2. In distinction to the monofunctional aromatic amines and phenols, the antioxidant activity of the p-
phenylenediamine derivatives increases as the oxygen pressure is reduced.

3. The p-phenylenediamine derivatives do not show synergistic effects when mixed with alkyl-radical
acceptors,

4. The inhibiting action of the p-phenylenediamines can be explained by assuming these compounds to
form autosynergistic mixtures with their reaction products, quinonediimines, capable of reacting with alkyl
radicals.
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COMPARATIVE REACTIVITY OF a-ACETOXYACROLEIN
AND a-ETHOXYACROLEIN

N. A, Keiko, T. N, Musorina, UDC 541.42:547.381
Yu., L. Frolov, A, M. Shulunova,
Yu. A, Chuvashov, and M, G. Voronkov

a-Acetoxyacrolein (I) [1] contains a previously unknown combination of reaction centers, geminal CHO
and CH;COO groups at a double bond, We should expect that the conjugation of the vinyl group with the ester
oxygen in (), in comparison with a-ethoxyacrolein (II) [2], should be weakened because of the influence of the
neighboring electron-acceptor acetyl group.t

According to the IR and UV spectra (Table 1), the lower degree of conjugation in (I) is reflected by a
hypsochromic shift of the m# — r* transition and an increase in the absorption frequency of the C=C bond and
the out-of-plane deformation vibrations of the = CH, group.

The results from calculations of the m-electron density in (I) and () by the SCF MO LCAO method in the
PPP variant (Fig. 1) also showed that the degree of polarization of the C=C bond is lower by a factor of nearly
2 in (I). However, the C=C bond is polarized in the same direction in both cases, in the direction of the -
carbon atom. The position and intensity of the absorption maximum thus calculated for (I) (Aga]e 215 nm,

tSee [3] on the polarization of the double bond of vinyl acetate.
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TABLE 1, Parameters of UV and IR Spectra of (I) and (II)

., IR spectrum, y, cmi~?
- ¥ {ransition

Compound »,nm(log ¢)
(in water) G==C =CH,
CHz=C(OAc)CHO (I) 216(3.85) 1643 870
CHe=C(0OC.H;5)CHO (II) 250(3.89) 1610 814
-g,osz 8,071
\Eo,oﬂ /
C
-0,059 +0,01o/ 0,082 _0,[,7/+n,052
C———=C C C
N +0,089 N0058 +0,060
¢ 0 C\ 45
-0,1
a b 0

Fig. 1. Molecular diagrams of distribution
of melectron density in a-ethoxyacrolein
(a) and a~acetoxyacrolein (b).

loge 3.61) coincide with the values actually found (Table 1), Chemical confirmation of the direction of polar-
ization of the C=C bond in {I) is found in the formation of the corresponding bishydrazone (III) and bisthio-
semicarbazone of methylglyoxal (IV) upon interaction of (I) with 2,4-dinitrophenylhydrazine and thiosemi-
carbazide,

H+
(1) + H,0 —> [CH,COCHO]

TSC ] 2, 4-DNPH
{ )
CH,CCH=NNHCSNH, CHyCCH=NNHCsH,(NO,),
i I
NNHCSNH, (IV) NNHCH (N0,  (IID)

The interaction of (I) with 3,5-dinitrobenzoylhydrazide in the absence of acid leads to the unsaturated
azomethine derivative (V) (without the participation of the vinyloxy group),

(1) -+ H,NNHCOC,H(NO,), — CH, =C(OCOCH )CH =NNHCOC,H4(NO,), (v)

A quantitative confirmation of the weaker polarization of the C=C bond in (I) can be found in the results
from a kinetie study of the hydrolysis of (I) and (I). In contrast to (), we found that it was impossible to carry
out kinetic measurements on (I) in water, since when it was dissolved in water, a precipitate was formed, This
precipitate, judging by its elemental analysis and IR spectrum, is a polymer of (I). An analogous phenomenon
has been described for an a-cyanoacrylate [4]. Because of this behavior, we studied the hydrolysis of (Il in a
water / acetonitrile medium, where no polymer formation was chserved, The constants k, and ky, were deter-
mined from the formulas '

1 . Dy ! .

Within the range of acidities investigated (0.01-0.1 mole/ liter), the rate constant k, for the hydrolysis
of (I) varies linearly with the concentration of catalyst (r = 0.9782, based on five measurements), As can be
seen from Table 2, the hydrolysis of (I) in an acidic medium is 10 times slower than the hydrolysis of (II). The
addition of acrylonitrile to the aqueous solution of (i) lowers its hydrolysis rate by almost an order of magni-
tude, :

EXPERIMENTAL

The IR spectra were obtained in a UR-20 instrument, The UV spectra and the kinetics of hydrolysis were
investigated in a Specord UV-VIS spectrophotometer in thermostated cuvettes (1.0 and 0.1 ¢m). The course of
the reaction was followed according to the drop in the absorption maximum at 250 nm (II) or 216 nm (I). The
hydrolysis of (II) was carried out in an aqueous medium at 25° and 35°C and in 2 H,O/CH;CN medium (1 /1) at
35°C. The substrate concentration was 0.00015 mole/ liter, and the concentration of catalyst (HC1) was 0.01-0.1
mole /liter. The hydrolysis of (I) was carried out in a H,O/CH;CN medium (1 /1 and 1/2) at 35°C; the sub-
strate concentration was 0.00075 mole / liter, and the HCI concentration was 0.2-0.4 mole/ liter, The required
quantities of the substrate and catalyst solutions were thermostated and then mixed, at which point the timing
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TABLE 2. Rate Constants for Hydrolysis of () and (II), k, - 10,
liters / mole - sec

(I) (IT)
Solvent
35° 25° 35°
H,0 1,538:0,033 3,49+0,03
H:0-CH,CN (1:1) 0,052::0,03 0,42+0,16
H,0-CH:CN (1:2) 0,030=0,02

of the experiment was started, and the timewise change in optical density was recorded. The UV spectrum of
the final product has an absorption maximum at 287 nm.

Interaction of a~Acetoxyacrolein with 3,5-Dinitrobenzoylhydrazide. To 0.2 g of (I), 0.2 g of 3,5-dinitro-
benzoylhydrazide in 30 ml of ethanol was added, and the mixture was heated for 10 min at 60°C. After cooling,
0.25 g (50%) of (V) precipitated, mp 195°C (from ethanol). Found: C 44.55%; H 3.00%; N 17.28%. CoH; g0 Ny,
Calculated: C 44.5%; H 3.14%; N 17.4%.

Interaction of a-Acetoxyacrolein with 2,4-Dinitrophenylhydrazine, A mixture of 0,22 g of (I}, 0.76 of
2,4-dinitrophenylhydrazine, 75 ml of alcohol, and two drops of concentrated HCl was heated for 15 min at
60°C. Upon cooling, 0.3 g 45%) of (III) precipitated, mp 320°C (from nitrobenzene)., A mixed test with a known
sample did not give any depression of the melting point.

Interaction of a-Acetoxyacrolein with Thiosemicarbazide. A mixture of 0.5 g of (I), 0.4 g of thiosemi-
carbazide, 25 ml of water /ethanol mixture (1/2) and one drop of concentrated HCl was heated for 15 min at
60°C, Upon cooling, 0.5 g (50%) of V) precipitated, mp 230°C (from DMFA). Found: N 37.16%; S 29.57%.
C;H,(N;S,. Calculated: N 38.85%; S 29.35%. A mixed test with a known sample did not give any depression of
the melting point.

CONCLUSIONS

1. The rate of hydrolysis of a-acetoxyacrolein in an acid medium is an order of magnitude lower than
that of a-ethoxyacrolein, The formation of methylglyoxal as a result of the hydrolysis of a~acetoxyacrolein
along with a calculation of the m-electron density of this compound by means of the SCF MO LCAO method,
indicates delocalization of the m-electrons of the C=C bond in a~acetoxyacrolein in the direction of the g~
carbon atom.

2. In the reaction of a-acetoxyacrolein with 2,4-dinitrophenylhydrazine, thiosemicarbazide, and 3,5-
dinitrobenzoylhydrazide, either monoazomethine or bisazomethine derivatives may be formed, depending on
the acidity of the medium.
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