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The k ine t ics  of the alkal ine hydro lys i s  of vinyl e s t e r s  of fu ran -2 -ca rboxy l i c ,  t r a n s - f l -  
(2- furyl )acryl ic ,  and t r a n s - c i n n a m i c  acids and a lso  the compara t ive  e l ec t rochemica l  ac-  
t iv i t ies  of these  compounds and of vinyl e s t e r s  of 5 -b romofu ran -2 -ca rboxy l i c ,  5 -n i t ro -  
fu r an -2 -ca rboxy l i c ,  and benzoic acids have been studied by a po la rograph ic  method.  A 
symbat ic  i nc r ea s e  in the r a t e  of hydro lys i s  of the e s t e r s  with a shift  of the potent ial  of 
the ha l f -wave  of reduct ion into the m o r e  negat ive  region has been establ ished.  Both the 
po l a r i t y  and the po la r i zab i l i ty  of the molecu les  have a fundamental  influence on the 
p r o p e r t i e s  of the  e s t e r s .  

At the p r e s e n t  t ime,  a l a rge  amount of m a t e r i a l  has accumulated in the l i t e r a tu r e  on the kinet ics  and 
m e c h a n i s m  of the alkal ine hydro lys i s  of vinyl e s t e r s  [2, 3]. In the p r e s e n t  work, we have inves t iga ted  the 
hydrolyt ic  c leavage of vinyl e s t e r s  of t r ans - / 3 - (2 - fu ry l ) ac ry l i c  (I), t r a n s - c i n n a m i c  (II), f u r an -2 -ca rboxy l i c  
(III). benzoic (IV), 5 - b r o m o f u r a n - 2 - c a r b o x y l i c  (V), and 5 -n i t ro fu ran -2 -ca rboxy l i c  (VI) acids in o rde r  to de-  
t e r m i n e  the influence of the furan r ing with different  subst i tuents  in posi t ion 5 on the reac t iv i ty  of the e s t e r s  
in alkaline hydro lys i s .  As follows f r o m  the r e su l t s  obtained (Table 1), the r ep l acemen t  of a phenyl rad ica l  
by a furyl  rad ica l  leads  to a d e c r e a s e  in the r a t e  of hydro lys i s  of  {II) and (I). At the s a m e  t ime,  the g r ea t e s t  
r eac t iv i ty  is p o s s e s s e d  by the e s t e r  (III). If  one takes  into account the original  slow addition of OH- ions to 
the carbonyl  carbon atom, the g r e a t e s t  e lec t ron-dona t ing  capac i ty  is p o s s e s s e d  by the furan ring. 

The introduction of a double bond between the furan r ing and the carbonyl  group reduces  the r a t e  of 
hydro lys i s  of the e s t e r  (I). A c o m p a r i s o n  of the r eac t iv i t i e s  of the e s t e r s  (I) and (III) shows that the in- 
f luence of the furan r ing is not pure ly  inductive but a lso  includes a m e s o m e r i c  effect.  

The the rmodynamic  p a r a m e t e r s  of the hydro lys i s  reac t ion  of these  compounds a r e  in good a g r e e m e n t  
with one another .  The r egu l a r  changes in the f r ee  ene rgy  AF, enthalpy AH, en t ropy AS, and the act ivat ion 
ene rgy  E in a g r e e m e n t  with the change in the hydro lys i s  r a t e  constant  p e r m i t s  the conclusion that  t he re  is 
a single m e c h a n i s m  of the hydro lys i s  of the e s t e r s  (I-III) f r o m  the point of view both of the g e o m e t r y  of the 
t r ans i t ion  s ta te  and of the e lec t ronic  influence of subst i tuents .  

It  was in te res t ing  to c o m p a r e  the hydro lys i s  r a t e  constants  with the po la rograph ic  p r o p e r t i e s  of these  
compounds.  Table  2 g ives  in format ion  c h a r a c t e r i z i n g  the e l ec t rochemica l  act iv i ty  of compounds (I-VI) on 
e l ec t ro reduc t ion  at a dropping m e r c u r y  e lec t rode .  This compar i son  is based  on the fact  that  the i r  e l ec t ro -  
phi l ic i ty  is a common fac tor  for  the e s t e r s  both in hydro lys i s  and in e lec t roreduc t ion .  At the s ame  t ime,  
the capac i ty  fo r  being reduced  at an e lec t rode  is m o r e  sens i t ive  to the dynamic po la r iza t ion  of a molecule ,  
which explains the p r e s e n c e  of two waves  on the p o l a r o g r a m s  of compounds (I) and (II) and of one wave on 
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TABLE 1. Kinetic Charac te r i s t i cs  of the Hydrolysis  of the Vinyl 
Es te r s  RCOOH = CH 2 

Corn- . /  t -~ ' : " '  ,o,, E. , 
pound I t~* l "mole  " I -  1 k c a l / m o l e  a& 1 As. AH, 

�9 sec-t sec-t . k c a l / m o l c  ' cu kca l /mole  

i 
I C4HaOCH~CH ', 3 . ~  10,8 ~ 20,8 --35,4 10,2 

II C6HsCH=CH [ 4,12 11,6 20,7 --32,5 II.0 
Il l  Cr i 5.60 12,4 20,6 -29 .4  11.8 

* C41130- 2-furyl, 

TABLE 2. 
Vinyl Es te r s  RCOOCH=CH 2 

Polarographie  Charac ter i s t ics  for  the 

Corn- R 
pound -~,~, V n 

I 2-(2-Furyl)vinyl 

styryl 

2-Furyl  
Phenyl 
5- Bromo-2- furyl 
5-Ni t ro-2- fury l  

1,52 
1,86 
1,55 
1,86 
1,85 
1,83 
1,79 
0,37 
1,52 

III 
IV 
V 

V I 

o,95 
0,94 
1,20 
0,77 
2,11 
t,71 
2,90 

the po la rograms  of compounds (III-V). This is connected with the presence  of double bonds adjacent to the 
es te r  group, so that the mechanism of the reduction of a s t ruc ture  of type (III) is apparently limited by a 
two-e lec t ron  stage with the formation of the corresponding semiacetal  [4]: 

2 e  
RCOOCH=CH 2 "-~"- R, CH(OH)OCH~CH 2 

The p resence  of an ethylenic bond in the a position to the earbonyl carbon atom extends to chain of 
conjugation, modifying the mechanism of e lectroreduct ion in such a way that the la t te r  takes place through 
two one-e lec t ron  s tages [5] (I, II): 

/OH l e  
RCH~CHCOOCH~CH 2 le I H -'-''~ RCH=CH--C. \O--cH=CH~ 1 H "~ RCH~CH2COOCH'~Cft'2 

The closeness  of the potentials of the second waves is due to the small  difference in the delocalization 
energies  of the radica ls  formed after  the addition of the f i rs t  e lectron in electroreduction.  Of compounds 
{I) and (II), the g rea te r  tendency to delocalization is possessed  by the s tyryl  radical .  Because of the lower 
degree  of aromat izat ion of the furan ring as compared  with the benzene ring, the polarizabil i ty of the mo- 
lecule of the es te r  (I) is g r ea t e r  than that of {II), but the mesomer i c  effect of a furan ring is more  posit ive 
than that of a benzene ring. 

The reduction of the e s t e r s  (V) and (VI) takes place in more  complex fashion, since the bromine atom 
and the ni tro group p resen t  in posit ion 5 of the furan r ing are  themselves  reduced under our conditions. 
However, in our opinion, the probabil i ty of the formation in the f i rs t  s tage of the reduction of the es te r  (VI) 
of an anion radical  in a neutral  aqueous alcoholic medium and, all the more,  their  subsequent reduction at 
potentials of the o rder  of - 1 . 5  V appears  unlikely. Consequently, the second wave of the es te r  (VI) must  be 
assigned to a p roce s s  of reducing the es ter  group. Unfortunately, we have not been able to study the polaro-  
graphy of the es te rs  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 e lectroreduct ion of the es te r s  discussed,  it is possible to find a symbatie increase  in the rate  of hy- 
drolysis  of the e s t e r s  (I-III) with a displacement of the half-wave reduction potential to a less  negative 
region [for the es te r s  (I) and (II), the potentials of the second waves]. This feature enables us to evaluate 
the tendency to hydrolys is  of those es te rs  that could not be studied under our conditions, as well. On the 
basis  of the reduction potentials, the es te rs  (I-VI) can be ar ranged in the following sequence with respect  
to their  r es i s t ance  to alkaline hydrolys is :  (I) > (II) >" (III)> (IV) > (V) > (VI). One must  take into account the 
fact that this sequence is due not only to the inductive proper t ies  of the substituents but also to the tendency 
of the molecules  to undergo dynamic polarizat ion.  
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EXPERIMENTAL 

The kinet ics  of the alkal ine hydro lys i s  of the vinyl e s t e r s l  which were  obtained by known methods [1, 
6-8], was studied by means  of a LP-7  po la rograph .  The reac t ion  was p e r f o r m e d  in the po la rograph ic  cell .  
During the cour se  of the react ion,  a d e c r e a s e  in the height of the wave of po la rograph ic  reduct ion of the 
co r respond ing  vinyl e s t e r  with t ime  was obse rved  at  t e m p e r a t u r e s  of 20, 25, 30, and 35~ (~0.1~ in 45% 
aqueous ethanolic solut ions.  The concent ra t ions  of the vinyl e s t e r s  amounted to 0.0025, 0.005, and 0.01 M. 
The concent ra t ions  of the ca ta lys t  (LiOH) were  va r i ed  between 0.2 and 0.08 M. The suppor t  was a 0.1 N 
solution of l i th ium chlor ide .  The r e su l t s  of the m e a s u r e m e n t s  we re  used  to ca lcula te  the hydro lys i s  r a t e  
cons tan t s  kii  accord ing  to the equat iom 

2.3 a 
-T" log -~--Z-~ 

kIi= c ' (1) 

where  t is the t ime.  sec~ a is the ini t ial  height of the wave cor responding  to the concentra t ion of e s t e r  at 
t ime  t = 0; (a-x)  is the height of the wave cor respond ing  to the concentra t ion  of e s t e r  at t ime  t: and c is  the 
concentra t ion  of ca ta lys t  (M). 

Calculat ion of the hydro lys i s  r a t e  constant  ki i  by the equation: 

k~i 23 1 .log (cA,~176 
.~ c,, O_c,~ o ( c ~ ' ~ ~  ~ , ( 2 )  

0 where  c~l  is the init ial  concent ra t ion  of LiOH (IV[): CA2 is  the initial  concent ra t ion  of vinyl e s t e r  (M): ( c~ l -x )  
is  the concent ra t ion  of a lkal i  at t ime  t~ and (g~2-x) is the concentra t ion  of vinyl e s t e r  at t ime  t, showed the 
c loseness  of the r e s u l t s  of calcula t ion to those obtained by means  of Eq. (1), which is explained by the fact  
that  the observa t ions  w e r e  made  only in the initial  s tage  of the reac t ion  and a lso  by the cons iderable  excess  
of ca ta lys t  in re la t ion  to the init ial  e s t e r .  

The po la rog raph ie  p a r a m e t e r s  we re  found with the aid of a LP-60  po la rog raph  at 25~ on a support  
of l i thium ace ta te  buf fer  at  pH 6.70 in 50% aqueous ethanol. The reduct ion potent ia ls  were  m e a s u r e d  re la t ive  
to a sa tu ra ted  ca lomel  e lec t rode .  The e r r o r  in the m e a s u r e m e n t s  of the potent ia ls  amounted to • 5 inV. 
The c h a r a c t e r i s t i c s  of the c a p i l l a r y  were :  m = 1.803 m g .  sec -1, ~ = 4.24 sec -1. The diffusion coefficient  D 
was  ca lcula ted  by a modif ied S t okes -E i n s t e i n  equation, and the number  of e lec t rons  n by  the Ilkovic equa- 
t ion [9]. The concent ra t ion  of the e s t e r s  was 0.001 M. 

LITERATURE CITED 

I. G.G. Skvortsova, V. V. An, Yu. A. Mansurov, V. K. Voronov, G. V. Ratovskii, and Yu. L. Frolov, 
Khim. Getero ts ik l .  Soedin., 1443 (1972). 

2. C . H .  De Puy and L. R. Mahoney, J .  A m e r .  Chem. Soc., 86, 2652 (1964). 
3. A . M .  Shut  and M. M. Fi l imonova,  Zh. Obshch. Khim.,  .~7, 2603 (1967). 
4. V . G .  Mairanovski i  and G. I. Samokhvalov, Abs t r ac t s  of Communicat ions  at the 5th Conference  on the 

E l e c t r o c h e m i s t r y  of  Organic  Compounds [in Russian] .  Nauka, Moscow (1967). p. 7. 
5. G . J .  Hoijting, R i c e r c a  Sci., Suppl. (Contr. t eo r .  spe r .  di po larograf ia ) ,  5. 217 (1960). 
6. M . F .  Shostakovskii ,  L. I. Komarova .  A. Kh. Fflippova. and G. V. Ratovski i ,  Izv. Akad. Nauk SSSR. 

Set .  Khim.,  2526 (1967). 
7. M . F .  Shostakovski i ,  G. G. Skvor tsova ,  Vo V. An, and Yu. A. Masurov,  Khim. Getero ts ik l .  Soedin., 9 

(1969). 
8. R . L .  Adelman,  J .  Org.  Chem..  14. 1057 (1949). 
9. Ya. P.  Stradyn ' ,  The P o l a r o g r a p h y  of Organic Nitro Compounds [in Russian],  I zd-vo  Akad. Nauk 

LatvSSR, Riga  (1961), p. 11. 

29 


