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To test this mechanism, we subjected the more stable 1,4-
endoperoxide!® of 1,4-dimethylnaphthalene (7) to the same re-
action with acetaldehyde, but at room temperature. The same
result was obtained with a variety of catalysts such as amber-
lyst-15, trifluoroacetic acid, and even aqueous sulfuric acid,
namely, the formation of the epimeric mixture of cis-fused
1,2,4-trioxanes 8 in quantitative yield.®

Ketones proved less reactive with 7. Acetone gave a 30% yield
after purification of the trioxane 9, while methyl pyruvate gave
a 31% yield of the two epimers 10.°
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Lastly, we tried the endoperoxide!! of 1,4-diphenylcyclo-
pentadiene (11) in dichloromethane as solvent using amberlyst-15
resin as catalyst at room temperature. It gave with acetaldehyde
89% ng the epimeric product 12; acetone furnished a 41% yield
of 13.
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The extension of the mechanistic principle, the capture of a
stable 5-hydroperoxy cation by an active carbonyl compound to
give 1,2,4-trioxanes, is being studied. We will show elsewhere
that the structurally similar zwitterionic peroxides formed by
reaction of singlet oxygen with appropriate enol ethers can also
undergo the same cyclization.!? Development of such synthetic
approaches to trioxanes is feasible and desirable, especially in view
of the paucity and limited scope of methods currently available!?
and because of the potent anti-malarial activity reported for the
naturally occurring trioxane Qinghaosu.!
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Electron-rich olefins, such as enol ethers, which are denied the
opportunity of forming hydroperoxides, invariably react with
singlet oxygen to give 1,2-dioxetanes.! As an alternative to
concerted [2 + 2] addition,? two-step mechanisms involving di-
radicals,® zwitterions,* charge-transfer complexes,’ and radical
ion pairs® have been proposed to account for the course of the
reaction. However, from our studies with norbornenyl ethers,
unambiguous evidence for transient zwitterionic peroxides has been
secured.” An illustration is the behavior of 2-norbornenol methyl
ether (1), which in aprotic solvents undergoes dye-sensitized
photooxidation to give the exo-dioxetane 3 or its cleavage product
4. In contrast, when methanol is used as solvent, the hydroperoxy
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dimethyl ketal § is isolated in high yield. The formation of § is
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significant as it constitutes evidence for the existence of the
precursive zwitterionic peroxide 2, which instead of cyclizing to
dioxetane 3 is intercepted by solvent,

We now report a new reaction of such zwitterionic peroxides
by demonstrating that they can be captured by acetaldehyde to
give the corresponding 1,2,4-trioxanes. Photooxygenation of 1
using rose bengal as sensitizer at =78 °C in acetaldehyde as solvent
gave the same aldehyde ester 4 (31%) as before but also 6 and
7 as a mixture of isomers in a 2:3 ratio in a yield of 13%.8

The structure and composition of 6 and 7 was readily ascer-
tained from their'H and '*CNMR spectra. The zero coupling
of the proton at C2 with the adjacent bridgehead proton attests
to the exo orientation of the dioxa element in both isomers.
Moreover, the similarity of the spectra of the two isomers indicates
that they are epimeric at C5. Saturation of the resonance of the
methoxy group of the minor epimer 6 performed in a FID dif-
ference experiment at 360 MHz produced a positive nuclear
Overhauser effect (NOE)? of the proton at C5. Consequently,
the CS methyl group is trans to the methoxy group in 6. Since
the same experiment with the major epimer 7 showed no such
effect, it can be deduced that the same groups have a cis relation, !

Another substrate that on photooxidation gives only 1,2-diox-
etane, namely 9, is 2-(methoxymethylene)adamantane (8).!!
Once again, a variety of mechanisms involving diradical and ionic
species, e.g., 11, 12, 13, and 14, as well as the aforementioned
alternatives, can be invoked. However, when 8 was photooxidized
in a solution of acetaldehyde at —-78 °C with rose bengal as
sensitizer, three products were formed. The first was 2-
adamantanone (10) obtained in 31% yield after purification. The
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other products were the pair of isomeric 1,2,4-trioxanes 15 and
16 formed in 30 and 23% yield, respectively.

The trioxanes were separated by thin-layer chromatography
over silica gel and their structures established by NMR spec-
troscopy.®1® The major product 15 was assigned to the pair of
enantiomers of erythro configuration!? by means of NOE-FID-
difference experiments. Irradiation of the methoxy group at C5
had no effect on the substituents at the C3 position. However,
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saturation of the C5 proton caused a positive NOE of the C3
proton; thus these protons are diaxial, which means that their
concomitant methyl and methoxy groups are diequatorial (15 and

not 15').
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The minor isomer 16 was assigned the threo configuration.
Saturation of the methoxy group brought about a positive NOE
on the C3 proton, showing the nuclei to be contiguous, whereas
irradiation of the C3 methyl group left the intensity of the C5
proton unaffected. Whence it follows that the preferred con-
formation is the one in which the methoxy substituent occupies
the axial position (16" and not 16).}?
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When dioxetane 9 was treated with excess acetaldehyde under
the conditions of photooxidation, no trioxanes were formed, only
2-adamantanone (10). In another experiment, 8 was found to
be inert when submitted to irradiation in the presence of oxygen
and acetaldehyde at =78 °C, but without sensitizer. We therefore
conclude that all intermediates except the zwitterionic peroxide
14 can be discarded.!* Interception of the key intermediate 14
by acetaldehyde may occur in two ways. The acetaldehyde
molecule can adopt either the anti or syn orientation with respect
to the methoxonium substituent of 14. Nucleophilic attack by
the peroxide anion on the aldehyde function followed by closure
then gives the trioxanes 15 and 16, respectively.

In summary, our experiments demonstrate the capture of
zwitterionic peroxides by an external carbonyl function and
complement a recent result'*!¢ in which the singlet oxygen reaction
with an enol ester passed through a similar peroxide which at-
tacked the carbonyl function intramolecularly. We will show
elsewhere how this mechanistic principle can be applied as a
general method for the synthesis of 1,2,4-trioxanes, which hitherto
have not been readily accessible.
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