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Usnic acid (I), one of the most common lichen metabolites, is of considerable interest 

because of its inhibitory effect on Gram-positive bacteria. 293 The only successful 

I II 

synthetic approach to usnic acid4 and its simple analogues (e.g. Pommerer's 

ketone (11)5) has involved the oxidative coupling of two molecules of the appropriate 

phenol. 

Ve now report a novel synthetic route to usnic acid analo&ues, where the key step 

involves the cycle-addition of a dienophile to a 3-methyl-2-vinylbenzofuran (see Scheme I). 
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(a) ClCH2CCMe, K2COJ, D.M.F., (b) Ph3P=CH2, (c) Me02CZCC02Me 

AlQlation of the o_hydroxyacetophenones (III) in dimethylformemide solution with 

chloroacetone in the presence of potassium carbonate, was accompanied by ring closure to 

give the corresponding 2-acetyl-3-methylbenzofurens (IV)6 in high yield [R=H, 9C$ yield, 

pale yellow oil, Y (film) 1680 cm-', T (CC14) 2.32-2.85 (@,d, 7.42 (3H,s) and 7.45 (yi,s); 

-1 
E-C&b, -yield, yellow crystals m.p. 77-79', Y (nujol) 1675 cm , T (C3Clj) 2.58 (lH,d,J 

YEz), 3.10 (lH,s), 3.17 (lH,d,J YRz), 6.18 (jH,s) and 7.50 (6H,s)]. 

The Wittig reaction of the 2-acetyl-3-methylbenzofurans (IV) with methylenetriphenyl- 

phosphoxmne gave the expected 2-isopropenyl-3-methylbenzofurans (V) [R=H, 24s yield, colourless 

liquid, T (CC14) 2.45-2.88 (@I,m), 4.52 (lH,s), 4.80 (lH,b.s), 7.66 (3H,s) and 7.79 (3Hsb.s); 

R&La, 2O$yield, colourless liquid, T (CC14) 2.80 (lH,d,J 8.5Hs), 3.17 (l&s), 3.27 (lH,d,J 

8.5Hm), 4.60 (lH,b.s), 4.91 (lH,b.s), 6.24 (3H,s), 7.72 (3R,s) and 7.82 (3H,s)1. 

The c&fins (V) underwent ready cycle-addition with dimet.h;rl acctylenedic-rbo~~ate in 

boiling xylene (V, R-H) or toluene(V, R=OhTe) to give the dim?t.hyl 4,11-dimethyl-j,ll-dihydro- 

dibenzofuran-l,2_dicarbolCylates (VI) [R=H, 52$yield, pale yellov prisms m.p. 79-82', V (C9Cl3) 

-1 
1729, 1634, 1612, 1590 cm , A max (yC$ EtOH) 230 (sh) nm (E11400), 280 (3120) anil 285 sh 
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(3010), -r(CClJ 2070-30~ (4&d, 6.22 (3%~)~ 6.25 (3~4, 6.92 G%,s), 8.13 (3~~s) and 

8.51 (3H,s); R=Qde, @yield, yellow crystals m.p. 115-116~, Y (nujol) 1720, 1635, 1625, 

1590 cm-‘, Amax (96 EtoH) 222 rnn (E10400), 286 (3170) 291 sh (2780), T (CDCl3) 2.99 (lH,d,J 

8.5%), 3.45 (1&s), 3.52 (1H,d,J 8.5Hz), 6.10 (3+3), 6.18 (6&s), 6.83 (2H,b.s), 8.09 @a,~) 

end 8.50 (3&s). 

&drcIysis of the diester (VI, FMRde) with alcoholic potassium hydroxide was accompanied 

by a reartenement involving conjugation of the double bonds, to give 4,11-dimethyl-l,ll- 

dihydro-7-methoxydibenzofuran-1,2-dicarboxylic acid (VII) [88$yield, yellow needles m.p. 

219-221°, v max (nujol) 1715, 1650, 1630 cm-',' Xmax (9% EtOH) 286 XXII (2520) and 350 (2970), 

T (d6-dh%O) 2.72 (lH,d,J YHz), 2.80 (l&s), 3.40 (lH,s), 3.47 (lR,d,J 91Iz) 6.20 (@Lb.s), 

8.10 (3H,s) and 8.62 (3H,s)]. It is interesting to note that the thermodynamically stable 

diacid @II) has the same arrangement of double bonds as does usnic acid itself. 

VII VIII 

Tetracyanoethylene reacted readily with 2-isopropenyl-3-methylbenzofuran (IV, R=H) at 

room temperature to give 4,ll-dimethyl-l,l,2,2-tetracyano-l,2,3,ll-tetra~drodibenzofuran 

(VIII) as colourless prisms, m.p. 
-1 

142-143' [v (CHC13) 2230 cm , Xmax (9% EtOH) 233 XII 

(e9770), 284 (2270), .r(mC13) 2.35-3.01 (4H,m), 6.65 (2H,d), 8.09 (3H,s) and 8.16 (3H,s)]. 

Thus the 2-vinyI_3-methylbenzofurans (IV) add to both reactive acetylenic and olefinic 

dienophiles. This is rather unexpected for not only does the addition ruptire the aroma- 

ticity of the benzofuran ring, but it also involves thz sterically unfavcurable approach 

of the dienodhile to a terminally disubstituted diene (at the 3-positid. 
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These Diels-Alder additions provide a general route to simple, synthetic analowes of 

uenio acid. The scope of the reaction and the chemistry of the adducts are under investigation. 
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