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The recent estimate of the aromatic stabilization energy of 2-pyridonei (3 as 6.5 kcal/mol 

less than that of 2-hydroxypyridine (I-) . in an extension of the comparison previously used to 

estimate the same stabilization of N-methyl-2-pyridone2 (6) as 6.3 + 7.1 kcal/mo13 less than that 

of 2-methoxypyridine (2) provides a use of protomeric equilibrium constants which should be 

valuable in evaluation of the thermodynamic consequences of aromaticity in other heteroaromatic 

isomer pairs. Both values are based on a comparison of the energy differences of the equilibria 

of the heteroaromatic isomers 1-2 and 5-6 with the nonaromatic isomers 3-4 and 7-3 respectively. -- -- -- 

The close correspondence between the estimated relative stabilization energies for zand amight 

be considered surprising, since the value for cwas obtained by extrapolation to the gas phase 

and includes estimates of differences in zero point energies, while the value for 2was obtained 

for dilute solutions in water. However, our previous concern that protomeric equilibria in 

solution could be dominated by intermolecular effects 2'4 has been suggested to be unjustified for 

dilute aqueous soluti0ns.l The purpose of this cormnunication is to reaffirm our position that 

intermolecular solvent effects must be considered and/or corrected for if protosmric equilibria 

are to be considered applicable to relative chemical binding energies and to show that the 

agreement between the results for 2 and gprobably stems from a compensating cancellation of 

enthalpy effects. 
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That an equilibrium in solution does not give direct information about the equilibrium 

between isolated, unperturbed molecules is well recognized5 and may be readily shown for 

equilibria between the ismneric molecules &and s as shown in the thermodynamic cycle in 

Figure 1. The equilibrium of interest for evaluating the difference in energy of the isomers 

independent of their environment is shown at the top of the figure as a hypothetical equilibrium 

in the vapor phase. Protomeric equilibria are usually measured in dilute solutions and involve 

for each isomer solute solvent complexes, shown in Figure 1 for convenience to involve the ssme 

number, Z, of solvent molecules, & The relationship between the equilibrium enthalpy in 

solution and the equilibrium enthalpy in the gas phase is given by Eq. 1, from which it can 

AH(J ed=wr) 
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& 

(Eq. 1) 

readily be seen that the enthalpy in the vapor phase would be equivalent to that in solution for 

an isomerization only if there is mutual cancellation in or of the last two sets of enthalpies. 

Although such a result is not impossible, Eq. 1 suggests that in most cases solution phase 

enthalpies will not be equivalent to gas phase enthalpies. 

AIP edvapor) 
+b) 

________-_____* +_____________ 

AZS -- 7 Bn'S -_ 

AHo 
eq(soW 

Figure 1. Equilibrium of Isomeric Molecules &and B, 

Specific application of this analysis to the case in question suggests that the equilibria 

for 1 and 2in solution and in the vapor state will not be the same. For example, the strong 
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tendency of 2-pyridone to dimerize in nonpolar media' has been taken to indicate that specific 

and strong interactions will exist between 2 and solvent molecules.2'7 In view of the different 

structures of 1 and s it seems unlikely that these isomers would have equal and therefore 

compensating heats of solution in water, and accordingly the third term in Eq. 1 would have a 

significant value. Moreover, the above assumption of an equal average number of solvent 

molecules involved in the array of solute solvent complexes might not be correct and could 

contribute further to differences in solvation enthalpies. The differences in the heats of 

vaporization can be evaluated if 2 and 6 are considered suitable models for 1 and 2_ In that 

case, the previously estimated2 AAHvap (AHvap6 - AHvaps) of 4.4 kcal/mol is a reasonable 

estimate for the corresponding term in Eq. 1 and clearly demonstrates that large differences 

may be expected for solution and gas phase enthalpies. 

The correspondence of the estimates of stabilization energies for g and 6 relative to &and 

2 respectively, seems to result from a compensation of differences in enthalpies of solvation 

and vaporization arising from the comparison of the equilibria 1-2 and J--and not because inter- __ 

molecular effects are negligible. The compensation of enthalpies can be most easily seen by 

inspection of the difference of enthalpy differences between the equilibrium reactions l-2 and __ 

r--in the vapor state, AAH"_(vapor) (AH 
_(vapor)l_l-- AH_(vapor)$-- ' 

) shown in Eq. 2. 

AAH rxn(vapor) = AAh_(soln) - (AHvap - AHvap) - (AHvap - AH ) - 
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5. 

(3. 2) 

Rough mutual cancellation of the differences in the heats of vaporization and solution of 1 and 

3 the second and fourth terms, by the same differences for j-and 63 the third and fifth terms, 

would not be surprising in view of the similar functionalities involved. 

Protomeric equilibria in solution are of considerable interest in their own right; however, 

a given protomeric equilibrium should not be used for deductions about differences in stabilities 

of isolated, unperturbed molecules. We reiterate that for one reaction, equilibria measured in 

or extrapolated to the gas phase are preferred for obtaining information about relative chemical 

binding energies.2'5 On the other hand, in comparisons of a series of equilibria in which 
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differences in enthalpies of solvation and vaporization are compensated, as shown by Eq. 2, 

protomeric equilibria can be useful in obtaining fundamental information about chemical bonding. 

This cancellation of interaction factors by comparisons of related systems may be considered an 

example of the extrathermodynamic relationships which have been discussed in general form.' 
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