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Compounds of the 2 -e thoxy- l ,6 -d ioxasp i ro [4 .4 ] -3 -nonene  s e r i e s  were  obtained during the 
e l ec t ro ly s i s  of solut ions of  p r i m a r y ,  secondary ,  and t e r t i a r y  7 - fu ry l a lkano l s  in ethanol as 
a resu l t  of i n t r amolecu la r  alkoxylation.  Depending on the condit ions,  catalyt ic  hydrogena-  
t ion of the products  leads  to the fo rmat ion  of 2 -e thoxy- l ,6 -d ioxasp i ro [4 .4 ]nonanes  or  1,6- 
d ioxaspi ro  [4.4 ]nonane s.  

One of us,  toge ther  with P o n o m a r e v  [1,2], has p rev ious ly  es tab l i shed  that  the e lec t ro ly t i c  methoxyla -  
tion of y - f u r y l a l k a n o l s  p roceeds  in t r amolecu la r ly  and leads to the fo rmat ion  of methoxy de r iva t ives  of 
1 ,6-d ioxaspi ro  [4.4 ]- 3-nonene.  

In o r d e r  to study the in te r re la t ionsh ip  between the chemical  s t ruc tu re  and the biological  ac t iv i ty  of 
the sp i rans ,  we have synthesized compounds of the 2 -e thoxy- l ,6 -d ioxasp i ro [4 .4 ] -3 -nonene  s e r i e s  f r o m  1- 
( a - fu ry l ) -3 -p ropano l  (I), 1- ( a - fu ry l ) -3 -bu tano l  (II), and 1- ( a - f u r y l ) - 3 - m e t h y l - 3 - p e n t a n o l  (Ill). 

Our invest igat ions indicated that  the reac t ion  also p roceeds  in t r amolecu la r ly  during the e l ec t ro lys i s  
of solutions of I - I I I  in ethanol leading to the fo rmat ion  of 2 -e thoxy-  (IV), 2 - e t h o x y - 7 - m e t h y l -  (V), and 2- 
e t h o x y - 7 - m e t h y I - 7 - e t h y l - 1 , 6 - d i o x a s p i r o  [4.4 ] -3-nonenes  (VI) in yie lds  of 76-83%. 
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C2H50--~O, ~ R '  
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:l, IV, VII, g R = R'= H; II, V, VIII, Xl P,= H, R' =CH3; 
111, Vl, IX, XII R=CH3, R' ~ C21I 5 X-XII 

The cor responding  2 - e t h o x y - l , 6 - d i o x a s p i r o  [4.4]nonanes (VII-IX) were  obtained by catalyt ic  hydrog-  
enation of compounds W - V ' / a t  r o o m  t e m p e r a t u r e  in the p r e s e n c e  of a Raney nickel ca ta lys t .  

Cleavage of the ethoxy group occu r s  in addition to reduct ion of the double bond in the r ing during 
hydrogenat ion under  m o r e  seve re  conditions (hydrogen p r e s s u r e  of 120 arm at 100-120~ and the wel l -  
known 1,6-dioxaspiro[4.4]nonane and its homologs  a re  fo rmed .  

The IR spec t r a ,  in which one should note the p r e sence  of a l a rge  number  of bands of high intensi ty 
c h a r a c t e r i s t i c  for  s i m i l a r  sp i roace ta l  s t r u c t u r e s  [2-4], a re  a pa r t i a l  conf i rmat ion of the s t ruc tu r e s  of IV-  
IX. The intense bands at 980-1160 cm -1 are  assoc ia ted  with the s t re tching v ibra t ions  of the - C - O - C -  
a n d - C - O - C - O - C - g r o u p s .  The absorpt ion band at 2872-2885 cm -1 co r r e sponds  to the valence v i b r a -  
t ions of the -OC2H 5 group [5]. The p r e s e n c e  of a double bond in IV-VI is  conf i rmed by the band at 1260- 
1635 cm -1. 

The IR spec t r a  of X - X I I  a re  identical to the spec t r a  of the sp i r ans  obtained during hydrogenat ion of 
the cor responding  y - fu ry l a l kano l s  or  2 -me thoxy-1 ,6 -d ioxasp i ro  [4.4 ] -3-nonenes .  

The physica l  constants ,  ana lyses ,  and seve ra l  c h a r a c t e r i s t i c  f requenc ies  of the IR spec t r a  of corn~ 
pounds IV-IX, which have not p rev ious ly  been desc r ibed ,  a re  p resen ted  in Table 1. 
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EXPERIMENTAL 

7 - F u r y l a l k a n o l s  (I-III) .  These were  p r e p a r e d  in ac -  
cordance with [6]. The e l ec t ro lys i s  was  c a r r i e d  out in an 
e l ee t ro lyze r  with a ca rbon  anode and a nickel cathode [7,8]. 
The e lec t ro ly te  was  ammonium bromide .  A typical  method 
used for  the e l ec t ro lys i s  of the solutions of 7 - f u r y l a l k a n -  
ols is p resen ted  below~; 

2 -E thoxy- l ,6 -d ioxasp i ro [4 .4 ] -3 -nonene  (IV). Com-  
pound I [33 g (0.262 mole)]  and 5 g of ammonium bromide  
were  dissolved in 250 ml  of absolute ethanol,  and the solu-  
tion was placed in an e l ee t ro lyze r .  The reac t ion  mix tu re  
was cooled to - 1 0  ~ and kept at this t e m p e r a t u r e  during the 
exper iment .  The cu r ren t  s t rength  was 2.5-3.5 A, and the 
voltage was 24-26 V. At the end of the e l ec t ro lys i s  the 
solution was t r ea t ed  with sodium ethoxide (1.2 g of sodium 
in 20 ml  of ethanol). The ethanol and ammonia  were  r e -  
moved on a wa te r  bath at reduced p r e s s u r e ,  and the p r e c i p -  
i tate of sodium bromide  was f i l te red  off and washed seve ra l  
t imes  with e ther .  The res idue  a f te r  r emova l  of e ther  was 
dist i l led in vacuo to give 35.8 g (83%) of product .  

Compounds V and VI were  s imi l a r ly  obtained. 

The 2 -e thoxy- l , 6 -d ioxasp i ro [4 .4 ] -3 -nonenes  were  
ca ta ly t ica l ly  hydrogenated in a 250-ml rotat ing s teel  auto-  
c lave.  

2 - E t h o x y - l , 6 - d i o x a s p i r o  [4 .4 ]nonane (VII). A mix tu re  
of 10 g (0.06 mole) of IV, 60 ml  of absolute alcohol,  and 1 g 
of Raney nickel  was placed in an autoclave.  The initial 
hydrogen p r e s s u r e  was 100 arm at r oom t e m p e r a t u r e .  The 
hydrogenat ion was  comple te  on absorpt ion of 1.5 l i t e r  of 
hydrogen.  The ca ta lys t  was  f i l te red  off, the ethanol was  r e -  
moved at reduced p r e s s u r e ,  and the res idue  was dist i l led 
in vacuo to give 8.45 g (83%) of product .  

Compounds VIII and IX were  s i m i l a r l y  obtained. 

1,6-Dioxaspiro[4.4]nonane (X). A mix tu re  of 10 g 
(0.06 mole) of IV, 60 ml  of absolute alcohol,  and 1 g of 
Raney nickel  was p laced in an autoclave.  The initial h y d ro -  
gen p r e s s u r e  was  120 arm at 120 ~ The reac t ion  was c o m -  
plete when 2.9 l i t e r  of hydrogen had been absorbed.  The 
ca ta lysa te  was t r ea ted  as indicated above. The res idue  was  
dist i l led in vacuo to give 6.4 g (59%) of product  with bp 83- 
85 ~ (61 ram),  n~ 1.4480, and d~ ~ 1.0320 [9]. 

2 - M e t h y l - l , 6 - d i o x a s p i r o  [4.4]nonane (XI). This  c o m -  
pound was obtairled in 49% yield by hydrogenat ion,  under  the 
same  conditions of V, and had bp 162-165 ~ (760 ram),  n~ 
1.4428, and d 2~ 0.9920 [10]. 

2 -Methy l -2 -e thy l -1 ,6 -d ioxasp i ro  [4.4 ]nonane (:KID. 
This  compound was obtained f r o m  VI in 46% yield and had 
bp 102-105 ~ (45 ram),  n~  1.4440, and d~ ~ 0.9622 [11]. 

The IR spec t r a  were  r eco rded  with a UR-10 double-  
beam spec t ropho tomete r  f r o m  400 to 4000 cm -1. All of the 
compounds were  invest igated in a cap i l l a ry - th in  l a y e r  be -  
tween po t a s s ium bromide  p la tes .  
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