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The  c o r r e s p o n d i n g  t e t r a h y d r o f u r a n c a r b o x y l i c  a c i d s  w e r e  ob ta ined  in y i e l d s  of 25 to 33% b y  
the add i t ion  of t e t r a h y d r o f u r a n  to  a c r y l i c ,  m e t h a c r y l i c ,  a l l y l a c e t i c ,  and u n d e c y l e n i c  ac ids  in 
the  p r e s e n c e  of t e r t - b u t y l  p e r o x i d e  a t  200-300  deg  C u n d e r  p r e s s u r e .  

The  add i t i on  of t e t r a h y d r o f u r a n  to a n u m b e r  of u n s a t u r a t e d  a c i d s  ( a c r y l i c ,  m e t h a c r y l i c ,  a l l y l a c e t i c ,  
and undecy l en i c )  in the  p r e s e n c e  of t e r t - b u t y l  p e r o x i d e  was  i n v e s t i g a t e d  in o r d e r  to  s y n t h e s i z e  t e t r a h y d r o -  
f u r a n c a r b o x y l i c  a c i d s ,  which  a r e  p o s s i b l e  g rowth  s t i m u l a t o r s  for  co t ton  p l a n t s .  

R 

I - IV 
I n = 0 ,  R = H ;  I I n  : 0 , 1 ~ = C I I 3 ;  111 n = 2 ,  R , H; I V n = 8 ,  R - I t  

The  s t u d y  was  b a s e d  on the  r e s u l t s  of w e l l - know n  i n v e s t i g a t i o n s  of the  a l k y l a t i o n  of t e t r a h y d r o f u r a n  
and o t h e r  c y c l i c  e t h e r s  with o le f ins  [1, 2] and  on d a t a  on the  f r e e - r a d i c a l  add i t ion  to  u n s a t u r a t e d  ac ids  and 
t h e i r  d e r i v a t i v e s  of compounds  with  a l a b i l e  h y d r o g e n  a t o m  [3, 4]. 

We have  p r e v i o u s l y  a c c o m p l i s h e d  the add i t i on  of t e t r a h y d r o f u r a n  and d ioxane  to  a c r y l o n i t r i l e  [5]. The  
r e a c t i o n  with u n s a t u r a t e d  a c i d s  was  c a r r i e d  out  u n d e r  s i m i l a r  c ond i t i ons  by  h e a t i n g  a m i x t u r e  of the  r e a g e n t s  
in a 3 - l i t e r  s t e e l  au toc l ave .  The  e f f ec t  of v a r i o u s  f a c t o r s  on the y i e l d s  of t e t r a h y d r o f u r a n e a r b o x y l i e  a c i d s  
and on the c o n v e r s i o n  of the  u n s a t u r a t e d  a c i d s  was  i n v e s t i g a t e d .  T h e  r e s u l t s  a r e  p r e s e n t e d  in T a b l e  1. I t  
i s  a p p a r e n t  f r o m  T a b l e  I tha t  the  r e a c t i o n  p r o c e e d s  b e s t  at  300 deg ;  the  t e t r a h y d r o f u r a n  r i n g  i s  c l e a v e d  a t  
350 deg;  a t  200 deg  the y i e ld  of p r o d u c t s  d e c r e a s e d ;  and,  whi l e  the  r e a c t i o n  can be c a r r i e d  out at  300 d e g  
wi thout  an i n i t i a t o r ,  an i n i t i a t o r  is  r e q u i r e d  at  l o w e r  t e m p e r a t u r e s .  

T A B L E  1. C a r b o x y a l k y l a t i o n  of T e t r a h y d r o f u r a n  by  U n s a t u r a -  
t ed  .4zids  
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Dilution of the reac t ion  mixture  with te t rabydrofuran,  pa r t i cu la r ly  in the case of the readi ly  po ly rae r -  
ized acry l ic  and methacry l i c  acids, has  a grea t  effect  on the course  of the addition; a te t rahydrofuran:un-  
sa tura ted  acid rat io  of 100:1 (experiments 2, 3, 7, and 8) was most  suitable for  them. This ra t io  may  be 
less  with undecylenie acid (experiment  15). It should be noted that par t  of the s tar t ing  acids, pa r t i cu la r ly  
in the case  of al lylacet ie  and undecylenic acids, is r ecove red  unchanged, and changing the reac t ion  condi- 
tions does not resul t  in a dec rease  in their  conversion.  The maximum yields of the te t rahydrofuranearboxyl -  
ic acids is 25-30%. 

The acids obtained were  investigated by IR, NMR, andmass  spect roscopic  methods. 

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

Tet rahydrofuran ,  the unsaturated acid, and te r t -buty l  peroxide  were  charged in an autoclave and heated 
for 1-6 h. The excess  s tar t ing mate r ia l s  were  removed  by distil lation, and the residue was vacuum-disti l led.  

The crude f rac t ions  obtained were  t rea ted  with an ether solution of diazomethane and analyzed by gas-  
liquid chromatography with a "Shimadzu-GC2B" chromatograph;  the column was 2 m long and 4 mra in d iam- 
e ter ;  the mobile phase was neopentylsuccinate (5%) and polyethylene glycol adipate (1%) on T N D - T S - M  
br ick .  The column t empera tu re  was 190-200 deg, and the hydrogen f low-ra te  was 20-50 ml rain. The puri ty  
of the products  (70-90% acid) was de te rmined  f rom the gas-liquid chromatographic  data, and the yields were 
calculated f rom theory.  The chief impuri t ies  were  the products of polymer iza t ion  of the unsaturated acids 
(usually dimers)  and products  of t r ans format ion  of te t rahydrofuran.  

Acids I-IV were  isolated and purified repeatedly  by repreeipi ta t ion f rom saturated sodium bicarbonate  
solutions. The IR spec t r a  (obtained with a UR-10 spec t rometer )  contained absorption bands of the C - O - C  
grouping of the ring (1070-1085-1180 cm -1) and of the carbonyl groups (1720-1735 era-i) .  

The NMR spec t r a  were  obtained with a JNM-4H-100 spec t rome te r  with an operat ing f requency of 100 
MHz with CC14 as the solvent  (10% solution)and hexamethyldisi loxane as the standard. 

3 - (Te t rahydrofu ry l )  propionic Acid (I). This was obtained as a color less  liquid with bp 125 deg (5 
ram), n~ 1.4582 (bp 123-124 deg (5 mm), n~ 1.4480 [6, 7]), and raol. wt. (Rast) 150.8 (cale. 144); it was 
identified by  superimposi t ion of the IR spec t r a  of the synthesized and model samples.  

2 -Methyl -3- ( te t rahydrofury l )prop ion ic  Acid (II). This compound had bp 136 deg (2 ram), d24 ~ 1.078, and 
n~  1.4550. Found%: C 60.40; H 9.23; MR 39.99. C8H1403. Calc. %: C 60.76; H 8.86; MR 40.66. NMR spec-  
t r a  (ppm, p scale) : doublet centered  at 8.8 (CH 3 protons),  multiplets centered  at 6.25 and 8.1 (~-  and fl - 
protons of the te t rahydrofuran  ring), mult iplets  centered at 8.5 and 7.5 (CH~ and side-chain CH protons),  and 
a singlet at 10.26 (COOH proton). 

5 - (Te t r ahydro fu ry l )va l e r i c  Acid (II1). This corapound had bp 148 deg (2 ram), n~  1.4640, and d~ ~ 
1.063. Found%: C 63.08; H 9.53; MR44.49. C9H1603. Calc .%:  C 62.79; H 9.30; MR45.13. T h e m a s s  
spect rura  of the methyl e s t e r  of III (obtained with an MKh-1303 spec t romete r )  had the following ion peaks 
(m/e ) :  186 (M+), 113 (M-CH2COOCH3) +, 85 (M-CH2CH2CH2COGCH3} +, 71 ( ~ + ) .  NMR spec t rum:  6.1-6.4 

(a -pro tons  of the ring and protons of the o l -CH  2 group with r e spec t  to the ring), 7.7-8 (fi -protons of the ring, 
unresolved multiplet),  8-8.9 (protons of the side chain), 10.64 (carboxyi proton).  

l l - (Te t rahydrofury l )undecy len ic  Acid (IV). This was obtained as white needles with mp 59 deg (ether). 
Fotmd%: C 69.95; H 11.2. C15H2803. Calc. %: C 70.31; H 10.93. The NMR spect rum contains the same 
signals as the NMR spect rum of III. The mass  spec t rum of the methyl  e s t e r  contains the following ion peaks 
(m/e) :  270 (M+), 242 (M-C2H4) +, 227 (M-C3H?) +, 197 (M-CHzCOOCH3) +, 185, 166, 124, 85, and 71, me ta -  
stable ions ~35.2" = 270--*252; 207.5* = 242-*224;  167.5" = 227--~195, etc.)~ 

L I T E R A T U R E  C I T E D  

1. N . I .  Shuikin and B. L. Lebedev, Usp. Khim., 35, 1047 (1966). 
2. T . J .  Wallace and R. ;l. Gr i t t e r ,  J. Org. Chem., 26, 2059 (1956). 
3. G . I .  Nikishin~ V. D. Vorob'ev,  and A. D. Petrov,  Dokl. Akad. Nauk SSSR, 136 ' 360 (1961). 
4. G . I .  Nikishin, Yu. N. Ogibin, and A. D. Pe t rov ,  Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 1326 (1961). 
5. G . G .  Galust 'yan and Ch. Sh. Kadyrov, Khim. Geterotsikl .  Soedin., No. 2, 23 (1970). 
6. Synthesis of Organic Prepara t ions  [Russian translat ion],  Vol. 4, Inostr ,  Lit.,  Moscow (1953), p. 429. 
7. E. Szarvas i  and G. Dupont, Chira. Ind., 62, 143 (1949); Chem Abstr. ,  44, 5345 (1950). 

138 


