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Trradiation of a solution of ethanol containing Diels-Alder cycloadducts
and 10-20% (by vclume) trethylamine at 300 nm furnishes quantitative
vield (»90%) of corresponding exo isomers. A probable mechanism based
on photo-induced electron ti'ansfer (PET) has been described.

The last two decades have witnessed a tremendous upsurge of interest in the development
of methodologies based on photo-induced electron transfer (PET) reactions.)
'unusual', 'novel', 'mechanistically interesting', and 'synthetically useful' are some of the common
characteristics routinely associated with these discoveries. Recently in connection with an entirely

'Unprecedented’,

different ongaing research program me,4) we observed endo to exo dual epimerization as a
side reaction, during photalysis in alcoholic solvents.S) One of the mechanisms proposed for
this unusual behaviour was photo-enalization. We argued that if photo-enalization is the probable
pathway for dual epimerization, then it should be accelerated under photo-induced electron
transfer conditions, as the radical anion formed would trigger eno]ization.6)
verifies our presumption and as a result, reports a mild, highly efficient, synthetically useful,
one pot procedure for dual and unicentre epimerization of Diels-Alder (D-A) cycloadducts
under photo-induced electron transfer conditions, with readily available reagents.

The varous D-A cyc]oadducts7) examined under PET-reaction conditions are shown in
Scheme 1. As illustrated, all the endo adducts, except 1b and le (X=NPh), provided synthetically
useful yields of exo ‘products.®® The dual nitrogen inversion in the transformation of 3 to 4
and cyclopentadiene dimer endo 5 to exo 6 is indeed interesting. Since exo-isomers are known
to be thermodynamically favoured, one is tempted to presume that at elevated temperatures,
the major product will be exo via a fast equilibrating retro-diene mechanism. However, Weisz
et al.'? experienced considerable difficulty in isomerizing 1d to 2d and have reported a multi-
step strategy. In this connection our methodology for 1d to 2d (90%) is noteworthy. In a typical
experiment, a degassed solution of ethanol containing the appropriate endo compound (0.02-
0.05 M) and tdethylamine (TEA, 10-20% of ethanol by volume) in a pyrex vessel was irradiated
for 2-6 hours at 300 nm in a Rayonet-Srinivasan photochemical reactor. The progress of the
reacton was monitored by GLC and/or TLC. Normally no endo compounds were visible after
irradiation, except in 5 to 6 where 42% vyield of 6 refers to photostationary state mixture.

This com munication
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After removal of ethancl at rotavapor, exo products were isalated by removing TEA in vacuum.
Purification of the products was accomplished usually by filtering through a small silica—gel
calumn and subsequent recrystallization. With .a view to optimizing the vield of exo products,
variation of TEA concentrations, e.g. 5%, 10%, 20%, 30%, and 50% (by vadlume) was examined.ﬂ)
Use of other photochemical electron donor53'12) e.g. HMPA, DABCO, and 1,4,5,8-tetramethoxy-

naphthalene was not encouraging in terms of yield and dleanliness of transformations.
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As a control experiment with la and 1c it was cbserved that the absence of photdlysis,
i.e. keeping the reaction mixture in the dark leads to no dual epimerization (endo —e exo).
Neat photalysis in ethanol (i.e. without TEA) does not provide exo compounds. 2 Photalysing
only in TEA was also not successful. Replacing ethanal by benzene was a failure. Thus, photaly-
sis, TEA, ethanal, and to some extent, degassing is a must for the success of the reaction.
Replacing endo compounds by maleic anhydride under successful experimental conditions does
not lead to. any new product formation.

AN these results clearly paint to the possibility of PET type mechanism.3) The probable
mechanism has been proposed for one of the endo products 1, in Scheme 2, as per the standard
norms of PET—mecham'sm.3) As shown, after initial excitation and inter-system crossing (ISC)
of 1, the electron transfer from TEA to triplet En* gives the radical anion 10, which, by the
loss of hydrogen atom leads to 11 or its protonated form 12. The formation of trans-junctured
13 from 11 or 12 is quite unlikely, due to excessive strain in the system. Subsequently photo-
induced second electron transfer to 11 or 12 would lead to 14 or 15 respectively, which in turn
could tautomerize to thermodynamically stable exo-2. Alternatively one can propose the opening
of anhydride in la and 1d via 16 and subsequent stepwise unicentre -epimerization to give corres-
ponding exo products (2a and 2d). However, stability of maleic anhydride and photo-products
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2a and 2d towards these reagents under photalytic conditions rules out such a possibility.B)

Thus, there was no ethanolysis of the anhydride group. The transformation of 5 to 6 under
our photolytic conditions is indeed unique and we do not have any reasonable explanations for

it.
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In summary, an efficient methodology for quantitative conversion of D-A endo cyclo-
adducts to exo isomers is described and some of the possible mechanisms discussed. Mention
must be made here regarding the predominant endo-selective nature of synthetically useful
D-A reactionm) and a great need to devise either exo-selective D-A reaction15)
methodologies for endo to exo conversion.
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