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Participation of hydrexybenzotropolones in the free radical processes may be relevant to the transformation of envi-
ronmentaly important organic residues to humus substances. To elucidate this possibility we autooxidized PPG
= 2,3,4,6-tetrahydroxy-5H-benzocyclohepten-5-on with O in Na;CO; solution. An intermediate stable radical of the
semiguinone type SQ" revealed the hyperfine structure and a strong ahsorption band in the spectral region. The in-
fluence of reducing agent (ascorbate), stabilizer of the EPR signal (Zn®") and spin trap (DMPO) on SQ° EPR spectra

was measured. The obtained results

ggest that the PPG SQ° may undergo several processes such as dismutation,

polymerization and addition. These processes are leading to humus-like dark macromolecular paramagnctic products
probably containing tropolone moicties. Their physicochemical and physiological properties have not been yet care-

fully studied,

INTRODUCTION

The molecule of purpurogallin (PPG = 2,3,4,6-
tetrahydroxy-5H-benzocyclohepten-5-on) contains
the extraordinary tropolone 7-C-element aromatic
ring condensed with the 1.2,3-trihydroxybenzene
ring (pyrogallol) with the hydrogen bonds between
C=0 and —OH groups. The structure of the PPG,
hydroxybenzotropolone-type molecule is shown in
Fig. 1. In the 7-C ring the amount of delocalized
electrons = 6, therefore the Hiickel rule 4n+2 for
this structure is fulfilled.

PPG reveals relatively strong absorption, dia-
magnetism and microbiological resistance (Slawi-
nski, 1971; Stawinska, Lichszteld & Michalska,
1978; Stawinski, Szczodrowska & Wlodarczyk-
Graetzer, 1973). The latest research has shown
that PPG may be a particularly promising antioxi-
dant scavenging reactive oxygen species (ROS)
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Fig. 1. The structure of purpurogallin (PPG= 23,4, 6-tetra-
hydroxy-5H-benzocyclohepten-5-on)

generated by polymorphonuclear leukocytes (Pra-
sad, Kapoor & Lee, 1994) and by three types of
human cardiovascular cells (Wu, Zeng, Wu, Fung,
Weisel, Hempel & Camerman, 1996). PPG occurs
as a purple pigment in galls (Cecidia, Galla) on
the leaves of Quercus penduculata, Salix fragilis,
Ciprinus betulus and other plants (e.g. in certain
barks in the form of glucosides). It plays also the
role of an active cytoprotector (Rootman, Bindish,
Zeng, Hasany & Wu, 1994), effectively chelates
ferrous (II) ions and suppresses the formation of
the OH" radical in the Fenton reaction (Wu et al.,
1996). PPG oxidized enzymatically or in an alka-
line solution exhibits relatively strong chemilumi-
nescence and a deep-blue stable free radical of the
semiquinone type (Stawinski, 1971; Slawinska er
al., 1978: Slawinski et al, 1973; Nilsson, 1964).
Recently it has been shown that the 3,4,6-trihyd-
roxy-5H-benzocyclohepten-5-one radical plays a
dominant role in the transformation of theaflavins
and their physiological activity (Jovanovic, Yuki-
hiko, Steen & Simic, 1997). It has been reported
that PPG and its analogues formed from polyphe-
nols can be precursors of the most complex and
ubiquitous compounds in the biosphere, humic
acids (HA) and melanin-like polymers in nature
(Stawinski, 1971; Stawinska et al., 1978; Slawi-
nski ef al., 1973; Nilsson, 1964; Stawinska, Stawi-
nski & Sarna, 1975; Schulten, 1995; Senesi &
Miano, 1994; Lipski, Manikowski, Skwarek &
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Fig. 2. Scheme of experiment

Fig. 3. Reaction of SQ°

Stawifiski, 2000; Gwozdzinski, Lipski & Stawi-
fiski, 2000; Stawinska & Stawinski, 1967)).

MATERIALS AND METHODS

The oxidation process of PPG alkaline solution
(PPG + Na,CO; I1:1, [5 mM]) in the presence of
atmospheric oxygen ([O;] = 0.7 mM) to macro-
molecular humus substances was performed. The
influence of reducing agent (ascorbate), stabilizer
of the EPR signal (Zn’"), and a spin trap (DMPO)
was measured.

A technical grade commercial PPG (Aldrich
P-5590-2, 15 g) was crystallized from diethyl ether
solution. The reducing agent ascorbate (puriss.)
and a spin trap DMPO (puriss.) were from Sigma,
and stabilizer ZnSO4 (puriss.) was from POCh,
Gliwice.

The experiment was performed according to the
scheme (Fig. 2).

Aliquots of the PPG solution were analyzed by
EPR spectroscopy (Bruker 300E with microwave
resonator 9105TM274) and UV-VIS spectropho-
tometry (Jasco V-530).

RESULTS AND DISCUSSION

Electron paramagnetic resonance

To investigate the PPG oxidation reaction four
experiments using EPR technique have been per-
formed.

PPG + Na,CO4
+ Ascorbate

semiquinone |

PPG + Na,CO4 PPG + ZnS0O,
+ DMPO +0,
EPR EPR
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(i) In the first experiment the formation of PPG-
semiquinone free radical SQ" during the oxidation
process has been investigated. The reaction equa-
tion and structures of SQ" are shown on Fig. 3.

The EPR spectrum of PPG-semiquinone formed
during the reaction of PPG with Na,CO; and O, (5
mM), 4 min after mixing, was measured. The in-
termediate stable radical (Fig. 4) of the semiqui-
none type SQ’ revealed the hyperfine structure (B
= 336.5-334 mT, g = 2.0033-2.0044). The g gi-
romagnetic splitting factor was calculated accord-
ing to the basic equation — resonance condition:

hv=guB

where: h — Planck’s constant, v — microwave fixed
frequency, g — giromagnetic splitting factor, g
— Bohr's magneton, B — magnetic field intensity
=334.0-336.5mT

For comparison, value of free electron’s giro-
magnetic split factor is 2.0023. The difference
with the obtained value for SQ° is the result of
influence of electron magnetic orbital angular
momentum on SQ°.

It should be noted that all protons in PPG are
not-equivalent. There are protons H-C at various
positions connected directly to the ring, and pro-
tons H-O-C connected indirectly, through oxygen
atoms. In addition, the hydrogen bonds between H
atoms connected indirectly (through oxygen) to 7-
and 6-C-rings and carbonyl O=C group was ob-
served (Stawinski et al., 1973). Thus, the protons
in PPG molecule could not be ascribed to any
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Fig. 4. EPR spectrum of PPG-semiquinone formed during the reaction of PPG with Oz in 0.01 M NaCO; solution, 4 min af-
ter mixing (5 mM). Range: 336.5-334 mT. Gain: 2 » 10*. Time const.: 20.48 ms, modulation amplitude: 1.013 G

STD—

Fig. 5. EPR spectrum of a PPG + NayCOs + Ascorbate 1:1:1 mixture (3.3 mM) in the presence of the O,. A typical doublet of
ascorbyl radical. Range: 336.5-334 mT. Gain: 2 x 10*. Time constant: 20.48 ms, modulation amplitude: 1.013 G

particular line intensity in EPR spectrum. This
makes interpretation of the PPG EPR spectra ex-
ceptionally difficult.

The spectrum shape and its parameters reminds
that of HA (B = 336.5-334 mT, g = 2.0039 =
0.0002) (Slawinska, Stawinski & Sarna, 1975;
Lipski, Manikowski & Stawinski, 1997; Senesi &
Miano, 1994; Cheshire, Bedrock, McPhail &
Fraser, 1997).

The obtained results suggest that the PPG SQ°
may participate in several processes such as dis-
mutation, polymerization and addition. These
reactions lead probably to humus-like dark mac-
romolecular paramagnetic products (Slawinska er
al., 1978; Slawinska et al., 1975; Stawinska ef al,
1975; Lipski et af, 1997, Senesi & Miano, 1994;
Cheshire et al., 1997).

(ii) In the second experiment the influence of
reducing agent, ascorbate ion (Asc) has been in-
vestigated.

Thus, PPG + Na,CO; + Ascorbate (pK; = 4.17,
pKz = 11.57 for ascorbic acid (The Merck index,
1998) were mixed at a 1:1:1 ration (3.3 mM, in the
presence of O;). We propose the following scheme
of this redox reaction, that proceeds via free-
radical mechanism:

SQ’ + Asc —» PPG-quinone + Asc”

Therefore, according to the above mentioned
scheme, the typical doublet of ascorbyl radical has
been obtained (Fig. 5). It means that ascorbate
have stronger reductive properties and more nega-
tive redox potential (0.166 V at pH 4 (The Merck
Index, 1998)) than PPG. This is also confirmed by
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Fig. 6. EPR spectrum of PPG + Na,CO3+ DMPO 1:1:1 mixture (3.3 mM) in the presence of the O,. Hyperfine splitting con-
stans are given. Range: 336.5-334 mT. Gain: 2 x 10°. Time constant; 20.48 ms, modulation amplitude: 1.013 G

Fig. 7. EPR spectrum of PPG + ZnSQq [+ Oy] 1:1 mixture (3.3 mM) after 20 min. The sample turns black and shows a very
strong EPR signal typical of humic acids and melanins. Range: 336.5-334 mT. Gain: 2 x 10*. Time constant: 20.48 ms,

modulation amplitude: 1.013 G

of the reaction mixture, color changes from blue to
yellow.

(iii) One of the most popular spin traps, DMPO,
has also been used in the reaction: PPG + Na,CO;
+ DMPO + O, 1:1:1 (3.3 mM, in the presence of
the 02).

It has been found that C-centered free radical
has been formed (Fig. 6).

(iv) The specific EPR signal amplifier (signal
stabilizer) for melanins, ZnSO,, has been used.
The obtained EPR spectrum of PPG + ZnS0, 1:1
(3.3 mM, in the presence of the O,) after 20 min of
reaction initiation is shown on Fig. 7. It is evident
that a humus-like substance is formed.

UV-VIS abserption

Absorption spectrum of PPG in neutral solution
(EtOH : H,0=1:10 v/v, [PPG] = 0.1 mM) shows
maxima at 245 nm (A = 1.2) and at 319 nm
(strongest maximum, A = 2.35) (Fig. 8 —). The

origin of the strongest maximum at the wavelength
of 319 nm can be explained as follows. Due to the
conjugation of the electrons from the C=O chro-
mophore with the n-delocalized electrons from the
tropolone and benzene aromatic rings the bato-
chromic shift takes place, and absorption at this
wavelength indicates a m — m* transition in C=0
chromophore. Without conjugation with the 7-
delocalized electrons, m — w* transition in C=0
occurs at 250 nm.

PPG autooxidized in the alkaline solutions (0.1
mM PPG in 0.1 mM Na,COs, EtOH : H,O = 1:10
v/v) formed the deep-blue anion of PPG™ semiqui-
none-type stable free radical SQ° (Fig. 8 --),
strongly absorbing at 612 nm (Stawiniski, 1971;
Slawinska ef al., 1978; Slawinski et al., 1973;
Stawinski et al., 1975; Lipski et al., 2000; Gwozd-
zifiski et al., 2000). In this step, the OH-groups of
the phenolic ring of PPG undergo oxidation, lead-
ing to the SQ” intermediate.
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Fig. 8. Absorption spectrum of purpurogallin (PPG) in EtOH - HxO = 1:10 v/v solution [PPG] = 0.1 mM (—). PPG + 0.7
mM O, + 0.1 mM Na;CO; solution 3 min after the redox reaction initiation. The absorption maximum at 612 nm corre-
sponds to the deep-blue PPG-semiguinones (~). Absorption spectrum 60 min after the reaction initiation, resembling that

of humic acids or melanins (- - - -)

Absorption spectrum of the reaction solution, 60
min after the reaction initiation, has an almost
monotonic shape (with few shoulders), resembling
that of humic acids or melanins (Lipski, Stawinski
& Zych, 1999; Auger & Richard, 1996; Senesi &
Miano, 1994; Lipski, Stawinaski, Manikowski &
Gorski, 1997, Gorski, Lipski, Stawiriska & Stawi-
nski, 1997; Stawinska & Slawinski, 1967), is
shown in Fig, 6. It is known that absorption in the
range 250-385 nm is characteristic for carbonyl
derivatives of tropolone (Stawinski, 1971; Stawi-
nska et al., 1978; Stawmski et al., 1973).

It should be noted that a distinct isosbestic point
at 378 nm (A = 0.35) was obtained. The total ab-
sorbance value at this wavelength consists of at
least absorbances of the substrate PPG, deep-blue
SQ’ and products HA.

The oxidation process of PPG, leading to hu-
mus-like polymers, proceeds via several steps.
This seems to be confirmed by the fact that several
types of absorbing species are formed in the
course of PPG oxidation, as described above.

CONCLUSIONS

Results of above experiments lead to the following
conclusions: muiti-step scheme of PPG redox
conversions to HA proceeds via a free-radical
mechanism. The formation of PPG-semiquinone
free radical is accompanied by color changes, from

yellow to blue. When the reaction commences, the
HA is formed and the color changes to brown.
These color changes are visible in the UV-VIS
absorption spectrum (Fig. 8). Thus, the proposed
scheme is given as follows:

Stage [. PPG —» SQ°

Stage II.

1* possibility SQ* + SQ" (recombination) — di-
mer (SQ-SQ), without HA formation

2" possibility SQ* + SQ" (dismutation) —» PPG
+ quinone PPG

Stage 1I1. After stage II p. 2. further polymeriza-
tion is possible:

Quinone PPG — — —» humic acids (probably
PPG polymers)

The ecological role of these conversions is not
clear. Due to role SQ° radicals in the transforma-
tion and physiological activity of theaflavins these
reactions of PPG may have an important influence
on the human health. However, the exact mecha-
nisms and possible ecological role of this process
remains to be elucidated.
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