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General Remarks 
 
All chemicals and solvents are commercially available and were used without further 
purification. The chromatographic column separations were performed by flash technique, 
using silica gel (pore size 60 Å, particle size 230–400 mesh, Merck Grade 9385). For thin-layer 
chromatography (TLC), Silica on TLC Alu foils with a fluorescent indicator (254 nm) was 
employed and the detection was performed by irradiation with UV light (λ = 254 nm and/or 366 
nm).1H NMR analyses were performed with a 300 MHz spectrometer at room temperature. The 
coupling constants (J) are expressed in Hertz (Hz), the chemical shifts (δ) in ppm. The 
multiplicity of the proton spectra was described by the following abbreviations: s (singlet), d 
(doublet), t (triplet), q (quartet), p (quintet), dt (double triplet), dd (double doublet), ddd (double 
double doublet), td (triple doublet), m (multiplet). Microwave-enhanced reactions were 
performed with the single-mode microwave synthesizer “Biotage® Initiator Classic”. 
Compounds 1 a,1 g,2 h,1 j,1 l,3m,2 o,1 q,4 r,4 t,5,u17 were prepared according to literature 
procedures. Products 2 a6,b7,g8,h8,i9,j8,k10,l10,m11,n12,o13,p14,s15 are known compounds and 
were identified by comparison with spectral data reported in the cited references. 
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General procedure for the synthesis of alkynes 1b-f 

Under a nitrogen atmosphere, CuI (1 mol%) and triphenylphosphine (3 mol%) were added to a 
stirred solution of the corresponding 2-bromoanisole (1 equiv.) in toluene (0.25M) and 
anhydrous triethylamine (0,95M). The mixture was stirred for 5 minutes at room temperature, 
then trans-dichlorobis-(triphenylphosphine)palladium(II) (1 mol%) and a solution of 1-ethynyl-
4-methylbenzene (1.5 equiv.) in anhydrous triethylamine (2.22 M) were added. The reaction was 
heated to 100°C and stirred for 24 hours. After cooling to room temperature, water was added 
to the reaction mixture, and the crude was extracted with EtOAc. The organic phase was 
washed with brine, dried over Na2SO4, filtered, and the solvent was evaporated at reduced 
pressure. The crude material was purified by flash column chromatography over silica gel to 
yield desired product 1b-f. 

1,4-dimethoxy-2-(p-tolylethynyl)benzene 1b 

General procedure was followed: 2-bromo-1,4-dimethoxybenzene 
(400 mg, 1.84 mmol), 1-ethynyl-4-methylbenzene (321mg, 2.76 
mmol), trans-dichlorobis-(triphenylphosphine)- palladium(II) (26 
mg, 0.037 mmol), CuI (3 mg, 0.018 mmol) and triphenylphosphine 
(14 mg, 0,055 mmol). Purification of the crude compound by flash 

column chromatography (SiO2, Toluene/Heptane 1:1) yielded 1b (218 mg, 47%) as a brown 

solid. 1H NMR (300 MHz, CDCl3):  = 7.46 (d, J = 8.1 Hz, 2H), 7.15 (d, J = 7.9 Hz, 2H), 7.05 (m, 

1H), 6.84 (m, 2H), 3.88 (s, 3H), 3.78 (s, 3H), 2.37 (s, 3H). 13C NMR (75 MHz, CDCl3):  = 154.41 
(C), 153.25 (C), 138.30 (C), 131.58 (2×CH), 129.02 (2×CH), 120.33 (C), 118.04 (CH), 115.59 
(CH), 113.20 (C), 112.17 (CH), 93.61 (C), 84.96 (C) 56.52 (CH3), 55.80 (CH3), 21.51 (CH3). ESI(+)-
MS: m/z (%) = 253.01 (100) [M + H]+. 

4-fluoro-2-methoxy-1-(p-tolylethynyl)benzene 1c 

General procedure was followed: 1-bromo-4-fluoro-2-
methoxybenzene (250 mg, 1.22 mmol), 1-ethynyl-4-methylbenzene 
(209 mg, 1.8 mmol), trans-dichlorobis-
(triphenylphosphine)palladium(II) (17 mg, 0.024 mmol), CuI (2 mg, 
0.012 mmol) and triphenylphosphine (10 mg, 0.037 mmol). 

Purification of the crude compound by flash column chromatography (SiO2, Hex/Toluene 98:2 

to 95:5) yielded 1c (199 mg, 68%) as a brown solid. 1H NMR (300 MHz, CDCl3):  = 7.49 – 7.41 
(m, 3H), 7.15 (dd, J = 7.9, 0.7 Hz, 2H), 6.69 – 6.60 (m, 2H), 3.90 (s, 3H), 2.36 (s, 3H). 13C NMR (75 

MHz, CDCl3):  = 163.45 (d, J = 249.0 Hz, C), 161.22 (d, J = 10.4 Hz, C), 138.25 (C), 134.33 (d, J = 
10.1 Hz, CH), 131.49 (2×CH), 129.03 (2×CH), 120.33 (C), 108.74 (d, J = 3.1 Hz, C), 107.29 (d, J = 
21.9 Hz, CH), 99.24 (d, J = 26.5 Hz, CH), 93.17 (d, J = 1.43 Hz, C), 84.01 (C), 56.07 (CH3), 21.50 
(CH3). ESI(+)-MS: m/z (%) = 240.94 (100) [M + H]+. 

  

S3



4-fluoro-1-methoxy-2-(p-tolylethynyl)benzene 1d  

General procedure was followed: 2-bromo-4-fluoro-1-
methoxybenzene (250 mg, 1.22 mmol), 1-ethynyl-4-methylbenzene 
(209 mg, 1.8 mmol), trans-dichlorobis-
(triphenylphosphine)palladium(II) (17 mg, 0.024 mmol), CuI (2 mg, 
0.012 mmol) and triphenylphosphine (10 mg, 0.037 mmol). 

Purification of the crude compound by flash column chromatography (SiO2, Hex/EtOAc 98:2) 

yielded 1d (213 mg, 73%) as a brown solid. 1H NMR (300 MHz, CDCl3):  = 7.45 (d, J = 8.1 Hz, 
2H), 7.22 – 7.11 (m, 3H), 6.99 (td, J = 8.5, 3.1 Hz, 1H), 6.81 (dd, J = 9.1, 4.5 Hz, 1H), 3.89 (s, 3H), 

2.37 (s, 3H). 13C NMR (75 MHz, CDCl3):  = 156.43 (d, J = 239.0 Hz, C), 156.29 (d, J = 1.6 Hz, C), 
138.60 (C), 131.61 (2×CH), 129.06 (2×CH) 120.00 (C) 119.68 (d, J = 24.2 Hz, CH), 115.84 (d, J = 
23.0 Hz, CH), 113.83 (d, J = 9.8 Hz, C), 111.69 (d, J = 8.6 Hz, CH), 94.49 (C), 83.97 (d, J = 2.8 Hz, 
C), 56.45 (CH3), 21.52 (CH3). ESI(+)-MS: m/z (%) = 242 (100) [M + 2H]+. 

1-methoxy-2-(p-tolylethynyl)-4-(trifluoromethyl)benzene 1e  

General procedure was followed: 2-bromo-1-methoxy-4-
(trifluoromethyl)benzene (250 mg, 0.98 mmol), 1-ethynyl-4-
methylbenzene (171 mg, 1.47 mmol), trans-dichlorobis-
(triphenylphosphine)palladium(II) (14 mg, 0.020 mmol), CuI (1,9 
mg, 0.01 mmol) and triphenylphosphine (7.7 mg, 0.029 mmol). 

Purification of the crude compound by flash column chromatography (SiO2, Hex/EtOAc 99:1) 

yielded 1f (204 mg, 72%) as a brown solid. 1H NMR (300 MHz, CDCl3):  = 7.57 (d, J = 7.9 Hz, 1H), 
7.47 (d, J = 8.1 Hz, 2H), 7.18 (m, 3H), 7.10 (s, 1H), 3.96 (s, 3H), 2.38 (s, 3H).13C NMR (75 MHz, 

CDCl3):  = 159.85 (C), 138.84 (C), 133.64 (CH), 131.66 (2×CH), 131.04 (q, J = 32.8 Hz, C), 129.11 
(2×CH), 123.83 (q, J = 272.4 Hz, C), 119.84 (C), 117.24 (q, J = 3.9 Hz, CH), 116.62 (C), 107.40 (q, 
J = 4.0 Hz, CH), 95.85 (C), 83.79 (C), 56.09 (CH3), 21.53 (CH3). ESI(+)-MS: m/z (%) = 291.48 (100) 
[M + H]+. 

2-methoxy-1-(p-tolylethynyl)-4-(trifluoromethyl)benzene 1f 

General procedure was followed: 1-bromo-2-methoxy-4-
(trifluoromethyl)benzene (250 mg, 0.98 mmol) 1-ethynyl-4-
methylbenzene (171 mg, 1.47 mmol), trans-dichlorobis-
(triphenylphosphine)palladium(II) (14 mg, 0,020 mmol), CuI (1.9 
mg, 0,01 mmol) and triphenylphosphine (7.7 mg, 0,029 mmol). 

Purification of the crude compound by flash column chromatography (SiO2, Heptane/Toluene 

99:1) yielded 1e (191 mg, 67%) as a pale-yellow solid. 1H NMR (300 MHz, CDCl3):  = 7.76 (s, 
1H), 7.54 (d, J = 8.7 Hz, 1H), 7.46 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.1 Hz, 2H), 6.96 (d, J = 8.7 Hz, 

1H), 3.96 (s, 3H), 2.38 (s, 3H). 13C NMR (75 MHz, CDCl3):  = 161.98 (C), 138.74 (C), 131.62 
(2×CH), 130.57 (q, J = 3.7 Hz, CH), 129.10 (2×CH),126.52 (q, J = 3.9 Hz, CH) , 124.01 (q, J = 270.9 
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Hz, C), 122.89 (q, J = 33.2 Hz, C), 119.86 (C), 113.42 (C), 110.48 (CH), 94.88 (C), 83.58 (C), 57.40 
(CH3), 21.52 (CH3). ESI(+)-MS: m/z (%) = 291.36 (100) [M + H]+. 

 

General procedure for the synthesis of alkynes 1k,n,p,s 

Under a nitrogen atmosphere, the corresponding phenylacetylene (1.2 equiv.) was added 
dropwise to a stirred solution of trans-dichlorobis-(triphenylphosphine)palladium(II) (1 mol%) 
and 1-iodo-2-methoxybenzene (1 equiv.) in anhydrous TEA (0,46M). The reaction was stirred for 
5 minutes, then CuI (1 mol%) was added. The reaction mixture was stirred at room temperature 
until full consumption of the starting material, detected by TLC. Then, water was added to the 
reaction mixture, and the crude was extracted with EtOAc. The organic phase was washed with 
brine, dried over Na2SO4, filtered, and the solvent was evaporated at reduced pressure. The 
crude material was purified by flash column chromatography over silica gel to yield desired 
product 1k,n,p,s. 

 

4-((2-methoxyphenyl)ethynyl)-N,N-dimethylaniline 1k  

General procedure was followed: 1-iodo-2-methoxybenzene (300 mg, 
1.28 mmol), 4-ethynyl-N,N-dimethylaniline (223 mg, 1.54 mmol), 
trans-dichlorobis-(triphenylphosphine)palladium(II) (9 mg, 0.013 
mmol), CuI (2.4 mg, 0.013 mmol). The reaction was conducted at 
room temperature. Reaction time: 4h. Purification of the crude 

compound by flash column chromatography (SiO2, Hex/EtOAc 98:2 to 95:5 + 2% TEA) yielded 

1k (289 mg, 90%) as a pale-yellow solid. 1H NMR (300 MHz, CDCl3):  = 7.51-7.40 (m, 3H), 7.31 
– 7.22 (m, 1H), 6.96 – 6.85 (m, 2H), 6.70-6.61 (m, 2H), 3.91 (s, 3H), 2.98 (s, 6H). 13C NMR (75 

MHz, CDCl3):  = 159.59 (C), 150.02 (C), 133.29 (CH), 132.77 (2×CH), 128.90 (CH), 120.45 (CH), 
113.36 (C), 111.77 (2×CH), 110.66 (CH), 110.44 (C), 94.71 (C), 83.49 (C), 55.85 (CH3), 40.22 
(2×CH3). ESI(+)-MS: m/z (%) = 504.46 (100) [2M + 2H]+, 252.31 (22) [M + H+]. 

1-fluoro-2-((2-methoxyphenyl)ethynyl)benzene 1n  

General procedure was followed: 1-iodo-2-methoxybenzene (300 mg, 1.28 
mmol), 1-ethynyl-2-fluorobenzene (179 mg, 1.54 mmol), trans-dichlorobis-
(triphenylphosphine)palladium(II) (9 mg, 0.013 mmol), CuI (2.4 mg, 0.013 
mmol). The reaction was conducted at room temperature. Reaction time: 
3h. Purification of the crude compound by flash column chromatography 

(SiO2, Hex/EtOAc 99:1) yielded 1n (234 mg, 91%) as a yellow oil. 1H NMR (300 MHz, CDCl3):  = 
7.59 – 7.51 (m, 2H), 7.36 – 7.26 (m, 2H), 7.15 – 7.06 (m, 2H), 6.98 – 6.89 (m, 2H), 3.94 (s, 3H). 
13C NMR (75 MHz, CDCl3):  = 162.56 (d, J = 251.6 Hz, C), 160.04 (C), 133.66 (CH), 133.57 (d, J = 
13.2 Hz, CH), 130.12 (CH), 129.78 (d, J = 7.8 Hz, CH), 123.86 (d, J = 3.7 Hz; CH), 120.49 (CH), 
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115.44 (d, J = 21.0 Hz, CH), 112.25 (d, J = 15.8 Hz, C), 112.14 (C), 110.79 (CH), 90.89 (C), 86.63 
(C), 55.90 (CH3). ESI(+)-MS: m/z (%) = 249.96 (100) [M + Na]+. 

3-((2-methoxyphenyl)ethynyl)thiophene 1p 

General procedure was followed: 1-iodo-2-methoxybenzene (300 mg, 1.28 
mmol), 3-ethynylthiophene (166 mg, 1.54 mmol), trans-dichlorobis-
(triphenylphosphine)palladium(II) (9 mg, 0.013 mmol), CuI (2.4 mg, 0.013 
mmol). The reaction was conducted at room temperature. Reaction time: 
3h. Purification of the crude compound by flash column chromatography 

(SiO2, Hex/EtOAc 99:1 to 98:2) yielded 1p (230 mg, 84%) as a yellow oil. 1H NMR (300 MHz, 

CDCl3):  = 7.54 (dd, J = 3.0, 1.2 Hz, 1H), 7.48 (dd, J = 7.6, 1.8 Hz, 1H), 7.34 – 7.27 (m, 2H), 7.22 

(dd, J = 5.0, 1.2 Hz, 1H), 6.97– 6.87 (m, 2H), 3.91 (s, 3H). 13C NMR (75 MHz, CDCl3):  = 159.88 
(C), 133.54 (CH), 130.03 (CH), 129.71 (CH), 128.51 (CH), 125,12 (CH), 122.55 (C), 120.49 (CH), 
112.37 (C), 110.66 (CH) 88.47 (C), 85.15 (C), 55.82 (CH3). ESI(+)-MS: m/z (%) = 215.79 (100) [M 
+ 2H]+. 

1-(cyclopentylethynyl)-2-methoxybenzene 1s 

 General procedure was followed: 1-iodo-2-methoxybenzene (300 mg, 1.28 
mmol), ethynylcyclopentane (145 mg, 1.54 mmol), trans-dichlorobis-
(triphenylphosphine)palladium(II) (9 mg, 0.013 mmol), CuI (2.4 mg, 0.013 
mmol). The reaction was conducted at room temperature. Reaction time: 

5h. Purification of the crude compound by flash column chromatography (SiO2, Hex/EtOAc 98:2 
+ 10% TEA) yielded 1s (210 mg, 82%) was obtained as a pale-yellow oil. 1H NMR (300 MHz, 

CDCl3):  = 7.37 (dd, J = 7.6, 1.4 Hz, 1H), 7.26-7.20 (m, 1H), 6.91 – 6.80 (m, 2H), 3.86 (s, 3H), 

2.89 (p, J = 7.5 Hz, 1H), 2.11 – 1.93 (m, 2H), 1.89 – 1.50 (m, 6H). 13C NMR (75 MHz, CDCl3):  = 
159.74 (C), 133.62 (CH), 128.76 (CH), 120.34 (CH), 113.24 (C), 110.57 (CH), 98.83 (C), 76.06 
(C), 55.79 (CH3), 34.00 (2×CH2), 31.11 (CH), 25.07 (2×CH2). ESI(+)-MS: m/z (%) = 201.66 (100) 
[M + H]+. 

 

General procedure for the synthesis of substituted benzofurans 2a-t 

In a sealed microwave test tube, the appropriate ethynylanisole 1a-t (0.2 mmol) was added to 
PTSA/CAM DES (0.5 mL). The stirred mixture was heated at 100 °C under microwave irradiation 

for 3 hours. Then, water (15 mL) was added to the mixture and extracted with ethyl acetate (3  
15 mL). The organic layers were reunited, dried over anhydrous sodium sulfate, filtered and 
evaporated under reduced pressure. The crude material was purified by flash column 
chromatography over silica gel to yield the corresponding 2-substituted benzofuran 2a-t. 

2-(p-tolyl)benzofuran 2a 

General procedure was followed: 1-methoxy-2-(p-tolylethynyl)benzene 
1a (45 mg, 0.2 mmol). Purification of the crude compound by flash 
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column chromatography (SiO2, Hex/EtOAc 99:1 to 98:2) yielded 2a (42 mg, 90%) as a yellow 

solid. 1H NMR (300 MHz, CDCl3):  = 7.77 (d, J = 8.2 Hz, 2H), 7.55 (dd, J = 17.0, 7.4 Hz, 2H), 7.25 

(p, J = 6.4 Hz, 4H), 6.97 (s, 1H), 2.41 (s, 3H). 13C NMR (75 MHz, CDCl3):  = 156.21 (C), 154.60 
(C), 138.60 (C), 129.50 (2×CH), 129.37 (C), 127.78 (C), 124.91 (2×CH), 124.01 (CH), 122.87 
(CH), 120.76 (CH), 111.11 (CH), 100.58 (CH), 21.40 (CH3). Spectral data are in good agreement 
with literature values.6 

5-methoxy-2-(p-tolyl)benzofuran 2b 

General procedure was followed: 1,4-dimethoxy-2-(p-
tolylethynyl)benzene 1b (50 mg, 0.2 mmol). Purification of the 
crude compound by flash column chromatography (SiO2, 

Hex/EtOAc 99:1 to 98:2) yielded 2b (39 mg, 88%) as a yellow solid. 1H NMR (300 MHz, CDCl3):  
= 7.76 – 7.71 (m, 2H), 7.39 (dt, J = 9.0, 0.5 Hz, 1H), 7.27 – 7.22 (m, 2H), 7.03 (d, J = 2.6 Hz, 1H), 
6.91 (d, J = 0.9 Hz, 1H), 6.87 (dd, J = 8.9, 2.6 Hz, 1H), 3.86 (s, 3H), 2.40 (s, 3H). 13C NMR (75 MHz, 

CDCl3):  = 156.99 (C), 156.04 (C), 149.82 (C), 138.54 (C), 129.91 (C), 129.47 (2×CH), 127.83 
(C), 124.81 (2×CH), 112.64 (CH), 111.49 (CH), 103.25 (CH), 100.74 (CH), 55.90 (OCH3), 21.38 
(CH3). Spectral data are in good agreement with literature values. 7 

6-fluoro-2-(p-tolyl)benzofuran 2c  

General procedure was followed: 4-fluoro-2-methoxy-1-(p-
tolylethynyl)benzene 1c (49 mg, 0.2 mmol). Purification of the crude 
compound by flash column chromatography (SiO2, Hex) yielded 2c 

(36 mg, 80%) as a white solid. 1H NMR (300 MHz, CDCl3):  = 7.72 (d, J = 8.3 Hz, 2H), 7.47 (dd, J 
= 8.6, 5.4 Hz, 1H), 7.29 – 7.20 (m, 3H), 7.04 – 6.95 (m, 1H), 6.92 (s, 1H), 2.41 (s, 3H). 13C NMR 

(75 MHz, CDCl3):  = 160.71 (d, J = 241.8 Hz, C), 157.05 (d, J = 4.3 Hz, C), 154.68 (d, J = 13.5 Hz, 
C), 138.66 (C), 129.52 (2×CH), 127.49 (C), 125.57 (d, J = 1.9 Hz, C), 124.69 (2×CH), 120.87 (d, J 
= 10.1 Hz, CH), 111.11 (d, J = 24.2 Hz, CH), 100.19 (d, J = 1.3 Hz, CH), 98.93 (d, J = 26.8 Hz, CH), 
21.37 (CH3). ESI(+)-MS: m/z (%) = 227.59 (52) [M + H]+, 200.18 (100)  

5-fluoro-2-(p-tolyl)benzofuran 2d 

General procedure was followed: 4-fluoro-1-methoxy-2-(p-
tolylethynyl)benzene 1d (49 mg, 0.2 mmol). Purification of the crude 
compound by flash column chromatography (SiO2, Hex) yielded 2d 

(40 mg, 89%) as a white solid. 1H NMR (300 MHz, CDCl3):  = 7.75 (d, J = 8.3 Hz, 2H), 7.43 (dd, J 
= 8.8, 4.2 Hz, 1H), 7.27 (d, J = 7.9 Hz, 2H), 7.22 (dd, J = 8.6, 2.6 Hz, 1H), 6.98 (td, J = 9.0, 2.7 Hz, 

1H), 6.93 (s, 1H), 2.41 (s, 3H). 13C NMR (75 MHz, CDCl3):  = 159.44 (d, J = 220.1 Hz, C), 157.75 
(C), 151.00 (C), 139.02 (C), 130.14 (d, J = 11.2 Hz, C), 129.54 (2×CH), 127.40 (C), 124.96 (2×CH), 
111.68 (d, J = 2.6 Hz, CH), 111.44 (d, J = 14.1 Hz, CH), 106.17 (d, J = 25.0 Hz, CH), 100.68 (d, J = 
4.0 Hz, CH), 21.40 (CH3). ESI(+)-MS: m/z (%) = 227.17 (100) [M + H]+. 
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2-(p-tolyl)-6-(trifluoromethyl)benzofuran 2e 

General procedure was followed: 2-methoxy-1-(p-tolylethynyl)-4-
(trifluoromethyl)benzene 1e (58 mg, 0.2 mmol). Purification of the 
crude compound by flash column chromatography (SiO2, Hex) 

yielded 2e (49 mg, 88%) as a white solid. 1H NMR (300 MHz, CDCl3):  = 7.79 – 7.75 (m, 3H), 7.64 
(d, J = 8.1 Hz, 1H), 7.48 (d, J = 8.1 Hz, 1H), 7.31 – 7.25 (m, 2H), 7.00 (s, 1H), 2.42 (s, 3H). 13C NMR 

(75 MHz, CDCl3):  = 158.87 (C), 153.78 (C), 139.54, 132.40 (C), 129.62 (2×CH), 126.96 (C), 
124.60 (q, J = 272.6, C), 126.03 (q, J = 32.5 Hz, C), 125.19 (2×CH), 122.80 (C), 120.95(CH), 
119.88 (q, J = 3.7 Hz, CH), 108.59 (q, J = 4.3 Hz, CH), 100.26 (CH), 21.42 (CH3). ESI(+)-MS: m/z 
(%) = 278.01 (100) [M + 2H]+. 

2-(p-tolyl)-5-(trifluoromethyl)benzofuran 2f 

General procedure was followed: 1-methoxy-2-(p-tolylethynyl)-4-
(trifluoromethyl)benzene 1f (58 mg, 0.2 mmol). Purification of the 
crude compound by flash column chromatography (SiO2, Hex) 

yielded 2f (47 mg, 86%) as a white solid. 1H NMR (300 MHz, CDCl3):  = 7.85 (s, 1H), 7.77 (d, J = 
8.3 Hz, 2H), 7.62 – 7.48 (m, 2H), 7.28 (d, J = 8.3 Hz, 2H), 7.00 (s, 1H), 2.42 (s, 3H). 13C NMR (75 

MHz, CDCl3):  = 158.08 (C), 156.03 (C), 139.39 (C), 129.60 (2×CH), 129.43(C), 126.98 (C), 
125.56 (q, J = 31.7 Hz, C),125.09 (2×CH), 124.69 (q, J = 272.1, C), 121.03 (q, J = 3.6 Hz, CH), 
118.30 (q, J = 4.2 Hz, CH), 111.37 (CH), 100.46 (CH), 21.41 (CH3). ESI(+)-MS: m/z (%) = 278.14 
(100) [M + 2H]+. 

2-(m-tolyl)benzofuran 2g  

General procedure C was followed using: 1-methoxy-2-(m-
tolylethynyl)benzene 1g (45 mg, 0.2 mmol). Purification of the crude 
compound by flash column chromatography (SiO2, Hex/EtOAc 99:1) 

yielded 2g (32 mg, 78%) as a white solid. 1H NMR (300 MHz, CDCl3):  = 7.72 – 7.64 (m, 2H), 7.62 

– 7.48 (m, 2H), 7.39 – 7.13 (m, 4H), 7.01 (s, 1H), 2.43 (s, 3H). 13C NMR (75 MHz, CDCl3):  = 
156.13 (C), 154.87 (C), 138.46 (C), 130.40 (C), 129.40 (CH), 129.28 (C), 128.71 (CH), 125.55 
(CH), 124.18 (CH), 122.90 (CH), 122.16 (CH), 120.87 (CH), 111.15 (CH), 101.20 (CH), 21.52 
(CH3). Spectral data are in good agreement with literature values.8 

2-(o-tolyl)benzofuran 2h  

General procedure was followed: 1-methoxy-2-(o-tolylethynyl)benzene 1h 
(55 mg, 0.2 mmol). Purification of the crude compound by flash column 
chromatography (SiO2, Hex/EtOAc 99:1 to 98:2) yielded 2h (88%) as a 

yellow oil. 1H NMR (300 MHz, CDCl3):  = 7.87 – 7.79 (m, 1H), 7.61 – 7.56 (m, 1H), 7.54 – 7.48 (m, 

1H), 7.33 – 7.16 (m, 5H), 6.86 (s, 1H), 2.56 (s, 3H). 13C NMR (75 MHz, CDCl3):  = 155.64 (C), 
154.37 (C), 135.82 (C), 131.25 (CH), 129.93 (C), 129.17 (C), 128.50 (CH), 128.15 (CH), 126.08 
(CH), 124.20 (CH), 122.76 (CH), 120.89 (CH), 111.08 (CH), 105.08 (CH), 21.91 (CH3). Spectral 
data are in good agreement with literature values.8 
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2-(4-methoxyphenyl)benzofuran 2i  

General procedure was followed: 1-methoxy-2-((4-
methoxyphenyl)ethynyl)benzene 1i (55 mg, 0.2 mmol). Purification of 
the crude compound by flash column chromatography (SiO2, Hex) 

yielded 2i (35 mg, 80%) as a white solid. 1H NMR (300 MHz, CDCl3):  = 7.83 – 7.77 (m, 2H), 7.58 
– 7.48 (m, 2H), 7.28 –7.18 (m, 2H), 7.01 – 6.95 (m, 2H), 6.89 (s, 1H), 3.87 (s, 3H). 13C NMR (75 

MHz, CDCl3):  = 160.00 (C), 156.06 (C), 154.71 (C), 129.51 (C), 126.42 (2×CH), 123.74 (CH), 
123.35 (C), 122.83 (CH),114.26 (2×CH), 110.99 (CH), 99.68 (CH), 55.36 (CH3). Spectral data are 
in good agreement with literature values.9 

2-(3-methoxyphenyl)benzofuran 2j 

General procedure was followed: 1-methoxy-2-((3-
methoxyphenyl)ethynyl)benzene 1j (43 mg, 0.2 mmol). Purification of 
the crude compound by flash column chromatography (SiO2, 

Hex/EtOAc 98:2 to 95:5) yielded 2j (22 mg, 50%) as a white solid. 1H NMR (300 MHz, CDCl3):  = 
7.62 – 7.19 (m, 7H), 7.03 (s, 1H), 6.91 (ddd, J = 8.2, 2.6, 1.1 Hz, 1H), 3.90 (s, 3H). 13C NMR (75 

MHz, CDCl3):  = 159.94 (C), 155.73 (C), 154.85 (C), 131.76 (C), 129.85 (CH), 129.16 (C), 124.32 
(CH), 122.94 (CH),120.92 (CH), 117.52 (CH), 114.47 (CH), 111.18 (CH), 110.14 (CH) 101.62 
(CH), 55.38 (CH3). Spectral data are in good agreement with literature values.8 

4-(benzofuran-2-yl)-N,N-dimethylaniline 2k  

General procedure was followed: 4-((2-methoxyphenyl)ethynyl)-N,N-
dimethylaniline 1k (50 mg, 0.2 mmol). Purification of the crude 

compound by flash column chromatography (SiO2, Hex) yielded 2k (31 mg, 65%) as a white 

solid. 1H NMR (300 MHz, CDCl3):  = 7.78 – 7.69 (m, 2H), 7.58 – 7.43 (m, 2H), 7.24 – 7.16 (m, 2H), 

6.82 – 6.73 (m, 3H), 3.03 (s, 7H). 13C NMR (75 MHz, CDCl3):  = 157.04 (C), 154.53 (C), 150.57 
(C), 129.85 (C), 126.15 (2×CH), 123.08 (CH), 122.62 (CH), 120.14 (CH),118.65 (C), 112.16 
(2×CH), 110.77 (CH), 90.06 (CH), 40.34 (2×CH3). Spectral data are in good agreement with 
literature values.10 

2-(4-chlorophenyl)benzofuran 2l  

 General procedure was followed: 1-((4-chlorophenyl)ethynyl)-2-
methoxybenzene 1l (55 mg, 0.2 mmol). Purification of the crude 

compound by flash column chromatography (SiO2, Hex) yielded 2l, (18mg, 39%) as a white 

solid. 1H NMR (300 MHz, CDCl3):  = 7.85 – 7.76 (m, 1H), 7.56 (dd, J = 21.2, 7.4 Hz, 1H), 7.47 – 

7.39 (m, 1H), 7.35 – 7.20 (m, 1H), 7.02 (s, 1H). 13C NMR (75 MHz, CDCl3):  = 154.90 (C), 154.77 
(C), 134.31 (C), 129.03 (2×CH), 128.98 (C), 128.13 (2×CH), 124.55 (CH), 123.09 (CH), 120.99 
(CH), 111.19 (CH), 101.74 (CH), one C obscured. Spectral data are in good agreement with 
literature values.10 
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2-(3-fluorophenyl)benzofuran 2m 

General procedure was followed: 1-((3-fluorophenyl)ethynyl)-2-
methoxybenzene 1m (46 mg, 0.2 mmol). Purification of the crude 
compound by flash column chromatography (SiO2, Hex) yielded 2m (3mg, 

6%) as a white solid. 1H NMR (300 MHz, CDCl3):  = 7.67 – 7.50 (m, 4H), 7.46 – 7.36 (m, 1H), 7.34 
– 7.20 (m, 2H), 7.08 – 7.00 (m, 2H). Spectral data are in good agreement with literature values.11 

2-(2-fluorophenyl)benzofuran 2n  

General procedure was followed: 1-fluoro-2-((2-
methoxyphenyl)ethynyl)benzene 1n (45 mg, 0.2 mmol). Purification of the 
crude compound by flash column chromatography (SiO2, Hex/EtOAc 99:1) 

yielded 2n (6 mg, 15%) as a white solid. 1H NMR (300 MHz, CDCl3):  = 8.04 (td, J = 7.6, 2.0 Hz, 
1H), 7.62 (d, J = 7.5 Hz, 1H), 7.54 (d, J = 7.9 Hz, 1H), 7.37 – 7.13 (m, 6H). 13C NMR (75 MHz, 

CDCl3):  = 159.56 (d, J = 252.2, C), 154.18 (C), 149.83 (C), 129.20 (d, J = 8.6, CH), 129.32 (C), 
127.02 (d, J = 2.8, CH), 124.71 (CH), 124.41 (d, J = 3.5, CH), 123.00 (CH), 121.32 (CH), 118.80 
(d, J = 11.8, C), 116.04 (d, J = 21.6, CH), 111.04 (CH), 106.57 (d, J = 12.8, CH). Spectral data are 
in good agreement with literature values.12 

2-(naphthalen-2-yl)benzofuran 2o 

General procedure was followed: 2-((2-
methoxyphenyl)ethynyl)naphthalene 1o (52 mg, 0.2 mmol). 
Purification of the crude compound by flash column chromatography 

(SiO2, Hex) yielded 2o (38 mg, 78%) as a white solid. 1H NMR (300 MHz, CDCl3):  = 8.38 (s, 1H), 
7.96 – 7.90 (m, 3H), 7.89 – 7.82 (m, 1H), 7.65 – 7.55 (m, 2H), 7.54 – 7.44 (m, 2H), 7.35 – 7.22 (m, 

2H), 7.15 (s, 1H). 13C NMR (75 MHz, CDCl3):  = 155.97 (C), 155.04 (C), 133.45 (C), 133.29 (C), 
129.30 (C), 128.51 (CH), 128.43 (CH), 127.80 (CH), 127.74 (C), 126.65 (CH), 126.48 (CH), 
124.43 (CH), 123.85 (CH), 123.01 (CH), 122.82 (CH), 120.96 (CH), 111.18 (CH), 101.94 (CH). 
Spectral data are in good agreement with literature values.13 

2-(thiophen-3-yl)benzofuran 2p 

General procedure was followed: 3-((2-methoxyphenyl)ethynyl)thiophene 
1p (43 mg, 0.2 mmol). Purification of the crude compound by flash column 

chromatography (SiO2, Hex) yielded 2p (34 mg, 85%) as a white solid. 1H NMR (300 MHz, CDCl3): 

 = 7.73 (dd, J = 3.0, 1.3 Hz, 1H), 7.59 – 7.54 (m, 1H), 7.53 – 7.44 (m, 2H), 7.40 (dd, J = 5.1, 3.0 

Hz, 1H), 7.31 – 7.18 (m, 3H), 6.84 (s, 1H). 13C NMR (75 MHz, CDCl3):  = 154.55 (C), 152.71 (C), 
132.25 (C), 129.11 (C), 126.54 (CH), 125.11 (CH), 124.12 (CH), 122.93 (CH), 121.42 (CH), 
120.83 (CH), 111.04 (CH), 101.03 (CH). Spectral data are in good agreement with literature 
values.14 
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2-cyclopentylbenzofuran 2s 

General procedure was followed: 1-(cyclopentylethynyl)-2-
methoxybenzene 1s (40 mg, 0.2 mmol). Purification of the crude by flash 

column chromatography (SiO2, Hex/EtOAc 99:1) yielded 2s (5 mg, 14%) as a white solid. 1H 

NMR (300 MHz, CDCl3):  = 7.50 – 7.38 (m, 2H), 7.24 – 7.11 (m, 2H), 6.37 (s, 1H), 3.22 (p, J = 6.9 

Hz, 1H), 2.14 – 2.03 (m, 2H), 1.86 – 1.65 (m, 6H). 13C NMR (75 MHz, CDCl3):  = 163.24 (C), 
154.63 (C), 128.92 (C), 122.97 (CH), 122.29 (CH), 120.14 (CH), 110.69 (CH), 110.26 (CH), 38.97 
(CH sp3), 31.69 (CH2), 25.35 (CH2). Spectral data are in good agreement with literature values.15 

4-((2-methoxyphenyl)ethynyl)benzoic acid 

General procedure was followed: ethyl 4-((2-
methoxyphenyl)ethynyl)benzoate 1u (56 mg, 0.2 mmol). Purification 
of the crude by flash column chromatography (SiO2, Hex/EtOAc 4:1 
+ 1% formic acid) yielded 4-((2-methoxyphenyl)ethynyl)benzoic acid 

(35 mg, 65%) as a white solid. 1H NMR (300 MHz, DMSO):  = 13.11 
(s, 1H), 7.98 – 7.91 (m, 2H), 7.64 – 7.57 (m, 2H), 7.50 (dd, J = 7.6, 1.7 

Hz, 1H), 7.41 (ddd, J = 8.3, 7.4, 1.8 Hz, 1H), 7.10 (dd, J = 8.4, 1.0 Hz, 1H), 6.98 (td, J = 7.5, 1.0 Hz, 
1H), 3.85 (s, 3H). Spectral data are in good agreement with literature values.18 
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Recycle trial for the synthesis of 2a 

In a MW vial, the alkyne 1a (2 mmol, 450 mg), was added to the selected DES (pTSA/CAM, 5 ml), 
and the mixture was heated at 90 °C under MW irradiation for 3 h. Upon completion, deionized 
H2O (20 ml) was added to the reaction mixture, the product precipitates as a white solid. The 
biphasic system is then filtered in vacuo, and the solid is washed with deionized H2O (2 x 5 ml) 
to dissolve any remaining trace of the DES and afford the desired product 2a. The aqueous 
phase, containing the dissolved DES component, is then evaporated under reduce pressure to 
restore the initial volume of the DES. The DES was then used for a new cycle. Cycle 1: 391 mg 
(93%); cycle 2: 360 mg (86%); cycle 3: 365 mg (87%); cycle 4: 362 mg (86%); cycle 5: 345 mg 
(82%); cycle 6: 332 mg (79%). 

 

Simple E-Factor (sEF)16 calculation for the synthesis of 2-(p-tolyl)benzofuran 2a (single 
run) 

Reagents = 618 mg (0.5 mL PTSA/CAM) + 45 mg (1-methoxy-4-(p-tolylethynyl)benzene 1a) = 663 
mg 

Final product 2a = 42 mg 

Waste = 663 mg – 42 mg = 621 mg 

sEF = 621 mg / 42 mg = 14.78 

 

Simple E-Factor (sEF)16 calculation for the synthesis of 2-(p-tolyl)benzofuran 2a (6 re-
cycles) 

Reagents = 6180 mg (5 mL PTSA/CAM) + 2700 mg (1-methoxy-4-(p-tolylethynyl)benzene 1a) = 
8880 mg 

Final product 2c = 2155 mg 

Waste = 8880 mg – 2155 mg = 6725 mg 

sEF = 6725 mg / 2155 mg = 3.12  
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Headspace gas-chromatography experiments 

Control: in a septum-sealed microwave vial, the DES (0.5 mL) alone was heated at 100 °C for 3 hours. 
The headspace was analyzed by GC. 

Sample: in a septum-sealed microwave vial, a mixture of the DES (0.5 mL) and the o-alkynylanisole 
1a (0.4 mmol) as heated at 100 °C for 3 hours. The headspace was analyzed by GC. 

The results of the headspace GC analyses display the formation of methanol only in the sample vial. 

GC analysis: Control (BIANCO-ABBIATI) in purple, and Sample (CAMPIONE-ABBIATI) in light-
blue: 

 

GC analysis: MeOH Std (MEOH) in purple and Sample (CAMPIONE-ABBIATI) in red:  
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MeOH Std (MEOH) peak:     Sample (CAMPIONE-ABBIATI) peak: 
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