3 Parameters Used in QSAR

were used in addition to Taft’s E4 values and
Swain-Luptonfied constants F, ;.-
Thereasonfor employingalternativetreat-
ments to ortho-substituted aromatic mole-
culesisthat changesin rateor ionization con-
stants mediated by metaor parasubstituents
are mostly changesin (H* or AH* becausesub-
stitution does not affect AS* or AS". Ortho
substituentsaffect both enthal py and entropy;
the effect on entropy is noteworthy because
entropy is highly sensitive to changes in the
Size o reagents and substituents as well as
degreeof solvation. Bolton et d. examinedthe
lonization of substituted benzoic acids and
measured accuratevaluesfor AG, AH,and A S
(81).A hierarchy of different scenarios, under
which an LFER operates, was established:

1. AH° isconstant and A Svariesfor a series.
2. AS" isconstant and AH varies.

3. AH° and AS" vary and are shownto belin-
early related.

4. Precise measurementsindicated that cate-
gory 3 was the prevalent behavior in ben-
Zoic acids.

Despite the extensive and successful use in
QAR studies, there are some limitations to
the Hammett equation.

1. Primary a values are obtained from the
thermodynamic ionizations of the appro-
priate benzoicacidsat 25°C; these are reli-
able and easily available. Secondary values
are obtained by comparison with another
seriesof compoundsand arethussubject to
error because they are dependent on the
accuracy of a measured series and the de-
velopment of a regression line using statis-
tical methods.

2. In some multisubstituted compounds, the
lack of additivity needs to be noted. Proxi-
mal effectsareoperativeandtend todistort
electronic contributions. For example,

> o.(3,4,5-trichlorobenzoic acid)
= 0.97;

thatis, 20y + op Or 2(0.37) + 0.23
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2O},hs(S,4,5-trichlor0benzoic acid) = 0.95

Sigma values for smaller substituents are
more likely to be additive. However, in the
case of 3-methyl, 4-dimethylaminobenzoic
acid, the discrepancy is high. For example,

> 0uu(3-CH,, 4-N(CH,), benzoic acid)
= —0.90

> Fans(3-CH,, 4-N(CH,), benzoic acid)
= -0.30

Thelarge discrepancy may be attributed to
thetwisting of thedimethylamino substitu-
ent out of the plane of the benzene ring,
resulting in a decrease in resonance. Exner
and his colleagues have critically examined
theuse of additivity inthedetermination of
aconstants (82).

3. Changesin mechanism or transition state
cause discontinuities in Hammett plots.
Nonlinear plots are often found in reac-
tionsthat proceed by two concurrent path-
ways (83, 84).

4. Changesin solvent may lead to dissimilar-
itiesin reaction mechanisms. Thusextrap-
olation of & values from a polar solvent
(e.g., CH;CN) to anonpolar solvent such as
benzene has to be approached cautioudly.
Solvation properties will differ consider-
ably, particularly if the transition state is
polar and/or the substituents are able to
interact with the solvent.

5. A strong positional dependency of sigma
makesit imperativeto use appropriate val-
ues for positional, isomeric substituents.
Substituents ortho to the reaction center
are difficult to describe and thus one must
resort to a Fujita-Nishiokaanalysis (80).

6. Thorough resonance or direct conjugation
effectscause abreakdownin the Hammett
equation. When coupling occurs between
the substituent and the reaction center
through the pi-electron system, reactivity
Is enhanced, diminished, or mitigated by
separation. I nastudy of X-cumyl chlorides,
Brown and Okamoto noticed the strong
conjugativeinteraction between lone-pair,





