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Potentiometric titration at 25 °C has been used to measure the dissociation constants of 2-
and 4-substituted benzoic acids with electron-acceptor substituents in methanol, N,N-di-
methylformamide, acetonitrile, and acetone. But for a few exceptions, no significant differ-
ences have been found between the dissociation constants measured and those given in
literature. Using the measured pK, values, those of 3-substituted derivatives taken from liter-
ature (measured in the same solvents) and those of 3- and 4-substituted derivatives mea-
sured in water, the so far missing substituent constants ¢' of NO and CH,SO substituents
have been determined by Alternative Interpretation of Substituent Effects (AISE). The previ-
ously published relationships and the o' constants have been used to calculate the o, and a,
constants for the given substituents and compare them with literature. The agreement was
the better, the more reliable the corresponding Hammett substituent constant was. Using a
non-linear regression model, we have analysed the structure of matrix of pK, values of ten
2-X-benzoic acids (X is electron-acceptor substituent) measured in the given organic solvents
and in water. It has been found that in non-aqueous solvents the conjugate base of benzoic
acid is stabilised by intramolecular hydrogen bond if X is COOH and SO,NH, or electro-
static force if X is CH;SO. On the other hand, in water the carboxylate group is out of the
plane of the benzene ring due to interaction between the solvated reaction centre and
substituent, this being the case with all the substituents except for X = CHO, CH;CO, NO,
and CN. In all the solvents used, intramolecular ring closure takes place between the
carboxylate group and substituent X = CH;CO, CHO, and NO, this phenomenon being the
most important in water.

Keywords: Dissociation constants; Benzoic acid; Ortho effect; Latent variable; Chemometrics;
Substituent effects; AISE.

The AISE theory? (Alternative Interpretation of Substituent Effects), which
has been used in the present communication, is based on the idea that a
substituent possesses a single characteristic described by ¢' constant, and
this is transmitted to the reaction centre in three different ways depending
on the interaction type in the triad reaction centre-basic skeleton-
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substituent. For interpretation it is essential whether or not the substituent
contains 1 electrons at the atom connecting it to the basic skeleton. If not,
then the substituent belongs to group | and operates only through its basic
effect described by the substituent constant o'. In principle, this effect is
identical with the inductive effect. The substituent of group Il has a lone
electron pair on the atom connecting it to the basic skeleton, which
roughly corresponds to a combination of | and +M effects. These substitu-
ents are internal nucleophiles, and their characteristics are again described
by the single substituent constant ¢'. The last group, Ill, which is dealt with
in the present study, includes internal electrophiles having a multiple po-
larized bond between the first and the second atom (counting from the
atom bonded to the basic skeleton, second atom is more electronegative)2.
This effect roughly corresponds to a combination of | and -M effects. Group
11 includes substituents such as RCO, COOH, COOR, CONR'R?, CN, NO,
NO,, RSO, RSO,, SO,NR'R? and the like. The substituents NO and RSO also
carry a free electron pair at the first atom, hence they could be also consid-
ered substituents of group Il. However, the free electron pair is orthogonal
to the multiple bond, and any conformation enabling involvement of the
multiple bond in conjugation is more favourable than that enabling conju-
gation with the free electron pair; hence these substituents behave as group
Il substituents. Evaluation of substituent effects using AISE results in find-
ing the point of intersection and the slopes of a family of three lines de-
scribing the dependence of the quantity measured with substituent
constant o' for the three types of substitution.

A common feature of group Ill substituents is that they are polar and, at
the same time, the differences between their substituent constants are
small. If they are connected to the basic skeleton near the reaction centre
(e.g. in ortho position in the benzene ring), then there an intramolecular in-
teraction with this centre often arises. The polarity of these substituents re-
sults in their increased solvation in polar and protic solvents and,
consequently, in a change of the influence of the substituent on the reac-
tion centre (see ref.# and references therein). We have shown in one of our
papers® that steric effects between the reaction centre and ortho substituent
in an isolated molecule are generally overestimated: in reality these are in-
teractions between their solvation spheres. If the solvation is only weak,
then steric interactions from ortho position are mostly negligible unless the
substituent is exceptionally bulky even without solvation (e.g. -C(CH3)3). A
sterically enforced deviation of carboxyl group out of the aromatic ring
plane leads to an acidity increase of the respective carboxylic acid due to
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the loss of conjugation between the carbonyl group and aromatic system
and, hence, the loss of cross-conjugation.

As a consequence of differences between individual substituent constants
of group Ill substituents the correlations show not only an inaccurate deter-
mination of substituent constants but also other anomalies, which can thus
be detected and analysed. The most significant intramolecular interaction
between a substituent and a nearby reaction centre on the basic skeleton is
the formation of hydrogen bond®° and steric interaction due to solvation
spheres®. In certain combinations of chemical structures of the reaction
centre and substituent, a chemical bond can be formed with concomitant
ring closure'®-'3, In addition, all the intramolecular interactions mentioned
are affected by solvent effects!*15, which we consider an essential but, un-
fortunately, often neglected fact.

Benzoic acids traditionally are a standard (even though not the most ap-
propriate) chemical model for quantitative evaluation of substituent effects,
and their dissociation reactions are standard chemical processes measured
on this model. Consequently, detailed knowledge of the nature of effects of
individual substituents on the reaction centre is essential, particularly if the
substituent is in such a specific position as the ortho position in the ben-
zene ring is (for a review, see, e.g., refs®-®8). Any analysis and interpretation
of potential interactions between the substituent and reaction centre in
benzoic acids carrying electron-acceptor substituents in ortho position can
make use of a comparison with the effect of the same substituent in para
position and of various manifestations of the above-mentioned effects op-
erating in dissociations in solvents of different types. Undoubtedly, water
is an exceptional solvent!®; however, the largest number of dissociation
constants were measured just in water. Other frequently used solvents are
mixtures of water with organic solvents, and the smallest body of data is
that including measurements in media of individual non-aqueous solvents.
Table | gives a survey of literature dissociation constants (pK,) of benzoic
acids with selected electron-acceptor substituents in position 2 and 4 mea-
sured in water and organic solvents. From the table it is evident, that water
really is the most frequent solvent, the nitro group being the most frequent
substituent. Avoiding “problematic” electron-acceptor substituents is logi-
cal but, as a consequence, there are few pieces of information for any reli-
able description of their properties. Clearly, exceptions?* also exist.

Analyses of underlying factors of substituent effects use inter alia methods
with latent variables (e.g., see refs®49): most often the principal component
analysis and less frequently other methods. The principal component anal-
ysis?! is one of the basic methods of analysis of experimental data in chem-
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istry. However, its application to this purpose is associated with two

problems. The first problem follows from the matrix definition of current

algorithms (e.g., iterative algorithm NIPALS for PCA; see ref.#1) for calcula-

tion of latent variables. Therefore, there must be no elements absent from
TABLE |

pK, values of substituted benzoic acids with selected electron-acceptor substituents X in wa-

ter (W), methanol (MeOH), N,N-dimethylformamide (DMF), acetonitrile (AN) and acetone
(Me,CO) from literature

X PK,(2-X) PK,(4-X)

CHO 4.553(W) 3.69°(W), 3.755(W), 3.779(wW),
6.43°(MeOH)

CH,CO  4.137(w), 4.13%(W) 3.74°(W), 3.72°(W), 3.70%W), 3.74"(W),

8.72/(MeOH), 8.75"(MeOH),
11.40"(DMF), 19.69"(AN),
17.28"(Me,CO)

COOH  2.95(W), 7.70%(MeOH), 8.37(DMF), 3.47'(W), 8.25"(MeOH), 11.21"(DMF)
15.82(AN), 14.33%(Me,CO)

COOCH, 3.18™(W), 8.57™(MeOH), 8.47%(MeOH), 3.74"(W), 8.75"(MeOH), 8.82™(MeOH),
11.41%(DMF), 19.95X(AN), 20.00™(AN),  11.40(DMF), 19.69"(AN), 19.70™(AN),
17.39%(Me,CO) 17.28"(Me,CO)

CN 3.08"(W), 3.10/(W) 3.53°(W), 3.51°(W), 3.50"(W), 8.34(MeOH),
8.36"(MeOH), 10.77"(DMF), 19.23"(AN),
16.74"(Me,CO)

NO 3.27°(W)

NO, 2.179(W), 2.209(W), 2.17°(W), 2.145%W), 3.43°(W), 3.43%(W), 3.46%(W), 3.45"(W),
7.585(MeOH), 9.90Y(DMF), 9.92DMF),  3.40"(W), 8.30Y(MeOH), 8.30%(MeOH),
18.16(AN), 15.91%(Me,CO) 8.23"(MeOH), 10.60Y(DMF),

10.58"(DMF), 18.70(AN), 18.95"(AN),
16.43"(Me,CO)

CH,S50  3.10%(W) 3.66%(W)

CH,S0, 2.53%(W) 3.52Y(W), 3.48"(W), 8.37'(MeOH),
8.36"(MeOH), 10.84"(DMF), 19.24"(AN),
16.82"(Me,CO)

SO,NH, 2.68%(W), 7.825(MeOH), 9.33%(DMF), 3.52%(W), 3.63"(W), 8.49'(MeOH),
17.73%(AN), 15.44%(Me,CO) 8.55"(MeOH), 11.28"(DMF), 19.56"(AN),
16.90"(Me,CO)

References: 2 17, © 18, © 19, 9 20, ¢ 21, f 11, 922, " 23,1 24,1 25 k6, ' 26, ™ 27, " 28, © 29, P 30,
931,732,533, 134,V 35 V36 %3738, 739
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the matrix of analysed data (the matrix of manifest variables). This require-
ment is considerably restrictive, but it can be circumvented using a proce-
dure suggested by Exner*2, which can be also applied to incompletely filled
matrices. The other problem follows from the current practice of explor-
atory analysis consisting in isolation of a valid number of latent variables
and subsequent mathematical operations with them. The analysis of
substituent effects based on the methods with latent variables is based on
the presumption that the latent variables calculated describe the basic ef-
fects of substituents and can be physico-chemically interpreted in this way.
This need not generally be the case: sometimes this is true only after certain
subsequent mathematical operations, sometimes the postulated basic ef-
fects cannot be isolated at all. The approach given does not make it possible
to isolate latent variables in a given structure a priori (similar to confirma-
tory procedures in factor analysis*®) and thus to verify the accordance be-
tween the physico-chemical model suggested and the experimental data.
No suitable procedures for modelling patterned structure of the matrix of
latent variables have been suggested or applied so far.

The aim of this paper is to provide the missing experimental values of
dissociation constants in non-aqueous organic solvents, to determine the
missing substituent constants of some electron-acceptor substituents in
terms of AISE, and to interpret the underlying factors of potential intra-
molecular interaction in dissociation of 2-substituted benzoic acids with se-
lected electron-acceptor substituents.

THEORETICAL

In the first part of this paper we have mentioned some problems associated
with application of the methods with latent variables to evaluation and in-
terpretation of substituent effects, particularly with regard to the physico-
chemical meaning of the latent variables obtained. This problem can be
solved using the ModLaV (Modelling of Latent Variables) algorithm sug-
gested by us. Its name reflects the possibility of real modelling the structure
of the matrix of latent variables (score matrix) on the basis of physico-
chemical hypotheses. It is also possible to test the validity of these hypoth-
eses and to select the most appropriate one. The algorithm suggested can
use the following quantities as latent variables: the regression latent vari-
ables given by the vectors of explaining variables (the same as in linear
regression), the classic latent variables calculated according to PCA algo-
rithms, or combined latent variables. The last type of latent variables is the
most versatile in the ModLaV algorithm and makes it possible to set in ad-
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vance the values of chosen elements of the latent variable vector, to com-
pletely exclude chosen elements of the latent variable vector from
calculation or, on the other hand, to add the values of missing elements
of the latent variable vector containing a part of explaining variables. The
basis of calculation by the ModLaV algorithm is the iterative NIPALS algo-
rithm modified by Exner*2. Before the calculation it is necessary to deter-
mine the number of latent variables and create the structure of matrix of
latent variables (score matrix). The structure of the latent matrix is given by
the required values of elements and by the symbols determining whether or
not a given element should be calculated or excluded from the calculation.
In each iteration of the calculation, the element of latent variable is either
calculated or corrected according to the pattern structure. In the cases of re-
gression and combined latent variables, both the origin and the scale are
given by explaining variables, whereas the values of classic latent variable
are normalised into the interval of [0,10] The statistical characteristics of de-
composition are identical with those obtained from the PCA method**.

EXPERIMENTAL AND CALCULATIONS

Synthesis of 2- or 4-Substituted Benzoic Acids

The synthesis of model substances were carried out by known or modified procedures —
4-acetylbenzoic acid**, 2-methoxycarbonylbenzoic acid*®, 4-methoxycarbonylbenzoic acid?®,
2-cyanobenzoic acid*’, 2-nitrosobenzoic acid*®, 4-nitrosobenzoic acid*®, 2- and 4-methyl-
sulfinylbenzoic acid®®, 2- and 4-methylsulfonylbenzoic acid®l. Unknown 4-(N,N-dimethyl-
aminocarbonyl)benzoic acid was synthesised by modification of Braun and Kaiser method®?
in 64% yield. It was identified by 'H NMR (360 MHz, DMSO-dg) 6: 2.88 (s, 3 H), 3.00 (s, 3 H),
7.51 (d, J = 8.0 Hz, 2 H), 7.99 (d, J = 8.0 Hz, 2 H); and by elemental analysis, calculated:
62.17% C, 5.74% H, 7.25% N; found: 62.19% C, 5.68% H, 7.30% N (m.p. 169-172 °C). De-
rivatives with substitutions 2-CHO, 4-CHO, 2-CH4CO, 4-CN, 2-NO, and 4-NO, were com-
mercial chemicals.

Measurements of Dissociation Constants

Purification of the used solvents, potentiometric titration, and evaluations of dissociation
constants were described in our previous papers®®. The measurements were carried out at
25 °C and repeated three times with each compound.

Mathematical-Statistical Treatment of Data

The data were processed using our own program involving moduli for variance analysis, lin-
ear and non-linear regressions, analysis of latent variables by PCA algorithm?*?, CDA algo-
rithm®#, and the above-described ModLaV algorithm. The data were always standardised
before the calculation of latent variables.
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RESULTS AND DISCUSSION

pK, Values and Comparison with Literature

The values of measured dissociation constants (as pK,) of 2- and 4-substituted
benzoic acids in water, methanol, N,N-dimethylformamide, acetonitrile,
and acetone are presented in Table Il along with other values taken from
literature. The residual standard deviation from repeated measurements of
pK, calculated by the analysis of variance with two factors (substituent, sol-
vent) was 0.060 units. The difference between the values found by us and
those taken from literature (Tables | and I1) is unambiguously the largest
with the pK, values of 4-formylbenzoic acid in methanol (2.51 units), and
the value is obviously a mistake. The other fairly significant differences be-
tween the pK, values given in literature and those obtained by us (substitu-
ents 2-NO,, 4-NO,, 4-CH;CO, 2-COOCHj,, 4-COOCHj, in acetonitrile, 4-CN,
4-NO, in N,N-dimethylformamide, and 4-NO,, 4-CH;SO, in methanol) are
not considered fundamental in measurements of dissociation constants in
organic solvents. The application of literature data for pK, in the calcula-

TasLE Il
pK, values of 2- and 4-X-substituted benzoic acids measured in water (W), methanol
(MeOH), N,N-dimethylformamide (DMF), acetonitrile (AN) and acetone (Me,CO) at 25 °C

pKa(2-X) pKa(4-X)

X

W  MeOH DMF AN Me,CO w MeOH DMF AN Me,CO
CHO 4.50 9.19 1121 2038 17.39 3.72% 894 1119 19.74 17.10
CH3CO 4132 928 11.68 2051 17.67 3.73% 884 1138 19.95 17.32
COOH 2,958  7.70% 8.37% 15827 14.33% 347 8257 11.212 - -
COOCHS3 3.18% 847 11.33 19.78 17.34 3.74% 884 1145 1991 17.37
CON(CH3), - - - - - - 9.00 11.83 2055 17.83
CN 3.108 815 10.37 19.07 16.65 3518 849 11.02 19.34 16.69
NO 3.64 7.89 1054 19.57 16.88 3.27% 840 1098 1925 17.76
NO, 2.17% 759 9.96 1854 1598 3.43% 836 10.80 19.08 16.42
CH3S0 3.108 7.94 10.04 1874 1595 3.66° 877 1141 1979 17.17
CH3S0, 253%  7.87 10.31 18.89 16.42 350% 849 10.99 19.28 16.66
SO,NH, 2.68%  7.82% 933" 17.73% 15.44% 358 852% 11.28% 19.56% 16.90%
a Table I.
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tions of latent variables always led to lower values of the explained variabil-
ity of data, hence our results are more consistent from the viewpoint of the
purposes of this communication.

Verification of AISE Principle and Determination of o' Constants.
Comparison with Hammett Substituent Constants

In terms of AISE, the selected substituents belong to group Ill of the so-
called internal electrophiles. In connection with previous parametrisa-
tion3, the o' values of all the substituents of this type given in Table Il
were determined except for CON(CH,;),, NO and CH3SO substituents. In or-
der to determine the missing ¢' values, we applied the ModLaV algorithm
to the matrix of manifest variables formed by the pK, values of 4-substitu-
ted derivatives from Table Il complemented by the pK, values of 3-substitu-
ted derivatives taken from literature?®> measured in the same solvents and
the values of 3- and 4-substituted derivatives measured in water?®. Three la-
tent variables were used as explaining variables in the score matrix. The
first latent variable was a combined one and involved ¢' values taken from
literature! 3, the remaining two latent variables was classic latent variables.
Substituent CON(CH,;), was excluded from further calculation for missing
experimental data in any solvents. The calculation provided a decomposi-
tion in which the first latent variable explained 91.99% of variability of the
matrix of manifest variables, the second explained 4.97% (96.96% if cumu-
lated), and the third 2.22% (99.18% if cumulated). The addition of the sec-
ond and third variable is statistically nonsignificant® (F(19,20) = 2.07,
Fo.05(19,20) = 2.14; F(19,1) = 0.72, Fy45(19,1) = 247.69). The analysis of
score matrix showed significant differences between the experimental and
predicted pK, values of 4-formyl- and 4-acetylbenzoic acids in water and
particularly in methanol (pK, was higher than expected), whereas no
anomalies were found in the other solvents. Repeated measurements con-
firmed the pK, values originally measured in methanol, hence the differ-
ences are not one to experimental error. From what has been said it follows
that in these solvents there obviously proceeds base-catalysed formation of
hydrate and/or hemiacetal, and thus a substantial change in the quality of
a substituent takes place. Also the derived Hammett substituent constants
should be assessed with respect to the above-mentioned fact, as pointed out
by Shorter in a critical compilation?®. Therefore, the pK, values of 4-formyl-
and 4-acetylbenzoic acids in water and methanol were excluded from the
matrix of manifest variables, and the calculation was repeated with two la-
tent variables. It was found that after this modification the first latent vari-
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able explains 93.91% and the second 3.76% (97.67% if cumulated) of
variability of the matrix of manifest variables. The addition of the second
latent variable is statistically insignificant in this case (F(19,20) = 1.69,
Fo.95(19,20) = 2.14). Hence the variability of data is described by a single la-
tent variable which represents the substituent effect without any solvent ef-
fects. The calculated ¢' constants obtained by the ModLaV algorithm are:
0'(NO) = 0.578 and 0'(CH,SO) = 0.326. The existence of a single statistically
significant latent variable formed predominantly by the previously deter-
mined®? substituent constants a' confirms their correctness as well as the
validity of the AISE principle for the substituent type studied.

In a previous paper®® we analysed the Hammett substituent constants by
AISE. Using the relationships given there and the newly determined
substituent constants ¢', we calculated the following values of the Hammett
substituent constants: 6,,(NO) = 0.68 (0.49, ref.>%; 0.62, ref.>’), o,(NO) =
0.67 (0.65, ref.55; 0.91, ref.5"), 0,,(CH;SO) = 0.38 (0.50, ref.%8; 0.52, ref.5"),
0,(CH,SO) = 0.38 (0.48, ref.58; 0.49, ref.5"). Thus the predicted values of the
Hammett substituent constants neither fully agree with, nor substantially
contradict, the literature data, and a good agreement can be stated for the
more reliable Hammett substituent constants.

Description of Ortho Effect and Separation of Individual Effects

Analysis of the underlying factors of the ortho effect in the dissociation of
2-substituted benzoic acids was based on the pK, values given in Table II.
The analysis started from the presumption that manifestations of potential
intramolecular interactions between substituent and reaction centre is dif-
ferent in individual solvents®® and manifests itself in a number of latent
variables higher than 1. This presumption proved to be justified. The PCA
method provided three statistically significant latent variables. The addi-
tion of the second latent variable is statistically significant®® (F(15,15) =
3.96, Fyo5(15,15) = 2.40), the addition of the third latent variable cannot be
tested statistically due to the insufficient number of degrees of freedom.
The first latent variable has explained 83.88% and the second 12.88%
(96.76% if cumulated) of the variability of the source data. Therefrom it can
be inferred that the dissociation of benzoic acids containing electron-
acceptor substituents is affected by three different substituent effects associ-
ated with the solvent change. Similar results were also obtained by the
method of conjugated deviations (CDA), the statistical significance of val-
ues of loadings here indicating a division of the solvents used into aprotic
(DMF, AN, Me,CO) and protic (W, MeOH).
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A comparison of pK, values of ortho and para substituted derivatives
shows interesting differences in the values of dissociation constants. Ben-
zoic acids containing substituents such as COOCHj;, CN, NO,, CH3SO, and
SO,NH, in ortho position are — irrespective of solvent — more acidic than the
benzoic acids having the same substituents in para position. Quite the op-
posite is true of the benzoic acids containing CHO and CH;CO substitu-
ents, and the behaviour of NO substituted benzoic acids depends on the
solvent. There are two possible reasons for the enhanced acidity of ortho
substituted benzoic acids compared with the para counterparts. The first is
associated with the -1 effect, which weakly operates from para position. The
other reason is the sterically enforced deviation of carboxylic group out of
the plane of aromatic ring, which is associated with an acidity increase of
the respective benzoic acid due to loss of conjugation between carbonyl
group and aromatic ring and, consequently, loss of cross-conjugation.
Hence, the electron delocalisation in carboxylate group becomes more im-
portant in the stabilisation of reaction centre. Thus, e.g., the pK, value of
2-tert-butylbenzoic acid is lower than that of the para isomer by 0.78 units
in water, whereas the corresponding difference is 0.48 in 95% aqueous
dimethyl sulfoxide®”. The acidity lowering of ortho substituted benzoic ac-
ids compared with the para isomers having the CHO, CH;CO, and obvi-
ously also NO substituents is probably due to intramolecular ring closure,
which was described for the first two substituents mentioned?%13,

A more detailed picture of substituent effect in ortho substituted benzoic
acids can be obtained from the dependence of logarithm of dissociation
constant on substituent constants ¢'. This dependence found in dimethyl-
formamide is given in Fig. 1 (the dependences for acetonitrile and for ace-
tone are practically identical), and that found in water is given in Fig. 2 (the
dependence for methanol is analogous). From Fig. 1 it is obvious at first
sight that substituents COOH, SOCH,, and SO,NH, are exceptional in their
distinct acidity-enhancing effect and substituents CHO, CH;0 and NO cre-
ate own class (see below). The reason obviously lies in the formation of
intramolecular hydrogen bond between the acid hydrogen of the
substituent and carboxylate group, which results in stabilisation of the lat-
ter. This effect has already been observed in benzoic acids®8. A potential
change in the group undergoing dissociation in the case of SO,NH,
substituent (COOH - SO,NH,) is not likely because sulfonamides are sev-
eral pK, units less acidic5®6°. The CH,SO group probably stabilize carb-
oxylate anion by electrostatic force between oxygen and positive charged
sulfur. The stabilisation of carboxylate anion by intramolecular hydrogen
bond or by electrostatic interaction is negligible compared with the solva-

Collect. Czech. Chem. Commun. (Vol. 67) (2002)



606 Pytela, Kulhdnek:

tion stabilisation by water molecules; however, the same is not true of
methanol, as shown in Fig. 1. On the other hand, Fig. 2 shows different ef-
fects of CHO, CH3;CO and NO substituents, which manifest themselves
much less in aprotic solvents. The different behaviour observed is obviously
due to ring closure with carboxylate anion group, which was described ear-
lier for the first two substituentsi®13 and is probable for last substituent®?.

CN group holds a special position among the substituents studied. With
regard to its shape, size, and potential way of solvation, this substituent

11.2 -
PK,
10.4 .
9.6 T
°
SO,NH,
8.8 1
COOH
1 1 1 Il

Fic. 1
Dependence of pK, values of 2-X-benzoic acids in dimethylformamide at 25 °C on substituent
constants ¢'

CHO
44 L hd i
COCHg
P, .
3.9 1

® NO

Fic. 2
Dependence of pK, values of 2-X-benzoic acids in water at 25 °C on substituent constants a
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does not much affect the ortho-standing carboxylic or carboxylate group in
any of the solvents used. From comparison of the different location of pK,
values of the cyano derivative in Figs 1 and 2 it follows that substituents
COOCHj;, CN, NO,, and CH3SO,, and obviously also CHO, CH;CO, and
NO in aprotic solvents do not show strong steric interactions. Planar sub-
stituents may be twisted from the plane of the benzene ring and decreased
by it steric hindrance. The reason is that the solvation of carboxylate anion
is rather weak in these solvents, and, therefore, the steric interactions with
ortho-standing substituents are small. A similar result was obtained with
2-alkoxybenzoic acids®. On the other hand, a considerable solvation of
carboxylate anion in water causes a sterically enforced deviation of
carboxylate group associated with better resonance stabilisation and higher
acidity of the respective acid. This effect can be observed with all rather
bulky substituents.

The authors are indebted to the Ministry of Education, Youth and Sports of the Czech Republic for
financial support (research project CIMSM 253 100001).
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