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The optical absorption spectrakp and one-electron reduction potenti@d') of the phenoxyl radical of
4,4-biphenol (HOArArOH; Ak=CgH,) in aqueous solution are measured by the pulse radiolysis technique.
At pH 4.8 the absorption spectrum of the HOArAr@adical shows two peaks at 385 nm £ 2223 n?
mol™!) and 620 nm { = 867 n? mol™%). At pH 12.0, the respective peaks due to tH@ArArO" radical
appear at 445 nme(= 2850 nf mol™t) and 730 nm{ =1680 nf mol™1). The radical K, (HOArArO" + H,O
= H;0" + “OArArO’) is measured to be 75 0.1. At pH 12, a reduction potentiat 0.448 V vs NHE for
the "OArArO’,H*/HOArArO~ couple is obtained from measurements against the FefQRg(CN)*~
reference couple. Subsequently, from the paréqt(p.4, 14.1) and the radicaKp, the reduction potential
values in the pH range-014 are obtained. Some representative values (in V) are: 1.265 (at @0.805
(pH=7.5), 0.616 (pH= 9.4), and 0.339 (pH-14). From the reduction potential value at pH0, the upper
limit of its first O—H bond dissociation energy in the gas phase is estimated to be 357.7 KJ mol

Introduction a detailed investigation. In this case th&élC=CH— bridge is

During oxidation of a phenolic compound in aqueous or other c@Pable of participating in charge delocalization on both the
media, its phenoxyl radical is formed either by the Ar® bond rings; however, similar charge delocalization is also possible
cleavage (H-atom abstraction) or by one-electron transfer from €Ven in the absence °,f the bridge, for example, in a polyphenolic
the phenolate anion to the oxidant. The one-electron reductionMelecule such as 4:biphenol (or 4,4dihydroxybiphenyl,

potential of the phenoxyl radical from phenol (Phd aqueous ~ HOAr—ArOH; Ar=CeHy). The 4,4-biphenol (4,4BP) structure
medium & 0.8 V vs. NHE at pH> pKa (= 10)1-3 or the gas- has a direct bond between the two halves, and its planar
phase PhOH bond dissociation energy (BDE 368.7 kJ configuratiorf represents the minimum basic molecular geom-
mol-1)3 can be taken as benchmark for both reduction potential €LY for this type of polyphenolic compound. Therefore, BR
or BDE for other substituted phenols or phenolic compounds gntlomdant ablllt)_/ (i.e., the one-electron reduction potential of
(SArOH). Because all phenolic compounds have at least onelts phenoxyl radical) should be a benchmark for other more
parent K, (SArOH + H,0 < HzO* + SArO"), at pH below complex systems such as resveratrol. Additionally, thé-4,4
this pKa the reduction potential increases with a slope of 0.059 PiPhenol structure can also be visualized agaga-CeH,OH
VIpH,! and therefore the matrix pH also plays an important role substituted phenol and, therefore, the effect of this substitution
in the oxidation reactions. In general, an electron donating On the phenolic (©H) bond strength may also be taken as
substituent lowers the reduction potential, but the extent of indicative of the bond strengths for more complex structures.
decrease also depends on the substituent position with respect? the literature; hoyvever, no relevant information is yet
to the C-atom bearing the OH group. On the other hand, available either for.4,BP or any other bridged polyphenolic
phenols with electron withdrawing substituent have higher compounds regarding their phenolic {®) bond strengths,
reduction potential and thus may resist complete oxidation by redgctlon potentlal*_s, or the reactivity of the respective phe_noxyl
milder oxidants. Therefore, the reactivity of any phenol (and "adicals, etc. In this study, we have used the puls,e radiolysis
its corresponding phenolate anion) or #stioxidant ability technique to generate the phenoxyl radical from'BR4in
under a known oxidative stress can be estimated from a prior 2u€ous medium and characterize it by its optical absorption
knowledge of its s and the reduction potential of the phenoxyl SPectra and estimate itskp to find the dependence of its
radical (or equivalently the ©H BDE of the phenol in the gas reduction potential against the matrix pH. These results are
phase). further extended to estimate the gas-phase dissociation energy
Among various types of substituted phenols, compounds with of its first O—H bond and related structural characteristics.
multiple —OH groups on the same or adja.cent rings (in fuse.d- Experimental Section
ring or polycyclic structures) are considered as potential
antioxidants in biological systeni$.Recently, antioxidant and
antimutagenic properties have also been reported for resveratro
(3,5,4-trihydroxy-trans-stilbenéd.Ilts multiring (not fused but
bridged) polyphenolic structure is quite different from the other
class of polycyclic phenolic compounds mentioned above. Thus,
its reported antioxidant property probably results from the
bridged planar configuration, and this structural feature merits

The 4,4BP sample (white powder; grade puruem, 98%)
was obtained from Fluka and was used without further purifica-
tion. All other chemicals used were AR grade and obtained
locally. Nanopure water was used for sample preparatiofBR,4
has a limited solubility in neutral and acidic pH but is freely
soluble in alkaline pH. However, in alkaline pH slow thermal
oxidation takes place in the presence of dissolved &d
appropriate precautions were taken in each set of study. The
*Fax: 91-22-5505151. E-mail: tndas@apsara.barc.ernet.in. parent absorption spectra were measured on a Hitachi 330
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spectrophotometer. The 7 MeV electron pulse radiolysis system 3000 71— 1
and the associated kinetic spectrophotometric detection setup

used in this study have been described previotisamples

were irradiatedn a 1 cmsquare Suprasil cell. Optical detection 2500
of transients was performed within the spectral range 0f230

830 nm using a 450 W xenon lamp and a Kratos monochromator

blazed at 300 nm coupled to a Hamamatsu R-955 photomulti- 2000
plier tube. A spectral resolution o3 nm was routinely

pH 12.0
‘OArArO’

achieved, and the effect of scattered light at 250 nm was %

2%. Sample replenishment before each pulse was achieved with g 1500 - ]
a flow system, and oscilloscope traces were averaged for both e pH 4.8 1
spectral and kinetic measurements. For dosimetry, a 0.01 mol % 1000 HOAFAIO' |

L~ (=10 mol n3) aerated SCN solution was used with the
G x € =2.59x 1074 m? J ! at 475 nn? The measured values
from pulse radiolysis experiments generally have an uncertainty 500
of £10—-15%, and it applies to all subsequent results of this

study.
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Estimation of Parent pK,. The parent (4,88P) absorption wavelength (nm)
specf[ra were mgasured betweep P8 andH_ = 16.° The Figure 1. Phenoxyl radical spectrum at pH 4.8 and 12.0. Absorbed
solutions were first saturated with,No prevent any thermal  j55e 16 Gy in NO— saturated solution containing 0.015 mofiiNs ™,
oxidation by Q, especially in the presence of alkali. Generally, 500umol L~ 4,4BP, 0.025 mol -2 H,PO," buffer (pH 4.8) or 0.025
for the final pH adjustment phosphate buffer was employed, mol L=t PQ2~ buffer (pH 12.0).
but at pH= 12.5, only KOH solution (made G free with )

Ba(OH)) was used and the solution i/ was taken from  Valué OfG(OH) + G(exq) + G(H') (respectively are 0.28, 0.27
the prevailing concentration of KOM.From the changes in ~ and 0.06mol J™).12 For 0.01 mol L* N3~ used, an additional
the absorption characteristics of B, its (K, were measured ~ 0-4 #mol J™* in G(N3) is expected due to enhanced spur
as 9.4+ 0.05 and 14.1 0.10. These values are supported by scaver;gy?ng of OH radicals b5y N", making it~6.5 x 1077
fluorescence results reported in a recent publication from our MOl J™" However, Ye et af® discuss some reduction in the
centerl! Compared to phenol i = 10), the marginally lower observed yield of M due to itsradical—radical reaction in the
value of the first |, indicates a mild electron withdrawing effect ~ SPU'- Therefore, the after-pulse homogeneous iddical
of the para-CsH4OH substituent in 4/BP. However, an increase concentration available for the 4BP reaction would depgndent
of ~5 pH units for the secondia can result only if its planar ~ POth on the dose used as well as on the prevailing N
conformatiort is maintained in solution. In the planar geometry, Concentration. For each measureme@(Ns) was obtained
the negative charge that results from the first deprotonation getsSeéParately from the prevailingsh\concentration. The latter was
completely delocalized over the entire phenolate anion and oPtained from measuredAna;, either directly at 274 nm for
resists further loss of the second proton, except at very high N3 radical in NO saturated (only) B solution takinge(Ns)
pH (or H_). For an orthogonal (or nonplanar) conformation of — 2025 L molt cm™.3 or indirectly at 420 nm for Fe(CNj-
the two rings such a delocalization would be negligible, and (produced from oxidation of Fe(Ckf) by N3 in '\1|20 saturilted
even the secondga would be close to the value of 10 (phenolic N3~ Solution containing a few hundreemol L™ Fe(CN)*)
pKa). In the next section additional supportive evidence for a t@kinge(Fe(CN)*") = 1070 L mol* cm™.1* The G(N3) values
high value of the second<a or the planar structure is presented. thus obtained remained close to610~" mol J™.

Pulse Radiolysis Study. The azidyl radical () was The absorption spectra of_the phenoxyl radical were recorded
employed in this study as the one-electron oxidant to generate©Ve" the pH range 4 to 13. Figure 1 shows the spectra measured
the phenoxyl radical from 4;BP12-14 N,O saturated solution at pH 4.8 and 12.0. In both cases two.peaks were observed. At
containing 0.015 mol £ N5, few hundred micromolar 48P, pH 4.8, the peaks for the transient radical were observed at 385
5 mmol L~ phosphate buffer was used in all cases. The "M (€ = 2223 nt mol™) and 620 nm{ = 867 n¥ mol™); at
appropriate reactions are shown below. pH 12.0, the respective peaks shifted to 445 aan(2850 n’?
mol~) and 730 nm { = 1680 n? mol™%). To check if this

Results and Discussion

H,0 (radiolysis)y~— H’, OH, e, , etc. (1) spectral change was due to the radical deprotonation, the
a absorbance at 445 nm was measured against changing matrix
eaq— +N,O (H,0)—~ OH + "OH + N, ) pH. Figure 2 shows the plot @&As45 nmVs pH. The variation

in AA could be fitted to a deprotonation step employing the
Henderson equation. If the firskgp of the phenoxyl radical from
4,4BP (i.e., HOArArO'H + H,O < H3O" + HOArArO) is

. _ . . assumed to have a valug0,!° then the value 7.5- 0.1 from

N3 + HOArArOH — N3~ + HOArArO + H (4) Figure 2 represents the second radid&} for reaction 6.

N, + OH— N, + OH" 3)

Ny~ +H — (NH,) — Ny (5) HOArArO" + H,O < “OArArO’ + H,0" (6)

In the presence of N, H' is also reported to generate the azidyl As discussed later, the absence (atpH.5) or presence (at

radical, reaction 3>16Thus, a direct reaction of hvith 4,4BP pH > 7.5) of unit negative charge on the radical species at these
is expected to be negligible and is not considered further. On pHs was reconfirmed from the change of radical decay kinetics
the other handG(N3) is then expected to get close to the total at various ionic concentration. The 6.6 pH unit decrease of the
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pH Figure 3. Effect of ionic strength due to added D, on the

. . . . . formation kinetics of the phenoxyl radical from 4#phenol. Absorbed
Figure 2. Variation of Auss nm (O) against solution pH for conditions dose= 4.5 Gy; pH adjusted with KOH. The 0 saturated matrix

as in Figure 1. Solid line represents fitting of Henderson equation for compositions are: 10@mol L~ biphenol and 3 mmol X N3~ for
radical deprotonation. Inset: variation of phenoxyl radical decay kinetics the Ny radical at .pH 12: 20Qumol L2 biphenol and 35 mmol t*

Kopsin @ matrix of 1x 10 *mol L"*Ns~, 1 x 102 mol L™* phosphate  ~q.2-for the CQ-~ radical at pH 13; 10@mol L biphenol and 13

buffer, 250umol L™ 4,4BP, N,O saturated and with added D, mmol L2 I~ for the b radical at . ~1 pi

. pH 13; 20&mol L~ biphenol and
at pH 5 (385 nm) and pH 12 (445 nm).= Zn crz® Wherecn is the 13 mmol Lt I for the L~ radical at pH 11 ar?él 20@mol L1 biphenol
concentration of iom with chargezn. and 13 mmol Lt I~ for the k'~ radical at pH 8.

second [, or increase in its acid strength arises due to the contribution is expected in the oxidation process, a slope value
electron withdrawing property of th@#ra)-Ar(4)O" substituent close to+1 in both the cases (GO and b~ radicals) indicates
in the radical as compared to the reverse electron donatingthat the respective oxidation rates of the dianion are not
property of the fara)-Ar(4)O~ substituent in the parent. A significantly higher from that of the monoanion oxidation
similar change in the secondKp has been reported for processes. The slope value remaine@ during oxidation by
hydroquinone. In this case, the decrease is by almost eight unitsl,~ at pH below the parent firstify, (and also during oxidation
(from 12 in HOArO™ to 4.0 in HOAr0O)?°2lin the absence of by Ng radical at pH 13) because one of the reacting species
the intervening seconetAr— group. (the parent in the case of T and the radical in the case o\
Phenoxyl Radical Formation and Decay Kinetics.The was neutral. Thus the Deby#lickel relation was followed in
kinetics of phenoxyl radical formation withJ\as the oxidizing all cases presented in Figure 3. The individual experimental
radical was measured at pH 4.8 (385 nm) and pH 12.0 (445 details are mentioned in the Figure 3 caption.
nm). In these experiments, a low dose of 3 Gy was employed The phenoxyl radical decay always followed a second-order
and the various solute concentrations gONsaturated solutions  kinetics, irrespective of the dose, starting solute concentration,
were as follows: 0.01 mol t* N3~; 15 mmol L™ phosphate pH, or buffer concentration at same ionic strength. The second-
buffer, and 56-250 umol L~! 4,4BP. The bimolecular rate  order kinetics may arise either due to radical dimerization or
constant value of 3.5 10° L mol~1 s™1 at pH 4.8 increased  radical disproportionation reactions. To quantify the kinetics,
marginally to 5.3x 10° L mol~! st at pH 12.0, supporting a  the rate was conveniently measured either at 620 nm (pH 4.8)
faster oxidation of the negatively charged phenolate anion.  or at 730 nm (pH 12.0), employing a dose of 10 Gy and using
In alkaline pH, the kinetics of phenoxyl radical generation 250umol L=t 4,4BP, 1 mmol L"* N3~, and 1 mmol L1 buffer
by other secondary oxidizing radicals can be employed to concentration. A R value close to 4.5< 10° L mol~! st was
measure the charge on the parent molecule. To achieve it, theobtained at pH 5 and 8.6 10® L mol~! s! at pH 12. The
formation rate constants were measured with;C@nd b~ effect of ionic concentration (as added S&y) on radical decay
radicals in the presence of increasing amounts oSO As kinetics kong9 Was checked to verify the presence of a negative
shown in Figure 3, for each of these radicals at selected pH, charge on the radical in alkaline pH. The plot of lkgd vs
the logkony Was plotted againsyu/(1++/u) whereu represents Vul(1+a+/u), whereo is taken as 1.00, in the inset of Figure
the total ionic strength of the matrix (calculated following the 2, provides a slope of 0.93 at pH 12.0, but a value close to O at
relationu = 0.5 x (I ¢iz? wherec; is the concentration of an ~ pH 4.8. If the measured slope of 0.93 is taken to be ap-
ion andz is its charge). Between pH 11 and 13, the slope of proximately 1.0, then, from the Deby#liickel relation, the
the plot following the DebyeHyuickel relation (takinge = 1) negative charge on the phenoxyl radicaD@ArArO) is con-
was always found to be close tol for these radicals. These firmed (a+1 charge is not possible in this case). At pH 4.8,
results confirm that the charge on the phenolate anion remainsthe slope value close to 0 confirms the neutral character of the
—1 (+1 not possible) in this pH range and suggests that the phenoxyl radical (HOArArQ.
second deprotonation occurs at pH higher than 14. These results Reduction Potential of Phenoxyl Radical.In alkaline pH,
reconfirm that the parent molecule maintains the planar con- if we consider 4,ZBP as a phenol with-CgH4O~ substitution
formation in solution. At pH 13, although about 10% dianion at the para position, then from the overall electron donating
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Figure 4. Equilibrium oxidation of Fe(CNjJ~ by the phenoxyl radical
“OArArO’ at pH near 12. Measurements made with absorbed gose
3 Gy, NyO-saturated matrix containing 0.02 motiLNs~, 0.02 mol
L=t PO#~ buffer, 250umol — 2.5 x 1073 mol L™ 4,4BP, and 350
umol — 2.0 x 1073 mol L~* Fe(CN)}*". Variation in matrix pH in the
three sets of experiments was made using extra KOH.

Figure 5. Plot of E! vs pH for the phenoxyl radical based on eq 10.

is obtained from eq 9.

“OArArO’ + Fe(CN)*™ (+ H,0) <
HOArArO™ + Fe(CN)*™ + (OH) (7)

nature of this group we expect a lowering of its reduction
potential with respect to phendd. To judge this extent of
reduction, NO-saturated solutions at pH 12 containing 0.05 mol
L™1 N37, 0.025 mol Lt PO, 200 umol L™t 4,4BP and
varying amounts of phenol (between 2 and>180-3 mol L™1)
were irradiated employma 3 Gydose. The OArArO’ radical
yield under these conditions was always close to the projected
maximum yield (of 6x 10~7 mol J™1), indicating that the PhO
radical, formed first from oxidation of phenolate anion by,N
subsequently oxidized 4BP completely. Absence of any
equilibrium electron transfer between the two radicals Rird
~OArArO" suggests that, at pH 12, the reduction potential of
the latter is less than 0.6 V. On the other hand, whe®-N
saturated solutions containing 0.05 mottiN3~, 0.025 mol L1
KOH, 2—5 x 103 mol L1 4,4BP and 106-400umol L of
TMPD (tetramethylp-phylenediamine;E! = 0.270 V) or
4-aminophenol ! = 0.22 VY were irradiated, the OArArO*
radical, formed first in either case, oxidized the latter compounds
completely. The respective rate constants,»9.80° and 1.0x

10° L mol~1 s74, reflect the close reduction potential values of
these compounds. These results also indicatedE(t@ArArO
,HT/HOArArO™) is higher than 0.4 V. Further search for a
suitable reference redox couple for equilibrium electron transfer
ended with the Fe(CNJ/Fe(CN)*~ system. Close to pH 12,
the equilibrium condition of reaction 7 was achieved using
variable concentrations of both 43P and Fe(CNy*~ (with N3’ Thus, from the three measur&d values and using eq 10, a
as the oxidizing radical). If we assume that in the presence of plot of E* vs pH is obtained (Figure 5). In this plot the reduction
these solutes (details of concentrations used are indicated inpotential increases continuously below pH 14.1. In the four
Figure 4 caption) the total yields of theOArArO" and regions marked | to IV, different one-electron reduction couples
Fe(CN)®~ radicals remain constant and these radicals react are best represented as HOArAj/HOArArOH (region 1);
mainly with these solutes, the equilibrium constérior reaction ~OArArO’,2HT/HOArArOH (region II); ~OArArO’,H*/HO-

7 is defined by eq 82 and the numerical value &f is obtained ArArO~ (region IIl), and~OArArO’/~OArArO~ (region 1V).
from the slope of the linear plots of the ratio of solute The value increases with a slope—0.059 V pH below pH
concentrations vs the ratio of radical concentrations. If the value 14 in region Il due to a simultaneous single protonation to form
of E(Fe(CN)*~/Fe(CN)*") at the high experimental ionic  the parent molecule; the slope increases further t60.118 V
strength is taken as 0.46%/thenE(~OArArO’,H"/HOArArO™) pH™1in region Il as a result of double protonation. However,

‘ [HOArArO ] x[Fe(CN)>]
~ [Fe(CN)* 1x[ OArArO]]

- [HOATAO J/[Fe(CN)* |
[ OArArOJ[Fe(CN)® ]

(8)

E("OArArO’,H'/HOArArO ") =
E(Fe(CN)> /Fe(CN)*") + 0.059x log(K) (9)

The reduction potential values obtained at three matrix pH 11.7,
11.95, and 12.4 are 0.463 KX (= 1.08), 0.448 V K = 0.63),
and 0.422 VK = 0.21), respectively. Using the<g values of
the parent 48P (Kpy =4 x 10719 andKp, = 7.94 x 10719
and the radicalir = 1 andKyr = 3.16 x 1078), the reduction
potential at any pH= i) is related to the value at pH=(0) by

10.

E, = E° + 0.059x log(K;px Kyp+ Kip x [HT] + [HT?)/
(Kir x Kog + Kyg x [H]+[H'T?) (10)
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the slope in this narrow region actually looks like 0.09 V
pH~1 because of the effect of nearby (lower) curvatures on both
sides. The slope again reverts back to its original value of
—0.059 V pHtat pH < 7.5 (region |) where the radical forms
the parent as a result of a single protonation. The actual value
of the first (K, of the radical has no effect on this reduction
potential vs. pH relation as long as it remaing. Some specific
reduction potential values are 1.265 V (at pH0), 0.805 (pH

= 7.5), 0.616 (pH= 9.4), 0.339 (pH= 14.1) and 0.322
(equivalent to pH 15).

Bond Dissociation Energy of O-H Bond. The reduction
potential of 4-substituted phenols at pH 0 (V ME) has been
related to the upper limit BDE (kJ mol) of the O—H bond in
gas phase by a linear relation (eq £3).

BDE = 236.2+ 96.1x E% ¢ (13)

This relation was derived from relations in eq 14.

AH°(SArOH;~ SArO,+H_) = AG°(SArOH,;—
SArO,+ 1/2H,;) + AG*(1/2Hy 4~ Hy) —
AG°(SArOH,;~ SArOH,) + AG°(SArO,;~ SArO,) +
T (S(H) + AS’(SArO— SArOH)) (14)

In this equationAG°(SArOH,—>SArOxq + 1/2H,g) is obtained
from the E! at pH 0; AG°(1/2Hyg—Hg) has a value of 203.0
kJ mol; AG°(SArOH.—SArOHy) + AG°(SArOsq— SArQy)

has a valuex0, assuming the solvation of the phenol or the
phenoxyl radical is insensitive to the 4-substitution; and the
respective values o8°(H) and AS’(SArO—SArOH) are 115
and—5.98 J mot! K1, respectively.

From the reduction potential value of 1.265 V vs NHE at
pH 0, the upper limit of the first ©H bond dissociation energy
for 4,4BP in gas phase is found to be 357.7 kJ molThe
decrease 0f~11.0 kJ mot! in O—H BDE as compared to
pheno? reflects a significantly enhanced ability of ZB# to
scavenge oxidizing radicals under an oxidative stress. More
importantly, it also provides the limiting value to which the
O—H BDE in bridged polyphenols such as resveratrol can
decrease. The reason is as follows. For our comparison, if

Das
0.6 T T T T
03f
0.5 n
02
0.4 < -
017
Eo3f -
¥ 0.0r
320 400 480
é 02 b wavelength (nm)
N,O saturated
0.1
0, saturated
0.0 4 -
1 1 1 | .
200 400 600 800 1000
time (us)

Figure 6. Decay of the OArArO' radical at 445 nm. Measurements
made at pH 12, matrix containings 103 mol L™ N3, 5 x 103

mol L™t PO#~ buffer, 350umol L™ 4,4BP and absorbed dose 35

Gy. Inset: Absorption spectra of product obtained from'BR4
oxidation. (a) From decay of semioxidized radical, measured after 500
us at pH 4.8, in NO saturated matrix containing 0.015 motiiN;™,

0.02 mol L™ H,PO,~ buffer, 200umol L™t 4,4BP with 14.6 Gy dose.

(b) From the thermal oxidation of Osaturated solution at pH14
containing~1 mol L™ KOH and 500umol L™ 4,4BP. Spectrum
measured in acidic pH.

for the "OAr— group in 4,4BP. Once again, it reflects the
moderate electron donating property of this group.

Decay Product of Phenoxyl Radicalln Figure 6, the decay
traces for the phenoxyl radical in the absence and in the presence
of O, are compared. As generally observed for other phenoxyl
radicals?® the decay in this case also was independent of
dissolved oxygen concentration. It was also found to be
independent of the parent concentration (phenol or phenoxide
anion). The second-order decay kinetics therefore arises either
from a radical dimerization reaction or from a disproportionation

resveratrol is also taken as a para-substituted phenol (with theof two radicals leading to the regeneration of the pareriB®4

—CH=CHGCsH3-3,5—-(OH), group as the substituent) then, first,
the intervening—CH=CH— bridge is expected to reduce any
terminal substituent electron donating effécand second, the
terminal group with twanetaO~ substitutions may show only
mild electron donating properff.Near the physiological pH,
if protonation occurs, then the resultingetaOH groups may
even show a moderate electron withdrawing chardéter.
Continuing with our comparison of the para substituent effect,
we find that the reduction potential of tH®©Ar"Ar'O" radical
is ~0.3 V higher than that of theOAr'O" radical produced
from 4-hydroxyphenol or hydroquinodeQualitatively, it indi-
cates that the additionalAr— bridge in 4,4BP partially offsets
the strong electron donating property of the termir@t- group,
and therefore itself has a weak electron withdrawing property.
This trend is also observed in our recent measurement of the
reduction potential of the PhAr@adical from 4-phenylphenol,
which was found to be 0.130 V higher than the Phalical?2°
If we consider it also as an example of para substitution on the
basic—ArO' structure, then the electron withdrawing ability of
the terminal GHs— group in the former supports a similar
property of the—CgH4— group in 4,4BP above. Following the
method proposed by Lind et &ko compare the properties of
para substituents in phenols, we calculatgavalue= —0.272

and formation of the oxidized quinone species. In the case of
dimerization, as shown in Scheme 1, the reaction can take place
at the C2 atom (with respect to the phenolic group) starting
from the cyclohexadienone species and the subsequehshift

of the respective H-atoms to the O-atoms in each half can
generate the “all phenolic” structufe (2,2 -dihydroxy-5,5-di-
(—4-hydroxyphenyl)-biphenyl). It may be noted that, other
centers where the dimerization can take place are the C4 atom
on the same ring (but will be denied a subsequent H-atom shift)
or at the conjugated C atoms on the other ring; dimerization
may proceed either symmetrically or otherwise. However, the
symmetric 2-2 dimerization in Scheme 1 is proposed as the
most probable mode of phenoxyl radical decay based on the
following observations.

The absorption spectrum of the product of phenoxyl radical
decay is shown in the inset of Figure 6 (curve a). In the case of
thermal oxidation of an alkaline solution of Z4BP in the
presence of dissolved,{the product spectrum shown in Figure
6 inset (curve b) has a slightly different absorption profile with
its broad peak centered around 408 nm. The latter process is
expected to produce the quinone-type structure (OArArO).
However, only this product reacts with,&?~ to regenerate
the parent 4,BP phenolate anion just as quinone (OArO) gets
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SCHEME 1: PossibleDecay Reaction of the Phenoxyl
Radical from 4,4BP
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reduced to hydroquinone (HOArOH). Therefore, a comparison

of the two spectra in the inset of Figure 6 indicates that the

radical dimerization reactions may dominate the decay of

phenoxyl radical from 4,8P and thenG(Dimer) ~ 0.5 x
Gphenoxyl radical AN intense absorption such as thise§ nm= 4450
m? mol™1) is expected for an extended planar four-ring
conjugated structure similar to A in Scheme 1. Dimerization at

other C atoms would lead to varying degrees of structural strain .,

in the resulting dimers. It may be noted that confirmation of
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