
S T U D Y  OF F U R A N  C O M P O U N D S  

XLIX. SOME PECULIARITIES OF THE ELECTROLYTIC ALKOXYLATION 

OF T-CARBONYL-CONTAINING FURAN COMPOUNDS 

I .  A .  M a r k u s h i n a  a n d  N .  V .  S h u l y a k o v s k a y a  UDC 547.722.07 

The e lec t ro ly t ic  alkoxylation of s eve ra l  furan a!dehydes and ketones was accompl ished.  It 
is shown that the e lec t ro ly t ic  methoxylat ion of the aldehydes is an in t r amolecu la r  react ion 
and leads to compounds of the 2 ,7 -d imethoxy- l ,6 -d ioxasp i ro [4 .4 ] -3 -nonene  se r i e s .  Depend- 
ing on the conditions,  2 ,7 -d ime thoxy- l , 6 -d ioxasp i ro  [4.4]nonanes and 1 ,6-dioxaspi ro  [4.4]- 
nonanes were  synthes ized by the cata lyt ic  hydrogenation of the la t t e r .  The cor responding  
T-ca rbony l -con ta in ing  2 ,5-d imethoxy-2 ,5-d ihydrofurans  a r e  fo rmed in the case  of the 
methoxylat ion of the furan ke tones .  

One of us has shown [2] that the product  of the e lec t ro ly t ic  methoxylat ion of 1 - (2 ' - fu ry l ) -3 -bu tanone  
(Ia) is 2 ,5 -d imethoxy-2 ,5-d ihydrofury l -3-bu tanone  (IIa). 

This pape r  is devoted to a fu r ther  study of the e lec t ro ly t ic  alkoxylation of y - ca rbony l - con ta in ing  furan 
compounds.  

We proceeded  f rom the assumpt ion that the methoxylat ion of aldehydes and ketones of the furan s e r i e s  
can proceed  in two di rec t ions :  

1) methoxylat ion to fo rm carbonyl-conta ining 2 ,5-d imethoxy-2 ,5-d ihydrofurans  ; 

2) methoxylat ion leading to sp i rocyc l ic  compounds:  

%~oc.3 H2 ~.~J~oc., 
] CH3Ot \O / 'CH2CH2CO R, CH30' xO/\CH2CH~COR, 

R_.~xo'~CH2CHgCOR , ~ II a,b IV a.b 

"t 
o.,, 1 

l 
CHaO' "0" "k.._J J CH30, \O~x, I ~ R ~ - ' ~  + 2CHaOH 

v a,b Illa,b vla,b 
la, lla,lVa R=H, R'=CH3; Ib, llb, IVb R~R'=CH3; IC, Ilia, va, via R=R'~H; 

ld,mb, Vb, Vtb r=cHvr'=a 

An exper imenta l  ver i f ica t ion  of this assumption demons t ra ted  that the aldehydes and ketones of the 
furan s e r i e s  behave in different  ways under  the e lec t ro lys i s  conditions.  

The subjects  of the investigation were  1 - (2 ' - fu ry l ) -3 -p ropana l  {Ie) and Ia and the i r  5-methyl  homologs 
(Id and Ib).  

It turned out that the e lec t ro ly t ic  methoxylat ion of furan aldehydes (Ic, d) leads to 72-75~ yields of 
2 ,7 -d imethoxy- l ,6 -d ioxasp i ro [4 .4 ] -3 -nonenes  (IIIa,b). The format ion of sp i rocycl ic  compounds can ap-  
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TABLE 1. 2 ,7-Dimethoxy- l ,6-dioxaspi ro[4A]-3-nonenes  and the 
Products  of Their Catalytic Hydrogenation 

~ ,~  found calc. , IR spec- 
x~ ~RD- . . . .  I Found % [ Calc % Itrum, [ 

~mpmcal I �9 cm.1 ~. 
R" ~ ~ d,~ "9~ formula ~ ~ ~ "6 

IIIb / CH3 96--98 1,0703 1,4530 50,42 

45,47 CoHI404 58,187,5858,057,582830163074 
58,39 / 7,78 I 

50,09 / C1oH,60, 60,38160'36[ 8'40/59'9818,38 I 8'0712832 1635 72 
45,93 / C9HI604 57,6057,19 8,958'94/57'43/ 8'5712828 89 

50,55~ C~0H~804 59,54/8,84 59,31[8,97 ' 89 ?~ / 

parently by explained by the fact that the hemiacetal  of the furan aldehyde is obtained as an intermediate 
during the react ion,  and favorable s ter ic  conditions for in termolecular  cyclization are  created.  It is known 
[3-5] that in t ramolecular  alkoxylation to form compounds of the 2-a lkoxy- l ,6-dioxaspiro[4 .4]-3-nonene 
ser ies  occurs  in the e lectrolysis  of solutions of fur~n alcohols containing a hydroxyl group in the 3 position 
relat ive to the r ing.  

No absorption at 1680-1750 cm -1 is observed in the IR spect ra  of IIIa and IIIb, which indicates the ab- 
sence of a carbonyl  group. The spiran s t ructure  of IIIa and IIIb was confirmed by several  intense bands at 
980-1100 cm -1 associated with the stretching vibrations of the - COC - bonds and charac te r i s t ic  for such sp i ro-  
acetal s t ruc tures  [4-7]. The presence of a double bond is confirmed by a band of its s tretching vibrations 
at 1630-1635 cm -1 and also by a band of stretching vibrations of the C H =  bond at 3095-3100 cm -1. The 
stretching vibrations of the OCH 3 groups are displayed as a band at 2830-2832 cm -1. 

In addition to the resul ts  of e lementary analysis and the IR spectra ,  the s t ruc tures  of IIIa and IIIb were 
experimentally confirmed by their t ransformat ions  during catalytic hydrogenation. The hydrogenation of 
IIIa and IIIb under mild conditions (at room tempera ture  in the presence  of Raney nickel) resul ts  in the 
formation of the corresponding 2 ,7-dimethoxy- l ,6-dioxaspi ro[4 .4]  nonanes(va and Vb), -the physical con-  
stants and yields of which are  presented in Table 1. The absorption bands at 1630 and 3095 cm -1 that c h a r -  
ac ter ize  the presence of a C = C bond are  absent in the IR spect ra  of these compounds. When IIIa and IIIb 
are  hydrogenated under more  severe  conditions (at 100-120 arm and 100 ~ in the presence of Raney nickel), 
not only is the double bond in the ring hydrogenated, but both methoxy groups are cleaved to form 1,6- 
dioxaspiro[4.4]nonane (Via) and its methyl homolog (VIb), which have physical constants and IR spect ra  that 
are  identical to those of 1,6-dioxaspiro[4.4]nonanes obtained by the hydrogenation of y - fury la lkanols  [8,9]. 

In the case of the electrolyt ic  methoxylation of furan ketones (Ia and Ib), our investigations demon- 
strated that the reaction proceeds via route 1 to give 65-70% yields of 2 ,5-d imethoxy-2 ,5-dihydrofuryl -3-  
butanones (IIa, b). It is probable that this can be explained by the fact that the ketones, under these e lec -  
t rolysis  conditions, are  not converted in sa t i s fac tory  yields to the hemiketals [10]. An intense band of 
carbonyl absorption at 1715-1720 cm -1 is observed in the IR spect ra  of IIa and IIb. 

The corresponding 2,5-dimethoxytetrahydrofuryl-3-butanones (1Va, b) were obtained in quantitative 
yield by the catalytic hydrogenation of IIa and IIb. 

The physical constants,  analytical resul ts ,  and some charac te r i s t i c  frequencies of the IR spec t ra  of 
the previously undescribed IIb, IIIa, b, IVa, and Va, b are presented in Table 1 and in the experimental  s ec -  
tion of this paper.  

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

The methods descr ibed in [11, 12] were used to obtain 1-(2 ' - furyl ) -3-butanone (Ia), 1 - ( 5 ' - m e t h y l - 2 ' -  
furyl)-3-butanone fib), 1 - (2 ' - furyl ) -3-propanol  (ic), and 1 - (5' -methy l -2 '  - furyl ) -3-propanol  (Id). 

The method typical for the electrolyt ic  methoxylation is presented below. 

* With the participation of V. I. Pi rozhkova.  
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TABLE 2. Condi t ions  for  the E l e c t r o l y s i s  of Ia,  b, d 

Amt. of starting Current [ Elec~olyzer 
Compound compound, mole slxength, A ] Voltage, V temp., ~ 

Ia 
Ib 
Id 

0,30 
0,31 
0,50 

4,0--3,5 
4,0--3,5 
4,5--4,0 

7--12 
5--14 
8--10 

--10 
--13 
--20 

2 , 7 - D i m e t h o x y - l , 6 - d i o x a s p i r o [ 4 . 4 ] - 3 - n o n e n e  (IIIa). A mix tu r e  of 63 g (0.5 mole)  of Ic and 10 g of a m -  
mon ium b r o m i d e  was d i s s o l v e d  in 350 ml  of methanol  and p laced  in an e l e c t r o l y z e r  [2]. The r eac t i on  m i x -  
t u r e  was  cooled  to - 2 0  ~ , and this  t e m p e r a t u r e  was ma in ta ined  dur ing the e x p e r i m e n t .  The c u r r e n t  s t r eng th  
was 4-4 .5  A, and the vol tage  was 8-10 V. At the end of the e l e c t r o l y s i s ,  the solut ion was t r e a t e d  with s o d i -  
um methox ide  (2.4 g of sod ium m e t a l  in 40 ml  of methanol ) .  The methanol  and a m m o n i a  we re  r e m o v e d  by 
d i s t i l l a t i on  on a w a t e r  ba th  at r e d u c e d  p r e s s u r e ,  and the p r e c i p i t a t e  of sod ium b r o m i d e  was r e m o v e d  by 
f i l t r a t ion  and washed  s e v e r a l  t i m e s  with e t h e r .  The e the r  was evapora ted ,  and the r e s i d u e  was vacuum d i s -  
t i l l ed  to  give 66 g (74%) of I I Ia .  

The da ta  for  the condi t ions  of the  e l e c t r o l y s i s  of Ia ,b ,d  a r e  p r e s e n t e d  in Table  2. 

2 , 5 - D i m e t h o x y - 2 , 5 - d i h y d r o f u r y l - 3 - b u t a n o n e  (Ha). This  compound had bp 102-105 ~ (2 tara) and n~  
1.4565 [bp 102-104 ~ (2 mm) and n~  1.4568 [2, 11]]. 

2 - M e t h y l - 2 , 5 - d i m e t h o x y - 2 , 5 - d i h y d r o f u r y l - 3 - b u t a n o n e  (IIb). This  was obtained in 71% yie ld  and had 
bp 93-95 ~ (2 ram),  d~ ~ 1.1156, andn2i~l .4640.  F o u n d % :  C 61.64, 62 .34 ;H 8.37, 8.33. MR D 55.49. [11H1804. 
C a l c u l a t e d % :  C 61 .66 ;H 8 .47 ;MR D 55.31. 

The ca t a ly t i c  hydrogena t ion  was a c c o m p l i s h e d  in a 250 m l  ro t a t i ng  s t ee l  au toc lave .  

2 , 7 - D i m e t h o x y - l , 6 - d i o x a s p i r o [ 4 . 4 ] n o n a n e  (Va). A m i x t u r e  of 8 g (0.04 mole)  of IIIa,  90 ral  of abso lu te  
a lcohol ,  and I g of Raney  n icke l  was p l aced  in an au toc lave .  The in i t ia l  p r e s s u r e  was 100 arm at room t e m -  
p e r a t u r e .  The hydrogena t ion  was comple t e  a f t e r  the  abso rp t ion  of 0.53 l i t e r  of hydrogen .  The c a t a lyz a t e  
was e x t r a c t e d  f rom the au toc lave ,  and the c a t a l y s t  was r e m o v e d  by f i l t r a t i on .  The a lcohol  was r e m o v e d  by 
d i s t i l l a t i on  at  r e d u c e d  p r e s s u r e ,  and the r e s i d u e  was vacuum d i s t i l l e d  to give 7.1 g (89%) of Va.  

2 , 7 - D i m e t h o x y - 2 - m e t h y l - l , 6 - d i o x a s p i r o  [4.4]nonane (Vb). This  compound was s i m i l a r l y  obta ined .  

1 , 6 - D i o x a s p i r o  [4.4]nonane (Via). An au toc lave  was c ha rge d  with 8 g (0.04 mole)  of IIIa,  80 ml  of a b -  
so lu te  a lcohol ,  and 1 g of Rane.y n i cke l .  The in i t ia l  hydrogen p r e s s u r e  was 120 arm at 120 ~ The r eac t i on  
was cornple te  a f t e r  the abso rp t ion  of 3.15 l i t e r  of hydrogen .  The c a t a l y s t  was worked  up as  ind ica ted  above.  
The r e s i d u e  was vacuum d i s t i l l e d  to give 3.6 g (69~c) of a p roduc t  with bp 80-83 ~ (60 ram) and n~ 1.4468 
[bp 81-82 ~ (60 ram) and n ~  1.4460 [8]]. 

2 - M e t h y l - l , 6 - d i o x a s p i r o  [4.4]nonane (VIb). This  compound was obta ined in 70~ y ie ld  by hydrogena t ion  
under  these  condi t ions  and had bp 162-165 ~ (760 ram) and n~ 1.4427 (bp 162-164 ~ (760 rnm) and n~  1.4429 
[9]). 

2 , 5 - D i m e t h o x y t e t r a h y d r o f u r y l - 3 - b u t a n o n e  (IVa). This  compound had bp 124-126 ~ (4 ram) and n~  
1.4435 [bp 124.5-126.5 ~ (4 ram) and n~  1.4432 [2, 11]]. 

2 - M e t h y l - 2 , 5 - d i r a e t h o x y t e t r a h y d r o f u r y l - 3 - b u t a n o n e  (IVb). This  was obta ined in 97% y ie ld  and had bp 
93-95 ~ (9 m m ) , d  2~ 1.0354, a n d n ~  1.4440. F o u n d % :  [ 61.20, 61 .35 ;H 9.20, 9 . 28 ;M R D 55.51. CllH~004. 
C a l c u l a t e d % :  C 61.08; H 9 .32 ;MR D 55.78. 

The IR s p e c t r a  of c a p i l l a r y - t h i n  l a y e r s  of the compounds between po t a s s ium b r o m i d e  p la tes  we re  r e -  
c o r d e d  with a UR-10 d o u b l e - b e a m  s p e c t r o p h o t o m e t e r  at  400-4000 cm -~. 
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