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1. Spectral data 

1.1. 6-Alkoxy- and 7-alkoxy-4-methylcoumarins (3 and 4) 

4-Methyl-6-methoxycoumarin (3a) 

O O

Me
O

 

From 2a (0.02 mol, 3.52 g), methyl iodide (0.024 mol, 1.93 mL). Yield: 3.47 g (85%) of 3a as 

pale-yellow crystals. M.p.: 165−167 °C (from 96% ethanol), ref.:[1] 163−167 °C (from 96% 

ethanol). IR (KBr), ν (cm−1) 1714 (νC=O lactone), 1570, 1486 (νC=C arene), 1168 &1069 (νCOC 

lactone); 1H NMR (DMF-d6), δ (ppm): 7.98 (s, 1H, H-5), 7.87−7.85 (m, 2H, H-7 & H-8), 6.88 

(s, 1H, H-3), 2.84 (s, 3H, 6-OCH3), 2.74 (s, 3H, 4-CH3); 13C NMR (126 MHz, DMF-d6), δ 

(ppm): 13C NMR (125 MHz, DMSO-d6), δ (ppm): 160.5 (C=O lactone), 153.6 (C-6), 151.4 (C-

8a), 147.4 (C-4), 126.8 (C-5), 121.2 (C-7), 118.9 (C-8), 118.4 (C-4a), 115.9 (C-3), 67.8 (6-

OCH3), 18.9 (4-CH3); ESI-MS: C11H10O3, calc. for M+H=191.07 Da, M+Na=213.05 Da, 

found: m/z 191.13 ([M+H]+), 213.15 ([M+Na]+); ESI/HRMS: calcd. for M+H = 191.0708 Da, 

found: m/z 191.0713 ([M+H]+, 100%); Elemental anal. for C11H10O3, calcd.: C, 69.46; H, 

5.30%; found: C, 69.57; H, 5.41%. 

 

4-Methyl-6-ethoxycoumarin (3b) 

O O

Me
O

 

From 2a (0.02 mol, 3.52 g), ethyl iodide (0.024 mol, 1.93 mL). Yield: 3.47 g (85%) of 3b as 

pale-yellow crystals. M.p.: 116−117.5 °C (from 96% ethanol), ref.:[2] 161–162 °C (from 96% 

ethanol). IR (KBr), ν (cm−1) 1715 (νC=O lactone), 1572, 1485 (νC=C arene), 1165 &1067 (νCOC 

lactone); 1H NMR (500 MHz, DMSO-d6, ppm), δ (ppm): 7.27 (d, J = 9.0 Hz, 1H, H-8), 7.16 

(dd, J = 9.0, 2.5 Hz, 1H, H-7), 7.11 (d, J = 2.5 Hz, 1H, H-5), 6.34 (s, 1H, H-3), 4.07 (q, J = 7.0 

Hz, 2H, 6-OCH2CH3), 2.39 (s, 3H, 4-CH3), 1.35 (t, J = 7.0 Hz, 3H, 6-OCH2CH3); 13C NMR 

(125 MHz, DMSO-d6), δ (ppm): 160.3 (C=O lactone), 155.3 (C-6), 153.4 (C-8a), 147.6 (C-4), 

120.5 (C-5), 119.7 (C-7), 117.8 (C-8), 115.1 (C-4a), 109.2 (C-3), 64.2 (6-OCH2CH3), 18.6 (4-

CH3), 15.0 (6-OCH2CH3); ESI-MS: C12H12O3, calc. for M = 204.1 Da, found: m/z 204.2 ([M]+); 
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ESI/HRMS: calcd. for M+H = 205.0865 Da, found: m/z 205.0873 ([M+H]+, 100%); Elemental 

anal. for C12H12O3, calcd.: C, 70.58; H, 5.92%; found: C, 70.33; H, 5.81%. 

 

4-Methyl-6-propoxycoumarin (3c) 

O O

Me
O

 

From 2a (0.02 mol, 3.52 g), propyl iodide (0.022, 2.4 mL). Yield: 3.27 g (75%) of 3c as pale-

yellow crystals. M.p.: 119−121.5 °C (from 96% ethanol). IR (KBr), ν (cm−1): 1713 (νC=O 

lactone), 1576, 1497 (νC=C arene), 1173 &1029 (νCOC lactone); 1H NMR (500 MHz, CDCl3, 

ppm), δ (ppm): 7.32 (d, J = 8.5 Hz, 1H, H-8), 7.22−7.18 (m, 2H, H-5 & H-7), 6.38 (s, 1H, H-

3), 4.02 (t, J = 7.0 Hz, 2H, 6-OCH2CH2CH3), 2.43 (s, 3H, 4-CH3), 1.76 (sextet, J = 7.0 Hz, 2H, 

6-OCH2CH2CH3), 1.35 (t, J = 7.0 Hz, 3H, 6-OCH2CH2CH3); 13C NMR (125 MHz, DMSO-

d6), δ (ppm): 160.4 (C=O lactone), 155.5 (C-6), 153.5 (C-8a), 147.6 (C-4), 120.6 (C-5), 119.9 

(C-7), 117.9 (C-8), 115.1 (C-4a), 109.4 (C-3), 70.2 (6-OCH2CH2CH3), 22.5 (4-CH3), 18.6 (6-

OCH2CH2CH3), 10.9 (6-OCH2CH2CH3); ESI-MS: C13H14O3, calcd. for M+H = 219.10 Da, 

M+Na = 241.08 Da, found: m/z 219.16 ([M+H]+), 241.09 ([M+Na]+); ESI-HRMS: calcd. for 

M+H = 219.1021 Da, found: m/z 219.1028 ([M+H]+, 100%); Elemental anal. for C13H14O3, 

calcd.: C, 71.54; H, 6.47%; found: C, 71.21; H, 6.62%. 

 

4-Methyl-6-isopropoxycoumarin (3d) 

O O

Me
O

 

From 2a (0.02 mol, 3.52 g), isopropyl iodide (0.022, 2.4 mL). Yield: 2.62 g (60%) of 3d as 

pale-yellow crystals. M.p.: 120−122 °C (from 96% ethanol). IR (KBr), ν (cm−1): 1709 (νC=O 

lactone), 1573, 1490 (νC=C arene), 1170 & 1020 (νCOC lactone); 1H NMR (500 MHz, DMSO-d6, 

ppm), δ (ppm): 7.68 (d, J = 3.0 Hz, 1H, H-5), 6.93−6.88 (m, 2H, H-7 & H-8), 6.48 (s, 1H, H-

3), 4.18 [septet, J = 6.5 Hz, 1H, 6-OCH (CH3)2], 1.02−0.98 [m, 6H, 6-OCH(CH3)2]; 13C NMR 

(125 MHz, DMSO-d6), δ (ppm): 162.2 (C=O lactone), 160.6 (C-6), 155.2 (C-4), 153.8 (C-8a), 

126.8 (C-4a), 113.4 (C-8), 112.8 (C-7), 111.5 (C-3), 101.5 (C-5), 68.2 [6-OCH(CH3)2], 22.3 
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[6-OCH (CH3)2]; ESI-MS: C13H14O3, calcd. for M+H = 219.10 Da, M+Na = 241.08 Da, found: 

m/z 219.15 ([M+H]+), 241.15 ([M+Na]+); Elemental anal. for C13H14O3, calcd.: C, 71.54; H, 

6.47%; found: C, 71.32; H, 6.24%. 

 

4-Methyl-6-butoxycoumarin (3e) 

O O

Me
O

 

From 2a (0.02 mol, 3.52 g), butyl bromide (0.022 mol, 2.58 mL), and KI (0.001 mol, 0.17 g). 

Yield: 4.65 g (85%) of 3e as white crystals. M.p.: 107−109 °C (from 96% ethanol). IR (KBr), 

ν (cm−1): 1721 (νC=O lactone), 1569, 1428 (νC=C arene), 1242 &1166 (νCOC lactone); 1H NMR 

(500 MHz, DMSO-d6), δ (ppm): 7.28 (d, J = 9.0 Hz, 1H, H-7), 7.18 (dd, J = 9.0, 3.0 Hz, 1H, 

H-8), 7.15 (d, J = 2.3 Hz, 1H, H-3), 6.35 (d, J = 1.0 Hz, 1H, H-5), 4.01 (t, J = 6.5 Hz, 2H, 6-

OCH2CH2CH2CH3), 2.40 (d, J = 2.0 Hz, 3H, 4-CH3), 1.70 (quintet, J = 6.5 Hz, 2H, 6-

OCH2CH2CH2CH3), 1.44 (sextet, J = 7.0 Hz, 2H, 6-OCH2CH2CH2CH3), 0.93 (t, J = 7.0 Hz, 

3H, 6-OCH2CH2CH2CH3); 13C NMR (125 MHz, DMSO-d6), δ (ppm): 159.8 (C=O lactone), 

155.0 (C-6), 152.9 (C-8a), 147.0 (C-4), 120.0 (C-5), 119.3 (C-7), 117.3 (C-8), 114.6 (C-4a), 

108.7 (C-3), 67.8 (6-OCH2CH2CH2CH3), 30.7 (4-CH3), 18.7 (6-OCH2CH2CH2CH3), 18.1 (6-

OCH2CH2CH2CH3), 13.6 (6-OCH2CH2CH2CH3); ESI-MS: C14H16O3, calcd. for (M+2H) = 

234.2 Da, found: m/z 234.1 ([M+2H]+); ESI-HRMS: calcd. for M+H = 233.1178 Da, found: 

233.1184 ([M+H]+, 100%); Elemental anal. for C14H16O3, calcd.: C, 72.39; H, 6.94%; found: 

C, 72.17; H, 6.71%. 

 

4-Methyl-6-isobutoxycoumarin (3f) 

O O

Me
O

 

From 2a (0.02 mol, 3.52 g), isobutyl bromide (0.022 mol, 2.59 mL), and KI (0.1 mmol, 0.17 

g). Yield: 3.49 g (75%) of 3f as white crystals. M.p.: 103−105 °C (from 96% ethanol). IR 

(KBr), ν (cm−1): 1718 (νC=O lactone), 1520, 1500, 1480 (νC=C arene), 1248 & 1167 (νCOC 

lactone); 1H NMR (500 MHz, DMSO-d6), δ (ppm): 7.60 (d, J = 8.75 Hz, 1H, H-7), 6.92−6.87 

(m, 2H, H-5 & H-8), 6.16 (s, 1H, H-3), 4.04 [d, J = 5.0 Hz, 2H, 6-OCH2CH (CH3)2], 2.36 (s, 
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3H, 4-CH3), 1.73−1.67 [m, 1H, 6-OCH2CH (CH3)2], 0.98 [d, J = 7.0 Hz, 6H, 6-OCH2CH 

(CH3)2]; 13C NMR (125 MHz, DMSO-d6), δ (ppm): 162.2 (C=O lactone), 160.6 (C-6), 155.2 

(C-4), 153.8 (C-8a), 126.8 (C-4a), 113.4 (C-8), 112.8 (C-7), 111.5 (C-3), 101.5 (C-5), 68.4 [6-

OCH2CH (CH3)2], 31.0 [6-OCH2CH (CH3)2], 19.1 [6-OCH2CH (CH3)2], 18.5 (4-CH3), 14.1 

[6-OCH2CH (CH3)2]; ESI-MS: C14H16O3, calcd. for M+H = 233.12 Da, M+Na = 255.10 Da, 

found: m/z 233.19 ([M+H]+), 255.08 ([M+Na]+); ESI-HRMS: calcd. for M+H = 233.1178 Da, 

found: 233.1185 ([M+H]+, 100%); Elemental anal. for C14H16O3, calcd.: C, 72.39; H, 6.94%; 

found: C, 72.57; H, 6.61%. 

 

4-Methyl-6-pentoxycoumarin (3g) 

O O

Me
O

 

From 2a (0.02 mol, 3.52 g), pentyl bromide (0.022 mol, 3.12 mL), and KI (0.001 mol, 0.17 g). 

Yield: 4.88 g (84%) of 3g as white crystals. M.p.: 90−92 °C (from 96% ethanol). IR (KBr), ν 

(cm−1): 1719 (νC=O lactone), 1568, 1492 (νC=C arene), 1248 &1170 (νCOC lactone); 1H NMR 

(500 MHz, DMSO-d6), δ (ppm): 7.28 (d, J = 9.0 Hz, 1H, H-7), 7.18 (dd, J = 8.75, 2.3 Hz, 1H, 

H-8), 7.15 (d, J = 3.0 Hz, 1H, H-3), 6.45 (d, J = 0.5 Hz, 1H, H-3), 4.00 (t, J = 6.5 Hz, 2H, 6-

OCH2CH2CH2CH2CH3), 2.40 (d, 3H, J = 1.0 Hz, 4-CH3), 1.72 (quintet, J = 6.5 Hz, 2H, 6-

OCH2CH2CH2CH2CH3), 1.37−1.35 (m, 4H, 6-OCH2CH2CH2CH2CH3), 0.88 (t, J = 7.0 Hz, 

3H, 6-OCH2CH2CH2CH2CH3); 13C NMR (125 MHz, DMSO-d6), δ (ppm): 159.9 (C=O 

lactone), 155.0 (C-6), 153.0 (C-8a), 147.1 (C-4), 120.1 (C-5), 119.3 (C-7), 117.4 (C-8), 114.6 

(C-4a), 108.8 (C-3), 68.1 (6-OCH2(CH2)3CH3], 28.3 (4-CH3), 27.7 (6-

OCH2CH2CH2CH2CH3), 21.8 (6-OCH2CH2CH2CH2CH3), 18.1 [6-OCH2CH2CH2CH2CH3), 

13.9 (6-OCH2CH2CH2CH2CH3]; ESI-MS: C15H18O3, calcd. for (M+H) = 247.1 Da, found: m/z 

247.2 ([M+H]+); ESI-HRMS: calcd. for M+H = 247.1334 Da, found: m/z 247.1339 ([M+H]+, 

100%); Elemental anal. for C15H18O3, calcd.: C, 73.15; H, 7.37%; found: 73.35; H, 7.12%. 

 

4-Methyl-6-isopentoxycoumarin (3h) 

O O

Me
O
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From 2a (0.02 mol, 3.52 g), isopentyl bromide (0.024 mol, 2.88 mL), and KI (0.1 mmol, 0.17 

g). Yield: 3.85 g (79%) of 3h as white crystals. M.p.: 99−101 °C (from 96% ethanol). IR (KBr), 

ν (cm−1): 1708 (νC=O lactone), 1571 (νC=C arene), 1243 & 1169 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 7.24 (t, J = 6.0 Hz, 1H, H-7), 7.14 (dd, J = 8.75, 3.0 Hz, 1H, H-8), 

7.10 (s, 1H, H-3), 6.31 (d, J = 1.0 Hz, 1H, H-5), 4.00 [t, J = 6.5 Hz, 2H, 6-OCH2CH2CH 

(CH3)2], 2.37 (s, 3H, 4-CH3), 1.76−1.74 [m, 1H, 6-OCH2CH2CH (CH3)2], 1.59 [q, J = 13.5, 

6.5 Hz, 2H, 6-OCH2CH2CH (CH3)2], 0.91 [t, J = 7.0 Hz, 6H, 6-OCH2CH2CH (CH3)2]; 13C 

NMR (125 MHz, DMSO-d6), δ (ppm): 159.8 (C=O lactone), 154.9 (C-6), 152.9 (C-4), 147.0 

(C-8a), 120.0 (C-4a), 119.3 (C-8), 117.3 (C-7), 114.6 (C-3), 108.8 (C-5), 66.5 [6-OCH2CH2CH 

(CH3)2], 37.6 [6-OCH2CH2CH (CH3)2], 24.5 [6-OCH2CH2CH (CH3)2], 22.3 [6-OCH2CH2CH 

(CH3)2], 18.1 (4-CH3); ESI-MS: C15H18O3, calcd. for M+H = 247.1 Da, found: m/z 247.3 

([M+H]+); ESI-HRMS: calcd. for M+H = 247.1334 Da, found: m/z 247.1341 ([M+H]+, 100%); 

Elemental anal. for C15H18O3, calcd.: C, 73.15; H, 7.37%; found: 73.42; H, 7.57%.  

 

4-Methyl-6-allyloxycoumarin (3i) 

O O

Me
O

 

From 2a (0.02 mol, 3.52 g), allyl bromide (0.024 mol, 2.1 mL), and KI (0.1 mmol, 0.17 g). 

Yield: 3.67 g (85%) of 3i as white crystals. M.p.: 70−73 °C (from 96% ethanol). IR (KBr), ν 

(cm−1): 1712 (νC=O lactone), 1570, 1490 (νC=C arene), 1245 & 1164 (νCOC lactone); 1H NMR 

(500 MHz, DMSO-d6), δ (ppm): 7.32−7.24 (m, 1H, H-7), 7.24−7.18 (m, 2H, H-5 & H-8), 6.37 

(s, 1H, H-3), 6.09−6.05 (m, 1H, 6-OCH2CH=CH2), 5.44 (d, J = 14.0 Hz, 1H, 6-

OCH2CH=CH2), 5.29 (d, J = 14.0 Hz, 1H, 6-OCH2CH=CH2), 4.66 (s, 2H, OCH2CH=CH2), 

2.417 (s, 3H, 4-CH3); 13C NMR (125 MHz, DMSO-d6), δ (ppm): 160.3 (C=O lactone), 154.9 

(C-6), 153.4 (C-4), 147.8 (C-8a), 134.0 (6-OCH2CH=CH2), 120.6 (C-4a), 120.0 (C-8), 118.2 

(6-OCH2CH=CH2), 117.9 (C-7), 115.2 (C-3), 109.7 (C-5), 69.4 (6-OCH2CH=CH2), 18.6 (4-

CH3); ESI-MS: C13H12O3, calcd. for M+H = 217.09 Da, M+Na = 239.07, found: m/z 217.11 

([M+H]+), 239.12 ([M+H]+); ESI-HRMS: calcd. for M+H = 217.0865 Da, found: m/z 217.0871 

([M+H]+, 100%); Elemental anal. for C13H12O3, calcd.: C, 72.21; H, 5.59%; found: C, 72.59; 

H, 5.27%. 
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4-Methyl-7-methoxycoumarin (4a) 

O O

Me

O  

From 4 (0.02 mol, 3.52 g), methyl iodide (0.024 mol, 1.93 mL). Yield: 3.47 g (85%) of 4a as 

pale-yellow crystals. M.p.: 159−162 °C (from 96% ethanol); ref.:[3] 158−160 °C. IR (KBr), ν 

(cm−1) 1720 (νC=O lactone), 1575, 1490 (νC=C arene), 1198 & 1069 (νCOC lactone); 1H NMR 

(DMF-d6), δ (ppm): 7.98 (s, 1H, H-5), 7.87−7.85 (m, 2H, H-6 & H-8), 6.88 (s, 1H, H-3), 2.84 

(s, 3H, 7-OCH3), 2.74 (s, 3H, 4-CH3); 13C NMR (126 MHz, DMF-d6), δ (ppm): 13C NMR (125 

MHz, DMSO-d6), δ (ppm): 162.7 (C=O lactone), 160.6 (C-7), 155.4 (C-8a), 153.4 (C-4), 126.8 

(C-5), 113.2 (C-3), 112.9 (C-4a), 111.4 (C-6), 105.9 (C-8), 67.8 (7-OCH3), 18.9 (4-CH3); ESI-

MS: C11H10O3, calcd. for [M+H]+=191.07 Da, found: m/z 191.14; Elemental anal. for 

C11H10O3, calcd.: C, 69.46; H, 5.30%; found: C, 69.21; H, 5.46%. 

 

4-Methyl-7-ethoxycoumarin (4b) 

O O

Me

O  

From 2b (0.02 mol, 3.52 g), ethyl iodide (0.024 mol, 1.93 mL). Yield: 4.09 g (85%) of 4b as 

white crystals. M.p.: 115−117°C (from 96% ethanol); ref.:[4] 113−115 °C,[5] ref.[6] described 

the synthesis method for this compound, but there was not melting point data. IR (KBr), ν cm−1: 

1737 (νC=O lactone), 1540, 1500, 1480 (νC=C arene), 1145 &1069 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 7.66 (d, J = 9.5 Hz, 1H, H-5), 6.95−6.93 (m, 2H, H-6 & H-8), 6.19 

(s, 1H, H-3), 4.13 (q, J = 7.0 Hz, 2H, 7-OCH2CH3), 2.39 (s, 3H, 4-CH3), 1.36 (t, J = 7.0 Hz, 

3H, 7-OCH2CH3); 13C NMR (125 MHz, DMSO-d6), δ (ppm): 162.1 (C=O lactone), 160.6 (C-

6), 155.3 (C-8a), 153.9 (C-4), 126.9 (C-5), 113.5 (C-7), 112.8 (C-8), 111.5 (C-4a), 101.6 (C-

3), 64.4 (7-OCH2CH3), 18.6 (4-CH3), 14.9 (7-OCH2CH3); ESI-MS: C12H12O3, calc. for M+H 

= 205.09 Da, M+Na = 227.07 Da, found: m/z 205.08 ([M+H]+), 227.15 ([M+Na]+); 

ESI/HRMS: calcd. for M+H = 205.0865 Da, found: m/z 205.0871 ([M+H]+, 100%); Elemental 

anal. for C12H12O3, calcd.: C, 70.58; H, 5.92%; found: C, 70.27; H, 5.79%. 
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4-Methyl-7-propoxycoumarin (4c) 

O O

Me

O  

From 2b (0.02 mol, 3.52 g), propyl iodide (0.024 mol, 2.34 mL), and K2CO3 (0.04 mol, 5.5 g). 

Yield: 3.05 g (70%) of 4c as white crystals. M.p.: 78−80 °C (from 96% ethanol). IR (KBr), ν 

(cm−1): 1718 (νC=O lactone), 1550, 1520, 1480 (νC=C arene), 1147 &1064 (νCOC lactone); 1H 

NMR (500 MHz, DMSO-d6), δ (ppm): 7.62 (d, J = 8.5 Hz, 1H, H-5), 6.93−6.90 (m, 2H, H-6 

& H-8), 6.17 (s, 1H, H-3), 4.01 (q, J = 7.0 Hz, 2H, 7-OCH2CH2CH3), 3.34 (s, 3H, 4-CH3), 1.76 

(sextet, J = 7.0 Hz, 2H, 7-OCH2CH2CH3), 0.99 (t, J = 7.0 Hz, 3H, 7-OCH2CH2CH3); 13C NMR 

(125 MHz, DMSO-d6), δ (ppm): 162.2 (C=O lactone), 160.6 (C-7), 155.2 (C-8a), 153.8 (C-4), 

126.8 (C-5), 113.4 (C-6), 112.8 (C-4a), 111.5 (C-3), 101.5 (C-8), 70.2 (7-OCH2CH2CH3), 22.3 

(4-CH3), 18.5 (7-OCH2CH2CH3), 10.7 (7-OCH2CH2CH3); ESI-MS: C13H14O3, calcd. for M+H 

= 219.10 Da, M+Na = 241.08 Da, found: m/z 219.15 ([M+H]+), 241.15 ([M+Na]+); Elemental 

anal. for C13H14O3, calcd.: C, 71.54; H, 6.47%; found: C, 71.72; H, 6.61% 

 

4-Methyl-7-isopropoxycoumarin (4d) 

O O

Me

O  

From 2b (0.02 mol, 3.52 g), propyl iodide (0.024 mol, 2.34 mL), and K2CO3 (0.04 mol, 5.5 g). 

Yield: 3.27 g (75%) of 4d as white crystals. M.p.: 80−82 °C (from 96% ethanol). IR (KBr), ν 

(cm−1): 1721 (νC=O lactone), 1602 (νC=C alkene), 1520, 1500, 1483 (νC=C arene), 1145 & 1011 

(νCOC lactone); 1H NMR (500 MHz, DMSO-d6, ppm), δ (ppm): 7.68 (d, J = 3.0 Hz, 1H, H-5), 

6.93−6.88 (m, 2H, H-7 & H-8), 6.48 (s, 1H, H-3), 4.18 [septet, J = 6.5 Hz, 1H, 7-OCH(CH3)2], 

1.02−0.98 [m, 6H, 7-OCH(CH3)2]; 13C NMR (125 MHz, DMSO-d6), δ (ppm): 162.2 (C=O 

lactone), 160.6 (C-6), 155.2 (C-4), 153.8 (C-8a), 126.8 (C-4a), 113.4 (C-8), 112.8 (C-7), 111.5 

(C-3), 101.7 (C-5), 68.5 [7-OCH (CH3)2], 21.3 [7-OCH(CH3)2]; ESI-MS: C13H14O3, calcd. for 

M+H = 219.10 Da, M+Na = 241.08 Da, found: m/z 219.18 ([M+H]+), 241.17 ([M+Na]+); 

Elemental anal. for C13H14O3, calcd.: C, 71.54; H, 6.47%; found: C, 71.32; H, 6.21% 
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4-Methyl-7-butoxycoumarin (4e) 

O O

Me

O  

From 2a (0.02 mol, 3.52 g), butyl bromide (0.022 mol, 2.58 mL), and KI (0.1 mmol, 0.17 g). 

Yield: 4.65 g (85%) of 4e as white crystals. M.p.: 107−109 °C (from 96% ethanol). IR (KBr), 

ν (cm−1): 1721 (νC=O lactone), 1569, 1428 (νC=C arene), 1242 & 1166 (νCOC lactone); 1H NMR 

(500 MHz, DMSO-d6), δ (ppm): 7.28 (d, J = 9.0 Hz, 1H, H-7), 7.18 (dd, J = 9.0, 3.0 Hz, 1H, 

H-8), 7.15 (s, 1H, H-3), 6.35 (d, J = 1.0 Hz, 1H, H-5), 4.01 (t, J = 6.5 Hz, 2H, 7-

OCH2CH2CH2CH3), 2.40 (s, 3H, 4-CH3), 1.70 (quintet, J = 6.5 Hz, 2H, 7-OCH2CH2CH2CH3), 

1.44 (sextet, J = 7.0 Hz, 2H, 7-OCH2CH2CH2CH3), 0.93 (t, J = 7.0 Hz, 3H, 7-

OCH2CH2CH2CH3); 13C NMR (125 MHz, DMSO-d6), δ (ppm): 159.8 (C=O lactone), 155.0 

(C-6), 152.9 (C-4), 147.0 (C-8a), 120.0 (C-4a), 119.3 (C-8), 117.3 (C-7), 114.6 (C-3), 108.7 

(C-5), 67.8 (7-OCH2CH2CH2CH3), 30.7 (7-OCH2CH2CH2CH3), 18.7 (4-CH3), 18.1 (7-

O(CH2CH2CH2CH3), 13.6 (7-OCH2CH2CH2CH3); ESI-MS: C14H16O3, calcd. for [M+H = 

233.12 Da, M+Na = 255.10 Da, found: m/z 233.15 ([M+H]+), 255.17 ([M+Na]+); Elemental 

anal. for C14H16O3, calcd.: C, 72.39; H, 6.94%; found: C, 72.67; H, 6.72%. 

 

4-Methyl-7-isobutoxycoumarin (4f) 

O O

Me

O
 

From 2b (0.02 mol, 3.52 g), isobutyl bromide (0.022 mol, 2.59 mL), and KI (0.1 mmol, 0.17 

g). Yield: 3.12 g (57%) of 4f as white crystals. M.p.: 57−60 °C (from 96% ethanol). IR (KBr), 

ν (cm−1): 1714 (νC=O lactone), 1570, 1486 (νC=C arene), 1281 & 1142 (νCOC lactone); 1H NMR 

(500 MHz, DMSO-d6), δ (ppm): 7.63 (d, J = 8.5 Hz, 1H, H-5), 6.94 (d, J = 2.3 Hz, 1H, H-8), 

6.91 (d, J = 1.5 Hz, 1H, H-6), 6.17 (s, 1H, H-3), 3.83 [d, J = 6.5 Hz, 2H, 7-OCH2CH (CH3)2], 

2.37 (s, 3H, 4-CH3), 2.03 [septet, J = 6.5 Hz, 1H, 7-OCH2CH (CH3)2], 0.98 [d, J = 7.0 Hz, 6H, 

7-OCH2CH (CH3)2]; 13C NMR (125 MHz, DMSO-d6), δ (ppm): 161.8 (C=O lactone), 160.1 

(C-7), 154.7 (C-8a), 153.3 (C-4), 126.3 (C-5), 112.9 (C-3), 112.3 (C-4a), 111.0 (C-6), 101.1 

(C-8), 74.3 [7-OCH2CH (CH3)2], 27.5 [7-OCH2CH (CH3)2], 18.9 [7-OCH2CH (CH3)2], 18.1 
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(4-CH3); ESI-MS: C14H16O3, calcd. for [M+2H]+=234.2 Da, found: m/z 234.1; Elemental anal. 

for C14H16O3, calcd.: C, 72.39; H, 6.94%; found: C, 72.69; H, 6.71%. 

 

4-Methyl-7-pentoxycoumarin (4g) 

O O

Me

O  

From 2b (0.02 mol, 3.52 g), pentyl bromide (0.024 mol, 2.88 mL), and KI (0.001 mol, 0.17 g). 

Yield: 4.88 g (84%) of 4d as white crystals. M.p.: 48−50 °C (from 96% ethanol). IR (KBr), ν 

(cm−1): 1722 (νC=O lactone), 1616 (νC=C arene), 1279 & 1157 (νCOC lactone); 1H NMR (500 MHz, 

DMSO-d6), δ (ppm): 7.60 (d, J = 8.0 Hz, 1H, H-5), 6.93−6.89 (m, 2H, H-6 & H-8), 6.45 (s, 1H, 

H-3), 4.00 (t, J = 6.5 Hz, 2H, 7-OCH2CH2CH2CH2CH3], 2.40 (s, 3H, 4-CH3), 1.72 (quintet, J = 

6.5 Hz, 2H, 7-OCH2CH2CH2CH2CH3), 1.37−1.35 (m, 4H, 7-OCH2CH2CH2CH2CH3), 0.89 (t, J 

= 7.0 Hz, 3H, 7-OCH2CH2CH2CH2CH3); 13C NMR (125 MHz, DMSO-d6), δ (ppm): 162.2 (C=O 

lactone), 160.6 (C-7), 155.2 (C-8a), 153.7 (C-4), 126.7 (C-5), 113.4 (C-3), 112.8 (C-4a), 111.5 

(C-6), 101.5 (C-8), 68.7 (7-OCH2CH2CH2CH2CH3), 28.6 (7-OCH2CH2CH2CH2CH3), 28.1 (7-

OCH2CH2CH2CH2CH3), 22.3 (7-OCH2CH2CH2CH2CH3), 18.5 (4-CH3), 14.3 (7-

OCH2CH2CH2CH2CH3); ESI-MS: C15H18O3, calcd. for M+H = 247.13 Da, M+Na = 269.12 Da, 

found: m/z 247.17 ([M+H]+), 269.21 ([M+Na]+); ESI-HRMS: calcd. for M+H = 247.1334 Da, 

found: m/z 247.1339 ([M+H]+, 100%); Elemental anal. for C15H18O3, calcd.: C, 73.15; H, 

7.37%; found: 73.41; H, 7.12%. 

 

4-Methyl-7-isopentoxycoumarin (4h) 

O O

Me

O  

From 2b (0.02 mol, 3.52 g), isopentyl bromide (0.024 mol, 2.88 mL), and KI (0.1 mmol, 0.17 

g). Yield: 4.76 g (82%) of 4h as white crystals. M.p.: 57−60 °C (from 96% ethanol). IR (KBr), 

ν cm−1: 1722 (νC=O lactone), 1616 (νC=C arene), 1279 & 1157 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 7.61 (d, J = 8.5 Hz, 1H, H-5), 6.91 (d, J = 1.5 Hz, 1H, H-8), 6.90 

(s, 1H, H-3), 6.15 (d, J = 1.5 Hz, 1H, H-6), 4.06 [t, J = 7.0 Hz, 2H, 7-OCH2CH2CH(CH3)2], 
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2.36 (s, 3H, 4-CH3), 1.76 (septet, J = 6.5 Hz, 1H, 7-OCH2CH2CH (CH3)2), 1.61 [q, J = 13.5, 

6.5 Hz, 2H, 7-OCH2CH2CH(CH3)2], 0.91 [d, J = 7.0 Hz, 6H, 7-OCH2CH2CH (CH3)2]; 13C 

NMR (125 MHz, DMSO-d6), δ (ppm): 161.6 (C=O lactone), 160.0 (C-7), 154.6 (C-8a), 153.0 

(C-4), 126.0 (C-5), 112.8 (C-3), 110.9 (C-4a), 110.9 (C-6), 100.8 (C-8), 66.6 [7-

OCH2CH2CH(CH3)2], 37.1 [7-OCH2CH2CH(CH3)2], 24.5 [7-OCH2CH2CH(CH3)2], 22.3 [7-

OCH2CH2CH(CH3)2], 17.9 (4-CH3); ESI-MS: C15H18O3, calcd. for M+H = 247.1 Da, found: 

m/z 247.2 ([M+H]+); ESI-HRMS: calcd. for M+H = 247.1334 Da, found: m/z 247.1329 

([M+H]+, 100%); Elemental anal. for C15H18O3, calcd.: C, 73.15; H, 7.37%; found: 73.39; H, 

7.17%. 

 

4-Methyl-7-allyloxycoumarin (4i) 

O O

Me

O  

From 2b (0.02 mol, 3.52 g), allyl bromide (0.024 mol, 2.1 mL), and KI (0.1 mmol, 0.17 g). 

Yield: 4.43 g (87%) of 4i as white crystals. M.p.: 97−100 °C (from 96% ethanol). IR (KBr), ν 

(cm−1): 1724 (νC=O lactone), 1614 (νC=C arene), 1293 & 1152 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 7.33−7.24 (m, 1H, H-5), 7.23−7.18 (m, 2H, H-6 & H-8), 6.38 (s, 

1H, H-3), 6.09−6.05 (m, 1H, 7-OCH2CH=CH2), 5.45 (d, J = 17.5 Hz, 1H, 7-OCH2CH=CH2), 

5.29 (d , J = 10.5 Hz, 7-OCH2CH=CH2), 4.66 (s, 2H, 7-OCH2CH=CH2), 2.41 (s, 3H, 4- CH3); 
13C NMR (125 MHz, DMSO-d6), δ (ppm): 160.3 (C=O lactone), 154.9 (C-7), 153.4 (C-8a), 

147.8 (C-4), 134.0 (7-OCH2CH=CH2), 120.6 (C-5), 120.0 (C-3), 118.2 (7-OCH2CH=CH2), 

117.9 (C-4a), 115.2 (C-6), 109.7 (C-8), 69.4 (7-OCH2CH=CH2), 18.6 (4-CH3); ESI-MS: 

C13H12O3, calcd. for M+H = 217.09 Da, M+Na = 239.07, found: m/z 217.17 ([M+H]+), 239.19 

([M+H]+); ESI-HRMS: calcd. for M+H = 217.0865 Da, found: m/z 217.0872 ([M+H]+, 100%); 

Elemental anal. for C13H12O3, calcd.: C, 72.21; H, 5.59%; found: C, 72.43; H, 5.31%. 
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1.2. 6-Alkoxy- and 7-alkoxy-4-formylcoumarins (5 and 6) 

4-Formyl-6-ethoxycoumarin (5b) 

O O

CH=O
O

 

From 3b (2 mmol, 408 mg). Yield: 283 mg (65%, method A), 392 mg (90%, method B) of 5b 

as yellow crystals. M.p.: 167−168 °C (from toluene). IR (KBr), ν cm−1: 1736 (νC=O lactone), 

1708 (νC=O aldehyde), 1565, 1430 (νC=C arene), 1243 &1054 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 10.15 (s, 4-CHO), 7.96 (d, J = 3.0 Hz, 1H, H-5), 7.40 (d, J = 9.0 

Hz, 1H, H-8), 7.27 (dd, J = 9.5, 3.0 Hz, 1H, H-7), 7.16 (s, H, 1H, H-3), 4.09 (q, J = 7.0 Hz, 2H, 

6-OCH2CH3), 1.37 (t, J = 7.0 Hz, 3H, 6-OCH2CH3); 13C NMR (125 MHz, DMSO-d6), δ (ppm): 

193.6 (4-CHO), 160.1 (C=O lactone), 155.0 (C-6), 148.2 (C-4), 143.0 (C-8a), 125.3 (C-4a), 

119.9 (C-7), 117.3 (C-8), 109.1 (C-3), 63.7 (6-OCH2CH3), 14.5 (6-OCH2CH3); ESI-MS: 

C12H10O4, calcd. for M+H = 219.07 Da, M+Na = 241.05 Da, found: m/z 219.15 ([M+H]+), 

241.11 ([M+Na]+); ESI-MS: calcd. for M+H = 219.0657 Da, found: m/z 219.0685 ([M+H]+, 

100%); ESI-HRMS: calcd. for M+H = 219.0657 Da, found: m/z 219.0661 ([M+H]+, 100%); 

Elemental anal. for C12H10O4, calcd.: C, 69.46; H, 5.30%; found: C, 69.57; H, 5.41%. 

 

4-Formyl-6-propoxycoumarin (5c) 

O O

CH=O
O

 

From 3c (2 mmol, 440 mg). Yield: 310 mg (67%, method A), 392 mg (93%, method B) of 5c 

as yellow crystals. M.p.: 143−145 °C (from toluene). IR (KBr), ν (cm−1): 1723 (νC=O lactone), 

1703 (νC=O aldehyde), 1542, 1434 (νC=C arene), 1244 &1045 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 10.16 (s, 4-CHO), 7.99 (d, J = 3.0 Hz, 1H, H-5), 7.43 (d, J = 9.0 

Hz, 1H, H-8), 7.30 (dd, J = 9.5, 2.5 Hz, 1H, H-7), 7.19 (s, H, 1H, H-3), 3.98 (t, J = 7.0 Hz, 2H, 

6-OCH2CH2CH3), 1.77 (sextet, J = 7.0 Hz, 2H, 6-OCH2CH2CH3), 1.01 (t, J = 7.0 Hz, 2H, 6-

OCH2CH2CH3); 13C NMR (125 MHz, DMSO-d6), δ (ppm): 194.1 (4-CHO), 160.6 (C=O 

lactone), 155.8 (C-6), 148.7 (C-4), 143.6 (C-8a), 125.9 (C-4a), 120.5 (C-7), 118.2 (C-8), 115.9 

(C-3), 109.7 (C-5), 70.2 (6-OCH2CH2CH3), 22.4 (6-OCH2CH2CH3), 10.8 (6-OCH2CH2CH3); 



S15 
 

ESI-MS: C13H12O4, calcd. for M+H = 233.08 Da, M+Na = 255.06 Da, found: m/z 233.12 

([M+H]+), 255.17 ([M+Na]+); ESI-HRMS: calcd. for M+H = 233.0814 Da, found: m/z 

233.0817 ([M+H]+, 100%); Elemental anal. for C13H12O4, calcd.: C, 67.23; H, 5.21%; found: 

C, 67.39; H, 5.12%. 

 

4-Formyl-6-isopropoxycoumarin (5d) 

O O

CH=O
O

 

From 3d (2 mmol, 440 mg). Yield: 232 mg (50%, method A), 427 mg (92%, method B) of 5d 

as yellow crystals. M.p.: 134−135 °C (from toluene). IR (KBr), ν (cm−1): 1734 (νC=O lactone), 

1704 (νC=O aldehyde), 1525, 1432 (νC=C arene), 1246 & 1054 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 10.12 (s, 4-CHO), 8.54 (d, J = 9.0 Hz, 1H, H-5), 6.92 (m, 1H, H-

3), 6.96−6.94 (m, 1H, H-8), 6.35−6.34 (d, J = 8.0 Hz, 1H, H-6), 4.05−4.03 [m, 1H, 6-

OCH(CH3)2], 0.99−0.96 [m, 6H, 6-OCH(CH3)2]; 13C NMR (125 MHz, DMSO-d6), δ (ppm): 

194.2 (4-CHO), 161.5 (C-4), 161.3 (C-7), 156.4 (C=O lactone), 143.4 (C-8a), 121.5 (C-5), 

112.6 (C-3), 110.9 (C-4a), 108.1 (C-6), 101.4 (C-8), 70.1 [6-OCH(CH3)2], 10.6 [6-

OCH(CH3)2]; ESI-MS: C13H12O4, calcd. for M+H = 233.08 Da, M+Na = 255.06 Da, found: 

m/z 233.15 ([M+H]+), 255.19 ([M+Na]+); ESI-HRMS: calcd. for M+H = 233.0814 Da, found: 

m/z 233.0819 ([M+H]+, 100%); Elemental anal. for C13H12O4, calcd.: C, 67.23; H, 5.21%; 

found: C, 67.41; H, 5.09%. 

 

4-Formyl-6-butoxycoumarin (5e) 

O O

CH=O
O

 

From 3e (2 mmol, 464 mg). Yield: 331 mg (67%, method A), 449 mg (91%, method B) of 5e 

as yellow crystals. M.p.: 110−112 °C (from toluene). IR (KBr), ν (cm−1): 1735 (νC=O lactone), 

1700 (νC=O aldehyde), 1565, 1435 (νC=C arene), 1244 & 1150 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 10.16 (s, 4-CHO), 7.99 (d, J = 3.0 Hz, 1H, H-5), 7.46 (d, J = 9.0 

Hz, 1H, H-8), 7.32 (dd, J = 9.5, 2.5 Hz, 1H, H-7), 7.17 (s, H, 1H, H-3), 4.04−4.01 (m, 2H, 6-
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OCH2CH2CH2CH3), 1.76−1.70 (m, 2H, 6-OCH2CH2CH2CH3), 1.50−1.42 (m, 2H, 6-

OCH2CH2CH2CH3), 0.95 (t, J = 7.0 Hz, 3H, 6-OCH2CH2CH2CH3); 13C NMR (125 MHz, 

DMSO-d6), δ (ppm): 194.1 (4-CHO), 160.6 (C=O lactone), 155.8 (C-6), 148.7 (C-4), 143.5 (C-

8a), 125.8 (C-4a), 120.5 (C-7), 119.5 (C-8), 118.2 (C-3), 112.0 (C-5), 68.4 (6-

OCH2CH2CH2CH3), 31.1 (6-OCH2CH2CH2CH3), 19.2 (6-OCH2CH2CH2CH3), 14.1 (6-

OCH2CH2CH2CH3); ESI-MS: C14H14O4, calcd. for M+H = 247.10 Da, M+Na = 269.08 Da, 

found: m/z 247.12 ([M+H]+), 269.15 ([M+Na]+); ESI-HRMS: calcd. for M+H = 247.0970 Da, 

found: m/z 247.0977 ([M+H]+, 100%); Elemental anal. for C14H14O4, calcd.: C, 68.28; H, 

5.73%; found: C, 68.41; H, 5.53%. 

 

4-Formyl-6-isobutoxycoumarin (5f) 

O O

CH=O
O

 

From 3f (2 mmol, 464 mg). Yield: 338 mg (65%, method A), 478 mg (92%, method B) of 5f 

as yellow crystals. M.p.: 123−125 °C (from toluene). IR (KBr), ν (cm−1): 1733 (νC=O lactone), 

1694 (νC=O aldehyde), 1515, 1425 (νC=C arene), 1250 & 1154 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 10.16 (s, 4-CHO), 7.99 (d, J = 3.0 Hz, 1H, H-5), 7.43 (d, J = 9.0 

Hz, 1H, H-8), 7.29 (dd, J = 9.0, 3.0 Hz, 1H, H-7), 7.19 (s, H, 1H, H-3), 3.83 [d, J = 6.5 Hz, 2H, 

6-OCH2CH(CH3)2], 2.37 (s, 3H, 4-CH3), 2.03 [septet, J = 6.5 Hz, 1H, 6-OCH2CH(CH3)2], 0.98 

[d, J = 7.0 Hz, 6H, 6-OCH2CH(CH3)2]; 13C NMR (125 MHz, DMSO-d6), δ (ppm): 194.1 (4-

CHO), 160.6 (C-4), 155.8 (C-6), 148.7 (C=O lactone), 143.6 (C-8a), 125.9 (C-4a), 120.5 (C-

3), 118.2 (C-8), 115.9 (C-7), 109.7 (C-5), 74.3 [6-OCH2CH(CH3)2], 27.5 [6-OCH2CH(CH3)2], 

18.9 [6-OCH2CH(CH3)2], 18.1 (4-CH3); ESI-MS: C14H14O4, calcd. for M+H = 247.10 Da, 

M+Na = 269.08 Da, found: m/z 247.15 ([M+H]+), 269.17 ([M+Na]+); ESI-HRMS: calcd. for 

M+H = 247.0970 Da, found: m/z 247.0978 ([M+H]+, 100%); Elemental anal. for C14H14O4, 

calcd.: C, 68.28; H, 5.73%; found: C, 68.47; H, 5.51%. 

 

4-Formyl-6-pentoxycoumarin (5g) 

O O

CH=O
O
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From 3g (2 mmol, 492 mg). Yield: 322 mg (61%, method A), 475 mg (90%, method B) of 5g 

as yellow crystals. M.p.: 112−114 °C. IR (KBr), ν (cm−1): 1738 (νC=O lactone), 1703 (νC=O 

aldehyde), 1567, 1437 (νC=C arene), 1243 &1156 (νCOC lactone); 1H NMR (500 MHz, DMSO-

d6), δ (ppm): 10.14 (s, 4-CHO), 7.94 (d, J = 3.5 Hz, 1H, H-5), 7.39 (d, J = 9.0 Hz, 1H, H-8), 

7.32 (dd, J = 9.0, 3.5 Hz, 1H, H-7), 7.16 (s, H, 1H, H-3), 3.98 (t, 2H, J = 7.0 Hz, 6-

OCH2CH2CH2CH2CH3), 1.74 (quintet, 2H, J = 7.0 Hz, 6-OCH2CH2CH2CH2CH3), 1.43−1.33 

(m, 4H, 6-OCH2CH2CH2CH2CH3), 0.91 (t, J = 7.0 Hz, 3H, 6-OCH2CH2CH2CH2CH3); 13C 

NMR (125 MHz, DMSO-d6), δ (ppm): 194.1 (4-CHO), 160.6 (C=O lactone), 155.7 (C-6), 

148.7 (C-4), 143.5 (C-8a), 125.8 (C-4a), 120.4 (C-7), 118.2 (C-8), 115.8 (C-3), 109.6 (C-5), 

68.6 (6-OCH2CH2CH2CH2CH3), 28.7 (6-OCH2CH2CH2CH2CH3), 28.1 (6-

OCH2CH2CH2CH2CH3), 22.4 (6-OCH2CH2CH2CH2CH3), 14.4 (6-OCH2CH2CH2CH2CH3); 

ESI-MS: C15H16O4, calcd. for M = 260.1 Da, found: m/z 260.8 ([M]+); Elemental anal. for 

C15H16O4, calcd.: C, 69.22; H, 6.20%; found: C, 69.05; H, 6.49%. 

  

4-Formyl-6-isopentoxycoumarin (5h) 

O O

CH=O
O

 

From 3h (2 mmol, 492 mg). Yield: 260 mg (50%, method A), 468 mg (90%, method B) of 5h 

as yellow crystals. M.p.: 114−116 °C (from toluene). IR (KBr), ν (cm−1): 1738 (νC=O lactone), 

1700 (νC=O aldehyde), 1562, 1438 (νC=C arene), 1273 & 1156 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 10.16 (s, 4-CHO), 7.97 (d, J = 3.0 Hz, 1H, H-5), 7.45−7.39 (m, 1H, 

H-8), 7.33−7.27 (m, 1H, H-7), 7.18 (s, 1H, H-3), 4.03 [t, J = 6.75 Hz, 2H, 6-

OCH2CH2CH(CH3)2], 1.84−1.76 [m, 1H, 6-OCH2CH2CH(CH3)2], 1.66−1.61 [m, 2H, 6-

OCH2CH2CH(CH3)2], 0.94 [d, 6H, J = 6.5 Hz, 6-OCH2CH2CH(CH3)2]; 13C NMR (125 MHz, 

DMSO-d6), δ (ppm): 193.6 (4-CHO), 160.1 (C-4), 154.5 (C-6), 148.2 (C=O lactone), 143.1 (C-

8a), 125.2 (C-4a), 119.9 (C-3), 117.7 (C-8), 117.3 (C-7), 109.3 (C-5), 66.6 [6-

OCH2CH2CH(CH3)2], 37.3 [6-OCH2CH2CH(CH3)2], 24.6 [6-OCH2CH2CH(CH3)2], 22.4 [6-

OCH2CH2CH(CH3)2]; ESI-MS: C15H16O4, calcd. for M+H = 261.11 Da, M+Na = 283.09 Da, 

found: m/z 261.18 ([M+H]+), 283.21 ([M+Na]+); ESI-HRMS: calcd. for M+H = 261.1127 Da, 

found: 261.1121 ([M+H]+, 100%); Elemental anal. for C15H16O4, calcd.: C, 69.22; H, 6.20%; 

found: C, 69.39; H, 6.04%. 
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4-Formyl-7-ethoxycoumarin (6b) 

O O

CH=O

O  

From 4b (2 mmol, 408 mg). Yield: 283 mg (65%, method A), 401 mg (92%, method B) of 6b 

as yellow crystals. M.p.: 163−165 °C; ref. [6], m.p. 113 °C, this reference described the 

synthesis method for this compound, but there was not any physical and spectral data. IR (KBr), 

ν (cm−1): 1739 (νC=O lactone), 1704 (νC=O aldehyde), 1570, 1514, 1490 (νC=C arene), 1265 & 

1054 (νCOC lactone); 1H NMR (500 MHz, DMSO-d6), δ (ppm): 10.08 (s, 4-CHO), 8.34 (d, J = 

8.75 Hz, 1H, H-5), 7.79 (d, J = 8.75 Hz, 1H, H-6), 7.23 (d, J = 5.5 Hz, 1H, H-8), 6.33 (s, 1H, 

H-3), 4.15−4.09 (m, 2H, 7-OCH2CH3), 1.36−1.33 (m, 3H, 7-OCH2CH3); 13C NMR (125 MHz, 

DMSO-d6), δ (ppm): 193.7 (4-CHO), 161.2 (C-4), 160.7 (C-7), 155.5 (C=O lactone), 143.5 (C-

8a), 121.2 (C-5), 113.1 (C-3), 112.3 (C-4a), 110.6 (C-6), 101.0 (C-8), 63.9 (7-OCH2CH3), 14.4 

(7-OCH2CH3); ESI-MS: C12H10O4, calc. for M+H = 219.07 Da, M+Na = 241.05 Da, found: 

m/z 219.12 ([M+H]+), 241.13 ([M+Na]+); ESI-HRMS: calcd. for M+H = 219.0657 Da, found: 

m/z 219.0662 ([M+H]+, 100%); Elemental anal. for C12H10O4, calcd.: C, 66.05; H, 4.62%; 

found: C, 66.25; H, 4.51%. 

 

4-Formyl-7-propoxycoumarin (6c) 

O O

CH=O

O  

From 4b (2 mmol, 440 mg). Yield: 278 mg (60%, method A), 421 mg (91%, method B) of 6b 

as yellow crystals. M.p.: 131−133 °C (from toluene). IR (KBr), ν (cm−1): 1731 (νC=O lactone), 

1700 (νC=O aldehyde), 1570, 1515, 1490 (νC=C arene), 1209 & 1064 (νCOC lactone); 1H NMR 

(500 MHz, DMSO-d6), δ (ppm): 10.08 (s, 4-CHO), 8.32 (d, J = 9.0 Hz, 1H, H-5), 6.99−6.97 

(m, 1H, H-3), 6.93 (s, 1H, H-8), 6.91−6.89 (m, 1H, H-6), 4.01 (q, 2H, J = 6.75 Hz, 7-

OCH2CH2CH3), 1.78−1.71 (m, 2H, 7-OCH2CH2CH3), 0.99-0.96 (m, 3H, 7-OCH2CH2CH3); 
13C NMR (125 MHz, DMSO-d6), δ (ppm): 193.6 (4-CHO), 161.9 (C=O lactone), 160.3 (C-7), 

155.8 (C-8a), 143.3(C-4), 121.2 (C-5), 110.6 (C-4a), 107.1 (C-3), 101.4 (C-6), 100.9 (C-8), 
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69.6 (7-OCH2CH2CH3), 21.8 (7-OCH2CH2CH3), 10.2 (7-OCH2CH2CH3); ESI-MS: C13H12O4, 

calcd. for M+H = 233.08 Da, M+Na = 255.06 Da, found: m/z 233.12 ([M+H]+), 255.17 

([M+Na]+); Elemental anal. for C15H16O4, calcd.: C, 67.23; H, 5.21%; found: C, 67.47; H, 

5.39%. 

 

4-Formyl-7-isopropoxycoumarin (6d) 

O O

CH=O

O  

From 4d (2 mmol, 440 mg). Yield: 232 mg (50%, method A), 418 mg (90%, method B) of 4d 

as yellow crystals. M.p.: 130−132 °C (from toluene). IR (KBr), ν (cm−1): 1725 (νC=O lactone), 

1703 (νC=O aldehyde), 1510, 1490 (νC=C arene), 1250 & 1059 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 10.08 (s, 4-CHO), 8.34 (d, J = 9.0 Hz, 1H, H-5), 6.96 (m, 1H, H-

3), 6.94−6.91 (m, 1H, H-8), 6.35−6.33 (d, J = 8.0 Hz, 1H, H-6), 4.04−4.00 [m, 1H, 7-

OCH(CH3)2], 0.99−0.96 [m, 6H, 7-OCH(CH3)2]; 13C NMR (125 MHz, DMSO-d6), δ (ppm): 

193.9 (4-CHO), 161.8 (C-4), 161.6 (C-7), 156.1 (C=O lactone), 143.7 (C-8a), 121.5 (C-5), 

112.6 (C-3), 110.9 (C-4a), 108.1 (C-6), 101.4 (C-8), 70.1 [7-OCH(CH3)2], 10.6 [7-

OCH(CH3)2]; ESI-MS: C13H24O4, calcd. for M+H = 233.08 Da, 255.06 Da, found: m/z 233.13 

([M+H]+), 255.19 ([M+Na]+); ESI-HRMS: calcd. for M+H = 233.0814 Da, found: m/z 

233.0819 ([M+H]+, 100%); Elemental anal. for C15H16O4, calcd.:  C, 67.23; H, 5.21%; found:  

C, 67.41; H, 5.09%. 

 

4-Formyl-7-butoxycoumarin (6e) 

O O

CH=O

O  

From 4e (2 mmol, 464 mg). Yield: 295 mg (60%, method A), 452 mg (92%, method B) of 6e 

as yellow crystals. M.p.: 140−142 °C; ref. [6] described the synthesis method for this compound, 

but there was not any physical and spectral data. IR (KBr), ν (cm−1): 1729 (νC=O lactone), 1704 

(νC=O aldehyde), 1509, 1425 (νC=C arene), 1266 & 1056 (νCOC lactone); 1H NMR (500 MHz, 

DMSO-d6), δ (ppm): 10.18 (s, 4-CHO), 8.34 (d, J = 9.0 Hz, 1H, H-5), 6.96−6.91 (m, 1H, H-
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8), 6.93 (s, 1H, H-3), 6.91−6.89 (m, 1H, H-6), 4.01 (t, 2H, J = 6.75 Hz, 7-OCH2CH2CH2CH3), 

1.78−1.71 (m, 4H, 7-OCH2CH2CH2CH3), 0.99−0.96 (t, J = 7.0 Hz, 3H, 7-OCH2CH2CH2CH3); 
13C NMR (125 MHz, DMSO-d6), δ (ppm): 159.8 (C=O lactone), 155.0 (C-6), 152.9 (C-4), 

147.0 (C-8a), 120.0 (C-4a), 119.3 (C-8), 117.3 (C-7), 114.6 (C-3), 108.7 (C-5), 67.8 (7-

OCH2CH2CH2CH3), 30.7 (7-OCH2CH2CH2CH3), 18.7 (4-CH3), 18.1 (7-OCH2CH2CH2CH3), 

13.6 (7-OCH2CH2CH2CH3); ESI-MS: C14H14O4, calcd. for M+H = 247.09 Da, 269.08 Da, 

found: m/z 247.15 ([M+H]+), 269.17 ([M+Na]+); ESI-HRMS: calcd. for M+H = 247.0970 Da, 

found: m/z 247.0981 ([M+H]+, 100%); Elemental anal. for C14H14O4, calcd.: C, 68.28; H, 

5.73%; found: C, 68.46; H, 5.61%. 

 

4-Formyl-7-isobutoxycoumarin (6f) 

O O

CH=O

O
 

From 4f (2 mmol, 464 mg). Yield: 226 mg (46%, method A), 452 mg (92%, method B) of 6f 

as yellow crystals. M.p.: 127−129 °C (from toluene). M.p.: 127−129 °C (from toluene). IR 

(KBr), ν (cm−1): 1734 (νC=O lactone), 1698 (νC=O aldehyde), 1616, 1514 (νC=C arene), 1270 & 

1149 (νCOC lactone); 1H NMR (500 MHz, DMSO-d6), δ (ppm): 10.16 (s, 4-CHO), 8.25 (d, J = 

9.0 Hz, 1H, H-5), 7.42 (d, J = 2.5 Hz, 1H, H-8), 7.18 (s, 1H, H-3), 6.95−6.89 (m, 1H, H-6), 

4.12 [q, 2H, J = 6.75 Hz, 7-OCH2CH(CH3)2], 1.78−1.71 (m, 1H, 7-OCH2CH(CH3)2), 

0.99−0.96 [m, 6H, 7-OCH2CH(CH3)2]; 13C NMR (125 MHz, DMSO-d6), δ (ppm): 194.1 (4-

CHO), 160.2 (C-4), 155.8 (C-7), 148.7 (C=O lactone), 143.5 (C-8a), 125.9 (C-5), 120.5 (C-3), 

118.2 (C-4a), 109.7 (C-6), 87.0 (C-8), 66.7 [7-OCH2CH(CH3)2], 32.4 [7-OCH2CH(CH3)2], 

20.8 [7-OCH2CH(CH3)2]; ESI-MS: C14H14O4, calcd. for M+H = 247.09 Da, 269.08 Da, found: 

m/z 247.16 ([M+H]+), 269.15 ([M+Na]+); ESI-HRMS: calcd. for M+H = 247.0970 Da, found: 

m/z 247.0965 ([M+H]+, 100%); Elemental anal. for C14H14O4, calcd.: C, 68.28; H, 5.73%; 

found: C, 68.11; H, 5.91%. 
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4-Formyl-7-pentoxycoumarin (6g) 

O O

CH=O

O  

From 4g (2 mmol, 492 mg). Yield: 338 mg (65%, method A), 473 mg (91%, method B) of 6g 

as yellow crystals. M.p.: 135−137 °C (from toluene). IR (KBr), ν (cm−1): 1729 (νC=O lactone), 

1701 (νC=O aldehyde), 1614, 1510 (νC=C arene), 1266 & 1149 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 10.16 (s, 4-CHO), 7.84 (d, J = 3.0 Hz, 1H, H-5), 7.45−7.39 (m, 1H, 

H-8), 7.32−7.27 (m, 1H, H-7), 7.15 (s, 1H, H-3), 4.03 (d, 2H, J = 6.75 Hz, 7-

OCH2CH2CH2CH2CH3), 1.84−1.76 (m, 2H, 7-OCH2CH2CH2CH2CH3), 1.66−1.61 (m, 4H, 7-

OCH2CH2CH2CH2CH3), 0.96 (d, 3H, J = 6.5 Hz, 7-OCH2CH2CH2CH2CH3); 13C NMR (125 

MHz, DMSO-d6), δ (ppm): 193.6 (4-CHO), 160.1 (C-4), 154.5 (C-7), 148.2 (C=O lactone), 

143.1 (C-8a), 125.2 (C-5), 119.9 (C-3), 117.7 (C-4a), 117.3 (C-6), 109.3 (C-8), 66.8 (7-

OCH2CH2CH2CH2CH3), 37.4 (7-OCH2CH2CH2CH2CH3), 24.5 (7-OCH2CH2CH2CH2CH3), 

22.6 (7-OCH2CH2CH2CH2CH3), 14.6 (7-OCH2CH2CH2CH2CH3); ESI-MS: C15H16O4, calcd. 

for M+H = 261.11 Da, M+Na = Da, 283.09 Da, found: m/z 261.21 ([M+H]+), 283.17 

([M+Na]+); ESI-HRMS:  calcd. for M+H = 261.1127 Da, found: 261.1138 ([M+H]+, 100%); 

Elemental anal. for C15H16O4, calcd.: C, 69.22; H, 6.20%; found: C, 69.51; H, 6.43%. 

 

4-Formyl-7-isopentoxycoumarin (6h) 

O O

CH=O

O  

From 4h (2 mmol, 492 mg). Yield: 322 mg (62%, method A), 473 mg (91%, method B) of 6h 

as yellow crystals. M.p.: 116−118 °C (from toluene). IR (KBr), ν (cm−1): 1729 (νC=O lactone), 

1701 (νC=O aldehyde), 1614, 1510 (νC=C arene), 1266 & 1149 (νCOC lactone); 1H NMR (500 

MHz, DMSO-d6), δ (ppm): 10.16 (s, 4-CHO), 7.84 (d, J = 3.0 Hz, 1H, H-5), 7.45−7.39 (m, 1H, 

H-8), 7.32−7.27 (m, 1H, H-7), 7.15 (s, 1H, H-3), 4.03 (dd, 2H, J = 13.75, 6.75 Hz, 7-

OCH2CH2CH(CH3)2], 1.84−1.76 [m, 1H, 7-OCH2CH2CH(CH3)2], 1.66−1.61 [m, 2H, 7-

OCH2CH2CH(CH3)2], 0.96 [d, 6H, J = 6.5 Hz, 7-OCH2CH2CH(CH3)2]; 13C NMR (125 MHz, 

DMSO-d6), δ (ppm): 193.6 (4-CHO), 160.1 (C-4), 154.5 (C-7), 148.2 (C=O lactone), 143.1 (C-

8a), 125.2 (C-5), 119.9 (C-3), 117.7 (C-4a), 117.3 (C-6), 109.3 (C-8), 66.8 [7-
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OCH2CH2CH(CH3)2], 37.4 [7-OCH2CH2CH(CH3)2], 24.5 [7-OCH2CH2CH(CH3)2], 22.6 [7-

OCH2CH2CH(CH3)2]; ESI-MS: C15H16O4, calcd. for M+H = 261.11 Da, M+Na = Da, 283.09 

Da, found: m/z 261.19 ([M+H]+), 283.15 ([M+Na]+); ESI-HRMS:  calcd. for M+H = 261.1127 

Da, found: 261.1121 ([M+H]+, 100%); Elemental anal. for C15H16O4, calcd.: C, 69.22; H, 

6.20%; found: C, 69.55; H, 6.42%. 

2. Selected spectra 

2.1. Selected spectra of 6- and 7-alkoxy-4-methylcoumarins (5 and 6) 

4-Methyl-6-methoxycoumarin (3a) 
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4-Methyl-6-ethoxycoumarin (3b) 
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4-Methyl-6-propoxycoumarin (3c)  
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4-Methyl-6-butoxycoumarin (3e)  
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4-Methyl-6-isobutoxycoumarin (3f)  
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4-Methyl-6-pentoxycoumarin (3g) 
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4-Methyl-6-isopentoxycoumarin (3h)   
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4-Methyl-6-allyloxycoumarin (3i) 
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4-Methyl-7-ethoxycoumarin (4b)  
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4-Methyl-7-propoxycoumarin (4c)  
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4-Methyl-7-isopropoxycoumarin (4d) 
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4-Methyl-7-butoxycoumarin (4e)  
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4-Methyl-7-isobutoxycoumarin (4f)  
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4-Methyl-7-pentoxycoumarin (4g)  
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4-Methyl-7-isopentoxycoumarin (4h) 
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4-Methyl-7-allyloxycoumarin (4i)  
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2.2. Selected spectra of 6- and 7-alkoxy-4-formylcoumarins 5a-h and 6a-j 

4-Formyl-6-ethoxycoumarin (5b)  
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4-Formyl-6-propoxycoumarin (5c)  
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4-Formyl-6-isopropoxycoumarin (5d) 

 

 



S67 
 

 

 



S68 
 

4-Formyl-6-butoxycoumarin (5e)  
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4-Formyl-6-isobutoxycoumarin (5f) 
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4-Formyl-6-pentoxycoumarin (5g)  
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4-Formyl-6-isopentoxycoumarin (5h)  
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4-Formyl-7-ethoxycoumarin (6b)  
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4-Formyl-7-propoxycoumarin (6c)  
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4-Formyl-7-isopropoxycoumarin (6d) 
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4-Formyl-7-butoxycoumarin (6e)  
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4-Formyl-7-isobutoxycoumarin (6f)  
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4-Formyl-7-pentoxycoumarin (6g) 
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4-Formyl-7-isopentoxycoumarin (6h) 
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