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Experimental Section 

Nuclear magnetic resonance spectra were obtained on 300 and 500 MHz instruments. 

Isomeric purities were determined by 1H NMR and by GC analysis on a 60 meters HP-5 

capillary column. All spectra reported herein were recorded in CDCl3. 

 

Synthesis of propargyl aryl ethers 1-9 

 

Propargyl aryl ethers 1-9 were prepared in yields ranging from 85-97% by alkylation of the 

corresponding phenols with propargyl bromide or 1-bromo-2-butyne. In a typical example, 

1 equivalent of phenol was dissolved in dry DMF (1 mL of solvent per 1 mmol of phenol), 

and then 1.2 equivalents of Cs2CO3 were added. After 15 minutes 1.3 equivalents of 

propargyl bromide (substrates 1-6) or 1-bromo-2-butyne (substrates 7-9) were added at 

ambient temperature. The reaction was monitored by TLC and after completion (1-3 h), the 

mixture was diluted with ether and washed at least 3 times with brine, to completely 

remove DMF. The ethers 1-9 were isolated after solvent evaporation without requiring 

further purification. 

(Prop-2-yn-1-yloxy)benzene (1)1 

 
1
Η ΝΜR: 7.36 (dt, J1=8.0 Hz, J2=1.0 Hz, 2H), 7.06 (t, J=7.0 Hz, 3H), 4.72 (d, J=2.5 Hz, 

2H), 2.60 (t, J=2.5 Hz, 1H). 
13C NMR: 157.4, 129.4, 121.5, 114.8, 78.6, 75.4, 55.6. 

1-Methyl-4-(prop-2-yn-1-yloxy)benzene (2)1 

 
1
Η ΝΜR: 7.10 (d, J=8.5 Hz, 2H), 6.86 (d, J=8.5 Hz, 2H), 4.66 (d, J=2.5 Hz, 2H), 2.50 (t, 

J=2.5 Hz, 1H), 2.29 (s, 3H). 
13C NMR: 155.4, 130.9, 129.9, 114.8, 78.8, 75.3, 55.9, 20.5. 
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1-Methoxy-4-(prop-2-yn-1-yloxy)benzene (3)1 

 
1
Η ΝΜR: 6.93 (d, J=9.0 Hz, 2H), 6.85 (d, J=9.0 Hz, 2H), 4.64 (d, J=2.5 Hz, 2H), 3.78 (s, 

3H), 2.51 (t, J=2.5 Hz, 1H). 
13C NMR: 154.5, 151.6, 116.1, 114.6, 78.9, 75.3, 56.6, 55.7. 

1-Fluoro-4-(prop-2-yn-1-yloxy)benzene (4)2 

 
1
Η ΝΜR: 6.97 (m, 4H), 4.66 (d, J=2.5 Hz, 2H), 2.52 (t, J=2.5 Hz, 1H). 

13C NMR: 157.8 (d, J=238.0 Hz), 153.6 (d, J=2.0 Hz), 116.2 (d, J=8.0 Hz), 115.9 (d, 

J=23.0 Hz), 78.2, 75.6, 56.5. 

1-Bromo-4-(prop-2-yn-1-yloxy)benzene (5)3 

 
1
Η ΝΜR: 7.38 (d, J=7.0 Hz, 2H), 6.85 (d, J=7.0 Hz, 2H), 4.65 (d, J=2.5 Hz, 2H), 2.51 (t, 

J=2.5 Hz, 1H). 
13C NMR: 156.6, 132.3, 116.7, 113.9, 78.1, 75.9, 56.0. 

1-(Prop-2-yn-1-yloxy)naphthalene (6)2 

 
1
Η ΝΜR: 8.29 (m, 1H), 7.82 (m, 1H), 7.48-7.55 (m, 3H), 7.40 (t, J=8.0 Hz, 1H), 4.91 (d, 

J=2.5 Hz, 2H), 2.57 (q, J=2.5 Hz, 1H). 
13C NMR: 153.3, 134.5, 127.4, 126.5, 125.6, 125.5, 125.4, 122.0, 121.2, 105.5, 78.6, 75.5, 

56.1. 

1-(But-2-yn-1-yloxy)-4-methoxybenzene (7)3 

 
1
Η ΝΜR: 6.91 (d, J=8.5 Hz, 2H), 6.84 (d, J1=8.5 Hz, 2H), 4.59 (q, J=2.5 Hz, 2H), 3.77 (s, 

3H), 1.86 (t, J=2.5 Hz, 3H). 
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13C NMR: 154.2, 151.9, 115.9, 114.5, 83.4, 74.3, 57.1, 55.6, 3.7. 

(But-2-yn-1-yloxy)benzene (8)4 

 
1
Η ΝΜR: 7.30 (m, 2H), 6.99 (t, J=7.0 Hz, 3H), 4.66 (d, J=2.0 Hz, 2H), 1.88 (t, J=2.0 Hz, 

3H). 
13C NMR: 157.8, 129.4, 121.2, 114.8, 83.6, 74.0, 56.3, 3.7. 

1-(But-2-yn-1-yloxy)naphthalene (9)5 

 
1
Η ΝΜR: 8.29 (m, 1H), 7.81 (m, 1H), 7.37-7.50 (m, 4H), 6.94 (d, J=7.5 Hz, 1H), 4.86 (d, 

J=2.0 Hz, 2H), 1.89 (d, J=2.0 Hz, 3H). 
13C NMR: 153.6, 134.5, 127.4, 126.4, 125.7, 125.6, 125.2, 122.1, 120.8, 105.4, 83.7, 74.1, 

56.7, 3.7. 

 

Synthesis of aryl propargyl ethers 10-126 

 

In flame dried flask were placed 1 mmol of phenol and 1 mL of anhydrous CH3CN. At 0 
οC were subsequently added 1.1 mmol of DBU, a catalytic amount (1%) of CuCl2·2H2O 

and 0.9 mmol of 3-chloro-3-methyl-1-butyne. The reaction progress was monitored by 

TLC and was completed after approximately 20 h at room temperature. Diethyl ether was 

added and the organic layer was washed with dilute HCl and brine. The ethers 10-12 were 

isolated in pure form after chromatographic purification (isolated yields: 69% for 10, 71% 

for 11, and 52% for 12). 

((2-Methylbut-3-yn-2-yl)oxy)benzene (10)7 
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1
Η ΝΜR: 7.24 (m, 4H), 7.07 (m, 1H), 2.57 (s, 1H), 1.66 (s, 6H). 

13C NMR: 155.5, 128.9, 122.9, 121.5, 86.1, 73.8, 72.3, 29.6. 

1-Methoxy-4-((2-methylbut-3-yn-2-yl)oxy)benzene (11)8 

 
1
Η ΝΜR: 7.13 (d, J=8.0 Hz, 2H), 6.81 (d, J=8.0 Hz, 2H), 3.78 (s, 3H), 2.52 (s, 1H), 1.60 

(s, 6H). 
13C NMR: 155.8, 148.9, 123.8, 123.7, 113.8, 113.7, 86.4, 73.5, 73.0, 55.5, 29.5. 

7-((2-Methylbut-3-yn-2-yl)oxy)-2H-chromen-2-one (12)9 

OO O Me

Me
12

 
1
Η ΝΜR: 7.64 (d, J=9.0 Hz, 1H), 7.36 (d, J=8.5 Hz, 1H), 7.31 (d, J=2.0 Hz, 1H), 7.04 (dd, 

J1=8.5 Hz, J2=2.0 Hz, 1H), 6.27 (d, J=9.0 Hz, 1H), 2.66 (s, 1H). 1.71 (s, 6H). 
13C NMR: 161.2, 159.1, 155.0, 143.3, 128.2, 117.0, 113.7, 113.5, 107.0, 84.7, 75.2, 72.8, 

29.5. 

 

Characterization of the Au/TiO2-catalyzed cyclization products 

2H-Chromene (1a)1 

 

1
Η ΝΜR: 7.11 (t, J=7.5 Hz, 1H), 6.96 (d, J=7.5 Hz, 1H), 6.87 (t, J=7.5 Hz, 1H), 6.78 (d, 

J=8.0 Hz, 1H), 6.43 (d, J=9.5 Hz, 1H), 5.77 (dt, J1=9.5 Hz, J2=3.5 Hz, 1H), 4.83 (m, 1H). 
13C NMR: 154.0, 129.1, 126.5, 124.5, 122.4, 121.9, 121.3, 115.7, 65.5. 

2H,2'H-3,3'-Bichromene (1b) 

 
1
Η ΝΜR: 7.13 (dt, J1=8.0 Hz, J2=1.5 Hz, 2H), 7.05 (dd, J1=8.0 Hz, J2=1.5 Hz, 2H), 6.90 

(dt, J1=7.0 Hz, J2=0.5 Hz, 2H), 6.84 (d, J=8.0 Hz, 2H), 6.38 (s, 2H), 5.06 (s, 4H). 
13C NMR: 153.6, 129.5, 127.6, 127.3, 122.3, 121.7, 119.5, 115.6, 65.2. 



 6 

MS (EI): 262 (M+, 100%), 247 (55%), 245 (47%), 233 (12%), 215 (18%), 130 (27%), 115 

(22%), 77 (20%). 

6-Methyl-2H-chromene (2a)1 

 
1
Η ΝΜR: 6.90 (dd, J1=8.0 Hz, J2=2.0 Hz, 1H), 6.78 (s, 1H), 6.68 (d, J=8.0 Hz, 1H), 6.39 

(br d, J=9.5 Hz, 1H), 5.76 (dt, J1=9.5 Hz, J2=3.5 Hz, 1H), 4.78 (m, 2H), 2.25 (s, 3H). 
13C NMR: 151.9, 130.5, 129.5, 127.1, 124.7, 122.2, 122.0, 115.4, 65.5, 20.5. 

6,6'-Dimethyl-2H,2'H-3,3'-bichromene (2b) 

 
1
Η ΝΜR: 6.93 (d, J=8.0 Hz, 2H), 6.87 (s, 2H), 6.74 (d, J=8.0 Hz, 2H), 6.35 (s, 2H), 5.01 

(s, 4H), 2.26 (s, 6H). 
13C NMR: 151.5, 130.9, 129.9, 127.8, 127.7, 122.1, 119.5, 115.3, 65.3, 20.5. 

MS (EI): 290 (M+, 72%), 275 (100%), 245 (10%), 232 (11%), 202 (12%), 144 (30%), 115 

(31%). 

HRMS: calcd for C20H18O2+H, 291.1385; found 291.1387. 

6-Methoxy-2H-chromene (3a)1 

 
1
Η ΝΜR: 6.71 (d, J=8.5 Hz, 1H), 6.66 (dd, J1=8.5 Hz, J2=3.0 Hz, 1H), 6.54 (d, J= 3.0 Hz, 

1H), 6.39 (d, J=9.5 Hz, 1H), 5.81 (td, J1=9.5 Hz, J2=3.5 Hz, 1H), 4.75 (m, 2H), 3.75 (s, 

3H). 
13C NMR: 154.1, 147.9, 124.7, 123.1, 123.0, 116.2, 114.1, 111.8, 65.4, 55.7. 

6,6'-Dimethoxy-2H,2'H-3,3'-bichromene (3b) 

 
1
Η ΝΜR: 6.79 (d, J=8.0 Hz, 2H), 6.71 (dd, J1=8.0 Hz, J2=1.5 Hz, 2H), 6.63 (d, J=1.5 Hz, 

2H), 6.39 (s, 2H), 5.04 (s, 4H), 3.78 (s, 6H). 
13C NMR: 154.4, 147.7, 128.6, 123.0, 119.8, 116.1, 115.1, 111.9, 65.3, 55.8. 
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MS (EI): 322 (M+, 100%), 307 (73%), 291 (36%), 279 (10%), 161 (18%). 

HRMS: calcd for C20H18O4+Na, 345.1097; found 345.1097. 

6-Fluoro-2H-chromene (3a)10 

 
1
Η ΝΜR: 6.65-6.80 (m, 3H), 6.37 (td, J1=10.0 Hz, J2=1.5 Hz, 1H), 5.84 (td, J1=9.5 Hz, 

J2=3.5 Hz, 1H), 4.78 (m, 2H). 
13C NMR: 157.4 (d, J=237.0 Hz), 149.9 (d, J=2.5 Hz), 124.0 (d, J=2.0 Hz), 123.4 (d, J=6.0 

Hz), 116.5, 116.4, 115.0 (d, J=23.0 Hz), 112.7 (d, J=23.5 Hz), 65.5. 

6,6'-Difluoro-2H,2'H-3,3'-bichromene (4b) 

 
1
Η ΝΜR: 6.75-6.86 (m, 6H), 6.36 (s, 2H), 5.01 (s, 4H). 

13C NMR: 157.8 (d, J=237.5 Hz), 149.8, 128.8, 123.3, 119.7, 116.7 (d, J=5.0 Hz), 115.9 

(d, J=14.0 Hz), 113.4 (d, J=14.0 Hz), 65.4. 

MS (EI): 298 (M+, 97%), 283(100%), 278 (17%), 251 (18%), 220 (21%), 162 (23%), 149 

(73%), 133 (32%), 101 (46%), 75 (47%). 

HRMS: calcd for C18H12O2F2, 298.0805; found 298.0803. 

6-Bromo-2H-chromene (3a)11 

 
1
Η ΝΜR: 7.17 (dd, J1=8.5 Hz, J2=2.0 Hz, 1H) 7.06 (d, J=2.0 Hz, 1H), 6.64 (d, J=8.5 Hz, 

1H), 6.34 (br d, J=9.5 Hz, 1H), 5.80 (td, J1=9.5 Hz, J2=3.5 Hz, 1H), 4.82 (m, 2H). 
13C NMR: 153.1, 131.6, 129.0, 124.1, 123.5, 123.2, 117.4, 113.2, 65.6. 

6,6'-Dibromo-2H,2'H-3,3'-bichromene (4b) 

 
1
Η ΝΜR: 7.22 (dd, J1=8.5 Hz, J2=2.0 Hz, 2H), 7.17 (d, J=2.0 Hz, 2H), 6.73 (d, J=8.5 Hz, 

2H), 6.32 (s, 2H), 5.03 (s, 4H). 
13C NMR: 152.7, 132.2, 129.7, 128.2, 123.9, 119.0, 117.4, 113.7, 65.2. 
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MS (EI): 420 (M+, 88%), 407 (48%), 339 (64%), 202 (83%), 101 (100%). 

HRMS: calcd for C18H12O2Br2, 417.9204; found 417.9208. 

2H-Benzo[h]chromene (6a)12 

 
1
Η ΝΜR: 8.18 (m, 1H), 7.61 (m, 1H), 7.43 (m, 3H), 7.16 (d, J=8.5 Hz, 1H), 6.56 (dd, 

J1=9.5 Hz, J2=1.5 Hz, 1H), 5.82 (td, J1=9.5 Hz, J2=3.5 Hz, 1H), 5.03 (m, 2H). 
13C NMR: 149.6, 134.4, 127.6, 126.2, 125.4, 125.2, 124.6, 124.4, 121.8, 120.4, 120.3, 

116.8, 65.9. 

2H,2'H-3,3'-Dibenzo[h]chromene (6b) 

 

This compound was formed in ~2% relative yield and could be isolated. 
1
Η ΝΜR (characteristic absorptions from the crude reaction mixture): 6.58 (s, 2H), 5.31 (s, 

4H). 

MS (EI): 362 (M+, 18%), 281 (7%), 263 (5%), 207 (4%), 181 (100%), 166 (10%), 152 

(19%), 127 (3%). 

6-Methoxy-4-methyl-2H-chromene (7a)13 

 
1
Η ΝΜR: 6.65-6.75 (m, 3H), 5.61 (m, 1H), 4.66 (m, 2H), 3.77 (s, 3H), 2.00 (q, J=2.0 Hz, 

3H). 
13C NMR: 154.0, 148.0, 130.2, 125.2, 119.4, 116.0, 113.3, 109.6, 65.3, 55.7, 17.9. 

4-Methyl-2H-chromene (8a)14 

 
1
Η ΝΜR: 7.13 (m, 2H), 6.91 (dt, J1=7.5 Hz, J2=1.0 Hz, 1H), 6.80 (d, J=7.5 Hz, 1H), 5.58 

(br s, 1H), 4.75 (m, 2H), 2.02 (q, J=1.5 Hz, 3H). 
13C NMR: 154.1, 130.2, 128.9, 124.3, 123.5, 121.1, 118.4, 115.7, 65.4, 17.9. 
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4-Methyl-2H-benzo[h]chromene (9a)13 

 
1
Η ΝΜR: 8.20 (m, 1H), 7.76 (m, 1H), 7.35-7.47 (m, 4H), 5.62 (br s, 1H), 4.94 (br s, 2H), 

2.14 (s, 3H). 
13C NMR: 149.7, 134.1, 131.1, 127.5, 126.2, 125.3, 124.4, 122.1, 121.5, 120.1, 118.7, 

116.5, 65.8, 18.3. 

2,2-Dimethyl-2H-chromene (10a)15 

 
1
Η ΝΜR: 7.10 (dt, J1=8.0 Hz, J2=2.0 Hz, 1H), 6.98 (dd, J1=7.0 Hz, J2=1.5 Hz, 1H), 6.84 

(dt, J1=7.5 Hz, J2=1.0 Hz, 1H), 6.78 (d, J=8.0 Hz, 1H), 6.33 (d, J=10.0 Hz, 1H), 5.61 (d, 

J=10.0 Hz, 1H), 1.44 (s, 6H). 
13C NMR: 152.9, 130.7, 129.0, 126.3, 122.3, 121.2, 120.7, 116.3, 76.1, 28.0. 

2,2,2',2'-Tetramethyl-2H,2'H-3,3'-bichromene (10b) 

 
1
Η ΝΜR: 7.14 (dt, J1=7.5 Hz, J2=1.5 Hz, 2H), 7.02 (dd, J1=7.5 Hz, J2=1.5 Hz, 2H), 6.82-

6.92 (m, 4H), 6.30 (s, 2H), 1.56 (s, 12H). 
13C NMR: 152.3, 138.2, 129.3, 126.4, 123.1, 122.5, 121.1, 116.5, 78.8, 27.1. 

MS (EI): 318 (M+, 36%), 303 (100%), 261 (12%), 215 (9%), 144 (71%), 107 (22%). 

HRMS: calcd for C22H22O2+H, 319.1698; found 319.1695. 

6-Methoxy-2,2-dimethyl-2H-chromene (11a)16 

 
1
Η ΝΜR: 6.71 (d, J=8.5 Hz, 1H), 6.66 (br d, J=8.5 Hz, 1H), 6.55 (br s, 1H), 6.28 (d, J=9.5 

Hz, 1H), 5.64 (d, J=9.5 Hz, 1H), 3.75 (s, 3H), 1.41 (s, 6H). 
13C NMR: 153.7, 146.7, 131.7, 122.4, 121.9, 116.8, 114.1, 111.4, 75.8, 55.7, 27.6. 

6,6'-Dimethoxy-2,2,2',2'-tetramethyl-2H,2'H-3,3'-bichromene (11b) 
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1
Η ΝΜR: 6.77 (d, J=8.5 Hz, 2H), 6.71 (br d, J=8.5 Hz, 2H), 6.60 (br s, 2H), 6.26 (s, 2H), 

3.77 (s, 6H), 1.53 (s, 12H). 
13C NMR: 154.0, 146.7, 139.2, 123.0, 122.9, 117.0, 114.6, 111.2, 78.5, 55.7, 26.9. 

MS (EI): 378 (M+, 38%), 363 (100%), 321 (18%), 239 (8%), 189 (11%), 174 (32%). 

HRMS: calcd for C24H26O4+H, 379.1909; found 379.1902. 

8,8-Dimethylpyrano[2,3-f]chromen-2(8H)-one (seselin, 12a)17 

OO O

Me

Me

seselin (12a)  
1
Η ΝΜR: 7.61 (d, J=9.5 Hz, 1H), 7.21 (d, J=8.5 Hz, 1H), 6.87 (d, J=10.0 Hz, 1H), 6.72 (d, 

J=8.5 Hz, 1H), 6.23 (d, J=9.5 Hz, 1H), 5.72 (d, J=10.0 Hz, 1H), 1.47 (s, 6H). 
13C NMR: 161.4, 156.4, 150.0, 144.1, 130.8, 127.8, 114.9, 113.6, 112.6, 112.5, 109.3, 

77.6, 28.1. 

8,8-Dimethylpyrano[3,2-g]chromen-2(8H)-one (xanthyletin, 12b)17 

OO O Me

Me

xanthyletin (12b)  
1
Η ΝΜR: 7.57 (d, J=9.5 Hz, 1H), 7.04 (s, 1H), 6.72 (s, 1H), 6.33 (d, J=10.0 Hz, 1H), 6.21 

(d, J=9.5 Hz, 1H), 5.68 (d, J=10.0 Hz, 1H), 1.46 (s, 6H). 
13C NMR: 161.2, 156.8, 155.4, 143.3, 131.2, 124.7, 120.8, 118.5, 113.0, 112.7, 104.4, 

77.7, 28.3. 

2,2,2',2'-Tetramethyl-[3,3'-bipyrano[3,2-g]chromene]-8,8'(2H,2'H)-dione (12c) 

OO O Me
Me

O OOMe
Me

12c
 

1
Η ΝΜR: 7.61 (d, J=9.5 Hz, 2H), 7.13 (s, 2H), 6.82 (s, 2H), 6.35 (s, 2H), 6.27 (d, J=9.5 

Hz, 2H), 1.59 (s, 12H). 
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13C NMR: 160.9, 156.0, 155.6, 143.1, 138.3, 125.1, 122.2, 119.4, 113.6, 113.3, 104.8, 

80.1, 27.4. 

HRMS: calcd for C28H22O6+H, 455.1494; found 455.1488. 
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Chemical Formula: C18H14O2

Molecular Weight: 262,30
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Chemical Formula: C20H18O4
Molecular Weight: 322,35
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Chemical Formula: C18H12F2O2

Molecular Weight: 298,28
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Chemical Formula: C18H12Br2O2
Molecular Weight: 420,09
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Molecular Weight: 362,42
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T: FTMS + p ESI Full ms [300.00-340.00]
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Chemical Formula: C24H26O4
Molecular Weight: 378,46

O

MeO

O

OMe

Me
Me

Me
Me

11b

Chemical Formula: C24H26O4 + H

+ H

MH+



 50 

 

 

* = Diethyl ether 

 

 

 

 

 

 

 

 

 

0255075100125150175200  

 

 

 

1122334455667788991010

OO O

12a (seselin) Me

Me

OO O

12a (seselin)
Me

Me

* *



 51 

 

 

001122334455667788991010  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

OO O

12b (xanthyletin)

Me
Me

OO O

12b (xanthyletin)

Me
Me

0255075100125150175200



 52 

 

 

 

 

 

 

 

0255075100125150175200  

 

 

 

OO O Me
Me

O OOMe
Me

12c (xanthyletin dimer)

1122334455667788991010

OO O Me
Me

O OOMe
Me

12c (xanthyletin dimer)

H2O



 53 

 

HRMS 

 

 

 

 

xpr0001_sm001_04_1_2 #208 RT: 9.29 AV: 1 NL: 2.37E4
T: FTMS + c ESI Full ms [400.00-500.00]
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