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Over the past two decades base-catalyzed oxygenation of
phenol derivatives, or organic compounds has increasingly
been of interest in both biological and synthetic systems.!™”
In the case of the oxygenation of phenolate, the autooxidation
pathway and the oxidizability of phenolate depending on the
nature of the substituents on the aromatic ring were report-
ed.'? However, the particularly important step that we
should reconsider is the combination between molecular oxy-
gen and the phenolate anion.!

As shown in Scheme 1, there are two possible pathways
for the formation of the products, the epoxy-p-quinol 5 and
the hydroperoxide 6 by the oxygenation of phenolate. One
of the possible pathways proposed is that the phenolate anion
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Scheme 1.

2 reacts directly with molecular oxygen (path 1).™* The re-
sulting peroxide 4 also undergoes intramolecular addition
to the unsaturated carbonyl system of 4 yielding the dioxe-
tane enolate anion. Finally, dioxetane ring opening by nu-
cleophilic displacement yields the epoxy-p-quinol 5. However,
it might be unfavorable because the spin-forbidden rule im-
plies that the singlet phenolate anion 2 cannot react in a
single step with a triplet molecular oxygen to yield the sing-
let product 4. To overcome the spin-forbidden rule, Russell’s
explanation of base-catalyzed oxygenation® is that the pheno-
late anion 2 reacts with molecular oxygen to give the phe-
noxy radical 3 and superoxide. The phenoxy radical 3 then
traps molecular oxygen to yield the peroxy radical, which
is converted to the hydroperoxy adduct 6 by hydrogen ab-
straction (path 2). However, since mechanistic detail for esta-
blishing the sequence of steps has not been validated, the
mechanism of the addition of molecular oxygen to phenolate
is still unclear at present.

In this study, our approach to this kind problem was to
devise a chemical model that could serve to directly eluci-
date the chemical principles involved. We have chosen the
cyclopropyl derivative 10 of 2,6-di-fert-butylphenol as a me-
chanistic probe. This material could distinguish the phenolate
anion 2 from the phenoxy radical 3 because the cyclopropyl-
to homoallylcarbinyl radical rearrangement has been shown
to be effective in the short-lived radical trap.® "

In considering the preparation of cyclopropanyl phenol 10, .
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the protection of hydroxy group was important, because phe-
nol derivatives are air sensitive. Phenol derivatives were sta-
ble enough to allow purification as long as the hydoxy group
was protected with an electron withdrawing group, and it
was essential to retain the electron withdrawing group until
the final step synthesis. Otherwise, the preparation of cyclo-
propanyl phenol 10 from the aldehyde!? 7 proved to be strai-

ghtforward (Scheme 2). The 'H NMR (250 MHz, CDCl)-

spectrum showed peaks at 8 0.60-0.63 (m, 2H), 0.84-0.88 (m,
3H), 142 (s, 18H), 5.00 (s, ex, 1H), 6.90 (s, 2H). The IR
spectrum (neat) showed bands at 3637 (s), 2957 (vs), 1438
(s). The mass spectrum showed peaks at m/e (rel. intensity):
246 (M", 39), 231 (100), 189 (77).

Attention was next focused upon oxygenation of cyclopro-
panyl phenolate 11. A solution of potassium phenolate 11
in tetrahydrofuran, from reaction of the phenol 10 and 1
equivalent of KH, was stirred under an atmosphere of oxy-
gen at room temperature for 2 hr in the presence of 18-
crown-6. After protonation with saturated ammonium chlo-
ride solution followed by treatment with aqueous sodium
thiosulfate, two major products 12, 13 were detected by the
GC trace. Purification of the mixture by chromatography pro-
vided the alcohol 12 in 34% yield. The 'H NMR (250 MHz,
CDCly) spectrum showed peaks at § 0.35-0.47 (m, 5H), 1.42
(s, 18H), 2.16 (s, ex, 1H), 6.44 (s, 2H). The IR spectrum (neat)
showed bands at 3475 (br s), 2958 (vs), 1644 (s). The mass
m/e (rel. intensity) showed peaks at m/e (rel. intensity): 262
M+, 3), 191 (100). Further elution with the same mixed
solvent yielded the epoxy alcohol 13 in 35% yield. The 'H
NMR (250 MHz, CDCl;) spectrum showed peaks at & 0.43-
0.84 (m, 5H), 0.97 (s, 9H), 1.21 (s, 9H), 2.31 (s, ex, 1H), 3.50
(s, 1H), 6.76 (s, 1H). The IR spectrum (neat) showed bands
at 3484 (br s), 2962 (vs), 1677 (s) ecm™'. The mass spectrum
showed peaks at m/e (rel. intensity): 278 (M™, 1), 263 (10),
237 (95), 181 (100). By contrast, when oxygen was excluded
from the reaction, the starting 4-cyclopropyl-2,6-di-tert-butyl-
phenol (10) was recovered.

This observation, in conjunction with the control experi-
ment, leads to the conclusion that the alcohol 12 and epoxy
alcohol 13 were derived from the direct combination of the
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" phenolate 11 and molecular oxygen as shown in Scheme

1. Alternatively, .if one electron reduction of molecular oxy-
gen from the phenolate gave cyclopropylcarbinyl radical and
superoxide, the cyclopropylcarbinyl radical 14 then might
undergo rapid rearrangement to the corresponding homoal-
lylcarbinyl radical 15% (Scheme 3). Finally, reaction of the
allylcarbinyl radical 15 with oxygen followed by hydrogen
abstraction would yield the hydrogen peroxide 16. However,
since the ring opening products other than 12, 13 were not
found in the reaction mixtures, the radical pathway was not
plausible.

However, as far as concerning the spin-forbidden rule, it
might be hypothesized that the formation of peroxy anion
occurred through the direct combination of phenolate and
singlet oxygen. Thus, the phenolate anion interacts with the
n-orbital of molecular oxygen to afford a triplet charge trans-
fer complex, and then the complex undergoes intersystem
crossing, 7e., one of the two unpaired electrons undergoes
spin inversion, giving a singlet oxygen,™* which is finally con-
verted in the reaction product. Detailed studies of this path-
way are currently underway.
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