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The present paper is devoted to a study of the kinetics of the addition of gem-dinitroethane to methyl acryl-
ate and acrylonitrile in aqueous buffer solutions of variable acidity.t The kinetics was studied spectropliotometric-
ally, based on the dinitroethane ion ( Ay, ,y 380 my, loge 4.23) using an SF-4 instrument. Methyl acrylate, acrylo-
njtrile, and also their addition products with dinitroethane, practically do not absorb in the indicated region
(log € ~ 1),

EXPERIMENTAL

All of the experiments were run using a large excess of the unsaturated compound, by the change in the con-
centration of the dinitroethane: a) directly by the decrease in the optical density of the dinitroethane anion (the
dinitroethane concentration ranged between approximately 4 and 5° 10" mole/liter); b) after a 25-100-fold dilution
of the reaction solution (dinitroethane concentration ~ 2.5-107® mole/liter). The dinitroethane autocondensation
product [2] is not formed under the conditions of our experiments (pH 6.80-10.90); the dinitroethane concentration
in the buffer solutions does not change for at least two days, whereas the average length of each kinetic experiment
was 12 h. Solutions of the reaction products (methyl ester and nitrilef of y,y-dinitrovaleric acid) fail to show an
increase in the optical density with a maximum at 380 my in the course of a day, which testifies to the irreversi-
bility of the studied reaction. The rate constants (k;) were calculated using the first-order equation for irreversible
reactions, while the second -order rate constants (k,) were calculated using the equation ky = k;/c, where c is the con-
centration of the unsaturated compound. As an example we have given,in the figure, the kinetic curves and their ana-
morphoses for three experiments. The experimental data are given in Tables 1-3.

The activation energies, calculated from the data given in Table 3, are 14.9 and 17.5 kecal- mole”! for the
reaction of dinitroethane with methyl acrylate and acrylonitrile, respectively.

As can be seen from Tables 1 and 2, the dinitroethane concentration in the separate experiments was varied
60-140 times, while the concentration of the unsaturated compound was varied approximately 3 times. Still we
obtained a linear dependence between log 1/1—x and t in each experiment (see figure), and also a good agree-~
ment of the second-order rate constants in all of the experiments. Since we studied the kinetics under conditions
where the dinitroethane (pK 5.21 [4]) was completely ionized, the second-order rate constants given in Tables 1
and 2 are true values. Variation in the hydrogen-ion concentration ~ 1000~10,000 times does not affect the second-
order rate constants. Consequently, the determining reaction step is the attack of the g-carbon atom of the un-
saturated compound by the dinitroethane anion

*See [1] for preceding communication.

T As buffer mixtures we used Nal,PO, + NayHPO, (pH 6.80); borax + HCL (pH 8.90; borax + KOH (pH 9.50); Na,CO,
+ HCI (pH 10.90). A constant ionic strength of the solutions was achieved by adding KCI.

I The nitrile was obtained by a procedure similar to the reaction of dinitroethane with methyl acrylate [3]; b, p.
116° (0.7 mm); n*® 1,4675, Found: N 24,10, 24.22%, CsHyNgO, Calculated: N 24.27%,
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Kinetic curves and their anamorphoses for the ex-
periments: 1) initial DNE concentration 205,14 - 1075
mole - liter'l, AN concentration 24.02 1072 mole

. 1iter'1; 2) initial DNE concentration 170.9 - 10-°
mole - liter™!, MAC concentration 11,24 - 102

mole - liter™%; 3) initial DNE concentration 4,90

- 10~° mole - liter™}, MAC concentration 16,56

*10~2 mole * liter L,

TABLE 1. Rate Constants for the Addition of Dinitroethane (DNE) to Methyl Acrylate (MAC)

at 20°
Concentration
DNE, MAC, ky, ks,
pH mole - liter ", 10° [ mole « liter™* - 10? min™. 10%|liter - mole™. min™!
.10%
4.30 2.31 0.79 3.42
266.8 12,12 4.35 3.56
6.80 4,29 14.66 4,96 3.38
4,98 11,50 3.92 3.41
170,9 11,25 3.96 3.52
1719 7.84 2,71 3.46
8.90 4.81 10.99 3.70 3.37
4,90 16.56 5.67 3.42
5.32 2.94 3.34 3.36
9,50 5,23 21,15 7.03 3,32
TABLE 2. Rate Constants for the Addition of Dinitroethane (DNE) to Acrylonitrile (AN)at 20°
Concentration
pH DNE, AN, ky., ks
mole- liter £+ 10° | mole - liter ™. 10 | min™t. 10% | liter-mole ™ - min™t
.10
6.80 4.64 59,60 5.69 9.55
206,14 24,02 2.36 9.82
9.50 553.27 26,26 2.53 9.64
10,90 4,12 65.75 6.34 9,64
3.90 44,80 4,29 9.58




TABLE 3. Rate Constants at Various Temperatures

; -1, 0L, 102 ; b SENUUNL QPP -
. . 10 ,liter. mole™". < 10/
Temp., ky, liter-mole "+ min -1 Temp., k;,liter.mole *.min
- DC
¢ DNE + MAC | DNE+AN DNE + MAC | DNE + AN
20 3.44£0,12 0.9720,01 30 8.07+£0.04 | 2.610,01
25 5.4110,04 1,67+0,02 40 17.80£0,2 | 6.7440,06
(slow) NO.
[CH3C(NO2)2]™ - CHy=CHR — CH;—C—CH,CHR
|
NOg
N, sy N0
CHs —C—CHs —CHR - HY — CH;C—CHCH:R
| i
NOs NO;

This is in agreement with the mechanism proposed by Ingold [5] for the Michael reaction. On the basis
of the kinetic data the authors of a number of papers [6] give preference to the same mechanism. From a com-
parison of the rate constants it follows that the reactivity of methyl acrylate is greater than the reactivity of acrylo
nitrile. A similar order in the reactivity was also observed in the reaction with trinitromethane {1].

SUMMARY

A study was made of the rate of addition of dinitroethane to methyl acrylate and acrylonitrile, The limit-
ing reaction step is the attack of the g-carbon atom of the unsaturated compound by the dinitroethane anion.
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