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Summary

Quinones are common in several natural products and endogeneous biochemicals or generated through
metabolism of aromatic hydrocarbons. Some quinones are potent redox active compounds which can
undergo enzymatic redox cycling with their corresponding semiquinone anion radicals and as a result
generate superoxide anion radicals.

In this paper, we review the catalytic activity of quinones and nitroarenes, as mediators in the reductive
activation of molecular oxygen and in the oxidative quenching of superoxide, examined by electrochemical

method.
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Fig. 1 Generation of superoxide catalyzed by quinone in biological
(A) and electrochemical (B) systems
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Fig. 2 CV of 0.1 mmol dm ® anthraquinone under argon (a),
saturated O, (b) or anthraquinone under saturated O, (c)in
DMF solutions (1ml) containing 0.1 mol dm™ NEt,ClO, at
a Pt electrode (diameter 1.6 mm) with a scan rate of 100mV
s ' at 25°C. The potentials are vs. Ag/Ag" (0.01 mol dm™)
AgNO, in 0.1 mol dm® NBu,CIO, in MeCN
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Fig. 3 DPV of p-benzoquinone (BQ), anthraquinone (AQ) or 6, 13-pentacenequinone (PQ) under saturated O,.
The conditions is as follows ; 0 mV init E, -1800 mV final E, 20 mV/s scan rate, 50 mV pulse amp, 50 ms pulse

width, 200 mV pulse period, 5 s quiet T
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F 7 VEEEAT0.05 — 0.2mM OHIP TIEEER NS T,
BIUGERBSLFAILCHEML TR I ERL, TV T
F VRS OBRERPETIZAMES L —EORILETT
ATZNVTA—=N—FF IV FEERLTVEIEIPREIN
. =7, TvEIx/vED L EFRILEIAR TV
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Fig.4 PSCC of 0.1 mmo! dm® anthraquinone under argon (a),
saturated O, (b) or anthraquinone under saturated O, (c).
The potentials are stepped from 0 to -1216 mV (Epcl of
anthraquinone) for 250 ms. Other conditions are as in Fig. 1

B (Epc 1) 1X-1216mV TH 572, ZOEMEHETT
PSCCH:zAT o7z, TR, BRBNLHLT, 7V
7%/ 0 1mMBBTHE SN-EBERE(S+0,]=
0.755uC/msec'?) &, AW EMHET([S]=
0.018uC/msec’ ) BX U7 > + 9% ) VIEFET
([0,] = 0.480 uC/msec"®) THOBEAE %X 552 L %
ZEPREN, TYIIF /) 072 VhNIIEE
O EBRILETH A 2V EBYRELTA—N—FF T F
DIFEZMBEL THWD I EIREINS. 512 Anson 7
Oy NEBMTROLBREN DA —/—FF T PS4
#131400mmol dm ™%, ¥ — A —N"—$iF141TH 3
CEBHLRERST. RICT Y NIX ) ViEERE 2
THDERE% 1T - 7= (Fig. 5). ZD#H, 0.001mM —
0.1mM DEEFHMTIZIA - N—FF > FoAFEE IR
BWREICHL, —EDF—VF—N—RITL-5TA
== F L FOEREMBEL TVBIEAIRER, T
Y NI X OB Z OBREHETIZENNTEETH
BIENHL Lo,

Yk, PSCCHIZED TV b IF ) v DA—I—F *
VFAEKREERENT A ESTMRIC 572, 22T
HMADF ) R ba7L—YDRA——FF3 FARK
BEZH LML, X5 bAWOBEILESM (Epal) & o
AHBIZ DWW T HHES L7z (Table 1). # D%, -1000mV
5-1300mV ICB L BN (EBpal) #E3 5%/ v %= b
O7L—rTlE, 723 SV AN OBESTF~DE
TBENIH ) BAEOHM ([S + 0,] >[S]+[0,]) A4
HN, A== F T FHPMBIICELTWE Z &
IRENTz, BRIZ, Epal AVNEWALEWIZE R — 83— F
FUFEREELRL T, Epal "BES T D Epcl
(-1437mV) IZHE VI, R E AR B3 < 2 D AR X <
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Fig. 5 Effect of anthraquinone concentration on the catalysing
formation of superoxide. Each point represents the mean
value of three runs, and the error bars indicate the standard
deviation. Turnover numbers are givin in parentheses for
each concentration
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= b7 VL=V DTF T TN SBELSTAD
—B/FRBEIGZHS 2T Lz, -1000mV ~-1300mV
CRALBEMNOBHEF /) = b7 L— " oBEST
~NOBFRENL, BIEBTOBENEYy Yy 72 VBT
BFPBE LTV, COBETRBE UL IIERE BN
ZERTHY, BESTORTENM (Epcl =-1437mV)
L BRLEAL (Epal =-1056mV) & DENF ) = b1
TLb=VEDbREVWIEIZEBEELZL, ) 0=
a7 L= Y DBREGF EBRILEITTT A 2 VEER LT
A=N—=F F T FEBEICRET B7-01213, BED
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PETTLIE ATy T 1), ILEYHE—BTFEICE,
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Table I Chronocoulometric data for quinone and nitroarenes in the presence or absence of oxygen :

nitroarene anion radical for superoxide generation

Catalytic activity of quinone and

compounds Epcl® (s1° [s+0," [o,° Amount of O,- ¢ Turnover
(mVvs.Ag/Ag +)  (uC/msec®  (uC/msec”®  (uC/msec”) (mmol dm™) number?
QUINONE
benzoquinone - 812 0.022 0.027 0.006 1 0
1,4-naphthoquinone - 981 0.019 0.037 0.017 3 0
1-OH-anthraquinone - 1052 0.018 0.048 0.030 9 0.1
menadione - 1071 0.018 0.060 0.035 46 0.5
1-Cl-anthraquinone — 1166 0.020 0.389 0.225 786 7.3
anthraquinone - 1216 0.018 0.755 0.480 1400 14.1
5,12-naphthacene- - 1319 0.019 1.667 1.087 3060 29.7
quinone
NITROARENE
4-NO,-quinoline N-oxide - 1012 0.017 0.041 0.015 43 0.5
1,3-diNO,-naphthalene — 1095 0.018 0.079 0.048 70 0.7
1,7-diNO,-naphthalene — 1134 0.019 0.198 0.107 395 3.9
3-NO,-fluoranthene - 1204 0.019 0.521 0.378 675 6.5
m-diNO,-benzene - 1227 0.018 0.560 0.400 773 7.8
1,6-diNO,-naphthalene — 1248 0.019 0.738 0.550 928 9.2
1-NO,-pyrene - 1325 0.018 1.394 1.086 1580 16.2

 Applied potential for PSCC experiment.

® The potentials were stepped from 0mV to Epcl of compounds. The integrations of current were measured for 250 ms with 0.1mM
substrate under argon [S], 0.1 mM substrate under saturated O, [S + O,] or saturated O, [O,] in DMF (1 mL) containning 0.1mmol dm™

3 TEAP at a Pt electrode (diam. 1.6 mm), and the diffusional slops of a linear plot{charge vs t

12+ Anson plot) were obtained. All values were

substracted by [DMF] as background. The concentration and diffusion coefficient of saturated O, in DMF are 4.5 mmol dm™® and 4.7 x

10 °cm?/s.

¢ Amounts of generated superoxide =[S + 0] — ([S] + [0O]) x 5.45 X 1000

4Turnover numbers of redox cycling = ([S + 0] — ([S]+ [0])/[S]

a -\ o iy P
Epal of Q" ¥ ¢<—= Epalof 0" &
(<-1038 mV (<1038 mV) &
Q- 0, . 0,

Fig. 6 Electrochemical system for superoxide quenching catalyzed
by quinone

2. A—/\—FF¥ ROBERICDENT

A—=N—=FF T Fp6F /b a7b—r\D—
BTFBEHSAETTHE A= F ¥ FHHEESR
THRESFIEETSL. COX—N—FF ¥ FOHEK
Sk, CVIRIZE A7V b/ VEBENTLOMD
—BIBEUSER TS 2o (Fig. 2). T4hb
b, A—=8—F %V Fi2-1038mV CHEFF~O—&
TBALRE %2501 LT, 7Y FF% /¥ 1mM
BWTEA—=—=F F ¥ FOB{LIZ-1110mV THEITL,
Ty NI X ) VHEGHETERRT2mMV A—8—F F ¥
FidBfbshe T I LdRENA. £/, ZOMILE
MIZBI2EBHRE -7 oMb AbNz, TORA—73—
T XY FO—BTFBARSEOHEME, A—-N—FFY
FRoT7 v % v ~O—BFBEUSHHEIT LT
VR ZAFA I NVERBELTHWLIENEZLND
(Fig. 6). $7bbH, -1600mV A5 0mVA~EM 2 HT

L&, D7 IX ) 0T 24T THNIE, A—I8—
FTEIVFIDL BB EI NPT WV/D (Epal =

1190mV), 7Y FIF I vTF =AY G U ANIIFA—IS—

TEFIVFIVDBCT VT F ) vNBILENS, 2) A
—RN=FFVERST VIR U ANO—BTREHRIE
ST L CHBESTVERL, 7Y T VIZEET
END, DEELINLZT VI IF I 0TIV H
MTHEBILEN, ZOKRBRICER M 5. DL
DX BREBILRTHA 7V ERYETILIZL o TA—
N—FF L FOBALBEME T Y SXF /072405
HNVOBALBN DLW Y 7 ML, TYFIFJ UPBR
—N—=FF Y FOEERCEET 5 2 L HLo L &
72,
XLHIZDPVERZHWTA—NR—FF T FhbF /v
~NOBTRBENICOFM R FN 217 - 72 (Fig. 7). £
WR2, 3-UAFAT VI TF I Vi, A——FF ¥
Fo ¥ v 3 F~O—EFBECIIY ) BILEMD
RAFANDY TRV Ry 7 24 7 VOBRITES
BitEREO#EMEALN, 2, 3-VAFLT Y T F
J YA =IN=F ¥ FOWHRGT~DHE LS % il
LTWB I EPmaEans:., I/, A—1"—=FFY FOB
{LEFEEIZ2, 3-VAFAVLT VM T X VIBRIEE
(0.05 - 02mM) ICHBFIL THMLCWA I &2, 2
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Fig. 7 DPV of p-benzoquinone (BQ), 2, 3-dimethyl anthraquinone (DAQ) or 6, 13- pentacenequinone (PQ) under
saturated O,. The conditions are as follows ; -1800 mV init E, 0 mV final E, 20 mV/s scan rate, 50 mV pulse
amp, 50 ms pulse width, 200 mV pulse period, 5 s pre-excitation T
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Fig. 8 PSCC of 0.1 mmol dm™ 2-methylanthraquinone under
argon (a), saturated O, (b) or anthraquinone under
saturated O, (c). The potentials are stepped from -1437 to -
1226 mV (Epa 1 of 2-methylanthraquinone) for 250 ms.
Other conditions are as in Fig. 1

DM T, fMBEREZ2, 3-VAF VT Vb
TF )V EBRICY A 2 VERRT BDICHSBRER
LTWAZERHLNERoT, =, RVITF )%
6, 13- RV FE>YF VT, 2, 3-VAFALT VT
¥ 2 L EROBTBEISIEA SN2 h - 7.
KIZPSCCHEEHWTHF / v a7 L—VDA—
NW—=FF ¥ FEEROBMEILEZRAAR, A—/—FFTF
HERE L FEMICIBAT L, WEAMIZOm VIZCREL,
DWW TEMZBEZEDOREITGENM (-1437mV) 12 10sec A 7 v
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T LU TEBEMEICHFEDA—/N—F F ¥ Feitel
DT =F IV ANERRESE. E5I2BMNEFNE
NoLEWOBILEM Epal) 2 250msec X7 v F L7z
L&D, BILEREOREHFEI(Qvs O ZRE L2, B
LEREOMER oy V(7 0 7 —a 75 L),
Anson 71 v M (Q vs t")FREICL VEMHRE ST v b
LEWL 2, COBEBTT Y O/ (uC/msec”?) &
Rz, EBL, BERNATTB L OILEWIREET T
DITV, TS OHFMEL SIEEWIC L - TS 7z
A== F X FEERE Y-V F— N THEDbL
fiRe 2 B L. ZOHR, 22 AF VTV TX v
?0.1mM A TIX (Fig. 8), A—/8—*F ¥ FORES
T~O—BTEILERE ([S + 0,] = 0.448 uC/msec"?)
W, BRSNS ([S]=0.014 uC/msec”) B X 8%
YIEFFAE T ([0,] = 0.194 uC/msec'®) TOEHRE XIS
P ERL Z EIRENTZ. 52 Anson 712 v MM
TROL-BEHRBLIV2ZAFLVT UV IIFF ) VDA —I3—
F %Y FEEI21310mmol dm %, ¥ — v+ — " —#
3169 TH B LAWS N E ol AKOHETHA
DX R PaTL—VOR—N—FF T FigERER
Ho»icl, —BT&IGEM (Epcl) & ORI %Mt L
7z (Table 2). ZOEH, -1250~-1100mV 2 —EFREIT
BN (Epc) #HTAHF /) =t u7Ll— v TiEA—
N=F XY FO—EBE TR BILERE OB
([S+ 0,1 >[S]+ [0,]) SR B, RA—=s8—FF ¥
fRBEIICH R SN TV A Z EAVRE N2, 4512, Epcl
HREL, A=8—FF ¥ FOBALER (1056 mV) 1238
WEpcl 2 AT ALEWIE Y, MR < = L <
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Table 2 Chronocoulometric data for quinone and nitroarenes in the presence or absence of oxygen :

nitroarene for superoxide quenching

Catalytic activity of quinone and

compounds Epal® [sr [s+0,0° [0,]° Amount of 0, Turnover
(mVvs.Ag/Ag +)  (uC/msec”®)  (uC/msec”®)  (uC/msec’?) (mmol dm™) number*
QUINONE
1-Cl-anthraquinone - 1136 0.015 1.019 0.711 1600 19.6
anthraquinone - 1190 0.016 0.679 0.357 1670 19.5
2-t-Bu-anthraquinone - 1212 0.014 0.382 0.177 1040 14.0
2-Me-anthraquinone — 1226 0.014 0.448 0.194 1310 16.9
2,3-diMe-anthraquinone - 1261 0.018 0.318 0.126 947 9.7
5,12-naphthacene- - 1286 0.014 0.137 0.121 218 2.9
quinone
NITROARENE
3-NO,-fluoranthene - 1155 0.018 0.670 0.342 1690 17.0
1-NO,-pyrene - 1289 0.019 0.183 0.083 439 4.2

“ Applied potential for PSCC experiment

® 0, were generated at-1437mV (Epc1of O,) for 10s and the potentials were stepped to Epa 1 of compounds. The integrations of current
were measured for 250 ms with 0.1 mM substrate under argon [S], 0.1mM substrate under saturated O, [S + O,] or saturated O, [0,] in

1/2

DMF (1mL) containning 0.1 mmol dm ~* TEAP at a Pt electrode (diam. 1.6mm), and the diffusional slops of a linear plot (charge vs t'* ;
Anson plot) were obtained. All values were substracted by [DMF] as background. The concentration and diffusion coefficient of saturated

0, in DMF are 4.5mmol dm ~ and 4.7 X 10 %cm®/s

¢ Amounts of depleted superoxide = [S + O] — ([S] + [0]) x 5.45 X 1000

4 Turnover numbers of redox cycling = ([S + 0] - ([S]+[0]), /[S]

A== F L FEHEL F /00 TET7T VM
XU BLOTO1-Y UVHEKSEEO Y — ¥ F — 3
—$196%RL, =bu7lL—rohTiE3I-=bay
WES VT UMy = F—"—E170 %R L7,

Pk, BRALEMFEEZHVEZLICLY, Z—/5—
FX TIPSR/ vBI T L= ANO—BTR
B EWHSMI L, A——F X FOEEREES
JryBIUO=r a7 L —-rO—ETFEILERM (Epcl) il
KEL, A—=2%—=%F % F(Epal =-1056mV) % &-
1100 mV ~-1250mV IZ I B (Epc ) DH B F /) v %
ZhET L UNOBTFREGE, BLEToOBMY
Yy T EEVEZ THEITLTWS, A—N—FF T )
F /R bur7Ll—VELRy 2 AYAL 2 VEREL
TA=8—FF ¥ FEMBMISHET 5720120, A—
IN—F Y FhSEEY~O—ETBEIKIL DT AP
T TAZE (AT v T, —BTREILINALEY
OBALKIG A —8—F £ FOBRL L Y %I~ 4 F
ADBEB N TEHIET L TLEMIBAET LI L (XT
v T DWLETH A, PSCCEICL DL L-EM
Fry 7TeRYVBRAT-BTFREGSUSIIAT v 71 ORIG
PEFAFWIETTRTHLZLERLTEBY, 20
BEWLEFBECVET T2 LT, ¥/
RZPOT L= VIF A== F ¥ FE B Es
FAHETAZIENEZOND.

& B

Ny EL VITRE SN BRI H I EFAN TR

AL E 2%, DNAZOEKES T LT 5
EDPHURBOTIEEL L. Lo L, B4E, EHEE
RIZL ARG FOBBIIEE FNIZL > TH &R
ENDBERERDA DI ZLDBHL PR HIZONT,
MR A AT 2LEWEOERFES X OB AME
PHEHENBELIIThoTE. fIZE, XyYEL Y
bZOBALREWE LTHF 7 VIRV AEKRT 5 2 L 0
EN, XUV ELYyox ) ARPEERBEEEZREL CE
HEFEHRTHEHH|E SN TS (Penning et al.
1998). Ab2EW B H Rk OTE R O £ KIS i ERN T
EETHERIC L ABREORTCIGELE ¥ 7 Y EO(LFY
BVMIEL CThbZ ENEZONE, bivbUIEKD
Kb BAALFNTFEZHVAZ L ICL > THEL,
Henx /) vBIrotuarl—rvi@BEtolo—&
FREBULE WS, BILETHErO A== F TV F
DREB X OHEISICOWTOFRNT 24T - 72, Z Ok
R, BFRHEVBRILECEMOF vy v T2 FEVBZ
THEICHEITT B 28, A==+ F L FOFREB L
B ILAWICEAD B THBILEM (Epal) B &
O—ERICEN Epc D IZFNEFRKE L TnAEH T L,
b7 L—iEF ) v EABRICEREAD—BEFBEIK
BAHEIT LT A= —F %3 FOIREB L OHEERLE
g 5 2 EEAHLHII L., bbb S L
7ok 7 VEOALEWE OB F N L BRI E OM
Bix, 4%, (LAY EOBRZEFMLEHLMIITEH)ZT
DEMEMABEZZ OND, T2, BEEUIHESR
TWAT ¥ M 7F 7 VFEERPETL AR RICE
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WTHRA—N—FF Y FERRRBETHI LI, b
NbNO TP DF )V EOLF WA DBERFEED
FHICBW A THL L ERETLELDTHS.
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