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Abstract: A short and facile synthesis of a series of pyrano[4,3-b]benzofuran-l-one was accomplished in good yields via 
the inter and intramolecular oxidative coupling reaction of in-situ generated o-benzoquinones with 4-hydroxy-6-methyl-2-
pyrone promoted by potassium ferricyanide. 

Introduction 
Coumestan, otherwise known as 6H-benzofuro[3,2-c]-[l]benzopyran-6-one, comprises a class of naturally occurring 
products with a variety of biological activities that include phytoestrogenic, antibacterial, antifungal, anti-myotoxic,and 
phytoalexine effects (1). The importance of these compounds has led many to synthesize a number of these compounds by 
chemical (2) and electrochemical (3) methods. In this work, oxidation of catechols (la-e), in the presence of 4-hydroxy-6-
methyl-2-pyrone (2) as a possible nucleophile in aqueous sodium acetate solution has been performed using potassium 
ferricyanide as the oxidizing agent. The present work has led to the development of a one pot oxidative method for the 
synthesis of lH-pyrano[4,3-b]benzofuran-l-one derivatives (4a-c) with similar structures to some melanizing agents such 
as: trioxsalen and methoxsalen (4), in good yields. 

Experimental 

General 
Cyclic voltammetry was performed using an Autolab model PGSTAT 20 potentiostat/galvanostat. The working electrode 

used in the voltammetry experiment was a glassy carbon disc (1.8 mm diameter) and platinum wire was used as counter 

electrode. The working electrode potentials were measured versus SCE (all electrodes from AZAR electrode). All 

chemicals (catechols and 4-hydroxy-6-methyl-2-pyrone) were reagent-grade materials from Aldrich. Potassium 

ferricyanide and sodium acetate were of pro-analysis grade from E. Merck. These chemicals were used without further 

purification. 

Typical Procedure 

To a stirred solution of sodium acetate 0.2 Μ (for la-d) or acetate buffer 0.2 M, pH= 4.5 (for le), 4-hydroxy-6-methyl-2-

pyrone (2) (1 mmol) and potassium ferricyanide (4 mmol) were added. In a dropping funnel, a solution of catechols (la-e) 

(1 mmol), in relevant solution, added dropwise to the stirred previous solution over a period of 10-20 min. The solution 

became dark and precipitates were formed. At the end of the reaction, a few drops of acetic acid were added and the 

mixture placed in the refrigerator overnight. Solids were collected by filtration and recrystallized from an appropriate 

solvent. After recrystallization, the products were characterized by comparison of their spectral (IR, 'H NMR, n C NMR) 

and physical data with the authentic samples. 

Characteristic of products 

lH-Pyrano[4,3-b]benzofuran-l-one, 7,8-dihydroxy-3-methyl (4a). M.p. 268-270 °C (dec.) (Lit. (30 265-267 (dec.) °C). 

IRfKB,,: 3359, 3250,2901, 1705, 1600, 1550, 1480, 1345, 1285,1226, 1200,1085,970,895, 836,755 cm"1. 'HNMR , 6 (90 

MHz DMSO-d«): 2.24 (s, 3H, methyl); 6.89 (s, 1H, pyrone); 7.09 (d, J=7.1 Hz, 2H, catechol); 9.37 (d, J=4.4 Hz, 2H, 

hydroxy), "C NMR, δ (90 MHz DMSO-do): 25.4 103.4, 105.1, 109.1, 110.6, 119.1, 150.3, 151.2, 155.8 165.3, 166.1, 168.2 
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1 H-Pyrano[4,3-b]benzofuran-1 -one, 7,8-dihydroxy-3,6-dimethyl (4b). M.p. 258-260 °C (dec.) (Lit. (3f) 257-259 (dec.) °C). 

N W ) : 3471, 3055, 2915, 1710, 1610, 1557, 1478, 1288, 1203, 1090, 1053, 980, 890, 821 cm"1, 'H NMR, δ (90 MHz 

DMSO-d«): 2.29 (s, 3H, methyl); 2.34(s, 3H, methyl); 6.91 (s, 1H, pyrone); 7.07 (s, 1H, catechol); 8.749 (s, 1H, hydroxy); 

9.64 s, 1H, hydroxy). 13C NMR, δ (90 MHz DMSO-de): 9.9, 26.2, 104.5, 104.7, 108.9, 110.6, 120.0, 150.3, 150.4, 157.8, 

164.1, 165.2, 168.5. 

1 H-Pyrano[4,3-b]benzofuran-1 -one, 7,8-dihydroxy-3-methyl-6-methoxy (4c). M.p. 223-225 °C (dec.) (Lit.(3f) 225-227 

(dec.) °C). IR(KBr): 3465,3087, 2905, 1695, 1625, 1560, 1478, 1352, 1275, 1230, 1210, 1090 1053,975,890, 840, 750 cm'1. 

'Η NMR, δ (90 MHz DMSO-d«): 2.29 (s, 3H, methyl); 3.92 (s, 3H, methoxy); 6.88 (s, 1H, pyrone); 7.34 (s, 1H, catechol); 

8.92 (s, 1H, hydroxy); 9.48 (s, 1H, hydroxy). ' 3 C NMR, δ (90 MHzDMSO-d 5 ) : 20.4, 60.1,98.4, 100.4, 105.1, 115.6, 135.3, 

139.2, 142.2, 145.3, 156.7, 161.2, 165.4. 

4-ieri-Butyl-5-(4-hydroxy-6-methyl-2-pyrone)-o-benzoquinone (3e). M.p. 122-124 °C(dec.) (Lit. (3g) 124-126 (dec.) °C). 

UV (methanol): λ (nm): 490.9, 279.5. I R ^ : 3365, 2965,1710, 1671, 1595, 1554, 1483, 1390, 1345, 1298, 1231, 1115, 

1030, 970, 890, 866 cm"1, ' h NMR, δ (90 MHz DMSO-dfi): 1.19 (s, 9H, t-butyl); 2.20 (s, 3H, methyl); 6.01 (s, 1H, 

quinone); 6.61 (s, 1H, pyrone); 6.73 (s, 1H, quinone); 8.60 (br, 1H, hydroxy). 13C NMR, δ (90 MHz DMSO-d6): 25.3, 31.5, 

31.9, 32.3, 34.1, 34.7, 113.4, 115.5, 116.1 142.2, 143.2, 145.0, 168.3. MS: m/e (relative intensity); 288(20), 232(21), 

207(26), 191(17), 166(30), 151(100), 123(35), 105(20), 77(10), 41(40). 

Results and discution 
The electrochemical study of a 1.0 mM solution of 4-hydroxy-6-methyl-2-pyrone (2) in aqueous solution containing 0.2 Μ 

sodium acetate as supporting electrolyte, at a bare glassy carbon electrode, has been studied using cyclic voltammetry (Fig. 

1). The voltammogram shows one anodic peak (A,) at 1.1 V versus SCE, within an irreversible process. A suitable 

oxidizing agent is a compound that can only oxidize catechol to related o-benzoquinone without any effect on the 4-

hydroxy-6-methyl-2-pyrone. Recently, we have shown the suitability of potassium ferricyanide with oxidation potential of 

0.24 V vs. SCE, for the oxidation of catechols (2g). So in this work, we used potassium ferricyanide as an agent for mild 

oxidation of the catechol in the presence of 4-hydroxy-6-methyl-2-pyrone. 

Ι/μΑ 

E/V vs. SCE 

Figure 1. Cyclic voltammograms of 1.0 mM 4-hydroxy-6-methyl-2-pyrone at glassy carbon electrode (1.8 mm diameter) in 

I 4- 0 

aqueous solution. Supporting electrolyte 0.2 Μ sodium acetate; scan rate: 100 mVs" ; T= 25 ± 1 C. 
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When catechols (1 mmol) were treated with potassium ferricyanide (4 mmol) (dropwise) in an aqueous solution containing 

0.2 Μ sodium acetate, lH-pyrano[4,3-b]benzofiiran-l-one derivatives (4a-c) were obtained in good yields (Scheme 1). In 

more basic solutions, the formation of anionic forms of catechols that are formed by acid dissociation reaction was 

enhanced, and the coupling of the anionic forms with o-quinones interfered in the Michael reaction of 4-hydroxy-6-methyl-

2-pyrone with the o-quinones. In other words, in aqueous solution containing 0.2 Μ sodium acetate any hydroxylation (5) 

or dimerization (6) reactions are too slow to interfere in the synthesis of 4a-c. The great advantages of the presented method 

are: using water as an environmentally friendly solvent, using mild conditions (aqueous sodium acetate), using potassium 

ferricyanide as a mild, common and available oxidizing agent, short time reaction and good yield of products. 

OH 
OH 

Ό Η CH 
1a-e 

Ο 
2 

OH W o 

4Fe(CN^" fV 
-4H + 

II 1 
ο 

3a-e intramolecular 
addition reaction 

4a-c 

R ~ Η 
R = OMe (at C-3), 
R = tert-Bu (at C-4), 

la, 3a, 4a 
lc, 3c, 4c 
le, 3e 

R = Me (at C-3), lb, 3b, 4b 
R = COOH (at C-4) Id, 3d, 4d 

Schein e-1 

The reaction products (4a-c) can also be oxidized at a lower potential than the starting compounds (la-e). However, 

overoxidation of 4a-c was circumvented during the preparative reaction because of the insolubility of the product in the 

water/sodium acetate solvent medium. The oxidation of 3,4-dihydroxybenzoic acid (Id), in the presence of 2 proceeds in a 

similar way to that of la. It seems that the intermolecular and intramolecular 1,4-addition of 2 with a decarboxylation 

reaction leads to the formation of 4a as final product. In addition, in the oxidation of 4-/eri-buthylcatechol (le), in the 

presence of 2, due to the existence of a /-butyl group in C-4 position of the catechol ring gives o-quinone 3e as the final 

product. 

Conclusions 
These results complete the previous reports on the synthesis of coumestan derivatives (2,3). The overall reaction is 

presented in Schemes (1). According to our results, it seems that the Michael reaction of nucleophile 2 with formed o-

quinones leads to the formation of lH-pyrano[4,3-b]benzofuran-I-one derivatives as final products, in good yields and 

purity (Table I). 

Table-1 Oxidation results of catechols in the presence of 4-hydroxy-6-methyl-2-pyrone. 
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Entry Substrate 
Reaction Crystallization 

Time(min) Solvent 
Product 

Yield*· 

(%) 

a0H 
OH 

CH3 

5:oh 

OCH3 

„OH 

OH 

4
 H O O V r O H 

10 

10 

methanol/acetone 

methanol/acetone 

10 

10 

20 

methanol/acetone 

methanol/acetone 

chloroform/acetone 
OH 

85 

80 

72 

75 

60 

"Isolated yield. 

bAll products were identified by comparison with authentic samples (IR, 'H NMR, 13C NMR, m.p). 
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