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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 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 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, 1,2-Dimethoxyethane (DME) 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. 

  

S2



2. Table S1. Optimization of Reaction Conditions. a 

 

Entry AuLCl  AgX Solvent 3 :4b 
Yield (%) c 

(3aa: 4aa)  

1 (2,4-tBu2C6H3O)3PAuCl AgSbF6 DCM 5 : 1 (75/15) 

2 (2,4-tBu2C6H3O)3PAuCl AgSbF6 DCE 6 : 1 77/13 

3 (2,4-tBu2C6H3O)3PAuCl AgSbF6 CHCl3 5 : 1 75/15 

4 (2,4-tBu2C6H3O)3PAuCl AgSbF6 THF 6 : 1 60/10 

5 (2,4-tBu2C6H3O)3PAuCl AgSbF6 Et2O 8 : 1 70/9 

6 (2,4-tBu2C6H3O)3PAuCl AgSbF6 Toluene >20 ：1 (80/3) 

7 AuCl3 AgSbF6 DCM - - 

8 IPrAuCl AgSbF6 DCM 4 : 1 75/17 

9 PicAuCl AgSbF6 DCM 2 : 1 50/25 

10 Ph3PAuCl AgSbF6 DCM >20 ：1 (75/3) 

11 Ph3PAuCl AgOTf DCM >20 ：1 (87/3) 

12 Ph3PAuCl AgNTf2 DCM >20 ：1 83/4 

13 Ph3PAuCl AgBF4 DCM 15 : 1 80/6 

14 Ph3PAuCl AgOMs DCM 10 : 1 75/7 

16 Ph3PAuCl AgOTf DCE >20 ：1 (85/4) 

17 Ph3PAuCl AgOTf CHCl3 >20 ：1 85/3 

18 Ph3PAuCl AgOTf THF 5 : 1 65/13 

19 Ph3PAuCl AgOTf Toluene >20 ：1 (87/4) 

20 - AgOTf DCM <1 : 20 (0/60) 

21 Ph3PAuCl - DCM - - 

a Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), Ph3PAuCl (5.5 mol%), AgOTf (5 mol%) in 

dry solvent (2 mL) at room temperature under Ar. b Determined by NMR of crude products. c 

NMR yield. the numbers in parenthesis are isolate yields.  

 

  

S3



3. General procedure for the cascade reactions 

In a dried glass tube, a solution of Ph3PAuCl (10.97 mg, 0.022 mmol, 5.5 mol%), AgOTf  

(5.13 mg, 5 mol%) in DCM (2 mL) was stirred at room temperature for 15 mins. After AgCl was 

filtered off, anisole (86.4 mg, 0.8 mmol) was added to the reaction mixture at room temperature. 

Then a solution of methyl 2-diazo-2-(2-(phenylethynyl)phenyl)acetate 1a (110 mg, 0.4 mmol) in 1 

mL DCM was introduced into the reaction mixture by a syringe in 5 mins. The resulting mixture 

was continually stirred at room temperature for 10 min and 1a 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 1-(4-methoxyphenyl)-2-phenyl-1H-indene-1-carboxylate (3aa) 

The general procedure was followed using 1a (0.4 mmol) and 2a (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 10:1), 3aa (123.8 mg, 87%) was obtained as a 

white solid, m.p. 139-140 oC. 1H NMR (400 MHz, CDCl3) δ 7.43-7.35 (m, 5H), 7.30-7.16 (m, 

7H), 6.75 (d, J = 8.8 Hz, 2H), 3.74 (s, 3H), 3.60 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.5, 

158.5, 150.3, 149.2, 142.6, 134.3, 130.3, 129.4, 128.7, 128.2, 127.9, 127.6, 127.1, 126.3, 123.8, 

121.5, 113.7, 68.1, 55.1, 52.7; MS (EI): m/z (%): 356 (M+, 50.66), 297 (100); HRMS (EI) 

calculated for [C24H20O3]: 356.1412, found: 356.1415. 

2) Methyl 1-(3, 4-dimethoxyphenyl)-2-phenyl-1H-indene-1-carboxylate (3ab) 

 The general procedure was followed using 1a (0.4 mmol) and 2b (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 5:1), 3ab (134.4 mg, 87%) was obtained as a 

white solid, m.p. 149-150 oC. 1H NMR (400 MHz, CDCl3) δ 7.42-7.16 (m, 10 H), 6.95-6.91 (m, 

2H), 6.70 (d, J = 8.0 Hz, 1H), 3.80 (s, 3H), 3.70 (s, 3H), 3.60 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 172.5, 150.4, 148.9, 148.5, 148.2, 142.6, 134.5, 130.6, 129.5, 128.2, 128.0, 127.6, 127.2, 

126.2, 123.8, 121.6, 119.9, 111.4, 110.9, 68.3, 55.8, 55.7, 52.7; MS (EI): m/z (%): 386 (M+, 

62.46), 327 (100); HRMS (EI) calculated for [C25H22O4]: 386.1518, found: 386.1520. 
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3) Methyl 1-(3-iodo-4-methoxyphenyl)-2-phenyl-1H-indene-1-carboxylate (3ac) 

 The general procedure was followed using 1a (0.4 mmol) and 2c (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 10:1), 3ac (150.3 mg, 78%) was obtained as a 

white solid, m.p. 131-132 oC. 1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 2.4 Hz, 1H), 7.45-7.10 

(m, 11H), 6.61 (d, J = 8.8 Hz, 1H), 3.77 (s, 3H), 3.58 (s, 3H); 13C NMR (100 MHz, CDCl3) 

δ172.1, 157.2, 149.9 148.7, 142.6, 138.5, 134.0, 132.4, 129.6, 128.8, 128.3, 128.1, 127.7, 127.1, 

126.4, 123.6, 121.7, 110.5, 85.7, 67.3, 56.2, 52.7; MS (EI): m/z (%): 482 (M+, 83.65), 423 (100); 

HRMS (EI) calculated for [C24H19O3I]: 482.0379, found: 482.0375. 

4) Methyl 1-(4-methoxy-3-methylphenyl)-2-phenyl-1H-indene-1-carboxylate (3ad) 

 The general procedure was followed using 1a (0.4 mmol) and 2d (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 10:1), 3ad (111.1mg, 75%) was obtained as a 

white solid, m.p. 151-152 oC. 1H NMR (400 MHz, CDCl3) δ 7.43-7.35 (m, 5H), 7.28-7.11 (m, 

7H), 6.63 (d, J = 8.4 Hz, 1H), 3.72 (s, 3H), 3.58 (s, 3H), 2.09 (s, 3H); 13C NMR (100 MHz, 

CDCl3) δ 172.6, 156.7, 150.2, 149.3, 142.5, 134.3, 129.71, 129.68, 129.3, 128.1, 127.8, 127.5, 

127.1, 126.3, 126.2, 125.9, 123.8, 121.4, 109.5, 68.1, 55.1, 52.6, 16.5; MS (EI): m/z (%): 370 (M+, 

42.94), 311 (100); HRMS (EI) calculated for [C25H22O3]: 370.1569, found: 370.1573. 

5) Methyl 2-phenyl-1-(2, 4, 6-trimethoxyphenyl)-1H-indene-1-carboxylate (3ae). 

 The general procedure was followed using 1a (0.4 mmol) and 2e (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 3:1), 3ae (161.4 mg, 97%) was obtained as a 

white solid, m.p. 189-190 oC.1H NMR (400 MHz, CDCl3) δ 7.52-7.40 (m, 3H), 7.33 (d, J = 7.2 

Hz, 1H), 7.26-7.04 (m, 6H), 6.21 (s, 1H), 5.98 (s, 1H), 3.78 (s, 3H), 3.73 (s, 3H), 3.53 (s, 3H), 

3.11 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 160.2, 159.5, 159.1, 150.2, 148.1, 130.0, 129.7, 

128.7, 127.3, 125.1, 124.3, 123.8, 120.6, 120.5, 119.6, 116.7, 109.0, 92.4, 91.9, 55.8, 55.5, 55.4, 

55.2; MS (EI): m/z (%): 416 (M+, 40.87), 417 (M+, 10.90), 384 (100); HRMS (EI) calculated for 
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[C26H24O5]: 416.1624, found: 416.1625. 

6) Methyl 1-(4-(allyloxy)phenyl)-2-phenyl-1H-indene-1-carboxylate (3af) 

 The general procedure was followed using 1a (0.4 mmol) and 2f (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 10:1), 3af (91.6 mg, 60%) was obtained as a 

white solid, m.p. 109-110 oC. 1H NMR (400 MHz, CDCl3) δ 7.46-7.32 (m, 5H), 7.31-7.12 (m, 

7H), 6.75 (dd, J = 6.4, 2.4 Hz, 2H), 6.05-5.96 (m, 1H), 5.36 (dd, J = 17.2, 1.6 Hz, 1H), 5.24 (dd, J 

= 10.8, 1.6 Hz, 1H), 4.45 (dt, J = 6.4, 1.6 Hz, 2H), 3.59 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

172.5, 157.6, 150.3, 149.2, 142.6, 134.2, 133.2, 130.5, 129.4, 128.7, 128.2, 127.9, 127.6, 127.1, 

126.3, 123.8, 121.5, 117.7, 114.4, 68.7, 68.1, 52.7; MS (EI): m/z (%): 382 (M+, 100); HRMS (EI) 

calculated for [C26H22O3]: 382.1569, found: 382.1571. 

7) Methyl 1-(benzo[d][1,3]dioxol-5-yl)-2-phenyl-1H-indene-1-carboxylate (3ag) 

 The general procedure was followed using 1a (0.4 mmol) and 2g (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 10:1), 3ag (121.3 mg, 82%) was obtained as a 

white solid, m.p. 189-190 oC. 1H NMR (400 MHz, CDCl3) δ 7.46-7.34 (m, 5H), 7.30-7.14 (m, 

5H), 6.90 (dd, J = 8.0, 2.0 Hz, 1H), 6.84 (d, J = 2.0 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 5.86 (s, 2H), 

3.59 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.3, 150.3, 149.1, 147.5, 146.6, 142.5, 134.2, 

132.0, 129.5, 128.2, 128.0, 127.6, 127.2, 126.3, 123.8, 121.6, 120.9, 108.2, 108.0, 101.0, 68.4, 

52.7; MS (EI): m/z (%): 370 (M+, 54.41), 311 (100); HRMS (EI) calculated for [C24H18O4]: 

370.1205, found: 370.1208. 

8) Methyl 1-(benzo[d][1,3]dioxol-5-yl)-2-(4-methoxyphenyl)-1H-indene-1-carboxylate (3bg) 

 The general procedure was followed using 1b (0.4 mmol) and 2g (0.8 mmol). 

After purification by column chromatography (PE/EtOAc 5:1), 3bg (139.2 mg, 87%) was 

obtained as a white solid, m.p. 158-159 oC. 1H NMR (400 MHz, CDCl3) δ 7.39-7.31 (m, 6H), 

7.26-7.21 (m, 1H), 6.92-6.90 (m, 1H), 6.85-6.80 (m, 3H), 6.65 (d, J = 8.0 Hz, 1H), 5.87 (dd, J = 
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2.4, 1.6 Hz, 2H), 3.78 (s, 3H), 3.59 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 172.4, 159.2, 149.9, 

148.9, 147.5, 146.6, 142.8, 132.2, 128.5, 127.9, 127.7, 126.8, 125.9, 123.7, 121.2, 120.9, 113.7, 

108.3, 108.0, 101.0, 68.3, 55.2, 52.7; MS (EI): m/z (%): 400 (M+, 57.60), 341 (100); HRMS (EI) 

calculated for [C24H18O4]: 400.1311, found: 400.1315. 

9) Methyl 1-(benzo[d][1,3]dioxol-5-yl)-2-(p-tolyl)-1H-indene-1-carboxylate (3cg) 

 The general procedure was followed using 1c (0.4 mmol) and 2g (0.8 mmol). 

After purification by column chromatography (PE/EtOAc 8:1), 3cg (130.5 mg, 85%) was obtained 

as a white solid, m.p. 186-187 oC. 1H NMR (400 MHz, CDCl3) δ 7.37-7.24 (m, 6H), 7.16-7.10 (m, 

1H), 7.07 (d, J = 8.0 Hz, 2H), 6.91 (dd, J = 8.4, 2.0 Hz, 1H), 6.86 (d, J = 2.0 Hz, 1H), 6.64 (d, J = 

8.4 Hz, 1H), 5.85 (s, 2H), 3.58 (s, 3H), 2.30 (s, 3H) ; 13C NMR (100 MHz, CDCl3) δ 172.3, 150.2, 

149.0, 147.5, 146.6, 142.7, 137.6, 132.1, 131.3, 129.0, 128.6, 127.9, 127.0, 126.1, 123.7, 121.4, 

120.9, 108.3, 108.0, 100.9, 68.2, 52.6, 21.2; MS (EI): m/z (%): 384 (M+, 4.65), 152 (100); HRMS 

(EI) calculated for [C25H20O4]: 384.1362, found: 384.1360. 

10) Methyl 1-(benzo[d][1,3]dioxol-5-yl)-2-(4-chlorophenyl)-1H-indene-1-carboxylate (3dg) 

 The general procedure was followed using 1d (0.4 mmol) and 2g (0.8 mmol). 

After purification by column chromatography (PE/EtOAc 8:1), 3dg (121.2 mg, 75%) was 

obtained as a red solid, m.p. 152-153 oC. 1H NMR (400 MHz, CDCl3) δ 7.42-7.15 (m, 9H), 6.86 

(dd, J = 8.4, 2.0 Hz, 1H), 6.77 (d, J = 2.0 Hz, 1H), 6.66 (d, J = 8.4 Hz, 1H), 5.89 (dd, J = 2.4, 1.6 

Hz, 2H), 3.60 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.0, 149.0, 147.7, 146.8, 142.2, 133.4, 

132.7, 131.7, 130.0, 128.4, 128.1, 126.6, 124.0, 121.7, 120.7, 108.1, 108.0, 101.1, 68.5, 52.8; MS 

(EI): m/z (%): 404 (M+, 43.72), 406 ([M+2]+, 11.97), 345 (100); HRMS (EI) calculated for 

[C24H17O4Cl]: 404.0815, found: 404.0811. 

11) Methyl 1-(benzo[d][1,3]dioxol-5-yl)-2-propyl-1H-indene-1-carboxylate (3eg) 
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 The general procedure was followed using 1e (0.4 mmol) and 2g (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 10:1), 3eg (100.8 mg, 75%) was obtained as a 

yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.40-7.36 (m, 1H), 7.29-7.23 (m, 2H), 7.15-7.09 (m, 

1H), 6.70 (d, J = 8.4 Hz, 1H), 6.56-6.50 (m, 2H), 6.43 (d, J = 1.6 Hz, 1H), 5.90 (dd, J = 2.8, 1.6 

Hz, 2H), 3.72 (s, 3H), 2.44-2.34 (m, 1H), 2.10-1.98 (m, 1H), 1.70-1.58 (m, 1H), 1.56-1.47 (m, 1H), 

0.93 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 172.4, 154.5, 147.6, 146.7, 146.6, 144.3, 

133.0, 128.0, 126.4, 125.1, 124.8, 120.6, 120.4, 108.1, 107.8, 101.0, 70.4, 52.6, 30.3, 20.9, 14.1; 

MS (EI): m/z (%): 336 (M+, 100); HRMS (EI) calculated for [C21H20O4]: 336.1362, found: 

336.1363. 

12) Methyl 1, 2-bis (4-methoxyphenyl)-1H-indene-1-carboxylate (3ba) 

 The general procedure was followed using 1b (0.4 mmol) and 2a (0.8 mmol). 

After purification by column chromatography (PE/EtOAc 5:1), 3ba (134.2 mg, 87%) was 

obtained as a white solid, m.p. 157-158 oC. 1H NMR (400 MHz, CDCl3) δ 7.40-7.24 (m, 8H), 

7.14-7.01 (m, 1H), 6.81-6.72 (m, 4H), 3.77 (s, 3H), 3.73 (s, 3H), 3.59 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 172.7, 159.1, 158.5, 150.0, 149.1, 142.9, 130.6, 128.7, 128.5, 127.8, 127.6, 127.0, 

125.8, 123.6, 121.1, 113.7, 113.6, 68.1, 55.2, 55.1, 52.6; MS (EI): m/z (%): 386 (M+, 55.93), 327 

(100); HRMS (EI) calculated for [C25H22O4]: 386.1518, found: 386.1522. 

13) Methyl 1-(4-methoxyphenyl)-2-(m-tolyl)-1H-indene-1-carboxylate (3fa) 

 The general procedure was followed using 1f (0.4 mmol) and 2g (0.8 mmol). 

After purification by column chromatography (PE/EtOAc 10:1), 3fa (119.8 mg, 81%) was 

obtained as a white solid, m.p. 142-143 oC. 1H NMR (400 MHz, CDCl3) δ 7.39-7.24 (m, 7H), 

7.16-7.01 (m, 4H), 6.75-6.71 (m, 2H), 3.72 (s, 3H), 3.59 (s, 3H), 2.29 (s, 3H); 13C NMR (100 

MHz, CDCl3) δ 172.6, 158.5, 150.6, 149.2, 142.7, 137.6, 134.2, 130.4, 129.2, 128.8, 128.4, 128.1, 

127.9, 127.7, 126.2, 124.4, 123.7, 121.4, 113.6, 68.1, 55.1, 52.6, 21.5; MS (EI): m/z (%): 370 (M+, 
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53.30), 311 (100); HRMS (EI) calculated for [C25H22O3]: 370.1569, found: 370.1565. 

14) Methyl 1-(3,4-dimethoxyphenyl)-2-(p-tolyl)-1H-indene-1-carboxylate (3cb) 

 The general procedure was followed using 1c (0.4 mmol) and 2b (0.8 mmol). 

After purification by column chromatography (PE/EtOAc 5:1), 3cb (120 mg, 75%) was obtained 

as a white solid, m.p. 132-133 oC. 1H NMR (400 MHz, CDCl3) δ 7.45-7.26 (m, 6H), 7.17-7.13 (m, 

1H), 7.07 (d, J = 2.0 Hz, 2H), 6.98 (d, J = 2.0 Hz, 1H), 6.93 (dd, J = 8.4, 2.0 Hz, 1H), 6.69 (d, J = 

8.4 Hz, 1H), 3.80 (s, 3H), 3.72 (s, 3H), 3.59 (s, 3H), 2.31 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

172.6, 150.2, 148.8, 148.3, 147.9, 142.7, 137.5, 131.4, 130.7, 128.9, 128.6, 127.9, 127.0, 126.0, 

123.6, 121.4, 119.7, 111.1, 110.6, 68.0, 55.7, 55.6, 52.7, 21.2; MS (EI): m/z (%): 400 (M+, 5.02), 

311 (100); HRMS (EI) calculated for [C26H24O4]: 400.1675, found: 400.1673. 

15) Methyl 2-(4-chlorophenyl)-1-(3,4-dimethoxyphenyl)-1H-indene-1-carboxylate (3db) 

 The general procedure was followed using 1d (0.4 mmol) and 2b (0.8 mmol). 

After purification by column chromatography (PE/EtOAc 5:1), 3db (120.9 mg, 72%) was 

obtained as a white solid, m.p. 156-157 oC. 1H NMR (400 MHz, CDCl3) δ 7.43-7.15 (m, 9H), 

6.91-6.86 (m, 2H), 6.71 (d, J = 9.2 Hz, 1H), 3.81 (s, 3H), 3.72 (s, 3H), 3.61 (s, 3H); 13C NMR 

(100 MHz, CDCl3) δ 172.2, 148.9, 148.8, 148.5, 148.1, 142.2, 133.4, 132.8, 130.2, 130.0, 128.4, 

128.3, 128.0, 126.5, 123.8, 121.7, 119.6, 110.8, 68.3, 55.7, 55.6, 52.8; MS (EI): m/z (%): 420 (M+, 

7.42), 422 ([M+2]+, 2.89), 311 (100); HRMS (EI) calculated for [C25H21O4Cl]: 420.1128, found: 

420.1125. 

16) Methyl 1-(3,4-dimethoxyphenyl)-2-(m-tolyl)-1H-indene-1-carboxylate (3fb) 

 The general procedure was followed using 1f (0.4 mmol) and 2b (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 5:1), 3fb (115.2 mg, 72%) was obtained as a 

white solid, m.p. 158-159 oC. 1H NMR (400 MHz, CDCl3) δ 7.40-7.26 (m, 5H), 7.16-7.13 (m, 

3H), 7.04-7.03 (m, 1H), 6.98 (d, J = 2.0 Hz, 1H), 6.90 (dd, J = 8.4, 2.0 Hz, 1H), 6.68 (d, J = 8.4 
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Hz, 1H), 3.79 (s, 3H), 3.71 (s, 3H), 3.60 (s, 3H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

172.5, 150.5, 148.8, 148.3, 148.0, 142.6, 137.6, 134.2, 130.6, 129.2, 128.5, 128.0, 127.9, 127.7, 

126.1, 124.4, 123.6, 121.5, 119.8, 111.2, 110.6, 68.1, 55.7, 55.6, 52.7, 21.5; MS (EI): m/z (%): 

400 (M+, 65.2), 341 (100); HRMS (EI) calculated for [C26H24O4]: 400.1675, found: 400.1672. 

17) Methyl 1-(1-methyl-1H-indol-3-yl)-2-phenyl-1H-indene-1-carboxylate (3ah) 

The general procedure was followed using 1a (0.4 mmol) and 2h (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 5:1), 3ah (125.8 mg, 83%) was obtained as a 

white solid, m.p. 89-90 oC. 1H NMR (400 MHz, CDCl3) δ 7.69 (s, 1H), 7.50-7.44 (m, 4H), 

7.34-7.00 (m, 8H), 6.92 (d, J = 8.0 Hz, 1H), 6.78-6.76 (m, 1H), 3.74 (s, 3H), 3.59 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 172.9, 149.8, 148.4, 142.8, 136.8, 134.5, 129.2, 128.9, 128.2, 127.9, 

127.4, 126.6, 126.2, 125.8, 123.5, 121.4, 121.1, 120.2, 118.8, 109.8, 109.0, 63.8, 52.7, 32.9; MS 

(EI): m/z (%): 379 (M+, 42.72), 320 (100); HRMS (EI) calculated for [C26H21NO2]: 379.1572, 

found: 379.1576.  

18) Methyl 2-(4-methoxyphenyl)-1-(1-methyl-1H-indol-3-yl)-1H-indene-1-carboxylate (3bh) 

 The general procedure was followed using 1b (0.4 mmol) and 2h (0.8 mmol). 

After purification by column chromatography (PE/EtOAc 5:1), 3bh (139.1 mg, 85%) was 

obtained as a yellow solid, m.p. 167-168 oC. 1H NMR (400 MHz, CDCl3) δ 7.66 (s, 1H), 

7.54-7.40 (m, 4H), 7.34-7.20 (m, 2H), 7.16 (d, J = 8.0 Hz, 1H), 7.06-6.95 (m, 3H), 6.79-6.70 (m, 

3H), 3.73 (s, 3H), 3.71 (s, 3H), 3.58 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 173.0, 159.0, 149.6, 

148.3, 143.1, 136.9, 129.1, 127.9, 127.8, 127.4, 127.1, 125.9, 125.7, 123.4, 121.2, 121.0, 120.3, 

118.9, 113.7, 110.3, 108.9, 63.9, 55.1, 52.6, 32.8; MS (EI): m/z (%): 409 (M+, 52.13), 350 (100); 

HRMS (EI) calculated for [C27H23NO3]: 409.1678, found: 409.1672. 

19) Methyl 1-(4-hydroxyphenyl)-2-(4-methoxyphenyl)-1H-indene-1-carboxylate (6a) 

 The general procedure was followed using 1b (0.4 mmol) and 5a (0.8 mmol). 

S10



After purification by column chromatography (PE/EtOAc 3:1), 6ba (108.6 mg, 73%) was 

obtained as a white solid, m.p. 90-91 oC. 1H NMR (400 MHz, CDCl3) δ 7.36-7.31 (m, 4H), 

7.27-7.21 (m, 4H), 7.13-7.09 (m, 1H), 6.68 (dd, J = 6.8, 2.0 Hz, 2H), 6.64 (dd, J = 6.8, 2.0 Hz, 

2H), 5.18 (s, 1H), 3.76 (s, 3H), 3.58 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.8, 159.1, 154.7, 

149.9, 149.0, 142.9, 130.6, 128.9, 128.5, 127.8, 127.6, 127.0, 125.8, 123.6, 121.2, 115.2, 113.7, 

68.1, 55.2, 52.7; MS (EI): m/z (%): 372 (M+, 55.42), 313 (100); HRMS (EI) calculated for 

[C24H20O4]: 372.1362, found: 372.1368. 

20) Methyl 1-(3-fluoro-4-hydroxyphenyl)-2-(4-methoxyphenyl)-1H-indene-1-carboxylate (6b) 

 The general procedure was followed using 1b (0.4 mmol) and 5b (0.8 mmol). 

After purification by column chromatography (PE/EtOAc 3:1), 6bb (117.0 mg, 75%) was 

obtained as a red oil. 1H NMR (400 MHz, CDCl3) δ 7.37-7.19 (m, 7H), 7.15-7.11 (m, 1H), 

7.07-7.04 (m, 1H), 6.83-6.79 (m, 3H), 5.13 (d, J = 2.4 Hz, 1H), 3.78 (s, 3H), 3.58 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 172.3, 159.3, 149.5 (d, J = 18.1 Hz), 148.6, 142.9, 142.5 (d, J = 14.3 

Hz), 131.5 (d, J = 6.0 Hz), 128.4, 128.1, 127.7, 126.6, 125.9, 124.0, 123.5, 121.3, 116.9, 115.1 (d, 

J = 20.2 Hz), 113.8, 67.6, 55.2, 52.7; 19F NMR (282 MHz, CDCl3) δ -139.977; MS (EI): m/z (%): 

390 (M+, 56.80), 84 (100); HRMS (EI) calculated for [C24H19O4F]: 390.1267, found: 390.1264. 

21) Methyl 1-(3-chloro-4-hydroxyphenyl)-2-phenyl-1H-indene-1-carboxylate (6c) 

 The general procedure was followed using 1a (0.4 mmol) and 5c (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 3:1), 6ac (108.2 mg, 72%) was obtained as a 

white solid, m.p. 136-137 oC. 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 2.4 Hz, 1H), 7.41-7.38 

(m, 4H), 7.34-7.22 (m, 5H), 7.19-7.14 (m, 2H), 6.82 (d, J = 8.8 Hz, 1H), 5.48 (s, 1H), 3.59 (s, 3H); 

13C NMR (100 MHz, CDCl3) δ 172.1, 150.4, 149.9, 148.7, 142.6, 133.9, 131.6, 129.6, 128.3, 

128.2, 128.1, 127.8, 127.7, 127.0, 126.4, 123.6, 121.7, 119.6, 116.0, 67.5, 52.8; MS (EI): m/z (%): 

376 (M+, 49.84), 378 ([M+2]+, 15.68), 317 (100); HRMS (EI) calculated for [C23H17O3Cl]: 

376.0866, found: 376.0869. 
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22) Methyl 1-(3-bromo-4-hydroxyphenyl)-2-phenyl-1H-indene-1-carboxylate (6d) 

 The general procedure was followed using 1a (0.4 mmol) and 5d (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 3:1), 6ad (132.7 mg, 79%) was obtained as a 

white solid, m.p. 189-190 oC. 1H NMR (400 MHz, CDCl3) δ 7.60 (d, J = 2.4 Hz, 1H), 7.42-7.16 

(m, 11H), 6.83 (d, J = 8.4 Hz, 1H), 5.42 (s, 1H), 3.59 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

172.1, 151.3, 149.9, 148.7, 142.6, 133.9, 132.0, 131.0, 129.6, 128.6, 128.4, 128.2, 127.8, 127.0, 

126.5, 123.6, 121.7, 115.8, 110.0, 67.4, 52.8; MS (EI): m/z (%): 420 (M+, 52.16), 422 ([M+2]+, 

52.41), 361 (100); HRMS (EI) calculated for [C23H17O3Br]: 420.0361, found: 420.0368. 

23) Methyl 1-(3, 4-dihydroxyphenyl)-2-phenyl-1H-indene-1-carboxylate (6e) 

 The general procedure was followed using 1a (0.4 mmol) and 6e (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 2:1), 6ae (97.4 mg, 68%) was obtained as a 

white solid, m.p. 100-101 oC. 1H NMR (400 MHz, CDCl3) δ 7.47-7.15 (m, 10H), 6.93 (d, J = 2.0 

Hz, 1H), 6.86 (dd, J = 8.4, 2.0 Hz, 1H), 6.70 (d, J = 8.4 Hz, 1H), 5.48 (br, 1H), 5.42 (br, 1H),3.60 

(s, 3H); 13C NMR (100 MHz, CDCl3) δ 172.5, 150.3, 149.1, 143.1, 142.9, 142.5, 134.3, 131.0, 

129.4, 128.2, 128.0, 127.6, 127.2, 126.3, 123.8, 121.5, 120.5, 115.2, 114.9, 68.1, 52.7; MS (EI): 

m/z (%): 358 (M+, 63.92), 299 (100); HRMS (EI) calculated for [C23H18O4]: 358.1205, found: 

358.1201. 

24) Methyl 1-(2, 4-dihydroxyphenyl)-2-phenyl-1H-indene-1-carboxylate (6f) 

 The general procedure was followed using 1a (0.4 mmol) and 5f (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 5:1), 6af (90.2 mg, 63%) was obtained as a 

white solid, m.p. 128-129 oC. 1H NMR (400 MHz, DMSO-d6) δ 9.78 (s, 1H), 9.22 (s, 1H), 7.69 (t, 

J = 7.2 Hz, 3H), 7.51 (s, 1H), 7.38-7.13 (m, 6H), 6.42-6.36 (m, 2H), 5.98 (dd, J = 8.4, 2.0 Hz, 1H), 

3.45 (s, 3H), 3.38 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ 171.4, 157.5, 156.3, 150.4, 148.0, 

141.8, 134.1, 130.7, 128.0, 127.8, 127.5, 127.3, 127.2, 125.9, 124.2, 121.2, 116.4, 105.9, 103.4, 
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66.9, 51.9 ; MS (EI): m/z (%): 358 (M+, 9.51), 59 (100); HRMS (EI) calculated for [C23H18O4]: 

358.1205, found: 358.1209. 

25) Methyl 2-(4-methoxyphenyl)-2-(2-(phenylethynyl)phenyl)acetate (4aa) 

 The general procedure was followed using 1f (0.4 mmol) and 2b (0.8 mmol). After 

purification by column chromatography (PE/EtOAc 10:1), 4aa (4.7 mg, 3%) was obtained as a 

yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.57-7.50 (m, 3H), 7.38-7.22 (m, 8H), 6.87 (dd, J = 6.8, 

2.4 Hz, 2H), 5.60 (s, 1H), 3.76 (s, 3H), 3.70 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 173.0, 158.8, 

140.9, 132.2, 131.5, 129.9, 129.7, 128.5, 128.4, 128.3, 128.1, 127.0, 123.0, 114.0, 94.5, 87.5, 55.2, 

54.2, 52.3; MS (EI): m/z (%): 356 (M+, 6.94), 297 (100); HRMS (EI) calculated for [C23H18O4]: 

356.1412, found: 356.1414. 
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4. Transformation of products  

1) Methyl 1-(4-methoxyphenyl)-2-phenyl-2,3 dihydro-1H-indene-1-carboxylate (7) 

The solution of compound 3aa (0.2 mmol) and Pd/C (contain 10% Pd) (5 mol%) in 

CH3OH (2 mL) under 1atm pressure of hydrogen at room temperature for 5 hours and the reaction 

purified by silica chromatography, 7 (68.7 mg, 96%) was obtained as a colorless oil. 1H NMR 

(400 MHz, CDCl3) δ 7.52-7.50 (m, 1H), 7.33-7.29 (m, 3H), 7.22-7.16 (m, 5H), 7.05-7.03 (m, 2H), 

6.85-6.81 (m, 2H), 3.95 (t, J = 6.8 Hz, 1H), 3.79 (s, 3H), 3.42 (dd, J = 15.2, 6.4 Hz, 1H), 3.32 (s, 

3H), 3.27 (dd, J = 15.2, 7.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 172.7, 158.5, 143.5, 141.2, 

134.4, 129.1, 128.6, 127.8, 127.7, 127.5, 126.7, 126.6, 124.7, 113.4, 68.4, 58.7, 55.2, 51.4, 37.4; 

MS (EI): m/z (%): 358 (M+, 12.07), 299 (100); HRMS (EI) calculated for [C24H22O3]: 358.1569, 

found: 358.1573. 

2) Methyl 1-(4-methoxyphenyl)-2-phenyl-2,3 dihydro-1H-indene-1-carboxylate (8) 

 Added m-CPBA (0.4 mmol, 2 eq) to the solution of compound 3aa (0.2 mmol) in 

CH2Cl2 (2 mL), and then reflux for 5 hours 3aa was consumed completely determined by TLC 

analysis. Purified by silica chromatography, 8 (dr: 1.4 : 1, 68.7 mg, 75%) was obtained as a white 

solid (only one isomer can isolated 23.8 mg, 32%), m.p. 185-186 oC. 1H NMR (400 MHz, CDCl3) 

δ 7.59 (dd, J = 10.0, 7.2 Hz, 2H), 7.41-7.35 (m, 2H), 7.18-7.10 (m, 5H), 6.64-6.56 (m, 4H), 4.27 (s, 

1H), 3.83 (s, 3H), 3.72 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 171.7, 158.8, 145.6, 140.9, 134.6, 

131.6, 129.4, 129.3, 129.2, 128.9, 127.7, 127.6, 127.1, 124.6, 113.4, 73.5, 68.2, 64.4, 55.2, 52.5; 

MS (EI): m/z (%): 372 (M+, 6.37), 313 (100); HRMS (EI) calculated for [C24H20O4]: 372.1362, 

found: 372.1359. 

3) 6-hydroxy-2'-phenyl-2H-spiro[benzofuran-3,1'-inden]-2-one (9)2 

The solution of compound 5a (0.2 mmol) and TFA (0.21 mmol) in toluene (6 mL) 

was heated to 90 oC for 3 hours and the reaction purified by silica chromatography, 9 (60.6 mg, 

93%) was obtained as a white solid, m.p. 167-168 oC. 1H NMR (400 MHz, DMSO-d6) δ 10.1 (s, 
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1H), 7.81 (s, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.38-7.18 (m, 7H), 6.99 (d, J = 7.6 Hz, 1H), 6.92 (d, J 

= 2.0 Hz, 1H), 6.61 (d, J = 8.4 Hz, 1H), 6.62 (dd, J = 8.4, 2.4 Hz, 1H); 13C NMR (100 MHz, 

DMSO-d6) δ 174.9, 159.0, 154.4, 146.4, 145.5, 143.1, 138.8, 132.1, 129.0, 128.8, 128.2, 126.8, 

125.4, 124.1, 122.1, 121.9, 117.0, 112.3, 99.3, 62.8; MS (EI): m/z (%): 326 (M+, 4.14), 197 (100); 

HRMS (EI) calculated for [C22H14O3]: 326.0943, found: 326.0948. 

4) Methyl 2,6-dibromo-3-hydroxy-5a-phenyl-5a,6-dihydro-10bH-indeno[2,1-b]benzofuran- 

10b-carboxylate6-hydroxy-2'-phenyl-2H-spiro[benzofuran-3,1'-inden]-2-one (10) 

To the solution of compound 5a (0.2 mmol) in CH2Cl2 (1 mL) added Br2 (dissolved 

in 1mL CH2Cl2) slowly, then the mixture stirred for 30 mins monitored by TLC and quenched by 

saturated solution of Na2S2O3 at room temperature. The extracts with ethyl acetate were dried over 

anhydrous sodium sulfate and the solvent was removed under reduced pressure. The crude product 

was purified by column chromatography to give white solid 10 (60.6 mg, 93%), m.p. 177-178 oC. 

1H NMR (400 MHz, CDCl3) δ 7.76 (d, J = 7.6 Hz, 1H), 7,75-7.44 (m, 3H), 7.28-7.24 (m, 5H), 

7.16 (s, 1H), 6.80 (s, 1H), 5.78 (s, 1H), 5.62 (s, 1H), 3.11 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 

169.8, 159.0, 153.7, 140.3, 139.1, 137.2, 129.8, 129.0, 128.5, 127.6, 126.4, 125.8, 125.5, 125.0, 

122.2, 106.9, 102.4, 99.9, 69.6, 61.2, 52.2; MS (EI): m/z (%): 514 (M+, 23.23), 516 ([M+2]+, 

59.66), 518 ([M+4]+, 30.47), 377 (100); HRMS (EI) calculated for [C23H16Br2O4]: 516.1543, 

found: 516.1548. 
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6 Figure S1. X-ray structure of 3aa, 8 and 10. 
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