
2. In dist inction to the monofunctional a romat i c  amines  and phenols,  the antioxidant activity of the p- 
phenylenediamine de r iva t ives  i n c r e a s e s  as the oxygen p r e s s u r e  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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C O M P A R A T I V E  R E A C T I V I T Y  OF a - A C E T O X Y A C R O L E I N  

A N D  a - E T H O X Y A C R O L E I N  

N. A. Keiko ,  T. N. M u s o r i n a ,  
Yu. L. F r o l o v ,  A. M. Shulunova ,  
Yu. A. Chuvashov ,  and M. G. Voronkov 

UDC 541.42:547.381 

~-Ace toxyac r o l e i n  (I) [1] contains a previous ly  unknown combination of react ion  cen t e r s ,  geminal  CHO 
and CH3COO groups at a double bond. We should expect  that the conjugation of the vinyl group with the e s t e r  
oxygen in (I), in compar i son  with a - e t h o x y a c r o l e i n  (H) [2], should be weakened because  of the influence of the 
neighboring e l e c t r o n - a c c e p t o r  acetyl  group.$ 

According to the IR and UV s p e c t r a  (Table 1), the lower degree  of conjugation in (I) is re f lec ted  by a 
hypsochromic  shift  of the ~ -  ~* t rans i t ion  and an i nc r ea se  in the absorpt ion frequency of the C =C bond and 
the out -of -p lane  deformat ion  vibra t ions  of the = CH 2 group. 

The resu l t s  f r o m  calculat ions of the ~-e lec t ron  densi ty in (I) and (II) by the SCF MO LCAO method in the 
P P P  var ian t  (Fig. 1) also showed that the degree  of polar izat ion of the C =C bond is lower  by a fac tor  of near ly  
2 in (I). However ,  the C =C bond is polar ized in the s a m e  direct ion in both ca se s ,  in the d i rec t ion of the fi- 
carbon  atom. The posit ion and intensi ty of the absorpt ion m a x i m u m  thus calculated for  (I) (kcalc 215 nm, 

$See [3] on the polar iza t ion  of the double bond of vinyl aceta te .  

I rku t sk  Inst i tute of Organic C h e m i s t r y ,  Siber ian Branch of the Academy of Sciences of the USSR. T r a n s -  
lated f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimicheskaya ,  No. 9, pp. 1993-1996, Sep tember ,  1981. 
Original a r t ic le  submit ted  D e c e m b e r  9, 1980. 
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TABLE ! .  P a r a m e t e r s  of UV and IR S p e c t r a  of (I) and (II) 

Cornpoand 

CH2=C(0Ac) CHO (I) 
CH2=C(OC2Hs) CHO (II) 

-> ~* transition 
~,,nm(log g) 
(in water) 

216 (3.85) 
250 (3.89) 

1 ][R spec l : r [ l r l ]  y,  Ctll- 

1643 870 
t610 81t 

-0,082 -t),071 

/ /  
c 

-o,o59 +0.0m./"C -~,0s2 -o,c~7~+c~, (~52 
C C C = C 

~;o,o59 ~+o, I54 +o,o6o 
0 --%On.,, 5 

a b 

Fig.  1. Ivlolecular d i a g r a m s  of d i s t r ibu t ion  
of 7r-electron dens i ty  in c~-e thoxyacro le in  
(a) and c~-ace toxyacro le in  (b). 

Iog a 3.61) co inc ide  with the values  ac tual ly  found (Table 1). Chemica l  con f i rma t ion  of the d i r ec t ion  of po l a r -  
iza t ion of the C = C bond in (I) is found in the f o r m a t i o n  of the c o r r e s p o n d i n g  b i shyd razone  (tII) and b i s th io -  
s e m i c a r b a z o n e  of methy lg lyoxa l  (IV) upon in t e rac t ion  of (I) with 2 ,4 -d in i t r opheny lhyd raz ine  and t h i o s e m i -  
c a r b a z i d e ,  

H e  
(I) -t- HaO ---+ [CH3COCHO] 

TSC I 2, 
I 

4-DNPH 

CH~CCH~NNHCSNH~ CH~CCH=NNHC6H3(N02) 2 
I1 II 

NNHCSNH2 ( I V )  NNHCaH3(N02)2 (III) 

The in t e rac t ion  of (D with 3 , 5 - d i n i t r o b e n z o y l h y d r a z i d e  in the absence  of acid leads to the unsa tu ra t ed  
azometh ine  de r iva t ive  (V) (without the pa r t i c ipa t ion  of the vinytoxy group),  

(I) + H~NNHCOC6H3(NQ)2 --+ CH2 =C(OCOCH~)CH = NNHCOC6H~(N02) ~ (v) 

A quant i ta t ive  con f i rma t ion  of the w e a k e r  po la r i za t ion  of the C =C bond in (I) can be found in the r e su l t s  
f r o m  a kinet ic  s tudy of the hyd ro ly s i s  of (I) and (II). In c o n t r a s t  to (II), we found that  it was imposs ib l e  to c a r r y  
out kinetic m e a s u r e m e n t s  on (I) in w a t e r ,  s ince  when it was  d i s so lved  in w a t e r ,  a p rec ip i t a t e  was  fo rmed .  This 
p rec ip i t a t e ,  judging by its e l ementa l  ana lys i s  and IR s p e c t r u m ,  is a p o l y m e r  of (I). An analogous phenomenon 
has been d e s c r i b e d  for  an c~-cyanoacry la te  [41. Because  of this behav io r ,  we s tudied the hyd ro ly s i s  of (I) in a 
w a t e r / a c e t o n i t r i l e  med ium,  w h e r e  no p o l y m e r  f o r m a t i o n  was obse rved .  The cons tan t s  kl and k2 w e r e  d e t e r -  
mined f r o m  the f o r m u l a s  

kl _____ t~.. 2.303 lg Do kl 

Within the range of acidities investigated (0.01-0.i mole/liter), the rate constant k I for the hydrolysis 

of (II) varies linearly with the concentration of catalyst (r = 0.9782, based on five measurements). As can be 

seen from Table 2, the hydrolysis of (1) in an acidic medium is i0 times slower than the hydrolysis of (If). The 

addition of acrylonitrile to the aqueous solution of (iI) lowers its hydrolysis rate by almost an order of magni- 
tude. 

E X P E R I M E N T A  L 

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 (I.0 and 0.I cm). The course of 

the reaction was followed according to the drop in the absorption maximum at 250 nm (II) or 216 nrn (I). The 

hydrolysis of (If) was carried out in an aqueous medium at 25 ~ and 35~ and in a H20/CH3CN medium (I/I) at 

35~ The substrate concentration was 0.00015 mole/liter, and the concentration of catalyst (HCI) was 0.01-0.I 

mole/beer. The hydrolysis of (1) was carried out in a H20/CH3CN medium (i/I and 1/2) at 35~ the sub- 

strate concentration was 0.00075 mole/liter, and the HC[ concentration was 0.2-0.4 mole/liter. The required 

quantities of the substrate and catalyst solutions were thermostated and then mixed, at wl'Ach point the timing 

1635 



T A B L E  2. R a t e  C o n s t a n t s  f o r  H y d r o l y s i s  of (I) and (II), k 2 �9 102, 
l i t e r s  / m o l e .  s e c  

Solvent 

H20 
H20-CH3CN (1 : i) 
HzO-CH3CN (i : 2) 

(I) 

3 5  ~ 

0,052+-0,03 
0,030• 

2 5  ~ 

t,538-+0,033 

(II) 

3 5  ~ 

3,49• 
0,42• 

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 (1), 0.2 g of 3,5-dinitro- 
benzoylhydrazide in 30 ml of ethanol was added, and the mixture was heated for i0 rain at 60~ After cooling, 
0.25 g (50%) of (V) precipitated, nap 195~ (from ethanol). Found: C 44.55%; H 3.00%; N 17.28%. C12Hj007N4. 
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 (1), 0.76 of 
2,4-dinitrophenylhydrazine, 75 ml of alcohol, and two drops of concentrated HCI was heated for 15 rain at 
60~ Upon cooling, 0.3 g (45%) of (Ill) precipitated, mp 320~ (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 (I/2) and one drop of concentrated HCi was heated for 15 rain at 
60~ Upon cooling, 0.5 g (50%) of (IV) precipitated, mp 230~ (from DMFA). Found: N 37.16%; S 29.57%. 
CsHIoNsS2. Calculated: N 38.85%; S 29.35'/0. A mixed test with a known sample did not give any depression of 
the melting point. 

C ONC LUS IONS 

1. The rate of hydrolysis of ~-acetoxyacrolein in an acid medium is an order of magnitude lower than 
that of c~-ethoxyacrolein. The formation of methylglyoxal as a result of the hydrolysis of ~-acetoxyacrolein 
along with a calculation of the 7F-electron density of this compound by means of the SCF MO LCAO method, 
indicates delocalization of the TF-eleetrons of the C = C bond in o~-acetoxyacrolein in the direction of the fi- 
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. 

1. 

2. 

3. 
4. 
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