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The r e a c t i o n  of t e t r a h y d r o f u r a n  (THF) with  oxygen ,  which  o c c u r s  in the p r e s e n c e  of p e r o x i d e s  o r  s a l t s  
of  m e t a l s  of v a r i a b l e  v a l e n c e ,  o r  is  i n i t i a t e d  by  UV i r r a d i a t i o n ,  r e s u l t s  in the f o r m a t i o n  of a - h y d r o x y t e t r a -  
h y d r o f u r a n  and T - b u t y r o l a c t o n e  [1-8].  y - H y d r o x y k e t o n e s  a r e  ob ta ined  by  the ox ida t ion  of a - a l k y l t e t r a h y d r o -  
f n r a n s ,  p r o b a b l y  as  a r e s u l t  of d e c o m p o s i t i o n  of the h y d r o p e r o x i d e s  which  p r e c e d e  them;  the f o r m a t i o n  of  
l a c t o n e s  is  not  o b s e r v e d  in th is  c a s e  [7, 8]. 

In th is  p a p e r  we have  i n v e s t i g a t e d  the l i q u i d - p h a s e  ox ida t ion  of monofune t iona l  T H F  d e r i v a t i v e s :  t e -  
t r a b y d r o f u r f u r y l  a l coho l  (I), i t s  f o r m a t e  (II) and a c e t a t e  (III), and me thy l  2 - t e t r a h y d r o f u r a n c a r b o x y l a t e  (IV). 
Two p r o d u c t s ,  v i a . ,  y - b u t y r o l a c t o n e  and t h e  c o r r e s p o n d i n g  s u b s t i t u t e d  y - b u t y r o l a c t o n e  with  a func t iona l  
g roup  in the  y - p o s i t i o n  (Table  1), a r e  p r i n c i p a l l y  f o r m e d  f r o m  t h e s e  c o m p o u n d s .  T h e i r  o v e r a l l  y i e l d s ,  
a l l owing  fo r  the d e g r e e  of c o n v e r s i o n  of the s t a r t i n g  s u b s t a n c e  a r e :  76% f r o m  (I), 72% f r o m  (II), 95% f r o m  
(IIt), and 81% f r o m  (IV); y - b u t y r o l a c t o n e  i s ,  a s  a r u l e ,  f o r m e d  in the g r e a t e s t  a m o u n t s .  

A s m a l l  amoun t  of s u c c i n i e  ac id ,  which  a p p a r e n t l y  a r i s e s  due to ox ida t ion  of a p o r t i o n  of the l a c t o n e s  
to s u c c i n i c  a n h y d r i d e  with s u b s e q u e n t  h y d r o l y s i s  [9], is  d e t e c t e d  in the r e a c t i o n  p r o d u c t s .  The c l e a v e d  s ide  
func t iona l  g r o u p  is  c o n v e r t e d  to f o r m i c  ac id :  

~ O ) - - R  o~ ~,xO ) = 0  + R - - ~ o ) = O  + HOOCCH2CH2COOH + H C O OH + H~O, 

R=CH~OH (1), CH~OC (O)H (II), CH2OC (0)CH3 (III), C (0)OCH3 (IV). 
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*The reaction was carried out in the presence of 0.5 g of (CH3COO)2Mn. 4H20. 
I" The upper number refers to 7-hydroxymethyl-~-butyrolaetone, while the lower number refers to its formate (oxidation 
of I and II) or acetate (III). 
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Under the react ion  conditions, the formic  acid par t ia l ly  es te r i f i es  (I) [10] and 3/-hydroxymethyl-~/- 
butyrolactone.  Or, the other  hand, in the oxidation of (II) and (iII) a cer ta in  amount of the e s t e r  groups in 
the react ion products  a r e  saponified,  as a resu l t  of which 3/ -hydroxymethyl-y-butyrolac tone  is obtained 
along with its fp rma te  and aceta te .  

Thus the reac t ion  of oxygen with monofunctional THF der iva t ives ,  like the oxidation of s - m e t h y l  t e t r a -  
hydrofuran [11], proceeds  at two react ion  cen te r s ,  viz. ,  C 2 and C 5. UV i r radia t ion  acce l e r a t e s  the oxidation 
and makes  it poss ib le  to c a r r y  out the react ion at a lower t empera tu re .  

E X P E R I M E N T A L  M E T H O D  

The oxidation was c a r r i e d  out in a 150 ml cyl indrical  g lass  r e a c t o r  equipped with a horizontal  porous 
diaphragm,  a tube for  supplying oxygen to its lower portion,  a reflux condenser ,  and a t rap at the gas outlet 
cooled to - 7 0  ~ The r e a c t o r  was heated with a thermosta ted  bath. The oxygen was supplied at 10 l i t e r / h  
during the oxidation of (I), (III), and (IV) a n d a t l 5  l i t e r / h  for the oxidation of (II). 

The percentages  of s ta r t ing  substances  in the lactones formed in the oxidates of (I), (II), and (III) were  
de te rmined  by g a s - l i q u i d  chromatography  using s tandard samples  (in pa r t i cu la r ,  3 , -hydroxymethyl-2/-butyro-  
lactone [12] and an internal  s tandard,  ~/ -amyl-7-butyrolactone,  in the oxidate of (IV) by vacuum dist i l lat ion 
and g a s - l i q u i d  chromatography .  Formic  acid was identified by g a s - l i q u i d  chromatography ,  and the amount 
of it was de te rmined  by t i t rat ion of the oxidate and the fract ion with bp up to 120 ~ which was isolated f rom 
it. The wa te r  content was found by the F i scher  method, and suceinic acid with mp 190 ~ was isolated f rom 
the oxidate by dist i l lat ion and crys ta l l iza t ion .  

Oxidation of (I). Disti l lat ion f rom the oxidate yielded a mixture  of 0.26 mole  of (I) in 0.15 mole of its 
fo rmate ,  ~/-butyrolactone, and a mixture  of ~/-hydroxymethyl-~,-butyrolactone and its fo rma te .  The compos i -  
tion of the mix ture  of lactones (see Table 1) was de termined f rom the integral  intensi t ies  of the protons of 
the hydroxyl (5 5.5 ppm) and fo rma te  (8 ppm) groups in the NMR spec t rum;  the IR spec t rum contained the 
following bands (u, em-1): 1775 (lactone C --O), 1725 (formyl group C =O),  and 1050 and 3450 (OH group). 

Oxidation of (I1). The workup and analys is  of the oxidate were  ca r r i ed  out s imi l a r ly .  

Oxidation of (III). In addition to the compounds l is ted in Table  1, the react ion  m a s s  contained 0.26 
mole  of acet ic  acid.  Dist i l lat ion of it yielded y -ace toxymethy l -~ -bu ty ro lac tone  with bp 143-144 ~ (10 mm); 
nD 2~ 1.4515, d42~ 1.1874. Found: C 52.64; H 6.70%; MR 35.89. C7H1004. Calculated: C 53.16; H 6.38%; MR 
35.68. The cha rac t e r i s t i c  bands in the IR spec t rum (u, cm -1) were  as follows: 1250, 1745 (CH3COO) , and 
1785 (lactone C =O) .  Mass spec t rum:  M + = 144, m / e  100 (M - 4 4 ) ,  85 (M - 59), 59 (COOCH3) , and 44 (CO2). 
Saponification of this compound yielded y -hydroxymethy l -~ -bu ty ro lac tone  with bp 107-108 ~ (0.8); nD2~ 1.4650, 
d 2~ 1.2120. Found: C 50.92; H 7.15%; MR 26.25. C5H803. Calculated: C 51.75; H 6.91%; MR 26.27. IR s p e c -  
t rum (u, cm- i ) :  1775 (lactone C =O) ,  1050 and 3450 (OH group). Mass spec t rum:  M + = 116, m / e  85 (M -31) ,  
72 (M--44) ,  44 (CO2) , 31 (CH2OH). 

Oxidation of (IVy. Dist i l lat ion yielded ~-carbomethoxy--~-butyrolac tone  with bp 78-79 ~ (0.1 mm);  nD 2~ 
1.4520, d42~ 1.172 5. Found: C 49.42; H 5.82%; MR 31.20. C6H804. Calculated: C 50.00; H 5.59%; MR 31.02. 
IR spec t rum (u, era-l):  1250, 1745 (COOCH3) , 1790 (lactone C =O) .  Mass  spec t rum:  M + 158, m / e  100 (M 
- 4 4 ) ,  85 (M - 59), 59 (COOC2H5) , and 44 (CO2). T r a c e s  of the allyl  methyl  e s t e r  of oxalic acid were  de-  
tected in the react ion  products .  

C O N C L U S I O N S  

The m a j o r  products  in the oxygen-oxidat ion of t e t rahydrofur fury l  alcohol,  its e s t e r s ,  and an e s t e r  of 2 -  
t e t rahydrofurancarboxyl ic  acid a r e  ~/-butyrolactone and the cor responding  3/-substituted 3~-butyrolactone. 
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