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The photo-induced addition of dimethyl maleate to cyclohexene is s-try allowed 

according to the Woodvard-Hoffmann rules in their simplest formulation (1). Nevertheless, 

the addition appeus to be largely non-concerted (2-h). To determine if the ene-addition, 

which is reported as a major side reaction, is also non-concerted we have studied the 

photoaddition of dimethyl maleate to 1,24ideuteriocyclohexene. One part each of the 

ene-adducts (I) and (II) were formed together with two parts of the cycloadduct (III) (5). 

The photo-induced ene-addition is thus non-concerted end probably involves cyclohexenyl 

radicals that are partly free as is indicated by the formation of dicyclohexene. In 

contrast, the thermal addition gave only the “true’ ene-adduct (I) (6). It is interesting 

to note that the formally related eae-addition of dimethyl diazenedicarboxylate (azoester) 

to 1,24ideuteriocyclohexene is a radical reaction both photochemically and thermally (8). 
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It is quite conceivable that the photochemical ene-addition should be a radical reaction 
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since only the thermal reaction should be symmetry allowed (9,lO). However, it is less 

obvious why the photocycloaddition of dimethyl maleate to cyclohexene is non-concerted. 

One possible reason is indicated by a simple perturbation treatment of the orbital inter- 

actions between dimethyl maleate and cyclohexene (cf. 11-13). It is probable that the 

n+llll* excited state is the main state involved in the photoaddition (41. For this state, 

the interaction between the highest occupied orbital (HO) of the maleata and the lowest 

unoccupied (LU) orbital of cyclohexene is symmetry allowed. However, the interaction 

between the UJ orbital of the maleate and the HO orbital of cyclohexene is disalloved 

(fig. la). It seems reasonable to assume that concerted addition is possible only vhen 

both interactions are symmetry allowed. The "half-alloved" addition of n+ll* excited 

maleate to cyclohexene should therefore be non-concerted, which is in accordance vith 

experiment. By contrast, cycloaddition involving II+ll* excited maleate should be concerted 

since both orbital interactions are symmetry alloved (fig. lb, cf. ref. 1). 

Fig. 1. Relative symmetries of the interacting orbital5 in the 

transition state for addition of excited dimethyl maleate to cyclohexene. 
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disallowed reaction, other factors being equal (14, 15). This lovered activation energy 

probably results from the fact that both orbital interactions in the transition state are 

symmetry alloved (e.g. fig. lb). For a "half allowed" reaction the "decrease" in activa- 

tion energy should be smaller since there is only one symmetry allowed interaction in the 
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transition state (fig. la). If there is charge transfer interaction in the transition state 

this should predominantly involve only one of the two orbital interactions. The symmetries 

of the two reactant orbitale that participate in this interaction should determine the 

decrease in activation energy relative to a disallowed reaction. Depending on the direction 

of the charge transfer "half allowed" reactions ranging from essentially allowed to essential- 

ly disallowed should therefore exist. 

In the case of n+ll* excited maleate-ground state cyclohexene, charge transfer should 

occur from the HO cyclohexene orbital to the LU maleate orbital. Since the interaction 

between these orbitals is symmetry forbidden (fig. la), the addition should be essentially 

disallowed. The triplet excited state of the maleate should have at least 10 kcal/mol lower 

energy than the singlet state. Since the decrease in activation energy due to synnnetry 

allowed overlap should be small for the singlet reaction, the non-concerted triplet reaction 

should be favoured by about 10 kcal/mol (16, 17). 

In the addition of n+n* excited acetone to ground state funaronitrile the charge 

transfer should be from the HO orbital of acetone to the LU orbital of fumaro nitrile. 

The interaction between these two orbital6 is symmetry allowed (fig. 2a). "Bearly" 

concerted addition involving the excited singlet state should therefore be possible. The 

addition indeed proceeds stereospecifically as required for a concerted addition (1.8, 19). 

Fig. 2. Examples of systems where the symmetry allowed interactions are favoured 

due to charge transfer. (Only the allowed interaction is shown in each case). 
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These simple predictions can probably be generalized to more complex systems. For 

example, for a 4+2 system, n+n* excited tetrachloro-o-benzoquinone and stilbene, charge 

transfer should make the symmetry allowed interaction (quinone LU-stilbene HO orbital fig. 

2b) dominate, leading to the highly stereoselective addition observed (20). 
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