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THE ACID-CATALYZED OXIDO-REDUCTION OF SPIROKETALS. EVIDENCE FOR 

STEREOELECTRONIC CONTROL IN HYDRIDE TRANSFER TO CYCLIC O X E N I ~ I  IONS+ 
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T r i c y c l i c  s p i r o k e r a l  - 1 undergoes an a c i d - ~ a t a l y z e d  ox ida t ion- reduc t ion  r e a c t i o n  

which y i e l d s  e q u a t o r i a l  b i c y c l i c  e t h e r  aldehyde 5 s p e c ~ f i c a l l y .  S i m i l a r l y ,  

s p i r o k e t a l s  2, 3, and 4 gave e q u a t o r i a l  b l c y c l i c  e c h e r  ketone c. These 

r e s u l t s  are i n t e r p r e t e d  by invoking an i n t e r n a l  h y d r i d r  transfer from an 

a l c o h o l  func t ion  t o  a c y c l i c  oxenium i o n  which fakes  p l a c e  wirh stereo- 

e l e c t r o n i c  c o n t r o l .  

!ie have r e c e n t l y  shown t h a r  t h e  1,7-d1oxas~1ro[5.5]undecane and its derivatives provide a 

very convenient  system f o r  the  s tudy  of s t e r e o e l e c t r o n i c  e f f e c t s  (anameric  and z - a n o m e r i c  

i n  t h e  a c e r a l  f u n c t i o n  ( 1 ,  2 ) .  I n  t h e  c o u r s e  o f  t h a t  s t u d y ,  we observed t h a r  t h e s e  

~ p i r o k e t a l s  undergo an  ac ld -ca ta lyzed  oxidation-reduction r e a c t i o n .  We wish ro  r e p o r t  t h a t  

i n v e s t i g a t i o n .  

We have s t u d i e d  the  r r i c y c l z c  s p i r o k e r a l  1' and t h e  t h r e e  isomeric m e t h y l t r i c y c l i c  s p i r o -  

kecals g l ,  A*, 4' (Scheme 1). 

Treatment of t r i c y c l i c  s p i r o k e c a l  1 wirh hydrogen bromide i n  e the r -pen tane  gave s tereo-  

s p e c i f i c a l l y  the  b i c y c h c  e the r  aldehyde 2' (i40E y i e l d ) .  Reduction (LiAlH,, e t h e r )  of  compound 

5 gave t h e  corresponding a l c o h o l  62 which was f u r t h e r  c h a r a c t e r i z e d  by formarion of t h e  a c e t a t e  - 

d e r i v a t i v e  7 2 .  The s t r u c t u r e  and t h e  s t e reochemis t ry  of b i c y c l i c  e t h e r  a l c o h o l  5 was e s t a b l i s h e d  

by comparison wi th  an auchentlc sample. 

Authen t ic  samples of compound 5 and i ts isomer E w e r e  oh ta ined  from t h e  monocyclic ketone 

mesylace z3. Reduction o f  compound 9 (NaBHb, CH30H) gave a mixture of  t h e  lsameriC a l c o h o l s  3 

t We are p leased  t o  d e d i c a t e  t h i s  a r t i c l e  t o  Professor l e t s u j i  Kamerani. 

1 The p r e p a r a t i o n  of  t h i s  compound i s  d e s c r i b e d  i n  reference 1 

A 1 1  new compounds gave s a c i s f a c r o r y  s p e c t r o s c o p i c  da t a .  Hlgh r e s o l u t i o n  ms were ob ta ined  for 
a l c o h o l s  6 and 8, t o  which orher  new compounds are  chemical ly converted.  

The p r e p a r a t i o n  of compound 2 is desc r ibed  i n  reference 3. 



which was t ransformed (KH, THF) i n t o  t h e  i somer ic  mixture of THP-bicycl ic  e t h e r s  u2. Acid 

h y d r o l y s i s  o f  t h e  mixture 11 gave t h e  b i c y c l i c  e t h e r  a l c o h o l s  5' and g2 which were separated by 

chromatography. The r e l a t i v e  s t ereochemis try  of i somers  6 and 5 was e s t a b l i s h e d  by carbon nuc lear  

SCHEME 1 



HETEROCYCLES, Yo1 IS, No 2, 1981 

magnetic resonance spec t roscopy .  I n  p a r t i c u l a r ,  t h e  carbons 2 ,  4 ,  and 6 ,  y ,  a ,  and y r e s p e c t i v e l y  

to C I 1  of  t h e  s i d e  c h a m ,  show s h i e l d i n g s  of 7 . 7 ,  4 . 8 ,  and 5 . 8  ppm ( 4 )  on pass ing  from 5 t o  i t s  

a x i a l  epimer 8. 

We have a l s o  observed t h a t  the  t r i c y c l i c  s p i r o k e t a l  2 o r  i t s  isomer 3 gave t h e  b i c y c h c  e t h e r  

methyl ketone 122 (=100% y i e l d )  w l t h  aqueous hydroch lor ic  a c i d  under r e f l u x  c o n d i t i o n s .  Siml- 

l a r l y ,  treatment o f  t h e  isomer 4 (which i s  i n t e r c o n v e r t i b l e  wi th  3 under mild a c i d i c  c o n d l r i o n s  

( 1 ) )  gave compound 12 upon r e f l u x  wi th  aqueous hydroch lor ic  a c i d .  The s t r u c t u r e  and the  sterea- 

chemistry of t h e  b i c y c l i c  e t h e r  methyl ketone 12 was r i g o r o u s l y  e s t a b l i s h e d  by i c s  conversion i n t o  

t h e  b i c y c l i c  e t h e r  a l c o h o l  6 (NaOBr, NaOH; LiAIHh). 

The ac id -ca ta lyzed  o n d o - r e d u c t i o n  reactions d e s c r i b e d  above can be r e a d l l y  exp la ined  by t h e  

opening of  t h e  s p i r o k e t a l s  g i v i n g  an hydrany b i c y c l i c  axemum i o n  in fe rmedia re  such as 13 which 

~ n d e r g o e ~  an i n t e r n a l  hydr ide  t r a n s f e r  t o  y i e l d  the  b i c y c l ~ c  e t h e r  6 or 12. This  mechanism i s  

very s i m i l a r  t o  the  one proposed by Woodward, Sandheimer, and Maeur ( 5 )  t o  e x p l a i n  t h e  a c i d -  

c a t a l y z e d  i n t e r c o n v e r s i o n  of  t h e  normal and the = s a p o g e n m s .  The i r  p roposa l  was also supported 

by s t r o n g  e x p e r m e n t a l  ev idence .  

T h e  s t e r e o s p e c l f i c  formation o f  the  e q u a t o r i a l  b ~ c y c h c  e t h e r s  6 and 12 can be exp la ined  if 

s t e r e o e l e c t r o n i c  e f f e c t s  ( 6 )  are taken  i n t o  c o n s ~ d e r a t i a n .  I f  we accep t  t h a t  t h e  h y d r i d e  t r a n s f e r  

w i l l  cake p l a c e  wi th  minimum energy on ly  when t h e  i n t e m r d l a r r  oxenium l o n  can develop an e l e c t r o n  

p a i r  whlch w i l l  become a n t i p e r i p l a n a r  t o  t h e  newly formed C-I1  bond i n  t h e  f i n a l  p roduc t ,  t h e  

above r e s u l t s  can be e a s i l y  r a t i o n a l i z e d .  

I L  can be readily seen cha t  the  a-attack on 1J, &E + 6 o r  12 can occur wirh s te reo -  

e l e c t r o n i c  c o n t r o l  whereas the  0 - a t t a c k  on 13 cannot  y i e l d  d i r e c t l y  t h e  a x i a l  b l c y c l i c  

e t h e r  i n  i ts more s t a b l e  conformarion 11. The o-a t t ack  on 12 m u s t  f ~ r s c  g lue  conformer 6 havmg 

i t 5  r i n g  8 twis ted  i n  o r d e r  t o  f u l f i l l  t h e  o r b i t a l  allgnrnent requirement .  Conformer 5 would then 

g i v e  t h e  most s t a b l e  canformarion u. The t rans format ion  15 + 16 + 17 r e q u i r e s  more energy than 

14 + 6 (or 12). consequen t ly ,  the  farmarion of 11 cannot  compete wirh t h e  fo rmat ion  of e q u a t o r i a l  - 

b i c y c l i c  e t h e r  6 o r  12. 
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