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Abstract: Thermally stable 1,2-dioxetanes have been syntesized by 9,10-dicyano-anthracene (DCA)-
sensilized photooxygenation of alkoxy (aryl)-methylidene adamantanes. The reaclions most likely
proceed via & chain electron-transfer process.

In the last two decades, a great number of papers have been devoled to the synthesis of 1,2-dioxetanes
through chemicall and photochemical2 procedures.These novel cyclic peroxides exhibit a wide range of
thermal stabilities, strictly related to their structures and their competing chemilumescent
fragmentation mechanism3,

Among the few methods that are allernative to the Kopecky's and [2+2] -singlet oxygenation route, it is
worthwhile to mention the electrochemical? and thermal oxidation of sterically hindered alkenes by
means of one-electron oxidizing agents B and above all the sensitized photooxygenation of unsaturated
organic substrales induced by fluorescent electron-deficient sensitizers® .

We wish to report herein the resulis of our continuing studies 7 on (DCA} [E’ed= -0.98 V vs SCE; Eg=
68 Kcal/mol] sensitized photooxygenalion of several enol-ethers (1,5), also subsiding an easy
functionalization via singlet oxygen8 and with molecular oxygen via a chain induced cation radical
process?-9 .

Typical experimental conditions for the synthesis of 4-alkoxy-(1-aryl) spiro [1,2-dioxetane-3,2'
adamanianes] (6,10) are as follows: oxygen-saturated dry acetonifrile solutions of (1,5} (1x70'2M)

in the presence of (DCA) (2x10'4M) are irradiated , at 0°C, with a 1000 Watt mercury lamp through
a CUSO4 filter solution so that only the acceptor absorbs light (eq.1).

OR o o !
7/ DCAO, AT i
R R~ '"
hu/CHZCN + RCOR ,py
(1,5) (6,10) (11) (12,16)

1. R=Me, R'=Ph; 2. R=Me, R'=1-Np; 3. R=Me, R'=2-Np; 4. R=Bz, R'= Ph ; 5. R=Me, R'=4,4'-Biph.
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The progress of the reactions was monitored by tlc (hexane:ethylacetate 20:1 as eluant) and/or by
THRmr spectroscopy by integration of their alkoxy peak absorptions until the total disappearance of the
starting material (less than 1h). The dioxetanes (6,10) (90-95% yield), easily isolaled by fiitration
of the reaction mixtures over a short silica gel colummn, were fully characterized by physical and
spectral data'®, comparison with independently synthesized authentic samples 8.9 and
chemiluminescent thermal fragmentation into 2-adamantanone (11) and the corresponding eslers
(12,16)10,

The key step, in these (DCA)-sensitized photooxygenations of enol-ethers, involves a diffusion
controlled rate electron-transfer fluorescance quenching of the singlet excited (DCA*} by the electron
donors (1,5) with the generation of the radical ion pairs (DCA: 1,5%). In the 1able 1 are reported the
CV measured oxidation polentials of the substrates and the free energy change ( D G) calculated through

the Weller equation 11,

Table 1. Oxidation Potentials and the AG of Electron-Transfer from the Enol-Ethers to DCA.

Substrate (EDC’X)'&l AG(Kcal/mol)®
1 1.29 -14.8
2 1.29 -14.8
3 1.28 -15.0
4 1.30 -14.5
5 1.27 -15.2

2 All the oxidation potentials are reported in V vs Ag/AgCH In acetonitrile containing 0.1 M
tetraethylammonium perchlorate with a scan rate of 500mV/sec.

b Oxidation potential of DCA has been reported to be -0.98 V vs SCE, a correction lactor for
Ag/AgCl to SCE was employed for the calculation of AG.

Seemingly, formation of the ultimate products (6,10) could be easily rationalized on the basis of the
classical mechanism operaling in the (DCA)-sensitized photooxygenation of appropriate electron-donor

substrates, and involving a further electron-transfer process between the reduced sensitizer (DCA?)
and molecular oxygen with formation of superoxide ion 02T which coupling with the cation radicals would

afford the oxygenated products. 8-12
However, the proneness of our substrates to the functionalization wilh singlet oxygen 8 and above all of

the intermediate cation radicals, thermaily generated, with molecular oxygend-2 induced us to
investigate in this process.

First of all, the absence of any appreciable effect, observed in similar reactions carried out in the
presence of p-benzoquinone (BQ), an efficient superoxide quencher‘3, seems to leave out the exclusive
involvement of superoxide anion, as the only oxygen active species involved in these {DCA)-sensitized
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photoinduced oxidation processes?4:15. On the other hand, the inhibition, from total to partial, observed
in three different reactions carried out an 4, in the presence of progressively reduced amounts of 1,4-
diazabicyclo [2,2,2]-octane (DABCO), indicates a different mechanism respect to that generally

accepted®. In fact, (DABCO}) is not only an efficient singlet oxygen quencher16 | but at the same time it
shows an oxidation potential (E9X= 0.64 V vs SCE)}, lower than those of our substrates and so more

easily oxidizable/317 _ This latter feature substantiates that the observed inhibition could be due to an
easier electron-transfer process between the singlet excited sensitizer (DCA*) and (DABCO). Thus
would inhibit or reduce, depending on (DABCQO) concentration, the formation of the radical cations

(1,5+). Finally, the very high limiting quantum vyield, calculated for the (DCA)-sensitized

photooxygenation of {4 ) ®=23.9,18 strongly supports a chain electron transfer mechanism in which
the oxygen active species is the molecular oxygen, as depicled in the following scheme.

(ocay _tv_ _ (Dcaf)
(lbcaYy + (1,5) (DCA:  1,5%) (DCA:) + (1,5%)

(1,5%) +02 (1.5 02?‘) . (6,10) + (1,5%)

———

In other words, the cation radicals (1,5%), generated in the electron-transfer fluorescence quenching of
the excited (DCA), easily escape out of the cage of the geminate pair, and the reaction of these cation
radicals with molecular oxygen is fast enough, to favourably compete, either with the diffusion
controlled recombination of the radical ions, either with the reduction process of molecular oxygen in

the presence of the reduced sensitizer radical anion (DCA:).

Further detailed investigations in the area are warrented in the effort 1o rationalize, in relation to the
physical properties of the cation radicals intermediate, the actual mechanism operanting in the (DCA)-
sensitized photooxygenation processes.
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