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XLV.* DEHYDROBROMINATION OF MONOBROMO DERIVATIVES 

OF 1,6-DIOXASPIRO [4.4 ]NO NANE S 

A .  D .  P e s h e k h o n o v a  a n d  A.  A.  P o n o m a r e v t  UDC 547.727:542.944 

A method for  the synthesis  of alkyl homologs of 1,6-dioxaspiro[4.4]-3-nonene (I) by dehydro-  
brominat ion of b romo der ivat ives  of 1,6-dioxaspiro[4.4]nonanes {II) was developed. In t e r e s t -  
ing i somer i c  t ransformat ions  of spirononenes (I) into N-furylalkanols  (III) were  d iscovered .  
The dehydrobrominat ion reac t ion  also makes  it possible to de te rmine  the location of b rom-  
ine for  nonequivalent spiran r ings.  

The cleavage of hydrogen bromide f rom monospirans  II was undertaken in o r d e r  to obtain a new group 
of sp i rocycl ic  acetals  (I). P r e c i s e l y  this type of unsatura ted spirans  and thei r  der iva t ives  are  isolated 
f rom natural  substances [2, 3]. Synthetic methods for  obtaining such spirononenes are  unknown (except for  
2 -methoxy- l ,6 -d ioxasp i ro  [4.4 ]-3-nonenes [4, 5]). 

The pecul ia r i t ies  of the chemical  s t ruc ture  of the 1,6-dioxaspiro[4.4]nonanes (an inner ,  bicycl ic  
acetal) have found the i r  ref lec t ion in the pecul ia r  t ransformat ions  that occur  during the dehydrobromina-  
tion of thei r  bromo der iva t ives  (iI). The obtaining of 1 - (~- fu ry l ) -3 -propanol  (iIIa), 1 - (a - fury l ) -3 -bu tano l  
(iIIb), and 1- (5! -methy l -2 ' - fu ry l ) -3 -bu tano l  (IIIc) (in yields up to 87%), respec t ive ly ,  in the case  of mono- 
bromo-subs t i tu ted  1,6-dioxaspiro[4.4]nonane (IIa) and i ts  2-methyl  (fib) and 2,7-dimethyl  (iIc) homologs,  
instead of the expected spirononenes (i), was complete ly  unexpected.  The identity of alcohols IIIa-c and 
the previous ly  known furylalkanols  was establ ished by compar ison of the i r  physical  constants ,  IR spec t ra ,  
and analytical data. An unsaturated spiran,  2 ,7-d imethyl - l ,6-d ioxaspi ro[4 .4] -3-nonene  (ic), whichwas spon- 
taneously conver ted in severa l  hours  to IIIc (as conf i rmed by analytical  data and IR spectroscopy) ,  was 
isolated along with IIIc during the dehydrobrominat ion of He. Instead of a band at 1630 cm -1 (valence v ib ra -  
tions of an isolated C ~ C bond), two bands at 1570 and 1620 cm -1, cha rac t e r i s t i c  for  the 2,5-disubst i tuted 
furan r ing [6], and a broad band at 3450 cm - t  due to the valence vibrat ions  of associa ted OH groups,  and 
all the remaining f requencies  in the spec t rum of IIIa appeared in the spec t rum.  

In the dehydrobrominat ion of monobromo-subst i tu ted 2 ,7 -d imethy l -7-e thy l -  (IId) and 2 ,7 ,9 ,9 - te t ra -  
methyl- l ,6-dinxaspiro[4.4]nonane (IIe) the only reac t ion  products  were  the corresponding spirononenes:  
2 ,7 -d imethyl -7-e thy l -  (Id) and 2 ,7 ,9 ,9 - t e t r ame thy l - l , 6 -d ioxasp i ro  [4.4]-3-nonene (Ie). The i r  yields reached  
83% (Table 1). 

The IR spec t ra  conf i rm the s t ruc tu res  of spirononenes I c - e .  The bands at 1630-1635 cm -I (~, C = C) 
and 3090 em -1 ( v =  CH) cor respond to an isolated double bond. The v e r y  intense absorption f rom 1000 to 
1150 cm -1 is cha rac te r i s t i c  for  the spi roaceta l  s t ruc ture  [7], 

in accordance  with the above facts ,  the format ion of spirononenes I and thei r  i somer iza t ion  to fu ry l -  
3-alkanols can be r ep resen ted  as the resu l t  of the t ransformat ion  (see page 1349). 

Furylalkanols  III can probably be formed f rom the init ial ly formed unsaturated spirans I through un- 
stable in te rmedia tes  with an exocycl ic  bond (IV) [8]. The format ion of the l a t t e r  is possible as a resul t  of 

*See [1] for  Communication XLIV. 
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breaking  Of the C 5 - 0  ~ acetal  bond when the bromine  is  
located at C 4 in m o n o b r o m o s p i r a n s  II ,  and breaking  of the 
O 1 - C  s bond if the b romine  is located at C 9 (direction "1"). 
Fo r  c leavage at the o ther  aceta l  bonds (direct ion "2"), 
4 ,5-dihydrofuranyl  unsa tura ted  alcohols (V) would have 
fo rmed ,  whose phys ica l  p r o p e r t i e s  and, espec ia l ly ,  IR 
spec t r a  should di f fer  substant ia l ly  f r o m  the p r o p e r t i e s  of 
furyla lkanols .  Meanwhile,  the p r e sence  of p r e c i s e l y  the 
furan ring was demons t r a t ed  in the isola ted hydroxyl -  
containing compounds CiIIa-e). 

We p rev ious ly  [9] de t e rmined  the s t ruc tu re  of mono-  
b r o m o s p i r a n s  I Ia  and c as  that of the 4-  or  9 -monobromo  
der iva t ives .  However ,  the posi t ion of b r o m i n e  in the m o l e -  
cules  of such sp i rans ,  where ,  as a resu l t  of the p r e sen ce  
of di f ferent  subst i tuents  in each of the r ings ,  the 4 and 9 
pos i t ions  a r e  nonequivalent (e.g., I Ib,  d, and e), r ema ined  
unc lea r .  

The solution of this p rob l em was poss ib le  on the 
bas i s  of a de te rmina t ion  of the s t ruc tu re  of furan alcohols 
III ,  f o rmed  during the dehydrobrominat io~  of II .  Thus,  
for  example ,  furylalkanol  IIIb was fo rmed  f r o m  b r o m o -  
sp i ran  IIb; this is  poss ib le  only if the bromine  a tom is  
located  at C 4 and the sp i ran  r ing is c leaved at the C5-O~ 
bond. 

The convers ion  of sp i rononenes  I to compounds with 
an exocycl ic  bond (IV) with subsequent  r e a r r a n g e m e n t  of 
IV to the energe t ica l ly  m o r e  favorable  furan s y s t e m  is 
p robab ly  re la ted  to that r a r e  exception where  an e l ec t ro -  
philic hydrogen at tached to carbon (C9) has  a ce r ta in  
labi l i ty  owing to the p r e s e n c e  of a neighboring act ivat ing 
group [10]. In this case ,  the role  of the l a t t e r  apparent ly  
belongs to the potential  carbonyl  carbon (Ca). 

The well-known posit ion that the s tabi l i ty  of a 
cycl ic  i s o m e r  i n c r e a s e s  with the number  of subst i tuents  
has  found conf i rmat ion  also in the case  of the i s o m e r i c  
t r a n s f o r m a t i o n s  of sp i rononenes  I. Only spi rononenes  
with s eve ra l  alkyl subst i tuents  (Id and e) were  s table .  
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E X P E R I M E N T A L  

Monobromospirans IIa-e were obtained by bromination of 1,6-dioxaspiro [4.4]nonanes with dioxane 
dibromide in ether [9, 11]. 

Alcohol solutions of alkalis, alkoxides, and secondary amines were used as dehydrobrominating 
agents. A typical method for the dehydrobromination of monobromospirans II with KOH in methanol is p re -  
sented below. 

A solution of 0.05 mole of bromospiran II in methanol was added dropwise to a refluxing solution of 
5.6 g (0.1 mole) of KOI-I in 20 ml of methanol. The formation of a white crystalline precipitate of potassi-  
um bromide was observed immediately. The reaction mixture was refluxed with vigorous stirring for 
25-30 h. The methanol was then removed at reduced pressure ,  and the residue was treated twice with 
ether. The precipitate of potassium bromide was fil tered and washed with ether.  The yield of potassium 
bromide was quantitative. The combined ether extracts were washed with water and dried with calcined 
magnesium sulfate. The residue after removal of the ether was distilled in vacuo. The products obtained 
by dehydrobromination under these conditions are given below. 

1-(~-Furyl)-3-propanol (IIIa). This was obtained in 87% yield from IIa and had bp 102-103 ~ (12 mm), 
d 2~ 1.063, and n~ 1.4805. Found %: C 66.39, 66.46; H 7.95, 7.84; MR D 33.79. CTH1002. Calculated %: 
C 66.64; H 7.99; MR D 35.54. Literature data [12]: bp 92-94 ~ (10 ram), n~ 1.4805. 

1-(~-Furyl)-3-butanol (IIIb). This was obtained in 70% yield from lib and had bp 84-86 ~ (5 ram), d 2~ 
1.022, and n~ 1.4750. Found %: C 68.60; H 8.16; MR D 38.64. C8H1202. Calculated %: C 68.54; H 8.63; 
MR D 39.18. Literature data [12]: bp 124-127 ~ (54 mm), n~ 1.4743. 

Spirononene Ic and 1-(5T-Methyl-2V-furyl)-3-butanol (IIIc). These were obtained [in 66% (see Table 1) 
and 27% yields, respectively] from lic. Compound liIc had bp 95-96 ~ (10 mm), d 2~ 1.002, and n~ 1.4762. 
Found %: OH 11.22, 11.32; MR D 43.47. CgH1402. Calculated %: OH 11.03; MR D 43.79. Literature data 
[13]: bp 136-138 ~ (55 mm), n~ 1.4760. 

Compound Ic was converted to IIIc in several hours, as indicated by the change in the physical con- 
stants, analytical data, and IR spectroscopy. 

Compounds Id and e were obtained from lid and e, respectively (Table 1). 

The IR spectra were obtained with a double-beam UR-10 spectrophotometer (Zeiss) using sodium 
chloride, lithium fluoride, and potassium bromide pr isms.  The compounds were studied in a capillary- 
thin layer  between potassium bromide plates. 
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