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SUMMARY.

P a r t  I . S y n t h e t i c  A p p ro a c h e s  t o  g - V e t i v o n e

A s t e r e o s e l e c t i v e  s y n t h e t i c  r o u t e  t o  t h e  (3—

v e t i v o n e  s t r u c t u r e  ( p r o p o s e d  by P f a u  and  P l a t t n e r )  f rom

a b i c y c l o [ 3 , 2 , 2 ] n o n e n e  d e r i v a t i v e  h a s  b e e n  i n v e s t i g a t e d ,

A n t i - 3 - exo- b e n z o y l o x y b i c y c l o [ 3 , 2 , 2 ] n o n —8—e n e -

6 , 7 - e n d o - d i c a r b o x y l i c  a c i d  a n h y d r i d e , o b t a i n e d  a f t e r  a

d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  D i e l s - A l d e r  r e a c t i o n  o f

c y c l o h e p t a - 3 , 5 - d i e n o l  d e r i v a t i v e s  w i t h  m a l e i c  a n h y d r i d e ,

h a s  b e e n  e l a b o r a t e d  i n  n i n e  s t a g e s  t o  4 - a m in o —3 - c y a n o -
2 69 , 9 - e t h y l e n e d i o x y t r i c y c l o [ 5 , 3 , 2 , 0  9 ] d o d e c a - 3 , 1 1 - d i e n e  

( endo c o n f i g u r a t i o n )  v i a  3 , 3 - e t h y l e n e d i o x y - 6 , 7 - endo-  

d i c a r b o m e t h o x y b i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e .

A p pend ix  ( w i t h  P .A ,  Cameron and G* P e r g u s o n )

The m a j o r  p r o d u c t  f rom t h e  D i e l s - A l d e r  r e a c t i o n  

o f  m a l e i c  a n h y d r i d e  w i t h  1 - p - b r o m o b e n z o y l o x y c y c l o h e p t a -

3 , 5 - d i e n e  i s  shown by an  X - r a y  s t r u c t u r e  d e t e r m i n a t i o n  

t o  be t h e  a n t i - 3 - exo c o n f i g u r a t i o n #

P a r t  I I . N.M.R, S t u d i e s  o f  some B i c y c l o [ 3 #2#2 ]nonene  

D e r i v a t i v e s

An N.M.R. c o m p a r a t i v e  s t u d y  o f  s i x t e e n  

b i c y c l o [ 3 , 2 , 2 ]nonene  d e r i v a t i v e s  ( p r e p a r e d  i n  P a r t  I )  

h a s  i n d i c a t e d  t h a t  t h e  endo c o n f i g u r a t i o n  o f  s u b s t i t u e n t s .



a t  and c a n  be a s s i g n e d  u n a m b i g u o u s l y .  T e n t a t i v e  

p r o p o s a l s  c o n c e r n i n g  t h e  c o n f o r m a t i o n a l  s t a b i l i t y  o f  t h e  

t h r e e  c a r b o n  b r i d g e  a r e  p u t  f o r w a r d .

P a r t  I I I . S y n t h e t i c  A p p ro a c h e s  t o  a D i t e r p e n e  I n t e r m e d i a t e  

Two r o u t e s  t o  1 0 - a l k o x y - 5 - m e t h y l t r i c y c l o
1 6 TL 7 , 2 , l , 0  ’ Jdode c a - 4 , 1 2 - d i o n e  as  a  p r e c u r s o r  t o  t e t r a ­

c y c l i c  d i t e r p e n e s ? h a v e  b e e n  i n v e s t i g a t e d .

The s y n t h e s i s  o f  9 - c a r b e t h o x y m e t h y l e n e - 5 - m e t h y l -
5 10A 9 —o c t a l i n - 1 ?6 - d i o n e  and t h e  d e r i v e d  h y d r o g e n a t i o n  

p r o d u c t s  a r e  d e s c r i b e d .

The m echanism o f  a n o v e l  r e a r r a n g e m e n t  o f  

2 - c a r b e t h o x y m e t h y l e n e ~ 2 - ( 3  f- k e t o p e n t y l ) c y c l o h e x a n e - 1 93 -  

d i o n e  and  o t h e r  2 , 2 - d i s u b s t i t u t e d  c y c l o h e x a n e - 1 , 3 - d i o n e s  

t o  s u b s t i t u t e d  v a l e r o l a c t o n e  d e r i v a t i v e s  i s  d e s c r i b e d .
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The S t r u c t u r e  o f  g -  and  3 - Y e t i v o n e  

The e s s e n t i a l  o i l  o f  V e t i v e r  (V e t i v e r i a  z i z a n i o i d o s  

S t a p f . )  owes i t s  i m p o r t a n c e  i n  t h e  p e r f u m e r y  i n d u s t r y  t o  

t h e  p r e s e n c e  o f  two k e t o n e s  c a l l e d  a— and | 3 - v e t i v o n e ,  w h ic h  

c o u l d  be i s o l a t e d  t h r o u g h  t h e i r  G i r a r d  o r  s e m i c a r b a z o n e  

d e r i v a t i v e s .

P f a u  and  P l a t t n e r , ^  r e s t r i c t i n g  t h e i r  i n v e s t i g a t i o n  

t o  | 3 - v e t i v o n e ,  f o r m u l a t e d  i t  as  ( l )  on t h e  f o l l o w i n g  e v i d e n c e .  

D e h y d r o g e n a t i o n  o f  ( 3 - v e t i v o n e ,  and  t h e  h y d r o c a r b o n s  d e r i v e d  

f rom  i t ,  a f f o r d e d  v e t i v a z u l e n e  (2)  t o g e t h e r  w i t h  s m a l l  am oun ts  

o f  h y d r o x y  e u d a l e n e  ( 3 ) .  T h i s  i n d i c a t e d  t h e  b i c y c l i c  n a t u r e  

o f  t h e  k e t o n e  as  d i d  t h e  m o l e c u l a r  r e f r a c t i o n  d a t a  w h ic h  

a l s o  i n d i c a t e d  two d o u b l e  b o n d s ,  one o f  w h i c h  was i n  

c o n j u g a t i o n  w i t h  t h e  k e t o n e  ( l a t e r  c o n f i r m e d  b y  i t s  u l t r a ­

v i o l e t  s p e c t r u m ) •

P - Y e t iv o n e  was e a s i l y  r e d u c e d  t o  an  o p t i c a l l y  

i n a c t i v e  d i h y d r o - f 3 - v e t i v o l  (4)  w h ic h  a f f o r d e d  a c e t o n e  and 

t h e  h y d r o x y k e t o n e  (6)  on o z o n o l y s i s ,  c o n f i r m i n g  t h e  p r e s e n c e  

o f  an  i s o p r o p y l i d e n e  g r o u p .  D e h y d r a t i o n ,  r e d u c t i o n  and  

o x i d a t i o n  o f  t h e  h y d r o x y  k e t o n e  (6 )  g av e  a  d i a c i d  ( 7 )  w h ic h  

d i d  n o t  y i e l d  a  k e t o n e  on a c e t i c  a n h y d r i d e  t r e a t m e n t  

i n d i c a t i n g  t h a t  t h e  i s o p r o p y l i d e n e  g r o u p i n g  was a t t a c h e d  t o  

a  f i v e  membered r i n g .
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The p r e s e n c e  o f  a  s e v e n  membered r i n g  was b a s e d  on 

t h e  f o l l o w i n g  e v i d e n c e .  O x i d a t i o n  o f  t e t r a h y d r o - { 3 - v e t i v o n e  

( 8 ) ,  on t h e  o t h e r  hand,  f u r n i s h e d  a d i a c i d  (9 )  w h ic h  w i t h  

a c e t i c  a n h y d r i d e  gave  a  k e t o n e  ( 1 0 ) | d e h y d r o g e n a t i o n  o f  

t h i s  k e t o n e  gave  2 - i s o p r o p y l - 4 , 7 - d i m e t h y l  i n d a n - 5 - o l  ( l l )  

i d e n t i f i e d  by  s y n t h e s i s .  The c i s - f u s i o n  o f  t h e  two r in g s ;  

was i n f e r r e d  f rom t h e  f a c t  t h a t  r e d u c t i o n  o f  t h e  d o u b l e  

bond  i n  c o n j u g a t i o n  w i t h  t h e  k e t o n e  g e n e r a t e d  a  p l a n e  o f  

sym m etry  i n  t h e  m o l e c u l e .  The s t r u c t u r e  ( l )  f o l l o w e d  from 

t h e  above  e v i d e n c e .
2

Naves  and P e r r o t t e t ,  i n  t h e  f o l l o w i n g  y e a r ,  

p u b l i s h e d  t h e i r  f i n d i n g s  on t h e  v e t i v o n e s  w h ic h  i n d i c a t e d  a  

c l o s e  r e s e m b l a n c e  b e tw e e n  t h e  two k e t o n e s  i n  t h e i r  c h e m i c a l  

and  p h y s i c a l  p r o p e r t i e s .  They c o n c l u d e d  t h a t  a — and  (3- 

v e t i v o n e  w ere  s t e r e o i s o m e r i c  m o d i f i c a t i o n s  o f  (1 2 )  d i f f e r i n g  

o n l y  i n  t h e  c o n f i g u r a t i o n  o f  t h e  s e c o n d a r y  m e t h y l  g r o u p  •

The s i g n i f i c a n t  e v i d e n c e  on w h i c h  t h e  s t r u c t u r e  

o f  a - v e t i v o n e  was b a s e d  was ( a )  t h e  p r e s e n c e  o f  an  i s o ­

p r o p y l i d e n e  g r o u p ,  (b )  t h e  s i m i l a r i t y  o f  u l t r a v i o l e t  

s p e c t r a ,  ( c )  a  s i m i l a r  b e h a v i o u r  on h y d r o g e n a t i o n  and  

(d )  t h e  f o r m a t i o n  o f  v e t i v a z u l e n e  on d e h y d r o g e n a t i o n .

S t r u c t u r e s  b a s e d  on t h e  v e t i v a n e  s k e l e t o n  h a v e  

b e e n  a s s i g n e d  t o  t h e  p r i m a r y  and  t e r t i a r y  b i c y c l o -
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v e t i v e n o l s ^ ' ^  1 3 ) ,  i r i c y c l o v e t i v e n e ^  ( 1 4 ) ,  t r i c y c l o v e t i v e n o l ^
5 6( 1 5 ) ,  t h e  v e t i v e n e n e s  (16)  and  o t h e r s ,  on t h e  b a s i s  o f

i n f r a - r e d  s p e c t r o s c o p y .
7

R e c e n t l y  Sorm a s s i g n e d  t h e  v e t i v a n e  s t r u c t u r e  t o

h i n e s o l  (17 )  and t h i s  a p p e a r e d  t o  be c o n f i r m e d  by  i t s

c o n v e r s i o n  t o  (+) p - v e t i v o n e  by  Y o s i o k a  and  K im u ra .  The

a b s o l u t e  c o n f i g u r a t i o n  o f  t h e  s e c o n d a r y  m e t h y l  g r o u p  i n

h i n e s o l  had  b e e n  e s t a b l i s h e d  as  [s] by  t h e  d e g r a d a t i o n  o f
7

h i n e s o l  t o  ( + ) a - m e t h y l g l u t a r i c  a c i d .  Thus t h e  s e c o n d a r y  

m e t h y l  i n  p - v e t i v o n e  m u s t  be [ r ] c o n f i g u r a t i o n .  The o u t ­

s t a n d i n g  p r o b le m  i n  t h e  c h e m i s t r y  o f  p - v e t i v o n e  was t h e  

r e l a t i v e  s t e r e o r e l a t i o n s h i p  o f  t h e  s e c o n d a r y  m e t h y l  g r o u p  

t o  t h e  h y d r o g e n  a t  t h e  r i n g  j u n c t i o n .

I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  i n  o r d e r  t o  c l e a r  up 

t h i s  p r o b le m ,  an  u n e q u i v o c a l  s y n t h e s i s  o f  ; 3 - v e t i v o n e  was; 

u n d e r t a k e n .
9

However ,  e a r l y  i n  1967 ,  Endo and de Mayo showed 

t h a t  a - v e t i v o n e  was i n  f a c t  t h e  e r e m o p h i l o i d  (18 )  by  a 

s t u d y  o f  i t s  N.M.R. s p e c t r u m  and by  c o m p a r i s o n  o f  i t s  

o x i d a t i o n  p r o d u c t  (19)  w i t h  t h e  o p t i c a l  e n a n t i o m e r  (2 0 )  

d e r i v e d  f rom e r e m o p h i lo n e  ( 2 1 ) .  M a r s h a l l  and  A n d e r s e n ‘S  

c o n v e r t e d  a - v e t i v o n e  t o  (22) ,  a  t r a n s f o r m a t i o n  p r o d u c t  o f  

n o o t k a t o n e  (23),  and a r r i v e d  a t  t h e  same c o n c l u s i o n  a s  t o  

t h e  s t r u c t u r e  o f  a - v e t i v o n e .
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A r e v i s e d  s t r u c t u r e  f o r  p - v e t i v o n e  f o l l o w e d  r a p i d l y .

M a r s h a l l  e t  a l . ^  r e p o r t e d  t h e  s y n t h e s e s  o f  t h r e e  6 , 1 0 -

d i m e t h y l - c i s - d e c a h y d r o a z u l e n - 8 - o n e s  ( 2 6 ) , ( 2 7 )  and  (28 )

(Scheme I ) ,  none  o f  w h ic h  c o r r e s p o n d e d  t o  e i t h e r  o f  t h e

e p i m e r i c  d e s i s o p r o p y l i d e n e d i h y d r o - P - v e t i v o n e s  (30)  and  ( 3 1 ) ,

p r e p a r e d  from p - v e t i v o n e  (Scheme I I ) .  T h i s  f i n d i n g

i n v a l i d a t e d  n o t  o n l y  t h e  s t r u c t u r e  o f  p - v e t i v o n e  b u t  a l s o

t h o s e  o f  t h e  e n t i r e  c l a s s  o f  b i c y c l i c  v e t i v o n e  s e s q u i t e r -

p e n e s ^ , ^ , a s  w e l l .  Compound (25 )  l e d  t o  k e t o n e s

(26) and (27)  w h i l e  i s o m e r  ( 2 4 ) ,  t h r o u g h  a  s i m i l a r  p a t h w a y ,

y i e l d e d  k e t o n e s  (28)  and ( 2 9 ) .  S t r u c t u r a l  a s s i g n m e n t  was

o b t a i n e d  by t h e  f a c t  t h a t  k e t o n e s  (26 )  and  (29 )  w ere

i d e n t i c a l  (by  G . L . C . ,  s p e c t r a )  and  t h e r e f o r e  n e c e s s a r i l y

p o s s e s s  t r a n s  o r i e n t e d  m e th y l  g ro u p s*

The s t r u c t u r e  (32)  was p r o p o s e d " ^  and  v e r i f i e d

by  t h e  r e a c t i o n  s e q u e n c e  (Scheme I I I )  s t a r t i n g  from t h e

meso d i h y d r o - p - v e t i v o n e  ( 3 3 ) .  C o m p a r i so n  o f  k e t o n e  (34 )

w i t h  t h e  two i s o m e r s  (37)  and (38)  o b t a i n e d  f rom  t h e  known 
12s p i r o  compound ( 3 6 ) ,  f o l l o w e d  by  c o m p a r i s o n  o f  t h e i r  

c o r r e s p o n d i n g  h y d r o c a r b o n s  l e d  t o  t h e  c o n c l u s i o n  t h a t  (3 4 )  

and  (38)  a r e  e p i m e r i c  a t  t h e  s p i r o  r i n g  j u n c t i o n ,  s i n c e  

t h e y  a f f o r d  t h e  same h y d r o c a r b o n  (35 )*
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I n  v ie w  o f  t h e  r e v i s e d  s t r u c t u r e  f o r  p - v e t i v o n e ,

h i n e s o l  m u s t  be f o r m u l a t e d  a s  ( 4 0 ) ,  a  s t e r e o i s o m e r  o f

a g a r o s p i r o l  w h ic h  h a s  b e e n  t e n t a t i v e l y  a s s i g n e d  s t r u c t u r e
13(41)  by  B h a t t a c h a r y y a .  A d d i t i o n a l  e v i d e n c e  s u p p o r t i n g

t h e  r e v i s e d  s t r u c t u r e  o f  p - v e t i v o n e  h a s  b e e n  o b t a i n e d  by
14 / \B a k e r  and C h a lm ers  f rom a s t u d y  o f  t h e  a p o k e t o n e  (44)

d e r i v e d  from p - v e t i v o n e  (Scheme I V ) . T h i s  k e t o n e  showed

c a r b o n y l  a b s o r p t i o n  a t  1743 cm.’ ^ c o n s i s t e n t  w i t h  a  c y c l o —

p e n t a n o n e  r a t h e r  t h a n  a  c y c l o h e x a n o n e  d e r i v a t i v e  ( 4 6 ) j
15an  a u t h e n t i c  s y n t h e t i c  s am ple  o f  g r o s s  s t r u c t u r e  (46)  

showed c a r b o n y l  a b s o r p t i o n  a t  1714 c r r u ^ .  M o re o v e r ,  t h e  

i n f r a - r e d  s p e c t r a  o f  t h e  d e r i v e d  and s y n t h e t i c  k e t o n e s  w ere  

t o t a l l y  d i s s i m i l a r #  B o th  k e t o n e s ,  h o w e v e r ,  a f f o r d e d  t h e  

i n d a n o l  (45)  on d e h y d r o g e n a t i o n ,  t h e s e  f a c t s  a s s i g n i n g  a 

c y c l o h e x e n o n e  r a t h e r  t h a n  a  c y c l o h e p t e n o n e  r i n g  t o  P -  

v e t i v o n e «

P - V e t i v o n e ,  t h e r e f o r e ,  b e l o n g s  t o  t h e  s p i r o d e c a n e .

g r o u p  o f  s e s q u i t e r p e n e s  w h ic h  now i n c l u d e s  h i n e s o l ,
16a g a r o s p i r o l  and t h e  a c o r o n e s  ( 4 7 ) .

The b i o g e n e s i s  o f  a -  and p - v e t i v o n e  c o u l d

p o s s i b l y  p r o c e e d  v i a  t h e  same c a rb o n iu m  i o n  i n t e r m e d i a t e
17(49)  d e r i v e d  f rom d i h y d r o - P - a g a r o f u r a n  (48)  (Scheme V ) , 

a  c y c l i s a t i o n  p r o d u c t  f rom  f a r n e s y l  p y r o p h o s p h a t e 0
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M i g r a t i o n  o f  t h e  b r i d g e h e a d  a - m e t h y l  g r o u p  t o  t h e  p o s i t i v e  

c e n t r e  w ould  g i v e  a - v e t i v o n e ,  w h e r e a s  m i g r a t i o n  o f  t h e  j3 

C9 - C 10  bond w ou ld  a f f o r d  P - v e t i v o n e .

I n  t h i s  i n v e s t i g a t i o n ,  t h e  o b j e c t i v e  was t o  

s y n t h e s i s e  t h e  p r e v i o u s l y  a c c e p t e d  s t r u c t u r e  f o r  p - v e t i v o n e  

by  a  c o m p l e t e l y  s t e r e o s e l e c t i v e  r o u t e ,  e n v i s a g i n g  a  c l e a v a g e  

o f  t h e  t y p e  (50 )  -*> ( 5 1 ) .
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DISCUSSION

The s y n t h e s i s  o f  p - v e t i v o n e  was u n d e r t a k e n  i n  o r d e r  t o  

c l e a r  up  t h e  r e m a i n i n g  p r o b le m  r e g a r d i n g  i t s  s t e r e o c h e m i s t r y ,  

n a m e ly  t h e  r e l a t i v e  c o n f i g u r a t i o n  o f  t h e  s e c o n d a r y  m e t h y l  

g r o u p  t o  t h e  b r i d g e h e a d  h y d r o g e n  a to m .

From t h e  s y n t h e t i c  v i e w p o i n t  i t  o f f e r e d  t h e  

a t t r a c t i v e  p r o b le m  o f  c o n s t r u c t i n g  t h e  c a r b o n  s k e l e t o n  w i t h  

t h e  c o r r e c t  f u n c t i o n a l i t y  and a t  t h e  same t i m e  m a i n t a i n i n g  

s t e r e o c h e m i c a l  c o n t r o l  a t  a l l  s t a g e s  i n  t h e  s y n t h e s i s .

The s y n t h e s i s  o f  P - v e t i v o n e  h a s  b e e n  t h e  s u b j e c t  o f  

a t  l e a s t  two s t u d i e s .

McGeachin^ a p p r o a c h e d  t h e  p r o b le m  o f  c o n s t r u c t i n g  

t h e  m o l e c u l e  by  t h e  r o u t e  shown (Scheme 1 ) i n  w h ic h  t h e  

s t e r e o c h e m i s t r y  was d e f i n e d  by t h e  D i e l s - A l d e r  r e a c t i o n  o f  

h e x a - 2 , 4 - d i e n e  w i t h  m a l e i c  a n h y d r i d e .  The s e v e n  membered 

r i n g  was c o n s t r u c t e d  by a c a r b e n e  i n s e r t i o n  r e a c t i o n .

A u g u s t , ^  on t h e  o t h e r  h a n d ,  u s e d  t h e  c i s  f u s e d  

t e t r a h y d r o i n d a n e  ( l )  and  g e n e r a t e d  t h e  s e v e n  mpmbered r i n g  by  

c l e a v a g e  o f  t h e  b r i d g e h e a d  k e t o b i c y c l o [ 3 , 2 , l ]  amine (2 ) 

a s  i l l u s t r a t e d  (Scheme 2 ) .

*
I n  t h i s  t e x t ,  P - v e t i v o n e  w i l l  r e f e r  t o  t h e  s t r u c t u r e  

p r o p o s e d  by  P f a u  and P l a t t n e r .
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I n  o u r  a p p r o a c h  t o  t h e  v e t i v o n e  s t r u c t u r e  we 

e n v i s a g e d  s t a r t i n g  w i t h  a  c y c l o h e p t a d i e n e  i n  w h ic h  t h e  

p o t e n t i a l  k e t o n e  was i n c o r p o r a t e d !  t h e  D i e l s - A l d e r  r e a c t i o n  

w i t h  m a l e i c  a n h y d r i d e  w ou ld  be u s e d  t o  g i v e

( a )  t h e  r i n g  j u n c t i o n  c i s  s t e r e o c h e m i s t r y  and  h e n c e  

t h e  r e l a t i v e  s t e r e o c h e m i s t r y  o f  t h e  p o t e n t i a l  

m e t h y l  g r o u p s  ( f ro m  t h e  o l e f i n  b r i d g e )  t o  t h e  

r i n g  j u n c t i o n  h y d r o g e n s  and

(b )  t h e  a n h y d r i d e  r i n g  s u i t a b l e  f o r  e l a b o r a t i o n  t o  a 

c y c l o p e n t a n e  w i t h  t h e  c o r r e c t  f u n c t i o n a l i t y •

The s y n t h e t i c  scheme i s  shown (Scheme 3 ) *

The i n i t i a l  g o a l  was t h e  known m e s o - d i h y d r o ~ £ -  

v e t i v o n e  w h ic h  we c o n s i d e r e d  c o u l d  be u s e d  as  a  r e l a y  t o  

p - v e t i v o n e  i t s e l f .

The f i r s t  h u r d l e  was t h e r e f o r e  t o  s y n t h e s i s e  t h e  

a n h y d r i d e  (3 )  by  a  B i e l s - A l d e r  r e a c t i o n  o f  an  o x y g e n a t e d  

c y c l o h e p t a d i e n e  (4 )  w i t h  m a l e i c  a n h y d r i d e .  The o n l y  known^ 

b i c y c l i c  s t r u c t u r e  o f  t h i s  t y p e  was t h e  a d d u c t  ( 5 ) , t h e

c o n f i g u r a t i o n  o f  w h ic h  h ad  n o t  b e e n  e l u c i d a t e d .  O t h e r
3 4 4 5

a d d u c t s  (6 ) ,  * (7 ) and  ( 8 ) h a v e  b e e n  s y n t h e s i s e d  and

p r o v e d ,  c h e m i c a l l y ,  t o  be i n  t h e  endo c o n f i g u r a t i o n  b u t  a l l

l a c k e d  t h e  r e q u i r e d  f u n c t i o n a l i t y  a t  c a r b o n  3 o

The h y d r o x y  d i e n e  (9)  s t u d i e d  by  M einw ald  h a d

b e e n  o b t a i n e d  by b a s e  d e g r a d a t i o n  o f  t r o p i n o n e  m e t h i o d i d e
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f o l l o w e d  by  r e d u c t i o n  (Scheme 4 ) ,  and  was t h e r e f o r e  n o t  

r e a d i l y  a v a i l a b l e .  Two m ethods  o f  s y n t h e s i s  r e m a i n e d  

(Scheme 4 ) ,  a  t e d i o u s  r i n g  e x p a n s i o n ^  r o u t e  v i a  t h e  d i c h l o r o -  

e t h o x y  compound ( lO )  and a b r o m i n a t i o n / d e h y d r o b r o m i n a t i o n
7

s e q u e n c e ,  n e i t h e r  o f  w h ic h  a p p e a r e d  p a r t i c u l a r l y  s a t i s ­

f a c t o r y  f o r  t h e  i n i t i a l  s t a g e s  o f  a s y n t h e t i c  s ch em e .

However  Chapman^ had  shown t h a t  l i t h i u m  a lu m in iu m  

h y d r i d e  r e d u c t i o n  o f  t r o p o n e  (1 2 ) a f f o r d e d  i n  67$  y i e l d  a 

2?3  m i x t u r e  o f  c y c l o h e p t a - 3 , 5- d i o n e  (13)  and  c y c l o h e p t a -

3 , 5- d i e n o l  ( 9 )  and i t  was fo u n d  t h a t  r e d u c t i o n  o f  t h i s  

m i x t u r e  w i t h  sod ium  b o r o h y d r i d a  c o n v e r t e d  t h e  r e m a i n i n g  

d i e n o n e  t o  t h e  d i e n o l  ( 9  ) ,  t h e  o v e r a l l  y i e l d  f rom  t r o p o n e  

b e i n g  3 9 $ .  S i n c e  t r o p o n e  was r e a d i l y  p r e p a r e d  f ro m  

c y c l o h e p t a t r i e n e , t h i s  l a t t e r  m e thod  was u s e d  f o r  p r e p a r a t i o n  

o f  t h e  d i e n o l .

C y c l o h e p t a - 3 , 5 - d i e n o l  ( 9  ) and  N - p h e n y l m a l e i m i d e  

w ere  r e a c t e d  i n  r e f l u x i n g  benzene^  f o r  a  p e r i o d  o f  s e v e n  

d a y s  u n d e r  a n i t r o g e n  a t m o s p h e r e .  The a c c e p t e d  mode o f  

a d d i t i o n  o f  a d i e n e  t o  t h e  d i e n o p h i l e  i s  s t e r e o s p e c i f i c a l l y  

c i s ,  t h a t  c o n f i g u r a t i o n  b e i n g  a d o p t e d  w h ic h  h a s  t h e  

maximum c o n c e n t r a t i o n  o f  te e l e c t r o n s  i n  t h e  t r a n s i t i o n  

s t a t e  i . e . ,  t h e  endo i s o m e r  as  i n  (14)  ( 5 ) •  The

i n i t i a l l y  fo rm ed  a d d u c t  w ou ld  t h e r e f o r e  be e x p e c t e d  t o  be
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t h e  k i n e t i c a l l y  more s t a b l e  endo i s o m e r  w i t h  t h e  t h e r m o ­

d y n a m i c a l l y  more s t a b l e  exo i s o m e r  p r e d o m i n a n t  u n d e r  

e q u i l i b r a t i n g  c o n d i t i o n s  o v e r  l o n g  h e a t i n g  p e r i o d s  o r  a t

h i g h  t e m p e r a t u r e s .  A n t i - 3 - exo-h y d ro x y b ic .y c lo L  3 , 2 ,  2 ] n o n -
*

8 - e n e - 6 , 7 - endo- d i c a r b o x y l i c  a c i d  N - p h e n y l i m i d e  ( 5 ) was

shown by  N.M.E.  ( P a r t  IX) t o  be o f  t h e  endo c o n f i g u r a t i o n

R e s p i t e  a  s e v e n  d ay  h e a t i n g  p e r i o d ) ,  c o n f i r m e d  l a t e r  by

c o m p a r i s o n  o f  t h e  N.M.R. s p e c t r u m  w i t h  t h a t  o f  an  a u t h e n t i c

endo a d d u c t  i . e . ,  a r i t i - 3 - e x o - p - b r o m o b e n z o y l o x y b i c y c l o

[ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - endo- d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 1 5 ) .

A t t e m p t e d  h y d r o l y s i s  o f  t h e  im id e  ( 5 ) b y  a c i d i c

and b a s i c  r e a g e n t s  p r o v e d  u n s u c c e s s f u l ,  s t a r t i n g  m a t e r i a l

b e i n g  r e c o v e r e d  i n  a l l  c a s e s ;  t h i s  was d i s a p p o i n t i n g  s i n c e

a  r e l a t e d  h y d r o l y s i s ^  had  b e e n  e f f e c t e d  (16)  ->• ( 1 7 )#  As a

r e s u l t ,  a n o t h e r  b i c y c l i c  d e r i v a t i v e  was s o u g h t ,  an  a n h y d r i d e

s p e c i e s  b e i n g  a t t r a c t i v e  f rom t h e  p o i n t  o f  v i e w  o f  h y d r o l y s i s

o r  r e d u c t i o n .  The D i e l s - A l d e r  r e a c t i o n  o f  c y c l o h e p t a - 3 , 5 -

d i e n o l  ( 9 ) w i t h  m a l e i c  a n h y d r i d e  was  c o n d u c t e d  i n  an

a n a l o g o u s  m a n n e r ,  a  p r o d u c t  b e i n g  i s o l a t e d  i n  22$  y i e l d
r 2 4 iw h ic h  p r o v e d  t o  be t r i c y c l o L 3 , 2 , 2 , 0  '  J n o n - 8 - e n e - 6 , 7 - e n d o -  

d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 6 ) .  An a u t h e n t i c  s a m p le  o f  

t h i s  a d d u c t  was  p r e p a r e d  i n  h i g h  y i e l d  f rom  c y c l o h e p t a -  

t r i e n e  and m a l e i c  a n h y d r i d e c o m p a r i s o n  o f  s p e c t r a  

#
f o r  n o t a t i o n  p .  2 1 .
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s h o v e d  t h e  two compounds t o  be i d e n t i c a l #  I t  was. a s sum ed  

t h a t  t r a c e  am ounts  o f  m a l e i c  a c i d  i n  t h e  s o l u t i o n  c a t a l y s e d  

d e h y d r a t i o n  o f  t h e  c y c l o h e p t a - 3 , 5- d i e n o l  t o  b i c y c l o h e p t a -  

t r i e n e  w h ic h  r e a c t e d  w i t h  m a l e i c  a n h y d r i d e  i n  t h e  n o r c a r a -  

d i e n e  form ( 1 8 ) .  R e p e t i t i o n  o f  t h e  e x p e r i m e n t  w i t h  c a r e ­

f u l l y  p u r i f i e d  m a l e i c  a n h y d r i d e  i n  b e n z e n e  o r  x y l e n e  

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

i n s t a b i l i t y  o f  t h e  o x y g e n a t e d  d i e n e  u n d e r  t h e  c o n d i t i o n s .

Two ways o f  o v e rc o m in g  t h e s e  d i f f i c u l t i e s  w e re  

e i t h e r  t o  u s e  a  d i e n o p h i l e  more e f f i c i e n t  t h a n  m a l e i c  

a n h y d r i d e ^  o r  t o  p r o t e c t  t h e  a l c o h o l  f u n c t i o n  i n  o r d e r  t o  

a v o i d  d e h y d r a t i o n .  C o n s i d e r i n g  t h e  f o r m e r ,  i t  was w e l l  

known^-*- t h a t  t e t r a c y a n o e t h y l e n e  was an  e x t r e m e l y  p o w e r f u l  

d i e n o p h i l e  ev e n  a t  low t e m p e r a t u r e s  and  i t  was e n v i s a g e d  

t h a t  h y d r o l y s i s  o f  t h e  r e s u l t i n g  t e t r a c y a n o  a d d u c t  ( 1 9 ) ,  

f o l l o w e d  by  d e c a r b o x y l a t i o n  o f  two o f  t h e  c a r b o x y l i c  

f u n c t i o n s  m i g h t  l e a d  t o  t h e  c i s  endo d i a c i d  ( 2 0 ) a s  i n  t h e  

c a s e  o f  t e t r a c y a n o t e t r a h y d r o f u r a n - ^  [ ( 21 ) -* ( 22 ) ] .  I n  

t h e  e v e n t ,  r e a c t i o n  o f  t e t r a c y a n o e t h y l e n e  w i t h  c y c l o h e p t a -

3 , 5 - d i e n o l  ( 9 )  i n  t e t r a h y d r o f u r a n  a t  room t e m p e r a t u r e  

a f f o r d e d  t h e  cyano a l c o h o l  (19)  i n  4 5 $  y i e l d  a s  a  h i g h l y  

i n s o l u b l e  p a l e  y e l l o w  s o l i d .  The s p e c t r a l  c h a r a c t e r i s t i c s  

w ere  i n  a c c o r d  w i t h  t h e  p r o p o s e d  s t r u c t u r e  w h ic h  was
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e x p e c t e d  t o  a d o p t  t h e  a n t i  c o n f i g u r a t i o n  (19)  a s  o p p o s e d  t o

t h e  s t e r i c a l l y  c rowded  sy n  form* H y d r o l y s i s  o f  t h e  cyano
12a d d u c t  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  f o l l o w e d  by 

c o n t i n u o u s  e t h e r  e x t r a c t i o n  gave  an  o i l  w h ic h  by  I .  R. and  

T . L . C .  i n d i c a t e d  an  a c i d i c  s p e c i e s *  D ia z o m e th a n e  

e s t e r i f i c a t i o n  gave  a c o l o u r l e s s  s o l i d ,  m .p .  2 7 0 - 2 7 5 ° ,

i n  18% y i e l d  w h ic h  a n a l y s e d  c o r r e c t l y  f o r  3- h y d r o x y - 6 , 7 -  

d i c y a n o - 6 , 7 - d i c a r b o m e t h o x y b i c y c l o [ 3 , 2 , 2 ] n o n - 8 —ene (23 )  

<C15H16°  ̂ l ^ ) |  t h e  i n f r a - r e d  s p e c t r u m  s u p p o r t e d  t h i s  

s t r u c t u r e  [ s 3556 ( s ) ,  3436 (m) cm ,” 1 ! vC00R 1

1735 ( s )  cm. ■*"] b u t  d i d  n o t  i n d i c a t e  t h e  p r e s e n c e  o f  a 

cyano  g r o u p .  I n  v iew  o f  t h e  d i f f i c u l t i e s  e n c o u n t e r e d  i n
12t h i s  h y d r o l y s i s  and i n  t h o s e  d e s c r i b e d  i n  t h e  l i t e r a t u r e ,  

r i g o r o u s  i n v e s t i g a t i o n  o f  (23)  was n o t  u n d e r t a k e n .  B r i e f  

t r e a t m e n t  o f  t h e  t e t r a c y a n o  a d d u c t  (19)  w i t h  c o l d  s u l p h u r i c  

a c i d  a f f o r d e d  a  gum, i t s  i n f r a - r e d  s p e c t r u m  i n d i c a t i n g  i t  

t o  be a  com plex  m i x t u r e  by t h e  p r e s e n c e  o f  a c i d ,  n i t r i l e  

and  im id e  a b s o r p t i o n .  S t r o n g  a l k a l i  t r e a t m e n t  o f  { 1 9 ) ,  

on t h e  o t h e r  h a n d ,  gave  u n i d e n t i f i e d  a c i d i c  p r o d u c t s  w h ic h  

d i s p l a y e d  i n f r a - r e d  a b s o r p t i o n  a t  s 3300 cm .” '*' and

v ^ m : 2300 cm."'*' No p u r e  compound was i s o l a t e d  i n  

e i t h e r  c a s e .
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P r o t e c t i o n  o f  t h e  a l c o h o l  f u n c t i o n  o f  c y c l o h e p t a -

3 , 5 - d i e n o l  ( 9 )  was t h e n  i n v e s t i g a t e d .  Due t o  i t s  e a s e  o f  

h y d r o l y s i s ,  t h e  t e t r a h y d r o p y r a n y l o x y  d e r i v a t i v e  seemed 

a t t r a c t i v e .  T r e a t m e n t  o f  t h e  a l c o h o l  i n  e t h e r  w i t h  d i h y d r o -  

p y r a n  i n  t h e  p r e s e n c e  o f  a c a t a l j ^ t i c  amount  o f  m i n e r a l  

a c i d  a f f o r d e d  t h e  e t h e r  (24)  i n  94% y i e l d  a s  a  c o l o u r l e s s  

o i l .  D i e l s - A l d e r  r e a c t i o n  o f  t h i s  e t h e r  w i t h  m a l e i c  

a n h y d r i d e  i n  b e n z e n e  ( t o l u e n e  o r  x y l e n e )  a f f o r d e d  no 

d e t e c t a b l e  amounts  o f  a d d u c t  b u t  r e a c t i o n  w i t h  N - p h e n y l -  

m a le im id e  r e s u l t e d  i n  a s m a l l  y i e l d  o f  t h e  r e q u i r e d  a d d u c t  

(25 )  w h ic h  showed im id e  a b s o r p t i o n  a t  1705 cm. ^ i n  t h e  

i n f r a - r e d  s p e c t r u m i  The N.M.R. s p e c t r u m  o f  t h i s  a d d u c t  

was n o t  w e l l  r e s o l v e d  b u t  a s i n g l e t  a t  6*50 t ( exo p r o t o n s  

and Hy) s u g g e s t e d  t h e  endo a n h y d r i d e  c o n f i g u r a t i o n  

( P a r t  I I ) . R e p e t i t i o n  o f  t h i s  e x p e r i m e n t  a t  a  h i g h e r  

r e a c t i o n  t e m p e r a t u r e ,  i . e .  x y l e n e  1 4 0 ° ,  gave  u n i d e n t i f i e d  

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

The k e t a l  d i e n e  (26)  was t h e  n e x t  compound t o  be 

t r i e d  a s  a  s u i t a b l e  d i e n e .  A t t e m p t e d  p r e p a r a t i o n  o f  t h e  

k e t o n e  ( l 3 )  by  o x i d a t i o n  o f  t h e  d i e n o l  ( 9  ) w i t h  J o n e s  

r e a g e n t  was u n s u c c e s s f u l ,  u n i d e n t i f i e d  m i x t u r e s  r e s u l t i n g .

The d i e n o n e  (13)  h a s  b e e n  shown t o  u n d e r g o  a  D i e l s - A l d e r  

r e a c t i o n  w i t h  N - p h e n y l m a l e i m i d e , b u t  t h e  p r o d u c t  o b t a i n e d  h a s



-  16 -

b e e n  p r o v e d  t o  be t h e  i s o  a d d u c t  ( 2 7 ) .  T h i s  i s  due  t o  t h e  

f a c t  t h a t  c y c l o h e p t a - 3 , 5-*dienone (13)  was r e a d i l y  i s o m e r i s e d  

t o  t h e  c o n j u g a t e d  i s o m e r  c y c l o h e p t a - 2 , 4 - d i e n o n e  (28)  and  

r e a c t e d  as  s u c h .  The f o r m e r  d i e n o n e  (13)  was  f o u n d  t o  be
'i

a n  u n s t a b l e  compound^ w h ic h  decom posed  on s t a n d i n g .  I n  

t h e  l i g h t  o f  t h i s ,  i t  was n o t  s u r p r i s i n g  t h a t  (13 )  c o u l d  n o t  

be p r e p a r e d  by  o x i d a t i o n  o f  t h e  d i e n o l .  However ,  t h e  

d i e n o n e  (13 )  h a s  b e e n  p r e p a r e d  by  t h e  G rarb isch  m e th o d  (Scheme 4) 

and  t h i s  a p p e a r e d  a  more a c c e p t a b l e  r o u t e .  T h i s  c y c l o -  

h e p t a n o n e  was k e t a l i s e d  and c a r e f u l l y  b r o m i n a t e d  i n  m e t h a n o l i c  

s o l u t i o n . ^  The c r u d e  p r o d u c t  was d i r e c t l y  d e h y d r o b r o m i n a t e d

w i t h  sod ium m e t h o x i d e  i n  d i m e t h y l  s u l p h o x i d e  t o  y i e l d  

1- m e t h o x y c y c l o h e p t a - l , 3 , 5 - t r i e n e  ( 1 1 ) a s  an  a l m o s t  c o l o u r l e s s  

l i q u i d  i n  79% y i e l d .  I t  i s  n o t e w o r t h y  t h a t  b y  t h e  same 

p r o c e d u r e  c a r r i e d  o u t  i n  e t h y l e n e  g l y c o l ,  t h e  r a t e  o f  

b r o m i n a t i o n  was much s l o w e r  and d e h y d r o b r o m i n a t i o n  a f f o r d e d  

c y c l o h e p t - 2 - e n o n e  e t h y l e n e  k e t a l  (29)  i n  h i g h  y i e l d  [ N . M . R . : 

4*30 t  (2H, m u l t i p l e t )  ( v i n y l i c ) |  7*88  t  (2H, b r o a d

a b s o r p t i o n )  ( a l l y l i c ) j  6*12 t (4H, s i n g l e t )  ( k e t a l ) ] .

T h i s  was i n  a c c o r d  w i t h  G a r b i s c h ’ s f i n d i n g  t h a t  d i b r o m i n -  

a t i o n s  i n  e t h y l e n e  g l y c o l  a r e  d i f f i c u l t  t o  a c c o m p l i s h  due  

t o  t h e  i n s o l u b i l i t y  o f  t h e  mono b r o m o k e t a l s .
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The t r i e n e  e t h e r  (11)  was h y d r o l y s e d  t o  c y c l o ­

h e p t a - 3  , 5 - d i e n o n e  ( 1 3 ) ,  vQo^m s 1715 cm.”*'*', i n  4 8 $  y i e l d  

by  s u l p h u r i c  a c i d  t r e a t m e n t .  I m m e d ia te  k e t a l i s a t i o n  o f  

t h i s  p r o d u c t  by t h e  s t a n d a r d  p r o c e d u r e  r e s u l t e d  i n  a  m i x t u r e  

o f  k e t a l s  w h ic h  w e re  s e p a r a t e d  by T . L .C .  i n t o  a p u r e  k e t a l  

A and an  i n s e p a r a b l e  m i x t u r e  o f  two k e t a l s  B. The s t r u c t u r e

o f  k e t a l  A [ s 239 mp ( e ,  5 , 9 8 0 ) ]  o b t a i n e d  i n  34$“  max •
y i e l d ,  was p r o v e d  m a i n l y  by  e x a m i n a t i o n  o f  i t s  N.M.R.  s p e c t r u m  

w h ic h  i n d i c a t e d  t h e  m o l e c u l e  t o  have  t h e  s y m m e t r i c a l  s t r u c t u r e  

( 26 ) [4*03 t  (4H, m u l t i p l e t )  ( v i n y l i c ) |  7*47 % (4H,

d o u b l e t ,  J  = 4)  ( a l l y l i c ) ;  6*00 t (4H, s i n g l e t )  ( k e t a l ) ]

The mass s p e c t r u m  d i s p l a y e d  a b a s e  p e a k  a t  m/e  86  c o r r e s p o n d i n g

t o  t h e  i o n  f r a g m e n t  ( >
\>

) a s  w e l l  a s  t h e

m o l e c u l a r  i o n  a t  m/e 1 5 2 .

K e t a l s  B, o b t a i n e d  i n  5$ y i e l d ,  w h ic h  h a d  a

b o i l i n g  p o i n t  s i m i l a r  t o  A b u t  w h ic h  d ecom posed  on s t a n d i n g

a l s o  l a c k e d  c a r b o n y l  a b s o r p t i o n  i n  t h e  i n f r a - r e d  b u t  showed

u l t r a v i o l e t  maxima a t  ; 289*5 mp ( e ,  3180)  and  2 1 2  mpm ax .
( e ,  6 6 8 0 ) .  T h i s  d a t a  p l u s  t h e  N.M.R. s p e c t r u m  w h ic h  showed 

two k i n d s  o f  v i n y l i c  p r o t o n s  (3*59 T and  4*55 t ) ,  i n d i c a t e d  

t h e  p r e s e n c e  o f  a m i x t u r e  o f  d i e n e  k e t a l s  (30 )  and  ( 3 1 ) .
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A s h a r p  d o u b l e t  ( j  = 8 ) i n  t h e  N.M.R. s p e c t r u m  a t  7*41 % 

was good e v i d e n c e  f o r  s t r u c t u r e  ( 3 1 ) ,  i n  w h i c h  t h e  

m e t h y l e n e  p r o t o n s  would  c o u p l e  w i t h  t h e  v i n y l i c  p r o t o n  on 

b u t  n o t  w i t h  t h o s e  on t h e  a d j a c e n t  m e t h y l e n e  g r o u p  d u e  

t o  sy m m etry .  However ,  a p a r t  f rom t h e  m e n t i o n e d  d o u b l e t ,  t h e  

N.M.R. s p e c t r u m  was n o t  w e l l  d e f i n e d  and  t h e  p o s s i b i l i t y  o f  

i s o m e r  (32 )  b e i n g  p r e s e n t  was n o t  r u l e d  o u t ,

D i e l s - A l d e r  r e a c t i o n  o f  t h e  k e t a l  d i e n e  (26 )  w i t h  

m a l e i c  a n h y d r i d e  i n  r e f l u x i n g  t o l u e n e  p r o d u c e d  no a d d u c t ,  

b u t  w i t h  N - p h e n y l m a l e i m i d e  a  s m a l l  y i e l d  o f  a d d u c t  (33)  

was o b t a i n e d .  The p r o d u c t  was i d e n t i f i e d  by  i t s  i n f r a - r e d  

s p e c t r u m ,  ; 1707 cm. ^ ( s )  ( p h e n y l i m i d e )  and  m ass

s p e c t r u m  w h ic h  gave  t h e  e x p e c t e d  m o l e c u l a r  w e i g h t ,  m/e  325 ,  

an d  a  b a s e  p e a k  a t  m/e  86  c o r r e s p o n d i n g  t o  t h e  f r a g m e n t

( CH9- ( /  ) .
2 \X0 —1

I t  was t h u s  e v i d e n t  f rom t h e  l a c k  o f  s u c c e s s  o f  

r e a c t i o n  o f  t h e s e  d i e n o p h i l e s  t h a t  a  more s t a b l e  fo rm  o f  

d i e n e  was r e q u i r e d .  A more p e r m a n e n t  t y p e  o f  p r o t e c t i n g  

g r o u p  seemed a t t r a c t i v e , an  a c e t a t e  g r o u p  b e i n g  t h e  o b v i o u s  

c h o i c e .  T r e a t m e n t  o f  c y c l o h e p t a - 3 , 5 - d i e n o l  ( 9 )  i n  

p y r i d i n e  w i t h  a c e t i c  a n h y d r i d e  a f f o r d e d  t h e  a c e t a t e  (34)  i n
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65$  y i e l d ,  t h e  m o l e c u l e  s h o v i n g  t y p i c a l  a c e t a t e  i n f r a - r e d  

b a n d s ,  1735 cm. ^ and 1240 cm.” ^ and  a  s h a r p  s i n g l e t  i n  t h e  

N.M.R. s p e c t r u m  a t  8*00 t  ( m e th y l  g r o u p ) .  H ow ever ,  i t  v a s  

n o t i c e d  t h a t  on some o c c a s i o n s ,  t h i s  p r e p a r a t i o n  l e d  t o  a  

m i x t u r e  o f  a c e t a t e  (34)  and b e n z y l  a c e t a t e  [ n . M . R . :  2*68 %

( s i n g l e t ,  a r o m a t i c  p r o t o n s ) ;  4*92 t  (s i n g l e t ,  b e n z y l i c

m e t h y l e n e ) ;  7*93 t ( s i n g l e t ,  a c e t a t e  m e t h y l ) ] .  T h i s  

r e a r r a n g e m e n t  i s  p r o b a b l y  i n i t i a t e d  by  l o s s  o f  an  a l l y l i c  

p r o t o n  t o  p y r i d i n e  f o l l o v e d  by f o r m a t i o n  o f  a  c y c l o h e x a d i e n e  

d e r i v a t i v e  (Scheme 5 ) w h ich  t h e n  a r o m a t i s e d  t o  b e n z y l  

a c e t a t e .

D i e l s - A l d e r  r e a c t i o n  o f  (34)  w i t h  m a l e i c  a n h y d r i d e  

a f f o r d e d  a  m i x t u r e  o f  f o u r  i s o m e r s  by G .L .C .  ( a n a l y s i n g  f o r  

C1 3 H1 4 O5 ) ,  i n s e p a r a b l e  by p r e p a r a t i v e  T . L . C .  o r  by  

c r y s t a l l i s a t i o n .  The N.M.R. o f  t h e  m i x t u r e  showed two

s i n g l e t s  a t  6*41 t and 6*50 t i n  t h e  m i d s t  o f  o t h e r  l e s s ;  w e l l -

d e f i n e d  s i g n a l s .  These  s i n g l e t s  w ere  a s s i g n e d  t o  t h e  non­

c o u p l i n g  exo and Hy p r o t o n s  o f  e p i m e r s  (35 )  and  (36 )  by  

a n a l o g y  w i t h  t h e  b e n z o a t e  e p im e r s  ( P a r t  I I ) ;  t h e  o t h e r  two 

c om ponen ts  w ere  assum ed t o  be t h e  i s o  e p i m e r s  (37)  and  ( 3 8 ) ,  

t h e  exo p r o t o n s  o f  w h ic h  w ou ld  show c o u p l i n g  due t o  t h e  

a sy m m e try  o f  t h e  m o l e c u l e  and w ould  n o t  be e a s i l y  o b s e r v e d  

among t h e  o t h e r  s i g n a l s .  The exo a n h y d r i d e  c o u l d  n o t  be
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r u l e d  o u t  b u t ,  by  a n a l o g y  w i t h  t h e  b e n z o a t e  a d d u c t s  f o l l o w i n g ,  

a  m i x t u r e  o f  endo p r o d u c t s  a p p e a r e d  more l i k e l y .

I n  v ie w  o f  t h e  p a r t i a l  s u c c e s s  w i t h  t h e  a c e t a t e

d e r i v a t i v e ,  t h e  b e n z o a t e  d i e n e  (39 )  was p r e p a r e d *  C y c l o ­

h e p t a - 3  , 5 - d i e n o l  i n  c o l d  p y r i d i n e  on t r e a t m e n t  w i t h  b e n z o y l  

c h l o r i d e  a f f o r d e d  an  8 8% y i e l d  o f  1 - b e n z o y l o x y c y c l o h e p t a -

3 , 5 - d i e n e  (39)  a s  a p a l e  y e l l o w  o i l #  The N.M.R. s p e c t r u m

c o n f i r m e d  t h e  s y m m e t r i c a l  d i e n e  s t r u c t u r e ,  t h e  N.M.R.  v a l u e s  

f o r  t h i s  d i e n e  and  o t h e r s  b e i n g  t a b u l a t e d  ( T a b l e  I  ) •  I t  

i s  t o  be n o t e d  t h a t ,  w h e r e a s  p r e p a r a t i o n  o f  t h e  a c e t o x y  

d i e n e  (34)  g a v e ,  on o c c a s i o n s ,  am ounts  o f  b e n z y l  a c e t a t e ,  

none  o f  t h e  c o r r e s p o n d i n g  b e n z o a t e  p r o d u c t  was e v e r  d e t e c t e d .

R e a c t i o n  o f  l - b e n z o y l o x y c y c l o h e p t a - 3 , 5 - d i e n e  (39)  

w i t h  m a l e i c  a n h y d r i d e  i n  r e f l u x i n g  x y l e n e  g a v e ,  a f t e r  

p r e p a r a t i v e  T . L . C . ,  a  s o l i d ,  m .p .  1 3 0 - 1 3 6 ° ,  w h ic h  was shown 

by  G .L .C .  and  a n a l y s i s  t o  c o n s i s t  o f  t h r e e  i s o m e r s ,  2 -  

b e n z o y l o x y  and  t h e  e p i m e r i c  3 - b e n z o y l o x y b i c y c l o [ 3 , 2 , 2 ] n o n -  

8- e n e - 6 . 7 - endo- d i c a r b o x y l i c  a c i d  a n h y d r i d e s ( 4 0 ) ,  (41 )  and  

( 4 2 ) .  A s i n g l e t  i n  t h e  N.M.R. s p e c t r u m  a t  6*32 t  s u g g e s t e d  

t h e  p r e d o m in a n c e  i n  t h e  m i x t u r e  o f  one i s o m e r  h a v i n g  exo 

and Hy p r o t o n s .  V a r i a t i o n  o f  t h e  r e a c t i o n  c o n d i t i o n s  

( e . g . ,  t i m e  o f  r e a c t i o n ,  amount  o f  s o l v e n t )  l e d  t o  an  

i n c r e a s e d  y i e l d  o f  t h e  m a t e r i a l  and  t o  t h e  s e p a r a t i o n  o f
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t h e  i s o m e r s .  A f t e r  24 h r s . .  h e a t i n g  a t  r e f l u x  t e m p e r a t u r e ,  

c o o l i n g  t o  room t e m p e r a t u r e  a f f o r d e d  a n t i - 3- e x o - b e n z o y l o x y -  

b i c y c l o [ 3 , 2 , 2 ] n o n - 8- e n e - 6 , 7 - e n d o - d i c a r b o x y l i c  a c i d  a n h y d r i d e  

( 4 1 )  (endo  A) ,  m .p .  2 2 2 - 2 2 5 ° ,  i n  33/» y i e l d  ( N .M .R . :

P a r t  I I ) .

exo exo

endo ndo
exo

exo
endo

endo

a n t i  syn

C h r o m a to g ra p h y  o f  t h e  r e s i d u e  f rom  c r y s t a l l i s a t i o n  on a c i d -  

w a sh e d  a l u m i n a  a f f o r d e d  f i r s t  sy n - 3 - ex o - b e n z o y l o x y b i e y e 1 o 

[ 3 , 2 , 2  ] n o n - 8 - e n e - 6 , 7 - e n d j ) - d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 4 2 )  

(endo  B ) , m ,p .  1 9 6 - 1 9 9 ° ,  f o l l o w e d  by  2 - b e n z o y l o x y b i c y c l o  

[ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - e n d o - d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 4 0 )  

( i s o  A ) ,  m .p ,  1 5 2 - 1 5 5 ° .  The s t r u c t u r e  o f  t h e  l a t t e r  com­

pound  ( 4 0 )  was i d e n t i f i e d  as  t h e  u n s y m m e t r i c a l  2 - b e n z o y l o x y  

endo a n h y d r i d e  r a t h e r  t h a n  t h e  s y m m e t r i c a l  3 - b e n z o y l o x y  exo 

a n h y d r i d e  ( 4 3 )  by  a  s t u d y  o f  i t s :  N.M.R.  s p e c t r u m  w h ic h  i s  

f u l l y  d i s c u s s e d  i n  P a r t  I I .  The exo p r o d u c t  ( 4 3 ) ,  b e i n g  

s y m m e t r i c a l ,  w ou ld  e x h i b i t  an  p a t t e r n  ( p r o t o n s
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H-̂  and  H^) r a t h e r  t h a n  t h e  o b s e r v e d  A3XY t y p e  f o r  an

u n s y m m e t r i c a l  s t r u c t u r e !  n e i t h e r  t h e  exo n o r  t h e  i s o  a d d u c t

w ou ld  e x h i b i t  a  s i n g l e t  f o r  p r o t o n s  o r  Hy.

A l t e r n a t i v e l y ,  r e d u c t i o n  o f  t h e  f i l t r a t e  ( a f t e r

s e p a r a t i o n  f rom  endo A) t o  s m a l l e r  b u l k  and d i l u t i o n  w i t h

e t h e r  a f f o r d e d  b a t c h e s  o f  c r y s t a l s ,  t h e  c o m p a r i s o n  o f  w h ic h

was e s t i m a t e d  by  G .L .C .

endo A 34%; endo B 11%; i s o  A 18%

The c o r r e s p o n d i n g  2 - e p i m e r  o f  i s o  A c o u l d  n o t  be d e t e c t e d .

C o m p ar i so n  o f  t h e  i n f r a - r e d  and  mass s p e c t r a  
*

( T a b l e s  I I  a n d l l l )  o f  e a c h  was u n d e r t a k e n  b u t  t h e s e  a l o n e

o f f e r e d  no d i s t i n c t i o n  b e tw e e n  s t r u c t u r e s . .  The mass

s p e c t r a l  b reakdow n  p a t t e r n  i s  i l l u s t r a t e d  i n  Scheme 6  .

The b a s e  p e a k ,  m/e 105 c o r r e s p o n d e d  t o  f r a g m e n t  i o n  (P h -C = 0 )+

w h ic h  f u r t h e r  f r a g m e n t e d  t o  t h e  a r o m a t i c  i o n  ) + m /e  77

( m e t a s t a b l e  5 6 * 5 ) .  A M c L a f f e r t y  r e a r r a n g e m e n t  i n v o l v i n g

t h e  e s t e r  l e d  t o  l o s s  o f  b e n z o i c  a c i d  i . e . ,  m /e  190 (M—1 2 2 )

w h ic h  t h e n  l o s t  CO f o l l o w e d  by  CO2 t o  y i e l d  f r a g m e n t  i o n s

m/e  162 and  m/e 1 1 8 .  A r e t r o  D i e l s - A l d e r  r e a c t i o n  o f  t h i s

f r a g m e n t  (m/e 190) a f f o r d e d  t h e  s t a b i l i s e d  t r o p y l i u m  i o n

m/e  9 1 .
*

O v e r l e a f
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-1
T a b le  I I  I , R .

Endo A Endo B I s o  A

1868 m 1 8 5 8  m 1859 m
1843 m 1840 -w
1832 m 1829 m 1833 m

1777 s 1773 s 1770 s

1713 s 1710 s 1704  s

1277 s 1277 a 1282 s
948 s 947 m 947 s
920 s 922 s 913 s

775 m 771 m 769 m

749 s 747 s. 728 s

711 s 711 s 708 s

T a b le  I I I  M.S.

m/e Endo A Endo B I s o  A

77 30*5 32 24*5
91 18 15 6*5
92 10 7 1 * 8

105 1 0 0 1 0 0 10 0

117 15 11 2* 2

118 22*5 15 2*9

123 4* 8 3 1 * 1

134 1 L L

162 1 -7 1*3 1 * 8

190 29 19 4* 3

207 0 -7 L L

286 L L L

294 0 * 5 L L

312 L 1*3 L

L = l e s s  t h a n  0 * 5 ^  a b u n d a n c e .
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The s t r u c t u r e  a s s i g n e d  t o  i s o  A ( 40 ) could ,  

p o s s i b l y  a r i s e  by  two m e c h a n i s m s ,  ( a )  t h e r m a l  r e a r r a n g e m e n t  

i n  t h e  r e a c t i o n  o f  t h e  b e n z o y l o x y  d i e n e  ( 39 ) t o  t h e  i s o ­

mer  ( 44 ) ,  o r  (b )  s m a l l  am ounts  o f  d i e n o l  ( 45 ) p r e s e n t  i n  

t h e  b u l k  p r e p a r a t i o n  o f  t h e  b e n z o a t e  ( 39  ) •

I n  c o n f i r m a t i o n  o f  t h e  above  a s s ig n e d ,  s t r u c t u r e s ,

l - p - b r o m o b e n z o y l o x y c y c l o h e p t a - 3 , 5 - d i e n e  ( 4 6 ) ,  m .p .  5 7 - 5 9 ° ,
m e I t  —1^vC00R 1 ^715 cm. ) was p r e p a r e d  i n  an  a n a l o g o u s  f a s h i o n

t o  t h e  b e n z o y l o x y  d i e n e .  I t s . N . M . R .  s p e c t r u m  was  i n

c o m p l e t e  a g r e e m e n t  w i t h  t h a t  o f  (39 )  . R e a c t i o n  w i t h  m a l e i c

a n h y d r i d e  u n d e r  i d e n t i c a l  c o n d i t i o n s  t o  t h e  b e n z o y l o x y

d i e n e  ( 39 ) y i e l d e d  a n t i -  3 - e x o - p - b r o m o b e n z o y l o x y b i c y c l o

[ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - endo- d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 4 7 )

m .p .  1 1 6 - 1 1 7 ° ,  t h e  N.M.R. o f  w h ic h  showed an  i d e n t i c a l

s p l i t t i n g  p a t t e r n  t o  t h a t  o f  endo A e x c e p t ,  o f  c o u r s e ,  f o r

t h e  a r o m a t i c  r e g i o n .  An X - r a y  a n a l y s i s  o f  a d d u c t  ( 47 )

(A p p en d ix )  r e v e a l e d  t h e  s t r u c t u r e  t o  be t h a t  e x p e c t e d  f rom

f i r s t  p r i n c i p l e s  w i t h  r e s p e c t  t o  n o n - b o n d e d  i n t e r a c t i o n s

i . e .  a s  i n  endo A| a s su m in g  no d i s t o r t i o n s  i n  t h e  m o l e c u l e ,

t h e  a n t i  fo rm  w i t h  t h e  b e n z o a t e  g r o u p  exo w o u ld  be e x p e c t e d

t o  be p r e f e r r e d  t o  t h e  s y n  c o n f i g u r a t i o n  ( w i t h  t h e  b e n z o a t e

s u b s t i t u e n t  e x o ) w here  t h e r e  may be i n t e r a c t i o n  o f  w i t h

t h e  exo p r o t o n s  and Hy. The 3 - endo e p i m e r s  o f  b o t h
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s y n  and a n t i  c o n f i g u r a t i o n s  w o u ld  e x p e r i e n c e  s t e r i c  

c r o w d i n g .

V i t h  t h e  s u c c e s s  o f  t h e  b e n z o y l o x y  d i e n e  a s  a  

s u i t a b l e  r e a c t a n t  f o r  t h e  D i e l s - A l d e r  r e a c t i o n ,  c y c l o -  

p e n t e n e - 3 , 5- d i o n e , a  l e s s  a c t i v e  d i e n o p h i l e ,  was t e s t e d  f o r  

r e a c t i v i t y ,  t h e  e n v i s a g e d  a d d u c t  ( 48 ) b e i n g  a t t r a c t i v e  on 

a c c o u n t  o f  t h e  i n c o r p o r a t e d  c y c l o p e n t a n e d i o n e  r i n g .  I n  t h e  

e v e n t ,  h o w e v e r ,  t h e  d i e n o p h i l e  p r o v e d  t o  be u n r e a c t i v e ,  

s t a r t i n g  m a t e r i a l s  b e i n g  i s o l a t e d  w i t h  b o t h  x y l e n e  an d  

b e n z e n e  as  s o l v e n t .

I n  v i e w  o f  p r e v i o u s  endo a n h y d r i d e  s t r u c t u r e s  

( 6  ) ,  ( 8 ) b e i n g  p r o v e d  b y  c h e m i c a l  means e . g . ,  b ro m o -  

l a c t o n i s a t i o n  ( 49 ) ,  t h i s  b r o m i n a t i o n  t e c h n i q u e  was a p p l i e d  

t o  t h e  endo A and  i s o  A a n h y d r i d e s .  The t r o p o n e - m a l e i c  

a n h y d r i d e  a d d u c t ^  ( 8 ) was p r e p a r e d  as  a  m odel  compound; 

t h e  r e s i d u e  f rom  c r y s t a l l i s a t i o n  was i n v e s t i g a t e d  f o r  t h e  

p r e s e n c e  o f  o t h e r  i s o m e r s .  However ,  o n l y  a  s m a l l  am ount  o f  

t h e  above  a d d u c t  ( 8 ) p l u s  s t a r t i n g  m a t e r i a l s  w e re  d e t e c t e d  

i n  t h e  r e s i d u e .  U nder  i d e n t i c a l  c o n d i t i o n s  t o  t h a t  u s e d  i n  

t h e  b e n z o y l o x y  d i e n e - m a l e i c  a n h y d r i d e  r e a c t i o n ,  t h e  a d d u c t  

( 8 ) m .p .  1 8 1 - 1 8 2 °  was o b t a i n e d  i n  99fo y i e l d  (N.M.R.

P a r t  I I )  .
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B r o m i n a t i o n  o f  ( 8 ) i n  w a t e r  a t  0°  a f f o r d e d  t h e

d e s c r i b e d  b r o m o l a c t o n e  ( 49 ) o r  ( 50 ) a s  y e l l o w  c r y s t a l s

a f t e r  4 h r s • r e a c t i o n ,  t h e  p r o d u c t  c r y s t a l l i s i n g  f rom  t h e

medium. The i n f r a - r e d  s p e c t r u m  showed a b s o r p t i o n  a t  3 4 0 0 -

2500 cm# ^ and 1735 cm. ^ ( a s s i g n e d  t o  t h e  a c i d ) ,  1770 cm. ^

( y - l a c t o n e )  and  1675 cm. ^ ( e n o n e ) .  The i n f r a - r e d  v a l u e s  
5,13

q u o t e d  f o r  t h i s  and o t h e r  r e l a t e d  compounds a r e  t a b u l a t e d  

( T a b l e  IV ) 5 i t  c an  be s e e n  t h a t  t h e r e  i s  a  r a n g e  o f  v a l u e s  

f o r  t h e  a c i d  g r o u p ,  t h e  two d i f f e r e n t  v a l u e s  q u o t e d  b y  Nozoe 

b e i n g  a t t r i b u t e d  t o  t h e  two d i f f e r e n t  i s o m e r s  ( 49 ) and  ( 5 0 ) .  

I t  i s  a l s o  n o t e w o r t h y  t h a t  t h e r e  i s  o f t e n  v e r y  l i t t l e  

d i f f e r e n c e  b e tw e e n  c o r r e s p o n d i n g  e s t e r  and  a c i d  c a r b o n y l  

f r e q u e n c i e s •

Thus f o r  c h e m i c a l  p r o o f  o f  t h e  endo c o n f i g u r a t i o n ,  

b r o m i n a t i o n  o f  endo A ( 41 ) was u n d e r t a k e n .  An i d e n t i c a l  

r e a c t i o n  t o  t h a t  d e s c r i b e d  above  c o u l d  n o t  be e f f e c t e d  due  

t o  t h e  t o t a l  i n s o l u b i l i t y  i n  w a t e r  o f  ( 41 ) # A m i x t u r e  o f  

w a t e r  and  d i o x a n e  was t h e r e f o r e  u s e d  f o r  h o m o g e n e i t y  an d  t h e  

p r o d u c t  e x t r a c t e d  w i t h  c h l o r o f o r m .  The p r o d u c t  c o n t a i n e d  

b r o m in e  b u t  was o n l y  s l i g h t l y  more p o l a r  t h a n  t h e  s t a r t i n g  

m a t e r i a l ^  o n l y  a n h y d r i d e  and  b e n z o a t e  p e a k s  w e re  o b s e r v e d  

i n  t h e  i n f r a - r e d  s p e c t r u m ;  t h e  p r o d u c t  was c o n s i d e r e d  t o  

be  t h e  b ro m in e  a d d i t i o n  compound ( 51 ) .
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B r o m i n a t i o n  i n  m e t h a n o l / d i o x a n e / w a t e r  g a v e  

s i m i l a r  r e s u l t s  w h i l e  b r o m i n a t i o n  i n  so d iu m  c a r b o n a t e  

s o l u t i o n  a f f o r d e d  a b e n z o a t e  d i a c i d  m i x t u r e  a s sum ed  t o  be 

(5 2 )  and  ( 5 3 ) .

U s i n g  i s o  A i n  a  d i o x a n e / w a t e r  m i x t u r e ,  a  s m a l l

amount  o f  c r y s t a l l i n e  m a t e r i a l  b e l i e v e d  t o  be ( 54 ) was
, , . f NUJ 'i a r\r\ - 1  ( \ NUJ 177(. —1o b t a i n e d  L Vqjj s 3400 cm. ( m ) , Vqq i 1775 cm. ,

1738 cm. \  1705 cm. b u t  a t t e m p t s  t o  p u r i f y  i t  by  b a s i c

e x t r a c t i o n  and a c i d i f i c a t i o n  c a u s e d  d e s t r u c t i o n  o f  the,

m o l e c u l e .  R e p e t i t i o n  o f  t h i s  e x p e r i m e n t  l e d  t o  bromo

d i a c i d s  and  com plex  m i x t u r e s ,  i l l u s t r a t i n g  t h e  i m p o r t a n c e

o f  t h e  s o l v e n t  s y s t e m .  However ,  b r o m i n a t i o n  i n  m e t h a n o l /

w a t e r / d i o x a n e  a f f o r d e d  a  p r o d u c t  m .p .  1 7 5 • 5- 1 7 8 *5 ° ,  t h e

i n f r a - r e d  s p e c t r u m  o f  w h ic h  showed no a c i d i c  a b s o r p t i o n  b u t

showed l a c t o n e  (1780 ( s )  cm. ^) and  b e n z o a t e  (1 7 0 0  ( s )  cm. ^)

a b s o r p t i o n  as  w e l l  a s  a  band  a t  1735 cm. T h a t  t h i s .

l a t t e r  band  was due  t o  a  m e t h y l  e s t e r  r a t h e r  t h a n  t o  an

a c i d  g r o u p  [ d e s p i t e  t h e  s i m i l a r i t y  i n  f r e q u e n c y  w i t h  t h a t  o f

( 5 4 ) ]  was f u r t h e r  c o n f i r m e d  by  T . L . C .  on w h ic h  t h e  compound

showed n o n - a c i d i c  c h a r a c t e r .  E l e m e n t a l  a n a l y s i s  i n d i c a t e d

t h e  m o l e c u l a r  f o r m u l a  i n f e r r i n g  an  e l i m i n a t i o n  o f

h y d r o g e n  b ro m id e  u n d e r  t h e  c o n d i t i o n s  u s e d .  As t o  t h e

s t r u c t u r e  o f  t h i s  compound, a number  o f  p o s s i b i l i t i e s
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e x i s t  i f  we c o n s i d e r  t h a t  t h e  b r o r a o l a c t o n e  e s t e r  ( 55 ) o r  

( 56 ) was t h e  i n i t i a l l y  fo rm ed  p r o d u c t .  S i n c e  e l i m i n a t i o n  

t o  g i v e  a  d o u b l e  bond was i m p o s s i b l e  ( a n t i - B r e d t  r u l e )  

u n l e s s  a  r e a r r a n g e m e n t  h ad  o c c u r r e d ,  t h r e e  p o s s i b l e  

s t r u c t u r e s  c o u l d  be d e r i v e d  v i z . ,  ( 57  ) ( 58 ) a n d  ( 59  ) 

f rom  ( 55 ) .  S i n c e  ( 56 ) w ou ld  g i v e  r i s e  t o  t h r e e  s i m i l a r  

p r o d u c t s ,  t h e  c o m p l e x i t y  o f  t h e  p r o b le m  seem ed  i n s u r m o u n t a b l e #  

I t  was f e l t  t h a t  t h i s  i n t r i g u i n g  r e a c t i o n  m i g h t  

be  c l a r i f i e d  by  c a r r y i n g  o u t  t h i s  b r o m i n a t i o n  on a  s i m p l e r  

m o l e c u l e ,  n a m e ly  b i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - en d o - d i c a r b o x y l i c  

a c i d  a n h y d r i d e  ( 7  ) ,  t h e  c o n f i g u r a t i o n  o f  w h i c h  h a d  b e e n  

p r o v e d  by  N.M.R. ( P a r t  I I ) #  Thus r e a c t i o n  o f  ( 7 ) i n  

d i o x a n e / w a t e r  [ d u e  t o  t h e  a b s e n c e  o f  t h e  b e n z o a t e  g r o u p i n g ,

( 7 ) was n o t  so  i n s o l u b l e  i n  w a t e r  and  t h e r e f o r e  d i d  n o t  

w a r r a n t  t h e  m e t h a n o l / w a t e r / d i o x a n e  t e c h n i q u e ] ,  f o l l o w e d  by  

e s t e r i f i c a t i o n  o f  t h e  c r u d e  l a c t o n i c  a c i d  w i t h  d i a z o m e t h a n e  

a f f o r d e d  a c r y s t a l l i n e  compound, m .p .  9 6 * 5 - 9 7 * 5 °  w h i c h  

a n a l y s e d  f o r  ^^2^14^4*  T h i s  compound showed l a c t o n e  an d

e s t e r  a b s o r p t i o n  i n  t h e  i n f r a - r e d  s p e c t r u m  ( 1 7 8 8  c m ." * \
—1 —1  1740 cm# ) b u t  no band  a t  ca# 3070 cm. i n d i c a t i v e  o f

a  c y c l o p r o p a n e  r i n g  ( C - H ) • The u l t r a v i o l e t  s p e c t r u m

showed no s i g n i f i c a n t  a b s o r p t i o n  above  200 mp, t h e  N.M.R.

s p e c t r u m  showed t h e  f o l l o w i n g  p a t t e r n :
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COOMe9

5 #39 z  ( lH ,  q u a r t e t ,  J = 6 , J= 3 * 5 )

6*29 t (3H, s i n g l e t )

7*20  u ( lH ,  d o u b l e t ,  J=5 )

7*39 t  ( lH ,  t r i p l e t ,  J = 6 )

7 * 6 6  z  ( lH ,  b r o a d  a b s o r p t i o n )

8 * 2-8* 8 t: (6 -7 H ,  com plex)

The q u a r t e t  (5*39 t ) was a s s i g n e d  t o  ( c o u p l e d  t o  H^, Hg) an d

t h e  s i n g l e t  a t  6 #29 z  t o  t h e  e s t e r  m e t h y l  g ro u p #  The f a c t

t h a t  f o u r  s i g n a l s , e a c h  f o r  1H, was s e e n  e x c l u d e d  s t r u c t u r e  

( 63 ) s i n c e  t h e  l a t t e r  s h o u l d  h av e  two s i m i l a r  c y c l o p r o p a n e  

p r o t o n s  a t  h i g h e r  f i e l d .  P r o t o n  w o u ld  be e x p e c t e d  t o  be  

t h e  s i g n a l  a t  7 * 6 6  z  ( e x t e n s i v e  c o u p l i n g ) ,  w i t h  s i g n a l s  a t  

7*20  z  and  7*39 z  b e i n g  a s s i g n e d  t o  E j  and  o r  v i c e  v e r s a . 

S i n c e  ( 61 ) and  ( 62 ) a r e  b o t h  h i g h l y  s t r a i n e d  sys tem s : ,  

a r g u m e n t s  b a s e d  on t h e  a n g u l a r  d e p e n d e n c e  o f  c o u p l i n g  

c o n s t a n t s  a r e  n o t  s t r i c t l y  v a l i d .  H ow ever ,  t h e  t r i p l e t  a t  

7*39  z  c o u l d  be  due t o  an  e q u a l  c o u p l i n g  w i t h  Hj  a n d  H^, 

w h e r e a s  t h e  d o u b l e t  a t  7 * 2 0  z  i n f e r s  t h a t  Hy s u b t e n d s  a  

d i h e d r a l  a n g l e  o f  c a  90°  w i t h  H-^, c o u p l i n g  o n l y  w i t h  H^.

S i n c e  t h e r e  a r e  no s i g n a l s  g r e a t e r  t h a n  9*0 z ,  t h e  c y c l o ­

p r o p a n e  d e r i v a t i v e  seemed u n l i k e l y  ( i n  a g r e e m e n t  w i t h  t h e  

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

s t r a i n  i n  t h e  s y s t e m  o r  c o n j u g a t i o n  w i t h  t h e  e s t e r  s h i f t e d
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1 A
t h e  z  v a l u e  t o  l o w e r  f i e l d  [ l i t .  f o r  e s t e r  ( 6 4 ) ,  H , H,

a  D

8 #34 x , d ]  . C e r t a i n l y  t h e  8*2 -  8 « 8  z  r e g i o n  ( P i g .  1 )

h a d  ch a n g e d  r a d i c a l l y  f rom t h e  n a r r o w  a b s o r p t i o n  s i g n a l  

o b s e r v e d  i n  t h e  a n h y d r i d e  ( 7  ) f o r  t h e  t h r e e  m e t h y l e n e  

g r o u p s  b u t  t h i s  c o u l d  be e x p l a i n e d  by  e i t h e r  t h e  f o r m a t i o n  

o f  a  c y c l o b u t a n e  r i n g  as  i n  ( 61 ) o r  b y  t h e  c y c l o p r o p a n e  

p r o t o n s  a b s o r b i n g  a t  l o w e r  f i e l d  a t  o r  n e a r  t h e  m e th y len e ,  

v a l u e .  However ,  t h e  q u e s t i o n  o f  a c t i v a t i o n  o f  t h e  p r o t o n  

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

i n  t h i s  r e s p e c t  b e i n g  ( 63 ) , where  t h e  p r o t o n  was a d j a c e n t  

t o  t h e  c a r b e t h o x y  g r o u p .

D e s p i t e  t h e  i n c o m p l e t e n e s s  o f  t h e  s t r u c t u r a l  

e l u c i d a t i o n  o f  t h i s  compound,  t h e  f o r m a t i o n  o f  t h e  l a c t o n e  

was good e v i d e n c e  f o r  t h e  endo c o n f i g u r a t i o n  o f  t h e  a n h y d r i d e .

V i t h  t h e  s t r u c t u r e  and c h e m i s t r y  o f  t h e  b e n z o a t e  

a d d u c t  ( 41 ) e l u c i d a t e d ,  a t t e n t i o n  was a g a i n  f o c u s s e d  on t h e  

i n i t i a l  a im v i z . ,  t h e  s y n t h e s i s  o f  P - v e t i v o n e .  E l a b o r a t i o n  

o f  t h e  a n h y d r i d e  t o  t h e  c y c l o p e n t a n e  d e r i v a t i v e  ( 65 )

(Scheme 7 ) was t h e n  s t u d i e d .  L i t h i u m  a lu m in iu m  h y d r i d e  

( L . A .H . )  r e d u c t i o n  o f  t h e  a n h y d r i d e  f u n c t i o n  w o u ld  y i e l d  

t h e  endo b i s  p r i m a r y  a l c o h o l  ( 66  ) ( a s y m m e t r i c  c e n t r e s  

a d j a c e n t  t o  c a r b o n y l  g r o u p s  do n o t  u n d e r g o  e p i m e r i s a t i o n  on 

L .A .H .  t r e a t m e n t ) ^  f u r t h e r  r e a c t i o n s  h a v i n g  no e f f e c t  on
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t h e  s t e r e o c h e m i s t r y  o f  t h e s e  c e n t r e s .  D i t o s y l a t i o n  o f  t h e  

b i s  a l c o h o l  ( 66  ) ,  f o l l o w e d  by  r i n g  c l o s u r e  w i t h  d i e t h y l  

m a l o n a t e  and f u r t h e r  e l a b o r a t i o n ,  h a d  b e e n  e f f e c t e d  on 

s i m p l e r  m o l e c u l e s  by H cG each in^  t o  a f f o r d  a s  a  f i n a l  p r o ­

d u c t ,  t h e  i s o p r o p y l i d i n e  d e r i v a t i v e  ( 65 ) .  How ever ,  i n  t h e  

c a s e  o f  endo A ( 41 ) ,  t h e r e  was t h e  a d d i t i o n a l  p r o b le m  t h a t  

t h e  b e n z o a t e  f u n c t i o n ,  u n d e r  t h e s e  r e d u c t i o n  c o n d i t i o n s ,  

w o u ld  y i e l d  a s e c o n d a r y  a l c o h o l ;  t h e  n e x t  s t e p  w o u ld  t h e r e ­

f o r e  r e q u i r e  t o  be a p r e f e r e n t i a l  t o s y l a t i o n  o f  t h e  two 

p r i m a r y  a l c o h o l  f u n c t i o n s .

I n  t h e  e v e n t ,  r e d u c t i o n  o f  a n t i - 3 - exo- b e n z o y l o x y

b i c y c l o [ 3 . 2 . 2 l n o n - 8 - e n e - 6 , 7 - endo- d i c a r b o x y l i c  a c i d  a n h y d r i d e

( 41 ) w i t h  L .A .H .  i n  t e t r a h y d r o f u r a n  a t  r e f l u x  t e m p e r a t u r e

r e s u l t e d  i n  t h e  i s o l a t i o n  o f  b e n z y l  a l c o h o l  and  1 , 4 - b u t a n e -

d i o l ,  b . p .  6 0 ° / 0 * 0 5  mm., a s  t h e  m a j o r  p r o d u c t ,  i d e n t i f i e d

s p e c t r o s c o p i c a l l y  a f t e r  a c e t y l a t i o n  and  p r e p a r a t i v e  T . L . C . ,

vCOOR 1 1 7 4 0 -1 7 2 0  cm. ^ [ N.M.R. 5*94 T (4H, t ,  O -m e th y le n e^

7*99 % ( 6H, s, a c e t a t e ) ,  8*32 z  (4H, q u i n t e t ,  C - m e t h y l e n e  ) ] .

The mass  s p e c t r u m  showed no p a r e n t  i o n  b u t  d i s p l a y e d  a  l a r g e

i o n  a t  m/e 131 (M-CII^CO) . The c o n d i t i o n s  m u s t  h a v e  e f f e c t e d
16

a  r e t r o  D i e l s - A l d e r  r e a c t i o n ,  t h e  r e s u l t i n g  m a l e i c  a a b y d r i d e  

b e i n g  t o t a l l y  r e d u c e d  t o  t h e  d i o l .  Room t e m p e r a t u r e
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r e d u c t i o n  g e n e r a t e d  a  m i x t u r e  o f  a l c o h o l s  w h ic h  c o u l d  n o t  be 

s e p a r a t e d  ev e n  a f t e r  a c e t y l a t i o n ,  a l t h o u g h  one com ponen t  

was i d e n t i f i e d  as  1 , 4 - d i a c e t o x y  b u t a n e .  The N.M.R. o f  t h e  

c r u d e  m i x t u r e  s u g g e s t e d  t h e  o t h e r  com ponen t  was e i t h e r  t h e  

b i c y c l i c  t r i a c e t a t e  ( 6 7 )  o r  1 , 4 - a i a c e t o x y b u t - 2 - e n e .

To c i r c u m v e n t  t h i s  p r o b le m  i t  was t h o u g h t  t h a t  a 

d e r i v a t i v e  o t h e r  t h a n  t h e  a n h y d r i d e  m i g h t  c u r t a i l  t h e  r e t r o  

r e a c t i o n  d u r i n g  r e d u c t i o n .  The a n h y d r i d e  ( 41 ) was t h e r e ­

f o r e  t r e a t e d  w i t h  warm sodium b i c a r b o n a t e  ( 20$ ) ,  a c i d i f i c a t i o n  

y i e l d i n g  t h e  endo d i a c i d  ( 68  ) ,  m .p .  2 2 6 * 5 - 2 2 7 * 5 ° ,  i n  89$ 

y i e l d ,  1717 ( s )  cm. \  1708 ( s )  cm. ^ . D ia z o m e t h a n e

e s t e r i f i c a t i o n  a f f o r d e d  t h e  endo d i e s t e r  ( 69 ) ,  m . p .  8 2 - 8 3 ° ,  

i n  93$ y i e l d ,  t h e  N.M.R. s p e c t r a  o f  b o t h  t h e s e  compounds 

c o n f i r m i n g  t h a t  no e p i m e r i s a t i o n  o f  t h e  f u n c t i o n s  h a d  t a k e n  

p l a c e  d u r i n g  t h e  r e a c t i o n .  L .A .H .  r e d u c t i o n  o f  t h e  d i e s t e r  

( 69 ) i n  r e f l u x i n g  e t h e r  f o r  4 h r s . ,  a f f o r d e d  a n t i - 3 - exo -  

h y d r o x y - 6 , 7 - e n d o - d i h y d r o x y m e t h y l b i c y e l o [  3 , 2 , 2 ] n o n - 8 - e n e  ( 70 ) 

a s  a  h i g h l y  c r y s t a l l i n e  s o l i d ,  m .p .  1 4 5 - 1 4 5 * 5 °  i n  4 8 $ . y i e l d .  

A t t e m p t s  t o  b e t t e r  t h i s  y i e l d  were  u n s u c c e s s f u l .  E x a m i n a t i o n  

o f  t h e  r e s i d u e  f rom  c r y s t a l l i s a t i o n  showed i t  t o  b e  a  m i x t u r e  

o f  t h e  above  m e n t i o n e d  b u t a n e d i o l ,  b u t e n e d i o l  an d  b e n z y l  

a l c o h o l  i n d i c a t i n g  t h a t  t h e  r e t r o  r e a c t i o n  was  s t i l l  i n  

o p e r a t i o n  b u t  t o  a  l e s s e r  e x t e n t .  T r e a t m e n t  o f  t h e  t r i o l



i n  p y r i d i n e  w i t h  s l i g h t l y  i n  e x c e s s  o f  a  two m o l a r  q u a n t i t y  

o f  p - t o l u e n e s u l p h o n y l  c h l o r i d e  a f f o r d e d  a  m i x t u r e  o f  a b o u t  

5 co m p o n e n t s ,  t h e  i n f r a - r e d  s p e c t r u m  o f  w h ic h  i n d i c a t e d  b o t h  

h y d r o x y l  and c a r b o n y l  b a n d s  5 none o f  t h e  c o m p o n en ts  c o u l d  

be o b t a i n e d  p u r e ,  a l t h o u g h  one was e x p e c t e d  t o  be t h e  

h y d r o x y  e t h e r  ( 71  ) by  t h e  i n t r a m o l e c u l a r  e l i m i n a t i o n  

( 72 ) -> ( 71 ) .  P r e f e r e n t i a l  t o s y l a t i o n  a p p e a r e d  t h e r e f o r e  

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

an  e x c e s s  o f  r e a g e n t  w ould  be r e q u i r e d  ( a s  recommended by 

M cG each in ^ ) ,  w h ic h  w ou ld  a l s o  a t t a c k  t h e  l e s s  r e a c t i v e  

s e c o n d a r y  a l c o h o l .  I n  v ie w  o f  t h i s  d i f f i c u l t y ,  i t  was 

d e c i d e d  t o  c o n v e r t  t h e  a n h y d r i d e  a d d u c t  ( 41 ) t o  a  d e r i v a t i v e  

t h a t  w ou ld  h a v e  a f u n c t i o n  a t  t h e  3 - p o s i t i o n  r e s i s t a n t  t o  

L .A .H .  r e d u c t i o n .  An a t t r a c t i v e  f u n c t i o n a l i t y  was t h e  k e t a l  

m o i e t y .  However ,  b e f o r e  d i s c a r d i n g  t h e  b e n z o a t e  d i e s t e r  

( 69 ) ,  t h e  l a t t e r  was u s e d  as  a model  compound t o  s t u d y  t h e  

c l e a v a g e  o f  t h e  Cg-C^ d o u b l e  b o n d .  T h i s  e s t e r  was c h o s e n  

a s  a  model  e s s e n t i a l l y  b e c a u s e  m a t e r i a l  was a v a i l a b l e  b u t  

a l s o  b e c a u s e  i t  was c o n s i d e r a b l y  more s t a b l e  t h a n  t h e  

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

l o s e  i t s  Cg, Cj  d i - e n d o  c h a r a c t e r .
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Scheme 8 i l l u s t r a t e d  t h e  p r o p o s e d  r o u t e s  t o  

t h e  d i m e t h y l  c y c l o h e p t a n e  d e r i v a t i v e  ( 73 ) o f  d e p i c t e d  

s t e r e o c h e m i s t r y ,  i n  e a c h  a p p r o a c h  c a r e  b e i n g  t a k e n  t o  a v o i d  

e p i m e r i s a t i o n  o f  t h e  a l d e h y d e  f u n c t i o n s  w i t h  a c i d  o r  b a s te • 

O z o n o l y s i s  was t h e r e f o r e  t h e  f i r s t  s t e p  b u t ,  i n  t h e  e v e n t ,  

a  m i x t u r e  o f  a c i d i c  s p e c i e s  was o b s e r v e d  ( i . R .  an d  T . L . C . )  

( y e l l o w  s t a i n  w i t h  D .N .P .  d e v e l o p e r )  a s  w e l l  a s  a  s m a l l  

am ount  o f  m in o r  l e s s - p o l a r  m a t e r i a l s ;  t h e  m a in  p r o d u c t s  

w e re  assum ed  t o  be t h e  a l d e h y d o  a c i d  ( 74  ) and  t h e  d i a c i d  

( 75 ) •  Osmium t e t r o x i d e  t r e a t m e n t  o f  t h e  d i e s t e r  ( 69 ) i n  

e t h e r  f o r  48 h r s  • ,  y i e l d e d  t h e  d i o l  ( 76 ) i n  43$  y i e l d  as; 

a  h e a v y  o i l  (M.W. 3 9 2 ) ,  Vpg14 : 3640 ( s ) ,  3552 ( s )  ora.- 1 .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  two m e t h y l  e s t e r s  

a p p e a r e d  a t  d i f f e r e n t  c a r b o n y l  f r e q u e n c i e s  i n  t h e  i n f r a - r e d  

s p e c t r u m ,  1751 cm. ^ and  1742 cm. \  w h ic h  c o u l d  be  

e x p l a i n e d  by t h e  new f l e x i b i l i t y  i n c o r p o r a t e d  i n  t h e  

s t r u c t u r e  w i t h  t h e  r e m o v a l  o f  t h e  d o u b l e  b o n d ;  t h e  e s t e r s  

t h e r e f o r e  h a d  d i f f e r e n t  e n v i r o n m e n t s  i n  e i t h e r  o f  t h e  two 

" f l i p M  f o r m s ( 7 7  ) and ( 7 8 ) ,  a l t h o u g h  b o t h  s t i l l  p o s s e s s e d  

t h e  endo c o n f i g u r a t i o n .  However ,  t h e  N .M.R.  ( P a r t  I I )  

d i d  n o t  d i s t i n g u i s h  b e tw e e n  t h e s e  e s t e r s  due  t o  t h e  much 

l a r g e r  t i m e  i n t e r v a l  o f  s c a n n i n g ,  t h e  t i m e - a v e r a g e d  

c o n f i g u r a t i o n  r e s u l t i n g .



-  35 -

On a t t e m p t e d  d i s t i l l a t i o n  o f  t h e  d i o l  ( 76 ) ,  an  

i n t e r e s t i n g  e l i m i n a t i o n  t o o k  p l a c e ,  ( 79 ) ( 80 ) |  b enzo ic ,

a c i d  ( I . R . ,  m . p . )  s u b l i m e d  f i r s t ,  f o l l o w e d  by  a n  o i l ,  b . p .  

1 5 0 - 1 6 0 ° / 0 » 1  mm., w h ic h  was shown by I . R .  t o  be t h e  h y d r o x y  

e t h e r  d i e s t e r  ( 80 ) ,  showing  no a r o m a t i c  b a n d s  and  a  t y p i c a l  

r i g i d - s t r u c t u r e  t y p e  f i n g e r p r i n t  r e g i o n .  T h i s  e l i m i n a t i o n  

was a l s o  a c c o m p l i s h e d  i f  t h e  d i o l  was a l l o w e d  t o  s t a n d  i n  

t h e  a t m o s p h e r e .  However ,  i n f o r m a t i o n  was g l e a n e d  f rom  t h i s  

e l i m i n a t i o n ;  t h e  h y d r o x y l  g r o u p s  b e i n g  c i s  f rom  t h e  osmy- 

l a t i o n ,  m u s t  a l s o  n e c e s s a r i l y  be i n  t h e  exo c o n f i g u r a t i o n  f o r  

s u c h  a n  i n t e r a c t i o n  t o  o c c u r ,  as  w e l l  a s  h a v i n g  t h e  t h r e e  

c a r b o n  b r i d g e  i n  t h e  a n t i  c o n f i g u r a t i o n .  I f  t h e  h y d r o x y l s  

h a d  b e e n  endo ( 81 ) ,  i t  was e x p e c t e d  t h a t  t h e  d i l a c t o n e  ( 82 ) 

w o u ld  h a v e  b e e n  g e n e r a t e d  u n d e r  t h e s e  c o n d i t i o n s *

C o n f i r m a t i o n  o f  t h e  s t r u c t u r e  o f  t h e  c i s  d i o l  ( 76 ) 

was o b t a i n e d  by t h e  p r e p a r a t i o n  o f  a n  a c e t o n i d e  ( 8 3 ) ,  

m .p .  1 4 0 * 5 - 1 4 2 ° ,  t h e  mass s p e c t r u m  o f  w h ic h  showed a  b a s e  

p e a k  a t  m/e 105 (Ph-CO) [ a s  d i d  d i o l  ( 76 ) ]  a n d ,  a l t h o u g h  

no p a r e n t  was o b s e r v e d ,  showed a l a r g e  i o n  m/e 417 c o r r e s ­

p o n d i n g  t o  (M-CH^).

The d i o l  (76 )  on r e a c t i o n  w i t h  sod ium  p e r i o d a t e  

i n  a q u e o u s  m e t h a n o l  f o r  24 h r s . ,  u n d e r  an  a t m o s p h e r e  o f  

n i t r o g e n  a f f o r d e d  as  t h e  m ain  p r o d u c t  t h e  d i a l d e h y d e  ( 84 )
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s h o w in g  no h y d r o x y l  i n  t h e  i n f r a - r e d  s p e c t r u m  b u t  i n s t e a d  a  

b a n d  a t  2740 cm . " 1 (C-H o f  CEO). No s t a r t i n g  d i o l  was  

d e t e c t e d  by  T . L . C .  and  t h e  d i a l d e h y d e  s t a i n e d  y e l l o w  w i t h  

D .N .P .  d e v e l o p e r *  However ,  t h e  compound d a r k e n e d  on s t a n d ­

i n g  and  decom posed  t o  a c i d i c  s p e c i e s  ( T . L . C . ) ;  a t t e m p t s  w e re  

made t o  c h a r a c t e r i s e  ( 84 ) a s  i t s  D . N .P .  and  s e m i c a r b a z o n e  

d e r i v a t i v e s .  Two D .N .P .  d e r i v a t i v e s . ,  m .p .  145* 5 - 1 4 8 °  and  

m .p .  1 5 3 * 5 - 1 5 6 ° ,  w i t h  a l m o s t  i d e n t i c a l  i n f r a - r e d  s p e c t r a  

VN^H 5 3300 ,  1620 cm,*"1 , w e re  i s o l a t e d .  N e i t h e r  c o u l d  b e

o b t a i n e d  c o m p l e t e l y  p u r e  due t o  d e c o m p o s i t i o n  a l t h o u g h  t h e  

mass  s p e c t r u m  o f  t h e  f o r m e r  showed,  d e s p i t e  b e i n g  i n v o l a t i l e ,  

a  m o l e c u l a r  i o n  m/e 745 ^ 5  [ ( 3 5 )  r e q u i r e s  750 ]*  On t h i s  

e v i d e n c e ,  t h e y  w ere  assum ed  t o  be  t h e  b i s - d i n i t r o p h e n y l -  

h y d r a z o n e  ( 85 ) and  one o f  i t s  e p i m e r s  ( e p i m e r i s a t i o n  c a u s e d  

by  t r e a t m e n t  w i t h  t h e  a c i d i c  D .N .P .  r e a g e n t ) .  A t t e m p t s  t o  

p r e p a r e  a  s e m i c a r b a z o n e  w ere  u n s u c c e s s f u l .

W i th  t h e  f a i l u r e  t o  i s o l a t e  t h e  b i s - s e m i c a r b a z o n e  

d e r i v a t i v e ,  t h e  W o l f f - K i s h n e r  r o u t e  t o  t h e  d i m e t h y l  compound 

( 73 ) (Scheme 8  ) was r u l e d  o u t .  The h y d r i d e  r e d u c t i o n  

m e thod  seemed a  more f r u i t f u l  a p p r o a c h  s i n c e  L .A .H .  

r e d u c t i o n  w o u ld  a l s o  a v o i d  e p i m e r i s a t i o n  p r o b l e m s .  How­

e v e r ,  t h e  d i a l d e h y d e  ( 84 ) was n o t  a  s u i t a b l e  m ode l  f o r  

t h i s  r e a c t i o n ,  s i n c e  t h e  t h r e e  e s t e r  f u n c t i o n s  w o u ld  a l s o
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u n d e r g o  r e d u c t i o n .  D e s p i t e  t h e  k n o w le d g e  t h a t  so d iu m  b o r o -  

h y d r i d e  r e d u c t i o n s  a r e  c o n d u c t e d  i n  a  b a s i c  medium, a  t e s t  

r u n  was u n d e r t a k e n  and a  y e l l o w  o i l  ( T . L . C .  one co m p o n e n t )  

was i s o l a t e d  w h ic h  showed l a c t o n e  and  b e n z o a t e  a b s o r p t i o n  

b u t  no m e t h y l  e s t e r  a b s o r p t i o n  i n  t h e  i n f r a - r e d  s p e c t r u m ,  

v £ i lE1 : 1790 ( s ) ,  1781 ( s ) ,  1718 ( s )  cm.- 1 . T h i s  o i l

was b e l i e v e d  t o  be a m i x t u r e  o f  e p i m e r i c  b e n z o a t e  d i l a c t o n e s  

o f  t h e  t y p e  ( 87 , 88  , 89 ) p r o d u c e d  by  t h e  l a c t o n i s a t i o n  o f

t h e  g e n e r a t e d  a l c o h o l s  w i t h  t h e  n e i g h b o u r i n g  e s t e r  f u n c t i o n s  

e . g . ,  ( 86  ) -> ( 8 7 ) .  S i n c e  e p i m e r i s a t i o n  o f  a  c e n t r e  

a d j a c e n t  t o  an  a l d e h y d e ,  f o l l o w e d  by  l a c t o n i s a t i o n  c o u l d  

l e a d  t o  i s o m e r s  ( 88  ) and ( 89 ) and s i n c e  t h e  o i l  i t s e l f  

decom posed  on s t a n d i n g  t o  a c i d i c  s p e c i e s ,  i d e n t i f i c a t i o n  o f  

t h e  com pound(s )  c o u l d  n o t  be a c h i e v e d .

I n  v i e w  o f  t h e  u n s u i t a b i l i t y  o f  t h e  d i e s t e r  ( 69 ) 

a s  a  m o d e l ,  t h i o a c e t a l i s a t i o n  o f  t h e  d i a l d e h y d e  was n o t  

a t t e m p t e d ;  t h i s  r e a c t i o n  o r  t h e  L,AoII0 r e d u c t i o n  c o u l d  

w e l l  be u t i l i s e d  a t  a l a t e r  s t a g e  i n  t h e  s y n t h e t i c  scheme 

e . g . ,  ( 9 0 ) w h ere  t h e r e  a r e  no o p p o r t u n i t i e s  f o r  a d d i t i o n a l  

r e d u c t i o n s  o r  i n t r a m o l e c u l a r  r e a c t i o n s .

I n  v i e w  o f  t h e  r e s u l t s  o b t a i n e d  a t  t h i s  s t a g e ,  

i t  was f e l t  a d v i s a b l e  t o  e l a b o r a t e  t h e  a n h y d r i d e  t o  t h e  

c y c l o p e n t a n e  r i n g  m o i e t y  o f  ( 3 -v e t iv o n e  b e f o r e  c l e a v a g e  o f
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t h e  Cg, d o u b l e  bond was c o n s i d e r e d #  The i n i t i a l  s t e p  

was t o  t r a n s f o r m  t h e  b e n z o y l o x y  g r o u p  t o  t h e  k e t a l  f u n c t i o n ,  

w h i c h  w ou ld  r e s i s t  h y d r i d e  r e d u c t i o n *

Thus h y d r o l y s i s  o f  t h e  b e n z o y l o x y  a n h y d r i d e  ( 41 ) 

was a c h i e v e d  w i t h  h o t  sodium c a r b o n a t e  s o l u t i o n  o v e r  3 h r s . , J 

t h e  p r o d u c t  on e t h e r  e x t r a c t i o n  c o n s i s t e d  o f  b e n z o i c  a o i d ,  

a n t i - 3 - e x o - h y d r o x y b i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - e n d o - d i -  

c a r b o x y l i c  a c i d  a n h y d r i d e  ( 9 1 )  and  a n t i - 3 - e x o - h y d ro x y ~  

b i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - e n d o - d i c a r b o x y l i c  a c i d  ( 9 2 ) *

The l a t t e r  two w ere  v e r y  s o l u b l e  i n  w a t e r  and  r e q u i r e d  

c o n t i n u o u s  e t h e r  e x t r a c t i o n  f o r  t h e i r  i s o l a t i o n #  The m i x t u r e  

o f  t h e  h y d r o x y  d i a c i d  ( 92 ) and  h y d r o x y  a n h y d r i d e  ( 9 1 )  

a f f o r d e d  a n t i - 3 - exo - a c e t o x y b i c y c l o [  3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 -  

endo- d i c a r b o x y 1 i c  a c i d  a n h y d r i d e  ( 93 ) a s  s o l e  p r o d u c t  on 

t r e a t m e n t  w i t h  a c e t y l  c h l o r i d e  a t  r e f l u x  t e m p e r a t u r e *  T h i s  

a c e t o x y  a n h y d r i d e  ( 9 3 )  h ad  s i m i l a r  c h a r a c t e r i s t i c s  ( l # R . ,  

T .L .C # )  t o  t h e  m i x t u r e  o f  i s o m e r i c  a c e t o x y  a n h y d r i d e s ( 3 5 ,

36 , 37 , and  38 ) o b t a i n e d  e a r l i e r *  O x i d a t i o n  o f  t h e

h y d r o x y  d i a c i d  m i x t u r e  w i t h  J o n e s  r e a g e n t  f o l l o w e d  by  

h e a t i n g  t h e  p r o d u c t  i n  a c e t y l  c h l o r i d e  a f f o r d e d  t h e  k e t o -  

a n h y d r i d e  ( 9 4 ) ,  n u p .  1 9 9 * 5 - 2 0 0 * 5 ° ,  i n  42$  y i e l d  ( f r o m  

t h e  b e n z o y l o x y  a n h y d r i d e ) #  The s t r u c t u r e  was c o n f i r m e d  

i n  t h e  u s u a l  m a n n e r ,  t h e  N.M#R. s p e c t r u m  i l l u s t r a t i n g  t h e
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endo c o n f i g u r a t i o n  o f  t h e  a n h y d r i d e  ( P a r t  I I ) *  I C e t a l i s a t i o n

o f  t h i s :  compound w i t h  e t h y l e n e  g l y c o l  and  p - t o l u e n e s u l p h o n i c

a c i d  a f f o r d e d  t h e  c o r r e s p o n d i n g  k e t a l  ( 9 5 ) ,  m . p .  2 2 5 - 2 2 6 * 5 ° ,

i n  55% y i e l d ,  t h e  i n f r a - r e d  s p e c t r u m  sh o w in g  no t r a c e  o f

k e t o n i c  m a t e r i a l .  Warm a q u e o u s  sod ium  c a r b o n a t e  t r e a t m e n t

o f  t h e  k e t a l  ( 9 5 )  a f f o r d e d  t h e  d i a c i d  ( 96 ) w h ic h  c o u l d  n o t

be i s o l a t e d  by  p r e c i p i t a t i o n  b u t  was e s t e r i f i e d  d i r e c t l y

w i t h  d i a z o m e t h a n e , s i n c e  a t t e m p t e d  i s o l a t i o n  o f  t h e  d i a c i d

y i e l d e d  v a r y i n g  am ounts  o f  a n h y d r i d e . The r e s u l t i n g  d i e s t e r

( 9 7 ) ,  m .p .  8 9 * 5 - 9 1 * 5 ° ,  o b t a i n e d  i n  49% y i e l d  f ro m  t h e

a n h y d r i d e  ( 9 5 ) ,  had  t h e  e x p e c t e d  endo c o n f i g u r a t i o n

( P a r t  I I ) .  L .A .H .  r e d u c t i o n  o f  t h e  d i e s t e r  i n  r e f l u x i n g

e t h e r ,  a f f o r d e d  t h e  d i o l  ( 9 8 ) ,  m .p .  1 3 7 e 5 - 1 3 8 * 5 ° ,  i n  76%

y i e l d ,  w h ic h  s t a i n e d  y e l l o w  w i t h  D . N .P .  d e v e l o p e r  a s  a

r e s u l t  o f  h y d r o l y s i s  o f  t h e  k e t a l  by  t h e  r e a g e n t ,  S i n c e

p r o t o n s  and  K̂ . now c o u p l e  w i t h  t h e  a d j a c e n t  m e t h y l e n e a

i n  t h e  N.M.R.  s p e c t r u m ,  t h e  endo c o n f i g u r a t i o n  c o u l d  n o t  be
15

c o n f i r m e d !  h o w ev er  L .A .H .  r e d u c t i o n s  a r e  known t o  p r o c e e d  

w i t h o u t  e p i m e r i s a t i o n  o f  a d j a c e n t  a s y m m e t r i c  c e n t r e s  and  

t h e r e f o r e  t h e  endo c o n f i g u r a t i o n  c o u l d  be s a f e l y  a s su m ed  

( l a t e r  c o n v e r s i o n  t o  t h e  c y c l o p e n t e n e  s y s t e m  c o n f i r m e d  t h i s  

a s s i g n m e n t ) .  The s a l i e n t  f e a t u r e s  i n  t h e  IT.M.R. o f  3 , 3 -  

e t h y l e n e d i o x y - 6 , 7 - e n d o - d i h y d r o x y m e t h y l b i c y c l o [ 3 , 2 , 2  ]n o n -  

8~ene  ( 9 8 )  w e r e :  6*13 t  (411, s ,  k e t a l ) ,  6*90 t  ( 2 3 ,  b r o a d

a b s o r p t i o n ,  OH, D2O e x c h a n g e ) .
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I n  o r d e r  t o  w o rk  o u t  c o n d i t i o n s  f o r  t h e  l a t e r  

s t a g e s  o f  t h e  s y n t h e s i s ,  s i m u l t a n e o u s  w o rk  w a s  s t a r t e d  on a  

m odel  compound l a c k i n g  f u n c t i o n a l i t y  a t  p o s i t i o n  3 ,

B i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - endo- d i c a r b o x y l i c  a c i d  a n h y d r i d e  

( 7  ) ,  w hose  p r e p a r a t i o n  h a s  b e e n  d e s c r i b e d  e a r l i e r ,  on 

r e d u c t i o n  a f f o r d e d  6 , 7 - e n d o - d i h y d r o x y m e t h y l b i c y c l o l 3 , 2 , 2 ] n o n -  

8- e n e  ( 9 9 ) ,  m .p ,  7 2 - 7 2 * 5 °  a l m o s t  q u a n t i t a t i v e l y .  I t  w o u ld  

a p p e a r  t h a t  f u n c t i o n a l i t y  a t  p o s i t i o n  3 w as  i n  some way 

r e s p o n s i b l e  f o r  t h e  s i g n i f i c a n t  r e t r o  D i e l s - A l d e r  r e a c t i o n  

w h ic h  o c c u r r e d  i n  t h e  r e d u c t i o n  o f  t h e  b e n z o y l o x y  a n h y d r i d e  

( 4 1 ) .

B i s - m e s y l a t i o n  o f  ( 99 ) was t h e n  s t u d i e d .  I t  h a s
17

b e e n  r e p o r t e d  t h a t  a t t e m p t s  t o  d i t o s y l a t e  d i o l  ( 1 0 0 ) r e s u l t e d  

i n  t h e  f o r m a t i o n  o f  t h e  c y c l i c  e t h e r  ( 1 0 1 ) p r e s u m a b l y  v i a  t h e  

c y c l i s a t i o n  ( 72 ) —> ( 71 ) 5 t h e  e t h e r  (102 )  has. b e e n  r e p o r te d " ^  

a s  a  s i d e - p r o d u c t  i n  t h e  d i t o s y l a t i o n  o f  ( 1 0 3 ) .  An a n a l o g y  

f o r  u s i n g  t h e  b i s - m e s y l a t e  was a f f o r d e d  by  S t o r k * s  s y n t h e s i s
/ x 1o f  c a n t h a r i d i n  i n  w h ic h  t h e  d i o l  (104)  was s m o o t h l y  c o n v e r t e d  

t o  t h e  b i s - m e s y l a t e  d e r i v a t i v e .  Thus s lo w  a d d i t i o n  o f  t h e  

d i o l  ( 99  ) t o  e x c e s s  m e t h a n e s u l p h o n y l  c h l o r i d e  i n  p y r i d i n e  

a t  0 ° r e s u l t e d  i n  a  96% y i e l d  o f  t h e  b i s - m e s y l a t e  (105 )  

as  c o l o u r l e s s  n e e d l e s ,  m .p .  9 6 - 9 7 °  [ s 1175 ( s )  cm.

N .M .R . : 7*00 z  ( 6H, s i n g l e t ,  H e - S O ^ - ) ] •  An a n a l o g o u s
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r e a c t i o n  on t h e  k e t a l  d i o l  ( 98 ) f u r n i s h e d  t h e  k e t a l  b i s -

m e s y l a t e  (106)  i n  7 7 $  y i e l d ,  m . p .  1 0 6 - 1 0 7 * 5 °  [ : 1180 ( s )

cm .” ^ |  N .M .R. s 7*02  z  ( 6H, s i n g l e t ,  M e - S 0 ^ ~ ) ] •

I n  t h e  s y n t h e t i c  s e q u e n c e ,  t h e  n e x t  s t a g e  was t h e  

f o r m a t i o n  o f  t h e  c y c l o p e n t a n e  r i n g  i n  s u c h  a  way a s  t o  i n t r o ­

d u c e  a  f u n c t i o n  s u i t a b l e  f o r  e l a b o r a t i o n  t o  an  i s o p r o p y l i d e n e  

g r o u p i n g  a t  a  l a t e r  s t a g e .  Two p o s s i b i l i t i e s  w e re  a v a i l a b l e .  

F i r s t l y ,  t h e  d i a l k y l a t i o n  o f  m a l o n i c  e s t e r  w i t h  a  d i t o s y l a t e  

h a s  b e e n  r e p o r t e d  e . g .  d i t o s y l a t e  (107 )  -* ( 1 0 8 ) . ^  More 

p e r t i n e n t  t o  o u r  p r o b le m  was t h e  w ork  o f  McG-eachin'*' who

a l k y l a t e d  m a l o n i c  e s t e r  w i t h  t h e  d i t o s y l a t e  (103a) • However ,

B l o o m f i e l d  and F e n n e s s e y  r e p o r t e d  an  i n  s i t u  r e p l a c e m e n t  

o f  t h e  t o s y l a t e  g r o u p s  by  c y a n i d e  w i t h ,  on t h e  a d d i t i o n  o f  

sod ium  h y d r i d e ,  c o n c o m i t a n t  Thorpe  c y c l i s a t i o n  t o  t h e  p - c y a n o -  

e n a m in e ,  (109)  -* ( l l O ) ;  h y d r o l y s i s  o f  (3 -cy an o en a m in es  t o
pi

c y c l o p e n t a n o n e s  h a s  b e e n  a c c o m p l i s h e d .  Thus t r e a t m e n t  o f

t h e  b i s - m e s y l a t e  (105 )  i n  d i m e t h y l  s u l p h o x i d e  ( D .M .S .O . )

w i t h  p o t a s s i u m  c y a n i d e  a t  9 5 ° ,  f o l l o w e d  by  h e a t i n g  i n  sod ium

h y d r i d e  gav e  i n  6 8 $  y i e l d  t h e  (3 -cyanoenamine  ( 1 1 1 ) ,  m . p .  1 8 8 ° .

The c o l o u r l e s s  p l a t e s  ( C - j ^ H ^ ^ )  showed i n f r a - r e d  a b s o r p t i o n

a t  : 3460 ( m ) , 3390 (m) % 1645 ( s )  cm.” \ , n d  2210cm^

a l m o s t  i d e n t i c a l  t o  t h a t  q u o t e d  f o r  a m i n o - 2- c y a n o p e n t - l -

ene  (1 1 2 ) 5 t h e  u l t r a v i o l e t  maxima,  ^EtOH 263*5 mu ' 7 m o.v - r
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( e ,  1 5 ,0 0 0 )  was a l s o  v e r y  s i m i l a r  t o  t h a t  q u o t e d ^  [ ^ max

263 mp ( e ,  1 3 , 0 0 0 )  ]• A d d i t i o n  o f  h y d r o c h l o r i c  a c i d  t o  t h e

s o l u t i o n  c a u s e d  a  h y p s o c h ro m ic  s h i f t  t o  K 238 mp ( e ,  1 0 ,7 0 0 )max •

o v e r  a  1 h r .  p e r i o d .  The w a v e l e n g t h  s h i f t  was i n d i c a t i v e

o f  t h e  |3 -cyanoenam ine  c h ro m o p h o re ,  s i n c e  p r o t o n a t i o n  o f  t h e

amino g r o u p  removed t h e  a v a i l a b i l i t y  o f  t h e  e l e c t r o n  p a i r

o f  t h e  n i t r o g e n  t h u s  moving t h e  maximum t o  l o w e r  w a v e l e n g t h *

The N.M.R. a l s o  a c c o u n t e d  f o r  t h i s  s t r u c t u r e  ( i l l ) ,  t h e

amine  p r o t o n s  a b s o r b i n g  a t  5*76 t  (2H, b r o a d ,  D2O e x c h a n g e ) *

The C-q ,  C^2 v i n y l i c  p r o t o n s ,  b e i n g  n o n - e q u i v a l e n t  c o u p l e d

and  a p p e a r e d  a s  a m u l t i p l e t  a t  2*97 H « was a  d o u b l e t ,

J  = 8 , c o u p l i n g  w i t h  H , t h e  l a t t e r  b e i n g  o b s e r v e d  a s  aa
m u l t i p l e t  due t o  c o u p l i n g  w i t h  t h e  a d j a c e n t  m e t h y l e n e  

g ro u p *  The s i x  m e t h y l e n e  p r o t o n s  once  a g a i n  a b s o r b e d  a s  an  

u n r e s o l v e d  n a r r o w  a b s o r p t i o n .

An a n a l o g o u s  r e a c t i o n ,  c a r r i e d  o u t  on t h e  k e t a l  

b i s - m e s y l a t e  (106), a f f o r d e d  an  amber o i l  w h ic h  was  shown t o  

c o n s i s t  e s s e n t i a l l y  o f  one component*  P r e p a r a t i v e  T .L.C* 

u n f o r t u n a t e l y  r e s u l t e d  i n  o n l y  a  s m a l l  am ount  o f  m a t e r i a l  

b e i n g  r e c o v e r e d  f rom  t h e  p l a t e ,  i . e . ,  1 9 $ ,  as  a  p a l e  

y e l l o w  o i l  w h ic h  c o u l d  be c r y s t a l l i s e d  a s  an  am orphous  

s o l i d ,  m*p* 1 4 9 - 1 5 1 ° •  Owing t o  t h e  s m a l l  am ount  o f  

m a t e r i a l  a v a i l a b l e  (4*9 m g . , ) ,  t h i s  compound was i d e n t i f i e d
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b y  i n f r a - r e d  a n d  u l t r a v i o l e t  s p e c t r o s c o p y  a s  t h e  {3—e y a n o —

enam ine  k e t a l  ( 1 1 3 ) .  The i n f r a - r e d  s p e c t r u m  a g a i n  showed

N-H an d  CsN a b s o r p t i o n [ v ^ r  3460 ( m ) , 3345 (m),  1646 (m)

cm.""'*' vc=N : ^ 175  ( s )  cm,**^] and  t h e  u l t r a v i o l e t  s p e c t r u m

showed a  h y p s o c h ro m ic  s h i f t  f rom  263*5 mp ( e ,  1 2 , 7 0 0 )max ^
t o  A 238 mp ( s ,  8 , 8 7 0 ) on a d d i t i o n  o f  6 N h y d r o c h l o r i cm a x «

a c i d .  The m ass  s p e c t r u m ,  however ,  showed (1 1 3 )  t o  be

c o n t a m i n a t e d  w i t h  a  s m a l l  amount  o f  a  compound, C ^ H -^ O ^ N

w h ic h  showed a  b a s e  p e a k  i n  t h e  mass s p e c t r u m  a t  m/e  95

[ f r a g m e n t  ( 1 1 6 ) ] .  The b a s e  p e a k  f o r  t h e  (3—c y a n o e n a m in e

( 1 1 3 )  o c c u r r e d  a t  m/e 106 c o r r e s p o n d i n g  t o  f r a g m e n t  ( 1 1 7 ) ,

s u g g e s t i n g  t h a t  i n  b o t h  compounds a  r e t r o  D i e l s —A l d e r

r e a c t i o n  was  t h e  m a in  f r a g m e n t a t i o n .  O c c u r r e n c e  o f  a

l a r g e  i o n  a t  m/e 152  c o r r e s p o n d i n g  t o  t h e  k e t a l  d i e n e  (1 1 8 )

f u r t h e r  s u b s t a n t i a t e d  t h i s .

From t h i s  e v i d e n c e  a n d  f ro m  a  c o n s i d e r a t i o n  o f  t h e

r e a c t i o n  c o n d i t i o n s  em ployed  t h e  compound C-^H-^O^N was
23t h o u g h t  t o  be (1 1 4 )  fo rm e d  by  o x i d a t i o n  o f  one m e s y l a t e  

g r o u p  t o  t h e  a l d e h y d e  ( 1 1 5 ) ,  f o l l o w e d  b y  c y a n o h y d r i n  

f o r m a t i o n  an d  n u c l e o p h i l i c  d i s p l a c e m e n t  o f  t h e  o t h e r  

m e s y l a t e  f u n c t i o n  (Scheme 9 ) .
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I n  v i e w  o f  t h e  f a c t  t h a t  s u p p l i e s  o f  i n t e r m e d i a t e s  

w e re  now e x h a u s t e d ,  t h e  s y n t h e s i s  o f  j 3 - v e t i v o n e  was s t o p p e d  

a t  t h i s  s t a g e .  C o m p l e t i o n  o f  t h e  s y n t h e s i s  w o u ld  a p p e a r  

f e a s i b l e  b u t ,  b e c a u s e  o f  t h e  number  o f  s t a g e s  s t i l l  r e m a i n i n g  

(Scheme 3 )  f a i r l y  l a r g e  q u a n t i t i e s  o f  t h e  c y a n o e n a m in e  (1 1 3 )  

w o u ld  be r e q u i r e d .



S o l v e n t  CDC1T a b le  I

H2
4* 26 

bs
7 - 7 0

m
8 -1 9

m

0Hd

d'

4*16
m

7*47 
q ,  J= 4

5 -78  
q ,  J=5

7 - 7 0
s

:
d

Q
. 4*21

m
7*47

m
6 * 00  

m
5*27

bs
6*41

b t
8*38

bs

T)

0
^

0 4-03
m

VII
•Is- 

~

— 6*00
s

-OCOMed 4" if) 
m

7 -4 7  
q ,  J=4

4* 88 
m

8*00
s

-OCOPhd 3*94
m

7*24 
q ,  J= 4

4* 44 
m

2 * 26m 
1 * 6 6 m

-OCOChf-p-Br
6 4

4* 16 
m

7 - 3 6  
, q> J= 4

4* 66 
m

2*3
m

b s  b r o a d  s i n g l e t  b t  b r o a d e n e d  t r i p l e t

(cm, ^T a b le  IV
COOR 

1 7 4 0 , 1710

1730
-ooR

:ooR R = Me

1730

1745

:o° H R = Cl 1710

1735R = Br

1726

1716
1713R = Me



Jk
/* -V  <>

rin g

o p en in g

•oTs

-oTs

:ooR

:ooR

SCHEME 1

+

cooMe

H 0

o = < ^ j^ > v * o o M e

:ooR

1

Meoocx v 's 4^^v
I y~cooR 

M eooc>^T^/

oCD-cooMe 'OCO-h
H

SCHEME 2
\



CN-Me 2

>  C h ^ s o -

SCHEME 2 c o n td
/>-V

Q o r  +

4

Ro

stages
3

HQ

s ta g e s
-------

e<i
\

/<-v

THP<

OHC

O HC-

IIt II H
stages

THPo-

SCHEME 3



10

pyr

ii KOBu1

h3 o

Bi2

>Me
Br NaOMe

11

12

OH

LAH
+

SCHEME 4



PhlS 
o'

14

Ph

5

N " ^ P h
Ph

16

Ph

17

15 R= p -B r CgH^

18

HO

•CN

19

:0 0 H

COOH
20

NCx  > CN
N C ^ o^ C N

21

,a
23 24

HOOC ' O '  'COOH 

22

THP

(-Ph

25

r \

26 27



f ~ \

28

/ — \

29

32
•NPh

R o

S C H E M E S

35 R= M eco 

41 R = P h c o
36 R=Meco 

42  R=Phco

[0]

r "\

31

oAc

34

oRiCH,

37 R= Meco

Ro,

38 R=Meco 35a R=M eco
41a R=Phco



39 R= P h co  
46  R=p-BrCgH^co

K PocoPh

40

Phcoo

43

P h co o

4 4

HO

45

Ro

47  R = p-B rC 0 H^co

Phco

:o o h

COOH

50

P hco P h co

COOH

OOH

Phco'

COOH

COOH

cooR

54 R=H
cooMe

56
55 R=Me



B P m /e  105

C6 H5 
m /e  7 7  

M* 56-5 -CO

m /e 162 

M' 1381

m/e 190 
M‘ 116-5

re tro  D iels- 
Alder

-CO 
,rC 02

m /e 118
Cyh£ 

m/e 92 ,91

S C H E M E  6



cooM e

57

>coPh

cooMe :ooMe .

;ooMe cooM e

:ooMe

b  ̂  ■*"—cooM e 

64

G I



0 0  H

CN

IH*

SC H EM E 7

M ecoo

ocoMe

•coMe

P hcoo MO

6 8  R=H
69  R=Me

OH

70

OH

72

HQ

71



c
c

OsOA 
NalO/

Ni

Me

SCHEM E 8

Wolff 
Kishner

ocoPh
d ito sy la te

/ \ 
cooMe cooMe

73

Phco

Hooc

74  R = c h o

75  R = c o o h

ooMe

ooMe

Phco

cooMe
:ooMe

P h co o

P hco

HO-

7 9

HO.
cooMe

:ooMe

HO

Phcoi

ho ,

ho-

78
cooMe



Phco

C-MDMe

Phco Phco<

cooMe
:ooMe

82 83

P h co o

cooMe cooMe

84 R=o —
8 5  R= NNH C ~ ^ N 0 2

NQ2

Phcoo

* * r\

Phco'

Phcoo

cooMe 
—̂ oMe

86

P h c o

87 88 89

THPo

OHC

OHO

Ro

91 R=H 
93 R=Meco

:o o h  •

92



94

Hda

)R
I— oR

98  R=H 
106 R=Ms

95 96  R=H
97 R=Me

99 R=H
105 R=Ms

100 101

^ Y ^ o R

103 R=H
103a R=Ts

104 102

107

:ooEt

:ooEt

Na

M eo-t
ooEt

cooEt

108



dTs

109
o £ N^2

110

lNH-111

N

112
NH2

d < i

^ 3
*CN

113 NH2

CN

M s Ms

CHO NO
115

SC H E M E  9

NC‘
114

r  -  1 +« OxH+9

( 8 1n h 2
\ J

116 117 118



-  45 -

EXPERIMENTAL

M e l t i n g  p o i n t s  v e r e  r e c o r d e d  on a K o f l e r  m ic r o s c o p e  h o t -  

s t a g e  and a r e  u n c o r r e c t e d .  R e f r a c t i v e  i n d i c e s  were  

m ea su re d  on an Abbe r e f r a c t o m e t e r . R o u t i n e  i n f r a - r e d  

a b s o r p t i o n  s p e c t r a  ( l i q u i d  f i l m s  and n u j o l  m u l l s )  were  

r e c o r d e d  on a Unicam S . P .  200 s p e c t r o p h o t o m e t e r  and s o l u t i o n  

i n f r a - r e d  a b s o r p t i o n  s p e c t r a  on a  Unicam S . P .  100 d o u b le  beam 

s p e c t r o p h o t o m e t e r ,  e q u i p p e d  w i t h  an  S . P .  130 sodium c h l o r i d e  

p r i s m  g r a t i n g  d o u b le  m onochrom ato r  o p e r a t e d  u n d e r  vacuum 

c o n d i t i o n s •

U l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  w ere  r e c o r d e d  on a 

Unicam S . P .  800 s p e c t r o p h o t o m e t e r .

N u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  (N.M .R.)  were  

o b t a i n e d  on P e r k i n - E l m e r  R 10 and Y a r i a n  HA 100 s p e c t r o m e t e r s ,  

u s i n g  a p p r o x i m a t e l y  0 * 3  m o la r  s o l u t i o n s  i n  d e u t e r o c h l o r o f o r m ,  

u n l e s s  o t h e r w i s e  s t a t e d ,  w i t h  t e t r a m e t h y l  s i l a n e  as  i n t e r n a l  

s t a n d a r d .  C o u p l in g  c o n s t a n t s  ( j )  were  m e a su re d  i n  c y c l e s  

p e r  s e c o n d  ( c . p . s . ) .

Gas l i q u i d  c h r o m a to g r a p h y  ( G .L .C . )  was c a r r i e d  o u t  

on a  Pye Argon c h r o m a to g r a p h  e q u ip p e d  w i t h  a f 3 - i o n i s a t i o n  

d e t e c t o r .  T h in  l a y e r  c h r o m a to g ra p h y  ( T . L . C . )  was c a r r i e d  

o u t  w i t h  s i l i c a  [ K i e s e l g e l  G (Merck)  f o r  a n a l y t i c a l  u s e ,  

K i e s e l g e l  HE2 5 4  (Merck) f o r  p r e p a r a t i v e  pu rposes ;  ( p r e p .
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T . L . C . )  ] • R e t e n t i o n  f a c t o r s  (R^) were those ,  r e c o r d e d  

u s i n g  35% e t h y l  a c e t a t e / b e n z e n e  as  e l u a n t  u n l e s s  o t h e r w i s e  

s t a t e d .

Mass s p e c t r a  w ere  r e c o r d e d  on an A . E . I .  M.S.  9 

s p e c t r o m e t e r  and c o u p l e d  g a s - c h r o m a t o g r a p h y  -  m ass  

s p e c t r o s c o p y  d e t e r m i n a t i o n s  (G .C .M .S . )  were  r e c o r d e d  on an 

L .K .B .  900 s p e c t r o m e t e r .  F i g u r e s  q u o t e d  f o r  m o l e c u l a r  

and o t h e r  i o n s  i n  t h e  mass s p e c t r a  r e f e r  t o  m/e v a l u e s .

P e t r o l  r e f e r s  t o  l i g h t  p e t r o l e u m  f r a c t i o n ,  b . p .  

4 0 - 6 0 °  u n l e s s  o t h e r w i s e  s t a t e d .
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The seven-m em bered  r i n g  d i e n e s  u s e d  i n  t h e  D i e l s  

A l d e r  r e a c t i o n s  have  b ee n  p r e p a r e d  as  b e lo w .

(a )  c y c l o h e p t a - 1 , 3 - d i e n e

(b)  c y c l o h e p t a - 3 , 5- d i e n o l  ( 9 )

( c )  l - t e t r a h y d r o p y r a n y l o x y c y c l o h e p t a - 3 , 5 - d i e n e  ( 2 4 )

(d)  1 , l - e t h y l e n e d i o x y c y c l o h e p t a - 3 , 5- d i e n e  ( 2 6 )

( e )  l - a c e t o x y c y c l o h e p t a - 3 , 5- d i e n e  ( 34 )

( f )  l - b e n z o y l o x y c y c l o h e p t a - 3 , 5- d i e n e  ( 3 9 )

(g)  l - p - b r o m o b e n z o y l o x y c y c l o h e p t a - 3 , 5 - d i e n e  ( 46 )

Tropone  ( 12 ) .

C y c l o h e p t a t r i e n e  was o x i d i s e d  w i t h  s e l e n i u m
OA.

d i o x i d e  a s  d e s c r i b e d  i n  l i t e r a t u r e  t o  y i e l d  t r o p o n e  ( 12 ) ,

b . p .  5 8 - 6 0 ° /0 * 0 5  ram., 20fo ( l i t .  b . p .  9 1 - 9 2 ° / 4  mm., 25$)#

cm."'*' ( f i l m ) :  1735 ( w ) , 1705 ( s )  ( c a r b o n y l ) ;
max.

1635 ( s ) ,  1 5 8 5 ( b ) ,  1522 (m ) , 1475 (m) 

( d o u b le  b o n d s ) .
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( a )  C y c l o h e p t a - 1 , 3 - d i e n e
25

T h is  was p r e p a r e d  as  i n  l i t e r a t u r e  f rom c y c l o -  

h e p t a t r i e n e .  by l i t h i u m - a m m o n i a  r e d u c t i o n  a t  - 6 0 ° .  The. 

c o l o u r l e s s  l i q u i d  d i s t i l l e d  a t  b . p .  1 2 0 -1 2 2 °  ( l i t .  b . p .  

1 2 1 - 1 2 2 ° /7 6 0  m m . , ) .  The N.M.R. i s  shown i n  T a b le  I .

(b )  C y c l o h e p t a - 3 , 5 - d i e n o l  ( 9 ) .

Tropone  (20 g . ,  0*188 mole)  i n  d r y  e t h e r  (130 m l . , )  

was s l o w l y  added  d r o p w i s e  t o  a s t i r r e d  s u s p e n s i o n  o f  l i t h i u m  

a lum in ium  h y d r i d e  (6*67 g . ,  0*175 mole)  i n  d r y  e t h e r  (260 m l . , ) .  

The m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  a f u r t h e r  

10 m i n . ,  and t h e n  c a r e f u l l y  q u e n c h e d  w i t h  h y d r a t e d  sodium 

s u l p h a t e .  The s o l u t i o n  was d i l u t e d  w i t h  e t h e r ,  w ashed  w i t h  

b r i n e  and d r i e d  o v e r  sodium s u l p h a t e .  E v a p o r a t i o n  o f  t h e  

s o l v e n t  i n  vacu o  a f f o r d e d  an  amber o i l  t h e  i n f r a - r e d  s p e c t ru m  

o f  w h ich  showed a b s o r p t i o n  a t  3500 cm. ^ ( h y d r o x y l ) ,

1710 ( s )  cm. ^ ( k e t o n e )  and 1600 (w) cm. ^ ( d o u b le  bond)  

w h ic h  i n d i c a t e d  t h e  o i l  t o  be a  m i x t u r e  o f  c y c l o h e p t a - 3 , 5 - d i e n o l  

( 9 ) and c y c l o h e p t a - 3 , 5 - d i e n o n e  ( 13 ) as  r e p o r t e d . ^

The o i l ,  d i s s o l v e d  i n  AnalaR m e t h a n o l  (35 m l . , ) ,  

was t r e a t e d  p o r t i o n w i s e  w i t h  sodium b o r o h y d r i d e  (30$  e x c e s s )  

and  a l l o w e d  t o  s t a n d  f o r  4 h r s . A f t e r  a c i d i f y i n g  ( i^SO^)  

t h e  s o l u t i o n  t o  pH7, t h e  m i x t u r e  was f i l t e r e d .  The f i l t r a t e
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was p o u r e d  i n t o  c o n c e n t r a t e d  ammonium s u l p h a t e  s o l u t i o n  and

t h e  m i x t u r e  e x t r a c t e d  t h o r o u g h l y  w i t h  e t h e r .  The e t h e r e a l

s o l u t i o n ,  a f t e r  w as h in g  w i t h  b r i n e ,  was d r i e d  o v e r  sodium

s u l p h a t e  and e v a p o r a t e d  i n  v a c u o . D i s t i l l a t i o n  u n d e r

r e d u c e d  p r e s s u r e  y i e l d e d  c y c l o h e p t a - 3 , 5- d i e n o l  a s  an  a l m o s t

c o l o u r l e s s  o i l  (8*04  g . ,  39$ from t r o p o n e )  b . p .  8 6 - 9 0 ° /

14 mm., n ^ f  1* 5233,  ( l i t .  b . p .  4 5 - 5 2 ° / 6  mm., n ^  1* 5265) •

(Found:  C, 76*22 ;  H, 9 * 1 2 .  C a l c ,  f o r  C7 H1()0 : C, 76*32;

H, 9 * 1 5 $ ) .
- 1

v cm# ( f i l m ) ;  3430 ( s )  ( h y d r o x y l ) ;  1615 (w) ( d o u b le  b o n d ) ;max #
1060 ( s ) ,  1030 ( s )  ( C-0 )5 695 (m) ( c i s  d b . )

x Et0H 2 4 4   ̂ 5 , 7 7 0 )  [ l i t .  244 mu ( e ,  6 , 7 7 0 )  ]
max 9

N.M.R. s p e c t ru m ,  T a b le  I .

( c )  l - T e t r a h v d r o p y r a n y l o x y c y c l o h e p t a - 3 , 5 - d i e n e  ( 2 4 ) .

D i s t i l l e d  d i h y d r o p y r a n  (0*414 g . ,  0*0049 mole)  i n  

e t h e r  ( l  m l . , )  was added  t o  c y c l o h e p t - 3 , 5- d i e n o l  ( 9 )

(0*4624 g . ,  0*0042 mole)  i n  e t h e r  ( l  m l . , ) .  The m i x t u r e  

was s w i r l e d  and 1 s m a l l  d r o p  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  

a c i d  a d d e d ,  a f t e r  w h ich  t h e  t e m p e r a t u r e  r o s e  by  3 ° .  The 

s o l u t i o n  was a l l o w e d  t o  s t a n d  f o r  5 h r s . ,  t h e  e x c e s s  d i h y d r o ­

p y r a n  removed i n  v ac u o  and t h e  r e s i d u e  d i r e c t l y  a d s o r b e d  on 

t o  p r e p a r a t i v e  T .L .C .  p l a t e s  t o  y i e l d  t h e  t e t r a h y d r o -
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p y r a n y l  e t h e r  ( 24 ) (0*766 g . ,  94$) as  a  c o l o u r l e s s  o i l ,  

b . p .  7 5 - 8 0 ° / 0 - l  mm., ( s u b .  b l o c k ) .

(Found;  C, 74*22 ;  H, 8*75 .  ^12^18^2  re<l u:*-r e s s  C, 74*19;

H, 9 * 3 4 $ ) .
- 1

( f i l m ) ;  1615 (w) ( d o u b le  b o n d ) ;  1130 (m ) , 1040 (s.)max 9
( C - 0 ) ; 700 (w) ( c i s  d . b . ) .

243  ( e ’ 5 ’ 9 0 0 >
N.M.R. s p e c t r u m ,  T a b le  I .

(d )  C y c lo h e p ta n o n e  e t h y l e n e  k e t a l

C y c lo h e p ta n o n e  (59*1 g« ,  0*528 m o l e ) ,  e t h y l e n e

g l y c o l  (167*95 g . ,  2*71 m ole)  and p - t o l u e n e s u l p h o n i c  a c i d

( 1 * 0  g . , )  were  r e f l u x e d  i n  b e n ze n e  w i t h  w a t e r  s e p a r a t i o n

f o r  1 -| d a y s .  The p r o d u c t  was i s o l a t e d  w i t h  e t h e r  and

d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  a c o l o u r l e s s

l i q u i d ,  b . p .  1 0 0 - 1 0 3 ° / 2 0  mm. ,  n 2 3 ' 5 1 - 4 6 7 0 ,  (6 3 -4 3  g . ,  77$)
- 1

vcm* ( f i l m ) :  1125 ( s ) ,  1 1 0 0  ( s ) ,  1075 ( s ) ,  960 (m) (C -0 )max 9

l - M e t h o x y c y c l o h e p t a - l , 3 , 5- t r i e n e  ( 1 1 ) .
7T h is  was p r e p a r e d  by t h e  method o f  G a r b i s c h  by 

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

b r o m i n a t i o n  w i t h  sodium m e th o x id e  i n  d im e th y l  s u l p h o x i d e .  

The k e t a l  (15*6 g . ,  0*10 m ole)  i n  m e th a n o l  (250 m l . , )  was
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s t i r r e d  and t r e a t e d  d r o p w i s e  w i t h  b rom ine  (32 g . ,  0*2 mole)  

w i t h o u t  a l l o w i n g  t h e  c o l o u r  t o  v a n i s h  a t  any  p o i n t #  Towards  

t h e  end o f  t h e  s e c o n d  e q u i v a l e n t  t h e  c o l o u r  became o r a n g e  

and when a d d i t i o n  was c o m p l e t e ,  sodium m e th o x id e  ( a pp rox#

12*8 g . , )  was added  u n t i l  t h e  s o l u t i o n  was n e u t r a l #  The 

s o l u t i o n  was p o u r e d  on t o  w a t e r  (600 m l # , )  and e x t r a c t e d  

t h o r o u g h l y  w i t h  p e n t a n e ,  a f t e r  w h ich  t h e  o r g a n i c  l a y e r  was 

washed  w i t h  b r i n e  and d r i e d  o v e r  sodium s u l p h a t e .

E v a p o r a t i o n  i n  vacuo  y i e l d e d  an  opaque, o i l  w h ich  was d i s s o l v e d  

i n  p u r e  d i m e t h y l  s u l p h o x i d e  ( 1 0 0  m l . , )  and sodium m e th o x id e  

(13 g . ,  0*24 m ole )  added  c a r e f u l l y  w i t h  c o o l i n g  i n  i c e .

The s o l u t i o n  was l e f t  o v e r n i g h t  a t  room t e m p e r a t u r e ,  p o u r e d  

i n t o  b r i n e  (400 m l . , )  and e x t r a c t e d  w i t h  p e n t a n e .  A f t e r  

d r y i n g  o v e r  sodium s u l p h a t e ,  t h e  s o l v e n t  was removed c a r e ­

f u l l y  a t  a t m o s p h e r i c  p r e s s u r e .  The t r i e n e  e t h e r  ( 1 1 )  

o b t a i n e d  by d i s t i l l a t i o n  a t  r e d u c e d  p r e s s u r e  was an  a l m o s t  

c o l o u r l e s s  l i q u i d ,  b . p .  8 4 - 8 8 ° / l 0  mm., (9*64 g . ,  79$)

( l i t .  5 4 * 5 -5 5 * 5 ° / 5 * 4 mm., 5 3 $ ) .

- I
yPPt ( f i l m ) :  1617 (m) ( d o u b le  b o n d ) ;  700 (m) ( d o u b le  bond)max •

U s in g  e t h y l e n e  g l y c o l  a s  s o l v e n t  i n s t e a d  o f  m e t h a n o l ,  

t h e  k e t a l  u n d e r w e n t  o n l y  one b r o m i n a t i o n  and t h e r e f o r e  dehydro -
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b r o m i n a t e d  t o  g i v e  3 , 3 - e t h y l e n e d i o x y c y c l o h e p t - l - e n e  ( 29 )

as  a c o l o u r l e s s  l i q u i d  b . p .  8 l - 8 3 ° / 9  mm., ^ 1*4883,

( y i e l d  8 2 $ ) •
- 1

vmax 1 6 6 0  (m) ( d o u b le  b o n d ) ;  1 1 1 0  ( s ) ,  1070 ( s )

990 (m), 960 (m) ( C - 0 ) ;  700 (m) ( c i s  d . b . )

N.M.R.

(CCl^)  4*30 x  (2H, m u l t i p l e t )

H, 7*88 t (2H, b r o a d
a b s o r p t i o n )

H 8*24 t  ( 6H, m u l t i p l e t )  c
6*12 t (4H, s i n g l e t )

b c

C y c l o h e p t a - 3 . 5 - d i e n o n e  ( 13 ) .

H y d r o l y s i s  o f  t h e  t r i e n e  e t h e r  ( 11 ) was
7

a c c o m p l i s h e d  by  t h e  m ethod o f  G a r b i s c h ,  u s i n g  s u l p h u r i c

a c i d  ( 10$ ) ,  s t i r r i n g  f o r  15 h r s . ,  a t  room t e m p e r a t u r e .

D i s t i l l a t i o n ,  u n d e r  r e d u c e d  p r e s s u r e ,  o f  t h e  i s o l a t e d  p r o d u c t

gave  c y c l o h e p t a - 3 , 5- d i e n o n e  ( 13 ) as  a p a l e  y e l l o w  o i l ,

b . p .  6 9 - 7 1 ° / l 8  mm., ( y i e l d  48$)  ( l i t .  b . p .  5 4 ° /5 * 4  mm., 8 1 $ ) .  
- 1

v Cm* ( f i l m ) :  1715  ( s )  ( k e t o n e ) ;  1600 (m) ( d o u b le  b o n d ) ;max.
700 ( s )  ( c i s  d . b . )

( S in c e  t h e  compound was r a t h e r  u n s t a b l e ,  i t  was n o t  f u r t h e r  

c h a r a c t e r i s e d  and was i m m e d i a t e l y  k e t a l i s e d . )
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1 , l - E t h y l e n e d i o x y c y c l o h e p t a - 3 , 5 - d i e n e  ( 26 ) .

E t h y l e n e  g l y c o l  (3*8 g . ,  0*061 m o l e ) ,  p - t o l u e n e -

s u l p h o n i c  a c i d  (10 m g . , )  and b e n zen e  (30 m l , , )  were  r e f l u x e d

w i t h  w a t e r  s e p a r a t i o n  f o r  1 h r .  The k e t o n e  (0*372 g . ,

0*0035 mole)  was added  i n  b en z e n e  (5 m l . , )  and t h e  r e f l u x

c o n t i n u e d  f o r  12 h r s . E v a p o r a t i o n  i n  vacuo  y i e l d e d  an

amber  r e s i d u e  w h ich  was d i l u t e d  w i t h  e t h e r ,  w ashed  w i t h

sodium b i c a r b o n a t e  (5$)  and b r i n e  and d r i e d  o v e r  sodium

s u l p h a t e .  The i n f r a - r e d  s p e c t r u m  o f  t h e  r e s i d u e  showed no

c a r b o n y l  a b s o r p t i o n :
- 1

v Cm. ( f i l m ) :  1610 (m) ( d o u b le  b o n d ) ;  1110 ( s ) ,max.
1040 ( s )  ( C - 0 ) .

T .L .C .  o f  t h e  o i l  showed i t  t o  c o n s i s t  o f  two m ain  components  

A, Rj, 0*7 and B, Rj, 0*3 w h ich  w e r e  i s o l a t e d  by p r e p a r a t i v e  

T .L .C .  The l e s s  p o l a r  component  A, (179 m g . ,  34$) was 

shown t o  be t h e  r e q u i r e d  d i e n e  k e t a l  ( 2 6 ) ,  b . p .  1 0 3 - 1 0 6 ° /

10 mm., ( s u b .  b l o c k ) .

(Found:  C, 70*96 ;  H, 8 * 1 1 .  ^ 9^ 12^2  re(l u i reS!S C, 71*03;

H, 7 * 9 5 $ ) .
- 1

v cm* ( f i l m ) :  1614 (m) ( d o u b le  b o n d ) ;  1128 ( s ) ,  1107 ( a ) ,max.
1038 ( s ) ,  1028 ( s ) ,  944 (m) ( C - 0 ) ;  695 ( s )

( c i s  d . b . ) .

239 ( e ’ 5 , 9 8 0 ) .

N.M.R, s p e c t r u m ,  T a b le  I .
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Mass s p e c t r a l  d e t e r m i n a t i o n  showed a  p a r e n t  i o n  m/e 152 

C9H1 2 O2 r e q u i r e s  152) and a  b a s e  p e a k  m/e 86

+t l  ,
V  >•

(CH2V

The s e c o n d  component  B, (27*6 m g , ,  5 $ ) ,  b . p .  1 2 0 - 1 2 5 ° / l 0  mm.,

( s u b .  b l o c k )  ( w i t h  c h a r r i n g )  was p re sum ed  t o  be a  m i x t u r e  o f

i s o m e r i c  k e t a l s  ( 30 ) and ( 31 ) f rom t h e  s p e c t r o s c o p i c  d a t a

g i v e n  b e low :
- 1

v Cm. ( f i l m ) :  1620 ( s )  ( d o u b le  b o n d ) ;  1160 (m ) , 1090 (m)max,
(C-0)  .

^EtOH 2 1 2  6 ; 6 8 0 ) j 289 -5  mu ( e ,  3 ,1 8 0 )
fflclX •

N.M.R.

H 3*59 t (2H, m u l t i p l e t )  a
4*55 x  (2H, m u l t i p l e t )  

H 6*10 x  (4H, s i n g l e t )c
Hj 7*41 x (2H, d o u b l e t ,

J  = 8 )

jj

(31)  (30)  e 7 • 6 5 -8 * 1 5  x  ( c a  2H,

r a t i o  ^ 1 : 1  ^ f  b r o a d  m u l t i p l e t )
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( e )  1- A c e t o x y c y c l o h e p t a - 3 , 5 - d i e n e  ( 3 4 ) .

To c y c l o h e p t a - 3 , 5 - d i e n o l  (1*1256 g . ,  0*0102 mole)

i n  d r y  p y r i d i n e  (15 m l . , ) ,  a c e t i c  a n h y d r i d e  (AnalaR ,  15 m l . , )

was added  w i t h  s w i r l i n g  and t h e  m i x t u r e  a l l o w e d  t o  s t a n d

o v e r n i g h t .  A f t e r  h y d r o l y s i n g  w i t h  w a t e r ,  t h e  s o l u t i o n  was

d i l u t e d  w i t h  e t h e r  and w ashed  s u c c e s s i v e l y  w i t h  s u l p h u r i c

a c i d  (3N),  s a t ^ *  sodium b i c a r b o n a t e  and b r i n e .  A f t e r  d r y i n g

o v e r  sodium s u l p h a t e ,  e v a p o r a t i o n  i n  vacuo  p r o d u c e d  a sw ee t

s m e l l i n g  brown o i l  w h ich  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  t o

y i e l d  t h e  a c e t a t e  ( 3 4 )  as  a  c o l o u r l e s s ,  v o l a t i l e  l i q u i d ,

b . p .  9 0 - 9 5 ° / l  mm., n^ 6 1 * 4 8 9 1 , (1 * 0 7 7 9  g . ,  6 5 $ ) .
- 1

( f i l m ) :  1735 ( s )  ( e s t e r ) ; 1240 ( s )  ( C - 0 ) ; 705 (m)
lUclX •

( c i s  d . b . )

^EtOH 242*5 ( e ,  6 , 1 6 0 )  N.M.R. S p ec t ru m ,  T a b le  I .max.

(Pound:  C, 71*17 ;  H, 8 * 1 7 .  C9H]_2°2 r e 9u i r e s s  c > 71*02 ;

H, 7 * 9 5 $ ) .

I t  was n o t i c e d  t h a t  on some o c c a s i o n s  p r e p a r a t i o n  o f  t h e  

compound l e d  t o  m i x t u r e s  o f  t h e  a c e t a t e  ( 34 ) and a  r e ­

a r r a n g e d  o x i d a t i o n  p r o d u c t ,  b e n z y l  a c e t a t e #  The

m i x t u r e  was i l l u s t r a t e d  by t h e  N.M.R, s p e c t ru m  w h ich  was 

compared w i t h  t h a t  o f  a u t h e n t i c  b e n z y l  a c e t a t e  i . e .  2 * 6 8  % 

( s i n g l e t ,  a r o m a t i c  p r o t o n s ) ,  4*92 t  ( s i n g l e t ,  b e n z y l i c  

m e t h y l e n e )  and 7 * 9 3  t  ( s i n g l e t ,  a c e t a t e ) .
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( f )  l - B e n z o y l o x y c y c l o h e p t a - 3 . 5 - d i e n e  ( 3 9 ) .

C y c l o h e p t a - 3 , 5 - d i e n o l  ( 9 ) (9*35 g * ,  0*085 mole)  

i n  d r y  p y r i d i n e  (80 m l . , )  was t r e a t e d  w i t h  r e d i s t i l l e d  

b e n z o y l  c h l o r i d e  (13*5 g . ,  0*096 m o l e ) ,  added  s l o w l y  i n  

p o r t i o n s  w i t h  s w i r l i n g  and c o o l i n g  i n  i c e .  A f t e r  a l l o w i n g  

t o  s t a n d  o v e r n i g h t ,  t h e  e x c e s s  a c i d  c h l o r i d e  was h y d r o l y s e d  

w i t h  w a t e r  and t h e  s o l u t i o n  e x t r a c t e d  w i t h  e x c e s s  e t h e r .

A f t e r  w a sh in g  t h e  e t h e r e a l  e x t r a c t  w i t h  s u l p h u r i c  a c i d  ( 3 N ) , 

sodium b i c a r b o n a t e  ( s a t  *) and b r i n e ,  t h e  s o l u t i o n  was d r i e d  

o v e r  sodium s u l p h a t e .  D i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  

a f f o r d e d  t h e  b e n z o a t e  ( 39 ) (16*0 g . ? 88$ )  as  a p a l e  y e l l o w  

o i l ,  b . p .  9 9 -1 0 3 ° /0 * 0 0 5  mm., n 2 3 - 5 1*4802 .

(Found:  C, 78*20 ;  H, 6 * 4 3 .  ^14^14^2  re<l u;*-r e s s  C, 78*48;

H, 6 * 5 9 $ ) .
- 1

v Cm* ( f i l m ) :  1715 ( s ) ( b e n z o a t e ) ; 1 6 0 0 ( w ) , 1 585( w ) ( a r o m a t i c ) ;
Ol&X •

1275 ( s ) ,  1115 (m) ( C - 0 ) ;  725 ( s )  ( a r o m a t i c ) .

Xm ^  2 3 0 - 5  ( e > 1 2 >6 0 0 >> 208* 5 mp ( e a p p  ̂ 9 , 3 5 0 ) .

N.M.R, S p ec t ru m ,  T a b le  I .

(g )  l - p - B r o m o b e n z o y l o x y c y c l o h e p t a - 3 , 5 - d i e n e  ( 4 6 ) .

T h i s  compound, o b t a i n e d  as  p a l e  y e l l o w  p r i s m s ,  

m .p ,  5 7 - 5 9 ° f rom m e t h a n o l ,  was p r e p a r e d  i n  a c o m p l e t e l y  

a n a l o g o u s  manner  and was p u r i f i e d  by p r e p a r a t i v e  T .L .C .

( y i e l d  4 4 $ ) •
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- 1
v cm* ( m e l t ) :  1715 ( s )  ( b e n z o a t e ) ;  1590 ( s )  ( a r o m a t i c ) ;max ,

1275 ( s ) ,  1125 ( s ) ,  1110 ( s )  ( C - 0 ) ;

863 (m ) , 770 ( s ) ,  695 (m) ( a r o m a t i c  and 

c i s  d . b . ) •

244* 5 mp ( e ,  2 3 , 0 0 0 ) ,  206 mp ( e a m  1 3 , 8 5 0 ) .niaX  i & p p «

(Found :  C, 57*42;  H, 4 * 4 9 .  C1 4 H1 3 0 2Br r e q u i r e s :  G, 57*33;

H, 4 * 4 7 $ ) .

N.M.R, s p e c t ru m ,  T a b le  I .
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D i e l s - A l d e r  r e a c t i o n s  were  c a r r i e d  o u t  w i t h  t h e  above d i e n e  

d e r i v a t i v e s  u s i n g  a v a r i e t y  o f  d i e n o p h i l e s  i . e . ,  N - p h e n y l -  

m a l e i m i d e ,  m a l e i c  a n h y d r i d e ,  c y c l o p e n t e n e d i o n e , t e t r a -  

c y a n o e t h y l e n e . The n o t a t i o n  u s e d  t o  d e s c r i b e  t h e  b i c y c l i c  

p r o d u c t s  i s  a s  f o l l o w s ; -

d i e n o l  and N - p h e n y lm a le im id e )

C y c l o h e p t a - 3 , 5 - d i e n o l  ( 9 ) (0*5021 g . ,  0*0046

m ole)  and N - p h e n y lm a le im id e  (0*8233 g . ,  0*0048 m ole)  i n
3

b e n ze n e  (15 m l . , )  were  r e f l u x e d  u n d e r  an a tm o s p h e r e  o f  

n i t r o g e n  f o r  7 d a y s .  On c o o l i n g ,  a l i g h t  brown s o l i d  

p r e c i p i t a t e d  (0*5320 g . ,  41$) w h ic h  was r e c r y s t a l l i s e d  f rom 

b e n z e n e  t o  g i v e  t h e  t i t l e  compound ( 5 ) a s  c o l o u r l e s s  p r i s m s ,  

m .p .  1 8 6 -1 8 8 * 5 °  ( l i t . ^  m .p .  1 8 5 - 1 8 8 ° ,  3 3 $ ) .  An a n a l y t i c a l  

sam ple  was o b t a i n e d  by r e p e a t e d  s u b l i m a t i o n .

exo exo

endo endo
exo

endo
endo

c y c l o h e p t e n e  c h a i rc y c l o h e p t e n e  b o a t  
a n t i syn

(a )  A n t i - 3 - exo- h y d r o x y b i c y c l o [  3 . 2 » 2 ] n o n - 8- e n e - 6 «7 - endo-

d i c a r b o x y l i c  a c i d  N - p h e n y l i m i d e  ( 5 ) ( c y c l o h e p t a - 3 . 5 -
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(Found:  C, 72*30 ;  H, 5*70;  N, 5*04,  C a l c ,  f o r  C1 7H1 7 0 3N:

C, 72*07;  H, 6*05 ;  N, 4 * 9 4 $ ) .
- 1

(C C 1 . ) :  3620 ( s )  ( h y d r o x y l ) ;  1719 ( s )  ( im id eIuQ>A • * T

c a r b o n y l ) .

The mass s p e c t r a l  d e t e r m i n a t i o n  showed a  p a r e n t  m/e 283 

<C17H17° r e q u i r e s  283) and a  b a s e  p e a k  m/e 9 1 .

N.M.R. i s  d i s c u s s e d  i n  P a r t  I I .

A t t e m p te d  p r e p a r a t i o n  o f  a n t i - 3 - exo- h y d r o x y b i c y c l o [ 3 , 2 , 2 j 

n o n - 8 - e n e - 6 , 7 - endo- d i c a r b o x y l i c  a c i d .

The a d d u c t  ( 5 ) was t r e a t e d  w i t h  b o t h  aqueous, 

a c i d i c  and b a s i c  r e a g e n t s  u n d e r  r e f l u x i n g  c o n d i t i o n s  f o r  

s e v e r a l  h o u r s .  I n  e v e r y  c a s e ,  t h e  s t a r t i n g  a d d u c t  was  

i s o l a t e d ,  t h e  s t r u c t u r e  b e i n g  o b v io u s  f rom T .L .C .  and I . R .

(b )  A n t i - t r i c y c l o [ 3 r 2 , 2 , 0 . ^ * ^ ] n o n - 8 - e n e - 6 , 7 - endo- d i c a r b o x y l i c  

a c i d  a n h y d r i d e  ( 6 ) ;  ( C y c l o h e p t a - 3 «5- d i e n o l  and m a l e i c  

a n h y d r i d e ) .

C y c l o h e p t a - 3 , 5- d i e n o l  (0*339 g . ,  0*0031 mole)  i n  

b e n z en e  (4 m l . , )  was added  t o  m a l e i c  a n h y d r i d e  (0*327 g . ,  

0*0033 mole)  i n  b e n z e n e  (4  m l . , )  and t h e  r e s u l t i n g  m i x t u r e  

r e f l u x e d  u n d e r  n i t r o g e n  f o r  7 d a y s .  S i n c e  c o o l i n g  a f f o r d e d  

no p r e c i p i t a t e ,  t h e  s o l v e n t  was e v a p o r a t e d  i n  vacuo  and the.
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r e s i d u a l  o i l  e x t r a c t e d  w i t h  h o t  p e t r o l .  On c o o l i n g  the

p e t r o l  s o l u t i o n ,  a n  o f f - w h i t e  s o l i d  ( 0 * 1 2 5 7  go ,  22$)  was

o b t a i n e d  w h ich  c r y s t a l l i s e d  f rom d i i s o p r o p y l  e t h e r  as

c o l o u r l e s s  p l a t e l e t s ,  m .p .  1 0 1 - 1 0 3 ° ,  and was i d e n t i f i e d  a s

t h e  c y c l o p r o p a n e  d e r i v a t i v e  ( 6 ) ( l i t . ^  m .p .  1 0 2 -1 0 4 ° )  by

I . R . ,  T .L .C .  and N.M.R. c o m p a r i s o n  w i t h  an a u t h e n t i c  sample

o b t a i n e d  i n  h i g h  y i e l d  by r e a c t i o n  o f  c y c l o h e p t a t r i e n e  w i t h
4

m a l e i c  a n h y d r i d e  by t h e  method  o f  K o h l e r .

(Found:  C, 69*46;  H, 5*30 .  C a l c ,  f o r

C, 68*92;  H, 5 * 2 1 $ ) .
-1

(NUJOL): 1850 (in),  1815 (m ) , 1770 ( s )  ( a n h y d r i d e ) ;
IQ 8fA  0

750 ( m ) , 740 (m) ( c i s  d . b . )

N.M.R.  s p e c t r u m  i s  d i s c u s s e d  i n  P a r t  I I .

( c )  A n t i - 3 - h y d r o x y - 6 , 6 , 7 , 7 - t e t r a c y a n o b i c y c l o [  3 ? 2 j ,2 ]n o n -8 -  

ene ( 1 9 ) .  ( C y c l o h e p t a - 3 . 5- d i e n o l  and t e t r a c y a n o e t h y l e n e ) .

T e t r a c y a n o e t h y l e n e  (0*289 g . ,  0*00226 mole)  i n  

t e t r a h y d r o f u r a n  ( d r i e d  o v e r  c a l c i u m  h y d r i d e )  (1*5 m l . ,  ) was  

added  t o  c y c l o h e p t a - 3 , 5- d i e n o l  (0*248 g . ,  0*00226 mole)  i n  

t e t r a h y d r o f u r a n  (1*5 m l . , ) .  The r e s u l t i n g  s o l u t i o n  w hich  

became r e d  i m m e d i a t e l y  was l e f t  f o r  15 h r s . The s o l v e n t  

was removed i n  vacu o  t o  y i e l d  a  d a r k  o i l  f rom w h ich  t h e  

t e t r a c y a n o  a d d u c t  (182*9 m g . ,  34$) c o u l d  be o b t a i n e d  as. a



g r e y  s o l i d  by c r y s t a l l i s a t i o n  from e t h y l  a c e t a t e / p e t r o l .

P r e p a r a t i v e  T .L .C .  o f  t h e  m o th e r  l i q u o r  a f f o r d e d  f u r t h e r

s o l i d ,  Rp 0*2 ,  t o  g i v e  a t o t a l  y i e l d  o f  45f°* R e c r y s t a l l i a a t i o n

from e t h y l  a c e t a t e / p e t r o l  a f f o r d e d  t h e  t e t r a c y a n o  a l c o h o l

( 19 ) as  p a l e  y e l l o w  p l a t e l e t s ,  m .p .  2 1 3 • 5 - 2 1 7 ’ 5°«

(Found :  C, 65*43;  H. 4*47;  N. 23*84 .  G13Hi o ON4 re<l u i r e s s

C, 65*53;  H, 4*23;  N, 23* 5 2 $ ) .
-1

v cm- (KCl)s  3380 (m), 3275 ,  3256 ( h y d r o x y l ) ;  2256 (v)  max •
(CsN) ; 1674 ( s )  ( d o u b le  b o n d ) ;  723 (s.)

( c i s  d . b . ) .

Mass s p e c t r a l  d e t e r m i n a t i o n  gave  a p a r e n t  i o n  m/e 238 

C13H1 0 ON4  r e q u i r e s  238) and b a s e  p e a k  m/e 4 1 .

N.M.R.

ch3cn

H 2*17 z  ( b r o a d  a b s o r p t i o n )£L
Hb 5*78 % ( m u l t i p l e t )

He 3*85 t ( m u l t i p l e t )

P y r i d i n e

H 7*85 t ( m u l t i p l e t )  o
6*40 t ( b r o a d  a b s o r p t i o n )
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H y d r o l y s i s  o f  A n t i - 3 - h y d r o x y - 6 , 6 , 7 , 7 - i e t r a c y a n o b i c y c l o

[3  g 2 r 2 ]non-»8--ene ( 19 ) .

( i )  H y d r o c h l o r i c  a c i d  ( c o n c e n t r a t e d ) .

The t e t r a c y a n o  a l c o h o l  (97*1 m g . ,  0*00041 mole)  
cLwas d i s s o l v e d  i n  cone * h y d r o c h l o r i c  a c i d  (2 m l . , )  and t h e  

y e l l o w  s o l u t i o n  r e f l u x e d  f o r  16 h r s • A f t e r  c o o l i n g ,  t h e  

aqueous  s o l u t i o n  was e x t r a c t e d  c o n t i n u o u s l y  w i t h  e t h e r  f o r  

12 h r s .  E v a p o r a t i o n  i n  v acuo  a f f o r d e d  a h e a v y  o i l  w h ich  

had  an  a c i d i c  Bp v a l u e  by T .L .C .  T h is  r e s i d u e  ( i n  m e th a n o l )  

was d i r e c t l y  e s t e r i f i e d  w i t h  d i a z o m e t h a n e , a f f o r d i n g ,  a f t e r  

f i l t r a t i o n  t h r o u g h  c e l i t e ,  3 - h y d r o x y - 6 , 7 - d i c y a n o - 6 , 7 -  

d i c a r b o m e t h o x y b i c y c l o [ 3 , 2 , 2 ] n o n -8 - e n e  ( 23 ) as  a p a l e  y e l l o w  

s o l i d  (22 m g . ,  18?6). On r e c r y s t a l l i s a t i o n  f rom e t h e r ,  

c o l o u r l e s s  p l a t e s  w ere  o b t a i n e d  and an  a n a l y t i c a l  sample  

was p r e p a r e d  by r e p e a t e d  s u b l i m a t i o n ,  2 2 0 ° /0 * 2 5  mm., 

m .p .  2 7 0 - 2 7 5 ° .

(Pound:  C, 5 9 -7 0 ;  H, 5 -4 0 ;  N, 9*38 .  ^15^16^5^2  r e 9 u:*-r e s :

C, 5 9 -2 0 ;  H, 5 - 3 0 ;  N, 9 - 2 1 $ ) .
- 1

V (KC1): 3556 ( s ) ,  3436 (m) ( h y d r o x y l ) ;  1735 ( s )max .
( e s t e r ) ;  723 ( s )  ( c i s  d . b . )  (no a b s o r p t i o n  

a t t r i b u t a b l e  t o  a cyano g ro u p  was o b s e r v e d ) .

P r o l o n g e d  h e a t i n g  (3^  d a y s )  a f f o r d e d  %he same p r o d u c t .
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( i l )  S u l p h u r i c  a c i d  ( c o n c^ * )

The t e t r a c y a n o  a l c o h o l  (17 m g . , )  was t r e a t e d  w i t h  

c o l d  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( l  m l . , )  and s t i r r e d  f o r  

5 mil l .  The s o l u t i o n  was p o u r e d  on t o  i c e  and  t h e  p r o d u c t  

i s o l a t e d  w i t h  e t h e r .  The I . R .  o f  t h e  gum i s o l a t e d  showed 

h y d r o g e n  b o n d i n g ,  c a r b o n y l  a b s o r p t i o n  a t  1755 cm.~^ w i t h  a  

s h o u l d e r  a t  1710 cm.~^ and weak a b s o r p t i o n  a t  2300 cm.  ̂

(C=SM).

( i i i )

R e f l u x i n g  t h e  t e t r a c y a n o  a l c o h o l  ( 19 ) w i t h  

p o t a s s i u m  h y d r o x i d e  (35$ )  f o r  2 d a y s  and  i s o l a t i o n  w i t h  

c h l o r o f o r m  l e d  t o  u n i d e n t i f i e d  a c i d i c  p r o d u c t s  showing  I . R .  

a b s o r p t i o n  a t  3300 cm.~^ (N-H) ,  a  b r o a d  c a r b o n y l  r e g i o n  and 

cyano  a b s o r p t i o n  (2300 cm.” 1 ) .

( d )  A t t e m p t e d  r e a c t i o n  o f  l - t e t r a h v d r o p y r a n y l o x y c y c l o h e p t a -

3 . 5 - d i e n e  ( 2 4 )  and  m a l e i c  a n h y d r i d e .

The d i e n e  ( 24 ) and m a l e i c  a n h y d r i d e  w ere  h e a t e d  

a t  r e f l u x  t e m p e r a t u r e  u n d e r  an  a tm o sp h e re  o f  n i t r o g e n  i n  

b e n z e n e ,  t o l u e n e  and x y l e n e  f o r  p r o l o n g e d  p e r i o d s .  I n  t h e  

c a s e s  o f  b e n z e n e  and  t o l u e n e ,  T .L .C .  and I . R .  showed
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e s s e n t i a l l y  s t a r t i n g  m a t e r i a l s  t o g e t h e r  w i t h  u n i d e n t i f i e d  

a c i d i c  s p e c i e s .  V i t h  x y l e n e  as  s o l v e n t ,  much o f  t h e  

m a t e r i a l  p o l y m e r i s e d  and no w e l l - d e f i n e d  p r o d u c t  c o u l d  be 

i s o l a t e d .

( e )  3 - T e t r a h y d r o p y r a n y l o x y b i c y c l o [ 3 . 2 . 2 ] n o n - 8 - e n e - 6 . 7 -  

endo- d i c a r b o x y l i c  a c i d  N - p h e n y l  im id e  ( 25 ) •

( l - t e t r a h y d r o p y r a n y l o x y c y c l o h e p t a - 3 , 5 - d i e n e  ( 2 4 )  and 

N - p h e n y l  m a l e i m i d e ) .

The t e t r a h y d r o p y r a n  d e r i v a t i v e  ( 2 4 )  (0*193 g . ,

0*001 m o l e ) ,  N -p h e n y lm a le im id e  (0*346 g . ,  0*002 mole)  and 

h y d r o q u in o n e  (2 mg.)  were  r e f l u x e d  i n  t o l u e n e  (8 m l . , )  u n d e r  

an  a tm o sp h e re  o f  n i t r o g e n  f o r  24 h r s .  The s o l v e n t  was  

e v a p o r a t e d  i n  v a c u o , t h e  r e s i d u e ,  on c r y s t a l l i s a t i o n  from 

d i i s o p r o p y l  e t h e r ,  a f f o r d i n g  a m i x t u r e  o f  N -p h e n y lm a le im id e  

and t h e  c o l o u r l e s s  a d d u c t  ( 25 ) .  However,  c a r e f u l  

r e c r y s t a l l i s a t i o n  o f  t h e  m i x t u r e  f rom d i i s o p r o p y l  e t h e r /  

e t h y l  a c e t a t e  a f f o r d e d  t h e  t i t l e  compound ( 2 5 )  a s  a  c o l o u r l e s s  

s o l i d ,  m .p .  1 4 0 * 5 - 1 4 3 ° ,  (34*5 m g . ,  10%).

(Found :  C, 71*86 ;  H, 7 * 0 4 .  C22H25°4N r e 9u i r e S 5  71*91;

H, 6*86%).
- 1

v ° ? :  (NUJ0L): 1705 ( s )  ( i m i d e ) ;  750 ( s )  ( a r o m a t i c ) ;
IUcIjC #

695 (w) ( c i s  d . b . ) •
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The mass s p e c t r u m  showed a p a r e n t  i o n  m/e 367 (^22^25^4^

r e q u i r e s  3 6 7 ) ,  a b a s e  p e a k  m/e 91 and a l a r g e  i o n  m/e 4 1 .

N.M.R. : 3*83 T ( q u a r t e t ,  o b s • s p l i t t i n g s  5 and  4 c p s ) ( v i n y l i c
-----------  HS)

6*50 % ( s i n g l e t )  ( exo H^, Hy)

Due t o  n e i g h b o u r i n g  a b s o r p t i o n s ,  t h e  s i g n a l  a t  6*50 t c o u l d  

n o t  be r i g o r o u s l y  d e t e r m i n e d  as  a  s i n g l e t  ( i n d i c a t i v e  o f  

exo p r o t o n s )

The e x p e r i m e n t ,  c a r r i e d  o u t  u s i n g  x y l e n e  a s  a  s o l v e n t ,  

r e s u l t e d  i n  m i x t u r e s  o f  u n i d e n t i f i a b l e  p r o d u c t s  and p o ly m e r ,  

c a u s e d  p r e s u m a b l y  by  t h e  h i g h e r  r e a c t i o n  t e m p e r a t u r e  .

( f )  A t t e m p te d  r e a c t i o n  o f  1 , 1 - e t h y l e n e d i o x y c y c l o h e p t a -

3 . 5 - d i e n e  and m a l e i c  a n h y d r i d e .

The c o n d i t i o n s  o f  r e a c t i o n  w ere  e x a c t l y  t h o s e  a s  

i n  ( g ) • By T . L . C . ,  i t  was shown t h a t  t h e  p r o d u c t  was 

e s s e n t i a l l y  s t a r t i n g  k e t a l  w i t h  o t h e r  m in o r  u n i d e n t i f i a b l e  

p r o d u c t s .
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(g)  3 , 3 - E t h y l e n e d i o x y b i c y c l o [ 3, 2 y 2 ] n o n - 8 - e n e - 6  , 7 - endo-  

d i c a r b o x y l i c  a c i d  N -p h e n y l  im ide  ( 33 ) .

( l , l - e t h y l e n e d i o x y c y c l o h e p t a - 3  , 5-*diene and N - p h e n y lm a le im id e )

The k e t a l  ( 26 ) (52*6 m g. ,  0°00034  mole)  and

N - p h e n y lm a le im id e  (118*5 m g. ,  0*00068 mole)  i n  t o l u e n e  (15 m l . )

were  r e f l u x e d  u n d e r  a n i t r o g e n  a tm o sp h e re  i n  the: p r e s e n c e

o f  h y d r o q u in o n e  (2 m g . , )  as  a r a d i c a l  i n h i b i t o r .  A f t e r

e v a p o r a t i o n  o f  t h e  s o l v e n t  i n  v a c u o , c r y s t a l l i s a t i o n  from

d i i s o p r o p y l  e t h e r  a f f o r d e d  a m i x t u r e  o f  N -p h e n y lm a le im id e

and t h e  a d d u c t  ( 33 ) •  The N -p h e n y lm a le im id e  was removed

by  d i s s o l u t i o n  i n  e t h y l  a c e t a t e ,  t h e  a d d u c t  (2*5 m g . , )  b e i n g

c o m p l e t e l y  i n s o l u b l e .  P r e p a r a t i v e  T .L .C .  o f  t h e  r e s i d u e

from t h e  i n i t i a l  c r y s t a l l i s a t i o n  a f f o r d e d  a d d i t i o n a l  a d d u c t

(1*1 m g . , )  (Rj, 0*3 ,  lOfo e t h y l  a c e t a t e / b e n z e n e ) ,  t h u s  g i v i n g

a t o t a l  y i e l d  o f  3*6 m g. ,  (3*2?o) , The combined p r o d u c t  on

r e c r y s t a l l i s a t i o n  f rom e t h e r / d i i s o p r o p y l  e t h e r  a f f o r d e d  t h e

t i t l e  compound (3*1 m g . , )  as  c o l o u r l e s s  n e e d l e s ,  m .p .  2 0 7 - 2 0 9 ° .  
- 1

vcra* (NUJOL): 1707 ( s )  ( i m i d e ) ;  1190 ( s ) ,  1095 (m),max •
1080 (m),  960 (w) (C-0)  j 760 (m ) , 735 (w).,

700 (w) ( a r o m a t i c  and c i s  d . b . )

The mass s p e c t r u m ,  d e t e r m i n e d  by G .C .M .S . ,  showed a p a r e n t

i o n  m/e 325 ( C ^ H ^ O ^ N  re(l u i r e s  ^ 25) and a b a s e  p e a k  m/e 86

>1 ( CH2-C ) .
0 —
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G .L .C .

Column 1 °/o SE30, Temp. 20 0 ° ,  F .R .  34 m l» /m in .

R^ 20*1 m in .

(h)  A c e t o x y b i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - e n d o - d i c a r b o x y l i o

a c i d  a n h y d r i d e s ( 3 5 a )

( l - a c e t o x y c y c l o h e p t a - 3 , 5 - d i e n e  and m a l e i c  a n h y d r i d e )

The d i e n e  ( 34 ) (0*4287 g . ,  0*00283 mole)  and

m a l e i c  a n h y d r i d e  (0*304 g . ,  0*0031 mole)  w ere  r e f l u x e d  i n

x y l e n e  (20 m l . , )  f o r  24 h r s . ,  i n  an a tm o sp h e re  o f  n i t r o g e n .

On c o o l i n g  no s o l i d  a p p e a r e d  and t h e  s o l v e n t  was removed

i n  v a c u o , l e a v i n g  an amber o i l  w h ic h  c o u l d  n o t  be c r y s t a l l i s e d .

P r e p a r a t i v e  T .L .C .  o f  t h e  m i x t u r e  a f f o r d e d  t h e  a c e t a t e

a d d u c t s  ( 3 5 a ) , R̂ , 0*5 ,  as  a p a l e  y e l l o w  o i l  (0*3428 g , ,  4 9 $ ) .

- 1
v * ( f i l m ) :  1865 ( m ) , 1840 (m ) , 1780 ( s )  ( a n h y d r i d e ) ;max.

1735 ( s )  ( a c e t a t e ) .

The o i l  p a r t i a l l y  c r y s t a l l i s e d  f rom c h l o r o f o r m / p e t r o l  b u t  

was s t i l l  c o n t a m i n a t e d  w i t h  s t a r t i n g  d i e n e  a c e t a t e  ( 3 4 ) .  

P u r i f i c a t i o n  was f i n a l l y  e f f e c t e d  by r e p e a t e d  d i s t i l l a t i o n  

b . p .  1 4 0 - 1 4 5 ° / 0 * 05 mm. ( s u b .  b l o c k )  and was a n a l y s e d  a s  an 

o i l .

(Found:  C, 62*05;  H, 6 * 1 4 f ^ 1 3^ 14^5  re<l u i r e S !  C, 62*39;

II, 5 * 6 4 $ )  •
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N.M.R.

Hb
H 3*77 T (2H, q u a r t e t ,  o b s .  

s p l i t t i n g s  5 and  3*5 c p s )

5*10 t (1H, m u l t i p l e t )

Hf  l  (2H, s i n g l e t s )

6*91 t ( b r o a d  a b s o r p t i o n )  

Hc 7*6-8*6  t ( m u l t i p l e t )

Ha ^  1  (3H, s i n g l e t s )

A d d i t i o n a l  s m a l l  s i g n a l s  a t  3*62 t ,  3*90 x f 6*53 t ,  6*63 t .  

T h is  e v i d e n c e  s u g g e s t e d  a m i x t u r e  o f  a c e t a t e  e p im e r s  b u t  

t h e  s p e c t ru m  was n o t  w e l l  d e f i n e d  enough f o r  c o n f i r m a t i o n .  

G .L .C .  o f  t h e  N.M.R. sam ple  showed i t  t o  be a  m i x t u r e  o f  

f o u r  components  i n  a p p r o x i m a t e l y  e q u a l  am oun ts ,  i n d i c a t i n g  

a m i x t u r e  o f  C2 and C^ s t e r e o i s o m e r s  [ c f .  ( i )  b e l o w ] .

Column,  ifo QFI

R^a 15*1 m in .  

23*3 m in .

Temp. 175 F .R .  45 m l . / m i n .

R, ,  17*9 m in .  R, 20*5 m in .t b  t c

S i n c e  t h e s e  compounds c o u l d  n o t  be s e p a r a t e d ,  t h i s  D i e l s -  

A l d e r  r e a c t i o n  was n o t  i n v e s t i g a t e d  f u r t h e r .
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( i ) 3 - B e n z o y l o x y b i e y e l o [ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - en d o -  

d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 41 ) and  i s o m e r s . 

( l - b e n z o y l o x y c y c l o h e p t a - 3 , 5 - d i e n e  and m a l e i c  a n h y d r i d e )

The d i e n e  ( 39 ) (0*4116 g . ,  0*00192 m ole)  and 

m a l e i c  a n h y d r i d e  (0*2102 g . ,  0*00214 mole)  were  r e f l u x e d  i n  

x y l e n e  (10 m l . , )  f o r  7 days  u n d e r  an a tm o s p h e r e  o f  n i t r o g e n .  

S i n c e  no p r e c i p i t a t e  was o b t a i n e d  on c o o l i n g ,  t h e  s o l v e n t  

was e v a p o r a t e d  i n  v a c u o . On a d d i t i o n  o f  d i i s o p r o p y l  e t h e r ,  

a  brown s e m i s o l i d  was o b t a i n e d  and an a n a l y t i c a l  sample  

(Rp  0 - 7 5 )  was p r e p a r e d  by p r e p a r a t i v e  T .L .C .  The a d d u c t s  

(4 1 a )  m e l t e d  o v e r  a  r a n g e ,  a p p r o x i m a t e l y  1 3 0 - 1 3 6 ° ,  b u t  

a n a l y s e d  c o r r e c t l y :

(Found:  C, 69*23;  H, 4 * 9 6 .  ^18^16^5 re<l u;*-r e s :  69*22;

H, 5*16/o).

„ - 1
vmax ^CC14 ^ 5 1872 (m ) , 1834 (m ) , 1784 ( s )  ( a n h y d r i d e ) ;

1723 ( s )  ( b e n z o a t e ) .

The mass s p e c t r a l  d e t e r m i n a t i o n  gave  a  p a r e n t  i o n  m/e 312

^ 1 8 ^ 1 6 ^ 5  r e 9u l r e s  3 1 2 ) .  T h a t  t h e  m a t e r i a l  o b t a i n e d  was

a  m i x t u r e  o f  i s o m e r i c  a d d u c t s  was c o n f i r m e d  by  G .L .C .

Column Temp. F .R .  m l . / m i n .  R^ m in .

Ifo SE30 200° 53 7*65 ,  8*10 ( s h o u l d e r ) ,
9*35

1% DC-710 200°  47 26 ,  31 ,  33 ( s h o u l d e r )
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The N.M.R. o f  t h i s  sam ple  i n d i c a t e d  a m i x t u r e ,  a l t h o u g h  a 

l a r g e  s i n g l e t  a t  6*32 t  s u g g e s t e d  p r e d o m in a n ce  o f  a n  i so m e r  

w i t h  C^, Cy exo p r o t o n s  (C^, Cy endo p r o t o n s  would  be 

e x p e c t e d  t o  show c o u p l i n g  w i t h  t h e  b r i d g e h e a d  p r o t o n s ,

P a r t  I I ) •

T h i s  r e a c t i o n  was f u r t h e r  i n v e s t i g a t e d  v a r y i n g  

t h e  t im e  and amount o f  s o l v e n t .  The optimum c o n d i t i o n s ,  

fo u n d  w ere  as  b e lo w .

The b e n z o y l o x y d i e n e  ( 3 9 )  (11*0 g . ,  0°057  mole)  

and m a l e i c  a n h y d r i d e  (6*01 g . ,  0*061 m o le ,  p u r i f i e d )  were  

s t i r r e d  v i g o r o u s l y  i n  d r y  x y l e n e  (40 m l . , )  w i t h  h y d r o q u in o n e  

as  a  r a d i c a l  i n h i b i t o r  i n  an  a tm o s p h e r e  o f  n i t r o g e n .  The 

s o l u t i o n  was h e a t e d  a t  r e f l u x  t e m p e r a t u r e  f o r  24 h r s  0, and 

a l l o w e d  t o  c o o l  c o m p l e t e l y  t o  room t e m p e r a t u r e  by w h ich  t im e  

a  w h i t e  s o l i d  had  p r e c i p i t a t e d .  The s o l i d  was c o l l e c t e d ,  

w ashed  w i t h  c o l d  x y l e n e  and s u c k e d  d r y  on t h e  w a t e r  pump . 

A f t e r  d r y i n g  a t  50° f o r  s e v e r a l  h o u r s ,  t h e  w h i t e  powder 

(5*962 g . , )  was r e c r y s t a l l i s e d  f rom c h l o r o f o r m / d i i s o p r o p y l  

e t h e r  t o  y i e l d  a  compound, endo A, t h e  a n t i  exo b e n z o a t e  

( 4 l )  as  c o l o u r l e s s  p l a t e l e t s  m .p .  2 2 2 - 2 2 5 ° ,  5*30 g 0, ( 3 3 $ ) .  

The f i l t r a t e  on e v a p o r a t i o n  a f f o r d e d  a gum w h ich  r e s i s t e d  

c r y s t a l l i s a t i o n .  I t  was c h r o m a to g ra p h e d  on an Alumina  

column (Voelm, a c i d - w a s h e d ,  200 g * , ) .  E l u t i o n  w i t h  b e n z e n e ,
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f o l l o w e d  by  e t h e r / b e n z e n e  ( 4$ )  m i x t u r e s  a f f o r d e d  o n l y  

s t a r t i n g  d i e n e  ( 39 ) ,  b u t  f u r t h e r  e l u t i o n  w i t h  e t h e r / b e n z e n e  

(8 -1 6 $ )  p r o d u c e d  a compound, endo B, t h e  syn  exo b e n z o a t e  

( 42 ) i n  low y i e l d  w h ich  r e c r y s t a l l i s e d  from c h l o r o f o r m /  

d i i s o p r o p y l  e t h e r  as  p l a t e l e t s ,  m .p ,  1 9 6 -1 9 9 ° •  F u r t h e r  

e l u t i o n  [ e t h e r / b e n z e n e  ( 3 2 - 1 0 0 $ ) ] a f f o r d e d  a n o t h e r  i s o m e r ,  

i s o  A ( 40 ) ,  i n  m o d es t  y i e l d  w h ich  c r y s t a l l i s e d  a l s o  f rom 

c h l o r o f o r m / d i i s o p r o p y l  e t h e r  as  p l a t e l e t s  m ,p ,  1 5 2 - 1 5 5 ° .  

C o n t in u e d  e l u t i o n  w i t h  e t h e r  gave  more o f  t h e s e  m a t e r i a l s  

b u t  c o n t a m i n a t e d  w i t h  a c i d i c  s p e c i e s .  T .L .C ,  o f  t h e s e  

i s o m e r s  showed i s o  A t o  be more p o l a r  t h a n  endo A and endo B 

(endo A, endo B, R̂ , 0*7 ;  i s o  A, Rp 0 * 6 ) .  These isomers;  

w ere  c h a r a c t e r i s e d  i n  a d d i t i o n  by G .L .C .

Column: 1$ QFI Temp: 210° F .R .  42 m l , / m i n 0.

R^ i n  i n c h e s  t  = t r a c e

endo A endo B i s o  A

c r u d e r e x . c rude r e x . c r u d e r e x .

3*94 3* 94 3 ‘9 l ( - t )

3* 2 5 ( t ) 3*25 3*25

3 • 29 ("t)
1

4*00 4*01
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Thus r e p e a t e d  c r y s t a l l i s a t i o n  a f f o r d e d  an  a n a l y t i c a l  sample  

o f  t h e  t h r e e  above  i s o m e r s .  The o t h e r  component  c o n t a m i n a t i n g  

t h e  o r i g i n a l l y  e l u t e d  f r a c t i o n s  o f  i s o  A i . e .  R^ 3*29 may 

v e i l  be t h e  e p im e r  o f  i s o  A, nam ely  i s o  B, b u t  i t  c o u l d  n o t  

be o b t a i n e d  f r e e  o f  i s o  A and a p p e a r e d  t o  be i n  t r a c e  a m o u n t s .

I n  a n o t h e r  e x p e r i m e n t ,  t h e  f i l t r a t e  o f  t h e  i n i t i a l  

c r y s t a l l i s a t i o n  o f  endo A was e v a p o r a t e d  i n  v a c u o , d i l u t e d  

v i t h  e t h e r  and a l l o w e d  t o  c r y s t a l l i s e  o v e r  a 2 h r .  p e r i o d .

The f i l t r a t e  was a g a i n  d i l u t e d  and t h e  p r o c e s s  r e p e a t e d  

g i v i n g  s u c c e s s i v e  b a t c h e s  o f  c r y s t a l s .  The c o m p o s i t i o n  o f  

t h e  b a t c h e s  was f o l l o w e d  by T .L .C .  and G . L . C . ,  endo A and 

endo B c r y s t a l l i s i n g  b e f o r e  t h e  i s o  compound.  U s in g  the. 

p e a k  a r e a s ,  t h e  t o t a l  amount o f  e a c h  i s o m e r  was c a l c u l a t e d  

t o  b e :  endo A 34$ ,  endo B 11$ ,  i s o  A 18$ j  t o t a l  y i e l d  6 3 $ .

The i n f r a - r e d  s p e c t r a ,  N.M.R. s p e c t r a  ( P a r t  I I )  and  

mass  s p e c t r a  o f  t h e  i s o m e r s  w ere  c o m p a r e d , ( T a b l e s  I I  and  I I I ) ,

( j  ) A n t i - 3 - ex o - T > -b r o m o b e n z o y lo x y b ic y c lo [ 3 . 2 . 2 ] n o n - 8 - e n e -

6 , 7 - e n d o - d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 47 ) •

( l - p - b r o m o b e n z o y l o x y c y c l o h e p t a - 3 , 5 - d i e n e  (46 )  and  m a l e i c  

a n h y d r i d e ) •

The d i e n e  ( 46 ) ( 0 2 5 3 8  g . ,  0*00087 m ole )  and 

m a l e i c  a n h y d r i d e  (0*110 g . ,  0*00112 m ole )  w e re  t r e a t e d
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e x a c t l y  a s  i n  t h e  above  c a s e  ( i  ) .  An o f f - w h i t e  s o l i d

(61*8  m g . ,  18$)  c r y s t a l l i s e d  f rom t h e  medium on c o o l i n g .

R e p e a t e d  c r y s t a l l i s a t i o n  f rom e t h y l  a c e t a t e / d i i s o p r o p y l

e t h e r  a f f o r d e d  t h e  p - b ro m o b e n z o y lo x y  a n h y d r i d e  ( 47 ) as;

c o l o u r l e s s  p r i s m s ,  m .p .  1 1 6 - 1 1 7 ° .

- 1
vCn* (K B r) :  1860 ( w ) , 1841 ( w ) , 1830 (m ) , 1768 ( s )max .

( a n h y d r i d e ) ;  1706 ( s ) ( b e n z o a t e ) ; 1589 ( s )  
q k £ ( a r o m a t i c ) #

Column: 1$ QFI Temp. : 225° F . R .  46 m l . / m i n #

R^ 27*85 m in .

N.M.R. ( P a r t  I I )

The s p e c t r u m  was shown t o  d i s p l a y  an  i d e n t i c a l  

s p l i t t i n g  p a t t e r n  t o  t h a t  o f  t h e  c o r r e s p o n d i n g  e p im e r  o f  

t h e  b r o m i n e - f r e e  a d d u c t  i . e . ,  endo A ( 41 ) •

(k )  A t t e m p t e d  r e a c t i o n  o f  l - b e n z o y l o x y c y c l o h e o t a - 3 . 5 -

d i e n e  ( 39 ) and  c v c lo T > e n te n e -3 . 5 - d i o n e  .
26C y c l o p e n t e n e - 3 , 5 - d i o n e  and  t h e  b e n z o a t e  ( 3 9 )  

w e re  r e f l u x e d  i n  b e n z e n e  ( o r  x y l e n e )  u n d e r  c o n d i t i o n s  

s i m i l a r  t o  a b o v e .  I n  e a c h  c a s e ,  s t a r t i n g  m a t e r i a l s  

a c c o m p a n ie d  by  a  p o l y m e r i c  s p e c i e s  r e s u l t e d ,  t h e r e  b e i n g  

no a d d u c t  p r e s e n t  i n  d e t e c t a b l e  a m o u n t s .
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(X) 2 - K e t o b i c y c l o [ 3 , 2,  2 ] n o n - 3 , 8 - d i e n e - 6 , 7 - e n d o - d i c a r b o x y l i c

a c i d  a n h y d r i d e  ( 8 )

(Tropone  and  m a l e i c  a n h y d r i d e )

Tropone  (1*325 g . ,  0*0125 m ole)  and m a l e i c  a n h y d r i d e

(2*51 g . ,  0*0255 m ole)  i n  x y l e n e  (10 m l . , )  w ere  s t i r r e d  a t

r e f l u x  t e m p e r a t u r e  f o r  4 j  h r s . i n  a s t r e a m  o f  n i t r o g e n .

A f t e r  a l l o w i n g  t o  c o o l  c o m p l e t e l y ,  t h e  r e s u l t i n g  c r y s t a l s

w ere  c o l l e c t e d ,  d r i e d  and r e c r y s t a l l i s e d  s e v e r a l  t i m e s  f rom

e t h y l  a c e t a t e / p e t r o l  t o  g i v e  c o l o u r l e s s  p r i s m s ,  (2*264  g . ,

89$ ) ,  m .p .  1 8 1 -1 8 2 °  ( l i t .  m .p .  1 8 1 * 5 - 1 8 2 * 5 ° ) .
- 1

v cm* (HUJ-.) : 1860 (m), 1845 ( m ) , 1770 ( s )  ( a n h y d r i d e ) ;max •
1665 ( s )  ( e n o n e ) |  1625 (w) ( d o u b le  b o n d ) .

The N.M#R. s p e c t r u m  i s  d i s c u s s e d  i n  P a r t  I I #

The r e s i d u e  f rom c r y s t a l l i s a t i o n  was p l a c e d  on  an  

a l u m i n a  column (Woelm, a c i d - w a s h e d ,  35 g#>) and  e l u t e d  w i t h  

b e n z e n e  f o l l o w e d  by  e t h y l  a c e t a t e / b e n z e n e  m i x t u r e s #  Only  

a  s m a l l  amount o f  endo a d d u c t  p l u s  s t a r t i n g  m a t e r i a l s  c o u l d  

be  d e t e c t e d #  T h i s  showed t h a t  t h e  endo m o l e c u l e  w as  t h e  s o l e  

p r o d u c t .

R e p e a t i n g  t h e  e x p e r i m e n t  u n d e r  e x a c t l y  t h e  same 

c o n d i t i o n s  a s  f o r  t h e  b e n z o a t e  a d d u c t  ( 41 ) ,  r e s u l t e d  i n  a  

99$ y i e l d  o f  t h e  endo i s o m e r  c o n f i r m e d  by N .M .R . ,  I # R .  and 

G . L . C . :
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Column: 1$ QFI, Temp* 1 5 0 ° ,  F .R .  30 m l . / m i n .

R^ 21*95 m in .

B r o m o l a c t o n i s a t i o n  o f  t h e  enone a n h y d r i d e  a d d u c t  ( 8 ) .  

5 - b r o m o - 3 - o x a - 2 , 7 - d i k e t o t r i c y c l o [ 4 , 4 . 1 ,  0^* ~ ^ 3 u n d e c - 8 -  

e n e - l l - endo- c a r b o x y l i c  a c i d  ( 49 ) .

The enone a n h y d r i d e  (66*8 m g . , )  was  d i s s o l v e d  i n

t h e  minimum amount o f  w a t e r  w h i l e  s t i r r e d  a t  0°  . Bromine

was added  d r o p w i s e  u n t i l  t h e  c o l o u r a t i o n  p e r s i s t e d  and  t h e

t e m p e r a t u r e  was m a i n t a i n e d  a t  0°  w i t h  o c c a s i o n a l  b ro m in e

a d d i t i o n  f o r  a  f u r t h e r  4 h r s .  Sodium b i s u l p h i t e  was added

t o  d e s t r o y  t h e  e x c e s s  b ro m in e  and t h e  s o l u t i o n  f i l t e r e d  t o

y i e l d  y e l l o w  c r y s t a l s  w h i c h ,  when d r i e d  o v e r  p h o s p h o r u s

p e n t o x i d e  i n  a  vacuum p i s t o l ,  became p a l e  y e l l o w ,  c r u d e

m .p .  1 8 0 ° .  R e c r y s t a l l i s a t i o n  f rom e t h y l  a c e t a t e / p e t r o l

a f f o r d e d  p r i s m s ,  m .p .  2 1 4 -2 1 5 °  ( l i t .  c r u d e  m .p .  1 8 5 ° ,  r e x .

m .p .  2 1 9 ° ,  f rom  a c e t o n e )
- 1

v ° m;  (NUJ0L): 3 4 00-2500  (m) ( a c i d ) ;  1770 ( s )  ( l a c t o n e ) ;max •
1735 ( s )  ( a c i d ) ;  1675 ( s )  ( e n o n e ) .
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B r o m o l a c t o n i s a t i o n  o f  t h e  b e n z o a t e  a n h y d r i d e  a d d u c t s

( i )  endo A .

The endo A a d d u c t  (70*6 m g . , )  was fo u n d  t o  be

t o t a l l y  i n s o l u b l e  i n  w a t e r  (13 m l , , )  a t  0 ° ,  d i o x a n e  b e i n g

added  t o  make t h e  s o l u t i o n  hom ogeneous .  Bromine w as  added

as  above  a t  0° an d ,  a f t e r  3 h r s . ,  t h e  e x c e s s  b ro m in e

d e s t r o y e d .  The s o l u t i o n  was e x t r a c t e d  w i t h  c h l o r o f o r m

w h ic h  r e s u l t e d  i n  t h e  i s o l a t i o n  o f  a  c o l o u r l e s s ,  o i l .  By

T . L .C .  t h i s  o i l  was shown t o  c o n t a i n  one m ain  com ponen t ,

w h ic h  was more p o l a r  t h a n  t h e  s t a r t i n g  m a t e r i a l .  T h i s

compound c o n t a i n e d  b ro m in e  ( T . L . C . , d e v e lo p m e n t  s i l v e r

n i t r a t e s  f l u o r e s c e i n )  b u t  t h e  I . R .  showed m a i n l y  a n h y d r i d e

p e a k s ,  i n d i c a t i n g  t h a t  t h e  m o l e c u l e  was p r o b a b l y  t h e  b ro m in e

a d d i t i o n  p r o d u c t  ( 51 )
- 1

v cm* ( f i l m ) :  1860 ( w ) , 1830 ( w ) , 1770 ( s )  ( a n h y d r i d e ) ;max •
1710 ( s )  ( b e n z o a t e ) ;  725 ( s )  ( a r o m a t i c )

E x p e r i m e n t s  u s i n g  m e t h a n o l / d i o x a n e / w a t e r  a s  a

s o l v e n t  s y s t e m  gave  s i m i l a r  r e s u l t s .

B r o m i n a t i o n  i n  sod ium c a r b o n a t e  s o l u t i o n  (10%)

a f f o r d e d  a c i d i c  s p e c i e s ,  show ing  no l a c t o n e  a b s o r p t i o n  i n

t h e  I . R .
- 1

v Cm* ( f i l m ) :  350 0 -3 0 0 0  (m) ( a c i d ) ;  1 7 2 0 -1 7 1 0  ( s )max ,
( a c i d ,  b e n z o a t e ) ;  725 ( s )  ( a r o m a t i c ) .
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( i i )  I s o  A. : D e h y d r o l a c t o n i c  d i e s t e r  ( 57 ) o r  i s o m e r

I s o  A a d d u c t  (18*5 m g , , )  was d i s s o l v e d  i n  t h e

minimum amount o f  d i o x a n e  a t  0° and w a t e r  ( c a  2 m l , , )  added

w i t h o u t  c a u s i n g  p r e c i p i t a t i o n .  The s o l u t i o n  was t r e a t e d

w i t h  b ro m in e  a t  0°  as  d e s c r i b e d  a b o v e ,  an  o i l  b e i n g  i s o l a t e d ,

w h i c h ,  on s t a n d i n g ,  y i e l d e d  a s m a l l  amount o f  c r y s t a l l i n e

m a t e r i a l  (2 m g , , ) ,  c r u d e  m .p .  1 9 0 - 1 9 8 ° .
-1

v cm* (NUJOL): 3400 (m) (h y d ro g e n  b o n d i n g ) ;  1775 ( s )max ,
( l a c t o n e ) ;  1738 ( s )  ( a c i d ) ;  1705 ( s )  

( b e n z o a t e ) ;  725 ( s )  ( a r o m a t i c ) .

The r e s i d u e  was shown by  T .L .C .  t o  c o n t a i n  more o f  t h i s  

a c i d ,  b e l i e v e d  t o  be t h e  b r o m o l a c to n e  a c i d  ( 54 ) b u t  a l s o

c o n t a i n e d  l e s s  p o l a r  bromo compounds.  A t t e m p t s  t o  p u r i f y

t h e  c r y s t a l l i n e  a c i d  by a b a s i c  e x t r a c t i o n  and a c i d i f i c a t i o n  

p r o c e d u r e  c a u s e d  d e s t r u c t i o n  o f  t h e  m o l e c u l e .  R e p e t i t i o n  

o f  t h e  e x p e r i m e n t  u n f o r t u n a t e l y  y i e l d e d  o n l y  bromo d i a c i d s ;  

and  u n i d e n t i f i e d  p r o d u c t s ,  i l l u s t r a t i n g  t h e  i m p o r t a n c e  o f  

t h e  c o r r e c t  s o l v e n t  s y s t e m .

B r o m i n a t i o n  i n  a  m e t h a n o l / d i o x a n e / w a t e r  s y s t e m  

a f f o r d e d  a  p a l e  y e l l o w  o i l  f rom w h ic h  a  c o l o u r l e s s  s o l i d  

c o u l d  be i s o l a t e d  by p r e c i p i t a t i o n  w i t h  p e t r o l .  

C r y s t a l l i s a t i o n  f rom  e t h y l  a c e t a t e / p e t r o l  a f f o r d e d  t h e  t i t l e  

compound ( 5 7 )  a s  c o l o u r l e s s  p l a t e s ,  m .p .  1 7 5 * 5 -1 7 8 * 5 °
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w h ich  showed n e i t h e r  a c i d i c  a b s o r p t i o n  i n  t h e  I . R .  n o r  an

a c i d i c  Rp v a l u e  ( 0 * 2 5 ) .
- 1

V°™' (NUJOL): 1780 ( s )  ( l a c t o n e ) ;  1735 ( s )  ( e s t e r ) ;IQ&X #

1700 ( s )  ( b e n z o a t e ) .

(Pound :  C, 66*39 ;  H, 5*32 .  ^ 19^ 18^6  re(l u;*-r e S !  C, 66*66;

H, 5*30%).

B r o m i n a t i o n  i n  aqu eo u s  sodium c a r b o n a t e  (20%)

a f f o r d e d  a m i x t u r e  o f  a c i d  s p e c i e s  and a n h y d r i d e :
- 1

v„„* ( f i l m ) :  3 5 00-3000  (m) ( a c i d ) ;  1860 ( v ) , 1840 ( w ) ,nicix $

1775 (m) ( a n h y d r i d e ) ;  1 7 2 0 -1 7 1 0  ( s )  ( a c i d ,  

b e n z o a t e ) .

B i c y c l o [  3 ,  2 , 2 ] n o n - 8 - e n e - 6 , 7 - . e n d o - d i c a r b o x y l i c  a c i d  a n h y d r i d e

( 7 ) .  ( C y c l o h e p t a - 1 , 3 - d i e n e  and m a l e i c  a n h y d r i d e ) .

The a d d u c t  ( 7 ) was p r e p a r e d  by t h e  m ethod  o f
4 o o

A l d e r  a s  a  c o l o u r l e s s  s o l i d ,  m .p .  113 -1 1 5  ( l i t .  m .p .  114 ) .
- 1

( C C l J :  1877 ( v ) ,  1865 ( v ) , 1787 ( s )  ( a n h y d r i d e ) .IQ&Jv 0  T

N.M.R. ( P a r t  I I ) .
4

A s m a l l  s am p le  was h y d r o g e n a t e d  o v e r  P t 0 2  i n  a c e t i c  a c i d  

t o  y i e l d  b i c y c l o t 3 , 2 , 2 ] n o n a n e - 6 , 7 - e n d o - d i c a r b o x y l i c  a c i d

a n h y d r i d e  ( 6 0 ) t m .p .  159° ( l i t .  m .p .  1 5 6 - 1 5 7 ° )  f o r  N.M.R. 

p u r p o s e s  ( P a r t  I I ) .
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B r o m i n a t i o n  o f  b i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - e n d o - d i c a r b o x y l i c

a c i d  ( 7 ) : D e h y d r o l a c t o n i c  e s t e r  ( 61 ) . o r  i s o m e r .

The a n h y d r i d e  a d d u c t  ( 7 ) (158*8 m g . , )  i n  a

s o l v e n t  m i x t u r e  o f  w a t e r  and d i o x a n e  ( 2 : 1 ,  15 m l . , )  was

s t i r r e d  a t  0° and b r o m i n a t e d  as  d e s c r i b e d  above k e e p i n g  t h e

s o l u t i o n  homogeneous w i t h  d i o x a n e  a d d i t i o n .  A f t e r  3 h r s . ,

a t  0 - 5 °  t h e  e x c e s s  b ro m in e  was d e s t r o y e d  and t h e  s o l u t i o n

e x t r a c t e d  w i t h  e t h e r .  A f t e r  w a s h in g  and d r y i n g  t h e  e t h e r e a l

s o l u t i o n ,  t h e  s o l v e n t  was removed i n  vacu o  t o  a f f o r d  a l i g h t

brown o i l  (121*1 m g . , )
- 1

v cra. ( f i l m ) .  3 5 00-2500  (m) ( a c i d ) ;  1765 ( s )  ( l a c t o n e ) ;niaX •
1695 ( s )  ( a c i d ) .

T r e a t m e n t  o f  t h e  o i l  w i t h  c h l o r o f o r m / p e t r o l

a f f o r d e d  a  brown s o l i d  (56*8 m g . , )  w h ic h  was  e s t e r i f i e d

w i t h  d i a z o m e t h a n e  i n  e t h e r / m e t h a n o l . The p r o d u c t  ( 61 ) -was

a  c o l o u r l e s s  s o l i d  w h ic h  c r y s t a l l i s e d  as  p r i s m s ,  m .p .  9 6 *5-

9 7 * 5 ° ,  f rom  e t h e r .
- 1

v Cm- ( C C l J  : 1788 ( s )  ( l a c t o n e ) ; 1740 ( s )  ( e s t e r ) ;
IQ£LX # 4*

1199 ( s )  ( C - 0 ) .

(Founds C, 6 5 * 0 1 ;  H, 6 * 2 3 .  ^1 2 ^ 1 4 ^ 4  r e 9u i r e s s  64*85 ;

H, 6 * 3 5 $ ) .
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N.M.R. (CDC13 )

5*39 x  ( lH ,  q u a r t e t ,  J  = 6,  J  = 3*5)

6*29 x  (3H, s i n g l e t )

7* 20  x  ( lH ,  d o u b l e t ,  J  = 5)

7 - 3 9  x  (1H, t r i p l e t ,  J  = 6)

7*66 x  ( lH ,  b r o a d  a b s o r p t i o n )

8* 2 -8 * 8  x (6 -7H,  complex)

The u l t r a v i o l e t  s p e c t r u m  showed no maxima g r e a t e r  t h a n  

200 mp ( h e x a n e ) .

R e d u c t i o n  o f  a n t i - 3 - e x o - b e n z o y l o x y b i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e -

6 , 7 - endo- d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 41 ) (endo  A ) .

B e n z o a t e  a n h y d r i d e  ( 41 ) (58*7 m g . ,  0*00019 m ole)

i n  d r y  t e t r a h y d r o f u r a n  (3 m l . , )  was added  d r o p w i s e  t o  a

s t i r r e d  s u s p e n s i o n  o f  l i t h i u m  a lu m in iu m  h y d r i d e  (17 m g . ,

0*00065 m ole)  i n  t e t r a h y d r o f u r a n  (10  m l . , ) .  A f t e r  r e f l u x i n g

t h e  s o l u t i o n  f o r  2 h r s . ,  t h e  e x c e s s  h y d r i d e  was d e s t r o y e d

w i t h  sod ium  s u l p h a t e  d e c a h y d r a t e ,  t h e  e t h e r - d i l u t e d

s o l u t i o n  b e i n g  d r i e d  o v e r  a n h y d r o u s  sod ium  s u l p h a t e .

E v a p o r a t i o n  i n  v acu o  a f f o r d e d  a  c o l o u r l e s s  o i l  (22  m g . , ) .
- 1

v cm* ( f i l m ) i  3450 ( s )  ( h y d r o x y l ) ;  1 0 5 5 -4 5  ( s )  (C -O );m&x •
770 (m ) , 710 (m) ( a r o m a t i c ) .
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T .L .C .  o f  t h e  o i l  showed a  p o l a r  compound as  w e l l  as

s e v e r a l  o t h e r  m in o r  s p e c i e s ,  one o f  w h ich  was i d e n t i f i e d  by-

p r e p a r a t i v e  T .L .C .  as  b e n z y l  a l c o h o l ,  R-p = 0*5 (20$  e t h y l

a c e t a t e / b e n z e n e )  [N .M .R .  2*66 x ( s ,  5H, a r o m a t i c ) ,  5*34 x

( s ,  2H, m e t h y l e n e )  8*12 x ( s ,  1H, h y d r o x y l ) ] .  The p o l a r

component  c o u l d  n o t  be c r y s t a l l i s e d  n o r  p u r i f i e d  by

p r e p a r a t i v e  T .L .C .  (due  t o  t h e  low r e c o v e r y  f rom t h e  p l a t e ) .

The o i l ,  i n  p y r i d i n e  (2 m l . , ) ,  was a c e t y l a t e d  w i t h  a c e t i c

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

y e l l o w  l i q u i d .  P r e p a r a t i v e  T .L .C .  a f f o r d e d  1 , 4 - d i a c e t o x y -

b u t a n e  a s  a  c o l o u r l e c s  l i q u i d ,  b . p .  6 0 / 0 * 0 5  mm.

( s u b .  b l o c k ) .
- 1

v Cm;  ( f i l m ) :  1 7 4 0-20  ( s )  ( a c e t a t e ) ;  126 0 -4 0  ( s )  ( C - 0 ) .
IR£LX #

N.M.R.

5*94 T ( t ,  4H, O - m e t h y l e n e ) ,  7*99 x  ( s ,  6H, a c e t a t e ) ,

8*32 x  ( q u i n t e t ,  4H, CL-methylene) .

The mass s p e c t r u m  showed no p a r e n t  i o n  m/e 174 b u t  d i s p l a y e d
|

a  b a s e  p e a k  a t  m/e 43 (CH^CO) and i o n s  a t  m/e 55 and  131 

( M -4 3 ) .

R e p e a t i n g  t h e  e x p e r i m e n t  u n d e r  m i l d e r  c o n d i t i o n s

( s t i r r i n g  f o r  15 h r s . ,  a t  room t e m p e r a t u r e )  a f f o r d e d  an  o i l

w i t h  a  s i m i l a r  I . R .  s p e c t r u m  t o  t h a t  d e s c r i b e d  a b o v e .
- 1

( f i l m ) :  3450 ( s )  ( h y d r o x y l ) ;  1 0 5 0-45  ( s )  ( C - 0 ) .max «
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A c e t y l a t i o n ,  f o l l o w e d  by p r e p a r a t i v e  T .L .C .  a f f o r d e d  two 

m ain  com ponents  (29*5 m g . , )  w h ich  c o u l d  n o t  be s e p a r a t e d ,  

t h e  l e s s  p o l a r  b e i n g  i d e n t i f i e d  as  1 , 4 - d i a c e t o x y b u t a n e •

The i l l - d e f i n e d  N.M.R.  i n d i c a t e d  t h a t  t h e  more p o l a r  com­

p o n e n t  c o u l d  be e i t h e r  t h e  b i c y c l i c  t x i a c e t a t e  ( 67 ) o r  

1 , 4 - d i a c e t o x y b u t - 2 - e n e :

3*85 T ( c o m p le x ,  v i n y l i c ) ,  5*90 u ( c o m p le x ,  0 -m e th y le n e *  

0 - m e t h i n e ) ,  7*53 t ( c o m p le x ,  a l l y l i c ) , 7*98 t ( s i n g l e t ,  

a c e t a t e ) ,  8*30 t ( c o m p le x ,  C - m e t h y l e n e ) .

A n t i - 3 - exo- b e n z o y l o x y b i c y c l o [ 3 ♦ 2 , 2 ] n o n - 8 - e n e - 6 , 7 - e n d o -

d i c a r b o x y l i c  a c i d  ( 68 ) .

B e n z o a t e  a n h y d r i d e  (endo A) (1*4418  g . ,  0*0045 m ole)

was d i s s o l v e d  i n  warm aq u eo u s  sodium c a r b o n a t e  ( 2 0 $ ) .  A f t e r

c o o l i n g ,  t h e  s o l u t i o n  was a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c

a c i d ,  c a u s i n g  p r e c i p i t a t i o n  o f  a c o l o u r l e s s  s o l i d ,  w h ic h  was

f i l t e r e d  and d r i e d  (1*3616 g . ,  89%).  R e c r y s t a l l i s a t i o n

a f f o r d e d  c o l o u r l e s s  p r i s m s ,  m .p .  2 2 6 * 5 -2 2 7 * 5 °  f rom  m e t h a n o l .
- 1

vC” ' (K C l) i  3 0 0 0 -2 5 5 0  ( m ) , 1717 ( s ) ( a c i d ) ;  1708 ( s )nicLX •
( b e n z o a t e ) ;  715 ( s )  ( b e n z o a t e ) .

(F o u n d :  C, 6 5 * 1 6 ;  H, 5 * 5 8 .  ^18^18^6  r e 9 u i r e s :  65*44 ;

H, 5 * 4 9 $ ) .

N.M.R.  ( P a r t  I I ) .
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A n t i - 3 - exo- b e n z o y l o x y - 6 , 7 - e n d o - d i c a r b o m e t h o x y b i c y c l o [  3 , 3 , 2 ]

n o n - 8 - e n e  ( 69 ) .

The d i a c i d  ( 6 8 )  (0*2958 g . ,  0*00090 m ole )  as  a

s l u r r y  i n  m e th a n o l  was e s t e r i f i e d  w i t h  d i a z o m e t h a n e  t o  y i e l d

t h e  d i e s t e r  ( 69 ) (0*2998 g . ,  93$) a s  a  c o l o u r l e s s ;  s o l i d ,

m .p .  7 3 - 7 6 ° .  R e c r y s t a l l i s a t i o n  f rom e t h e r  a f f o r d e d  p r i s m s ,

m .p .  8 2 - 8 3 ° .
- 1

v ° m* ( C C 1 J :  1754 ( s )  ( e s t e r ) ;  1720 ( s )  ( b e n z o a t e ) .
Ulu/A •

(Found :  C, 67*01 ;  H, 6 * 2 3 .  ^20^22^6  re(l u;*-r e s 5  C, 67*02;

H, 6 * 1 9 $ ) .

G .L .C .

Column: 1$ QF 1 Temp. : 200°  F .R .  40 m l . / m i n .

R_k 19*00 m in .

N.M.R. ( P a r t  I I ) .

A n t i - 3 - exo - h y d r o x y - 6  97 - endo- d i h y d r o x y m e t h y l b i c y c l o [ 3 , 2 , 2 ]  

n o n - 8 - e n e  ( 70 ) .

To a  s t i r r e d  s o l u t i o n  o f  l i t h i u m  a lu m in iu m  h y d r i d e  

(100 m g . , )  i n  e t h e r  (8 m l . , ) ,  t h e  d i e s t e r  ( 69 ) (120*8 m g . ,  

0*00034  m ole )  i n  e t h e r  (6 m l . , )  was ad d ed  d r o p w i s e .  The 

s o l u t i o n  was r e f l u x e d  f o r  4 h r s . ,  c o o l e d  and  t h e  e x c e s s  

h y d r i d e  d e s t r o y e d  w i t h  sod ium  s u l p h a t e  d e c a h y d r a t e .  A f t e r  

d i l u t i o n  w i t h  e t h e r  and d r y i n g  o v e r  sod ium s u l p h a t e ,
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e v a p o r a t i o n  i n  vacuo  a f f o r d e d  a c o l o u r l e s s  o i l  (89*1 m g . , ) ,

f rom w h ich  t h e  t i t l e  compound ( 70 ) was c r y s t a l l i s e d  f rom

m e t h a n o l / e t h e r  a s  c o l o u r l e s s  n e e d l e s ,  m .p .  1 4 5 - 1 4 5 * 5 ° ,

(32*3 mg. ,  48%).
- 1

cm. ( KC1) .  3 2 7 7  ( m) ( h y d r o x y l ) ;  1033 ( s )  ( C - 0 ) ;ulaA «
728 (m) ( c i s  d . b . )

(Pound :  C, 66*42;  H, 9 * 0 4 .  ^11^18^3  re<l u i r e s s  66*64;

H, 9*15%).

The mass s p e c t r u m  showed an  i o n  ra/e 199 ,  (M+l) ( C11H18°3 

r e q u i r e s  1 9 8 ) ,  as  w e l l  as  i o n s  a t  m/e 198 ,  180 ( M - ^ O )  and 

92 ( b a s e  p e a k ) •

N.M.R. ( P a r t  I I ) .

The y i e l d s  o f  t r i o l  ( 70 ) v a r i e d  f rom 10% t o  48% b u t  c o u l d  n o t

be b e t t e r e d  e v e n  by a  room t e m p e r a t u r e  r e a c t i o n .  The

r e s i d u e  i n  a l l  c a s e s  was an  am ber ,  m o b i l e  l i q u i d ,
- 1

Vmnv ( f i l m ) :  3350 ( s )  ( h y d r o x y l ) ;  1060 ( s )  ( C - 0 ) ,OlaA •
c o n s i s t e n t  w i t h  a  m i x t u r e  o f  b u t a n e - 1 , 4 - d i o l ,  b u t - 2 - e n e - l , 4 -  

d i o l ,  and b e n z y l  a l c o h o l  (w h ic h  was i s o l a t e d  and i d e n t i f i e d  

i n  one c a s e ) •
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P r e f e r e n t i a l  b i s - t o s y l a t i o n  o f  a n t i - 3 - exo- h y d r o x y - 6 , 7 - endo-

d i h y d r o x y m e t h y l b i c y c l o  [3 , 2 , 2 ] n o n - 8 - e n e  ( 7 0 ) .

To t h e  t r i o l  ( 70 ) (16*2 m g . ,  0*0818 m mole) , ,

d i s s o l v e d  i n  a minimum amount o f  d r y  p y r i d i n e  a t  0 ° ,

p - t o l u e n e s u l p h o n y l  c h l o r i d e  (32*8 m g. ,  0*1725 m m ole)  i n

i c e - c o l d  p y r i d i n e  ( l  m l . , )  was added  w i t h  s t i r r i n g  d u r i n g

15 m in .  The m i x t u r e  was a l l o w e d  t o  s t a n d  a t  0° f o r  4 d a y s

a f t e r  w h ich  t i m e ,  c r u s h e d  i c e  was; a d d e d .  E t h e r  e x t r a c t i o n

f o l l o w e d  by s u c c e s s i v e  w a s h in g  w i t h  d i l u t e  s u l p h u r i c  a c i d

(3 N ) ,  sodium b i c a r b o n a t e  and b r i n e  a f f o r d e d ,  a f t e r  d r y i n g

and e v a p o r a t i o n  i n  v a c u o , a p a l e  y e l l o w  o i l  ( 1 1 * 1  m g . , ) .
- 1

vmoC (film) s 3500 ( s )  ( h y d r o x y l ) ;  1705 ( s )  ( c a r b o n y l ) ;
IIlclX •

1600 (m) ( d o u b le  b o n d ) ;  1160 ( s )  ( S - 0 ) . 

T .L .C .  i n d i c a t e d  t h a t  t h e  o i l  c o n s i s t e d  o f  a t  l e a s t  5 

c o m p o n e n t s ,  none  o f  w h ich  were  i s o l a t e d .

O z o n o l y s i s  o f  a n t i - 3 - e x o - b e n z o y l o x y - 6 . 7 - e n d o - d i c a r b o -  

m e t h o x y b i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e  ( 6 9 ) .

The b e n z o a t e  d i e s t e r  ( 69 ) (85 m g . ,  0*00024 m ole)  

i n  d r y  m e t h a n o l  (14 m l . , )  was t r e a t e d  w i t h  o z o n i s e d  oxygen 

f o r  1 ^ h r s . ,  a t  a  t e m p e r a t u r e  o f  - 3 0 °  w h ic h  was l o w e r e d  

d u r i n g  t h e  r e a c t i o n  t o  - 6 0 ° .  The s y s t e m  was f l u s h e d  w i t h  

n i t r o g e n  f o r  15 m i n . ,  f o l l o w e d  by  a d d i t i o n  o f  d i m e t h y l
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s u l p h i d e  t o  t h e  s o l u t i o n  m a i n t a i n e d  a t  - 3 0 ° .  The m i x t u r e

was s t i r r e d  a t  - 1 0 ° f o r  1 h r . ,  f o l l o w e d  by 1 h r , ,  a t  room

t e m p e r a t u r e .  E v a p o r a t i o n  o f  t h e  s o l v e n t  i n  v a c u o ,

e x t r a c t i o n  o f  t h e  r e s i d u e  w i t h  p e t r o l  ( f rom  an  a q u eo u s  p h a s e )

a f f o r d e d  an  a l m o s t  c o l o u r l e s s  o i l  (97*5 m g . , )  a f t e r  d r y i n g

and e v a p o r a t i o n  i n  v a c u o .
- 1

v cm* ( f i l m ) :  3 5 00-2500  (m) ( a c i d ) ;  1750-1710  ( s )max ,
( c a r b o n y l s ) ;  7 2 5  ( s )  ( b e n z o a t e ) .

T .L ,C .  i n d i c a t e d  t h e  p r e s e n c e  o f  a t  l e a s t  one p o l a r  component  

a s  w e l l  as  two l e s s  p o l a r ,  m in o r  co m p o n e n t s ,  n e i t h e r  o f  

w h ic h  was s t a r t i n g  m a t e r i a l *  A l l  t h e  com ponen ts  s t a i n e d  

y e l l o w  w i t h  D .N .P .  d e v e l o p e r  b u t  a t t e m p t s  t o  s e p a r a t e  

i n d i v i d u a l  com ponen ts  o f  t h i s  complex  m i x t u r e  were  .. 

u n s u c c e s s f u l •

A n t i -»3-e x o - b e n z o y l o x y - 6 , 7 - endo- d i c a r b e t h o x y b i c y c l o L  3 , 2 , 2 ]  

n o n a n e - 8 . 9 - d i o l  ( 76 ) .

The b e n z o a t e  d i e s t e r  ( 69 ) (152*6 m g . ,  0*00043 mole)  

i n  d r y  e t h e r  (4  m l . , )  was t r e a t e d  w i t h  a  s o l u t i o n  (13 m l . , )  

o f  osmium t e t r o x i d e  i n  e t h e r  ( 1 0  m g . / m l . , )  and  t h e  m i x t u r e  

a l l o w e d  t o  s t a n d  f o r  48 h r s .  E v a p o r a t i o n  o f  t h e  s o l v e n t  

i n  v acu o  and a d d i t i o n  o f  b e n z e n e  (40 m l . , )  a f f o r d e d  a 

s o l u t i o n  w h ic h ,  when t r e a t e d  w i t h  a s te a m  o f  h y d r o g e n
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s u l p h i d e ,  p r o d u c e d  a  b l a c k  p r e c i p i t a t e  o f  osmium s u l p h i d e .

A f t e r  f l u s h i n g  w i t h  n i t r o g e n ,  t h e  s o l u t i o n  was f i l t e r e d

t h r o u g h  c e l i t e  and t h e  s o l v e n t  removed i n  v a c u o .

P r e p a r a t i v e  T .L .C .  o f  t h e  r e s u l t a n t  c o l o u r l e s s  o i l  (130*9 m g.^

l e d  t o  t h e  i s o l a t i o n  o f  s t a r t i n g  m a t e r i a l  ( 2 6 ° 4  m 17$)

i d e n t i f i e d  by I . R .  and T .L .C .  and a more p o l a r  com ponen t ,

t h e  t i t l e  compound ( 76 ) (71*9 m g. ,  43$) as  a p a l e  y e l l o w

s y r u p  w h ic h  r e s i s t e d  c r y s t a l l i s a t i o n .
- 1

vmax. (CC1J : 3 6 4 0  ( s ) ’ 3 5 5 3  ( g ) ( h y d r o x y l ) ;  1751 ( s )

( e s t e r ) j  1742 ( s )  ( e s t e r ) ;  1722 ( s )  

( b e n z o a t e )
- 1

vcm- ( f i l m ) :  1290 ( s ) ,  1 2 1 0  ( s ) ,  1080 ( s ) ,  728 ( s ) .max .
N.M.R. ( P a r t  I I ) .

The mass s p e c t r u m  showed a  p a r e n t  i o n  m/e 392 (^2 0 ^2 4 ^8

r e q u i r e s  392)  and a b a s e  p e a k  m/e 105 .

On a t t e m p t e d  s h o r t - p a t h  d i s t i l l a t i o n  o f  a  s am ple  o f

t h i s  o i l  (15*1 m g . , ) ,  a c o l o u r l e s s  s o l i d  was o b s e r v e d  t o

s u b l i m e  a t  b . p .  8 0 ° / 0 * l  mm., f o l l o w e d  by a  y e l l o w  o i l ,

b . p .  1 5 0 - 1 6 0 ° /0 * 1  mm. The s o l i d  was shown t o  be b e n z o i c

a c i d ,  m .p .  1 2 2 - 1 2 3 ° ,  by  a m ixed  m e l t i n g  p o i n t  d e t e r m i n a t i o n  
- 1

and I . R . ,  [ v ° ^ # (NUJOL): 1687 ( s )  ( a c i d ) ]  s t h e  o i l

(7 * 2  m g . , )  p r o v e d  t o  be t h e  h y d r o x y  e t h e r  d i e s t e r  ( 80 ) .
- 1

v cm;  (NUJOL): 3535 ( s )  ( h y d r o x y l ) ;  1727 ( s )  ( e s t e r ) ;m&x •
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1218 ( s ) ,  1155 ( s ) ,  1090 ( s ) ,  1 0 2 0  ( s ) ,  

970 ( s ) ,  940 ( s ) ,  845 ( s ) ,  825 ( s ) ;  

no a r o m a t i c  b a n d s .

T h i s  e l i m i n a t i o n  o f  b e n z o i c  a c i d  a l s o  o c c u r r e d  i f  t h e  d i o l  

was a l l o w e d  t o  s t a n d  i n  t h e  a t m o s p h e r e  f o r  s e v e r a l  d a y s .

The d i o l  ( 76 ) (20*3 m g . , )  a f f o r d e d  an  a c e t o n i d e  ( 83 )

( 9*5  m g . , )  on s t i r r i n g  w i t h  a m i x t u r e  o f  d r y  a c e t o n e  and

a n h y d r o u s  c o p p e r  s u l p h a t e .  The d e r i v a t i v e  was i s o l a t e d  by

f i l t e r i n g  t h e  r e a c t i o n  m i x t u r e  t h r o u g h  c e l i t e ,  e v a p o r a t i n g

t h e  f i l t r a t e  i n  v acuo  and c r y s t a l l i s i n g  t h e  p r o d u c t  f rom

e t h y l  a c e t a t e  as  c o l o u r l e s s  p l a t e s ,  m .p .  1 4 0 * 5 - 1 4 2 ° .
- 1

v cm- ( CHC1 , ) :  1735 ( s )  ( e s t e r ) ;  1710 ( s )  ( b e n z o a t e ) ;max . j

1600 ( w ) , 1580 ( w ) , 7 2 5  (w) ( a r o m a t i c ) ;  

1290 ( s ) ,  1210 ( s ) ,  1075 ( s ) ,  1055 ( s ) .

The mass s p e c t r u m  showed no p a r e n t  i o n  m/e 432 b u t  i n s t e a d  

a  l a r g e  i o n  m/e 417 (M-CH^). A b a s e  p e a k  m/e 55 and  a 

l a r g e  i o n  m/e  105 w ere  o b s e r v e d .
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C le a v a g e  o f  a n t i - 3 - exo- b e n z o y l o x y - 6 , 7 - endo- d i c a r b o m e t h o x y -  

b i c y c l o [ 3 , 2 , 2  ] n o n - 8 , 9 - d i o l  ( 7 6 ) .

To a s t i r r e d  s o l u t i o n  o f  t h e  d i o l  ( 76 ) (38 m g. ,  

0 * 0 0 0 1  m ole)  i n  m e th a n o l  (6  m l . , )  u n d e r  an  a t m o s p h e r e  o f  

n i t r o g e n ,  sodium p e r i o d a t e  (30 m g . , )  i n  w a t e r  (6  m l . , )  was 

ad d ed  i n  p o r t i o n s  and t h e  s t i r r i n g  c o n t i n u e d  f o r  24 h r s .

The s o l u t i o n  was e x t r a c t e d  t h o r o u g h l y  w i t h  e t h e r ,  t h e  

e x t r a c t s  b e i n g  w ashed  w i t h  b r i n e ,  d r i e d  o v e r  sodium s u l p h a t e  

and  e v a p o r a t e d  i n  v a c u o . The r e s u l t a n t  p a l e  y e l l o w  o i l  

(30*1 m g . , )  was e s s e n t i a l l y  one component  by  T . L . C . ,  t h e  

d i  a l d e h y d e  (84)  Rp 0*6 ,  c o n t a m i n a t e d  w i t h  a  more  p o l a r  

i m p u r i t y ,  Rp 0 * 5 .  No s t a r t i n g  m a t e r i a l  was d e t e c t e d  and

b o t h  com ponen ts  s t a i n e d  y e l l o w  w i t h  D .N .P .  d e v e l o p e r .
- 1

vcm* ( f i l m ) ;  3480 (w) ( c a r b o n y l  o v e r t o n e ) ;  2740 (w) max.
( a l d e h y d e  C -H ) ; 1 7 3 5 -1 7 0 0  ( s )  ( c a r b o n y l s ) ;

1600 (w ),  1580 (w ) ,  730 ( s )  ( a r o m a t i c )

Due t o  t h e  f a c t  t h a t  t h e  d i a l d e h y d e  decom posed  t o  a c i d i c  

s p e c i e s  on s t a n d i n g ,  t h e  c r u d e  m a t e r i a l  was n o t  p u r i f i e d  

f u r t h e r  b u t  a t t e m p t s  w ere  made t o  c h a r a c t e r i s e  i t  a s  i t s  

d i n i t r o p h e n y l h y d r f t z o n e  and s e m i c a r b a z o n e , a  f r e s h l y  

p r e p a r e d  sam ple  b e i n g  u s e d  i n  e a c h  c a s e .
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( i )  D i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e

The o i l  (25*1 m g . , )  was d i s s o l v e d  i n  m e th a n o l  

( 1 0  m l . , )  and t r e a t e d  w i t h  an e t h a n o l i c  s o l u t i o n  o f  

d i n i t r o p h e n y l h y d r a z i n e  i n  s u l p h u r i c  a c i d  i n  t h e  u s u a l  

m a n n e r .  An o r a n g e  s o l i d  was i s o l a t e d  w h ic h  was shown t o  

c o n s i s t  o f  t h r e e  com ponents  by T . L . C . ,  A (Rp 0 » 7 ) ,  B (Rp 0*5)  

and C (Rp 0 * 3 5 ) .  S e p a r a t i o n  by  p r e p a r a t i v e  T .L .C .  a f f o r d e d  

B (9*5 m g . , )  and C ( l l * l  m g . , )  as  t h e  m a in  p r o d u c t s ,  A (2 mg.) 

b e i n g  a  m in o r  u n i d e n t i f i e d  com ponen t .  Components  B m .p .  

1 4 5 * 5 -1 4 8 °  and C m .p .  153* 5 -1 5 6 °  were  b o t h  r e c r y s t a l l i s e d  

f rom  c h l o r o f o r m / e t h a n o l  and had  v e r y  s i m i l a r  I . R .  s p e c t r a .  

N e i t h e r  compound c o u l d  be o b t a i n e d  i n  a p u r e  s t a t e  due t o  

g r a d u a l  d e c o m p o s i t i o n  t o  a c i d i c  s p e c i e s  ( T . L . C . )  and t h e r e ­

f o r e  f u r t h e r  c h a r a c t e r i s a t i o n  c o u l d  n o t  be e f f e c t e d .
- 1

B v ° m* (NUJOL): 3300 (w) (N -H ) ; 1620 ( m ) , 1590 (m),m ax .

730 ( s )  ( a r o m a t i c ) .

v
- 1cm. 

max_.p 
cm

(C C l . )  : 1741 ( s )  ( e s t e r s ) |  1727 ( s )  ( b e n z o a t e ) .

v° ’ (NUJOL) j 3300 (w) (N -H ) ; 1620 (m) , 1590 (mi),max .
730 ( s )  ( a r o m a t i c ) .

- 1cmv (CC1,)  | 1752 ( s )  ( e s t e r s ) |  1726 ( a )  ( b e n z o a t e ) ,max.
D e s p i t e  b e i n g  i n v o l a t i l e ,  component  B showed a m o l e c u l a r  

w e i g h t  o f  745 i  5 by  mass s p e c t r o s c o p y  ( ^ 3 2 ^ 3 0 ^ 14^8  

r e q u i r e s  7 5 0 ) .  T h i s  e v i d e n c e  s u g g e s t e d  t h a t  B and C w ere  

e p i m e r i c  b i s - d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e s .
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( i i )  S e m ic a r b a z o n e  d e r i v a t i v e .

The d i a l d e h y d e  ( 84 ) (27*2 mg*,)  was t r e a t e d  w i t h

a  s e m i c a r b a z i d e  s o l u t i o n  i n  t h e  s t a n d a r d  m a n n e r .  A f t e r

12 h r s .  a t  0 ° ,  t h e  p r o d u c t  was i s o l a t e d  w i t h  e t h e r *  The

p r o d u c t  p r o v e d  t o  be a c o l o u r l e s s  s y r u p  w h ic h  r e s i s t e d

c r y s t a l l i s a t i o n  and was shown t o  c o n s i s t  o f  s e v e r a l

com ponen ts  by T . L . C . ,  one o f  w h ich  Rp 0*1 was p r e d o m i n a n t .
- 1

v ° m* (CHC1,) :  3500-3200  (m) (N-H); 1750 (m, s h o u l d e r ) ;

1720-1700  ( s )  ( c a r b o n y l s ) ;  1670 (m, s h o u ld e r )  

(-NH-C0-NH2 ) ; 725 ( s )  ( b e n z o a t e ) .

T h i s  m a jo r  com ponent  c o u l d  n o t  be s e p a r a t e d  s a t i s f a c t o r i l y  

f rom  t h e  o t h e r  m a t e r i a l s  by c h r o m a to g r a p h y  and t h e  

i n v e s t i g a t i o n  was c o n t i n u e d  no f u r t h e r .

R e d u c t i o n  o f  d i a l d e h y d e  ( 84 ) .

The d i a l d e h y d e  ( 8 4 )  (48 m g . , ) ,  d i s s o l v e d  i n  

m e t h a n o l  ( 7  m l * , ) ,  was t r e a t e d  w i t h  e x c e s s  sod ium  b o r o -  

h y d r i d e  and t h e  m i x t u r e  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e ,  

f o r  15 h r s .  The pH was l o w e r e d  t o  7 ,  t h e  s o l u t i o n  f i l t e r e d ,  

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

The p r o d u c t  (31*1 m g . , ) ,  a p a l e  y e l l o w  o i l ,  p r o v e d  t o  be 

e s s e n t i a l l y  one component  by  T .L .C .  (Rp 0*5). The I . R .  

s p e c t r u m  showed no h y d r o x y l  a b s o r p t i o n  b u t  s t r o n g  y - l a c t o n e  

a b s o r p t i o n .
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- 1
( C H C l J ;  1790 ( s ) ,  1781 ( s )  ( y - l a c t o n e s ) ;

171Q/X i  j

1718 ( s )  ( b e n z o a t e )

The compound was t h o u g h t  t o  be t h e  b e n z o a t e  d i l a c t o n e  ( 87 ) •

H y d r o l y s i s  o f  a n t i ~ 3 - exo~ b e n z o y l o x y b i c y c l o f  3 , 2 , 2 1 n o n - 8 - e n e -

6 , 7 - e n d o - d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 41 ) s (endo A ) .

The b e n z o a t e  a n h y d r i d e  ( 41 ) (0*498 g * ,  0*0016

m ole )  was h e a t e d  on a s te a m  b a t h  w i t h  d i l u t e  sod ium

c a r b o n a t e  (2 0 $ ,  22 m l * , )  f o r  3 h r s *  The s o l u t i o n  was;

f i l t e r e d ,  c o o l e d  and  a c i d i f i e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d

and  e v a p o r a t e d  t o  s m a l l e r  b u l k ,  a t  w h ic h  t im e  b e n z o i c  a c i d

c r y s t a l l i s e d  o u t  o f  t h e  s o l u t i o n *  The f i l t r a t e  was e t h e r

e x t r a c t e d  c o n t i n u o u s l y  f o r  6 days  a f f o r d i n g  a  y e l l o w ,

v i s c o u s  o i l  w h ic h  p a r t i a l l y  s o l i d i f i e d .
- 1

V 0 m * ( f i l m ) :  3500 ( s ) ,  3440 ( s )  ( h y d r o x y l ) j  3 4 0 0 -2 5 0 0
m a x  •

( h y d r o g e n  b o n d i n g ) ;  1855 ( m ) , 1835 ( m ) ,

1770 ( s )  ( a n h y d r i d e ) ;  1720 ( s )  ( a c i d ) ;

1 6 9 0  ( s )  ( b e n z o i c  a c i d ) ;  1600 ( w ) , 1580 ( w ) , 

720 ( s )  ( a r o m a t i c ) *

T h i s  m a t e r i a l  was c o n c l u d e d  t o  be a  m i x t u r e  o f  t h e  h y d r o x y  

a n h y d r i d e  ( 9 1 ) ,  t h e  h y d r o x y  d i a c i d  ( 9 2 )  and  b e n z o i c  a c i d *
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I n  one e x p e r i m e n t ,  c o n f i r m a t i o n  o f  t h e  b i c y c l i c

s t r u c t u r e s  was o b t a i n e d  by h e a t i n g  a sam ple  o f  t h e  m i x t u r e

a t  r e f l u x  t e m p e r a t u r e  w i t h  a c e t y l  c h l o r i d e  f o r  2 h r s *  The

excess :  r e a g e n t  was removed i n  v acuo  and t h e  p r o d u c t  a z e o t r o p e d

w i t h  b e n z e n e  t o  remove l a s t  t r a c e s .  By p r e p a r a t i v e  T . L . C . ,

t h e  m a in  component  was i s o l a t e d ,  R̂ , 0 *5 , and  was, shown t o  be

t h e  a c e t o x y  a n h y d r i d e  ( 93)  by I . R .  and T .L .C .  c o m p a r i s o n

w i t h  a c e t o x y  a d d u c t s  o b t a i n e d  e a r l i e r .
- 1

v cm' ( f i l m ) :  1 8 5 0  (m),  1830 (m), 1775 ( s )  ( a n h y d r i d e ) ;max •
1730 ( s )  (m e th y l  e s t e r ) j  125 0 -1 2 3 0  ( s )

(C-0 a c e t a t e ) .

3 - K e t o b i c y c l o [ 3 , 2 , 2 ] n o n - 8- e n e - 6 , 7 - e n d o - d i c a r b o x y l i c  a c i d  

a n h y d r i d e  ( 94 ) .

The m i x t u r e  f rom  above (330 m g . , )  was s t i r r e d  i n  

a c e t o n e  (10 m l . , ) ,  c o o l e d  i n  i c e ,  and  s t a n d a r d  J o n e s  r e a g e n t  

a d d e d  d r o p w i s e .  When t h e  o r a n g e  c o l o u r  was m a i n t a i n e d ,  

m e t h a n o l  was ad d e d  f o l l o w e d  by i c e ,  a f t e r  a  15 m in .  

i n t e r v a l .  The m i x t u r e  was  e x t r a c t e d  w i t h  e t h y l  a c e t a t e ; :  

e t h e r  ( l : l ) ,  t h e  o r g a n i c  e x t r a c t  w ashed  w i t h  sod ium  

b i c a r b o n a t e  ( 6 f o ) , b r i n e  and  d r i e d  o v e r  sod ium  s u l p h a t e .  

E v a p o r a t i o n  i n  v acu o  a f f o r d e d  t h e  k e t o  a n h y d r i d e  ( 94 ) a s  

a  c o l o u r l e s s  s o l i d  (139*3 m g . ,  42fo f rom  b e n z o a t e  a n h y d r i d e )
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m .p .  1 9 0 - 1 9 3 ° .  The k e t o n e  was  h e a t e d  a t  r e f l u x  t e m p e r a t u r e

w i t h  a c e t y l  c h l o r i d e  f o r  3 h r s „, t h e  p u r e  k e t o  a n h y d r i d e

c r y s t a l l i s i n g  f rom t h e  s o l u t i o n  on c o o l i n g *  E e c r y s t a l l i a -

a t i o n  f rom  a c e t o n e / d i i s o p r o p y l  e t h e r  a f f o r d e d  c o l o u r l e s s

p l a t e s ,  m .p .  1 9 9 * 5 - 2 0 0 * 5 ° .
- 1

( K B r ) : 1867 ( m ) , 1834 (m ) , 1768 ( s )  ( a n h y d r i d e ) ;ITlclX »

1697 ( s )  ( k e t o n e )

(Found:  C, 64*30 ;  H, 4 * 9 7 .  ^ n ^ i o ^4  recl u i r e s s  C, 64*07;

H, 4*89 f o ) .

G .L .C .

Column: Vfo QF 1 Temp. : 175° F .R .  38 m l . / m i n .

Rj. 11*55 m in .

The mass s p e c t r u m  showed a p a r e n t  i o n  m/e  206 

r e q u i r e s  206) and a  b a s e  p e a k  m/e 28 .

N.M.R. ( P a r t  I I ) .

3 , 3 - E t h y l e n e d i o x y b i c y c l o [  3 , 2 , 2 ] n o n - 8- e n e - 6 . 7 - endo-  

d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 95 ) .

The k e t o n e  ( 9 4 )  (0*182 g . ,  0*00088 m o l e ) ,  

e t h y l e n e  g l y c o l  (0*637 g . ,  0*01025 m ole )  and  p - t o l u e n e -  

s u l p h o n i c  a c i d  ( 1 0  m g . , )  i n  b e n z e n e  (25 m l . , )  w ere  s t i r r e d  

a t  r e f l u x  w i t h  w a t e r  s e p a r a t i o n  u s i n g  a  D e a n - S t a r k  a p p a r a t u s  

f o r  16 h r s .  The s o l v e n t  was removed i n  v a c u o , e t h e r  added
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and t h e  e t h e r e a l  s o l u t i o n  w ashed  s u c c e s s i v e l y  w i t h  sodium

b i c a r b o n a t e  ( 1 0 f o )  and b r i n e  , and d r i e d  o v e r  sod ium  s u l p h a t e .

E v a p o r a t i o n  a f f o r d e d  t h e  k e t a l  ( 95 ) a s  a  c o l o u r l e s s  s o l i d

( 1 2 0 * 1  m g . ,  55 fo) w h ic h  was c r y s t a l l i s e d  f rom a c e t o n e  t o

g i v e  n e e d l e s ,  m .p .  2 2 5 - 2 2 6 * 5 ° .
- 1

(K B r) :  1860 (m ) , 1829 (m), 1778 ( s )  ( a n h y d r i d e ) .m&x«
- i

v ° “ * (NUJOL): 1100 ( s ) ,  965 ( s ) ,  945 ( s ) ,  765 ( s )
I I la iA  «

(Found:  C, 61*95 ;  H, 5*74 .  ^ 1 3^ 14^5  r e 9.u i r e s J  C, 62*39;

H, 5*64fo) .

N.M.R. ( P a r t  I I ) .

3 , 3 - E t h y l  e n e d i o x y - 6 , 7 - . e n d o - d i c a r  borne t h o x y b i c y c l o  [ 3 , 2 , 2 ]  

n o n - 8 - e n e  ( 97 ) .

The k e t a l  a n h y d r i d e  ( 95 ) (103*7 m g . ,  0*0004  mole)  

was warmed i n  d i l u t e  sodium c a r b o n a t e  ( 2 0 f o ,  15 m l . , )  f o r  

10 m i n . ,  f i l t e r e d  and c o o l e d  t o  0 ° .  The pH was made . ju s t  

a c i d ,  t h e  s o l u t i o n  e x t r a c t e d  t h o r o u g h l y  w i t h  e t h y l  a c e t a t e /  

e t h e r  ( 1 : 1 ) and  t h e  o r g a n i c  p h a s e  d r i e d  o v e r  sod ium  s u l p h a t e .  

I n  one e x p e r i m e n t ,  t h i s  s o l u t i o n  was e v a p o r a t e d  i n  vacuo  

t o  y i e l d  a  p a l e  y e l l o w  o i l  w h ic h  s o o n  s o l i d i f i e d  b u t  was 

shown t o  be  a  m i x t u r e  o f  t h e  a n h y d r i d e  ( 9 5  ) and  t h e  

c o r r e s p o n d i n g  d i a c i d .



Vm«v (NUJOL): 3500-2500  (m) ( h y d r o g e n  b o n d i n g ) 5nicix #
1830 (w ) ,  1770 (m) ( a n h y d r i d e ) ;

1710 ( s )  ( a c i d ) .

T h i s  c l o s u r e  was a v o i d e d  by c a r e f u l l y  e v a p o r a t i n g  t h e

o r g a n i c  s o l u t i o n  ( c o n t a i n i n g  t h e  d i a c i d  a l o n e )  t o  s m a l l e r

b u l k  (80 m l . , )  i n  vacuo  and a d d in g  e x c e s s  e t h e r e a l  d i a z o -

m e t h a n e .  A f t e r  e v a p o r a t i o n  o f  t h e  e x c e s s  d i a z o m e t h a n e ,

f o l l o w e d  by f i l t r a t i o n  t h r o u g h  c e l i t e ,  t h e  s o l v e n t  was

removed i n  v acu o  t o  y i e l d  t h e  d i e s t e r  ( 97 ) a s  an  o i l

(60*5 m g . ,  4996 f rom k e t a l  a n h y d r i d e ) ,  b . p .  1 8 0 ° /0 * 5  mm.,

w h ic h  s o l i d i f i e d  s l o w l y  on s t a n d i n g .  C r y s t a l l i s a t i o n  w i t h

d i f f i c u l t y  f rom e t h e r  a f f o r d e d  c o l o u r l e s s  p l a t e l e t s ,  m .p .

8 9 * 5 - 9 1 * 5 ° .
- 1

v m a x .  ( C H C 1 3 ) ! x 7 4 5  ( s ) ( e s t e r )

_ - 1
(NUJOL): 1200 ( s ) ,  1170 ( s ) ,  1105 ( a ) ,  1065 ( a ) .

m a x  .

(Found :  C, 60•  4 3 5 H, 6 *8 8 . ^15^20^6  re<l u i r e s  60*80 ;

H, 6 * 8 0 $ ) .  

N.M.R. ( P a r t  I I ) .
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3 , 3 - E t h y l e n e d i o x y - 6 17 - endo- d i h v d r o x y m e t h v l b i c v c l o [ 3 , 2 , 2 ]

n o n - 8 - e n e  ( 98 ) ,

The k e t a l  d i e s t e r  ( 9 7 )  (186*5 m g . ,  0*0006 m ole)

i n  e t h e r  (15 m l . , )  was s l o w l y  added  d r o p w i s a  t o  a  s t i r r e d

s u s p e n s i o n  o f  l i t h i u m  a lu m in iu m  h y d r i d e  ( 2 1 1 * 6  m g . ,  e x c e s s )

i n  e t h e r  ( 8  m l . , ) .  The s u s p e n s i o n  was r e f l u x e d  f o r  2 h r s . ,

c o o l e d  and e x c e s s  h y d r i d e  d e s t r o y e d .  The e t h e r - d i l u t e d

s o l u t i o n  was d r i e d  o v e r  sodium s u l p h a t e  and e v a p o r a t e d

i n  v ac u o  t o  y i e l d  t h e  d i o l  ( 98 ) as  a  c o l o u r l e s s  s o l i d

(107*4  m g . ,  76%).  R e c r y s t a l l i s a t i o n  f rom  c h l o r o f o r m /

d i i s o p r o p y l  e t h e r  a f f o r d e d  p l a t e s ,  m .p .  1 3 7 * 5 - 1 3 8 * 5 ° .
- 1

vZ.C- (NUJ0L): 3350 ( s )  ( h y d r o x y l ) ;  1110 ( s ) ,  1050 ( s ) ,
IllaX  i

1035 ( s )  ( C - 0 ) .

(Founds C, 6 4 - 5 9 ;  H, 8 - 2 7 .  ^1 3 ^2 0 ^4  re<l u:‘-r e s i  *-!, 64*98 ;

H, 8*39f 6 ) .

P r e s e n c e  o f  t h e  k e t a l  f u n c t i o n  was a l s o  c o n f i r m e d  by  y e l l o w  

s t a i n i n g  ( T . L . C . )  w i t h  D .N .P .  d e v e l o p e r  i n d i c a t i n g  h y d r o l y s i s  

by  a c i d .

N.M.R.  60 Me.

3*85 T (2H, q u a r t e t ,  o b s .  s p l i t t i n g  5 ,3  c p s ,  v i n y l i c )

6*13 t  (4H, s i n g l e t ,  k e t a l )

6*90 t  (2H, b r o a d  a b s o r p t i o n ,  h y d r o x y l )  D2O ex ch an g e

7*95 T (2H, q u a r t e t ,  o b s .  s p l i t t i n g  1 4 , 4  c p s ,  H, f
A p a r t  o f  ABX)

8*22 t (2H, q u a r t e t ,  o b s .  s p l i t t i n g  14*3 cps,, H-. *
M p a r t  o f  ABX)
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6 , 7 - E n d o - d i h y d r o x y m e t h y l b i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e  ( 99 ) .

The o l e f i n i c  a n h y d r i d e  ( 7 ) (0°605  g « ,  0*0032

m o l e ) ,  i n  e t h e r  (5  m l . , ) ,  was added  d r o p v i s e  t o  a s t i r r e d

s u s p e n s i o n  o f  e x c e s s  l i t h i u m  a lu m in iu m  h y d r i d e  (700 m g . , )

i n  e t h e r  (7 m l . , ) .  The s o l u t i o n ,  a f t e r  s t i r r i n g  f o r  2 h r s . ,

was t r e a t e d  w i t h  sodium s u l p h a t e  d e c a h y d r a t e  and  t h e  e t h e r -

d i l u t e d  s o l u t i o n  d r i e d .  E v a p o r a t i o n  o f  t h e  s o l v e n t  i n

v a c u o  a f f o r d e d  t h e  d i o l  ( 99 ) a s  a c o l o u r l e s s  s o l i d ,

(0*5613 g . ,  97$)  w h ic h  was r e c r y s t a l l i s e d  f rom d i i s o p r o p y l

e t h e r  t o  g i v e  l o n g  n e e d l e s ,  m .p .  7 2 - 7 2 * 5 ° .
- 1

(NUJOL): 3300 ( s )  ( h y d r o x y l ) ;  1040 ( g ) ,  1030 ( s ) ,
IQ&X #

990 (m) ( C - 0 ) ; 710 (m) ( d o u b l e  b o n d ) .

(Pound :  C, 7 2 * 2 3 ;  H, 9 * 7 9 .  ^11^18^2  r e l u:*-re3:S C, 72*49 ;

H, 9 * 9 6 $ ) .

N .M.R. : 4*01 T (2H, q u a r t e t ,  o b s .  s p l i t t i n g  5 ,3  c p s ,
v i n y l i c ) .

8*47 x  ( 6H, b r o a d  s i n g l e t ,  b r i d g e  m e t h y l e n e s ) .

B i s - m e t h a n e s u l p h o n a t e  (105)  o f  6 , 7 - e n d o - d i h y d r o x y m e t h y l -  

b i c v c l p r 3 « 2 . 2  ] n o n - 8 - e n e  ( 9 9  ) .

To a  s t i r r e d  i c e - c o l d  s o l u t i o n  o f  m e t h a n e s u l p h o n y l  

c h l o r i d e  (318 m g . ,  0*0028 m ole)  i n  d r y  p y r i d i n e  ( l  m l . , )  a  

s o l u t i o n  o f  d i o l  ( 99 ) (104*7 m g . ,  0 * 0 0 0 5 8  m ole)  i n  p y r i d i n e
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(2 m l . , )  was added  d r o p w i s e .  The c o n t e n t s  w ere  k e p t  a t  0°

f o r  24 h r s . ,  f o l l o w e d  by a n o t h e r  p e r i o d  o f  24 h r s , . ,  a t  room

t e m p e r a t u r e ,  a f t e r  w h ich  t im e  t h e  deep  amber  m i x t u r e  was;

t r e a t e d  w i t h  c r u s h e d  i c e .  The m ix tu re ;  was  t h o r o u g h l y

e x t r a c t e d  w i t h  e t h e r ,  t h e  e t h e r e a l  p h a s e  b e i n g  w ashed

s u c c e s s i v e l y  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  sodium
db i c a r b o n a t e  ( s a t  *) and b r i n e .  A f t e r  d r y i n g ,  e v a p o r a t i o n

y i e l d e d  a  p a l e  y e l l o w  o i l ,  t h e  b i s - m e s y l a t e  (105 )  (186*3 m g . ,

96$)  w h ich  was e a s i l y  c r y s t a l l i s e d  from e t h y l  a c e t a t e / e t h e r

t o  y i e l d  c o l o u r l e s s  n e e d l e s ,  m .p .  9 6 - 9 7 ° .
- 1

vmax. <i ro j0 L ) s 1175 ( s )  ( S - 0 ) ;  990 ( s ) ,  960 ( s ) ,

865 (m),  830 (m ) , 725 ( m ) .

(Founds C, 46*13 ;  H, 6 * 5 2 .  ^1 3 ^2 2 ^6 ^2  r e 9.u l r e s i  C, 46*13;

H, 6 * 5 5 $ ) .

N.M.R.  3*92 T (2H, q u a r t e t ,  o b s .  s p l i t t i n g  5 ,3  c p s ,  v i n y l i c )

7*00 % ( 6H, s i n g l e t ,  m e s y l a t e )

8*43 % ( 6H, b r o a d  s i n g l e t ,  b r i d g e  m e t h y l e n e s )

B i s - m e t h a n e s u l p h o n a t e  (106)  o f  3 .  3 - e : t h v l e n e d i o x y - 6 . 7 - e n d o -  

d ih Y d r o x Y m e t h y lb i c y c lo [  3 . 2 . 2 ] n o n - 8 - e n e  ( 9 8 ) .

K e t a l  d i o l  ( 9 8 )  (91*3 m g . ,  0*00038 m o l e ) ,  i n  

p y r i d i n e  (3 m l . , ) ,  was r e a c t e d  a s  d e s c r i b e d  above  w i t h  

m e t h a n e s u l p h o n y l  c h l o r i d e  (0*273 m g . ,  e x c e s s )  i n  p y r i d i n e (4  ml)#
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On a d d i t i o n  o f  c r u s h e d  i c e ,  a  c o l o u r l e s s  s o l i d  was

p r e c i p i t a t e d  w h ic h  was f i l t e r e d  and d r i e d #  The b i s -

m e s y l a t e  (106)  (116*1 m g . ,  7 7 %) c r y s t a l l i s e d  a s  c o l o u r l e s s

p l a t e l e t s ,  m.p# 1 0 6 - 1 0 7 * 5 ° ,  f rom m e th a n o l#
- 1

(lIUJOL): 1X80 ( s )  ( S - 0 ) ; 1110 ( s ) ,  1000 ( s ) ,
U IIIa  #

960 ( s ) ,  895 ( s ) ,  885 ( s ) ,  830 ( s )

N.M.R. 60 Me •

3*80 t (2H, q u a r t e t ,  o b s .  s p l i t t i n g  5 , 3  c p s ,  v i n y l i c )

6*13 t (4H, q u a r t e t ,  o b s .  s p l i t t i n g  4 , 3  c p s ,  k e t a l )

7*02 T ( 6H, s i n g l e t ,  m e s y l a t e )

7*98 x  (2H, q u a r t e t ,  o b s .  s p l i t t i n g  1 4 , 5  c p s ,  H^a ,

A p a r t  o f  ABX)

8*28 x  (2H, q u a r t e t ,  o b s ,  s p l i t t i n g  1 4 ,3  c p s ,  H^g ,

B p a r t  o f  ABX)

4 - A m i n o - 3 - c v a n o t r i c y c l o [ 5 . 3 . 2 , 0 ^ , ^ 3 d o d e c a - 3 . 1 1 - d i e n e  ( i l l )  

(endo  c o n f i g u r a t i o n ) .

The b i s - m e s y l a t e  (105)  (128*7 mg#, 0*00038 m ole)  

i n  d i m e t h y l  s u l p h o x i d e  (D .M .S .O . )  (6  m l # , )  was a d d e d  t o  a  

s t i r r e d  s o l u t i o n  ( a t  9 0 ° )  o f  p o t a s s i u m  c y a n i d e  (A nalaR ,

98*5 mg#, 0*0015 m ole )  i n  D .M .S .O .  (4*5 m l . , )  u n d e r  an 

a tm o s p h e r e  o f  n i t r o g e n .  A f t e r  an  h o u r  a t  9 5 ° ,  t h e  s o l u t i o n
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was c o o l e d  and a s l u r r y  o f  sodium h y d r i d e  (49*9 m g . ,  50% 

d i s p e r s i o n  i n  o i l ,  0*001 m ole)  i n  D .M .S .0 .  (4*5 m l . , )  added  

d r o p w i s e .  A f t e r  h e a t i n g  a t  95°  f o r  a f u r t h e r  p e r i o d  o f  

1 h r . ,  t h e  s o l u t i o n  was p o u r e d  i n t o  i c e / w a t e r ,  w h e reu p o n  

a  l i g h t  brown s o l i d  s e p a r a t e d .  F i l t r a t i o n  and d r y i n g  

a f f o r d e d  t h e  cyanoenam ine  ( i l l )  ( 5 2  m g . ,  6 8 %) w h ic h  was. 

c r y s t a l l i s e d  s e v e r a l  t i m e s  f rom b e n z e n e / p e t r o l  t o  g i v e  

c o l o u r l e s s  p l a t e l e t s ,  m .p .  1 8 8 ° .

cm - 1
(NUJ0L): 3460 (m) , 3390 (m) , 1645 ( s )  (N-H) |nicix •

2210 ( s )  (C=N); 1615 (m) ( d o u b le  b o n d ) .

(Found:  C, 7 7 - 6 9 ;  H, 7*85)  N, 1 3*72 .  G1 3 % 6 ^ 2  re<l u;*-r e s :

C, 7 7 - 9 6 ;  H, 8*05;  N, 13-99% ).

263-5  mu ( e ,  1 5 , 0 0 0 ) .incix #
A f t e r  1 d r o p  HC1 ( 6N ) ,  \  238 mp ( e ,  1 0 , 7 0 0 ) ,  a f t e r  1 h r .max..
[ l i t .  f o r  l - a m i n o - 2 - c y a n o c y c l o p e n t - l - e n e ,  \  263 mumax.
( e ,  1 3 ,0 0 0 )  ]

N.M.R.

CN

H , 6 - 8 0  t  ( 1H, d o u b l e t ,  J ..*■ 8 ) 

c a  7 - 8  t  ( e a  1H, com plex)

H^, He c a  7 -3  T (4H, complex)

Hc 2*97 % (2H, m u l t i p l e t )

8 -5 6  t  ( 6H, b r o a d  s i n g l e t )  

Hf  5 -7 6  t  (2H, b r o a d )

d 2o ex ch a n g e
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2 64 - A m i n o - 3 ~ c y a n o - 9 » 9 ~ e t h y l e n e d i o x y t r i c y c l o [ 5 * 3 , 2 , 0  * ] d o d e c a -

3 . 1 1 - d i e n e  ( 1 1 3 ) ( endo c o n f i g u r a t i o n . )

U nder  an a tm o s p h e r e  o f  n i t r o g e n ,  t h e  k e t a l

m e s y l a t e  ( 1 0 6 ) (37*2 m g . ,  0*09 m mole)  i n  D .M .S .0 .  ( l  m l . , )

was r e a c t e d  as  d e s c r i b e d  above w i t h  p o t a s s i u m  c y a n i d e

(31*6 m g . ,  0*485 m mole)  i n  D .M .S .0 .  (2 m l . , )  a t  9 0 - 9 5 ° .

Trea tm ^-  o f  t h e  c o o l e d  s o l u t i o n  w i t h  a  s l u r r y  o f  sodium

h y d r i d e  (16*2 m g . ,  50$ d i s p e r s i o n  i n  o i l ,  0*34 m m ole)  i n

D . M .S .0 .  ( l * 5  m l . , ) ,  f o l l o w e d  by a p e r i o d  o f  h e a t i n g  ( l  h r . )

a f f o r d e d  a s o l u t i o n  w h i c h ,  on c o o l i n g ,  was t r e a t e d  w i t h

c r u s h e d  i c e .  The p r o d u c t  was i s o l a t e d  w i t h  e t h e r ,  washed

w i t h  b r i n e  and d r i e d  o v e r  sodium s u l p h a t e .  E v a p o r a t i o n

i n  v ac u o  a f f o r d e d  an  amber o i l  (20*2 m g . , )  w h ic h  by  T .L .C .

was shown t o  c o n s i s t  o f  e s s e n t i a l l y  one com ponen t ,  Rp 0 * 2

(20$  e t h y l  a c e t a t e / b e n z e n e ) „ However ,  i s o l a t i o n  o f  p u r e

m a t e r i a l  by  p r e p a r a t i v e  T .L .C .  r e s u l t e d  i n  o n l y  a  s m a l l

amount  o f  p r o d u c t  b e i n g  r e c o v e r e d  from t h e  p l a t e ,  (4*9 m g . ,

19$) a s  a  p a l e  y e l l o w  o i l .  C r y s t a l l i s a t i o n  f ro m  b e n z e n e /

p e t r o l  a f f o r d e d  (113)  a s  an  amorphous  s o l i d ,  m .p .  1 4 9 - 1 5 1 ° •  
- 1

( K B r ) : 3460 (m ) , 3345 (m ) , 1646 ( s )  (N -H ) ;IuaJv #
2175 ( s )  (CBN); 1608 (m) ( d o u b l e  bond)

^max!! 2 6 3 ' 5 ^ T O O ) .

A f t e r  1 d r o p  HC1 ( 6N ) ,  \  238 mp ( e ,  8 , 8 7 0 )  o v e r  1 h r .max..
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The mass s p e c t r u m  showed a p a r e n t  i o n  m/e 253*13762

( C i 5Hi 8 ° 2 ^ 2  r e q u i r e s  258*13682)  b u t  a l s o  c o n t a m i n a t e d  w i t h  

a n o t h e r  p a r e n t  i o n  m/e 247*12024 ( C ^ H ^ O ^ N  (114)  r e q u i r e s  

2 4 7 * 1 2 0 8 3 ) .  Two l a r g e  i o n s ,  assumed t o  be t h e  b a s e  p e a k s  

f o r  e a c h  m o l e c u l e ,  w ere  o b s e r v e d  a t  m/e 106 ,  95  a s  w e l l  a s  a  

l a r g e  i o n  a t  m/e  1 5 2 ,
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APPENDIX

X - r a y  a n a l y s i s  o f  a n t i - 3 - e x o - p - b r o m o b e n z o y l o x y b i c y c l o [ 3 , 2 , 2  ] 

n o n - 8 - e n e - 6 , 7 ~ endo- d i c a r b o x v l i c  a c i d  a n h y d r i d e  ( 4 7 ) #

27U n d e r t a k e n  by D r . G. F e r g u s o n  and H r .  A .F .  Cameron

R o t a t i o n ,  o s c i l l a t i o n ,  V e i s s e n b e r g  and p r e c e s s i o n

p h o t o g r a p h s  were  t a k e n  w i t h  c o p p e r  K-a  (X = 1*542 $.) and

molybdenum K-a (X -  0*710 i )  r a d i a t i o n s .  The c e l l  d i m e n s i o n s

w ere  o b t a i n e d  f rom  r o t a t i o n  and W e i s s e n b e r g  p h o t o g r a p h s ?  and

t h e  s p a c e  g r o u p ,  P was d e t e r m i n e d  u n i q u e l y  f rom

s y s t e m a t i c  a b s e n c e s .

I n t e n s i t y  d a t a  were  o b t a i n e d  f rom  e q u a t o r i a l  and

e q u i - i n c l i n a t i o n  u p p e r  l a y e r  ¥ e i s s e n b e r g  p h o t o g r a p h s ,  t a k e n

f rom  c r y s t a l s  r o t a t e d  a b o u t  t h e  n e e d l e  a x i s  (£  c r y s t a l  a x i s ) ;
2 8t h e  m u l t i p l e  f i l m  t e c h n i q u e  was e m p lo y e d .  Some 2 , 0 0 0  d a t a

w e re  e s t i m a t e d  v i s u a l l y  by  c o m p a r i s o n  w i t h  a  c a l i b r a t e d  s t r i p ,

and were  c o r r e c t e d  f o r  L o r e n t z  p o l a r i s a t i o n  and  r o t a t i o n
29

f a c t o r s  a p p r o p r i a t e  t o  t h e  u p p e r  l a y e r s .  S i n c e  s m a l l

c r y s t a l s  w ere  u s e d ,  no c o r r e c t i o n s  f o r  a b s o r p t i o n  w ere  a p p l i e d .  

The v a r i o u s  l a y e r s  o f  d a t a  were  p l a c e d  on t h e  same s c a l e  by 

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

a m p l i t u d e s  o b t a i n e d  f rom t h e  t h r e e  d i m e n s i o n a l  P a t t e r s o n  

s y n t h e s i s •
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The p o s i t i o n  o f  t h e  b rom ine  atom was fo u n d  from

t h e  P a t t e r s o n  s y n t h e s i s  and t h e  r e m a i n d e r  o f  t h e  s t r u c t u r e
3 0 ,3 1

e l u c i d a t e d  by t h e  h e a v y  atom m ethod ,  a l t h o u g h  t h i s  was

c o m p l i c a t e d  s l i g h t l y  by t h e  p r e s e n c e  o f  i n i t i a l  p s e u d o ­

symmetry  r e s u l t i n g  f rom t h e  " s p e c i a l  ” v a l u e s  o f  t h e  b rom ine  

c o - o r d i n a t e s  w h ic h  w e r e : -

x = 0*2500

y  = 0*2073

z = 0 * 0 0 0 0

The s t r u c t u r e  was r e f i n e d  by l e a s t - s q u a r e s  p r o c e d u r e s  on t h e  

Glasgow KDF 9 c o m p u t e r .  The v a l u e  o f  R i s  now 19^  and 

r e f i n e m e n t  o f  a to m ic  p a r a m e t e r s  i s  c o n t i n u i n g .

The s t r u c t u r e  and c o n f o r m a t i o n  o f  t h e  m o l e c u l e  a r e  

shown i n  ( 47 ) and F i g u r e  I I  and a  l i s t  o f  c r y s t a l  d a t a  

g i v e n  b e l o w : -  

CRYSTAL DATA

M o l e c u l a r  f o r m u l a  C , QH , cOcBr18 15 5
M o l e c u l a r  w e i g h t  391*22

S y s tem  m o n o c l i n i c

a  13*47 %

b 12*31 i

c 10*63 1

P 117*45°
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U n i t  c e l l  volume 1564*14

No. o f  m o l e o u l e s / u n i t  c e l l  4

a b s e n t  s p e c t r a  h o 1 i f  1 i s  odd

o k o i f k i s  odd 

s p a c e  g r o u p  ^ l / c

No.  o f  e l e c t r o n s / u n i t  c e l l  792

No. o f  i n t e n s i t i e s  e s t i m a t e d  1977
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N.M.R. S t u d i e s  on 3 - S u b s t i t u t e d  B i c v c l o [ 3 , 2 . 2  ]non-8 - e n e -

6 . 7 - e n d o - d i c a r b o x y l i c  a c i d  a n h y d r i d e s  and R e l a t e d

Compounds.

EXPERIMENTAL 

S p e c t r a  w ere  r e c o r d e d  on a  V a r i a n  HA 100 s p e c t r o  

m e te r  u n l e s s  o t h e r w i s e  s t a t e d .

D e u t e r o c h l o r o f o r m  was u s e d  a s  s o l v e n t  u n le ss :  

o t h e r w i s e  s p e c i f i e d .  C o u p l in g s  c o n s t a n t s  were  m easu red  

i n  c . p . s .  an d  r e f e r  t o  | J  | .



-  110 -

N.M.R. i n v e s t i g a t i o n s  o f  b i c y c l i c  s t r u c t u r e s ,  

p r e p a r e d  by  D i e l s - A l d e r  r e a c t i o n s  and  by  o t h e r  means, have  

b e e n  t h e  s u b j e c t  o f  numerous p a p e r s . " * H o w e v e r ,  t h e  

m os t  p o p u l a r  s e r i e s  by f a r  h as  b e e n  t h e  b i c y c l o [  2 , 2 , l ]  

h e p t e n e s  and h e p t a n e s  as  w e l l  as  t h e i r  h e t e r o c y c l i c  c o u n t e r ­

p a r t s .  The l a r g e r  p r o p o r t i o n  o f  thes:e m o l e c u l e s  have  been

s y n t h e s i s e d  by  D i e l s - A l d e r  r e a c t i o n s  w i t h  cyc lo p en tad ien e* *
2

o r  f u r a n  i . e .  (115 )  and ( 1 1 6 ) .  B i c y c l o [ 2 , 2 , 2 ] o c t e n e s  have
3

a l s o  b e e n  s t u d i e d  b u t  t h e r e  h a s  b e en  no e x a m i n a t i o n  o f

t h e  c o r r e s p o n d i n g  b i c y c l o [ 3 , 2 , 2  ] n o n e n e s , p r o b a b l y  due t o

t h e  l i m i t e d  means o f  p r e p a r a t i o n .

The f o l l o w i n g  d i s c u s s i o n  w i l l  be l i m i t e d  t o

c o m p a r i s o n  o f  a s p e c t s  o f  b i c y c l i c [ 2 , 2 , 1 ] ,  [ 2 , 2 , 2 ]  and

[ 3 , 2 , 2 ] a l k e n e s  .

K a r p l u s ^  h a s  u s e d  a sem i—e m p i r i c a l  method t o
3c a l c u l a t e  c o u p l i n g  c o n s t a n t s  ( J )  b e tw e e n  v i c i n a l  sp  

h y b r i d i s e d  c a r b o n s  as  a f u n c t i o n  o f  t h e  d i h e d r a l  a n g l e  0 :

J  = 4*22  -  0*5 cos  0 + 4*5 cos  2 0

I t  h a s  b e e n  shown t h a t  c o u p l i n g  c o n s t a n t s  d epend  on t h e  

f o l l o w i n g  f a c t o r s :

( i )  e l e c t r o n e g a t i v e  s u b s t i t u e n t s  and a l s o  t h e i r  

c o n f i g u r a t i o n

( i i )  t h e  a n g l e s  G, 0 ! s u b t e n d e d  by t h e  c a r b o n - c a r b o n  

and  t h e  c a r b o n —h y d r o g e n  b o n d s .

( i i i )  bond  l e n g t h s .
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Thus t h e  N.M.R. s p e c t r a  o f  b i c y c l o  [ 2 , 2 , 1 ] h e p t e n e s

(117)  and (118)  s h o u l d  i l l u s t r a t e  c o n f i g u r a t i o n a l  d i f f e r e n c e s ,

s i n c e  exo and endo p r o t o n s  on C2 and s u b t e n d  d i f f e r e n t

a n g l e s  w i t h  t h e  b r i d g e h e a d  p r o t o n s  (n u m b e r in g  as  i n  d i a g r a m

(122)  w h ic h  w i l l  be c o n t i n u e d  t h r o u g h o u t  f o r  c o m p a r i s o n
2

p u r p o s e s ) .  A n e t ,  co m p a r in g  t h e  endo and exo a d d u c t s  (116)

and ( 1 1 9 ) ,  o b s e r v e d  t h e  endo p r o to n s ,  i n  (116)  as  a  s i n g l e t ,

show ing  no c o u p l i n g  w i t h  t h e  b r i d g e h e a d  p r o t o n s  (0 = ca  80°)

w h i l e  a  q u a r t e t  was s e e n  f o r  t h e  exo p r o t o n s  (0 = c a  45° )

i n  (119)  . ( T h i s  m o l e c u l e  was e x t r e m e l y  u s e f u l  f o r  N.M.R.

s t u d i e s  s i n c e  t h e  p l a n e  o f  symmetry  made p r o t o n s  and

e q u i v a l e n t . )  I n v e s t i g a t i o n  o f  t h e  camphane d i o l s  (120)

and (121)  f u r n i s h e d  t h e  c o u p l i n g  c o n s t a n t s ,  J Tt n = 0
3 endo 4

, -H ,  = c a  7 9 ° > ’ J H,  -H ,  = 4 , 4  ( 0H, - H .  = c a  4 4 ° > ’3endo 4 3exo 4 3exo 4
w h ic h  was i n  a g r e e m e n t  w i t h  t h e  K a r p l u s  t h e o r y .  M e n t io n  

was made,  h o w e v e r ,  t h a t  b i c y c l o [ 2 , 2 , l ] h e p t e n e s  w ere  p r o b a b l y  

t h e  l i m i t i n g  c a s e  a s  f a r  a s  r i n g  s t r a i n  was c o n c e r n e d ,  

s m a l l e r  r i n g s  b e i n g  e x p e c t e d  t o  g i v e  anom olous  s p l i t t i n g s .

L a a l o  and S c h l e y e r ^  exam ined  n o r b o r n e n e  (122)  and 

n o r b o r n a n e  and  a s s i g n e d  t h e  f o l l o w i n g  c o u p l i n g  c o n s t a n t s :

*^3x,2x ^ 3 n , 2 n  ^ 3 x , 2 n  ^ 3 n , 4  ^ 3 x , 4  *^7s,4
n o r b o r n e n e  7 * 5 - 9 * 2  -  2*1 -4*6  c a  0 3 * 2 - 4  1 * 5 -2 * 0

n o r b o r n a n e  8 * 9 -1 1 * 4  5*8-7*7  2 *2-5*8  c a  0 3 * 0 -6 * 0  ^  0*5

J 5 , 6  "  5~ 6 ’ J 6 ,1  = 2 *4“ 3 *°> J i , 5  = 0* 5 -1*0
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I n v e s t i g a t i n g  a n o t h e r  member o f  t h i s  s e r i e s ,  a c i d

( 1 2 3 ) ,  Fraser"*" showed t h e  exo c o u p l i n g  t o  be  3*8 c p s ,

w h e r e a s  endo B^-H^ c o u p l i n g  was i n  t h e  r a n g e  0 -1  cps#  I n

a d d i t i o n  t o  t h i s ,  he n o t e d  t h a t ,  due t o  t h e  d i a m a g n e t i c

a n i s o t r o p y  o f  t h e  d o u b l e  bond ,  endo p r o t o n s  b e i n g  b e lo w

t h e  p l a n e  o f  t h e  d o u b le  bond were  s h i e l d e d  and a p p e a r e d

u p f i e l d  f rom  t h e  e x p e c t e d  v a l u e ;  exo p r o t o n s ,  b e i n g  i n  t h e

p l a n e ,  w ere  c o n s e q u e n t l y  d e s h i e l d e d  and fo u n d  a t  l o w e r  f i e l d .

Removal o f  t h i s  a n i s o t r o p y  by h y d r o g e n a t i o n  o f  t h e  d o u b le

b o n d ,  s h i f t e d  t h e  exo p r o t o n  s i g n a l  u p f i e l d ,  w h i l e  t h e  endo
7

p r o t o n  s i g n a l  w e n t  t o  l o w e r  f i e l d ,  However ,  Wong and Lee 

r e p o r t e d  t h a t  i n  some c a s e s  (1 2 4 ,  X = OH, OAc, OBs),  t h e  

e f f e c t  o f  t h e  d o u b l e  bond was t o  s h i f t  b o t h  s i g n a l s  down- 

f i e l d ,  t h e  endo p r o t o n  t o  a  l e s s e r  e x t e n t  t h a n  t h e  exo 

p r o t o n ,
g

O t h e r  i n v e s t i g a t i o n s  o f  t h e  n o r b o r n e n e  s e r i e s

h a v e  c o n f i r m e d  t h e  above  c o u p l i n g  c o n s t a n t  v a l u e s  a s  w e l l  as

show ing  t h a t  l o n g  r a n g e  c o u p l i n g  i n v o l v i n g  t h e  Hy p r o t o n

s y n  t o  t h e  d o u b l e  bond and an endo p r o t o n  was p r e s e n t

( W - f o rm a t io n )  ( 1 2 5 ) .  U n u s u a l  d e s h i e l d i n g  e f f e c t s ,  by  t h e

d o u b l e  bond  h av e  a l s o  b e e n  o b s e r v e d ,  t h e  s u g g e s t i o n  b e i n g
9 10t h a t  r i n g  c u r r e n t s  w ere  i n v o l v e d #  9
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The b i c y c l o [ 2 , 2 , 2 ] o c t e n e s  h av e  b e e n  s t u d i e d  by
. 3

T o n .  An e x a m i n a t i o n  o f  t h e  g e o m e t r y  o f  t h e  m o l e c u l e

(126)  showed t h a t  b o t h  t h e  exo and t h e  endo p r o t o n s  (on  C2 )

s u b t e n d e d  s i m i l a r  a n g l e s  ( c a  6 5 ° )  w i t h  t h e  C-  ̂ b r i d g e h e a d

p r o t o n .  As a  r e s u l t  i n  s t r u c t u r e  (127)  t h e  c o u p l i n g ,

J tt tt had  a  v a l u e  o f  1*4 c p s . ,  w h i l e  t h a t  f o r  t h e  
3exo“  4

s a t u r a t e d  compound (128)  was 1*6 c p s .  The i s o m e r i c  exo 

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

p a i r  o f  b i c y c l o [ 2 , 2 , 2 ] o c t e n o l s , (129)  and  (130)  o f  v e r y  

s i m i l a r  s t e r e o c h e m i s t r y  t o  b i c v c l o [ 2 , 2 . 2 ] o c t - 5 - e n e - 2 , 3 - endo-  

d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 1 2 7 ) ,  a f f o r d e d  c o u p l i n g s ,

J tt tj = 2 * 7  and J Tt = 2 * 7 .  I t  c o u l d  t h e r e f o r e
3 exo 4 3 endo 4

s a f e l y  be s t a t e d  t h a t  exo and endo c o u p l i n g s  t o  t h e  b r i d g e ­

h e a d  p r o t o n  i n  t h e  b i c y c l o [ 2 , 2 , 2 ] o c t e n e  s y s t e m s  w ere  

s i m i l a r  t o  e a c h  o t h e r  and u s u a l l y  s m a l l .

From t h e  work  r e p o r t e d  on b i c y c l o [ 2 , 2 , l ] h e p t e n e  

and b i c y c l o [ 2 , 2 , 2 ] o c t e n e  compounds,  i t  c a n  be s e e n  t h a t  

N.M.R.  c a n  be  u s e d  u n a m b i g u o u s l y ,  i n  t h e  f o r m e r  c a s e ,  t o  

a s s i g n  exo and endo c o n f i g u r a t i o n s ,  w h i l e  i n  t h e  l a t t e r  

c a s e ,  no s u c h  a s s i g n m e n t  can  be a l l o c a t e d .

I n  t h e  b i c y c l o [ 3 , 2 , 2 Jnonene  s y s t e m s ,  (7 )  and  

( l 3 l ) ,  t h e  d i h e d r a l  a n g l e s  w ere  a s  f o l l o w s :  0 ^ y en<j 0 =

c a  4 5 ° ,  J  , = 4 ,  0 , v = c a  7 5 ° ,  J  , = 0 .  I t7 c a l c  7 ^ l , 7 e x o  7 c a l c
w o u ld  t h e r e f o r e  be e x p e c t e d  t h a t  t h e  exo p r o t o n s  w o u ld
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n o t  c o u p l e  ( o r  c o u p l e  w e a k ly )  w i t h  t h e  b r i d g e h e a d  p r o t o n s  

an d ,  s i n c e  b o t h  p r o t o n s  w ere  e q u i v a l e n t  due t o  t h e  p l a n e  o f  

sym m etry ,  t h e  s i g n a l  w ou ld  a p p e a r  as  a  s i n g l e t .  On t h e  

o t h e r  h a n d ,  c o u p l i n g  w ou ld  be  e x p e c t e d  f o r  t h e  endo p r o t o n  

i n  s t r u c t u r e  ( 1 3 1 ) .

The c o u p l i n g  s i t u a t i o n  i n  t h e  b i c y c l o [  3 , 2 , 2  ] 

s y s t e m  s h o u l d  t h e r e f o r e  be c o m p l e t e l y  o p p o s i t e  t o  t h a t  i n  

t h e  b i c y c l o [ 2 , 2 , 1  ] c a s e ,  s i n c e  e x p a n s i o n  o f  t h e  one c a r b o n  

b r i d g e  t o  a  t h r e e  c a r b o n  b r i d g e  h a s  g r e a t l y  a l t e r e d  t h e  

d i h e d r a l  a n g l e s  m e n t io n e d  a b o v e .

I t  i s  a l s o  t o  be n o t e d  t h a t  s t r u c t u r e s  (7 )  and

(131)  a r e  n o t  so  h i g h l y  s t r a i n e d  as  t h e  b i c y c l o [ 2 , 2 , 1  ] 

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

f rom  t h e  a n t i  form (7)  i n t o  t h e  a l t e r n a t i v e  s y n  c o n f o r ­

m a t i o n  (132)  i n  t h e  c a s e  o f  ( 7 ) ,  w h e r e a s  s t e r i c  r e p u l s i o n s  

w o u ld  i n h i b i t  an  a n a l o g o u s  f l i p  i n  t h e  c a s e  o f  exo 

a n h y d r i d e  ( 1 3 1 ) .  I n  a d d i t i o n ,  t h e  o p p o r t u n i t y  f o r  l o n g -  

r a n g e  c o u p l i n g s  o f  t h e  V - t y p e  b e tw e e n  and (133)  was 

n o t  v e r y  g r e a t  s i n c e  t h e i r  s t e r i c  r e l a t i o n s h i p  was n o n -  

p l a n a r .

The f i r s t  m o l e c u l e  t o  be d i s c u s s e d  i s  t h e  c y c l o -  

p r o p a n y l  a d d u c t  ( 6 ) ,  t h e  s t e r e o c h e m i s t r y  o f  w h ic h  i s  more 

i n  a c c o r d  w i t h  t h e  b i c y c l o [ 2 , 2 , 2 ] o c t e n e s . (A summary o f  

N.M.R.  d a t a  f o r  a l l  t h e  compounds i s  shown i n  C h a r t  I . )
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T r i c y c l o [ 3 , 2 , 2 , 0 ^ ?^ ] n o n - 8  - e n e - 6 , 7 - endo- d i c a r b o x y l i c  a c i d

a n h y d r i d e  ( 6 ) .

Hc 4*12 x  (2H, q u a r t e t ? A p a r t  o f  k ^ 2  s y s ^ emJ

o b s .  s p l i t t i n g s  5 and 4 c . p . s . )

6*55 x  (2H, m u l t i p l e t )

Ha 6*72 x  (2H, d o u b l e t ,  J  = 2)

8*86 x (2H, complex)

Hg c a  9*7 X  (2K, complex)

I r r a d i a t i o n  o f  t h e  H s i g n a l  c a u s e d  a  chan g e  i n  t h e  m u l t i p l e t

a t  6*55 T  (H^) b u t  d i d  n o t  a p p e a r  t o  a f f e c t  t h e  d o u b l e t  a t

6*72 x  (H ) •  I r r a d i a t i o n  o f  t h e  H, a b s o r p t i o n  c o n v e r t e d  a  b ^
t h e  v i n y l i c  q u a r t e t  t o  a s h a r p  s i n g l e t ;  t h i s  same

i r r a d i a t i o n  c o l l a p s e d  t h e  H d o u b l e t  t o  a  s i n g l e t  and  p r o -a
d u c e d  a  q u a r t e t  ( J  = 7 ,  J  = 4 ,  A p a r t  o f  an  k ^ J .  s y s t e m )

a t  8*86 t , a s s i g n e d  t o  t h e  p r o t o n  c o u p l i n g  t r a n s  and c i s

w i t h  H . and  H r e s p e c t i v e l y .  T h i s  m o l e c u l e  c o u l d  be © 0

c o n s i d e r e d  a s  a  b i c y c l o [ 2 , 2 , 2 ] o c t e n e  t y p e  i l l u s t r a t i n g  

a g a i n  t h a t  t h e  d i h e d r a l  a n g l e  b e tw e e n  and  was s u c h  

a s  t o  a l l o w  c o u p l i n g .

2 - K e t o b i c y c l o [ 3 , 2 , 2 ] n o n a - 3 , 8 - d i e n e ~ 6 , 7 - e n d o ~ d i c a r b o x y l i c  

a c i d  a n h y d r i d e  ( 8 ) .

2*82 x  ( lH ,  q u a r t e t ,  J  = 11 and  8 ,  A p a r t  o f  AMX 

s y s te m )
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H , 3*36 t ( lH ,  q u a r t e t ,  J  = 8 and 8 ,  A p a r t  o f  ABXY c
sy s te m )

H 3*72 % ( lH ,  q u a r t e t ,  J  = 8 and 8 ,  B p a r t  o f  ABXI 

sy s te m )

Hg 4*13 % (1H, q u a r t e t ,  J  = 11 and 2 9 M p a r t  o f  AMX)

Ha , H^, , H^, H ^ t 6 * 0 -6*6  t (4K, complex:)

The complex  r e g i o n ,  6*0 -6 * 6  t , i s  a s s i g n e d  t o  t h e  p r o t o n s

H , H , and  H, , H, t • Thus ,  due t o  t h e  a sym m etry  o f  t h e  
8 / 8 /  D D

m o l e c u l e ,  u n i d e n t i f i a b l e  c o u p l i n g  o f  H i n  t h e  r e g i o n  o f  H, ,a  d

v a s  o b s e r v e d .

B i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e - 6 , 7 - e n d j o - d i c a r b o x y l i c  a c i d  

a n h y d r i d e  ( 7 ) .

Hc 3*83 T (2H, q u a r t e t ,  A p a r t  o f  ° ^ s • s p l i t t i n g s

6 and 4 c . p . s . )

H 6*60 T (2H, s i n g l e t )  a
7*00 t (2H, b r o a d  s i n g l e t )

8*31 T (6H, ' u n r e s o l v e d  s i n g l e t )

B i c y c l o [ 3 , 2 , 2 ] n o n a n e - 6 , 7 - e n d o - d i c a r b o x y l i c  a c i d  a n h y d r i d e  (60)

H 6*79 % (2B, s i n g l e t )  a
Hb 7*49 t  (2H, b r o a d  s i n g l e t )

H 8*22 % (4H, u n r e s o l v e d  a b s o r p t i o n )c
Hd 8*34 T (6H, u n r e s o l v e d  a b s o r p t i o n )



I n  b o t h  t h e  s a t u r a t e d  and u n s a t u r a t e d  compounds,  t h e  exo

p r o t o n s  (H^, Hy) a p p e a r e d  as  s i n g l e t s ,  s h o v i n g  no c o u p l i n g

v i t h  H, . The u p f i e l d  s h i f t  (0*19 t ) o f  H on h y d r o g e n a t i o n  d a

was i n  a g r e e m e n t  v i t h  F r a s e r ’ s theory'* '  f o r  an  endo a n h y d r i d e  

a d d u c t .  ( i t  v a s  assumed t h a t  t h e  anomolous  b e h a v i o u r  o f  

compounds o f  t y p e  (124)  (X = OH, OAc, OBs) v a s  due t o  an 

e f f e c t  o f  t h e  oxygen a t t a c h e d  t o  c a r b o n  2)  The a l l y l i c

p r o t o n  H^, due t o  c o u p l i n g s  v i t h  t h e  v i n y l i a  a n d /  o r  m ethy­

l e n e  p r o t o n s ,  a p p e a r e d  as  a  b r o a d  a b s o r p t i o n .

The s i x  m e th y le n e  p r o t o n s  i n  t h e  u n s a t u r a t e d  

compound (7)  a p p e a r e d  a s  an a l m o s t  u n r e s o l v e d  s i n g l e t  ( h a l f ­

b a n d  v i d t h ,  8 c . p . s . ) |  as  a r e s u l t ,  i t  c o u l d  be p o s t u l a t e d  

t h a t  t h e  a n t i  fo rm  (7)  v a s  e q u i l i b r a t i n g  v i t h  t h e  s y n  form

(132)  s i n c e  t h e  3 - endo p r o t o n  i n  (7)  v o u l d  be e x p e c t e d  t o  

be s h i e l d e d  by  t h e  d o u b l e  bond and t o  a p p e a r  t h e r e f o r e  a t  

h i g h e r  f i e l d  t h a n  t h e  o t h e r  f i v e  m e t h y l e n e  p r o t o n s .  Thus ,

i f  t h e  e n e r g y  b a r r i e r  b e t v e e n  a n t i  and sy n  fo rm s  v a s  s m a l l ,

a s  v a s  e x p e c t e d ,  t h e  r e s u l t a n t  N.M.R. a b s o r p t i o n  v o u l d  be 

a  t i m e - a v e r a g e d  s i g n a l .  H o v e v e r ,  i n  t h e  sy n  form ( 1 3 2 ) ,  

i n t e r a c t i o n  o f  t h e  3 - endo p r o t o n  v i t h  p r o t o n s  and  Hy 

v o u l d  i n f e r  t h a t  t h e  a n t i  form v o u l d  be t h e  p r e f e r r e d  

c o n f o r m a t i o n #
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3 - B e n z o y l o x y b i c y c l o [ 3 , 2 , 2 ] n o n - * 8 - e n e - 6 , 7 - e n d o - d i c a r b o x y l i c  

a c i d  a n h y d r i d e  e p i m e r s ,  endo A (41)  and  endo B (42)  

endo A

Hc 3*74 x  (2H, q u a r t e t ,  A p a r t  o f  s p l i t t i n g s

5*5 and 3*5 c . p . s . )

He 4*72 x  ( lH ,  q u i n t e t )

H 6*34 t  (2H, s i n g l e t )a
6*82 x (2H, u n r e s o l v e d  a b s o r p t i o n )

7*71 X  (2H, p a i r  o f  t r i p l e t s ,  o b s .  s p l i t t i n g s

14*5 and 5*5 c . p . s . )

Hds 8*11 x  (2H, p a i r  o f  q u a r t e t s ,  o b s .  s p l i t t i n g s

1 4*5 ,  6 and 4 c . p . s . )

I r r a d i a t i o n  o f  gave  t h e  f o l l o w i n g  ch an g es*

H^a 7*71 X  ( q u a r t e t ,  o b s .  s p l i t t i n g s  15 and 6 c . p . s . )

H^g 8*11 x  ( q u a r t e t ,  o b s .  s p l i t t i n g s  15 and  6 c . p . s . )

H 3*74 x ( s i n g l e t )c
I r r a d i a t i o n  o f  He gave  t h e  f o l l o w i n g  c h a n g e s :

H^a  7*71 x  ( q u a r t e t ,  o b s .  s p l i t t i n g s  15 and  5 c . p . s . )

8*11 t  ( q u a r t e t ,  o b s .  s p l i t t i n g s  15 and  3*5 c . p . s . )

endo B

H 3*67 T (2H, q u a r t e t ,  o b s .  s p l i t t i n g s  5*5 and  c
3*5 c . p . s . )

He 4*69 x ( lH ,  h e p t e t )

H 6*42 x  (2H, s i n g l e t )a
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6*79 t (2H, u n r e s o l v e d  s i g n a l )

H^g 7*59 T (2H, p a i r  o f  t r i p l e t s ,  J = 1 3 ,  J=6*5)

Hd a  8 ' 31 T ^2Hy <lu a r t e t > J = 1 3 * 5 ,  J = 1 2 )

As i n  t h e  c a s e  o f  t h e  u n s u b s t i t u t e d  a n h y d r i d e  ( 7 ) ,  compounds

endo A (41)  and endo B (42)  showed t h e  same s p l i t t i n g  p a t t e r n

f o r  p r o t o n s  H , H, and H . T h is  p r o v e d  t h a t  b o t h  endo Aa d c

an d  endo 3 h a d  t h e  a n h y d r i d e  g ro u p  i n  t h e  endo c o n f i g u r a t i o n ,  

i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  an  X - r a y  s t r u c t u r e  

d e t e r m i n a t i o n  on an  a n a l o g o u s  b r o m o b e n z o a t e •

S i n c e  t h e s e  compounds had  l a r g e  3 - s u b s t i t u e n t s ,  

t h e y  w ou ld  be e x p e c t e d  t o  a d o p t  one o f  two c o n f o r m a t i o n s

i . e . ,  a n t i  (41)  and syn  ( 4 2 ) .  I n  b o t h  t h e s e  c o n f o r m a t i o n s ,  

t h e  3 - endo s u b s t i t u t e d  compound would  be u n f a v o u r a b l e  due t o  

s t e r i c  c row ding^  i t  t h e r e f o r e  r e m a i n e d  t o  d i f f e r e n t i a t e  

b e tw e e n  t h e  3 - exo b e n z o a t e s  ( 4 l )  and ( 4 2 ) .  On a f i r s t  

o r d e r  b a s i s ,  and a s su m in g  no d i s t o r t i o n s  o f  t h e  m o l e c u l e ,  

t h e  p r o t o n s  i n  e i t h e r  form w ould  h av e  t h e  same s p l i t t i n g  

p a t t e r n ,  t h e  r e s u l t  b e i n g  t h a t  no d i f f e r e n t i a t i o n  w ould  be 

o b s e r v e d  by  N.M.R. a l o n e .  However ,  f rom a  s t u d y  o f  n o n -  

b o n d i n g  i n t e r a c t i o n s ,  i t  was e x p e c t e d  t h a t ,  i n  t h e  m i x t u r e  

o f  p r o d u c t s  fo rm ed  i n  t h e  D i e l s - A l d e r  r e a c t i o n ,  t h e  a n t l -  

3—exo b e n z o a t e  w ould  be more s t a b l e  t h a n ,  and p r e d o m i n a t e  

o v e r ,  t h e  s y n - 3 - exo i s o m e r ,  i n  w h ich  t h e  i n t e r a c t i o n  o f  t h e  

3—endo p r o t o n  w i t h  t h e  exo p r o t o n s  and  Hy wou ld  be
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g r e a t e r  t h a n  t h e  i n t e r a c t i o n  o f  t h e  3 - e n d o  p r o t o n  w i t h  t h e  

o l e f i n i c  p r o t o n s  Hg and i n  t h e  f o r m e r  ( a n t i ) c o n f o r m a t i o n .  

An X - r a y  s t r u c t u r e  a n a l y s i s  on t h e  more a b u n d a n t  i s o m e r  

showed i t  t o  be t h e  a n t i - 3 - exo b e n z o a t e .

I n  f a c t  (41)  and (42)  e x h i b i t e d  d i f f e r e n t  

s p l i t t i n g s  f o r  t h e  p r o t o n s  H^. E x a m i n a t i o n  o f  t h e  

p e r t i n a n t  d i h e d r a l  a n g l e s  ( f o r  H^) showed t h a t ,  w h e r e a s  t h e  

endo B s p e c t r u m  c o u l d  be e x p l a i n e d  s a t i s f a c t o r i l y ,  t h a t  o f  

endo A d e f i e d  r a t i o n a l i s a t i o n  on a f i r s t - o r d e r  b a s i s .

Endo B (42)  showed t h e  e x p e c t e d  q u a r t e t  (H^0 ) a

g e m in a l  c o u p l i n g  w i t h  K. ( J  = 13*5) and a t r a n s  v i c i n a l
CL S

c o u p l i n g  w i t h  He ( J  = 1 2 ) ;  s i n c e  t h e  a n g l e  b e tw e e n  

and  i n  (42)  i s  a p j j ro x .  9 0 ° ,  no c o u p l i n g  was o b s e r v e d .

I t  i s  w o r t h y  o f  n o t e  t h a t ,  i f  endo B was i n  t h e  a n t i  form 

( 4 3 ) ,  t h e  c o u p l i n g  c o n s t a n t  o f  12 c . p . s .  wou ld  h a v e  b e e n  

i n c o n s i s t e n t  w i t h  c o u p l i n g  t o  e i t h e r  o f  t h e  p r o t o n s  

(0 6 5 ° )  . The o t h e r  p r o t o n  o f  endo B ( 4 2 ) ,  nam e ly

Hds> a l s o  h ad  a  g e m in a l  c o u p l i n g  ( J  = 13) and  two s i m i l a r  

c o u p l i n g s  w i t h  He and ( t r i p l e t ) ,  r e s u l t i n g  i n  an  o v e r ­

l a p p i n g  p a i r  o f  t r i p l e t s  as  shown i n  F i g u r e  I I I .

On t h e  o t h e r  h a n d ,  t h e  s p l i t t i n g s  f o r  t h e  

p r o t o n s  o f  endo A w ere  more com plex  v i * .  a  p a i r  o f  t r i p l e t s  

and  a  p a i r  o f  q u a r t e t s  ( F i g u r e  I V ) . D e c o u p l i n g  e x p e r i ­

m en ts  i n d i c a t e d  a  s p l i t t i n g  o f  3*5 c . p . s .  due  t o  a
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c o u p l i n g  b e tw e e n  H^g and even  a l t h o u g h  t h e  d i h e d r a l

a n g l e  was a l m o s t  9 0 ° .  To e x p l a i n  t h i s  phenomenon,  i t  was

assum ed t h a t  we were  d e a l i n g  w i t h  a p e r t u r b e d  s y s t e m  w here

t h e  c h e m i c a l  s h i f t  d i f f e r e n c e  b e tw e e n  and

(A6Tj  „  = 40 c . p . s . )  was s m a l l .  The c h e m i c a l  s h i f t
d a  ds

d i f f e r e n c e  f o r  t h e  endo B p r o t o n s ,  w h ic h  showed no 

p e r t u r b a t i o n ,  w a s ,  i n  c o n t r a s t ,  much l a r g e r ,  A6TJ „  =
11 *> " * f ld a  d s

71 c . p . s .

A d d i t i o n a l  e v i d e n c e  f o r  t h e  p e r t u r b e d  s y s te m

o f  (4 1 )  was a f f o r d e d  by t h e  f a c t  t h a t  t h e  d i a c i d  d e r i v a t i v e

(68)  f rom endo A (41)  d i s p l a y e d  a s im p l e  s p l i t t i n g  p a t t e r n

( s i m i l a r  t o  endo B ) , t h e  c h e m i c a l  s h i f t  d i f f e r e n c e  b e i n g ,

a s  e x p e c t e d ,  l a r g e r  (A „  „  = 69 c . p . s . ) .  F u r t h e r
d a  ds

j u s t i f i c a t i o n  f o r  t h i s  t h e o r y  was f o u n d  i n  t h e  o b s e r v a t i o n

t h a t ,  when t h e  s p e c t r u m  o f  endo B was r u n  a t  a  f r e q u e n c y

o f  60 Me, t h e  o r i g i n a l l y  u n p e r t u r b e d  q u a r t e t  f o r  H-, showeda a
a d d i t i o n a l  s p l i t t i n g ,  due t o  a  p e r t u r b a t i o n  e f f e c t  c a u s e d  

by  t h e  d e c r e a s e  i n  c h e m i c a l  s h i f t  d i f f e r e n c e  on t h e  

i n s t r u m e n t  o f  l o w e r  f i e l d  s t r e n g t h .

T hus ,  i n  v ie w  o f  t h e s e  r e s u l t s ,  t h e  m u l t i p l i c i t y  

o f  t h e  p r o t o n s  was v e r y  much d e p e n d e n t  on t h e  c h e m i c a l

s h i f t s  o f  p r o t o n s  H^a  and H^g , w h ic h  w e re  c h a r a c t e r i s t i c  

o f  e a c h  compound.  T h a t  t h e  s p l i t t i n g s  w ere  due t o  t w i s t i n g  

e f f e c t s  o f  t h e  t h r e e  c a r b o n  b r i d g e  was e x c l u d e d  on t h e
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g r o u n d s  t h a t  c o n v e r s i o n  o f  t h e  a n h y d r i d e  t o  t h e  d i a c i d ,  a s  

a b o v e ,  s h o u l d  n o t  a l t e r  t h e  b r i d g e  c o n f o r m a t i o n  t o  any  

e x t e n t .  I t  was w o r t h y  o f  n o t e  t h a t ,  i n  c o n v e r s i o n  o f  t h e  

t h r e e  c a r b o n  b r i d g e  f rom t h e  a n t i  t o  t h e  s y n  fo rm ,  t h e  

p r o t o n s  move o u tw a r d s  and h o r i z o n t a l l y ;  t h u s  endo A, i n  

an  i n t e r m e d i a t e  c o n f o r m a t i o n  e . g . ,  (41a),  wou ld  hav e  

p r o t o n s  w h ich  no l o n g e r  s u b te n d e d  an  a n g l e  o f  90° w i t h  

However ,  t h e  above  d i a c i d  e v i d e n c e  a p p e a r e d  t o  e x c l u d e  

t h i s  t h e o r y .

2 - B e n z o y l o x y b i c y c l o [ 3 , 2 , 2 ] n o n - 8 - e n e ~ 6 , 7 - e n d p - d i c a r b o x y l i c

a c i d  a n h y d r i d e  ( 4 0 ) .

H , H , 3*75 x (2H, q u i n t e t  = o v e r l a p p i n g  q u a r t e t s ,  c c
AB p a r t  o f  ABXY s y s te m )

4*91 x  ( lH ,  m u l t i p l e t )

H& 6*40 t ( lH ,  q u a r t e t ,  J = 8 * 5 ,  J= 2 )

H , 6*65 x  ( lH ,  q u a r t e t ,  J=9? J= 2 )a
H^, H^, 6*78 x (2H, u n r e s o l v e d  s i g n a l )  

c a  8 - 2  x (4H, complex)

I r r a d i a t i o n  o f  He c a u s e d  a  s l i g h t  ch ange  i n  t h e  m u l t i p l e t  

a t  c a  8«2 x  ( H ^ ) . I r r a d i a t i o n  o f  ( o r  H ^ , )  gave  a

d o u b l e t  a t  3*67 x  ( J  = 9*5) and a  q u a r t e t  a t  3*85 x  ( J  = 9*5 ,

J  = 6 ) ,  i l l u s t r a t i n g  t h e  n o n - e q u i v a l e n c e  o f  H and H
U V

I r r a d i a t i o n  o f  r e d u c e d  t h e  b r o a d  m u l t i p l e t  a t  4*91 x t o



-  123 -

a s h a r p  d o u b l e t ,  J  = 3*5 ( c o u p l i n g  b e tw e e n  H0 and  H ^ ) •

Due t o  t h e  asym m etry  o f  t h e  m o l e c u l e ,  Ha c o u p l e d  

w i t h  H t ( J  = 9) and p r o b a b l y  w e a k ly  w i t h  H. , ( J  = 2)
cl D

g i v i n g  r i s e  t o  a  p a i r  o f  f i n e  d o u b l e t s #  Owing t o  t h e  

p r o x i m i t y  o f  t h e  b e n z o y l o x y  g r o u p ,  t h e  s i m i l a r  m u l t i p l i c i t y  

f o r  H . a p p e a r e d  a t  a d i f f e r e n t  c h e m i c a l  s h i f t .  H
fcv 0

c o u p l e d  w i t h  Hc , ( J  = 9 ‘ 5) and w i t h  ( J  = 6 ) t o  g i v e  a

q u a r t e t  w h ic h  o v e r l a p p e d  w i t h  a  s i m i l a r  q u a r t e t  f o r  H fc •
D e c o u p l i n g  e x p e r i m e n t s  showed t h a t  He c o u p l e d  

w i t h  ( J  = 3*5)  b u t  due t o  t h e  asym m etry  o f  t h e  m o l e c u l e  

and  p e r h a p s  d i s t o r t i o n  c a u s e d  by  t h e  b e n z o a t e  g r o u p i n g ,  an 

a s s i g n m e n t  o f  t h e  s t e r e o c h e m i s t r y  a t  C2 c o u l d  n o t  b e  

e s t a b l i s h e d .

A n t i - 3 - e x o - b e n z o y l o x y b i c y c l o [  3 , 2 ,  2 ] n o n - 8 - e r i e —6 , 7 - e n d o -

d i c a r b o x y l i c  a c i d  ( 6 8 ) .

He 4*80 x  ( lH ,  complex)

H 6*31 x  (2H, s i n g l e t )a
6*57 x (2H, u n r e s o l v e d  s i g n a l )

H^a 7*61 x  (2H, u n i d e n t i f i e d  m u l t i p l e t )

Hds  8 - 2 9  T ( 2Hj q u a r t e t ,  J = 1 3 , J = 1 0 )

F o r  s o l u b i l i t y  r e a s o n s ,  t h e  s p e c t r u m  o f  t h i s  

compound was r u n  i n  p y r i d i n e  s o l u t i o n #
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The s i n g l e t  f o r  t h e  exo p r o t o n ,  H^, was once  

a g a i n  o b v io u s  and t h u s  t h e  d i a c i d  g r o u p i n g  c o u l d  be a s s i g n e d  

as  e n d o .  The m u l t i p l i c i t y  o f  t h e  p r o t o n s  H, and H, h a s
CL8/ & S

b e e n  d i s c u s s e d  when d e a l i n g  w i t h  t h e  c o r r e s p o n d i n g  a n h y d r i d e

( 4 1 ) ,  (AS„ = 69 c . p . s . ) .  A l t h o u g h  t h e  II-, p r o t o n s
d a - d s  a s

showed c o u p l i n g s  d e p e n d e n t  on t h e  d i h e d r a l  a n g l e s ,  t h e

m u l t i p l i c i t y  o f  c o u l d  n o t  be i d e n t i f i e d .

A n t i - 3 - e x o * - b e n z o y l o x y - 6 , 7 “ e n d o - d i c a r b o m e t h o x y b i c y c l o [ 3 , 2 , 2 ] 

n o n - 8- e n e  ( 6 9 ) .

Hc 3*87 T (2H, q u a r t e t ,  A2 p a r t  o f  an  s y s "̂ em

o b s .  s p l i t t i n g s  5*5 and  3*5 c . p . s . )

He
4 . 9 5 T (1H, m u l t i p l e t )

Hf 6 * 40 T ( 6H, s i n g l e t )

Ha 6*63 % (2H, s i n g l e t )

Hb CT
* • 00 ■f* T (2H, u n r e s o l v e d  a b s o r p t i o n )

Hd a 7 - 6 0 T ( 2H, p a i r  o f  t r i p l e t s ,  J = 1 3 * 5 ,  J « 7 )

Hda 8*38 T ( 2H, q u a r t e t ,  J  = 14 ,  J = 1 0 )

The endo c o n f i g u r a t i o n  o f  t h e  e s t e r  g r o u p i n g s  was  s i m i l a r l y

c o n f i r m e d  by  t h e  s i n g l e t  a t  6*63 T.  A l t h o u g h  t h e

s i g n a l s  w ere  n o t  a s  w e l l  d e f i n e d  a s  i n  t h e  a n h y d r i d e  cases . ,

t h e  d i f f e r e n c e  i n  c h e m i c a l  s h i f t  (A TT TJ = 76 c . p . s . )
d a  ds

was l a r g e  enough f o r  an  a p p r o x i m a t e  f i r s t  o r d e r  i n t e r ­

p r e t a t i o n  t o  be v a l i d .  Thus H^g showed g e m i n a l  c o u p l i n g
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( j  = 14) and f u r t h e r  s p l i t t i n g  by  He ( j  = 10)  t o  a f f o r d  

a  q u a r t e t  a l t h o u g h  f i n e  s p l i t t i n g  was a l s o  o b s e r v e d  ( J  < l ) .

A n t i - 3 - e x o - p - b r o m o b e n z o y l o x y b i c y c l o [ 3 « 2 , 2 l n o n - 8- e n e - 6 , 7 -  

endo- d i c a r b o x y l i c  a c i d  a n h y d r i d e  (47)

Hf 2-13 X (2H, d o u b l e t , J=9)

H
g

2-39 X (2H, d o u b l e t , J= 9 )

Hc 3 -75 X (2H, q u a r t e t , o b s .  s p l i t t i n g s  5*5  and

3 ’ 5 c . p . s . )

He 4 -7 9 X (1H, q u i n t e t )

Ha 6*42 X (2H, s i n g l e t )

Hb 6 * 84 X (2H, u n r e s o l v e d  a b s o r p t i o n )

Hd a 7*71 X (2H,

14

p a i r  o f  

• 5 and  5 *

t r i p l e t s ,  o b s .  

5 c . p . s . )

s p l i t t i n g s

Hds 8 * 2 0 X (2H, p a i r  o f  q u a r t e t s ,  o b s . s p l i t t i n g s

14 • 5 , 6 and 3*5 c . p . s . )

The s p e c t r u m  showed an i d e n t i c a l  s p l i t t i n g  p a t t e r n  t o

compound endo A ( 4 1 ) ,  a p a r t  f rom t h e  a r o m a t i c  r e g i o n .

The endo c o n f i g u r a t i o n  o f  t h e  a n h y d r i d e  was once  a g a i n

n o t e d .  S i n c e  t h i s  s t r u c t u r e  was c o n f i r m e d  by  X - r a y

a n a l y s i s  a s  ( 4 7 ) ,  t h e  p e r t u r b e d  m u l t i p l i c i t y  (A8tt w
d a  ds

49 c . p . s . )  f o r  p r o t o n s  was i n d i c a t i v e  o f  t h e  3 - exo 

s u b s t i t u e n t  i n  t h e  a n t i  f o rm .
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A n t i - 3 - exo- h y d r o x y b i c y c l o [ 3 , 2 , 2 ]n o n -8 - » e n e - 6 ,7 ~ endo~ 

d i c a r b o x y l i c  a c i d  N -p h e n y l  im id e  (5)  (R e c o rd e d  a t  60 Me)

Hc 3*91 ' t (2H, q u a r t e t ,  o b s .  s p l i t t i n g s  5 and 3 c . p . s . )

He 6 * 2 0 T (1H, m u l t i p l e t )

Ha 6*64 X (2H, s i n g l e t )

% 6 * 81 %

CM
'W* u n r e s o l v e d  a b s o r p t i o n )

Hd a 7*82 T (2H, p a i r  o f  t r i p l e t s ,  o b s .  s p l i t t i n g s

1 4 '5  and 6 c . p . s . )

Ĥ » 8*13 T ( lH ,  s i n g l e t )  I^O e x ch an g e

H^g 8*49 T (2H, p a i r  o f  q u a r t e t s ,  o b s .  s p l i t t i n g s

14*5,  8 and 3 c . p . s . )

S i n c e  t h e  s p l i t t i n g  p a t t e r n s  were  a l m o s t  i d e n t i c a l  t o  t h a t

o f  endo A (41 )  and  i t s  bromo d e r i v a t i v e  ( 4 7 ) ,  t h e  endo

c o n f i g u r a t i o n  o f  t h e  a n h y d r i d e  was c o n f i r m e d  a s  w e l l  as  t h e

a n t i - 3 - exo h y d r o x y  c o n f o r m a t i o n  o f  t h e  m o l e c u l e .  The

c h e m i c a l  s h i f t  d i f f e r e n c e  A®,* „  , i n  t h i s  c a s e  was
da  ds

40 c . p . s .

3 - e x o - h y d r o x y - 6 , 7 - e n d o - d i h y d r o x y m e t h y l b i c y c l o [ 3 , 2 , 2 ] n o n -  

3 - e n e  ( 7 0 ) . S o l v e n t  D2O

H 4*00 x  (2H, q u a r t e t ,  o b s .  s p l i t t i n g s  5 #5 and  3*5 c
c . p . s . )

H^s 8*74 % (2H, q u a r t e t ,  J = 1 3 , J= 1 0 )
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Due t o  a d d i t i o n a l  a b s o r p t i o n  f o r  t h e  c a r b i n o l  m e th y le n e  

g r o u p ,  i n d i v i d u a l  s p l i t t i n g s  w ere  n o t  d i s c e r n i b l e  and 

t h e r e f o r e  s t e r e o c h e m i c a l  a s s i g n m e n t  o f  endo c o n f i g u r a t i o n  

f o r  t h e  h y d r o x y m e th y l  g r o u p  c o u l d  n o t  be m ade .  However,  

t h e  H^g q u a r t e t  was w e l l  s e p a r a t e d  f rom t h e  o t h e r  s i g n a l s ,  

and  a  f i r s t  o r d e r  i n t e r p r e t a t i o n  was a p p l i c a b l e *

A n t i - 3 - e x o - b e n z o y l o x y - 6 , 7 - endo- d i c a r b o m e t h o x y b i c . y c l o [  3 , 2 , 2  ] 

n o n a n e - 7 , 8~ d i o l  ( 7 6 ) .

Hp 2*04 T (art -i \f  ( 5H, complex)
2*51 t

He 4*28 x  ( lH ,  m u l t i p l e t )

H 5*74 x  (2H, u n r e s o l v e d  s i g n a l )c
H 6*38 t  ( 6H, s i n g l e t )

S
Ha 6*51 x  ( 2K, s i n g l e t )

H^, H^a  7*26 x (4H, m u l t i p l e t )

H^g 8 * 1 5  x  ( 2H, m u l t i p l e t )

The h y d r o x y l  p r o t o n s  were  n e t  o b v io u s  and  a p p e a r e d  a s  a  

w ea k ,  b r o a d  a b s o r p t i o n  due t o  h y d r o g e n  b o n d in g  a t  c a  6 * 6  t  

( ' r̂ - ' l * 5  H ) , w h ic h  d i s a p p e a r e d  on d e u t e r a t i o n .  S i n c e  t h e  

s t r u c t u r e  was s a t u r a t e d ,  much o f  t h e  r i g i d i t y  h a d  gone

t h u s  a l l o w i n g  t h e  m o l e c u l e  t o  a d o p t  two p o s s i b l e  t w i s t

c o n f o r m a t i o n s  ( 7 7 ) and  ( 7 8 ) ,  t h e  t i m e - a v e r a g e d  c o n f i g u r ­

a t i o n  o f  w h ich  was s e e n  by  N.M.R.  Thus and  Hy exo 

p r o t o n s  a p p e a r e d  a s  a  s i n g l e t  a s  i n  t h e  p r e v i o u s  c a s e s .
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The low v a l u e  o f  H was c o n s i s t e n t  w i t h  t h ee
re m o v a l  o f  t h e  s h i e l d i n g  e f f e c t  o f  t h e  d o u b l e  bond  on 

h y d r o x y l a t i o n .  However,  no i n f o r m a t i o n  c o u l d  be o b t a i n e d

f rom  N.M.R. c o n c e r n i n g  t h e  o r i e n t a t i o n  o f  t h e  h y d r o x y l s  

a l t h o u g h  c h e m i c a l  e v i d e n c e  ( P a r t  I )  s u g g e s t e d  t h a t  t h e y  

w e re  i n  t h e  exo c o n f i g u r a t i o n .

3 , 3 - E t h y l e n e d i o x y b i c y c l o [ 3 , 2 , 2 ] n o n - 8- e n e - 6 , 7 - e n d o -

d i c a r b o x y l i c  a c i d  a n h y d r i d e  ( 9 3 ) .

Hq 3*85 x (2H, q u a r t e t ,  o b s .  s p l i t t i n g s  5 and  4 c . p . s . )

H 6*02 t (2H, s i n g l e t )a
H0 6*20 x (4H, q u a r t e t  w i t h  s m a l l  s i d e  b ands

sy s te rn )

7*98 x  (2H, u n r e s o l v e d  s i g n a l )

8*01 x  (2H, q u a r t e t ,  J= 1 4 ,  J=7  A p a r t  o f  

ABX s y s t e m )

H^g 8*33 x  (2H, d o u b l e t ,  J = 1 4 ,  B p a r t  o f  ABX s y s te m )

The a n h y d r i d e  c o n f i g u r a t i o n  was a g a i n  o b s e r v e d  a s  e n d o ;

due  t o  t h e  a s y m m e t r i c  e n v i r o n m e n t  o f  t h e  k e t a l  g r o u p i n g ,  

an  P a ^ ^ e r n  was s e e n  f ° r  "the two k e t a l  m e t h y l e n e s .

The s p l i t t i n g  f o r  t h e  p r o t o n s  i s  i l l u s t r a t e d  i n  F i g .  V, 

t h e  d o u b l e t  a t  8*33 x  b e i n g  a s s i g n e d  t o  H^g , i . e .  c o u p l i n g  

o n l y  w i t h  H^a  (no c o u p l i n g  w i t h  0  ^ 9 0 ° ) .  The 

q u a r t e t  f o r  a r o s e  f rom c o u p l i n g  w i t h  H^g and  w i t h  H^.
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The f u r t h e r  f i n e  s p l i t t i n g  (2 c . p . s . )  o f  t h e  

d e s c r i b e d  d o u b l e t  a t  8*33 x  on r e c o r d i n g  t h e  s p e c t r u m  a t  

60 Me i l l u s t r a t e d  t h e  s e n s i t i v i t y  o f  t h e s e  s i g n a l s  t o  

f i e l d  s t r e n g t h .

3 - K e t o b i c y c l o [ 3 , 2 , 2  ] n o n - 8 - e n e - 6 , 7 - e n d o - d i c a r b o x y l i c  a c i d  

a n h y d r i d e  (94)

H 3*69 x  (2H, q u a r t e t ,  o b s .  s p l i t t i n g s  5*5 and 3*5
v

c . p . s . )

H 6*04 x  (2K, s i n g l e t )  a
6*76 x (2H, p a r t i a l l y  r e s o l v e d  s i g n a l )

7*14  x  (2H, q u a r t e t ,  J = 1 8 ,  J = 4  A p a r t  o f  ABX s y s te m )

H^g 7*43 x (2H, q u a r t e t ,  J = l o ,  J= 4  B p a r t  o f  ABX sy s te m )

The s i n g l e t  a t  6*04 x  i n d i c a t e d  once more t h e  endo con­

f i g u r a t i o n  o f  t h e  a n h y d r i d e ;  a l t h o u g h  t h e  A B p a r t  ( F i g . V I ) 

o f  t h e  ABX s y s t e m  was now s y m m e t r i c a l  ( i n  c o n t r a s t  t o  t h a t  

o f  t h e  c o r r e s p o n d i n g  k e t a l )  c o n f o r m a t i o n a l  i n f o r m a t i o n  

c o u l d  n o t  be d e r i v e d  owing t o  t h e  f a c t  t h a t  t h i s  s y s t e m  was 

v e r y  s e n s i t i v e  t o  c h a n g e s  i n  o p e r a t i n g  f r e q u e n c y  (100 Me t o  

60 Me),  w h ich  c a u s e d  s p l i t t i n g s  n o t  r e a d i l y  e x p l a i n a b l e .

I t  was i n t e r e s t i n g  t o  n o t e  t h a t ,  s i n c e  c a r b o n  3 was now 

t r i g o n a l ,  r e m o v a l  o f  t h e  i n t e r a c t i o n s , , H^, i n  

t h e  sy n  fo rm ,  a l l o w e d  t h e  l a t t e r  c o n f o r m a t i o n  t o  compete  

i n  s t a b i l i t y  w i t h  t h e  a n t i  f o rm .  However ,  i t  c o u l d  n o t
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be e s t a b l i s h e d  f rom t h e  s e n s i t i v e  m u l t i p l i c i t y  w h e t h e r  

an  e q u i l i b r a t i n g  s y s t e m  was p r e s e n t  o r  n o t*

3 , 3 - E t h y l e n e d i o x y - 6 , 7 - e n d o - d i c a r b o m e t h o x y b i c y c l o [ 3 , 2 , 2 ] n o n -  

8- e n e  ( 9 7 ) .

H 3*72 t (2H, q u a r t e t ,  obs* s p l i t t i n g s  5*5 and 3*5
V

C . p . s . )

He 6 * 14 X (4H, q u a r t e t , w i t h  s i d e  b a n d s ,  ^ 2 ^ 2  s y s ^ e m )

Ha 6*24 x (2H, s i n g l e t )

Hf 6*45 T ( 6H, s i n g l e t )

Hb 7 *14 X (2H, b r o a d  a b s o r p t i o n )

Hda 8 -03 X (2H, q u a r t e t , J= 1 4 ,  J = 6 , A p a r t  o f  ABX s y s te m )

Hds 8*29 X (2H, q u a r t e t , J = 1 4 ,  J = 2 ,  B p a r t  o f  ABX s y s te m )

I r r a d i a t i o n  o f  r e d u c e d  t h e  H^a , H^g s i g n a l s  t o  a  p a i r  o f  

d o u b l e t s ,  J  = 14 (AB q u a r t e t ) ,  a s  w e l l  a s  r e d u c i n g  H t o  a
V

s i n g l e t *

The endo c o n f i g u r a t i o n  f o r  t h e  d i e s t e r  was

i n d i c a t e d  by  t h e  s i n g l e t  f o r  H • The k e t a l  a b s o r p t i o n  wasa
a g a i n  com plex  i . e . ,  an  A2B2 s y s t e m  due t o  asymmetry*

Thus f rom  t h e  s p l i t t i n g  p a t t e r n s ,  ABX and A2B2 J 

i n  a d d i t i o n  t o  t h e  f a c t  t h a t  t h e r e  was l i k e l y  t o  be s t e r i c  

c o m p r e s s i o n  i n  t h e  sv n  f o rm ,  t h e  a n t i  c o n f i g u r a t i o n  was 

e s t a b l i s h e d *
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However ,  c o m p a r i s o n  o f  t h i s  s p e c t r u m  w i t h  t h a t  o f  

t h e  a n h y d r i d e  k e t a l  ( 9 5 ) ,  showed an  a d d i t i o n a l  s p l i t t i n g  f o r  

H^g i n  t h e  f o r m e r  c a s e  ( a l t h o u g h  s m a l l ,  J  = 2 ) •  T h i s  

s p l i t t i n g  was a l s o  o b s e r v e d  when t h e  a n h y d r i d e  s p e c t r u m  was 

r e c o r d e d  a t  60 Me, T h i s  i l l u s t r a t e d  t h a t  t h e  m u l t i p l e t s .  

w e re  i n d e e d  s e n s i t i v e  t o  t h e  o p e r a t i n g  f r e q u e n c y .

From t h e  above  r e s u l t s  and a r g u m e n t s ,  t h e  f o l l o w ­

i n g  c o n c l u s i o n s  c o u l d  be made r e g a r d i n g  t h e  s t e r e o c h e m i s t r y  

o f  t h e  b i c y c l o [ 3 , 2 , 2 ]n o n e n e  s y s t e m .

The endo c o n f i g u r a t i o n  o f  a n h y d r i d e ,  d i a c i d  and 

d i e s t e r  g r o u p i n g s  was r e a d i l y  d e d u c e d  f rom  a c o n s i d e r a t i o n  

o f  d i h e d r a l  a n g l e s .

By a n a l o g y  w i t h  F r a s e r ’ s w ork ‘d on b i c y c l o [  2 , 2 ,  l ]  

h e p t e n e  and  h e p t a n e  d e r i v a t i v e s ,  t h e  endo c o n f i g u r a t i o n  

o f  t h e  a n h y d r i d e  was c o n f i r m e d  by  t h e  u p f i e l d  s h i f t  o f  

t h e  and  p r o t o n s  on h y d r o g e n a t i o n  o f  t h e  Cg-C^ d o u b le  

b o n d .

I n  t h e  c a s e  o f  3 - s u b s t i t u t e d  compounds,  i t  c o u l d  

n o t  be  d e t e r m i n e d  by  N.M.R.  a l o n e  (due  t o  p e r t u r b a t i o n )  

w h e t h e r  t h e  m o l e c u l e  a d o p t e d  t h e  a n t i  o r  t h e  s y n  con­

f o r m a t i o n  s i n c e  t h e  m e t h y l e n e  p r o t o n s  w ou ld  a f f o r d
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i d e n t i c a l  s p l i t t i n g  p a t t e r n s  i n  b o t h  t h e  sy n  and a n t i  f o rm s ,  

on a  f i r s t  o r d e r  b a s i s .  However,  u s e  o f  an  X - r a y  a n a l y s i s ,  

i n  c o n f i r m i n g  t h e  a n t i  c o n f i g u r a t i o n  o f  endo A ( 4 1 ) ,  

a l l o w e d  t h e  o t h e r s  t o  be d e f i n e d .

T w i s t i n g  and  upward  d i s t o r t i o n  o f  t h e  t h r e e  

c a r b o n  b r i d g e  hav e  n o t  b e e n  o v e r l o o k e d .

I n  c o n t r a s t  t o  t h e  3 - s u b s t i t u t e d  compounds,  t h e

3 - m e t h y l e n e  compound (7)  and t h e  3 - k e t o n e  (94)  h ad  more 

o p p o r t u n i t y  t o  f l i p  f rom one form t o  t h e  o t h e r  ( i . e .  

a n t i  a* s y n ) . I n  t h e  c a s e  o f  t h e  f o r m e r ,  t h e  N.M.R.was. 

c o n s i s t e n t  w i t h  f l i p p i n g  b u t ,  owing t o  t h e  s e n s i t i v i t y  o f  

t h e  p r o t o n s  t o  f i e l d  s t r e n g t h ,  no s i m i l a r  c o n c l u s i o n s  

c o u l d  be d e r i v e d  f rom t h e  N.M.R. o f  t h e  l a t t e r .  Low 

t e m p e r a t u r e  N.M.R. s t u d i e s  on b o t h  m o l e c u l e s  may w e l l  s e t t l e  

t h e  i s s u e .

E x a m i n a t i o n  o f  N.M.R.  s p e c t r a  a t  b o t h  100 Me and  

60 Me i l l u s t r a t e d  t h e  i m p o r t a n c e  o f  n o t  t a k i n g  any  one 

s p e c t r u m  t o o  l i t e r a l l y .
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Chart I contd.
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SYNTHETIC APPROACHES TO DITERPENES

V i t h  t h e  e l u c i d a t i o n  o f  t h e  s t e r e o c h e m i s t r y  o f  

many i n t e r e s t i n g  d i t e r p e n e s  i n  t h e  l a s t  d e c a d e ,  the. 

s y n t h e s i s  o f  members o f  t h i s  g ro u p  o f  n a t u r a l  p r o d u c t s  

became a c h a l l e n g e .

The f o l l o w i n g  r e v i e w  i l l u s t r a t e s  how t h i s  

c h a l l e n g e  h a s  b e e n  d e a l t  w i t h  i n  e l a b o r a t i n g  t h e  c a rb o n  

s k e l e t o n s  w h i l e  e x c e r c i s i n g  s t e r e o c h e m i c a l  c o n t r o l  i n  t h e  

p r o c e s s .  The n o t a t i o n  e . g . ,  A -> B C r e f e r s  t o  t h e  o r d e r  

o f  c o n s t r u c t i o n  o f  t h e  t e r p e n o i d  r i n g s .

1• B i o g e n e t i c  Tyne

2• T r i c y c l i c  D i t e r p e n e s  

( i )  A ro m a t ic  t y p e

(a )  A -+ C -*■ B

(b)  B, C A

( c ) A, B -+ C

( i i )  N o n - a r o m a t i c  t y p e

( a )  B, C A

(b)  A, B -* C

3• T e t r a c y c l i c  D i t e r p e n e s  

( i )  A, B, C -* D

( i i )  B , C -»■ D *-> A

4 .  R ing  Expanded  and C o n t r a c t e d  D i t e r p e n e s
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1 .  B i o g e n e t i c  Type

S i n c e  t h e  b i o s y n t h e s i s  o f  t r i c y c l i c  d i t e r p e n o i d s

a p p e a r s  t o  t a k e  p l a c e  t h r o u g h  t h e  c y c l i s a t i o n  o f  a c y c l i c ,

p o l y i s o p r e n o i d  p r e c u r s o r s ,  a t t e m p t s  have  b een  made t o

p a r a l l e l  t h i s  b e h a v i o u r  i n  v i t r o . C a l i e z i  and Schinz"^

s u c c e s s f u l l y  s y n t h e s i s e d  a b i e t a t r i e n e  (2)  from t h e  a c y c l i c
2 3k e t o n e  ( l )  u n d e r  a c i d i c  c o n d i t i o n s ,  w h i l e  o t h e r s  9 u s i n g  

s i m i l a r  t e c h n i q u e s  i s o l a t e d  m i x t u r e s  o f  A/B c i s -  and t r a n s ­

i s o m e r s  (4)  f rom  c o r r e s p o n d i n g  a r o m a t i c  compounds ( 3 ) .
4

More r e c e n t l y  v a n  Tamelen h a s  shown i n t e r e s t i n g  c y c l i s a t i o n s

o f  e p o x i d e s  o f  t h e  t y p e  (5)  -* (6)  w i t h  b o ro n  t r i f l u o r i d e

e t h e r a t e ,  t h e  r e s u l t i n g  m o le c u le  d i s p l a y i n g  t h e  n a t u r a l

p r o d u c t  A/B r i n g  c o n f i g u r a t i o n  ( 6 ) .  However ,  a l t h o u g h
5

t h e s e  w o r k e r s  have  a c h i e v e d  a s y n t h e s i s  o f  t r i t e r p e n e s  o f  

t h e  (3 -o n o c e r in  t y p e ,  t h e r e  h a s  b ee n  no a s s a u l t  on t h e  

d i t e r p e n e  s k e l e t o n .

2 .  T r i c y c l i c  D i t e r p e n e s

( i )  A ro m a t ic  t y p e

(a )  A -» C -» B

U s in g  2 , 2  f6 - t r i m e t h y l c y c l o h e x a n o n e  (7)  as  t h e  

s t a r t i n g  m a t e r i a l ,  t h i s  r o u t e  had  t h e  a d v a n ta g e  o f  a v o i d i n g  

u n s p e c i f i c  m e t h y l a t i o n s  and i s  t h e  s u b j e c t  o f  numerous
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6 7p a p e r s .  9 A t y p i c a l  example o f  a s a t i s f a c t o r y  sy n -
g

t h e s i s  i s  t o t a r o l  (10)  (Scheme l )  i n  w h ich  t h e  k e t o n e  i s  

t r e a t e d  w i t h  p o t a s s i u m  m - m e t h o x y p h e n y l a c e t y l i d e  t o  g i v e  t h e  

a c e t y l e n e  a l c o h o l .  (8)  w h ic h ,  a f t e r  h y d ro g e n a t io n ,w a s  c y c l o -  

d e h y d r a t e d  t o  t h e  t r i c y c l i c  sy s tem  ( 9 ) .  F u r t h e r  e l a b o r a t i o n

as  shown a f f o r d e d  t h e  d i t e r p e n e  ( 1 0 ) .  Use o f  t h e  k e t o -
/ \ 9e s t e r  (11)  i n  a s i m i l a r  s y n t h e s i s  by King e t  a l . t o  g iv e

t h e  e s t e r  o f  ( i ) - Q - m e t h y l  p o d o c a r p i c  a c i d  (12 ,  R=Me) ( n o t

s t r i c t l y  d i t e r p e n o i d )  i l l u s t r a t e d  t h e  p o t e n t i a l  o f  t h e

r o u t e  t o  t h e  r e s i n  a c i d s ,  a l t h o u g h  s e p a r a t i o n  o f  s t e r e o -

i s o m e r i c  e s t e r s  was r e q u i r e d .

The c o n j u g a t e d  enone (14)  was o f  s i m i l a r  im p o r ta n c e

i n  t h e  s y n t h e t i c  s t u d i e s  o f  Church  e t  a l .»^  b e i n g  t h e  p r o d u c t

o f  c o n d e n s a t i o n  o f  enone (13)  w i t h  l - d i e t h y l a m i n o - 3 -

p e n t a n o n e  m e t h i o d i d e .  H y d r o g e n a t i o n ,  f o l l o w e d  by r e d u c t i o n

o f  t h e  c a r b o n y l  t o  t h e  a l c o h o l  and c y c l i s a t i o n  w i t h  p o l y -

p h o s p h o r i c  a c i d ,  a f f o r d e d  t h e  r e q u i r e d  s k e l e t o n  ( 9 ) .

I n  t h e i r  e l e g a n t  s y n t h e s i s  o f  d l - d e h y d r o a b i e t i c

a c i d  ( 2 0 ) ,  I r e l a n d  e t  a l . 11 a d o p t e d  an u n u s u a l  a p p r o a c h  t o

t h e  t r i c y c l i c  r i n g  sy s te m  (Scheme 2 ) •  M e t h y l a t i o n  i n  t h e

2—p o s i t i o n  o f  k e t o n e  (15) f o l l o w e d  by c o n d e n s a t i o n  o f  t h e

h y d r o x y m e th y le n e  d e r i v a t i v e  w i t h  m e th y l  v i n y l  k e t o n e  gav e ,

on h y d r o l y s i s ,  a d i k e t o n e  (16)  i n  w h ich  t h e  k e t o n e  c h a i n



-  138 -

was i n  t h e  a - c o n f i g u r a t i o n . M e t h y l a t i o n  o f  t h e  mono k e t a l  

and c y c l i s a t i o n  o f  t h e  r e g e n e r a t e d  d i k e t o n e  (17) a f f o r d e d  

t h e  t r a n s  k e t o n e  ( 18) on r e d u c t i o n  o f  t h e  d o u b le  bond .  

O z o n o l y s i s  o f  t h e  d e r i v e d  h y d r o x y m e th y le n e  compound r e s u l t e d  

i n  a  d i a c i d  o f  known c o n f i g u r a t i o n .  P o l y p h o s p h o r i c  a c i d  

c y c l i s a t i o n  and d e g r a d a t i o n  o f  t h e  a c e t i c  a c i d  s i d e  c h a i n  

c o n c l u d e d  a  c o m p l e t e l y  unambiguous  r o u t e  t o  d l - d e h y d r o -  

a b i e t i c  a c i d  ( 2 0 ) .
12K e t o - l a c t o n e s  o f  t y p e  (21)  have  b ee n  u s e d  i n  

s y n t h e t i c  sch em es ,  t h e  l a c t o n e  a c t i n g  as  a  p r e c u r s o r  f o r  

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

e f f e c t e d  by p o l y p h o s p h o r i c  a c i d  t r e a t m e n t  t o  y i e l d  t h e  e n o l — 

l a c t o n e  ( 2 2 ) .  D epend ing  on t h e  manner  o f  c l e a v a g e  o f  t h i s  

l a c t o n e ,  b o t h  t h e  A/B c i s -  and t r a n s -  r i n g  s y s te m s  c o u ld  be 

o b t a i n e d .

(b)  B, C -» A

A s t e r e o s p e c i f i c  and w i d e l y  u s e d  r o u t e  t o  t h e  

d e s i r e d  t r i c y c l i c  s y s te m  made u s e  o f  a ( 3 - t e t r a l o n e  as  r i n g s  

B and C. The s y n t h e s i s  o f  d e h y d r o a b i e t i c  a c i d  (20)  by 

S t o r k  e t  a l . s e r v e s  a s  a t y p i c a l  example  (Scheme 3 ) .  

M e t h y l a t i o n  o f  t h e  ( 3 - t e t r a l o n e  f o l l o w e d  by r i n g - e x t e n s i o n  

u s i n g  e t h y l  v i n y l  k e t o n e  y i e l d e d  an enone ( 2 4 ) ,  w h ic h ,  a f t e r
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a l k y l a t i o n  w i t h  b r o m o a c e t i c  e s t e r  on t h e  l e s s  h i n d e r e d  s i d e ,  

was h y d r o g e n a t e d  t o  g i v e  t h e  k e t o e s t e r  (25) as  shown.

Removal o f  t h e  c a r b o n y l  f o l l o w e d  by a B a r b i e r - ¥ i e l a n d  

d e g r a d a t i o n  o f  t h e  a c e t i c  e s t e r  f i n a l l y  gave  ( ± ) - d e h y d r o -  

a b i e t i c  a c i d  ( 2 0 ) .

I n  a s i m i l a r  s y n t h e s i s ,  V e n k e r t  e t  a l .^~  

c a r b o x y l a t e d  t h e  d e r i v e d  enone (26)  w i t h  t r i p h e n y l m e t h y l  

sodium and c a r b o n  d i o x i d e ;  e s t e r i f i c a t i o n  gave a m ix tu re  

o f  t h e  e s t e r  (27)  and t h e  i s o m e r i c  2 - c a r b o x y l i c  e s t e r .  

C a t a l y t i c  h y d r o g e n a t i o n ,  t h e n  m e t h y l a t i o n  a f f o r d e d  m a in ly  

t h e  k e t o e s t e r  (28)  w h ich  was c o n v e r t e d  by c l a s s i c a l  s t e p s  

i n t o  p o d o c a r p i c  a c i d  (1 2 ,  R=H).
1 er

The s y n t h e s i s  o f  n i m b i o l  me t h y l  e t h e r  (30)  

f o l l o w e d  a s i m i l a r  p a th w a y  t o  t h e  S t o r k  r o u t e ;  m e t h y l a t i o n  

and h y d r o g e n a t i o n  o f  t h e  m ethoxy enone ( 2 9 ) ,  f o l l o w e d  by 

c a r b o n y l  rem ova l  and o x i d a t i o n  a f f o r d e d  t h e  p r o d u c t  ( 3 0 ) # ,

( c )  A. B C

A n o th e r  w e l l - s t u d i e d  a p p r o a c h  t o  t h e  d i t e r p e n o i d
16s k e l e t o n  i s  t h a t  o f  S p e n c e r  e t  a l . u s i n g  t h e  o c t a l o n e  (31) 

as  t h e  s t a r t i n g  m a t e r i a l .  U s in g  p r o c e d u r e s  s i m i l a r  t o  

t h o s e  a l r e a d y  d e s c r i b e d ,  t h i s  enone was c o n v e r t e d  t o  t h e  

t r a n s - f u s e d  h y d r o x y  e s t e r  ( 3 2 ) •  O x i d a t i o n  a f f o r d e d  a
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m o i e t y  s u i t a b l e  f o r  r i n g - e x t e n s i o n ,  by t h e  R o b in so n  method,

t o  t h e  enone ( 3 3 ) ,  r i n g  C t h e n  b e i n g  a r o m a t i s e d  by s t a n d a r d

methods  t o  d e h y d r o d e s i s o p r o p y l a b i e t a t e  (34):.
17D u t t a  e t  a l . a l s o  s y n t h e s i s e d  t h i s  m o le c u le  by 

e s s e n t i a l l y  t h e  same r o u t e ,  t h e i r  u l t i m a t e  s t e p  b e i n g  an 

u n u s u a l  A/B c i s  (35)  -> A/B t r a n s  (34)  i s o m e r i s a t i o n  

e f f e c t e d  by h e a t i n g  o v e r  p a l l a d i u m / c h a r c o a l .

( i i )  Non ^ - a r o m a t i c  t y p e

(a )  B, C A

I n  t h e i r  s y n t h e s i s  o f  p i m a r a d i e n e  ( 4 1 ) ,  I r e l a n d
18e t  a l . (Scheme 5) h y d r o g e n a t e d  t h e  p h e n o l i c  r i n g  C and ,  

a f t e r  o x i d a t i o n ,  c o n v e r t e d  t h e  k e t o n e  t o  t h e  enamine v i a  

t h e  h y d r o x y m e th y le n e  d e r i v a t i v e .  R e a c t i o n  w i t h  m e th y l  

G r i g n a r d  and s u b s e q u e n t  m e t h y l a t i o n  a t  C-^ a f f o r d e d  s e p a r a b l e  

e p i m e r s ,  which, a f t e r  r e d u c t i o n  t o  t h e  a l c o h o l  and p y r o l y s i s

o f  t h e  d e r i v e d  b e n z o a t e ,  a f f o r d e d  p i m a r a d i e n e  (41)  and i t s

C-̂ 2 e p im e r ,  s a n d a r a c o p i m a r a d i e n e .

(b)  A. B -» C

The u n s a t u r a t e d  a ld e h y d e  (42)  was t h e  b u i l d i n g  

b l o c k  f o r  a s y n t h e s i s  o f  t h e  u n u s u a l  t r a n s - s y n - c i s  r i n g  

s y s te m  (46)  by  Church  and I r e l a n d ^  (Scheme 6) • The v i n y l



e t h e r  (43)  u n d e r w e n t  a C l a i s e n  t y p e  r e a r r a n g e m e n t  and th e  

r e s u l t i n g  a l d e h y d e ,  p r o t e c t e d  as  t h e  a c e t a l ,  was h y d r o b o r a t e d  

and o x i d i s e d  t o  y i e l d  compound (45) i n  w h ich  t h e  s i d e  c h a i n s  

were  q- c i s . A c id  c y c l i s a t i o n  and h y d r o g e n a t i o n  a f f o r d e d  a 

k e t o n e  w h ich  was c o n v e r t e d  t o  t h e  b u t y l t h i o m e t h y l e n e  

d e r i v a t i v e  (47)  v i a  t h e  h y d ro x y m e th y le n e  compound. Steam 

d i s t i l l a t i o n  o f  t h e  d e r i v e d  a l c o h o l  f u r n i s h e d  t h e  u n s a t u r a t e d  

a ld e h y d e  (48)  w h ich  f i n a l l y  a f f o r d e d  (Scheme 6) s e p a r a b l e  

e p im e r s  ( 4 9 ) ,  9 - i s o m e r s  o f  t h e  p i m a r a d i e n e  c l a s s .

Rimuene (55)  i s  t h e  p r o d u c t  o f  a r e a r r a n g e m e n t  on

t h e  b i o g e n e t i c  r o u t e ,  h a v i n g  a m e th y l  g ro u p  a t  t h e  9 - p o s i t i o n .
20I r e l a n d  e t  a l . made u s e  o f  a | 3 - t e t r a l o n e  a s  r i n g s  A and B 

( c f .  2 ( i ) b . ) ,  r i n g - e x t e n d i n g  w i t h  m e th y l  v i n y l  k e t o n e  

(Scheme 7 ) .  S u c c e s s i v e  r e d u c t i o n s  o f  (51)  y i e l d e d  t h e  

s a t u r a t e d  a l c o h o l  w h ic h ,  a f t e r  B i r c h  r e d u c t i o n  and p r o t e c t i o n  

o f  t h e  a l c o h o l ,  a f f o r d e d  t h e  enone ( 5 2 ) .  D i m e t h y l a t i o n  

and c a r b o n y l  rem o v a l  t h e n  l e f t  o n l y  t h e  C r i n g  t o  be 

e l a b o r a t e d , ,  T h i s  was done v i a  t h e  k e t o n e ,  t h e  e p o x id e  and 

t h e  a l d e h y d e  a s  shown, f u r t h e r  c o n v e r s i o n  t o  r im uene  (55)  

b e i n g  s i m i l a r  t o  t h a t  u s e d  i n  t h e i r  s y n t h e s i s  o f  p i m a r a d i e n e .



-  142 -

3 .  T e t r a c y c l i c  D i t e r p e n e s

( i )  A, B, C -» D

I n  an  a p p r o a c h  t o  t h e  b r i d g e d  b i c y c l i c  C/D sys tem

o f  p h y l l o c l a d e n e  ( 6 7 ) ,  i t  was r e q u i r e d  t h a t  t h e r e  s h o u ld  be

^ - s u b s t i t u t i o n  a t  t h e  r i n g  j u n c t i o n  c a r b o n  8 .  D i r e c t  
21a l k y l a t i o n  o f  a b l o c k e d  d e r i v a t i v e  (56) w i t h  a l l y l

b rom ide  (Scheme 8) y i e l d e d  t h e  a - s u b s t i t u t e d  p r o d u c t  (57)

b u t  o x i d a t i v e  c l e a v a g e  o f  r i n g  C, f o l l o w e d  by Dieckmann

c y c l i s a t i o n  o f  t h e  d e r i v e d  t r i e s t e r  (58)  a f f o r d e d ,  on

h y d r o l y s i s  and d e c a r b o x y l a t i o n ,  d l -8 ( 3 - c a rb o m e th o x y - 1 3 -

o x o p o d o c a rp a n e  ( 5 9 ) ,  a d e g r a d a t i o n  p r o d u c t  o f  p h y l l o c l a d e n e .  
22C hurch  e t  a l . a l s o  a c h i e v e d  t h e  s y n t h e s i s  o f  ( 5 9 ) ,  f i r s t l y  

by  c o n v e r s i o n  o f  t h e  e n o l  e t h e r  (60)  t o  t h e  a ld e h y d e  (61)  

by  a C l a i s e n  r e a r r a n g e m e n t  (Scheme 9 ) ,  t h e n  by c l e a v a g e  o f  

t h e  d o u b le  bond ,  f o l l o w e d  by Dieckmann c o n d e n s a t i o n  o f  t h e  

d e r i v e d  a n h y d r i d e  e s t e r  (62)  .
23P h y l l o c l a d e n e  (67)  h a s  b ee n  o b t a i n e d  from t h e  

k e t o  e s t e r  (59)  by a R e f o r m a t s k y  r e a c t i o n  w i t h  b r o m o a c e t i c  

e s t e r  t o  y i e l d  t h e  l a c t o n i c  e s t e r  (63)  (Scheme 1 0 ) .

L a c to n e  r i n g  o p e n i n g ,  h y d r o g e n a t i o n  and h y d r o l y s i s  a f f o r d e d  

t h e  d i a c i d  (64)  w h ic h  was p y r o l i s e d  as  t h e  b a r iu m  s a l t  t o  

form t h e  D r i n g  s y s t e m .  The a c e t a l  o f  t h e  d e r i v e d  h y d ro x y ­

m e th y le n e  compound was r e d u c e d  and m i n e r a l  a c i d  t r e a t m e n t
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a f f o r d e d  t h e  u n s a t u r a t e d  a ld e h y d e  ( 6 6 ) .  V o l f f - IC i s h n e r  

r e d u c t i o n  c o m p l e t e d  t h e  s y n t h e s i s  o f  p h y l l o c l a d e n e  ( 6 7 ) .

One o f  t h e  i n t e r m e d i a t e s  u s e d  a b o v e ? t h e  o l e f i n i c  

a ld e h y d e  (61)  had  t h e  s t e r i c  r e q u i r e m e n t s  f o r  a s y n t h e s i s ^  

o f  t h e  k a u r e n e  s k e l e t o n .  The a c e t a l  o f  (61)  was h y d r o -  

b o r a t e d  and o x i d i s e d  t o  y i e l d  a s e p a r a b l e  m i x t u r e  o f  t h e  

an(l  ^ e  C-^  k e t o n e s  (Scheme l l ) ,  t h e  l a t t e r  c y c l i s i n g  

t o  k e t o l  (70)  on t r e a t m e n t  w i t h  a q u e o u s  a c i d  f o l l o w e d  by 

a l k o x i d e  i o n .  P r o t e c t i o n  o f  t h e  a l c o h o l  w i t h  d i h y d r o -  

p y r a n ,  c a r b o n y l  re m o v a l  and  o x i d a t i o n  o f  t h e  r e g e n e r a t e d  

a l c o h o l  a f f o r d e d  t h e  1 6 - k e t o n e  w h ic h ,  a f t e r  c o n d e n s a t i o n  

w i t h  m e t h y l e n e t r i p h e n y l p h o s p h o r a n e ,  y i e l d e d  kaurene.  (72)  •

I t  i s  n o t e w o r t h y  t h a t  t h e  i s o m e r i c  C-^ k e t o n e  (73)  o b t a i n e d  

above can  be t r a n s f o r m e d  by an i d e n t i c a l  pa thw ay  i n t o  

a t i s i r i n e  ( 7 4 ) ,  a d i t e r p e n e  o f  t h e  b i c y c l o [ 2 , 2 , 2  3 t y p e  •

The a v a i l a b i l i t y  o f  t h e  k e t o - a c e t a l  (73)  a l lo w e d  

B e l l  e t  a l . ^  t o  a c h i e v e  a  t o t a l  s y n t h e s i s  o f  h i b a e n e  (79)  

i n  a  m a s t e r l y  f a s h i o n  (Scheme 1 2 ) •  H y d r o b o r a t i o n  and 

o x i d a t i o n  o f  t h e  e t h y l i d e n e  d e r i v a t i v e  gave  t h e  1 3 - a - a c e t y l  

compound (75)  w h ic h ,  a f t e r  e p i m e r i s a t i o n  w i t h  b a s e ,  was 

c y c l i s e d  t o  ( 7 6 ) .  A f t e r  Beckmann r e a r r a n g e m e n t  o f  t h e  

d e r i v e d  oxime,  r e p l a c e m e n t  o f  t h e  a c e t a m id o  g ro u p  by 

a c e t a t e  v i a  r e a r r a n g e m e n t  o f  t h e  N - n i t r o s o  d e r i v a t i v e
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y i e l d e d  t h e  d i a c e t a t e .  A f t e r  h y d r o l y s i s  and o x i d a t i o n ,  t h e  

h y d ro x y  o l e f i n  (78)  was o b t a i n e d  by c o n d e n s a t i o n  w i t h  

m e t h y l e n e t r i p h e n y l p h o s p h o r a n e .  R e a r r a n g e m e n t  o f  t h i s  t y p e
O f\

o f  compound t o  h i b a e n e  (79)  f o l l o w e d  a known p a th w ay  

t h u s  c o n c l u d i n g  t h e  s y n t h e s i s . .

( i i )  B. C- -» D -» A

A c o m p l e t e l y  d i f f e r e n t  a p p r o a c h  t o  t h e  s y n t h e s i s

o f  d i t e r p e n e s  o f  t h e  k a u r e n e  t y p e  was u n d e r t a k e n  by 
27Masamune who e l e c t e d  t o  c o n s t r u c t  r i n g s  B, C and D from 

t h e  t e t r a l i n  d e r i v a t i v e  (80)  (Scheme 1 3 ) .  On b a s e  t r e a t ­

ment  c y c l i s a t i o n  was e f f e c t e d  p r o d u c i n g  t h e  d i e n o n e  (81) 

i n  h i g h  y i e l d .  The d e r i v e d  b e n z o a t e  on h y d r o g e n a t i o n  

a f f o r d e d  two i s o m e r i c  k e t o n e s  (82) , ,  t h e  p r e d o m in a n t  c i s — 

f u s e d  one t h e n  b e i n g  c a r b o m e t h o x y l a t e d  and r i n g - e x t e n d e d  

w i t h  e t h y l  v i n y l  k e t o n e  t o  g i v e  enone (83)  w h ich  by 

c l a s s i c a l  b u t  t e d i o u s  s t e p s  was c o n v e r t e d  i n t o  k a u r e n e  ( 7 2 ) •

4 .  R ing  E x te n d e d  and C o n t r a c t e d  D i t e r p e n e s

T e t r a c y c l i c  d i t e r p e n e s  a r e  n o t  r e s t r i c t e d  t o  t h e  

s ix -m em b e re d  r i n g  v a r i e t y  a s  e x e m p l i f i e d  by g i b b e r e l l i c  

a c i d  (84)  and g r a y a n o t o x i n - I  ( 8 5 ) .
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As y e t  t h e r e  have  b e e n  no s y n t h e s e s  o f  such

m o l e c u l e s ,  a l t h o u g h  model compounds have  b ee n  s t u d i e d .
23 20G i b b e r i c  a c i d  (86)  and g ibberone ,  (88)  h av e  b e e n  syn­

t h e s i s e d  by way o f  t h e  c y c l i s a t i o n  s t e p  (87) ►+ (88a) u s i n g
O A

b o r o n  t r i f l u o r i d e  i n  a c e t i c  a c i d / a c e t i c  a n h y d r i d e .  S t o r k  

h a s  a l s o  a c c o m p l i s h e d  an i n t e r e s t i n g  c y c l i s a t i o n  i n  t h i s  

f i e l d ,  u s i n g  t h e  e t h y n y l  k e t o n e  ( 8 9 ) ,  C hem ica l  r e d u c t i o n  

w i t h  p o t a s s i u m  i n  an a m m o n i a / t e t r a h y d r o f u r a n  s o l u t i o n  a f f o r d e d  

a  m i x t u r e  f rom w hich  t h e  o l e f i n  a l c o h o l  (90)  c o u ld  be  i s o l a t e d .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  s t e v i o l  ( 9 1 ) ,  a d i t e r p e n o i d  

a c i d ,  h a s  t h e  same C/D r i n g  s t e r e o c h e m i s t r y  and c o u l d  

p r e s u m a b l y  be s y n t h e s i s e d  i n  t h e  same way from a s u i t a b l e  

p r e c u r s o r •

The s y n t h e s i s  o f  t h e  g r a y a n o t o x i n s  on t h e  o t h e r

h a n d ,  h a s  r e c e i v e d  p r a c t i c a l l y  no a t t e n t i o n  a l t h o u g h  a

p r o b a b l e  r o u t e  t o  t h e  A/B s k e l e t o n  i s  by a p h o t o c h e m i c a l

r e a c t i o n  o f  t h e  type'*'*' (92)  -► ( 9 3 ) .  Y o s h i k o s h i  and co -
3 2w o r k e r s  have  shown i n  t h e i r  i n t e r c o n v e r s i o n  b e tw een  

h i b a e n e  and k a u r e n e  t h a t  h i b a e n e  e p o x id e  (94)  can  be r e ­

a r r a n g e d  t o  t h e  g l y c o l  (95)  w h ich  h a s  t h e  same r e l a t i v e  

c o n f i g u r a t i o n s  o f  t h e  B /c /D  r i n g  f u n c t i o n s  and o f  t h e  

s u b s t i t u e n t s  i n  t h e  C and D r i n g s  as  t h e  g r a y a n o t o x i n s  ( 8 5 ) ,  

i l l u s t r a t i n g  a t  t h e  same t im e  a p o s s i b l e  b i o g e n e t i c  p a th w ay .
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I n  t h e  p r e s e n t  i n v e s t i g a t i o n  i t  was. e n v i s a g e d  

t h a t  a b r i d g e d  b i c y c l i c  m o l e c u l e  o f  t h e  t y p e  (96) would  

p r o v e  t o  be s u i t a b l e  as  an  i n t e r m e d i a t e  i n  t h e  s y n t h e s i s  o f  

d i t e r p e n e s  o f  t h e  g r a y a n o t o x i n  s e r i e s .
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DISCUSSION

A l th o u g h  t h e  u l t i m a t e  aim was t h e  s y n t h e s i s  o f  

the. h y d r o a z u l e n o i d  d i t e r p e n e  g r a y a n o t o x i n - I I  ( 2 ) v i a  a 

s u i t a b l e  k a u r a n e  d e r i v a t i v e  as  shown (Scheme l ) , i t  was  

r e a l i s e d  t h a t  t h e  s y n t h e s i s  o f  t h i s  d e r i v a t i v e  w ou ld  be an  

e x t r e m e l y  l e n g t h y  and d i f f i c u l t  t a s k .  A t t e n t i o n  was t h e r e ­

f o r e  i n i t i a l l y  d i r e c t e d  to w a r d s  t h e  s y n t h e s i s  o f  a s u i t a b l e  

t r i c y c l i c  s y s t e m  (3)  c o n t a i n i n g  r i n g s  B, C and D o f  t h e  

k a u r a n e  s k e l e t o n ,  o x y g e n a t e d  a t  t h e  1 and  12  p o s i t i o n s  i n  

s u c h  a way t h a t  t h e  m o l e c u l e  c o u l d  be e l a b o r a t e d  t o  the. 

d e s i r e d  k a u r a n e  p r e c u r s o r  ( l ) .

The 3 ,C  -> D,A a p p r o a c h  t o  t h e  s y n t h e s i s  o f  t e t r a ­

c y c l i c  d i t e r p e n o i d s  h a s  b ee n  t h e  s u b j e c t  o f  s e v e r a l  
1 2  3r e p o r t s  9 9 w h ic h  a r e  o u t l i n e d  i n  Schemes 2,  3 and 4 .

Only  t h e  r o u t e  d e v i s e d  by Masamune ( s e e  i n t r o d u c t i o n )  h a s  

b e e n  c a r r i e d  t h r o u g h  t o  a d i t e r p e n e .

W i th  r e g a r d  t o  t h e  s y n t h e s i s  o f  a 1 4 - o x y g e n a t e d  

k a u r e n e ,  t h e r e  was t h e  added  c o m p l i c a t i o n  o f  i n c o r p o r a t i n g  

an  oxygen  f u n c t i o n  a t  p o s i t i o n  1 i n  t h e  t r i c y c l i c  s t r u c t u r e  

(.3)# T h i s  f e a t u r e  was p r e s e n t  a t  a  l a t e  s t a g e  i n  I r e l a n d ' s  

s y n t h e s i s ^  o f  k a u r e n e  and a l s o  i n  t h e  p r o d u c t  fo rm ed  i n  t h e  

r e a r r a n g e m e n t  o f  h i b a e n e  t o  k a u r e n e  ( s e e  i n t r o d u c t i o n ) .
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The r o u t e  c h o s e n  i s  shown i n  Scheme 5 <■ 2 - C u r b -  

e t h o x y m e t h y l e n e c y c l o h e x a n e - 1 , 3 - d i o n e  (4)  was p r e p a r e d  as, 

d e s c r i b e d .  P r e l i m i n a r y  a t t e m p t s  t o  p r e p a r e  t h e  a c e t a l  

a n a l o g u e  (4a )  by a l k y l a t i o n  o f  c y c l o h e x a n e - 1 , 3 - d i o n e  w i t h  

b r o m o a c e t a l  w ere  u n r e w a r d i n g .

W hi le  r i n g  e x t e n s i o n  o f  a c y c l i c  k e t o n e  by t h e

R o b in s o n -M a n n ic h  r e a c t i o n  h a s  b e e n  w i d e l y  u s e d ,  i t  a p p e a r e d

t o  be s e n s i t i v e  t o  s t e r i c  f a c t o r s .  The f i r s t  s t a g e  was

e n v i s a g e d  as  a M ic h a e l  a d d i t i o n  o f  an  a l k y l  v i n y l  k e t o n e  t o

g i v e  compound ( 9 ) ,  f o l l o w e d  by an  a l d o l  c l o s u r e  t o  t h e

k e t o l  ( 1 0 ) w h ic h  c o u l d  be d e h y d r a t e d  t o  t h e  r e q u i r e d  enone

s y s t e m  ( l l ) .  J o h n s o n  e t  a l . showed by an  N.M.R. s t u d y  t h a t

a l t h o u g h  t h e  f i n a l  p r o d u c t  was an  o c t a l o n e  t h e  i n t e r m e d i a t e

k e t o l  c o u l d  be t h e  b r i d g e d  b i c y c l i c  k e t o l  ( 8 ) i n  some c a s e s .

F o r  ( 8 ) t o  be c o n v e r t e d  t o  t h e  enone s y s t e m ,  t h e  e q u i l i b r i u m
7

(Scheme 6 ) was p o s t u l a t e d ,  f o r m a t i o n  o f  t h e  enone  b e i n g  

i r r e v e r s i b l e .
O

K e to n e s  (12)  and (13)  gave  r i s e °  t o  t h e  n o rm a l  

k e t o l s  (14)  and ( 1 5 ) ,  t h e s e  i s o m e r s  b e i n g  t h e  s o l e  k e t o l s  

f o rm e d ,  a l t h o u g h  i n  t h e  l a t t e r  c a s e ,  t h e  y i e l d  was s m a l l .

The y i e l d s  i n  s u c h  r e a c t i o n s  were  d e t e r m i n e d  by t h e  

i n s o l u b i l i t y  o f  t h e  k e t o l s  i n  t h e  r e a c t i o n  m e d ia  and by 

t h e i r  e a s e  o f  f o r m a t i o n .  E v i d e n t l y ,  compounds s u c h  as
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(13)  and (16)  p r e f e r  t o  co n d e n se  w i t h  more v i n y l  k e t o n e  

r a t h e r  t h a n  t o  r e a c t  i n t r a m o l e c u l a r l y .  The s t e r e o s e l e c t i v e  

f o r m a t i o n  o f  (14)  and (15)  was n o t  due t o  an  e q u i l i b r i u m

p r o c e s s  b u t  r e s u l t e d  f rom k i n e t i c  c o n t r o l  i n  t h e  a l d o l
9

c y c l i s a t i o n .  S p e n c e r  a t t r i b u t e d  t h i s  s e l e c t i v i t y  t o  t h e  

f a v o u r a b i l i t y  o f  t h e  t r a n s i t i o n  s t a t e  i . e . ,  i f  a 9- s u b s t i t u e n t  

i s  b u l k y ,  t h e n  t h e  b u t a n o n e  s i d e  c h a i n  h a s  t o  a p p r o a c h  from 

t h e  a - s i d e .  The c a s e  q u o t e d  by S p e n c e r  was k e t o l  ( I T ) 

w h ic h  was shown t o  have  t h e  a c e t o x y  and h y d r o x y l  g r o u p s  

6 - c i s  o r i e n t e d ;  i n  t h e  a b s e n c e  o f  a 9 - s u b s t i t u e n t ,  t h e

c t -hydroxy  k e t o l  ( 1 5 ) wou ld  be e x p e c t e d .
8A l t h o u g h  M a r s h a l l  h a s  shown t h a t  s t e p w i s e  

p r e p a r a t i o n  o f  t h e  enone v i a  t h e  k e t o l  i s  o f t e n  p r e f e r a b l e ,  

d i r e c t  c o n d e n s a t i o n  u s i n g  a v i n y l  k e t o n e  d e r i v a t i v e  and a 

b a s i c  c a t a l y s t  h a s  a l s o  b ee n  u t i l i s e d . ^  B o th  

s i m p l e  e n o n e s ° J ^ ?^ ?^  (18)  (R = H, Me) and v i n y l o g o u s  

p - d i k e t o n e s  o f  t h e  V i e l a n d - M i e s c h e r  t y p e  ( 1 9 ) ? 1 6 , 1 7 , 1 9  

h a v e  b e e n  p r e p a r e d  by t h e s e  m e t h o d s .  C l o s u r e  o f  t h e  M ic h a e l  

a d d i t i o n  p r o d u c t  o f  t y p e  ( 9 ) t o  t h e  k e t o l  h a s  u s u a l l y  b e e n  

e f f e c t e d  by  p y r r o l i d i n e ;  d e h y d r a t i o n s  o f  t h e  k e t o l  have  

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

p y r r o l i d i n e  i n  r e f l u x i n g  b e n z e n e  w i t h  w a t e r - s e p a r a t i o n ,  

e t h a n o l i c  h y d r o c h l o r i c  a c i d ,  and s te a m  d i s t i l l a t i o n  f rom
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p o t a s s i u m  h y d r o x i d e  s o l u t i o n .  An example  o f  t h e  s e n s i t i v i t y  

o f  t h e  r e a c t i o n  i s  i l l u s t r a t e d  by t h e  f a c t  t h a t ,  a l t h o u g h
1 Ok e t o n e  ( 2 0 ) c o u l d  n o t  be  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g

enone  by p - t o l u e n e s u l p h o n i c  a c i d  i n  r e f l u x i n g  b e n z e n e ,  t h e

same t r e a t m e n t  e f f e c t e d  t h e  p r e p a r a t i o n  o f  t h e  f i v e -m e m b e r e d

r i n g  a n a l o g u e  ( 2 2 ) ;  h o w e v e r ,  u s i n g  a lu m in iu m  t r i - t - b u t o x i d e ,

( 2 0 ) s m o o th ly  u n d e r w e n t  c o n v e r s i o n ^  t o  ( 2 1 ) .

From t h e s e  r e s u l t s ,  i t  w ou ld  a p p e a r  t h a t  t h e
19a n n e l a t i o n  r e a c t i o n  i s  a v e r y  s e n s i t i v e  one and c o n d i t i o n s  

h a v e  t o  be e s t a b l i s h e d  f o r  i n d i v i d u a l  c a s e s .

The R o b in so n -M a n n ich  a n n e l a t i o n  o f  2 - c a r b e t h o x y -  

m e t h y l e n e c y c l o h e x a n e — 1 , 3 - d i o n e  (4)  w i t h  1 - d i e t h y l a m i n o -  

p e n t a n - 3 - o n e  (23)  was t h e n  i n v e s t i g a t e d .  The f i r s t  p r o ­

c e d u r e  t r i e d  was t h a t  o f  N e w m a n ,^  w h e r e b y  t h e  d i k e t o e s t e r

( 4 ) was h e a t e d  i n  r e f l u x i n g  b en ze n e  w i t h  t r i e t h y l a m i n e  and 

t h e  amino k e t o n e  (23)  w i t h  w a t e r  s e p a r a t i o n  f o r  18 h r s .  

F u r t h e r  h e a t i n g  a f t e r  a d d i t i o n  o f  p y r r o l i d i n e  a f f o r d e d  an

amber o i l  w h ic h  was shown t o  be a  m i x t u r e  o f  t h e  r e q u i r e d
5 10p r o d u c t ,  9 - c a r b e t h o x y m e t h y l e n e - 5 - n i e t h y l - A  * - o c t a l i n  -  1 , 6 -  

d i o n e  (5)  and t h e  t r i k e t o e s t e r  (24)  i n  a  6 s 1 r a t i o  (23 fo 

y i e l d )  by  G .L .C .  S e p a r a t i o n  c o u l d  n o t  be e f f e c t e d  by

p r e p a r a t i v e  T .L . C .  b u t  column c h r o m a t o g r a p h y  a f f o r d e d  a 

p u r e  sam ple  o f  t h e  enone  ( 5 ) ( i n  a d d i t i o n  t o  impure, s a m p l e s ) ,
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b . p .  1 1 0 ° / 0 - 0 5  mm. ( s u b . )  [ v S g ^  : 1738 ( s ) ,  1722 ( s ) ,

1674 ( s )  cm. ■*"]. The N.M.R. s p e c t r u m  showed a v i n y l i c  

m e th y l  a t  8 * 1 6 t  (3H, s i n g l e t )  and a d o u b l e t  a t  7*13 % (2H,

J  = 4 c p s ) ,  i n  a d d i t i o n  t o  t h e  o b v io u s  e t h y l  e s t e r  s i g n a l s .  

The d o u b l e t  was a s s i g n e d  t o  t h e  m e th y le n e  o f  t h e  s i d e  c h a i n ,  

t h e  s p l i t t i n g  b e i n g  due t o  t h e  s l i g h t  n o n - e q u i v a l e n c e  o f  

t h e  p r o t o n s  c a u s e d  by r e s t r i c t e d  r o t a t i o n  o f  t h e  s i d e  c h a i n  

( l a t e r  ex am p les  o f  t h i s  m e th y le n e  i n  n o n - r i g i d  s t r u c t u r e s  

d i s p l a y e d  a s i n g l e t ) . The mass s p e c t r u m  o f  t h e  enone 

showed,  i n  a d d i t i o n  t o  a p a r e n t  i o n  a t  m/e 264,  a b a s e  p e a k  

a t  m/e 176 c o r r e s p o n d i n g  t o  a l o s s  o f  (CH9=C-OEt) by  a
I
OH

M c L a f f e r t y  r e a r r a n g e m e n t .  The u l t r a v i o l e t  s p e c t r u m  was 

f u l l y  c o n s i s t e n t  w i t h  t h i s  enone s t r u c t u r e  show ing  a b s o r p t i o n  

a t  254*5 mp ( e ,  1 0 ,0 8 0 )  and an  i n f l e x i o n  a t  292 mp ( e ,  7 4 2 ) .

A t t e m p t s  t o  i n c r e a s e  t h e  y i e l d  o f  t h e  enone by 

t h i s  m ethod  w ere  u n s u c c e s s f u l ,  p r e s u m a b l y  due t o  d e g r a d a t i o n  

o f  t h e  p r o d u c t ( s )  t o  a c i d i c  s p e c i e s  shown t o  be p r e s e n t  by 

T . L .C .  and I . R .

I n  a  f u r t h e r  a t t e m p t  t o  i n c r e a s e  t h e  y i e l d ,  t h e  

r e a c t i o n  was c a r r i e d  o u t  i n  two s t a g e s .  2 - C a r b e t h o x y -  

m e t h y l e n e - 2 - ( 3  ’- k e t o p e n t y l  ) c y c l o h e x a n e - 1 , 3-d io n e .  (24)  was 

t h e r e f o r e  p r e p a r e d  as  t h e  i n t e r m e d i a t e  by  t h e  m ethod  o f
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16 oW i e l a n d ,  (4)  b e i n g  h e a t e d  a t  80 w i t h  t h e  a m in o k e to n e  (23)

i n  t - b u t a n o l  c o n t a i n i n g  t r i e t h y l a m i n e  f o r  15 m in .  The

t r i k e t o e s t e r  ( 2 4 ) ,  m .p .  55*5-56*5°> was i s o l a t e d  i n  40°/o

y i e l d .  The N.M.R. s p e c t r u m  was c o n s i s t e n t  w i t h  t h e  s t r u c t u r e ,

show ing  a  t r i p l e t  a t  9*0 1  t  ( 3H, e t h y l  k e t o n e )  and a s i n g l e t

a t  7*06 t  (2H, m e th y le n e  a d j a c e n t  t o  e s t e r ) .  The s i n g l e t

was i n d i c a t i v e  o f  t h e  f l e x i b i l i t y  o f  t h e  s y s t e m .  I n

a d d i t i o n  t o  a p a r e n t  i o n  a t  m/e 282,  t h e  mass s p e c t r u m  showed

a b a s e  p e a k  a t  m/e 57 (CH^CE^CO)* and a l a r g e  i o n  a t  m/e

236 (M-CH^CI^OH) • A l th o u g h  an  e s t e r  and  t h r e e  k e t o n e  g r o u p s

w ere  p r e s e n t ,  t h e  i n f r a - r e d  s p e c t ru m  ( i n  f o u r  s o l v e n t s )  showed

o n l y  two a b s o r p t i o n  b a n d s .

A s e r i e s  o f  e x p e r i m e n t s  was t h e n  c a r r i e d  o u t  u s i n g

a v a r i e t y  o f  c a t a l y s t s  t o  e f f e c t  c y c l i s a t i o n .  The b a s e s
/  \  *p y r r o l i d i n e ,  m o r p h o l i n e  and t r i e t h y l a m i n e  w ere  u s e d  ( T a b le  Xa)

w i t h  w a t e r  s e p a r a t i o n  b u t  w i t h  no s u c c e s s .  Thus n e i t h e r
20amine c a t a l y s i s  (Scheme 7) ( s e c o n d a r y  a m in e s )  n o r  g e n e r a l

b a s e  c a t a l y s i s  ( t e r t i a r y  amine)  e f f e c t e d  c y c l i s a t i o n .

O r g a n ic  s a l t s  s u c h  as  t r i e t h y l a m i n e / b e n z o i c  a c i d
9

t o  e f f e c t  c y c l i s a t i o n  h a v e  b e e n  u s e d .  Use o f  t h i s  s a l t  m  

r e f l u x i n g  b e n z e n e  o r  x y l e n e  w i t h  w a t e r  s e p a r a t i o n  was 

u n s u c c e s s f u l ,  s t a r t i n g  m a t e r i a l  b e i n g  r e c o v e r e d  i n  ea c h  

c a s e  ( T a b le  l b ) . A l th o u g h  p y r r o l i d i n e / a c e t i c  a c i d  was

* O v e r l e a f
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T a b le  l a

Base S o l v e n t Type. Time Temp. P r o d u c t

p y r r o l i d i n e b e n zen e V .S . 1 h r .

ooCO S.M.

p y r r o l i d i n e b e n zen e V .S . 60 h r s •

ooCO UNIDENTIFIED
PRODUCTS

m o r p h o l i n e b e n zen e V . S . 18 h r s .

oo00 S.M.

t r i e t h y l a m i n e /
t - b u t a n o l x y l e n e V .S . 60 h r s • 140° S.M.

T a b le l b

S a l t S o l v e n t Type Time Temp • P r o d u c t

t r i e t h y l a m i n e /  
b e n z o i c  a c i d b e n zen e V .S . 36 h r s • C

O o o S .M.

t r i e t h y l a m i n e /  
b e n z o i c  a c i d x y l e n e V .S . 36 h r s • 140° S.M.

p y r r o l i d i n e /  
a c e t i c  a c i d e t h e r - 2 h r s  . 0 ° S.M.

p y r r o l i d i n e /  
a c e t i c  a c i d b en zen e - 72 h r s .

oinC
M k e t o l

p y r r o l i d i n e /  
a c e t i c  a c i d ben ze n e - 7 2  h r s . 8 0 ° / 2 5 ° e n o n e / k e t o l

p y r r o l i d i n e /  
a c e t i c  a c i d - - 5 h r s  • 118° enone

V .S .  = w a t e r  s e p a r a t i o n S.M. = s t a r t i n g  m a t e r i a l
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i n e f f e c t i v e  i n  e t h e r  a t  0 ° ,  p r o l o n g e d  t r e a t m e n t  (72. h r s . , )  

i n  b e n z en e  a t  room t e m p e r a t u r e  a f f o r d e d  a p a l e  y e l l o w  o i l  

w h ic h  was shown t o  be m a i n l y  one component  more p o l a r  t h a n  

e i t h e r  t h e  s t a r t i n g  t r i k e t o e s t e r  (24)  o r  t h e  enone ( 5 ) .  

P r e p a r a t i v e  T .L .C .  a f f o r d e d  t h e  k e t o l  (26)  i n  35^ y i e l d  a s  

a c o l o u r l e s s  o i l ,  V q ^ 4  s 3600 ( s ) ,  3426 ( s )  cm7^ , 1

1734 ( s ) ,  1711 ( s )  cm. The N.M.R. s p e c t r u m  showed t h e

e s t e r  p a t t e r n  c l e a r l y  t o g e t h e r  w i t h  a h y d r o x y l  p r o t o n  s i g n a l  

a t  7*65 z  (D2O ex c h an g e )  and a d o u b l e t  a t  7 * 2 1  z  ( J  = 2 ) , 

t h i s  l a t t e r  s i g n a l  b e i n g  a g a i n  a t t r i b u t e d  t o  t h e  non­

e q u i v a l e n c e  o f  t h e  s i d e  c h a i n  m e t h y l e n e  p r o t o n s .  A t r i p l e t  

a t  9*05 z  (J  = 8 , -CB^-CH^) i n d i c a t e d  t h a t  t h e  k e t o l  h a s  t h e  

b i c y c l o  [ 3 , 3 , l ]  (26)  r a t h e r  t h a n  t h e  b i c y c l o [ 4 , 4 , 0  ] s t r u c t u r e  

(25)  w h ich  w ou ld  d i s p l a y  a d o u b l e t  f o r  t h e  m e t h y l  s i g n a l .

The m e th y le n e  o f  t h i s  e t h y l  g ro u p  c o u l d  n o t  be d e t e c t e d  among 

t h e  o t h e r  m e th y le n e  s i g n a l s .  The s t e r e o c h e m i s t r y  o f  1 -  

c a r b e t h o x y m e t h y l e n e - 6 - e t h y l - 6 - h y d r o x y b i c y c l o [  3 f 3 $ l ] n o n a n e -  

2 , 9 - d i o n e  (26)  a t  was u n a b l e  t o  be d e f i n e d .  A t t e m p t e d  

p u r i f i c a t i o n  o f  (26)  by d i s t i l l a t i o n  a f f o r d e d  a  c l e a r  o i l  

w h ic h  r e a d i l y  s o l i d i f i e d  and was shown t o  be i d e n t i c a l  w i t h  

t h e  t r i k e t o e s t e r  (24)  by i n f r a - r e d  c o m p a r i s o n  and  a m ixed  

m e l t i n g  p o i n t  d e t e r m i n a t i o n .  The k e t o l  a l s o  r e v e r t e d  t o  

t h e  t r i k e t o e s t e r  on s t a n d i n g  f o r  s e v e r a l  h o u r s .  Thus t h e
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r e t r o - a l d o l  s t e p  o c c u r r e d  v e r y  r e a d i l y ,  i n d i c a t i n g  a  r a t h e r

u n s t a b l e  m o l e c u l e .  T h is  phenomenon h a s  a l s o  b e e n  o b s e r v e d

by S p e n c e r  e t  a l . w i t h  compound ( 2 7 ) ,  w h ic h  u n d e r w e n t  r i n g

o p e n in g  on h e a t i n g  above  i t s  m e l t i n g  p o i n t  o r  on a t t e m p t e d

d e h y d r a t i o n .  A t t e m p t s  t o  d e h y d r a t e  t h e  k e t o l  (26)  w i t h

a c e t i c  a n h y d r i d e  o r  w i t h  p h o s p h o ru s  o x y c h l o r i d e  i n  p y r i d i n e

s i m i l a r l y  gave  no d e h y d r a t i o n  p r o d u c t ,  s t a r t i n g  m a t e r i a l  o r

u n i d e n t i f i e d  p r o d u c t s  b e i n g  o b t a i n e d .  E f f o r t s  t o  make t h e

a c e t a t e  o f  t h e  k e t o l  a l s o  e f f e c t e d  t h e  r e t r o - a l d o l  r e a c t i o n ;

h o w e v e r ,  b e n z o y l a t i o n  a f f o r d e d  a new compound w h ic h  was n o t

t h e  e x p e c t e d  p r o d u c t  b u t  i n s t e a d  e t h y l ( 6 - k e t o - 2- b e n z o y l o x y -

c y c l o h e x - l - e n y l ) a c e t a t e  ( 2 8 ) .  P r o o f  o f  t h i s  s t r u c t u r e  was
CC1

o b t a i n e d  by a n a l y s i s ,  t h e  i n f r a - r e d  s p e c t r u m  ( vmax^ 1743 ( s ) ,  

1683 ( s )  and 1668 (m) cm. ^) and t h e  u l t r a v i o l e t  s p e c t r u m ,  

239*5 mp, ( e ,  2 1 , 4 0 0 ) .  The N.M.R. s p e c t r u m  was a l s o  

c o n s i s t e n t  w i t h  t h e  s t r u c t u r e ,  d i s p l a y i n g  i n  a d d i t i o n  t o  

a r o m a t i c  and e t h y l  s i g n a l s ,  a s h a r p  s i n g l e t  a t  6 * 6 6  % (2H) 

a s s i g n e d  t o  t h e  m e th y le n e  a d j a c e n t  t o  t h e  e s t e r .  E s t e r  (28)  

was shown t o  be i d e n t i c a l  w i t h  an  a u t h e n t i c  sam ple  p r e p a r e d  

by  e n o l  b e n z o y l a t i o n  o f  1 - c a r b e t h o x y m e t h y l e n e c y c l o h e x a n e -  

1 , 3 - d i o n e  ( 4 ) .  The d e g r a d a t i o n  o f  m o l e c u l e  (26)  r e f l e c t e d  

t h e  i n s t a b i l i t y  o f  t h e  s y s t e m ,  t h e  l o s s  o f  t h e  k e t o n e  s i d e  

c h a i n  b e i n g  a r e t r o - M i c h a e l  r e a c t i o n .
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I t  was e n v i s a g e d  t h a t  more f o r c i n g  c o n d i t i o n s  

( o r g a n i c  s a l t  w i t h  h e a t )  m ig h t  e f f e c t  d e h y d r a t i o n  t o  t h e  

enone  ( 5 ) .  However,  h e a t i n g  a s o l u t i o n  o f  t r i k e t o e s t e r  ( 2 4 ) ,  

p y r r o l i d i n e  and a c e t i c  a c i d  i n  b en ze n e  f o r  5 m in „ ,  f o l l o w e d  

by a  p r o l o n g e d  s t i r r i n g  p e r i o d ,  a f f o r d e d  a m i x t u r e  o f  t r i k e t o ­

e s t e r ,  d e s i r e d  enone ( 5 ) (16%) and two k e t o l s  w h ich  were  

i s o l a t e d  by column c h r o m a t o g r a p h y .  One k e t o l  was shown t o  

be t h e  one d e s c r i b e d  above ( 2 6 ) ,  t h e  o t h e r ,  w h ich  was o b t a i n e d  

i n  s m a l l  y i e l d ,  decomposed r a p i d l y  and was assum ed t o  be 

e i t h e r  t h e  e p i m e r i c  k e t o l  ( a t  C^) o r  a  d e c a l i n  k e t o l  ( 2 5 ) .

R e f l u x i n g  a s i m i l a r  s o l u t i o n  f o r  5 h r s . ,  a p p e a r e d  

t o o  d r a s t i c ,  a f f o r d i n g  enone ( 12% ) and a m i x t u r e  o f  a c i d i c  

s p e c i e s .

S i n c e  c y c l i s a t i o n s  t o  o c t a l o n e s  u s i n g  a c i d

c a t a l y s t s  e . g . ,  p - t o l u e n e s u l p h o n i c  a c i d  i n  b e n z e n e  have  b e e n  
18r e p o r t e d ,  t h e  c y c l i s a t i o n  o f  t h e  t r i k e t o e s t e r  (24)  t o  t h e  

enone ( 5 ) was i n v e s t i g a t e d  u t i l i s i n g  m i n e r a l  a s  w e l l  as  

o r g a n i c  a c i d  c a t a l y s t s  ( T a b le  I I ) . C o n c e n t r a t e d  s u l p h u r i c
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T a b le  I I .

C a t a l y s t S o l v e n t Time Temp • P r o d u c t

c o n c .  f^SO^ - 35 m in .

00O
' u n i d .  p r o d .

c o n c . - 1 h r . 25° S.M.

NaOAc^A^O

0
CM

0<

3-2 h r s  . 140° S.M.

HCl/HOAc HOAc 3 j  h r s . 118° u n i d .  p r o d .

p . T . S . A . ben zen e 24 h r s .

0000 S.M.

P . P . A . - 45 m in .

00CTs l a c t o n e  (29)

BF3 . E t 20 HOAc 2 \  h r s • 118° l a c t o n e  (29)

B F ^ . E t 20 Ac 2O 2 \  h r s . 140° u n i d .  p r o d .

a c i d  t r e a t m e n t  a t  90° a f f o r d e d  a m i x t u r e  o f  compounds,  

s p e c t r a l  d a t a  on w h ich  i n f e r r e d  t h e  p r e s e n c e  o f  a l a c t o n e  

(v JJ^LS lO  cm. ■*") and a c o n j u g a t e d  s y s t e m ,  *

R e c o v e ry  o f  s t a r t i n g  m a t e r i a l  was e x p e r i e n c e d  on room 

t e m p e r a t u r e  r e a c t i o n .  E n o l - l a c t o n i s a t i o n  c o n d i t i o n s  

( sod ium  a c e t a t e / a c e t i c  a n h y d r i d e  and h y d r o c h l o r i c  a c i d /  

a c e t i c  a c i d )  a f f o r d e d  no i d e n t i f i a b l e  p r o d u c t !  p - t o l u e n e -  

s u l p h o n i c  a c i d  t r e a t m e n t  i n  r e f l u x i n g  b e n z e n e  r e s u l t e d  i n  

c l e a v a g e  o f  t h e  | 3 - d ik e to n e  s y s t e m ,  g e n e r a t i n g  m i x t u r e s  o f  

a c i d s  and s t a r t i n g  m a t e r i a l .

T r e a t m e n t  o f  t h e  t r i k e t o e s t e r  (24)  w i t h  t h e  m i l d  

a c i d , p o l y p h o s p h o r i c  a c i d ,  and w i t h  b o r o n  t r i f l u o r i d e  e t h e r a t e  

a f f o r d e d  t h e  same new c r y s t a l l i n e  p r o d u c t  (29)  by  a  complex
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r e a r r a n g e m e n t  w h ic h  w i l l  be d i s c u s s e d  a t  a l a t e r  s t a g e .

Thus r i n g  c l o s u r e  c o u l d  n o t  be e f f e c t e d  s u c c e s s f u l l y

i n  b e t t e r  y i e l d s  t h a n  f rom d i r e c t  c o n d e n s a t i o n  o f  t h e  d i k e t o -

e s t e r  (4)  w i t h  l - d i e t h y l a m i n o p e n t a n - 3 - o n e .  The r e a s o n  c o u l d

w e l l  be due t o  s t e r i c  c o n g e s t i o n  i n  t h e  a l d o l  t r a n s i t i o n  s t a t e  since 
21S p e n c e r  n o t e d  t h a t  c y c l i s a t i o n  o f  t h e  e t h y l  k e t o n e  (30)  

was much s l o w e r  t h a n  t h e  m e th y l  a n a l o g u e ;  t h e  i n c r e a s e d  

b u l k  o f  t h e  9 - s u b s t i t u e n t  o v e r  an a c e t o x y  o r  m e th y l  g ro u p  

may a l s o  p l a y  an i m p o r t a n t  p a r t .
5 1 0V i t h  9 - c a r b e t h o x y m e t h y l e n e - 5 - m e t h y l - A  * - o c t a l i n -

1 , 6 - d i o n e  ( 5 ) a v a i l a b l e ,  a l b e i t  i n  low y i e l d ,  t h e  n e x t  s t a g e

i n  t h e  programme was t o  s t u d y  i t s  h y d r o g e n a t i o n  i n  an

a t t e m p t  t o  p r e p a r e  t h e  c is . - f u s e d  9 - c a r b e t h o x y m e t h y l e n e - 5 -

m e t h y l d e c a l i n - 1 , 6 - d i o n e  ( 3 1 ) .

The c a t a l y t i c  h y d r o g e n a t i o n  o f  o c t a l o n e s  h a s  g i v e n
22a v a r i e t y  o f  r e s u l t s  u s i n g  t h e  recommended p r o c e d u r e

e m p lo y in g  p a l l a d i u m  i n  e t h a n o l i c  p o t a s s i u m  h y d r o x i d e  a t

room t e m p e r a t u r e  and a t m o s p h e r i c  p r e s s u r e .  I t  h a s  b e e n

shown t h a t  t h e  r i n g  j u n c t i o n  s u b s t i t u e n t  m a r k e d l y  i n f l u e n c e d
22t h e  p r o d u c t  s t e r e o c h e m i s t r y ;  ( 3 2 ,  R=H) gave  c i s -  and

t r a n s - m i x t u r e s , (3 2 ,  R=C00Et) gave  p r e d o m i n a n t l y  t h e

t r a n s - f u s e d  i s o m e r  w h e re a s  w i t h  R=Me, CHCI2 and CI^OH
23t h e  c i s  i s o m e r  was fo rm e d .  N a z a ro v  h a s  r e d u c e d  (21 )  t o
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t h e  c i s  i s o m e r  (33)  u s i n g  p a l l a d i u m / c a l c i u m  c a r b o n a t e  i n
24m e t h a n o l ,  w h i l e  l i t h i u m - a m m o n i a  r e d u c t i o n  h a s ,  u n d e r

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

i s o m e r .  However ,  t h e  l a t t e r  w o r k e r s  h a v e  a l s o  r e p o r t e d

t h a t  t h e  h y d r o g e n a t i o n  o f  (34)  o v e r  p a l l a d i u m / s t r o n t i u m

c a r b o n a t e  i n  e t h a n o l  f u r n i s h e d  t h e  c i s - f u s e d  i s o m e r .

S i n c e  h y d r o g e n a t i o n  o f  a t e t r a s u b s t i t u t e d  d o u b le

bond a s  i n  enone  ( 5 ) o f f e r e d  f o u r  p o s s i b l e  i s o m e r s  ( w i t h o u t

c o n s i d e r a t i o n  o f  t h e  s t e r e o c h e m i c a l  i m p l i c a t i o n s ) ,  i t  was

n e c e s s a r y  t o  hav e  a method o f  i d e n t i f i c a t i o n  o f  t h e  p r o d u c t ( s ) .

A l t h o u g h  f rom  a  s y n t h e t i c  p o i n t  o f  v ie w  t h e  c i s  d e c a l o n e

was a l o n e  r e q u i r e d ,  a m i x t u r e  o f  a l l  f o u r  compounds w ould

be u s e f u l  f o r  c h a r a c t e r i s a t i o n  o f  e ac h  by  G .C .M .S .

I s o m e r s  c o u l d  be a s s i g n e d  by r e a s o n i n g  s i m i l a r  t o

t h a t  u s e d  i n  t h e  h y d r o g e n a t i o n  o f  4 - m e t h y l  s t e r o i d  
2 5 26e n o n e s .  ’ Mazur and S o n d h e im er  fo u n d  t h a t  h y d r o g e n a t i o n

o f  t h e  s t e r o i d a l  enone (35)  w i t h  p a l l a d i u m / c h a r c o a l  i n  

e t h a n o l  a f f o r d e d  a m i x t u r e  o f  t h r e e  i s o m e r s  ( 3 6 ) ,  ( 3 7 ) ,  and 

( 3 8 ) ;  t h e  f o u r t h  i s o m e r  (39)  c o u l d  n o t  be i s o l a t e d ,  t h e  

r e a s o n  b e i n g  t h e  l a r g e  i n t e r a c t i o n  b e tw e e n  t h e  4 - a  m e t h y l  

and  t h e  a x i a l  and p r o t o n s  ( 3 9 ) .  I t  was a l s o  fo u n d  

t h a t  e t h a n o l i c  s u l p h u r i c  a c i d  t r e a t m e n t  o f  t r a n s  i s o m e r  (37)  

p r o d u c e d  t h e  e p im e r  ( 3 6 ) ,  t h e  d r i v i n g  f o r c e  b e i n g  t h e
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r em o v a l  o f  a  l a r g e  4 - | 3 - , 1 0 -{3-d im ethy l  i n t e r a c t i o n  p r e s e n t

i n  ( 3 7 ) .  The t h r e e  i s o m e r s  c o u l d  t h e r e f o r e  be i d e n t i f i e d .

I n  c o n s i d e r i n g  t h e  c a s e  o f  h y d r o g e n a t i o n  o f  enone

( 5 ) ,  a l l  f o u r  i s o m e r s  were  t h e o r e t i c a l l y  p o s s i b l e  s i n c e  t h e

a n a l o g o u s  " m i s s i n g M i s o m e r ,  c o u l d  a d o p t  t h e  n o n - s t e r o i d  
27c o n f o r m a t i o n  (43)  t h u s  a v o i d i n g  s t e r i c  c r o w d i n g .  However ,  

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

i t  was e x p e c t e d  t h a t  e p i m e r i s i n g  c o n d i t i o n s  w ould  c o n v e r t  

(41)  i n t o  (40)  t o  r e l i e v e  t h e  1 , 3 - d i a x i a l  i n t e r a c t i o n .

H y d r o g e n a t i o n  o f  enone (5)  was c a r r i e d  o u t  o v e r  

p a l l a d i u m / c h a r c o a l  i n  a v a r i e t y  o f  s o l v e n t s  i n  an  a t t e m p t  

t o  g e n e r a t e  a c i s - f u s e d  d e c a l o n e ;  p o t a s s i u m  h y d r o x i d e  

c o u l d  n o t  be u s e d  due t o  t h e  i n s t a b i l i t y  o f  t h e  e n o n e .  

T r i k e t o e s t e r  (24)  ( i i ) , t o  an e x t e n t  o f  14 f̂e, was u s e d  a s  a 

s t a n d a r d  and t h e  G .L .C .  r e s u l t s  on t h r e e  columns a r e  shown 

i n  T a b le s  I I I ,  IV and V ( s e e  o v e r l e a f ) .  A sam ple  c o n t a i n i n g  

a l l  f o u r  i s o m e r s  ( e t h a n o l  s o l v e n t )  was t r e a t e d  w i t h  warm 

e t h a n o l i c  s u l p h u r i c  a c i d  f o r  e p i m e r i s a t i o n  p u r p o s e s .  I t  

was fo u n d  t h a t ;

( i )  o n l y  a  1% SE 30 column w ou ld  s e p a r a t e  p a i r s  

o f  e p i m e r s ,  C-  ̂ and C2 and T-  ̂ and  T2 > t h e  

o t h e r  columns g i v i n g  s u p e r p o s i b l e  p e a k s  

l a b e l l e d  C and T.
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G .L .C .  o f  P r o d u c t s  o f  H y d r o g e n a t i o n  o f  Enone (5)

Column: Vfo SE 30 Temp

T a b le  I I I  

140° 5 E .R . 33 m l . / m i n .

M.V. ,

Enone (5)  
a  t r i k e t c -  
e s t e r  (24)

H y d r o g e n a t i o n  s o l v e n t s E p im e r -
i s a t i o n
c o n d i t i o n sEtOH CH3COOH' D ioxane EtOH/HCl

266 C2 19* 5 0 (w) 19*30 19*40 19*15

282 K 20*55 2 0 * 1 0

266 C-ĵ 2 1 * 0 0 20*85 2 1 * 0 0 20*90

266 T1 23*75 22*95 22*90 22*75

264 E 24*60 24*70

266 T2 25*40

328 tK^ 35* 0 5 (w)

T a b le  IV

Column : 2 $ P .E.G. 20M; Temp. 200°C ; F .R , 40 m l . / m i n .

Enone (5)
& t r i k e t o ­
e s t e r  (24)

H y d r o g e n a t i o n  s o l v e n t E p im e r -
i s a t i o n
Condi t ions .EtOH ch3cooh D ioxane EtOH/HCl

C 19*35 19*40 2 0 * 00(w) 19*75 19*55

K 21*25
•X-

; c a 2 0 * 9 (w)
*

ca  20*9(w) 21*30 21 • 4 0 (w)

T 24*60 24*65 25*05 24*95

E 25*60 25*55

t—1 38-05(w) 37*85

R, i n  m i n u t e s  w = weak * c o u l d  a l s o  be C,
t  o r  C2 1
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T a b le  V

Column : V?o CHDMS j Temp, 200° j F .R ,  40 ml . / m i n .

Enone (5)
& t r i k e t o ­
e s t e r  (24)

-l y d r o g e n a t i o n  s o l v e n t s E p im e r -
i s a t i o n
c o n d i t i o n sEtOH ch3cooh D ioxane EtOH/HCl

c 13*40 13*30 13*20 13-15

K 13*65
■x-

c a l 5 • 1 (w)
■X-

c a  1 5 * l(w) 13*70

E 16* 10 16*15

T 17*15 17*25 17*20 17*25

K1 2 2 * 6 5 (w) 22*75

* c o u l d  a l s o  be C-̂  o r  C2

( i i )  a c e t i c  a c i d  and a c i d i c  e t h a n o l  gave  s i m i l a r  h y d r o ­

g e n a t i o n  p r o d u c t s ,  w h i l e  d i o x a n e  gave  m a i n l y  

s t a r t i n g  m a t e r i a l s .

( i i i )  a l c o h o l i c  s u l p h u r i c  a c i d  e p i m e r i s e d  o n l y  one 

e p im e r  ( T^) •

( i v )  a n o t h e r  component  K-̂  was o b s e r v e d  i n  s m a l l  

amounts  i n  some c a s e s *

G .C .M .S .  o f  t h e  p r o d u c t s  was u n d e r t a k e n  u s i n g  t h e  Vfo SE 30 

co lum n F i g u r e s  ( i )  ( i i )  ( i i i )  and ( i v )  , t h e  m o l e c u l a r  

w e i g h t s  b e i n g  shown i n  T a b le  I I I .



-  166 -

•2 6
The i s o m e r s  were  i d e n t i f i e d  by t h e  above r e a s o n i n g .  

Thus, s i n c e  e p im e r  T2 d i s a p p e a r e d  i n  e p i m e r i s a t i o n  i t  was 

d e s i g n a t e d  as  (41)  an d ,  due t o  t h e  f a c t  t h a t  T^ and T2 h a d  

t h e  same r e t e n t i o n  t i m e s  on o t h e r  c o lu m n s ,  T-̂  was a s s i g n e d  

s t r u c t u r e  (40)  . The c i s  fo rm s  C-̂  and C2 , c o r r e s p o n d i n g  t o  

t h e  s t e r o i d a l  k e t o n e  (42)  and t h e  n o n - s t e r o i d a l  k e t o n e  ( 4 3 ) ,  

a p p e a r e d  t o  e q u i l i b r a t e  u n d e r  e p i m e r i c  c o n d i t i o n s  s i n c e  t h e i r  

r a t i o  v a r i e d  b u t  n e i t h e r  d i s a p p e a r e d .  I t  c o u l d  n o t  be  

d e t e r m i n e d  w h e t h e r  t h e  two cis:  com ponen ts  w e r e  (42)  o r  (43)  

o r  v i c e  v e r s a .

Component K-  ̂ (m.w. 328) was o b s e r v e d ( i n  s m a l l  y i e l d )

o n l y  when e t h a n o l  was p r e s e n t  and was b e l i e v e d  t o  be t h e

e t h a n o l  a d d i t i o n  p r o d u c t  (44)  o f  t h e  t r i k e t o e s t e r  (24)  

p r e s e n t  i n  s m a l l  a m o u n t s .

The mass s p e c t r u m  o f  e a ch  d e c a l o n e ,  b e i n g  b o t h  o f  

t h e  a -  and  p - d e c a l o n e  t y p e ,  was e x t r e m e l y  com plex  and  

d i s t i n c t i o n  b e tw e e n  i s o m e r s  was n o t  p o s s i b l e .

Owing t o  t h e  m i x t u r e  o f  i s o m e r s  fo rm ed  i n  t h e

h y d r o g e n a t i o n  o f  t h e  enone and  t o  t h e  i m p o s s i b i l i t y  o f

s e p a r a t i n g  them p r e p a r a t i v e l y ,  t h i s  a p p r o a c h  t o  t h e  t r i ­

c y c l i c  t r i k e t o n e  ( 7 ) was: a b a n d o n e d .
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The f o l l o w i n g  d i s c u s s i o n  s te m s  from a t t e m p t s  t o  

c y c l i s e  t h e  t r i k e t o e s t e r  (24)  w i t h  p o l y p h o s p h o r i c  a c i d ,  

a s  m e n t i o n e d  e a r l i e r .  T r e a t m e n t  o f  t h e  t r i k e t o e s t e r  a t  

90°  f o r  45 m i n . ,  w i t h  v i g o r o u s  s t i r r i n g  r e s u l t e d  i n  t h e  

i s o l a t i o n  o f  an  o f f - w h i t e  c r y s t a l l i n e  compound {34% y i e l d ) ,  

m .p .  1 3 1 - 1 3 2 ° ,  w h ic h ,  by T .L .C .  and i n f r a - r e d  s p e c t r o s c o p y ,  

was shown t o  be n o n - a c i d i c .  On o b s e r v i n g  t h a t  t h e  i n f r a ­

r e d  s p e c t r u m  showed no a b s o r p t i o n  due t o  an  e s t e r  c a r b o n y l  

b u t  a b s o r p t i o n  a t  1823 cm.” \  1 6 5 6  cm.” ^ and a s h o u l d e r  a t  

1677 cm. i t  was hoped  t h a t  t h e  t r i k e t o e s t e r  h a d  n o t  o n ly  

c y c l i s e d  t o  t h e  enone ( 5 ) b u t  had  f u r t h e r  r i n g  c l o s e d  a t  t h e  

2- p o s i t i o n  t o  g i v e  t h e  d e s i r e d  t r i c y c l i c  d i k e t o e n o n e  ( 4 5 ) .  

However ,  t h e  f a c t  t h a t  o n l y  one c a r b o n y l  f r e q u e n c y  ( i n  

a d d i t i o n  t o  t h e  enone f r e q u e n c y )  was o b s e r v e d  was n o t  

c o m p a t i b l e  w i t h  s t r u c t u r e  ( 4 5 ) ,  t h e  v a l u e  b e i n g  much to o  

h i g h  d e s p i t e  t h e  p o s s i b i l i t y  o f  a s t r a i n e d  m o l e c u l e .  The. 

a n a l y s i s  ( C -^ H ^ O ^ )  an<3- mass s p e c t r u m  [ p a r e n t  i o n  ( a l s o  

b a s e  p e a k )  m/e 218,  i o n s  a t  m/e 91 ( t r o p y l i u i n )  and m/e 28 

(C = 0 ) ] a p p e a r e d  t o  f u r t h e r  s u b s t a n t i a t e  s t r u c t u r e  ( 4 5 ) ,  b u t

t h e  u l t r a v i o l e t  s p e c t r u m ,  306*5 mp, ( e , 2 0 ,1 5 0 )  wasmax.
t o t a l l y  i n c o n s i s t e n t ,  s u g g e s t i n g  a  h i g h l y  c o n j u g a t e d  

c h r o m o p h o r e . The N.M.R.  s p e c t r u m  showed no v i n y l i c  p r o t o n s  

b u t  a s h a r p  s i n g l e t  a t  8*16 t (3H) i n d i c a t e d  a  v i n y l i c  m e th y l
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g r o u p i  a  b r o a d e n e d  s i n g l e t  a t  8*30 t  (211) i n f e r r e d  t h e

p r e s e n c e  o f  a no rm a l  h y d r o c a r b o n  m e t h y l e n e ,  w h e r e a s  a l l  o t h e r

s i g n a l s  6 * 8  -  7*9 t  ( com plex)  were  a t t r i b u t e d  t o  a l l y l i c

p r o t o n s  o r  p r o t o n s  a d j a c e n t  t o  c a r b o n y l  f u n c t i o n s .  The

p r o p o s e d  s t r u c t u r e ,  t h e r e f o r e ,  c o m p a t i b l e  w i t h  t h i s  d a t a  was

t h e  l a c t o n e  (29)  [ u l t r a v i o l e t  maxima c a l c u l a t e d  f o r  t h e

c l o s e l y  r e l a t e d  l a c t o n e  ( 4 6 ) ,  X = 314 mp],  t h e  o n l ymax •
c r i t i c a l  comment b e i n g  t h e  a s s i g n m e n t  o f  t h e  1823 cm.  ̂ band 

i n  t h e  i n f r a - r e d  t o  t h e  l a c t o n e  f r e q u e n c y  ( l i t .  f o r  y ,

6 - u n s a t u r a t e d  8 - l a c t o n e ,  1795 cm. ^ ) . The s t r u c t u r e  (47)  

w ou ld  be more c o n s i s t e n t  w i t h  t h i s  f r e q u e n c y  b u t  a d d i t i o n a l  

s t r a i n  i n  t h e  c a s e  o f  (29)  due t o  t h e  f i v e  membered r i n g  may 

h a v e  c a u s e d  t h e  i n c r e a s e  i n  f r e q u e n c y  t o  1823 cm. Prom

a c o n s i d e r a t i o n  o f  t h e  N.M.R. s p e c t r u m ,  two r e a s o n s  e x c l u d e d  

t h e  y - l a c t o n e  s t r u c t u r e  ( 4 7 ) :

(1)  f o u r  p r o t o n s ,  a t  c a r b o n s  a and b ,  s h o u l d  have  

b e e n  a t  h i g h e r  f i e l d  r a t h e r  t h a n  t h e  o b s e r v e d  tw o .

( 2 ) t h e  m e t h y l e n e  a t  c a r b o n  c } b e i n g  b o t h  a l l y l i c  

and  a d j a c e n t  t o  t h e  l a c t o n e  c a r b o n y l  s h o u l d  

h a v e  a p p e a r e d  a t  lo w e r  f i e l d  t h a n  6 * 8  %•
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H y d r o g e n a t i o n  o f  (29)  o v e r  p a l l a d i u m / c h a r c o a l  i n  

e t h a n o l  a f f o r d e d  an  a c i d i c  s p e c i e s ,  i n d i c a t i n g  h y d r o g e n o l y s i s  

o f  a l a c t o n e ;  e s t e r i f i c a t i o n  gave  e s s e n t i a l l y  one p r o d u c t  

w h i c h ,  by G .C .M .S .  was shown t o  c o n s i s t  m a i n l y  o f  s t e r e o ­

i s o m e r s  o f  ( 4 8 ) ,  m/e 238 p l u s  a s m a l l  amount o f  enone ( 4 9 ) ,  

m/e 234.  T h is  i l l u s t r a t e d  t h e  p r e s e n c e  o f  two d o u b le  bon d s  

and a l a c t o n e  g r o u p i n g .  A l k a l i  t r e a t m e n t  o f  t h e  enone 

l a c t o n e  r e s u l t e d  i n  f r a g m e n t a t i o n  o f  t h e  m o l e c u l e .

The r e s i d u e  f rom t h e  i n i t i a l  c r y s t a l l i s a t i o n  o f  

l a c t o n e  (29)  was a c i d i c  and was e s t e r i f i e d  t o  y i e l d ,  by 

p r e p a r a t i v e  T . L . C . ,  a main  component  a s  an amber o i l ,  t h e  

i n f r a - r e d  s p e c t r u m  o f  w h ich  e x h i b i t e d  a b s o r p t i o n  f o r  an  

e s t e r  and p o s s i b l y  a  c y c l o p e n t a n o n e  ( 1 7 4 0 -3 0  cm. ^ ) ,  an 

enone  (1660 cm."'*'),  and a c y c lo h e x a n o n e  (and  p o s s i b l y  a 

c y c l o p e n t e n o n e ) (1 7 0 5  cm. ^ ) ;  t h i s  i n d i c a t e d  t h e  o i l  t o  be

an  i n s e p a r a b l e  m i x t u r e  o f  k e t o e n o n e  e s t e r s  (50)  and ( 5 1 ) .
2 8Lawson h a s  r e p o r t e d  t h a t  p o l y p h o s p h o r i c  a c i d  o r  

b o r o n  t r i f l u o r i d e  t r e a t m e n t  o f  d i k e t o  d i e s t e r  (52)  r e s u l t e d  

i n  t h e  f o r m a t i o n  o f  a  m i x t u r e  o f  l a c t o n e s  (53)  and (54 )  and 

p o s t u l a t e d  compound (55)  as  an  i n t e r m e d i a t e .  The m echan ism  

o f  t h e  r e a r r a n g e m e n t  i n  o u r  c a s e  c o u l d  be e n v i s a g e d  as  

p r o c e e d i n g  t h r o u g h  a  s i m i l a r  t y p e  o f  i n t e r m e d i a t e  (Scheme 8 ) •
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I n  t h e  l i g h t  o f  t h e  p r e s e n t  w o rk ,  t h e  e q u a l l y

a c c e p t a b l e  s t r u c t u r e  (56)  c o u l d  be w r i t t e n  f o r  t h e  compound

r e p o r t e d  by Lawson,

I t  i s  n o t e w o r t h y  t h a t  compound (47)  c a n n o t  be

d e r i v e d  by t h e  mechanism o u t l i n e d  i n  Scheme 8 .

I n  an  a t t e m p t  t o  v e r i f y  t h i s  m echan ism ,  e s p e c i a l l y

t h e  e x i s t e n c e  o f  t h e  i n t e r m e d i a t e  ( 5 7 ) ,  o t h e r  2 , 2- d i s u b s t i t u t e d

c y c l o h e x a n e - 1 , 3 - d i o n e s  were  s y n t h e s i s e d  and  s u b j e c t e d  t o

r e a c t i o n  w i t h  p o l y p h o s p h o r i c  a c i d .  Thus 2 - m e t h y l c y c l o -

h e x a n e - 1 , 3 - d i o n e  (58) was p r e p a r e d ^  and C - m e t h y l a t e d  by t h e
29method  o f  N a z a ro v  t o  y i e l d  2 , 2 - d i m e t h y l c y c l o h e x a n e - l , 3 -

d i o n e  ( 5 9 ) ,  m .p .  3 3 -3 6 °  i n  65% y i e l d .  The m o n o m e th y la te d

compound (58) a l s o  a f f o r d e d  2- c a r b e t h o x y m e t h y l e n e - 2- m e t h y l -
3 0c y c l o h e x a n e - l , 3 - d i o n e  (60)  by a l k y l a t i o n  w i t h  e t h y l  

b r o m o a c e t a t e .

P o l y p h o s p h o r i c  a c i d  t r e a t m e n t  o f  d i o n e  (59 )  u n d e r  

e x a c t l y  t h e  same c o n d i t i o n s  as  d e s c r i b e d  above r e s u l t e d  i n  

o n l y  s t a r t i n g  m a t e r i a l  b e i n g  r e c o v e r e d  i n  90% y i e l d  

i l l u s t r a t i n g  t o t a l  u n r e a c t i v i t y .

P o l y p h o s p h o r i c  a c i d  t r e a t m e n t  o f  t h e  e s t e r  d i o n e  

( 6 0 ) ,  h o w e v e r ,  a f f o r d e d  a new compound, i n  48% y i e l d ,  

p u r i f i e d  by p r e p a r a t i v e  T . L . C . ,  as  w e l l  a s  an  a c i d i c  

com ponen t  i n  low y i e l d  w h ich  was n o t  o b t a i n e d  p u re #



-  171 -

The i n f r a - r e d  s p e c t ru m  o f  t h e  m ain  p r o d u c t ,  G .L .C .  p u r e ,  

showed t h e  p r e s e n c e  o f  a l a c t o n e  ( 1 7 6 8  cm,"'*') , an  e s t e r  

(1734 cm. ■*") and a d o u b le  bond [ l647  (w) ], w h e r e a s  t h e  

u l t r a v i o l e t  s p e c t r u m  showed a  h i g h  i n t e n s i t y  a b s o r p t i o n  a t
■ q i - j .  q t j

209 mu (e  1 2 , 9 0 0 ) .  The s t r u c t u r e  was shown t o  bemax.  r  app * '

t h e  l a c t o n e  e s t e r  (61)  by t h e  f o l l o w i n g  d a t a ,  a l t h o u g h  an 

u n s a t u r a t e d  e s t e r  would  be e x p e c t e d  t o  show i n f r a - r e d  

a b s o r p t i o n  a t  a s l i g h t l y  lo w e r  f r e q u e n c y .  The a n a l y s i s  

(C11H1 6 O4 ) and t h e  mass s p e c t ru m  [ p a r e n t  i o n  m/e 2 1 2 , b a s e  

p e a k  m/e 41 ,  l a r g e  i o n  m/e 166 (M-CH^C^OH) ] were  i n  a g r e e ­

m ent  w i t h  (61)  b u t  t h e  c o m p le te  s t r u c t u r a l  e l u c i d a t i o n  was  

a c c o m p l i s h e d  by a  s t u d y  o f  t h e  N.M.R. s p e c t r u m .  The e t h y l  

e s t e r  s i g n a l s  were  o b s e r v e d  a t  5*94 x (2H, q ,  J  = 7 )  and 

8*77 x (3H, t ,  J  = 7)  w h i l e  a s i n g l e t  a t  7*97 x (3H) was 

i n d i c a t i v e  o f  a v i n y l i c  m e th y l  g r o u p ;  v i n y l i c  p r o t o n  

was o b s e r v e d  as  a f i n e  q u a r t e t  o r  t r i p l e t  ( J  = 1*5)  a t  

4*28 x (1H) and was shown t o  c o u p le  w i t h  H^, by i r r a d i a t i o n  

a t  t h e  f r e q u e n c y ,  w h ich  c a u s e d  t h e  s i g n a l  t o  ch an g e  t o  

a  s i n g l e t .  The p r o t o n  a t  5*21 x (1H, b r o a d ) ,  i n  a d d i t i o n  

t o  a  s m a l l  c o u p l i n g  w i t h  H^, c o u p l e d  w i t h  Hc ; t h i s  was  

shown by i r r a d i a t i o n  i n  t h e  r e g i o n  o f  t h e  m e t h y l e n e  H , 

c a u s i n g  a  s h a r p e n i n g  o f  t h e  a b s o r p t i o n  a t  5 * 2 1  x  ( H ^ ) • 

M e th y l e n e s  b  and c. a p p e a r e d  t o g e t h e r  i n  t h e  r e g i o n  8 -  8*5 x
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as  a m u l t i p l e t ,  w h i l e  m e t h y l e n e  a was s e e n  as  an  u n s y m m e t r i c a l  

t r i p l e t  a t  7 * 6 8  x .

When t h e  sample  was r u n  a t  an  o p e r a t i n g  f r e q u e n c y  o f  

60 M e . ,  t h e  s i n g l e t  a t  7*97 x (H ) was o b s e r v e d  as  a  f i n e
G

q u a r t e t ,  J  = 1 s u g g e s t i n g  l o n g - r a n g e  c o u p l i n g  w i t h  t h e  

v i n y l i c  p r o t o n  and w i t h  H^.

The a c i d i c  component  showed a  b r o a d  c a r b o n y l  r e g i o n  

i n  t h e  i n f r a - r e d  s p e c t ru m  as  w e l l  as  a b s o r p t i o n  a t  1647 cm* ^ 

( d o u b le  bond)  s i m i l a r  t o  l a c t o n e  ( 6 1 ) .  On a c c o u n t  o f  t h e  

s i m i l a r  f i n g e r p r i n t  r e g i o n ,  i t  was assum ed  t o  be t h e  

l a c t o n i c  a c i d  ( 6 2 ) •

Thus t h e  c o n v e r s i o n  o f  d i k e t o e s t e r  (60 )  t o  t h e  

l a c t o n e  (61)  i n d i c a t e d  a good c a s e  f o r  t h e  e n o l - l a c t o n e  

i n t e r m e d i a t e  ( 6 3 ) ,  s i n c e  (61)  was  m e r e l y  a  d o u b l e  bond  

i s o m e r ;  t h i s  l a t t e r  t r a n s f o r m a t i o n  was e a s i l y  e x p l a i n e d  

s i n c e ,  i n  a  medium s u c h  as  p o l y p h o s p h o r i c  a c i d  o r  p h o s p h o r i c  

a c i d  ( a s  was g e n e r a t e d  i n  t h e  w o r k - u p ) ,  i s o m e r i s a t i o n  t o  t h e  

c o n j u g a t e d  e s t e r  would  be e x p e c t e d .  T h a t  t h e  r e a c t i o n  p r o ­

d u c e d  t h e  c o n j u g a t e d  e s t e r  (61)  and n o t  t h e  e x p e c t e d  enone

(64)  by a n a l o g y  w i t h  t h e  p r e v i o u s  c a s e  r e m a i n e d  u n e x p l a i n e d #  

F o r  f u r t h e r  i n s i g h t  i n t o  t h i s  r e a c t i o n ,  2 , 2 - d i -  

c a r b e t h o x y m e t h y l e n e c y c l o h e x a n e - 1 , 3 - d i o n e  ( 6 5 ) ,  a h i t h e r t o  

unknown d i o n e ,  was p r e p a r e d  i n  37% y i e l d  f rom  t h e  m o n o e s t e r
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d i o n e  (4)  u s i n g  e t h y l  b r o m o a c e t a t e . The O - a l k y l a t e d  p r o ­

d u c t  (6 6 ) was a l s o  o b t a i n e d  i n  a s i m i l a r  y i e l d  ( p r e p a r a t i v e  

T . L . C . )  and  a c o m p a r i s o n  u n d e r t a k e n  f o r  i d e n t i f i c a t i o n  

p u r p o s e s .  The O - a l k y l a t e d  compound ( 6 6 ) ,  was more p o l a r  

and showed two e s t e r  c a r b o n y l  f r e q u e n c i e s  i n  t h e  i n f r a - r e d  

s p e c t r u m  (1763 cm. \  1741 cm. ^) as  w e l l  as  an enone band  

a t  1665 cm. "**; on t h e  o t h e r  h a n d ,  t h e  d i o n e  ( 6 5 ) d i s p l a y e d  

o n l y  one e s t e r  b a n d ,  1740 ( s )  cm.” \  i n  a d d i t i o n  t o  two 

o t h e r  c a r b o n y l  b an d s  a t  1707 ( s )  cm. ^ and 1699 ( s )  cm. ^ .

The lo w e r  b a n d ,  t o g e t h e r  w i t h  a Fe rm i  r e s o n a n c e  s h o u l d e r  a t  

1729 cm. \  was a s s i g n e d  t o  t h e  k e t o n e  g r o u p s  b u t  t h e  1707 

cm.” '*' band  h a s  n o t  b ee n  a s s i g n e d .  The N.M.R.  s p e c t r a  o f

(65)  and ( 6 6 ) w ere  c o n c l u s i v e  e v i d e n c e ;  t h e  O - a l k y l a t e d  

compound ( 6 6 ) showed a s i n g l e t  a t  5*41 x (2Ii) ( e t h e r  

m e t h y l e n e )  and two s e t s  o f  q u a r t e t s  and t r i p l e t s  c o r r e s p o n d ­

i n g  t o  two d i f f e r e n t  e s t e r  g r o u p i n g s ,  5*77 x , 5*92 x and 

8*83 x , 8 * 8 8  x r e s p e c t i v e l y .  I n  c o n t r a s t ,  (65)  d i s p l a y e d  a 

s i n g l e t  a t  7*18 x  (4H) f o r  two C - m e t h y l e n e s  and e s t e r  s i g n a l s  

a t  5*97 x (q) and 8*83 T ( t ) .

P o l y p h o s p h o r i c  a c i d  t r e a t m e n t  o f  t h e  d i o n e  (65)  i n  

t h e  u s u a l  m an n e r ,  a f f o r d e d  a h i g h l y  c r y s t a l l i n e ,  c o l o u r l e s s  

s o l i d ,  m .p .  1 3 4 * 5 -1 3 5 ° ,  i n  64$ y i e l d .  The i n f r a - r e d  showed 

t h r e e  c a r b o n y l  b a n d s ,  Vqq '*’4 1829 ( s ) ,  1813 ( s )  and 1729 ( s )
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cm. a s s i g n e d  t o  l a c t o n e s  and a  k e t o n e  r e s p e c t i v e l y .  The 

a n a l y s i s  (C^qH^qO^) an <l t h e  mass s p e c t r u m  ( p a r e n t  i o n ,  m/e 

2 1 0 ) ■were f u l l y  c o n s i s t e n t  w i t h  e i t h e r  o f  t h r e e  s t r u c t u r e s ,  

( 6 7 ) ,  ( 6 8 ) and ( 6 9 ) .  S i n c e  a b s o r p t i o n  f o r  a 6 - r i n g  an ­

h y d r i d e  i n  t h e  i n f r a - r e d  s p e c t r u m  w ou ld  be e x p e c t e d  t o  

a p p e a r  a b o u t  1760 cm. s t r u c t u r e s  ( 6 7 ) and ( 6 8 ) seemed 

u n l i k e l y .  T h a t  (69)  was i n d e e d  t h e  c o r r e c t  s t r u c t u r e  was, 

p r o v e d  by t h e  N .11.11. s p e c t r u m ;  t h e  i n t e g r a t i o n  a l o n e ,  r a t i o  

( l s l s l s l : l )  , was e v i d e n c e  f o r  t h e  d i s m i s s a l  o f  s t r u c t u r e s .

(67)  and ( 6 8 ) .  T r i p l e t s  a t  7*42 x (2H, J  = 6 ) and 7*70 x  

(2H, J  = 6 ) w e re  a s s i g n e d  t o  p r o t o n s  a and _c r e s p e c t i v e l y ,  

a  m u l t i p l e t  a t  8*09 x ( 2H) b e i n g  o b s e r v e d  f o r  t h e  b 

m e t h y l e n e  p r o t o n s .  I r r a d i a t i o n  o f  t h e  p r o t o n  c o n v e r t e d  

t h e s e  t r i p l e t s  t o  b r o a d  s i n g l e t s ;  i r r a d i a t i o n  o f  H c a u s e d  

t h e  s i g n a l  t o  c o l l a p s e  t o  an i l l - d e f i n e d  a b s o r p t i o n .

The two l a c t o n e  m e th y le n e  g r o u p s  e a c h  h a d  two n o n - e q u i v a l e n t  

g e m i n a l  p r o t o n s ,  t h e  r e s u l t  b e i n g  an AB q u a r t e t  (6*85 x f 

J  = 18;  7*17 x f J  = 1 8 ) ;  a t t e m p t s  t o  d e c o u p l e  t h e s e  p r o t o n s

f a i l e d .

The mechanism o f  t h i s  r e a c t i o n  was n o t  c l e a r  and 

d i d  n o t  a p p e a r  t o  p r o c e e d  v i a  t h e  e x p e c t e d  e n o l - l a c t o n e  

i n t e r m e d i a t e  ( 7 0 ) .  To a c c o u n t  f o r  t h e  above  s t r u c t u r e ,  i t  

h a d  t o  be p o s t u l a t e d  t h a t ,  due t o  t h e  e n t r o p y  e f f e c t  o f
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h a v i n g  two s i m i l a r  e s t e r s  i n  t h e  p r o x i m i t y  o f  t h e  k e t o n e ,  

t h e  mechanism o p e r a t e d  as  shown (Scheme 9) where  d e c o m p o s i t i o n  

w i t h  w a t e r  a f f o r d e d  t h e  f i n a l  p r o d u c t .

Thus t h e  r e a c t i o n  o f  d i o n e  (65 )  t h r e w  no l i g h t  on 

t h e  mechanism p o s t u l a t e d  ab o v e .

However ,  t h e  r e a r r a n g e m e n t  (Scheme 8) h a s  b e en  

shown t o  be g e n e r a l  f o r  Lewis  a c i d s  s i n c e  b o r o n  t r i f l u o r i d e  

e t h e r a t e  t r e a t m e n t  o f  (24)  i n  a c e t i c  a c i d  a f f o r d e d  a  low 

y i e l d  o f  t h e  same p r o d u c t  ( 2 9 ) .  ¥ i t h  a c e t i c  a n h y d r i d e  as  

s o l v e n t ,  s i m i l a r  t r e a t m e n t  gave u n i d e n t i f i e d  p r o d u c t s .

The r e a r r a n g e m e n t  was i n v e s t i g a t e d  no f u r t h e r .

I n  a  s e c o n d  a p p r o a c h  (Scheme 10) t o  t h e  t r i c y c l i c  

i n t e r m e d i a t e  ( 3 ) we hoped  t o  a d o p t  t h e  m ethod  d e v i s e d  by  

Masamune-^ i n  h i s  s y n t h e s i s  o f  k a u r e n e . However ,  o u r  

scheme had  t o  i n c o r p o r a t e  an  oxygen  f u n c t i o n  a t  t h e  p o t e n t i a l  

b r i d g e h e a d  p o s i t i o n .  I n s p e c t i o n  o f  m o d e ls  i n d i c a t e d  t h a t  

a k e t a l  g r o u p  a t  p o s i t i o n  1 o f  t h e  b i c y c l o  p r e c u r s o r  (73)  

s h o u l d  n o t  a f f e c t  t h e  c o u r s e  o f  c y c l i s a t i o n .



-  176 -

Whereas  Hasamune, f o l l o w i n g  t h e  m ethod  o f  Jacques ;
32and H o re a u ,  p r e p a r e d  t h e  a c i d i c  e ther (75)  a s  i n  Scheme 11 

v i a  t h e  m ethoxy  a c i d  ( 74 ) f o l l o w e d  by e t h e r  c l e a v a g e  

and b e n z y l a t i o n ,  i t  was fo u n d  t h a t  6 - b e n z y l o x y ~ l - t e t r a l o n e

(71)  c o u l d  be p r e p a r e d  i n  72% y i e l d  by d i r e c t  J o n e s  o x i d a t i o n  

o f  a r - 2 - t e t r a l o l  b e n z y l  e t h e r .  No t r a c e  o f  6 - b e n z o y l o x y — 

t e t r a l o n e  was d e t e c t e d .  E t h o x y c a r b o n y l a t i o n  o f  6 - b e n z y l o x y -  

1- t e t r a l o n e  w i t h  d i e t h y l  c a r b o n a t e  and sodium h y d r i d e  i n  

t e t r a h y d r o f u r a n  gave  6-< b e n z y l o x y  - 2 - c a r b e t h o x y - l - t e t r a l o n e

( 7 2 ) ,  m .p .  6 1 - 6 2 * 5 ° ,  i s o l a t e d  as  i t s  e t h e r  and w a t e r  

i n s o l u b l e  sod ium  s a l t  i n  46% y i e l d .  The p - k e t o  e s t e r  (72)  

showed i n f r a - r e d  a b s o r p t i o n  a t  1732 cm. ^ and 1676 cm. ^ 

and  d i s p l a y e d  a t y p i c a l  b a t h o c h r o m ic  s h i f t  i n  t h e  u l t r a ­

v i o l e t  s p e c t r u m  on b a s e  a d d i t i o n .  [ 278 m\i ( e ,  1 9 ,9 0 0 )  

t o  337 mp. ( e , 1 6 , 0 0 0 ) ] .  The N.M.R. s p e c t r u m  showed t h e  

e x p e c t e d  t r i p l e t  and  q u a r t e t  (8*82  t  an d  5*82 %) f o r  an  

e t h y l  e s t e r ,  o t h e r  a b s o r p t i o n s  b e i n g  c o n s i s t e n t  w i t h  t h e  

s t r u c t u r e •

A t t e n t i o n  was t h e n  f o c u s s e d  on t h e  k e t a l i s a t i o n

o f  t h e  k e t o n e  f u n c t i o n  a t  c a r b o n  1 .  Masamune h a d  r e p o r t e d

t h a t  i n  t h e  s o l v o l y s i s  s t e p ,  u s e  o f  a n  a —k e t o —p—brome e t h y l

g r o u p  o r  i t s  e t h y l e n e  k e t a l  d e r i v a t i v e  a t  t h e  2—p o s i t i o n  
31

i n h i b i t e d  t h e  c y c l i s a t i o n .  However ,  a  k e t a l  f u n c t i o n
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a t  t h e  1 - p o s i t i o n  was n o t  e x p e c t e d  t o  e x e r t  a  s t e r i c  e f f e c t  

on t h i s  p r o c e s s .

I n  t h e  e v e n t ,  a t t e m p t s  t o  k e t a l i s e  t h e  m o l e c u l e

f a i l e d  u n d e r  a v a r i e t y  o f  c o n d i t i o n s ,  s t a r t i n g  m a t e r i a l

b e i n g  r e c o v e r e d  i n  a l l  b u t  one e x p e r i m e n t .  I n  t h i s  l a t t e r

c a s e ,  s t r o n g  h e a t i n g  i n  e t h y l e n e  g l y c o l / p - t o l u e n e s u l p h o n i c

a c i d / b e n z e n e  a f f o r d e d  t h e  d i e s t e r  o f  e t h y l e n e  g l y c o l  ( 7 6 ) ,

m .p .  1 2 8 - 1 3 0 ° .  T h i s  compound gave  a  g r e e n  c o l o u r a t i o n  w i t h

f e r r i c  c h l o r i d e  as  d i d  k e t o e s t e r  (72)  and  showed a  b a t h o -

c h ro m ic  s h i f t  i n  t h e  u l t r a v i o l e t  s p e c t r u m , [ \  279*5 mpmax •
( e ,  3 4 ,9 0 0 )  t o  340 m|i ( e ,  33 ,100)] .  C o m p ar i so n  o f  i n t e n s i t y  

v a l u e s  ( e )  i n d i c a t e d  two c h ro m o p h o re s  p e r  m o l e c u l e .  The 

i n f r a - r e d  s p e c t r u m  showed a k e t o n e  (1676 cm* "̂) and  an 

e s t e r  (1741 cm," '1) c a r b o n y l ,  w h i l e  t h e  N*M.R. s p e c t r u m  

d i s p l a y e d  a  v e r y  s i m i l a r  p a t t e r n  t o  t h e  | 3 - k e t o e s t e r  (72)  

w i t h  an  a d d i t i o n a l  f i n e  d o u b l e t  (4H) a t  5*55 % ( J  = 2) 

a t t r i b u t e d  t o  t h e  g l y c o l  m e t h y l e n e s  w h ic h  a p p e a r e d  t o  b e  

s l i g h t l y  n o n - e q u i v a l e n t .  The mass  s p e c t r u m  was c o n c l u s i v e  

e v i d e n c e  f o r  ( 7 6 ) ,  show ing  i n  a d d i t i o n  t o  a m o l e c u l a r  i o n  

a t  m/e  6 1 8 ,  a  l a r g e  i o n  a t  m/e 322 c o r r e s p o n d i n g  t o  t h e  

f r a g m e n t  ( 7 7 ) .  Thus i t  w ou ld  a p p e a r  t h a t  e t h y l e n e  g l y c o l  

p r e f e r r e d  t o  fo rm  t h e  d i m e r i c  s t r u c t u r e  (76)  by  t r a n s  

e s t e r i f i c a t i o n  t h a n  t o  k e t a l i s e  t h e  h i n d e r e d  k e t o n e  i n  t h e
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1 - p o s i t i o n ,  T h i s  v a s  i n  a c c o r d  w i t h  t h e  f a c t  t h a t  t h e  o n l y  

known a - t e t r a l o n e  k e t a l  was t h e  e s t e r  (78)  w h ic h  was r e p o r t e d  

t o  be u n s t a b l e .

I n  an  e f f o r t  t o  f i n d  o u t  how d i f f i c u l t  k e t a l i s a t i o n  

o f  an  a - t e t r a l o n e  was ,  6~ b e n z y l o x y - 1 —t e t r a l o n e  (71)  was  

t r e a t e d  w i t h  e t h y l e n e  g l y c o l  as  d e s c r i b e d  a b o v e .  Two 

com ponen ts  w ere  i s o l a t e d  w h ich  c o u l d  n o t  be s e p a r a t e d  

c o m p l e t e l y ;  t h e y  w ere  t h e  s t a r t i n g  k e t o n e  and t h e  d e s i r e d  

k e t a l  ( 7 9 ) .  P r e p a r a t i v e  T .L .C .  d i d  n o t  e f f e c t  s e p a r a t i o n  

b u t  c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  t h e  m i x t u r e  r e s u l t e d  i n  a 

16°/o y i e l d  o f  a l m o s t  p u r e  k e t a l  (79)  ? m .p .  6 2 * 5 - 6 4 ° .  The 

a n a l y s i s  was a l m o s t  s a t i s f a c t o r y  and no c a r b o n y l  was o b s e r v e d  

i n  t h e  i n f r a - r e d  s p e c t r u m .  The N.M.R. s p e c t r u m  c o n f i r m e d  

t h e  s t r u c t u r e ,  t h e  s a l i e n t  f e a t u r e s  b e i n g  t h e  s h i f t  t o  

h i g h e r  f i e l d  o f  p r o t o n s  w h ich  w ere  d e s h i e l d e d  by t h e  c a r b o n y l  

i n  k e t o n e  ( 7 1 ) ;

k e t o n e  k e t a l

2*05 t d -+ c a  2*7 (masked  d o u b l e t )

H 7*14  t t  -+ 8*13 (co m p le x )

The k e t a l  p r o t o n s  w ere  o b s e r v e d  a t  5*98 t (4H, s i n g l e t ) .  

G .L .C .  o f  t h e  i s o l a t e d  m i x t u r e  showed t h e  r a t i o  o f  k e t a l  t o  

k e t o n e  t o  be l l / 9 .
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A f t e r  rem o v a l  o f  f r e e  k e t o n e  w i t h  G i r a r d  R ea g en t  P 

a  m i x t u r e  o f  k e t a l  and k e t o n e  was a g a i n  o b t a i n e d  i n d i c a t i n g  

t h a t  t h e  k e t a l  h y d r o l y s e d  r e a d i l y  i n  t h e  w o r k - u p .

I n  v ie w  o f  t h e  i n a b i l i t y  t o  k e t a l i s e  t h e  a r o m a t i c  

k e t o n e s , i n v e s t i g a t i o n  o f  t h i s  r o u t e  had  t o  be a b a n d o n e d .

Use o f  t h e  t e t r a h y d r o p y r a n y l  e t h e r  as  a  p r o t e c t i n g  g roup  

was e x c l u d e d  s i n c e  d i f f i c u l t i e s  would  a r i s e ,  f i r s t l y  i n  

e l a b o r a t i n g  t h e  ( 3 - k e t o e s t e r  t o  t h e  t e t r a h y d r o p y r a n y l  e t h e r  

o f  t h e  (3-hydroxy e t h e r  and s e c o n d l y ,  i n  a t t e m p t s  t o  s e p a r a t e  

t h e  numerous  s t e r e o i s o m e r s  p r e s e n t  w i t h  t h e  i n t r o d u c t i o n  o f  

a  s e c o n d  t e t r a h y d r o p y r a n y l  g ro u p  as  i n  ( 8 0 ) .
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EXPERIMENTAL

2 - C a r b e t h o x y m e t h y l e n e c y c l o h e x a n e - l , 3 - d i o n e  ( 4 )

T h i s  compound was p r e p a r e d  by S t e t t e r ’ s m ethod^

u s i n g  e t h y l  b r o m o a c e t a t e  and p o t a s s i u m  e t h o x i d e .  The

p r o d u c t  was o b t a i n e d  as  o f f - w h i t e  p l a t e s ,  m .p .  8 5 * 5 - 8 6 ° ,

f rom w a t e r ,  44% ( l i t ,  m .p ,  8 5 ° ,  51%)
-1

vmax. (CC14 ) 5 3616 ( h y d r o x y l ) ,  3137 (w) (b o n d ed  h y d r o x y l ) ,

1729 ( s )  ( e s t e r ) ,  1713 ( s )  ( c a r b o n y l ) ,

1690 ( s ) ( e n o n e  c a r b o n y l ) ,  1655 ( a )  ( d o u b le  

b o n d ) .

N.M.R. 5*84 t (211, q ,  J  = 8 ) ;  6 -6 1  t  (2H , s ) ; 8*76 t (3H,

t ,  J  = 8 ) .

l - C h l o r o p e n t a n  -  3 -o n e
34

T h is  was p r e p a r e d  by t h e  l i t e r a t u r e  p r o c e d u r e  

u s i n g  c h l o r o f o r m  as s o l v e n t .  The a l m o s t  c o l o u r l e s s  l i q u i d  

was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e ,  b , p ,  4 7 - 4 9 ° / 3  mm., 

n ^ 4 1*4345 ( l i t .  b . p .  3 2 * 3 -3 3 * 3 ° / 2 * 5 mm., n ^ °  1 * 4 3 6 1 ) .

1 - D i e t h y l a m i n o p e n t a n — 3 -o n e  ( 23 )
35T h i s  was p r e p a r e d  by  t h e  m ethod  o f  Adamson e t  a l .

The p a l e  y e l l o w  p r o d u c t  d i s t i l l e d  a t  b . p .  7 6 ° / l 0  mm., 

n ^  1*4370 ( l i t  b . p .  8 4 ° / l 3  mm., n ^ l « 4 3 6 8 )  •
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5 109 - C a r b e t h o x y m e t h y l e n e - 5 - m e t h y l - A  9 - o c t a l i n - 1 , 6 - d i o n e  ( 5 ) 

The d i k e t o e s t e r  ( 4 ) (0*5 g . ,  0*00255 m o l e ) ,  

l - d i e t h y l a m i n o p e n t a n - 3 - o n e  ( 2 3 )  (0*49 g . ,  0*00315 mole)  and 

t r i e t h y l a m i n e  (0*1 g . ,  0*001 mole)  w ere  s t i r r e d  i n  r e f l u x i n g  

b e n z e n e  u s i n g  a w a t e r  s e p a r a t o r  f o r  18 h r s .  A f t e r  t h i s  

p e r i o d ,  p y r r o l i d i n e  (2 m l . )  was ad d ed  and t h e  h e a t i n g  

c o n t i n u e d  f o r  2 h r s . ,  a f t e r  w h ich  t im e  t h e  b u l k  o f  t h e  s o l v e n t  

was e v a p o r a t e d  i n  v a c u o . The r e s i d u a l  s o l u t i o n  was  d i l u t e d  

w i t h  e t h e r ,  w ashed  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  (1*5%) and 

b r i n e .  The aq u eo u s  s o l u t i o n s  were  r e - e x t r a c t e d  t h o r o u g h l y  

w i t h  e t h e r ,  t h e  o r g a n i c  e x t r a c t s  com bined  and w ashed  w i t h  

b r i n e .  A f t e r  d r y i n g  o v e r  sod ium s u l p h a t e ,  t h e  s o l v e n t  was 

removed i n  v acuo  t o  y i e l d  an  amber c o l o u r e d  o i l  (0*280 g . ) .  

P r e p a r a t i v e  T .L .C .  o f  t h i s  o i l  (35% e t h y l  a c e t a t e / b e n z e n e )  

y i e l d e d  t h e  enone ( 5 ) (115*5 m g . ,  23%) R̂ , 0 * 5 5 ,  a s  a  p a l e  

y e l l o w  o i l  w h ic h  was shown by T .L . C .  t o  be c o n t a m i n a t e d  w i t h  

a n o t h e r  compound, R̂ , c a .  0*55 ,  w h ic h  was l a t e r  shown t o  be. 

t h e  t r i k e t o e s t e r  ( 24 ) by  G .L .C .  c o m p a r i s o n  w i t h  an  

a u t h e n t i c  s a m p l e .  [ T . L . C .  : D .N .P .  d e v e l o p e r ,  enone  (5 )  

r e d ;  t r i k e t o e s t e r  (24)  y e l l o w . ]
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G .L .C .  a n a l y s i s  o f  t h e  c r u d e  enone  showed i t  t o  be a 6 :1  

m i x t u r e  o f  enone s t r i k e t o e s t e r ,

[Column: P .E .G .  20 M (2a/o ) , Temp. 2 0 0 ° ,  F .R .  51 m l . / m i n . ,

enone  R^ = 23*85 m i n . ,  t r i k e t o e s t e r  R^ = 19*50 m in .  ]

The im pure  enone (61 mg.)  was a d s o r b e d  on t o

Voelm a lu m in a  (Grade I ,  a c i d - w a s h e d ,  5 g.,) and e l u t e d  w i t h

b e n z e n e  f o l l o w e d  by g r a d i e n t  e l u t i o n  w i t h  e t h y l  a c e t a t e /

b e n z e n e  m i x t u r e s  ( x 25 m l . , ) .  P u r e  enone (20*1 m g . , )  was

e l u t e d  w i t h  4-8?6 m i x t u r e s  ( l a t e r  f r a c t i o n s  a g a i n  y i e l d i n g

e n o n e : t r i k e t o e s t e r  m i x t u r e s )  and was d i s t i l l e d  u n d e r

r e d u c e d  p r e s s u r e ,  b . p .  1 1 0 ° /0 * 0 5  mm., ( s u b .  b l o c k ) ,

(Found:  C, 68*05;  H, 7 * 6 4 .  ^ 1 5 ^ 2 0 ^ 4  re<l u i res;s C, 68*16;

H» 7*6395).
-1

v cm* ( C C l J :  1738 ( s )  ( e s t e r ) ,  1722 ( s )  ( k e t o n e ) ,max • «̂*

1674 ( s )  ( e n o n e ) .

N.M.R.
H 8*16 % (3H, s i n g l e t )  a
Hv 7*13 t  (2H, f i n e  d o u b l e t ,  

J  = 4)  

H 5*86 x  (2H, q u a r t e t ,  J  = 8)
V

Hd 8 -7 7  it (3H, t r i p l e t ,  J  = 8)

,C00Et
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The mass s p e c t r u m  showed a  p a r e n t  i o n  a t  m/e 264 ( ^ 15^ 20^ 4  

r e q u i r e s  264) and  a l s o  a b a s e  p e a k  a t  m/e 176 ,  c o r r e s p o n d i n g  

t o  l o s s  o f  (CH9= C - 0 E t ) .
I
OH

Xmax^3 2 5 4 ' 5 m|  ̂ (e> 1 0 >0 8 °)> 292 mu ( e ,  742)

( c a l c * \ n a x .  254 m^

2 - C a r b e t h o x y m e t h y l e n e - 2 -  ^ ^ k e t o p e n t y l  ) c v c l o h e x a n e - 1 , 3 -  

d i o n e  ( 24 )

To a  v i g o r o u s l y  s t i r r e d  s o l u t i o n  o f  d i k e t o e s t e r  

( 4 ) (2*1 g . ,  0*0106 m ole)  and l - d i e t h y l a m i n o p e n t a n - 3 -  

one ( 2 3 )  (1 *7 g . ,  0*0108 m ole)  i n  t - b u t a n o l  (1*25 m l , , ) ,  

t r i e t h y l a m i n e  (1*25 m l . , )  was added  i n  s m a l l  p o r t i o n s  o v e r  

15 m in .  The m i x t u r e  was warmed t o  an o i l  b a t h  t e m p e r a t u r e  

o f  80°  and  m a i n t a i n e d  t h u s  f o r  10 m in .  The c o o l e d  s o l u t i o n  

was d i l u t e d  w i t h  e x c e s s  e t h e r  and w ashed  s u c c e s s i v e l y  w i t h  

d i l u t e  sodium b i c a r b o n a t e  ( 2 $ ) ,  d i l u t e  s u l p h u r i c  a c i d  (2N) 

and  b r i n e  , A f t e r  d r y i n g  o v e r  sodium s u l p h a t e  t h e  s o l v e n t  

was removed i n  v acuo  y i e l d i n g  a p a l e  y e l l o w  o i l  w h ic h  was  

e x t r a c t e d  t h o r o u g h l y  w i t h  h o t  p e t r o l .  C o n c e n t r a t i o n  i n  

v ac u o  o f  t h e  p e t r o l  s o l u t i o n ,  f o l l o w e d  by c o o l i n g  i n  

c a r b o n  d i o x i d e / a c e t o n e  s o l u t i o n  a f f o r d e d  t h e  t r i k e t o e s t e r  

( 2 4 )  (0*854  g . ,  40$)  a s  a c o l o u r l e s s  s o l i d ,  m .p .  54 -55°#
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The t r i k e t o e s t e r  was p u r i f i e d  by p r e p .  T .L .C .  and r e ­

c r y s t a l l i s e d  f rom p e t r o l  o r  d i i s o p r o p y l  e t h e r  and had  m .p .  

5 5 * 5 - 5 6 - 5 ° .

(Found :  C, 6 3 - 6 9 ;  H, 7 * 9 6 .  ^15^22^5  r e 9 u:‘-r e s :  6 3 - 8 1 ;

H, 7 * 8 5 # ) .

The i n f r a - r e d  s p e c t r u m  i n  s e v e r a l  s o l v e n t s  showed o n l y  two

maxima i n  t h e  c a r b o n y l  r e g i o n :

S o l v e n t  e s t e r  C=0 k e t o n e  C=0
- 1  - 1cm. cm.

c y c l o h e x a n e 1728 1702

c a r b o n  t e t r a c h l o r i d e 1725*5 1697*5

c h l o r o f o r m 1718 1694

a c e t o n i t r i l e 1722 1696

Mass S p e c t ru m :  P a r e n t  i o n m/e 282 ,  b a s e p e a k  m/e

(CH^CE^CO)* o t h e r  i o n s  m/e 236,  123 .

N.M.R. S p e c t r u m :

H 9*01 % (3H, t r i p l e t ,  J = 8 )9/
Hfo 7*06 u (2H, s i n g l e t )

H 5*96 t (2H, q u a r t e t ,  J  = 8)
V

Ha  8* 82 t (3H, t r i p l e t ,  J  = 8) 

G .L .C .
Column: P . E . G .  20 M ( 2 % ) ,  Temp, 2 0 0 ° ,  F .R .  51 m l . / m i n . ,

R  ̂ = 19*50 min.

r!

0
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A t te m p te d  s y n t h e s i s  o f  9 - c a r b e t h o x y m e t h y l e n e - 5 - m e t h y l - A ^ >~^-  

o c t a l i n - 1 , 6 - d i o n e  ( 5 ) by  c y c l i s a t i o n  o f  2 - c a r b e t h o x y -  

m e t h y l e n e - 2 - ( 3 ' - k e t o p e n t y l  ) c y c l o h e x a n e - l , 3 - d i o n e  ( 24 )

C y c l i s a t i o n s  were  c a r r i e d  o u t  u s i n g  t h r e e  g e n e r a l  

a p p r o a c h e s :

(a )  U s in g  o r g a n i c  b a s e s .

(b)  U s in g  o r g a n i c  s a l t s .

( c )  U s in g  a c i d i c  c a t a l y s t s .

( a )  U s in g  o r g a n i c  b a s e s  ( T a b le  l a )

The t r i k e t o e s t e r  ( 2 4 ) ,  t h e  b a s e  ( lOfe  m o l a r  e x c e s s )  

and  s o l v e n t  were  h e a t e d  a t  r e f l u x  i n  a D e a n - S t a r k  w a t e r -  

s e p a r a t o r  f o r  a  g i v e n  t i m e .  The c o o l e d  s o l u t i o n  was  d i l u t e d  

w i t h  e t h e r ,  w ashed  w i t h  d i l u t e  s u l p h u r i c  a c i d  (2N) and t h e n  

b r i n e .  A f t e r  d r y i n g  o v e r  sodium s u l p h a t e ,  t h e  s o l u t i o n  was  

e v a p o r a t e d  i n  v acuo  and t h e  p r o d u c t  i d e n t i f i e d  u s i n g  I . R .  and  

T .L . C .  As shown i n  T a b le  l a ,  v a r i a t i o n  i n  t e m p e r a t u r e ,  

s o l v e n t  and  t i m e  o f  r e a c t i o n  a f f o r d e d  s t a r t i n g  m a t e r i a l  

(S .M .)  o r  u n i d e n t i f i e d  p r o d u c t s .
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(b )  U s in g  o r g a n i c  s a l t s  

(T a b le  l b ) .
16( i )  T r i e t h y l a m i n e / b e n z o i c  a c i d

The t r i k e t o e s t e r  ( 24 ) ( 0  5 g . ,  0*00177 m o l e ) ,  

b e n z o i c  a c i d  (0*226 g . ,  0*00185 m ole)  and  t r i e t h y l a m i n e  

(0*144  g . ,  0*00142 mole)  i n  b e n z en e  ( x y l e n e )  (10 m l . , )  were  

r e f l u x e d  w i t h  w a t e r - s e p a r a t i o n .  P r o d u c t s ,  w ere  i s o l a t e d  a s  

i n  ( a ) ,  w a s h in g  s u c c e s s i v e l y  w i t h  sod ium  b i c a r b o n a t e  (2 f o ) , 

s u l p h u r i c  a c i d  (2N) and b r i n e .  I n  b o t h  c a s e s ,  t r i k e t o e s t e r  

was r e c o v e r e d  u n c h a n g e d .

( i i )  P y r r o l i d i n e / a c e t i c  a c i d / e t h e r .

The t r i k e t o e s t e r  ( 2 4 )  (0*20 g . ,  0*00071  m ole)  was  

s t i r r e d  i n  e t h e r  (10 m l . , )  a t  0 ° .  P y r r o l i d i n e  (49*7  m g. ,  

0*0007 mole)  was added  and s t i r r i n g  c o n t i n u e d  f o r  5 m i n . ,  

a f t e r  w h ich  t im e  a c e t i c  a c i d  (42 m g . ,  0*0007 m ole)  was  ad d ed  

d r o p w i s e .  A f t e r  s t i r r i n g  f o r  a f u r t h e r  2 h r s .  a t  room 

t e m p e r a t u r e ,  t h e  s o l v e n t  was  e v a p o r a t e d  i n  vacu o  and  t r a c e s  

o f  r e s i d u a l  a c e t i c  a c i d  removed by a z e o t r o p i n g  w i t h  b e n z e n e .

A p a l e  y e l l o w  s o l i d  r e m a i n e d  w h ic h  by  I . R .  and T . L . C .  was 

shown t o  be e n t i r e l y  s t a r t i n g  m a t e r i a l .
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( i i i )  P y r r o l i d i n e / a c e t i c  a c i d / b e n z e n e .  l —C a r b e t h o x y -

m e t h y l e n e - 6 - e t h y l - 6 - h y d r o x y b i c y c l o [ 3 , 3 , 1 ] n o n a n e - 2 , 9 - d i o n e  ( 26 )

The t r i k e t o e s t e r  ( 24 ) (0*2015 g . ,  0*00072 mole)

and  p y r r o l i d i n e  (0*1295 g . ,  0*00183 m ole)  w ere  s t i r r e d  i n

b e n z e n e  (8 m l . , )  a t  room t e m p e r a t u r e .  A c e t i c  a c i d  (0*1156 g . ,

0*00195 mole)  i n  b e n ze n e  (4  m l . , )  was added  d r o p w i s e  o v e r

15 m i n . ,  and s t i r r i n g  c o n t i n u e d  f o r  72 h r s .  The s o l u t i o n

was d i l u t e d  w i t h  e t h e r  and washed  t h o r o u g h l y  w i t h  b r i n e .

D r y i n g  o v e r  sod ium  s u l p h a t e  and e v a p o r a t i o n  i n  vacu o

a f f o r d e d  a  p a l e  y e l l o w  o i l ,  w h ic h  was shown by T . L . C .  t o

c o n s i s t  o f  a  new compound, R^ 0* 4 ,  w h ic h  was more p o l a r

t h a n  e i t h e r  t h e  enone ( 5 ) o r  t h e  t r i k e t o e s t e r  ( 24 ) .

P r e p a r a t i v e  T .L .C .  o f  t h e  o i l  y i e l d e d  t h e  p u r e  k e t o l  ( 2 6 )

(71 m g . ,  35fo) a s  a c o l o u r l e s s  o i l .
- 1

v Cm' (CC1A) *. 3600 ( s )  ( f r e e  h y d r o x y l ) ,  3426 (m) (bo n d edmax . t-
h y d r o x y l ) ,  1734 ( s )  ( e s t e r ) ,  1711 ( s )

( k e t o n e ) •

On d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  (0*01 m m . , ) ,  t h e  

k e t o l  y i e l d e d  a  c l e a r  o i l  w h ic h  soon  s o l i d i f i e d  and  was 

shown by  i n f r a - r e d  c o m p a r i s o n  and mixed m e l t i n g  p o i n t  t o  

be t h e  t r i k e t o e s t e r  ( 24 ) .  On s t a n d i n g  f o r  s e v e r a l  h o u r s ,

( 26 ) became s e m i - s o l i d  and was shown by  T .L . C .  t o  be a 

m i x t u r e  o f  t r i k e t o e s t e r  and k e t o l .  The p u r e  k e t o l  was  n o t
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s u b j e c t e d  t o  a n a l y s i s  owing t o  i t s  r e a d y  r e v e r s i o n  t o  t h e  

i s o m e r i c  t r i k e t o e s t e r .

The N.M.R. o f  t h e  k e t o l  showed i t  t o  be t h e  

b i c y c l o  [ 3 , 3 , l ] n o n a n e  d e r i v a t i v e :

COOEt

c
/  a b  

/  0 Ha 5* 92 T (2H, q u a r t e t , J = 8 )

Hb 8*78 % (3H, t r i p l e t , J = 8 )
/

V

(2H, = 2 )
Cr Hc 7*21 T d o u b l e t , J

Ha 9*05 T (3H, t r i p l e t , J = 8 )
0He CL

'd He 7 -6 5 T (1H, s i n g l e t ) •

D2O ex change  c o n f i r m e d  t h e  h y d r o x y l  s i g n a l *

A t t e m p t s  t o  d e h y d r a t e  t h e  b i c y d l i x  k e t o l  ( 26 )

( l )  P u re  k e t o l  (18*2 m g . , )  i n  a c e t i c  a n h y d r i d e  (10 m l * , )

was r e f l u x e d  f o r  3 h r s . ,  a f t e r  w h ic h  t i m e  t h e  s o l u t i o n  was 

c o o l e d ,  w a t e r  added  and, a f t e r  1 h r . ,  e x t r a c t e d  t h o r o u g h l y  

w i t h  e t h e r .  The e t h e r  e x t r a c t s  w ere  w ashed  w i t h  b r i n e ,  

d r i e d  o v e r  sod ium  s u l p h a t e  an d ,  a f t e r  a z e o t r o p i n g  w i t h  

b e n z e n e  t o  remove t h e  l a s t  t r a c e s  o f  a c e t i c  a c i d ,  

e v a p o r a t e d  i n  v a c u o . A p a l e  y e l l o w  s o l i d  (12*7 m g . , ) ,  

m .p .  5 4 -5 5 °  i d e n t i f i e d  a s  t h e  t r i k e t o e s t e r  ( 2 4 )  by  I . R .  and  

T.L*C. was o b t a i n e d .
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(2)  P h o s p h o r u s  o x y c h l o r i d e  (6 d r o p s )  was  added  s l o w l y

t o  a  s o l u t i o n  o f  p u r e  k e t o l  (15*1 m g . , )  i n  p y r i d i n e  (3 m l . , ) ,  

a f t e r  w h ich  t im e  t h e  s o l u t i o n  was a l l o w e d  t o  s t a n d  f o r  

24 h r s .  The m i x t u r e  was p o u r e d  on t o  i c e ,  e x t r a c t e d  

t h o r o u g h l y  w i t h  e t h e r  and t h e  e t h e r  e x t r a c t s  washed  w i t h  

b r i n e .  A f t e r  d r y i n g ,  r em ova l  o f  t h e  s o l v e n t  i n  v ac u o

y i e l d e d  a brown o i l  (11*6 m g . , )  w h ic h  by  T .L .C .  a p p e a r e d  t o

c o n s i s t  o f  s e v e r a l  a c i d i c  s p e c i e s .  No b i c y c l i c

o le f in  c o u l d  be d e t e c t e d  by T .L .C .  o r  i n f r a - r e d  a n a l y s i s .

A t t e m p t s  t o  s y n t h e s i s e  an e s t e r  d e r i v a t i v e  o f  k e t o l  ( 26 )

(1)  A c e t a t e

P u re  k e t o l  (18*4 m g . , )  and p - t o l u e n e s u l p h o n i c  

a c i d  (8 m g . , )  i n  a c e t i c  a n h y d r i d e  (12 m l . , )  w ere  h e a t e d  f o r  

1 h r . ,  on a s te a m  b a t h .  The w o r k -u p  was a s  i n  ( l )  a b o v e ,  

t h e  o n l y  p r o d u c t  i s o l a t e d  b e i n g  t h e  t r i k e t o e s t e r  ( 24 )

(15* 2 m g . , ) .

( 2 )  B e n z o a te

To a  s o l u t i o n  o f  p u r e  k e t o l  (30  m g . ,  0*00010 m ole )  

i n  p y r i d i n e  (2 m l . , ) ,  b e n z o y l  c h l o r i d e  (31 m g . ,  0*00022 m ole)  

was ad d ed  d r o p w i s e .  W hi te  c r y s t a l s  o f  p y r i d i n e  h y d r o ­

c h l o r i d e  soon  a p p e a r e d  a n d ,  a f t e r  5 h r s . ,  t h e  e x c e s s  a c i d
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c h l o r i d e  -was h y d r o l y s e d  w i t h  w a t e r .  The aqueous  s o l u t i o n  

was t h e n  e x t r a c t e d  w i t h  e t h e r  w h ic h  was w ashed  w i t h  b r i n e  

and d r i e d  o v e r  sodium s u l p h a t e .  The s o l v e n t  w as  e v a p o r a t e d  

i n  vacu o  a f f o r d i n g  a p a l e  brown o i l  w h ic h  by  T .L .C .  was  shown 

t o  c o n s i s t  o f  m a i n l y  one component  w h ic h  was l e s s  p o l a r  

(RF ° * 4 ’ 10$ e t h y l  a c e t a t e / b e n z e n e )  t h a n  e i t h e r  t h e  k e t o l  

( 26 ) o r  t h e  t r i k e t o e s t e r  ( 24 ) .  An a n a l y t i c a l  sam ple  was  

o b t a i n e d  by p r e p a r a t i v e  T .L .C .  and d i s t i l l e d  u n d e r  r e d u c e d  

p r e s s u r e ,  b . p .  1 5 5 - l 6 0 ° / 0 * 05 mm.

(Found ;  C, 67*07;  H, 6 * 1 0 .  ^17^18^5  re(l u i r e s J  C, 67° 54;

H, 6 * 0 0 $ ) .
-1

v cm- ( C C l . ) :  1743 ( s )  ( e s t e r ) ,  1683 ( s )  ( b e n z o a t e )m&x •

c y c l o h e x - l - e n y l )  a c e t a t e  ( 28 ) by  I . R .  and  T . L .C .  c o m p a r i s o n  

w i t h  an  a u t h e n t i c  sam ple  made from t h e  d i k e t o e s t e r  ( 4 ) .

- 1cm.
s h o u l d e r : 1668 (m) ( e n o n e )

Xmax!  2 3 9 * 5 ( e ’ 2 1 >40° )

T h i s  compound was i d e n t i f i e d  a s  e t h y l  ( 6 - k e t o - 2 - b e n z o y l o x y -

N.M.R

PhCO-O

COOEt

H 5*91 t (2H, q u a r t e t ,  a
J=7* 5)

H, 8 - 8 4  T (3H, t r i p l e t ,  

J = 7 - 5 )
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( i v )  P y r r o l i d i n o / a c e t i c  a c i d / b e n z e n e  w i t h  h e a t

To a s o l u t i o n  o f  t r i k e t o e s t e r  ( 2 4 )  ( l * 0 0  g . ,

0*00355 mole)  and p y r r o l i d i n e  (0*630 g . ,  0*00887 mole)  i n  

b e n z e n e  (22 m l , , ) ,  a c e t i c  a c i d  (0*57 g . ,  0*0095 m ole)  was 

added  d r o p w i s e  and t h e  m i x t u r e  h e a t e d  a t  r e f l u x  f o r  5 m i n . ,  

c o o l e d  and s t i r r e d  f o r  72 h r s .  The s o l u t i o n  was e v a p o r a t e d  

i n  vacuo  and a z e o t r o p e d  w i t h  b e n z e n e  t o  remove t r a c e s  o f  

a c e t i c  a c i d .  A n a l y s i s  o f  t h e  r e s i d u e  by T .L .C .  i n d i c a t e d  

t h e  p r e s e n c e  o f  s t a r t i n g  t r i k e t o e s t e r ,  enone ( 5 ) and two 

more p o l a r  compounds w h ic h  had  r e t e n t i o n  f a c t o r s  (Rj, 0*4 ,

0*35 f o r  35$ e t h y l  a c e t a t e / b e n z e n e )  s i m i l a r  t o  t h a t  o f  t h e  

k e t o l  ( 26 ) .  The m i x t u r e  was a d s o r b e d  on t o  Woelm a lu m i n a  

(G rade  I ,  a c i d - w a s h e d ,  40 g . , )  and e l u t e d  w i t h  e t h y l  a c e t a t e /  

b e n z e n e  m i x t u r e s  a f f o r d i n g  a p u r e  sam p le  o f  t r i k e t o e s t e r  ( 24 ) 

(161 m g . , )  and an  a l m o s t  p u r e  sam ple  o f  enone  ( 5 ) ( a g a i n  

c o n t a m i n a t e d  w i t h  t r i k e t o e s t e r )  w h ic h  was f u r t h e r  p u r i f i e d  

by  p r e p a r a t i v e  T .L .C .  (147*5 m g . ,  1 6 $ ) .  The two p o l a r  

com ponen ts  c o u l d  n o t  b e  s e p a r a t e d  by column c h r o m a t o g r a p h y  

b u t  w ere  p a r t i a l l y  s e p a r a t e d  by p r e p a r a t i v e  T . L . C .  The. 

more p o l a r  o f  t h e  two was  o b t a i n e d  a l m o s t  p u r e  and  showed an  

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

k e t o l  ( 26 ) .  The l e s s  p o l a r  compound,  o b t a i n e d  i n  much 

s m a l l e r  y i e l d ,  r e a d i l y  decomposed  t o  a c i d i c  s p e c i e s .
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I t  was p re sum ed  t o  be e i t h e r  t h e  e p i m e r i c  k e t o l  o f  t h e  

b i c y c l o  [ 3 , 3  ,1  ]nonane s e r i e s :  ( 2 6 )  o r  t h e  d e c a l i n  d e r i v a t i v e  

( 25 ) b u t  c o u l d  n o t  be i d e n t i f i e d  b e c a u s e  o f  i t s  i n s t a b i l i t y .

(v)  P y r r o l i d i n e / a c e t i c  a c i d  w i t h  h e a t

A m i x t u r e  o f  t r i k e t o e s t e r  ( 2 4 )  (100*8 m g . ,

0*00038 m o l e ) ,  p y r r o l i d i n e  (61 m g . ,  0*00086 mole)  and a c e t i c  

a c i d  (55 m g . ,  0*00092 mole)  was h e a t e d  a t  r e f l u x  f o r  5 h r s , .  

The s o l u t i o n  was c o o l e d  and a z e o t r o p e d  t w i c e  w i t h  b e n z e n e .  

P r e p a r a t i v e  T .L .C .  a f f o r d e d  t h e  enone  ( 5 ) (11*3 m g . ,  12%) 

(w h ich  was c h a r a c t e r i s e d  by I . R .  and  T . L . C . )  and  m i x t u r e s  o f  

a c i d i c  s p e c i e s  i n d i c a t i n g  t h a t  t h e  c o n d i t i o n s  h ad  c a u s e d  

d e c o m p o s i t i o n .

(C) U s in g  a c i d  c a t a l y s t s  ( T a b le  I I )

( i )  C o n c e n t r a t e d  s u l p h u r i c  a c i d

A m i x t u r e  o f  t r i k e t o e s t e r  ( 2 4 )  (48*4  m g . ,

0*00017 m ole)  and c o n c .  s u l p h u r i c  a c i d  (10 m l . , )  was s t i r r e d  

on a  s te a m  b a t h  f o r  35 m i n . ,  c o o l e d ,  p o u r e d  on t o  i c e  and 

e x t r a c t e d  t h o r o u g h l y  w i t h  c h l o r o f o r m .  The o r g a n i c  s o l u t i o n  

w as  w ashed  w i t h  b r i n e ,  d r i e d  o v e r  sod ium  s u l p h a t e  and 

e v a p o r a t e d  i n  vacuo  t o  g i v e  a brown o i l  w h i c h ,  by  T . L . C . ,  

was shown t o  c o n s i s t  m a i n l y  o f  a c i d i c  m a t e r i a l s .  The
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i n f r a - r e d  s p e c t r u m  showed s t r o n g  bonded  a b s o r p t i o n  a t

3 5 0 0-3000  cm. ^ a s  w e l l  a s  a s t r o n g  band  a t  1810 cm. ^ w h ic h

was a s s i g n e d  t o  a l a c t o n e  g r o u p i n g .  A c o n j u g a t e d  s y s te m
EtOHwas i n f e r r e d  f rom t h e  u l t r a v i o l e t  s p e c t r u m  i . e . ,  X* 7 m ax .

299 mp b u t  no p u r e  compound c o u l d  be i s o l a t e d  f rom  t h e  

com plex  m i x t u r e .

M i l d e r  c o n d i t i o n s  ( r e a c t i o n  a t  room t e m p e r a t u r e )  

r e s u l t e d  i n  t h e  i s o l a t i o n  o f  s t a r t i n g  m a t e r i a l  a s  t h e  

o n l y  i d e n t i f i a b l e  p r o d u c t .

( i i )  Sodium a c e t a t e / a c e t i c  a n h y d r i d e

T r i k e t o e s t e r  (109*5 m g . ,  0*00039 m ole)  and f u s e d  

sod ium  a c e t a t e  (14*4 m g . , )  were  d i s s o l v e d  i n  a c e t i c  a n h y d r i d e  

(10 m l . , )  and r e f l u x e d  f o r  3^ h r s .  The c o o l e d  s o l u t i o n  was  

d i l u t e d  w i t h  e x c e s s  w a t e r ,  e x t r a c t e d  w i t h  e t h e r  and t h e  

o r g a n i c  l a y e r  w ashed  t h o r o u g h l y  w i t h  b r i n e .  A f t e r  d r y i n g  

o v e r  sodium s u l p h a t e ,  r em o v a l  o f  s o l v e n t  i n  v a c u o  y i e l d e d  

an  amber o i l  w h ic h  by T .L .C .  and I . R .  was shown t o  be 

s t a r t i n g  t r i k e t o e s t e r .

( i i i )  H y d r o c h l o r i c  a c i d / a c e t i c  a c i d

T r i k e t o e s t e r  (101*4 m g . , ) ,  g l a c i a l  a c e t i c  a c i d  

(5 m l . , )  and c o n c .  h y d r o c h l o r i c  a c i d  (5 m l . , )  w ere  r e f l u x e d
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f o r  3 j  h r s . ,  and t h e  p r o d u c t  i s o l a t e d  a s  i n  ( i i )  a b o v e .  

A n a l y s i s  by T .L .C .  o f  t h e  brown o i l  showed a b o u t  s e v e n  

com ponents  w h ich  were  n o t  i d e n t i f i e d .

( i v )  p - T o l u e n e s u l p h o n i c  a c i d / b e n z e n e

T r i k e t o e s t e r  (54  m g . , )  and p - t o l u e n e s u l p h o n i c  

a c i d  ( 1 0  m g . , )  i n  b e n z e n e  ( 2 0  m l . , )  w ere  h e a t e d  a t  r e f l u x  

i n  a  D e a n - S t a r k  w a t e r  s e p a r a t o r  f o r  24 h r s *  The s o l v e n t  

was removed i n  v a c u o , t h e  r e s i d u e  d i l u t e d  w i t h  e t h e r ,  

w ashed  w i t h  b r i n e  and d r i e d  o v e r  sod ium  s u l p h a t e *

A n a l y s i s  by T .L .C .  showed t h e  p r e s e n c e  o f  o n l y  a c i d i c  

com ponen ts  and s t a r t i n g  m a t e r i a l .

(v)  P o l y p h o s p h o r i c  a c i d :  3 , 4 . 7 . 8 t 8 a . 9 - h e x a h y d r o - 2 . 6 -  

d i k e t o - 5- m e t h y l - l - o x a f l u o r e n e  ( 29 ) .

T r i k e t o e s t e r  (0*4719 g . ,  0*00168 m ole)  was  added  

i n  s m a l l  p o r t i o n s  t o  p o l y p h o s p h o r i c  a c i d  ( 6 * 1  g . , )  and 

s t i r r e d  v i g o r o u s l y  f o r  45 m i n . ,  a t  an  o i l  b a t h  t e m p e r a t u r e  

o f  9 0 ° .  On c o o l i n g ,  t h e  v i s c o u s ,  r u s t - c o l o u r e d  s o l u t i o n  

was p o u r e d  on t o  i c e  and e x t r a c t e d  t h o r o u g h l y  w i t h  

c h l o r o f o r m  ( x 4 ) • The e x t r a c t s  w ere  w ashed  w i t h  b r i n e ,  

d r i e d  o v e r  sodium s u l p h a t e  and e v a p o r a t e d  i n  v ac u o  l e a v i n g  

an  amber  o i l  w h ic h  a f f o r d e d  t h e  c r y s t a l l i n e  t i t l e  compound
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(123*5 m g . ,  34%) on t r i t u r a t i o n  w i t h  e t h e r .  An a n a l y t i c a l

s a m p le ,  o f f - w h i t e  p l a t e l e t s ,  m .p .  1 3 1 - 1 3 2 ° ,  was, o b t a i n e d  by

p r e p a r a t i v e  T .L .C .  (Rp 0*6)  and r e c r y s t a l l i s a t i o n  from e t h e r .

(Found:  C, 71*61$ H, 6 * 4 8 .  ^ 1 3 ^ 14^3  r e q u i r e s :  C, 71*54$

H, 6*47%).
- 1

vmax ( ^ C l ^ ) :  1823 ( s )  ( e n o l - l a e t o n e ) , 1 6 5 6  ( s )  ( d o u b l e

cm - 1
bond)

v s h o u l d e r  (CC14 > : 1 6 7 7  (m) ( e n o n e >

306*5 mia. ( e ,  2 0 , 1 5 0 ) ,  231 mu ( e ,  5 , 4 5 0 )
IIlcLJv •

S h o u l d e r  2 3 8  5 ’ 1 2 0 >

The a n a l y t i c a l  sam ple  was shown t o  be homogeneous  by  G.L.C 

Column: 5% QFI, Temp.:  2 0 0 ° ,  F . H .  37 m l . / m i » ,

R^ = 43 m in .

213  “ ** ( e a p p .  6 ’ 480)

N.M.R.

Ha

H,

8*16 t  (3  p r o t o n s ,  

s i n g l e t )

8*30 t (2  p r o t o n s ,

b r o a d  s i n g l e t )

The o t h e r  p r o t o n s  a p p e a r e d  as  a com plex  r e g i o n  6 * 8  -  7*9 'C * 

The mass s p e c t r u m  showed a p a r e n t  i o n  a t  m/e 218 

r e q u i r e s  218) w h ic h  i s  a l s o  t h e  b a s e  p e a k .  T h e re  were
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l a r g e  ions; a t  m/e 28 and m/e 91*

The r e s i d u e  from c r y s t a l l i s a t i o n  was, shown by

T .L . C .  t o  be a m i x t u r e  o f  a c i d i c  s p e c i e s  and was  e s t e r i f i e d

w i t h  d i a z o m e t h a n e  d i r e c t l y .  T .L .C .  o f  t h e  e s t e r  m i x t u r e

i n d i c a t e d  an  a p p a r e n t  main  com ponen t ,  Rp 0 *6 , w h ic h  was

i s o l a t e d  as  an  amber  o i l  by  p r e p a r a t i v e  T .L . C .  The o i l

was t h o u g h t  t o  be a m i x t u r e  o f  k e t o e n o n e  e s t e r s  ( 5 0  and  51 )

by  t h e  i n f r a - r e d  s p e c t r u m .
- 1

vmax ( f i l m ) s  1740-30  ( s )  ( e s t e r ,  c y c l o p e n t a n o n e ) , 1660 ( s )

( e n o n e ) , 162 5  ( s )  ( d o u b l e  b o n d ) .
- 1

Vs h o u l d e r  ( m * 11) % 1705 ( c y c l o h e x a n o n e , c y c l o p e n t e n o n e )

These  compounds w ere  u n s t a b l e  and i n s e p a r a b l e  and  w ere  n o t  

f u r t h e r  i n v e s t i g a t e d .

H y d r o g e n a t i o n  o f  3 . 4 . 7 . 8 . 8a . 9 - h e x a h y d r o - 2 . 6 - d i k e t o - 5 - m e t h y l -

1- o x a f l u o r e n e  ( 29 ) .

The enone l a c t o n e  ( 9 * 6  m g . , )  was h y d r o g e n a t e d  i n  

e t h a n o l  (AnalaR,  2*5 m l . , )  o v e r  p a l l a d i u m  c h a r c o a l  (10%,

6  m g , , ) ,  t o t a l  u p t a k e  o f  h y d r o g e n  b e i n g  c o m p le t e  a f t e r  

12 m in .  The s o l u t i o n  was f i l t e r e d  t h r o u g h  c e l i t e  and  

e v a p o r a t e d  i n  vacuo  t o  y i e l d  a y e l l o w  o i l  w h ich  by I . R .  a n d  

T . L . C .  i n d i c a t e d  an  a c i d i c  s p e c i e s .  The o i l  i n  e t h e r  was 

e s t e r i f i e d  w i t h  d i a z o m e t h a n e  a n d  t h e  p r o d u c t s  p u r i f i e d  by
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p r e p a r a t i v e  T .L .C ,  (15 i<> e t h y l  a c e t a t e / b e n z e n e ) .  The m ain  

component  [ a m i x t u r e  o f  s t e r e o i s o m e r s  ( 4 8  ) ] showed t h e

f o l l o w i n g  Cr.L.C. t r a c e :

a Column: ifo  SE30

Temp* : 150°

F.R* : 46 m l o / m i n ,

Rj. a 6°05 m in .

R̂ . b 6*70 m in .

R^ c 7*40 m in .

R^ d 13*75 m in .

The mass s p e c t r u m  o f  e a c h  com ponent  was d e t e r m i n e d  u s i n g

G .C .M .S . ,  t h e  p a r e n t  i o n  f o r  com ponen ts  a ,  b and c b e i n g  t h e

same i n  ea ch  c a s e ,  m/e 238 s a t u r a t e d

compound ( 48 ) ,  r e q u i r e s  238] . Component d ( p r e s e n t  i n

l e s s  t h a n  5% y i e l d )  showed a  p a r e n t  m/e 234 c o n f i r m i n g  t h e

u n s a t u r a t e d  s t r u c t u r e  ( 49 ) w h ic h  r e q u i r e s  234 .
- 1

V C m * ( C C l J  : 1742 ( s )  ( e s t e r ) ,  1718 ( s )  ( c y c l o h e x a n o n e )max •
The u l t r a v i o l e t  s p e c t r u m  showed o n l y  weak end a b s o r p t i o n .

H y d r o g e n a t i o n  i n  e t h y l  a c e t a t e  and i n  d i o x a n e  g av e  

i d e n t i c a l  r e s u l t s ,  t h e  l a t t e r  c a s e  b e i n g  a  much s lo w e r  

r e a c t i o n .
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A t te m p t s  t o  s e p a r a t e  any  s i n g l e  s t e r e o i s o m e r  were  

u n s u c c e s s f u l .

A c t i o n  o f  d i l u t e  a l k a l i  on 3 , 4 , 7 . 8 , 8 a , 9 - h e x a h y d r o - - 2 , 6 - d i k e t o -

5- m e t h y l - l - o x a f l u o r e n e  ( 29 ) .

S e v e r a l  e x p e r i m e n t s  w ere  c a r r i e d  o u t  s t i r r i n g  t h e  

enone l a c t o n e  ( 29 ) i n  d i l u t e  sod ium h y d r o x i d e  a t  room 

t e m p e r a t u r e  f o r  30 m in .  The a q u eo u s  s o l u t i o n s  w ere  w ashed  

w i t h  e t h e r ,  a c i d i f i e d  and e x t r a c t e d  w i t h  e t h e r  c o n t i n u o u s l y  

f o r  12 h r s .  The r e s u l t i n g  a c i d i c  s p e c i e s  w ere  e s t e r i f i e d  

w i t h  d i a z o m e th a n e  and t h e  com ponen ts  exam ined  by  GoC.M.S.

( l °!o SE30, Temp. 200° and 150°)  » U n f o r t u n a t e l y  t h e  r e s u l t s  

were  n o t  r e p r o d u c i b l e ,  t im e  f o r  e s t e r i f i c a t i o n  b e i n g  an 

i m p o r t a n t  f a c t o r  as  w e l l  as  d i s p r o p o r t i o n a t i o n  and 

a r o m a t i s a t i o n  o f  t h e  m o l e c u l e .  The e x p e r i m e n t  t h e r e f o r e  

t h r e w  no l i g h t  on t h e  o r i g i n a l  s t r u c t u r e  o f  t h e  enone  l a c t o n e  

and  was d i s c o n t i n u e d .

2 - M e t h y l c y c l o h e x a n e - l , 3 - d i o n e  ( 58 )
6

P r e p a r e d  by t h e  m ethod  o f  S t e t t e r  u s i n g  p o t a s s i u m  

h y d r o x i d e  and m e th y l  i o d i d e ,  t h i s  compound was o b t a i n e d  a s  

p a l e  y e l l o w  p r i s m s ,  m .p .  1 8 5 - 1 8 6 ° ,  f rom m e t h a n o l  ( l i t .  

m .p ,  2 0 4 ° ,  f rom m e t h a n o l :  w a t e r ,  1 : 3 ) .
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-1
v - -  (NUJOL) : 2700 (m) (b onded  h y d r o x y l ) ,  1650 (w)

ill CL-X. •

( e n o n e ) ,  1 5 8 0  ( s )  ( d o u b l e  bond)*

N.M.R. (CF3 C0 0 H):  8 -16  u (3H, s i n g l e t ) .

2 , 2 - D i m e t h y l e y e l o h e x a n e - 1 , 3 - d i o n e  ( 59 )

P r e p a r e d  by t h e  N a z a r o v ^ m e t h o d ,  t h i s  compound

was o b t a i n e d  i n  6 5 % y i e l d  as  p l a t e s ,  m .p .  3 3 - 3 6 °  f rom  p e t r o l

( l i t .  m .p .  3 8 - 3 9 ° ,  46%).
- 1

Vmax. ( CC1 4. ) : 1 7 3 4  ( s )> 1 7 0 4  ( s ) ( c a r b o n y l s ) .

c a r b o n y l  i n t e r a c t i o n  A = 30 cm.” \

The N.M.R. i s  shown i n  T a b le  V I .

The O ^ a l k y l a t i o n  p r o d u c t ,  2 - m e t h y l - 3 - m e t h o x y -

c y c l o h e x - 2- e n e - l - o n e  was a l s o  o b t a i n e d  a s  a  b y - p r o d u o i

i n  low y i e l d .
- 1

v cm* . ( f i l m ) :  1 6 5 0  ( s )  ( e n o n e ) ,  1615 ( s )  ( d o u b l e  b o n d ) ,max •

2 - C a r b e t h o x y m e t h y l e n e - 2 - m e t h y l c y c l o h e x a n e - l . 3- d i o n e  ( 60 )
30P r e p a r e d  by t h e  m ethod  o f  S t e t t e r  f rom  2 - m e t h y l -

c y c l o h e x a n e - 1 , 3- d i o n e , t h e  compound was o b t a i n e d  a s  c o l o u r l e s s

p r i s m s ,  m .p .  6 2 * 5 - 6 3 ° ,  f rom  p e t r o l :  d i i s o p r o p y l  e t h e r ,  6 : 1

( l i t .  m .p .  6 7 ° ,  f rom l i g r o i n ) .
- 1

v cm* (CC1A) :  1728 ( s )  ( e s t e r ,  k e t o n e ) ,  1703 ( s )  ( k e t o n e ) ,max. t̂

The N.M.R. i s  shown i n  T a b le  V I ,
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2, 2 - D i ( c a r b e t h o x y m e t h y l e n e ) c y c l o h e x a n e - 1 , 3 - d i o n e  ( 63 )

T h is  was o b t a i n e d  f rom 2 - c a r b e t h o x y m e t h y l e n e -

c y c l o h e x a n e - 1 , 3 - d i o n e  ( 4 ) (0*501 g . ,  0*0025 mole)  by t h e  
30above  method u s i n g  e t h y l  b r o m o a c e t a t e  • The p r o d u c t  was: a

brown o i l ,  w h ic h ,  by T . L . C . ,  showed two m ain  com ponents

w h ich  were  s e p a r a t e d  by p r e p a r a t i v e  T . L .C .  The l e s s  p o l a r

com ponen t ,  Rp 0*7 ,  (0*2653 g . ,  37%), b . p .  9 4 ° /0 * 0 2 5  mm.,

( s u b . ) ,  was shown t o  be t h e  d i e s t e r  ( 65 ) .
- 1

( C C l J :  1740 ( s )  ( e s t e r ) ,  1729 ( s h o u l d e r ) ,  1707 ( s ) ,IilaX  •

1699 ( s )  ( k e t o n e ) .

(Found:  C, 59• 1 9 5 H, 7 * 3 7 .  ^14^20^6  re(l u i r e s ; * C, 59*14;

H, 7*09%).

The N.M.R. i s  shown i n  T a b le  V I .

The mass s p e c t r u m  showed a p a r e n t  i o n  m/e 284 (^ ^4 ^2 0 ^6

r e q u i r e s  284) and a b a s e  p e a k  m/e 238 (M-CH^CI^OH), t h e r e

b e i n g  l a r g e  f r a g m e n t  i o n s  a t  m/e 123 and  m/e 5 5 .

The more p o l a r  com p o n en t ,  Rp 0 * 3 5 ,  t h e  O - a l k y l a t e d

p r o d u c t  ( 6 6 ) was o b t a i n e d  i n  35% y i e l d  (0*2463 g . > )  b . p .

1 3 0 - 1 3 5 ° /0 * 1  mm. ( s u b . ) .
- 1

Vmov (CClJ: 1763 (s) (ester, p-oxygen) 5 1741 (s)max #
( e s t e r ,  P - c a r b o n ) ; 1665 ( s )  ( e n o n e ) ;

1638 ( s )  (double bond).
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The N.M.R. s p e c t r u m  c o n f i r m e d  t h i s  by show ing  a s i n g l e t  a t  

5*41 t  (2 p r o t o n s )  f o r  t h e  m e t h y l e n e  a d j a c e n t  t o  t h e  oxygen 

and  t h e  e s t e r  g r o u p .  Two d i f f e r e n t  e s t e r  g r o u p s  a r e  

i d e n t i f i e d  by two q u a r t e t s  ( 5 *7 7 , 5*92 t )  and two t r i p l e t s  

( 8 * 8 3 ,  8 - 8 8  u ) .

A c t i o n  o f  n o l y p h o s p h o r i c  a c i d  on 2 , 2 - d i m e t h y l c y c l o h e x a n e -

1 . 3 - d i o n e  ( 59 )

The d i k e t o n e  ( 59 ) (0*224  g . ,  0*0016 m ole )  was  

added  t o  a v i g o r o u s l y  s t i r r e d  s y r u p  o f  p o l y p h o s p h o r i c  a c i d  

a t  an  o i l  b a t h  t e m p e r a t u r e  o f  9 0 ° .  T h i s  t e m p e r a t u r e  was 

m a i n t a i n e d  f o r  45 m i n . ,  t h e  s o l u t i o n  c o o l e d  and i c e  a d d e d .  

The m i x t u r e  was e x t r a c t e d  t h o r o u g h l y  w i t h  c h l o r o f o r m ,  t h e  

e x t r a c t s  b e i n g  w ashed  w i t h  b r i n e  and d r i e d  o v e r  sod ium 

s u l p h a t e .  E v a p o r a t i o n  a f f o r d e d  an  amber  o i l  (0*209 g . ,

90%) w h ich  by T .L .C .  and I . R .  was shown t o  be i d e n t i c a l  w i t h  

t h e  s t a r t i n g  m a t e r i a l .

A c t i o n  o f  p o l y p h o s p h o r i c  a c i d  on 2 - c a r b e t h o x y m e t h v l e n e - 2 -  

m e t h v l c v c l o h e x a n e - 1 . 3 - d i o n e  ( 60 ) -; e t h y l  8 ( 2 - k e t o - 6-  

t e t r a h y d r o p y r a n y l ) c r o t o n a t e . ( 6 1 )

The d i k e t o e s t e r  ( 6 0 )  (0*2893 g . ,  0*00137 mole)  

was r e a c t e d  as  a b o v e .  The p r o d u c t  was a y e l l o w  o i l  w h ich
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showed one m ain  com ponent ,  Rp 0*6 by  T .L .C .  S e p a r a t i o n  by 

p r e p a r a t i v e  T .L .C .  a f f o r d e d  t h e  l a c t o n e  e s t e r  ( 6 1 ) ( l 3 7 * 7  m g . ,  

48$)  b . p .  1 2 5 ° /  0 -25  mm., ( s u b . )  and an  a c i d i c  s p e c i e s  

(19*5 m g . , )  w h ic h  was n o t  c o m p l e t e l y  p u r e .  P u r i t y  o f  t h e  

sam p le  o f  l a c t o n e  e s t e r  was shown by G .L .C .  on v a r i o u s  

c o l u m n s :

Column Temp. F .R .  (ml . / m i n . ) R^.(min)

5$ QF1 175° 39 32*9

1$ CHDMS 2$ PVP 1 7 5 ° 39  10*0

10$ APL 175° 38 20*65

(Founds  C, 62*24 ;  H, 7 * 2 2 .  ^11^16^4  r e 9 u:*-r e S !  C, 62*25 ;

H, 7 * 6 0 $ ) .
- 1

v cnu ( C C 1 . ) : 1768 ( s )  ( l a c t o n e ) ;  1734 ( s )  ( e s t e r ) ;max .
1647 (w) (d o u b le  b o n d ) j  958 ( m ) , 802 ( w ) , 

787 (w) (d o u b le  b o n d ) .

C x !  209 m„ ( e ap p 1 2 , 9 0 0 ) .

The mass s p e c t r u m  showed a p a r e n t  i o n  m/e 212

r e q u i r e s  212) a  b a s e  p e a k  a t  m/e 41 and a  l a r g e  i o n  a t  m/e

166 (M-CH3CH2 0 H ) .



N.M.R. (100 Me.)

7*68 T (2H, t r i p l e t ,  J = 6 )

COOEt
g h

203

Ha 7 * 6 8

8 - 8 " 5
Hc

Hd 5-21

He 7*97

Hf 4*28
J = l - 5 )

H 5*94 T ( 2 H, q u a r t e t ,  J==7)

Hh 8*77 T (3H, t r i p l e t ,  J = 7)

I r r a d i a t i o n  a t  c o n v e r t e d  t h e  s i g n a l  a t  4*28 T i n t o  a

s i n g l e t ,  a n d  a l s o  c a u s e d  ch an g e  i n  t h e  m e t h y l e n e  a b s o r p t i o n

a r o u n d  8*3 T .  I r r a d i a t i o n  a t  8*3 T p r o d u c e d  a  s h a r p e n i n g  

o f  t h e  s i g n a l  a t  5 * 2 1  t .

The s i n g l e t  a t  7*97 T a p p e a r e d  a s  a  f i n e  q u a r t e t ,  

J  = 1,  when t h e  sample  was r u n  a t  60 Me.

The a c i d i c  component  showed a  b r o a d  c a r b o n y l  r e g i o n  

i n  t h e  i n f r a - r e d  s p e c t r u m  a s  w e l l  a s  a b s o r p t i o n  a t  1647 cm."*'*' 

( d o u b le  b o n d ) j  and  was p re su m ed  t o  be t h e  l a c t o n e  a c i d  ( 62  ) .
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A c t i o n  o f  p o l y p h o s p h o r i c  a c i d  on 2 . 2 - d i ( c a r b e t h o x y m e t h y l e n e ) -  

c y c l o h e x a n e - 1 , 3 - d i o n e  ( 6 5 ) ;  7 . 1 2 - d i o x a t r i c y c l o [ 4 , 3 . 3 . 0 ^ * ^ 1

d o d .eca -2 . 8 . 1 1 - t r i o n e  ( 69 ) .

The d i k e t o d i e a t e r  ( 6 5 ) ( 0 * 2 4 2 8  g . ,  0*00086 mole)  

was t r e a t e d  w i t h  p o l y p h o s p h o r i c  a c i d  e x a c t l y  as  a b o v e .  A 

y e l l o w  o i l  (152 m g . , )  was i s o l a t e d  w h ic h  p a r t i a l l y  

c r y s t a l l i s e d  on s t a n d i n g .  S e p a r a t i o n  o f  t h e  c r y s t a l s  and 

r e c r y s t a l l i s a t i o n  f rom e t h y l  a c e t a t e / p e t r o l  a f f o r d e d  t h e  

k e t o  d i l a c t o n e  ( 69 ) (1 1 4 * 8  m g . ,  64$) as  c o l o u r l e s s  p r i s m s ,  

m .p .  1 3 4 * 5 - 1 3 5 ° .

(Founds C, 57*12;  H, 4 * 6 8 .  ^10^10^5 re(l u i res;J 57*14;

H, 4 * 8 0 $ ) .
- 1

v Cm* ( C C l J ;  1829 ( s )  ( y - l a c t o n e ) ;  1813 ( s )  ( s e c o n d  max «
y - l a c t o n e ) ;  1729 ( s )  ( k e t o n e ) .

The mass s p e c t r u m  showed a  p a r e n t  i o n  m/e 210 ( ^ 0 ^ 10^5  

r e q u i r e s  2 1 0 ) and b a s e  p e a k  m/e 1 1 0 .

N.M.R.

Ha 7*42 r ( 2H , t r i p l e t ,  J  = 6 )

Hb 8*09 T (2H, m u l t i p l e ! . )

Hc 7*70 T ( 2H, t r i p l e t ,  J  = 6 )

c Hd 6*85 T ( 2H, d o u b l e t , J  = 18)

V 7*17 T (2H, d o u b l e t ,  J  = 18)b

I r r a d i a t i o n  a t  t h e  H, f r e q u e n c y  c o n v e r t e d  t h e  t r i p l e t  a t
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7*70 T and t h e  t r i p l e t  a t  7*42 z  i n t o  b r o a d  s i n g l e t s . .  

I r r a d i a t i o n  a t  t h e  H f r e q u e n c y  c a u s e d  t h e  m u l t i p l e t  a t  8*09 T 

t o  c o l l a p s e  t o  an i l l - d e f i n e d  s i g n a l s  a t t e m p t s  t o  d e c o u p l e  

p r o t o n s  and f a i l e d  due t o  t h e  h i g h  c o u p l i n g  c o n s t a n t #

( v i )  Boron  T r i f l u o r i d e / a c e t i c  a c i d

2 - C a r b e t h o x y m e t h y l e n e - 2 - ( 3 ' - k e t o p e n t y l ) c y c l o -  

h e x a n e - 1 , 3 - d i o n e  ( 2 4 )  (0*201 g . ,  0*00071 m ole)  was added  t o  

a  s o l u t i o n  o f  f r e s h l y  d i s t i l l e d  b o r o n  t r i f l u o r i d e  e t h e r a t e  

( l  m l . , )  and  a c e t i c  a c i d  (4 m l . , ) .  The s o l u t i o n  was 

r e f l u x e d  f o r  2 \  h r s . ,  c o o l e d ,  p o u r e d  i n f o  c o n c e n t r a t e d  

sod ium  a c e t a t e  s o l u t i o n  and t h o r o u g h l y  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  w ere  washed  s e v e r a l  t i m e s  w i t h  b r in e : ,  

d r i e d  o v e r  sodium s u l p h a t e  and a z e o t r o p e d  w i t h  b e n z e n e  t o  

remove t r a c e s  o f  a c e t i c  a c i d .  P r e p a r a t i v e  T . L . C .  y i e l d e d  

t h e  enone l a c t o n e  ( 29 ) m .p .  1 3 1 -1 3 2 °  ( 1 8 ’ 1 m g . ,  12$) a s  

shown by  I . R . ,  T .L .C .  and G .L .C .

( v i i )  Boron t r i f l u o r i d e / a c e t i c  a n h y d r i d e

The k e t o e s t e r  ( 24 ) (0*1974  g . ,  0*00074  m ole)  

a f t e r  t r e a t m e n t  w i t h  a s o l u t i o n  o f  b o r o n  t r i f l u o r i d e  

e t h e r a t e  ( l  m l . , )  i n  a c e t i c  a n h y d r i d e  (4 m l . , )  was r e f l u x e d  

f o r  2 \  h r s .  The s o l u t i o n  was e x t r a c t e d  as  a b o v e ^ t h e
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r e s u l t i n g  brown o i l  showing  many com ponents  by T . L .C .  The 

s t a r t i n g  m a t e r i a l  h ad  o b v i o u s l y  f r a g m e n t e d  and f u r t h e r  

i n v e s t i g a t i o n  was a b a n d o n e d .

5 10H y d r o g e n a t i o n  o f  9 - c a r b e t h o x y m e t h y l e n e - 5 - m e t h y l - A  * -

o c t a l i n - 1 , 6 - d i o n e  ( 5 ) .

The enone ( 5 ) w i t h  14$ t r i k e t o e s t e r  ( 24 ) 

p r e s e n t  as  a  s t a n d a r d  was h y d r o g e n a t e d  o v e r  p a l l a d i u m /  

c h a r c o a l  ( 10 /6) u s i n g  a v a r i e t y  o f  s o l v e n t s , i . e . , e t h a n o l ,  

a c e t i c  a c i d ,  d i o x a n e ,  e t h a n o l / h y d r o c h l o r i c  a c i d .  The 

h y d r o g e n a t i o n  p r o d u c t s  were  i d e n t i f i e d  by  G .L .C .  u s i n g  a 

v a r i e t y  o f  columns and c o n f i r m e d  by e x a m i n a t i o n  u s i n g  c o u p l e d  

mass s p e c t r o s c o p y  and gas  c h r o m a t o g r a p h y .  T r e a t m e n t  o f  a 

sa m p le  o f  a l l  f o u r  p o s s i b l e  h y d r o g e n a t e d  i s o m e r s  ( 4 0 ,  4 1 ,

4 2  , 4 3 , )  w i t h  a l c o h o l i c  s u l p h u r i c  a c i d  c a u s e d  e p i m e r i s a t i o n

o f  t h e  e p im e r  ( 41 ) w i t h  t h e  m e t h y l - m e t h y l  i n t e r a c t i o n  a s  

i l l u s t r a t e d  by G .L .C .  and G .C .M .S.  ( T a b l e s  I I I ,  IV an d  V, 

d i s c u s s i o n ) ,
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A r - 2 - t e t r a l o l  b e n z y l  e t h e r
3 6T h is  was p r e p a r e d  by  t h e  p r o c e d u r e  o f  L i p o v i c h  . 

The p r o d u c t  d i s t i l l e d  a t  b . p .  1 7 0 - 1 7 5 ° / 0 * 03 mm., 85$ y i e l d  

n 2r°  1 -5845  ( l i t .  b . p .  1 6 9 - 1 7 1 ° / 5 - 6  m m.) .

6 - B e n z y l o x y - l - t e t r a l o n e  ( 71 )

S t a n d a r d  J o n e s  r e a g e n t  ( 8N) (264  m l . ,  0*7046 mole)  

was added  d r o p w is e  o v e r  3 j  h r s . ,  t o  a s o l u t i o n  o f  a r - 2-  

t e t r a l o l  b e n z y l  e t h e r  (83*85 g . ,  0*352 m ole )  i n  a c e t o n e  

(170 m l o , )  a t  5 ° .  A f t e r  c o m p le t e  a d d i t i o n ,  t h e  c o o l i n g  

was removed and t h e  m i x t u r e  s t i r r e d  f o r  a  f u r t h e r  12  h r s . ,  

a t  room t e m p e r a t u r e .  M e th a n o l  (20 m l . , )  was added  t o

d e s t r o y  e x c e s s  r e a g e n t  and s t i r r i n g  c o n t i n u e d  f o r  a f u r t h e r  

15 m i n . ,  a f t e r  w h ich  t h e  m i x t u r e  was p o u r e d  on t o  i c e .

The aqueous  s o l u t i o n  was e x t r a c t e d  t h o r o u g h l y  w i t h  an  e t h y l  

a c e t a t e / e t h e r  m i x t u r e  ( l s l ) ,  t h e  o r g a n i c  l a y e r  t h e n  b e i n g  

w ashed  (x4)  w i t h  b r i n e  and e v a p o r a t e d  i n  v a c u o , a f t e r  d r y i n g  

o v e r  sodium s u l p h a t e .  C r y s t a l l i s a t i o n  o f  t h e  r e s u l t i n g  

r e d  o i l  f rom a s m a l l  amount  o f  m e th a n o l  a f f o r d e d  t h e  

t e t r a l o n e  ( 7 1 )  as  p a l e  y e l l o w  p l a t e s ,  m .p .  9 7 * 5 -9 8 °

( 6 4 - 1  g . ,  72fo) .

(Found:  C, 8 0 - 9 1 ;  H, 6 - 5 5 .  ^17^16^2  r e 9 u i r e s :  C, 8 0 - 9 3 ;

H, 6 - 3 9 $ ) .
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- 1  , 
vCm;  ( n u j o l ) :  1660 ( s )  ( c o n j  * c a r b o n y l )

I113/X  •

^EtOIi 275  m  ̂ 16  1 2 0 ) 224 mu ( e ,  1 1 , 2 1 0 ) ,

H 7 ’ 14 x  (2H, t r i p l e t ,  J = 6 )a
Hfe 7*9 t (2H, m u l t i p l e t )

Hc 7*5 T (2H, t r i p l e t , J = 6 )

3*25 t (1H, b r o a d  s i n g l e t )

H 3*18 t  (1H, p a i r  o f  d o u b l e t s  
masked by H^)

Hf  2 -05  T (1H, d o u b l e t , J=9 )

H 4*93 t (2H, s i n g l e t )
S

2*65 t (5H, s i n g l e t )

The k e t o n e  y i e l d e d  a d i n i t r o p h e n y l h y d r a z o n e  d e r i v a t i v e , 

d a r k  r e d  n e e d l e s ,  m .p .  2 1 7 - 2 1 7 - 5 ° ,  f rom  e t h y l  a c e t a t e .

(Found:  C, 63*90 ;  H, 4 - 6 7 ;  N, 1 2 - 9 1 .  C23H20°5N4

r e q u i r e s :  C, 6 3 - 8 8 ;  H, 4 - 6 6 ;  N, 1 2 -96% ) .

2 - C a r b e t h o x y - 6 - b e n z y l o x y - l - t e t r a l o n e  ( 72 )

A s o l u t i o n  o f  t h e k e t o n e  ( 71 ) ( 4 - 0  g . ,  0 -0 1 5 8  

m ole)  i n  d r y  t e t r a h y d r o f u r a n  (25 m l . , )  v a s  added  s l o w l y  t o  

a  m i x t u r e  o f  sodium h y d r i d e  ( l - 9  g . ,  50% s u s p e n s i o n  i n  o i l ,  

> 0 -033  mole)  and d i e t h y l  c a r b o n a t e  ( 3 -8 9  g . ,  0 -033  mole)

XHCW\. •

208 mp, ( e ,  18,390)

[ C a l c - Xmax. 2 7 4  

N.M.R. (CC1.)



i n  r e f l u x i n g  t e t r a h y d r o f u r a n  (50 m l . , )  u n d e r  an a tm o s p h e r e

o f  n i t r o g e n ,  E f f e r v e s c e n c e  v a s  o b s e r v e d  and  t h e  h e a t i n g

c o n t i n u e d  f o r  3 h r s . ,  a f t e r  w h ich  t im e  t h e  m i x t u r e  was:

a l l o w e d  t o  c o o l  and d i l u t e  a c e t i c  a c i d  ( 1 0 0  m l • , )  added  t o

d e s t r o y  e x c e s s  sodium h y d r i d e .  The s o l u t i o n  was d i l u t e d

w i t h  e t h e r ,  t h e  e t h e r  l a y e r  t h e n  b e i n g  w ashed  w i t h  d i l u t e

sod ium  h y d r o x i d e  ( 4 N ) . E x a m i n a t i o n  o f  t h e  a l k a l i n e  p h a s e

a f f o r d e d  o n l y  a  s m a l l  amount o f  a c i d i c  s p e c i e s .  The e t h e r

l a y e r  a f f o r d e d ,  on s t a n d i n g ,  a p a l e  p u r p l e  s o l i d ,  m .p .  1 5 0 -

155°  ( d e c o m p . , ) .  Th is  s o l i d  gave  a p o s i t i v e  f e r r i c

c h l o r i d e  t e s t  and d e c o l o u r i s e d  n e u t r a l  p o t a s s i u m  p e r m a n g a n a t
-1 ,

VCm- ( n u j o l ) ;  1650 ( s )  ( c o n j  * k e t o n e ) ;  1625 (m) ( d o u b lein six c
bond)

T h i s  sodium s a l t  was d i s s o l v e d  i n  i c e - c o l d  d i l u t e  h y d r o ­

c h l o r i c  a c i d  and t h o r o u g h l y  e x t r a c t e d  w i t h  e t h e r .  The 

o r g a n i c  l a y e r  was w ashed  w i t h  sod ium  b i c a r b o n a t e  ( l $ ) ,  t h e n  

b r i n e  and d r i e d  o v e r  sodium s u l p h a t e .  E v a p o r a t i o n  i n  v acuo  

y i e l d e d  t h e  k e t o e s t e r  ( 72 )  as  a p a l e  y e l l o w  o i l  w h ic h  

c r y s t a l l i s e d  f rom e t h y l  a c e t a t e  a s  p r i s m s ,  m .p .  6 1 - 6 2 * 5 ° ,

(2* 36 g . ,  4 6 $ ) .
- 1  A

vcm. (CHClo):  1732 ( s )  ( e s t e r ) ;  1676 ( s )  ( c o n j  • k e t o n e )max. j

1597 ( s )  ( a r o m a t i c ) .

^EtOH 278  m(i ( £j 19) 9 0 0 ) ,  225 m|i ( e ,  1 1 , 4 0 0 ) ,  211  mp.
m ax .
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A d d i t i o n  o f  NaOH (6N) (4 d r o p s )  p r o d u c e d  a b a t h o c h r o m i c  

s h i f t  t o  ^ * ° H/ Na0H 337 mp ( e ,  1 6 , 0 0 0 ) ,  253 mp ( e ,  1 0 ,6 5 0 )

^20^20^4 re^u:*-r ess  V, 74*06 5

’max .
(Founds C , 74*33 ;  H, 6* 4 6 .

II, 6* 2 l /o ) .  

N.M.R,

Ha 6 • 6 T (1H, m u l t i p l e t )

Hb 7*67 17 (2H, m u l t i p l e t )

Hc 7*07 17 (2H, t r i p l e t ,  
J  = 6)

Ha 3*27 T (1H, b r o a d
s i n g l e t )

He 3*07 17 ( lH ,  p a i r  o f  
d o u b l e t s  masked)

Hf 2*02 % (1H, d o u b l e t , 
J  = 9)

H
g 4*91 T (2H, s i n g l e t )

Hh 2*62 T (5H, s i n g l e t )

H.1 5*82 17 (2H, q u a r t e t ,  
J  = 7)

H.
3

8*82 17 (3H, t r i p l e t ,  
J  = 7)

The e s t e r  gave  a  g r e e n  c o l o u r a t i o n  w i t h  f e r r i c  c h l o r i d e
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A t te m p te d  K e t a l i s a t i o n  o f  2 - c a r b e t h o x y - 6 - b e n z y l o x y - l -  

t e t r a l o n e  ( 72 )

( a )  E t h y l  o r t h o f o r m a t e / e t h a n o l / a c e t y l  c h l o r i d e

The k e t o e s t e r  ( 72 ) (0*25 g . ,  0*00077 m o l e ) ,  

d i s s o l v e d  i n  a n h y d r o u s  e t h y l  a l c o h o l  (0*35 g . ,  0*0077 m o l e ) ,  

was t r e a t e d  w i t h  f r e s h l y  d i s t i l l e d  e t h y l  o r t h o f o r m a t e  

(1*198 g . ,  0*0081 m ole)  and t h e  m i x t u r e ,  a f t e r  t h e  a d d i t i o n  

o f  p u r i f i e d  a c e t y l  c h l o r i d e  (2 d r o p s ) ,  was s h a k e n  f o r  15 

m i n u t e s  and l e f t  a t  room t e m p e r a t u r e  f o r  24 h r s .  The 

s o l u t i o n  was h e a t e d  a t  r e f l u x  f o r  1 h r . ,  a f t e r  w h ic h  t im e  

e x c e s s  o r t h o f o r m a t e  and a l c o h o l  w ere  rem oved  by  e v a p o r a t i o n  

i n  v a c u o . The amber  r e s i d u e  (0*201 g . , )  c o n s i s t e d  o f  o n l y  

s t a r t i n g  m a t e r i a l  as  shown by  T . L . C .  and I . R .

(b )  E t h y l e n e  g l y c o l  (10$  e x c e s s  ) / p - t o l u e n e s u l p h o n i c .  ac i d L  

b e n z e n e .

The k e t o e s t e r  ( 72 ) (5*0 g . ,  0*0154  m o l e ) ,  e t h y l e n e  

g l y c o l  (1*057 g . ,  0*017 m o le ,  10$ e x c e s s )  and p - t o l u e n e -  

s u l p h o n i c  a c i d  (10 m g , , )  i n  d r y  b e n z e n e  (20 m l . , )  w ere  

h e a t e d  u n d e r  r e f l u x  f o r  6 h r s . ,  u s i n g  a  D e a n - S t a r k  w a t e r -  

s e p a r a t o r .  On c o n c e n t r a t i o n  o f  t h e  b e n z e n e  s o l u t i o n  

i n  v a c u o , a c o l o u r l e s s  s o l i d  (1*18 g . ,  25$) s e p a r a t e d .  The

f i l t r a t e  was f u r t h e r  e v a p o r a t e d  i n  v a c u o , d i l u t e d  w i t h
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e t h e r  and w ashed  w i t h  w a t e r  and d i l u t e  sodium b i c a r b o n a t e  

(5%) •  The e t h e r e a l  e x t r a c t  was w ashed  w i t h  b r i n e ,  d r i e d  

o v e r  sodium s u l p h a t e  and e v a p o r a t e d  i n  vacu o  t o  y i e l d  a p a l e  

brown o i l  w h ic h  by T .L .C .  and I . R .  i n d i c a t e d  s t a r t i n g  

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

The s o l i d  m a t e r i a l  a f f o r d e d  c o l o u r l e s s  p l a t e l e t s ,  

m .p .  128 -1 3 0 °  f rom e t h e r ,  and  was shown t o  be  t h e  d i m e r i c  

s p e c i e s  ( 76 ) .

(Found:  C, 73*72$ H, 5*48 .  ^ 38^ 34^8  re(l u:*-r e s s  C, 73*77 ;

H, 5*54fo) .

The d im e r  gave  a  g r e e n  c o l o u r a t i o n  w i t h  f e r r i c  c h l o r i d e
- i  ,

v cra;  (CHCl^) :  1741 ( s )  ( e s t e r ) ;  1676 ( s )  ( c o n j  * k e t o n e ) ;max • j

1644 (w) ( u n s a t n * ) ;  1597 ( s )  ( a r o m a t i c ) .  
\ ^ Et0H/ CHC13 . 279*5 mu ( s ,  3 4 , 9 0 0 )

luU^X |

B a s e :  \  340 mp ( e ,  3 3 , 1 0 0 ) ,  254 mp ( e ,  2 4 , 5 5 0 ) .max 4

H 6*39 z  (2H, m u l t i p l e t )  a
ca  7*6 z ( 4H, m u l t i p l e t )

H 7*02 % (4H, t r i p l e t ,
c J  = 6)

H, 3*16 z  (2H, b r o a d
s i n g l e t )

He 3*08 z  (2H, p a i r  o f  
d o u b l e t s  masked)

H« 1*99 Z ( 2H, d o u b l e t ,
1 J  = 9)

H 4*88 z  (4H, s i n g l e t )
Hh 2*57 z  (10H, s i n g l e t )
H. 5*55 z  (4H, f i n e

1 d o u b l e t ,  J  = 2)

N.M.R.

0

r%a

0

CH0
I 2

y ° s 2

■0

PhCH20
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The mass s p e c t r u m  gave  a p a r e n t  i o n  m/e 618 \C33H3 4 Og

r e q u i r e s  6 1 8 ) ,  a b a s e  p e a k  m/e 91 and a l a r g e  i o n  m/e 322 
c o r r e s p o n d i n g  t o  f r a g m e n t  ( 7 7 ) .

( c )  E t h y l e n e  g l y c o l  ( 1 0  m o la r  e x c e s s  ) / p - t o l u e n e s u l p h o n i c :  

a c i d / b e n z e n e .

E t h y l e n e  g l y c o l  (1*25 g . ,  0*02 m ole)  and p - t o l u e n e -  

s u l p h o n i c  a c i d  (5  m g . , )  i n  d r y  b e n z e n e  (15 m l . , )  w e re  h e a t e d  

u n d e r  r e f l u x  w i t h  v i g o r o u s  s t i r r i n g  f o r  1 ^ h r s , ,  u s i n g  a 

D e a n - S t a r k  w a t e r - s e p a r a t o r . The k e t o e s t e r  ( 7 2 )  (Q°5 g . ,  

0*0015 mole)  was added  and t h e  h e a t i n g  c o n t i n u e d  f o r  48 h r s .  

The s o l u t i o n  was e v a p o r a t e d  i n  v a c u o , d i l u t e d  w i t h  e t h e r ,  

washed  w i t h  d i l u t e  sodium b i c a r b o n a t e  (5$ )  t h e n  b r i n e  (x4)  

and  d r i e d  o v e r  sodium s u l p h a t e .  E v a p o r a t i o n  i n  v acu o  

a f f o r d e d  an  amber  o i l  (1*12  g . , )  w h ic h  by  TcLoC. and I . E .  

was shown t o  be t h e  s t a r t i n g  k e t o e s t e r .

1 . l - E t h y l e n e d i o x y - 6 - b e n z y l o x y t e t r a l i n  ( 7 9 ) .

E t h y l e n e  g l y c o l  (9*79 g . ,  0*158 m ole)  and  p -  

t o l u e n e s u l p h o n i c  a c i d  ( 2 0  m g . , )  i n  d r y  b e n z e n e  (50 m l , , )  

w e re  r e f l u x e d  w i t h  v i g o r o u s  s t i r r i n g  u s i n g  a D e a n - S t a r k  

a p p a r a t u s  f o r  1^ h r s .  The k e t o n e  ( 7 1  ) (4*0 g . ,  0*0158 m ole)
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was added  and w a t e r  s e p a r a t i o n  c o n t i n u e d  f o r  48 h r s .  U s in g  

t h e  p r o c e d u r e  d e s c r i b e d  a b o v e ,  a p a l e  brown o i l  was  i s o l a t e d  

w h ic h  by T .L . C .  (20$  e t h y l  a c e t a t e /  p e t r o l )  was shown t o  

c o n s i s t  o f  s t a r t i n g  k e t o n e ,  Rp 0 *6 , p l u s  a l e s s  p o l a r  

com ponen t ,  Rp 0 * 7 .  A p o r t i o n  o f  t h i s  o i l  was p l a c e d  on an 

a l u m i n a  column (Voelm, Grade  I I I ,  70 g . ? ) f rom b e n z e n e  (5 m l . , )  

and  c a r e f u l l y  e l u t e d  w i t h  b e n z e n e .  By means o f  T . L . C .  o f  

t h e  v a r i o u s  f r a c t i o n s  o n l y  one f r a c t i o n  c o n t a i n e d  r e l a t i v e l y  

p u r e  k e t a l  ( 79 ) t h e  o t h e r s  b e i n g  c o n t a m i n a t e d  w i t h  k e t o n e  

( 71 ) .  T h is  p u r e  f r a c t i o n  (0*7503 g . ,  16$)  was c r y s t a l l i s e d  

f rom a queous  e t h a n o l  as  p r i s m s ,  m .p .  6 2 * 5 - 6 4 °  b u t  c o m p l e t e l y  

p u r e  m a t e r i a l  c o u l d  n o t  be o b t a i n e d .

(Found :  C, 77*43 ;  H, 7 * 4 1 .  ^19^20^3  r e 9.u;*-reSiS C, 77*00 ;

H, 6 * 8 0 $ ) .
- 1

Vcm'  ( n u j o l ) s  1245 ( s ) ;  1165 ( s ) ;  1135 ( s ) ;  1070 ( s ) ;max .
1020 ( s )  ( C - 0 ) ; n o  c a r b o n y l .
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Ha
H,

8*13 t  (4H, m u l t i p l e t )

PhCH20
H 7 • 2 8  x (2H, b r o a d  

c s i n g l e t )

H, 3*40 t (1H, b r o a d
s i n g l e t )

He c a 3 * 3  t (1H, p a i r  o f  
d o u b l e t s  masked)

c a  2*7  u ( lH ,  d o u b l e t  
masked)

H 5 * 0 1  t  (2H, s i n g l e t )
O

Ht 2*67 T (5H, s i n g l e t )

IR 5*98 T (4H, s i n g l e t )  

A t t e m p te d  s e p a r a t i o n  o f  t h e  k e t o n e  and  t h e  k e t a l  by- 

p r e p a r a t i v e  T . L .C .  c o u l d  n o t  be a c h i e v e d .  G .L .C .  o f  t h e  

c r u d e  r e s i d u e  showed t h a t  t h e  r a t i o  o f  k e t a l  t o  k e t o n e  

was l l / 9 .

Column j Vfo APL Temp, s 200° F .R .  40 m l . ,  / m i n .

Rj. ( k e t o n e )  15*75 m in .  ( k e t a l )  28*35 m in .

S e p a r a t i o n  o f  t h e  k e t o n e  and  t h e  k e t a l  u s i n g  G i r a r d  P 

R e a g e n t  a l s o  l e d  t o  i s o l a t i o n  o f  m i x t u r e s  i n d i c a t i n g  a 

c o n t i n u a l  c o n v e r s i o n  o f  t h e  k e t a l  t o  t h e  k e t o n e .
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