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I n  a n o v e l  r i n g  c l e a v a g e  r e a c t i o n  "Rieke-magnesium" a n d  

t e t r a h y d r o f u r a n  a t  1 0 0  O C  y i e l d e d  1-oxa-2-magnesia  c y c l o -  

h e x a n e  ( I )  i n  up t o  50% y i e l d .  

Normal ly ,  e t h e r s  a r e  known t o  b e  r a t h e r  u n r e a c t i v e ,  e.g. t o w a r d s  m e t a l s  s u c h  

a s  magnesium a n d  t o w a r d s  o rganomagnes ium compounds; b e c a u s e  o f  t h e i r  i n e r t -  

n e s s  a n d  t h e i r  b a s i c i t y ,  t h e y  a r e  t h e  s o l v e n t s  o f  c h o i c e  i n  t h e  G r i g n a r d  

r e a c t i o n .  

R i e k e  h a s  d e s c r i b e d  a  p r o c e d u r e  f o r  t h e  r e d u c t i o n  o f  m e t a l  s a l t s  by p o t a s -  

s i u m ,  by which  a h i g h l y  r e a c t i v e  fo rm o f  t h e  c o r r e s p o n d i n g  m e t a l  i s  o b t a i n e d ,  1 

8.9. 
NgBr2 + 2K 

THF Plgf t 2  KBr 

2  h r ,  6 5  OC' 
(1) 

When p e r f o r m i n g  t h i s  r e a c t i o n  u n d e r  t h e  u s u a l  c o n d i t i o n s  ( Z h r ,  65  O C ,  T H F ) ~ "  

we o b s e r v e d ,  t h a t  b e s i d e s  t h e  u s u a l  b l a c k ,  v o l u m i n o u s  p r e c i p i t a t e  o f  a c t i v e  

4 
magnesium Ng a n d  p o t a s s i u m  b r o m i d e  a c l e a r ,  s l i g h t l y  y e l l o w  s u p e r n a t a n t  

l i q u i d  was o b t a i n e d  which ,  a c c o r d i n g  t o  a c i d i c  a n d  c o m p l e x o m e t r i c  t i t r a t i o n ,  

a f t e r  h y d r o l y s i s ,  c o n t a i n e d  ' b a s i c "  magnesium,  ( i . 8 .  i n  t h e  fo rm o f  Ng-C o r  

PIg-0) a n d  n o  b r o m i d e ,  i f  t h e  m o l a r  r a t i o  o f  NgBr 3. K was 1:2 ; t h e  y i e l d  
2  ' 



was 2% r e l a t i v e  t o  p o t a s s i u m .  F u r t h e r m o r e ,  t h i s  l i q u i d  g a v e  a 'H-NMR 

s p e c t r u m  s h o w i n g  a  t r i p l e t  ( 8  = -0.30 ppm, J = 7 Hz) i n d i c a t i v e  of a 

-CH -CH -Mg- s t r u c t u r a l  f r a g m e n t .  2 =2 

O b v i o u s l y ,  t h e  o r g a n o m e t a l l i c  compound m u s t  h a v e  been  f o r m e d  f r o m  THF, 

which  was t h e  o n l y  o r g a n i c  m a t e r i a l  i n t r o d u c e d  i n t o  t h e  r e a c t i o n .  The y i e l d  

c o u l d  b e  i n c r e a s e d  t o  50% u n d e r  more d r a s t i c  c o n d i t i o n s ,  namely  s t i r r i n g  

0 
a t  1 0 0  C f o r  65 h r ;  a t  h i g h e r  t e m p e r a t u r e s  d e c o m p o s i t i o n  o c c u r r e d ,  p r e -  

s u m a b l y  by a t t a c k  of t h e  o rganomagnes ium compound on THF 4 ,  as t h e  N M R  - 

s p e c t r u m  a f t e r w a r d s  showed t h e  a b s o r p t i o n  o f  e t h e n e  a t  6 = 5 .48  ppm. 

H y d r o l y s i s  o f  s o l u t i o n s  c o n t a i n i n g  t h e  new organomagnes ium compound y i e l d e d  

n - b u t a n o l  ( > g o %  y i e l d  r e l a t i v e  t o  t i t r a t e d  Mg). D e u t e r o l y s i s  g a v e  4-D-n- 

- b u t a n o l  w i t h  a p p r o x i m a t e l y  80% D i n  p o s i t i o n  4  '. From t h e s e  d a t a  s t r u c t u r e  

I may b e  deduced .  

+ * 6 h r , 1 O o  CrQ 0  ( 2 )  

EtMgBr 
HOCH2CH2CH2CH2Cl -BrMgOCH C H  C H  CH C l  Mg > BrMg0CH2CH2CH2CH2MgX ( 3 )  

THF 4 0  h r , 5 O 0 c  

I I a  : X = C1 

S t r u c t u r e  I was f u r t h e r  c o r r o b o r a t e d  by i n d e p e n d q n t  s y n t h e s i s  f r o m  IIa by 

p r e c i p i t a t i o n  o f  t h e  magnesium s a l t s  w i t h  d i o x a n e ;  I I a  was o b t a i n e d  i n  100% 

y i e l d  f r o m  4 - c h l o r o - n - b u t a n o l  by c o n s e c u t i v e  t r e a t m e n t  w i t h  e t h y l m a g n e s i u m  

b r o m i d e  a n d  magnesium ( e q n .  3). 

The mechanism of t h e  r e m a r k a b l e  f o r m a t i o n  o f  I f r o m  THF i s  n o t  c l e a r  a t  t h e  

moment. Under  i d e n t i c a l  c o n d i t i o n s ,  n e i t h e r  p o t a s s i u m ,  n o r  magnesium,  n o r  

t h e  1:l m i x t u r e  o f  Mg/MgBr2 ( p r e p a r e d  b y  r e a c t i n g  1 mole  of 1 , Z - d i b r o m o e t h a n e  

w i t h  2  g r a m a t o m s  magnesium i n  THF) g a v e  r i s e  t o  a n y  o b s e r v a b l e  c l e a v a g e  o f  

THF. When t h e  b l a c k  p r e c i p i t a t e ,  p r e p a r e d  by R i e k e l s  p r o c e d u r e  was washed 

w i t h  THF u n t i l  n o  more m a t e r i a l  c o u l d  b e  e x t r a c t e d ,  a n d  t h e  r e s i d u e  was 
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h e a t e d  w i t h  THF f o r  65 h r  a t  1 0 0  O C ,  a g a i n  a  c l e a r  s o l u t i o n  was o b t a i n e d  

c o n t a i n i n g  50% " b a s i c '  magnesium; moreover  t i t r a t i o n  gave  one gramatom 

of  magnesium (EDTA t i t r a t i o n )  f o r  two e q u i v a l e n t s  o f  ' b a s i c "  magnesium 

( H C ~  t i t r a t i o n ) .  T h i s  l a t t e r  e x p e r i m e n t  p r o v e s  t h a t  p r o c e s s e s  i n v o l v e d  i n  

t h e  r e d u c t i o n  of  MgBr2 (e.9. of  r a d i c a l  n a t u r e )  a r e  n o t  r e s p o n s i b l e  f o r  t h e  

c l e a v a g e  r e a c t i o n ;  f u r t h e r m o r e ,  i t  i s  v e r y  u n l i k e l y ,  t h a t  t r a c e s  of NgBr 
2  ' 

r e m a i n i n g  a f t e r  r e d u c t i o n  a n d  wash ing ,  p l a y  a c a t a l y t i c  r o l e  i n  a  s e q u e n c e  

s u c h  a s  d a p i c t s d  i n  e q u a t i o n  4: 

I I b ;  X=Br 

C o n s e q u e n t l y ,  a  d i r e c t  G r i g n a r d - t y p e  r e a c t i o n  between t h e  a c t i v e  m e t a l  a n d  

THF h a s  t o  b e  c o n s i d e r e d  as a  s e r i o u s  p o s s i b i l i t y  (eqn .  2 ) ,  u n l i k e l y  a s  i t  

may seem a t  f i r s t  s i g h t .  The o n l y  r e l e v a n t  p r e c e d e n t  may be f o u n d  i n  t h e  

c l e a v a g e  of  a l l y l  p h e n y l  e t h e r  by magnesium i n  b o i l i n g  THF d e s c r i b e d  by 

Maercker  '. O b v i o u s l y ,  THF shows much l e s s  f u n c t i o n a l  r e s e m b l a n c e  t o  t h e  

a l k y l  h a l i d e s  o f  t h e  normal  G r i g n a r d  r e a c t i o n  t h a n  a l l y l  p h e n y l  e t h e r  does ;  

i t  may be f o r  t h i s  r e a s o n  t h a t  t h e  h i g h l y  a c t i v e  Rieke-magnesium a s  w e l l  a s  

more d r a s t i c  c o n d i t i o n s  a r e  r e q u i r e d  i n  o u r  c a s e .  Moreover ,  t h e  o c c u r r e n c e  

of  a b o u t  20% u n l a b e l e d  n - b u t a n o l  a f t e r  d e u t e r o l y s i s  ( v i d e  s u p r a )  may be due  

7 t o  r a d i c a l  s i d e  r e a c t i o n s  w e l l  known i n  t h e  f o r m a t i o n  of G r i g n a r d  r e a g e n t s  . 
As magnesium a l k o x i d e s  a r e  u s u a l l y  o l i g o m e r i c  i n  s o l u t i o n ,  it  i s  l i k e l y  

t h a t  I i s  n o t  monomeric e i t h e r ;  i n  p a r t i c u l a r ,  111 h a s  been shown t o  be t r i -  

m e r i c  i n  THF g. I t  i s  n o t  s u r p r i s i n g  t h a t  I  i s  t h e r m a l l y  much more s t a b l e  

0 t h a n  111; w h e r e a s  t h e  l a t t e r  decomposes a b o v e  7 0  C t o  fo rm c y c l o p r o p a n e  

(eqn.  5 ) ,  I i s  s t a b l e  t o  100-120 OC. 



The mechanism of formation of I, the details of its structure and its 

equilibrium with IIb (cf. eqn. 4) will be the subject oP further studies, 

as will be the synthetic utility of I, which - as a functionally substituted 
Grignard reagent - is so easily obtained from simple starting materials. 
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