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Vinyl r has been synthesized by the reaction of 
c~-furancarboxylic acid with acetylene and with vinyl acetate in the 
presence of various catalysts, The structure of the vinyl ester has been 
confirmed by IR spectra and by catalytic hydrogenation, The acid and 
alkaline hydrolyses of vinyl c~-furancarboxylare have been studied. 

Der iva t ives  of c~-furancarboxyl ic  acid (I) a r e  widely 
used  in indus t ry  and med ic ine .  We felt  it was of i n t e r -  
es t  to syn thes ize  and study the p rope r t i e s  of the v inyl  
e s t e r  of c~-furancarboxyl ic  acid (II). The poss ib i l i t y  
of its syn thes i s  by the d i r ec t  v inyla t ion  of I at 2 2 5 -  
230 ~ C is  men t ioned  in  the l i t e r a t u r e  [1]. The y ie td  of 
vinyl  e s t e r  is not g iven.  
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Fig .  1. IR s p e c t r u m  of II. 

In the p r e s e n t  work,  we have s tudied the reac t ion  
of I with ace ty lene  unde r  p r e s s u r e  in the p r e s e n c e  of 
such ca ta lys t s  as cadmium ace ta te ,  zinc oxide, and 
cadmium oxide. The r eac t ion  was s tudied at va r ious  
t e m p e r a t u r e s .  The bes t  y ie ld  of II, amount ing  to 74%, 
was obta ined f rom 0.05 mole  of c admium oxide pe r  
mo le  of I in dioxane with h e a t i n g t o  165-170  ~ C for  
half  an hour .  Under  the s a m e  t e m p e r a t u r e  condi t ions ,  
in the v iny la t ion  of I in the p r e s e n c e  of zinc oxide the 
y ie ld  of II amounted  to 49% of theory ,  and in the p r e s -  
ence  of Cd(CHaCOO) 2 it was only 10-15%. When the 
p r o c e s s  was c a r r i e d  out without a so lvent  or at a 
h igher  t e m p e r a t u r e ,  the y ie ld  of II fel l  because  of the 
r e s i n i f i c a t i o n  of the r eac t ion  p roduc t s .  The s ame  r e -  
sul t  was o b s e r v e d  when the r e a c t i o n t i m e  was i n c r e a s e d  
f r o m  1 to 2 h r .  Under  the op t imum condi t ions  found, 
the r eac t i on  of I with ace ty lene  takes  place m a i n l y  in 

the fol lowing way: 

H + HC~CH 

~-~--C + CtlaCC 
OCH=CH 2 

CdO, Cd (CH3COO)2, ZnO 

t.P ~ [F--'~ __ C//'0 
ttg(CHaCOO)2 ~ "~O / \O--CH=CH~ 
100% H2SO 4 

As can be s e e n  f r o m  the s cheme ,  we a l so  ob ta ined  
II by the r e a c t i o n  of I with vinyl  ace ta te .  It was found 

that in an excess  of vinyl  acetate  at 20 ~ C under  the 
ac t ion  of m e r c u r y  aceta te  with the addit ion of concen-  
t r a t ed  su l fu r ic  acid,  the yield of II in 72 hr amounted 
to 47.5%. T h e r m o s t a t t i n g  the reac t ion  mix tu re  at 2 5 -  
60 ~ C promoted  the r e s in i f i ca t i on  of the s t a r t i ng  m a t e -  
r i a l s  and the reac t ion  products .  

Vinyl c~-furancarboxyIate is a co lo r l e s s  l iquid so lu -  
ble  in ethanol ,  ace tone,  dioxane, and carbon t e t r a -  
ch lor ide .  I ts  s t r uc t u r e  was conf i rmed  by the r e su l t s  
of i n f r a r e d  spec t roscopy  and a lso  by its hydrolyt ic  
cleavage and ca ta ly t ic  hydrogenat ion  r eac t i ons .  The 
IR s p e c t r u m  of II is given in Fig .  1. The t e r m i n a l  
double bond ad jacen t  to the oxygen atom can be iden t i -  

f i e d  f rom the s t rong  absorp t ion  band at 1650 cm -1 and 
f rom the weak f r equenc ie s  in the 3100 cm -1 region.  
These  bands  d i sappea r  in the hydrogenat ion  product  of 

II [21. 
The acid hydro lys i s  of II was s tudied in mos t  detai l  

at  96-98 ~ C as a funct ion of the t ime  of heat ing and the 
concen t ra t ion  of the su l fu r ic  acid.  The r e su l t s  ob-  
t a ined  a re  shown graphica l ly  in F ig .  2. It was e s t a b -  
l i shed  that  the degree  of hydro lys i s  of the II r i s e s  
l i n e a r l y  with an i n c r e a s e  in the t ime  of heat ing f rom 
0.5 to 4 hr  in the p r e sence  of 2% H2SO 4 (curve 1), while 
in the p r e s e n c e  of m o r e  concen t ra ted  ac id  (curve 2) i t  
p a s s e s  through a m a x i m u m .  The y ie ld  of aceta ldehyde 
reaches  93% af ter  3 hr  and then fa l l s ,  which can ap-  
pa r en t l y  be expla ined  by the r e s in i f i ca t ion  of the r e -  
ac t ion  produc ts .  The acidi ty  of the med ium s t rongly  
in f luences  the degree  of hyd ro lys i s .  The dependence 
of the hydroly t ic  c leavage of II on concen t ra t ion  of 
su l fu r i c  acid is shown by curve 3. A fal l  in the r e a c -  
t ion t e m p e r a t u r e  to 60 ~ C led to a m a r k e d  d e c r e a s e  in 
the y ie ld  of ace ta ldehyde,  to approx imate ly  5-6%. At 
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Fig .  2. Acid hydro lys i s  of II as a funct ion 
of the t ime  of hea t ing  and the c o n c e n t r a -  
t ion of su l fu r ic  acid (for the ident i f ica t ion 

of the c u r ve s ,  see text).  

20 ~ C, II unde rgoes  p r a c t i c a l l y  no hydro lys i s  in 3 hr  
in the p r e s e n c e  of 5% H2SO4. This  showed that  the vinyl 
e s t e r  II hydro lyzes  quan t i t a t ive ly  unde r  cons ide rab ly  
m o r e  s e v e r e  condi t ions  than the vinyl  e the r s  of fu ran  
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Fig .  3. D e g r e e  of h y d r o l y s i s  of II as  a 
funct ion of the  t ime  of the  r e a c t i o n .  

a l c o h o l s  [3 ,4] .  Under  the  inf luence  of d i lu te  a lka l i ne  
so lu t ions ,  the vinyl  e s t e r  II r e a d i l y  u n d e r g o e s  s a p o n i f i -  
ca t ion  even at  20 ~ C with the f o r m a t i o n  of the  I .  The 
d e g r e e  of c l eavage  of II a s  a funct ion of the t ime  of 
th i s  r e a c t i o n  is  shown in F i g .  3. 

The add i t ion  of h y d r o g e n  to the double bond of the 
vinyl  g roup  of the  e s t e r  II t akes  p lace  r e a d i l y  under  
the inf luence  of a Raney  n icke l  c a t a l y s t  a t  r o o m  t e m -  
p e r a t u r e  with the  f o r m a t i o n  of the known ethyl  a - f u r a n -  
c a r b o x y l a t e .  

The  in i t i a l  a c i d  I was  s y n t h e s i z e d  f r o m  f u r f u r a l  by  
a me thod  ana logous  to tha t  d e s c r i b e d  for  the p r e p a r a -  
t ion of 5 - c h l o r o - ~ - f u r a n c a r b o x y l i e  ac id  f r o m  5 - c h l o r o -  
f u r f u r a l  [5]. 

EXPERIMENTAL 

~-Furancarboxyltc acid (I), Wi th  cool ing  to 10 ~ C, 
74.2 g (0.77 mole )  of f u r f u r a l  was  added  to 400 ml  of 
a so lu t ion  of sod ium h y p o b r o m i t e  ob ta ined  f r o m  32 m l  
of b r o m i n e ,  78 g of NaOH, and 350 m l  of w a t e r ,  and 
the  r e a c t i o n  m i x t u r e  was  s t i r r e d  fo r  4 h r .  The a c i d  
was  i s o l a t e d  by the add i t ion  of s m a l l  p o r t i o n s  of con-  
c e n t r a t e d  h y d r o c h l o r i c  a c id  unt i l  the  I c e a s e d  to p r e -  
c i p i t a t e .  I t  was  f i l t e r e d  off and d r i e d  to e o n s t a n t w e i g h t .  
Th is  gave 68 g (91%) of I,  which was  c r y s t a l l i z e d f r o m  
w a t e r ,  mp  133 ~ C [6]. 

Vinyl  ~ - f u r a n c a r b o x y l a t e  (II). a) Vinyla t ion  of I. 
A 2 - l i t e r  r o t a t i n g  s t e e l  au toc l ave  was  c h a r g e d  with 
105 g of I,  6 g of c a d m i u m  oxide ,  and 180 g of d ioxane .  
A c e t y l e n e  was  p a s s e d  in f r o m  a c y l i n d e r  under  p r e s -  
s u r e  of 12 -15  a t m .  The  conten ts  of the  au toc lave  w e r e  
h e a t e d  a t  165-170  ~ C fo r  40 min ,  cooled ,  and f i l t e r e d ,  
and the d ioxane  was  d i s t i l l e d  off u n d e r  r e d u c e d  p r e s -  
s u r e .  The  r e s i d u e  was  d i s t i l l e d  in vacuum in a c u r r e n t  
of n i t r o g e n  to g ive  95.34 g of the  e s t e r  I I ,  bp 7 1 - 7 2  ~ C 
(10 ram) d 2~ 1.1472, n~  1.5070. Found,  %: C 60.81; 
H 4.28; MR D 35.82. C a l c u l a t e d  fo r  C7H603, %: C 60.86; 
H 4.38; MR D 34.22. 

b) R e a c t i o n  of I with vinyl  a c e t a t e .  A m i x t u r e  of 
11.2 g (0.1 mole)  of the  a c i d  I and 51.6 g (0.6 mole)  of 
f r e s h l y - d i s t i l l e d  v iny l  a c e t a t e  was c a r e f u l l y  s t i r r e d .  
Then 0.23 g of m e r c u r y  a c e t a t e ,  0.6 g of 100% H2SO4, 
and 0.05 g of hydroquinone  w e r e  added .  The  r e a c t i o n  
p r o d u c t s  w e r e  t h e r m o s t a t t e d  at  20 ~ C fo r  3 d a y s .  A f t e r  
t h i s ,  1.35 g (0.12 mole )  of sod ium a c e t a t e  was added .  
The  p r e c i p i t a t e  was  f i l t e r e d  off and the e x c e s s  of v inyl  
a c e t a t e  and the a c e t i c  a c i d  f o r m e d  in the  r e a c t i o n  we re  

e l i m i n a t e d .  The y i e l d  of the e s t e r  II was 6.52 g,  bp 
5 1 - 5 2  ~ C (4 m m ) .  

E thy l  a - f u r a n c a r b o x y l a t e  (III). A hydrogena t ion  
v e s s e l  was c h a r g e d  with 2.16 g of II ,  15 ml  of abso lu te  
e thanol ,  and Raney  n i cke l  c a t a l y s t .  Hydrogen  was fed  
in f r o m  a g a s o m e t e r  a t  20 ~ C. A to ta l  of 0.39 I of gas  
was  a b s o r b e d .  The  t h e o r e t i c a l l y - r e q u i r e d  amount  is  
0.38 I. This gave III with mp 34 ~ C [7]. Yield 90%. 

Acid hydrolysis of the ester II ,  A 0.1190 g s a m p l e  
of the vinyl  e s t e r  II was p l a c e d  in a 5 0 - m l  tube con-  
ta in ing  20 m l  of 20% H2S Q .  The s e a l e d  tube was hea ted  
at  96-98  ~ C fo r  3 h r .  The a c e t a l d e h y d e  was d e t e r m i n e d  
by  R i p p e r ' s  m e t h o d - - b y  the addi t ion  of a so lu t ion  of 
sod ium b i su l f i t e  to the r e a c t i o n  m i x t u r e  and b a c k - t i t r a -  
t ion of the excess with 0.i N iodine solution [8]. The 

percentage hydrolysis was 92.97. Experiments under 

other reaction conditions were carried out similarly. 

The results are given in the form of curves in Fig. 2. 

Alka l ine  h y d r o l y s i s  of II;  In a con ica l  f l a s k ,  0 .2091g 
of II was  t r e a t e d  with 19.4 m l  of 0 . i  N NaOH. The m i x -  
t u r e  was  le f t  to s tand  in a t h e r m o s t a t  at  20 ~ C for  4 h r .  
The  e x c e s s  of a lka l i  was  b a c k - t i t r a t e d  with 5.6 m l  of 
0.1 N HCI in the  p r e s e n c e  of Phenol  Red.  The y i e ld  of 
the ac id  I was  91.4%. The r e s u l t s  ob ta ined  a f t e r  0.5, 
1, 2, 3, and 4 h r  a r e  g iven  in F i g .  3. 
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