), 7.24-7.15 (m, 4H), 5.51 (s, 1H), 3.80 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 175.0, 151.1, 134.4, 134.2, 134.0, 130.0, 129.9, 129.1, 128.6, 127.4, 127.1, 

126.7, 125.8, 125.6, 122.1, 120.8, 114.7, 53.3, 52.9; HRMS (ESI) calculated for 

[C19H16ClO3][M+H]+: 327.0782, found: 327.0782. 

12) Methyl 2-(2-bromophenyl)-2-(1-hydroxynaphthalen-2-yl)acetate (3al) 

 

131.7 mg, 89% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.23-8.21 (m, 1H), 7.78-7.75 (m, 

1H), 7.59-7.55 (m, 2H), 7.48-7.46 (m, 2H), 7.41 (d, J = 8.4 Hz, 1H), 7.28-7.26 (m, 1H), 7.22-7.20 

(m, 2H), 7.13-7.09 (m, 1H), 5.55 (s, 1H), 3.79 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 174.6, 150.8, 

135.9, 134.3, 133.2, 130.3, 129.3, 128.3, 127.7, 127.5, 126.7, 125.7, 125.6, 124.8, 121.9, 120.8, 

115.4, 54.8, 53.2; HRMS (ESI) calculated for [C19H15BrNaO3][M+Na]+: 393.0097, found: 

393.0106. 

13) Methyl 2-(1-hydroxynaphthalen-2-yl)-2-(2-(trifluoromethyl)phenyl)acetate (3am) 
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76.3 mg, 53% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.14-8.11 (m, 1H), 7.80-7.78 (m, 

1H), 7.71 (d, J = 7.6 Hz, 1H), 7.55-7.38 (m, 6H), 7.17 (d, J = 8.4 Hz, 1H), 6.96 (s, 1H), 5.77 (s, 1H), 

3.79 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 174.2, 149.8, 135.6, 134.2, 132.3, 131.3, 128.5 (q, J = 

39.6 Hz), 127.8, 127.7, 127.4, 126.6, 126.3 (q, J = 5.8 Hz), 125.8, 125.4, 124.4 (q, J = 272 Hz), 

121.3, 120.9, 117.2, 53.1, 49.7; HRMS (ESI) calculated for [C20H15F3NaO3][M+Na]+: 383.0864, 

found: 383.0865. 

14) Methyl 2-(1-hydroxynaphthalen-2-yl)-2-(o-tolyl)acetate (3an) 

 

88 mg, 72% yield; colorless oil. 1H NMR (500 MHz, CDCl3) δ 8.29 (t, J = 5.0 Hz, 1H), 7.85-7.83 

(m, 1H), 7.76 (s, 1H), 7.55-7.53 (m, 2H), 7.47 (d, J = 8.5 Hz, 1H), 7.41 (d, J = 7.5 Hz, 1H), 7.28-

7.23 (m, 4H), 5.54 (s, 1H), 3.87 (s, 3H), 2.39 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 175.4, 150.5, 

136.5, 134.9, 134.1, 130.9, 128.2, 128.0, 127.7, 127.5, 126.4, 126.3, 125.6, 125.4, 121.7, 120.5, 

116.6, 52.9, 51.7, 19.8; HRMS (ESI) calculated for [C20H18NaO3][M+Na]+: 329.1150, found: 

329.1148. 

15) Methyl 2-(1-hydroxynaphthalen-2-yl)-2-(2-methoxyphenyl)acetate (3ao) 

 

126.4 mg, 98% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.31 (d, J = 3.6 Hz, 1H), 8.20 (s, 

1H), 7.76-7.74 (m, 1H), 7.45 (dd, J = 6.4, 3.2 Hz, 2H), 7.40 (d, J = 8.4 Hz, 1H), 7.28-7.21 (m, 2H), 

7.07 (d, J = 7.6 Hz, 1H), 6.88-6.83 (m, 2H), 5.30 (s, 1H), 3.84 (s, 3H), 3.76 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 176.0, 156.5, 151.4, 134.3, 128.9, 128.9, 128.8, 127.2, 126.5, 125.9, 125.3, 124.6, 

122.6, 120.9, 120.3, 114.7, 110.6, 55.6, 52.8, 49.9; HRMS (ESI) calculated for 



S9 
 

[C20H18NaO4][M+Na]+: 345.1097, found: 345.1099. 

16) Methyl 2-(1-hydroxynaphthalen-2-yl)-2-(3,4,5-trimethoxyphenyl)acetate (3ap) 

 

131.4 mg, 86% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.60 (s, 1H), 8.29-8.27 (m, 1H), 

7.78-7.75 (m, 1H), 7.48-7.45 (m, 2H), 7.40 (d, J = 8.4 Hz, 1H), 7.24-7.20 (m, 1H), 6.54 (s, 2H), 

5.18 (s, 1H), 3.84 (s, 3H), 3.81 (s, 3H), 3.75 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 175.9, 153.3, 

151.0, 137.5, 134.3, 132.3, 128.6, 127.3, 126.5, 126.1, 125.4, 122.3, 120.4, 116.4, 105.2, 60.7, 56.1, 

55.4, 53.2; HRMS (EI) calculated for [C22H22O6]: 382.1416, found: 382.1412. 

17) Methyl 2-(3,5-dimethoxyphenyl)-2-(1-hydroxynaphthalen-2-yl)acetate (3aq) 

 

101.2 mg, 82% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.64 (s, 1H), 8.29-8.27 (m, 1H), 

7.76-7.74 (m, 1H), 7.47-7.44 (m, 2H), 7.38 (d, J = 8.4 Hz, 1H), 7.20 (d, J = 8.4 Hz, 1H), 6.42 (d, J 

= 1.6 Hz, 2H), 6.35 (t, J = 2.0 Hz, 1H), 5.15 (s, 1H), 3.83 (s, 3H), 3.69 (s, 6H); 13C NMR (100 MHz, 

CDCl3) δ 176.0, 161.0, 151.2, 139.0, 134.4, 128.8, 127.2, 126.5, 126.2, 125.3, 122.5, 120.3, 116.1, 

106.1, 99.0, 55.7, 55.3, 55.2, 53.2; HRMS (ESI) calculated for [C21H21O5][M+H]+: 353.1383, found: 

353.1388. 

18) Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-(1-hydroxynaphthalen-2-yl)acetate (3ar) 

 

110.2 mg, 82% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.68 (s, 1H), 8.29-8.27 (m, 1H), 

7.76-7.74 (m, 1H), 7.47-7.44 (m, 3H), 7.38 (d, J = 8.4 Hz, 1H), 7.20-7.17 (m, 1H), 6.73 (s, 1H), 
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6.70 (d, J = 0.8 Hz, 2H), 5.87 (s, 2H), 5.12 (s, 1H), 3.81 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

176.4, 151.1, 148.0, 147.0, 134.4, 130.4, 128.7, 127.2, 126.6, 126.2, 125.4, 122.4, 120.8, 120.3, 

116.3, 108.3, 101.1, 55.3, 53.2; HRMS (ESI) calculated for [C20H16NaO5][M+Na]+: 359.0890, 

found: 359.0893. 

19) Methyl 2-(2,4-dichlorophenyl)-2-(1-hydroxynaphthalen-2-yl)acetate (3as) 

 

114.1 mg, 79% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.21-8.18 (m, 1H), 7.78-7.75 (m, 

1H), 7.63 (s, 1H), 7.48-7.40 (m, 4H), 7.20-7.11 (m, 3H), 5.48 (s, 1H), 3.78 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 174.5, 150.9, 134.8, 134.4, 134.2, 132.9, 131.0, 129.6, 128.2, 127.5, 127.3, 126.8, 

125.7, 125.6, 121.9, 121.0, 114.8, 53.3, 52.0; HRMS (EI) calculated for [C19H14Cl2O3]: 360.0320, 

found: 360.0317. 

20) Methyl 2-(2,3-dichlorophenyl)-2-(1-hydroxynaphthalen-2-yl)acetate (3at) 

 

125.3 mg, 87% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.14-8.13 (m, 1H), 7.72-7.69 (m, 

1H), 7.52 (br, 1H), 7.43-7.40 (m, 2H), 7.36-7.30 (m, 2H), 7.12 (d, J = 8.8 Hz, 1H), 7.05-6.99 (m, 

2H), 5.46 (s, 1H), 3.73 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 174.5, 151.0, 136.4, 134.5, 133.5, 

132.5, 129.8, 128.4, 128.3, 127.5, 127.4, 126.8, 125.7, 121.9, 121.0, 114.7, 53.5, 53.4; HRMS (EI) 

calculated for [C19H14Cl2O3]: 360.0320, found: 360.0319. 

21) Methyl 2-(1-hydroxynaphthalen-2-yl)-2-(naphthalen-2-yl)acetate (3au) 

  

101.2 mg, 74% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.68 (s, 1H), 8.30-8.28 (m, 1H), 
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7.78-7.70 (m, 5H), 7.48-7.32 (m, 5H), 7.33 (dd, J = 8.4, 1.6 Hz, 1H), 7.26 (d, J = 8.4 Hz, 1H), 5.36 

(s, 1H), 3.86 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 176.3, 151.4, 134.5, 134.0, 133.3, 132.6, 129.0, 

128.6, 128.1, 127.5, 127.3, 126.6, 126.3, 126.1, 125.7, 125.4, 122.5, 120.4, 116.1, 55.8, 53.3; 

HRMS (ESI) calculated for [C23H19O3][M+H]+: 343.1329, found: 343.1335. 

22) Methyl 2-(4-bromo-1-hydroxynaphthalen-2-yl)-2-phenylacetate (3ba) 

  

141.1 mg, 95% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 9.03 (s, 1H), 8.32 (d, J = 8.4 Hz, 

1H), 8.11 (d, J = 8.4 Hz, 1H), 7.59-7.48 (m, 3H), 7.29-7.22 (m, 5H), 5.12 (s, 1H), 3.84 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 176.4, 151.4, 136.1, 132.5, 132.2, 128.9, 128.0, 127.8, 127.6, 127.4, 

126.6, 126.1, 123.1, 116.9, 113.0, 55.6, 53.4; HRMS (ESI) calculated for [C19H15BrNaO3][M+Na]+: 

393.0107, found: 393.0097. 

23) Methyl 2-(4-chloro-1-hydroxynaphthalen-2-yl)-2-phenylacetate (3ca) 

  

113.7 mg, 87% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.96 (s, 1H), 8.30 (d, J = 8.4 Hz, 

1H), 8.14 (d, J = 8.4 Hz, 1H), 7.58-7.54 (m, 1H), 7.50-7.46 (m, 1H), 7.32-7.18 (m, 6H), 5.13 (s, 

1H), 3.82 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 176.3, 150.5, 136.1, 131.2, 129.6, 128.8, 128.5, 

127.7, 127.6, 127.5, 127.3, 126.1, 124.0, 123.0, 116.5, 55.4, 53.3; HRMS (ESI) calculated for 

[C19H16ClO3][M+H]+: 327.0782, found: 327.0784. 

24) Methyl 2-(5-bromo-1-hydroxynaphthalen-2-yl)-2-phenylacetate (3da) 

  

143.6 mg, 97% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 9.00 (s, 1H), 8.21 (d, J = 8.4 Hz, 

1H), 7.69-7.65 (m, 2H), 7.23-7.12 (m, 7H), 5.11 (s, 1H), 3.76 (s, 3H); 13C NMR (100 MHz, CDCl3) 
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δ 176.6, 151.5, 136.3, 132.9, 130.7, 130.3, 128.8, 127.7, 127.6, 127.4, 125.6, 122.7, 122.2, 119.4, 

117.0, 55.9, 53.4; HRMS (ESI) calculated for [C19H15BrNaO3][M+Na]+: 393.0097, found: 

393.0095. 

25) Methyl 2-(1-hydroxy-7-methoxynaphthalen-2-yl)-2-phenylacetate (3ea) 

  

87.7 mg, 68% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.83 (s, 1H), 7.67 (d, J = 8.8 Hz, 

1H), 7.60 (d, J = 2.4 Hz, 1H), 7.35-7.22 (m, 6H), 7.14 (dd, J = 8.8, 2.8 Hz, 1H), 7.08 (d, J = 8.4 Hz, 

1H), 5.18 (s, 1H), 3.91 (s, 3H), 3.86 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 176.8, 157.6, 150.4, 

136.6, 130.0, 128.8, 128.7, 127.5, 127.4, 126.7, 120.1, 119.6, 116.6, 100.7, 56.1, 55.3, 53.3; HRMS 

(ESI) calculated for [C20H18NaO4][M+Na]+: 345.1099, found: 345.1097. 

26) Methyl 2-(2-hydroxynaphthalen-1-yl)-2-phenylacetate (8aa) 

  

91.2 mg, 78% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.06 (s, 1H), 7.97 (d, J = 8.8 Hz, 

1H), 7.79 (d, J = 8.0 Hz, 1H), 7.72 (d, J = 8.8 Hz, 1H), 7.49-7.45 (m, 1H), 7.35-7.31 (m, 1H), 7.24-

7.21 (m, 5H), 7.13 (d, J = 8.8 Hz, 1H), 5.97 (s, 1H), 3.80 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

176.4, 153.6, 136.6, 133.2, 130.3, 129.4, 128.9, 128.6, 127.8, 127.3, 127.1, 123.2, 121.8, 120.1, 

115.0, 53.1, 48.3; MS (EI): m/z (%): 292 (M+, 15.46), 231 (100); HRMS (EI) calcd. for C19H16O3: 

292.1099, found: 292.1105. 

27) Ethyl 2-(2-hydroxynaphthalen-1-yl)-2-phenylacetate (8ab)a 

 

93.1 mg, 76% yield; colorless oil.  

28) Isopropyl 2-(2-hydroxynaphthalen-1-yl)-2-phenylacetate (8ac)a 
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91.0 mg, 71% yield; colorless oil.  

29) Methyl 2-(2-hydroxynaphthalen-1-yl)-2-(2-methoxyphenyl)acetate (8ad) 

  

97.9 mg, 76% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.98 (d, J = 9.2 Hz, 2H), 7.79 (t, 

J = 9.2 Hz, 1H), 7.48-7.44 (m, 1H), 7.36-7.20 (m, 4H), 6.92 (dd, J = 13.2, 8.0 Hz, 2H), 6.81 (t, J = 

7.6 Hz, 1H), 6.01 (s, 1H), 3.90 (s, 3H), 3.77 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 176.7, 157.3, 

154.5, 133.4, 130.4, 129.6, 128.9, 128.8, 127.0, 123.9, 123.2, 122.0, 120.8, 120.2, 112.4, 110.6, 

55.7, 52.9, 44.1; HRMS (ESI) calculated for [C20H18NaO4][M+Na]+: 345.1099, found: 345.1097. 

30) Methyl 2-(2-hydroxynaphthalen-1-yl)-2-(o-tolyl)acetate (8ae) 

  

65.0 mg, 58% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.81-7.77 (m, 2H), 7.70 (d, J = 

8.8 Hz, 1H), 7.45-7.41 (m, 1H), 7.34-7.29 (m, 2H), 7.23-7.16 (m, 2H), 7.10-7.04 (m, 3H), 5.92 (s, 

1H), 3.75 (s, 3H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.7, 153.4, 136.8, 134.4, 133.2, 

130.8, 130.1, 129.5, 128.9, 128.0, 127.6, 127.1, 126.3, 123.2, 122.0, 119.5, 114.6, 52.9, 46.9, 19.9; 

HRMS (ESI) calculated for [C20H18NaO3][M+Na]+: 329.1149, found: 329.1148. 

31) Methyl 2-(2-chlorophenyl)-2-(2-hydroxynaphthalen-1-yl)acetate (8af) 

  

128.1 mg, 98% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.80 (dd, J = 8.8 Hz, 2H), 7.71 

(d, J = 9.2 Hz, 1H), 7.46-7.44 (m, 2H), 7.33 (t, J = 7.6 Hz, 1H), 7.26 (s, 1H), 7.21-7.17 (m, 1H), 
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7.11-7.07 (m, 3H), 6.12 (s, 1H), 3.77 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.2, 152.8, 134.6, 

134.4, 133.1, 130.3, 130.2, 129.4, 129.3, 128.8, 128.7, 127.2, 127.0, 123.3, 122.1, 118.9, 114.8, 

53.0, 46.8; HRMS (ESI) calculated for [C19H16ClO3][M+H]+: 327.0795, found: 327.0782. 

32) Methyl (S)-2-(2-bromophenyl)-2-(2-hydroxynaphthalen-1-yl)acetate (8ag) 

  

124 mg, 84% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.74 (t, J = 6.8 Hz, 2H), 7.63 (q, J 

= 2.8 Hz, 2H), 7.44-7.40 (m, 1H), 7.34 (s, 1H), 7.32-7.28 (m, 1H), 7.07-7.00 (m, 4H), 6.07 (s, 1H), 

3.74 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.1, 152.6, 136.2, 133.1, 132.7, 130.5, 130.2, 129.3, 

129.0, 128.7, 127.7, 127.3, 125.5, 123.3, 122.2, 118.8, 115.3, 53.0, 49.5; HRMS (ESI) calculated 

for [C19H15BrNaO3][M+Na]+: 393.0097, found: 393.0099. 

33) Methyl (S)-2-(2-fluorophenyl)-2-(2-hydroxynaphthalen-1-yl)acetate (8ah) 

  

96.8 mg, 78% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.88 (d, J = 7.6 Hz, 1H), 7.78 (d, 

J = 7.6 Hz, 1H), 7.70 (d, J = 8.8 Hz, 1H), 7.64 (s, 1H), 7.32 (t, J = 7.6 Hz, 1H), 7.22-7.19 (m, 1H), 

7.12-7.10 (m, 1H), 7.09-7.04 (m, 2H), 7.02 (t, J = 7.2 Hz, 1H), 6.93 (t, J = 7.6 Hz, 1H), 6.05 (s, 1H), 

3.76 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.4, 161.1 (d, J = 244.0 Hz), 153.3, 133.1, 130.4, 

129.9 (d, J = 3.0 Hz), 129.4, 129.3 (d, J = 8.0 Hz), 128.9, 127.2, 124.1 (d, J = 4.0 Hz), 123.6 (d, J 

= 14.0 Hz), 123.4, 121.9, 119.4, 115.2 (d, J = 22.0 Hz), 113.5, 53.2, 42.5; HRMS (ESI) calculated 

for [C19H15FNaO3][M+Na]+: 333.0897, found: 333.0894. 

34) Methyl 2-(2-hydroxynaphthalen-1-yl)-2-(p-tolyl)acetate (8ai) 

  

104.1 mg, 85% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.09 (s, 1H), 7.99 (d, J = 8.4 Hz, 
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1H), 7.80 (d, J = 8.0 Hz, 1H), 7.74 (d, J = 8.8 Hz, 1H), 7.50-7.46 (m, 1H), 7.36-7.32 (m, 1H), 7.15 

(d, J = 8.8 Hz, 1H), 7.08 (s, 4H), 5.96 (s, 1H), 3.81 (s, 3H), 2.28 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 176.6, 153.8, 137.0, 133.5, 133.3, 130.3, 129.4, 129.3, 128.9, 127.5, 127.1, 123.2, 121.8, 

120.4, 114.9, 53.1, 48.0, 21.0; HRMS (ESI) calculated for [C20H18NaO3][M+Na]+: 329.1151, found: 

329.1148. 

35) Methyl 2-(4-fluorophenyl)-2-(2-hydroxynaphthalen-1-yl)acetate (8aj) 

  

105.5 mg, 85% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.92-7.69 (m, 4H), 7.46 (d, J = 

7.2 Hz, 1H), 7.34 (d, J = 6.8 Hz, 1H), 7.20 (d, J = 5.3 Hz, 2H), 7.09 (d, J = 8.4 Hz, 1H), 6.93 (t, J = 

7.6 Hz, 2H), 5.88 (s, 1H), 3.77 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 176.2, 161.9 (d, J = 244 Hz), 

153.1, 133.0, 132.4 (d, J = 4 Hz), 130.3, 129.7 (d, J = 8 Hz), 129.4, 128.9, 127.2, 123.3, 121.8, 

119.7, 115.3 (d, J = 22 Hz), 115.2, 53.1, 47.6; 19F NMR (376 MHz, CDCl3) δ -115.26; HRMS (ESI) 

calculated for [C19H15FNaO3][M+Na]+: 333.0897, found: 333.0893. 

36) Methyl 2-(4-chlorophenyl)-2-(2-hydroxynaphthalen-1-yl)acetate (8ak) 

  

124.2 mg, 95% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.90 (dd, J = 8.8 Hz, 1H), 7.79 

(d, J = 8.4 Hz, 2H), 7.71 (d, J = 8.8 Hz, 1H), 7.49-7.44 (m, 1H), 7.33 (t, J = 7.6 Hz, 1H), 7.19 (dd, 

J = 24.8, 8.8 Hz, 4H), 7.09 (d, J = 8.8 Hz, 1H), 5.87 (s, 1H), 3.78 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 175.9, 153.1, 135.3, 133.1, 133.0, 130.4, 129.5, 129.4, 129.0, 128.6, 127.3, 123.4, 121.8, 

119.7, 115.1, 53.1, 47.7; HRMS (ESI) calculated for [C19H16ClO3][M+H]+: 327.0798, found: 

327.0788. 

37) Methyl 2-(4-bromophenyl)-2-(2-hydroxynaphthalen-1-yl)acetate (8al) 
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126.2 mg, 85% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 8.8 Hz, 1H), 7.77 (d, 

J = 8.4 Hz, 2H), 7.69 (d, J = 8.8 Hz, 1H), 7.45 (t, J = 8.0 Hz, 1H), 7.37-7.30 (m, 3H), 7.11-7.05 (m, 

3H), 5.83 (s, 1H), 3.75 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 175.8, 152.9, 135.9, 132.9, 131.5, 

130.3, 129.9, 129.4, 128.9, 127.2, 123.3, 121.8, 121.2, 119.5, 115.1, 53.1, 47.8; HRMS (ESI) 

calculated for [C19H15BrNaO3][M+Na]+: 393.0097, found: 393.0101. 

38) Isopropyl 2-(6-bromo-2-hydroxynaphthalen-1-yl)-2-phenylacetate (8bc) 

 

84.6 mg, 68% yield; white solid. The chemical shifts of 8bc is consistent with previously reported 

structure.1 

39) Methyl 2-(3,4-dichlorophenyl)-2-(2-hydroxynaphthalen-1-yl)acetate (8am) 

  

124.3 mg, 86% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.73 (d, J = 8.0 Hz, 1H), 7.66 (d, 

J = 8.4 Hz, 1H), 7.60 (d, J = 8.8 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.34 (s, 1H), 7.31-7.27 (m, 2H), 

6.97-6.87 (m, 3H), 6.12 (s, 1H), 3.71 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 174.9, 152.5, 137.0, 

133.0, 132.9, 132.8, 130.3, 129.6, 129.3, 128.8, 128.5, 127.4, 127.3, 123.4, 121.9, 118.5, 114.9, 

53.0, 47.6; MS (EI): m/z (%): 360 (M+, 0.96), 328 (100); HRMS (EI) calcd. for C19H14O3Cl2: 

360.0320, found:360.0323. 

40) Methyl 2-(2,4-dichlorophenyl)-2-(2-hydroxynaphthalen-1-yl)acetate (8an) 

  

122.8 mg, 85% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.79 (ddd, J = 6.8 Hz, 3H), 7.51-
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7.48 (m, 2H), 7.40-7.36 (m, 1H), 7.12-7.07 (m, 3H), 7.03 (d, J = 6.8 Hz, 1H), 6.08 (s, 1H), 3.80 (s, 

3H); 13C NMR (100 MHz, CDCl3) δ 174.6, 152.8, 135.2, 134.0, 133.0, 131.2, 130.6, 129.5, 129.3, 

128.9, 127.5, 127.3, 123.6, 121.9, 119.0, 114.1, 53.2, 46.4; MS (EI): m/z (%): 360 (M+, 11.16), 328 

(100); HRMS (EI) calcd. for C19H14O3Cl2: 360.0320, found:360.0321. 

41) Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-(2-hydroxynaphthalen-1-yl)acetate (8ao) 

  

102.2 mg, 71% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.95 (s, 1H), 7.93 (s, 1H), 7.78 

(d, J = 8.0 Hz, 1H), 7.71 (d, J = 9.2 Hz, 1H), 7.49-7.45 (m, 1H), 7.35-7.33 (m, 1H), 7.11 (d, J = 8.8 

Hz, 1H), 6.71 (d, J = 3.6 Hz, 3H), 5.85 (s, 2H), 5.84 (s, 1H), 3.78 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 176.3, 153.3, 147.9, 146.8, 133.1, 130.4, 130.2, 129.4, 128.9, 127.2, 123.3, 121.7, 121.1, 

120.0, 115.2, 108.6, 108.1, 101.0, 53.1, 48.1; MS (EI): m/z (%): 336 (M+, 7.28), 304 (100); HRMS 

(EI) calcd. for C20H16O5: 336.0998, found: 336.0995. 

42) Methyl 2-(2-hydroxynaphthalen-1-yl)-2-(naphthalen-2-yl)acetate (8ap) 

  

112.2 mg, 82% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.80 (s, 2H), 7.76 (d, J = 5.6 Hz, 

1H), 7.74-7.66 (m, 5H), 7.51-7.47 (m, 1H), 7.42-7.39 (m, 2H), 7.37-7.33 (m, 1H), 7.29 (dd, J = 8.4, 

2.0 Hz, 1H), 7.15 (d, J = 9.2 Hz, 1H), 6.13 (s, 1H), 3.85 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

176.3, 153.9, 133.9, 133.3, 133.2, 132.6, 130.4, 129.5, 129.0, 128.4, 128.0, 127.5, 127.2, 126.3, 

126.2, 126.0, 125.9, 123.3, 121.8, 120.3, 114.8, 53.2, 48.5; MS (EI): m/z (%): 342 (M+, 22.13), 310 

(100); HRMS (EI) calcd. for C23H18O3: 342.1256, found: 342.1255. 

43) Methyl 2-(6-bromo-2-hydroxynaphthalen-1-yl)-2-phenylacetate (8ba) 
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119.9 mg, 81% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.96 (s, 1H), 7.79 (d, J = 2.0 Hz, 

1H), 7.68 (d, J = 9.2 Hz, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7.38 (dd, J = 9.2, 2.0 Hz, 1H), 7.15-7.08 (m, 

5H), 6.97 (d, J = 9.2 Hz, 1H), 5.78 (s, 1H), 3.67 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 176.1, 

153.5, 136.4, 131.7, 130.7, 130.5, 130.2, 129.2, 128.6, 127.9, 127.4, 123.9, 120.9, 116.9, 115.6, 

53.1, 48.4; HRMS (ESI) calculated for [C19H15BrNaO3][M+Na]+: 393.0097, found: 393.0103. 

44) Methyl 2-(2-chlorophenyl)-2-(2-hydroxy-4,6-dimethoxyphenyl)acetate (10a) 

  

131.7 mg, 98% yield; colorless oil. 1H NMR (400 MHz, DMSO-d6) δ 9.62 (s, 1H), 7.19-7.17 (m, 

1H), 6.99-6.95 (m, 2H), 6.84 (d, J = 7.6 Hz, 1H), 5.93 (s, 2H), 5.34 (s, 1H), 3.50 (s, 3H), 3.46 (s, 

3H), 3.34 (d, J = 7.6 Hz, 3H); 13C NMR (100 MHz, DMSO-d6) δ 172.0, 160.1, 158.6, 156.3, 136.6, 

134.1, 130.2, 128.7, 128.2, 126.7, 106.3, 93.9, 90.1, 55.7, 54.9, 51.6, 42.9; MS (EI): m/z (%): 336 

(M+, 11.52), 304 (100). 

45) Methyl 2-(2-chlorophenyl)-2-(2-hydroxy-4-methoxyphenyl)acetate (10b) 

 

111.6 mg, 91% yield; colorless oil. 1H NMR (500 MHz, CDCl3) δ 7.43-7.42 (m, 1H), 7.28-7.23 (m, 

3H), 6.98 (d, J = 8.5 Hz, 1H), 6.75-6.73 (m, 1H), 6.50-6.46 (m, 2H), 5.49 (s, 1H), 3.80 (s, 3H), 3.78 

(s, 3H); 13C NMR (125 MHz, CDCl3) δ 174.5, 160.5, 155.4, 135.1, 134.2, 131.2, 129.9, 129.7, 

128.8, 126.9, 115.0, 106.5, 102.8, 55.3, 52.9, 50.2 ; MS (EI): m/z (%): 306 (M+, 26.89), 211 (100). 

HRMS (EI) calcd. for C16H15ClO4: 306.0659, found: 306.0664. 

46) Methyl 2-(2-hydroxy-4-methoxyphenyl)-2-phenylacetate (10c) 
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103.4 mg, 95% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.41 (br, 1H), 7.22-7.14 (m, 5H), 

6.85 (dd, J = 6.4, 2.8 Hz, 1H), 5.02 (s, 1H), 3.66 (s, 3H), 3.59 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ 175.6, 160.3, 155.4, 137.3, 131.1, 128.6, 128.0, 127.3, 116.8, 106.2, 102.9, 55.2, 53.0, 52.7; MS 

(EI): m/z (%): 272 (M+, 24.55), 240 (100). The chemical shifts of 10c is consistent with previously 

reported structure.2 

47) Methyl 2-(6-hydroxybenzo[d][1,3]dioxol-5-yl)-2-phenylacetate (10d) 

  

86.9 mg, 76% yield; colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.25-7.15 (m, 5H), 6.84 (br, 1H), 

6.45 (s, 1H), 6.30 (s, 1H), 5.75 (s, 2H), 5.03 (s, 2H), 3.68 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

175.2, 149.2, 147.6, 141.4, 137.1, 128.7, 128.1, 127.4, 116.3, 109.5, 101.1, 99.3, 52.8, 52.7; MS 

(EI): m/z (%): 286 (M+, 23.65), 254 (100); HRMS (EI) calcd. for C16H14O5: 286.0841, found: 

286.0839. 
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4. Synthetic Application 

1) 3-Phenylnaphtho[1,2-b]furan-2(3H)-one (11) 

 

The general procedure was followed using 3aa (1 mmol, 292 mg) and TFA (11.4 mg, 0.1 mmol) 

was heated to 90 oC for 6 h. Then the reaction was cooled to room temperature and purified by 

column chromatography (PE/EA 10:1), 11 (257.4 mg, 99%) was obtained as a white solid. 1H NMR 

(400 MHz, CDCl3) δ 8.00 (d, J = 8.0 Hz, 1H), 7.80(d, J = 8.0 Hz, 1H), 7.58 (d, J = 8.4 Hz, 1H), 

7.53-7.45 (m, 2H), 7.30-7.24 (m, 3H), 7.20-7.15 (m, 3H), 4.96 (s, 1H); 13C NMR (100 MHz, CDCl3) 

δ 175.6, 149.6, 135.1, 134.1, 129.1, 128.3, 128.2, 128.1, 126.9, 124.4, 121.5, 121.2, 119.8, 50.7; 

HRMS (EI) calculated for [C18H12O2]: 260.0837, found: 260.0835. The chemical shifts of 11 is 

consistent with previously reported structure.1 

2) 3-Phenylnaphtho[1,2-b]furan-2(3H)-one (12) 

 

The general procedure was followed using 9c (1 mmol, 272.3 mg) and TFA (11.4 mg, 0.1 mmol) 

was heated to 90 oC for 8 h. Then the reaction was cooled to room temperature and. After 

purification by column chromatography (PE/EA 10:1), 12 (237.9 mg, 95%) was obtained as a white 

solid. 1H NMR (400 MHz, CDCl3) δ 7.29-7.24 (m, 3H), 7.16-7.14 (m, 2H), 7.01 (dd, J = 8.0, 0.8 

Hz, 1H), 6.68 (d, J = 2.0 Hz, 1H), 6.63 (dd, J = 8.4, 2.4 Hz, 1H), 4.76 (s, 1H), 3.76 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 175.5, 160.8, 154.9, 135.5, 129.0, 128.1, 128.0, 125.7, 118.6, 110.2, 

97.4, 55.7, 49.3; HRMS (EI) calculated for [C15H12O3]: 240.0786, found: 240.0788. 



S21 
 

5. Mechanistic studies 

1) The role of hydroxyl 

 

The reaction of 1-methoxynaphthalene 13 with the diazoester 2a in standard condition only 

delivered a trace amount of ortho-selective C–H bond functionalization products 14. This result 

indicated that the hydroxyl was vital not only for site-selectivity but also for reactivity. 

2) Passible catalytic pathyway 

In this reaction, two possible catalytic cycles were proposed as below. Path A is Cu-carbene 

pathway, while path B is Lewis acid pathway, in which CuCl2 served as Lewis acid via 

coordinating nitrogen of diazo compounds to activate the substrate. 

 

 



S22 
 

We did the reaction using the well-known Lewis acids (BF3 and scandium triflate) and the 

results were shown as below. Although the yield were low (entry 1, 2), these result indicated that 

the Lewis acid process (Path B) should be involving in this reaction.  

 

Entry  Cat. Time (h) 3aa/5aa/6aa (%) 

1 Sc(OTf)3 12 25/5/62 

2 BF3·OEt2 12 30/3/63 

 

In order to further understand this reaction, we did several control experiments. From the 

results, the Lewis acid cannot catalyze the cyclopropanation (entry 1, 2) while both Cu(I) and 

Cu(II) can catalyze the cyclopropanation (entry 3-2). This results indicated that CuCl2 can 

decompose diazo 2a to form copper-carbene. In addition, the formation of Cu(II)-carbene of 

CuCl2 and α-aryl-α-diazoacetate was also supported by DFT calculation3. The Cu(II)-carbene 

should be reasonable in this case. 

 

Entry  Cat. Time (h) 16/3aa/6aa (%) 

1 Sc(OTf)3 12 Trace/20/73 

2 BF3·OEt2 12 Trace/27/68 

3 CuCl 12 45/10/40 

4 CuOTf 10 27/20/35 

5 CuCl2 12 46/37/- 

 

In conclusion, we suggested that CuCl2 served as dual catalyst in this reaction. Both Path 

A and Path B were existed together in this reaction.  
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6. Crystal structure of 12 
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