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Oxidative stress is important in the pathogenesis of neuronal cell
death in Alzheimer’sand Parkinson%disease. The protective role
of antioxidants against such pathogens has been widely studied
and this has promoted the development of antioxidants for the
treatment of diseases associated with oxidative strésgitamin
E, which is an essential nutrient in humans, may be a clinically
useful antioxidant. In facty-tocopherol reduces amyloid-induced

cell death and suppresses the progression of Alzheimer’s disease.

Flavonoids such as catechit) @nd querceting) are plant phenolic

pigment products that act as natural antioxidants. Quercetin, on one

hand, has been shown to protect against oxidant injury and cell
deatlt by scavenging free radicalsprotecting against lipid per-
oxidation® and thereby terminating the chain-radical reacti@n

the other hand, there have been only a few reports on the use of

catechin for the treatment of free radical-associated disease, where
the mechanism to scavenge oxygen radical has been well-stddied.
However, its ability to scavenge free radicals must be improved,

and adequate lipophilicity is needed to penetrate the cell membrane

before it is suitable for clinical use. The superior antioxidant ability
of 2 results from the formation of a stable radical, due to the-C2

C3 double bond and the resulting planar geometry which delocalizes

the radical throughout the entire molectleSince the B ring inL

is known to be perpendicular to the A ridgthe radical-scavenging
ability of 1 might be improved by constraining the geometrylof

to be planar. In this communication, we describe the first synthesis
and characterization of the antioxidant properties of a planar
catechin analogue3) with respect to the chroman and catechol
moieties ofl, by taking advantage of the formation of a bridge
between the 3-OH group on ring C and'@# ring B.

The planar catechin3] was synthesized via an oxa-Pictet
Spengler reactidsd using catechin and acetone with BEtO as
the acid. The structure was characterizedtdyand3C NMR and
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Figure 1. X-ray structure of tetr@-silylated analogued4) of 3, showing
ellipsoids at 50% probability.

UV —visible spectroscopy. Th&H signals of the four protons of

%he phenolic OH groups showed that the catechol moiety on ring

B did not react with acetone. As shown in Figure 1, the planar
geometry of3 was substantiated by single-crystal X-ray crystal-
lography of a tetra®-silylated analogue4), in which the four OH
groups on the A and B rings are substituted tbgu(Me),SiO
groups. X-ray analysis also confirmed that the stereochemistry of
3-H on ring C was maintained throughout the reaction without any
acid-catalyzed racemization.

The radical-scavenging activities bfand3 as well as that of
were compared using galvinoxyl radical “jGs an oxyl radical
species? Upon addition ofl to a deaerated MeCN solution of,G
the absorption band at 428 nm due todBappeared immediately
as shown in Figure 2. This indicates that hydrogen abstraction from
one of the OH groups on the B ring &fby G takes place to give
catechin radical and hydrogenated (&H). The decay of the
absorbance at 428 nm due to@heyed pseudo-first-order kinetics
when the concentration df was maintained at more than 10-fold
excess of the Gconcentration (inset of Figure 2). The dependence
of the observed pseudo-first-order rate constdaty( on the
concentration ol is shown in Figure 3, which demonstrates a linear
correlation betweekyp,sand the concentration df From the linear
plot of kons VS the catechin concentration in Figure 3, we determined
that the second-order rate constdg)tfor hydrogen abstraction of
1 by G was 2.34x 10® M1 s7L Thek values for2 and 3 were
determined in the same manner to be 1:080° and 1.12x 10°
M~1s71, respectively. Thus, thk value for planar catechir8 is
about 5-fold larger than that for catechih),(approximately the
same as that for querceting)(

Hydroxyl radical is the most reactive among oxygen-derived free
radicals responsible for aging and free radical-mediated injury.
Therefore, the effects dff, 2, and3 on hydroxyl radical-mediated
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Figure 2. Spectral change in the reaction df(1.5 x 1074 M) with G*
(2.4 x 1076 M) in deaerated MeCN at 298 K (Interval: 10 s). (Inset) First-
order plot based on the change in absorption at 428 nm.
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Figure 3. Plot of the pseudo-first-order rate constahtnd vs the
concentrations of (@), 2 (W), and3 (O) for hydrogen atom transfer from
antioxidants to &(2.4 x 1076 M) in deaerated MeCN at 298 K.
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Figure 4. Effects of1, 2, and3 on DNA breakage induced by F&H,0,.
Assays were performed in 50 mM sodium cacodylate buffer, pH 7.2,
containing 45uM bp of pBR322DNA, fa 1 h at 37°C. Lanes 1, 6, and
10; DNA alone, lanes 2, 7, and 11; 10 mM®} and 10uM FeCk, lanes
3-5, 8, and 9, and 1214; 10 mM HO, and 10uM FeCk in the presence

of 0.25, 1.25, and 2.5 mM (lanes 3-5), 0.25 and 1.25 m\2, and 0.25,
1.25 and 2.5 mMB.

DNA breakage were investigated. DNA-strand scission in super-
coiled pBR322DNA was induced by a hydroxyl radical-generating
system using hydrogen peroxide in the presence &f feenton
reaction). As shown in Figure 4, at a high concentration (1.25
and 2.5 mM) suppressed DNA strand breakage, while at a low
concentration (0.25 mM) it exhibited pro-oxidant properties,
consistent with the enhanced DNA cleavage in comparison with
cleavage without antioxidant. Quercet) 6nly showed pro-oxidant
effects at 0.25 and 1.25 mM. In agreement with previously
published result®’ the measured pro-oxidant effects bfand 2
may be attributed to autoxidation of the antioxidant in the presence
of transition metal, leading to the generation of primary radicals
such as hydroxyl radical. In contrast to the pro-oxidant effects of
1 and 2, the addition of3 protected DNA from Fenton reaction-
mediated damage at all of the concentrations tested3 andibited

marked hydroxyl radical-scavenging ability, which exceeded that
of catechin. Since8 is very lipophilic compared td (data not
shown), the high radical-scavenging ability3fnight be very useful

for suppressing free-radical associated events, especially in the cell
membrane.

In conclusion, we have described the first synthesis of planar
catechin3, which was constrained by the formation of a bridge
between the 3-OH group on ring C and’'©® ring B. Preliminary
experiments indicated that, despite the absence ofe032ouble
bond, 3 showed enhanced radical-scavenging ability comparable
to that of 2. Efficient protection against DNA strand breakage
induced by the Fenton reaction and the greater lipophilicity of
suggested that the construction of a planar catechin might be a new
approach for the development of clinically useful antioxidants. The
inducing planarity of3 may pose the preferential stabilization of
radicals through hyperconjugation betweenthelectrons on ring
B and theo electrons on C2 on ring C. In fact, a large amount of
the spin density in the radical species generated via the antioxidative
reaction of3 is accumulated at the C2 position (data not shown).
However, the effect of substitution to the para position from an
OH ring on the B ring also should be considered as the essential
factor for its enhanced reactivity. The detailed mechanism as well
as the energetics of hydrogen abstraction from catechin analogues
depending on the molecular structure is now under investigation.

Supporting Information Available: Experimental procedure for
the preparation 08, kinetic measurements, the DNA-cleaving experi-
ment, and crystallographic data #(PDF). This material is available
free of charge via the Internet at http://pubs.acs.org.
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