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The main  in te rmedia te  in the hydrogen peroxide  oxidation of furfuraldehyde is the unstable 
2 - fo rmyloxyfu ran .  

The oxidation of fur fura l  with hydrogen peroxide  gives r i s e  to valuable products  such as f i - fo rmyl -  
ac ry l i c  acid,  ma le ic  acid, succinic acid,  and mal ic  acid [1-5]. 

We have p rev ious ly  sugges ted ,  and in par t  proved,  that the reac t ion  m e c h a n i s m  of the oxidation p ro -  
ceeds  via the hydroxyhydroperox ide  (I), 2 - fo rmyloxyfu ran  (II), and hydro lys i s  of the l a t t e r  to fo rmic  acid 
(l]l), and 2 -hydroxyfuran  (IV). The las t  compound is capable  of reac t ing  in e i ther  the enol (IV) or  the lactone 
(Y) fo rm,  leading to f i - f o r m y l a c r y l i c  acid (VI and VI') or  the monoaldehyde of succinic acid (VII), r e s p e c -  
t ively  [6]. 
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Organic peroxides  accumula te  in the reac t ion  products ,  and fo rmic  acid is produced quanti tat ively 
[5, 6]. The isolat ion or  detect ion of the p roposed  in te rmedia tes  is difficult due to the instabi l i ty  of such 
e s t e r s  [7], hydroxyfuran  [8], and the lactone [9, 10]. 

Using the spec t ropho tome t r i c  calculat ion method [11], the p r e s e n c e  in the react ion  mix tu re  of sub-  
s tances  with Xmax at 215 ,250 ,  and 270-273 nm was observed.  These were  absent  in the s ta r t ing  mix tu re ,  
but accumula ted  and underwent convers ion  during the react ion.  The pr inc ipa l  in te rmedia te  was a compound 
with a sha rp  m a x i m u m  at 215 nm (~ 1125) and a weak m a x i m u m  at 273 nm (~ 94) (Fig. 1). The IR spec -  
t r u m  contained bands c h a r a c t e r i s t i c  for monosubst i tu ted  furans  (736, 846,904,  948,991,  1006, 1377, and 
1459 cm -1) [12]. Vibra t ion of the C - O - C - O - C  group gave r i s e  to a s e r i e s  of bands due to s y m m e t r i c a l  
and a s y m m e t r i c a l  valence v ibra t ions  (102 7, 1063, 1114, 12 02, and 123 8 c m -  1), resu l t ing  f r o m  the in te rac t ion  
of the = C - O - C =  of the furan  r ing and the = C - O - C  of the side chain [13,14]. The IR spec t r a  show that  
the isolated compound is 2 - fo rmy loxy fu ran  (II), which mus t  subsequently be hydrolyzed to f o rmic  acid III 
and suceinic  acid aldehyde (VII). The fo rmat ion  of succinic acid aldehyde f r o m  e s t e r s  of a s i m i l a r  type has 
been obse rved  prev ious ly  [7]. 

The s t ruc tu re  of the isolated product  was de te rmined  by alkaline and acid hydro lys i s .  The UV spec -  
t r u m  shows that  hydro lys i s  of the e s t e r  II (~max 215 nm) gives a compound with a m a x i m u m  at 273 nm 
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Fig. 1. UV Spectrum of 2-formyloxyfuran,  in water  at a con-  
centrat ion of 22 �9 10 -4 M: 1) before  hydrolys is ,  2) after hydrolys is. 

Fig. 2. Chromatogram of 2- formyloxyfuran on a PAKhV-0.3 
chromatograph before ( ) and after  ( - - - )  hydrolys is :  1) 
unknown compound, 2) water ,  3) 2- formyloxyfuran,  4) formic 
acid. Column with 10% polyethylene glycol (tool wt 15,000) on 
celi te,  length3 m, t empera tu re  104 ~ C, velocity of c a r r i e r  gas 
(hydrogen) 102 ml /min .  

(Fig. 1), cor responding to succinic acid aldehyde VII [15]. As a resu l t  of par t ia l  hydrolysis  of the es te r  II 
by t races  of water ,  the aldehyde VII is present  in smal l  amounts in the s tar t ing es te r  II, as indicated by the 
absorption maximum at 273 nm. The formation of succinic acid aldehyde was confirmed by thin l a y e r c h r o -  
matography [16,17]. 

The p resence  of formic acid in the hydrolysis  products was confirmed by chromatography (Fig. 2) and 
by polarography,  which gave El/2 = - 1 . 6 2  V, charac te r i s t i c  of formic acid. 

Thus we have shown that the principal  unstable intermediate in the oxidation of furfural  with hydrogen 
peroxide is 2- formyloxyfuran ,  which has been isolated for the f i rs t  t ime. 

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

ExperimentalCondi t ions .  a) A mixture of 41.3 ml (0.5 mole) of furfuraldehyde and 140.3 ml (1.25 
mole) of 27.5% hydrogen peroxide was s t i r red  in a thermos ta t  at 65 ~ C. The tempera ture  rose  to 108 ~ C, 
and volatile mater ia l  distilled over  and was collected in a Dean and Stark apparatus.  The distil late was 
extracted success ive ly  with benzene, heptane, ch loroform,  ether,  and butanol. The butanol fract ion was 
dried over  Na2SO 4 and redist i l led,  bp 103.5-105 ~ C. 

b) The p rocess  was ca r r i ed  out at a constant t empera tu re  of 65 ~ C, until all the furfuraldehyde had 
been consumed. The volatile products  were distilled f rom the oxidate at 25 ~ C (10 ram), and were con- 
densed in four t raps  cooled in a d r y - i c e - a c e t o n e  mixture.  The product which collected in the t raps  was 
dried over Na2SO 4 and then distilled to give a f ract ion bp 103.5-105~ identified as 2- formyloxyfuran  (II). 
It amounted to 2-3% of the reac ted  furfuraldehyde. Compound II was soluble in butanol, ether,  and water  
and insoluble in benzene and heptane. 

UV Spectra  were taken on an SF-4 spect rophotometer ,  in water  at a concentrat ion of 22" 10 -~ m o l e /  
l i ter ,  the layer  thickness being 1 cm. IR Spectra were taken on an IKS-14 spect rophotometer  with NaC1 
p r i sms .  

Thin layer  chromatography was ca r r i ed  out on A1203, without a binder,  in a formic  ac id -bu tano l  
mixture (1 : 9); paper  chromatography was ca r r i ed  out using b u t a n o l - f o r m i c  a c i d - w a t e r  (9:1:4). 

The po la rogram was recorded  on an LP-60  polarograph,  using 0.3 M aqueous LiC1 as base. The 
m e r c u r y  dropping velocity was 5.57 sec. 
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Gas chromatographic analysis was carr ied out on a PAKhV-0.3 chromatograph. The column packing 
was 10% polyethylene glycol (tool. wt. 15,000) on celite, length 3 m, temperature 104 ~ C, velocity of ca r r i e r  
gas (hydrogen), 102 ml/min. 

2-Formyloxyfuran was hydrolyzed with water, 5% H2SO 4, or 10% KOH. The hydrolysis time in each 
case was 3 hr. 
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