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Abstract: Solvent effects on the reactivity of cycloalkenecarboxylic, cycloalke-
neacetic, 2-substituted cyclohex-1-enecarboxylic, 2-substituted benzoic, 2-sub-
stituted cyclohex-1-eneacetic, 2-substituted phenylacetic, 2-phenylcyclohex-1-
enecarboxylic, 2-phenylbenzoic and 2-phenylacrylic acids with diazodiphe-
nylmethane (DDM) were investigated. In order to explain the kinetic results
through solvent effects, the second-order rate constants for the reaction of the
examined acids with DDM were correlated using the Kamlet-Taft solvato-
chromic equation. The correlations of the kinetic data were realized by means
of multiple linear regression analysis and the solvent effects on the reaction
rates were analyzed in terms of the contributions of the initial and the transition
state. The signs of the equation coefficients support the proposed mechanism.
Solvation models for all the investigated acids are suggested. The quantitative
relationship between the molecular structure and the chemical reactivity is also
discussed.

Keywords: carboxylic acids; linear solvation energy relationship; diazodiphe-
nylmethane; aprotic solvents; protic solvents.
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1336 USCUMLIC and NIKOLIC

1. INTRODUCTION

The effect of different solvents on the rates of chemical changes was one of
the earliest kinetic problems to be studied.!-3 The development of correlation
analysis in the area of solvent effects has proved to be a slow and difficult pro-
cess and only within the last 20 years has there been any considerable progress.
Application of the techniques of multiple regression has proved to be strikingly
successful and has greatly increased the understanding of the role of the solvent.
Over the years, two main methods for the examination of the solvent effects on
the reaction rates have been developed. First, the rate constants, either as log k or
as AG" may be correlated with a physical parameter characteristic of the solvent,
for example dielectric constant, solubility parameter, viscosity, efc., or with an
empirical solvent parameter, such as Y, Z, etc.4© This type of analysis has been
extended to multiple linear correlations with a number of solvent parameters,
notably by Shorter et al.” on the reaction of diazodiphenylmethane (DDM) and
benzoic acid and more generally by Koppel and Palm® and by Kamlet and Taft
and their co-workers.9~11 In the second method, the solvent effect on log k or(][]
AG?" is dissected into contributions of the reactants (initial state) and the tran-
sition state, followed, where possible, by a comparison of solvent effects on the
transition state with solvent effects on solutes that might function as suitable
models for the transition state. This method has been applied not only to a num-
ber of standard organic reactions but also to organometallic and inorganic reactions.

Two groups of workers set out general equations for the correlations of sol-
vent effects through multiple regression analysis. Koppel and Palm8 used the
four-parameter Eq. (1):

log k =log ko + gf(€) + pfin) + eE + bB €))

in which f{€) is a dielectric constant function, usually O = (¢— 1)/A2¢& +1), fin) is
a refractive index function, (n2 — 1)/(n? + 2), and E and B are measures of the
electrophilic and nucleophilic solvation ability of the solvent, respectively.
Koppel and Palm8 and later Shorter et al.” quite successfully applied Eq. (1) to a
variety of reaction types.

The Kamlet and Taft group of workers!! used the alternative Eq. (2):

logk=Ayg+sn*+ao+bf )

in which 7* is a measure of solvent dipolarity/polarizability, S represents the
scale of the solvent hydrogen bond acceptor basicity, & represents the scale of the
solvent hydrogen bond donor acidity and Ay is the regression value of the solute
property in the reference solvent, cyclohexane. The regression coefficients s, a
and b measure the relative susceptibilities of the solvent-dependent solute pro-
perty (log k or as AG™) to the corresponding solvent parameters. Both Eq. (1) and
Eq.(2) are general enough to be applied to almost any type of reaction. However,
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REACTIVITY OF CARBOXYLIC ACIDS WITH DIAZODIPHENYLMETHANE 1 3 3 7

as will be shown, there are considerable advantages to be gained by the use of
Eq. (2).12

This review demonstrates how the linear solvation energy relationship
(LSER) method can be used to explain and present the multiple interacting ef-
fects of the solvent on the reactivity of carboxylic acids in their reaction with
DDM. The solvent effects on the reaction rates were analyzed in terms of the
contributions of the initial and the transition state. The quantitative relationship
between the molecular structure and the chemical reactivity is discussed.

2. HYDROXYLIC SOLVENT EFFECTS ON THE KINETICS OF THE REACTION OF
CARBOXYLIC ACIDS WITH DIAZODIPHENYLMETHANE

The reactivity of carboxylic acids with diazodiphenylmethane (DDM) is clo-
sely related to the molecular structure of the acid and the solvent present. The
main advantage that makes this esterification convenient for examining the in-
fluence of the solvent and structure on the reactivity of the carboxylic acid is that
a catalyst is not necessary for this reaction. It may vary in rate, but it occurs
without any additional support and it follows second-order kinetics in protic and
aprotic solvents.!3:14 The mechanism of this reaction has been thoroughly exa-
mined!5-17 and it was established that the rate-determining step involves a pro-
ton transfer from the carboxylic acid to DDM, whereby a diphenemethane-
diazonium—carboxylate ion pair is formed, which rapidly reacts to give esters in
the subsequent product-determining step (or ethers in the case of hydroxylic
solvents):

Ph,CN, + RCOOH — Ph,CHN,"~0,CR

In previous studies, the reactivity of 2-substitutedcyclohex-1-enecarboxylic
acids,18-20 2_substitutedbenzoic acids,!3:14.18-20 2_gubstitutedcyclohex-1-ene-
acetic acids,21-23 2-substitutedphenylacetic acids,2!-23 cycloalkanecarboxylic
acids, 2426 cycloalkenecarboxylic acids,?5-27:28 cycloalkeneacetic acids,?!-28.29
2-(4-substitutedphenyl)cyclohex-1-enecarboxylic  acids,30-35  2-(4-substituted
phenyl)benzoic acids35-38 and 2-(4-substitutedphenyl)acrylic acids33:3940 with
DDM in various alcohols were investigated. The rate data for these acids were
correlated with the simple and extended Hammett equations. The results showed
that linear free energy relationships (LFER) are applicable to the kinetic data for
the investigated acid systems. In recent papers,23-25,28 hydroxylic solvent effects
were examined on the reaction of the same carboxylic acids with DDM by means
of the linear solvation energy relationship (LSER) concept, developed by Kamlet
and Taft.?

The correlation equations obtained by stepwise regression for all the exa-
mined acids showed that the best approach, which helps the understanding of the
hydroxylic solvent effects in the reaction, lies in the separate correlations of the
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1338 USCUMLIC and NIKOLIC

kinetic data with the hydrogen bond donating (HBD) and hydrogen bond accept-
ing (HBA) ability of a solvent (Egs. (3a—3p)). The correlations are as follows:
Cyclopent-1-enecarboxylic acid:

log k=-1.93+(1.03 £ 0.23)7* + (1.43 £ 0.53)a (3a)
R=0.977,5s=0.08,n =17,
log k=-0.31+(0.63 £ 0.31)z* — (1.06 + 0.36)8 (3b)

R=0981,5s=0.072,n="1.
Cyclohex-1-enecarboxylic acid:

log k=-1.92 + (1.05 + 0.23)7* + (1.30 = 0.52)a (3¢)
R=0.977,5=0.077, n =7,
log k =—0.06 + (0.79 + 0.38)7* — (0.83 + 0.46)8 (3d)

R=0.970,5=10.089,n="1.
Cyclohept-1-enecarboxylic acid:

logk=-1.91+(1.06 £ 0.22)z* + (1.16 £ 0.51)a (3e)
R=0977,s=0.070,n =17,
log k=-0.35+(0.98 £ 0.48)x* — (0.66 + 0.44)8 (39)

R=0.960,5s=0.090,n="17.
Cyclopent-1-eneacetic acid:

log k= —3.56 + (0.80 £ 0.33)* + (3.74 + 0.75)a: (3g)
R=0.980,5=0.110,n=7;
log k=1.91—(2.47 £ 0.31)8 (3h)

R=0.963,5s=0.133,n="1.
Cyclohex-1-eneacetic acid:

log k=-3.33 + (0.75 £ 0.41)z* + (3.91 + 0.94)ct (3i)
R=0.960, s=0.140, n=7;
log k= 1.66 — (2.26 = 0.36)8 3i)

R=0.940,5=0.150,n="1.
Cyclohept-1-eneacetic acid:

log k=-3.12 + (0.67 + 0.42)7* + (3.13 = 0.96)ax (3k)
R=0.950, 5 =0.140, n = 7;
log k= 1.44 — (2.06 + 0.35)8 31)

R=0.930,5s=0.150,n="17.
Benzoic acid:

log k=-2.87 + (0.83 + 0.36)7* + (3.02 = 0.73)a: (3m)
R=0.975,5=0.103,n=7;
log k= 1.69 — (2.07 £ 0.29)8 (3n)

R=00954,5=0.124,n="17.
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Phenylacetic acid:

log k=248 + (0.85 £ 0.31)7* + (2.59 + 0.71)at (30)
R=0.972,5=0.105,n="7;
log k=170 — (1.99 £ 0.27)8 (3p)

R=0.950,5=0.120,n="17.

As the solvent effects on the examined reaction could not be clearly pre-
sented when all the solvent properties were taken together, an attempt was made
to separate them into those that stabilize the transition state and those that in-
fluence the ground state before the reaction starts. Taking into consideration the
reaction mechanism (Fig. 1), it can be noticed that, because of the charge sepa-
ration in the transition state, a solvent of high polarity can stabilize this state,
making the reaction faster; the electrophilic ability of a solvent can have a similar
effect, affecting the carboxylic anion which also exists in the transition state. On
the contrary, the nucleophilic solvating ability can be prominent in the ground
state, stabilizing the carboxylic proton and, hence, retarding the reaction.

T l 0 |
Ph R |
Nz_C/ + B Lo—mNEL ot C—n N*iﬁc—H + 0—C—»>PRODUCTS

N SN N

Ph ¢} Ph
) )
Nucleophilic Electrophilic
solvation solvation

Fig. 1. The effects of the solvent on the mechanism of the reaction of
carboxylic acids with DDM.

Multiple linear regression analysis (MLRA) is very useful in separating and
quantifying such interactions on the examined reactivity. The first comprehensive
application of multiple linear regression analysis to kinetic phenomena was that
of Koppel and Palm® who listed regression constants for the simple Koppel-Palm
equation for various processes. Aslan et al.!4 showed that correlation analysis of
the second-order rate constants for the reaction of benzoic acid with DDM in
hydroxylic solvents did not give satisfactory results with the Koppel-Palm
mode.8 They came to the conclusion that the possibility of Koppel-Palm analysis
of data related to protic solvents depends on the fitting of the data in a regression
with the main lines being determined by a much larger number of aprotic sol-
vents.

These results point to a rather complex influence of hydroxylic solvents on
the rate constants of the reaction between carboxylic acids and DDM. In these
amphiprotic solvents, the complications can be caused by self-association type-AB
hydrogen bonding, and multiple type-A and type-B interactions. In type-A hyd-
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1340 USCUMLIC and NIKOLIC

rogen bonding, the solute acts as a HBA base and the solvent as a HBD acid. In
type-B hydrogen bonding, the roles are reversed. Type-AB represents hydrogen
bonding in which the solute acts as both a HBD acid and a HBA base, associating
with at least two molecules of amphiprotic solvent in a probably cyclic complex.
The obtained satisfactory results of the correlations of the kinetic data of exa-
mined acids by Kamlet-Taft equations with separate HBD and HBA abilities of
the solvent, presented in this review, indicate that the selected model was correct.
This means that this model gives a detailed interpretation of the solvating effects
of the carboxylic group in different hydroxylic solvents. In these circumstances
where both the solvent and solute are hydrogen bond donors, it has been proven
to be quite difficult to untangle solvent dipolarity/polarizability, type-B hydrogen
bonding and variable self-association effects from the usual multiple type-A hyd-
rogen bonding interactions.

3. THE KAMLET-TAFT METHOD FOR THE EXAMINATION OF SOLVENT EFFECTS
ON THE REACTIVITY OF CARBOXYLIC ACIDS WITH DIAZODIPHENYLMETHANE

Kamlet et al.’ established that the effect of a solvent on the reaction rate
should be given in terms of the following properties: i) the behavior of the sol-
vent as a dielectric, facilitating the separation of opposite charges in the transition
state, ii) the ability of the solvent to donate a proton in a solvent-to-solute hyd-
rogen bond and thus stabilize the carboxylate anion in the transition state and iif)
the ability of the solvent to donate an electron pair and therefore stabilize the
initial carboxylic acid, by way of a hydrogen bond between the carboxylic proton
and the solvent electron pair. The parameter z* is an appropriate measure of the
first property, while the second and the third properties are governed by the
effects of the solvent acidity and basicity, quantitatively expressed by the para-
meters & and f3, respectively. The solvent parameters (z*, o and ) for hydrogen
bond donor and non-hydrogen bond donor solvents (Eq. (2)) taken from the
literature!! are given in Table I. The linear dependence (LSER) on the solvent
parameters were used to correlate and predict a wide variety of solvent effects, as
well as to provide an analysis in the terms of knowledge and the theoretical
concepts of molecular structural effects.”

To the best of our knowledge, the influence of aprotic solvents on the reac-
tivity of carboxylic acids with DDM using the Kamlet-Taft treatment has not
hitherto been systematically presented, except for benzoic acid.”

In recent papers,*1-44 the effects of a set of 12 aprotic and 3 protic solvents
on the reaction of various carboxylic acids with DDM was examined by means of
the linear solvation energy relationship (LSER) concept developed by Kamlet
and Taft? (Eq. (2)). The correlation equations obtained by stepwise regression for
all the examined acids showed that the total solvatochromic equation can be used
in its complete form, without the separation of effects supporting the transition
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REACTIVITY OF CARBOXYLIC ACIDS WITH DIAZODIPHENYLMETHANE 1 341

state (solvent polarity and hydrogen bond donating ability) and the ground state
(hydrogen bond accepting ability).

TABLE L. Solvent parameters'!

Solvent * a p

Methyl acetate 0.60 0.00 0.42
Cyclohexanone 0.76 0.00 0.53
Diethyl ketone 0.72 0.00 0.45
Carbon tetrachloride 0.28 0.00 0.00
Chloroform 0.58 0.44 0.00
Ethyl acetate 0.55 0.00 0.45
Cyclopentanone 0.76 0.00 0.52
Dioxane 0.55 0.00 0.37
Acetonitrile 0.85 0.19 0.31
Acetone 0.72 0.08 0.48
Methanol 0.60 0.93 0.62
Ethanol 0.54 0.83 0.77
Ethylene glycol 0.92 0.90 0.52
Dimethyl sulfoxide 1.00 0.00 0.76
Tetrahydrofuran 0.58 0.00 0.55

The present review demonstrates how the linear solvation energy relation-
ship method can be used to unravel, quantify, correlate and rationalize the mul-
tiple interacting effects of the selected solvent set on the reactivity parameters of
carboxylic acids in their reaction with DDM.

3.1. Cycloalkenecarboxylic and cycloalkeneacetic acids

The values of the second-order rate constants for the reaction of cycloalkene-
carboxylic, cycloalkeneacetic, benzoic and phenylacetic acids with DDM in 12
aprotic solvents and 3 protic solvents are given in Tables II and III.

The obtained results show that the rate constants increase with increasing
solvent polarity. This is in accordance with the supposed mechanism of the re-
action,15-17,45,46

The exceptionally high value of the reaction rate constant in chloroform
could be explained by the low polarity of this solvent (z* = 0.58) and the com-
plete lack of proton acceptor effects, because of which the carboxylic acid dis-
solved in it exists in the form of dimers.#> The dimer can appear in two forms,
i.e., a cyclic (I) and an open (II) form, which is a very reactive form because it
can easily loose a proton and convert into a resonance-stabilized anion (III) (Fig.
2). As the carboxylic anion is the reacting form in this system, it continuously
converts into products and this is the probable reason why the open chain dimer,
which stabilizes the anion, is the dominant form.

In aprotic solvents of higher polarity, where the proton-acceptor effect
exists, solvation of a dissolved acid does not allow the formation of any kind of
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1342 USCUMLIC and NIKOLIC

TABLE 1II. Second-order rate constants, dm3 mol! min’!, for the reaction of cycloalkene-
carboxylic acids and benzoic acid with diazodiphenylmethane at 30 °C in various solvents

Cyclopent-1-ene- Cyclohex-1-ene- Cyclohept-1-ene-

Solvent -carboxylic acid -carboxylic acid -carboxylic acid Benzoic acid
Methyl acetate 0.044 0.032 0.031 0.260
Cyclohexanone 0.028 0.020 0.019 0.220
Diethyl ketone 0.073 0.053 0.051 0.265
Carbon tetrachloride 0.399 0.329 0.286 0.638
Chloroform 5.373 4.335 3.378 12.30
Ethyl acetate 0.038 0.025 0.016 0.180
Cyclopentanone 0.036 0.025 0.025 0.293
Dioxane 0.088 0.065 0.062 0.058
Acetonitrile 0.430 0.318 0.199 3.730
Acetone 0.059 0.048 0.039 0.350
Methanol 1.106 0.818 0.654 2.470
Ethanol 0.534 0.417 0.332 0.995
Ethylene glycol 2452 1.962 1.570 4.020
Dimethyl sulfoxide 0.012 0.008 0.007 0.141
Tetrahydrofuran 0.027 0.019 0.016 0.105

TABLE III. Second-order rate constants, dm3 mol™! min'!, for the reaction of cycloalkene-ace-
tic acids and phenylacetic acid with diazodiphenylmethane at 30 °C in various solvents

Solvent Cyclopent-1-ene-  Cyclohex-1-  Cyclohept-1-ene- Phenylacetic

acetic acid -eneacetic acid acetic acid acid
Methyl acetate 0.181 0.144 0.098 0.132
Cyclohexanone 0.187 0.149 0.102 0.153
Diethyl ketone 0.268 0.214 0.148 0.279
Carbon tetrachloride 2.161 1.759 1.299 6.628
Chloroform 46.06 37.84 29.02 613.0
Ethyl acetate 0.036 0.028 0.017 0.210
Cyclopentanone 0.139 0.110 0.074 0.117
Dioxane 0.319 0.255 0.177 0.169
Acetonitrile 1.535 1.294 0.972 8.919
Acetone 0.246 0.194 0.146 0.233
Methanol 2.237 1.652 1.299 2.539
Ethanol 0.828 0.659 0.614 1.139
Ethylene glycol 4.080 3.020 2.237 5.049
Dimethyl sulfoxide 0.031 0.024 0.016 0.014
Tetrahydrofuran 0.071 0.056 0.039 0.057

dimer or, therefore, of the anion (III). Taking this into consideration, there still
remains the question of why the reaction of carboxylic acids and DDM in other
non-polar solvent, carbon tetrachloride for example (z* = 0.28) does not proceed
as fast as in chloroform. The answer could be found in the fact that the structure
of chloroform includes a hydrogen atom bonded to a carbon surrounded by three
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REACTIVITY OF CARBOXYLIC ACIDS WITH DIAZODIPHENYLMETHANE 1 343

electronegative chlorine molecules — therefore it has a proton-donating effect,
which accelerates the reaction (o= 0.44).

o—C
O-H. R s -H TR
C—0., ——tlilm R OO0
I I
C
0
oM
0--H
(JII‘ ®
R/ C_\'.::Ej
m

Fig. 2. Different forms of dimers of carboxylic acids that exist in non-polar aprotic solvents.

It is interesting to compare the differences in the rate constants for examined
acids because strain effects due to the endocyclic double bond are responsible for
prominent changes in the acid reactivity. The presence of a double bond in a five-
membered ring leads to a “tension” in the system, which is in a six-membered
ring, for example, relieved by folding of the molecule into the “half-chair”
conformation — in a five-membered one, there is no similar effect. It was found
that the cyclopentene acids have higher rate constants than the corresponding
cyclohexene acids (Tables II and III). Cyclohept-1-enecarboxylic and cyclohept-
-1-eneacetic acids have slightly lower rate constants than the other two men-
tioned acid systems, which is probably due to the fact that even the slight strain
present in the cyclohexene acid systems is absent from the larger seven-mem-
bered rings.

The rate constants for cycloalkeneacetic acids (Table III) in all the employed
solvents were higher than those for cycloalkenecarboxylic acids in the corres-
ponding alcohols. This is in accordance with the fact that the resonance interac-
tion between the double bond and the carbonyl group in the cycloalkenecarbo-
xylic acids causes a decrease in the acid strength.

In order to explain the obtained kinetic results through the solvent polarity
and basicity or acidity, the rate constants were correlated with the solvatochromic
parameters 7%,  and A1 using the total solvatochromic equation, Eq. (2). The
correlations of the kinetic data were realized by means of multiple linear reg-
ression analysis. It was found that the rate constants in fifteen solvents showed
satisfactory correlation with the 7*,or and [ solvent parameters. The obtained
correlation results are as follows:
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1344 USCUMLIC and NIKOLIC

Cyclopent-1-enecarboxylic acid:

log k=-0.46 + (0.42 £ 0.18)7* + (2.04 £ 0.08)r— (2.47 £ 0.19)8  (4a)
R=0.992,5=0.13,n = 15.

Cyclohex-1-enecarboxylic acid:

log k=-0.57 + (0.41 £ 0.19)7* + (2.09 £ 0.08)r— (2.54 £ 0.16)  (4b)
R=0.992,5=0.11,n = 15.

Cyclohept-1-enecarboxylic acid:

log k=-0.63 + (0.36 + 0.22)7* + (2.03 £ 0.09)r— (2.47 £ 0.18)8  (4c)
R=0.989, s=0.13,n = 15.

Cyclopent-1-eneacetic acid:

log k=0.18 + (0.76 + 0.41)7* + (1.88 + 0.18)cr— (3.22 £ 0.34)8  (4d)
R=0.968, s=0.24, n = 15.

Cyclohex-1-eneacetic acid:

log k= 0.09 + (0.77 + 0.42)7* + (1.86 + 0.18)cr— (3.25+ 0.35)8  (4e)
R=0.966,s=0.25,n= 15.

Cyclohept-1-eneacetic acid:

log k=-0.02 + (0.70 £ 0.47)7* + (1.95 £ 0.20)r— (3.25 £ 0.39)F (4
R=0.961,5s=0.27,n=15.

Similar results were obtained by correlating the literature kinetic data for
benzoic acid2%47 determined at 37 °C and the kinetic data determined previously
for phenylacetic acid** (Table III). The obtained correlation results are given
below:

Benzoic acid:

log k=-0.58 + (1.43 + 0.44)7* + (1.57 £ 0.19)r— (2.23 £ 0.39)8  (5a)
R =0.940, s=0.26, n = 15.

Phenylacetic acid:

log k=0.82 +(0.92 £ 0.57)7* + (2.27 £ 0.25)r— (4.71 £0.47)F  (5b)
R=0.967,5s=0.33,n=15.

From all the equations above, it can be concluded that the solvent effects
influence the carboxylic acid-DDM reaction by two opposing effects. The oppo-
site signs of the electrophilic and the nucleophilic parameters are in accordance
with the described mechanism (Fig. 1). The positive signs of the s and o coef-
ficients prove that classical solvation and HBD effects dominate the transition
state and increase the reaction rate, and the negative sign of the [ coefficient
indicate that HBA effects stabilize the initial state before commencement of the
reaction and are responsible for a decrease in the reaction rate. The degree of
success of above correlations is shown in Fig. 3 by means of a plot of log & cal-
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3| lak sammal min "= 8.4 2 107+ 1.002 log (v sdm me Mmin ™)
| 17=0880, s=0.18, #=120) .

log (k_, /dm’ mol'min’)

T I T T T I T I T I T 1
-3 -2 -1 1} 1 2 3

log (k __¢dm'mol’min’)

Fig. 3. The plot of log k observed (Tables II and III) against log k calculated from
Eq. (2) for cycloalkenecarboxylic, cycloalkeneacetic, benzoic
and phenylacetic acids in different solvents.

culated vs. log k obtained experimentally for cycloalkenecarboxylic, cycloalke-
neacetic, benzoic and phenylacetic acid in different solvents. From the values of
regression coefficients, the contribution of each parameter to the reactivity, on a
percentage basis, were calculated and are listed in Table IV. The percentage con-
tribution of solvatochromic parameters for the reaction of the examined acids
with DDM, show that most of the solvatochromism is due to solvent basicity and
acidity rather than to the solvent dipolarity/polarizability. Considering these re-
sults, the solvation models of the reactants and the transition states, separately for
cycloalkenecarboxylic and cycloalkeneacetic acids can be represented as:
Cycloalkenecarboxylic acids:

Reactants = Transition state = Products
. HBD and solvation by non-
~ 0
HBA solvation (= 50 %) -specific interactions (= 50 %)
Cycloalkeneacetic acids:

Reactants = Transition state = Products
. HBD and solvation by non-
~ )
HBA solvation (= 55 %) -specific interactions (= 45 %)

The suggested solvation models indicate that the cycloalkeneacetic acid sys-
tem is more sensitive to HBA interactions of the solvent than the cycloalkene-
carboxylic acid system (Table IV) and less sensitive to the HBD ability of the
solvent. This is in accordance with the fact that the resonance interaction between
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the double bond and the carbonyl group in the case of cycloalkenecarboxylic
acids destabilizes the carboxylic anion and causes a stronger solvation of the
transition state in this system than in the case of cycloalkeneacetic acid system.

Table IV. The percentage contributions of the Kamlet-Taft solvatochromic parameters to the
reactivity of various acids

Acid P/ % P,/ % Pgl %
Cyclopent-1-enecarboxylic 9 41 50
Cyclohex-1-enecarboxylic 8 42 50
Cyclohept-1-enecarboxylic 7 42 51
Benzoic 27 30 43
Cyclopent-1-eneacetic 13 32 55
Cyclohex-1-eneacetic 13 32 55
Cyclohept-1-eneacetic 12 33 55
Phenylacetic 12 29 59

3.2. 2-Substituted cyclohex-1-enecarboxylic and 2-substituted benzoic acids

The obtained second-order rate constants for the examined 2-substituted cyc-
lohex-1-enecarboxylic and benzoic acids in 11 aprotic solvents (excluding chlo-
roform), and 3 protic solvents, are given in Tables V and VI, respectively.

TABLE V. Reaction rate constants, dm®> mol"! min!, for the reaction of 2-substituted cyclo-

hex-1-enecarboxylic acids with diazodiphenylmethane at 30 °C in various solvents
2-Methylcy- 2-Ethyley- 2-Chlorocy- 2-Bromocy- 2-Iodocy-
clohex-1-ene- clohex-1-ene- clohex-1-ene- clohex-1-ene- clohex-1-ene-

Solvent carboxylic  carboxylic  carboxylic carboxylic  carboxylic
acid acid acid acid acid
Methyl acetate 0.093 0.095 0.563 0.614 0.642
Cyclohexanone 0.044 0.099 0.531 0.583 0.603
Diethyl ketone 0.064 0.110 0.583 0.634 0.653
Carbon tetrachloride 0.359 0.256 0.795 1.006 1.036
Ethyl acetate 0.058 0.082 0.501 0.574 0.606
Cyclopentanone 0.053 0.108 0.569 0.614 0.658
Dioxane 0.077 0.046 0.554 0.646 0.684
Acetone 0.106 0.116 0.680 0.831 0.891
Methanol 0.567 0.583 2.244 2.321 2.614
Ethanol 0.264 0.278 1.130 1.279 1.470
Dimethyl sulfoxide 0.013 0.060 0.198 0.210 0.230
Tetrahydrofuran 0.027 0.055 0.179 0.191 0.204
Acetonitrile 0.420 0.347 1.580 1.623 1.782
Ethylene glycol 1.631 1.649 5.222 5.169 5.738

The obtained results show that the rate constants increased with increasing
solvent polarity. Comparison of the values of the reaction constants in protic and
aprotic solvents indicates that the examined reaction is slower in aprotic solvents,
which is in accordance with the proposed reaction mechanism.!5-17.45.46
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TABLE VI. Reaction rate constants, dm3 mol! min-!, for the reaction of 2-substituted benzoic
acids with diazodiphenylmethane at 30 °C in various solvents

2-Methylben- 2-Ethylben- 2-Chloroben- 2-Bromoben- 2-Iodobenzoic

Solvent

zoic acid zoic acid zoic acid zoic acid acid
Methyl acetate 0.124 0.130 1.543 1.620 1.720
Cyclohexanone 0.129 0.138 1.393 1.510 1.580
Diethyl ketone 0.157 0.160 1.510 1.690 1.760
Carbon tetrachloride 0.389 0.496 1.200 1.380 1.412
Ethyl acetate 0.094 0.106 1.479 1.480 1.590
Cyclopentanone 0.145 0.154 1.530 1.620 1.780
Dioxane 0.035 0.048 0.750 0.758 0.813
Acetone 0.152 0.170 2.087 2.440 2.680
Methanol 1.860 2.526 12.71 13.75 15.22
Ethanol 0.933 0.986 4.388 5.627 5.960
Dimethyl sulfoxide 0.079 0.072 0.512 0.522 0.586
Tetrahydrofuran 0.060 0.062 0.454 0.464 0.482
Acetonitrile 1.590 1.654 5.852 6.023 6.759
Ethylene glycol 2.590 2.680 10.69 11.08 11.84

The correlations of the kinetic data were realized by means of multiple linear
regression analysis. It was found that the rate constants in the applied set of four-
teen solvents showed satisfactory correlation with the z*, « and f solvent para-
meters together in the same equation. The obtained correlation results are given
in Table VII.

From the values of the regression coefficients, the contributions of each
parameter to the reactivity, on a percentage basis, were calculated and are listed
in Table VIII.

From these results, it can be noticed that the non-specific interactions (7z*)
are less pronounced than the specific (¢ and f) in both carboxylic acid systems.
However, the specific interactions have more influence on the cyclohexene sys-
tem than on the benzoic system. This probably means that the carboxyl group of
the cyclohexene acids is more susceptible to proton-donor and proton-acceptor
solvent effects than the carboxyl group of the benzoic acids.

In order to obtain a complete view of the solvent interactions with the mole-
cules of the examined carboxylic acids, the solvent effects were expressed quan-
titatively for every acid, referring separately to the reactants and the transition
state and the results are given in Table [X.

Higher reaction rates and more pronounced effects of HBD solvation and
non-specific interactions (polarity/polarizability) can be noticed for the halogen-
-substituted acids in both systems. As the negative inductive effect of the halogen
at C-2 stabilizes the carboxylic anion, it supports the transition state, thus accele-
rating the reaction.
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TABLE VII. The results of the correlations of the kinetic data for 2-substituted cyclohex-1-
-enecarboxylic and 2-substituted benzoic acids with Eq. (2)

Acid s* a b R’ s F n’
Cyclohex-1- 0.38+£0.20 2.07+0.09 2.48+0.21 0990 0.11 168 14
enecarboxylic acid
2-Methylcyclohex-1- 0.52+£0.16 1.66+0.07 2.35+0.17 0.989. 0.09 162 14
enecarboxylic acid
2-Ethylcyclohex-1- 0.87+0.21 1.24+0.10 1.51+0.22 0972 0.12 58 14
enecarboxylic acid
2-Chlorocyclohex-1- 0.75+£0.21 1.07+£0.10 1.42+0.22 0960 0.12 39 14
enecarboxylic acid
2-Bromocyclohex-1- 0.64+£022 1.04+0.10 1.42+0.23 0954 0.13 20 14
enecarboxylic acid
2-lIodocyclohex-1- 0.65+£0.22 1.07+£0.10 1.40+0.23 0957 0.13 36 14
enecarboxylic acid
Benzoic acid 1.34+0.47 1.51+0.22 1.98+0.49 0915 026 17 14
2-Methylbenzoic acid 1.05£0.44 1.64+0.20 1.75+0.46 0932 0.25 22 14
2-Ethylbenzoic acid 0.92+0.29 1.81+0.13 1.79+0.31 0973 0.10 75 14

2-Chlorobenzoic acid 0.93+0.19 1.28+0.09 1.33+0.20 0.978 0.10 75 14
2-Bromobenzoic acid 0.83+0.19 1.28+0.09 1.25+0.20 0976 0.11 70 14
2-Todobenzoic acid 0.89+0.19 1.31+£0.09 1.27+0.21 0977 0.11 71 14

“Calculated solvatochromic coefficient; bcorrelation coefficient; “standard deviation of the estimate; dFisher’s
test; “number of points used in the calculation

TABLE VIII. The percentage contributions of Kamlet-Taft’s solvatochromic parameters to
the reactivity for the studied cyclohex-1-enecarboxylic acids and benzoic acids

Acid P! % Pyl % Pyl %
Cyclohex-1-enecarboxylic acid 8 42 50
2-Methylcyclohex-1-enecarboxylic acid 11 37 52
2-Ethylcyclohex-1-enecarboxylic acid 24 34 42
2-Chlorocyclohex-1-enecarboxylic acid 23 33 44
2-Bromocyclohex-1-enecarboxylic acid 21 34 46
2-lodocyclohex-1-enecarboxylic acid 21 34 45
Benzoic acid 28 31 41
2-Methylbenzoic acid 24 37 39
2-Ethylbenzoic acid 20 40 40
2-Chlorobenzoic acid 26 36 38
2-Bromobenzoic acid 25 38 37
2-Iodobenzoic acid 26 38 36

Considering the results presented in Table IX, the solvation models of the
reactants and the transition state, considered separately for the 2-substituted cyclo-
hex-1-enecarboxylic and 2-substituted benzoic acid systems, can be represented as:

2-Substituted cyclohex-1-enecarboxylic acids:

Reactants = Transition state =  Products

. HBD and solvation by non-
~ o
HBA salvation (= 46 %) -specific interactions (= 54 %)
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2-Substituted benzoic acids:
Reactants = Transition state =  Products
. HBD and solvation by non-
~ 0
HBA salvation (= 38 %) -specific interactions (= 62 %)

TABLE IX. The solvent effects for the studied cyclohex-1-enecarboxylic acids and benzoic
acids

HBD solvation (@) +
HBA solvation (f)/ % non-specific interactions

Acid (effect on the reactants) ( 7*)/ % (effect on the
transition state)
Cyclohex-1-enecarboxylic acid 50 50
2-Methylcyclohex-1-enecarboxylic acid 52 48
2-Ethylcyclohex-1-enecarboxylic acid 42 58
2-Chlorocyclohex-1-enecarboxylic acid 44 56
2-Bromocyclohex-1-enecarboxylic acid 46 54
2-lodocyclohex-1-enecarboxylic acid 45 55
Benzoic acid 41 59
2-Methylbenzoic acid 39 61
2-Ethylbenzoic acid 40 60
2-Chlorobenzoic acid 38 62
2-Bromobenzoic acid 37 63
2-lodobenzoic acid 36 64

The results presented here show that the proton-acceptor solvent effects are
somewhat more pronounced in the ground state for cyclohex-1-enecarboxylic
acid and its 2-substituted derivatives than for benzoic acids, supporting the fact
that the reaction rates were higher for the benzoic acids. The dominant solvent
effects for the benzoic acid type are proton-donor and non-specific interactions,
characteristic for the transition state. This fact is likely to be a consequence of the
degree of conjugation of the carboxylic group of the benzoic acids with the ring;
in other words, the charge distribution in the carboxylic group, which is the result
of the conjugation, makes the anion more stable and, therefore, the reaction fast-
er. However, a more general conclusion that arises from these results is that the
substituents at the C-2 position in both carboxylic acid types have a secondary
influence on the reaction with DDM, and seem not to cause steric hindrance be-
tween the reactants and the solvent. The principal influences on these reaction
rates are apparently the properties of the solvent and the general form of the mo-
lecule of the carboxylic acid.

3.3. 2-Substituted cyclohex-1-eneacetic and 2-substituted phenylacetic acids

The values of second-order rate constants for the reaction of the examined
2-substituted cyclohex-1-eneacetic and 2-substituted phenylacetic acids with DDM
in 11 aprotic and 3 protic solvents are given in Tables X and XI.
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TABLE X. The second-order rate constants, dm3 mol-! min’!, for the reaction of 2-substituted
cyclohex-1-eneacetic acids with diazodiphenylmethane at 30 °C in various solvents

2-Methyl- ~ 2-Ethyl-  2-Chloro- 2-Bromo- 2-lodocy-  2-Nitro-
cyclohex-1- cyclohex-1- cyclohex-1- cyclohex-1- clohex-1- cyclohex-1-

Solvent . . . . . .
-eneacetic  -eneacetic  -eneacetic  -eneacetic  -eneacetic  -eneacetic
acid acid acid acid acid acid
Methyl acetate 0.087 0.092 0.285 0.290 0.331 1.461
Cyclohexanone  0.092 0.097 0.286 0.289 0.329 1.357
Diethyl ketone 0.133 0.141 0.406 0.411 0.467 1.880
Carbon 1.117 1.178 3.251 3.251 3.716 14.13
tetrachloride
Ethyl acetate 0.078 0.083 0.249 0.251 0.288 1.230
Cyclopen- 0.066 0.071 0.216 0.217 0.251 1.096
tanone
Dioxane 0.077 0.081 0.229 0.229 0.262 1.020
Acetonitrile 0.803 0.849 2.469 2.472 2.841 11.57
Acetone 0.118 0.125 0.380 0.385 0.440 1.898
Methanol 0.890 0.942 2.479 2.669 3.212 9.682
Ethanol 0.350 0.362 0.963 1.080 1.269 4.230
Ethylene glycol 1.550 1.607 3.775 4.197 4.932 12.36
Dimethyl 0.018 0.019 0.038 0.042 0.067 0.242
sulfoxide
Tetrahydro- 0.034 0.036 0.111 0.117 0.129 0.578
furan

In order to explain the obtained kinetic results through solvent dipolarity/po-
larizability and basicity or acidity, the rate constants were correlated with the sol-
vatochromic parameters 7*,c and 3,11 using the total solvatochromic equation,
Eq. (2). The correlations of the kinetic data were realized by means of multiple
linear regression analysis. It was found that the rate constants in the 14 selected
solvents showed satisfactory correlation with the 7%, & and S solvent parameters.
The obtained correlation results are given in Tables XII and XIII.

The percentage contribution of each solvent effect for each acid is given in
Table XIV. The specific interactions, the HBA and HBD effects, are dominant
and have a rather similar share for both acid types, but the classical solvation
effects are somewhat higher for the phenylacetic acids, especially for its halogen-
and nitro-substituted derivatives. To obtain a complete view of the solvent inter-
action with the molecules of the examined acids, the solvent effects are expressed
quantitatively for both carboxylic acid systems and the ground and the transition
state are referred to separately.

2-Substituted cyclohex-1-eneacetic acids:

Reactants = Transition state = Products
HBA solvation (= 57 %) HBD and solvation by non-
-specific interactions (= 43 %)
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TABLE XI. The second-order rate constants, dm3 mol-! min-!, for the reaction of 2-substituted
phenylacetic acids with diazodiphenylmethane at 30 °C in various solvents

2-(2-Methyl- 2-(2-Ethyl- 2-(2-Chloro- 2-(2-Bromo-  2-(2-  2-(2-Nitro-
phenyl)acetic phenyl) phenyl) phenyl)  Todophe- phenyl)

Solvent acid acetic acid acetic acid -acetic acid nyl)acetic acetic acid
acid
Methyl acetate 0.063 0.066 0.169 0.182 0.198 0.290
Cyclohexanone 0.089 0.096 0.232 0.240 0.252 0.316
Diethyl ketone 0.165 0.168 0.358 0.364 0.376 0.560
Carbon tetra- 4.041 5.153 7.816 7.880 8.126 12.86
chloride
Ethyl acetate 0.109 0.124 0.273 0.286 0.294 0.462
Cyclopentanone 0.058 0.061 0.157 0.184 0.199 0.264
Dioxane 0.102 0.140 0.239 0.248 0.259 0.342
Acetonitrile 3.802 3.955 10.57 11.03 11.16 16.28
Acetone 0.101 0.113 0.348 0.360 0.384 0.486
Methanol 2.420 2.460 3.329 3.500 3.790 5.110
Ethanol 1.010 1.020 1.440 1.559 1.670 2.470
Ethylene glycol 5.333 5.457 6.761 7.261 8.035 8.750
Dimethyl sul- 0.008 0.007 0.021 0.034 0.040 0.164
foxide
Tetrahydrofuran 0.033 0.033 0.092 0.098 0.134 0.198

TABLE XII. The results of the correlations of the kinetic data for 2-substituted cyclohex-1-
-eneacetic acids with Eq. (2)

Acid 5 a’ b R & F
Cyclohex-1-eneacetic acid 0.40+£0.21 1.67£0.10 2.73+0.22 0.985 0.12 112 14
2-Methylcyclohex-1-eneacetic  0.50+0.25 1.61+0.12 2.71+0.28 0.977 0.14 71 14
acid

2-Ethylcyclohex-1-eneacetic 0.50+£0.25 1.60£0.12 2.70+0.27 0.977 0.14 70 14
acid

2-Chlorocyclohex-1-eneacetic  0.38 £0.28 1.55+0.13 2.72+0.30 0.972 0.16 55 14
acid

2-Bromocyclohex-1-eneacetic  0.39+0.28 1.58+0.13 2.67+0.29 0.973 0.16 59 14
acid

2-Todocyclohex-1-eneacetic 0.46£0.26 1.57+0.12 2.60+0.28 0.975 0.15 63 14
acid

2-Nitrocyclohex-1-eneacetic 0.36+0.30 1.58+0.14 2.50+0.32 0.962 0.17 41 14
acid

Calculated solvatochromic coefficient; bcorrelation coefficient; “standard deviation of the estimate; dFisher’s
test; “number of points used in the calculation
2-Substituted phenylacetic acids:

Reactants = Transition state =  Products
HBA solvation (= 58 %) HBD and solvation by non-
-specific interactions (= 42 %)
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TABLE XIII. The results of the correlations of the kinetic data for 2-substituted phenylacetic
acids with Eq. (2)

Acid s a' b R & F i
Phenylacetic acid 0.66+0.52 2.08+£0.24 3.99+0.55 0.952 0.29 32 14
2-(2-Methylphenyl)acetic

acid 0.55+£0.47 2.36+£0.22 3.93£049 0.966 026 47 14
2-(2-Ethylphenyl)acetic acid 0.45+0.45 2.35+0.21 4.04+0.48 0.969 0.25 51 14
i;fi'Chlomphenyl)ace“c 0.67+049 2.03+023 3.85+0.52 0983 0.12 96 14
i;%‘BmmOphenyl)acetw 0.76+ 047 198+022 3.71+0.50 0954 028 34 14
2-(2-Iodophenyl)acetic acid  0.75+0.46 1.96+0.21 3.61 £0.48 0.952 0.26 35 14
2-(2-Nitrophenyl)acetic acid  0.82 £ 0.54 1.79+£0.25 3.31+£0.56 0.929 0.30 22 14

“Calculated solvatochromic coefficient; bcorrelation coefficient; “standard deviation of the estimate; dFisher’s
test; “number of points used in the calculation

TABLE XIV. The percentage contributions of the Kamlet-Taft solvatochromic parameters to
the reactivity

Acid P! % Pyl % Pyl %
Cyclohex-1-eneacetic acid 8 35 57
2-Methylcyclohex-1-eneacetic acid 10 33 57
2-Ethylcyclohex-1-eneacetic acid 10 33 57
2-Chlorocyclohex-1-eneacetic acid 8 33 59
2-Bromocyclohex-1-eneacetic acid 8 34 58
2-lodocyclohex-1-eneacetic acid 10 34 56
2-Nitrocyclohex-1-eneacetic acid 8 36 56
Phenylacetic acid 10 31 59
2-(2-Methylphenyl)acetic acid 8 35 57
2-(2-Ethylphenyl)acetic acid 7 35 58
2-(2-Chlorophenyl)acetic acid 10 31 59
2-(2-Bromophenyl)acetic acid 12 31 57
2-(2-Iodophenyl)acetic acid 12 31 57
2-(2-Nitrophenyl)acetic acid 14 30 56

It can be noticed that the two examined carboxylic acid types behave simi-
larly, as can be seen from the distributions of solvent effects that are practically
the same. However, the more general conclusion that arises from these results is
that the substituents at the C-2 position in both carboxylic acid types have a very
weak influence on the solvation effects during reaction with DDM. The phenyl-
acetic acids are somewhat faster than the corresponding cyclohexeneacetic ones,
which makes sense, as their structure is more approachable for the other reactant
as well as for solvent, but there seems to be no great difference. On the contrary,
in the case of the o,funsaturated cyclic carboxylic acids there was a conside-
rable difference between the reaction rate constants of benzoic and cyclohex-1-
-enecarboxylic acids regardless of the presence of substituents.#243 In other
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words, the ring type determines the reactivity of a carboxylic acid. For f,j¢un-
saturated acids, the ring is sufficiently far removed from the reaction center (the
carboxylic group) to have much influence on it, hence the steric and electronic
effects of substituents in the yposition are more visible. Regarding the geometric
properties, the 2-substituted cyclohex-1-eneacetic acids and 2-substituted phenyl-
acetic acids have similar torsion angles, as well as the reactivity, but the o,f-un-
saturated cyclic carboxylic acids (benzoic and cyclohex-1-enecarboxylic) have
completely a different geometry and, subsequently, behave differently in the same
reaction. The torsion angle (C,—C3—Cy) for benzoic acid is —16.60° and for cyclo-
hex-1-enecarboxylic acid 142.0°. Their values are very different and the carbo-
xylic groups are orientated in opposing directions.*3

3.4. 2-Phenylcyclohex-1-enecarboxylic, 2-phenylbenzoic and 2-phenylacrylic acids

The transmission of substituent effects through three types of double bond,
i.e., in a ring, open chain and delocalized double bonds, were investigated previ-
ously in the case of 2-(4-substitutedphenyl)cyclohex-1-enecarboxylic acids,33-35
2-(4-substitutedphenyl)benzoic acids3348 and 2-(4-substitutedphenyl)acrylic
acids.33:35 The results showed that there were differences in the composition of
the electronic effect depending on the type of double bond through which the
substituent effects were transmitted. The considerable difference between the re-
action constants, p, of the investigated acids indicates that, regardless of the iden-
tical possibility of steric interactions of the phenylene and the carboxylic group,
there is probably a different interaction of the phenylene group with the rest of
the molecule. This assumption was confirmed with Dreiding models.

In the present review, the values of the second order rate constants for the
reaction of 2-phenylcyclohex-1-enecarboxylic, 2-phenylbenzoic and 2-phenyl-
acrylic acids with DDM in 11 aprotic and 3 protic solvents (Table XV) were cor-
related with the solvatochromic parameters 7*, « and S using the total solvato-
chromic equation. The correlation of the kinetic data was realized by means of
multiple linear regression analysis.

It was found that the rate constants in 14 solvents showed satisfactory corre-
lation with the solvatochromic parameters 7*, & and f. The obtained correlation
results were as follows:

2-Phenylcyclohex-1-enecarboxylic acid:

log k=-0.14 + (0.35 + 0.22)7* + (2.34 + 0.10)ar— (2.70 £ 0.24)3  (6a)
(R=0.991,5=0.13, F= 175, n = 14).

2-Phenylbenzoic acid:

log k=—-0.34 + (0.99 + 0.41)z* + (2.11 £ 0.19)r— (1.90 = 0.44)3  (6b)
(R=0.961, s =0.24, F =40, n = 14).
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2-Phenylacrylic acid:

log k=0.24 + (0.29 + 0.19)7* + (1.92 £ 0.09)r— (2.23 £ 0.21)8  (6¢)
(R=0.989,s=0.11, F= 151, n = 14).

TABLE XV. The second-order rate constants, dm3 mol! min'!, for the reaction of 2-phenyl-
cyclohex-1-enecarboxylic, 2-phenylbenzoic and 2-phenylacrylic acids with diazodiphenylme-
thane at 30 °C in various solvents

2-Phenylcyclohex-1-

Solvent _enecarboxylic acid 2-Phenylbenzoic acid 2-Phenylacrylic acid
Methyl acetate 0.068 0.316 0.244
Cyclohexanone 0.038 0.246 0.151
Diethyl ketone 0.133 0.268 0.424
Carbon tetrachloride 0.873 1.010 2.001
Ethyl acetate 0.054 0.236 0.201
Cyclopentanone 0.049 0.338 0.186
Dioxane 0.142 0.110 0.447
Acetonitrile 0.839 5.500 1.937
Acetone 0.103 0.400 0.343
Methanol 2.790 11.61 5.219
Ethanol 1.279 5.000 2.743
Ethylene glycol 6.367 15.37 10.31
Dimethyl sulfoxide 0.014 0.162 0.066
Tetrahydrofuran 0.037 0.147 0.147

From all the equations above, it can be concluded that two opposing solvent
effects influence the carboxylic acid — DDM reaction. The opposite signs of the
electrophilic and the nucleophilic parameters are in accordance with the descri-
bed mechanism (Fig. 1). The positive signs of the coefficients s and a prove that
classical solvation and the HBD effects dominate the transition state and increase
the reaction rate, and the negative sign of the coefficient b indicates that HBA
effects stabilize the initial state before the reaction commences and are res-
ponsible for a decrease in the reaction rate. From the values of the regression co-
efficients, the contribution of each parameter to the reactivity, on a percentage
basis, were calculated and are listed in Table XVI. The percentage contribution
of the solvatochromic parameters for the reaction of the examined acids with
DDM show that most of the solvatochromism is due to solvent basicity and aci-
dity rather than to the solvent dipolarity/polarizability. Considering these results,
the solvation models of the reactants and the transition states, separately for
2-phenylcyclohex-1-enecarboxylic, 2-phenylbenzoic and 2-phenylacrylic acids
can be represented as:

2-Phenylcyclohex-1-enecarboxylic acids:

Reactants = Transition state = Products
HBA solvation (= 50 %) HBD and solvation by non-
-specific interactions (= 50 %)
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2-Phenylbenzoic acids:

Reactants = Transition state = Products
HBA solvation (= 38 %) HBD and solvation by non-
specific interactions (= 62 %)
2-Phenylacrylic acids:
Reactants = Transition state = Products

. HBD and solvation by non-
~ o
HBA solvation (= 30 %) specific interactions (= 50 %)

TABLE XVI. The percentage contributions of the Kamlet—Taft solvatochromic parameters to
the reactivity

Acid P/ % P,/ % Pgl %
2-Phenylcyclohex-1-enecarboxylic 6.50 43.50 50.00
2-Phenylbenzoic 20.00 42.00 38.00
2-Phenylacrylic 6.50 43.50 50.00

The suggested solvation models indicate that the 2-phenylcyclohex-1-ene-
carboxylic and the 2-phenylacrylic acid systems are more sensitive to HBA sol-
vent interactions than the 2-phenylbenzoic acid system (Table XVI) and less sen-
sitive to the HBD solvent ability. The same results were obtained for a compa-
rative LSER study of the reactivity of 2-substituted cyclohex-1-enecarboxylic
and 2-substituted benzoic acids#? and 2-substituted cyclohex-1-eneacetic and 2-
substituted phenylacetic acids** presented in this review.

Generally, the presence of a substituent at the C-2 position in all types of
examined acids affects the orientation of the carboxylic group. The degree of
these interactions is in agreement with the obtained kinetic data, solvation models
and characteristics of the examined carboxylic acid molecules.42-44

4. CONCLUDING REMARKS

The results of the presented investigations show that the solvatochromic con-
cept of Kamlet and Taft (LSER) is applicable to the kinetic data for the reaction
of more than 50 different carboxylic acids with diazodiphenylmethane in various
solvents, meaning that this model gives the correct interpretation of the solvating
effects on the carboxylic group in the selected solvents. For these reasons, it is
considered that the results presented in this review may be used to quantitatively
estimate and separate the overall solvent effects into the contributions of the ini-
tial and the transition state in the reaction of diazodiphenylmethane with carbo-
xylic acids, and the solvation models are proposed. The results show that substi-
tuents at the C-2 position of the ring in all types of the investigated acids have a
secondary influence on the reaction with DDM and do not seem to cause steric
hindrance between the reactants and the solvent. The reactivities of the examined
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carboxylic acids in the reaction with DDM are in agreement with their geometric
characteristics.
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U3BOJ

[MTPOYYABAE PEAKTUBHOCTHU KAPBOKCUJIHUX KHUCEJIMHA CA
JUA3O0JUPEHUIIMETAHOM V AITPOTUYHUM U ITPOTUYHUM PACTBAPAUYNMA
TIOMORY JIMHEAPHE KOPEJIALIMJE COJIBATAIIMOHUX EHEPTUJA

TOPJAHA C. YITRYMJIMH u JACMUHA b. HUKOJIMh

Kaitiedpa 3a opzancky xemujy, Texnoaowxo—meimanypuiu gpakyaiieini Ynusepsuineina y beozpaoy,
Kapnezujesa 4, ii. tip. 3503, 11120 Beozpao

VTHuaj pactBapaya Ha peaKTHBHOCT LIUKJIOAIKEHKAPOOHCKHX, IUKIOATKCHCUPHETHHX, 2-CYII-
CTUTYHCAHUX LUKIOXEKC-1-eHKapOOHCKHX, 2-CYyNCTUTYHUCAaHUX IUKIOXEKC-1-eHcupheTHnX, 2-cymn-
CTUTYUCAHHUX OEH30eBUX, 2-CYNCTHTYUCAHUX (EeHUICUPhETHHX, 2-(PEeHIIIUKIOXeKC- 1-eHKapOoH-
cke, 2-¢penunden3oeBe U 2-heHMIAKpUIIHEe KUCEIMHE ca AUa30Au(peHIIMETaHOM je MpOoydyaBaH y
HHM3Yy MPOTHUYHMX M alPOTHYHHX pacTBapada. Jla OM ce KMHETHYKH pe3ynraTtd objacHWIN moMohy
edekaTa pactBapaua, JoOHjeHe KOHCTaHTe Op3WHE peakuuje APYyror pena cy KopelrcaHe moMohy
Kamier—TadroBe conBaroxpoMHe jenHadnHe. Kopenanuje KMHETHYKHX [MOAaTaka Cy HM3BpIICHE
nomolly MeToJie BHILECTPYKE JIMHEApPHE PErpecHoHe aHanuse, a e)eKTH pacTBapada Cy HOceOHO
aQHAJIM3MPAHU Y OJHOCY Ha OCHOBHO M IIPENIa3HO CTame. APUTMETHYKH 3HAlM ucnpe] Koeduuuje-
HaTa COJBATOXPOMHHX IapameTapa OAroBapajy HPETIIOCTaB/bEHOM MEXaHHW3My HCIHUTHBAHE Peak-
muje. IIpennoxeH je colBaTallMOHM MOJEN 3a CBE NPOy4YaBaHEe KHCEIMHE, KOjH je T0Ka3ao Ja 1oc-
TOjH KBAHTUTATUBHH OJHOC MOJIEKYJICKE CTPYKTYpE 1 HbUXOBE PEaKTHBHOCTH.

(ITpumsbeno 15. jyna 2009)
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