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Abstract: 2,3-Bis(methylsulfanyl)norbornenobenzoquinone undergoes reaction with nitrogen, 
oxygen, sulfur or carbon nucleophiles to give the trisubstituted adducts containing the new 
substituent at the ring junction. Their configurations are assigned by 1H NMR spectroscopy and 
NOE enhancement experiments. © 1997 Elsevier Science Ltd. 

In the course of our studies 1 of the reaction of chloranyl-cyclopentadiene Diels-Alder 
adduct 1 with excess of sodium methyl sulfide, leading to the corresponding 2,3,5- 
tris(methylsulfanyl)-derivative 2a, we became interested in investigating the addition of 
nucleophilic reagents to 2,3-bis(methylsulfanyl)norbornenobenzoquinone 2 3, a probable 
intermediate in the above reaction (Scheme 1). 
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It is noteworthy that the intermediate quinone 3 has not been reported in the literature 

and that also little attention was given in the literature to the corresponding unsubstituted 

derivative.3 
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Compound 3, obtained by oxidation of the enolized 2,3-bis(methylsulfanyl)- 

benzoquinone-cyclopentadiene adduct, 4 was submitted to the reaction with sulfur, nitrogen, 

oxygen and carbon nucleophiles such as sodium methyl sulfide, aziridine, methanol, the 

sodium salt of nitromethane and ethyl acetamidomalonate carbanion. 5a'e In all cases the 

corresponding trisubstituted derivatives 2a-e, containing the new substituent group at the ring 
1 

junction , were obtained (Scheme 2). 
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However, although reactions with sodium methyl sulfide and ethyl acetamidomalonate 

carbanion lead only to one adduct 2a (81%) and 2e (71%) in the case of methanol, aziridine 

and the sodium salt of nitromethane, besides adducts 2b (49%), 2c (68%) and 2d (34%), the 

main products of these reactions, small amounts of adducts 2'b (12%), 2'c (23%) and 2'd 

(6%) were also isolated. Our supposition that the latter were stereoisomers of the adducts 2b- 

d was confirmed by analysis of the values of the coupling constants6 for the ring junction 

protons and NOE enhancement experiments, 5 which indicated that adducts 2a-e contain cis- 

exo H and Y substituents, but that in adducts 2'b-d they are cis-endo (Figure). 
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The fact that for 2a, obtained from the chloranyl adduct 1, H and SMe were also cis- 

exo 1 suggests that compound 3 is an intermediate in the above reaction. It seems reasonable 

to propose that the double bond in the latter would be formed by initial attack of  MeS-  on the 

chlorine atom at the ring junction, 7 followed by elimination of C1-. The addition of  MeS- 

would occur via a Michael-type reaction, the hydrogen being attached through tautomeric 

equilibrium. As a consequence the final product would assume the thermodynamically more 

stable configuration (Scheme 3). 
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Further studies on the application of this addition reaction to the synthesis of 

trisubstituted benzoquinones of potential biological activity, employing the retro-Diels-Alder 

procedure, 4 are in progress. 

In summary, we have shown that the addition of nucleophiles to the 

bis(methylsulfanyl)norbornenobenzoquinone is stereoselective, giving exclusively, or at least 

predominantly, the adducts of the cis-endo configuration. 
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