
Tetrahedron Letters 48 (2007) 7181–7183
A novel and facile synthesis of 7,8-diacylcoumarins
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Abstract—Oxidation of N-carbonylhydrazones of 7-hydroxy-8-acetylcoumarin with lead tetraacetate results in the synthesis of 7,8-
diacylcoumarins in good yields. The reaction proceeds via the transformation of a hydroxy into an acyl group reported for the first
time in heterocyclic chemistry.
� 2007 Elsevier Ltd. All rights reserved.
It is well-known that coumarin is a biologically active
substance, with numerous metabolites, and is wide-
spread in Nature.1 Coumarin derivatives have been used
widely for the treatment of a variety of diseases such as
heart disease,2–4 lymphoedema and other high-protein
edemas.5 They have also found pharmaceutical applica-
tions in the treatment of patients with chronic venous
insufficiency,6 skin cancer,7 renal cell carcinoma,8 pros-
tate cancer9 as well as in the treatment of thermal inju-
ries.10 They may also be useful in preventing oxidative
stress and apoptosis in HIV infection.11

Having in mind the biological activity of the coumarin
nucleus as well as the importance of the presence of acyl
substituents at ortho positions in aromatic systems12 we
designed a synthesis of 7,8-diacylcoumarins (5) applying
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an earlier method found in our laboratory13–15 (Scheme
1). The method involves treatment of the N-acylhydra-
zone of an o-hydroxyaryl ketone with lead tetraacetate
(LTA) and results in the transformation of the hydroxy
into an acyl group.14

Thus, 7-hydroxycoumarin (1) was initially reacted with
acetic anhydride to give 7-acetoxycoumarin (2), which
on treatment with aluminium chloride afforded5 7-hy-
droxy-8-acetylcoumarin (3). N-Carbonylhydrazones (4)
of 7-hydroxy-8-acetylcoumarin were then prepared16

and subsequently oxidized with LTA.17 Compounds
(4) and (5) are new and they were identified by MS,
1H and 13C NMR spectra and elemental analyses
(Tables 1 and 2). Hydrazones 4a–d were formed as mix-
tures of two isomers in ca. 1:1 ratio as shown by their
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Table 1. Preparationa and MS data of compounds 4 and 5

Compound R Yield (%) Mpb (�C) Molecular formulac MS m/z (ES+)

4a Me 96 248–250 C13H12N2O4 283 (M+23), 261 (M+1)
4b p-MeC6H4 98 241.5–243.8 C19H16N2O4 359 (M+23), 337 (M+1), 202
4c p-HOC6H4 96 275.5–276.3 C18H14N2O5 361 (M+23), 339 (M+1)
4d o-NO2C6H4 91 217.3–219.1 C18H13N3O6 368 (M+1)
4e p-Pyridyl 93 287–288 C17H13N3O4 324 (M+1)
4f 2-Thienyl 92 258.4–260.6 C16H12N2O4S 329 (M+1), 271, 202
4g OEt 90 193.7 C14H14N2O5 313 (M+23), 291 (M+1), 245, 202
5a Me 90 174–175.8 C13H10O4 231 (M+1)
5b p-MeC6H4 92 169.5–170.7 C19H14O4 329 (M+23), 307 (M+1)
5c p-HOC6H4 73 191.5–193.5 C18H12O5 331 (M+23), 309 (M+1), 291, 215
5d o-NO2C6H4 90 172.5–174.5 C18H11NO6 360 (M+23), 338 (M+1)
5e 4-Pyridyl 75 152.5–154.5 C17H11NO4 294 (M+1)
5f 2-Thienyl 78 153.2–154.2 C16H10O4S 321 (M+23), 298 (M), 215
5g OEt 65 130.4–132.4 C14H12O5 283 (M+23), 261 (M+1), 217, 215, 187

a The molar ratio of hydrazone/LTA for the preparation of compounds 5 was 1:1.3 for 4a and 4b, 1:1.7 for 4c, 1:1.5 for 4d and 4g and 1:2 for 4e and
4f whereas the reaction time was 3 h for 4a, 2 h for 4b, 4c, 4d and 4f and 24 h for 4e and 4g.

b Melting points are uncorrected.
c Satisfactory microanalyses were obtained for all the compounds 4 and 5.

Table 2. 1H NMR and 13C NMR data of compounds 4 and 5

Compounda 1H NMRb d, J (Hz) 13C NMRb d

4a 2.10 (s, 3H), 2.21 (s, 3H), 2.35 (s, 3H), 2.43 (s, 3H),
6.19–6.23 (m, 2H), 6.86–6.89 (m, 2H), 7.49–7.55 (m, 2H),
7.92–7.96 (m, 2H), 10.49 (s, 1H), 10.80 (s, 1H),
11.8 (br, 1H), 12.2 (br,1H)

18.0,18.3, 20.8, 21.3, 111.2, 111.3, 111.4, 111.5, 112.0, 113.0, 113.7,
115.2, 129.0, 129.7, 143.4, 144.7, 145.0, 149.6, 152.6, 153.2, 158.7,
159.8, 160.0, 160.2, 166.5, 172.7

4b 2.30 (s, 3H), 2.34 (s, 3H), 2.42 (s, 3H), 2.54 (s, 3H),
6.27–6.31 (m, 2H), 6.96–6.99 (m, 2H), 7.22–7.24 (m, 2H),
7.36–7.65 (m, 6H), 7.89–7.91 (m, 2H), 8.00–8.03 (m, 2H),
10.05 (br, 1H), 11.22 (br, 2H), 12.55 (s, 1H)

19.0, 20.9, 21.8, 23.7, 109.4, 111.3, 111.4, 111.5 111.8, 111.9, 112.8,
113.8, 127.8, 128.1, 128,7, 128.9, 129.9, 130.0, 130.9, 141.5, 142.0,
144.7,144.9, 145.0, 148.0, 152.4, 153.5, 154.0, 157.4,159.8, 159.9,
160.1, 163.8, 165.0

4c 2.21 (s, 3H), 2.46 (s, 3H), 6.20–6.23 (m, 2H), 6.71
(d, 1H, J = 8.3), 6.84–6.91 (m, 5H), 7.52–7.57 (m, 4H),
7.82 (d, 2H, J = 8.3), 7.93 (d, 2H, J = 9.5), 9.65 (s, 1H),
9.88 (s, 1H), 10.15 (s, 2H), 10.90 (s, 2H)

19.4, 24.3, 110.0, 111.9, 112.0, 112.2, 112.5, 113.5, 114.5, 115.5,
124.1, 124.2, 125.1, 130.6, 131.0, 131.1, 145.3, 145.6, 153.1, 154.0,
154.1, 158.0, 160.4, 160.5, 160.6, 160.7, 160.9, 161.0, 161.1, 161.2,
161.5, 165.0

4d 2.19 (s, 3H), 2.32 (s, 3H), 6.13–6.23 (m, 2H), 6.74–6.92
(m, 2H), 7.31 (d, 1H, J = 8.4), 7.53–7.98 (m, 10H),
8.16 (d, 1H, J = 8.0), 10.56 (s, 1H), 11.42 (s, 1H),
11.49 (s, 1H), 11.91 (s, 1H)

19.0, 19.6, 111.9, 112.1, 113.1, 113.4, 114.2, 115.1, 124.2, 124.3,
124.9, 129.8, 130.0, 130.3, 130.6, 130.7, 130.8, 131.8, 132.8, 134.4,
134.7, 145.2, 145.4, 145.5, 146.7, 146.8, 147.3, 153.1, 153.7, 153.8,
156.4, 159.3, 160.4, 160.5, 163.5, 169.4

4e 2.25 (s, 3H), 2.43 (s, 3H), 6.20–6.22 (m, 2H), 6.88–6.70
(m, 2H), 7.38–7.95 (m, 8H), 8.60–8.76 (m, 4H), 10.49
(s, 1H), 1.30 (br, 1H), 11.40 (br, 1H), 11.96 (s, 1H)

19.7, 24.4, 110.2, 112.0, 112.2, 112.5, 113.1, 113.6, 114.2, 114.3,
122.3, 122.6, 123.3, 130.7, 131.0, 141.2, 142.1, 145.4, 145.5, 150.5,
150.6, 150.7, 153.0, 153.8, 155.7, 158.7, 160.4, 160.7, 162.9, 163.6

4f 2.25 (s, 3H), 6.20 (d, 1H, J = 9.6), 6.86–7.12 (m, 2H),
7.51–7.99 (m, 4H), 10.10 (s, 1H), 11.06 (s, 1H)

24.0, 112.1, 112.2, 112.6, 113.5, 113.9, 127.3, 130.2, 131.0, 135.3,
145.4, 145.5, 153.0, 158.3, 160.6, 160.7

4g 1.25 (t, 3H, J = 7.0), 2.23 (s, 3H), 4.17 (q, 2H,
J = 7.0), 6.22 (d, 1H, J = 9.5), 6.88 (d, 1H, J = 8.5),
7.53 (d, 1H, J = 8.5), 7 (d, 1H, J = 9.5), 10.47 (br, 1H),
11.58 (br, 1H)

15.3, 19.0, 34.9, 107.1, 112.0, 113.9, 114.0, 130.0, 137.9, 145.5,
153.6, 154.8, 160.1, 160.6

5a 2.44 (s, 3H), 2.59 (s, 3H), 6.61 (d, 1H, J = 9.6),
7.85 (d, 1H, J = 8.1), 7.93 (d, 1H, J = 8.1), 8
(d, 1H, J = 9.6)

28.2, 31.9, 119.4, 122.9, 126.2, 129.8, 130.8, 137.0, 149.7, 149.9,
159.3, 198.9, 201.0

5b 2.39 (s, 3H), 2.61 (s, 3H), 6.67 (d, 1H, J = 9.6),
7.34 (dd, 2H, J = 7.8), 7.43 (d, 1H, J = 7.9), 7.62
(dd, 2H, J = 7.8), 7.94 (d, 1H, J = 7.9), 8.19
(d, 1H, J = 9.6)

21.2, 31.8, 117.9, 129.9, 124.5, 129.1, 129.3, 129.7, 130.0, 133.5,
140.3, 143.5, 144.3, 150.4, 158.6, 194.6, 199.7

5c 2.56 (s, 3H), 6.62 (d, 1H, J = 9.5), 6.85 (dd, 2H,
J = 8.6), 7.39 (d, 1H, J = 7.8), 7.59 (dd, 2H,
J = 8.6), 7.86 (d, 1H, J = 7.8), 8.13 (d, 1H,
J = 9.5), 10.57 (s, 1H)

32.6, 116.2, 118.4, 121.7, 125.1, 128.1, 130.0, 130.4, 133.2, 141.4,
144.2, 151.0, 159.3, 163.4, 193.9, 200.6
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Table 2 (continued)

Compounda 1H NMRb d, J (Hz) 13C NMRb d

5d 2.68 (s, 3H), 6.50 (d, 1H, J = 9.7), 7.10 (d, 1H,
J = 8.0), 7.46–7.50 (m, 2H), 7.78–7.83 (m, 3H),
8.20 (d, 1H, J = 8.0)

31.5, 119.9, 123.0, 124.9, 126.0, 128.6, 129.2, 129.3, 131.8, 132.2,
134.8, 135.6, 142.2, 146.8, 150.3, 158.7, 192.2, 200.5

5e 2.71 (s, 3H), 6.52 (d, 1H, J = 9.5), 7.28 (d, 1H,
J = 9.5), 7.48 (dd, 2H, J = 5.4), 7.64 (d, 1H,
J = 7.8), 7.77 (d, 1H, J = 9.5), 8.74 (dd, 2H,
J = 5.4)

32.1, 118.9, 121.5, 122.3, 124.6, 130.0, 130.3, 140.9, 142.4, 142.9,
150.9, 151.7, 158.3, 194.6, 198.8

5f 2.74 (s, 3H), 6.51 (d, 1H, J = 9.7), 7.12 (d, 1H,
J = 8.7), 7.48–7.52 (m, 2H), 7.61 (d, 1H, J = 7.9),
7.73–7.78 (m, 2H)

32.4, 118.7, 121.1, 124.6, 126.4, 129.0, 131.0, 135.4, 135.6, 141.1,
142.5, 143.3, 151.1, 158.6, 187.0, 199.7

5g 1.39 (t, 3H, J = 7.2), 2.70 (s, 3H), 4.38 (q, 2H,
J = 7.2), 6.53 (d, 1H, J = 9.8), 7.54 (d, 1H,
J = 8.2), 7.73 (d, 1H, J = 9.8), 7.88 (d, 1H,
J = 8.2)

14.2, 32.2, 62.6, 119.3, 122.3, 125.9, 128.3, 130.3, 133.1, 142.6,
143.9, 159.0, 165.0, 200.7

a Data for compounds 4a–4e are for isomeric mixtures whereas for 4f and 4g are for a single isomer.
b 1H NMR (300 MHz) and 13C NMR (75 MHz) spectra were recorded in DMSO-d6.
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NMR spectra whereas, hydrazones 4f and 4g were
formed as single isomers. Both hydrazones (4) as well
as diacyl derivatives (5) show prominent peaks corre-
sponding to the ion [M+1] in their mass spectra (Table
1). The carbonyl carbons in 7,8-diacylcoumarins 5 ap-
peared at 200.7 to 187.0 ppm in the 13C NMR spectra
whereas, in hydrazones 4 the peaks appearing at 172.7
to 159.9 ppm were assigned to amide carbonyl (Table 2).

In conclusion, 7,8-diacylcoumarins have been prepared
in good yields by a facile method that involves transfor-
mation of a hydroxy into an acyl group (step D, Scheme
1). This transformation is reported for the first time in
heterocycles. This is considered to be significant with
our previous findings on the transformation of a pheno-
lic hydroxy into an acyl group in benzene derivatives.14

By analogy, it is not unreasonable to assume that the
presence of the hydroxy group in N-carbonylhydrazones
(4) is crucial to the mechanism of the reaction.15 The
experimental simplicity, generality and low cost of the
reagents add to the synthetic value of this method.
Furthermore, 7,8-diacylcoumarins could serve as inter-
mediates to various heterocycles with possible pharma-
ceutical properties.
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