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BASE CATALYZED OXYGENATION OF HINDERED PHENOLS. SYNTHESIS
OF 4-HYDROXY-5,6-EPOXY-2-CYCLOHEXENONES (EPOXY-p-QUINOLS)
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Department of Synthetic Chemistry, Faculty of Engineering,

Kyoto University, Sakyo-ku, Kyoto 606

Oxygenation of 2,6~di-t-butyl-4-alkylphenols catalyzed by ButOK in aprotic solvents

has been found newly to form 4-hydroxy-5,6-epoxy-2-cyclohexenones Qg) in excellent
yield. A mechanism by which 2 is formed envisaging intramolecular participation of

the n-system in the degradation of 4-ox0-2,5-cyclohexadienyl peroxide ion Ell) primarily
formed as transient intermediate is discussed. 2,4-Di-t-butylphenols also gave

epoxy-p-quinols in the same system.

Autoxidation of monohydric hindered phenols in aqueous and alcoholic alkaline solutions has
been investigated in some detail, where main products are hydroperoxides, quinols, and quinones. ) We
now find newly that the oxygenation of 2,6-di-t-butylphenols lgyg in aprotic solvent such as DMF, DMSO,
and HMPA containing ButOK gives 4-hydroxy-5,6-epoxy-2-cyclohexenones (epoxy—g;quino]s)‘geyg.z) This
finding is of particular interest in connection with existence of naturally occurring epoxy-p-quinols,
e.g. epoxidone (10), a fungal metabo]ite.3)

The oxygenation was carried out by bubbling 02 through a solution of 1gvd in the aprotic solvent
containing ButOK at ambient temperature. The reaction was completed within 1 hr in DMF and DMSO, but
required much longer time in HMPA. The products were isolated by silica gel chromatography. The results
are summarized in Table 1. The structures of 2and were confirmed by examination of their spectral data
(Table 2) and elemental analyses. The oxidation of 23vd with t-butylhydroperoxide in the DMF-ButoK
system quantitatively gave diepoxides (ggyg) providing an additional evidence for the structures of
33%9- Yield of 21in HMPA is independent with size of 4-alkyl group R, but that in DMF decreases with
decreasing size of R being accompanied by the oxidation of side chain (Table 1). For the oxygenation
of 1d, use of large excess amount of the base Teads to the formation of l(R=CHO) as a main product. Time
course of the oxygenation of lg,showed that the reaction rate is faster at 35°C than at 0°C, and rate of

the conversion of lg is equal to that of the formation of 39, as was to be expected (Figure 1). Total
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Table 1. Oxygenation of Jland catalyzed by BuoK in aprotic solvent.
Base/Phenol ——— Product (%) ———
Phenol (mo1/mo1) Solvent 2 3 4 Others
la 4.5 DMF 100 - - -
-~ 4. DMSO 100 - - -
4.5 HMPA 100 - — -
}Q, 4.5 DMF 87 - - J(R=COCH; ), trace
1c 4.5 DMF 59 - - l(R=CHO), 10
4.5 HMPA 94 - - -
J‘g, 2 DMF 22 18 30 +(R=CHO), 4
4.5 DMF 9 6 9 M(R=CH0), 58
2 DMSO 67 —_ -
10 HMPA 91 - -
Table 2. Spectral data for epoxy-p-quinols (2avd) and
their epoxidized products (gg'\;g)
) nmr r(CDC]a),O(ppm) ir om”] (Nujol)
t
m (°C) =< X Bu Yo Y=g
22 133134 4.02(d; J=3 Hz)  6.35(d; =3 Hz) g og’ 088 3520 1690
/2“b, 62-63 4.02(d; J=3 Hz) 6.48(J=3 Hz) 8.83, 8.89 3520 1690
/2&/ 86-87 4.02(d; J=3 Hz) 6.52(J=3 Hz) 8.83, 8.89 3350 1690
2d 102-103 3.95(d; J=3 Hz) 6.47(J=3 Hz) 8.85, 8.89 3350 1690
-~ 3530
3a 87-88 - 6.40(s) 8.87, 8.94 3480 1710
~ 3440
3530
/3Mb/ 75-76 — 6.62(s) 8.93 3450 1710
ig/ 109-110 — 6.65(s) 8.95 3300 1710
,3\9/ 141-142 - 6.59(s) 8.96 3520 1710
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Figure 1. Time course of the oxygenation of 19 in DMF-ButOK system.
Conversion of Lg; o at 0°C and e at 35°C. Formation of.gg;
A at 0°C and A at 35°C.

uptake of 02 was one mol/mol of the starting phenol. No p-quinol (ﬁs) gave‘gg under the reaction
conditions.4) These observations suggest that the formation of‘35 is caused by the incorporation of
two atoms of molecular oxygen into‘lg. When hydroperoxide‘§g was dissolved in the DMF-ButOK system, a
major part (ca. 90 %) of the compound instantaneously reverted to<lg with Tiberation of O2 and the
remainder was quantitatively converted to }Ebsuggesting that peroxide anionh {ll) is the intermediate in
the oxygenation. As the hydroperoxides ga) are considerably stable in methanol containing MeONa or
MeOK, it is thought that Jl/can be stabilized by solvation or hydrogen-bonding, but otherwise easily
decompose with intramolecular participation of the m-system to give/g under oxygen atmosphere in the
aprotic solvents. The mechanism of the following scheme is suggested for the oxygenation of'l/giving

/%} where path (a) or (b) is possible for the degradation of the intermediate ll;

But Bu

The oxygenation of 2,4-di-t-butylphenols Sg) in the DMF-ButOK system also gave epoxy-p-quinols
together with further epoxidized products. Thus, jﬁ; (20 %),/23 (20 %), and 93, (20 %) were obtained |
. : _ - 2
from/ﬁs, wh11e‘§B gave ZB (40 %) a“d’EB (20 %). Formation of’g (R=0Me) from’g,(R—OMe) has been reported?
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It is known that the autoxidation of 2,6—di-§:buty1phenol in alcoholic alkaline solutions
quantitatively gives tetr'a-g_-buty]diphenoquinone,]a but we now find that the oxygenation of this
phenol in DMF-ButOK nearly quantitatively yields 2,6-di-t-butyl-p-benzoquinone and in DMSO-ButOK an
unidentified product, C]4H2203, mp 74-76°C, besides the p-benzoquinone.
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