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The formation of anion radicals of halobenzenes is accom-
panied by a severe weakening of the carbon-halogen bonds
and subsequent unimolecular cleavage of halide ion. This
reaction is the key step in the Sgy1 mechanism.' Although a
wealth of kinetic data exists for reaction (1), no quantita-

A-X"" 2 Ar + X~ (1)

tive data are available concerning the driving force. We
now report the first heterolytic bond dissociation energies
for the halobenzene anion radicals.

Electrode potential measurements, by way of thermo-
chemical relationships,? provide access to a wealth of ther-
mochemical data which are either difficult or impossible to
obtain directly.*® The isodesmic reaction relationship'
which provides anion radical heterolytic bond dissociation
energies [E,4(het)] is illustrated in Scheme 1. The differ-
ence between the homolytic bond dissociation energy
[Eyg(hom)] of the aryl halide substrate and E4(het) above

Heterolytic bond dissociation energies of Ar-X*

Ar-X 2 Ar+ X
Ar + X° 2 Ar-X"

E,4(hom)
—E4(het)

Ar-X + X~ 2 ArX"+X —FAE°(Ar-X - X)

Scheme 1.

the line is directly proportional to the difference in reduc-
tion potentials of Ar-X and X° below the line. For the
halobenzenes, the pertinent electrode potential data'! and
the difference, AE4(hom-het), are summarized in Table
1.12.13

The known E,,(hom) of halobenzenes' listed in Table 2
are gas phase enthalpy values and do not apply directly to
Scheme 1. It is commonly observed that homolytic E,, do
not change significantly on going from the gas phase to
solution.” This implies that free energy [E,q(hom)] in ace-
tonitrile solution can be derived from the corresponding
enthalpy [E,4(hom),] value by application of eqn. (2)

Eyy(hom); = Eyy(hom), — T [S%¢X") + AS°((X)]  (2)

which requires the usual assumption'® that the entropy
terms for Ar-X and Ar* cancel. A difficulty associated with

Table 1. Bond dissociation energy differences from electrode
potential data.?

Quantity Ph-F Ph-Cl  Ph-Br
E°(Ph-X)/V vs. NHE —273  -254 -220
E°(X")/V vs. NHE 29 2.1 17
AE,4(hom—het),/kcal mol~' 130 107 90

2Electrode potentials are from Ref. 11; AE,(hom—het); were
calculated from the relationship in Scheme 1.

Table 2. Heterolytic bond dissociation energies of halobenzene anion radicals.

Anion Radical Eps(Ph=X)? S%(X7)? E,«(het)/kcal mol™!

Maximum Minimum Estimate
Ph—F~—* 126 37.9 -4 -15 -10
Ph-CI* 96 39.5 -11 -23 -18
Ph-Br— 81 41.8 -9 -22 -17

aE,4(kcal mol~") are gas phase enthalpy values from Ref. 14. °Entropies of formation (cal K- mol~') are from Ref. 16.
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applying eqn. (2) is that while the pertinent entropies of
formation [$°(X")] are available,'® the corresponding sol-
vation terms [AS°,,(X")] are not. In related work dealing
with C-H’ and Metal-H™ E, ; which require AS°,,(H") this
term was approximated using the known entropy of solva-
tion of the hydrogen molecule. This results in an uncer-
tainty in the derived E of unknown magnitude.

The E,4(het); values for the dissociation of Ph—-X"* in
acetonitrile solution listed in Table 2 are maximum and
minimum estimates based on extreme values of AS°,(X").
The maximum values assume AS° (X') to be equal in
magnitude but opposite in sign to S$°(X") while the mini-
mum values assume the solvation term to be insignificant.
For reasons discussed in the following paragraph the true
value is believed to lie approximately midway between the
extremes.

The entropy changes accompanying the dissolution of
gaseous atoms or molecules are negative. There are limited
data available in non-aqueous solvents. For example,
AS°,(H,) is equal to —11.9 and —12.0 cal K™!' mol™! in
acetonitrile and dimethyl sulfoxide, respectively."” The en-
tropies of solvation of He, N,, Ar, and C,H, in N-methyl-
acetamide have been reported to be —12.0, —14.9, —15.0,
and —17.8 cal K™! mol~'." The data suggest at least a weak
dependence on atomic or molecular volume. On this basis,
Ar would appear to be a reasonable model for CI° and
together with the apparent insensitivity to solvent this leads
to an estimate of —15 cal K™! mol™! for AS°,,,(Cl°). This
last column in Table 2 gives an estimate of the true value
arrived at by assuming —15 cal K™ mol™! for the entropy of
solvation of all the halogen atoms in acetonitrile.

It should be pointed out that the approximation,
AS°,(H') is equal to AS°,,(H,) in acetonitrile, leads to
calculated!® E,, which are within 1 kcal mol™! of those
determined by calorimetric methods for Metal-H com-
pounds.'® It would appear that Ar is as good a model, in
terms of solvation entropy, for CI* as H, is for H*. There-
fore, the Ey4(het); in the last column of Table 2 are ex-
pected to be reliable. In any event, it can be concluded that
the true values lie within the maximum and minimum limits
given and most probably close to the estimated values.

Further work is in progress to establish E,4(het) of other
anion radicals in solution. Since homolytic E,; of neutral
molecules are relatively insensitive, i.e. within a few kcal
mol™!, to changes in structure for a given bond type,’
differences in E.4(het); can be expected to be approxi-
mately proportional to the differences in reduction poten-
tials of Ar-X.'"* Having access to the thermodynamic driv-
ing forces of aryl halide anion radical cleavage reactions
will be very useful in mechanistic studies of these important
reactions.”
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