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Molecular Similarity Based on Atomic Electrostatic Potential
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We propose a new similarity measure operating in the space spanned by the potential values, evaluated at
atoms constituting the benzene ring and the COOH group in para-substituted benzoic acids and at benzene
ring atoms in monosubstituted benzenes. The similarity measures are equivalent to the Euclidean distance
between points in that space. Only the distances between the potentials at corresponding atoms in different
molecules are included. The distances for benzene rings were very similar, regardless of whether they were
calculated in para-substituted acids or in monosubstituted benzenes. As reference reactions, dissociation of
benzoic acids and nitration of monosubstituted benzenes have been used. The effects of reduction of
dimensionality of the potential space on the comparison of similarity measures with the free energies of the
reference reactions have been investigated. It became obvious that the potentials at individual atoms in molecules
of the acids and monosubstituted benzenes are mutually correlated to a high degree.

Introduction components operating on electron density, as well as on
electrostatic potential and local softnés3ther measures based
on electron densities are referred to in refs-1@. An interesting
project worth mentioning here is the one drawing on a measure
that employs electron densities within respective atomic bsins

and another one, named NOEL, whose magnitude is related to

basis of the molecular similarity postulate. Molecular similarity the number of electrons in the molecular fr_agment common for
calculations can be especially useful in the study of processesbo'[h molecule$.An approach th"?‘t emphasized the Va“a“"r_‘ Qf
with mechanisms that are complicated, or partly or even the outer-_valence (_elgct_ron dens_lty ledtoa suc_cgssful prediction
completely unknown. of the anti-HIV activity in a family of phospholipid¥. Charge

The concept of similarity has been arousing much interest
for a long time. The assumption that by using the data of the
molecule’s chemical or biological activity we can predict the
activity of another closely related molecule by merely comparing
how similar the original molecule is to the other one forms the

Similarity measure is a rather intuitive property, and what
follows is that its quantification is not straightforward. Yet the
concept of similarity can be found in a such popular notion as
the functional group. The molecules that are similar can differ,
for example, in replacement of a functional group in a molecule

density was also useful in clustering side chains of amino acids
into chemically related grougs.

Similarity measures based on electrostatic potential (MEP),
as well as electric field, have also been propo$etf. These
methods are conceptually similar to those based on electron

by another group in another molecule. Many techniques have density. That is, for a comparison between two molecules,
been proposed to measure the similarity of molecules, and a@ppropriate three-dimensional discrete grids for representation
variety of similarity indexes have been proposed in the Of the MEP within the regions surrounding the molecule are
literaturel:2 Some of them are based on the properties of used and the potentials at the grid points are calculated. Next,
molecular wave functions, and we shall mention only these, they are compared by some means or other. Hodgkin employed
i.e., the so-called quantum-mechanical similarity measures. Theyan expression similar to that proposed by him for the similarity
employ ab initio or density functional theory calculations and measure based on electron densities, but employing the MEP
are based on the information that can be drawn from the wave values instead. A Carbotype MEP similarity function of
function. The beginnings of this approach date back to 1980 discrete grid MEP values was proposéd’ A root-mean-square
and the work of Carbd who assumed that similar molecules deviation between potentials originating from two molecules
must have similar electron distributions. A resembling index, atcommon grid points was also used as a comparison furi¢tion.
also based on electron density, was presented by Hodgkin andVlany other methods have also been devised to compare three-
Richards* The formula given in refs 1 and 2 and in the following ~dimensional displays of potenti#l They share common features
one$:® compare the shapes of charge distribution rather than such as the fact that they are affected by the definition of the
magnitudes. A thorough overview of similarity indexes based grid and they depend strongly on the method of superimposition
on electron density is presented in ref 1 (a review). Determi- of the molecules in the space. These methods also share similar
nation of similarity based on electron density must meet the weaknesses with those based on comparison of electron densi-
requirement of a proper alignment of molecules A and B, ties, namely a large number of calculation points (more than
because it depends on mutual position of the molecules in space50 000 for molecules counting less than 10 atéfhapd the

The indexes were criticized on account of requiring a time- need to optimize the similarity index. The number of grid points
consuming three-dimensional integration and of the excessivecan be reduced, for example by selecting only points uniformly
importance of the conformation of the molecule®.To avoid distributed on a van der Waals surfdéeHowever, these
these difficulties, the use of an autocorrelation function was methods have the virtue of enabling a comparison between any,
proposed with a combination of an analysis of the principal even very dissimilar, molecules.
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This state of affairs made us wonder how to build a simpler SCHEME 1: Atom Numbering in Para-Substituted
measure based on potentials. We took into consideration theBenzoic Acid$

potentials at atomic nuclei. Their number does not exceed that X
of the atoms in a given molecule, and they are calculated for |
the individual molecules separately. This way one avoids Hx _C A
optimization problems related to the mutual disposition of the Cz@fs
molecules under comparison. In what follows, we have used a C3Cs
simple function, namely Euclidean distance in the potential Hz/ ?4 ¥,
space, as a similarity measure. C

Molecular similarity measures are particularly useful in the 0/ 7\0

2 1

search for new medicines. In this context, attempts are being \

s

made to replace the usual physicochemical parameters employed c

in QSAR analysis, such as, e.g., Hammett constants, with 2X=NO;, CN, Cl, F, H, CH, OCHs, NH;, N(CHs), OH, COCH,
appropriate quantum chemical descriptérs. CFs, C(CH)s, SGCHs, and COOH.
The similarity measures are also interesting from the phys- .

icochemical point of view, as they attempt to answer not only @1d the functional group (COOH) are attached to the same
the question as to how similar one molecule is to another but molecular skeleton (here benzene ring), their mutual interaction,
also the question of which molecular properties are the most 2ccording to our intuition, must be perceived by some means
sensitive to replacement of a group of atoms (a substituent) in © 0ther within the reach of the benzene ring. The property that
a molecule for another group. Introduction of such groups to, @S been explored as a tentative similarity measure is the
for example, the benzene ring may be treated as a kind of electrostatic potential at the C ring atoms, as well as at the atoms

perturbation. In the case when the ring is perturbed by a class®f theé COOH functional group. At the same time there are
of substituents, which molecular properties respond to the continuous and successful efforts to correlate the chemical and

perturbation and to what degree? A very interesting answer to biological activities of molecules with maps of their electrostatic

these questions has been given by Popelier and his coIIaborators;[.’o'[em'alg’ggiluor the potential values at selected points within
In a series of papers beginning in 199%,2% he introduced a mole_cules?’. i o .
notion of quantum-molecular similarity in BCP (bond critical This work aimed to test whether the distribution of potentials
point) space. The similarity was expressed using such propertiesdt the atoms of the common skeleton and the COOH group
as electron densityp}, its Laplacian ¥2p), and the ellipticity would be useful as a similarity measure of_qune a different kind
(€) at the BCP. It is calculated based on the distance betweenthan that proposed and successfully applied by Pogelius
the molecules in the BCP space. The lower the distance is, theWe decided to start with the set of molecules originally used by
more similar the molecules are. The experimental substituent NiM in order to have the possibility of a precise quantitative
sequence (determined by a set of Hammett constants for thecomparison of the rgsults obtained with the similarity measures
individual substituents) was only reproduced if the similarity Pased on rather different concepts. Subsequently, the same
measure (i.e., distance in the BCP space) was restricted soleycalculations were performed using more compounds and the
to contributions from the COOH functional group. Thus, the S|mllgr|ty measures were also calculated for a group of mono-
only bonds that were taken into consideration were the bondsSubstituted benzenes.
within the group: G-H, C=0, and C-O(H). What followed, )
not unexpectedly, in the case of the benzoic acid class, wasCalculations
that the reaction center proved to be restricted to the COOH  p|| the calculations reported in the present study were carried
group. Any inclusion of BCPs from the phenyl group seriously ot ysing density functional theory (DFf)and the B3LYP
disrupted the sequence. On that basis it was stated @hat thegnctionaf34 as implemented in the Gaussian 98 program
method points out the reactive center for a given reaction. In nackages The initial three-dimensional structures of the
the foIIO\_/vmg_ papers the reactive centers were |den_t|f|ed for compounds were built using the SpartanPro softWia]owed
carboxylic acids;*?>#para-substituted phencidz®substituted 5 preliminary semiempirical geometry optimization at the
toluenes and bromophenethylamifiéesters;* polychlorinated A1 level. Subsequently, geometries were optimized and
dibenzop-dioxins?* and anilines? energies calculated using the Dunning’s cc-pVDZ basis set,
Another similarity approach to rationalize substituent and followed by the calculation of vibrational frequencies at the same
solvent effects on the acidities of carboxylic acids was presented|evel. When two conformers of a given substituted compound
by Ponec et /2 They proposed that the dissociation constant were possible, their energies differed by no more that 0.2 kcal/
of carboxylic acid may be described by the electronic density mol. All the reported properties were calculated for both
function of the COOH group and quantified by the self-similarity conformers, and their average was reported and taken for the
measure of this fragment. It was found that, over a series of correlations displayed in the tables. With the use of the B3LYP/
five groups of acids, each containing seven to eight molecules, cc-pvVDZ wave functions, the atomic charges derived from
a regression with Hammett constants could be established withnatural population analysiswere calculated at the same level.
a correlation coefficient greater than 0.96. However, there is Potentials and a set of charges derived from them were
no mention of what results were obtained when electronic calculated according to the CHelpG schethBecause there is
density functions of the whole acid molecule, instead of the a singularity in the nuclear contribution at the nucleus, the
COOH group, were taken into consideration. nuclear contributions to the atomic potentials are zeroed and
The results made us ponder the issue of communication only contributions from the electron density are calculated. AIM
between a substituent and the COOH group in the moleculescharges were calculated with the AIM 2000 pack&ye.
of substituted benzoic acids. Properties of the group inthe BCP  Scheme 1 presents the numbering of the atoms in the para-
space vary from one molecule to another in concert with the substituted benzoic acids. The dissociating hydrogen of the
electronic properties of their substituents. As the X substituent COOH group is marked as s The numbering of the atoms in
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TABLE 1: Matrix Containing Distances in the Space of Potentials at Five Carbon Atoms in the Benzene Ring (exceptif,) for
a Group of Eight Para-Substituted Benzoic Acids

NH> OCH; CHs H F Cl CN NG,
NH> 0
OCH; 0.013 0
CHs 0.015 0.006 0
H 0.026 0.013 0.011 0
F 0.044 0.031 0.032 0.021 0
Cl 0.052 0.039 0.039 0.028 0.008 0
CN 0.082 0.069 0.069 0.058 0.038 0.030 0
NO, 0.085 0.072 0.072 0.061 0.041 0.033 0.005 0

TABLE 2: Matrix Containing Distances in the Space of Potentials at Atoms of the COOH Group in a Group of Eight

Para-Substituted Benzoic Acids

NH> OCH; CHs H F Cl CN NG,
NH; 0
OCH; 0.012 0
CHz 0.021 0.008 0
H 0.028 0.015 0.007 0
F 0.034 0.022 0.014 0.007 0
Cl 0.041 0.028 0.020 0.013 0.009 0
CN 0.062 0.050 0.042 0.035 0.030 0.022 0
NO> 0.067 0.055 0.046 0.039 0.035 0.026 0.005 0

monosubstituted benzenes is the same relative to the substituensimilarity in the BCP space, three characteristics of each bond
The set of Hammett constants was taken from March’'s have been used. In the case when eq 2 is applied to C atoms in

monograph (Table 4 in Chapter ¥).

Results

Dissociation of Benzoic AcidsPreviously, in another study,
the similarity measures in para-substituted benzoic acids wer
calculated in BCP spagand were correlated with a set of
constants from the Hammett equatf9®! The introduced
similarity measure was calculated in two stages: at the first
one the simple Euclidean distandg between two BCPsand
j was defined as follows:

di,j =[(p; — Pj)z + (Vzpi - Vzpj)2 + (¢ — ej)z]l/2 (1)

wherep, V2p, ande stand for electron density, its Laplacian,
and ellipticity, respectively, at the bond critical point. Tthg

the benzene ring, summation tb= 6 seems to be natural.
However, better results (see below) have been obtained where
only five carbon atoms were taken into consideration. In that
casen in eq 2 is equal to 5, and the atom excluded wgs,C

o(C1 in Scheme 1). It was recently found that electrostatic

properties of that atom are not in concert with the properties of
the rest of carbon atoms in the benzene Phg.

Equation 2 can easily be transformed in order to include a
different (or larger) set of atoms belonging to the compared
molecules. For example, the similarity measure (distance) based
on potentials at atoms of the COOH group was also calculated:

dA,B = [(Vc7,A - VC7,B)2 + (V01,A - VOl,B)2 +
(Voz,A - V02B)2 + (VHac,A - VHac,B)Z] v (3)

terms were calculated for the corresponding bonds in the as well as the that based on potentials of all atoms occurring in

molecules A and Bith bond in the first moleculgth bond in
the other). Next, the contributions from all bonds of the COOH
group were added, producing the similarity measiyg. The
more similar two molecules A and B are, the smaller the
Euclidean distance will be. Perfect similarity is characterized
by dA,B =0.

It appeared that the distances in BCP space reproduced th
experimental sequence of acidities, expressed througtiues.

However, inclusion of bonds to the BCP space other than those

between the atoms of the COOH group changed the ordering

Searching for a similarity measure that could be successfully

applied not only to the COOH functional group but also to the

common skeleton of the acids, we accepted a similarity measure,

dag between two molecules, based on the ring carbon atoms
is defined as

n

dA,B = (VCi,A - VCi,B)Z] v 2

whereVg A and V¢ g denote electrostatic potentials at tile
carbon atom in molecules A and B, respectively. The calculation
of da g involves only one step because only one proper)yat

egs 2 and 3:

n
dA,B ={I (VCi,A - VCi,B)Z] + (Vc7,A - VC7,B)2 +
=
/
(V01,A - VOl,B)2 + (Voz,A - Voz,B)2 + (VHac,A - VHac,B)z} vz
4)
e (

wheren equals 5 0 6 C atoms in the ring. It should be
emphasized that the similarity measures defined in egé 2
apply only to sets of congeneric molecules, such as substituted
benzoic acids or monosubstituted benzenes studied here, where
one can distinguish a molecules’ common part and the corre-

sponding atoms therein. In two entirely different molecules one
Could compare a selected property belonging to every atom (or
’bond) in A to every atom (or bond) in B.

The results of application of eq 2 to the set of eight substituted
acids (X=NOgy, CN, Cl, F, H, CH, OCH; and NH,), the same
as considered in ref 8, are displayed in Table 1, whereas those
of the application of eq 3 are presented in Table 2. The tables
display matrices of distances between the eight molecules.
Distances in the BCP space (Table 3 in ref 8) aret3imes
greater than those in Tables 1 and 2.

As a second step, we should like to compare our results to a

each atom is taken into consideration, whereas in the case ofset of Hammett constants. In order to have a one-dimensional
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Figure 1. Regression analysis for the eight para-substituted benzoic Figure 2. Regression analysis for the eight para-substituted benzoic
acids. The Hammett constant is plotted against the proposed similarity acids. The Hammett constant is plotted against the proposed similarity
distance calculated via eq 2 (potentials at five carbon atoms in the distance calculated via eq 3 (potentials at atoms of the COOH group

benzene ring were taken into consideration). The reference substituentyere taken into consideration). The reference substituent js\Which
is NHz, which has the lowest, value. has the lowest;, value.

set of data, instead of the two-dimensional ones as in Tables 1
and 2, we took the similarity values between all molecules and
a reference one, being the first of the sequence, similar to the
procedure applied in ref 8. As the reference molecule, the one
substituted by NBHlwas chosen. The lists of the distances related
to NH, are equivalent to the second columns in Tables 1 and 2.
These values were then correlated withconstants. In other
sources one may find many sets of the constants determined
based on different reactions. In ref 8 six sets have been tried:
the best correlation coefficient between a constants’ set and the
calculated one was found for the set quoted by M&Pchhe
same set has been used here.

Figure 1 displays the plot afi(V,5C) against the set af, ‘ [ ' ' ' [

AG of dissociation reaction (kcal/mol)

constants, where(V,5C) represents the similarity in the potential 0.00 0.04 0.08 0.12
space, calculated for five C ring atoms. The correlation between A) d(V, COOH)
the two values’ sets is good, and the sequence, @onstants B) d(V, ring5C+COOH)

is reproduced by the sequencedg¥,5C). One can see thatthe Figure 3. Regression analysis for 15 para-substituted benzoic acids.
results for the similarity values generated based on the potentialsFree energy of dissociation reaction in the gas phase is regressed against
at atoms in the benzene ring work just as well as the similarity the similarity distance calculated via eq-8)(and against the similarity

measures calculated in the BCP space confined to the threefiStances calculated via eq&) The reference substituent is N(¢)b)
bonds of the COOH group which has the lowest, value for this group of compounds.

We were then interested to see whether the above statement .0 5 question emerges of whether the similarity measure
constitutes a property of the benzene ring solely in para- yefined based on potentials at atoms of the COOH group could
substituted benzoic acids. To answer the question, we have, s correlate with the set of. The answer may be found in
calculated the same similarity measures as displayed in F'gureFigure 2, which is basically similar to Figure 1 but its cc (0.998)

1, but this time for monosubstituted benzenes. The results werejg gjgnificantly higher: this result proves that the potential-based
virtually the same as in the case of the acids: a very similar ginjjarity is better correlated with the set of substituent constants
plot was obtained, and its cc (correlatlon coefficient) equaled \hen atoms of the COOH group are considered than in the case
0.984 (instead of 0.988 for acids). where the benzene ring carbons are taken into account. Very
Next, we tried the same correlation for benzoic acids but made good correlation is also maintained in the case when the
with all six carbon atoms in the ring. In this case the order of similarity is calculated for the set including both the ring carbon
d(Vv,6C) did not perfectly match the order of, constants:  atoms and atoms of the COOH group €d.995). The cc of
namely, substituents F and Cl switched places and the cca plot similar to the one in Figure 2 but based on data in the
decreased to 0.979. Therefore, the match of the sequences 0BCP space was 0.993yhereas the plot of self-similarity within
two series was perfect only when five carbon atoms were used,the COOH group, based on the electron density, against
with the exclusion of s, which, as has been already Hammett constants, was characterized by=c0.96928
mentioned, is little similar to the rest of the ring carbons. All the results quoted so far were obtained with the set of
Encouraged by the good correlations obtained for the five eight compounds with the substituents listed in Tables 1 and 2.
carbon atoms within the benzene ring, we tested similar These are the same substituents as those used for the calculation
correlations for the ring carbon atoms and the hydrogens of similarity in the BCP spacg.The same selection of
attached to them in the acid molecules, namelyHt, Hs, and substituents justifies comparison of both similarity measures.
Hs (modified eq 2 had nine terms in this case). A plot very To further explore the potentiality of our approach, we
similar to that in Figure 1 was obtained; the corresponding augmented the acids’ set by seven more compounds, i.e.,
correlation coefficient was slightly lower, namely 0.983. substituents N(Ckj,, OH, COCH,, CF;, C(CHg)s, SG:CHgz, and
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TABLE 3: Correlation Coefficients of Regressions between Potentials at Individual Six Ring Carbon Atoms and Atoms of the
COOH Group for a Set of 15 Para-Substituted Benzoic Acids

S Vei Ve2 Ves Ves Ves Ves Ve(ooH) Voo Voo VH
[ 1
Ve 0.0572 1
Veo 0.968 0.254 1
Vcs 0.949 0.350 0.991 1
Vea 0.996 0.099 0.979 0.964 1
Ves 0.960 0.311 0.995 0.996 0.973 1
Ves 0.944 0.301 0.986 0.989 0.963 0.983 1
Vcoon) 0.994 0.093 0.976 0.961 0.999 0.970 0.960 1
Voo 0.993 0.070 0.970 0.954 0.999 0.964 0.955 0.999 1
Vo1o 0.994 0.099 0.975 0.961 0.999 0.970 0.959 1.000 0.999 1
\ 0.994 0.104 0.976 0.964 0.999 0.972 0.961 1.000 0.999 1.000 1

a Poor correlations between potential atahd those at other atoms, standing out against the rest of very good correlations, are marked in bold.

COOH. These additional substituents were selected from among

those for which the Hammett constants are compiled in ref 50,

as for the eight substituents used so far. However, for OH the

op value determined by Hin€ namely—0.21, was used, instead

of the value cited in March’s monograph0.37. In the paper

dealing with the similarity measures in BCP sp&dayas found

that the OH substituent is bracketed by OCithd CH;, and it

was in agreement with that value of(OH). Now, NH is no

longer the first member of the sequence, as the lowestiue

falls to the level N(CH), and the distances were calculated for

other molecules in relation to the latter and correlated with

Potentials at atoms both in the COOH group and at the five

ring carbons were taken into account, as in eq 4. Now, for 15 0.00 0.08 0.08 o2

compounds, the cc of the regression of the distances agginst 4 (V. 50)

is lower than for the previously used set of eight compounds _ . . v .

(0.986 vs 0.998). Therfore we conclude that the correlation of F9Ure 4. Regression analysis for 15 para-substituted benzenes. Free

the similarity measures om, constants not only depends on energy of nitration reaction is regressed a\_galnst_the S|mllqr|ty distance
; > . calculated via eq 2. The reference substituent is Njj&Hvhich has

the selected set afy,'s (which was mentioned in ref 8) butalso  the Jowests, value for this group of compounds.

may vary with the selection of the compounds.

Thus far the similarity measures calculated for the molecules the molecule. Yet all the remaining atoms in Table 3 are
in the gas phase have been correlated with the Hammettsomewhat similar to each other in the sense that their potentials
constants which measure the substituents’ impact on dissociatiorharmonize.
of benzoic acids in waté®. One might expect better correlation It is also worth mentioning that the potential ai @n the
with the measure of dissociation propensity in the gas phase.para position in relation to the substituent) is highly correlated
Actually, the cc of the regression withGgiss is slightly better with the o, constant. Similar results were recently reported by
than that witho, (—0.991 vs 0.986). Figure 3 displays regression Galabov and co-workers for monosubstituted benzéhgés-
of the AGgissagainst the distances calculated according either to taching the COOH group to this atom does not cause the
eq 3 or to eq 4. For this group of 15 compounds, the cc’s for correlation to deteriorate, but the correlation is even higher for
both plots are identical. the para-substituted benzoic acids than it is for monosubstituted

Our results indicate that the sums of the potential differences benzenes.

(egs 2 and 3) at the corresponding atoms in different molecules Taking into consideration the fact that the presented approach
change in an ordered fashion. Therefore, one might expect thatof defining the similarity based on the electrostatic characteristics
the individual potentials themselves are correlated by some (potential at atoms in a molecule) generated satisfying results,
means or other. Table 3 displays cc’s of the mutual correlations we tried to calculate other similarity measures according to

of the potentials at the individual atoms in the set of 15 eq 2, but introducing into the equation the charges on atoms
molecules, the same as those used to generate data for Figurgnstead of the potentials. The results for the atoms of the benzene
3. ring were poor, for the three sets of charges.

Inspection of Table 3 reveals that very good correlations occur ~ The best results were obtained only within the COOH group,
not only between potentials of the ring carbon atoms (except by using the natural bond orbital charges. In this case the cc of
Cy) but also between potentials of the carbons and of the atomsregression of the charges o was 0.986. This result corre-
of the COOH unit, as well as between the potentials within the sponds with the finding that sums of the charges on atoms of
latter. Potentials of all atoms mentioned in the table (except the dissociating carboxylic acid group correlated very well with
Cy) vary synchronously from one molecule to another. It has the experimental values okp.5
been recently observed that, as far as electrostatic properties in Nitration of Monosubstituted Benzenes.At this point the
the group of monosubstituted benzenes are concerned;gthe C moment seemed opportune to check the predictive power of
atom differs from the rest of C atoms in the benzene %hg. the similarity measures for a different set of compounds and/or
The same effect is manifested by data in Table 3. The propertiesdifferent correlated property. To this aim we have selected a
of the Gpso atom are rather correlated with those of the difference in free energy of a substituted benzene molecule and
substituent attached to it than with the properties of the rest of its p-nitro derivative. The same set of 15 substituents as for

-204.516 —

-204.520 —

-204.524 —

AG of nitration reaction (kcal/mol)

-204.528
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TABLE 4: Correlation Coefficients of the Regressions of Hammett Constant and Free Energy of Dissociation in the Gas Phase
with the Potentials at C; Atoms, and between the Individual Atoms of the COOH Group (G, O,, Oy, Hag), Calculated for 15
Benzoic Acids$
d(V,ring5C+COOH) d(V,COOH) d(V,ring5C) d(Vv,Cs) d(v,CGy) d(Vv,00) d(v,0,) d(V,Hag
Op 0.986 0.993 0.975 0.996 0.994 0.971 0.994 0.994
AGiss —0.991 —0.991 —0.984 —0.994 —0.992 —0.970 —0.991 —0.992

aThese coefficients are compared with those obtained when similarity (potential distance) was calculated for larger sets of atoms (columns
2—-4).

TABLE 5: Correlation Coefficients of the Regressions of the obtained by Hollingsworth et al. that charges on the dissociating
Hammett Constant and Free Energy of Nitration with the hydrogen correlate well with the experiment& s for benzoic
Potential at C4 Atoms, Calculated for 15 Monosubstituted acidss
Benzened )
d(V.ring5C) d(v.Ca) Conclusions
op 0.976 —0.995 o _ ,
AGhito 0.966 ~0.986 We presented a new quantum similarity measure in potential

- . . .. space, applied to para-substituted benzoic acids and to mono-
@ These coefficients are compared with those obtained when similar- bstituted b The similarity i db dist
ity (potential distance) was calculated for five C atoms in the ring SUPSUULEA benzenes. 1he simiianty 1s measured by a distance

(column 2). in the space spanned by potentials at different atoms of the
compared molecules. The space has a number of dimensions

benzoic acids was taken into consideration for the substituted €quivalent to the number of corresponding atoms selected for
benzene molecules. This time the similarity measures were basedn€ purpose of comparison. The results febenzoic acids

on five carbon atoms of the benzene ring. The results are indicate that the distance in the potential space, calculated based
presented in Figure 4. It can be seen that the correlation,on atoms of the COOH group, reproduced the sequence of
is still highly significant. distance based on the atoms of carbon ring. When the atoms of

Reduction of the Potential SpaceThe fact that equally good ~ the COOH group of thep-benzoic acid set were taken into
or even better correlations were obtained for benzoic acids whenconsideration, the correlation of, constants with the atomic
a smaller number of atoms were taken into consideration (solely Potential based similarity distances was as good as that obtained
the atoms of the COOH group) gave us an idea to reduce theby Popelier with the similarity measure defined in the BCP
number of the atoms used for the distance calculations evenSPace. Contrary to the latter, our results were nearly as good
further. The lowest possible number of atoms is 1. Putting ~ When the set of the ring carbon atoms together with atoms of
1in eq 2 or leaving only one term in eq 3 results in the distance the COOH group was used for calculation of the similarity
between a given molecule and a lead compound equal simp|yd|stances. The experiments involving reduction of the potential

to the difference between the potentials at single correspondingSPace displayed that distances based on potentials at ir_]dividual
atom in two moleculestag = Va — Ve. Thus, for 15 benzoic ~ atoms of the COOH group and of the C ring atom to which the

acids, we have investigated correlationsspfand AGgiss with group is attached are at least as.good as the dista_nces qalcul_ated
the potential difference between, @toms, and between the for larger sets of nuclear potentials. Therefore, dlmgnsmnahty
individual atoms of the COOH group: 7001, O, and Hs In of the pqten_tlal space can be_ reduced to even as little as one
this case the correlations are the same when one taked/gnly ~ &tom which is relevant for a given reaction. This might be due
instead ofVa — Vg, where, as it was previously read, is the to the fact that potentials at individual atoms |n.the investigated
potential at a selected atom in every subsequent molecule (A)Molecules are mutually correlated to a very high degree.
belonging to the set ands is the corresponding potential in Similar results were obtained when the similarity measures

the reference molecule (being the first member of the sequence)expressed as distances in the potential space were correlated

The results are displayed in Table 4. The correlations are With free energy of the nitration reaction of monosubstituted

compared with those calculated for larger sets of atoms (columnsbenzenes. In this case, however, distance based on the potential

2—4). The cc value was lowest for the distance calculated for at para carbon atom produced higher correlation coefficients of

five C atoms in the ring (column 4). regressions with the Hammett constant and free energy of
The results shown in Table 4 prove that distances based onnitration than the distance based on five carbon atoms in the

potentials at individual atoms of the COOH group and of the C 1Ng.

ring atoms to which the group is attached are at least as effective This corollary may be interesting also from the point of view

as the distances calculated for larger sets of nuclear potentialsOf other similarity measures, e.g., those based on electron

This statement is indicated here for benzoic acids solely given density. The similarity measure proposed here should also be

that dissociation is being used as a reference reaction. tried for sets of molecules of different kind, e.g., heterocyclic
The same reduction of dimensionality of the potential space ones. The work in this direction is in progress.

was next performed for the monosubstituted benzenes. In this

case the potential difference between a single pair of atops (C ~ References and Notes
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