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Oxidation of 3-Hydroxykynurenine. An EPR investigation
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A weak alkaline solution of 3-hydroxykynurenine was oxidized using potassium ferricyanide. A stable epr
signal was recorded, probably arising from a phenoxazine intermediate. A plausible radical mechanism for

this reaction is presented.
J. Heterocyclic Chem., 27, 2207 (1990).

Introduction.

Ommochromes are a class of natural pigments which oc-
cur mainly in arthropods and cephalopods. Chemical and
biochemical evidence [1] indicates that these pigments are
products of the metabolism of tryptophan and, in particu-
lar, are believed to arise from the oxidative condensation
of two or more molecules of 3-hydroxykynurenine (1), a
final product of tryptophan metabolism.

The yellow pigment xanthommatin (2), the most investi-
gated of the ommochrome class, has been obtained in vitro
by Butenandt and Schiifer [2] following oxidation of 3-hy-
droxykynurenine by potassium ferricyanide. This suggests
that xanthommatin formation occurs in chromatophore
cells as well as in vitro and the phenoxazin-3-one forma-
tion is a key step in the pathway leading to the pigment
(Figure 1).
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Figure 1

According to the above mentioned authors, the phenox-
azinone system would arise, under oxidizing conditions,
from a nucleophilic attack of the aromatic amino group of
1 on the o-quinonimine 1a arising in situ from 1 (Scheme
1). This mechanism was believed to operate in the synthe-
sis of phenoxazinones from o-aminophenols, under an ox-
idizing medium [3]. Xanthommatin is formed by the
cyclization of the terminal o-amino acid moiety on the
amino group of the phenoxazinone ring [4]. Strangely
enough, under the oxidizing conditions, 3-hydroxykynu-
renine (1) does not undergo an intramolecular cyclization
like that of DOPA to 5,6-dihydroxyindol-2-carboxylic acid.

Successive investigations carried out by Corbett [5] on
the oxidation of p-phenylendiamine and p-aminophenol,
showed that, instead of the expected attack of the aroma-
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tic amino group on the quinonediimine and quinonimine
systems, an electrophilic attack of the quinonimine group
occurs on the electron-rich aromatic substrate. This is
more evident when pare- and meta-aminophenols are ox-
idized together [6].

In agreement with these results, we recently reported [7)
the formation of 4,8-dimethylphenoxazin-3-one (3) by ferri-
cyanide oxidation of 2-amino-4-methylphenol (3) in the
presence of 2-methyl-3-aminophenol (4) (Scheme 2). In
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this case, the first step in the formation of the phenoxazin-
one system should involve, according to Corbett, an elec-
trophilic attack of the o-quinonimine species formed by
the oxidation of 3, on the electron-rich m-aminophenol 4.
Once again, these results strongly suggest that in o-amino-
phenol oxidation, the phenoxazinone system arises from
an electrophilic attack on the aminophenolic species. On
the other hand, it has already been shown that a radical
mechanism is involved in the oxidation of catechols [8] as
well as of aromatic diamines [9,10}; therefore, this addi-
tional possibility cannot be ruled out. The presence of
radical intermediates, under conditions where xanthom-
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matin is generally formed [2], is investigated in the present
paper.
Results and Discussion.

One ml of a solution 10™* M 3-hydroxykynurenine (1) in
1 M phosphate buffer (pH 8) was rapidly added to a 1 ml
solution of 6 x 10™* M potassium ferricyanide and the epr
spectrum of this mixture was immediately recorded at
room temperature,

A uniformly spaced four-line spectrum, with the line in-
tensity in the ratio 1:2:2:1, was obtained. The measured
coupling constant was 4.99 gauss, while the line width and
g values were 9.0 gauss and 2.009 respectively. The hyper-
fine structure was interpreted as a basic three-line split-
ting by a nitrogen-14 nucleus and a doublet splitting due
to a proton, with very similar coupling constants.

The epr spectrum features of this stable radical are
quite similar to those reported for radicals arising from
some phenoxazines [11] and suggest that the 1,9-diasparto-
yl-2-amino-3-hydroxyphenoxazine radical 12 could be the
intermediate responsible for the spectrum observed on the
oxidation mixture of 1. The formation of such a radical
can be hypothesized as reported in Scheme 3.
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According to Scheme 3, the dimer 8 resulting from the
coupling between the initial radical and the semiquinon-
imine, may undergo ring closure to a phenoxazine from
which the detected radical could arise. The radical forma-
tion can be induced by ferricyanide, a well known mono-
electronic oxidizing agent. Ferricyanide can promote
radical formation in acidic, neutral and especially in
alkaline solutions with reactive amines and phenols.

Although conversion of 8 to 11 could be hypothesized to
occur through in pairing of the intermediate diradical 9,
as reported in the oxidation of anthranilic acid {12], the al-
ternative cyclization of an o-quinonimine, involving a fast
intramolecular heterolytic reaction, cannot be excluded.
However, utilizing the experimental conditions in the pre-
sent work, no other radical hypothesized in Scheme 3 was
detected; nevertheless, the formation of the radical 12 is in
good agreement with the occurrence of reduced products
which are found in natural sources of ommochrome pig-
ments. Furthermore, a radical pathway to the formation of
the phenoxazinone ring which is simulated by the oxida-
tion of o-aminophenols by ferricyanide, could justify the
dimerization reaction of 3-hydroxykynurenine to 2 instead
of the more likely ionic intramolecular cyclization.

EXPERIMENTAL

All the epr measurements were carried out on a Bruker ER 200
D spectrometer equipped with a standard low-temperature ap-
paratus, at room temperature. The magnetic field of each scan
was carefully measured by means of an nmr gaussmeter (ER 035
M), which leaves markers at preselected values, the klystron fre-
quency being checked by using DPPH as reference (g = 2.0036).
The uv reference spectra were recorded on a Perkin-Elmer 550-S
spectrophotometer. The 3-Hydroxykynurenine was a commercial
sample,
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