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The formal intramolecular photoredox reaction initially discovered for the parent 2-

(hydroxymethyl)-9,10-anthraquinone (HMAQ) in aqueous solution was extended to a

variety of anthraquinone derivatives 2.1-2.9, biphenyl anthraquinones 3.1-3.4 and

acenequinones 4.1-4.4. The purpose of the study was to explore the generality of the

unique photochemical reaction involving HMAQ, understand the mechanism ofthe

reaction and develop potential applications.

All the anthraquinones studied (except for 2.4) undergo the formal intramolecular

photoredox reaction with a range of quantum yields (<1> = 0.02-0.7). Mechanistic studies

based on the parent compound HMAQ were carried out by product studies, isotope

effects, solvent deuterium isotope effects, pH effect, triplet quenching studies, and laser

flash photolysis. It was found that the formal intramolecular photoredox reaction involves

a highly polarized triplet excited state in which the electron density of the benzylic

CH20H moiety is transferred to the central anthraquinone ring. This highly polarized

triplet excited state is subsequently trapped adiabatically by protonation at the

anthraquinone carbonyl oxygen.
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Designed anthraquinones 2.2, 2.3, 2.5 and 2.6 successfully photore1eased "protected"

alcohol, aldehyde, or ketone with good yields (80-90 %), respectively, and shows that the

anthraquinon-2-yl chromophore is potentially useful for photocaging in aqueous solution.

In addition, diketone 2.9 undergoes an analogous photoredox reaction but only in acid

(<1> = 0.003, pH < 1), to give the formal redox product dipheny1isobenzofuran 2.29,

thereby demonstrating that other aromatic diketones can react in an analogous fashion.

Biphenyl and terphenyl analogs 3.1-3.4 in which the oxidizable benzyl alcohol group is

significantly further away from the anthraquinone moiety were designed to explore the

effect of the distance between CH20H and carbonyl group on the efficiency of the

intramolecular photoredox reaction. All of these compound undergo a clean and efficient

formal intramolecular photoredox reaction in water catalyzed by acid (<1> = 0.1-0.6).

Triplet quenching studies and laser flash photolysis support a mechanism involving

reactive triplet excited states. Laser flash photolysis also detected a long-lived and pH

dependent transient which might be assigned to an enol intermediate.

A number of acenequinones were also designed to explore the intramolecular

photoredox reaction for higher benzannelated systems. In particular, we were interested

in whether the photoredox reaction could be applied to 2-(hydroxymethyl)-6,13­

pentacenequinone (4.1) which would result in 2-formyl-6,13-dihydroxypentacene (4.5)

and hence offer a photochemical method for synthesizing a pentacene derivative.

Whereas a number of related acenequinones displayed a range of photoredox reactivity,

photolysis of 4.1 in acidic aqueous solution (pH < 3) resulted in a clean intramolecular

Photoredox reaction, via an enol intermediate, to give 4.5 (green compound; <1> ~ 0.2 at

pH 1). Thus the photoredox reaction is reasonably general for acenequinones.
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