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Physical—chemical properties can be correlated and predicted using linear free energy or linear solvation energy
relationships (LSER). Procedures to obtain theoretical parameters from calculated molecular structures that can be
used in LSER have recently been evaluated [G R. Famini, C. A. Penski and L. Y. Wilson, J. Phys. Org. Chem. 5,
395-408 (1992)]. Among other applications, these procedures were applied to correlate octanol—water partition
coefficients and pKX, values for two groups of structurally diverse solutes with very good reported results. In this
paper, the statistical results of those studies are re-examined. The corrected statistical parameters do not provide
tenability for the appropriateness of the methodology in these applications. However, valid multilinear relationships
of the theoretical LSER parameters with the experimental properties are found which do substantiate the original

conclusions of Famini ez al.

Partition coefficients and acidities are key parameters
for assessing biological activities, toxicity and per-
sistence of chemicals in the environment. In this regard,
the octanol-water partition coefficient (Kow or
log Kow = log P) is the most widely used descriptor of
partitioning behavior, and the Brensted—Lowry pK, is
the common measure of acidity. Procedures to corre-
late and/or predict these properties based on molecular
structure or on physical—-chemical principles are, there-
fore, of substantial interest. Practical procedures for
estimating such properties and reviews of the vol-
uminous literature can be found in several recent
publications.!? Of particular relevance to this paper,
Taft and co-workers* have demonstrated that solva-
tochromic parameters used in linear solvation energy
relationships (LSER) provide useful rectifications of
acidity data and of partitioning behavior in a variety of
solvents for a large number of solute structural types.

Famini er al.> have recently outlined an important
development in the LSER area, viz. the use of computa-
tionally derived independent variables rather than the
experimentally based set of solvatochromic parameters.
In principle, the theoretical LSER (TLSER) descriptors
permit a priori prediction of solvatochromic properties
based solely on the (calculated) molecular structure.
There are numerous examples of the use of theoretical
(quantum mechanical) molecular descriptors in
structure—activity and structure—property studies. ¢ The
theoretical descriptors reported by Famini et al. are
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obtained using an additive procedure to estimate mol-
ecular volumes’ (Vmc) and MNDO semi-empirical
calculations® to obtain electronic terms. The electronic
parameters are comprised of w; (polarizability term),
hydrogen bond acidity terms e, and ¢+ and hydrogen
bond basicity terms & and g-. The original paper’
should be consulted for the definitions of each term and
explanations. The TLSER parameters are used to corre-
late several properties, among which are 67 log P values
for diverse structures and 42 pK, values for a variety of
weak acids. The reported linear regression results for
log P and pK, are summarized in Table 1, entries 1-3.

During an attempt to fit non-linear models to the
log P and pK, data, the opportunity arose to examine
plots of both sets of Famini ef al.’s experimental and
calculated values. The scatter of the points in these
graphs was substantial, and it seemed unlikely that
these plots could have correlation coefficients (R) as
high as 0-971 and 0-942. Indeed, after reanalysis, the
actual R values for equations (1) and (2) (Table 1) turn
out to be 0-929 and 0-794, respectively. These values
are confirmed by simple first-order linear regressions of
Famini et ¢/.’s calculated log P and pKj, values with the
experimental values. In addition, it should be noted
that the regression coefficient for the independent vari-
able g, in equation (2) is presumably the result of a
typographical error in Famini ef al.’s paper® and
should be replaced by the value —48-1.

On the basis of the actual value of R, the quality of
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Table 1. TLSER correlations of log P and pK, data from ref. §

Regression coefficients

(parameters)
Equation Property N R sSD?
1 log P=3-14Vp —5-92q_ 67 0-974° 0-45
2 pKa=127e, —41-1q., 42 0-941¢ 2-82
3¢ pKa=29-4 — 15565, — 7-33g- + 55-4¢,— 14-2q., 39¢ 0-950 1-06
4 log P=3-20Vmec—5-729- — 1-60g+ 67 0-933 0-44
5 log P=0-871+3:25Vmc—5-83¢g_ —2-23q, — 74471, 67 0-941 0-42
6 PKa=17-6 —1-20Vmc — 173 Tep + 209922 — 40- 64+ 42 0-923 1-85

Equation (4) (coefficient ¢-statistics, 29, 15, 1-9; f-ratio, 214-7)
Equation (5) (coefficient ¢-statistics, 26, 18, 15, 27, 2-9; f-ratio, 120-4)
Equation (6) (coefficient ¢-statistics, 2-9, 2-2, 5-3, 12, 8-4; f-ratio, 53-5)

* Standard deviation.
®Corrected R =0-929.
“Corrected R =0-79%4.

9Stated to be for 39 compounds with pK, < 13. The data in ref. 5 are listed for 36 compounds of this type. Equation

(3) was not re-examined because of this discrepancy.

the regression model for equation (1) can be
characterized as passable, but the R for equation (2) is
low enough to be considered worthless for use in
support of a physical-chemical argument. Hence the
results do not sustain an optimistic view* of the appro-
priateness of TLSER descriptors in applications of this
type. However, standardized stepwise regression ana-
lyses of the log P and pK, data showed that there do
exist several statistically acceptable, multilinear
relationships with the TLSER parameters which were
not identified by Famini et a/. Examples are given in
equations (4)—(6) in Table 1.

Equations (4) and (5) are fair to good rectifications of
the log P data, moderately better than equation (1) with
its corrected R =0-929. The larger number of degrees
of freedom in the statistical analysis accounts for the
increased goodness of fit. The ¢-statistics for individual
regression coefficients and the f-ratios satisfy criteria
for valid multilinear regression equations (the values of
the statistical options controlling inclusion of indepen-
dent variables are those recommended on the basis of
Monte Carlo studies®), and there is no statistical reason
to exclude a constant term from the optimum equation
for correlation of the experimental data. A constant
term is also included in the best correlation of the pKa
data [equation (6)]. The relevant statistical results,
summarized in Table 1, denote a fair correlation of all
42 pK, values, much better than the fit of the data
according to equation (2), with its corrected R = 0794,

The reasons for the discrepancies in the calculated R
values may be due to statistical protocols, discussed in
detail in the operating manual of one of the commercial
statistical computer programs chosen by Famini ef al.
to analyze their data.!® In that program, correct statis-

tical significance-of-fit parameters (R, R? and f-ratio)
for linear regressions without a constant term can only
be derived by using an optional procedure for analysis,
referred to in the manual as the mixture model. Other-
wise, inappropriately high values are calculated unless
the data are centred around the origin of the data coor-
dinate system. In general, it is not necessary to consider
adjustments of this type to obtain correct regression
statistics in other available statistical packages.

In the final analysis, the corrections and the results of
the re-examination of the log P and pK, data actually
lend support to the original contentions of Famini
et al.® It does appear to be possible to use the compu-
tationally based TLSER parameters in the same way as
the experimentally based LSER descriptors, and reason-
able results have now been obtained for all properties
examined so far. However, Famini ef al.® pointed out
that the LSER solvatochromic parameters generally
give better correlations where common properties have
been studied. This could indicate a need for more
accurate or, possibly, different theoretical descriptors.
In any event, additional investigations of this promising
approach to the LSER type of analysis should be
encouraged.
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