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MECHANISTIC INVERSION OF PHOTOINITIATED ELECTRON
TRANSFER PROCESSES IN ARYL IMIDAZOLIDINONES

Paul H. Mazzocchi*, Nai Yong Jing,and Kazuaki Oda

Department of Chemistry and Biochemistry, University of Maryland
College Park, Maryland 20742, USA

Abstract- Aryl imidazolidinones having o-carboxylic acid and ester
containing aryl substituents were found to undergo different photo-
chemical reactions. Although both reactions are suggested to proceed
by electron transfer mechanisms, the donor and acceptor groups are
interchanged.

Photochemically initiated single electron transfer reactions are well documented in the
literature.1 It is expected and found that small structural changes that affect the donor or
acceptor ability of the donor acceptor pair can have dramatic effects on the nature of these
reactions.l»2 We wish to report an interesting case wherein a small change in structure
(esterification) of two closely related compounds apparently can cause a switch of donor
moiety to acceptor and vice verse.
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Although' our original interest in the heterocycles (1, 2 and 3) was due to their herbicidal
properties,3 inte'resting preliminary results on their photochemistry lead us to conduct
mechanistic investigations.- Irradiation of a solution of 1 in acetone resulted in the formation
of 6 in'17% yield.# Simple electron transfer initiated decarboxylatlon is well documented in
the literature> and this case is closely analogous to those observed with iminium salts.6 The
proposed mechanism shown in Scheme 1 leads to the obvious quesuons about the existence of
biradical (5) and the source of the aromatic hydrogen in 6 (Ha ), that is, doés an -
intramolecular or intermolecular hydrogen atom transfer occur.. The first question was
answered fortuitously when 1 was irradiated in methanol yielding rearranged product (7) in
42% yield.4 We propose that in methanol hydrogen bonding of the NH proton in 57 prevents
intramolecular H atom transfer thereby prolonging biradical lifetime and allowing ring
closure to intermediate (8). Subsequent ring opening and H transfer leads to 7.
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Confirming evidence for the intramolecular H transfer came from experiments with 2.
Exchange of 2 under neutral conditions resulted in the replacement of only the carboxylic
proton by deuterium. Irradiation of 2d in acetone resulted in the formation of a 1:1 mixture
of 10 and 10d as determined by 1H nmr.7 In a corollary experiment no deuterium was
incorporated into 10 when 2 was irradiated in acetone-de, confirming that there was no
exchange with the solvent. This result is entirely consistent with the intermediacy of 9.
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The nature of the photochemistry of 3 appears to be completely the reverse of that of 1 and 2
with the carboxylic ester now the acceptor group and the imine the donor. Irradiation of 3 in
methanol gave 11 in 14% yield.4
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We propose the mechanism in Scheme 2 for this process. After initial electron transfer to 13,
methanol addition and electron reorganization to 14 followed by intramolecular nucleophilic
attack by the hydroxyl group and protonation leads to 15 which hydrolyzes to 11.
Alternative mechanisms proceed through the intermediacy of 12.9 The mechanism in Scheme
2 requires that the methoxy group in 11 come from 3 not solvent and that proton Ha in 15
come from solvent. The alternative mechanisms require that Ha in 12 appear as Ha in 11.
Two simple experiments verified that this was, in fact, the case. Irradiation of 3 in

CD30H gave unlabeled 11 whereas irradiation in CH30D gave 11 with Ha completely
replaced by deuterium suggesting that our proposed mechanism is correct.
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The unique examples presented here are interesting because they demonstrate how seemingly
small structural changes can completely change, in this case reverse, the nature of the electron
-transfer process. More detailed mechanistic investigations are underway.
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