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Vinyl e the r s  o f / 3 - f u r y l - , / 3 - ( 5 - m e t h y l f u r y l ) - , / 3 - f u r f u r y t o x y - ,  a n d / 3 - t e t r a h y d r o f u r f u r y l -  
oxyethanols  we re  syn thes ized .  

We have p rev ious ly  shown [1, 2] that 5 - b r o m o - ,  5 - iodo- ,  5 - m e t h y l - ,  and N - d i s u b s t i t u t e d a m i n o m e t h y l -  
fu r fury l  a lcohols  read i ly  r e a c t  with ace ty lene  at 135~ in the p r e s e n c e  of po t a s s ium hydroxide.  In o rde r  
to fu r the r  a s c e r t a i n  the na ture  of the effect of a furan r ing  on the v inyla t ion  of an OH group,  in this  paper  
we have inves t iga ted  the r eac t ion  of ace ty lene  with he t e rocyc l i c  a lcohols  in which the OH group is r emoved  
f r o m  the furan r ing  by more  than one methylene l ink.  To obtain the s t a r t i n g / 3 - f u r y l -  (I) a n d / 3 - ( 5 - m e t h y l -  
fury l )e thanols  (II), we have for the f i r s t  t ime  p roposed  a method for  the i r  syn thes i s  through the methyl  de-  
r i v a t i v e s  of furan and ethylene oxide (alcohol II wa s unknown up to now): 

CH~--Ctt 2 

I R - f l ;  11 R=CH 3 I ,II  

Another  route  [41 was used  to obtain f i - fu r fu ry loxy-  (III) and /3 - t e t r ahydro fu r fu ry loxye thano l s  (IV). 

The r eac t i on  with ace ty lene  w a s  c a r r i e d  out under  p r e s s u r e  (15-16 atm) in dioxane in the p r e s e n c e  
of KOH. The c h a r a c t e r i s t i c s  of the new syn thes ized  compounds (V-VIII) a r e  given in Table 1. They a re  
c o l o r l e s s  l iquids  that  a r e  r ead i ly  p o l y m e r i z e d  under  the influence of ionic c a t a l y s t s .  The s t r u c t u r e s  of 

�9 the vinyl  e the r s  we re  conf i rmed  by the r e s u l t s  of hydrogenat ion and by the IR s p e c t r a .  The bands at  1620- 
1640 and 3120 cm -1 a r e  evidence for  the p r e s e n c e  of a t e r m i n a l  vinyl  group.  

The vinyla t ion of the a lcohols  was s tudied in c om pa r i s on  with fur fury l  (XI), t e t r ahyd ro fu r fu ry l  (XII), 
and 5 -me thy l fu r fu ry l  (XIII) a lcohols .  We have p rev ious ly  obtained the l a t t e r  via  the Cannizzaro  reac t ion  
in only low y i e ld s  (~ 42%). In this  pape r ,  we p ropose  a d i f ferent  route  for i ts  syn thes i s  through the con-  
densat ion of 2 -1 i th io -5 -methy l fu ran  with fo rmaldehyde .  This  r eac t ion  gave XIII in y ie lds  up to 60%. The 
vinyla t ion  condit ions and the y i e lds  a r e  p r e sen t ed  in Table  2, f rom which it is seen that  the fu r the r  the furan 
r ing  is away f rom the alcohol group,  the l e s s  ac t ive ly  the compound r e a c t s  with ace ty lene .  Alcohol XIII 
undergoes  vinylat ion to a l e s s e r  extent  than XI. It is  i n t e re s t ing  that  t e t r ahyd ro fu ran  a lcohols  r e q u i r e  s e -  
v e r e r  condit ions than furan a lcohols  for  the addi t ion of ace ty lene .  Thus the v inyla t ion  of XI p roceeds  to 
give up to 65% of the e the r  at 135 ~ while XII fo rms  only t r a c e s  of the e ther  under  these  condi t ions.  Thus 
the above informat ion indica tes  that  the more  donor c h a r a c t e r  the subs t i tuent  a t tached to the alcohol group 
has ,  the g r e a t e r  the difficulty in v inyla t ing  the given compound. Taking into account an anionic (a) or too-  

ROMe ~ R O -  + Me ~ (a) 
llC-:--CH k- R O - ~  ROCH C H -  R O I t  R O C l l = C H  2 § RO-  

H--C~ C--H l l \  /ll 

it\ /H r~ (b) 
d- . C = _ C . "  ~ + 
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T A B L E  1. Vinyl  a n d  E thy l  E t h e r s  of F u r a n  A l c o h o l s  

Com- bp, ~ 
pound Structural formula (mm) d42~ riD2~ 

V 

VI 

VII* 

VIII 

IX 

X 

[•O-•(CH•)2OCH=CI|2 
H3C40~(CH2)2OCH:CIf 2 

~ - - C  H20 (CIt 2)20 C H ~C H 2 

~O'O'~C H20 ( C H 2 )2OC H =C H2 

H a C - ~ (  CtI~)2OC: H 5 

56 (13) 

62 (5) 

87 (5) 

83 (3) 

65 (6) 

82 (5) 

0,9997 

0,9790 

1,0559 

1,0134 

0,9475 

0,9,815 

1,4705 

1,4720 

1,4760 

1,4565 

1,4523 

1,4368 

T A B L E  1 ( con t inued)  

Gom- . found ~'IRD ' 
pound calc. 

V 
VI 

VII 
VIII 

IX 
X 

38,54 
43,38 
44,89 
46,17 
43,88 
45,36 

38,83 
43,45 
45,09 
46,04 
43,91 
45,75 

Empirical 
formula 

C8H1002 
C9H1202 
CgH12Oa 
CgH~sOa 
C9H1,O2 
C9H1403 

Found, ~c 

m "  c 

69,59 
71,06 
64,30 
62,77 
70,10 
63,52 

C H 

69,00 7,04' 
71,00 7,97 
64,64 7,20 
62,84 9,28 
69,74 9,18 
63,03 9,69 

Calc., % 

H 

7,25 
7,95 
7,20 
9,37 
9,10 
9,47 

* A c c o r d i n g  to  the  da t a  in  [3], t h i s  c o m p o u n d  ha s  bp 76-77~  (1.5 
r am) ,  nD25 1 .4739,  a n d  d42~ 1 .0569.  

T A B L E  2.  V i n y l a t i o n  of the  F u r a n  A l c o h o l s *  

Starting Exptl. temp. Exptl. time, Yield of vinyl 
compound *C h ether, qc 

I 

II 

IlI 

IV 
Xl 

XII 

XIII 

135 
150 
170 
135 
150 
135 
150 
190 
135 
150 
180 
135 
150 
170 

1 
I 
1 

1 
1 

0,5 
0,5 
1 

0,5 
1,5 
1,5 
1 
0,5 
i 

37 
38 
56 
36 
65 
52 
76 
73 
65 
62 
81 
32 
34 
31 

*In a l l  of  t h e  e x p e r i m e n t s ,  0 .102 m o l e  of the  a l c o h o l ,  0 .018 m o l e  
of KOH,  a n d  50 m l  of d i o x a n e  w e r e  u s e d  u n d e r  an  a c e t y l e n e  p r e s -  

s u r e  of  1 5 - 1 6  a t m .  

lecular (b) mechanism [5], it can be assumed that the rate-determining step of the vinylation is dissociation 
of the alkoxide. Apparently, the greater the electron-donor capacity of the substituent attached to the furan 

alcohol, the more stable the O- Me bond of the alkoxide. 

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

f l - F u r f u r y l o x y e t h a n o l  (III).  T h i s  c o m p o u n d  had  bp 108 -110  ~ (10 ram) and  nD 2~ 1.4845 (bp 110 ~ ( 1 0 r a m ) ,  

d42~ 1 .1327,  a n d  nD 2~ 1.4839 [4]). 

p - T e t r a h y d r o f u r f u r y l o x y e t h a n o l  (IV). T h i s  c o m p o u n d  had  bp 6 0 - 6 4  ~ (2 ram)  a n d  nD 2~ 1.4605 (bp 113 ~ 
(7 r am) ,  d42~ 1 .0701 ,  a n d  nD 2~ '1.4565 [4]). 
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/3-(5-Methyl-2-furyl)ethanoi (II). Ethylene oxide (20 g) was added with stirring at -5 ~ to a solution 
of 2-[ithio-5-methylfuran prepared from 5 g (0.713 g-atom) of Li, 48.4 g (0.353 mole) of butyl bromide, 
and 26.4 g (0.321 mole) of a-methylf'uran in 200 ml of absolute ether. The mixture was held at this tem- 

perature for ~1 h and diluted with 15~ ammonium chloride solution. This mixture was then extracted 

with ether, and the ether extract was dried over calcined sodium sulfate. The ether was removed. 
and the reaction products were vacuum-distilled to give 24.4 g (60%) of II with bp 70-71 ~ (3 ram). 
d42~ 1.0482, and nD2~l 1.4810. Found: C G6.27; H 7.99%;: MR D 34.21. CTHI002. Calculated C ~6.62; 
H 7.99%; MR D 34.56. 

Alcohol I with bp 67-68 ~ (6 ram), d42~ 1.0903, and nD 2~ 1.4820 (d125 1.0705 and nD 2~ 1.4788 [61) was sim- 
ilarly obtained from a-lithiofuran. 

5 -Methylfurfuryl Alcohol (XIII). A stream of formaldehyde, obtained by the decomposition of 20 g 
of paraformaldehyde, was passed at room temperature into a solution of 2-1ithio-5-methylfuran (from 5 g 
of Li, 48.4 g of C,IH~Br, and 26.4 g of a-methylfuran) in 200 ml of ether. The mixture was stirred for an- 
other 0.5 h and worked up as above to give 21 g (60%) of XIII with bp 59-60 ~ (4 rnm) and nD20 1.4812 (bp 70- 
73 ~ (6 mm), d42~ 1.0769, and nD 2~ 1.4853 [71). 

Vinyl Ether of p-Furylethanol (V). The reaction of 11.4 g (0.102 mole) of alcohol I in the presence 
of 1 g (0.018 mole) of KOH in 50 ml of dioxane in an autoclave under an acetylene pressure of 15-16 aim 
at 170 ~ gave 6.1 g (56%) of V. 

Ethers VI, VII, and VIII were similarly obtained. The vinylation conditions and the yields are pre- 
sented in Table 2, and the properties of the vinyl ethers are presented in Table i. 

Ethyl Ether of/3-(5-Methyl-2-furyDethanol (IX). A 3-g sample of II in 50 ml of ethanol was hydrogen- 
ated in a long-necked hydrogenation flask over Raney nickel at room temperature until hydrogen absorp- 
tion ceased, and the mixture was vacuum distilled to give 2.9 g (95%) of IX. 

Ether X was similarly obtained in 92% yield. The properties and results of analysis of the corre- 
sponding ethyl ethers are presented in Table i. 
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