
FURAN COMPOUNDS. 

XLIIIt. SYNTHESIS OF 2-METHOXY-I,6,9-TRIOXASPIRO-[4,5]DEC-3-ENES 

A. A. P o n o m a r e v ,  ~ I .  A. M a r k u s h i n a ,  
and  N. V. S h u l y a k o v s k a y a  

UDC 547.722.3'841 : 542.8 '941.7 

Electrolysis of monofurfuryl ethers of ethylene glycol in methanolic solution results in intra- 
molecular alkoxylation, with the formation of the hitherto undescribed 2-methoxy-1, 6, 9- 
trioxaspiro-[4, 5]dec-3-enes. Catalytic hydrogentation of the latter at room temperature in 
the presence of Raney nickel catalyst gives 70-90% yields of the 2-methoxy-1, 6, 9-trioxa- 
spiro[4, 5]dec-3-enes. 

Intramolecular electrolytic alkoxylation opens up wide possibilities for the preparation and thorough 
investigation of a range of spirocyclic compounds containing heteroatoms (oxygen and nitrogen), which are 
very promising in the search for biologically active compounds [2-7]. 

This reaction is known [2-4, 8] to take place on electrolysis of methanolic solutions of ~,-furyl-3- 
alkanols, giving 2-methoxy-1, 6-dioxaspiro[4, 4]non-3-enes. 

The present paper deals with the application of this electrolytic methoxylation for the preparation of 
a new spirane system, consisting of linked 5- and 6-membered rings, and containing three oxygen atoms. 

The parent 1-(2'-fury)- and 1-(5 '-methyl-2 '-fury)-l-alkyl-2-oxa-4-alkanols (ethylene glycol mono- 
furfuryl ethers) were obtained by condensing the sodium alkoxides from furyl- and 5-methylfurycarbinols 
with ethylene chlorohydrin. 

Table 1gives the physical constants, analyses, and some characteristic IR spectral frequencies of the 
ethylene glycol monofurfuryl ethers thus prepared. 

The electrolytic alkoxylation of ethylene glycol monofurfuryl ether solutions in methanol gives the 
2-methoxy-1, 6, 9-trioxaspiro[4, 5]dec-3-enes. 

c . 3 o .  .2 : 

I -Yl  R' Vl l -Xl l  R' XIII-XVIII R' 

There were thus prepared, in yields of 60-77% the following: 2-methoxy- (VII), 2-methoxy-10- 
isopropyl- (VIII), 2-methoxy-10-n-butyl-(IX), 2-methoxy-2-methyl- (X), 2-methoxy-2-methyl-10-isopropyl- 
(XI), and 2-methoxy-2-methyl-10-n-butyl-1, 6, 9-trioxaspiro[4, 5]dec-3-enes (XII). The physical constants 
and analyses for these compounds are given in Table 2. 

t For Part  XLII, see [1]. 
SDeceased. 
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Fig. 1. NMR Spect ra  of 2 - m e t h o x y - 2 - m e t h y l - 1 ,  6, 9 - t r ioxa -  
spiro[4,  5] dec-  3- ene (X) and 2 -methoxy-1 ,  6, 9- t r [oxaspi ro[4 ,  
5]decane (XIII). 

Catalyt ic  hydrogenat ion of VII-XII at r oom t e m p e r a t u r e  in the p r e s e n c e  of Raney nickel  ca ta lys t  
under  p r e s s u r e  gave the following, in 70-90% yie lds :  2-methoxy-(XIID,  2 -me thoxy -10 - i sop ropy l  (XIV), 
2 - m e t h o x y - 1 0 - n - b u t y l -  (XV), 2 - m e t h o x y - 2 - m e t h y l -  (XVI), 2 -me thoxy-2 -me thy l -10 - i sop ropy l - (XVII ) ,  and 
2 - m e t h o x y - 2 - m e t h y l - 1 0 - n - b u t y l - 1 ,  6, 9 - t r ioxaspi ro[4 ,  5]decane (xvIID (see Table 3). 

The s t ruc tu re  of VII-XVItI was conf i rmed  by the i r  IR and NMR spec t ra .  The IR spec t r a  were  c h a r a c -  
t e r i zed  by the p r e s e n c e  of a l a rge  number  of bands of high intensity,  typica l  of the sp i roace ta l  s t ruc tu re  
[3, 4, 8-10]. It  is  impor t an t to  note that all  the sp i rans  exhibit intense bands in the 980-1160 cm -i range,  due to 
s t re tch ing  of the C - O - C  and C - O - C - O - C  groups,  and also a band at 2830-2834 e m - I  due to the OCH 3 
group.  The p r e s e n c e  of a double bond in VII-XII  was conf i rmed by the s t re tch ing  band at 1630-1640 cm- l .  

The NMR s pec t rum  of X (see Fig. 1) showed s ignals  (6 - sca le )  at 1.49 and 3.14 ppm, at t r ibuted to the 
protons  in the CH 3 and OCH 3 groups,  r e spec t ive ly .  The b road  s ignal  at 3.41-3.63 ppm co r r e sponds  to the 
6 pro tons  of the O - C H  2 groups.  The signal at 5.87 ppm a r i s e s  f r o m  the pro tons  of the C - C H  groups.  In 
XIII, in addition to the s ignals  due to the O - C H  3 and O - C H  2 groups  (3.25-3.32, 3.41-3.60 ppm), a wide s ig -  
nal appea r s  with peaks  at 1.71 and 1.80 ppm, co r respond ing  to the 4 pro tons  of the C-CH2 groups,  and also 
a signal at 5.00 and 5.05 ppm, a r i s ing  f r o m  the proton of the O - C H  group. The authors  e x p r e s s  the i r  s in-  
ce r e  thanks to G. V. Lagodz inskoi for  obtaining and helping to i n t e rp re t  the NMR spec t ra .  

EXPERIMENTAL* 

1 - I s o p r o p y l - ( 5 ' - m e t h y l - 2 ' - f u r y l ) e a r b i n o l  was obtained by the Gr ignard  react ion,  s t a r t ing  f r o m  equi-  
m o l e c u l a r  amounts of m a g n e s i u m  and i sopropyl  b romide  (1.1 mole),  and 1 mole  of 5-methyl fur fura l ,  in 65% 
yield.  Bp 83-85 ~ (9 mm);  nD20 1.4740; ch20 0.9970. Found: C 69.62; 69.66; H 8.99; 8.95%. MR D 43.54. C9H1402. 
Calculated:  C 70.10; H 9.15%; MR D 43.80. 

1-  (~ - fu ry l ) -  (I), 1- (~-furyl)  - 1 - i  sopropy l -  (II), 1- (~-furyl)  - n -bu ty l -  (III), 1- (5'- methyl -2  ' -furyl)  - (IV), 
1-  ( 5 ' - m e t h y l - 2 ' - f u r y l ) - l - i s o p r o p y l -  (V), and 1- ( 5 ' - m e t h y l - 2 ' - f u r y l )  - 1 - n - b u t y l - 2 - o x a b u t a n - 4 - o l  (VI) were  
obtained by the condensation of the sodium alkoxides of the appropr ia t e  fu ry lea rb ino l s  with ethylene ch lo ro -  
hydr in  in dry  toluene at ~100 ~ [11]. 

2-Methoxy-1,  6, 9- t r ioxaspi ro[4 ,5]  d e c - 3 - e n e  (VII). 106.5 g (0.75 mole) of f r e sh ly -d i s t i l l ed  I and 13 g 
(0.133 mole) of ammonium b romide  were  d isso lved  in 250 ml  of methanol,  and placed in an e l e c t r o l y z e r  
with a carbon anode and a nickel  cathode, as desc r ibed  p rev ious ly  [12, 13]. The solution was cooled to -12 ~ 
and kept at this  t e m p e r a t u r e  throughout the exper iment .  The cu r r en t  s t rength  was 5-6 A, at a voltage of 
8-14 V. When the e l ec t ro lys i s  was complete ,  the solution was t r ea t ed  with sodium methoxide (3.12 g of 
sodium in 30 ml  of methanol) .  The methanol and ammonia  were  dis t i l led f rom the wa te r  bath under  

*With the par t ic ipa t ion  of A. Novikova. 
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TABLE 4. Conditions for the Electrolysis of II-VI 

Amount of-starting I Temp. of 
Compound material, moles I Current, A Voltage, V Electrolysis,~ 

II 
III 
IV 
V 

VI 

0,30 1 6,0--5,0 
0,33 5,0--4,0 
0,53 5,0--4,0 
0,30 5,0--4,0 
0,25 6,0--4,0 

9--12 
8--12 
8--13 
9--15 
8--14 

-12 
-12 
-12 
--14 
-14 

reduced pressure, and the precipitate of sodium bromide which separated was filtered off and washed sev- 
eral times on the filter with ether. The ether was evaporated, and the residue was distilled in vacuo to give 
74.5 g (60%) of product. The conditions for the electrolysis of II-VI are given in Table 4. 

2-Methoxy-1, 6, 9-trioxaspiro[4, 5] decane (XII1). Eleven grams of VII, 60 ml of absolute methanol, 
and 2 g of Raney nickel were placed in a rotating steel autoclave of 250 ml capacity. The initial hydrogen 
pressure was 100 atm, at room temperature. The hydrogenation was terminated when the calculated amount 
of hydrogen had been absorbed. The catalyst was filtered off, the methanol removed under reduced pres-  
sure, and the residue was distilled in vacuo to give a yield of 10 g (91%5. Compounds VIII-XII were hydro~ 
genated similarly. 

IR spectra were recorded on a split-beam UR-10 spectrophotometer in the 400-4000 cm -1 range. 
All compounds were examined as capillary thin layers between potassium bromide disks. 

NMR spectra were taken in carbon tetraehloride on a JNM-C-60 apparatus with a working frequency 
of 60 MHz using tetramethylsilane as internal standard. 

1. A .A .  
2. A .A .  
3. A .A .  
4. A .A .  
5, A. A: 
6. A.A. 
7. A.A. 

N 0. 4 
A.A. 

LITERATURE CITED 

Ponomarev, A.D.Peshekhonova, and I. Ya. Evtushenko, KhGS, CoUection 2, 85 (1970). 
Ponomarev and I. A. Markushina, DAN, 126, 99 (1959). 
Ponomarev and I. A. Markushina, ZhOKh, 31. 554 ii@61). 
Ponomarev and I. A. Markushina, ZhOKh, 33, 3957, (19635. 
Ponomarev, I. A. Markushina, and L. V. Popova, KhGS, 411 (19675. 
Ponomarev and I. A. Markushina, KhGS, 195 (1965). 
Ponomarev, I. A. Markushina, and L. I. Pivovarova, USSR Patent No. 101579; Byull. Izobr., 
(1967). 
Ponomarev, A. D. Peshekhonova, and I. A. Markushina, KhGS, 397 (1969). 8. 

9. C .R.  Eddy, M. E. Wall, and M. K. Scot, Anal. Chem., 25, 266 (19535. 
10. E. Graf and E. Dahlke, Chem. Ber., ~ 2785 (19645. 
11. I . F .  Bel'skii, S. N. Khar'kov, and N. I. Shuikin, Izv. AN USSR, Ser. Khim., No. 1, 170 (1966). 
12. A.A. Ponomarev and I. A. Markushina, Uch. Zap. SGU, 71, 135 (1959). 
13. A.A.  Ponomarev and I. A. Markushina, ZhOKh~ ~ 976 (19605. 

1080 


