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Mechanistic Aspects of the Decomposition Leading to Chemiexcitation for
Dioxetane-Based Chemiluminescent Substrates
(Kanagawa Univ. Dept. of Chemistry) Masatoshi Tanimura

High-energy molecules, dioxetanes, have received a great deal of attention because of their
unique property to decompose thermally into electronically excited carbonyl products. Their
chemistry originates from studies on molecular mechanisms of bioluminescence and has a history
of over 40 years. However, in the early decades of the history of dioxetanes, a puzzling problem
was the crucial discrepancy in the efficiency of light emission between uncatalyzed thermal
decomposition (TD) of dioxetanes with poor light yield and effective bioluminescence: for the
bioluminescence represented by the firefly, the luciferin / luciferase reaction has been believed to
produce a dioxetanone intermediate which belongs to the family of dioxetanes.

The clue leading to dioxetanes with high efficiency was the theory of chemically initiated
electron exchange luminescence (CIEEL), which we call charge-transfer-induced decomposition
(CTID). Nowadays, dioxetane-based chemiluminescent compounds have been designed that exhibit
luminescent efficiencies as high as those of most bioluminescences, and certain substrates are now
being used for modern high-sensitivity biochemical and biomedical analyses. However, further
investigation of dioxetane-based chemiluminescent compounds is eagerly expected from the
viewpoints of understanding the chemiluminescence and bioluminescence mechanisms as well as of
realizing high-performance chemiluminescent substrates.

In such a situation, we first investigated how TD and CTID mechanistically related each other
and showed their kinetic and thermodynamic aspects. Secondly, during the investigation of TD
and CTID, we found that hydroxyaryl-substituted dioxetanes spontaneously underwent
decomposition to give bright light in an aprotic polar solvent, and we clarified that this phenomenon
was a new mode of chemiluminescent decomposition, which we called solvent-promoted
decomposition (SPD), and SPD was an entropy-controlled reaction. The third was related to a
subject how the chemiluminescent efficiency can be improved, for which knowledge of the detailed
chemiexcitation mechanism is quite important. Thus, we found an unprecedented decomposition

pathway without chemiexcitation for CTID-active dioxetanes.
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