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AN IMPROVED SYNTHESIS OF BICYCLO[2,1,I]HEXANE-l-CARBOXYLIC A C I D  
* 

Rar,iyani S .  Abeywickrema and Ernes t  W .  D e l l a  

School o f  P h y s i c a l  S c i e n c e s  

Bedford Pa rk ,  South A u s t r a l i a ,  5042 
F1 i n d e r  s U n i v e r s i t y  

Undoubtedly t h e  most conven ien t  e n t r y  i n t o  b r i d g e h e a d - s u b s t i t u t e d  

po lycyc loa lkanes  is  v i a  t h e  co r re spond ing  c a r b o x y l i c  a c i d .  Such i s  t h e  

c a s e  n o t  o n l y  because of  t h e  v e r s a t i l i t y  of  t h e  ca rboxy l  g roup ,  which i s  

r e a d i l y  conve r t ed  i n t o  a v a r i e t y  of  o t h e r  f u n c t i o n a l  groups i n c l u d i n g  

ha logen ,  amine, and hydroxy l ,  bu t  a l s o  because  t h e  a c i d  i s  f r e q u e n t l y  

o b t a i n e d  by r i n g  c o n t r a c t i o n  i n v o l v i n g  a Favor sk i - type  r ea r r angemen t .  

r e q u i r e d  s e v e r a l  d e r i v a t i v e s  of t h e  b i cyc loCZ, l , l ]hexane  system, most of 

which we planned t o  p r e p a r e  from bicyclo[2,1,1]hexane-l-carboxylic a c i d  L .  

We 
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The a c i d  1 was f i r s t  o b t a i n e d  some t ime  ago by Wiberg and h i s  a s s o c i a -  

I n  v i ew of t h e  t e d i o u s  t e s '  by a twe lve - s t ep  s y n t h e s i s  from norbornanone.  
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ABEYWICKREMA AND DELLA 

n a t u r e  of  t h i s  r o u t e ,  i t s  e x t r e m e l y  low y i e l d ,  c o u p l e d  w i t h  t h e  f a c t  t h a t  

i t  i s  n o t  e s p e c i a l l y  a d a p t a b l e  t o  l a r g e  s c a l e  s y n t h e s i s ,  we deve loped  a n  

a l t e r n a t i v e  method which o b v i a t e s  t h e s e  d i f f i c u l t i e s  and  which w e  now wish  

t o  r e p o r t .  

Bromina t ion  o f  ~ndo-bicyclo[2,2,llheptane-2-carboxylic a c i d  2, which 

i s  o b t a i n e d  by h y d r o g e n a t i o n  o f  t h e  Die l s -Alde r  a d d u c t  o f  c y c l o p e n t a d i e n e  

and  a c r y l i c  a c i d ,  p roduces  ~x~-2-bromobicyclo~2,2,l]heptane-l-carboxylic 

a c i d  JL. 

m i x t u r e  of  t h e  a c i d s  4 ,  5 ,  and 6 .  The hydroxy a c i d s  4 and 5 were  found t o  

b e  e a s i l y  s e p a r a b l e  from 6 by v i r t u e  of t h e i r  w a t e r - s o l u b i l i t y ,  and  were 

o x i d i s e d  by chromic  a c i d  t o  t h e  k e t o n e  7 and t h e  k e t o a c i d  8 r e s p e c t i v e l y .  

H y d r o l y s i s  o f  J o c c u r s  under  m i l d  c o n d i t i o n s  t o  g i v e  a 3 : 9 : 1  

9 - 12 - 11 - 10 - 
Bromina t ive  d e c a r b o x y l a t i o n  o f  t h e  l a t t e r  y i e l d e d  a 6 : l  m i x t u r e  o f  t h e  

bromoketone  9 and  norbornanone .  

b u t  i n  p r a c t i c e  t h e  p r e s e n c e  o f  no rbornanone  d i d  n o t  a f f e c t  t h e  c o n v e r s i o n  

o f  2 i n  h i g h  y i e l d  i n t o  t h e  d e s i r e d  a c i d  1 by base-promoted  r i n g  c o n t r a c -  

t i o n .  

These  c o u l d  b e  s e p a r a t e d  by d i s t i l l a t i o n ,  

T h i s  s e q u e n c e  p r o c e e d s  i n  a 14% y i e l d  o v e r a l l  from t h e  endo-ac id  2. 

The f i n a l  s t e p  i s  n o t e w o r t h y  inasmuch a s  a n  a t t e m p t 4  t o  induce  rear- 

rangement  o f  t h e  r e l a t e d  compound unde r  s imi la r  c o n d i t i o n s  produced  v e r y  

l i t t l e  ( c a .  4 % )  o f  t h e  a c i d  2. A t  e x t r e m e l y  h i g h  d i l u t i o n  and  under  much 

more d r a s t i c  c o n d i t i o n s  JJ a f f o r d e d  11 i n  b e t t e r  y i e l d  ( c a .  4 0 % ) .  T h i s  

presumably  r e f l e c t s  t h e  s i g n i f i c a n t l y  h i g h e r  s t e r i c  h i n d r a n c e  by t h e  b r i d g e  

me thy l  g r o u p s  t o  f o r m a t i o n  o f  t h e  i n t e r m e d i a t e  a d d u c t  & from lo. 
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AN IMPROVED SYNTHESIS OF BICYCL0[2,1 ,l]HEXANE-l-CARBOXYLIC ACID 

T h e  a c i d  k was converted smoothly i n t o  l-bromobicyclo[2,1,1lhexane 

(71%) under t h e  c o n d i t i o n s  employed5 f o r  o t h e r  bridgehead a c i d s .  

EXPERIMENTAL 

2-Ketobicyclo[2,2,1]heptane-l-carboxylic Acid ( S ) .  - 2-Exo-bromobicyclo- 

[2,?,llheptane-l-carboxylic a c i d  (40g, 0.18 moll was added t o  a s o l u t i o n  

of sodium hydrogen carbonate  (50g)  i n  water  (210 ml)  and t h e  mixture  hea ted  

a t  70-75' with occas iona l  s w i r l i n g  f o r  1 hour. The s o l u t i o n  was cooled t o  

5O, a c i d i f i e d  (pH 3 )  wi th  6N H C 1  and then e x t r a c t e d  wi th  hexane i n  o r d e r  t o  

remove 5 (1.4g ; 5 . 6 % ) .  The aqueous l a y e r  was s a t u r a t e d  wi th  N a C l  and 

e x t r a c t e d  wi th  e t h e r  (4 x 80 m l ) .  The combined e t h e r  e x t r a c t s  were d r i e d  

(MgS04), and evaporated t o  g i v e  a n  o i l  (24.53) which w a s  r e d i s s o l v e d  i n  

e t h e r  (100 ml)  and t r e a t e d  dropwise, wi th  s t i r r i n g ,  wi th  chromic a c i d  solu-  

t i o n  (30g Na2Cr20,, 22.5 m l  concent ra ted  H SO 

S t i r r i n g  was cont inued f o r  24 hours  a f t e r  which t h e  e t h e r  l a y e r  was separ-  

a t e d  and t h e  aqueous phase s a t u r a t e d  wi th  N a C l  and e x t r a c t e d  wi th  f r e s h  

s o l v e n t .  The combined e t h e r  l a y e r s  were shaken wi th  s a t u r a t e d  NaHC03  

s o l u t i o n  and t h e  l a y e r s  s e p a r a t e d .  

none (3.2g, 16%).  

e t h e r  as above t o  g i v e  a whi te  s o l i d  which upon subl imat ion  (lOOo/O.l mm) 

followed by r e c r y s t a l l i s a t i o n  from 1:2 ether-pentane y i e l d e d  c o l o u r l e s s  

needles  of 8 (14 . lg ,  50%),  m.p. 126-127' ( l i t . 3  128-128.5O); nmr (CDC13): 

6 1.4-2.4 (m, 8H), 2.6-2.9 (m, l H ,  br idgehead p r o t o n ) ,  11.1 ( 8 ,  l H ,  COOH); 

mass spectrum m/e 154 (M'). 

l-Bromobicyclo[2,2,1Iheptan-2-one (2). - A s t i r r e d  mixture  of t h e  keto-  

a c i d  8 (5 .0g,  32 mmol), r e d  mercur ic  ox ide  (7.5g,  34 mmol) and anhydrous 

MgS04 (3 .0g)  i n  dichloromethane (60 ml)  was hea ted  t o  r e f l u x  and t r e a t e d  

dropwise over  a 4 5 m i n u t e  per iod wi th  a s o l u t i o n  of  bromine (6.5g,  41  mmol) 

i n  dichloromethane ( 5  m l ) .  The s t i r r e d  mixture  w a s  maintained under re- 

f l u x  f o r  a f u r t h e r  2 hours ,  and then cooled and f i l t e r e d .  The f i l t r a t e  

2 

made up t o  150 m l  w i t h w a t e r ) .  2 4  

The o r g a n i c  phase conta ined  norborna- 

The aqueous l a y e r  w a s  a c i d i f i e d  and e x t r a c t e d  w i t h  
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ABFiwICKREMA AND DELLA 

was washed s u c c e s s i v e l y  w i t h  15% K I  s o l u t i o n  and 15% Na2S203 s o l u t i o n  

d r i e d  (MgS04) and evapora t ed .  The r e s i d u e  was shown ( g l c  : QF-1) t o  

s is t  of  a 6 : l  mix tu re  of t h e  bromoketone 2 and norbornanone.  D i s t i l  

(95-98'/5 nun) a f f o r d e d  2 

( c a .  2 % )  of  norbornanone.  

1 .5265;  I R  ( n e a t ) :  1760; 

br idgehead p r o t o n ) ;  mass 

then  

con- 

a t i o n  

4.8g,  78%) contaminated w i t h  n sma l l  q u a n t i t y  
n r  
L 3  

D P r e p a r a t i v e  g l c  (SE 30 )  gave pu re  2, n 

3 nmr (CDCl ):  61.5-2.3 (m, 8H), 2.5-2.8 (m, 1 H ,  

spectrum m/e 190 and 188 (M'). 

Anal.  - Calcd.  f o r  C 7 H 9 B r 0  : C,  44.47; H, 4 .80  

Found : C ,  44 .16 ,  H ,  4 . 8 5  

Bicylco~2,l,llhexane-l-carboxylic Acid (1). - The bromoketone 2 (2 .5g;  

0.013 mole)  was b o i l e d  w i t h  12% KOH (200 m l )  f o r  48 h o u r s .  

s o l u t i o n  w a s  c o o l e d ,  n e u t r a l i s e d  (pH 7 1 ,  and e x t r a c t e d  w i t h  e t h e r .  The 

aqueous l a y e r  w a s  f u r t h e r  a c i d i f i e d  (pH 2) w i t h  4N H C 1  and e x t r a c t e d  w i t h  

e t h e r .  The e t h e r  e x t r a c t s  were d r i e d  (MgSO 1, and t h e  s o l v e n t  evapora t ed  

g i v i n g  a s o l i d  which on s u b l i m a t i o n  (70°/0.1 mm) fol lowed by r e c r y s t a l l i s a -  

t i o n  from pen tane  gave t h e  a c i d  1 (1 .4g ,  8 4 % ) ,  mp 46O ( l i t . '  46-50.1O). 

The r e s u l t i n g  

4 

The a c i d  (1 .86g)  i n  d i ch lo romethane  (35 ml )  c o n t a i n i n g  a suspens ion  of 

r e d  HgO ( 3 . 4 )  was t r e a t e d  w i t h  bromine ( 2 . 8 g )  under  t h e  c o n d i t i o n s  s p e c i -  

f i e d  above.  The s o l v e n t  w a s  removed by d i s t i l l a t i o n  through a column 

packed w i t h  g l a s s  h e l i c e s ,  and t h e  r e s i d u e  d i s t i l l e d  g i v i n g  l-bromobicyclo- 

[ 2 , l , l l h e x a n e  (1.7g,  71%) ,  bp.  140-143' ( l i t . '  140-141O); 

m/e 162 and 160 (M'). 

mass spectrum 

1.  

2 .  
3. 

4 .  

5.  
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