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

XLVI * REACTION OF MONOBROMO DERIVATIVES OF 

1,6-DIOXASPIRO[4o4]NONANES WITH SODIUM METAL 

A.  Do P e s h e k h o n o v a  a n d  T .  N. S h c h e r b a k o v a  UDC 547.727:542.944.1 

4 ,5-Dihydrofuranyl-3-a lkanole  (II) a re  formed by the react ion of monobromo der ivat ives  of 
1,6-dioxaspiro[4.4]nonanes (I) with sodium metal  in dry ether.  II are  readily con~erted to 
1,6-dioxaspiro[4.4]nonanes (III) as a r e su l to f  in t ramolecular  cyclization.  

This paper is devoted to a clarif ication of the question of whether the bromo der ivat ives  of spirans 
III will r eac t  with metals,  par t icular ly  sodium, as a consequence of their  acetal  nature.  In analogy with the 
l i t e ra ture  data [2-4] on the react ions  of metals  (mainly sodium and magnesium) with halocetals ,  one might 
have expected the formation of unusual, unsaturated alcohol ethers ,  vis. ,  y-hydroxy der ivat ives  of 4 ,5-di-  
hydrofuran.  It turned out that the expected reaction p r o d u c t -  4 ,5-dihydrofuranyl  alcohol - can be isolated 
only in the case  of the s implest  b romospi ran  - 4 -bromo- l ,6-d ioxaspi ro[4 .4]nonane  (Ia). The s t ruc ture  of 
the 1 - (4 ' ,5~-d ihydro-2 ' - fu ranyl ) -3-propanol  (Ha) obtained was confirmed by the analytical  data and IR 
spect roscopy.  The broad absorption band at 3500 cm -1 cor responds  to the valence vibrat ions of the asso-  
ciated OH groups.  The intense band at 1030 cm -1 at tests  to the presence of a p r imary  alcohol group. The 
band at 1660 cm -1 is cha rac te r i s t i c  for  the valence vibrations of the C =C bond in the 4,5 dihydrofuran 
r ing [5]. 

Dihydrofuranyl alcohols II were not isolated by the action of sodium on monobromo-subs t i tu ted  alkyl-  
spirans  Ib-e ;  the react ion products (60-70%) were the corresponding spirans (III, Table 1). However, it 
may be assumed  that the formation of the lat ter  proceeds through a step involving dihydrofuranyl alcohols 
II, t r aces  of which are  detected in the react ion products by IR spect roscopy.  
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a R=RI~R2=R3=R4=H;b R=R3=CH3, R'=R 2 = R  ~' ~ H ;  CR ~CH 3, 
R 2 = C2H5, R ~= R3= R4=H;  d R = ~ = C H  3, R ~ = C2H 5, R' = R 2 = H I  

R=R3  = C H  3, R ~ = i s~-C3H7,  R2=R~ = H  

*See [1] for Communication XLV. 
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Carbonium ion IV, in which the aceta l  bonds can be c leaved  in the 1 or  2 d i rec t ions  to f o r m  sodium 
der iva t ives  V or VI, r e spec t ive ly ,  is probably fo rmed  init ially.  It is well known that compounds containing 
an exocycl ic  double bond a r e  l ess  s table  than the i r  i s o m e r s  with an endocyelic bond, i .e. ,  the fo rmat ion  of 
s t r u c t u r e  V is energe t ica l ly  m o r e  favorab le .  In addition, when there  a r e  a di f ferent  number  of alkyl sub-  
s t i tuents  in the 2 and 7 posi t ions  of the sp i ran  r ing one should take into account  the re la t ive  s tabi l i ty  of p r i -  
m a r y ,  secondary  and t e r t i a r y  r ad ica l s  in the ace ta l s ,  which de t e rmine  the ca se  of c leavage  of the unequiva-  
lent r ings  in sp i rans  III [9]. A d i rec t  proof  of the i n t r amolecu l a r  cycl izat ion of alcohols  II to sp i rans  III 
was the spontaneous convers ion  of dihydrofuranyl  alcohol IIa to 1 ,6-dioxaspiro[4.4]nonane (IIIa) during 
s to rage ,  as con f i rmed  by IR spec t roscopy  (d isappearance  of the VOH 3500 c m  - i ,  v C = C 1660 cm -1, and 
v =  CH 3090 cm -I  absorpt ion  bands and the appea rance  of all  f requenc ies  c h a r a c t e r i s t i c  for  the s p e c t r u m  of 
Ilia). 

Ila Ilia 

The equi l ibr ium in the i somer i za t ion  of dihydrofuranyl  alcohols II is consequently shifted to favor  
the fo rma t ion  of the sp i rocyc l i c  sys t em,  which is p romoted  by the accumulat ion of alkyl subst i tuents  in the 
r ing and side chain of II. 

In con t r a s t  to dihydrofuranyl  alcohols  II, the ketones  of this s e r i e s  a r e  s table  compounds [10] because  
of the absence  of the e lec t rophi l ic  hydrogen of the hydroxyl  group which is capable  of adding to the double 
bond. 

Our r e s u l t s  with r e s p e c t  to the i n t r amolecu la r  cycl izat ion of 4 ,5-dihydrofuranyl  alcohols  to sp i r ans  
III a r e  yet  another  proof  of the m e c h a n i s m  for  the fo rmat ion  of these  sp i rans  during catalyt ic  hydrogena-  
tion of furan  compounds,  as theore t ica l ly  and exper imen ta l ly  c o r r e l a t e d  in [6,11]. 

EXPERI ME NTA L 

B r o m o s p i r a n  Ia, and monobromo-  subst i tuted 2 ,7-d imethyl -  (Ib), 2 -methy l -  8- ethyl-  tic), 2 ,7-dimethyl-  
7-e thyl-( Id) ,  and 2~7-d imethy l -9 - i sopropy l - l ,6 -d ioxasp i ro [4 .4 ]nonane  (Ie) were  p r epa red  by the method de-  
sc r ibed  in [12, 13]. 

The gene ra l  method for  the reac t ion  of b r o m o s p i r a n s  I with sodium meta l  is as follows. Sodium meta l  
(0.04-0.1 mole)  was added gradual ly  (in 30-40 rain) to 0.02-0.05 mole  of I d issolved in a threefold amount  of 
absolute  e ther .  The reac t ion  mix tu re  was then heated with v igorous  s t i r r ing  under  mode ra t e  ref lux for  5-7 
h. A white c rys t a l l i ne  p rec ip i t a te  of sodium b romide  was fo rmed  even during the addition of the f i r s t  p o r -  
t ions of sodium,  and the amount  of this p rec ip i t a te  i nc reased  as  the react ion  continued. At the end of the 
reac t ion ,  the res idua l  sodium was thoroughly r emoved  with a f i l t e r  gauze,  and water  (50-70 ml) was added 
to the f i l t r a t e  (which contains sodium bromide)  to d i sso lve  the p rec ip i ta te  and decompose  the alkoxide. The 
e ther  l aye r  was separa ted ,  and product  was ex t rac ted  f r o m  the aqueous l aye r  with e ther .  The combined 
e ther  ex t r ac t s  were  washed with water  and dr ied with calcined magnes ium sulfate.  After  r e m o v a l  of the 
e ther ,  the r e s idue  was vacuum dist i l led.  

The r e s u l t s  of the reac t ion  of sodium with b r o m o s p i r a n s  I a r e  p resen ted  in Table 1. The identity of 
HI with the p rev ious ly  known sp i rans  was conf i rmed  by their  identical  physical  constants ,  IR spec t r a ,  and 
analyt ical  data. 
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