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Activation of oxygen in the action of dioxygenases, by which an oxygen molecule is
incorporated into a substrate, is undoubtedly interesting problem in both biological and
chemical points of view.2 We have shown that a cleavage of 3%-hydroxyflavones by photosensi-
tized oxygenation, possibly involving singlet oxygen, provides a model for the enzymatic
degradation of quercetin by the action of a dioxygenase.5 We wish te report additional
examples providing models for the enzymatic cleavage of aromatic rin‘g.4
When a solution of 4,6-di-t-butylresorcinol g}) in methanol containing rose bengal was
irradiated (> 280 mu) under bubbling oxygen, about two moles of oxygen was absorbed. Chroma-
tographic separation gave two crystalline products; a ketoesteg{;/(lS%), 015H2404,5 mp. 96.5?

BOH 528 mu (e 8100); v*BT 3560,

o
and a lactone jZ(G%), 012H2003, mp. 97 . The ketoester [kmax max

1740, and 1695 cm‘l; n.m.r.(cnc13): € 3.05(1H), 6.25(3H), 6.50(1H), 6.68(1H), 8.80(9H), and
9.00(9H) (all appear as singlet)] was transformed by mild alkaline hydrolysis to a ketoacid 4,
o KBr -1 -

C1 g0, mpe 997, (v x 3450, 1720, and 1630 cm ~; n.m.r.(CDCl}):c 2.75(s,1H), 3.50-4.20
(broad s, 2H), 6.35(s,1H), 8.70(s, 9H), and 8.95(s, 9H))which was easily decarboxylated to

. EtOH -1
give & ketone 5, Cy;H,,0,, mp. 78.4°%, [n 0" 224 me (e 8400); vCC14 3610 and 1710 em™'s n.m.r.
(cpmj): 7 2.90(s, 1H), 7.20(d, 1H, J=18 cps), 7.72(d, 1H, J=18 cps), 8.10(e, 1H), 8.80(s, 9H),
and 9.02(s, 9H)J. The spectral properties of these compounds and the sequence of reactions
led us to assign structure,g.for the ketoester. Structure Az was assigned for the lactone
EtOH KBr -1
max 210 mu (e 9800); Vnax 3480 and 1740 cm” 5 n.m.r. (cnc15):

7T 3.35(1H), 5.55(1H), 8.80(9H), and 9.00(9H)(all appear as singlet)].

from its spectral properties[ A
When the photooxygenation of’l’was carried out without sensitizer (> 280 mp), about 1.5

moles of oxygen was slowly consumed after a long induction period. The products were found

to be a complex mixture from which_gfand ;lcould not be detected. In the preceding communi-
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cation,6 we have provided evidence that singlet oxygen and the excited triplet sensitizer are
capable of hydrogen sbstraction from a phenol in its photosensitized oxygenation. Consequently
it may be considered that the initial attack of singlet oxygen and/or the excited sensitizer
are responsible for the formation of’g,and }/ When reaction of/'l/ with singlet oxygen gene-

7

rated from 9,10-diphenylanthracene 9,10-peroxide’ was carried out in a mixture of benzene and
methanol under nitrogen, neither}/norﬁ)/ was obtained, whereasz/could be detected from the
reaction mixture when the reaction was carried out under oxygen. These results indicate that
sufficiently high oxygen pressure is necessary for the formation of/?/.

We can now formulate possible reaction pathways as shown in Scheme 1. The first step
involves hydrogen abstraction from”l/ by singlet oxygen and/or the excited triplet sensitizer
giving a phenoxy radicalAG, to which the ground-state triplet oxygen adds to formf/via]/.

The key intermediate}) which is formed from/‘s, by hydrogen abstraction, is converted to 2
with participation of the solvent methanol and to A}’by further oxidative cleavage. Another
7

possible intermediate ’1‘(/) can be eliminated, since the known hydroperoxide 10," when treated
under similar conditions to those for the photosensitized oxygenation ofﬁl’, did not give}/
and }/but gave a complex mixture of products.

The present result represents a possible model for the enzymatic cleavage of homo-
gentisic acid by a dioxygenase.9 It should be noted that the photooxidative cleavage of}/is
initiated by hydrogen ebstraction in contrast with that of 3-hydroxyf1avcmes3 which is
initiated most probably by the addition of singlet oxygen to the substrate.

The sgcond part of this communication deals with a model for pyrocatechase-catalyzed
reactions in which pyrocatechase cleaves at 1,2-position to give cis,cis-muconic acid.lo'n
3,5-Di-t-butylpyrocatechol (,1.9 was easily oxidized by rose bengal-sensitized photooxygenation
(visible light) and also by irradiation with ultraviolet light (> 280 mp) without sensitizer.
The results were virtually same in both cases. For example, when a methanol solution of/l‘L
was irradiated with ultraviolet light under oxygen, about 1.5 moles of oxygen was absorbed.
Chromatographic separation gave two products; an acid }3 (2a%), 014112204, mp. 135—1360,

[uﬁi 3400-2600, 1750, 1725, 1705, and 1640 cm‘l; n.m.r.(CDClB)zT 0.65(s, 1H), 3.33(s, 1H),
7.10(d, 1H, J=13.5 cps), 7.37(d, 1H, J=13.5 cps), 8.84(s, 9H), and 9.06(s, 9H)] and an ester
13 (T%), Cy5H,,0,, mp. 70-72°, [ V% 1748, 1753, and 1634 cn™'; nm.z. (CDCLy): T 5.25(s, 1H),
6.53 (s, 3H), 7.08(d, 1H, J=13.5 cps), 7.35(d, 1H, J=13.5 cps), 8.80(s, 9H), and 9.05(s, 9H)J.

Methylation of the acid with diazomethane gave the ester 13. From the above results we
-
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assigned structure ;‘g and }2 for the acid and the ester, respectively.
A phenoxy radical intermediate 14 can account for the formation of 12 and 13. In the
- Dl P

fro
case of ultraviolet irradiation without sensitizer, Aﬁ_may be formed fthe excited state of

11.12
i

As shown in Scheme 2, the radical }d;reacts with the ground-state triplet oxygen to
give a hydroperoxy radical_k; which is converted to a cyclic peroxide %g_either via path a
or path b. Cleavage °f.£§ gives a,B8'-di-t-butylmuconic acid Q;Z) which cyclizes to give‘;g,
Alternatively, the radical i&_can disproportionate to‘l;_and 3,5-di-t-butyl-o-benzoquinone
{Lg) which may be also transformed into 12. However, this possiblity is less favorable,
since photooxygenation of lg,under similar conditione proceeded more slowly than that of ;l
itself and resulted in a complex mixture of products from which only a small amount °fiL2
(6%) was obtained but no 12 was detected.

We further examined photooxygenation of 2,5-di-t-butylhydroquinone glg) in the presence
of rose bengal (visible light) and also in the absence of sensitizer (» 280 mp). The
results were virtually same in both cases giving two products gg_and gl.ls It was confirmed
that 2,5-di-t-butyl-p-benzoguinone Qgg) is the intermediate of the reaction as shown in
Scheme 3. Details of the reaction will be described in a full paper.

This work was partly supported by a grant-in-aid for Scientific Research from the

ministry of Education.
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