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The scavenging reaction ot 2. 2-diphenyl-I-picrvlhvdrazyl radical { DUPIF) or galvinoxyl radical (GO ) by a vitamin 1
maodel. 225 7.8 pentamethylchroman-6-ol (TH). was signiticantly accelerated by the presence o) MacClO - in
de-aerated methano] (MeQL Such an acceleration indicates that the radical-scavenging reaction of TH in MeOSI
proceeds via an electrom tramster from TH to the radical. follosved by a proton transfer. rather than the one=step hvdrogen
atam trnster which has been observed in acctonitrile (MeCNYL A signiticant negative shilt of the ane-clectron
oxidation potential of HEin MeOT (1163 V yo SCEL due to strong solvation as compared Lo that in MeCN

(097 Vs, SCE) moy result in change of the radical-scavenging mechanisms between protic and aprotic media.

Introduction

Recently, much stention has been paid to the mechanisims of
radical-scavenying reactions of phenolic antioxidants, such as
vitamin I p-tocopherol and avonoids. with regard Lo the
develupmient of chemopreventive agents against oxidative stress
and associated diseases. There e two mechanisms for the
radical-scovenging reactions of phenolic antioxidants: a one-
step hvdrogen atom transter Trom the phenolic 011 group: and
an electron transter Fellowed by it proton tanster! ¥ Metal ions
are i powerful toof that can be used 1o distinguish between these
twa mechanisms. since electron-tzanster reactions are known to
be signiticantly aceclerated by their presence. In Tact. we lave
recently reported that scinenrging reactions of the galvinoxs|
radical (GO and the cumy Iperaxat radical by (+ keatechin in
aprotic media, such as acetonitrile {IMeCNy and propionitrile.
prroceed v ancelectron transter from {4 3-catechin to the radicals
{which is sigmiticantly aceclerated b the presence of metad ions,
suchias Mg™ and Seo o Tollowed by a proton transter™ On the
otherhand, ne eftect of My™ on the livdrogen-transfer rate from
avitamin I medel. 2.2.5. 7 8-pentiamethylchroman-o-of (TH). 1o
2 2-bistd-rer-octylphenyli--picrvibvdrasd vadical (DOPPI
or GO i de-aerated MeCN has been observed. indicating
that the radical-scavenging reactions of TWEin MeCN proceed
viee 1 one-step hvdrogen atom transler rather thans rie election
transler 7 However, the ¢ffects ol solvents on the mechanism
of radical-<civenging reactions of phenolic atioxidants ave
vet 1o be clarified. Leopolding o ol have peported thae the
bond dissoctation enthalpies for €3 11 bonds and the adiabatic
ienization potentialy 1or phenoelic amtioxidanes, caleulated with
wse vbdensity Tunctional theorn, denet fallow the same trends in
ws waterand benzene  Thus itis of considerable importance

6
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I Org Biomol Chem , 2205, 3, 626-629

Lo investigate the eflects of metal jons on radical-scavenging
reactions in various solvents witly different polarite.”

We report herein that (he scavenging reactions of 2. 2-diphens |-
1-picrvlhydrazyl radical (DPPH7Y or (O° by the viemin L
madel 1 in de-nerated methanol (MeOT proceed via an
clectron transler mechanism rather (han vie 2 one-step hy-
drogen atom transter. which his been obsenved in de-nerated
MeCN, Eilects of bases on the radical-scwvenging rates were
alser examined. o carity whether the actual electron donor i<
T orthe corresponding pheaolate anion 1 in MeQ11. Dillerent
mecinizms in protic and aprotic sofvents are discussed based
on kinetic. electrochemical. and EPR data obtained in this
stucdy. providing valuable and Tundanwental information about
e radical-scavenging mechanism of phenolic antioxidants

Experimental

Materials

-

2.2.5.7.8-Pentametinichroman-6-01 (1H) wax purchised Trom
Witke Pure Chemical Ind. Lid. Tapan. 2.2-Diphomd-
T-picrylhydraeyl radical (DPPIF) and  galvinexsd rdical
(GO were commierdially ebtained  rome Aldrich. Tetra-n-
butylummonivm perchlorate (Bu,NCIO ), used ax g supporting
clectrolvte for the electrochemicad nwasarements. was purchased
Trom Tokyo Chemical Industry Coc, Ltd., Tapan. reerystallized
from ethanol. and dried under vacuumat 313K, Mg(C10, ). and
methanol {MeOTT: spectral graderwere purchased from Nucaki
Tesque, Tne Japan and used as received. Pyridine and 2.6-
lutidine were commerdiaily ebtained trom Wake Pure Chemical
Ind, Ltd . Lapan and puritied by the standard procedure”



Spectral and Kinetic measurements

Since the phenoxyl radical of TH (1) generated in the reaction
of T with radicals readily reacts with molecular oxygen (O-),
reactions were carvied out under strictly de-acrated conditions,
A continuous flow off Ar pas was bubbled through a MeOIIl
solution (3.0 mL) containing DPPII" (4.8 105 M) and
Ma(CIO)- (0 0.3 Myin a square quartz cuvette (H mmid) with
aglass tube neck for 10 min. Airwas prevented from leaking into
neck of the cuvette witl a rubber septum. Typically, an aliquot
ol L2010 7 M) which was also in de-acrated MeQlIl, was
added to the cuvetle with a microsyringe. This ted 1o a reaction
of IH with DPPIF. UVevis spectral changes associaled with
the reaction were monitored using an Agilent 8452 photodiode
array spectrophotomeler. The rates of the DPPIP-scavenging
reactions of 11 were determined by monitoring the absorbance
change at S16 nmdue (o DPPH (2= 1,13 - 10'M e Yusing
a stopped-flow technique on a UNISOKEY RSP-1000-02NM
spectropholometer. The pseudo-first-order rate constants (£,,..)
were determined by a least-squares curve fit using an Apple
Macintosh personal computer. The first-order plots of Ing.4
Ay v time (A and A are denoted as the absorbance at the
reaction time and the linal absorbance, respectively) were linear
until three er more hall~lives with the correlition coellicient p -
0.999. The reaction of 1 with GO° was carried out in the some
manner and the rates were determined from the absorbimee
change at 28 nm due o GO (& = 1.32 10°M 'em ') The
rate constants of the reactions in the presence of base (pyridine
or 2.6-lutidine) were determined in the same manner.

Electrochemical measurements

The eyclic voltammuetry (CV) and second-harmonic alternating
current voltammetry (SHACV)Y'! ' measurements were per-
formed on an ALS-630A clectrachemical analyzer in de-aeried
MeGIT eontaining 0. 10 M Bu NC10, as a supporting etectiolyte,
The Pt working clectrode (BAS) was polished with BAS polish-
ing aluming suspension and rinsed with acetone betore use. The
counter electrode was o platinum wire. The measured potentials
were recorded with respect 1o an Ag/AgNO. (0,01 M} referenee
clectrode. The £ - values tve. Ag/AgNQ) were converted
to those v SCE by adding 0.29 V.7 Al clectrochemical
measurements were carried oot at 298 K under | atm Ar.

EPR measurements

Typically. an aliquot ofastock solution of TH2.0 - 10 " M)in
de-aerated MOl was added (o the EPR sample tube (0.8 mm
id} containing a de-acrated MeOIL solution of DPPH: (2.0
10 MY with o microsyringe under | atm Ar. FPR spectra of
the phenexyl radical 1 produced in (he reaction between 11
and DPPI were taken on o JEOL X-band spectrometer (JES-
REIXE). The EPR spectra were recorded under non-saturaling
microwave power conditions. The magnitude of modulation was
chosen Lo optimize the resolution and the signal-te-neise ratio
of the observed spectra. The ¢ values and the hypertine splitting
constants were calibrated with a Mn™ marker. Computer
simulation of the FPR spectra was carried out using Calleo
ESR Version 1.2 program (Calleo Scientilic Publisher} on an
Apple Macintosh personal computer.

Results and discussion

Radical-scavenging reactions of the vitamin E madd] in
de-aerated MeOll

Fipon addition of THHoa de-acrated MeOT solution of DPPIE.
the absorption band at 516 nm due to DPPIF disappeared
imnediately, accompanied by an appearance of (he absorption
band at 427 nm. Since the absorption band al 427 nm s
diagnostic of the phenoxyl radical derived from 11 (1°) in
MeOTL™ this spectral change indicates that hvdrogen transter

from the phenolic GH group of HE to DPPIT takes place to
produce 1° {eqn. (1)) The absorption hand of 1 was shilted
from 423 nm in MeCN to 427 nm in McOEL™ Such a shilt in
the absorption band of T+ may be due to a stronger solvation of
1" in MeOEF than in MeCN.
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The rate of the DPPH-scavenging reaction of 1T was
measured by monitoring the decrease in absorbance a1 516 nin
due 10 DPPIE using a stopped-Nlow technique. The decay of the
absorbance at 516 nm due to DPPIT obeyed pseudo-lirst-order
kinetics when the concentration ol TH ([1H]) was maintained
at more than a 10-fold excess of the DPPH® concentration. The
pseudo-irst-order rale constants (&, ) increase with increasing
[1H]. exhibiting first-orcder dependence on [TH]. From the slope
of the linear plot of k. vs. [TH]. the second-order rate constant
(Kiy b was determined Tor the radical-scavenging reaction as
107 1M " s 'in de-aerated MeOIl amt 298 K. The
Ky value thus obtained in de-aerated MeOIL is signilicantly
larger than that determined in de-aerated MeCN (4,35
10°M 's )7 A similar resalt his been reported by Litwinienko
and Ingold.” Intermolecularty hydrogen-bonded phenolic O
groups ol hydrogen-bond aceepting solvents. such as alcohols,
are known to be essentially unreactive against radicals.” Thus.
the enhanced Ay value in MeOH sugeested that the reaction
mechamism in MeOIT may be dilferent from that in McCN, The
GO -scavenging rate constant by 111 in de-agrated MeO11 has
alie been determined in o sime manner by monitoring the
decrease in absorbance al 428 nm due 1o GO as 2,54
10" M ' s ', which is slightly smaller than that in de-acrated
MeCN (332 10°M 's ')

Effeet of magnesivm ion an the rates of radical scavenging
reactions

If the radical-scavenging reactions of TH involve an electron-
(ranster process as the rate-determining step. the rates of radical
scavenging would be accelerated by the presence of metal iong.™*
This was investigated by examining the efleet of MgtCHO ). on
the radical-scavenging rates by Hin de-acrated MeOll, When
Mg ClOy). is added o the TH DPPH system in de-aerated
MeOILL the rate of DPPIF-scavenging reaction by 111 was
significantly aceelerated. Such an acceleration was not observed
for the DPPIF-scavenging reaction by 1 in MeCN.” The £y,
value increases lincarly with increasing Mg concentration
(IMx2™]) as shown in Fig. Ta. A similar aceeleration ellect of
Mg has been observed lor the GO-scavenging reaction by
TH in de-aerated MeOII (Fig. 1b). Thus, the radical-scavenying
reactions in de-aerated MeOIT may proceed vie an ¢lectron
transier from 11 10 DPPIE or GO, which is aceelerated by
the presence of Mg™ | Tollowed by proton transier from 11"
o DPPIL or GO as shown in Schemie 1. In such a ease.
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