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The charge alternation principle correlates nicely with the redox potential of 

disubstltuted benzene% and predicts that the least thermodynamically stable 

isomer in a given series of o&o-, pan-, and me&+ disubstituted benzenes, 

is also the easiest to oxidize or reduce, electrochemically. 

We have recentlylg2 discussed a very simple concept, the charge or donor-acceptor alternation, that 

permits to predict the relative stabilities of polysubstituted compounds. This concept was applied to 

pdymetalation of xylenesS~4, acetophenones 5, trlmethylenemethane dianionS and propargylic systems, 

and found to be quite useful. tt explained nicely the regioselectlvity of polymetalation of ally&c, benzylic and 

propargylic systems. Recently the charge alternation concept was also extended to charged polycydlc 

molecules (for both dianions and dications)T. Rules, which are based on calculated charge densities and 

1%NMR, were formulated to help to predict how the charges will be placed in a given compound. 

The essence of the charge alternation rule is that when a molecule contains more than one charged 

atom of the same kind (positiie or negative), these charged centers will prefer to be located on the same set 

of atoms, starred or unstarred, of an alternating system. An Isomer containing such an arrangement of 

charges, as e.g., In meta- xylylene dianion 1, will be more stablef12 than its positional isomer with a 

different distribution of charges, as In para- xylylene dianion 2. This means that the addiional introduction of 

charges on the same set of atoms, where the first charge was located, is preferred to their distribution on all 

atoms of the system. A similar stabilization6 of the trimethylene dianion 3 relative to the butadiene dianion 4 
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was also ObServSd. Moreover, the set of atoms which are not carrying the main charge of the system is 

polarfzed in such a way, that these atoms assume a small charge of the opposite sign. This polanzatfon was 

also observed by f6CNMR76a and calculations on monoanions6b and monocations6c 

In addition, uncharged molecules containing more than one donor or more than one acceptor, will also 

be more stable relative to their isomers with a different location of these substituents, if all the donors or 

acceptors are on the same set of atoms of an alternating system. The calculated energies of mera- 

difluorobenzene, meta- dihydroxybenzene, meta- fluorophenol and meta- aminophenol, are lower than 

those of their corresponding para- isomers. However, the energies of pare- fluorobenzonitnle, pam- 

nitmphenol and para- hydroxybenzonitrile, are lower than those of their corresponding meta- isomers.9 

These molecules undergo a polarization similar to that of the ions, where donors are the negative oenters 

and acceptors the positive ones. 

Compounds containing both donors and acceptors will be stabilized when all the donors are on one 

set, and all the acceptors on the other set of atoms (starred or unstarred). 

In non-alternating systems (e.g., 6) or in aftemating systems (e.g., 6) containing an even number of 

charges and an axis or plane of symmetry crossing one or more bonds, it is impossible to distribute the 

charges on altematfng atoms, for symmetry reasons. In such a case, the system can be divlded by the 

element of symmetry into two subsystems. In each of the subsystems, the charge alternation is preserved.7 

A similar distribution of charges was also observed in dications of polycydic hydrocarbons, and in dianions 

of heterocydic compounds, e.g. 7. The numbers indicated near the StOmS are calculated charges. that are in 

good agreement with the values of charge densities derived from f%-NMR shifts.7 
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The present paper deals with the donor-acceptor alternation principle in relation to the redox potentials 

of disubstituted benzenes. The influence of subetiients on the oxidation and reduction potentials of 

aromatic compounds has been studied extensively. Under electrochemlcally reversible conditions the redox 

potentials should depend on the differences in stabilities between the unsubstituted neutral species and lts 

corresponding ion, relative to the substituted neutral one and its corresponding ion. Eventually other factors 

play also a role, such as the solvation of the various species, which may sometimes lead to unexpected 

results. 

Recently we have discussed the concept of stabilization by charge alternation in uncharged systems 

containing more than one donor or acceptor 12. Thls simple concept permits to predict the relative 

thermodynamic stabilities of polysubstftuted compounds. For instance, in aromatic compounds, it predicts 

the larger stabilities of the orrho- and para- relative to the m&a- isomers, containing one donor and one 

acceptor substituents. Moreover, when two donors or two acceptors are located on the aromatic ring, it 

predicts the larger stability of the meta- isomers relative to the ortho- and para- ones. In all these 

compounds, partial charge alternation takes place in the whole molecule. This charge alternation is 

disturbed in the ions of all isomers when an additional charge, positive or negative, is introduced in the 

molecule. Consequently, such a perturbation may lead to the anticipation that the relative stabilities of the 

neutral molecules caused by charge alternation before the electrochemical reduction or oxidation, will 

determine the extent of the reduction and oxidation potentials, respectively. Therefore, in order to test this 

hypothesis, we examined a number of electrochemical resufts appeared in the literature. 



Charge alternation principle 2291 

The electrcchemkai data presented in Tabie 1 induds the mductfon potentials of a wfde range of 

diiubstiiuted benzenes containing one donor and one acceptor (entries l-22), and five examples (entries 

23-27) containing two acceptors attached to the benzene ring. The results, which were obtained by different 

researchers and under diirent experfmental conditions, show that in general, the electrochemical 

reduction of the orfIr& and para- isomers In the latter examples is easier than that of the corresponding 

me&r- isomers. However, when the two substituents Involve one donor and one acceptor, the reduction of 

the 1,3- isomer now becomes more facile than for the corresponding 1,2- and 1,4- Isomers. As is expected, 

in both these cases the ease of the reduction is indirectiy proportional to the relative stabiltty prediied by the 

charge alternation prfnciple. it is noteworthy that whenever a deviation from this correlation was found, it 

was always related to the or?/ro- isomer (values in parentheses). This phenomenon is not surprising since it 

is not unusual for orfho- isomers to be exceptional, due to steric and other effects. h is remarkable that also 

the electrcchemicai oxidation (TaMe 2) of disubstituted benzenes with one donor and one acceptor (entries 

l-5), and with two donors (entries 6-15) foilow the same rules that we have outlined above for the 

electrochemical reduction. 

In conclusion, we found out that the types of compounds which undergo an easier reduction ais0 

undergo an easier oxidation. Furthermore, on the basis of the correlations which are described in this WO&, 

one may reach the condusion that the energy of the charged species is similar for ail isomers in a gben 
series. 
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a Polarographic half-wave potentials (in voits) on mercury working electrodes. The 
underlined values correspond to the least stab!e isomer, as predicted by the charge 
alternation concept. 
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1. NO2 NH2 0.989 

2. NH2 COMe 0.847 

3. OH COMe 0.801 
4. NH2 COOH 0.676 

5. NO2 OH (0.846) 
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7. OH OMe z 
8. OH Me 
9. OH Et %! 
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a Potential values are in volts vs. SCE reference eleotrode, on graphite working 
electrode. at pH=5.6 

b At pH=4.5 
=A1 pH=l .O 
d At pH=9.0 
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