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Treatment of a mixture of epicatechin and epigallocatechin
with extracts of fresh tea leaf or banana fruit generated a
new pigment named theanaphthoquinone, which has a
1,2-naphthoquinone moiety oxidatively derived from the
benzotropolone unit of theaflavin.

Theaflavins and thearubigins are major pigments of black tea
and it is generally accepted that these are formed from flavan-
3-ols (catechin) during tea fermentation.1 Although structures
and biogenesis of theaflavins having a benzotropolone unit are
well studied, little is known about thearubigins despite many
spectroscopic and chemical studies on these heterogeneous
polymers.2 Biochemical studies on tea fermentation indicated
that oxidation of theaflavins might participate in thearubigin
formation.1

For the purpose of clarification of the oxidative metabolism
of flavan-3-ols in tea fermentation and characterization of
thearubigins, a mixture of (2)-epicatechin (EC) and (2)-epi-
gallocatechin (EGC), the major flavan-3-ols of tea leaf, was
treated with aqueous extract of fresh tea leaf (Camellia sinensis
var. sinensis). Prior to the reaction, almost all flavan-3-ols in the
tea extract were removed by homogenization with Polyclar AT
and subsequent filtration.3 Analysis of the reaction mixture by
HPLC equipped with a photodiode-array detector showed
accumulation of theaflavin (2) at the initial stage (5 h).
Subsequently, a peak due to an unknown product (1) having an
absorption maximum at 440 nm appeared (10–20 h). Although
an attempt to isolate 1 from the reaction mixture failed owing to
the presence of many minor products, we found that 1 and 2
were also synthesized in a similar reaction using banana fruit
instead of tea leaves.

Separation of 1 and 2 from the reaction mixture treated with
banana fruit was much easier than that in the tea leaf experiment
(isolation yield from EGC: 1, 16%; 2, 39%).4 Extracts of apple,
potato, sweet potato, persimmon and black mushroom were also
examined and found to be capable of synthesizing 2; however,
1 was not detected in their reaction mixtures.

Structure elucidation of the dark yellow pigment 1, named
theanaphthoquinone, was as follows: 1H and 13C NMR spectra5

resembled those of 2 and showed signals arising from two sets
of A and C rings of flavan-3-ols. The 13C NMR spectrum
indicated the presence of two conjugated carbonyl groups [dC

180.62 (C-a) and 183.38(C-b)] and 8 sp2 carbons besides those
of the A and C rings. The HMBC correlation6 of these carbons
with three aromatic protons [dH 6.789 (H-c), 7.327 (H-g),
7.441(H-e)] and H-2 (dH 5.377) and H-2A (dH 5.163) of the two
C-rings revealed the presence of a 1,2-naphthoquinone struc-
ture. In addition, the appearance of a signal due to a phenolic
hydroxy group at very low field (dH 12.28) indicated an
intramolecular H bond with one of the CNO groups. The
negative FABMS showed a pseudo-molecular ion peak at m/z
535, which was two mass units larger than that expected (m/z
533 [M 2H]2), and probably arose from a reduction product of
1, because similar phenomena are known for some quinones
with low redox potentials.7 The final confirmation for the
structure was made by condensation with o-phenylenediamine
affording a phenazine derivative 1a (m/z 605 [M 2H]2) and its
spectral analysis (Scheme 1).8

1 and 2 were not detected when EC and EGC were treated
separately with banana extract, and it was clear that 2 was
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synthesized from a combination of EC and EGC.1 Therefore, it
is suggested that 1 is biosynthesized from 2 with the aid of
polyphenol oxidase as shown in Scheme 2. The discovery of 1,
the first pigment generated by oxidation of 2, is of great interest
from the viewpoint of food manufacturing. In addition, a
prolonged experiment using tea leaf extract until 30 h showed a
decrease of 1 and 2 and an increase of polymeric substances,
since only a broad peak was detected on HPLC analysis,
suggesting that 1 was further metabolized during tea fermenta-
tion and might be related to thearubigin formation.
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