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KINETICS OF OPENING OF THE RING OF 5-ARYL-2,3-
DIHYDROFURAN-2,3-DIONES UNDER THE INFLUENCE
OF METHANOL*

Yu., S, Andreichikov, Yu. A, Nalimova, UDC 547,724 542,92 +
M, I. Vakhrin, S, P, Tendryakova, 541,127
and A, P. Kozlov '

The kinetics of the opening of the ring of 5-aryl-2,3-dihydrofuran-2,3-diones under the influ-
ence of methanol, which leads to the formation of methyl esters of aroylpyruvic acids, were
studied by PMR spectroscopy. A mechanism is proposed for the reaction.

It is known that the furan ring of 5-aryl-2,3-dihydrofuran-2,3~diones [1] is readily opened under the in~-
fluence of nucleophilic reagents, Thus lower aliphatic alcohols react with I to give esters of aroylpyruvic acids
when the reaction mixtures are heated at 60-70°C for 3 min [2]. The reaction of I with amines, hydrazines,
and hydroxylamines is used as a method for the preparation of the corresponding derivatives of aroylpyruvic
acids [3].

* Communication 26 from the series "Chemistry of oxalyl derivatives of methyl ketones." See [1] for Commu-
nication 25,
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TABLE 1, Rate Constants for the Reaction of
5-Aryl~2,3-dihydrofuran-2,3-diones Ia-e with
Methanol in Dioxane

Com - k- 102, liters/ mole-min
pound
18,5° 28° 36,5°

la 1,42+0,12 2,156+0,12 3,00+0,23
1b 1,93+0,12 3,07 0,05 4,08+0,16
lc 3,82+0,04 7,24+0,14 9,71=0,13
1d 24.656=0,11 39,28 0,17 49,600,756
le 25,84=0,03 42,60=0,11 64,20£0,12

TABLE 2., Parameters
of the log k v8 ¢ Corre-

lation
T,°C r 0 S
18,5 0,990 12,947 | 0,076
28,1 0,989 |2,968 | 0,080
36,5 0,988 |2,982 | 0,084

To ascertain the mechanism of opening of the furan ring we investigated the kinetics of the reaction of
Ia~e with methanol, which leads to the formation of methyl aroylpyruvates II,

- cH
0 p-R-GHA "N co0CH,
| + CHOH —— |
p-R—CcH, ) 0-._H/0
) fa-e na-e

,11a R=0CH; b R=CHjc R=H; d R=Br; € R=Cl

The kinetics of the reaction were studied by PMR spectroscopy at 18.5-36.5°C in dioxane at fa-e con-
centrations of 2.7+10~% mole/liter and a methanol concentration of 25-10~% mole/liter. The rate of the re-
action was determined by establishing the decrease in the intensity of the signal of the CH group of the starting
furandione at 6.75 ppm and the increase in the intensity of the signal of the methylidyne proton of the resulting
methyl aroylpyruvates, which are known [4] to exist in the enol form in solutions.

Two centers for nucleophilic attack by the reagent, viz. the carbonyl groups in the 2 and 3 positions of
the furan ring, are present in 5-aryl-2,3-dihydrofuran-2,3-diones Ta-e, An analysis of the limiting resonance
structures of Ia-e and an estimate of their stabilities and the contributions of the hybrid structures [5] indicate
commensurable reactivities of these centers, whereas the ease of ring opening constitutes evidence for the
significantly greater reactivity of the carbonyl group in the 2 position.

It was established that the reaction is described by the rate equation for second-order reactions [6]. The
second-order rate constants (k) are presented in Table 1.

An analysis of the experimental data made it possible to establish that the logarithms of the rate con-
stants (log k) correlate satisfactorily with the ¢ and ¢° substituent constants. The parameters of the log k
vs 0 correlation are presented in Table 2.

The large absolute p and p° values constitute evidence that significant negative charge develops on the
reaction center in direct proximity to substituent R in the transition state of the reaction [71.

The following structure of the transition state, in which negative charge develops on the lactone oxygen

atom, can be imagined:
0
IZ
G0Ny

o

A\
H CH,

Charge delocalization of the enolate anion type and significant stabilization by electron-acceptor substituents,
in agreement with the large positive p and p° values, are possible in this case. This provides a basis for giving
preference to this structure or a structure close to it for the transition state.



TABLE 3. Activation Parameters for
Opening of the Ring of 5-Aryl-2,3-dihydro-
furan-2,3-diones under the Influence of

Methanol
3

Com-| E, Kki/ AG,” k] /mole
pound | 1 led |AS= eu 1755 36,5 deg

Ia 31,1 3,7 —43,5 82,8

Ib 32,9 4,18 | —414 82,0

Ie 39,0 5,6 —34,9 80,1

1d 29,1 4,6 —39,4 75,7

Ie 37,8 6,2 —32,2 75,5

The negative charge on the reaction center indicates that the formation of a C— O bond between the
carbonyl carbon atom and the oxygen atom of the alcoholic hydroxy group somewhat precedes cleavage of the
C— O bond between the carbonyl carbon atom and the lactone oxygen atom, The last step of the reaction is
also the rate-determining step.

The reaction subsequently proceeds via the scheme

HC. - ‘.Aﬁ/O
! — lid-e

G &
p-R-Clty” 0 $+0
A
H CH,
The activation parameters of the reaction are presented in Table 3.

The low values of the energy of activation (E) and the significant negative values of the entropy of acti-
vation (AS™) constitute evidence in favor of the proposed reaction mechanism, which has a number of features
in common with a mechanism involving synchronous nucleophilic substitution (Sn2) [7].

EXPERIMENTAL

The reaction rates were determined from the time dependence of the concentrations of the starting com-
pounds and products, The PMR spectra were recorded with an RS-60 spectrometer., The temperature of the
samples was maintained at a constant value with an accuracy of + 0.5°C. The temperature was measured with
a methanol NMR thermometer and also by means of a thermocouple. In the latter case the emf of the thermo-
couple was measured by a compensation method with the aid of an R-307 potentiometer., The accuracy in the
determination of the temperature was + 0,2°C, The concentrations of the substances were determined from
the integral intensities of the absorption lines of the CH groups in the spectra; the amplitudes of the signals
of the CH groups of the starting compounds and the reaction products were also measured in order to increase
the accuracy of the results. Since relaxation times T, of the recorded signals were close, the error in the
determination of the concentrations of the substances by this method was lower. The rate constants were cal-
culated from the equation for a second-order reaction [6].
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