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ABSTRACT - 1-Acyl indoles act as dienophilic components of a [4+2]-cycloaddition when 

treated with an o-quinone monoimide: an X-ray crystal structure determination established 

the structure of one of the adducts. 

l-Methyl-, 2-methyl-, and 1,2-dimethylindoles (la-c) have been shown to undergo a 

facile electrophilic substitution by the o-quinone monoimide (2) to give compounds (3a-c)'. 

a; R(= H, R'. Me 

b; R'= Me, R*= H 
c; R'. R'= Me 

In sharp contrast, a [4+2]-cycloaddition occurs when 1-acetyl-, 1-benzoyl-, and l-benzene- 

sulfonyl-indole (4a-c) are treated with the quinone imide (2) in dichloromethane at room - 

temperature. Quantitative yields of the respective cycloadducts (*) m.p. 243-4', (2) m.p. 

133-4O, and a 40% yield of adduct (z) m.p. 300-l' were obtained when a 3:l ratio of the 

1-acyl indole to imide was used. 
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a; R =COMe 

b: R= COPh 
c; R = SO2 Ph 

The indolo-benzoxazine cycloadduct structures were elucidated by analytical and spectro- 

scopic data and in the case of adduct (5a) by an X-ray crystal structure determination 
2 

- 

(see Figure 1). 

Figure 1. Molecular structure of 6-acetyl-2,4-dichloro-5,5a,6,lOb-tetrahydro-5 

(4-nitrobenzoyl)-indolo[3,2-b][l,4]benzoxazine (5a). - 
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The 13C n.m.r. chemical shift values for adduct (5a) at 72.30 and 83.08 ~.p.m. - 

respectively indicate a carbon linked to two nitrogen atoms (C14) and a carbon linked to an 

oxygen atom and a phenyl group (C7).3n4 Similar values were observed for the other two 

adducts, viz. (2) 71.60 and 81.37 p.p.m. and (5~) 72.64 and 82.52 p.p.m. _ 

The indolo-benzoxazine ring system appears only to have been reported once before,5 

its formation occurring from a phenylhydrazino-benzoxazine. 

The formation of adducts (5a-c) provides the first example of 1-acyl indoles acting 

as dienophiles in an inverse electron demand Diels-Alder reaction. It is also significant 

that the electron-withdrawing N-acyl groups alter the polarity of the indole and that the 

C2 rather than the C3 of the indole becomes the site of greatest nucleophilicity. In 

this respect the 1-acylindoles behave like benzofuran which reacts with the imide (2) to - 

give adduct (a).3f4 Indoles also act as dienophiles in the [4+2]-cycloaddition of 3-alkyl- 

and 2,3-dialkyl-indoles to o-benzoquinone in chloroform containing acetic acid6'7 - giving 

the adducts (1). 

It is of interest to compare the reactions of the quinone imide (1) with l-methyl- 

and 1-acetyl-indoles to the [3+2]-cycloaddition reactions of the moderately electrophilic 

nitrile oxides with the same indoles. a,9 Admixture of 1-methylindole and mesitonitrile 

oxide in benzene for one month gave adduct (8a) as the only product.8 Similar reaction - 

of 1-acetylindole gave, after two months, adduct (3) as the major product, together with 

a trace of adduct (z), the isomer that would have been expected if the regiochemistry of 

the [3+2]-cycloaddition followed that observed in the [4+2]-cycloaddition leading to 

adducts (5a-c). 
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a; R=Me 

b; R=COMe 
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