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n-Electron energy changes during ionization (A4) have been shown to be correlable with -
and oy constants of the substituents X. The HMO approximation gives correlation only in the
para series, whereas the 7-SCF-MO method applies for the whole data set. Contribution of z-elec-
trons to classical +M and — M effects of the substituents X and solvation problems are discussed.
The Hammett relation between pK values of meta and para substituted benzoic acids 7 and log k
of alkaline hydrolysis of their esters VI has been interpreted at the z-SCF level.

lonization of mera and para substituted benzoic acids 7 to the corresponding anions I/ taking
place at 298 K according to the following scheme

X-C¢H,CO,H + H,0 = X-C¢H,CO%™ + H,0™" (4)
1 n

was the basis for the Hammett classical deduction of the well-known correlation equation’
log Ky = g0 + log Ky, 0))

where the indices X and H at the equilibrium constants K refer to the substituent X and the un-
substituted standard acid, respectively. With this equation a period was started of quantitative
empirical study of substituent effects in organic molecules on the basis of equilibrium and kinetic
data. In this approach there exists a remarkable dilemma in that the microprocesses consisting
in the electron distribution changes brought about by substituents and reagents are, within
discussions of the equations of the type (1), expressed2 de facto in terms of the theory of macro-
structures and macroprocesses i.c. by means of the rate and equilibrium constants of the type
Kx and K;;. Consequently the relations between the macroquantities of the type o and electronic
effects of the substituents X, i.e. microquantities, cannot be derived by means of methods of che-
mical thermodynamics and kinetics alone, but can be derived only with the use of the theories
valid for microobjects. In this connection we were interested in the extent to which the standard
Hammett’s process (A4) can be expressed in the terms of organic quantum chemistry. This paper

* A substantial part of this work was presented at the IVth Conference of Organic Chemists

at Smolenice (CSSR) in May 26th to 28th, 1975.
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deals with the relations between n-electron energy of the reacting substrate / and /I and the
empirical parameter o in Eq. (/).

Up to now two different approaches were applied in quantum-chemical interpretations of aci-
dity of benzoic acids / using the methods HMO (ref.?), EHT (refs* %) and INDO (refs’"8).
One of them*7'® is based on simple comparison of the calculated characteristics of electron
distribution in the region of carboxyl group of the acids / with the substituent parameters o
in Eq. (/). More significant consonant trends between changes in these two quantities are found*"’
only for para substituted acids /. In addition to it, the data obtained by the INDO method®
were used for independent correlations with the constants o,,,, R and F from which it is deduced®
that resonance and field effects are dominant in the para and meta series, respectively. The other
approach involving the calculated electron energies has been used so Y s only within the
HMO and EHT methods neglecting electron repulsion. In these cases, too, the correlations
were found only for the para substituted substrates / and I/. The authors® state that the EHT
energies of meta derivatives can be involved in overall correlation, if the solvation energy contri-
bution is explicitly considered. Besides that it was found® that the energies of boundary HOMO
and LUMO acids [ calculated by the INDO method correlate with the Hammett O, p CON-
stants, too.

This paper forms a continuation of our earlier short communication® in which it was
shown that application of simple HMO method allows to find a linear correlation
between the n-electron energy difference of the HMO models I and II and pK values
of the acids I with the para substituents X. On the contrary, in the meta series the
calculated m-electron contribution is almost zero, so that it could be presumed that
only the Hammett o, constants involved the z-electron contribution of the substi-
tuent effect. Now we have applied the Pople version!® of SCF—MO method in
n-electron approximation to decide whether the above conclusion is due only to the
extremely approximative character of the HMO approach.

TasLE 1

Atomic
centre

Atomic

hy Bond
centre

N(CH;) 10 C—N 0-8 Br 1’5 C—Br 03

NH, 15 C—N 08 NE=C) 05 C=N 12
OH 20 C—0 08 N(O,) 14 C—N 09
OCH; 19 C—O 08 O(GN) 15 N—O 17
CH; 20 C—C 07 0=C) 10 C=0 10
F 30 C—F 07 (H)O(CO) 2:0 C—O(H) 08
cl 20 C—Cl 04 0,0~ 1’5 C—0 10
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meta and para Substituted Benzoic Acids 449

CALCULATIONS

Coulombic and resonance integrals in the simple HMO method were aproximated by usual
relations ay = ac + hyfec and By; = kyzfBcc in the convention oc = 0 and fee = | for
benzene molecule. With respect to the extensive number of literature data''*'? the empirical
parameters /iy and ky, were chosen to obtain the closest possible correlations of the calculated
quantum-chemical characteristics with experimental data. For parametrization of the 7-SCF-MO
method!® we used refs'3 ~2°. Tables 1 and I1 give the parameter sets used in the HMO and SCF
models. In the latter ones we considered the both planar conformations /a and /b for mera
substituents X differing in the n-electron energy values. Three alternative m-electron configura-
tions of — CO,H group were considered: @) “‘conjugation”™ model A taking into account the
existence of n-bonds between the aromatic nucleus and carboxyl group as well as between the

TasLE 11
The Parameters Used in the SCF Method

’t:\':': ~1,eV y,.eV  Bond —f.eV R onm  Z, Ref.
CH 11-16 11713 €€ 2:386 0139 1 13
N(CH;), 21-22 12:98 C-—N 2:386 0-140 2 14
NH, 22:60 1445 C—N 2:090 0-138 2 15
OH 27-17 1458 C—O 2:550 12135 2 14
OCH, 2673 1458 C—O 2:550 0-135 2 14
C(H;3)* 11-16 11413 C—C 1-220 0-152 1 13
HGO)" 8:50 8:50 C==Hj;4 3-:000 0-045 1 13
SCH, 20-40 10-84 C-—S 1159 0172 2 14
SH 21-00 1084 C-S 1-159 0-172 2 14
F 30-24 13-87 C-—-F 2-486 0-140 2 16, 17
Cl 25-07 9:57 C—Cl 1-:927 0-177 2 17, 18
Br 30-00 1003 C—Br 1-642 0-192 2 19
1 2500 906 C—1 1-141 0-210 2 17
NE=0) 14-12 12:34 =N 2:-852 0-120 1 19
C(=N) 11-16 11113 C—C(N) 2-386 0-142 1 19
C(NO,) 12-40 1168 C—N 2-180 0-148 1-1 20
N(O,) 20-40 14-89 C—N 2-180 0-148 I:5 20
O(;N) 20-80 1650 N—O 2:650 0-122 12 20
C(O,H) 11-16 11-13 C—C 1-700 0-148 | 13
O(=0C) 1770 1530 C= 2700 0-124° 1 13, 21
(H)O(CO) 30-46 1530 C—O(H) 1-800 0-129" 2 13,21
0,0~ ¢ 2408 1530 C-O 2250 0126 15

@ Parameters of heteroatomic model'3 proved equivalent in the calculations, too; b for geometry

see ref.2!, for X = CgHjs an idealized planar system was used with R¢c = 0-148 nm and ¢ =
= —1-700 eV for the bond between the both nuclei; € oxygen atom in the ionized carboxyl group.
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partial fragments C==0 and C—OH, b) ““aldehyde’” model B neglecting the 7-bond in the fragment
C—OH (ref.?) and ¢) “benzene” model neglecting the m-bond between the aromatic ring and
carbony! group. Thus in the models B and C the n-electron configuration of the acids I is ap-
proximated by a z-system of the corresponding aldehydes //7 and monosubstituted benzenes IV
respectively. On the contrary, HMO and SCF models of the anions I/ involve always explicitly
complete conjugation between 7C0(2_’ group and aromatic nucleus as well as conjugation
within — CO'l’) group. The geometry of benzoic acid determined by X-diffraction®! with the
modifications shown in Table 11 were chosen for the SCF calculations?2. All the quantum-chemical
calculations were carried out with the use of a Tesla 200 and an 1BM/370—145 computers.
Table I1I gives n-clectron energies of the compounds I and I7 containing usual substituents X
which were obtained for the abovementioned HMO and SCF models. Table 1V gives some
examples of m-electron distribution (z-electron densities ¢y and 7-bond orders py, for atomic
centres Y and Z) calculated for the substrates 7 and // and model 4.

TaBLE 111

Comparison of some 4AE Values in Eq. (3) for the Models A4, B, and C of the Substrate Forms /
and /I with oy Constants of Substituents X

" AAEgmo, B 10° AAEgcg, eV . 10° "
A B c A B C R
p-N(CHj,), 00 60 312 —3537 —2781 —9887 --0-83
p-NH, 01 —42 236 —31'54 —2443 —8613 —0:82
p-OH 0-2 ~30 1779 —15-57 —12:22 —44:21 (—0-68)
p-OCH, 02 32 188 —16:80 —1271 —47:59 —0-61
p-CH, 02 22 138 —414 —269 —932 —011
p-F 01 - 91  —893 —644 2362 —045
p-Cl 00  —07 45 547 —408 —1528 023
p-Br 00 —06 34 —328 —218 —626" 019
p-CN —12 —02  —11'5 10-03 8:86 2749 013
p-NO, ~12 10 —176 2641 2130 6655 015
H 0-0 00 00 0-00 0-00 000 000
m-N(CHj;), 0-0 01 —1-7  —858 —722 —2370 —0274
m-NH, 00 o1 —~13  —671 —498 —1877 —0270
m-OH o1 0-0 10 “191  —115  —782 (—0:224)
m-OCHj, 0-0 01 -0 203 164 —875 —0201
m-CH, 00 01 —07  —162 —107 —503 —0-036
m-F 0-0 0-0 —04  —067 022 —296 —0149
m-Cl 0-0 00 —02  —099 —039 —289 —0-076
m-Br 0-0 00 —02 022 0-52 0-45° —0-063
m-NO, 01 03 —02 1860 1517 5019 0-050
m-CN 01 02 —01 7-95 711 2213 0043

“ For meta and para positions « = 0-33 and 1-0, respectively; the values in parenthesis from ref.23
were not involved in the correlations in Table V. ?for X = p-I calculated —4-28 . 107 3ev;
¢ for X = m-I calculated 4-0-21 . 10~ 3 eV.
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TABLE 1V
Effect of Substituent X on SCF z-Electron Distribution in the Groups COOH and COO' ™)
of the Compounds 7, IJ (Model A)

All the data in 10% of charge unit with respect to X = H: Agy = qy(X) — gy(H) and Apy, =
= pyz(X) — pyz(H); for benzoic acid itself it is g = 0-6825, d0=0) 1:4054, 4oy =
1:9523, pe— o = 0:8730, pc_ gy = 0:2495, for its anion g == 0-5350, g = 1:7652 and pq
= 0-5816.

Anion //

Acid 14
Confor- o =
X C
mation v = it ? = “o
v =] =} 9 9 v o o
= = > [ [ > > <
< < < < < < << <
m-NH, la =9 47 0 =23 5 10 4 28 1 32
Ib -3 13 5 —6 12
m-CH 3 la =26 12 | —6 1 =2 5 7 6 7
Ib —4 10 1 =G =2
m-F la —9 12 0 —6 2 3 0 7 0 6
1b —1 3 2 -5 g
m-CN Ia 10 —-30 —I 15 2 2 =11 18 13 21
Ib 3 ~22 =2 iy 7
m-NO, la 33 83 —1 42 1 6 —22 50 25 59
Ib 4 —46 —8 25 22
p-NH, - 26 115 10 —82 -—27 77 72 —-99
p-CH; — —1 16 2 11 =3 5 10 12
p-F 3 34 3 -2 -7 16 20 —26
p-CN = 8 =39 =2 16 6 3 —19 21
p-NO, — 13 —93 —6 45 16 —6 —50 58

“ Model A (see Calculations); b for meta derivatives the first column gives the date concerning
the oxygen atom nearer to the substituent X.

RESULTS AND DISCUSSION

Relation between m-electron energy and the Hammett o constant. As a rule,
validity of the Hammett equation (I) is based on the presumption that Eq. (2)
applies for relative change of the Gibbs energies of meta and para substituted
acids 1.

AAG = AGy — AG, = —RTIn (Ky/Ky) = —2:303RTo . ()
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For an analogous change of relative electron energies of the process (2) it can be
written

AAE = AEy — AE,, 3)

where the terms AEx and AE, correspond to the electron energy changes accom-
panying the dissociation of an X-substituted and unsubstituted acid I, respectively,
to their ionized forms II. Obviously there exists a simple way of comparison of the
thermodynamic quantities AG with the mentioned electron energies AE. This way
consists in a presumption of possible parallel changes of the both quantities within
a certain series e.g. para and meta substituted acids I, expressed as

AAG ~ AAE, 4

so that considering Eqgs (2) and (3) we obtain
AEy — AE,, ~ To . (5)
For the parameters g, , usually defined for a certain temperature (298 K) the tempe-
rature factor T'is eliminated from the relation (5), and for the standard member of the

series, i.e. the unsubstituted acid I, it is then AE,; = const. For this special case Eq.
(4) simplifies to

AEx ~0,,. (6)

which would have to be solved by every quantum-chemical calculation in which the
quantity AEy reflects sufficiently precisely the trend in the electron energy changes
brought about by introduction of the substituent X in the respective position of ben-
zoic acid and its anion. From this point of view the comparisons of g, , constants
with electron energies carried out up to now?:>:®® can be considered as physically
more justified than the comparisons with electron distribution characteristics*'7*8.
As no m-electrons are assigned to water molecule and oxonium ion in Eq. (4), it
can be written

AEy = E(II), — E(I), + AE, ()

where the quantities with the index = correspond to n-electron energies of the substrate
forms I and II, and the index r denotes the residual energy contribution coming from
the other electrons in the molecules of reagents. If the presumption (4) is correct, Eq.
(6) would lead to unambiguous linear dependence between the energy AEx and con-
stants o, ,. However, if the calculation is carried out.only with the first two terms
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of Eq. (7), then uncertainty of influence of neglect of the third term AE, can change
the linear relation (6) to mere linear correlation:*

AE, = E(1I), — E(I), = ag,, + b, 8)

where the corresponding correlation criteria (correlation coefficient r and the Student
distribution t) can be interpreted as significance criteria of the n-electron approxi-
mation for study of equilibria of the type (4). A higher statistical probability of the
relation (8) indicates an insignificant role of the residual energy AE, and vice versa.
For investigation of correlations type (8) we chose, first of all, the Hammett g, , con-
stants for which Eq. (1) is fulfilled very well>*~27. In this case the obtained corre-
lations (8) are statistically quite equivalent to the analogous relations with pK values
given in ref.?. Besides that in some cases we investigated also the correlations of ener-
gies AE, with so called resonance parameters oy involving (according to ref.?*)
the resonance effect i.e. m-electron contribution of the substituent effect in equations
type (A) The obtained results are summarized in Table V.

Correlations with HMO electron energies. In this case Eq. (7) does not involve
both the explicite influence of AE, and the n-electron contribution part of the repulsion
character E, ., i.e. the energy relation

AE S Bt Brren )
is approximated simply as only AE, = E, ,,, = Ejo- This simplification could lead
to an a priori expectation of either complete failure of the correlation (8) or, at
least, its non-validity for a certain number of the compared pairs I and I1. However,
we have found that the result can be affected to a certain extent by proper choice
of the corresponding HMO model (Table I). For the model A the AEyyo values
show the minimum variation within the whole series of the compared compounds
(see Table III), so that they practically give no correlation (8). On the contrary, the
model B gives good correlation for o, constants and fails only in the metaseries,
i.e. for g, (Fig. 1), where it behaves analogously as the model A. This finding is
interpreted by the HMO method over-estimating the n-electron conjugation in all
bonds (ref.!"),in our case mainly between the OH group and the X-C4H,CO residue
in the undissociated acid I. Consequently the HMO model of the form I with the
resonance integral parameter fe_oy = 0-8fcc is too “close” to the HMO model
of the form II, and it reflects rather the situation in the reaction course given by
formula V:

ek Validity of a quantum-chemical model is presumed enabling ¢— 7 separation. Otherwise

the term AE, would involve a certain part of z-electron contribution.
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8 b4
I+ H0 - X—CgH,~C—O..H..OH, - II + H,0'"
V\I
o)

4

For application of the model A it is then E(I), = E(V),, and the calculated energy
difference for correlation (8) AE, o = E(II), — E(V), expresses only an insignificant
change of n-electron energy between various hydrated ions II and V which, in the
HMO method, is not influenced to a decisive extent by the para substituent X. On
the contrary, in application of the model B, where the HMO model is approximated
by the zm-electron configuration corresponding to the aldehyde I1I, the both quan-
tities E(1I), and E(V'), represent equivalent approximations of energy of the anion I1,
at least so for low values of the resonance intergral B¢_oy. In accord with that the
correlations of the type (8) involving the energy differences E(II), — E(I), and
E(V), — E(I), are practically equivalent (Table V). The values AEyo for the benzene
model C give again a statistically significant correlation only with ¢, constants,
which can be interpreted as acceptability of the neglect of conjugation between
CO,H and C¢H, X groups in the HMO models of the acids I. Absolute insensitivity
of all the three models A4, B, C to the change of substituent X in meta position and,
hence, to g,, constants stands in accord with the conclusion® that the HMO method
does not reflect that portion of n-electron energy by which the meta substituent X
affects the reaction centre CO,H or CO$™ . We further used the SCF method to give
a true picture to this n-energy contribution.

Correlation with SCF electron energies. In this case calculation can give full
expression (9) for energy difference AE, = AEsc involving explicitly also the portion
of m-clectron repulsion, i.e. the term AE, ,,. As in the HMO procedure® and other
more perfect calculations®® we found the correlation (8) to be valid for o, constants
again. With the model 4, however, the AEg. quantities (unlike the AEyo values)
are sufficiently sensitive to the influence of substituent X (Table V). This circumstance
is obviously due to the SCF procedure eliminating the product of the HMO approxi-
mation over-estimating the conjugation at C—OH bond in the acids I. The models B
and C give also good correlations (8) as it could be expected.

Correlation of AEg values for the meta substituted substrates I and II leads
to an ambiguity connected with the two different conformations of unionized forms
Ia and Ib or I1a and IIb. This situation in the choice of the models A and B is due to
that SCF procedure respects the molecular geometry, whereas the HMO approach
respects only the molecular topology. In this context the model C is remarkable,
as it does not involve the mentioned conformation problem. From Table V it can be
seen that involving of the values AEg.r for the meta derivatives II into the overall
correlation (8) with the 0., constants does not markedly worsen the correlation
criteria r and ¢ of this model. More perfect models 4 and B would, however, necessi-
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tate to accept additional presumptions concerning the choice of the mentioned con-
formation pairs Ia, b resp. I1la, b.

Presuming that the alternative ionizations in the meta series Ia 2 II and Ib = I1
will be much faster than establishing of the conformation equilibrium m(Ia) = n(Ib),
the overall ionization can be expressed as m(Ia) + n(Ib) = (m + n) II. If another
simplification is accepted that for the meta substituted acids [ it willbe m = n = 1,
which seems likely, then three types of AEsq values can be taken into account in the
correlation (8) for the model A: AEgcr, = E(I1), — E(Ia),, AEscr, = E(II), —
— E(Ib),, and an “average” value AEgcp,, = E(II), — 0-5(E(1a), + E(Ib),). The
last expression corresponds to a transformation } (Ia) 4 4(Ib) = I, and it is easily
applicable also for the model B in the form AEgcp,, = E(II), — 0-5(E(IlIa), +
+ E(I11b),), the “non-average” values being AEgcp, = E(II), — E(Illa), and
AEgcp, = E(II), — E(I1Ib),. Thus it is seen that the correlations type (8) for the
meta substituted substrates I and I are less lucid with respect to possible conforma-
tional non-homogeneity of the unionized forms I as compared with the para series.

TABLE V
The Calculated Characteristics of the Studied Correlations (8)

Energy® Model o a.10®°  b.10° r 1 n

AMEyyo B o, 0412 —191 0971 40 10
or 0658 022 0-900 21 9
AMEyno € o, —292  —832 0987 62 10
or —462 883 0923 63 9
AAEgcr A Oy 31 —620 0930 141 33
o, 338 —687 0958 124 16
O 223 —397 0842 58 16
UppOr 457 558 0934 131 27
,0x 465 608 0946 97 13
AAEgcp B o, 2:49 475 0937 150 33
o, 269 —513 0960  12:8 16
Om 187 —332 0869 66 16
Umpor 356 444 0923 120 27
0 366 553 0947 98 13
ADEger € Cup 844 —178 0934 146 33
o, 916 —193 0960 129 16
Om 622 —126 0852 61 16
% pOr 1238 143 0938 135 27
,0r 1275 181 0960 114 13

® Meaning of the symbols: 4AE = AE, (for X # H) — AE, (for X = H).
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A somewhat more complicated situation is encountered with the acids I (or their
“aldehyde” models I1T) having the para substituent X = COOH or CHO which can
assume different conformations Ic, d(I1Ic, d). In these cases it was necessary to use
analogous values AEgcp ., AEger g and AEger . 4 for the para series, too. For the
corresponding meta substituted analogues three SCF models Ie, f, g (Ille, f, g) must
be taken into account, the respective conformation equilibria being Ie(or 11le) + If
(or I1If) = Ile and If (or I11f) + Ig (or I1Ig) < IIf; the respective “average” energy
differences AEgcg o  and AEgcp ¢ o are determined as it follows: AEscr . ¢ = E(Ile), —
— 0-5(E(Ie), + E(If),), AEscp s, = E(I1f), — 0-5(E(If), + E(Ig),) and analogous
expressions with the quantities E(111e),, E(I1If),, and E(IIIg),.

It is remarkable that the mentioned conformational aspect has not yet been given
attention in the correlation analysis* 8. This circumstance is probably insignificant
in comparison of the o, , constants with the electron distribution characteristics of
the acids I (ref.*7-®), since the distribution parameters depend usually little on con-
formation of carboxyl group in the planar forms (ref.2%). On the contrary, the EHT
electron energies of the conformation forms type Ia and Ib somewhat differ depending
on the chosen geometry?®.

AAE, 5 *

AAE,
5 eV.10!

3.10°)

FiG. 1 FiG. 2
Dependence of Relative n-Electron Energy Dependence of Relative zn-Electron Energy
Differences 4 AEgpo (model B) on the Differences 4 AEgcr (model 4) on the Ham-
Hammett o, , Parameters mett o, , Parameters

Substituents X: N(CH.),, NH,, OH, Substituents X: N(CHj3),, NH,, OH,
OCHj;, CH3, H, F, Cl, Br, CN and NO,; OCHj;, CH;, C;Hs, H, SCH;, F, SH, Cl,
light and dark points denote wmeta and para Br, I, COOH, CHO, CN and NO,; for
positions, respectively; the arrow indicates description of points see Fig. 1.

the data for the non-substituted benzoic acid.
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In Fig. 2 the values AAEscr = AAE in the relation (3) (calculated with the use of
all para and meta “average” energy differences of the type AEgcr within the model 4)
are plotted against the Hammett g, , constants. It is immediately obvious that there
is a close linear correlation between the both compared quantities. Besides that, in
this context we take for significant that the values AAEgc have the same signs (Table
111) when compared with the resonance parameters ¢ = ooy in Eq. (5) there being only
two exceptions (X = m-Br and m-1) due probably to inaccurate parametrization.
This fact indicates that all the three n-SCF models 4, B, C are physically justified.
Fig. 3 illustrates the way in which typical substituents X influence the value E(I1),

— E(I), in Eq. (7). In contrast to correlations with AEyy, quantities (Fig. 1), in
Fig. 2 the correlation area is not divided in two parts (para and meta substitution).
Choice of the ‘“average’ and “non-average” values type AEg-r has an only limited
effect on scattering of the points from the regression straight line. The values AEscr , b,
AEscr ¢ g» AEscr e, and AEgcr ¢ . give better correlation for those substituents for
which the calculated n-energy differences between the corresponding conformation
pairs Ia, b, Ic, d, and Ie, g are relatively large, i.e. for X = m-N(CHs),, m-NH,,
m-NO, and p-COOH. For the other substituents it is immaterial whether the “aver-
age” value or some of the energies AEg of ionization of the chosen conformer is
used. An analogous correlation to that in Fig. 2 was found also for the model B
(Table V). Considerable similarity of the SCF models 4 and B thus contrasts with the
abovementioned difference between the corresponding HMO models and is due ob-
viously to the improved orbital energies in the SCF method. The presence and the
absence of divided correlation area in the HMO and SCF treatments, respectively
(Figs 1 and 2), is probably due to the neglect if the decisive portion of m-electron
repulsion in the Hiickel approximation by which the meta substituent X, which is
closer in space to the reaction centre, can affect its ability to ionize. This is supported

r 5<0 6, =0 G>0 |
j En), 15231 |
L ‘ AEscr |
L £ ];M i
5(//)L4331 » T
18700 | 2550
e, 222 nac, ;
‘[ ey, 2278 T
Fic. 3 i |
) | AE“C“.  ABE
Influence of Character of the Substituent X | ) i
on 7-Electron Energy of the Substrate Forms “ ™ 23052 |
I and I7 Calculated by SCF Method RSN R = ,L‘&, |
SuDS|
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by our comparison of the independent correlations (8) for the meta series with both
the values AEgcp, and AEgcr . Slope of the regression straight line (8) is e.g. positive
and higher (@ = 3-87. 1072 ¢V) for the conformers Ib, having the n-electron system of
the substituent X closer to the reaction centre C—OH, than for the conformers Ib
(a = 49.107%eV). This space factor is obviously manifested in the repulsion
integrals type y,, through which the 7-SCF wave functions and the eigenvalues them-
selves are more sensitive to the change of the meta substituent X than analogous
HMO characteristics.

Contribution of m-electrons in +M and —M effects of substituents X. The electro-
nic effects +M and —M derived from macroscopic correlation data are usually dis-
cussed in terms of the electron shifts within the molecule and, therefore, we took
it for useful to compare them for the substrate forms I and II with the calculated
characteristics of m-electron distribution. From Table IV it can be seen that effect
of the substituent X on n-electron densities gy and orders of n-bonds py is somewhat
smaller in the region of the reaction centre of the acids I than for the anions II.
However, the effects is substantially higher in the para series than in the meta series.
Hence it is concluded, that in the case of the meta substituted substrates I and II
the substituent effect is predominantly transmitted by another mechanism, different
from classical n-electron shifts from the substituent to the reaction centre or back.
This effect consists in repulsion of m-electrons of those parts of the substituent X
which are closer in space to the reaction centre COOH or COY ™’ and which was
completely neglected in the simple version of the HMO method. Therefore, the values
AE o cannot depend on the character of the meta substituent X, which is demon-
strated in Fig. 1. From the point of view of Eq. (9), then, for the para substituent
effects it holds AE, ,,, > AE, ..., and Eq. (9) can be replaced by an acceptable approx-
imation AE, = AE, . In this case the HMO approximation is sufficient. On the
contrary, for the meta substituent effects it is AE,, ., > AE, ., and a suitable approx-
imation for (9) can be AE, & AE, ... In this case the SCF procedure is indispensable.
This presumption is supported by the fact that in all cases*®~32 of correlations of
a,, constants with HMO data special additional parametrization had to be chosen for
a number of further reaction centres as a mean for involving a part of repulsion
effect into the original HMO model not involving this effect.

In this context it is possible to make a certain conclusion about physical meaning
of so called reasonance constants oy (refs.>3>3%). From Table V it can be seen that
the correlation (8) for oy is approximately as close as for the Hammett a,, , constants.
Therefrom it is concluded that the o constants reflect the classical resonance effect
only for para substituents X. In the meta series they reflect the non-classical effect
of n-electron repulsion, i.e. repulsion influence of =m-electrons through the space
between the reaction centre and the substituent X, which is close to the idea about
the so called field-effect.
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Solvation effects. If the given conclusions are correct, then the relations type (6)
cannot be homogeneous for the meta and para substituted acids I, as far as the AEx
values are calculated by a method neglecting the electron repulsion, i.e. HMO or
EHT. The authors® state that division of data can be replaced by additional intro-
duction of solvation, and they use Eq. (10) instead of (7)

AEy = E(1I) — E(I) + AE,, . (10)

where the first two terms represent the overall electron energies of the compounds 1
and II calculated by the EHT method, and the third term is the energy contribution
of solvation calculated according to the obtained electron distribution. In the calcu-
lations® the first two terms of Eq. (10) involve only 10-8% of the calculated energy
difference AEy, so that the term AE,,,, is predominant. In this context we were inte-
rested in a comparison of experimental®® AAG values for the ionization

X-C,H,COOH + C,H,CO0 2 X-C,H,C00") + C4H,COOH  (B)

taking place in gas phase without solvation effects with the calculated® energies AEy
according to Eq. (4). From Fig. 4 it can be seen that difference of the first two terms
of Eq. (10) shows the expected division of data into meta and para series when
correlated with the AAG data, and introduction of the calculated® value AE,,,
removes the differences between the both data sets again. Character of the correlation
area is maintained, too, if the energies calculated by the iterative EHT procedure®
are used. Hence it is obvious, that the considered term AE,,,, does not reflect the
solvation effect according to the original presumptions® but rather a certain effect

FiG. 4 . ~

Relative Differences of Electron Energies
of the Substrate Forms 7 and /I Calculated®
by EHT Method against Relative Dif-
ferences of the Gibbs Energies 4 AG Mea-
sured®® for Equilibrium (2) in Gas Phase
For description of points see Fig. 1;
adAE = E(Dy4y— EDyxen —
— E(IDx g+ EWDx=w b AAE = AAE+
4 4 AE,

solv®
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of electron distribution and, thereby, perhaps a part of repulsion effects, too. Of
course, on the basis of recent semiempirical calculations®” as well as ab initio treat-
ment3® convincing arguments were presented that g,, , parameters involve solvation
effect to a greater or smaller extent.In the case of our substrates I and I1 it is, however,
impossible to draw the conclusions that the correlations (8) cannot be interpreted
by means of pure n-electron effects. The fact that pK values of the acids I correlate
very well with the o,, , constants in various solvents®®~*? indicates that the solvation

X X ; ;f ;
~ ‘\ e - il X
R” S0 R™ S0 H” o
la, R = OH Ib, R = OH i v
Hla, R =H II1b, R = H
: R =0 Oy, ‘/Rz R?
R X0 R X0 R X0 R X0
Ie, e Id, I11d Te, Ille 1f, HIf
(@] R?
¢ &
SR2 X0
07 R! 0720
Ig, Illg Ile 1y VI

Ic—g, R' =OH, R*=H or OH
Ile,f; R =H or OH ,
Ilc—g, R' =H, R**=H or OH \O
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effect in the process (A) is either slight or correlates with the substitution parameters
in the same direction as the other terms. The former possibility is supported by the
fact3® that the AAG values for gas phase correlate very well with the Hammett Guip
constants, smaller deviations being observed only for the substituents X = OH and
NH,, which form hydrogen bonds in condensed phases. Separation of solvation
terms in Eq. (7) is made considerably doubtful also by the circumstance that the
HMO and n-SCF methods are parametrized to give satisfactory agreement with
experiments in liquid solvents.

Quantum-chemical description of the Hammett correlation. The classical Ham-
mett correlation*? is based on the linear dependence of pK values of meta and para
substituted acids I on logarithms of rate constats of alkaline hydrolysis of the esters
VI, i.e. on the proportionality log k ~ log K. Its n-SCF quantum-chemical descrip-
tion consists (as it is the case for the HMO interpretation®) in the validity of the ana-
logous relation Agep & AEgcy. The quantity Agep corresponds to the Wheland locali-
zation energy for a nucleophilic attack at the carbonyl carbon atom of the acids I
having the same n-electron structure as the esters VI, and it reflects the n-electron
component of the activation energy of the process VI + OH™) & VII - II + RO,
The energy portion corresponding to the ionization (4), i.e. AEgcy = AE,, is defined
in the sense of Eq. (8) for the models 4 and B. From Fig. 5 it is seen that the linear
correlation of the quantities Agcr and AEgcqr is very close and still closer to a strict
linear dependence than that of the HMO quantities®. Therefore, it is supposed that
the HMO and 7n-SCF models of the substrates I and II reflect correctly the n-electro-
nic disposition of these substances to behave in accord with the macroscopic descrip-
tion by means of Eq. (I).

The authors are indebted to Professor P. Kristidn, Organic Chemistry Department, University
P. J. Safdrik, Kosice, for his support during realization of the work.

FI1G. 5
Dependence of n-Electron Energy Difference
of SCF Models of the Substrate Forms [
and II on the Wheland Localization Energy
for Nucleophilic Attack at Carbonyl Carbon
Atom of the SCF Models of Alkylbenzoates
Vi

For description of points see Fig. 1.
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