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The possibility of reducing furfural to furyl alcohol with potassium and 
sodium amalgams under the conditions of neutralizing the alkali 
formed with carbon dioxide has been investigated. The reduction of 
furfural can be directed to the predominant formation of furyl alcohol 
by regulating the rate of feed of furfuraI into the reaction vessel. 

F u r y l  alcohol is widely used in the product ion of 
synthet ic  r e s i n s ,  p las t ics ,  and c h e m i c a l l y - r e s i s t a n t  
cements  and in a whole s e r i e s  of other i ndus t r i e s  [1]. 
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Fig.  1. Inf luence  of the r a t e  
of feed of fu r fu ra l  into the 
r eac t ion  ves se l  on the ra t e  
of decomposi t ion  of sodium 
a m a l g a m  (1) and p o t a s s i u m  

a m a l g a m  (2). 

At the p r e s e n t  t ime it  is produced f rom fu r fu ra l  (by 
the Cann izza ro  ox ida t ion- reduc t ion  reac t ion  [2], by 
the M e e r w e i n - P o n n d o r f  r eac t ion  [3], or by cata lyt ic  
reduc t ion  with hydrogen under  p r e s s u r e  [4,5]). At- 
tempts  have also been desc r ibed  to reduce  fu r fu ra l  to 
furyl  alcohol e l e c t rochemica l l y  [6, 7]. 

Taking the ava i lab i l i ty  of sodium ama lgam into ac -  
count [8], it  appeared d e s i r a b l e  to use  i t  for the r educ -  
tion of fu r fu ra l  to furyl  alcohol.  However,  e a r l i e r  
inves t igat ions of the ama lgam reduc t ion  of fu r fu ra l  [ 9] 
did not give sa t i s f ac to ry  r e s u l t s .  

The p r e s e n t  communica t ion  gives the r e su l t s  of a 
study of the reduc t ion  of fu r fu ra l  with a l k a l i - m e t a l  
a m a l g a m s .  The expe r imen t s  c a r r i e d  out with sodium 
ama lgam showed that fu r fu ra l  is i n t ens ive ly  reduced;  
the r a t e  of decomposi t ion  of the amalgam,  expressed  
in e l ec t r i c a l  units ,  r eaches  10 000 A/m 2 of su r face  of 
the ama lgam.  In this p rocess ,  the solut ion in the e lec -  
t rode layer  becomes  highly a lkal ine ,  ~vhich favors  the 
occu r r ence  of the Cann izza ro  reac t ion  and a lso  the 
condensat ion  and po lymer i za t ion  of the fu r fu ra l .  In 
o rde r  to e l imina t e  the product ion of a lka l ine  solut ion,  
a deta i led study has been made of the reduct ion  of fu r -  
rura l  with sodium and po tass ium a m a l g a m s  with the 
neu t r a l i za t ion  of the a lkal i  fo rmed by carbon  dioxide. 
The poss ib i l i ty  was taken into account  of the p roduc-  
tion of fo rmates  of the a lkal i  meta l s  by the reac t ion .  

2 C O 2 +  H 2 0 + 2 N a ( H g )  = H C O O N a +  N a H C O a §  ( 1 )  

In addition, the i n t e rmed ia t e  r ad i ca l s  "COONa formed 
in the reduc t ion  of the carbon  dioxide may r e a c t  with 
the i n t e rmed ia t e  r ad ica l s  C4H30~HOH formed in the 
reduc t ion  of the furfura l ,  with the product ion of fu ry l -  
glycol ie  acid: 

o 
/ /  

�9 C O N a  + C 4 H 3 O C H O H  = C 4 H 3 O C H O H C O O N a  ( 2 )  

I t  was found that the neu t r a l i za t ion  of the r eac t ion  
mix tu re  with carbon dioxide by the usual  p rocedure  is 
r e l a t i ve ly  ineffect ive because  of the high ra te  of the 
reduc t ion  of the fu r fu ra l  and the r e l a t i ve ly  low r a t e  of 
the r eac t i on  of the ca rbon  dioxide with the a lkal i  
fo rmed in the r eac t ion .  In view of this, the inf luence 
of con t ro l l ing  the r a t e  of feed of fu r fu ra l  in carbon  d i -  
oxide into the r eac t ion  vesse l  on the d i rec t ion  of the 
reduc t ion  p roces s  was studied.  

F igu re  1 shows the r a t e s  of decomposi t ion  of sodim 
and po tass ium ama lgams  as funct ions of the ra te  of 
feed of fu r fu ra l  to the r eac t ion  vesse l  with the continU- 
ous bubbling of carbon  dioxide through the solut ion at  
the r a t e  of 15 l /h r .  In  the absence  of a feed of furfura l ,  
the r a t e  of decomposi t ion  of the ama lgam co r r e sponds  
to the r a t e  of reduct ion  of the carbon  dioxide [10, 11]. 
When fu r fu ra l  was added to the reac t ion  vesse l ,  the 
r a t e  of decomposi t ion  of the ama lgam rose  approxi -  
mate ly  in propor t ion  to the ra te  of feed of the fu r fura l .  
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Fig .  2. Inf luence of the r a t e  of feed 
of fu r fu ra l  to the r eac t ion  v e s s e l  on 
the d i rec t ion  of the reduct ion p ro -  
cess  for sodium amalgam:  1) yield 
of sodium formate ;  2) yield of furyl  
alcohol;  3) total  yield of sodium 

fo rmate  and fury l  alcohol .  

Data  on the yield of reduc t ion  products  as a function 
of the r a t e  of feed of fu r fu ra l  to the r eac t ion  vesse l  
a re  given in F igs .  2 and 3. I t  follows f rom these that 
at r a t e s  of feed of fu r fu ra l  l e s s  than 10 ml /h r  the f r a c -  
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tion of the c u r r e n t  consumed in the reduc t ion  of the 
fu r fu ra l  and in the fo rmat ion  of the a l k a l i - m e t a l  bi-  
ca rbona te  in a c c o r d a n c e  with Eq.  (3) is low: 

I I c Y  ~ ~ . =~--o-~._c.~o.-,~ .+2 .~  ( 3 )  ]~00"~-- \ H  + 2Na(H.)  +2CO,, 4- 2H20 NaHCO 3 

S imul taneous ly  with this r e a c t i o n  the product ion  of the 

f o r m a t e  and b ica rbona te  of the a lkal i  meta l  (Eq. 1) 
takes  p lace  at a f a i r l y  high r a t e .  At lower  r a t e s  of 
fur fura l ,  this r e a c t i o n  becomes  the main  one. An in-  
c r e a s e  in the r a t e  of feed of fu r fu ra l  r a i s e s  the y ie ld  
of furyl  a lcohol  and lowers  the y ie ld  of sodium f o r m a t e  
to 2 -3%.  The yie ld  of furyl  a lcohol  r e a c h e s  65-70%. 
At  high r a t e s  of feed of fu r fura l ,  hyd rod imer i za t ion ,  
leading to the fo rma t ion  of hydrofuro!ns  becomes  the 
main  r eac t ion .  

In the reduc t ion  of fu r fu ra l  with po ta s s ium amalgam,  
the s a m e  dependence  of the y ie ld  of furyl  a lcohol  on the 
r a t e  of fu r fu ra l  is obtained, but in this ca se  the m a x i -  
mum yie ld  of furyl  a lcohol  does not exceed  35-38% 
(Fig .  3). 

In o r d e r  to inves t iga te  the poss ib i l i t y  of i nc r ea s ing  
the y ie ld  of furyl  a lcohol  at the expense  of the hydro-  
furoins ,  we c a r r i e d  out e x p e r i m e n t s  with the addit ion 
of 0 .3 -0 .5  gfl of i ron  sul fa te  to the solut ion [12]. How- 
ever ,  the r e s u l t s  obtained showed that in this ca se  i ron 
sa l t s  do not subs tan t ia l ly  affect  the c o u r s e  of the r e d u c -  
r ive p r o c e s s .  The addit ion of subs tances  p reven t ing  the 
p o l y m e r i z a t i o n  and condensat ion  of the fu r fu ra l  and 
the fury l  alcohol ,  such as u rea  and t r i e thano lamine ,  
did not lead to the d e s i r e d  r e su l t s ,  e i t he r .  C a r r y i n g  
out the r educ t ive  p r o c e s s  with the alkali  f o rmed  being 
neu t r a l i zed  by su l fur  dioxide caused the fo rma t ion  of 
only a v i scous  l ight yel low m a s s .  

Thus,  the study of the reduc t ion  of fu r fu ra l  to furyl  
a lcohol  with po ta s s ium and sodium a m a l g a m s  tha i 'we  
have p e r f o r m e d  has shown that the condit ions of the 
r e a c t i o n  and the na ture  of the a m a l g a m  e x e r t  a funda- 
menta l  inf luence on the d i r ec t i on  of the r e d u c t i v e  
p r o c e s s .  By using sodium a m a l g a m  it  is poss ib le  to 
d i r e c t  the r edue t ive  p r o c e s s  p redominan t ly  to the f o r -  
mat ion of furyl  a lcohol  and by using po t a s s ium a m a l -  
gam to hydrofuro ins .  

EXP ERIME NTAL 

A thermostated reaction vessel fitted with a bubbler, mechanical 
stirrer and thermometer was charged with 300 ml of sodium amalgam 
containing 1.5 g-eg of sodium per I of mercury (0.25 wt.-% of 
sodium). Then with constant stirring and the vigorous bubbling of car- 
bon dioxide at the rate of 15 l/hr, 500 ml of a 6-8% solution of fur- 
rural in water was added from a burette at a predetermined rate. The 
reaction was carried out at 20*--25* C. After the decomposition of the 
amalgam, the soIution was separated from it and extracted with ether. 
The ether was evaporated off and the residue was distilled under vac- 
uum. First unchanged furfurat distilled over and then furyl alcohoI con- 
taining a small amount of furfural. The latter was eliminated by 
binding it as the bisulfite derivative. 

The characteristics of the furyl alcohol obtained were: bp 74"-76"C 
z~ 1.4852, di e 1.1330. (15 ram), n D 
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Fig .  3. Inf luence of the r a t e  of feed 
of fu r fu ra l  to the r eac t i on  v e s s e l  on 
the d i r ec t i on  of the r educ t ive  p ro -  
ce s s  for  po ta s s ium amalgam:  
1) y ie ld  of po ta s s ium fo rma te ;  
2) y ie ld  of furyl  a lcohol;  3) total  

yield of po t a s s ium f o r m a t e  and furyl  
a lcohol .  

The remaining mass, consisting of a light yellow viscous liquid, 
distilled at 140"-248 ~ C (2-3 ram) and had characteristics close to 
those of the hydrofuroins [7]. It apparently consisted of hydrofuroins 
contaminated with the products of their resinification [7] together with 
condensation products of furyl alcohol [1]. 

The aqueous extract was neutralized with dilute sulfuric acid, and 
the formic acid was distilled from it, its amount being determined by 
permanganatometric titration [13]. 
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