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1. General Information 

Reagents: Unless otherwise noted, all chemicals were purchased from commercial suppliers 

(Adamas, Aladdin, etc) and used without further purification. 

Data collection: 1H and 13C NMR spectra were collected on BRUKER AV-300 (300 MHz) 

spectrometer using CDCl3 as solvent. Chemical shifts of 1H NMR were recorded in parts per 

million (ppm, δ) relative to tetramethylsilane (δ = 0.00 ppm) with the solvent resonance as the 

internal standard (CDCl3: δ = 7.26 ppm). Data are reported as follows: chemical shift in ppm (δ), 

multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant (Hz) 

and integration. Chemical shifts of 13C NMR were reported in ppm with the solvent as the internal 

standard (CDCl3: δ = 77.0 ppm). High Resolution Mass measurement was performed on Agilent 

QTOF 6520 mass spectrometer with electron spray ionization (ESI) as the ion source. Melting 

point (mp) was measured on a microscopic melting point apparatus.  

Chromatography: Flash column chromatography was carried out using commercially available 

200-300 mesh under pressure unless otherwise indicated. Gradient flash chromatography was 

conducted eluting with PE/EA, they are listed as volume/volume ratios. 
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2. Preparation of Starting Materials 

 

Figure S1. Preparation of compound 1a 

5-iodobenzene-1,3-diol (1a-I) and 2-ethynylaniline (1a-III):  

5-iodobenzene-1,3-diol 1a-I was synthesized from the corresponding 3,5-dimethoxy aniline.1 

2-ethynylaniline 1a-III was prepared following the reported procedure (Sonogashira coupling of 

the corresponding 2-iodoaniline and TMS acetylene followed by removing TMS).2 

1-iodo-3,5-bis((2-methylallyl)oxy)benzene (1a-II): 

A suspension of 5-iodobenzene-1,3-diol 1a-I (5.1 mmol), 

methylallyl bromide (2.2 equiv) and K2CO3 (4.0 equiv) in DMF (0.2 

M) was stirred at 55 °C. Upon full consumption of the starting 

material, the reaction mixture was cooled to room temperature and 

then diluted with ether and water. The layers were separated and the aqueous layer was extracted 

with ether. The combined organic layers were dried over Na2SO4, filtered and concentrated under 

reduced pressure, the crude product was purified by column chromatography on silica (petroleum 

ether/ethyl acetate) to afford the corresponding product 1-iodo-3,5-bis((2-

methylallyl)oxy)benzene 1a-II (1527.0 mg, 87% yield) as a pale yellow oil. 1H NMR (300 MHz, 

CDCl3) δ 6.87 (d, J = 2.3 Hz, 2H), 6.45 (t, J = 2.2 Hz, 1H), 5.06 (s, 2H), 4.98 (s, 2H), 4.36 (s, 4H), 
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1.81 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.2, 140.3, 116.8, 113.0, 102.0, 93.8, 71.9, 19.3 

ppm; HRMS (ESI) m/z Calcd for [C14H17IO2+H]+ 345.0346, found 345.0345. 

2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)aniline (1a-IV): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1-iodo-3,5-bis((2-methylallyl)oxy)benzene 1a-II (4.0 mmol), 2-

ethynylaniline 1a-III (1.1 equiv), PdCl2(PPh3)2 (2.0 mol %) and CuI (4.0 

mol %). The flask was purged with Ar for three times, followed by 

addition of THF (0.3 M) and Et3N (8.0 equiv). The formed mixture was 

stirred at room temperature under Ar. Upon full consumption of the 

starting material, the reaction mixture was filtered through a pad of celite, eluting with EtOAc (3x). 

The combined organics were sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 

and concentrated in vacuo. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product 2-((3,5-bis((2-

methylallyl)oxy)phenyl)ethynyl)aniline 1a-IV (1174.0 mg, 88% yield) as a yellow oil. 1H NMR 

(300 MHz, CDCl3) δ 7.35 (dd, J = 8.0, 1.3 Hz, 1H), 7.14 – 7.09 (m, 1H), 6.72 – 6.67 (m, 4H), 6.52 

– 6.50 (m, 1H), 5.09 (s, 2H), 4.98 (s, 2H), 4.39 (s, 4H), 4.25 (s, 2H), 1.81 (s, 6H) ppm; 13C NMR 

(75 MHz, CDCl3) δ 159.6, 147.8, 140.5, 132.1, 129.7, 124.4, 117.8, 114.3, 112.8, 110.2, 107.6, 

102.9, 94.6, 85.4, 71.7, 19.3 ppm; HRMS (ESI) m/z Calcd for [C22H23NO2+H]+ 334.1802, found 

334.1807. 

N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide (1a): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)aniline 1a-IV (2.0 

mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 M). The 

formed mixture was stirred at room temperature. Upon full consumption 

of the starting material, the reaction mixture was diluted with DCM and 

brine. The layers were separated and the aqueous layer was extracted with DCM. The organic layer 

was dried over Na2SO4 and the solvent was removed under reduced pressure. The crude product 

was purified by column chromatography on silica (petroleum ether/ethyl acetate) to afford the 
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corresponding product N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl) phenyl)-4-methyl 

benzenesulfonamide 1a (926.0 mg, 95% yield) as a white solid, m. p. 66–68 C. 1H NMR (300 

MHz, CDCl3) δ 7.67 (d, J = 8.3 Hz, 2H), 7.62 (d, J = 8.2 Hz, 1H), 7.36 (dd, J = 7.7, 1.1 Hz, 1H), 

7.32 – 7.26 (m, 1H), 7.20 – 7.16 (m, 3H), 7.08 – 7.03 (m, 1H), 6.62 (d, J = 2.2 Hz, 2H), 6.56 (t, J 

= 2.2 Hz, 1H), 5.12 (s, 2H), 5.02 (s, 2H), 4.45 (s, 4H), 2.34 (s, 3H), 1.85 (s, 6H) ppm; 13C NMR 

(75 MHz, CDCl3) δ 159.7, 144.0, 140.4, 137.5, 136.0, 132.0, 129.6, 129.6, 127.2, 124.5, 123.1, 

120.3, 114.4, 113.0, 110.3, 103.6, 96.1, 83.1, 71.9, 21.5, 19.4 ppm; HRMS (ESI) m/z Calcd for 

[C29H29NO4S+H]+ 488.1890, found 488.1891. 

 

 

Figure S2. Preparation of compound 1b 

2-ethynyl-5-methylaniline (1b-I):  

2-ethynyl-5-methylaniline 1b-I was prepared following the reported procedure (Sonogashira 

coupling of the corresponding 2-iodo-5-methylaniline and TMS acetylene followed by removing 

TMS).3 

2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-5-methylaniline (1b-II): 

To a 50 mL round-bottom flask equipped with magnetic stirrer 

were added 1-iodo-3,5-bis((2-methylallyl)oxy)benzene 1a-II (2.3 

mmol), 2-ethynyl-5-methylaniline 1b-I (2.2 mmol), PdCl2(PPh3)2 

(2.0 mol %) and CuI (4.0 mol %). The flask was purged with Ar for 

three times, followed by addition of THF (0.3 M) and Et3N (8.0 

equiv). The formed mixture was stirred at room temperature under Ar. Upon full consumption of 

the starting material, the reaction mixture was filtered through a pad of celite, eluting with EtOAc 
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(3x). The combined organics were sequentially washed with H2O (2x) and brine (1x), dried over 

Na2SO4 and concentrated in vacuo. The crude product was purified by column chromatography 

on silica (petroleum ether/ethyl acetate) to afford the corresponding product 2-((3,5-bis((2-

methylallyl)oxy)phenyl)ethynyl)-5-methylaniline 1b-II (558.0 mg, 73% yield) as a pale yellow 

oil. 1H NMR (300 MHz, CDCl3) δ 7.24 (d, J = 8.2 Hz, 1H), 6.68 (d, J = 2.3 Hz, 2H), 6.54 – 6.49 

(m, 3H), 5.09 (s, 2H), 4.98 (s, 2H), 4.40 (s, 4H), 4.20 (s, 2H), 2.25 (s, 3H), 1.82 (s, 6H) ppm; 13C 

NMR (75 MHz, CDCl3) δ 159.6, 147.7, 140.5, 140.1, 131.9, 124.6, 119.1, 114.9, 112.8, 110.1, 

104.9, 102.8, 94.1, 85.7, 71.7, 21.6, 19.3 ppm; HRMS (ESI) m/z Calcd for [C23H25NO2+H]+ 

348.1958, found 348.1960. 

N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-5-methylphenyl)-4-

methylbenzenesulfonamide (1b): 

To a 25 mL round-bottom flask equipped with magnetic stirrer 

were added 2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-5 -

methylaniline 1b-II (2.0 mmol), TsCl (1.2 equiv), pyridine (2.0 

equiv) and DCM (0.2 M). The formed mixture was stirred at room 

temperature. Upon full consumption of the starting material, the 

reaction mixture was diluted with DCM and brine. The layers were separated and the aqueous 

layer was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent was 

removed under reduced pressure. The crude product was purified by column chromatography on 

silica (petroleum ether/ethyl acetate) to afford the corresponding product N-(2-((3,5-bis((2-

methylallyl)oxy)phenyl)ethynyl)-5-methylphenyl)-4-methylbenzenesulfonamide 1b (903.0 mg, 

90% yield) as a white solid, m. p. 64–66 C. 1H NMR (300 MHz, CDCl3) δ 7.66 (d, J = 8.1 Hz, 

2H), 7.45 (s, 1H), 7.23 (d, J = 7.9 Hz, 1H), 7.18 – 7.12 (m, 3H), 6.87 (d, J = 7.9 Hz, 1H), 6.60 (d, 

J = 1.8 Hz, 2H), 6.55 – 6.54 (m, 1H), 5.12 (s, 2H), 5.02 (s, 2H), 4.44 (s, 4H), 2.34 (s, 6H), 1.85 (s, 

6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.7, 143.9, 140.5, 140.3, 137.4, 136.1, 131.7, 129.6, 

127.2, 125.6, 123.3, 121.1, 113.0, 111.7, 110.3, 103.5, 95.4, 83.4, 71.9, 21.8, 21.5, 19.4 ppm; 

HRMS (ESI) m/z Calcd for [C30H31NO4S+H]+ 502.2047, found 502.2048. 
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Figure S3. Preparation of compound 1c 

2-ethynyl-4-methylaniline (1c-I):  

2-ethynyl-4-methylaniline 1c-I was prepared following the reported procedure (Sonogashira 

coupling of the corresponding 2-iodo-4-methylaniline and TMS acetylene followed by removing 

TMS).4 

2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methylaniline (1c-II):  

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1-iodo-3,5-bis((2-methylallyl)oxy)benzene 1a-II (2.0 mmol), 2-

ethynyl-4-methylaniline 1c-I (1.9 mmol), PdCl2(PPh3)2 (2.0 mol %) 

and CuI (4.0 mol %). The flask was purged with Ar for three times, 

followed by addition of THF (0.3 M) and Et3N (8.0 equiv). The formed 

mixture was stirred at room temperature under Ar. Upon full 

consumption of the starting material, the reaction mixture was filtered through a pad of celite, 

eluting with EtOAc (3x). The combined organics were sequentially washed with H2O (2x) and 

brine (1x), dried over Na2SO4 and concentrated in vacuo. The crude product was purified by 

column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product 2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methylaniline 1c-II (568.0 mg, 86% 

yield) as a pale yellow oil. 1H NMR (300 MHz, CDCl3) δ 7.17 (s, 1H), 6.94 (d, J = 8.2 Hz, 1H), 

6.68 (d, J = 2.3 Hz, 2H), 6.62 (d, J = 8.2 Hz, 1H), 6.51 – 6.50 (m, 1H), 5.09 (s, 2H), 4.99 (s, 2H), 

4.40 (s, 4H), 4.13 (s, 2H), 2.22 (s, 3H), 1.82 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.6, 

145.5, 140.5, 132.2, 130.6, 127.1, 124.5, 114.5, 112.8, 110.2, 107.7, 102.9, 94.4, 85.6, 71.8, 20.2, 

19.3 ppm; HRMS (ESI) m/z Calcd for [C23H25NO2+H]+ 348.1958, found 348.1954. 
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N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methylphenyl)-4-

methylbenzenesulfonamide (1c): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methylaniline 

1c-II (1.6 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 

M). The formed mixture was stirred at room temperature. Upon full 

consumption of the starting material, the reaction mixture was diluted 

with DCM and brine. The layers were separated and the aqueous layer 

was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent was removed 

under reduced pressure. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product N-(2-((3,5-bis((2-

methylallyl)oxy)phenyl)ethynyl)-4-methylphenyl)-4-methylbenzenesulfonamide 1c (738.0 mg, 

92% yield) as a white solid, m. p. 68–69 C. 1H NMR (300 MHz, CDCl3) δ 7.64 (d, J = 8.3 Hz, 

2H), 7.51 (d, J = 8.3 Hz, 1H), 7.17 – 7.05 (m, 5H), 6.60 – 6.59 (m, 2H), 6.56 – 6.55 (m, 1H), 5.12 

(s, 2H), 5.02 (s, 2H), 4.44 (s, 4H), 2.33 (s, 3H), 2.26 (s, 3H), 1.85 (s, 6H) ppm; 13C NMR (75 MHz, 

CDCl3) δ 159.7, 143.8, 140.4, 136.0, 134.9, 134.6, 132.3, 130.5, 129.5, 127.2, 123.2, 121.0, 114.8, 

113.0, 110.3, 103.6, 95.5, 83.4, 71.9, 21.5, 20.6, 19.4 ppm; HRMS (ESI) m/z Calcd for 

[C30H31NO4S+H]+ 502.2047, found 502.2049. 
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Figure S4. Preparation of compound 1d 

2-ethynyl-4-methoxyaniline (1d-I):  

2-ethynyl-4-methoxyaniline 1d-I was prepared following the reported procedure (Sonogashira 

coupling of the corresponding 2-iodo-4-methoxyaniline and TMS acetylene followed by removing 

TMS).5 

2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methoxyaniline (1d-II):  

To a 50 mL round-bottom flask equipped with magnetic stirrer 

were added 1-iodo-3,5-bis((2-methylallyl)oxy)benzene 1a-II (4.4 

mmol), 2-ethynyl-4-methoxyaniline 1d-I (4.0 mmol), PdCl2(PPh3)2 

(2.0 mol %) and CuI (4.0 mol %). The flask was purged with Ar for 

three times, followed by addition of THF (0.3 M) and Et3N (8.0 

equiv). The formed mixture was stirred at room temperature under 

Ar. Upon full consumption of the starting material, the reaction mixture was filtered through a pad 

of celite, eluting with EtOAc (3x). The combined organics were sequentially washed with H2O 

(2x) and brine (1x), dried over Na2SO4 and concentrated in vacuo. The crude product was purified 

by column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product 2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methoxyaniline 1d-II (1178.0 mg, 81% 

yield) as a brown solid, m. p. 59–60 C. 1H NMR (300 MHz, CDCl3) δ 6.91 (d, J = 2.8 Hz, 1H), 

6.78 (dd, J = 8.8, 2.9 Hz, 1H), 6.70 – 6.65 (m, 3H), 6.51 (t, J = 2.2 Hz, 1H), 5.09 (s, 2H), 4.99 (s, 

2H), 4.41 (s, 4H), 4.00 (s, 2H), 3.75 (s, 3H), 1.83 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.7, 

151.9, 142.1, 140.5, 124.3, 117.5, 115.9, 115.8, 112.8, 110.3, 108.4, 103.1, 94.6, 85.5, 71.8, 55.8, 

19.4 ppm; HRMS (ESI) m/z Calcd for [C23H25NO3+H]+ 364.1907, found 364.1910. 
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N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (1d): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methoxyaniline 

1d-II (3.0 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 

M). The formed mixture was stirred at room temperature. Upon full 

consumption of the starting material, the reaction mixture was diluted 

with DCM and brine. The layers were separated and the aqueous layer was extracted with DCM. 

The organic layer was dried over Na2SO4 and the solvent was removed under reduced pressure. 

The crude product was purified by column chromatography on silica (petroleum ether/ethyl acetate) 

to afford the corresponding product N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-

methoxyphenyl)-4-methylbenzenesulfonamide 1d (1289.0 mg, 83% yield) as a white solid, m. p. 

66–67 C. 1H NMR (300 MHz, CDCl3) δ 7.57 (t, J = 8.0 Hz, 3H), 7.12 (d, J = 8.0 Hz, 2H), 6.89 

– 6.84 (m, 3H), 6.57 (s, 3H), 5.12 (s, 2H), 5.02 (s, 2H), 4.44 (s, 4H), 3.76 (s, 3H), 2.33 (s, 3H), 

1.85 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.7, 156.8, 143.7, 140.4, 136.0, 130.5, 129.4, 

127.2, 124.2, 123.0, 117.1, 116.1, 116.1, 112.9, 110.4, 103.6, 95.3, 83.4, 71.9, 55.5, 21.5, 19.3 

ppm; HRMS (ESI) m/z Calcd for [C30H31NO5S+H]+ 518.1996, found 518.1998. 
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Figure S5. Preparation of compound 1e 

4-chloro-2-ethynylaniline (1e-I):  

4-chloro-2-ethynylaniline 1e-I was prepared following the reported procedure (Sonogashira 

coupling of the corresponding 4-chloro-2-iodoaniline and TMS acetylene followed by removing 

TMS).4 

2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-chloroaniline (1e-II):  

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1-iodo-3,5-bis((2-methylallyl)oxy)benzene 1a-II (2.1 mmol), 4-

chloro-2-ethynylaniline 1e-I (2.0 mmol), PdCl2(PPh3)2 (2.0 mol %) and 

CuI (4.0 mol %). The flask was purged with Ar for three times, followed 

by addition of THF (0.3 M) and Et3N (8.0 equiv). The formed mixture 

was stirred at room temperature under Ar. Upon full consumption of the 

starting material, the reaction mixture was filtered through a pad of celite, eluting with EtOAc (3x). 

The combined organics were sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 

and concentrated in vacuo. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product 2-((3,5-bis((2-

methylallyl)oxy)phenyl)ethynyl)-4-chloroaniline 1e-II (668.0 mg, 91% yield) as a pale yellow oil. 

1H NMR (300 MHz, CDCl3) δ 7.32 (s, 1H), 7.07 (d, J = 8.6 Hz, 1H), 6.68 (s, 2H), 6.63 (d, J = 8.7 

Hz, 1H), 6.53 (s, 1H), 5.09 (s, 2H), 5.00 (s, 2H), 4.41 (s, 4H), 4.27 (s, 2H), 1.83 (s, 6H) ppm; 13C 

NMR (75 MHz, CDCl3) δ 159.6, 146.4, 140.5, 131.3, 129.7, 123.9, 122.1, 115.4, 112.9, 110.3, 

109.0, 103.2, 95.5, 84.1, 71.8, 19.4 ppm; HRMS (ESI) m/z Calcd for [C22H22ClNO2+H]+ 368.1412, 

found 368.1416. 



S12 
 

N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-chlorophenyl)-4-

methylbenzenesulfonamide (1e): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-chloroaniline 

1e-II (1.9 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 

M). The formed mixture was stirred at room temperature. Upon full 

consumption of the starting material, the reaction mixture was diluted 

with DCM and brine. The layers were separated and the aqueous layer 

was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent was removed 

under reduced pressure. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product N-(2-((3,5-bis((2-

methylallyl)oxy)phenyl)ethynyl)-4-chlorophenyl)-4-methylbenzenesulfonamide 1e (883.0 mg, 89% 

yield) as a white solid, m. p. 69–70 C. 1H NMR (300 MHz, CDCl3) δ 7.65 (d, J = 8.3 Hz, 2H), 

7.56 (d, J = 8.8 Hz, 1H), 7.33 (d, J = 2.4 Hz, 1H), 7.27 – 7.23 (m, 1H), 7.18 (d, J = 8.0 Hz, 2H), 

7.12 (s, 1H), 6.61 – 6.57 (m, 3H), 5.12 (s, 2H), 5.02 (s, 2H), 4.45 (s, 4H), 2.35 (s, 3H), 1.85 (s, 

6H); 13C NMR (75 MHz, CDCl3) δ 159.8, 144.2, 140.4, 136.1, 135.8, 131.5, 130.0, 129.7, 127.2, 

122.6, 121.8, 116.2, 113.0, 110.5, 104.0, 97.1, 82.0, 71.9, 21.5, 19.4 ppm; HRMS (ESI) m/z Calcd 

for [C29H28ClNO4S+H]+ 522.1500, found 522.1501. 
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Figure S6. Preparation of compound 1f 

4-bromo-2-ethynylaniline (1f-I):  

4-bromo-2-ethynylaniline 1f-I was prepared following the reported procedure (Sonogashira 

coupling of the corresponding 4-bromo-2-iodoaniline and TMS acetylene followed by removing 

TMS).3 

2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-bromoaniline (1f-II):  

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1-iodo-3,5-bis((2-methylallyl)oxy)benzene 1a-II (2.1 mmol), 4-

bromo-2-ethynylaniline 1f-I (2.0 mmol), PdCl2(PPh3)2 (2.0 mol %) and 

CuI (4.0 mol %). The flask was purged with Ar for three times, 

followed by addition of THF (0.3 M) and Et3N (8.0 equiv). The formed 

mixture was stirred at room temperature under Ar. Upon full consumption of the starting material, 

the reaction mixture was filtered through a pad of celite, eluting with EtOAc (3x). The combined 

organics were sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 and 

concentrated in vacuo. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product 2-((3,5-bis((2-

methylallyl)oxy)phenyl)ethynyl)-4-bromoaniline 1f-II (676.0 mg, 82% yield) as a pale yellow oil. 

1H NMR (300 MHz, CDCl3) δ 7.45 (d, J = 2.2 Hz, 1H), 7.19 (dd, J = 8.6, 2.3 Hz, 1H), 6.67 (d, J 

= 2.2 Hz, 2H), 6.57 (d, J = 8.6 Hz, 1H), 6.52 (t, J = 2.2 Hz, 1H), 5.09 (s, 2H), 4.99 (s, 2H), 4.41 

(s, 4H), 4.27 (s, 2H), 1.82 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.7, 146.8, 140.5, 134.1, 

132.4, 123.9, 115.7, 112.8, 110.3, 109.6, 108.9, 103.3, 95.7, 84.0, 71.8, 19.3 ppm; HRMS (ESI) 

m/z Calcd for [C22H22BrNO2+H]+ 412.0907, found 412.0908. 
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N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-bromophenyl)-4-

methylbenzenesulfonamide (1f): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-bromoaniline 

1f-II (1.5 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 

M). The formed mixture was stirred at room temperature. Upon full 

consumption of the starting material, the reaction mixture was diluted 

with DCM and brine. The layers were separated and the aqueous layer 

was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent was removed 

under reduced pressure. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product N-(2-((3,5-bis((2-

methylallyl)oxy)phenyl)ethynyl)-4-bromophenyl)-4-methylbenzenesulfonamide 1f (782.0 mg, 92% 

yield) as a white solid, m. p. 85–86 C. 1H NMR (300 MHz, CDCl3) δ 7.65 (d, J = 8.3 Hz, 2H), 

7.52 – 7.49 (m, 2H), 7.38 (dd, J = 8.7, 2.2 Hz, 1H), 7.20 – 7.14 (m, 3H), 6.61 – 6.58 (m, 3H), 5.12 

(s, 2H), 5.03 (s, 2H), 4.44 (s, 4H), 2.35 (s, 3H), 1.85 (s, 6H) ; 13C NMR (75 MHz, CDCl3) δ 159.8, 

144.2, 140.4, 136.6, 135.8, 134.4, 132.6, 129.7, 127.2, 122.5, 121.9, 117.3, 116.4, 113.0, 110.4, 

104.0, 97.2, 81.8, 71.9, 21.5, 19.4 ppm; HRMS (ESI) m/z Calcd for [C29H28BrNO4S+H]+ 

566.0995, found 566.1000. 

 

Figure S7. Preparation of compound 1g 

methyl 4-amino-3-ethynylbenzoate (1g-I):  

methyl 4-amino-3-ethynylbenzoate 1g-I was prepared following the reported procedure 

(Sonogashira coupling of the corresponding methyl 4-amino-3-iodobenzoate and TMS acetylene 

followed by removing TMS).3 
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methyl 4-amino-3-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)benzoate (1g-II):  

To a 50 mL round-bottom flask equipped with magnetic stirrer 

were added 1-iodo-3,5-bis((2-methylallyl)oxy)benzene 1a-II (2.1 

mmol), methyl 4-amino-3-ethynylbenzoate 1g-I (2.0 mmol), 

PdCl2(PPh3)2 (2.0 mol %) and CuI (4.0 mol %). The flask was 

purged with Ar for three times, followed by addition of THF (0.3 

M) and Et3N (8.0 equiv). The formed mixture was stirred at room temperature under Ar. Upon full 

consumption of the starting material, the reaction mixture was filtered through a pad of celite, 

eluting with EtOAc (3x). The combined organics were sequentially washed with H2O (2x) and 

brine (1x), dried over Na2SO4 and concentrated in vacuo. The crude product was purified by 

column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product methyl 4-amino-3-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)benzoate 1g-II (681.0 mg, 

87% yield) as a white solid, m. p. 84–85 C. 1H NMR (300 MHz, CDCl3) δ 8.07 (d, J = 1.6 Hz, 

1H), 7.80 (dd, J = 8.5, 1.9 Hz, 1H), 6.69 – 6.66 (m, 3H), 6.52 (t, J = 2.1 Hz, 1H), 5.09 (s, 2H), 4.99 

(s, 2H), 4.74 (s, 2H), 4.41 (s, 4H), 3.85 (s, 3H), 1.82 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 

166.5, 159.6, 151.5, 140.4, 134.4, 131.4, 124.0, 119.2, 113.2, 112.8, 110.3, 106.9, 103.2, 95.0, 

84.3, 71.8, 51.6, 19.3 ppm; HRMS (ESI) m/z Calcd for [C24H25NO4+H]+ 392.1856, found 

392.1860. 

methyl 3-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-((4-methylphenyl)sulfonamido) 

benzoate (1g): 

To a 25 mL round-bottom flask equipped with magnetic stirrer 

were added methyl 4-amino-3-((3,5-bis((2-methylallyl)oxy) 

phenyl)ethynyl)benzoate 1g-II (1.5 mmol), TsCl (1.2 equiv), 

pyridine (2.0 equiv) and DCM (0.2 M). The formed mixture was 

stirred at room temperature. Upon full consumption of the starting 

material, the reaction mixture was diluted with DCM and brine. The layers were separated and the 

aqueous layer was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent 

was removed under reduced pressure. The crude product was purified by column chromatography 

on silica (petroleum ether/ethyl acetate) to afford the corresponding product methyl 3-((3,5-bis((2-
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methylallyl)oxy)phenyl)ethynyl)-4-((4-methylphenyl)sulfonamido) benzoate 1g (540.0 mg, 66% 

yield) as a white solid, m. p. 67–68 C. 1H NMR (300 MHz, CDCl3) δ 8.06 (s, 1H), 7.92 (d, J = 

8.6 Hz, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.63 (d, J = 8.6 Hz, 1H), 7.50 (s, 1H), 7.22 (d, J = 7.9 Hz, 

2H), 6.67 (s, 2H), 6.58 (s, 1H), 5.12 (s, 2H), 5.02 (s, 2H), 4.45 (s, 4H), 3.88 (s, 3H), 2.36 (s, 3H), 

1.85 (s, 6H) ; 13C NMR (75 MHz, CDCl3) δ 165.7, 159.8, 144.4, 141.3, 140.4, 135.8, 133.6, 130.8, 

129.8, 127.2, 125.8, 122.7, 118.0, 113.4, 113.0, 110.5, 104.0, 97.1, 82.1, 71.9, 52.2, 21.5, 19.3 

ppm; HRMS (ESI) m/z Calcd for [C31H31NO6S+H]+ 546.1945, found 546.1950. 

 

Figure S8. Preparation of compound 1h 

6-iodo-2,3-dihydro-1H-inden-5-amine (1h-II):  

6-iodo-2,3-dihydro-1H-inden-5-amine 1h-II was prepared following the reported procedure 

(Iodination of aniline).6 

1-ethynyl-3,5-bis((2-methylallyl)oxy)benzene (1h-I): 

To a 100 mL round-bottom flask equipped with magnetic stirrer 

were added 1-iodo-3,5-bis((2-methylallyl)oxy)benzene 1a-II (10 

mmol), trimethylsilylacetylene (TMSA) (15 mmol), PdCl2(PPh3)2 

(2.0 mol %) and CuI (4.0 mol %). The flask was purged with Ar for 

three times, followed by addition of THF (0.3 M) and Et3N (8.0 equiv). The formed mixture was 

stirred at room temperature under Ar. Upon full consumption of the starting material, the reaction 
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mixture was filtered through a pad of celite, eluting with EtOAc (3x). The combined organics were 

sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 and concentrated in vacuo. 

The crude product ((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl) trimethylsilane is used in the 

subsequent step without further purification.  

To a solution of the crude product ((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)trimethylsilane 

in THF (20.0 mL) and EtOH (20.0 mL), NaOH (11.0 mmol) was added and stirred at room 

temperature for 0.5 h. Upon full consumption of the starting material, 5% aqueous HCl solution 

was added until pH of the solution became 7. After the volatiles were removed under reduced 

pressure, the residue was diluted with EtOAc and water. The layers were separated and the aqueous 

layer was extracted with EtOAc. The combined organic layers were dried over Na2SO4, filtered 

and concentrated under reduced pressure, the crude product was purified by column 

chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding product 1-

ethynyl-3,5-bis((2-methylallyl)oxy)benzene 1h-I (2060.0 mg, 85% yield) as a pale yellow oil. 1H 

NMR (300 MHz, CDCl3) δ 6.66 (d, J = 2.3 Hz, 2H), 6.52 (t, J = 2.3 Hz, 1H), 5.08 (s, 2H), 4.99 (s, 

2H), 4.39 (s, 4H), 3.03 (s, 1H), 1.82 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.5, 140.5, 

123.2, 112.9, 110.9, 103.6, 99.9, 83.6, 71.8,19.4 ppm. 

6-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-2,3-dihydro-1H-inden-5-amine (1h-III):  

To a 50 mL round-bottom flask equipped with magnetic stirrer 

were added 1-ethynyl-3,5-bis((2-methylallyl)oxy)benzene 1h-I (1.1 

mmol), 6-iodo-2,3-dihydro-1H-inden-5-amine 1h-II (1.0 mmol), 

PdCl2(PPh3)2 (2.0 mol %) and CuI (4.0 mol %) The flask was purged 

with Ar for three times, followed by addition of THF (0.3 M) and 

Et3N (8.0 equiv). The formed mixture was stirred at room temperature under Ar. Upon full 

consumption of the starting material, the reaction mixture was filtered through a pad of celite, 

eluting with EtOAc (3x). The combined organics were sequentially washed with H2O (2x) and 

brine (1x), dried over Na2SO4 and concentrated in vacuo. The crude product was purified by 

column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product 6-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-2,3-dihydro-1H-inden-5-amine 1h-III 

(299.0 mg, 80% yield) as a brown oil. 1H NMR (300 MHz, CDCl3) δ 7.21 (s, 1H), 6.68 (s, 2H), 
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6.63 (s, 1H), 6.50 (s, 1H), 5.09 (s, 2H), 4.99 (s, 2H), 4.41 (s, 4H), 4.15 (s, 2H), 2.81 (q, J = 8.1 Hz, 

4H), 2.08 – 1.98 (m, 2H), 1.83 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.6, 146.9, 146.5, 

140.6, 133.9, 127.3, 124.7, 112.8, 110.5, 110.1, 105.7, 102.7, 93.8, 86.3, 71.8, 33.1, 31.7, 25.6, 

19.4 ppm; HRMS (ESI) m/z Calcd for [C25H27NO2+H]+ 374.2115, found 374.2114. 

N-(6-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-2,3-dihydro-1H-inden-5-yl)-4-

methylbenzenesulfonamide (1h): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 6-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-2,3- dihydro-

1H-inden-5-amine 1h-III (0.8 mmol), TsCl (1.2 equiv), pyridine (2.0 

equiv) and DCM (0.2 M). The formed mixture was stirred at room 

temperature. Upon full consumption of the starting material, the 

reaction mixture was diluted with DCM and brine. The layers were 

separated and the aqueous layer was extracted with DCM. The organic layer was dried over 

Na2SO4 and the solvent was removed under reduced pressure. The crude product was purified by 

column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product N-(6-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-2,3-dihydro-1H-inden-5-yl)-4-methyl 

benzenesulfonamide 1h (283.0 mg, 67% yield) as an orange solid, m. p. 74–75 C. 1H NMR (300 

MHz, CDCl3) δ 7.64 (d, J = 8.3 Hz, 2H), 7.49 (s, 1H), 7.18 – 7.10 (m, 4H), 6.62 – 6.53 (m, 3H), 

5.12 (s, 2H), 5.02 (s, 2H), 4.44 (s, 4H), 2.92 – 2.77 (m, 4H), 2.32 (s, 3H), 2.09 – 2.00 (m, 2H), 

1.85 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 159.6, 146.7, 143.7, 140.9, 140.4, 136.1, 135.7, 129.4, 

127.2, 127.2, 127.1, 123.4, 117.4, 112.9, 110.2, 103.3, 94.7, 84.1, 71.7, 33.1, 32.0, 25.3, 21.4, 19.3 

ppm; HRMS (ESI) m/z Calcd for [C32H33NO4S+H]+ 528.2203, found 528.2211. 
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Figure S9. Preparation of compound 1i 

N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)phenyl)methanesulfonamide (1i): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)aniline 1a-IV (1.0 

mmol), MsCl (1.5 equiv), pyridine (2.0 equiv) and DCM (0.2 M). The 

formed mixture was stirred at room temperature. Upon full consumption 

of the starting material, the reaction mixture was diluted with DCM and 

brine. The layers were separated and the aqueous layer was extracted with DCM. The organic layer 

was dried over Na2SO4 and the solvent was removed under reduced pressure. The crude product 

was purified by column chromatography on silica (petroleum ether/ethyl acetate) to afford the 

corresponding product N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)phenyl)methanesul-

fonamide 1i (391.0 mg, 95% yield) as a pale yellow solid, m. p. 61–62 C. 1H NMR (300 MHz, 

CDCl3) δ 7.62 (d, J = 8.2 Hz, 1H), 7.54 (d, J = 7.7 Hz, 1H), 7.38 (t, J = 7.8 Hz, 1H), 7.17 (t, J = 

7.6 Hz, 1H), 7.04 (s, 1H), 6.69 (d, J = 2.1 Hz, 2H), 6.56 (t, J = 2.1 Hz, 1H), 5.11 (s, 2H), 5.01 (s, 

2H), 4.44 (s, 4H), 3.04 (s, 3H), 1.84 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.8, 140.4, 

137.6, 132.4, 130.0, 124.8, 122.9, 119.9, 114.4, 113.0, 110.4, 103.8, 96.6, 83.1, 71.9, 39.7, 19.4 

ppm; HRMS (ESI) m/z Calcd for [C23H25NO4S+H]+ 412.1577, found 412.1583. 
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 Figure S10. Preparation of compound 1j 

1-iodo-3,5-bis(2-methylenebutoxy)benzene (1j-I):7 

A solution of 5-iodobenzene-1,3-diol 1a-I (5.0 mmol), 2-

methylenebutan-1-ol (3.0 equiv), triphenylphosphine (3.0 equiv) 

and diisopropyl azodicarboxylate (2.0 equiv) in THF (0.1 M) was 

stirred at 65 °C. Upon full consumption of the starting material, the 

reaction mixture was cooled to room temperature and then diluted with EtOAc and water. The 

layers were separated and the aqueous layer was extracted with EtOAc. The combined organic 

layers were dried over Na2SO4, filtered and concentrated under reduced pressure, the crude product 

was purified by column chromatography on silica (petroleum ether/ethyl acetate) to afford the 

corresponding product 1-iodo-3,5-bis(2-methylenebutoxy)benzene 1j-I (968.0 mg, 52% yield) as 

a pale yellow oil. 1H NMR (300 MHz, CDCl3) δ 6.87 (d, J = 2.2 Hz, 2H), 6.45 (t, J = 2.2 Hz, 1H), 

5.10 (s, 2H), 4.99 (s, 2H), 4.40 (s, 4H), 2.14 (q, J = 7.4 Hz, 4H), 1.09 (t, J = 7.4 Hz, 6H) ppm; 13C 

NMR (75 MHz, CDCl3) δ 160.1, 145.8, 116.6, 111.1, 101.9, 93.9, 71.1, 25.8, 11.9 ppm. 
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2-((3,5-bis(2-methylenebutoxy)phenyl)ethynyl)aniline (1j-II): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1-iodo-3,5-bis(2-methylenebutoxy)benzene 1j-I (2.0 mmol), 2-

ethynylaniline 1a-III (1.1 equiv), PdCl2(PPh3)2 (2.0 mol %) and CuI (4.0 

mol %). The flask was purged with Ar for three times, followed by 

addition of THF (0.3 M) and Et3N (8.0 equiv). The formed mixture was 

stirred at room temperature under Ar. Upon full consumption of the starting material, the reaction 

mixture was filtered through a pad of celite, eluting with EtOAc (3x). The combined organics were 

sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 and concentrated in vacuo. 

The crude product was purified by column chromatography on silica (petroleum ether/ethyl acetate) 

to afford the corresponding product 2-((3,5-bis(2-methylenebutoxy)phenyl)ethynyl)aniline 1j-II 

(361.0 mg, 50% yield) as a brown oil. 1H NMR (300 MHz, CDCl3) δ 7.37 – 7.34 (m, 1H), 7.16 – 

7.11 (m, 1H), 6.73 – 6.69 (m, 4H), 6.51 (t, J = 2.2 Hz, 1H), 5.13 (s, 2H), 5.00 (s, 2H), 4.45 (s, 4H), 

4.27 (s, 2H), 2.16 (q, J = 7.4 Hz, 4H), 1.11 (t, J = 7.4 Hz, 6H) ppm; 13C NMR (75 MHz, CDCl3) 

δ 159.7, 147.8, 146.1, 132.1, 129.8, 124.4, 117.9, 114.3, 111.0, 110.2, 107.7, 102.9, 94.7, 85.4, 

71.0, 25.8, 12.0 ppm. 

N-(2-((3,5-bis(2-methylenebutoxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide (1j): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis(2-methylenebutoxy)phenyl)ethynyl)aniline 1j-II (1.0 

mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 M). The 

formed mixture was stirred at room temperature. Upon full consumption 

of the starting material, the reaction mixture was diluted with DCM and 

brine. The layers were separated and the aqueous layer was extracted with DCM. The organic layer 

was dried over Na2SO4 and the solvent was removed under reduced pressure. The crude product 

was purified by column chromatography on silica (petroleum ether/ethyl acetate) to afford the 

corresponding product N-(2-((3,5-bis(2-methylenebutoxy)phenyl)ethynyl) phenyl)-4-

methylbenzenesulfonamide 1j (449.0 mg, 87% yield) as a yellow oil. 1H NMR (300 MHz, CDCl3) 

δ 7.67 (d, J = 8.3 Hz, 2H), 7.62 (d, J = 8.2 Hz, 1H), 7.36 (dd, J = 7.7, 1.0 Hz, 1H), 7.31 – 7.26 (m, 
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1H), 7.20 – 7.16 (m, 3H), 7.08 – 7.03 (m, 1H), 6.63 (d, J = 2.2 Hz, 2H), 6.56 (t, J = 2.1 Hz, 1H), 

5.15 (s, 2H), 5.03 (s, 2H), 4.49 (s, 4H), 2.34 (s, 3H), 2.19 (q, J = 7.3 Hz, 4H), 1.13 (t, J = 7.4 Hz, 

6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.8, 146.0, 144.0, 137.5, 136.0, 132.0, 129.6, 129.6, 

127.2, 124.5, 123.1, 120.3, 114.5, 111.1, 110.4, 103.6, 96.1, 83.1, 71.1, 25.8, 21.5, 12.0 ppm; 

HRMS (ESI) m/z Calcd for [C31H33NO4S+H]+ 516.2203, found 516.2205. 

  

Figure S11. Preparation of compound 1k 

(((2-(chloromethyl)allyl)oxy)methyl)benzene (1k-I):  

The synthesis of (((2-(chloromethyl)allyl)oxy)methyl)benzene 1k-I began with commercially 

available methallyl dichloride, which was selectively monoprotected as benzyl ether.8 

((((((5-iodo-1,3-phenylene)bis(oxy))bis(methylene))bis(prop-2-ene-2,1-diyl))bis(oxy))bis 

(methylene))dibenzene (1k-II): 

A suspension of 5-iodobenzene-1,3-diol 1a-I (4.0 mmol), the 

respective (((2-(chloromethyl)allyl)oxy)methyl)benzene 1k-I (2.2 equiv) 

and K2CO3 (4.0 equiv) in DMF (0.2 M) was stirred at 55 °C. Upon full 

consumption of the starting material, the reaction mixture was cooled to 

room temperature and then diluted with ether and water. The layers were separated and the aqueous 
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layer was extracted with ether. The combined organic layers were dried over Na2SO4, filtered and 

concentrated under reduced pressure, the crude product was purified by column chromatography 

on silica (petroleum ether/ethyl acetate) to afford the corresponding product ((((((5-iodo-1,3-

phenylene)bis(oxy))bis(methylene))bis(prop-2-ene-2,1-diyl))bis(oxy))bis(methylene))dibenzene 

1k-II (1202.0 mg, 54% yield) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.34 – 7.25 (m, 

10H), 6.88 (d, J = 2.1 Hz, 2H), 6.46 (t, J = 2.0 Hz, 1H), 5.31 – 5.30 (m, 4H), 4.52 – 4.50 (m, 8H), 

4.09 (s, 4H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.0, 141.0, 138.0, 128.4, 127.7, 127.7, 116.9, 

115.3, 102.0, 93.9, 72.2, 70.7, 68.7 ppm. 

2-((3,5-bis((2-((benzyloxy)methyl)allyl)oxy)phenyl)ethynyl)aniline (1k-III): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added ((((((5-iodo-1,3-phenylene)bis(oxy))bis(methylene))bis(prop-2 -

ene-2,1-diyl))bis(oxy))bis(methylene))dibenzene 1k-II (2.0 mmol), 2-

ethynylaniline 1a-III (3.0 equiv), PdCl2(PPh3)2 (2.0 mol %) and CuI (4.0 

mol %). The flask was purged with Ar for three times, followed by 

addition of THF (0.3 M) and Et3N (8.0 equiv). The formed mixture was stirred at room temperature 

under Ar. Upon full consumption of the starting material, the reaction mixture was filtered through 

a pad of celite, eluting with EtOAc (3x). The combined organics were sequentially washed with 

H2O (2x) and brine (1x), dried over Na2SO4 and concentrated in vacuo. The crude product was 

purified by column chromatography on silica (petroleum ether/ethyl acetate) to afford the 

corresponding product 2-((3,5-bis((2-((benzyloxy)methyl)allyl)oxy)phenyl) ethynyl)aniline 1k-

III (480.0 mg, 44% yield) as a brown oil. 1H NMR (300 MHz, CDCl3) δ 7.34 – 7.24 (m, 11H), 

7.14 – 7.08 (m, 1H), 6.71 – 6.66 (m, 4H), 6.51 (t, J = 2.2 Hz, 1H), 5.33 (s, 2H), 5.30 (s, 2H), 4.54 

– 4.52 (m, 8H), 4.22 (s, 2H), 4.10 (s, 4H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.6, 147.8, 141.2, 

138.1, 132.1, 129.8, 128.4, 127.7, 127.6, 124.6, 117.9, 115.1, 114.3, 110.5, 107.7, 103.1, 94.6, 

85.6, 72.2, 70.8, 68.7 ppm. 
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N-(2-((3,5-bis((2-((benzyloxy)methyl)allyl)oxy)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1k): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis((2-((benzyloxy)methyl)allyl)oxy)phenyl)ethynyl)aniline 

1k-III (0.88 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 

M). The formed mixture was stirred at room temperature. Upon full 

consumption of the starting material, the reaction mixture was diluted with 

DCM and brine. The layers were separated and the aqueous layer was extracted with DCM. The 

organic layer was dried over Na2SO4 and the solvent was removed under reduced pressure. The 

crude product was purified by column chromatography on silica (petroleum ether/ethyl acetate) to 

afford the corresponding product N-(2-((3,5-bis((2-((benzyloxy)methyl)allyl)oxy) 

phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide 1k (462.0 mg, 75% yield) as a brown oil. 

1H NMR (300 MHz, CDCl3) δ 7.67 – 7.60 (m, 3H), 7.35 – 7.20 (m, 13H), 7.14 (d, J = 8.1 Hz, 2H), 

7.07 – 7.01 (m, 1H), 6.64 (d, J = 2.2 Hz, 2H), 6.57 (t, J = 2.1 Hz, 1H), 5.36 (s, 2H), 5.33 (s, 2H), 

4.58 (s, 4H), 4.54 (s, 4H), 4.13 (s, 4H), 2.30 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 158.9, 

143.2, 140.4, 137.3, 136.8, 135.4, 131.3, 128.9, 128.8, 127.6, 126.9, 126.9, 126.4, 123.8, 122.5, 

119.7, 114.5, 113.8, 109.9, 102.9, 95.3, 82.6, 71.5, 70.0, 68.1, 20.7 ppm; HRMS (ESI) m/z Calcd 

for [C43H41NO6S+K]+ 738.2286, found 738.2288. 
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Figure S12. Preparation of compound 1l 

1,3-bis(but-3-en-1-yloxy)-5-iodobenzene (1l-I):7 

A solution of 5-iodobenzene-1,3-diol 1a-I (5.0 mmol), but-3-en-1-ol 

(3.0 equiv), triphenylphosphine (3.0 equiv) and diisopropyl 

azodicarboxylate (3.0 equiv) in THF (0.1 M) was stirred at 65 °C. Upon 

full consumption of the starting material, the reaction mixture was cooled to room temperature and 

then diluted with EtOAc and water. The layers were separated and the aqueous layer was extracted 

with EtOAc. The combined organic layers were dried over Na2SO4, filtered and concentrated 

under reduced pressure, the crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product 1,3-bis(but-3-en-1-yloxy)-5-

iodobenzene 1l-I (964.0 mg, 56% yield) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 6.84 (d, 

J = 2.2 Hz, 2H), 6.39 (t, J = 2.1 Hz, 1H), 5.93 – 5.80 (m, 2H), 5.18 – 5.09 (m, 4H), 3.94 (t, J = 6.7 

Hz, 4H), 2.50 (q, J = 6.6 Hz, 4H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.3, 134.1, 117.2, 116.3, 

101.4, 94.0, 67.3, 33.4 ppm. 
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2-((3,5-bis(but-3-en-1-yloxy)phenyl)ethynyl)aniline (1l-II): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1,3-bis(but-3-en-1-yloxy)-5-iodobenzene 1l-I (2.0 mmol), 2-

ethynylaniline 1a-III (1.1 equiv), PdCl2(PPh3)2 (2.0 mol %) and CuI (4.0 

mol %), The flask was purged with Ar for three times, followed by 

addition of THF (0.3 M) and Et3N (8.0 equiv). The formed mixture was 

stirred at room temperature under Ar. Upon full consumption of the starting material, the reaction 

mixture was filtered through a pad of celite, eluting with EtOAc (3x). The combined organics were 

sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 and concentrated in vacuo. 

The crude product was purified by column chromatography on silica (petroleum ether/ethyl acetate) 

to afford the corresponding product 2-((3,5-bis(but-3-en-1-yloxy)phenyl)ethynyl)aniline 1l-II 

(634.0 mg, 95% yield) as a pale yellow oil. 1H NMR (300 MHz, CDCl3) δ 7.35 (d, J = 7.8 Hz, 

1H), 7.12 (t, J = 7.7 Hz, 1H), 6.72 – 6.67 (m, 4H), 6.46 (s, 1H), 5.95 – 5.81 (m, 2H), 5.19 – 5.09 

(m, 4H), 4.26 (s, 2H), 3.98 (t, J = 6.6 Hz, 4H), 2.52 (q, J = 6.5 Hz, 4H) ppm; 13C NMR (75 MHz, 

CDCl3) δ 159.7, 147.8, 134.2, 132.1, 129.7, 124.4, 117.8, 117.0, 114.2, 109.8, 107.6, 102.5, 94.7, 

85.4, 67.2, 33.4 ppm. 

N-(2-((3,5-bis(but-3-en-1-yloxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide (1l): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis(but-3-en-1-yloxy)phenyl)ethynyl)aniline 1l-II (1.0 

mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 M). The 

formed mixture was stirred at room temperature. Upon full consumption 

of the starting material, the reaction mixture was diluted with DCM and 

brine. The layers were separated and the aqueous layer was extracted with DCM. The organic layer 

was dried over Na2SO4 and the solvent was removed under reduced pressure. The crude product 

was purified by column chromatography on silica (petroleum ether/ethyl acetate) to afford the 

corresponding product N-(2-((3,5-bis(but-3-en-1-yloxy)phenyl)ethynyl) phenyl)-4-

methylbenzenesulfonamide 1l (439.0 mg, 90% yield) as a white solid, m. p. 61–62 C. 1H NMR 
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(300 MHz, CDCl3) δ 7.66 (d, J = 8.2 Hz, 2H), 7.61 (d, J = 8.3 Hz, 1H), 7.35 (d, J = 7.7 Hz, 1H), 

7.31 – 7.25 (m, 1H), 7.18 – 7.15 (m, 3H), 7.05 (t, J = 7.5 Hz, 1H), 6.60 (d, J = 2.1 Hz, 2H), 6.51 

(t, J = 2.0 Hz, 1H), 598 – 5.84 (m, 2H), 5.22 – 5.11 (m, 4H), 4.03 (t, J = 6.6 Hz, 4H), 2.56 (q, J = 

6.6 Hz, 4H), 2.34 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.9, 144.0, 137.5, 136.0, 134.2, 

132.0, 129.6, 129.6, 127.2, 124.6, 123.1, 120.3, 117.2, 114.5, 110.1, 103.2, 96.1, 83.1, 67.4, 33.5, 

21.5 ppm; HRMS (ESI) m/z Calcd for [C29H29NO4S+H]+ 488.1890, found 488.1894. 

  

Figure S13. Preparation of compound 1m 

1-iodo-3,5-bis((3-methylbut-3-en-1-yl)oxy)benzene (1m-I):7 

A solution of 5-iodobenzene-1,3-diol 1a-I (5.0 mmol), 3-

methylbut-3-en-1-ol (3.0 equiv), triphenylphosphine (3.0 equiv) and 

diisopropyl azodicarboxylate (3.0 equiv) in THF (0.1 M) was stirred 

at 65 °C. Upon full consumption of the starting material, the reaction mixture was cooled to room 

temperature and then diluted with EtOAc and water. The layers were separated and the aqueous 

layer was extracted with EtOAc. The combined organic layers were dried over Na2SO4, filtered 

and concentrated under reduced pressure, the crude product was purified by column 

chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding product 1-

iodo-3,5-bis((3-methylbut-3-en-1-yl)oxy)benzene 1m-I (1396.0 mg, 75% yield) as a pale yellow 

oil. 1H NMR (300 MHz, CDCl3) δ 6.85 (d, J = 2.2 Hz, 2H), 6.41 (t, J = 2.2 Hz, 1H), 4.84 (s, 2H), 
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4.78 (s, 2H), 4.01 (t, J = 6.8 Hz, 4H), 2.47 (t, J = 6.7 Hz, 4H), 1.79 (s, 6H) ppm; 13C NMR (75 

MHz, CDCl3) δ 160.3, 141.9, 116.3, 112.1, 101.5, 94.0, 66.6, 37.0, 22.8 ppm. 

2-((3,5-bis((3-methylbut-3-en-1-yl)oxy)phenyl)ethynyl)aniline (1m-II): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1-iodo-3,5-bis((3-methylbut-3-en-1-yl)oxy)benzene 1m-I (2.0 

mmol), 2-ethynylaniline 1a-III (1.1 equiv), PdCl2(PPh3)2 (2.0 mol %) 

and CuI (4.0 mol %). The flask was purged with Ar for three times, 

followed by addition of THF (0.3 M) and Et3N (8.0 equiv). The formed 

mixture was stirred at room temperature under Ar. Upon full 

consumption of the starting material, the reaction mixture was filtered through a pad of celite, 

eluting with EtOAc (3x). The combined organics were sequentially washed with H2O (2x) and 

brine (1x), dried over Na2SO4 and concentrated in vacuo. The crude product was purified by 

column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product 2-((3,5-bis((3-methylbut-3-en-1-yl)oxy)phenyl)ethynyl)aniline 1m-II (636.0 mg, 88% 

yield) as a yellow oil. 1H NMR (300 MHz, CDCl3) δ 7.34 (dd, J = 8.1, 1.6 Hz, 1H), 7.14 – 7.08 

(m, 1H), 6.72 – 6.67 (m, 4H), 6.46 (t, J = 2.3 Hz, 1H), 4.84 (s, 2H), 4.79 (s, 2H), 4.26 (s, 2H), 4.03 

(t, J = 6.8 Hz, 4H), 2.47 (t, J = 6.7 Hz, 4H), 1.79 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.7, 

147.7, 141.9, 132.0, 129.7, 124.3, 117.8, 114.2, 112.0, 109.7, 107.5, 102.5, 94.6, 85.4, 66.4, 37.0, 

22.7 ppm. 

N-(2-((3,5-bis((3-methylbut-3-en-1-yl)oxy)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1m): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis((3-methylbut-3-en-1-yl)oxy)phenyl)ethynyl)aniline 

1m-II (1.0 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 

M). The formed mixture was stirred at room temperature. Upon full 

consumption of the starting material, the reaction mixture was diluted 

with DCM and brine. The layers were separated and the aqueous layer 

was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent was removed 
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under reduced pressure. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product N-(2-((3,5-bis((3-methylbut-

3-en-1-yl)oxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide 1m (454.0 mg, 88% yield) 

as a pale yellow solid, m. p. 51–52 C. 1H NMR (300 MHz, CDCl3) δ 7.67 (d, J = 8.2 Hz, 2H), 

7.62 (d, J = 8.3 Hz, 1H), 7.36 (d, J = 7.7 Hz, 1H), 7.32 – 7.26 (m, 1H), 7.19 – 7.16 (m, 3H), 7.06 

(t, J = 7.5 Hz, 1H), 6.60 (d, J = 2.1 Hz, 2H), 6.52 (d, J = 2.0 Hz, 1H), 4.87 (s, 2H), 4.82 (s, 2H), 

4.09 (t, J = 6.8 Hz, 4H), 2.52 (t, J = 6.7 Hz, 4H), 2.34 (s, 3H), 1.83 (s, 6H) ppm; 13C NMR (75 

MHz, CDCl3) δ 159.9, 144.0, 142.0, 137.5, 136.1, 132.0, 129.6, 129.6, 127.2, 124.6, 123.1, 120.4, 

114.5, 112.2, 110.1, 103.2, 96.1, 83.1, 66.7, 37.1, 22.8, 21.5 ppm; HRMS (ESI) m/z Calcd for 

[C31H33NO4S+H]+ 516.2203, found 516.2199. 

  

Figure S14. Preparation of compound 1n 

(5-iodo-1,3-phenylene)dimethanol (1n-I):  

The synthesis of (5-iodo-1,3-phenylene)dimethanol 1n-I began with commercially available 

dimethyl 5-aminoisophthalate, which was diazotized with NaNO2 in the presence of KI to give a 

dimethyl 5-iodoisophthalate. After reducing the ester moieties with LiBH4.
9 
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1-iodo-3,5-bis(((2-methylallyl)oxy)methyl)benzene (1n-II): 

To a 100 mL round-bottom flask equipped with magnetic stirrer 

were added NaH (60% in mineral oil dispersion) (4.0 equiv) in dry 

THF (0.2 M). The mixture was cooled at 0 °C and (5-iodo-1,3-

phenylene)dimethanol 1n-I (5.0 mmol) was added. The cooling bath was removed and the reaction 

was stirred at room temperature for 2 h. Then the reaction was cooled at 0 °C and methylallyl 

bromide (4.0 equiv) was added dropwise. The cooling bath was removed and the reaction was 

stirred at room temperature for 18 h. The reaction was quenched with aqueous ammonium chloride. 

The reaction was extracted with EtOAc. Organic layers were combined, washed with brine, dried 

over Na2SO4, filtered and concentrated under reduced pressure, the crude product was purified by 

column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product 1-iodo-3,5-bis(((2-methylallyl)oxy)methyl)benzene 1n-II (1805.0 mg, 97% yield) as a 

colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.62 (s, 2H), 7.28 (s, 1H), 5.00 (s, 2H), 4.93 (s, 2H), 

4.42 (s, 4H), 3.93 (s, 4H), 1.77 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 141.8, 140.7, 135.5, 

125.8, 112.6, 94.3, 74.3, 70.7, 19.5 ppm. 

2-((3,5-bis(((2-methylallyl)oxy)methyl)phenyl)ethynyl)aniline (1n-III): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1-iodo-3,5-bis(((2-methylallyl)oxy)methyl)benzene 1n-II (1.0 

mmol), 2-ethynylaniline 1a-III (1.1 equiv), PdCl2(PPh3)2 (2.0 mol %) 

and CuI (4.0 mol %). The flask was purged with Ar for three times, 

followed by addition of THF (0.3 M) and Et3N (8.0 equiv). The formed 

mixture was stirred at room temperature under Ar. Upon full 

consumption of the starting material, the reaction mixture was filtered through a pad of celite, 

eluting with EtOAc (3x). The combined organics were sequentially washed with H2O (2x) and 

brine (1x), dried over Na2SO4 and concentrated in vacuo. The crude product was purified by 

column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product 2-((3,5-bis(((2-methylallyl)oxy)methyl)phenyl)ethynyl)aniline 1n-III (325.0 mg, 90% 

yield) as a yellow oil. 1H NMR (300 MHz, CDCl3) δ 7.44 (s, 2H), 7.35 (d, J = 7.8 Hz, 1H), 7.30 

(s, 1H), 7.12 (t, J = 7.7 Hz, 1H), 6.72 – 6.69 (m, 2H), 5.01 (s, 2H), 4.94 (s, 2H), 4.48 (s, 4H), 4.28 
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(s, 2H), 3.95 (s, 4H), 1.77 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 147.8, 141.9, 138.9, 132.1, 

129.7, 129.6, 126.6, 123.4, 117.8, 114.2, 112.5, 107.7, 94.5, 85.9, 74.2, 71.2, 19.5 ppm. 

N-(2-((3,5-bis(((2-methylallyl)oxy)methyl)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1n): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis(((2-methylallyl)oxy)methyl)phenyl)ethynyl)aniline 

1n-III (1.0 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 

M). The formed mixture was stirred at room temperature. Upon full 

consumption of the starting material, the reaction mixture was diluted 

with DCM and brine. The layers were separated and the aqueous layer 

was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent was removed 

under reduced pressure. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product N-(2-((3,5-bis(((2-

methylallyl)oxy)methyl)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide 1n (480.0 mg, 93% 

yield) as a yellow oil. 1H NMR (300 MHz, CDCl3) δ 7.68 – 7.61 (m, 3H), 7.38 – 7.35 (m, 4H), 

7.32 – 7.26 (m, 1H), 7.19 – 7.16 (m, 3H), 7.06 (t, J = 7.4 Hz, 1H), 5.04 (s, 2H), 4.96 (s, 2H), 4.51 

(s, 4H), 3.99 (s, 4H), 2.33 (s, 3H), 1.80 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 146.0, 143.9, 

141.3, 139.5, 138.1, 134.1, 131.7, 131.6, 129.3, 129.2, 126.6, 124.1, 122.4, 116.6, 114.6, 98.0, 

85.6, 76.5, 73.2, 23.5, 21.5 ppm; HRMS (ESI) m/z Calcd for [C31H33NO4S+H]+ 516.2203, found 

516.2209. 
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Figure S15. Preparation of compound 1o 

5-iodo-1,3-phenylene bis(2-methylacrylate) (1o-I): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 5-iodobenzene-1,3-diol 1a-I (3.0 mmol) in dry DCM (0.2 M). 

Cooled to 0 °C in a brine-ice bath, and triethylamine (4.0 equiv) was 

added while stirring. After 10 min, methacryloyl chloride (3.0 equiv) was added dropwise. The 

cooling bath was removed and the reaction was stirred at room temperature. Upon full 

consumption of the starting material, the reaction was quenched with aqueous ammonium chloride. 

The reaction was extracted with EtOAc. Organic layers were combined, washed with brine, dried 

over Na2SO4, filtered and concentrated under reduced pressure, the crude product was purified by 

column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product 5-iodo-1,3-phenylene bis(2-methylacrylate) 1o-I (592.0 mg, 53% yield) as a colorless oil. 

1H NMR (300 MHz, CDCl3) δ 7.41 (d, J = 2.0 Hz, 2H), 7.01 (t, J = 2.0 Hz, 1H), 6.33 (s, 2H), 5.77 

(t, J = 1.4 Hz, 2H), 2.04 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 165.0, 151.4, 135.3, 128.2, 

127.9, 115.6, 92.3, 18.2 ppm. 
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5-((2-aminophenyl)ethynyl)-1,3-phenylene bis(2-methylacrylate) (1o-II): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 5-iodo-1,3-phenylene bis(2-methylacrylate) 1o-I (1.0 mmol), 2-

ethynylaniline 1a-III (1.1 equiv), PdCl2(PPh3)2 (2.0 mol %) and CuI (4.0 

mol %). The flask was purged with Ar for three times, followed by 

addition of THF (0.3 M) and Et3N (8.0 equiv). The formed mixture was 

stirred at room temperature under Ar. Upon full consumption of the starting material, the reaction 

mixture was filtered through a pad of celite, eluting with EtOAc (3x). The combined organics were 

sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 and concentrated in vacuo. 

The crude product was purified by column chromatography on silica (petroleum ether/ethyl acetate) 

to afford the corresponding product 5-((2-aminophenyl)ethynyl)-1,3-phenylene bis(2-

methylacrylate) 1o-II (322.0 mg, 89% yield) as a brown oil. 1H NMR (300 MHz, CDCl3) δ 7.32 

(dd, J = 7.9, 1.4 Hz, 1H), 7.20 (d, J = 2.1 Hz, 2H), 7.17 – 7.12 (m, 1H), 6.99 (t, J = 2.1 Hz, 1H), 

6.72 – 6.68 (m, 2H), 6.35 (s, 2H), 5.77 (t, J = 1.3 Hz, 2H), 4.25 (s, 2H), 2.05 (s, 6H) ppm; 13C 

NMR (75 MHz, CDCl3) δ 165.2, 151.2, 148.0, 135.5, 132.3, 130.1, 127.8, 125.1, 121.9, 118.0, 

115.8, 114.4, 107.3, 93.0, 87.6, 18.3 ppm. 

5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl)-1,3-phenylene bis(2-methylacrylate) 

(1o): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 5-((2-aminophenyl)ethynyl)-1,3-phenylene bis(2-methylacrylate) 

1o-II (0.5 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 

M). The formed mixture was stirred at room temperature. Upon full 

consumption of the starting material, the reaction mixture was diluted 

with DCM and brine. The layers were separated and the aqueous layer was extracted with DCM. 

The organic layer was dried over Na2SO4 and the solvent was removed under reduced pressure. 

The crude product was purified by column chromatography on silica (petroleum ether/ethyl acetate) 

to afford the corresponding product 5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl)-1,3-
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phenylene bis(2-methylacrylate) 1o (237.0 mg, 92% yield) as a white solid, m. p. 81–82 C. 1H 

NMR (300 MHz, CDCl3) δ 7.65 – 7.61 (m, 3H), 7.35 – 7.29 (m, 2H), 7.18 – 7.05 (m, 7H), 6.37 

(s, 2H), 5.80 (s, 2H), 2.32 (s, 3H), 2.07 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 165.1, 151.3, 

144.0, 137.6, 136.1, 135.4, 132.2, 130.0, 129.7, 127.9, 127.1, 124.8, 123.7, 122.0, 121.2, 116.7, 

114.5, 94.0, 85.2, 21.4, 18.2 ppm; HRMS (ESI) m/z Calcd for [C29H25NO6S+K]+ 554.1034, found 

554.1040. 

 

  

Figure S16. Preparation of compound 1p 

3-iodo-5-methylphenol (1p-I):  

The synthesis of 3-iodo-5-methylphenol 1p-I began with commercially available 3-methoxy-5-

methylaniline, which was diazotized with NaNO2 in the presence of KI to give a 1-iodo-3-

methoxy-5-methylbenzene. After removing the methyl group with HI (45% solution).1  

1-iodo-3-methyl-5-((2-methylallyl)oxy)benzene (1p-II): 

A suspension of 3-iodo-5-methylphenol 1p-I (1.1 mmol), the 

respective methylallyl bromide (1.5 equiv) and K2CO3 (2.0 equiv) in DMF 

(0.2 M) was stirred at 55 °C. Upon full consumption of the starting 

material, the reaction mixture was cooled to room temperature and then diluted with ether and 
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water. The layers were separated and the aqueous layer was extracted with ether. The combined 

organic layers were dried over Na2SO4, filtered and concentrated under reduced pressure, the crude 

product was purified by column chromatography on silica (petroleum ether/ethyl acetate) to afford 

the corresponding product 1-iodo-3-methyl-5-((2-methylallyl)oxy)benzene 1p-II (273.0 mg, 86% 

yield) as a colorless oil. 1H NMR (300 MHz, CDCl3) δ 7.12 (s, 1H), 7.06 (s, 1H), 6.69 (s, 1H), 

5.07 (s, 1H), 4.98 (s, 1H), 4.36 (s, 2H), 2.26 (s, 3H), 1.81 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) 

δ 159.1, 141.1, 140.4, 130.7, 120.8, 115.4, 112.9, 94.1, 71.7, 21.0, 19.4 ppm. 

2-((3-methyl-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline (1p-III): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1-iodo-3-methyl-5-((2-methylallyl)oxy)benzene 1p-II (0.9 

mmol), 2-ethynylaniline 1a-III (1.1 equiv), PdCl2(PPh3)2 (2.0 mol %) 

and CuI (4.0 mol %). The flask was purged with Ar for three times, 

followed by addition of THF (0.3 M) and Et3N (8.0 equiv). The formed 

mixture was stirred at room temperature under Ar. Upon full consumption of the starting material, 

the reaction mixture was filtered through a pad of celite, eluting with EtOAc (3x). The combined 

organics were sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 and 

concentrated in vacuo. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product 2-((3-methyl-5-((2-

methylallyl)oxy)phenyl)ethynyl)aniline 1p-III (230.0 mg, 92% yield) as a yellow oil. 1H NMR 

(300 MHz, CDCl3) δ 7.34 (d, J = 6.8 Hz, 1H), 7.14 – 7.08 (m, 1H), 6.95 (s, 1H), 6.88 (s, 1H), 6.72 

– 6.67 (m, 3H), 5.09 (s, 1H), 4.98 (s, 1H), 4.39 (s, 2H), 4.25 (s, 2H), 2.29 (s, 3H), 1.81 (s, 3H) 

ppm; 13C NMR (75 MHz, CDCl3) δ 158.4, 147.7, 140.6, 139.4, 132.0, 129.6, 124.8, 123.7, 117.8, 

116.3, 114.2, 114.1, 112.6, 107.8, 94.8, 85.2, 71.5, 21.2, 19.3 ppm. 
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4-methyl-N-(2-((3-methyl-5-((2-

methylallyl)oxy)phenyl)ethynyl)phenyl)benzenesulfonamide (1p): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3-methyl-5-((2-methylallyl)oxy)phenyl)ethynyl) aniline 1p-

II (0.8 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 

M). The formed mixture was stirred at room temperature. Upon full 

consumption of the starting material, the reaction mixture was diluted 

with DCM and brine. The layers were separated and the aqueous layer was extracted with DCM. 

The organic layer was dried over Na2SO4 and the solvent was removed under reduced pressure. 

The crude product was purified by column chromatography on silica (petroleum ether/ethyl acetate) 

to afford the corresponding product 4-methyl-N-(2-((3-methyl-5-((2-

methylallyl)oxy)phenyl)ethynyl)phenyl)benzenesulfonamide 1p (307.0 mg, 89% yield) as a white 

solid, m. p. 70–71 C. 1H NMR (300 MHz, CDCl3) δ 7.67 (d, J = 8.3 Hz, 2H), 7.61 (d, J = 8.2 Hz, 

1H), 7.35 (d, J = 7.7 Hz, 1H), 7.31 – 7.26 (m, 1H), 7.20 – 7.16 (m, 3H), 7.05 (t, J = 7.6 Hz, 1H), 

6.88 (s, 1H), 6.80 (d, J = 5.8 Hz, 2H), 5.12 (s, 1H), 5.02 (s, 1H), 4.45 (s, 2H), 2.34 (s, 6H), 1.85 (s, 

3H) ppm; 13C NMR (75 MHz, CDCl3) δ 158.6, 144.0, 140.6, 139.7, 137.5, 136.0, 132.0, 129.6, 

129.5, 127.2, 125.0, 124.5, 122.5, 120.2, 117.2, 114.6, 114.4, 112.9, 96.3, 83.0, 71.7, 21.5, 21.4, 

19.4 ppm; HRMS (ESI) m/z Calcd for [C26H25NO3S+H]+ 432.1628, found 432.1631. 
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Figure S17. Preparation of compound 1q 

1,3-dibromo-5-(tert-butyl)benzene (1q-II): 

1,3-dibromo-5-(tert-butyl)benzene 1q-II was prepared following the 

reported procedure.10 2,6-Dibromo-4-tert-butyl-benzenamine 1q-I (16.3 

mmol) was dissolved in 200.0 mL ethanol at 50 °C. To this solution was added 

conc. H2SO4 (25 mL) dropwise and the mixture was heated to 70 °C. NaNO2 (3.1 g, 44.6 mmol) 

was added portion by portion over 45 min (Caution: exothermic reaction and drastic evolution of 

N2 gas). After the N2 gas evolution diminished, the mixture was heated at 80 °C for 13 h, cooled 

to rt, and poured into ice water. The resultant mixture was extracted with ethyl acetate (3 x 100.0 

mL). The combined layers were dried over anhydrous Na2SO4, filtered and evaporated under 

reduced pressure. The crude product was purified by column chromatography on silica (petroleum 

ether/ethyl acetate) to afford the corresponding product 1,3-dibromo-5-(tert-butyl)benzene 1q-II 

(4093.0 mg, 86% yield) as a pale yellow oil. 
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3-bromo-5-(tert-butyl)phenol (1q-III): 

3-bromo-5-(tert-butyl)phenol 1q-III was prepared following the reported 

procedure.11 Under a nitrogen atmosphere dissolve 1,3-dibromo-5-tert-

butylbenzene 1q-II (10 mmol) in THF (30.0 mL). Cool to −78 °C. Slowly 

add n-butyllithium (2.5 M in hexanes) (14.0 mmol) at −78 °C. Stir the resulting mixture for 30 

min at −78 °C. Add trimethoxyborane (3.0 equiv) over 10 min. Warm to room temperature and 

stir for 1 h. Cool the mixture to 0 °C. Add AcOH (7.0 equiv) and stir for 10 min. Slowly add 

hydrogen peroxide (4.0 equiv) and water and stir 3 h. The layers were separated and the aqueous 

layer was extracted with EtOAc. The combined organic layers were dried over Na2SO4, filtered 

and concentrated under reduced pressure, the crude product was purified by column 

chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding product 3-

bromo-5-(tert-butyl)phenol 1q-III (2108.0 mg, 92% yield) as a brown oil. 

1-bromo-3-(tert-butyl)-5-((2-methylallyl)oxy)benzene (1q-IV): 

A suspension of 3-bromo-5-(tert-butyl)phenol 1q-III (24.0 mmol), the 

respective methylallyl bromide (1.5 equiv) and K2CO3 (2.0 equiv) in 

DMF (0.2 M) was stirred at 55 °C. Upon full consumption of the starting 

material, the reaction mixture was cooled to room temperature and then 

diluted with ether and water. The layers were separated and the aqueous layer was extracted with 

ether. The combined organic layers were dried over Na2SO4, filtered and concentrated under 

reduced pressure, the crude product was purified by column chromatography on silica (petroleum 

ether/ethyl acetate) to afford the corresponding product 1-bromo-3-(tert-butyl)-5-((2-

methylallyl)oxy)benzene 1q-IV (5370.0 mg, 69% yield) as a colorless oil. 1H NMR (300 MHz, 

CDCl3) δ 7.10 (s, 1H), 6.88 – 6.87 (m, 2H), 5.09 (s, 1H), 5.00 (s, 1H), 4.39 (s, 2H), 1.82 (s, 3H), 

1.28 (s, 9H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.2, 154.5, 140.5, 122.4, 121.3, 114.3, 113.1, 

111.9, 71.9, 34.9, 31.1, 19.4 ppm. 
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2-((3-(tert-butyl)-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline (1q-V): 

To a 100 mL round-bottom flask equipped with magnetic stirrer were 

added 1-bromo-3-(tert-butyl)-5-((2-methylallyl)oxy)benzene 1q-IV 

(1.2 equiv), 2-ethynylaniline 1a-III (6.8 mmol), Pd(PPh3)4 (20 mol %), 

CuI (8.0 mol %) and K2CO3 (3.0 equiv). The flask was purged with Ar 

for three times, followed by addition of MeCN (0.2 M). The formed 

mixture was stirred at 85 °C under Ar. Upon full consumption of the starting material, the reaction 

mixture was filtered through a pad of celite, eluting with EtOAc (3x). The combined organics were 

sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 and concentrated in vacuo. 

The crude product was purified by column chromatography on silica (petroleum ether/ethyl acetate) 

to afford the corresponding product 2-((3-(tert-butyl)-5-((2-

methylallyl)oxy)phenyl)ethynyl)aniline 1q-V (478.0 mg, 22% yield) as a brown oil. 1H NMR (300 

MHz, CDCl3) δ 7.37 (d, J = 7.8 Hz, 1H), 7.17 – 7.10 (m, 2H), 6.97 (s, 1H), 6.89 (s, 1H), 6.73 – 

6.70 (m, 2H), 5.11 (s, 1H), 5.00 (s, 1H), 4.43 (s, 2H), 4.27 (s, 2H), 1.84 (s, 3H), 1.31 (s, 9H) ppm; 

13C NMR (75 MHz, CDCl3) δ 158.3, 152.9, 147.7, 140.7, 132.1, 129.6, 123.4, 121.6, 117.9, 114.3, 

113.7, 113.5, 112.9, 107.9, 95.1, 84.9, 71.7, 34.7, 31.1, 19.5 ppm. 

 

 

 

 

N-(2-((3-(tert-butyl)-5-((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1q): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3-(tert-butyl)-5-((2-methylallyl)oxy)phenyl)ethynyl) aniline 

1q-V (1.5 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 

M). The formed mixture was stirred at room temperature. Upon full 

consumption of the starting material, the reaction mixture was diluted with DCM and brine. The 

layers were separated and the aqueous layer was extracted with DCM. The organic layer was dried 

over Na2SO4 and the solvent was removed under reduced pressure. The crude product was purified 
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by column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product N-(2-((3-(tert-butyl)-5-((2-methylallyl)oxy)phenyl)ethynyl)phenyl)- 4-

methylbenzenesulfonamide 1q (554.0 mg, 78% yield) as a brown solid, m. p. 64–65 C. 1H NMR 

(300 MHz, CDCl3) δ 7.68 – 7.61 (m, 3H), 7.37 (d, J = 7.6 Hz, 1H), 7.30 – 7.27 (m, 2H), 7.16 (d, 

J = 7.9 Hz, 2H), 7.10 – 7.03 (m, 3H), 6.83 (s, 1H), 5.15 (s, 1H), 5.03 (s, 1H), 4.47 (s, 2H), 2.32 (s, 

3H), 1.87 (s, 3H), 1.34 (s, 9H) ppm; 13C NMR (75 MHz, CDCl3) δ 158.4, 153.2, 143.9, 140.6, 

137.4, 136.0, 131.9, 129.5, 129.5, 127.2, 124.5, 122.2, 121.6, 120.3, 114.6, 114.4, 113.6, 113.0, 

96.6, 82.8, 71.8, 34.7, 31.1, 21.5, 19.4 ppm; HRMS (ESI) m/z Calcd for [C29H31NO3S+H]+ 

474.2097, found 474.2100. 

 

Figure S18. Preparation of compound 1r 

 

3-iodo-5-((2-methylallyl)oxy)phenol (1r-I): 

A suspension of 5-iodobenzene-1,3-diol 1a-I (4.0 mmol), the 

respective methylallyl bromide (1.2 equiv) and K2CO3 (2.0 equiv) in 

DMF (0.2 M) was stirred at 55 °C. After 18 h, the reaction mixture was 

cooled to room temperature and then diluted with ether and water. The 

layers were separated and the aqueous layer was extracted with ether. The combined organic layers 

were dried over Na2SO4, filtered and concentrated under reduced pressure, the crude product was 

purified by column chromatography on silica (petroleum ether/ethyl acetate) to afford the 
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corresponding product 3-iodo-5-((2-methylallyl)oxy)phenol 1r-I (360.0 mg, 31% yield) as a pale 

yellow oil. 1H NMR (300 MHz, CDCl3) δ 6.87 – 6.79 (m, 2H), 6.37 (t, J = 2.1 Hz, 1H), 5.06 (s, 

1H), 4.99 (s, 1H), 4.36 (s, 2H), 3.52 (s, 1H), 1.80 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.4, 

157.0, 140.3, 117.5, 116.9, 113.1, 102.4, 93.9, 72.0, 19.3 ppm. 

3-iodo-5-((2-methylallyl)oxy)phenyl pivalate (1r-II): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 3-iodo-5-((2-methylallyl)oxy)phenol 1r-I (1.0 mmol) in THF (0.2 

M). Cooled to 0 °C in a brine-ice bath, and triethylamine (2.0 equiv) was 

added while stirring. After 10 min, pivaloyl chloride (1.2 equiv) was added dropwise. The cooling 

bath was removed and the reaction was stirred at room temperature. Upon full consumption of the 

starting material, the reaction was quenched with aqueous ammonium chloride. The reaction was 

extracted with EtOAc. Organic layers were combined, washed with brine, dried over Na2SO4, 

filtered and concentrated under reduced pressure, the crude product was purified by column 

chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding product 3-

iodo-5-((2-methylallyl)oxy)phenyl pivalate 1r-II (225.0 mg, 60% yield) as a pale yellow oil. 1H 

NMR (300 MHz, CDCl3) δ 7.13 (s, 1H), 7.02 (s, 1H), 6.61 (s, 1H), 5.07 (s, 1H), 4.99 (s, 1H), 4.38 

(s, 2H), 1.81 (s, 3H), 1.33 (s, 9H) ppm; 13C NMR (75 MHz, CDCl3) δ 176.6, 159.8, 152.0, 140.0, 

123.2, 121.3, 113.2, 108.5, 93.1, 72.0, 39.1, 27.0, 19.4 ppm. 

 

3-((2-aminophenyl)ethynyl)-5-((2-methylallyl)oxy)phenyl pivalate (1r-III): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 3-iodo-5-((2-methylallyl)oxy)phenyl pivalate 1r-II (0.6 mmol), 

2-ethynylaniline 1a-III (1.0 equiv), PdCl2(PPh3)2 (4.0 mol %) and CuI 

(8.0 mol %). The flask was purged with Ar for three times, followed 

by addition of THF (0.1 M) and Et3N (8.0 equiv). The formed mixture 

was stirred at room temperature under Ar. Upon full consumption of the starting material, the 

reaction mixture was filtered through a pad of celite, eluting with EtOAc (3x). The combined 

organics were sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 and 
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concentrated in vacuo. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product 3-((2-aminophenyl)ethynyl)-

5-((2-methylallyl)oxy)phenyl pivalate 1r-III (194.0 mg, 89% yield) as a pale yellow solid, m. p. 

36–37 C. 1H NMR (300 MHz, CDCl3) δ 7.41 – 7.32 (m, 1H), 7.16 – 7.11 (m, 1H), 6.93 (s, 1H), 

6.84 (s, 1H), 6.73 – 6.68 (m, 2H), 6.64 (t, J = 2.1 Hz, 1H), 5.09 (s, 1H), 5.00 (s, 1H), 4.42 (s, 2H), 

4.26 (s, 2H), 1.82 (s, 3H), 1.35 (s, 9H) ppm; 13C NMR (75 MHz, CDCl3) δ 176.8, 159.3, 151.7, 

147.9, 140.2, 132.1, 129.9, 124.7, 117.9, 117.1, 114.7, 114.3, 113.0, 109.2, 107.4, 93.8, 86.4, 72.0, 

39.1, 27.0, 19.4 ppm. 

3-((2-methylallyl)oxy)-5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl)phenyl pivalate 

(1r): 

To a 25 mL round-bottom flask equipped with magnetic stirrer 

were added 3-((2-aminophenyl)ethynyl)-5-((2-methylallyl)oxy) 

phenyl pivalate 1r-III (0.5 mmol), TsCl (2.0 equiv), pyridine (4.0 

equiv) and DCM (0.2 M). The formed mixture was stirred at room 

temperature. Upon full consumption of the starting material, the 

reaction mixture was diluted with DCM and brine. The layers were separated and the aqueous 

layer was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent was 

removed under reduced pressure. The crude product was purified by column chromatography on 

silica (petroleum ether/ethyl acetate) to afford the corresponding product 3-((2-methylallyl)oxy)-

5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl)phenyl pivalate 1r (225.0 mg, 87% yield) as 

a pale yellow solid, m. p. 70–71 C. 1H NMR (300 MHz, CDCl3) δ 7.66 – 7.61 (m, 3H), 7.36 – 

7.28 (m, 2H), 7.18 – 7.15 (m, 3H), 7.7 (t, J = 7.5 Hz, 1H), 6.86 (s, 1H), 6.77 (s, 1H), 6.69 (t, J = 

2.0 Hz, 1H), 5.13 (s, 1H), 5.03 (s, 1H), 4.45 (s, 2H), 2.34 (s, 3H), 1.85 (s, 3H), 1.38 (s, 9H) ppm; 

13C NMR (75 MHz, CDCl3) δ 176.7, 159.3, 151.8, 144.0, 140.1, 137.4, 135.9, 132.1, 129.8, 129.6, 

127.1, 124.7, 123.3, 120.7, 117.2, 114.9, 114.4, 113.2, 109.9, 95.0, 84.0, 72.0, 39.1, 27.0, 21.5, 

19.4 ppm; HRMS (ESI) m/z Calcd for [C30H31NO5S+H]+ 518.1996, found 518.1990. 
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Figure S19. Preparation of compound 1s 

tert-butyl (3-iodo-5-((2-methylallyl)oxy)phenyl) carbonate (1s-I): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 3-iodo-5-((2-methylallyl)oxy)phenol 1r-I (1.0 mmol), (Boc)2O 

(4.0 equiv), Mg(ClO4)2 (0.2 equiv) in DCM (0.2 M). the reaction 

mixture was stirred at 50 °C. Upon full consumption of the starting material, the reaction was 

quenched with aqueous ammonium chloride. The reaction was extracted with EtOAc. Organic 

layers were combined, washed with brine, dried over Na2SO4, filtered and concentrated under 

reduced pressure, the crude product was purified by column chromatography on silica (petroleum 

ether/ethyl acetate) to afford the corresponding product tert-butyl (3-iodo-5-((2-

methylallyl)oxy)phenyl) carbonate 1s-I (368.0 mg, 94% yield) as a pale yellow oil. 1H NMR (300 

MHz, CDCl3) δ 7.14 (s, 2H), 6.71 (s, 1H), 5.07 (s, 1H), 4.99 (s, 1H), 4.38 (s, 2H), 1.80 (s, 3H), 

1.55 (s, 9H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.7, 151.8, 151.2, 139.9, 122.9, 121.5, 113.3, 

108.2, 93.0, 84.0, 72.0, 27.6, 19.3 ppm. 
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3-((2-aminophenyl)ethynyl)-5-((2-methylallyl)oxy)phenyl tert-butyl carbonate (1s-II): 

To a 50 mL round-bottom flask equipped with magnetic stirrer 

were added tert-butyl (3-iodo-5-((2-methylallyl)oxy)phenyl) 

carbonate 1s-I (0.98 mmol), 2-ethynylaniline 1a-III (1.0 equiv), 

PdCl2(PPh3)2 (4.0 mol %) and CuI (8.0 mol %). The flask was purged 

with Ar for three times, followed by addition of THF (0.1 M) and 

Et3N (8.0 equiv). The formed mixture was stirred at room temperature under Ar. Upon full 

consumption of the starting material, the reaction mixture was filtered through a pad of celite, 

eluting with EtOAc (3x). The combined organics were sequentially washed with H2O (2x) and 

brine (1x), dried over Na2SO4 and concentrated in vacuo. The crude product was purified by 

column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product 3-((2-aminophenyl)ethynyl)-5-((2-methylallyl)oxy)phenyl tert-butyl carbonate 1s-II 

(290.0 mg, 78% yield) as a brown oil. 1H NMR (300 MHz, CDCl3) δ 7.34 (d, J = 7.7 Hz, 1H), 

7.14 (t, J = 7.7 Hz, 1H), 6.95 (d, J = 6.4 Hz, 2H), 6.73 – 6.68 (m, 3H), 5.09 (s, 1H), 5.00 (s, 1H), 

4.42 (s, 2H), 4.27 (s, 2H), 1.82 (s, 3H), 1.56 (s, 9H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.2, 

151.6, 151.5, 147.8, 140.1, 132.2, 129.9, 124.7, 117.9, 116.8, 114.9, 114.3, 113.1, 108.9, 107.4, 

93.7, 86.4, 83.8, 72.0, 27.6, 19.4 ppm. 

tert-butyl (3-((2-methylallyl)oxy)-5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl) 

phenyl) carbonate (1s): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 3-((2-aminophenyl)ethynyl)-5-((2-methylallyl)oxy) phenyl 

tert-butyl carbonate 1s-II (0.79 mmol), TsCl (2.0 equiv), pyridine (4.0 

equiv) and DCM (0.2 M). The formed mixture was stirred at room 

temperature. Upon full consumption of the starting material, the 

reaction mixture was diluted with DCM and brine. The layers were separated and the aqueous 

layer was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent was 

removed under reduced pressure. The crude product was purified by column chromatography on 

silica (petroleum ether/ethyl acetate) to afford the corresponding product tert-butyl (3-((2-

methylallyl)oxy)-5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl)phenyl) carbonate 1s 
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(288.0 mg, 68% yield) as a white solid, m. p. 106–107 C. 1H NMR (300 MHz, CDCl3) δ 7.64 (t, 

J = 6.9 Hz, 3H), 7.37 – 7.28 (m, 2H), 7.19 – 7.05 (m, 4H), 6.88 (d, J = 4.1 Hz, 2H), 6.80 (s, 1H), 

5.12 (s, 1H), 5.03 (s, 1H), 4.46 (s, 2H), 2.34 (s, 3H), 1.85 (s, 3H), 1.59 (s, 9H) ppm; 13C NMR (75 

MHz, CDCl3) δ 159.3, 151.7, 151.4, 144.0, 140.0, 137.5, 135.9, 132.1, 129.8, 129.6, 127.2, 124.7, 

123.3, 120.7, 117.0, 115.1, 114.4, 113.3, 109.7, 94.9, 84.1, 84.0, 72.1, 27.6, 21.5, 19.4 ppm; 

HRMS (ESI) m/z Calcd for [C30H31NO6S+NH4]
+ 551.2210, found 551.2212. 

  

Figure S20. Preparation of compound 1t 

3-iodo-5-((2-methylallyl)oxy)phenyl 4-methylbenzenesulfonate (1t-I): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 3-iodo-5-((2-methylallyl)oxy)phenol 1r-I (1.0 mmol) in DCM 

(0.2 M). Cooled to 0 °C in a brine-ice bath, and pyridine (2.0 equiv) was 

added while stirring. After 10 min, TsCl (1.5 equiv) was added dropwise. The cooling bath was 

removed and the reaction was stirred at room temperature. Upon full consumption of the starting 

material, the reaction was quenched with aqueous ammonium chloride. The reaction was extracted 

with EtOAc. Organic layers were combined, washed with brine, dried over Na2SO4, filtered and 

concentrated under reduced pressure, the crude product was purified by column chromatography 

on silica (petroleum ether/ethyl acetate) to afford the corresponding product 3-iodo-5-((2-

methylallyl)oxy)phenyl 4-methylbenzenesulfonate 1t-I (159.0 mg, 36% yield) as a purple oil. 1H 
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NMR (300 MHz, CDCl3) δ 7.72 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.15 (dd, J = 2.2, 

1.4 Hz, 1H), 6.91 – 6.90 (m, 1H), 6.52 (t, J = 2.2 Hz, 1H), 5.00 (s, 1H), 4.96 (s, 1H), 4.29 (s, 2H), 

2.46 (s, 3H), 1.76 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.6, 150.1, 145.6, 139.6, 131.9, 

129.8, 128.5, 123.7, 123.1, 113.3, 108.9, 92.9, 72.0, 21.7, 19.2 ppm. 

3-((2-aminophenyl)ethynyl)-5-((2-methylallyl)oxy)phenyl 4-methylbenzenesulfonate (1t-II): 

To a 50 mL round-bottom flask equipped with magnetic stirrer 

were added 3-iodo-5-((2-methylallyl)oxy)phenyl 4-

methylbenzenesulfonate 1t-I (0.36 mmol), 2-ethynylaniline 1a-III 

(1.0 equiv), PdCl2(PPh3)2 (4.0 mol %) and CuI (8.0 mol %) . The 

flask was purged with Ar for three times, followed by addition of THF (0.1 M) and Et3N (8.0 

equiv). The formed mixture was stirred at room temperature under Ar. Upon full consumption of 

the starting material, the reaction mixture was filtered through a pad of celite, eluting with EtOAc 

(3x). The combined organics were sequentially washed with H2O (2x) and brine (1x), dried over 

Na2SO4 and concentrated in vacuo. The crude product was purified by column chromatography 

on silica (petroleum ether/ethyl acetate) to afford the corresponding product 3-((2-

aminophenyl)ethynyl)-5-((2-methylallyl)oxy)phenyl 4-methylbenzenesulfonate 1t-II (79.0 mg, 

51% yield) as a brown oil. 1H NMR (300 MHz, CDCl3) δ 7.73 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 

8.0 Hz, 3H), 7.14 (t, J = 7.4 Hz, 1H), 6.94 (s, 1H), 6.77 (s, 1H), 6.72 – 6.67 (m, 2H), 6.52 (s, 1H), 

5.01 (s, 1H), 4.96 (s, 1H), 4.32 (s, 2H), 4.25 (s, 2H), 2.43 (s, 3H), 1.77 (s, 3H) ppm; 13C NMR (75 

MHz, CDCl3) δ 159.1, 150.0, 147.9, 145.5, 139.8, 132.1, 132.0, 130.1, 129.8, 128.4, 125.0, 117.9, 

117.5, 116.4, 114.3, 113.1, 109.4, 107.0, 93.2, 87.0, 71.9, 21.6, 19.2 ppm. 
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3-((2-methylallyl)oxy)-5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl)phenyl 4-

methylbenzenesulfonate (1t): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 3-((2-aminophenyl)ethynyl)-5-((2-methylallyl)oxy)phenyl 4-

methylbenzenesulfonate 1t-II (0.18 mmol), TsCl (2.0 equiv), pyridine 

(4.0 equiv) and DCM (0.2 M). The formed mixture was stirred at room 

temperature. Upon full consumption of the starting material, the 

reaction mixture was diluted with DCM and brine. The layers were separated and the aqueous 

layer was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent was 

removed under reduced pressure. The crude product was purified by column chromatography on 

silica (petroleum ether/ethyl acetate) to afford the corresponding product 3-((2-methylallyl)oxy)-

5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl)phenyl 4-methylbenzenesulfonate 1t (90.8 

mg, 86% yield) as a brown solid, m. p. 130–131 C. 1H NMR (300 MHz, CDCl3) δ 7.78 (d, J = 

8.3 Hz, 2H), 7.61 (d, J = 8.2 Hz, 3H), 7.39 – 7.29 (m, 4H), 7.18 (d, J = 8.1 Hz, 2H), 7.10 – 7.05 

(m, 2H), 6.88 (s, 1H), 6.71 (s, 1H), 6.58 (t, J = 2.1 Hz, 1H), 5.04 (s, 1H), 5.00 (s, 1H), 4.37 (s, 2H), 

2.46 (s, 3H), 2.35 (s, 3H), 1.80 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.2, 150.1, 145.8, 

144.1, 139.7, 137.5, 135.8, 132.1, 132.0, 130.0, 129.9, 129.6, 128.4, 127.1, 124.7, 123.6, 120.8, 

117.6, 116.7, 114.2, 113.3, 110.3, 94.2, 84.6, 72.0, 21.7, 21.5, 19.2 ppm; HRMS (ESI) m/z Calcd 

for [C32H29NO6S2+NH4]
+ 605.1775, found 605.1782. 
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Figure S21. Preparation of compound 1u 

1-(benzyloxy)-3-iodo-5-((2-methylallyl)oxy)benzene (1u-I): 

A suspension of 3-iodo-5-((2-methylallyl)oxy)phenol 1r-I (1.0 mmol), 

(bromomethyl)benzene (1.2 equiv) and K2CO3 (1.2 equiv) in acetone 

(0.2 M) was stirred at 60 °C under Ar. Upon full consumption of the 

starting material, the reaction mixture was cooled to room temperature and then diluted with 

EtOAc and water. The layers were separated and the aqueous layer was extracted with EtOAc. 

The combined organic layers were dried over Na2SO4, filtered and concentrated under reduced 

pressure, the crude product was purified by column chromatography on silica (petroleum 

ether/ethyl acetate) to afford the corresponding product 1-(benzyloxy)-3-iodo-5-((2-

methylallyl)oxy)benzene 1u-I (343.0 mg, 90% yield) as a pale yellow oil. 1H NMR (300 MHz, 

CDCl3) δ 7.40 – 7.33 (m, 5H), 6.94 (s, 1H), 6.89 (s, 1H), 6.50 (s, 1H), 5.05 (s, 1H), 4.98 (s, 3H), 

4.35 (s, 2H), 1.80 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.1, 160.1, 140.2, 136.3, 128.6, 

128.1, 127.5, 116.9, 116.6, 113.0, 102.0, 94.0, 71.8, 70.1, 19.4 ppm. 

2-((3-(benzyloxy)-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline (1u-II): 

To a 50 mL round-bottom flask equipped with magnetic stirrer 

were added 1-(benzyloxy)-3-iodo-5-((2-methylallyl)oxy)benzene 

1u-I (0.84 mmol), 2-ethynylaniline 1a-III (1.0 equiv), PdCl2(PPh3)2 

(4.0 mol %) and CuI (8.0 mol %). The flask was purged with Ar for 
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three times, followed by addition of THF (0.1 M) and Et3N (8.0 equiv). The formed mixture was 

stirred at room temperature under Ar. Upon full consumption of the starting material, the reaction 

mixture was filtered through a pad of celite, eluting with EtOAc (3x). The combined organics were 

sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 and concentrated in vacuo. 

The crude product was purified by column chromatography on silica (petroleum ether/ethyl acetate) 

to afford the corresponding product 2-((3-(benzyloxy)-5-((2-

methylallyl)oxy)phenyl)ethynyl)aniline 1u-II (256.0 mg, 82% yield) as a yellow oil. 1H NMR 

(300 MHz, CDCl3) δ 7.44 – 7.34 (m, 6H), 7.13 (t, J = 7.7 Hz, 1H), 6.76 – 6.71 (m, 4H), 6.56 (s, 

1H), 5.08 – 4.99 (m, 4H), 4.40 (s, 2H), 4.26 (s, 2H), 1.82 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) 

δ 159.6, 159.6, 147.8, 140.5, 136.5, 132.1, 129.8, 128.6, 128.0, 127.5, 124.5, 117.9, 114.3, 112.9, 

110.4, 110.1, 107.6, 103.0, 94.6, 85.5, 71.8, 70.1, 19.4 ppm. 

N-(2-((3-(benzyloxy)-5-((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1u): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3-(benzyloxy)-5-((2-methylallyl)oxy)phenyl)ethynyl) 

aniline 1u-II (0.7 mmol), TsCl (2.0 equiv), pyridine (4.0 equiv) and 

DCM (0.2 M). The formed mixture was stirred at room temperature. 

Upon full consumption of the starting material, the reaction mixture 

was diluted with DCM and brine. The layers were separated and the aqueous layer was extracted 

with DCM. The organic layer was dried over Na2SO4 and the solvent was removed under reduced 

pressure. The crude product was purified by column chromatography on silica (petroleum 

ether/ethyl acetate) to afford the corresponding product N-(2-((3-(benzyloxy)-5-((2-

methylallyl)oxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide 1u (308.0 mg, 84% yield) 

as a white solid, m. p. 68–69 C. 1H NMR (300 MHz, CDCl3) δ 7.67 – 7.60 (m, 3H), 7.47 – 7.34 

(m, 6H), 7.29 (t, J = 8.1 Hz, 1H), 7.20 – 7.14 (m, 3H), 7.06 (t, J = 7.6 Hz, 1H), 6.69 – 6.62 (m, 

3H), 5.11 (s, 1H), 5.08 (s, 2H), 5.02 (s, 1H), 4.44 (s, 2H), 2.33 (s, 3H), 1.84 (s, 3H) ppm; 13C NMR 

(75 MHz, CDCl3) δ 159.7, 159.7, 144.0, 140.3, 137.5, 136.4, 135.9, 132.0, 129.7, 129.6, 128.6, 

128.1, 127.5, 127.2, 124.6, 123.1, 120.3, 114.4, 113.0, 110.6, 110.2, 103.7, 96.0, 83.2, 71.8, 70.1, 

21.5, 19.4 ppm; HRMS (ESI) m/z Calcd for [C32H29NO4S+H]+ 524.1890, found 524.1884. 
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Figure S22. Preparation of compound 1v 

 

tert-butyl(3-iodo-5-((2-methylallyl)oxy)phenoxy)dimethylsilane (1v-I): 

To a 50 mL round-bottom flask equipped with magnetic stirrer 

were added 3-iodo-5-((2-methylallyl)oxy)phenol 1r-I (1.0 mmol), 

imidazole (2.8 equiv) in DCM (0.2 M). The formed mixture was 

stirred at room temperature under Ar. After 10 min, TBDMSCl (1.5 equiv) was added dropwise. 

The reaction was stirred at room temperature. Upon full consumption of the starting material, the 

reaction was quenched with aqueous ammonium chloride. The reaction was extracted with EtOAc. 

Organic layers were combined, washed with brine, dried over Na2SO4, filtered and concentrated 

under reduced pressure, the crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product tert-butyl(3-iodo-5-((2-

methylallyl)oxy)phenoxy)dimethylsilane 1v-I (171.0 mg, 42% yield) as a colourless oil. 1H NMR 

(300 MHz, CDCl3) δ 6.89 – 6.88 (m, 1H), 6.81 – 6.80 (m, 1H), 6.36 (t, J = 2.2 Hz, 1H), 5.06 (s, 

1H), 4.98 (s, 1H), 4.35 (s, 2H), 1.80 (s, 3H), 0.97 (s, 9H), 0.19 (s, 6H) ppm; 13C NMR (75 MHz, 

CDCl3) δ 160.1, 157.1, 140.4, 122.3, 117.4, 113.0, 107.0, 93.6, 72.0, 25.6, 19.3, 18.2, -4.5 ppm. 
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2-((3-((tert-butyldimethylsilyl)oxy)-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline (1v-II): 

To a 50 mL round-bottom flask equipped with magnetic 

stirrer were added tert-butyl(3-iodo-5-((2-methylallyl)oxy) 

phenoxy)dimethylsilane 1v-I (0.42 mmol), 2-ethynylaniline 

1a-III (1.0 equiv), PdCl2(PPh3)2 (4.0 mol %) and CuI (8.0 

mol %). The flask was purged with Ar for three times, followed by addition of THF (0.1 M) and 

Et3N (8.0 equiv). The formed mixture was stirred at room temperature under Ar. Upon full 

consumption of the starting material, the reaction mixture was filtered through a pad of celite, 

eluting with EtOAc (3x). The combined organics were sequentially washed with H2O (2x) and 

brine (1x), dried over Na2SO4 and concentrated in vacuo. The crude product was purified by 

column chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding 

product 2-((3-((tert-butyldimethylsilyl)oxy)-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline 1v-II 

(119.0 mg, 72% yield) as a pale yellow oil. 1H NMR (300 MHz, CDCl3) δ 7.35 (dd, J = 8.0, 1.6 

Hz, 1H), 7.16 – 7.10 (m, 1H), 6.73 – 6.68 (m, 3H), 6.62 (dd, J = 2.1, 1.4 Hz, 1H), 6.43 (t, J = 2.3 

Hz, 1H), 5.09 (s, 1H), 4.99 (s, 1H), 4.40 (s, 2H), 4.26 (s, 2H), 1.82 (s, 3H), 0.99 (s, 9H), 0.21 (s, 

6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.5, 156.5, 147.8, 140.6, 132.1, 129.7, 124.3, 117.9, 

115.9, 114.3, 112.9, 110.7, 108.0, 107.7, 94.6, 85.4, 71.8, 25.6, 19.4, 18.1, -4.5 ppm. 

N-(2-((3-((tert-butyldimethylsilyl)oxy)-5-((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1v): 

To a 25 mL round-bottom flask equipped with magnetic stirrer 

were added 2-((3-((tert-butyldimethylsilyl)oxy)-5-((2-methylallyl) 

oxy)phenyl)ethynyl)aniline 1v-II (0.3 mmol), TsCl (2.0 equiv), 

pyridine (4.0 equiv) and DCM (0.2 M). The formed mixture was 

stirred at room temperature. Upon full consumption of the starting 

material, the reaction mixture was diluted with DCM and brine. The layers were separated and the 

aqueous layer was extracted with DCM. The organic layer was dried over Na2SO4 and the solvent 

was removed under reduced pressure. The crude product was purified by column chromatography 

on silica (petroleum ether/ethyl acetate) to afford the corresponding product N-(2-((3-((tert-

butyldimethylsilyl)oxy)-5-((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4- 
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methylbenzenesulfonamide 1v (146.0 mg, 89% yield) as a white solid, m. p. 88–89 C. 1H NMR 

(300 MHz, CDCl3) δ 7.67 – 7.61 (m, 3H), 7.37 – 7.25 (m, 2H), 7.20 – 7.15 (m, 3H), 7.08 – 7.03 

(m, 1H), 6.64 (s, 1H), 6.56 (s, 1H), 6.48 (t, J = 2.1 Hz, 1H), 5.12 (s, 1H), 5.02 (s, 1H), 4.44 (s, 2H), 

2.34 (s, 3H), 1.85 (s, 3H), 1.01 (s, 9H), 0.25 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.7, 

156.6, 143.9, 140.5, 137.5, 136.1, 132.0, 129.6, 129.5, 127.2, 124.6, 123.0, 120.4, 116.0, 114.6, 

113.0, 110.9, 108.8, 96.0, 83.2, 71.9, 25.6, 21.5, 19.3, 18.2, -4.4 ppm; HRMS (ESI) m/z Calcd for 

[C31H37NO4SSi+H]+ 548.2285, found 548.2290. 

 

 

Figure S23. Preparation of compound 1w 

1-iodo-3-methoxy-5-((2-methylallyl)oxy)benzene (1w-II): 

A suspension of 3-iodo-5-methoxyphenol 1w-I (1.9 mmol), the 

respective methylallyl bromide (1.2 equiv) and K2CO3 (2.0 equiv) in 

DMF (0.2 M) was stirred at 55 °C. Upon full consumption of the starting 

material, the reaction mixture was cooled to room temperature and then 

diluted with ether and water. The layers were separated and the aqueous layer was extracted with 

ether. The combined organic layers were dried over Na2SO4, filtered and concentrated under 

reduced pressure, the crude product was purified by column chromatography on silica (petroleum 

ether/ethyl acetate) to afford the corresponding product 1-iodo-3-methoxy-5-((2-

methylallyl)oxy)benzene 1w-II (547 mg, 95% yield) as a pale yellow oil. 1H NMR (300 MHz, 

CDCl3) δ 6.86 (d, J = 5.9 Hz, 2H), 6.43 (s, 1H), 5.07 (s, 1H), 4.99 (s, 1H), 4.37 (s, 2H), 3.75 (s, 
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3H), 1.81 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.9, 160.1, 140.3, 116.5, 115.8, 113.1, 

101.2, 94.0, 71.9, 55.4, 19.4 ppm. 

2-((3-methoxy-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline (1w-III): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1-iodo-3-methoxy-5-((2-methylallyl)oxy)benzene 1w-II (1.8 

mmol), 2-ethynylaniline 1a-III (1.1 equiv), PdCl2(PPh3)2 (2.0 mol %) 

and CuI (4.0 mol %) and the flask was purged with Ar for three times, 

followed by addition of THF (0.1 M) and Et3N (8.0 equiv). The 

formed mixture was stirred at room temperature under Ar. Upon full consumption of the starting 

material, the reaction mixture was filtered through a pad of celite, eluting with EtOAc (3x). The 

combined organics were sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 

and concentrated in vacuo. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product 2-((3-methoxy-5-((2-

methylallyl)oxy)phenyl)ethynyl)aniline 1w-III (498 mg, 94% yield) as a brown oil. 1H NMR (300 

MHz, CDCl3) δ 7.36 (d, J = 7.8 Hz, 1H), 7.13 (t, J = 7.7 Hz, 1H), 6.73 – 6.68 (m, 4H), 6.48 (s, 

1H), 5.09 (s, 1H), 4.99 (s, 1H), 4.41 (s, 2H), 4.27 (s, 2H), 3.79 (s, 3H), 1.82 (s, 3H) ppm; 13C NMR 

(75 MHz, CDCl3) δ 160.4, 159.6, 147.8, 140.5, 132.1, 129.8, 124.4, 117.9, 114.3, 112.8, 110.1, 

109.3, 107.6, 102.3, 94.6, 85.4, 71.8, 55.4, 19.4 ppm. 

N-(2-((3-methoxy-5-((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfona-

mide (1w): 

To a 25 mL round-bottom flask equipped with magnetic stirrer 

were added 2-((3-methoxy-5-((2-methylallyl)oxy)phenyl)ethynyl) 

aniline 1w-III (1.7 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and 

DCM (0.2 M). The formed mixture was stirred at room temperature. 

Upon full consumption of the starting material, the reaction mixture 

was diluted with DCM and brine. The layers were separated and the aqueous layer was extracted 

with DCM. The organic layer was dried over Na2SO4 and the solvent was removed under reduced 

pressure. The crude product was purified by column chromatography on silica (petroleum 



S54 
 

ether/ethyl acetate) to afford the corresponding product N-(2-((3-methoxy-5-((2-

methylallyl)oxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide 1w (612 mg, 80% yield) 

as a pale yellow solid, m. p. 76–77 C. 1H NMR (300 MHz, CDCl3) δ 7.67 (d, J = 8.2 Hz, 2H), 

7.62 (d, J = 8.2 Hz, 1H), 7.36 (d, J = 7.7 Hz, 1H), 7.31 – 7.25 (m, 1H), 7.20 – 7.15 (m, 3H), 7.05 

(t, J = 7.5 Hz, 1H), 6.62 (d, J = 7.2 Hz, 2H), 6.54 (t, J = 2.1 Hz, 1H), 5.12 (s, 1H), 5.02 (s, 1H), 

4.45 (s, 2H), 3.82 (s, 3H), 2.34 (s, 3H), 1.85 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.6, 

159.8, 144.0, 140.5, 137.6, 136.1, 132.0, 129.6, 129.6, 127.2, 124.5, 123.2, 120.4, 114.5, 113.0, 

110.3, 109.6, 103.0, 96.1, 83.2, 72.0, 55.5, 21.5, 19.3 ppm; HRMS (ESI) m/z Calcd for 

[C26H25NO4S+H]+ 448.1577, found 448.1582. 

 

 

Figure S24. Preparation of compound [D]3-1a 

1-iodo-3,5-bis((2-methylallyl)oxy)benzene ([D]3-1a-II): 

A suspension of 5-iodobenzene-1,3-diol 1a-I (1.0 mmol) in 

CF3CO2D (2.0 mL) was stirred at 75 °C. After 72 h, the reaction 

mixture was cooled to room temperature and then concentrated under 

reduced pressure. The crude product [D]3-1a-I is used in the 

subsequent step without further purification. 
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A suspension of [D]3-1a-I, methylallyl bromide (4.0 equiv) and K2CO3 (4.0 equiv) in DMF (0.2 

M) was stirred at 55 °C. Upon full consumption of the starting material, the reaction mixture was 

cooled to room temperature and then diluted with ether and water. The layers were separated and 

the aqueous layer was extracted with ether. The combined organic layers were dried over Na2SO4, 

filtered and concentrated under reduced pressure, the crude product was purified by column 

chromatography on silica (petroleum ether/ethyl acetate) to afford the corresponding product 1-

iodo-3,5-bis((2-methylallyl)oxy)benzene [D]3-1a-II (200.8 mg, 58% yield) as a pale yellow oil. 

1H NMR (300 MHz, CDCl3) δ 6.88 (s, 0.6H), 6.46 (s, 0.3H), 5.08 (s, 2H), 4.99 (s, 2H), 4.37 (s, 

4H), 1.82 (s, 6H) ppm. 

 

Figure S25. 1H NMR spectra for compound [D]3-1a-II 

2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)aniline ([D]3-1a-IV): 

To a 50 mL round-bottom flask equipped with magnetic stirrer were 

added 1-iodo-3,5-bis((2-methylallyl)oxy)benzene [D]3-1a-II (0.58 

mmol), 2-ethynylaniline 1a-III (1.1 equiv), PdCl2(PPh3)2 (2.0 mol %) 

and CuI (4.0 mol %) and the flask was purged with Ar for three times, 

followed by addition of THF (0.3 M) and Et3N (8.0 equiv). The formed 

mixture was stirred at room temperature under Ar. Upon full consumption of the starting material, 

the reaction mixture was filtered through a pad of celite, eluting with EtOAc (3x). The combined 

organics were sequentially washed with H2O (2x) and brine (1x), dried over Na2SO4 and 

concentrated in vacuo. The crude product was purified by column chromatography on silica 

(petroleum ether/ethyl acetate) to afford the corresponding product 2-((3,5-bis((2-

methylallyl)oxy)phenyl)ethynyl)aniline [D]3-1a-IV (182.5 mg, 94% yield) as a yellow oil. 1H 
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NMR (300 MHz, CDCl3) δ 7.34 (d, J = 7.2 Hz, 1H), 7.10 (t, J = 7.7 Hz, 1H), 6.71 – 6.66 (m, 

2.6H), 6.51 (s, 0.3H), 5.08 (s, 2H), 4.98 (s, 2H), 4.38 (s, 4H), 4.25 (s, 2H), 1.81 (s, 6H) ppm. 

 

 

Figure S26. 1H NMR spectra for compound [D]3-1a-IV 

N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide 

([D]3-1a): 

To a 25 mL round-bottom flask equipped with magnetic stirrer were 

added 2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)aniline [D]3-1a-IV 

(0.54 mmol), TsCl (1.2 equiv), pyridine (2.0 equiv) and DCM (0.2 M). The 

formed mixture was stirred at room temperature. Upon full consumption of 

the starting material, the reaction mixture was diluted with DCM and brine. The layers were 

separated and the aqueous layer was extracted with DCM. The organic layer was dried over 

Na2SO4 and the solvent was removed under reduced pressure. The crude product was purified by 

column chromatography on silica to afford the corresponding product N-(2-((3,5-bis((2-

methylallyl)oxy)phenyl)ethynyl) phenyl)-4-methyl benzenesulfonamide [D]3-1a (254.1 mg, 96% 

yield) as a white solid. 1H NMR (300 MHz, CDCl3) δ 7.68 – 7.59 (m, 3H), 7.35 – 7.23 (m, 3H), 

7.13 (d, J = 7.9 Hz, 2H), 7.03 (t, J = 7.4 Hz, 1H), 6.64 (s, 0.6H), 6.56 (s, 0.3H), 5.12 (s, 2H), 5.01 

(s, 2H), 4.43 (s, 4H), 2.30 (s, 3H), 1.83 (s, 6H) ppm. 
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Figure S27. 1H NMR spectra for compound [D]3-1a 
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3. Optimization of the Reaction Conditions 

Table S1. Screening of Reaction Conditionsa 

 

entry catalyst additive (equiv) solvent atmosphere 2a yieldb (%) 3a yieldb (%) 4a yieldb (%) 

1 [Cp*RhCl2]2 Cu(OAc)2·H2O (2.1) DMAC Ar 21 45 28 

2 [Cp*RhCl2]2 Cu(OAc)2·H2O (0.3) DMAC O2 (1 atm) 14 82 NDc 

3 [Cp*IrCl2]2 Cu(OAc)2·H2O (0.3) DMAC O2 (1 atm) 78 ND ND 

4 [RhCl(cod)]2 Cu(OAc)2·H2O (0.3) DMAC O2 (1 atm) 92 ND ND 

5 [Ru(p-cymene)Cl2]2 Cu(OAc)2·H2O (0.3) DMAC O2 (1 atm) 89 ND ND 

6 Pd(OAc)2 Cu(OAc)2·H2O (0.3) DMAC O2 (1 atm) 84 ND ND 

7 [Cp*RhCl2]2 CuOAc (0.3) DMAC O2 (1 atm) 21 70 ND 

8 [Cp*RhCl2]2 CuTc (0.3) DMAC O2 (1 atm) 30 63 ND 

9 [Cp*RhCl2]2 Cu(eh)2 (0.3) DMAC O2 (1 atm) 38 52 ND 

10 [Cp*RhCl2]2 Cu(TFA)2 (0.3) DMAC O2 (1 atm) 81 trace ND 

11 [Cp*RhCl2]2 Cu(OAc)2·H2O (0.3) DMF O2 (1 atm) 26 71 ND 

12 [Cp*RhCl2]2 Cu(OAc)2·H2O (0.3) DMSO O2 (1 atm) 84 11 ND 

13 [Cp*RhCl2]2 Cu(OAc)2·H2O (0.3) MeOH O2 (1 atm) 61 ND ND 

14d [Cp*RhCl2]2 Cu(OAc)2·H2O (0.3) DCE O2 (1 atm) 23 ND ND 

15 [Cp*RhCl2]2 NaOAc (2.1) DMAC Ar 26 ND 68 

16 [Cp*RhCl2]2 CsOAc (2.1) DMAC Ar 71 ND 23 

17 [Cp*RhCl2]2 AgOAc (2.1) DMAC Ar 91 ND trace 

18 [Cp*RhCl2]2 AgTFA (2.1) DMAC Ar 89 ND trace 

19 [Cp*RhCl2]2 K3PO4 (2.1) DMAC Ar 87 ND trace 

20e [Cp*RhCl2]2 NaOAc (2.1) DMAC Ar 18 ND 75 

aReaction conditions: 1a (0.05 mmol), [Cp*RhCl2]2 (5.0 mol %), additive (2.1 equiv), DMAC (3.0 mL), 100 °C (oil bath temperature), 10 

h. bIsolated yields. cND = not determined. dRecovery of 1a in 55% yield. e80 °C. CuTc = copper(I) thiophene-2-carboxylate; Cu(TFA)2 = 

copper(II) trifluoroacetate; Cu(eh)2 = copper(II) 2-ethylhexanoate. 

Initially, 2-alkynylaniline 1a was chosen as the model substrate to identify the systems capable 

of mediating this transformation. Employing [Cp*RhCl2]2 (5.0 mol %) and Cu(OAc)2·H2O (2.1 

equiv) in DMAC under argon atmosphere, two types of desired indole-fused dihydrobenzofurans 

3a and 4a were achieved in 45% and 28% yield, respectively (Table S1, entry 1). The structures 

of the products 3a and 4a were determined by single-crystal X-ray analysis (see the Supporting 
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Information (SI) for details). To our delight, product 3a could be obtained with up to 82% yield 

when a catalytic amount of Cu(OAc)2·H2O (0.3 equiv) was used under oxygen atmosphere (Table 

S1, entry 2). Although [Cp*IrCl2]2, [RhCl(cod)]2, [Ru(p-cymene)Cl2]2 and Pd(OAc)2 exhibited 

good catalytic activities in heteroatom-directed C-H activation/alkene insertion reactions, these 

catalysts were entirely ineffective in this reaction (Table S1, entries 3-6). Other copper salts, such 

as CuOAc, CuTc or Cu(eh)2 impacted the yield of 3a (Table S1, entries 7-9), and Cu(TFA)2 

significantly inhibited the reaction (Table S1, entry 10). Further screening of solvents revealed that 

the polar aprotic solvent DMAC was optimal for the generation of 3a (Table S1, entries 2 and 11-

14). Diversity-oriented synthesis (DOS) is of obvious value in synthetic organic chemistry, which 

has been identified as an efficient strategy for achieving structural complexity and molecular 

diversity with the same starting materials. We then sought for appropriate reaction conditions to 

synthesize product 4a (Table S1, entries 15-20). The addition of NaOAc to the reaction mixture 

instead of Cu(OAc)2·H2O under argon atmosphere resulted in a completely different 

chemoselectivity, providing 4a in 68% yield (Table S1, entry 15). Other additives, such as CsOAc, 

AgOAc, AgTFA and K3PO4 were less effective (Table S1, entries 16-19). The yield of 4a could 

be further increased to 75 % when the temperature was reduced to 80 °C (Table S1, entry 20). At 

this point, we were delighted to find two optimized reactions, which we referred to as condition A 

and condition B, producing the corresponding indole-fused dihydrobenzofurans 3a and 4a in good 

yields.
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4. Experimental Procedures 

 

  

Figure S28. Preparation of compounds 3 

A sealed tube was charged with 2-alkynylanilines 1 (0.05 mmol, 1.0 equiv), [Cp*RhCl2]2 (1.6 

mg, 5.0 mol %), Cu(OAc)2·H2O (3.0 mg, 30.0 mol %) in DMAC (3.0 mL). Under oxygen 

atmosphere, the reaction mixture was stirred at 100 °C for 10 h. The mixture was cooled to room 

temperature. Then saturated ammonium chloride solution was added to the reaction mixture and 

extracted with EtOAc. The combined organic phase was washed with saturated brine and dried 

over Na2SO4. The solvent was evaporated, and the residue was purified by flash chromatography 

on silica gel (petroleum ether/ethyl acetate) to afford the corresponding products 3. 

 

 

Figure S29. Preparation of compounds 4 

A sealed tube was charged with 2-alkynylanilines 1 (0.05 mmol, 1.0 equiv), [Cp*RhCl2]2 (1.6 

mg, 5.0 mol %), NaOAc (2.1 equiv) in DMAC (3.0 mL). Under argon atmosphere, the reaction 

mixture was stirred at 80 °C for 10 h. The mixture was cooled to room temperature. Then saturated 

ammonium chloride solution was added to the reaction mixture and extracted with EtOAc. The 

combined organic phase was washed with saturated brine and dried over Na2SO4. The solvent was 

evaporated, and the residue was purified by flash chromatography on silica gel (petroleum 

ether/ethyl acetate) to afford the corresponding products 4. 
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5. Mechanistic Experiments 

5.1. Control Experiments of Compound 2a 

 

Figure S30. Control experiments of compound 2a under conditions A 

A sealed tube was charged with 2-alkynylaniline 2a (0.05 mmol, 1.0 equiv), [Cp*RhCl2]2 (1.6 

mg, 5.0 mol %), Cu(OAc)2·H2O (3.0 mg, 30.0 mol %) in DMAC (3.0 mL). Under oxygen 

atmosphere, the reaction mixture was stirred at 100 °C for 10 h. The mixture was cooled to room 

temperature. Then saturated ammonium chloride solution was added to the reaction mixture and 

extracted with EtOAc. The combined organic phase was washed with saturated brine and dried 

over Na2SO4. The solvent was evaporated, and the residue was purified by flash chromatography 

on silica gel (petroleum ether/ethyl acetate) to recover the product 2a in 82 % yield. 

 

Figure S31. Control experiments of compound 2a under conditions B 

A sealed tube was charged with 2-alkynylaniline 2a (0.05 mmol, 1.0 equiv), [Cp*RhCl2]2 (1.6 

mg, 5.0 mol %), NaOAc (2.1 equiv) in DMAC (3.0 mL). Under argon atmosphere, the reaction 

mixture was stirred at 80 °C for 10 h. The mixture was cooled to room temperature. Then saturated 

ammonium chloride solution was added to the reaction mixture and extracted with EtOAc. The 

combined organic phase was washed with saturated brine and dried over Na2SO4. The solvent was 

evaporated, and the residue was purified by flash chromatography on silica gel (petroleum 

ether/ethyl acetate) to recover the product 2a in 78 % yield. 
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5.2. Deuterated Labeling Experiment of Compound 1p 

 

Figure S32. Deuterated labeling experiment of compound 1p 

A sealed tube was charged with 2-alkynylaniline 1p (0.05 mmol, 1.0 equiv), [Cp*RhCl2]2 (1.6 

mg, 5.0 mol %), Cu(OAc)2·H2O (3.0 mg, 30.0 mol %), D2O (0.3 mL) in DMAC (3.0 mL). Under 

oxygen atmosphere, the reaction mixture was stirred at 100 °C for 10 h. The mixture was cooled 

to room temperature. Then saturated ammonium chloride solution was added to the reaction 

mixture and extracted with EtOAc. The combined organic phase was washed with saturated brine 

and dried over Na2SO4. The solvent was evaporated, and the residue was purified by flash 

chromatography on silica gel (petroleum ether/ethyl acetate) to afford [D]n-2p and [D]n-3p in 23% 

and 17% yield, respectively. 

 

Figure S33. 1H NMR spectra for compound [D]n-2p 
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Figure S34. 1H NMR spectra for compound [D]n-3p 

5.3. Deuterated Labeling Experiment of Compound 1a 

  

Figure S35. Deuterated labeling experiment of compound 1a 

A sealed tube was charged with 2-alkynylaniline 1a (0.05 mmol, 1.0 equiv), [Cp*RhCl2]2 (1.6 

mg, 5.0 mol %), NaOAc (2.1 equiv), D2O (0.3 mL) in DMAC (3.0 mL). Under argon atmosphere, 

the reaction mixture was stirred at 80 °C for 10 h. The mixture was cooled to room temperature. 

Then saturated ammonium chloride solution was added to the reaction mixture and extracted with 

EtOAc. The combined organic phase was washed with saturated brine and dried over Na2SO4. The 

solvent was evaporated, and the residue was purified by flash chromatography on silica gel 

(petroleum ether/ethyl acetate) to afford [D]n-2a and [D]n-4a in 51% and 26% yield, respectively. 
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Figure S36. 1H NMR spectra for compound [D]n-2a 

 

Figure S37. 1H NMR spectra for compound [D]n-4a 
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5.4. Kinetic Isotope Effect 

 

Figure S38. Kinetic isotope effect 

A sealed tube was charged with 2-alkynylaniline 1a (0.0571 mmol) and D3-1a (0.1429 mmol), 

[Cp*RhCl2]2 (6.2 mg, 5.0 mol %), Cu(OAc)2·H2O (12.0 mg, 30.0 mol %) in DMAC (12.0 mL). 

Under oxygen atmosphere, the reaction mixture was stirred at 100 °C for 20 min. The mixture was 

cooled to room temperature. Then saturated ammonium chloride solution was added to the reaction 

mixture and extracted with EtOAc. The combined organic phase was washed with saturated brine 

and dried over Na2SO4. The solvent was evaporated, and the residue was purified by flash 

chromatography on silica gel to afford 3a and D2-3a in 38% yield. 

 

Figure S39. 1H NMR spectra for 3a and D2-3a 
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5.5 Intermediate Trapping Experiments 

 

Figure S40. Rh(III)-Catalyzed C−H alkenylation of 5 and 6 

A sealed tube was charged with 2-alkynylaniline 5 (0.1 mmol, 1.0 equiv), allyltrimethylsilane 

6 (0.4 mmol, 4.0 equiv), [Cp*RhCl2]2 (3.1 mg, 5.0 mol %), Cu(OAc)2·H2O (0.21 mmol, 2.1 equiv) 

in DMAC (3.0 mL). Under argon atmosphere, the reaction mixture was stirred at 80 °C for 16 h. 

The mixture was cooled to room temperature. The saturated ammonium chloride solution was 

added to the reaction mixture and extracted with EtOAc. The combined organic phase was washed 

with saturated brine and dried over Na2SO4. The solvent was evaporated, and the residue was 

purified by flash chromatography on silica gel (petroleum ether/ethyl acetate) to afford the only 

product 7 in 44% yield (compound 10 not detected). 

 

 

Figure S41. Rh(III)-Catalyzed C−H alkylation of 5 and 8 

A sealed tube was charged with 2-alkynylaniline 5 (0.1 mmol, 1.0 equiv), dimethyl 2-

diazomalonate 8 (0.2 mmol, 2.0 equiv), [Cp*RhCl2]2 (3.1 mg, 5.0 mol %), NaOAc (0.1 mmol, 1.0 

equiv) in DMAC (1.0 mL). Under argon atmosphere, the reaction mixture was stirred at 50 °C for 

16 h. The mixture was cooled to room temperature. Then saturated ammonium chloride solution 

was added to the reaction mixture and extracted with EtOAc. The combined organic phase was 

washed with saturated brine and dried over Na2SO4. The solvent was evaporated, and the residue 

was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate) to afford the 

only product 9 in 67% yield (compound 11 not detected). 
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6. Gram-Scale Experiments 

6.1 Gram-Scale Experiment of 1a 

 

Figure S42. Gram-scale experiment of 1a 

A sealed tube was charged with 2-alkynylanilines 1a (4.0 mmol, 1.0 equiv), [Cp*RhCl2]2 (124 

mg, 5.0 mol %), Cu(OAc)2·H2O (239.6 mg, 30.0 mol %) in DMAC (240.0 mL). Under an oxygen 

atmosphere, the reaction mixture was stirred at 100 °C for 10 h. Then the mixture was cooled to 

room temperature and saturated ammonium chloride solution was added to the reaction mixture 

and extracted with EtOAc. The combined organic phase was washed with saturated brine and dried 

over Na2SO4. The solvent was evaporated, and the residue was purified by flash chromatography 

on silica gel (petroleum ether/ethyl acetate) to afford the corresponding product 3a (1.51 g, 78% 

yield). 

6.2 Gram-Scale Experiment of 1f  

 

Figure S43. Gram-scale experiment of 1f 

A sealed tube was charged with 2-alkynylanilines 1f (3.0 mmol, 1.0 equiv), [Cp*RhCl2]2 (92.7 

mg, 5.0 mol %), Cu(OAc)2·H2O (179.7 mg, 30.0 mol %) in DMAC (180.0 mL). Under an oxygen 

atmosphere, the reaction mixture was stirred at 100 °C for 10 h. Then the mixture was cooled to 

room temperature and saturated ammonium chloride solution was added to the reaction mixture 

and extracted with EtOAc. The combined organic phase was washed with saturated brine and dried 

over Na2SO4. The solvent was evaporated, and the residue was purified by flash chromatography 

on silica gel (petroleum ether/ethyl acetate) to afford the corresponding product 3f (1.04 g, 61% 

yield). 
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7. Characterization of the Products 

 

5a-methyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole 

(3a): 

19.9 mg, 82% yield; pale yellow solid, m. p. 155–156 C; 1H NMR (300 MHz, CDCl3) δ 8.29 (d, 

J = 8.2 Hz, 1H), 7.39 – 7.24 (m, 6H), 6.98 (d, J = 8.2 Hz, 2H), 6.41 (d, J = 1.8 Hz, 1H), 5.16 (s, 

1H), 5.00 (s, 1H), 4.55 – 4.46 (m, 3H), 4.33 (d, J = 8.3 Hz, 1H), 2.86 – 2.64 (m, 2H), 2.24 (s, 3H), 

1.87 (s, 3H), 1.00 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.2, 157.9, 144.6, 141.0, 139.9, 

135.0, 133.2, 131.2, 129.0, 126.9, 126.4, 125.7, 124.7, 118.6, 117.8, 112.7, 105.1, 97.9, 86.5, 72.3, 

40.3, 33.1, 22.4, 21.5, 19.6 ppm; HRMS (ESI) m/z Calcd for [C29H27NO4S+H]+ 486.1734, found 

486.1736. 

 

 

5a,9-dimethyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3b):  

18.4 mg, 74% yield; yellow solid, m. p. 138–139 C; 1H NMR (300 MHz, CDCl3) δ 8.09 (s, 1H), 

7.32 – 7.25 (m, 3H), 7.17 – 7.05 (m, 2H), 6.97 (d, J = 7.9 Hz, 2H), 6.38 (s, 1H), 5.15 (s, 1H), 4.99 

(s, 1H), 4.50 – 4.47 (m, 3H), 4.27 (d, J = 8.2 Hz, 1H), 2.79 – 2.56 (m, 2H), 2.50 (s, 3H), 2.23 (s, 

3H), 1.86 (s, 3H), 0.95 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.2, 157.8, 144.5, 141.0, 

140.3, 135.9, 134.2, 133.4, 129.0, 128.9, 126.9, 126.5, 126.1, 125.9, 124.5, 118.2, 118.0, 112.6, 

104.9, 97.6, 86.5, 72.3, 40.3, 33.1, 22.3, 22.1, 21.4, 19.5 ppm; HRMS (ESI) m/z Calcd for 

[C30H29NO4S+H]+ 500.1890, found 500.1890. 
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5a,8-dimethyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3c):  

18.1 mg, 72% yield; white solid, m. p. 138–139 C; 1H NMR (300 MHz, CDCl3) δ 8.14 (d, J = 

8.5 Hz, 1H), 7.32 – 7.30 (m, 3H), 7.15 (d, J = 8.5 Hz, 1H), 7.08 (s, 1H), 6.96 (d, J = 8.1 Hz, 2H), 

6.39 (d, J = 1.7 Hz, 1H), 5.15 (s, 1H), 4.99 (s, 1H), 4.55 – 4.46 (m, 3H), 4.29 (d, J = 8.3 Hz, 1H), 

2.81 – 2.58 (m, 2H), 2.39 (s, 3H), 2.23 (s, 3H), 1.86 (s, 3H), 0.97 (s, 3H) ppm; 13C NMR (75 MHz, 

CDCl3) δ 160.2, 157.9, 144.5, 141.0, 138.0, 135.0, 134.4, 133.3, 131.4, 129.0, 127.0, 126.9, 126.3, 

125.8, 124.7, 118.6, 117.5, 112.6, 105.0, 97.8, 86.5, 72.3, 40.3, 33.1, 22.3, 21.4, 21.3, 19.5 ppm; 

HRMS (ESI) m/z Calcd for [C30H29NO4S+H]+ 500.1890, found 500.1894. 

 

 

8-methoxy-5a-methyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3d): 

17.3 mg, 67% yield; gray solid, m. p. 156–157 C; 1H NMR (300 MHz, CDCl3) δ 8.16 (d, J = 9.1 

Hz, 1H), 7.32 – 7.29 (m, 3H), 6.99 – 6.92 (m, 3H), 6.73 (d, J = 2.5 Hz, 1H), 6.40 (d, J = 1.8 Hz, 

1H), 5.15 (s, 1H), 4.99 (s, 1H), 4.55 – 4.46 (m, 3H), 4.30 (d, J = 8.3 Hz, 1H), 3.82 (s, 3H), 2.79 – 

2.60 (m, 2H), 2.24 (s, 3H), 1.87 (s, 3H), 0.96 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.3, 

157.9, 157.4, 144.5, 141.0, 135.9, 134.2, 133.3, 132.4, 129.0, 127.0, 126.3, 125.7, 124.7, 118.8, 

113.8, 112.6, 105.2, 101.5, 98.0, 86.5, 72.4, 55.5, 40.3, 33.2, 22.4, 21.4, 19.5 ppm; HRMS (ESI) 

m/z Calcd for [C30H29NO5S+H]+ 516.1839, found 500.1840. 
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8-chloro-5a-methyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3e):  

19.6 mg, 75% yield; pale yellow solid, m. p. 151–152 C; 1H NMR (300 MHz, CDCl3) δ 8.19 (d, 

J = 8.7 Hz, 1H), 7.31 – 7.26 (m, 5H), 6.99 (d, J = 8.2 Hz, 2H), 6.41 (d, J = 1.6 Hz, 1H), 5.15 (s, 

1H), 5.00 (s, 1H), 4.55 – 4.46 (m, 3H), 4.30 (d, J = 8.4 Hz, 1H), 2.77 – 2.58 (m, 2H), 2.25 (s, 3H), 

1.87 (s, 3H), 0.95 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.3, 158.0, 144.9, 140.9, 138.1, 

136.4, 133.1, 132.5, 130.6, 129.2, 126.8, 125.6, 125.2, 124.9, 118.8, 118.3, 112.7, 105.3, 98.3, 

86.4, 72.4, 40.3, 32.9, 22.3, 21.4, 19.5 ppm; HRMS (ESI) m/z Calcd for [C29H26ClNO4S+H]+ 

520.1344, found 520.1344. 

 

 

8-bromo-5a-methyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3f):  

18.4 mg, 65% yield; pale yellow solid, m. p. 150–151 C; 1H NMR (300 MHz, CDCl3) δ 8.15 (d, 

J = 9.2 Hz, 1H), 7.44 – 7.42 (m, 2H), 7.32 – 7.29 (m, 3H), 7.00 (d, J = 8.0 Hz, 2H), 6.42 (s, 1H), 

5.15 (s, 1H), 5.00 (s, 1H), 4.53 – 4.46 (m, 3H), 4.31 (d, J = 8.3 Hz, 1H), 2.78 – 2.59 (m, 2H), 2.26 

(s, 3H), 1.87 (s, 3H), 0.95 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.3, 157.9, 145.0, 140.9, 

138.5, 136.2, 133.0, 132.9, 129.2, 128.8, 126.8, 125.1, 125.1, 124.9, 121.4, 119.2, 118.4, 112.7, 

105.2, 98.3, 86.4, 72.3, 40.3, 32.9, 22.3, 21.5, 19.5 ppm; HRMS (ESI) m/z Calcd for 

[C29H26BrNO4S+H]+ 564.0839, found 564.0837. 
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methyl-5a-methyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole-8-carboxylate (3g):  

14.8 mg, 54% yield; pale yellow solid, m. p. 141–142 C; 1H NMR (300 MHz, CDCl3) δ 8.33 (d, 

J = 9.2 Hz, 1H), 8.04 – 8.01 (m, 2H), 7.34 – 7.31 (m, 3H), 6.99 (d, J = 8.1 Hz, 2H), 6.42 (d, J = 

1.5 Hz, 1H), 5.16 (s, 1H), 5.01 (s, 1H), 4.55 – 4.47 (m, 3H), 4.33 (d, J = 8.4 Hz, 1H), 3.93 (s, 3H), 

2.92 – 2.67 (m, 2H), 2.24 (s, 3H), 1.87 (s, 3H), 0.98 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 

167.0, 160.3, 158.0, 145.0, 142.6, 140.9, 136.3, 133.3, 131.1, 129.2, 126.8, 126.7, 126.6, 126.0, 

125.2, 125.0, 120.7, 117.4, 112.7, 105.3, 98.3, 86.5, 72.4, 52.2, 40.3, 33.1, 22.3, 21.5, 19.5 ppm; 

HRMS (ESI) m/z Calcd for [C31H29NO6S+H]+ 544.1788, found 544.1797. 

 

 

5a-methyl-2-((2-methylallyl)oxy)-12-tosyl-5a,6,8,9,10,12-hexahydro-5H-benzofuro[4,3-

ab]cyclopenta[h]carbazole (3h):  

13.5 mg, 51% yield; brown solid, m. p. 149–150 C; 1H NMR (300 MHz, CDCl3) δ 8.12 (s, 1H), 

7.33 – 7.29 (m, 3H), 7.11 (s, 1H), 6.98 (d, J = 7.9 Hz, 2H), 6.38 (s, 1H), 5.15 (s, 1H), 5.00 (s, 1H), 

4.55 – 4.46 (m, 3H), 4.30 (d, J = 8.3 Hz, 1H), 3.11 – 2.99 (m, 2H), 2.92 (t, J = 7.3 Hz, 2H), 2.80 

– 2.59 (m, 2H), 2.24 (s, 3H), 2.18 – 2.08 (m, 2H), 1.87 (s, 3H), 0.95 (s, 3H) ppm; 13C NMR (75 

MHz, CDCl3) δ 160.2, 157.8, 144.4, 143.1, 141.3, 141.0, 139.2, 134.2, 133.4, 130.1, 129.0, 126.9, 

126.6, 126.0, 124.4, 113.7, 113.6, 112.7, 104.8, 97.5, 86.5, 72.3, 40.3, 33.2, 32.4, 26.1, 22.2, 21.5, 

19.6 ppm; HRMS (ESI) m/z Calcd for [C32H31NO4S+H]+ 526.2047, found 526.2054. 
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5a-methyl-2-((2-methylallyl)oxy)-11-(methylsulfonyl)-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3i): 

8.2 mg, 40% yield; brown solid, m. p. 159–160 C; 1H NMR (300 MHz, CDCl3) δ 8.13 – 8.10 (m, 

1H), 7.53 – 7.50 (m, 1H), 7.41 – 7.34 (m, 2H), 7.15 (d, J = 1.8 Hz, 1H), 6.40 (d, J = 1.8 Hz, 1H), 

5.12 (s, 1H), 4.99 (s, 1H), 4.61 (d, J = 8.3 Hz, 1H), 4.45 (s, 2H), 4.3 (d, J = 8.4 Hz, 1H), 3.10 – 

2.79 (m, 2H), 2.73 (s, 3H), 1.84 (s, 3H), 1.35 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.4, 

158.0, 140.9, 139.6, 134.7, 130.7, 126.1, 125.5, 125.1, 124.9, 119.0, 116.8, 112.8, 105.0, 98.0, 

86.4, 72.4, 40.5, 37.7, 33.2, 23.2, 19.5 ppm; HRMS (ESI) m/z Calcd for [C23H23NO4S+Na]+ 

432.1240, found 432.1243. 

 

 

5a-ethyl-2-(2-methylenebutoxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole 

(3j): 

16.3 mg, 63% yield; white solid, m. p. 86–87 C; 1H NMR (300 MHz, CDCl3) δ 8.30 (d, J = 8.2 

Hz, 1H), 7.38 – 7.24 (m, 6H), 6.97 (d, J = 8.1 Hz, 2H), 6.38 (d, J = 1.8 Hz, 1H), 5.19 (s, 1H), 5.01 

(s, 1H), 4.64 – 4.51 (m, 3H), 4.28 (d, J = 8.6 Hz, 1H), 2.89 – 2.60 (m, 2H), 2.24 – 2.18 (m, 5H), 

1.29 – 1.06 (m, 5H), 0.72 (t, J = 7.4 Hz, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.5, 158.7, 

146.6, 144.5, 139.9, 135.2, 133.6, 131.2, 129.0, 126.8, 126.3, 126.0, 125.6, 124.7, 122.8, 118.5, 

117.9, 110.8, 105.2, 97.6, 83.9, 71.6, 44.2, 31.9, 27.4, 25.9, 21.4, 12.0, 8.7 ppm; HRMS (ESI) m/z 

Calcd for [C31H31NO4S+H]+ 514.2047, found 514.2038. 
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5a-((benzyloxy)methyl)-2-((2-((benzyloxy)methyl)allyl)oxy)-11-tosyl-5,5a,6,11-

tetrahydrobenzofuro[4,3-ab]carbazole (3k): 

22.1 mg, 62% yield; brown oil; 1H NMR (300 MHz, CDCl3) δ 8.31 (d, J = 8.1 Hz, 1H), 7.42 – 

7.28 (m, 9H), 7.25 – 7.15 (m, 5H), 7.11 – 7.08 (m, 2H), 6.85 (d, J = 8.1 Hz, 2H), 6.39 (d, J = 1.8 

Hz, 1H), 5.41 (s, 1H), 5.34 (s, 1H), 4.94 (d, J = 8.7 Hz, 1H), 4.70 – 4.55 (m, 4H), 4.35 – 4.11 (m, 

5H), 3.37 (d, J = 16.4 Hz, 1H), 3.23 (d, J = 8.9 Hz, 1H), 2.81 (dd, J = 8.9, 1.1 Hz, 1H), 2.53 (d, J 

= 16.4 Hz, 1H), 2.17 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.7, 158.9, 144.4, 141.4, 140.0, 

138.2, 138.0, 135.0, 133.6, 131.1, 129.0, 128.3, 127.7, 127.5, 126.8, 126.8, 126.6, 125.9, 125.8, 

124.9, 120.3, 118.9, 117.8, 115.1, 105.3, 97.9, 82.7, 72.8, 72.2, 70.8, 69.4, 69.3, 45.1, 27.6, 21.5 

ppm; HRMS (ESI) m/z Calcd for [C43H39NO6S+H]+ 698.2571, found 698.2576. 

 

 

2-(but-3-en-1-yloxy)-12-tosyl-6,6a,7,12-tetrahydro-5H-chromeno[5,4-ab]carbazole (3l):  

11.1 mg, 46% yield; brown solid, m. p. 145–146 C; 1H NMR (300 MHz, CDCl3) δ 8.23 (d, J = 

8.2 Hz, 1H), 7.35 – 7.19 (m, 6H), 6.95 (d, J = 8.3 Hz, 2H), 6.39 (d, J = 2.4 Hz, 1H), 6.00 – 5.86 

(m, 1H), 5.21 – 5.08 (m, 2H), 4.40 (dt, J = 10.9, 2.9 Hz, 1H), 4.15 – 4.03 (m, 3H), 2.84 – 2.69 (m, 

2H), 2.60 – 2.53 (m, 2H), 2.24 (s, 3H), 2.20 – 2.09 (m, 2H), 1.98 – 1.85 (m, 1H) ppm; 13C NMR 

(75 MHz, CDCl3) δ 158.0, 154.1, 144.2, 140.2, 137.2, 134.6, 132.4, 131.0, 129.6, 128.7, 127.4, 

127.0, 125.5, 124.9, 118.7, 118.4, 116.9, 112.8, 107.7, 102.4, 67.4, 65.9, 33.6, 30.3, 29.3, 27.5, 

21.5 ppm; HRMS (ESI) m/z Calcd for [C29H27NO4S+H]+ 486.1734, found 486.1733. 
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6a-methyl-2-((3-methylbut-3-en-1-yl)oxy)-12-tosyl-6,6a,7,12-tetrahydro-5H-chromeno[5,4-

ab]carbazole (3m):  

18.7 mg, 73% yield; pale yellow solid, m. p. 110–111 C; 1H NMR (300 MHz, CDCl3) δ 8.30 (d, 

J = 8.2 Hz, 1H), 7.37 – 7.23 (m, 6H), 6.95 (d, J = 8.1 Hz, 2H), 6.36 (d, J = 2.4 Hz, 1H), 4.83 (s, 

2H), 4.35 – 4.26 (m, 2H), 4.22 – 4.09 (m, 2H), 2.64 – 2.35 (m, 4H), 2.22 (m, 3H), 2.02 – 1.94 (m, 

1H), 1.82 – 1.79 (m, 4H), 0.88 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 157.8, 153.1, 144.5, 

142.3, 140.2, 136.2, 133.3, 131.5, 129.0, 128.5, 127.2, 125.7, 125.4, 124.8, 118.6, 118.3, 116.4, 

111.9, 108.0, 102.5, 66.6, 62.6, 37.2, 36.7, 35.4, 29.7, 24.7, 22.8, 21.4 ppm; HRMS (ESI) m/z 

Calcd for [C31H31NO4S+H]+ 514.2047, found 514.2044. 

 

 

6a-methyl-2-(((2-methylallyl)oxy)methyl)-12-tosyl-6,6a,7,12-tetrahydro-4H-

isochromeno[5,4-ab]carbazole (3n):  

11.7 mg, 46% yield; pale yellow solid, m. p. 149–150 C; 1H NMR (300 MHz, CDCl3) δ 8.31 (d, 

J = 8.2 Hz, 1H), 7.95 (s, 1H), 7.38 – 7.24 (m, 5H), 7.01 (s, 1H), 6.95 (d, J = 8.1 Hz, 2H), 5.06 (s, 

1H), 4.98 – 4.80 (m, 3H), 4.55 (s, 2H), 4.06 – 3.97 (m, 2H), 3.91 (d, J = 10.7 Hz, 1H), 3.55 (d, J 

= 10.7 Hz, 1H), 2.46 (d, J = 16.3 Hz, 1H), 2.29 – 2.22 (m, 4H), 1.80 (s, 3H), 0.99 (s, 3H) ppm; 13C 

NMR (75 MHz, CDCl3) δ 144.6, 142.1, 140.2, 136.2, 135.7, 135.1, 133.1, 132.6, 131.5, 129.0, 

127.2, 126.9, 126.2, 125.5, 125.0, 124.9, 122.5, 118.6, 118.3, 112.4, 75.9, 74.3, 71.7, 68.1, 32.7, 

29.8, 23.1, 21.4, 19.6 ppm; HRMS (ESI) m/z Calcd for [C31H31NO4S+K]+ 552.1605, found 

552.1610. 
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5a-methyl-5-oxo-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazol-2-yl methacrylate 

(3o):  

11.3 mg, 44% yield; pale yellow solid, m. p. 180–181 C; 1H NMR (300 MHz, CDCl3) δ 8.29 (d, 

J = 8.3 Hz, 1H), 7.67 (d, J = 1.4 Hz, 1H), 7.44 – 7.27 (m, 5H), 7.02 (d, J = 8.1 Hz, 2H), 6.88 (d, J 

= 1.4 Hz, 1H), 6.40 (s, 1H), 5.81 (s, 1H), 3.03 – 2.81 (m, 2H), 2.26 (s, 3H), 2.10 (s, 3H), 1.24 (s, 

3H) ppm; 13C NMR (75 MHz, CDCl3) δ 178.9, 165.7, 151.9, 151.2, 145.1, 139.8, 135.6, 133.4, 

133.4, 130.5, 129.3, 127.8, 127.0, 126.9, 126.7, 125.9, 125.2, 125.1, 119.1, 117.6, 116.1, 105.1, 

41.7, 28.3, 21.5, 21.2, 18.3 ppm; HRMS (ESI) m/z Calcd for [C29H23NO6S+Na]+ 536.1138, found 

536.1133. 

 

 

2,5a-dimethyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole (3p):  

14.3 mg, 67% yield; pale yellow solid, m. p. 242–243 C; 1H NMR (300 MHz, CDCl3) δ 8.28 (d, 

J = 8.2 Hz, 1H), 7.51 (s, 1H), 7.37 – 7.23 (m, 5H), 6.97 (d, J = 8.1 Hz, 2H), 6.60 (s, 1H), 4.54 (d, 

J = 8.3 Hz, 1H), 4.31 (d, J = 8.3 Hz, 1H), 2.87 – 2.64 (m, 2H), 2.43 (s, 3H), 2.24 (s, 3H), 1.05 (s, 

3H) ppm; 13C NMR (75 MHz, CDCl3) δ 157.3, 144.6, 139.9, 139.0, 135.2, 133.2, 131.4, 129.5, 

129.0, 127.0, 126.0, 125.6, 125.5, 124.7, 119.8, 118.6, 117.8, 110.1, 86.2, 40.7, 33.1, 22.3, 22.2, 

21.5 ppm; HRMS (ESI) m/z Calcd for [C26H23NO3S+H]+ 430.1471, found 430.1470. 
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2-(tert-butyl)-5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole (3q):  

14.1 mg, 60% yield; brown solid, m. p. 227–228 C; 1H NMR (300 MHz, CDCl3) δ 8.29 (d, J = 

8.2 Hz, 1H), 7.77 (s, 1H), 7.37 – 7.23 (m, 5H), 6.97 (d, J = 7.9 Hz, 2H), 6.83 (s, 1H), 4.54 (d, J = 

8.3 Hz, 1H), 4.32 (d, J = 8.3 Hz, 1H), 2.87 – 2.66 (m, 2H), 2.23 (s, 3H), 1.39 (s, 9H), 1.03 (s, 3H) 

ppm; 13C NMR (75 MHz, CDCl3) δ 157.1, 152.8, 144.5, 139.8, 135.4, 133.3, 131.3, 129.3, 129.0, 

126.9, 125.6, 125.4, 125.1, 124.6, 118.5, 117.8, 116.9, 106.6, 86.2, 40.6, 35.4, 33.0, 31.6, 22.3, 

21.5 ppm; HRMS (ESI) m/z Calcd for [C29H29NO3S+H]+ 472.1941, found 472.1931. 

 

 

5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazol-2-yl pivalate (3r):  

20.0 mg, 78% yield; pale yellow solid, m. p. 170–171 C; 1H NMR (300 MHz, CDCl3) δ 8.29 (d, 

J = 8.3 Hz, 1H), 7.40 – 7.24 (m, 6H), 6.98 (d, J = 8.1 Hz, 2H), 6.48 (d, J = 1.7 Hz, 1H), 4.55 (d, J 

= 8.3 Hz, 1H), 4.35 (d, J = 8.4 Hz, 1H), 2.87 – 2.66 (m, 2H), 2.24 (s, 3H), 1.39 (s, 9H), 1.00 (s, 

3H) ppm; 13C NMR (75 MHz, CDCl3) δ 177.3, 157.5, 151.8, 144.7, 139.9, 134.3, 133.2, 131.0, 

129.3, 129.1, 127.0, 126.5, 125.9, 124.8, 118.7, 117.8, 112.5, 103.9, 86.5, 40.5, 39.1, 32.8, 27.2, 

22.2, 21.5 ppm; HRMS (ESI) m/z Calcd for [C30H29NO5S+Na]+ 538.1659, found 538.1664. 
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tert-butyl (5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazol-2-yl) 

carbonate (3s):  

18.2 mg, 68% yield; brown solid, m. p. 164–165 C; 1H NMR (300 MHz, CDCl3) δ 8.28 (d, J = 

8.2 Hz, 1H), 7.53 (s, 1H), 7.39 – 7.23 (m, 5H), 6.97 (d, J = 7.9 Hz, 2H), 6.59 (s, 1H), 4.54 (d, J = 

8.4 Hz, 1H), 4.33 (d, J = 8.3 Hz, 1H), 2.87 – 2.63 (m, 2H), 2.23 (s, 3H), 1.58 (s, 9H), 0.99 (s, 3H) 

ppm; 13C NMR (75 MHz, CDCl3) δ 157.4, 152.1, 151.7, 144.7, 139.8, 134.1, 133.1, 130.9, 129.5, 

129.0, 126.9, 126.6, 125.9, 125.8, 124.7, 118.7, 117.7, 112.5, 103.7, 86.5, 83.5, 40.4, 32.7, 27.7, 

22.1, 21.4 ppm; HRMS (ESI) m/z Calcd for [C30H29NO6S+NH4]
+ 549.2054, found 549.2049. 

 

 

5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazol-2-yl 4-

methylbenzenesulfonate (3t): 

24.9 mg, 85% yield; brown solid, m. p. 199–200 C; 1H NMR (300 MHz, CDCl3) δ 8.26 (d, J = 

8.3 Hz, 1H), 7.85 (d, J = 8.3 Hz, 2H), 7.40 – 7.24 (m, 6H), 7.17 (d, J = 8.3 Hz, 2H), 6.96 (d, J = 

8.1 Hz, 2H), i6.60 (d, J = 1.8 Hz, 1H), 4.53 (d, J = 8.4 Hz, 1H), 4.32 (d, J = 8.5 Hz, 1H), 2.85 – 

2.62 (m, 2H), 2.40 (s, 3H), 2.24 (s, 3H), 0.92 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 157.3, 

150.2, 145.3, 144.8, 139.9, 133.7, 133.3, 132.6, 130.8, 130.7, 129.9, 129.1, 128.5, 126.8, 126.7, 

126.1, 125.9, 124.8, 118.8, 117.7, 113.0, 104.7, 86.4, 40.4, 32.6, 22.0, 21.7, 21.5 ppm; HRMS 

(ESI) m/z Calcd for [C32H27NO6S2+NH4]
+ 603.1618, found 603.1619. 
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2-(benzyloxy)-5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole (3u):  

13.6 mg, 52% yield; brown solid, m. p. 69–70 C; 1H NMR (300 MHz, CDCl3) δ 8.29 (d, J = 8.2 

Hz, 1H), 7.50 (d, J = 7.4 Hz, 2H), 7.41 – 7.25 (m, 9H), 6.97 (d, J = 7.9 Hz, 2H), 6.45 (s, 1H), 5.19 

– 5.09 (m, 2H), 4.52 (d, J = 8.3 Hz, 1H), 4.31 (d, J = 8.3 Hz, 1H), 2.85 – 2.62 (m, 2H), 2.23 (s, 

3H), 0.99 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.2, 157.9, 144.6, 139.8, 137.1, 134.9, 

133.1, 131.2, 129.0, 128.5, 127.8, 127.7, 126.9, 126.5, 125.7, 125.7, 124.9, 124.7, 118.6, 117.8, 

105.0, 98.0, 86.5, 70.5, 40.3, 33.1, 22.3, 21.5 ppm; HRMS (ESI) m/z Calcd for [C32H27NO4S+H]+ 

522.1734, found 522.1730. 

 

 

2-((tert-butyldimethylsilyl)oxy)-5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3v):  

17.0 mg, 62% yield; pale yellow solid, m. p. 177–178 C; 1H NMR (300 MHz, CDCl3) δ 8.29 (d, 

J = 8.2 Hz, 1H), 7.38 – 7.22 (m, 6H), 6.97 (d, J = 8.1 Hz, 2H), 6.30 (d, J = 1.7 Hz, 1H), 4.50 (d, J 

= 8.3 Hz, 1H), 4.30 (d, J = 8.3 Hz, 1H), 2.84 – 2.63 (m, 2H), 2.23 (s, 3H), 1.02 (s, 9H), 0.95 (s, 

3H), 0.29 (s, 6H) ppm; 13C NMR (75 MHz, CDCl3) δ 157.7, 156.7, 144.5, 139.9, 135.0, 133.4, 

131.2, 129.0, 126.8, 126.1, 125.6, 125.5, 125.0, 124.7, 118.6, 117.9, 110.8, 102.3, 86.4, 40.4, 33.1, 

25.7, 22.3, 21.4, 18.2, -4.4, -4.6 ppm; HRMS (ESI) m/z Calcd for [C31H35NO4SSi+H]+ 546.2129, 

found 546.2127. 
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2-methoxy-5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole (3w):  

8.2 mg, 37% yield; brown solid, m. p. 229–230 C; 1H NMR (300 MHz, CDCl3) δ 8.29 (d, J = 

8.2 Hz, 1H), 7.38 – 7.23 (m, 6H), 6.98 (d, J = 7.9 Hz, 2H), 6.37 (s, 1H), 4.53 (d, J = 8.3 Hz, 1H), 

4.32 (d, J = 8.3 Hz, 1H), 3.88 (s, 3H), 2.86 – 2.64 (m, 2H), 2.23 (s, 3H), 1.00 (s, 3H) ppm; 13C 

NMR (75 MHz, CDCl3) δ 161.1, 158.0, 144.6, 139.9, 135.0, 133.2, 131.2, 129.0, 126.9, 126.5, 

125.7, 125.7, 124.7, 124.6, 118.6, 117.8, 104.2, 97.1, 86.6, 55.9, 40.3, 33.1, 22.4, 21.5 ppm; 

HRMS (ESI) m/z Calcd for [C26H23NO4S+H]+ 446.1421, found 446.1402. 

 

 

2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-1-tosyl-1H-indole (4a): 

18.3 mg, 75% yield; white solid, m. p. 150–152 C; 1H NMR (300 MHz, CDCl3) δ 8.31 (d, J = 

8.3 Hz, 1H), 7.58 (d, J = 8.3 Hz, 2H), 7.52 (d, J = 7.7 Hz, 1H), 7.41 – 7.36 (m, 1H), 7.29 (t, J = 

7.2 Hz, 1H), 7.16 (d, J = 8.2 Hz, 2H), 6.52 (s, 2H), 6.05 (d, J = 2.2 Hz, 1H), 5.09 (s, 1H), 5.00 (s, 

1H), 4.37 – 4.28 (m, 2H), 4.22 – 4.14 (m, 2H), 2.34 (s, 3H), 1.83 (s, 3H), 1.24 (s, 3H), 1.10 (s, 3H) 

ppm; 13C NMR (75 MHz, CDCl3) δ 160.5, 158.0, 144.7, 140.7, 137.4, 136.6, 136.1, 129.5, 129.4, 

128.9, 127.9, 127.0, 124.7, 123.7, 120.8, 115.3, 112.6, 112.2, 110.2, 97.9, 85.4, 71.8, 42.7, 27.8, 

25.4, 21.5, 19.4 ppm; HRMS (ESI) m/z Calcd for [C29H29NO4S+H]+ 488.1890, found 488.1894. 
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2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-6-methyl-1-tosyl-1H-

indole (4b): 

17.9 mg, 71% yield; white solid, m. p. 176–177 C; 1H NMR (300 MHz, CDCl3) δ 8.12 (s, 1H), 

7.56 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 7.9 Hz, 1H), 7.18 – 7.11 (m, 3H), 6.50 (d, J = 2.2 Hz, 1H), 

6.46 (s, 1H), 6.02 (d, J = 2.3 Hz, 1H), 5.08 (s, 1H), 4.99 (s, 1H), 4.36 – 4.26 (m, 2H), 4.21 – 4.13 

(m, 2H), 2.54 (s, 3H), 2.34 (s, 3H), 1.83 (s, 3H), 1.24 (s, 3H), 1.09 (s, 3H) ppm; 13C NMR (75 

MHz, CDCl3) δ 160.5, 158.0, 144.6, 140.8, 137.1, 136.7, 136.3, 134.8, 129.4, 129.1, 128.0, 127.1, 

126.9, 125.3, 120.3, 115.4, 112.6, 112.2, 110.3, 97.9, 85.4, 71.8, 42.7, 27.8, 25.4, 22.1, 21.5, 19.4 

ppm; HRMS (ESI) m/z Calcd for [C30H31NO4S+H]+ 502.2047, found 502.2048. 

 

 

2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-5-methyl-1-tosyl-1H-

indole (4c): 

18.9 mg, 75% yield; white solid, m. p. 175–176 C; 1H NMR (300 MHz, CDCl3) δ 8.17 (d, J = 

8.5 Hz, 1H), 7.56 (d, J = 8.2 Hz, 2H), 7.30 (s, 1H), 7.21 – 7.14 (m, 3H), 6.50 (d, J = 2.0 Hz, 1H), 

6.44 (s, 1H), 6.04 (d, J = 2.0 Hz, 1H), 5.08 (s, 1H), 4.99 (s, 1H), 4.37 – 4.28 (m, 2H), 4.20 – 4.13 

(m, 2H), 2.44 (s, 3H), 2.33 (s, 3H), 1.83 (s, 3H), 1.25 (s, 3H), 1.08 (s, 3H) ppm; 13C NMR (75 

MHz, CDCl3) δ 160.5, 158.1, 144.6, 140.8, 137.5, 136.2, 134.9, 133.4, 129.7, 129.4, 129.1, 127.9, 

127.0, 126.1, 120.7, 115.0, 112.6, 112.2, 110.3, 97.9, 85.5, 71.8, 42.7, 27.7, 25.5, 21.5, 21.2, 19.4 

ppm; HRMS (ESI) m/z Calcd for [C30H31NO4S+H]+ 502.2047, found 502.2042. 
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2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-5-methoxy-1-tosyl-1H-

indole (4d): 

16.2 mg, 63% yield; white solid, m. p. 140–141 C; 1H NMR (300 MHz, CDCl3) δ 8.18 (d, J = 

8.9 Hz, 1H), 7.54 (d, J = 8.1 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 7.00 – 6.96 (m, 2H), 6.50 (s, 1H), 

6.44 (s, 1H), 6.04 (d, J = 1.9 Hz, 1H), 5.09 (s, 1H), 4.99 (s, 1H), 4.38 – 4.28 (m, 2H), 4.21 – 4.13 

(m, 2H), 3.85 (s, 3H), 2.34 (s, 3H), 1.83 (s, 3H), 1.27 (s, 3H), 1.08 (s, 3H) ppm; 13C NMR (75 

MHz, CDCl3) δ 160.6, 158.1, 156.7, 144.6, 140.8, 138.4, 136.1, 131.4, 130.5, 129.4, 129.0, 128.0, 

127.0, 116.3, 113.6, 112.6, 112.5, 110.3, 103.1, 98.0, 85.5, 71.9, 55.6, 42.7, 27.7, 25.6, 21.5, 19.4 

ppm; HRMS (ESI) m/z Calcd for [C30H31NO5S+H]+ 518.1996, found 518.1990. 

 

 

methyl 2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-1-tosyl-1H- 

indole-5-carboxylate (4e): 

11.2 mg, 41% yield; pale yellow solid, m. p. 173–174 C; 1H NMR (300 MHz, CDCl3) δ 8.35 (d, 

J = 8.8 Hz, 1H), 8.26 (s, 1H), 8.08 (d, J = 8.9 Hz, 1H), 7.58 (d, J = 8.2 Hz, 2H), 7.19 (d, J = 8.2 

Hz, 2H), 6.59 (s, 1H), 6.52 (d, J = 1.9 Hz, 1H), 6.03 (d, J = 1.9 Hz, 1H), 5.09 (s, 1H), 5.00 (s, 1H), 

4.38 – 4.29 (m, 2H), 4.21 – 4.15 (m, 2H), 3.95 (s, 3H), 2.35 (s, 3H), 1.84 (s, 3H), 1.19 (s, 3H), 

1.10 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 167.2, 160.6, 158.1, 145.2, 140.7, 139.1, 138.8, 

135.9, 129.6, 129.1, 128.2, 127.9, 127.1, 125.8, 125.8, 123.0, 114.9, 112.6, 112.2, 110.3, 98.1, 

85.4, 71.8, 52.2, 42.6, 28.0, 25.2, 21.6, 19.4 ppm; HRMS (ESI) m/z Calcd for [C31H31NO6S+H]+ 

546.1945, found 546.1951. 
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2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-1-(methylsulfonyl)-1H-

indole (4f): 

14.4 mg, 70% yield; white solid, m. p. 165–166 C; 1H NMR (300 MHz, CDCl3) δ 8.07 (d, J = 

8.0 Hz, 1H), 7.63 – 7.60 (m, 1H), 7.42 – 7.32 (m, 2H), 6.63 (s, 1H), 6.50 (d, J = 2.2 Hz, 1H), 6.34 

(d, J = 2.2 Hz, 1H), 5.07 (s, 1H), 4.97 (s, 1H), 4.44 – 4.35 (m, 2H), 4.21 – 4.15 (m, 2H), 3.00 (s, 

3H), 1.81 (s, 3H), 1.20 (s, 3H), 1.15 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 160.7, 158.4, 

140.8, 137.4, 136.2, 129.4, 128.9, 127.7, 124.9, 124.0, 121.1, 114.5, 112.8, 111.9, 109.8, 97.8, 

85.4, 71.9, 42.6, 41.0, 28.0, 25.5, 19.4 ppm; HRMS (ESI) m/z Calcd for [C23H25NO4S+H]+ 

412.1577, found 412.1581. 

 

1-tosyl-2-(3,3,6-trimethyl-2,3-dihydrobenzofuran-4-yl)-1H-indole (4g): 

11.7 mg, 54% yield; pale yellow solid, m. p. 208–209 C; 1H NMR (300 MHz, CDCl3) δ 8.32 (d, 

J = 8.3 Hz, 1H), 7.55 – 7.51 (m, 3H), 7.38 (t, J = 7.7 Hz, 1H), 7.29 (t, J = 7.4 Hz, 1H), 7.17 (d, J 

= 8.1 Hz, 2H), 6.73 (s, 1H), 6.49 (s, 1H), 6.17 (s, 1H), 4.20 – 4.13 (m, 2H), 2.35 (s, 3H), 2.27 (s, 

3H), 1.25 (s, 3H), 1.13 (s, 3H) ppm; 13C NMR (75 MHz, CDCl3) δ 159.7, 144.7, 137.6, 136.6, 

136.4, 132.8, 129.4, 129.4, 128.3, 127.0, 124.6, 124.3, 123.7, 120.7, 115.3, 112.1, 111.7, 85.0, 

42.9, 27.9, 25.3, 21.5, 21.2 ppm; HRMS (ESI) m/z Calcd for [C26H25NO3S+H]+ 432.1628, found 

432.1633. 
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2-(3-ethyl-3-methyl-6-(2-methylenebutoxy)-2,3-dihydrobenzofuran-4-yl)-1-tosyl-1H-indole 

(4h): 

14.8 mg, 57% yield; pale yellow solid, m. p. 134–135 C; 1H NMR (300 MHz, CDCl3) δ 8.30 (d, 

J = 8.2 Hz, 1H), 7.59 – 7.50 (m, 3H), 7.37 (t, J = 7.6 Hz, 1H), 7.31 – 7.25 (m, 1H), 7.15 (d, J = 

8.0 Hz, 2H), 6.49 – 6.47 (m, 2H), 6.05 – 6.02 (m, 1H), 5.12 (s, 1H), 5.00 (s, 1H), 4.41 – 4.32 (m, 

3H), 4.15 – 4.07 (m, 1H), 2.33 (s, 3H), 2.20 – 2.13 (m, 2H), 1.49 – 1.28 (m, 2H), 1.24 (s, 2H), 1.12 

(t, J = 7.4 Hz, 3H), 1.05 (s, 1H), 0.82 (t, J = 7.4 Hz, 1H), 0.68 (t, J = 7.3 Hz, 2H) ppm; 13C NMR 

(75 MHz, CDCl3) δ 161.3, 161.0, 158.2, 158.2, 146.4, 144.7, 137.7, 137.7, 136.8, 136.7, 136.3, 

136.3, 129.5, 129.5, 129.2, 127.0, 127.0, 126.2, 124.6, 123.8, 123.7, 120.8, 120.8, 115.4, 115.3, 

112.7, 111.9, 110.7, 110.5, 97.7, 97.6, 83.0, 82.4, 71.1, 46.5, 46.5, 33.2, 31.8, 25.9, 24.7, 24.6, 

21.5, 12.1, 9.0, 8.8 ppm; HRMS (ESI) m/z Calcd for [C31H33NO4S+H]+ 516.2203, found 516.2200. 

 

2-(3-((benzyloxy)methyl)-6-((2-((benzyloxy)methyl)allyl)oxy)-3-methyl-2,3-

dihydrobenzofuran-4-yl)-1-tosyl-1H-indole (4i): 

17.5 mg, 50% yield; pale yellow solid, m. p. 109–110 C; 1H NMR (300 MHz, CDCl3) δ 8.27 (d, 

J = 8.3 Hz, 1H), 7.55 (d, J = 7.9 Hz, 2H), 7.50 – 7.20 (m, 12H), 7.13 – 7.10 (m, 3H), 6.52 (s, 1H), 

6.48 (s, 0.4H), 6.19 (s, 0.6H), 6.04 (s, 0.4H), 6.01 (s, 0.6H), 5.32 (d, J = 6.1 Hz, 2H), 4.63 (d, J = 

8.4 Hz, 1H), 4.53 – 4.31 (m, 6H), 4.16 – 4.12 (m, 3H), 3.77 – 3.50 (m, 1H), 3.25 – 3.15 (m, 1H), 

2.28 (s, 3H), 1.23 (s, 1.8H), 1.11 (s, 1.2H) ppm; 13C NMR (75 MHz, CDCl3) δ 161.6, 161.2, 158.4, 

158.3, 144.8, 144.8, 141.4, 141.4, 138.3, 138.3, 138.0, 137.4, 137.2, 136.7, 136.5, 136.1, 135.8, 

129.7, 129.5, 129.3, 128.4, 128.3, 128.1, 127.8, 127.7, 127.5, 127.5, 127.3, 127.0, 124.8, 124.7, 

124.3, 123.9, 123.7, 120.9, 120.8, 115.5, 115.3, 115.0, 114.9, 112.8, 112.2, 110.2, 110.1, 98.0, 
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82.4, 81.2, 75.6, 75.0, 73.3, 73.0, 72.3, 70.8, 68.7, 47.4, 22.7, 21.5, 21.0 ppm; HRMS (ESI) m/z 

Calcd for [C43H41NO6S+K]+ 738.2286, found 738.2277. 

 

 

2-(4,4-dimethyl-7-((3-methylbut-3-en-1-yl)oxy)chroman-5-yl)-1-tosyl-1H-indole (4j): 

14.4 mg, 56% yield; pale yellow solid, m. p. 164–165 C; 1H NMR (300 MHz, CDCl3) δ 8.32 (d, 

J = 8.3 Hz, 1H), 7.58 (d, J = 8.3 Hz, 2H), 7.52 (d, J = 7.5 Hz, 1H), 7.40 – 7.35 (m, 1H), 7.31 – 

7.24 (m, 1H), 7.15 (d, J = 8.1 Hz, 2H), 6.51 – 6.49 (m, 2H), 5.92 (d, J = 2.8 Hz, 1H), 4.84 (s, 1H), 

4.78 (s, 1H), 4.28 – 4.18 (m, 2H), 4.01 – 3.86 (m, 2H), 2.46 (t, J = 6.7 Hz, 2H), 2.33 (s, 3H), 1.97 

– 1.88 (m, 1H), 1.79 (s, 3H), 1.67 – 1.62 (m, 1H), 1.24 (s, 3H), 1.15 (s, 3H) ppm; 13C NMR (75 

MHz, CDCl3) δ 155.8, 155.1, 144.6, 142.2, 140.5, 136.6, 136.2, 132.6, 129.4, 127.0, 124.5, 123.9, 

123.6, 120.7, 115.2, 112.8, 111.8, 111.8, 103.6, 66.1, 62.7, 40.2, 37.2, 31.6, 30.7, 29.5, 22.8, 21.5 

ppm; HRMS (ESI) m/z Calcd for [C31H33NO4S+H]+ 516.2203, found 516.2198. 

 

 

2-(3,5-bis((2-methylallyl)oxy)phenyl)-1-tosyl-1H-indole (2a):  

pale yellow oil; 1H NMR (300 MHz, CDCl3) δ 8.30 (d, J = 8.3 Hz, 1H), 7.41 (d, J = 7.7 Hz, 1H), 

7.36 – 7.30 (m, 3H), 7.26 – 7.21 (m, 1H), 7.02 (d, J = 8.1 Hz, 2H), 6.67 (d, J = 2.3 Hz, 2H), 6.60 

(t, J = 2.3 Hz, 1H), 6.54 (s, 1H), 5.13 (s, 2H), 5.00 (s, 2H), 4.44 (s, 4H), 2.25 (s, 3H), 1.85 (s, 6H) 

ppm; 13C NMR (75 MHz, CDCl3) δ 158.8, 144.4, 141.9, 140.7, 138.2, 134.4, 133.9, 130.3, 129.1, 

126.8, 124.7, 124.2, 120.7, 116.6, 113.5, 112.7, 109.4, 102.4, 71.8, 21.4, 19.4 ppm. 
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(E)-1-tosyl-2-(2-(3-(trimethylsilyl)prop-1-en-1-yl)phenyl)-1H-indole (7):  

20.0 mg, 44% yield; pale yellow oil; 1H NMR (300 MHz, CDCl3) δ 8.53 – 8.50 (m, 1H), 7.74 – 

7.43 (m, 8H), 7.38 – 7.36 (m, 1H), 7.27 – 7.24 (m, 2H), 6.65 (s, 1H), 6.39 – 6.04 (m, 2H), 2.48 (s, 

3H), 1.75 – 1.64 (m, 2H), 0.16 (s, 9H) ppm; 13C NMR (75 MHz, CDCl3) δ 144.5, 139.5, 139.1, 

137.3, 135.7, 131.9, 130.0, 129.5, 129.3, 129.0, 127.3, 127.0, 126.4, 124.9, 124.5, 124.4, 123.7, 

120.6, 115.7, 113.3, 24.2, 21.5, -1.9 ppm; HRMS (ESI) m/z Calcd for [C27H29NO2SSi+H]+ 

460.1761, found 460.1763. 

 

 

dimethyl 2-(2-(1-tosyl-1H-indol-2-yl)phenyl)malonate (9): 

32.0 mg, 67% yield; white solid, m. p. 167–169 C; 1H NMR (300 MHz, CDCl3) δ 8.33 (d, J = 

8.3 Hz, 1H), 7.80 (dd, J = 7.9, 0.9 Hz, 1H), 7.55 – 7.49 (m, 2H), 7.43 – 7.38 (m, 3H), 7.34 – 7.27 

(m, 2H), 7.10 – 7.05 (m, 3H), 6.56 (s, 1H), 4.89 (s, 1H), 3.83 (s, 3H), 3.63 (s, 3H), 2.31 (s, 3H) 

ppm; 13C NMR (75 MHz, CDCl3) δ 168.9, 168.4, 144.8, 138.1, 137.2, 135.3, 133.8, 132.5, 131.0, 

129.8, 129.5, 129.4, 129.4, 127.0, 126.9, 125.0, 124.0, 120.9, 115.7, 114.0, 54.3, 52.9, 52.8, 21.5 

ppm; HRMS (ESI) m/z Calcd for [C26H23NO6S+Na]+ 500.1138, found 500.1137. 
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8. X-ray Crystallography Data of 3a and 4a 

 

Figure S44. X-ray crystallography of 3a 

CCDC 1823178 (3a) contains the Supporting crystallographic data. These data can be obtained 

free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 
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Figure S45. X-ray crystallography of 4a 

CCDC 1823251 (4a) contains the Supporting crystallographic data. These data can be obtained 

free of charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 
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9. 1H and 13C NMR Spectra of Title Compounds 

1-iodo-3,5-bis((2-methylallyl)oxy)benzene (1a-II)  

 

 

Figure S46. 1H and 13C NMR spectra for compound 1a-II 
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2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)aniline (1a-IV) 

 

 

 

 

Figure S47. 1H and 13C NMR spectra for compound 1a-IV 
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N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide (1a) 

 

 

 

 

Figure S48. 1H and 13C NMR spectra for compound 1a 
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2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-5-methylaniline (1b-II) 

 

 

 

 

Figure S49. 1H and 13C NMR spectra for compound 1b-II 
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N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-5-methylphenyl)-4-

methylbenzenesulfonamide (1b) 

 

 

 

Figure S50. 1H and 13C NMR spectra for compound 1b 
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2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methylaniline (1c-II) 

 

 

 

 

Figure S51. 1H and 13C NMR spectra for compound 1c-II 
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N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methylphenyl)-4-

methylbenzenesulfonamide (1c) 

 

 

 

Figure S52. 1H and 13C NMR spectra for compound 1c 
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2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methoxyaniline (1d-II) 

 

 

 

 

Figure S53. 1H and 13C NMR spectra for compound 1d-II 
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N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-methoxyphenyl)-4-

methylbenzenesulfonamide (1d) 

 

 

 

Figure S54. 1H and 13C NMR spectra for compound 1d 
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2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-chloroaniline (1e-II) 

 

 

 

 

Figure S55. 1H and 13C NMR spectra for compound 1e-II 
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N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-chlorophenyl)-4-

methylbenzenesulfonamide (1e) 

 

 

 

Figure S56. 1H and 13C NMR spectra for compound 1e 
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2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-bromoaniline (1f-II) 

 

 

 

 

Figure S57. 1H and 13C NMR spectra for compound 1f-II 
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N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-bromophenyl)-4-

methylbenzenesulfonamide (1f) 

 

 

 

Figure S58. 1H and 13C NMR spectra for compound 1f 
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methyl 4-amino-3-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)benzoate (1g-II) 

 

 

 

 

Figure S59. 1H and 13C NMR spectra for compound 1g-II 
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methyl 3-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-4-((4-methylphenyl)sulfonamido) 

benzoate (1g) 

 

 

 

Figure S60. 1H and 13C NMR spectra for compound 1g 
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1-ethynyl-3,5-bis((2-methylallyl)oxy)benzene (1h-I) 

 

 

 

 

Figure S61. 1H and 13C NMR spectra for compound 1h-I 
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6-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-2,3-dihydro-1H-inden-5-amine (1h-III) 

 

 

 

 

Figure S62. 1H and 13C NMR spectra for compound 1h-III 
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N-(6-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)-2,3-dihydro-1H-inden-5-yl)-4-

methylbenzenesulfonamide (1h) 

 

 

 

Figure S63. 1H and 13C NMR spectra for compound 1h 



S106 
 

N-(2-((3,5-bis((2-methylallyl)oxy)phenyl)ethynyl)phenyl)methanesulfonamide (1i) 

 

 

 

 

Figure S64. 1H and 13C NMR spectra for compound 1i 
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1-iodo-3,5-bis(2-methylenebutoxy)benzene (1j-I) 

 

 

 

 

Figure S65. 1H and 13C NMR spectra for compound 1j-I 
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2-((3,5-bis(2-methylenebutoxy)phenyl)ethynyl)aniline (1j-II) 

 

 

 

 

Figure S66. 1H and 13C NMR spectra for compound 1j-II 
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N-(2-((3,5-bis(2-methylenebutoxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide (1j) 

 

 

 

Figure S67. 1H and 13C NMR spectra for compound 1j 
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((((((5-iodo-1,3-phenylene)bis(oxy))bis(methylene))bis(prop-2-ene-2,1-

diyl))bis(oxy))bis(methylene))dibenzene (1k-II)  

 

 

 

Figure S68. 1H and 13C NMR spectra for compound 1k-II 
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2-((3,5-bis((2-((benzyloxy)methyl)allyl)oxy)phenyl)ethynyl)aniline (1k-III) 

 

 

 

 

Figure S69. 1H and 13C NMR spectra for compound 1k-III 
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N-(2-((3,5-bis((2-((benzyloxy)methyl)allyl)oxy)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1k) 

 

 

 

Figure S70. 1H and 13C NMR spectra for compound 1k 
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1,3-bis(but-3-en-1-yloxy)-5-iodobenzene (1l-I) 

 

 

 

 

Figure S71. 1H and 13C NMR spectra for compound 1l-I 
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2-((3,5-bis(but-3-en-1-yloxy)phenyl)ethynyl)aniline (1l-II) 

 

 

 

 

Figure S72. 1H and 13C NMR spectra for compound 1l-II 
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N-(2-((3,5-bis(but-3-en-1-yloxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfonamide (1l) 

 

 

 

 

Figure S73. 1H and 13C NMR spectra for compound 1l 
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1-iodo-3,5-bis((3-methylbut-3-en-1-yl)oxy)benzene (1m-I) 

 

 

 

 

Figure S74. 1H and 13C NMR spectra for compound 1m-I 
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2-((3,5-bis((3-methylbut-3-en-1-yl)oxy)phenyl)ethynyl)aniline (1m-II) 

 

 

 

 

Figure S75. 1H and 13C NMR spectra for compound 1m-II 
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N-(2-((3,5-bis((3-methylbut-3-en-1-yl)oxy)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1m) 

 

 

 

Figure S76. 1H and 13C NMR spectra for compound 1m 
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1-iodo-3,5-bis(((2-methylallyl)oxy)methyl)benzene (1n-II) 

 

 

 

 

Figure S77. 1H and 13C NMR spectra for compound 1n-II 
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2-((3,5-bis(((2-methylallyl)oxy)methyl)phenyl)ethynyl)aniline (1n-III) 

 

 

 

 

Figure S78. 1H and 13C NMR spectra for compound 1n-III 
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N-(2-((3,5-bis(((2-methylallyl)oxy)methyl)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1n) 

 

 

 

Figure S79. 1H and 13C NMR spectra for compound 1n 
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5-iodo-1,3-phenylene bis(2-methylacrylate) (1o-I) 

 

 

 

 

Figure S80. 1H and 13C NMR spectra for compound 1o-I 
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5-((2-aminophenyl)ethynyl)-1,3-phenylene bis(2-methylacrylate) (1o-II) 

 

 

 

 

Figure S81. 1H and 13C NMR spectra for compound 1o-II 
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5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl)-1,3-phenylene bis(2-methylacrylate) 

(1o) 

 

 

 

Figure S82. 1H and 13C NMR spectra for compound 1o 
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1-iodo-3-methyl-5-((2-methylallyl)oxy)benzene (1p-I) 

 

 

 

 

Figure S83. 1H and 13C NMR spectra for compound 1p-I 
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2-((3-methyl-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline (1p-II) 

 

 

 

 

Figure S84. 1H and 13C NMR spectra for compound 1p-II 
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4-methyl-N-(2-((3-methyl-5-((2-

methylallyl)oxy)phenyl)ethynyl)phenyl)benzenesulfonamide (1p) 

 

 

 

Figure S85. 1H and 13C NMR spectra for compound 1p 
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1-bromo-3-(tert-butyl)-5-((2-methylallyl)oxy)benzene (1q-IV) 

 

 

 

 

Figure S86. 1H and 13C NMR spectra for compound 1q-IV 



S129 
 

2-((3-(tert-butyl)-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline (1q-V) 

 

 
 

 

Figure S87. 1H and 13C NMR spectra for compound 1q-V 
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N-(2-((3-(tert-butyl)-5-((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1q) 

 

 

 
Figure S88. 1H and 13C NMR spectra for compound 1q 



S131 
 

3-iodo-5-((2-methylallyl)oxy)phenol (1r-I) 

 

 

 

 

Figure S89. 1H and 13C NMR spectra for compound 1r-I 
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3-iodo-5-((2-methylallyl)oxy)phenyl pivalate (1r-II) 

 

 

 

 

Figure S90. 1H and 13C NMR spectra for compound 1r-II 
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3-((2-aminophenyl)ethynyl)-5-((2-methylallyl)oxy)phenyl pivalate (1r-III) 

 

 

 

 

Figure S91. 1H and 13C NMR spectra for compound 1r-III 
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3-((2-methylallyl)oxy)-5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl)phenyl pivalate 

(1r) 

 

 

 

Figure S2. 1H and 13C NMR spectra for compound 1r 
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tert-butyl (3-iodo-5-((2-methylallyl)oxy)phenyl) carbonate (1s-I) 

 

 

 

 

Figure S93. 1H and 13C NMR spectra for compound 1s-I 
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3-((2-aminophenyl)ethynyl)-5-((2-methylallyl)oxy)phenyl tert-butyl carbonate (1s-II) 

 

 

 

 

Figure S94. 1H and 13C NMR spectra for compound 1s-II 
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tert-butyl (3-((2-methylallyl)oxy)-5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl) 

phenyl) carbonate (1s)  

 

 

 

Figure S95. 1H and 13C NMR spectra for compound 1s 
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3-iodo-5-((2-methylallyl)oxy)phenyl 4-methylbenzenesulfonate (1t-I) 

 

 

 

 

Figure S96. 1H and 13C NMR spectra for compound 1t-I 
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3-((2-aminophenyl)ethynyl)-5-((2-methylallyl)oxy)phenyl 4-methylbenzenesulfonate (1t-II) 

 

 

 

 

Figure S97. 1H and 13C NMR spectra for compound 1t-II 
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3-((2-methylallyl)oxy)-5-((2-((4-methylphenyl)sulfonamido)phenyl)ethynyl)phenyl 4-

methylbenzenesulfonate (1t) 

 

 

 

Figure S98. 1H and 13C NMR spectra for compound 1t 
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1-(benzyloxy)-3-iodo-5-((2-methylallyl)oxy)benzene (1u-I) 

 

 

 

 

Figure S99. 1H and 13C NMR spectra for compound 1u-I 
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2-((3-(benzyloxy)-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline (1u-II) 

 

 

 

 

Figure S100. 1H and 13C NMR spectra for compound 1u-II 
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-(2-((3-(benzyloxy)-5-((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1u) 

 

 

 

Figure S101. 1H and 13C NMR spectra for compound 1u 
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tert-butyl(3-iodo-5-((2-methylallyl)oxy)phenoxy)dimethylsilane (1v-I) 

 

  

 

 

Figure S102. 1H and 13C NMR spectra for compound 1v -I 
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2-((3-((tert-butyldimethylsilyl)oxy)-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline (1v-II) 

 

 

 

 

Figure S103. 1H and 13C NMR spectra for compound 1v-II 
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N-(2-((3-((tert-butyldimethylsilyl)oxy)-5-((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-

methylbenzenesulfonamide (1v) 

 

 

 

Figure S104. 1H and 13C NMR spectra for compound 1v 
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1-iodo-3-methoxy-5-((2-methylallyl)oxy)benzene (1w-II) 

 

 

 

Figure S105. 1H and 13C NMR spectra for compound 1w-II 
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2-((3-methoxy-5-((2-methylallyl)oxy)phenyl)ethynyl)aniline (1w-III) 

 

 

 

Figure S106. 1H and 13C NMR spectra for compound 1w-III 
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N-(2-((3-methoxy-5-((2-methylallyl)oxy)phenyl)ethynyl)phenyl)-4-methylbenzenesulfona-

mide (1w) 

 

 

 

Figure S107. 1H and 13C NMR spectra for compound 1w 
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5a-methyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole 

(3a) 

 
 

 
Figure S108. 1H and 13C NMR spectra for compound 3a 
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5a,9-dimethyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3b) 

 

 

 
Figure S109. 1H and 13C NMR spectra for compound 3b 
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5a,8-dimethyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3c) 

 

 

 

Figure S110. 1H and 13C NMR spectra for compound 3c 
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8-methoxy-5a-methyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3d) 

 
 

 

Figure S111. 1H and 13C NMR spectra for compound 3d 
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8-chloro-5a-methyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3e) 

 

 

 

Figure S112. 1H and 13C NMR spectra for compound 3e 



S155 
 

8-bromo-5a-methyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3f) 

 

 

 

Figure S113. 1H and 13C NMR spectra for compound 3f 
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methyl-5a-methyl-2-((2-methylallyl)oxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole-8-carboxylate (3g) 

 

 

 

Figure S114. 1H and 13C NMR spectra for compound 3g 
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5a-methyl-2-((2-methylallyl)oxy)-12-tosyl-5a,6,8,9,10,12-hexahydro-5H-benzofuro[4,3-

ab]cyclopenta[h]carbazole (3h) 

 

 

 

Figure S115. 1H and 13C NMR spectra for compound 3h 
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5a-methyl-2-((2-methylallyl)oxy)-11-(methylsulfonyl)-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3i) 

 

 

 

Figure S116. 1H and 13C NMR spectra for compound 3i 
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5a-ethyl-2-(2-methylenebutoxy)-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole 

(3j) 

 

 

 

Figure S117. 1H and 13C NMR spectra for compound 3j 



S160 
 

5a-((benzyloxy)methyl)-2-((2-((benzyloxy)methyl)allyl)oxy)-11-tosyl-5,5a,6,11-

tetrahydrobenzofuro[4,3-ab]carbazole (3k) 

 

 

 

Figure S118. 1H and 13C NMR spectra for compound 3k 
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2-(but-3-en-1-yloxy)-12-tosyl-6,6a,7,12-tetrahydro-5H-chromeno[5,4-ab]carbazole (3l) 

 

 

 

 

Figure S119. 1H and 13C NMR spectra for compound 3l 
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6a-methyl-2-((3-methylbut-3-en-1-yl)oxy)-12-tosyl-6,6a,7,12-tetrahydro-5H-chromeno[5,4-

ab]carbazole (3m) 

 

 

 

Figure S120. 1H and 13C NMR spectra for compound 3m 



S163 
 

6a-methyl-2-(((2-methylallyl)oxy)methyl)-12-tosyl-6,6a,7,12-tetrahydro-4H-

isochromeno[5,4-ab]carbazole (3n) 

 

 

 

Figure S121. 1H and 13C NMR spectra for compound 3n 



S164 
 

5a-methyl-5-oxo-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazol-2-yl methacrylate 

(3o) 

 

 

 

Figure S122. 1H and 13C NMR spectra for compound 3o 



S165 
 

2,5a-dimethyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole (3p) 

 

 

 

 

Figure S123. 1H and 13C NMR spectra for compound 3p 



S166 
 

2-(tert-butyl)-5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole (3q) 

 

 

 

 

Figure S124. 1H and 13C NMR spectra for compound 3q 



S167 
 

5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazol-2-yl pivalate (3r) 

 

 

 

 

Figure S125. 1H and 13C NMR spectra for compound 3r 



S168 
 

tert-butyl (5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazol-2-yl) carbon 

ate (3s) 

 

 

Figure S126. 1H and 13C NMR spectra for compound 3s 



S169 
 

5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazol-2-yl 4-

methylbenzenesulfonate (3t) 

 

 

 

Figure S127. 1H and 13C NMR spectra for compound 3t 



S170 
 

2-(benzyloxy)-5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole (3u) 

 

 

 

 

Figure S128. 1H and 13C NMR spectra for compound 3u 



S171 
 

2-((tert-butyldimethylsilyl)oxy)-5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-

ab]carbazole (3v) 

 

 

 

Figure S129. 1H and 13C NMR spectra for compound 3v 



S172 
 

2-methoxy-5a-methyl-11-tosyl-5,5a,6,11-tetrahydrobenzofuro[4,3-ab]carbazole (3w) 

 

 

 

Figure S130. 1H and 13C NMR spectra for compound 3w 

 



S173 
 

2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-1-tosyl-1H-indole (4a) 

 

 
 

 

Figure S131. 1H and 13C NMR spectra for compound 4a 



S174 
 

2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-6-methyl-1-tosyl-1H-

indole (4b) 

 

 

 

Figure S132. 1H and 13C NMR spectra for compound 4b 



S175 
 

2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-5-methyl-1-tosyl-1H-

indole (4c) 

 

 

 

Figure S133. 1H and 13C NMR spectra for compound 4c 



S176 
 

2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-5-methoxy-1-tosyl-1H-

indole (4d) 

 

 

 

Figure S134. 1H and 13C NMR spectra for compound 4d 



S177 
 

methyl 2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-1-tosyl-1H-indo 

le-5-carboxylate (4e) 

 

 

Figure S135. 1H and 13C NMR spectra for compound 4e 



S178 
 

2-(3,3-dimethyl-6-((2-methylallyl)oxy)-2,3-dihydrobenzofuran-4-yl)-1-(methylsulfonyl)-1H-

indole (4f) 

  

 

 

Figure S136. 1H and 13C NMR spectra for compound 4f 



S179 
 

1-tosyl-2-(3,3,6-trimethyl-2,3-dihydrobenzofuran-4-yl)-1H-indole (4g) 

 

 

 

 

Figure S137. 1H and 13C NMR spectra for compound 4g 



S180 
 

2-(3-ethyl-3-methyl-6-(2-methylenebutoxy)-2,3-dihydrobenzofuran-4-yl)-1-tosyl-1H-indole 

(4h) 

 

 

 

Figure S138. 1H and 13C NMR spectra for compound 4h 



S181 
 

2-(3-((benzyloxy)methyl)-6-((2-((benzyloxy)methyl)allyl)oxy)-3-methyl-2,3-

dihydrobenzofuran-4-yl)-1-tosyl-1H-indole (4i) 

 

 

 

Figure S139. 1H and 13C NMR spectra for compound 4i 



S182 
 

2-(4,4-dimethyl-7-((3-methylbut-3-en-1-yl)oxy)chroman-5-yl)-1-tosyl-1H-indole (4j) 

 

 

 

 

Figure S140. 1H and 13C NMR spectra for compound 4j 



S183 
 

2-(3,5-bis((2-methylallyl)oxy)phenyl)-1-tosyl-1H-indole (2a) 

 

 

 

Figure S141. 1H and 13C NMR spectra for compound 2a 

 



S184 
 

(E)-1-tosyl-2-(2-(3-(trimethylsilyl)prop-1-en-1-yl)phenyl)-1H-indole (7) 

 

 

 

 

Figure S142. 1H and 13C NMR spectra for compound 7 



S185 
 

dimethyl 2-(2-(1-tosyl-1H-indol-2-yl)phenyl)malonate (9) 

 

 

 

 

Figure S143. 1H and 13C NMR spectra for compound 9 



S186 
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