INVESTIGATIONS IN THE FIELD OF VINYL ESTERS

OF THE FURAN SERIES

XI.,* INVESTIGATION OF THE KINETICS OF THE ALKALINE HYDROLYSIS

OF VINYL ESTERS OF ACIDS OF THE FURAN SERIES BY A POLAROGRAPHIC METHOD
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The kinetics of the alkaline hydrolysis of vinyl esters of furan-2-carboxylic, trans-j3-
(2-furyl)acrylic, and trans-cinnamic acids and also the comparative electrochemical ac-
tivities of these compounds and of vinyl esters of 5-bromofuran-2-carboxylic, 5-nitro-
furan-2-carboxylic, and benzoic acids have been studied by a polarographic method, A
symbatic increase in the rate of hydrolysis of the esters with a shift of the potential of
the half-wave of reduction into the more negative region has been established., Both the
polarity and the polarizability of the molecules have a fundamental influence on the
properties of the esters.

At the present time, a large amount of material has accumulated in the literature on the kinetics and
mechanism of the alkaline hydrolysis of vinyl esters [2, 3]. In the present work, we have investigated the
hydrolytic cleavage of vinyl esters of trans-g- 2-furyl)acrylic (I), trans-cinnamic (II), furan-2-carboxylic
(I11), benzoic (IV), 5-bromofuran-2-carboxylic (V), and 5-nitrofuran-2-carboxylic (VI) acids in order to de~
termine the influence of the furan ring with different substituents in position 5 on the reactivity of the esters
in alkaline hydrolysis. As follows from the results obtained (Table 1), the replacement of a phenyl radical
by a furyl radical leads to a decrease in the rate of hydrolysis of (II) and (I). At the same time, the greatest
reactivity is possessed by the ester (IIl). If one takes into account the original slow addition of OH™ ions to
the carbonyl carbon atom, the greatest electron-donating capacity is possessed by the furan ring,

The introduction of a double bond between the furan ring and the carbonyl group reduces the rate of
hydrolysis of the ester (I). A comparison of the reactivities of the esters (I) and (III) shows that the in-
fluence of the furan ring is not purely inductive but also includes a mesomeric effect.

The thermodynamic parameters of the hydrolysis reaction of these compounds are in good agreement
with one another, The regular changes in the free energy AF, enthalpy AH, entropy AS, and the activation
energy E in agreement with the change in the hydrolysis rate constant permits the conclusion that there is
a single mechanism of the hydrolysis of the esters (I~IIT) from the point of view both of the geometry of the
transition state and of the electronic influence of substituents.

It was interesting to compare the hydrolysis rate constants with the polarographic properties of these
compounds., Table 2 gives information characterizing the electrochemical activity of compounds (I-VI) on
electroreduction at a dropping mercury electrode. This comparison is based on the fact that their electro-
philicity is a common factor for the esters both in hydrolysis and in electroreduction. At the same time,
the capacity for being reduced at an electrode is more sensitive to the dynamic polarization of a molecule,
which explains the presence of two waves on the polarograms of compounds (I) and (II) and of one wave on
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TABLE 1, Kinetic Characteristics of the Hydrolysis of the Vinyl
Esters RCOOH=CH,

Com-. e 1 ll’_"m'"fi_ l /E AF, As, ‘ AH,
1‘>0Uﬂdv -svggn:"f.’_lf” V’M.}gg},fvnolg keal/mole | el | keal/mole
i 'CHOCH=CH | 366 ¢ 108 | 208 | —354 ' 102
11 CHsCH=CH | 412 | 16 | 207 i -325 11,0
I CH0 . 580 124 | 206 i —204 18

*C,H,0- 2-furyl,

TABLE 2. Polarographic Characteristics for the
Vinyl Esters RCOOCH=CH,

Com-~ I i
pound R | By o V i g
1 2~(2-Furyl)vinyl 1,52 0,95
1,86 0,94
In Styryl 155 1,20
1,86 0,77
111 2-Furyl 1,85 2,11
v Phenyl 1,83 1,71
v 5-Bromo-2- furyl 1,79 2,90
VI 5-Nitro~2-furyl 0,37
1,52 ;

the polarograms of compounds (II-V). This is connected with the presence of double bonds adjacent to the
ester group, so that the mechanism of the reduction of a structure of type (III) is apparently limited by a
two-electron stage with the formation of the corresponding semiacetal [4]:

2e
RCOOCH=CH, —Hr RCH(OH)OCH=CH,

The presence of an ethylenic bond in the a position to the carbonyl carbon atom extends to chain of
conjugation, modifying the mechanism of electroreduction in such a way that the latter takes place through
two one-electron stages [5] (, II):

. H
Le_ reu=cu—¢ 2. ReH,CH,CO0CH=CH,

RCH=CHCOOCH=CH, — =
H “o—cu=ch, 14

The closeness of the potentials of the second waves is due fo the small difference in the delocalization
energies of the radicals formed after the addition of the first electron in electroreduction. Of compounds
(I) and (II), the greater tendency to delocalization is possessed by the styryl radical. Because of the lower
degree of aromatization of the furan ring as compared with the benzene ring, the polarizability of the mo-
lecule of the ester (I) is greater than that of (IT), but the mesomeric effect of a furan ring is more positive
than that of a benzene ring.

The reduction of the esters (V) and (VI) takes place in more complex fashion, since the bromine atom
and the nitro group present in position 5 of the furan ring are themselves reduced under our conditions,
However, in our opinion, the probability of the formation in the first stage of the reduction of the ester (VI)
of an anion radical in a neutral aqueous alcoholic medium and, all the more, their subsequent reduction at
potentials of the order of —1.5 V appears unlikely, Consequently, the second wave of the ester (VI) must be
assigned to a process of reducing the ester group. Unfortunately, we have not been able to study the polaro-
graphy of the esters considered over a wider range of changes of pH of the medium because of their ten-
dency to undergo both alkaline and acid hydrolysis. Nevertheless, in spite of the difference in the nature
of the electroreduction of the esters discussed, it is possible to find a symbatic increase in the rate of hy-
drolysis of the esters (I-III) with a displacement of the half-wave reduction potential to a less negative
region [for the esters (I) and (II), the potentials of the second waves]. This feature enables us to evaluate
the tendency to hydrolysis of those esters that could not be studied under our conditions, as well. On the
basis of the reduction potentials, the esters (I-VI) can be arranged in the following sequence with respect
to their resistance to alkaline hydrolysis: () > (I) > @I)> @V)> (V) > (VI). One must take into account the
fact that this sequence is due not only to the inductive properties of the substituents but also to the tendency
of the molecules to undergo dynamic polarization.
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EXPERIMENTAL

The kinetics of the alkaline hydrolysis of the vinyl esters, which were obtained by known methods [1,
6-8], was studied by means of a LP-~7 polarograph, The reaction was performed in the polarographic cell.
During the course of the reaction, a decrease in the height of the wave of polarographic reduction of the
corresponding vinyl ester with time was observed at temperatures of 20, 25, 30, and 35°C {£0,1°C) in 45%
aqueous ethanolic solutions, The concentrations of the vinyl esters amounted to 0.0025, 0.005, and 0.01 M.
The concentrations of the catalyst (LiOH) were varied between 0.2 and 0.08 M. The support was a 0.1 N
solution of lithium chloride. The results of the measurements were used to calculate the hydrolysis rate
constants kyy according to the equation;

rlog gt

— @)

kir=

where t is the time, sec; a is the initial height of the wave corresponding to the concentration of ester at
time t = 0: (@=Xx) is the height of the wave corresponding to the concentration of ester at time t; and c is the
concentration of catalyst (M). ’

Calculation of the hydrolysis rate constant kyy by the equation:

! (Ca —*)Ca) @)

P 2.3 .
= = s —L 5
Ca’—Ca, (ca, —X)Ca,

where ¢ A1 is the initial concentration of L10H M) 5y A, is the initial concentration of vinyl ester (M): (c Af‘X)
is the concentration of alkali at time t; and (¢ Az—X) is the concentration of vinyl ester at time t, showed the
closeness of the results of calculation to those obtained by means of Eq. (1), which is explained by the fact
that the observations were made only in the initial stage of the reaction and also by the considerable excess
of catalyst in relation to the initial ester,

The polarographic parameters were found with the aid of a LP-60 polarograph at 25°C on a support
of lithium acetate buffer at pH6.70 in 50% aqueous ethanol, The reduction potentials were measured relative
to a saturated calomel electrode. The error in the measurements of the potentials amounted to =5 mV,
The characteristics of the capillary were: m = 1,803 mg* sec'i, 7=4.24 sec™!. The diffusion coefficient D
was calculated by a modified Stokes— Einstein equation, and the number of electrons n by the Ilkovic equa~
tion [9]. The concentration of the esters was 0.001 M.
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