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Although the classical theories of the acidity of carboxylic acids have
been ¥nown for some time (1,2), no quantum mechanical treatment has thus far
been carried out. In this communication we wish to describe an LCAO-HMO
treatment which quantitatively accounts for the relative acidities of un-
saturated carboxylic acids. Our approach rests on the assumption that the pKi
of this type of acid is directly proportional to the difference in w-bond
energy between the ionized and the unionized acid. We further assume that the
effect of the hydroxyl group on the ww-energies ié comnstant for all unionized
acids (3). Quantum mechanically, we are thus dealing with aldehydic and sub-
stituted hetero-allylic systeme**:
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Following the usual Hiickel approximations (4), we neglect all resonance
integrals between atoms which are not directly bonded to each other and set
the overlap integral equal to zero. Implicit in this treatment is the assump-
tion that any solvation effects and o-bond energy changes are constant from one

*) Present address: Organisch-Chemisches Institut der Universitit GSttingen.
%) Hydrogen bonding effects are thus neglected.
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system to another (5). Utilizing Streitwieser's table of suggested parameter
values (4), we assign the following values to the Coulomd and resonance inte-
grals: oAy = oy + 28 Bc-c = Bc-o « Since the wr-energy of a compound
with n sr-electrons has the form K, = ne + MB , the difference in sr-energy

between the ionized and tﬂe unioniged acid, AE‘rr s 18 determined by:
i
AE“'i = (E')“‘I - (1:.,)AHi = 2« + AM;B

A1l values for M (and thereby AMi) are calculated from the solutions of the
corresponding secular equations. Instead of assigning 8 an empirical value,
we retain it as an adjustable parameter. Our correlation then has the follow-
ing form

pKi = a + bAMi

in which ‘the empirical slope, b , contains 8, Table I and Figure I show the
calculated and experimental pKi values for a number of structurally different
acids,

TABLE I
*
Calculated and Experimental pKi Values

Acid Mi Calcd. pKi Expl. pKi
Pormic acid 4.,6358 3.74 3.75
Acrylic acid 4.5264 4,27 4.25
Benzoic acid 4.5446 4,18 4.19
irans-Cinnamic acid 4.5004 4.40 4.44
B=Naphthoic acid 4.5404 4,20 . 4.17
d-Naphthoic acid” 4.5272 4.27 . 3.70
ois-Cinnamic acid*" 4.5004 4.40 3.89

*) All experimental pK, values refer to aqueous solutions, reference (6).
*%) Not included in the derivation of the correlation (method of least
squares) ; see discussion below,
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Correlation of Acidities With MO Calculations
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Inspite of the many assumptions, the correlation is surprisingly good.
Our treatment thus quantitatively confirms the long held classical view that
the introduction of unsaturated substituents in formic acid has an acid
weakening effect (1). This phenomenon has been attributed to an electron-
donating resonance effect, applying to systems in which the unsaturated
substituents are conjugated with the carboxyl group. It has been suggested
that an opposing inductive effect, brought about by the ggeohybridized carbon
atoms closest to the carboxyl group, to some extent also takes a hand in
settling the acid strength, but that it is of the same order of magnitude for
olefinic as for benzenoid unsaturation (1). A rough approximation of the
magnitude of this effect can be obtained by considering a correlation derived
from unsaturated acids to the exclusion of formic acid. Since the constant
inductive effect present in unsaturated acids does not apply to formic acid,
such a correlation should therefore predict a calculated pKi which is lower
than the experimental value. This is indeed the case. The newly calculated
pKi of formic acid, 3.60 , is 0.14 pK units lower than the previously calcu-
lated value.

That the calculated pKi of K-naphthoic acid is higher than the experimen-
tal value is to be expected on the following grounds: The steric effect of
the peri hydrogen atom forces the carboxyl group out of the plane of the aro-
matic ring, thereby disturbing the effective conjugation between the two
groups. This effect is absent in the isomeric B-naphthoic acid, as reflected
by the close agreement between calculated and experimental pK; values (Table I):
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It is interesting to note that the inductive effect, which remains unaffected
by the abqve steric considerations, can potentially gain the upper hand. This
seems to be the case with o{-naphthoic acid, which is s8lightly more acidic than
formic acid. Similar steric argumente involving the interaction between the
phenyl and the carboxyl groups apply to cis-cinnamic acid.
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