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Summary: The transannular cycloaddition between the double bond on 
the side chain and the p-benzoquinone ring in p-C8-bridged p-benzo- 
quinones by way of an oxyallyl intermediate is-described. - 

In the preceding paper, 1) we reported the preparation of p-C8-bridged - 
p-benzoquinones possessing a double bond on the side chain. During the course of 

the study, it was noted that their stabilities were highly dependent on the 

electronic property of the substituent on the olefinic carbon and also on the 

orientation of the unsaturated bond to the p-benzoquinone moiety. Indeed, some 

of ti,e derivatives underwent facile secondary reactions under the conditions of 

preparation, thus defying the isolation. The structural elucidation of the 

secondary reaction products revealed a novel transannular [~2s+n4s] cycloaddition 

between the double bond on the side chain and the p-benzoquinone ring, which 

would presumably proceed by way of an oxyallyl intermediate. 

The monomethyl 

derivative, &, was treated 

with Ce(NO3)4_2NH4N03 in 

80% aqueous CH3CN in the 

dark2) and, after stirring 

overnight at room 

temperature!)the products 

were extracted with CHC13. 

Preparative GLC separation 

of the products and 

subsequent purification by 

crystallization from 

benzene-hexane gave two 

isomeric, colorless products 

in 50% and 15% isolated 

yields, respectively. The 

elemental analysis and their 
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mass spectra showed that both the compounds had a molecular formular of Cl5H20O3 

indicating the incorporation of one molecule of water into the expected quinone. 

Analysis of the PMR spectra with the aid of shift reagent and of CMR, IR, and 

mass spectra allowed us to assign the structures represented by 2& and 2&to the 

major and minor products, respectively. 4) Observation of an AB quartet (J=18.6 

Hz, 2H) at 6 2.81 and a doublet (J=6.8 Hz, 1H) at 6 2.53 in the PMR spectrum of 

a, as the fast moving signals on addition of shift reagent, was compatible with 

the proposed structure. Moreover, The base peaks in the mass spectra of & and 

2_131were the fragment ions presumably formed by the fragmentations shown in the 

figure, i.e. m/e 97 for & and m/e 111 for &l& which were also consistent with 

the assignments. 5) 

Of the two isomeric diethoxy-substituted bridged hydroquinones, &and l&, H 1) 

the former afforded the corresponding p-benzoquinone in good yield when treated - 

with Ce(N03)4_2NH4N03 in 80% aqueous CH3CN at room temperature. In a marked 

contrast, the oxidation of the latter under the same conditions produced none of 

the p-benzoquinone. 1) 
- From the reaction mixture, a colorless crystalline product, 

for which the structure represented by 2~ was assigned on the basis of the 

spectroscopic property, 6) was isolated in 35% yield. The parent p-benzoquinone, 

3sr underwent the analogous transannular reaction giving & 7) - in 33% yield when 

heated in 80% aqueous THF for 20 h at 100°. 

The present reaction may be rationalized by the addition of the double bond 

on the side chain to the cross conjugated dienone moiety of the p-benzoquinone - 

in a [x2s+n4sl manner giving an oxyallyl intermediate, 8) $, to which water adds 
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to give Lwhich in turn tautomerizes to &. Protonation on the carbonyl oxygen 

may precede the cycloaddition. 9) The observation that the more electron donating 

the substituent on the double bond is, the more labile the bridged p-benzoquinone - 

is (32 >3_b 7321, is consistent with the above mechanism. The formation of two 

isomeric products from l& is also reasonably explained by the concurrent additions 

to the two available reaction sites, 9 and B (Scheme 1). The intramolecular 

cycloaddition in ,& is apparently feasible only in the B conformer since the 

analogous reaction in the A conformer should lead to a highly strained product. 10) 

Such a orientational requirement for the reaction is undoubtedly responsible for 

the remarkable difference in the reactivity between the isomeric diethoxy 

derivatives, 3. and & It seems the difference in the lability of 3~ and 3h is 

too large even if the electronic effect of the methyl substituent in 3& is taken 

into account. However, it is probably also related to the conformational 

equilibration. The NMR spectral analysis on 12 with the aid of shift reagent 

indicates that the equilibrium is displaced in favor of 12, probably due to the 

more pronounced repulsion between the hydroxyl groups and the benzylic protons in 

a* The same displaced equilibrium may be assumed for Q, allowing to conclude 

that 32, non-reacting conformer, is predominating. Substitution of the olefinic 

proton with a methyl group, however, would cause a shift of the equilibrium to 

the opposite direction, i.e. in favor of the reacting conformer, 3B, to relieve 

the steric hindrance between the methyl substituent and the carbonyl group. 11) 

An analogous reaction has been reported for 

heating. 12) In 2, however, the a-hydroxyl group 

quinone ring by forming the hydrogen bond to the 

might also enable the reaction, formally 

at least, to proceed without formation 

2 which is transformed into 8. on 

would greatly activate the 

adjacent carbonyl oxygen. It 

of an ionic intermediate. It is to be 

noted that the present cycloaddition of 

p-benzoquinones by way of the oxyallyl 

intermediate lacks such an activating 

,& 

group. Further work is in progress to 
2 & 

study if such cycloaddition is feasible 

in p-benzoquinone not possessing a cyclophane structure. - 
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