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A STUDY OF FURAN COMPOUNDS 

XXXVII. The St ruc ture  of Bromo Der iva t ives  of 1, 6-Dioxaspiro[4.4]nonanes* 
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By means of dioxane dibromide file bromination of number of homologs 
of 1, 6-dioxaspiro[4.4]nonane was achieved, as a result of which nine 
mono and dibromo-derivatives of spiranes were obtained which have 
not been described in the literature. It was established that bromine 
enters into position 4 and 9 of the 1,6-dioxaspiro[4.4]nonane ring. 

F i t t ig  [21 and other  l a t e r  authors  [3, 4] studied the 
reac t ion  in which b romine  in e the rea l  solut ion u n d e r -  
goes a subs t i tu t ion  reac t ion  with 1, 6-dioxaspi ro[4 .4]-  
nonane with the fo rmat ion  of c ry s t a l l i ne  d i b r o m o - d e -  
r iva t ive ,  the s t ruc tu re  of which has not been es tabl ished.  

Fu r the r ,  it  was shown [5] that dioxane d ibromide  
(DDB) in  e ther  is  a ve ry  effective b romina t ing  agent  
for sp i r anes  of the 1, 6-diexaspi ro[4 .4]nonane group. 
By us ing DDB it was poss ib le  to obtain for  the f i r s t  
t ime a s e r i e s  of mono-  and d i b r o m o - d e r i v a t i v e s  of 
1, 6-dioxaspiro[4.41nonane and its homologs (depending 
on the mo la r  ra t ios  of the reagents)  in high yield** 

The s t r uc tu r e  of the compounds obtained r ema ined  
unelucidated.  Evolution of hydrogen bromide  dur ing  
the reac t ion  and the fact that the b r e m o - s u b s t i t u t e s  
in te rac t  on heating with an excess  of d ie thylamine ,  
p iper id ine ,  and sodium methoxide and ethoxide and 
fo rm the cor responding  sa l t s  of the amines  or sodium 
bromide  indicate  that the b romine  in these compounds 
is  not complexly bound [51. 

F r o m  the concept of the sp i r anes  of this  s e r i e s  as 
cycl ic  aceta ls  [61 by analogy with the behavior  of the 
aliphatic aeeta ls ,  one might suggest  that b romine  mus t  
f i r s t l y  attack the carbon  atoms 4 and 9 of the molecule  
of 1, 6-dioxaspiro[4.4]nonane s i tuated in the c~-position 
to the f o r m e r  carbonyl  carbon.  

Exper imen ta l  ve r i f i ca t ion  of this suggest ion was 
conducted by b romina t ion  of va r ious  polyalkyl su bs t i -  
tu tes  of 1, 6-dioxaspiro[4.4]nonane unde r  p rev ious ly  ac-  
cepted s tandard  condit ions [5]. The r e su l t s  are  p r e -  
sented in  the table.  

It was found that all  sp i ranes  which posses s  at least  
one atom of hydrogen in posi t ion 4 and 9, such as 2, 
7-d imethyl - ( I ) ,  2, 7, 7- t r imethyl - ( I I ) ,  2, 7 - d i m e t h y l - 9 -  
ethyi-(III) ,  and 2, 7 -d ime they l -7 -e thy l -1 ,  6 -d ioxa-  
spiro[4.4]nonane (IV), are  able (depending on the ra t io  
of the reagents)  to fo rm both d i -  and m o n o b r o m o - d e -  
r iva t ives  with yie lds  of 62-76%. 

At the same  t ime the sp i r anes  which do not possess  
hydrogen atoms in  posi t ion 9 (cor responding  to pos i -  
t ion 4) such as 2 ,7,  9 , 9 - t e t r a m e t h y l - 1 , 6 - d i o x a -  
spiro[4.4] nonane (V) and 2, 7,9,  9 - t e t r  ame thy l -7 -  ethyl-  1, 
6-dioxaspiro[4.4]nonane (VD, do not form d i b r e m o -  
de r iva t ives  even in the p re sence  of a large excess  of 
b romina t ing  agent. In each case the only product  of the 
r eac t ion  with a yie ld  of 80-81% was the cor responding  
monobromo-de r iva t i ve  (IX, X). 

The expe r imen t s  indicate that b romina t ion  occurs  
in pos i t ion  4 and 9 and that in the d i amino -de r iva t i ve s  
the b r o m i n e  a toms are not found at s ingle  ca rbon  atoms.  
Thus it follows that compounds XII -XV are 4, 9~-dia- 

m i n o - d e r i v a t i v e s  of the co r respond ing  sp i r anes  I-IV. 
Compounds IX and X are 2, 7, 9 , 9 - t e t r a m e t h y l - 4 - b r o m o -  
and 2, 7, 9, 9 - t e t r a m e t h y l - 7 - e t h y l - 4 - b r o m o - 1 ,  6 -d i -  
oxaspi ro[4 .4]nonanes ,  r espec t ive ly .  At p resen t  the 
pos i t ion  of b romine  in the monobromo-de r iva t i ve s  
VIII and XI and the poss ib i l i ty  that it may be si tuated 
at the ca rbon  atoms 4 or  9 are  not c lear .  On account 
of the p r e sence  of va r ious  subs t i tu tes  in each of the 
cycles ,  these posi t ions are  he terodynamic .  One should 
note that our  conclus ions  are  in  agreement  with data 
in  the l i t e r a tu r e  concern ing  the s t ruc tu re  of b r o m o -  
de r iva t ives  of s te ro id  sapogenines  containing an acetal  
sp i r ane  group in the molecule  [7-9].  

EXPERIMENTAL* 

Dioxane dibromide was obtained in accordance with a previously de- 
scribed method [10]. 

Spiranes I, II, and IV were synthesized as described earlier [1]. 
Compounds llI, V, and VI were obtained by catalytic hydration of 
furan alcohols [11]. 

Bromination of spiranes I-VI was conducted by means of DDB in 
etherea! solution by a previously described method [5]. Data con- 
cerning the first obtained bromoproducts of VII-XV are presented in 
the table. 
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