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Abstract

Density functional theory (DFT) at the B3LYP/6-31G(d,p) level was employed to investigate the substituent
effects on O—H proton dissociation enthalpies (PDEs) of catecholic cation radicals. First, it was revealed that the
ortho OH—group had little influence on the O—H PDE, because the electronic effect and the intramolecular
hydrogen bond (IHB) effect arising from ortho OH—group counteract each other. Second, the 4—substituent
effect upon O—H PDEs for catecholic cation radicals was comparable to that for monophenolic cation radicals,
which meant that electronic contributions played a dominant role in the substituent effects. Third, there existed
good correlations between O—H PDEs and other theoretical parameters, such as O—H bond length and bond
stretching frequency, suggesting these parameters would be valid to characterize the proton dissociation process,
in contrast to the characterization of homolysis of O—H bond that only bond dissociation enthalpy is an
appropriate parameter.

Keywords. Density functional theory; O—H proton dissociation enthalpy; cation radical; electronic effect;
intramolecular hydrogen bond; phenolic antioxidant.

Abbreviations and notations

ArOH, phenolic antioxidant IHB, intramolecular hydrogen bond

DFT, density functional theory O—-H BDE, O-H bond dissociation enthalpy
ED, electron—donating O-H PDE, O-H proton dissociation enthalpy
EW, electron—withdrawing ZPVE, zero point vibrational energy

1 INTRODUCTION

Phenolic antioxidants (ArOH) have received much attention in recent years, due to their wide
application in chemical industry, pharmaceutical industry and food industry [1-3]. As generally
considered, at least two mechanisms are involved in the radical-scavenging processes for ArOH,

the hydrogen—transfer mechanism, Eq. (1) [4-7], and the proton concerted electron—transfer
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mechanism, Eq. (2) [8—11]. Many efforts have been made to investigate the first mechanism, and it
was revealed that this pathway was governed by O—H bond dissociation enthalpies (BDEs) of
ArOH to certain extent [12—-16]. However, the second pathway was given much less attention,
especially for the proton—transfer process [17-21], even though the second mechanism seems more

important than the first one in polar medium.
ROO- + ArOH — ROOH + ArO- (1)
ROO- + ArOH — ROO ~ + ArOH" — ROOH + ArO- 2)

Our previous study showed that the proton—transfer process pertinent to the monophenolic cation
radical was determined to large extent by the O—H proton dissociation enthalpies (PDEs), and the
substituent effect on the O—H PDEs was just opposite to that on the O—H BDEs [22]. The difference
resulted from the distinct electronic effects on stabilities of phenolic cation radicals and parent
phenols [22]. Taking into account that most natural ArOH, such as flavonoids, contain a catecholic
moiety, to better understand the antioxidative mechanisms of natural ArOH, it is necessary and
interesting to investigate the substituent effects on the O—H PDEs for catecholic cation radicals in

terms of intramolecular hydrogen bond (IHB) effect and electronic effect, which is the aim of this

paper.

2 METHODS

Density functional theory (DFT) has been successfully used to investigate the substituent effects
on O—H BDE [23-28] and O—H PDE [22], so in this paper B3LYP functional [29—-31] using the
basis set of 6-31G(d,p) was employed to optimize the structures and calculate the O—H PDEs and
other parameters of catecholic cation radicals. The procedures are as follows. First, the molecular
geometries were optimized with the molecular mechanic method MMX [32], and then, with the
semiempirical quantum chemical method AM1 [33]. Finally, (U)B3LYP/6-31G(d,p) was used for
the full geometry optimization in gas phase. The zero point vibrational energy (ZPVE) and the
vibrational contribution to the energy were scaled by a factor of 0.9805 [34]. Thus, the molecular
enthalpy in gas—phase at 298.15 K consists of total electronic energy, scaled ZPVE, scaled
vibrational contribution to energy, translational, rotational and PV—work terms. The quantum

chemical calculations were accomplished by Gaussian 94 program [35].

According to the definition of O-H PDE and O-H BDE, PDE = H, + H, — H, in which, H; is the
enthalpy for radical generated after proton dissociation, /), is the enthalpy for proton, 0.00236
hartree, and H, is the enthalpy for cation radical. BDE = H, + H}, — H,,, in which, H; is the enthalpy
for radical generated after H—-abstraction reaction, Hj, is the enthalpy for hydrogen atom, —0.49792

hartree, and H, is the enthalpy for parent molecule.

Although it is clear that the basis set—dependence of substituent effect on O—H BDE is very
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weak, namely, the relative O—H BDEs calculated by different methods are very similar to one
another [23-28], it is still an open question as to the basis set—-dependence of substituent effect on
O-H PDE. Thus before the normal study, we compared the methyl effects on O—H PDE of
catecholic cation radical calculated by different methods. From the PDE difference between Tables
1 and 2, it can be found that the methyl effects vary within +0.2 kcal/mol against the basis set,
despite the absolute O—H PDEs vary around +5 kcal/mol. Therefore, the basis set—dependence of
O-H PDE is negligible and the method employed in this study is acceptable.

Table 1. Total electronic energies (TE, in hartree), thermal corrections to energy (TCE, in hartree),
and O—H PDEs (in kcal/mol) for catechol calculated by different methods

Methods TEc ¢ TEg ’ TCE:* CTEgx” O-HPDE
(U)B3LYP/6-31G —382.294468 —381.955640 0.116354 0.103573  206.23
(U)B3LYP/6-31G(d) ~382.402842 -382.061272 0.116149 0.103274  207.90
(U)B3LYP/6-31G(d,p) —382.420415 -382.073070 0.116264 0.103258  211.44
(U)B3LYP/6-31+G(d) —382.412921 —382.079502 0.115915 0.102978  202.74
(U)B3LYP/6-31+G(d.p) —382.430349 —382.091347 0.11598 0.102963  206.20
(U)B3LYP/6-311G(2d,2p)  —382.525103 —382.180913 0.116136 0.103046  209.41
(U)B3LYP/6-311+G(2d,2p) —382.529790 —382.190074 0.115989 0.102939  206.63

“ data for cation radical ° data for neutral radical

Table 2. Total electronic energies (TE, in hartree), thermal corrections to energy (TCE, in hartree),
and O—H PDEs (in kcal/mol) for 4-methyl—catechol calculated by different methods

Methods TE * TEg” TCE.* CTEgx” O-HPDE
(U)B3LYP/6-31G —421.611474 421266211 0.145634 0.133101 210.43
(U)B3LYP/6-31G(d) —421.729176 —421.381248 0.145343 0.132700 212.03
(U)B3LYP/6-31G(d,p) —421.749506 —421.395658 0.145324 0.132520 215.65
(U)B3LYP/6-31+G(d) —421.740176  —421.400207 0.145043 0.132321 206.99
(U)B3LYP/6-31+G(d,p) —421.760242 —421.414554 0.144951 0.132145 210.52
(U)B3LYP/6-311G(2d,2p)  —421.863514 —421.512596 0.145110 0.132186 213.73
(U)B3LYP/6-311+G(2d,2p) —421.868532 —421.521911 0.144956 0.132090 211.07

“ data for cation radical ° data for neutral radical

3 RESULTS AND DISCUSSION

The structures, total electronic energies and thermal corrections to energy for catecholic cation
radicals and catecholic radicals in different conformations (Scheme 1) were calculated and listed in
electronic supplementary information. Accordingly, O-H PDEs, IHB enthalpies and other
parameters were obtained and listed in Tables 3-8.

o~ 0
e : O
X X
Two conformations of catecholic cation radicals Two conformations of catecholic radicals
Scheme 1
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Table 3. O—H PDEs (kcal/mol) and IHB enthalpies (kcal/mol) for catecholic cation radicals in different states.
(T'=298.15K)

X PDE;s“ PDEnms” PDE;, © Hige ‘" Hus:© Hms’ qc® q." o, F 7 RF
H 211.44 218.96 211.89 2.06 9.58 7.52 —0.5029 -0.5299 0 0 0
Me 421 4.49 6.40 1.92 9.72 7.80 -0.5023 -0.5364 -0.31 0.01 -0.32
F -3.18 -2.61 -0.73 1.68 9.76 8.08 —-0.4933 -0.5304 -0.07 045 -0.52
Cl —-2.77 -2.58 0.20 1.78 948 770 -0.4951 -0.5260 0.11 042 -0.31
OH 5.43 6.17 9.75 245 1070 825 -0.5010 -0.5442 -092 0.33 -1.25
OMe 9.35 9.87 14.09 266 10.69 8.03 -0.5065 -0.5482 -0.78 0.29 -1.07
SH 5.69 5.80 10.92 251  10.13 7.62 —-0.5038 -0.5373 -0.03 03 -0.33
SMe 11.39 11.31 17.22 3.02 1045 7.43 -0.5124 -0.5442 0.6 023 -0.83
NH, 15.20 15.86 21.46 256 10.74 8.18 -0.5099 -0.5567 -1.3 0.08 -1.38
NMe, 21.69 22.45 29.31 3.14 10.82 7.68 -0.5220 -0.5641 -1.7 0.15 -1.85
CHO -7.01 —7.48 -5.32 1.34 838 7.04 -0.4982 -0.5146 0.73 0.33 0.4
CN -10.50 -10.70 -8.64 1.71 9.01 7.30 -0.4929 -0.5140 0.66 0.51 0.15
NO, -13.00 -13.60 —13.57 1.73 8.41 6.68 —0.4979 -0.5094 0.79 0.65 0.14
CF; —6.62 —7.12 —7.22 1.94 8.94 7.00 —-0.4997 -0.5203 0.61 0.38 0.23

“ O—H PDEs of catecholic cation radicals with IHB. The first value is the absolute O—H PDE, and the others are
relative to the first value.

> O—H PDE:s of catecholic cation radicals without IHB. The first value is the absolute O—H PDE, and the others are
relative to the first value.

“O-H PDEs of monophenolic cation radicals. The first value is the absolute O—H PDE, and the others are relative to
the first value. The present values include ZPVE and vibrational contribution to the energy, however, which are very
similar to the values only calculated by total electronic energy [22].

Y THB enthalpies in catecholic cation radicals, derived from the enthalpy difference between the two kinds of
conformations in Scheme 1.

¢ THB enthalpies in catecholic radicals generated after proton dissociation, derived from the enthalpy difference
between the two kinds of conformations in Scheme 1

JTHB contributions to O—H PDEs of catecholic cation radicals: Hyp, — Hige.

& Mulliken charges of O1 in catecholic cation radicals.

"Mulliken charges of O1 in catecholic radicals.

" Brown parameter, from ref. 41.

/ field/inductive parameter, from Ref. [41].

¥ resonance parameter, from Ref. [41].

3.1 O—H PDE of Catecholic Cation Radical
As shown in Table 3, the O—H PDE for catecholic cation radical with IHB, 211.44 kcal/mol, is

close to that of phenolic cation radical, 211.89 kcal/mol, suggesting the presence of an ortho OH-
group has little influence on the O—H PDE. This is different from the ortho OH—group effect on
O-H BDE that an ortho OH—group reduces the O—H BDE approximately 5 ~ 10 kcal/mol [28,36—
38]. This also means that the catecholic cation radical would have similar lifetime as phenolic
cation radical. However, a recent pulse radiolysis study indicated that the former species was much
longer lived than the latter species [21]. An underlying reason may be that other processes than

proton dissociation is involved in the decay of catecholic cation radical.

To elucidate the different ortho OH-—group effect, a thermodynamic scheme for proton
dissociation process of catecholic cation radical was constructed (Scheme 2). Obviously, the O-H
PDE of 1 is determined by two kinds of substituent effects, the IHB effect and the electronic effect
of ortho OH—group. The former effect arises from the fact that the IHB in 3, 9.58 kcal/mol, is much
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stronger than that in 1, 2.06 kcal/mol. The difference between the two IHB enthalpies represents the
IHB contribution to O—H PDE of 1, 7.52 (9.58 — 2.06) kcal/mol, which is higher than the IHB effect
on O—H BDE of catechol, 5.49 kcal/mol [37]. This stems from the lower IHB enthalpy in 1 than
that in parent catechol, 4.09 kcal/mol [37,39]. The electronic effect of ortho OH—group on the O—H
PDE, represented by the O—H PDE difference between 2 and phenolic cation radical, is 7.07
(218.96 — 211.89) kcal/mol [40]. This is also opposite to the electronic effect on O—H BDE that an
ortho OH—group reduces the value 4.52 kcal/mol [37], which results from the distinct electronic
effects on O—H BDE and O-H PDE [22]. Apparently, the two kinds of effects on O—H PDE of 1

counteract each other, and thus, the ortho OH—group effect on O—H PDE is near to zero.

O/H\\
\. 1.974 angstronr

'O.

1 3
H s = 2.06 kcal/mol Hys = 9.58 kcalmol
H H

o o

O\H o}

@ PDE = 218.96 kcal/mol_
2 4
Scheme 2

3.2 4-Substituent Effects on O—H PDEs of Catecholic Cation Radicals
As revealed previously, electron—donating (ED) groups enhanced the O-H PDEs for

monophenolic cation radicals, and electron—withdrawing (EW) groups reduced the parameter [22].
This was also observed for catecholic cation radicals that O—H PDEs correlated well with the
Brown parameter o, [41], regardless of the formation of IHB (Figure 1). The negative correlation
coefficient indicates that ED groups tend to raise the O—H PDE, and EW groups have an opposite
effect. Furthermore, it is interesting to note that the substituent effect upon O—H PDEs of catecholic
cation radicals with or without IHB is comparable to the effect on O—H PDEs of monophenolic
cation radicals (Table 3) [42]. Thus, it seems the existence of IHB has little influence on the

substituent effect on O—H PDEs. This results from the fact that ED groups increase and EW groups
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decrease the net charge of Ol in catecholic cation radicals (g.) and catecholic radicals (gr)
simultaneously (Table 3), hence, ED groups strengthen and EW groups weaken the IHBs of both
kinds of radicals as well [43], which induces the two IHB effects offset each other, and the IHB
contributions to the relative O—H PDEs only vary within £1 kcal/mol (Table 3). Thus, electronic
contributions to O—H PDEs play a dominant role in the substituent effects, which is similar to the
substituent effect on O—H BDEs of catechols [37].

Relative O-H PDE (kcal/mol)

Figure 1. Correlations between relative O—H PDEs of catecholic cation radicals with or without
IHB and Brown parameter c, . (with [HB @: O-H PDE = -12.35 6," — 0.34, r = —0.9543, F =
122.30; without IHB O: O-H PDE =-12.87 6, — 0.31, r =-0.9609, F = 144.43).

A recent study on IHB of ortho substituted phenols indicated that the correlation of IHB enthalpy
with a single parameter would only be appropriate within a family of compounds [44]. From Table
4, bond length and electron—density of IHB seem appropriate to measure the IHB enthalpy at least
in a qualitative fashion. Thus, it is interesting to investigate whether the two parameters are
quantitatively effective. Through correlation studies, it was revealed that good linearity only existed
between the two parameters and IHB enthalpy of catecholic radicals (Table 5) [45]. Therefore, it is
really difficult to find a universal single descriptor to characterize the IHB enthalpy even within the

same family of compounds.

As well-known, the electronic effects of substituents are composed of two main parts: a
field/inductive component, represented by parameter F, and a resonance component, characterized
by parameter R", i.e., Gp+ = F + R" [41]. Since the O—H PDEs of monophenolic cation radicals were
mainly governed by resonance effect [22], it is interesting to investigate whether the O—H PDEs of
catecholic cation radicals are mainly determined by resonance effect or not. By correlation studies
(Figures 2 and 3), it can be found that the correlation between O—H PDE and R" (r = —0.8997) is
better than that between O—H PDE and F (r = —0.6756), indicating the hypothesis is reasonable,
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which will be helpful to elucidate the structure—activity relationship for flavonoid antioxidants that

contain a catecholic moiety.

Table 4. B3LYP/6-31G(d,p) calculated bond enthalpies (Hyg, kcal/mol), bond lengths (BL, angstrom) and electron—
densities (ED) for IHBs in catecholic cation radicals, parent catechols and catecholic radicals

X Hupe . Hwpy,”  Hwm ¢ O-HBL. O-HBL,” O-HBL,© O-HED.“” O-HED,” O-HED,¢
H 206 409 958 21525 2.1237 1.9744 0.0183 0.0209 0.0582
Me 192 410 972  2.1544 2.1225 1.9740 0.0178 0.0210 0.0586
F 1.68 479 976  2.1602 2.1165 1.9747 0.0173 0.0214 0.0578
Cl 178 406  9.48  2.1644 2.1237 1.9815 0.0171 0.0209 0.0569
OH 245 488 1070 2.1554 2.1207 1.9587 0.0173 0.0215 0.0607
OMe 266 476  10.69 2.1483 2.1229 1.9546 0.0177 0.0213 0.0615
SH 251 441 10.13  2.1631 2.1253 1.9705 0.0170 0.0210 0.0588
SMe 3.02 392 1045 2.1564 2.1280 1.9644 0.0174 0.0209 0.0601
NH, 256 454 1074 2.1574 2.1178 1.9498 0.0171 0.0217 0.0623
NMe, 3.14 449 1082 2.1604 2.1305 1.9488 0.0172 0.0209 0.0629
CHO 134  3.02 838  2.1583 2.1236 1.9888 0.0178 0.0201 0.0548
CN 171 368 901 21689 2.1293 1.9923 0.0170 0.0201 0.0546
NO, 173 327 841 21643 2.1300 1.9931 0.0177 0.0199 0.0544
CF; 194 326 894 21613 2.1280 1.9862 0.0178 0.0204 0.0562

“ data for catecholic cation radicals
b data for parent catechols, from Ref. [39Db]
¢ data for catecholic radicals, from Ref. [39b]

Table 5. Correlation coefficients between bond enthalpy and bond length and electron—
density of IHB in catecholic cation radicals, parent catechols and catecholic radicals
Catecholic cation radicals Parent catechols Catecholic radicals
Bond length —0.3645 —0.5577 —-0.9593
Electron—density —0.2684 0.9049 0.9655

Relative O-H PDE (kcal/mol)

-20 . I . I . I . I . I .
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0

R+

Figure 2. Correlation between relative O—H PDE of catecholic cation radicals
with IHB and resonance parameter R ( = —0.8997, F = 50.96).
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Relative O-H PDE (kcal/mol)

Figure 3. Correlation between relative O—H PDE of catecholic cation
radicals with THB and field/inductive parameter F (» = —0.6756, F = 10.08).

Furthermore, it is also interesting to test whether bi—parameter correlation will improve the
linearity. A regression equation was obtained as: O—H PDE = 2.65 —11.03 R" —20.27 F (r = 0.9644,
F = 159.50), indicating the correlation is a little improved comparing with the case where only o,

is used.

3.3 Correlation Between O—H PDE and Other Parameters

In previous studies, Hermann, Brede and co—workers indicated that the lifetimes (Teyp) of
monophenolic cation radicals correlated well with several theoretical parameters, such as spin
density at the oxygen, S(O), difference of Mulliken charges at the OH—group, Ag(OH), and at the
oxygen, Ag(O), between the cation radical and the singlet ground state [18, 20, 21], which meant
that these descriptors were appropriate parameters other than O—H PDE to characterize the proton

dissociation ability.

In fact, there exist certain linear relationships between O—H PDE and three kinds of parameters
for monophenolic cation radicals (Tables 6 and 7), which is an interesting finding considering the
fact that it is difficult to find other parameters than O—H BDE to measure the O—H bond strength
[46,47]. However, in the case of catecholic cation radicals, the correlations between O—H PDEs and
three kinds of parameters are very poor, regardless of forming IHB or not (Tables 6 and 7). Hence,
it seems the description of proton dissociation process is rather more complicated for polyphenolic

cation radicals than for monophenolic cation radicals.
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Table 6. B3LYP/6-31G(d,p) calculated spin density at the oxygen, S(O), difference of Mulliken charges at the OH-
group, Ag(OH) and at the oxygen, Ag(O), between the cation radical and the singlet ground state

X Catecholic cation radicals with IHB  Catecholic cation radicals without IHB  Monophenolic cation radicals
SO AgOH) _ AgQ) _ S(O) AgOH)  Ag(0) _ S(O) _ Aq(OH) _ Ag(O)

H 0.118 0.149 0.092 0.152 0.174 0.114 0.195 0.212 0.147
Me 0.125 0.150 0.095 0.153 0.171 0.113 0.175 0.195 0.135
F 0.139 0.161 0.103 0.166 0.180 0.120 0.184 0.202 0.139
Cl 0.130 0.151 0.097 0.155 0.170 0.114 0.166 0.186 0.129
OH 0.132 0.155 0.101 0.156 0.173 0.116 0.160 0.183 0.125
OMe 0.126 0.148 0.095 0.149 0.165 0.111 0.149 0.172 0.117
SH 0.117 0.141 0.092 0.138 0.158 0.106 0.132 0.161 0.110
SMe 0.105 0.131 0.085 0.126 0.148 0.099 0.116 0.148 0.100
NH, 0.120 0.144 0.094 0.142 0.159 0.107 0.133 0.160 0.108
NMe, 0.103 0.125 0.081 0.125 0.144 0.096 0.111 0.140 0.094
CHO 0.116 0.137 0.084 0.147 0.159 0.104 0.181 0.192 0.133
CN 0.123 0.144 0.091 0.149 0.164 0.108 0.168 0.186 0.128
NO, 0.115 0.136 0.083 0.148 0.158 0.103 0.203 0.202 0.141
CF; 0.118 0.143 0.088 0.150 0.165 0.108 0.196 0.204 0.142

Table 7. Correlation coefficients between O—H PDE, O—H BDE and other parameters.

Catechols with IHB  Catechols without IHB Monophenols
PDE BDE “ PDE BDE “ PDE BDE “
S(0) —0.3449 —0.5828 —0.8940
Aq (OH) -0.2921 —0.4232 —0.8523
Agq (O) -0.0254 —0.2884 —0.8644
r(O-H) -0.9776 0.8892  —0.9811 0.9076  -0.9700  0.9060
v(O-H) 09776 —0.8805 0.9502 -0.8035  0.9680 —0.8152

“ parameters for parent molecules are presented in the electronic supplementary information

Table 8. B3LYP/6-31G(d,p) calculated O—H bond length, »(O—H) (in angstrom), bond stretching frequency, v(O—H)
(scaled by a factor of 0.98, in cm™"), and bond stretching force constant, k (in mDyne/angstrom) for cation radicals.

X Catecholic cation radicals with IHB  Catecholic cation radicals without IHB  Monophenolic cation radicals
r(O-H) v(O-H) k r(O—H) v(O—H) k 7(O-H) v(O-H) k

H 0.9721 3688.12 8.9045 0.9730 3676.99 8.8521 0.9751 3647.23 8.7075
Me 0.9719 3690.58 8.9161 0.9727 3686.15 8.8932 0.9738  3663.37 8.7834
F 0.9725 3683.83 8.8848 0.9732 3685.10 8.8893 09742  3659.77 8.7679
Cl 0.9723 3686.74 8.8982 0.9729 3689.42 8.9093 0.9736  3665.56 8.7946
OH 0.9716 3693.62 8.9318 0.9722 3704.17 8.9800 09729  3677.7 8.8544
OMe 0.9712 3699.21 8.9577 0.9718 3706.84 8.9914 0.9722  3681.57 8.8703
SH 0.9712 3698.44 8.9538 0.9720 3707.61 8.9953 0.9721 3683.26 8.8781
SMe 0.9705 3707.34 8.9962 0.9713 3714.07 9.0256 09714  3691.07 8.9148
NH, 0.9705 3706.84 8.9944 0.9712 3717.93 9.0447 09713  3693.89 8.9294
NMe,  0.9697 3715.96 9.0397 0.9705 3726.05 9.0832 0.9704 3703.89 8.9764
CHO 0.9725 3682.81 8.8792 0.9735 3671.01 8.8231 0.9751 364597 8.7009
CN 0.9730 3677.87 8.8558 0.9737 3676.08 8.8469 0.9748 365193 8.7299
NO, 0.9729 3679.15 8.8620 0.9739 3666.13 8.8007 09761  3635.67 8.6538
CF, 0.9725 3683.26 8.8815 0.9732 3672.18 8.8296 0.9754  3643.90 8.6921

In another hand, O—H bond length (#(O-H)), bond stretching frequency (v(O-H)) and bond
stretching force constant (k), were generally employed to characterize the bond strength. Although
the three parameters failed to correlate well with O—H BDE [46], they correlated well with O-H
PDE (Tables 7 and 8) [48], suggesting these parameters are better than S(O), Ag(OH) or Ag(O) to
represent the O—H PDE. Furthermore, the sign of correlation coefficients between O—H BDEs and
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the descriptors suggest that the higher the v(O—H) or £, the shorter the O—H bond, the lower the
O-H BDEs are, which is just opposite to the common understanding that high v(O-H) or k£ and
short O—H bond correspond to high O—H BDE. Therefore, it seems O—H BDE is the only valid
parameter to describe the homolysis of O—H bond, whereas, the proton dissociation process can be
characterized by various parameters. Furthermore, the good linearity between O—H PDE and
r(O—H) and v(O—-H) also means that »(O—H), v(O—H) or k are appropriate parameters measuring
pKa values of these cation radicals. In fact, a certain correlation was observed between pKa values,
r(O—H) and v(O—H) for monophenolic cation radicals [49]. In contrast to the present result, Korth
and co—workers proposed that there was no correlation between pKa values of ortho substituted
phenols and v(O-H) [44]. The presented linearity may come from the fact that the dissociated
proton is not hydrogen bonded with the oxygen.

4 CONCLUSIONS

The ortho OH—group in catecholic cation radical exerts contradictive effect on O—H PDE. First,
the electron—donating property of ortho OH—group enhances the O—H PDE. Second, the IHB
arising from the OH—group stabilizes the radical and thus beneficial to reduce the O—H PDE. The
two effects offset each other, thus the ortho OH—group has little influence on the O—H PDE of
catecholic cation radical. While substituents at position 4 are involved, the O—H PDEs change
drastically. And the substituent effect upon O—H PDEs for catecholic cation radicals has
comparable trend as that for monophenolic cation radicals. In addition, apart from O—H PDE, O-H
bond length and bond stretching frequency are valid to characterize the proton dissociation process,
in contrast to the characterization of homolysis of O—H bond that only BDE is an appropriate

parameter.
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