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The paper deals with evaluation of validity of substituent suaw—;‘s:p, cg, 0;;, andc,; in Hammett-

type equations. Possible reasons of unreliability of these scales and conceivable ways of veri
of individual substituent constants are discussed. On the basis of Alternative Interpretation of .
tuent Effects (AISE) and four additional conditions, a regression nonlinear model has been sug
which includes the dependence of all above-mentioned substituent scales upon a single intel
variable — thes' substituent constant. This model has been applied to the 32 most frequent ¢
tuents from each scale, i.e. altogether 160 substituent constants taken from literature. The of
tion of 17 unknown regression parameters gave the residual standard deviati@i80 and, after
excluding 12 remote values,= 0.061. The analysis of residua proved their standard and statis
appropriateness of the model. The agreement between literature values and predicted values
stituent constants was the best with thg scale; on the other hand, the largest differences w
encountered with the; scale. The found differences above a current reliability limit of substit
constants were due first to unreliability of some literature data and next to solvent effects a
some cases) specific properties of substituents.
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For chemists the substituent effects represent one of the means used in studies
tron density in a chemical system. It is a long time since the first formulation o
Hammett equatiohwhich transformed the then more or less qualitative approach ir
quantitative tool. Although other approaches have appeared (for reviews sed r
since that time, the Hammett equation still belongs among the most significant cc
tion relations. In the field of quantitative relations between chemical structure
physico-chemical or biological properties as well as in studies of reaction mecha
there exist a number of good reasons for preference of a simple correlation mo
this sort irrespective of the relatively limited validity range and/or the worse fi
correlation. More complex and more sophisticated correlation equations can pro
greater number of relevant pieces of information which, however, require a gr
number of experiments of higher precision.
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The key problem of all correlation relations is their suitable parametrization.
parametrization of the Hammett equation for substituentsedand para positions of
benzene nucleus with respect to the reaction centre was dealt with in a num
paperd 13 (review1419. The most comprehensive critical compilation, undoubtec
is that by Exnéft giving also further types of substituent constants for use in the H
mett-type correlations. An extensive setpfando, constants can also be found in tf
work of Hansch et a, and a critically compiled set was prepared by Shbtiter the
IUPAC. In spite of the large amount of work carried out in this field one can agree
Exner’s opinioA'that published tables of substituent constants always represent a
promise between two wishes: to select reliable data only, and to present the ma;
number of data. Although the term “constant” implies invariability, substituent ¢
stants are (due to their origin) statistically random variables. Hence they can be c
terized by their mean value and measure of variability. The confidence interval giv
literature varies from 0.024 to 0.087 for the 15 most common substit(@At©Other
sources give values of standard deviations corresponding to higher values of conf
intervals, e.g. Exné?0.03, Shorte® 0.04, Hoefnagel and Wepst€0.01 to 0.1. Also
interesting in this context is the earlier study by vanBekkum &t d@he above-men-
tioned variability characteristics seem to be high (about 10% of the extent of s
tuent constant values) but they — at least — reflect the precision of under
experiments>?2

An unambiguous source of the variability observed in substituent constants |
solvent effects affecting the primary experiménfEhe medium-induced changes |
substituent constants are considerable for some substftréhthis is not surprising
with polar substituents having localized chaf§&sO,, SO,CH;, COCH,;, NHCOCH))
or readily ionized substituertts(OH, SH, COOH), but the behaviour of bulky alk
groupg®24(i-Pr, t-Bu) is surprising. In connection with the change in substituent
stant depending on solvation of substituent there arises a question whether differe
of substituent constants should be created for individual types of hedithe Ham-
mett equation should be extended by an additional term describing the solvent%eff
A third possibility (apparently a very practical one) is to simply neglect the correc
of substituent constants for solvent effects even at the price of lowered correlati
In this case the scale of substituent constants created by statistical treatment of
of a large set of experiments appears to be more suitable than a definition scale b
it eliminates specific properties of individual solvents. An attractive possibility of
justment of scale of substituent constants is presented by the results of gas-ph
periments which are quite numerous at preSemtowever, there the situation is nc
much better than that in solvents because other effects make themselves felt wh
suppressed in solutichsHence, the application of the substituent constants obtaine
gas phase to processes in solutions may be questionable. In contrast to solve
effect of another experimental factor, viz. temperature, is much awer
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A separate chapter in the problem of substituent effects deals with the substi
able of direct conjugation with the reaction ceh®&?? The discussion of the ques
tion whether the introduction of new substituent constasgsand o, crosses the va-
lidity of the Hammett equation or, on the contrary, exterlissin matter of definition.
With regard to different extents of direct conjugation in various chemical systems
more appropriate to consider the exalted substituent constants to be a sort o
values. This of course urgently evokes the necessity of defining an opposite limi
possibly represented ) and/ora}} constant$'#°-33 From practical point of view, the
concept thus expressed definitely is much too complicated, but it is necessary f
justment of values of substituent constants in the framework of other approache:
reliability of exalted substituent constants given in literaltut®?829.3435%g un-
doubtedly lower than that of the basic substituent consgntShe reason lies in the
ambiguous formulation of the standard chemical model and the therewith conr
extent of direct conjugation, larger extent of solvation of conjugated substifimmds
last but not least, small number of suitable experiments.

Verification of validity and/or possible correction of substituent constants in var
correlation models can be carried out in several ways. As these relations are ba
similarity and the effect of medium is significant, exact theoretical approaches car
be applied with certain limitations (see e.g.¥@f.This also holds good for quantur
calculationg®-%>which can provide valuable information about the way of transmiti
of substituent effect in particular molecuizbut do not make it possible to take in
account e.g. the effect of medium in a sufficient way. Another way lies in cri
comparison of experimental data of a selected chemical system in terms of some
lation modet”#8 In principle, this way has proved uséfudnd is still usetf. Accumu-
lation of a vast body of experimental data together with development
mathematical-statistical methods and increasing efficiency of computers ma
possible to adopt chemometrical methods. An advantage of this approach is in its
more universal, a drawback is in its lacking the ability to give a sharp physico-che
meaning of the parameter scales obtained. A suitable procedure is confrontat
results obtained on the basis of different princfesHowever, the published correla
tions of the Hammett substituent constants waithand og substituent constants (e.c
ref2) must be judged carefully due primarily to the method of calculation of the
someric substituent constants.

In earlier communicatiog® of the present series we published a qualitatively n
approach to description of substituent effects denoted as Alternative Interpretat
Substituent Effects (AISE). The method suggested starts from the idea that a sub:
has only a single property described (in terms of quantitative description of subst
effects) by a single substituent constant, irrespective of type of the basic skeletc
position of substitution. The values of this constant were adjusted for 32 substi
with the help of chemometrical analysis of selected set of data. The different ge
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principle and independent adjustment of substituent scale makes it possible to
the validity of the substituent constants used in the Hammett-type equations, wt
the aim of the present communication.

THEORETICAL AND CALCULATIONS

According to the principles of Alternative Interpretation of Substituent Eff¢&tSE)
in orthogonal interpretatidfy the substituents are divided by the type of interact
with the basic skeleton into three classes. Class Il substituents are defined a
whose atom directly bound to the basic skeleton possesses nucleophilic characte
able of intramolecular nucleophilic interaction with the reaction centre. Analogol
class Ill includes the substituents whose atom directly bound to the basic skeleto
sesses electrophilic character and is able of intramolecular electrophilic interactiot
the reaction centre. Finally, class | includes the substituents that exhibit none
above-mentioned properties. Mathematically, the AISE model is described by a f
of straight lines with a single interpreting variable(Eq. (1)),

logk=logky + p,3(0' — ab) + pNd\(0' — Tp) + pede(c' — o) @

where logk is logarithm of rate or equilibrium constant, lkgs the same quantity a
the point of intersection of the straight lines withcoordinate (the so-called isosubs
tuent constant). The orthogonality of mod#l i given by the multiplication constant
o of the type of Kronecker’s delta: they are equal to 1 if the substituent belongs
given class, and to O if it does not. The respective reaction constants i) Egpiess
the sensitivity to substituents of the firg)( second @), or third class @), and
generally their relative magnitudes can Varyhe straight lines characterized by the
reaction constants intersect in a single pointifferent from the standard hydroge
point.

Validation of the substituents constaotg o, o, Op, andcg in the Hammett equa-
tion can be carried out by means of AISE using the following postulates:

1. Equation 1) is valid individually also for the substituent constants of individl
types, i.e.

0 =0y + P (0" = ) + Ppdn(0' — Ob) + pede(a’ — ap) . @

2. The straight lines formed by the class | substituents (the basic straigld kng)
must intersect for all the types of substituent constants in a singlegair®, and at
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the same time it i(c' = 0) = 0. Therefrom, the relation, = p,a}, follows for the
intercept in Eq.2).

3. For a given type of substituent constant, the straight lines formed by substif
of classes Il and Il intersect the basic straight line in a single point with the coorc
0 = ah. Thea), values are differefitfor individual types of substituent constants.

4. The basic straight lines for all substituent constants fpana position are the
same, hence it ig,(op) = p,(cg) = pi(0p) = pi(0p)-

At these conditions, the validation of the above-mentioned substituent con:
leads to nonlinear regression with a single interpreting variahlggnd 17 unknown
parameters (slopp, for metasubstitution, slopg, for para substitution, 5 values of
points of intersectiom}, 5 values of slopegy, and other 5 values of sloppg corre-
sponding to substituents of the classes Il and Ill). The number of unknown parar
seems to be high, but of course most of them are mutually orthogonal (the orthc
AISE model) and their optimization presents no problems.

For the validation we selected the 32 most common substituentg'witlues pub-
lished earliet. The values of substituent constaofsando, were primarily taken from
the set recommended by IUPAC (féf. those ofa?, o, and o, were taken from
Exner’s book®, and the missing data were taken from other publicafidAsFor opti-
mizing the 17 unknowns we used the least squares treatment with the objective fu
Sgiven in Eq. ).

N
S=Y (ol - 6?2 = minimum , )
k=1

whereal!! is the substituent constant for tkeh substituent taken from literature, is
the corresponding value determined from E&j.réspecting the above conditiohs4.
The estimates of standard deviations were obtained by usual way from the cove
matrix of parameters (see e.g. 8f. The residual standard deviation s was calcula
from the residual sum of squar8gEq. @3)) for the optimum parameters. The calcul
tions were carried out using our own programs.

RESULTS AND DISCUSSION

Nonlinear Regression and Regression Diagnostics

The nonlinear regression with regression functighréspecting the above-mentione
side conditions was applied to 160 substituent constants (5 types). On the be
analysis of residua involving the analysis of deviating points and normality, the fol
ing constants were gradually eliminated from the original sE(NHCH,),
0p(N(CHg)p), 0p(SH), 0y(SH), 0,(SCH;), 0,(CeHs), 0,(OCOCH;), 0, (OCgHs),
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0p(CHg), 05(CH,CHy), 05(CH(CHy),), andap(CH,CgHs), i.e. 7.5% of data. After this
modification, the classical residua had the arithmetic mean of —0.010 and the mec
—0.009, i.e. values near to zero. The test of hypothesis of Normal distribution of re
L(8) recommended for regressiGhkad the criterion value of 0.67, the critical valt
for the significance level af = 0.05 being 5.99. Hence the hypothesis of normality
residua was not rejected. The statistical characteristics given confirm the suitabl
linear model used for the interpretation of data.

The residual standard deviatisrhad the value of 0.180 for all the 160 substitue
constants, and it decreased to 0.061 after elimination of the 12 above-mentione
stants. In regression models, the residual standard deviation includes both the €
the model and that of the experiment. In an extreme case, the whole residual st
deviation is given by the error of modé)(in reality, however, it must be less wit
regard to the precision of adjustment of substituent constafitd! Therefrom it fol-
lows that the validity of model is at least comparable with that of the Hammett ¢
tion®.

The regression parameters obtained by optimization after elimination of re
points are given in Table | together with the respective standard deviations; graph
the interpretation of substituent scales using the most significant regression s
lines is represented in Figs 1-3. The isosubstituent constgofsthe substituent con-
stantso,, ando, are almost the same, having the magnitude usual for benzoié®ac
A somewhat higher value of isosubstituent constandjgmcale indicates elimination o
conjugation of electron-deficit carbon atom of carboxyl group with aromatic nucl
which is in accordance with the definition of this substituent scale. According
former investigatiof?, the lower value of isosubstituent constant is characteristi
chemical models with electron deficit, on the other hand a higher one indicates sy
with electron excess at the reaction centre. The found values of isosubstituent cc
obtained for theoy and g, scale confirm this conclusion. The larger slope of ba

TaBLE |
Regression parameters and their standard deviations obtained by optimization accordin@}Y@Ec
the conditions specified in Theoretical and Calculations without excluded remote points (see th

Constant Op o] PN Pe
(o 0.531+ 0.152 1.195 0.050 1.555+ 0.164 1.175 0.146
Op 0.535+ 0.032 1.35% 0.027 3.042+ 0.164 1.16Q- 0.117
crg 0.695+ 0.106 1.35% 0.027 2.074+ 0.161 1.26# 0.085
c;; 0.479+ 0.013 1.35% 0.027 5.035 0.205 1.08% 0.132
o, 1.466+ 0.415 1.35% 0.027 1.628+ 0.100 1.028 0.128
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straight linep, for para substitution, as compared with that foreta position, is a
well-known phenomenon, and the found ratiopgpara)/p,(metg = 1.14 is identical
with the popular value given by ExférFrom the comparison of slopes of straig
lines py expressing the sensitivity to intramolecular nucleophilicity follows an equ
cal and expected dominance of hiscale. In this context noteworthy is the mark
contribution of nucleophilic interaction frometaposition expressed by the differenc
betweenpy andp, — slope of the basic straight line (Fig. 1). The lower nucleopf
sensitivity ofcg scale as compared with that@f scale (Table 1) is connected with th
magnitude of isosubstituent constant. The slgpesxpressing the sensitivity to intre
molecular electrophilicity of substituent can be denoted as close, except for the

for 08 scale. The reasons of the anomaly found are not obvious.

Comparison of Literature Substituent Constant with those Predicted by AISE

The substituent constant, andao, from two literature sourcé$’®and those predictec
by the nonlinear regression at the above-mentioned conditions are presented in T
and their relation is graphically represented in Figs 1 and 2. The agreement betwe
original and predicted scales of substituent constants riretaposition (Fig. 1) can be
considered good. Greater differences are most frequently encountered with ion
substituents, such as MHN(CH;),, OH, and SH. Whereas for amino group the p
dicted value of substituent constant lies somewhere in the middle among the lite
data, the predicted electron-acceptor abilities of groups able of deprotonation are
The differences are undoubtedly due to the media in which the primary experi
were carried out. For adjusting the substituent constant of CHO group there a
viously not enough reliable experimental data: even the critical IUPAC 'Stoiisents

05

03[

Fe. 1
. . 01
Dependence of substituent constamgson substi-
tuent constant®'; the regression straight lines
correspond top(0,) = Pe(0m) (A,@) and py(oy) o1
(O). The symbol A denotes the definition posi- " . ! ! !
tion of hydrogen 0.0 0.2 04 i 06
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the resulting value obtained as an average of very much differing values. WitfHhe
substituent the situation is probably similar.

The agreement between the literature values and predicted valaggsisohot so
good (Table Il, Fig. 2). First of all, there is a puzzling discrepance between the v
of alkyl groups, even so in the case of methyl group itself which represents one
basic substituents. As there is agreement in the primary experiments concergin
group, the reason must be somewhere else. The first likely interpretation is enh
level of conjugation (hyperconjugation) of methyl (alkyl) groups with aromatic nuc
characterized by the difference between the substituent constantsntaand para
positions. However, the small dependence on the magnitude and branching of
group is strange. The second, less likely reason can be the above-discussed s
effect€%24 On the other hand, solvation is undoubtedly the cause of the founc
ference between substituent constants of substituents that readily form hydrogen
with solvent, such as CONHNHCOCH;, OH, OCOCH, and SH substituents. The la
two groups mentioned are even denoted as electron acceptors in literature, w
little likely. Obviously distinctly underestimated in literature is the electron-donor
ture of SCH group. The substituent constant of (g group is entirely unreliable,
which was also known to the author of the wérksed for comparison. The predicte
value of substituent constant of CHO group is closest to the newest experimen
sultg4, whereas the value from critical compilation of IUPAC is affected by the ca
lation of an average value involving older and maybe less reliabl&® dat&raditional
problem is the substituent constant of fluorine substituent. Like with alkyl substitu
obviously also here an additional positive mesomeric effect of fluorine is opere
maybe also as a result of conjugation with carboxylic group in the standard mode

When comparing the differences between the literature values and predicted
of the 08 substituent constant (Table lll, Fig. 3), we may again be interested ir

Fic. 2
Dependence of substituent constamgson substi-
tuent constant®'; the regression straight line:
correspond t(a,) (&) pn(op) (O) and pe(ay)
‘ ‘ ) ‘ (e). The symbola denotes the definition position
0.0 0.2 0.4 Oj 0.6 of hydrogen
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TasLE Il

Values of substituent constants taken from literafuf¥(if not otherwise stated), values of subst
tuent constants predicted with the use of the optimized parameters in Table | and their difier
for o, and g, scales

Onm Op
Substituent
ref®  ref®  AISE A ref®*  ref!®  AISE A
Class |
H 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ChHs -0.06 -006 -0.05 -0.01 -0.16 -0.14 -0.05 -0.11
CHCHs -0.06 -0.08 -0.06 0.00 -0.15 -0.13 -0.07 -0.0¢
CH(CHb)2 -0.08 -0.08 -0.07 -0.01 -0.15 -0.13 -0.08  -0.0]
C(CHs)s -0.07 -0.09 -0.10 0.03 -0.16 -0.15 -0.11  -0.0¢
CeHs 0.04 0.09  -0.05 0.02 0.11  -0.08
CHCeHs -0.05 -0.02  -0.03 -0.06 -0.02 —0.04
CFs 0.44 0.46 0.44 0.00 0.53 0.51 0.02
Class Il

NHz 0.00 -0.09 -0.05 0.05 -0.62 -057 -0.63 0.01
NHCHs -0.1¢ -0.05 -0.64 -0.62
N(CHs)2 -0.10 -0.05 -0.05 -0.69 -063 -0.63 -0.06
NHCOCH 0.17 0.14 0.17 0.00 -0.06 -0.09 -0.20 0.14
OH 0.10 0.13 0.05 0.05 -0.36 -0.38 -0.42 0.06
OCHs 0.11 0.10 0.15 -0.04 -0.29 -0.28 -0.23  -0.06
OGsHs 0.26 0.25 0.24 0.02 -0.32 014 -0.06
OCOCH: 0.26 0.26 0.00 0.18 -0.02
SH 0.25 0.25 0.18 0.07 0.18 -0.17
SCH 0.14 0.15 -0.01 001 000 -024
F 0.34 0.34 0.34 0.00 0.05 0.06 014  —-0.09
cl 0.37 0.37 039  -0.01 0.22 0.22 024  —0.02
Br 0.40 0.37 041  -0.01 0.23 0.22 027  —0.04
| 0.35 0.34 036  -0.01 0.23 0.21 0.17 0.05

Collect. Czech. Chem. Commun. (Vol. 61) (1996)



1200 Pytela:
TasLE Il

(Continued

On Op
Substituent
ref®  ref®  AISE A ref®*  ref!®  AISE A
Class Il

CN 0.62 0.62 0.63 -0.01 0.67 0.71 0.71 -0.04
CHO 0.40 0.41 0.46 —-0.06 0.47 0.47 0.55 -0.08
COCH 0.37 0.36 0.35 0.02 0.49 0.47 0.44 0.05
CONH 0.28 0.30 -0.02 0.31 0.31 0.40 -0.09
COOH 0.35 0.35 0.32 0.03 0.44 0.44 0.41 0.03
COOCH; 0.33 0.35 0.33 0.00 0.45 0.44 0.42 0.03
COOGHs 0.33 0.35 0.32 0.01 0.45 0.44 0.41 0.04
NO2 0.73 0.71 0.72 0.01 0.78 0.81 0.81 -0.03
SOCHs 0.68 0.68 0.66 0.02 0.72 0.73 0.75 -0.03
SONH, 0.53 0.53 0.51 0.02 0.58 0.58 0.60 -0.02

2Value from ref>. ® Values from literature not included in the regression.

alkyls. According to the 4th postulate given in Theoretical, the basic straight line
para substitution are identical, which agrees with the AISE concepts. Obviously o
basis of similar consideration, also the literature valuesgoind Op
stants of alkyl substituertfsare mentioned as identical. As in the nor%lsubstituent

-0.25

-0.75

-1.25

0.6

Fe. 3

substituent con-

Dependence of substituent chstauﬁs c;, and
0,; on substituent constants'; the regression
straight lines correspond m(cg) L), pN(cg) (o),
Pe(0D) (#). pu(op) (D), andpg(c;) (m). The sym-
bol A denotes the definition position of hydroge
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TasLE Il

Values of substituent constants taken from literdfU(i€ not otherwise stated), values of substitue
constants predicted with the use of the optimized parameters in Table | and their différebce:
cg, o, andaoy, scales

0

Op S Gp

Substituent

ref’  AISE A ref!®*  AISE A ref!®  AISE

Class |
H 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.0
Chs -0.16 -0.05 -0.11 -03f -0.05 -0.16 -0.05 -0.11
CHCHs  -0.15 -0.07 -0.08 -0.30" -0.07 -0.15 -0.07 -0.08
CH(CH)2 -0.15 -0.08 -0.07 -0.28 -0.08 -0.15 -0.08 -0.07
C(CHs)s -0.16 -0.11 -0.05 -0.26 -0.11 -0.15 -0.16 -0.11 -0.0
CeHs 005 011 -006 -0.18 0.1 0.08 011 -0.03
CHCeHs -0.06 -0.02 -0.04 -0.27 -0.02 -0.06 -0.02 -0.04
CFs 053 051 0.02 0.53 051  0.02 062 051 0.1
Class Il

NHz -0.30 -0.31 0.01 -130 -1.31 001 -0.30 -0.25 -0.0
NHCHs -0.3% -0.30 —-1.8P9 —1.29 -0.3F -0.24
N(CHs)2  -0.32 -031 -001 -1.70 -1.31 -0.32 -0.25 -0.07
NHCOCH 0.00 -0.02  0.02 -0.60 -0.60  0.00 0.00 -0.02 0.0
OH -0.22 -0.17 -0.05 -09ZF -0.97 005 -022 -0.14 -0.08
OCHs -0.12 -0.04 -0.08 -0.78 -065 -0.13 -0.12 -0.04 -0.0
OGsHs 0.05 0.08 -0.03 -0.53 -0.36 -0.17 0.05 006 -0.0
OCOCH  0.16 0.10 -019 -030 011 0.16 0.08
SH 006 000 006 -0.03% —056 0.06 -0.01 0.07
SCH 0.06 -0.05 -0.60 -0.67 0.07 0.06 -0.04 0.10
F 0.15 021 -0.06 -0.07 -0.03 -0.04 015 016 -0.0
cl 024 028 -0.04 0.11 012 -0.01 024 021 0.0
Br 0.26 0.30 -0.04 0.15 0.17 -0.02 026 023 0.0
| 028 024 0.04 0.13 002 011 028 018 0.1
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TasLE Il
(Continued
op % %
Substituent
ref’® AISE A ref’® AISE A ref’® AISE A
Class Il

CN 0.67 0.73 -0.06 0.67 0.70 -0.03 0.99 1.02 -0.0
CHO 0.47 0.55 -0.08 0.47 0.55 -0.08 0.94 0.88 0.0
COCH; 0.49 0.43 0.06 0.49 0.44 0.05 0.82 0.78 0.0«
CONH 0.31 0.38 -0.07 0.31 0.40 -0.09 0.62 0.74 -0.1.
COOH 0.44 0.40 0.04 0.44 0.42 0.02 0.78 0.76 0.0
COOCH; 0.45 0.41 0.04 0.45 0.43 0.02 0.74 0.77 -0.0:
COOGHs 0.45 0.40 0.05 0.45 0.42 0.03 0.74 0.76  -0.0:
NO2 0.78 0.83 -0.05 0.78 0.79 -0.01 1.25 111 0.1
SOCH3 0.72 0.76 —0.04 0.72 0.73 -0.01 1.05 1.05 0.0
SONH, 0.58 0.60 -0.02 0.58 059 -0.01 0.89 0.92 -0.0

2 Estimate.” Values taken from reéf. ¢ Values taken from ref. ¢ Values from literature not includec
in the regression.

constants the effect of conjugation of reaction centre with aromatic nucleus shot
eliminated, theog values of alkyl groups should be proportional (say with a facto
1.14) to the substituent constants fromataposition. In reality, however, this is not th
fact, and the electron-donor character of alkyl groups, expressed in the vahge
substituent constant (and similady), seems to be overestimated. Similar situatior
encountered with the series of class Il substituents having mesomeric effects. I
trast to theo, scale, a relatively good agreement was observed with the substit
NHCOCH;, OGHs, OCOCH,;, and SH. This, however, cannot be stated about O
group. Probably, the effect of mesomeric conjugation with reaction centre is not
eliminated in this case. Among the class Ill substituents the deviating ones in
CHO and CONH, the reasons of the differences found being obviously identical
those in theo, scale.

The differences between the literature values and predicted valwgssabstituent
constants are the highest out of all the scales discussed (Table Ill, Fig. 3). Pr
there are several reasons. The first reason is the small number of reliable expel
applicable to the adjustment of substituent constants. The second reason (cor
with the first one) is the variable measure of direct conjugation of the reaction c
with substituent in various chemical models. A far from negligible reason is that c
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effect of medium, especially solvatinin the model experiments. From the point
view of application of the AISE approach, there can even be some other excep
effects operating. The reasons mentioned result in such differences between tt
rature values as e.g. those found with the pairg &itdl N(CH), or SH and SCHl If
we exclude the deviating points, the straight line delimiting the behaviour of the
Il substituents is unambiguously defined (Fig. 3).

An especially interesting feature of the last scale studied is the behaviour ¢
electron-acceptor substituents (Table IlI, Fig. 3). The differences found withr&uifp
(which belongs to class | in the terms of AISE) are obviously due to hyperconjug:
The deviations observed with CONENd NQ substituents can be ascribed to speci
solvation. In the first case, a partial transfer of hydrogen to solvent (in the for
hydrogen bond) will decrease the electron-acceptor nature of the substituents, w
in the second case the opposite process will increase the same property. The
polarity cannot be neglected either.

In conclusion it can be stated that the scale of basic substituents used in the
mett-type equations can be quantitatively described on the basis of Alternative Int
tation of Substituent Effects. The found differences between literature dats
predicted values exceeding the current measure of reliability of substituent con
are probably due first to unreliability of some literature data and next to solvent e
and (in some cases) specific properties of substituents.
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