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Abstract 

T h e e v o l u t i o n o f [ 1 0 ] a n n u l e n e s f r o m t r a n s i e n t 

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

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

i n t e r a c t i o n s . 

T h e p r e p a r a t i o n o f 5 , 7 a - d i h y d r o - 7 a - m e t h y l - 1 H -

i n d e n - 1 - o n e h a s "been i m p r o v e d . T h e c o n v e r s i o n o f t h e 

a d d u c t o f i t s e n o l e t h e r , 3 - m e t h o x y - 3 a - m e t h y l - 3 a H - i n d e n e , 

w i t h d i m e t h y l a c e t y l e n e d i c a r b o x y l a t e i n t o t h e t r i c y c l i c 

[ l O ] a n n u l e n e , 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) h a s 

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

l a r g e s c a l e w o r k . 

T h e s t r u c t u r e s o f t h e [ 4 + 2 ] a n d [ 8 + 2 ] a d d u c t s o f 

3 - m e t h o x y - 3 a - m e t h y l - 3 a H - i n d e n e w i t h N - p h e n y l m a l e i m i d e 

a n d m a l e i c a n h y d r i d e h a v e b e e n u n a m b i g u o u s l y a s s i g n e d . 

N e w a d d u c t s w i t h 2 - c h l o r o a c r y l o n i t r i l e a n d 2 - c h l o r o -

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

m o n o s u b s t i t u t e d [ l O ] a n n u l e n e s a n d t h e v e r s a t i l e t r i c y c l i c 

k e t o n e , 2 a - m e t h o x y - 7 b - m e t h y l - 1 , 2 a , 7 a , 7 b - t e t r a h y d r o - 2 H -

c y c l o p e n t [ c d ] i n d e n - 2 - o n e r e s p e c t i v e l y . T h i s k e t o n e h a s 

b e e n c o n v e r t e d i n t o t h e a n n u l e n e ( 1 ) b y w a y o f b a s e 

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

a n d i n t o t h e t e t r a e n o n e , 2 a , 7 b - d i h y d r o - 7 b - m e t h y l - 2 H -

c y c l o p e n t [cd] i n d e n - 2 - o n e , b y r e m o v a l o f t h e e l e m e n t s o f 

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

p r o p o r t i o n o f t h e " p h e n o l i c " t a u t o m e r , 7 b - m e t h y l - 7 b H -

c y c l o p e n t [cd] i n d e n - 2 - o l . I t s c o n v e r s i o n i n t o t h e 

a n n u l e n e ( 1 ) b y r e d u c t i o n a n d e l i m i n a t i o n o f w a t e r 

r e p r e s e n t s t h e b e s t m e t h o d s o f a r f o r t h e s y n t h e s i s o f 



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

A n e w 3 3 - H - i n d e n e , 3 - ( t r i m e t h y l s i l o x y ) - 3 a - m e t h y l -

3 a H - i n d e n e , h a s b e e n p r e p a r e d a n d i t s u s e a s a n a n n u l e n e 

p r e c u r s o r i n v e s t i g a t e d . A t t e m p t s t o p r e p a r e 7 b - m e t h y l -

7 b H - c y c l o p e n t [ c d ] i n d e n - 1 - o l f r o m i t s [ 8 + 2 ] a d d u c t w i t h 

d i c h l o r o k e t e n e w e r e n o t s u c c e s s f u l . 

T h e c h e m i c a l p r o p e r t i e s o f t h e a n n u l e n e ( 1 ) w e r e 

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

r e a r r a n g e m e n t a n d i t s r e a c t i o n s w i t h d i e n o p h i l e s a n d 

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

i s o c y a n a t e , a r i n g e x p a n s i o n g a v e N - c h l o r o s u l p h o n y l -

2 , 9 b - d i h y d r o - 9 b - m e t h y l - 1 H - i n d e n o [ 1 , 7 - c d ] a z e p i n - 1 - o n e , 

a n e w 1 2 7 T - s y s t e m w h i c h s h o w e d s o m e e v i d e n c e o f 

a n t i a r o m a t i c i t y . 

T h e a d d u c t o f 3 - ( t r i m e t h y l s i l o x y ) - 3 a - m e t h y l - — 

3 a H - i n d e n e w i t h b e n z o q u i n o n e w a s c o n v e r t e d i n t o a 

d e r i v a t i v e o f 9 c - m e t h y l - 9 c H - c y c l o p e n t a [ j k ] f l u o r e n e . 

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

[ 1 O j a n n u l e n e , w a s p r e p a r e d f r o m 7 b - m e t h y l - 7 b H - c y c l o p e n t -

[ c d ] i n d e n e - 1 , 2 - d i c a r b o x a l d e h y d e , a n d i t s p r o p e r t i e s 

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

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

( D 
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1 Introduction 

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

c y c l i c u n s a t u r a t e d h y d r o c a r b o n s , ^ n ^ n * c o m P o s e ( ^ a 

r i n g o f ( C H ) u n i t s . T h e b e s t k n o w n m e m b e r o f t h i s 

s e r i e s i s [ 6 ] a n n u l e n e ( b e n z e n e ) . I t s s t a b i l i t y , t h e 

w i d e o c c u r r e n c e o f i t s d e r i v a t i v e s i n n a t u r e a n d i t s 

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

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

w h i c h h a s p o l y o l e f i n i c p r o p e r t i e s 1 a n d c y c l o b u t a d i e n e 

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

c o n d i t i o n s . 2 

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

b y t h e m o l e c u l a r o r b i t a l t h e o r y o f H u c k e l . H i s f a m o u s 

4 n + 2 r u l e s t a t e s t h a t a p l a n a r m o n o c y c l i c s y s t e m 

c o n t a i n i n g 4 n + 2 o u t o f p l a n e 7 r - e l e c t r o n s p o s s e s s e s 

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

l i n e a r 7r-system a n d t h a t t h e 4 n 7 r- e l e c t r o n c y c l i c 

s y s t e m s p o s s e s s n o s u c h s t a b i l i t y . 3 

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

e x p e r i m e n t a l r e s e a r c h t o d e t e r m i n e i t s v a l i d i t y . I n 

t h i s r e s p e c t , S o n d h e i m e r a n d h i s c o - w o r k e r s w e r e 

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

a n n u l e n e s c o n t a i n i n g 12 t o 3 0 c a r b o n a t o m s w h i c h s h o w e d 

a n a l t e r n a t i o n i n p r o p e r t i e s i n a g r e e m e n t w i t h H u c k e l . 4 

T h i s i s i l l u s t r a t e d w i t h [ l 8 ] a n n u l e n e ( 2 ) a n d [ l 6 ] a n n u l e n e 

( 3 ) . 

P e r h a p s s u r p r i s i n g l y , [ 1 8 ] a n n u l e n e ( 2 ) w a s f o u n d 

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

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



e n o u g h c o n d i t i o n s , i t c o u l d b e n i t r a t e d , 5 a c e t y l a t e d ,5 

6 6 
b r o m i n a t e d a n d f o r m y l a t e d . 

(2) ( 3 ) 

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

i t i s n o t a s a t i s f a c t o r y c r i t e r i o n f o r a r o m a t i c i t y ; 

7 , 8 

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

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

w h i c h c a n b e m e a s u r e d r e a d i l y b y n . m . r . 

[ l 8 ] A n n u l e n e ( 2 ) d i d n o t g i v e a s a t i s f a c t o r y 

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

c o n f o r m a t i o n a l i n v e r s i o n s , b u t a t - 6 0 ° C t h e o u t e r 

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

5 9 . 2 8 a n d t h e i n n e r p r o t o n s w e r e s t r o n g l y s h i e l d e d a t 

5 - 2 . 9 9 . C o n v e r s e l y , [ l 6 ] a n n u l e n e ( 3 ) , a t - 1 1 0 ° C , g a v e 

r e s o n a n c e s f o r t h e o u t e r p r o t o n s a t 5 5 . 4 0 a n d t h e i n n e r 

p r o t o n s a t 5 1 0 . 4 3 s h o w i n g a p a r a m a g n e t i c r i n g c u r r e n t t 
4a 

b e p r e s e n t i n a n a p p l i e d m a g n e t i c f i e l d . 

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

i s t h a t o f b o n d l e n g t h e q u a l i s a t i o n . F o r a n n u l e n e s 

h i g h e r t h a n - ( 2 ) , t h e l i m i t o f H u c k e l ' s r u l e i s r e a c h e d , 
4 

a s m a n i f e s t e d b y s i g n i f i c a n t b o n d a l t e r n a t i o n . H o w e v e r 



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

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

b o n d e q u a l i s a t i o n t o b o n d a l t e r n a t i o n a n d t h a t t h e r e 

m a y b e s o m e b o n d a l t e r n a t i o n , a l b e i t s m a l l , e v e n i n 

[ T O ] a n n u l e n e s . 9 

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

[ l O j a n n u l e n e w a s n o t a b l y a b s e n t . F o r t h e m o n o c y c l i c 

[l 0 ] a n n u l e n e s , t h e c o n f i g u r a t i o n s ( 4 ) - ( 7 ) m a y b e 

c o n s i d e r e d . 

O 
( 4 ) ( 5 ) 

(6) ( 7 ) 

F o l l o w i n g e x p e r i m e n t s d e m o n s t r a t i n g t h e i n t e r m e d i a 

o f [l o ] a n n u l e n e s , 1 0 t h e i s o m e r s ( 4 ) a n d ( 5 ) w e r e i s o l a t e d 

b y M a s a m u n e a n d c o - w o r k e r s . 1 1 T h e b e s t p r e p a r a t i v e m e t h o d 

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

n a p h t h a l e n e ( 8 ) u n d e r c a r e f u l l y c o n t r o l l e d c o n d i t i o n s . 



T h e r e s u l t i n g a n n u l e n e s w e r e s e p a r a t e d a n d p u r i f i e d "by 

l o w t e m p e r a t u r e c o l u m n c h r o m a t o g r a p h y . 1 1 

( 9 ) 

H o w e v e r , n e i t h e r o f t h e a n n u l e n e s ( 4 ) o r ( 5 ) 

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

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

F u r t h e r m o r e , t h e i r u . v . s p e c t r a s h o w e d i n c o m p l e t e 

c o n j u g a t i o n o f t h e d o u b l e b o n d s . W h e n t h e a l l c i s -

a n n u l e n e ( 4 ) w a s a l l o w e d t o w a r m t o r o o m t e m p e r a t u r e , 

i t r e v e r t e d t o t h e c i s - d i h y d r o n a p h t h a l e n e ( 8 ) b y a 

t h e r m a l l y a l l o w e d d i s r o t a t o r y e l e c t r o c y c l i c p r o c e s s w i t h 

a h a l f l i f e o f 4 7 m i n u t e s a t 6 ° C . S i m i l a r l y , t h e m o n o -

t r a n s - a n n u l e n e ( 5 ) g a v e t h e t r a n s - d i h y d r o n a p h t h a l e n e ( 9 ) 

w i t h a h a l f l i f e o f 2 2 m i n u t e s a t - 2 5 ° C . 1 1 

I n a n e l e g a n t p i e c e o f w o r k , s t r u c t u r e s ( 4 a ) a n d 

( 5 a ) w e r e a s s i g n e d t o b e t h e m o s t f a v o u r e d c o n f o r m a t i o n s 

o f t h e s e a n n u l e n e s t o e x p l a i n t h e t e m p e r a t u r e v a r i a t i o n 

o f t h e p r o t o n a n d c a r b o n - 1 3 n . m . r . s p e c t r a ] 1 a n d a 

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

12 
e n e r g e t i c a l l y t h e m o s t f a v o u r e d . 



14. 

( 4 a ) ( 5 a ) 

T h u s t h e m o n o c y c l i c a n n u l e n e s i s o l a t e d b y 

M a s a m u n e a n d c o - w o r k e r s d o n o t p o s s e s s t h e f u l l y 

c o n j u g a t e d 1 0 7 r - e l e c t r o n s y s t e m o f i n t e r e s t . T h e i r 

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

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

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

F o r t h e a l l c i s - c o m p o u n d ( 4 ) , a p l a n a r c o n f o r m a t i o n 

n e c e s s i t a t e s i n t e r n a l b o n d a n g l e s o f 1 4 4 ° a n d t h e r e i s 

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

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

i n v o l v e d f o r t h e c o n f i g u r a t i o n s ( 5 ) , ( 6 ) a n d ( 7 ) . 

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

p l a n a r 1 0 7 r - s y s t e m f o r c o m p l e t e c y c l i c c o n j u g a t i o n , i t w a s 

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

t r i b e n z o - f u s e d s y s t e m ( 1 0 ) h a s b e e n p r e p a r e d b y S o n d h e i m e r 

a n d c o - w o r k e r s b u t w a s f o u n d n o t t o b e p l a n a r . 4 3 E v e n i f i t 

w e r e , i t i s p r o b a b l e t h a t t h e t h r e e b e n z e n e r i n g s w o u l d 

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

c o n t r i b u t i o n o f t h e i n n e r I 0 7 r - r i n g t o t h e o v e r a l l 

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

T h e c o m p o u n d ( 1 1 ) w i t h c y c l o h e x e n y l r e s i d u e s i n p l a c e o f 

t h e b e n z e n e r i n g s w a s t o o u n s t a b l e t o b e i s o l a t e d . 4 8 



(10) ( 1 1 ) 

sQSL 
^ Q_o / at) (TO 

( 1 2 ) ( 1 3 ) 

A l t h o u g h t h e d e h y d r o [ l 4 ] a n n u l e n e ( 1 2 ) a n d • 

s i m i l a r h i g h e r a n n u l e n e s h a v e b e e n p r e p a r e d , 1 3 a t t e m p t s 

t o s y n t h e s i s e a d e h y d r o [ l o ] a n n u l e n e h a v e n o t b e e n 

s u c c e s s f u l . T h e b i s - d e h y d r o [ l O j a n n u l e n e ( 1 3 ) i s 

e x p e c t e d t o b e p l a n a r b u t i s u n l i k e l y t o b e i s o l a b l e 

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

i n - p l a n e 7 r - e l e c t r o n s .14 A t t e m p t s t o p r e p a r e t h e m o d e l 

c o m p o u n d ( 1 4 ) r e s u l t e d o n l y i n t h e i s o l a t i o n o f z e t h r e n e 

( 1 5 ) a n d d e h y d r o g e n a t i o n o f t h e s o l v e n t o c c u r r e d . 4 3 

S i m i l a r l y , a t t e m p t s t o p r e p a r e d i b e n z o - 1 , 2 , 6 , 7 - b i s - d e h y d r o -

[ l O j a n n u l e n e ( 1 6 ) w e r e n o t s u c c e s s f u l a n d o n e o f t h e 

p r o d u c t s i s o l a t e d w a s a b e n z [ a ] a n t h r a c e n e d e r i v a t i v e . 1 15 



O n t h i s b a s i s , t h e a n n u l e n e ( 1 3 ) w o u l d b e e x p e c t e d t o 

g i v e n a p h t h a l e n e r a p i d l y . 

( 1 5 ) 

(16) ( 1 7 ) 

F o l l o w i n g t h e a b o v e w o r k , M a s a m u n e a t t e m p t e d t h e 

s y n t h e s i s o f d e r i v a t i v e s o f t h e a n n u l e n e ( 1 7 ) w h i c h w e r e 

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

/ X 10c 

^ - e l e c t r o n s t h a n t h e i s o m e r ( 1 3 ) . H o w e v e r , t r e a t m e n t o f 

t h e m e s y l a t e s ( 1 8 ) a n d ( 1 9 ) w i t h a v a r i e t y o f b a s e s g a v e 

a n t h r a c e n e a n d 1 , 2 , 3 , 4 - t e t r a h y d r o a n t h r a c e n e r e s p e c t i v e l y . 

I n t h e c a s e o f t h e m e s y l a t e ( 1 8 ) , p h e n a n t h r e n e w a s 

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

w a s u s e d f o r t h e r e a c t i o n , d e u t e r i u m w a s i n c o r p o r a t e d i n t o 
10c 

t h e 9 - a n d 1 0 - p o s i t i o n s o f t h e a n t h r a c e n e . T h e s e 

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

I n t h e c a s e o f t h e m e s y l a t e ( 1 9 ) , a b y p r o d u c t w a s t h e 

d i a c e t y l e n e ( 2 0 ) w h i c h m a y h a v e b e e n f o r m e d b y o p e n i n g 
o f t h e d i r a d i c a l i n t e r m e d i a t e . 

10c 



17. 

O M s 

( 1 8 ) 

O M s 

( 1 9 ) 

(20) 

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

[ l o ] a n n u l e n e s w a s n e a t l y o v e r c o m e b y V o g e l , b y c o n n e c t i o n 

o f t h e 1 - a n d 6 - p o s i t i o n s o f t h e d i - t r a n s - i s o m e r ( 6 ) w i t h 

a m e t h a n o b r i d g e . T h e r e s u l t i n g 1 , 6 - m e t h a n o [ l o ] a n n u l e n e 

( 2 1 ) w a s s y n t h e s i s e d f r o m n a p h t h a l e n e 1 6 ( S c h e m e 1 ) a n d 

s h o w e d t h e c h a r a c t e r i s t i c s o f a n a r o m a t i c c o m p o u n d . I t 

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

p r o t o n n . m . r . s p e c t r u m , t h e m e t h y l e n e p r o t o n s a p p e a r 

u p f i e l d o f t e t r a m e t h y l s i l a n e a t 5 - 0 . 5 d u e t o t h e 

d i a m a g n e t i c r i n g c u r r e n t i n d u c e d i n t h e s y s t e m b y t h e 

a p p l i e d m a g n e t i c f i e l d . 1 7 



18. 

ii , m 

IV 

( 2 1 ) 

S C H E M E 1 R e a g e n t s : i , N a - E t O H - N H y , i i , 

C H C l ^ - K O B u 1 5 ; i i i , N a - H g ; i v , D D Q 

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

h a s b e e n p r e p a r e d w i t h v a r i o u s b r i d g i n g g r o u p s a n d 

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

u p t o t h e [ 2 2 ] a n n u l en e ( 2 2 ) . 1 7 

(22) (23) 

A l t h o u g h t h e m e t h a n o b r i d g e i n t h e a n n u l e n e ( 2 1 ) 

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

n o t p l a n a r , 1 8 t h e c o m p o u n d ( 2 2 ) s t i l l h a s s o m e a r o m a t i c 

p r o p e r t i e s d e s p i t e t h e p r e s e n c e o f f o u r s u c h b r i d g e s . 1 7 6 



19. 

T h e r e s u l t s o f V o g e l l e a d t o t h e c o n c l u s i o n t h a t t h e 

o v e r a l l p l a n a r i t y o f t h e 7 r - s y s t e m i s l e s s i m p o r t a n t i n 

d e t e r m i n i n g t h e e x t e n t o f d e l o c a l i s a t i o n t h a n t o r s i o n a l 

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

O 18 

m a x i m u m v a l u e o f 3 4 i n ( 2 1 ) . . W h e n l a r g e t o r s i o n a l 

a n g l e s a r e p r e s e n t , a r o m a t i c i t y i s d e s t r o y e d . F o r e x a m p l e , 

c o m p l e t e d e l o c a l i s a t i o n i n t h e a n t i - b i s - m e t h a n o [ l 4 ] a n n u l e n e 

( 2 3 ) i s d i s r u p t e d b y t o r s i o n a l a n g l e s g r e a t e r t h a n 7 0 ° . 

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

r e s o n a t e a t 5 1 . 8 8 a n d 5 2 . 4 8 i n t h e n . m . r . s p e c t r u m s h o w i n g 

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

A l t h o u g h t h e r e i s n o d o u b t t h a t t h e a n n u l e n e ( 2 1 ) 

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

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

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

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

1 , 6 - b o n d i n g i n t e r a c t i o n w h i c h g i v e s a c e r t a i n a m o u n t o f 
19 

6 7 r - d e l o c a l i s a t i o n a s d e p i c t e d b y ( 2 4 ) . 

( 2 4 ) 

I t i s n e c e s s a r y t o i n v o k e t h i s h o m o a r o m a t i c 

i n t e r a c t i o n t o e x p l a i n t h e e l e c t r o n i c 2 0 , 2 1 a n d p h o t o e l e c t r o n 2 2 

s p e c t r a , a n d a b o n d o r d e r o f 0 . 4 b e t w e e n t h e 1 - a n d 6-

20 

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

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



a n d a t r u e [l o] a n n u l e n e , a n d "that t h e [ 2 2 ] a n n u l e n e ( 2 2 ) 

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

23 

i n t e r a c t i o n s w e r e a b s e n t . M e a s u r e m e n t s o f t h e p o s i t i o n a l 

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

d e s i l y l a t i o n r e a c t i o n s s h o w t h e 2 - p o s i t i o n t o b e m u c h m o r e 

r e a c t i v e t h a n t h e 3 - p o s i t i o n i n e l e c t r o p h i l i c s u b s t i t u t i o n 

r e a c t i o n s . 2 4 O n l y b y i n v o k i n g s t r u c t u r e s s u c h a s ( 2 4 ) a s 

h a v i n g a s i g n i f i c a n t c o n t r i b u t i o n , c a n t h e s e r e s u l t s b e 
24 

e x p l a i n e d . 

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

a n n e l a t e d c o m p o u n d s ( 2 5 a ) a n d ( 2 6 a ) . T h e p r o t o n n . m . r . 

s p e c t r u m o f c o m p o u n d ( 2 5 a ) s h o w s t o r e s o n a t e u p f i e l d 

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

25 

o f m u c h r i n g c u r r e n t . S i m i l a r e f f e c t s a r e o b s e r v e d f o r 

26 

c o m p o u n d ( 2 6 a ) . T h u s , s t r u c t u r e s ( 2 5 b ) a n d ( 2 6 b ) m a y b e 

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

5 - 0 . 6 6 + 1 . 3 3 

H; 
5 + 0 . 2 9 + 2 . 4 5 

^ H b 

( 2 5 a ) ( 2 6 a ) 

( 2 5 b ) ( 2 6 b ) 



21. 

A h o m o a r o m a t i c i n t e r a c t i o n h a s a l s o b e e n 

d e m o n s t r a t e d i n t h e c a t i o n ( 2 7 ) . I t s c a r b o n - 1 3 n . m . r . 

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

( 2 8 ) a n d s h o w s t h e p o s i t i v e c h a r g e d e n s i t y t o l i e m a i n l y 

27 
in the right hand ring as shown. If there were no 

interaction across the 107r-system, a comparable positive 

charge would be expected to reside on all the peripheral 

positions. 

( 2 7 ) 

32.3 
9.5-15̂  >Y i 

T h e f i g u r e s g i v e n a r e 

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

d i f f e r e n c e s i n t h e c a r b o n - 1 3 

s p e c t r u m r e l a t i v e t o t h e 

u n c h a r g e d h y d r o c a r b o n 

(28) 

T h e a b o v e r e s u l t s s h o w t h a t t h e a n n u l e n e ( 2 1 ) s t u d i e d 

b y V o g e l c a n n o t b e r e g a r d e d a s a t r u e H u c k e l a n n u l e n e i n 

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

C a l c u l a t i o n s p r e d i c t t h a t a l t h o u g h t h e 1 , 6 - i n t e r a c t i o n i n 

a [ l o ] a n n u l e n e i s b o n d i n g , t h e 1 , 5 - i n t e r a c t i o n i s n o t a n d 

t h a t t h e 1 , 5 - m e t h a n o [ 1 0 ] a n n u l e n e ( 2 9 ) s h o u l d p o s s e s s l i t t l e 

28 

h o m o - i n t e r a c t i o n . 

1 , 5 - M e t h a n o [ l o ] a n n u l e n e b e a r s t h e s a m e r e l a t i o n t o 

a z u l e n e a s 1 , 6 - m e t h a n o [l 0] a n n u l e n e d o e s t o n a p h t h a l e n e . 

T h e i n t e r a c t i o n i n a z u l e n e i t s e l f i s c a l c u l a t e d t o b e 
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28 
s m a l l b u t i t s b l u e c o l o u r a n d l a r g e d i p o l e m o m e n t s h o w 

t h e i n t e r a c t i o n t o b e p r e s e n t . 1 , 5 - M e t h a n o [ l o ] a n n u l e n e 

w a s f i r s t s y n t h e s i s e d b y M a s a m u n e a n d B r o o k s i n 1 9 7 7 

29 30 

( S c h e m e 2 ) a n d l a t e r b y S c o t t a n d c o - w o r k e r s ( S c h e m e 3 ) . 

S y n t h e s e s o f 1 , 5 - M e t h a n o [ l o ] a n n u l e n e 

( 2 9 ) 

S C H E M E 2 R e a g e n t s : i , ( M e O ) 2 P C H C H = C H C 0 2 M e - T H P ; 

i i , P r 1
2 N L i ; i i i , 0 2 ; i v , ( E t O ) ^ P ; v , L i A l H ^ ; 

v i , N a I 0 4 ; v i i , B u ^ A l H , - 7 8 ° C ; v i i i , P h C 0 2 H -

P P h 3 - M e 0 2 ^ = N C 0 2 M e , 0 ° C ; i x , 0 H ~ ; x , 

4 - 0 2 N C 6 H 4 N = C = 0 ; x i , 3 0 0 ° C . 
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111, IV VI , Vll 

A c O 

H O 

Vlll, IX 
( 2 9 ) 

S C H E M E 3 R e a g e n t ; : i , C u C l - P h B r , 1 8 0 ° C ; i i , G H 2 S 0 M e 2 

D M S O , 7 5 ° C ; i i i , T s N H N H g - M e O H , 2 5 ° C ; i v , 

M e L i - E t 2 0 , 2 5 ° C ; v , P b ( O A c ) 4 - C 6 H 6 - A c O H ; 

v i , P b ( 0 A c ) 2 - P P h ^ - N a 2 C 0 ^ ; v i i , M e L i - E t 2 0 ; 

v i i i , M s C l - N E t 2 - C H 2 C l 2 , 0 ° C ; i x , K O B u 1 1 -

B u ^ O H , 2 5 ° C 

T h e a n n u l e n e ( 2 9 ) h a s a r o m a t i c p r o p e r t i e s 

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

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

O 3i 
m a x i m u m o f 4 2 . T h e p r e s e n c e o f a r i n g c u r r e n t c a u s e s 

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

u p f i e l d o f t e t r a m e t h y l s i l a n e a t 5 - 0 . 5 0 a n d 5 - 0 . 9 5 ?
2 9 E v e n 

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

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



of the name, homoazulene,32 The introduction of a 
methoxy substituent into the 1-position causes a greater 
effect on the band frequencies in the electronic spectrum 
than if the substituent is elsewhere; this behaviour is 
also shown by azulene.32 The similarity with azulene is 
also shown by the e.s.r. spectrum of its radical anion 
where the main hyperfine coupling is to the proton at 

31 

position-6 in both compounds. Protonation of 1,5-methano-
[ic]annulene occurs exclusively at the 1-position to give 

31 the stable homotropylium ion (30). 

(29) (30) 

Although the evidence shows a transannular 
interaction to be present in .the annulene (29), unlike 
the 1,6-interaction encountered in Vogel's compound (21 
that between the 1- and 5-positions causes a charge 
displacement in the molecule and a considerable change in 
properties may be brought about by an interaction of only 
a small magnitude. 

A bridged [10]annulene in which the geometry is such 
that any transannular interaction is probably even less 
significant is 7b-methyl-7bH-cyclopent[cd]indene (1). The 
interatomic distance between the 4a- and 7a-positions has 
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33 been calculated to be 2.55 A, much longer than the 
o 

transannular distance of 2.26 A encountered in 1,6-methano-
[lO]annulene (21).18 Paquette and co-workers have estimated 
that mutually canted homoconjugated carbon atoms can still 

o 
interact at distances upto 2.45 A, but above this value, 

O J the interaction falls off rapidly. 

6 

The tricyclic [lo]annulene (1) is derived from the 
hypothetical monocyclic system (7) by replacement 'of the 
three internal hydrogen atoms with a single bridging 
carbon atom. It is related to the 1477—dihydropyrene (31), 
extensively studied "by Boekelheide 35 and the isomeric 

36 

system (32). Both of the annulenes (31) and (32) have 
been shown to be strongly diatropic aromatic compounds 35,36 

(31) (32) 



A compound with the same periphery as the 
annulene (1) is [3,2, 2] cyclazine (33).37 Although this is 
a stable aromatic compound, the contribution of the lone 
pair of electrons from the nitrogen atom has a marked 
effect on its electronic structure and its properties 
may be ascribed to the fusion of a pyridinium cation and 
one of two azacyclopentadienyl anions rather than to its 
10nr-periphery. Hence, electrophilic substitution takes 
place predominantly at the 1-position.37 

(33) 

Isoelectronic with [3,2,2] cyclazine .is the anion 
(34) which has been synthesised as its lithium salt38 

(Scheme 4). Not surprisingly, quenching of the anion 

(34) with water does not give the annulene (36) but the 
more stable henzenoid hydrocarbon, 1H-cyclopent[cd]indene 

38 (35). Also, when the anion was treated with deuterium 
oxide, a product deuterated specifically at the 1-position 

39 

v/as obtained. It is therefore considered unlikely that 
the annulene system could be prepared by alkylation of 
the anion (34) but nevertheless, this represents an 
interesting experimental challenge. 
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SCHEME 4 
(36) 

Pd-C 

C O , H 

H20 

(35) 

H 20 MeLi 

(34) 

Due to the high mobility of the hydrogen atom, 
either in acid-base reactions or by sigmatropic shifts, 
it is probable that the isolation of compound (36) would 
be prevented by its facile rearrangement to the more 
stable 1H-isomer (35). For this reason, synthetic 
approaches to the annulene have concentrated on the 
compound with the bridgehead methyl group (1). The methyl 
group has a low tendency to undergo sigmatropic migration 
and is readily introduced. 

Few reports of attempted synthesis of the annulene 
(l) have appeared in the literature. This may be because 
the methods that are frequently used in the preparation of 
annulenes are not applicable. Thus, acetylenic precursors, 
as used for the preparation of large ring annulenes such 
as [l8]annulene4 cannot be utilised and there is no valence 
isomer which will rearrange into the annulene (1). The 



rearrangement of a suitable valence tautomer has been 
used in the preparation of 1,6-methano[lo]annulene (21),16 

the dihydropyrene (sO^and the monocyclic [10] annul en es, 
(4) and (5).4 Therefore a more classical approach, such 
as those used in the synthesis of 1,5-methano [10]annulene 

29 30 

(29) ' has to be used. 
An attempt to synthesise the annulene (1) in which 

the carbon skeleton was constructed by a transannular 
reaction gave a virtually fully saturated system in which 
introduction of the necessary unsaturation was not 
achieved (Scheme 5). The difficulties incurred in 
introducing unsaturation into strained systems were 
probably not fully appreciated when this synthesis was 
undertaken. 

O 
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An attempt by Bradbury to prepare the system was 
thwarted when the required electrocyclic ring closure 
failed; a cis-trans isomerisation occurred instead 
(Scheme 6).41 

SCHEME 6 

The breakthrough came in 1980; during an 
investigation of the chemical properties of the 3aH-indene 
derivative (37) Tuddenham discovered that its reaction 
with the dienophile, dimethyl acetylenedicarboxylate 
proceeded by an [8+2] cycloaddition reaction426and that the 
elimination of methanol from the resulting adduct provided 

42c a derivative of the desired system (Scheme 7). 
The diester ( 3 8 ) was a bright yellow fluorescent 

oil and the resonance of the central methyl group at 5-1,34 
showed that the 107r-periphery could sustain a diamagnetic 

42c ring current in an applied magnetic field. 
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i v - v i — • 

(37) 

MeOoC C O Me 

(38) 

SCHEME 7 

Reagents: i, K-Bu^OH-THF-NH^, -78°C; 
ii, LiBr-THF; iii, Mel-H20-THF; iv, 
Pr^KLi-THF, -78°C; v, PhSeBr-THF, 
-78°C; vi, H202-THF, 0-*25°C; vii, 
KH-18•Crown•6-DME, -15°C; viii, 
Me0S02P; ix, Me02C-C=0-C02Me; x, 
H2S04-Me0H, 0°C or TsOH-CgHg, 80°C 

X-Ray crystallographic analysis of the dicarboxylic 
acid (39) obtained by base hydrolysis of the diester (38) 
showed the periphery was nearly planar with little variation 

42 c 

of bond lengths. The central carbon atom was out of plane 
and maintained its tetrahedral geometry. Some shortening 
of the bonds connecting the central carbon atom to the 

42c 

periphery was observed and hence it is unlikely that any 
atom larger than the carbon atom could be accommodated as 
a bridging group in this 107r-system. It was unfortunate 
that accurate bond lengths could not be measured from the 
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crystallographi c analysis; the crystal structure was 
disordered because either of the two diastereoisomeric 
forms (39a) and (39b) occupy a given site in the crystal 
T 4.4. • 42C lattice. 

Attempts to decarboxylate the acid (39) to give 
the parent system (1) were not successful since the 
vigorous conditions necessary for decarboxylation were 
not compatible with the stability of the syst em.42a,£/However, 
Tuddenham eventually showed that it was possible to prepare 
the parent annulene by conversion of the diester (38) into 
the corresponding dialdehyde and subsequent decarbonylation 
with tris(triphenylphosphine)rhodium(I) chloride (Scheme 8), 
although only a very small quantity of the annulene (1) was 
prepared and it was contaminated with triphenylphosphinet2d 
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M e 0 2 C C 0 2 M e H O C H C H o O H 

(38) 

11 

O H C C H O 

i n 

( D 

SCHEME 8 Reagents: i, LiAlH4-Et20, 25°C; ii, DDQ-
C6H6, 80°; iii, Rh(PPh3)3C1-C6H6, 80°C " 

/ 
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2 Discussion 

2.1 The Synthesis of 7b-Methyl-7bH-cyclopent[cd] indene 

(1) 

The aim of this project was to study the chemistry 
of the [10] annulene , 7b-methyl-7bH-cy clopent [cd] ind ene (1) 
and a variety of its derivatives, in order to gain some 
understanding of the nature of its novel 1Or-periphery. 

The synthesis pioneered by Tuddenbam (Schemes 7 and 

8) was the only successful approach to the system at the 
time this work started and it was decided to modify his 
route so that sufficient of the annulene could be prepared 
to allow for a thorough study of its properties. The key 
step of the synthesis involves the construction of the 
carbon skeleton by means of an [8+2]cycloaddition reaction 
of a suitable dienophile to a 3aH-indene derivative. This 
theme has been maintained throughout the present work and 
it was necessary to prepare precursors of the required 
3aH-indenes in appreciable quantities. Therefore, 
considerable attention has been given to the early stages 
of the synthesis. 

2.1.1 The Birch Reduction and Methylation of 1-Indanone 

The Birch 'reduction of 1-indanone has been studied 



34. 
by Narisada and Watanabef3and later by Tuddenham42a'b 

(Scheme 9). Potassium metal was added to a solution of 
1-indanone in liquid ammonia containing tert-butanol and 
tetrahydrofuran. Between 2.2 and 4 equivalents of methyl 
iodide were used in the subsequent methylation. 42a,b, 43 

SCHEME 9 Reagents: i, K-Bu^H-THF-NH^ , -78°c; 
ii, LiBr-THF,-78°C; iii,MeI-H20-
THF, -33 C 

In our hands, these conditions gave rise to the 
many products shown in Scheme 10 which were separated 
mainly by chromatography. 

(40) (41) 

H O O H 

SCHEME 10 

(42) 

(43) 



Considerable overmethylation occurred when 2.2 
equivalents of methyl iodide were used and the required 
dienone was obtained in only 18$ yield. The overmethylated 
dienone (41) and 2,2-dimethylindanone (42) were major 
byproducts. 2,2-Dimethylindanone (42) was particularly 
undesirable since it could not be fully separated from 
the requii'ed dienone (40). These two compounds have 
identical chromatographic characteristics and appear to 
give an azeotrope on distillation. When a mixture of them 
is distilled, an initial fraction containing 80$ of the 
dienone (40) is followed by pure dimethylindanone. It 
was since found that the methylation was sufficiently 
efficient that only just over one equivalent of methyl 
iodide was needed and that the yield of (40) was then 
improved to 40$. No O-methylated products were isolated 
from any of the reactions. 

In an early reaction, a minor byproduct was the 
unusual unsymmetrical dimer (43) which probably arose 
from a condensation reaction between reduced and unreduced 
material. One possible mechanism is illustrated in 
Scheme 11, and if such a proton transfer is involved, the 
intermediates (44) and (45) could also give methylated 
indanones and 1-indanol respectively. 

These unwanted reactions would be favoured by the 
presence of an excess of indanone in the reaction mixture. 
To avoid this, the order of addition of the reagents was 
altered. The indanone in tetrahydrofuran containing 
tert-butanol was added to a preformed solution of potassium 
in liquid ammonia. The yield of the required dienone was 
then increased, consistently to over 50$. Table 1 



summarises the results of using a variety of conditi 

SCHEME 11 

O H 



TABLE 1 Product Distribution in the Reduction 
and Methylation of 1-Indanone 

Conditions Equivalents of 
methyl iodide 05-c 

(41) 
X 
(40) 

Yields 1* OiC 
(42) 

o O H 

A y 
O H 

Potassium added 2.2 
to the indanone 
solution . 7 

M ' • « 

22 

38 

15 

30 

19 

14 

1 

4 — 

7 

— not measured 

12 

— > 

* 

1.05 13 40 9 2 8 13 

Indanone added to 1.05 
the preformed 
potassium solution 

3 53 1 2 12 10 * * 

* uf the dimer (43) wag isolated in one instance under these conditions 
** of indane was also isolated 



The reduction of 118 g of 1-indanone has been 
accomplished in one reaction. On this scale, chromato-
graphic work-up is impracticable, both in terms of time 
and cost. Distillation of the crude product mixture 
through an efficient fractionating column gave dienone 
that was pure enough for the next stage of the synthesis0 

2.1.2 The Preparation of the Trienone, 5,7a-Dihydro-
7a-methyl-1H-inden-1-one (46) 

The introduction of the necessary extra unsaturation 
(Scheme 12) was troublesome. 

SCHEME 12 Reagents: i, LiNPr^- THE, -78°C; 
ii, PhSeBr-THF, -78°C; iii, H202~ 
H20-THF, 0 25°C 

Although in some small scale reactions, yields of 
the trienone (46) approaching 60$ have been reported,423 

the yield for the conversion is more frequently in the 
range 25 - 40$ and considerable amounts of starting 
material were always recovered. The main cause of the 
low yields was found not to be the oxidation, as previously 
thought,423 and the use of alternative oxidants gave no 
improvement (see Table 2). The problem was eventually 
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found to be an acid-base reaction during the phenyl-
selenation (Scheme 13). Two pieces of evidence support 
this reasoning. Firstly, n.m.r. analysis showed that the 
crude selenide was a mixture of at least eight compounds. 
A yield of the selenide was unobtainable since it could 
not be efficiently separated from other compounds in the 
mixture. Secondly, when the overmethylated dienone (41) 
was subjected to the same reaction conditions, no 
starting material was recovered and a respectable yield 
of two products was isolated (Scheme 14). In this 
example, the selenide has no acidic proton and an acid-
base reaction cannot occur. 

SCHEME 13 

Ob i - ill 

(47) 50fo (48) 

3 CKEME 1 4 Reagents: i - iii, as for Scheme 12 
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The major product (47) was an unstable oil which 
rapidly polymerised on standing. Its structure was 
established by examination of the proton n.m.r. spectrum 
which showed the five olefinic protons and only one 
methyl group. 

Numerous unsuccessful attempts to improve the 
preparation of the trienone (46) by adjustment of the 
reaction conditions are summarised in Table 2. A method 
involving preparation of the selenide by treatment of the 
dienone (40) with phenylselenyl chloride in refluxing 
ethyl acetate44 gave, after oxidation, only 7$ yield of 
the required trienone. 

The absence of recovered starting material when the 
enolate was trapped with chlorotrimethylsilane prior to 
the phenyls elenation was promising, but the trimethyl-
silylation was not a clean reaction. It was subsequently 
found that the dienone could be converted in good yield 
into its trimethylsilyl enol ether by treatment with 
chlorotrimethylsilane and triethylamine in acetonitrile 
containing sodium iodide.47 This method has the advantages 

i 

that the reagents are cheap and isolation of the product 
is simple. Large quantities of the trimethylsilyl ether 
were thus made easily and converted into the selenide by 
treatment with phenylselenyl bromide in tetrahydrofuran at 
-78°C.48 The selenide prepared in this way was virtually 
pure (n.m.r.). Oxidation with hydrogen peroxide then gave 
the trienone (46) in an overall yield of over 50$. Scheme 
15 illustrates this improved procedure. 



TABLE 2 Variation of the Standard Conditions of 
Scheme 12 in the Preparation of the 
Trienone (46) 

Alteration to the 
standard conditions 

Yield of 
trienone (46) 

* 

Yield of 
recovered 
dienone (40) 

* 

Tvro phase oxidation: H202~ 
: i 2 o - c h 2 c i 2 4 5 

Two phase oxidation: 
TsN-Cl-Na-H20-CH2Cl2-
?hMe3irC!"(cat. )44 

Oxidation with m-Cl-C^H^ CO^H-
TEE-Et2NH46 

inverse addition of the enolate 
to phenylselenyl bromide 

Inverse addition of the enolate 
to phenylselenyl chloride 

27 

20 

22 

29 

20 

13 

23 

21 

33 

Addition of hexamethylphosphor-
amide (H3IPA) with the phenyl-
selenyl bromide 34 

Enolate trapped with chloro-
trimethylsilane at room 
temperarature, then selenation 
at -90°C 31 

29 

0 

* Yield unknown owing to contamination 
with unoxidised selenide 
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(40) 

OSiMe3 f^rk _ 
k ^ 1 — / 

11 

SePh i n (^Y\ 
L E E 

(46) 

SCHEME 15 , MySiCl-Ral-E-yN-Reagents: i 
CH^CN, 40°C; ii, PhSeBr-THF, -78UC; 
iii, H202-H20-pyridine-THP, 5°C 

Pyridine has been used as a buffer in selenide 
oxidations45 and although its inclusion appears to give no 
direct yield improvement, the oxidation becomes more 
controllable since an induction period which can be 
encountered in the highly exothermic reaction is eliminated. 
A byproduct of the oxidation is 2-methyl-trans-cinnamic 
acid which is probably formed by way of a competing Baeyer-
Villager oxidation of the selenide or selenoxide (Scheme 16) 

Ok H202 
SePh- SePh 

SePh 

CO,H CO,H 

SCHEME 16 



This byproduct was not formed by overoxidation of 
the trienone (46); the trienone was stable to the reaction 
conditions. Furthermore, if the oxidation of the trienone 
did give a cinnamic acid, it would be expected to be of 
cis-stereochemistry. These findings are contrary to the 
explanation of Sharpless and co-workers that formation 
of the lactone (45) from a comparable oxidation was an 

44 

overoxidation of the enone they wanted. The Baeyer-
Villager reaction had probably occurred before the 
selenoxide elimination. 

(49) 

The trienone (46), a pale yellow oil was isolated 
by chromatography and could be further purified by a rapid 
bulb to bulb distillation under nitrogen. 

2.1.3 The Adduct of 3~Methoxy-3a-methyl-3aH-indene (37) 
with Dimethyl Acetylenedicarboxylate and its 
Conversion into 7b-Methyl-7bH-cyclopent[cd] indene (1) 

Conversion of the trienone (46) into the annulene 
derivative (38) was accomplished by the procedure of 
Tuddenham (Scheme 17).42a"c 
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(46) 

1 , 11 

C 0 2 M e 

.OMe 

SCHEME 17 

O M e 

(37) 

111 

I V 

(38) X 
(50) X 
(51) X 
(1) X 

C02Me 
CH 2OH 
CHO 
H 

Reagents: i, KH-18- Crown-6-DME, -23°C; 
ii, Me0S02P; iii, Me02C-C=C-C02Me; iv, 
HgSO.-MeOH, 0°C or TsOH-CgHg, 80°C 

The cycloaddition reaction was quite slow and was 
preferentially done at slightly above room temperature. 
As well as the acidic catalysts used by Tuddenham, ''the 
base, 1,8-diazabicyclo[5.4.o]undec-7-ene (DBU) also effected 
the aromatisation in high yield. 

The reduction of the diester (38) into the diol (50) 
was straightforward, but the product was sensitive and 
therefore immediately oxidised to the dialdehyde (51). 

j 

Tuddenham used 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) 
for this oxidation but found that isolation of the product was 

50 difficult. Barium manganate has been reported to be a good 
51 

reagent for the oxidation of benzylic alcohols. Treatment of 
the diol (50) with an excess of barium manganate in refluxing 
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dichloromethane afforded the required dialdehyde (51) in 
a yield of 66f° based on the diester (38). This 
dialdehyde is a stable orange-red solid; its bridgehead 
methyl group resonates at 5-1.12 in the proton n.m.r. 
spectrum. 

The disorder in the crystal structure of the 
dicarboxylic acid (39) has been attributed to strong 

42a 

intramolecular hydrogen bonding. Since such hydrogen 
bonding cannot be present in the dialdehyde, a crystal 
structure determination was undertaken.52 Unfortunately, 
the same kind of disorder was present and atomic 
co-ordinates could not be determined accurately. A given 
site in the crystal was found to be occupied by either of 
the two structures (51a) or (51b) in a 60 : 40 ratio. 
Therefore, intramolecular hydrogen bonding is not a 
necessary criterion for the presence of disorder. The 
crystal structure data for the dialdehyde (51) are presented 
in Appendix 1. 

HO „C C 0 2 H 

C H 

(51a) (51b) 
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If the diol (50) is oxidised with barium manganate 
at room temperature or below, a 2 : 1 mixture of the two 
isomers (52a) and (52b) could be isolated. It was 
surprising that these compounds exist as shown rather 
than as isomeric lactols, but this explains why the 
oxidation gives a dialdehyde. Similar oxidation of the 

53 

corresponding benzene derivative gave a lactone. The 
open forms are probably favoured for isomers (52a) and 
(52b) because the five membered ring to which the 
functional groups are attached will bestow some extra 
angle strain on the lactol. 

Decarbonylation of the dialdehyde (51) with 
tris(triphenylphosphine)rhodium(l) chloride proceeded 

54 

smoothly and in high yield in refluxing benzenec The 
monoaldehydes (53a) and (53b) were intermediates in this 
reaction and were isolated as an inseparable 5 : 4 mixture 
when only one equivalent of the reagent was usedc 

O H C C H O 

^ T n S (53a) (53b) 



A "byproduct from the decarboxylation reaction is 
triphenylphosphine which is very difficult to separate 
from the annulene (1) by physical means. However, it 
could be removed chemically by final treatment of the 
reaction mixture with methyl iodide at room temperature; 
this converts the triphenylphosphine to a salt and leaves 
the annulene untouched. Chromatography then gives the 
annulene completely free from triphenylphosphine, as shown 
by the absence of an ion at m/e 185 due to the diphenyl-
phosphinium ion, Pi^P', in the mass spectrum. 

The parent annulene (1) is a free running bright 
yellow oil which is volatile and can be readily distilled 
under reduced pressure. It has a green fluorescence in 
daylight. On exposure to air at room temperature, it 
slowly undergoes oxidative polymerisation manifested by an 
increase in viscosity, and it is best stored in solution 
at low temperature or under nitrogen below its freezing 
point. An analytical sample prepared by a method yet to 
be discussed (Section 2.1.7) has m.p. 13°C. The solid is 
pale yellow and waxy in appearance. A sharp absorption 
at 450 nm in the electronic spectrum accounts for the 
yellow colour. Fig. 1 illustrates the spectrum and shows 
that it has a much greater resemblance to that of 1,5-
methano [l 0]annulene than that of 1,6-methano [l o] annulene. 
This is probably because of the significant transannular 
interaction in the latter. Compared to the unsubstituted 
annulene (1), the diester (38) shows a bathochromic shift 
of about 30 nm owing to the effect of the substituents. 
A compilation of electonic spectral data for a number of 
derivatives of the annulene (1) is given in Appendix 2. 
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The proton n.m.r. spectrum of the parent annulene 
(1) shows a methyl singlet at 5-1.67 and the aromatic 
protons are in the range §7.4 - 8.2. The spectrum, 
illustrated in Fig. 2 supports the symmetrical structure 
of the compound. A compilation of the proton n.m.r. data 
for a number of derivatives of the annulene (1) is given 
in Appendix 3. The carbon-13 n.m.r. spectrum and the 
chemical properties of this annulene are discussed later 
in this thesis (Sections 2.1.6 and 2.2 respectively). 

A severe disadvantage of the above route to the 
annulene is that the expense of the rhodium reagent, of 
which two equivalents are necessary, precludes the 
preparation of substantial quantities of the parent 
system. Unfortunately, reagents which are reported to 
give catalytic decarhonylation of aldehydes were not 
suitable. Bis(1,2-bisdiphenylphosphinoethane)rhodium(I) 
chloride, [Eh(dppe)pCi] bis(1,3-hisdiphenylphosphino-

r -i 55 

propane)rhodium(I) chloride, [Rh(dppp)2Cl]j and bis(tri-
phenylpho sphine)t et raphenyIporphyrinat oruthenium(II), 
jRu(tpp) (PPh^)2] ĵ all decomposed during the attempted 
decarbonylation and very little of the dialdehyde was 
consumed. The rhodium reagents were prepared by a 

57 58 

combination of literature methods ' and the ruthenium 
complex was kindly supplied by Dolphin. 

2.1.4 The Adducts of 3-Methoxy-3a-methyl-3aH-indene (37) 
with Maleic Anhydride and N-Phenylmaleimide 

The problem above prompted a reinvestigation of the 
use of maleic anhydride as the dienophile in the trapping 
of the 3aH-indene derivative (37). It was proposed that 
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electrolytic oxidative bis-decarboxylation of the 
dicarboxylic acids derived by hydrolysis of the [ 8 + 2 ] 

adducts would give an immediate precursor (54) of the 
parent annulene (1) (Scheme 18). 

HQpC C 0 2 H 

O M e .OMe 

O M e 

(54) (1) 
SCHEME 18 

Tuddena&m reported that the cycloaddition of maleic 
anhydride 7/ita the 3aH-indene (37) gave a complex mixture 

42 a.b 
01 adducts in poor yield. The cause of the low yields 
was possibly the ease of hydrolysis of the adducts on 
silica during chromatography. Inclusion of a small amount 
of acetic anhydride in the eluant facilitated chromato-
graphic purification and at room temperature a mixture of 
adducts could then be isolated in good yield (65$). After 
heating this mixture on a steam bath, it could be separated 
by further chromatography into two components. These could 
be ascribed as [8+2] adducts from the close resemblance of 
their proton n.m.r. spectra to those of the known [8+2] 

42a, b adducts of N-phenylmaleimide. It was found that for both 
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maleic anhydride and N-phenylmaleimide, the less polar 
and more polar [8+2]adducts were formed in a 2 : 3 ratio. 
A matter of concern had "been the assignment of the • 
stereochemistry of these [8+2]adducts. Tuddenham quoted 
a coupling constant of 1.9 Hz for H-6 to H-7 in the less 
polar N-phenylmaleimide adduct which could not be 
adequately explained and led to doubts about the structure 

42a 

of the compound. The n.m.r, spectrum of the corresponding 
maleic anhydride adduct was interpreted but gave a normal 
coupling of 9 Hz for H-6 to H-7. Comparison of the spectra 
of these two compounds revealed that the resonance 
containing the 1.9 Hz coupling in the N-phenylmaleimide 
adduct was that of H-5 and that its previous assignment 
as H-6 was incorrect. This small coupling is that between 
H-5 and H-7. By careful examination of the multiplet in 
the spectrum due to H-6 and H-7, a normal coupling constant 
of 10 Hz for H-6 to H-7 could be revealed. 

(55a) X = NPh 
(55b) X = 0 

exo-

O M e 

(56a) X = NPh 
(56b) X = 0 

endo-

The alteration of the assignments of the spectra 
not only verifies the structure of the adducts but nullifies 
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the argument of Tuddenham based on the coupling constants 
for assignment of the less polar product as the endo-
isomer (56a).423 To assign the stereochemistry of these 
adducts, the nuclear Overhauser effect (n.O.e.) technique 
was used. This showed the previous assignments of 
stereochemistry were incorrect and that the less polar 
adducts are of exo-sterochemistry (ie. 55a and 55b). The 
measurements were made on the maleic anhydride adducts since 
these have the clearer spectra. Irradiation of the protons 
of the methoxy group gave an enhancement of the signal for 
H-2 only in the more polar isomer in which H-2 and the 
methoxy group must be in a cis-relationship. ' Both isomers 
showed the expected strong enhancement of H-7a when the 
methyl group was irradiated, confirming their cis-relation-
ship. Pigs 3 and 4 illustrate the nuclear Overhauser 
effects obtained. 

It is known that the [8+2] N-phenylmaleimide adducts 

are derived by a thermal rearrangement of an initial [4+2] -
O 42a.b 

adduct at about 90 C. Por the maleic anhydride adduct, 
the rearrangement occurs at about room temperature, making 
it difficult to isolate the [4+2]maleic anhydride adduct. 
L reasonable sample of the compound was prepared by keeping 
the product below room temperature throughout the work-up. 
Solvents were removed at 0°C using a rotary evaporator 
attached to a cold trap and high vacuum pump, and the 
chromatography column was cooled by a jacket of ice-water. 
The proton n.m.r. spectrum of the initial adduct was very 
similar to that of the stable initial adduct of N-phenyl-
maleimide. The initial maleic anhydride adduct rearranges 
to the [8+2]adducts with a half life of about 10 min at 
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35°Cc The initial [4+2]adducts (57a and 57b) were shown 
to be of the expected endo-stereochemistry by n.O.e. 
measurements on the N-phenylmaleimide adduct (57a). 
Fig. 5 illustrates the results obtained. Irradiation of 
the methoxy group gave strong enhancements of the signals 
due to H-2 and H-8, and lesser enhancements of H-7 and 
the bridgehead methyl group. When H-8, as determined by 
this experiment was irradiated, enhancement of the signal 
for H-7 was observed, confirming the endo-stereochemistry. 
If the stereochemistry were exo-, an enhancement of the 
signal for H-2 would have been expected instead. Further 
confirmation was that irradiation of H-9 gave approximately 
equal enhancements of H-4, H-5, H-6 and H-7. Molecular 
models show H-9 to be close and equidistant from these 
four protons only in an endo-isomer. 

(57b) X = 0 

The non-interconvertibility of the [8+2] adducts 
by heat was taken as evidence for a.dissociation-
recombination mechanism for the thermal rearrangement of 
the [4+2]adducts.423 This mechanism is strongly supported 
by trapping experiments. When the [4+2]maleic anhydride 
adduct (57b) is warmed in the presence of N-phenylmaleimide, 
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the [4+2] N-phenylmaleimide adduct (57a) is formed. The 
[8+2] dimethyl acetyl enedicarboxylate (DMAD) adduct was 
formed when either of the [4+2] adducts (57a) or (57b) 
were heated in the presence of DMAD at 110°C and 40°C 
respectively. These experiments show that the 3aH-indene 
(37) is an intermediate in the rearrangement process and 
therefore support a dissociation-recombination mechanism. 
In a complementary experiment, the [4+2]adduct (57b) was 
warmed in ether in the presence of cyclopentadiene. Here 
it is the maleic anhydride that is trapped and a bright 
yellow solution of the 3aH-indene (37) remained. Scheme 
19 illustrates the processes involved and the approximate 
temperatures at which the transformations occur. 

In an attempt to add phenyl vinyl sulphoxide to 
the 3aH-indene (37), the [4+2]adduct (57a) was heated in 
the presence of a large excess of this dienophile in the 
hope that the 3aH-indene generated at a relatively high 
temperature would be trapped as required. However, no 
new adduct was formed and one of the [ 8+2]N-phenylmaleimide 
adducts was isolated from the resulting mixture. Had 
phenyl vinyl sulphoxide given an [8+2] adduct, a facile 
elimination of phenylsulphenic acid could have given the 

1 \ 59 tetraene (54) directly. 
Unfortunately, attempts to use the maleic anhydride 

adducts as annulene precursors were unsuccessful. When 
the dicarboxylic acid salts obtained from a solution of a 
mixture of [8+2]adducts in methanolic potassium hydroxide 
was electrolysed using a platinum anode, or when a solution 
of the anhydrides in aqueous pyridine containing triethyl-
amine was electrolysed ,60'61none of the required product was 
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detected in the resulting mixture although starting 
material was consumed. The failure of this method was 
probably the consequence of the presence of a conjugated 
triene in the molecule. Quoted oxidation potentials62 

(Table 3) indicate that a conjugated triene may take 
up electrons more readily than a carboxylate group. 
Furthermore, no example has been located in the literature 
of the successful bis-decarboxylation of a compound 
containing conjugated double bonds apart from one example 

63 in which benzene is the product. 

TABLE 3 Oxidation Potentials62 

Discharge of carboxylate +0.8 to +2.5 V 

Ethylene +2.90 V 
1,3-Batadiene +1.84 V 

1i3>5-Cycloheptatriene +1.13 V 

Further attempts to utilise these adducts were 
discontinued when work with dienophiles derived from 
acrylic acid started to show much promise. 

2.1.5 The Adducts of the 3aH-Indene (37) with 2-ChIoro-
acrylonitrile; Their Reactions and Conversion into 
the Annulene (1) 

The commercially available dienophile, 2-chloro-
acrylonitrile was just sufficiently reactive to add to the 
3aH-indene (37). The reaction mixture had to be heated to 
about 60°C and a mixture of adducts was formed. Separation 
by column chromatography gave first a 55$ yield of a mixture 



of the [8+2]adducts (58a) and (58b) in a 3 : 1 ratio. 

O M e 

(58a) (58b) 

(59) (60a) R = H 
(60b) R = Me 

The structure of these adducts was assigned on the 
basis of n.m.r. which showed a pattern of olefinic proton 
resonances very similar to that of [8+2] adducts already 
described. Coupling between the protons originating from 
the dienophile and the bridgehead proton, H-7a, confirmed, 
the regiochemistry. When this mixture of stereoisomers 
was cooled in ice, the major isomer (58a) crystallised 
selectively leaving an oil enriched in the minor isomer 
(58b). The relative stereochemistry at C-2 was determined 
by n.O.e. measurements on the aldehyde (59) (Pig. 6) 
which was prepared by reduction of the adduct (58a) with 
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diisobutylaluminium hydride (DibalH). A small enhancement 
of the aldehyde proton resonance was observed on irradiation 
of either H-7a or the central methyl group« This would not 
be expected if the stereochemistry at C-2 was reversed. 

Further elution of the column gave a mixture of the 
two adducts (60a) and (60b) in a 3 2 ratio. This mixture 
had an electronic soectrum ( 305 nm) identical to 

~ max 
that of (58a) showing the same conjugated triene to be 
present, but in the n.m.r. spectrum, the protons which 
originated from the dienophile were not coupled to H-7a. 
The stereochemistry was determined, in the same way as was 
that of adduct (58a). The mixture was reduced with 
diisobutylaluminium hydride and n.O.e. measurements made 
on the resulting mixture of aldehydes (Figs 7 and 8). 
For both of the compounds in the mixture, irradiation of 
the aldehyde proton or the methoxyl methyl protons enhance 
the signal of the same one of the two protons at position-2. 
Thus, the aldehyde and methoxy groups must lie on the same 
side of the molecules. 

The presence of the homologue (60b) can be explained 

by addition of the 2-chloroacrylonitrile to the overmethyl-

ated 3aH-indene (61). 

O M e 

Examination of the n.m.r. spectrum of the trienone 

starting material showed that it was not contaminated with 







any of its homologue (48) and hence the extra methyl 
group must have come from the methyl fluorosulphonate 
used. It was first thought that the indene (61) was 
derived from the normal indene (37) "by an overmethylation 
with the excess of methyl fluorosulphonate present in the 
reaction mixture at the relatively high temperature 
required for the cycloaddition. In a further experiment, 
triethylamine was added to destroy excess methylating 
agent before the mixture was heated with the dienophile. 
Unexpectedly, the product distribution from the reaction 
was unchanged by this modification. Therefore, the indene 
(61) must have been formed by way of an initial C-methyl-
ation of the anion (Scheme 20). 

O M e 

SCHEME 20 

(61) 

The 3&H-i^bene (61) appears to react with 2-chloro-
acrylonitrile to give adduct (60b) exclusively; no 
homologues of adducts (58a) or (58b) were detected. This 



unusual regiospecificity can be explained as a combination 
of two factors: 

(i) steric repulsion between the extra methyl 
group and the bulky end of the dienophile 

(ii) the hyperconjugative electron release of the 
extra methyl group is directed towards C-3 and not C-4, 
and it is C-3 that attaches to the electron deficient end 
of the dienophile. 

If the explanation for the formation of the over- : 
methylated 3aH-indene (61) is correct, it is to be expected 
that the adducts described previously were contaminated 
with overmethylated material. This was the case with the 
DMAD adduct since the mass spectra of annulenes derived 
from this adduct showed appreciable M+14 ions. 

The mass spectra of the adducts (58a) and (58b) 
show strong ions due to loss of the dienophile. This led 
to an investigation of the thermolysis of these adducts to 
study the retro[8+2]cycloaddition reaction. When a mixture 
of the adducts (58a) and (58b) was heated, they were found 
to be stable and not interconverted (no change in isomer 
ratio) up to 200°C. Above this temperature, both isomers 
decomposed to undefined material. Under flash vacuum 
pyrolysis conditions with an oven temperature of 400°C, 
there was some retrocycloaddition and the resulting product 
was the 1H-indene (62). The recovered starting material 
was of unchanged isomer distribution so both isomers 
undergo the retrocycloaddition at about the same rate. 
When the oven temperature was increased to remove all of 
the starting material, a complex mixture of products was 
collected; this was probably a mixture of indenes resulting 
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from further rearrangements of the 1H-indene (62). 

2-Chloroacrylonitrile has found much use as a 
ketene equivalent since hydrolysis of its adducts gives 
the required ketones directly. However, attempts to 
prepare the ketone (63) from adducts (58a) and (58b) were 
not successful. 

Two sets of conditions are common for the conversion. 
The first., sodium sulphide in ethano 1 j64'65,66 gave a mixture 
of products and the only compound that could be isolated 
was isomer (58b) of starting material. The second, sodium 

67 68 

hydroxide in ethanol and dimethyl sulphoxide, ' similarly 

gave this unreactive isomer of starting material but 

together with a small amount of yellow fluorescent material 
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which was found to be the acid (64), probably formed as 
shown in Scheme 21e 

O M e 

(53a) 

COoH 

NaOH 

-HC1 

(64) 

- Me OH 

(65) 

SCHEME 21 

Other bases were tested in the hope of improving 
the yield of an annulene from adduct (58a) and the results 
are summarised in Table 4. The adduct (58b) was inert to 
all of these conditions. As the Table, shows, 1,8-diaza-
bicyclof5.4.0]undec-7-ene (DBU) is the best reagent of those 
tried for the preparation of a 2-monosubstituted annulene. 
It was best to use the reagent neat since the reaction was 
very slow in a solvent (benzene or toluene). 



"base 

NaOH-EMSO-EtOH, 80° C 
NaOMe-DMF, 60°C 
KOBu^-CgHg, 80°C 

NEt3> 89°C 
DBU, 110°C 

product yield 

X = C02H (64) 26$ 

X = CN (65) 3fo 
X = C0NH2(66) 201o 
no reaction 
X = CN (65) lAfo 

DBU also effected the conversion of the adducts 
(60a) and (60b) into the 1-substituted annulenes (67a) and 
(67b) respectively. The reaction in this case was more 
rapid than that with the adduct (58a). 

The formation of 7b-methyl-7bH-cyclopent[cd]indene-
2-carboxamide (66) by treatment of the adduct (58a) with 
potassium tert-butoxide was not expected. The reagent was 
not purified and it is probable that potassium hydroxide 
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present had caused the partial hydrolysis of the nitrile 
to give the amide. 

The monocarboxylic acid (64) was wanted for X-ray 
crystallographic studies since its crystals were expected 
not to possess the disorder found with the diacid (39) 
and the dialdehyde (51). The nitrile (65) was hydrolysed 
only very slowly under acidic conditions and the acid was 
better prepared by alkaline hydrolysis. Although the acid 
is crystalline, crystals giving suitable X-ray diffraction 
data could not be obtained. 

Conversion of the nitrile (65)into the parent system 
(1) was accomplished by reduction with diisobutylaluminium 
hydride to give the previously mentioned monocarboxaldehyde 
(53b) which was decarbonylated in high yield with one 
equivalent of tris(triphenylphosphine)rhodium(l) chloride 
(Scheme 22). 

(65) 

C H O 

I, li 

= J 66$ 

(53b) CD 

SCHEME 2 2 Reagents: i, Bu^AlH-petrol, 20°C; 
ii, MeOK; iii, RhCPPh^Cl-CgHg, 80°C 

This route to the parent annulene has the advantage 
over the previous one that only half as much of the 
expensive rhodium reagent is needed. The overall yields 
of the two methods are comparable. However, another 



route was needed to prepare the important tricyclic ketone 
(63) and to dispense with the use of the rhodium reagent 
altogether. 

2.1.6 The Cycloaddition of the 3aH-Indene (37) with 
2-Chloroacryloyl Chloride; Synthesis and Reactions 
of 2a-Methoxy-7b-methyl-1,2a,7a,7b-tetrahydro-2H-
cyclopent[cd]inden-2-one (63) 

2-Chloroacryloyl chloride (68) is reported to be 
a highly reactive dienophile and a useful ketene equivalent. 

CI 

(68) 
COCI 

Unlike 2-chloroacrylonitrile, it is not commercially 
available but was easily prepared from methyl acrylate by 
the method of Marvel, Dec, Cooke and Cowan.70 

When 2-chloroacryloyl chloride was added to a 
solution of the 3aH-indene (37) generated in the usual 
way, the colour of the indene was discharged by the time 
the mixture had warmed to 0°C showing the high reactivity 
of this dienophile. The resulting adduct was expected to 
be difficult to handle as it is an acid chloride and no 
attempt was made to isolate it. Instead, the mixture was 
treated with methanol and triethylamine to give the methyl 
ester. V/ork-up then gave the compound (69a) containing 
1 part in 25 of the stereoisomer (69b). None of the other 
regioisomer was formed. 

K 
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The greater selectivity of 2-chloroacryloyl chloride 
than 2-chloroacrylonitrile reflects its greater reactivity. 
The observation that the more reactive dienophiles give 
better endo—selectivity in the Diels Alder reaction has 
been reported by Suguchi and co-workers J1 A difference 
however is that whereas the endo-adduct is generally the 
more favoured isomer in Diels Alder reactions ,72the major 
adducts (53a), (60a) and (6Sa) are all of exo-stereo-
chemistrv. It has been shown that for the comparable 
[6+4]cycloaddition reaction, endo-addition is disfavoured 

owing to antibonding secondary orbital interactions in 
73 

an endo-transition state. This is possibly also the 
situation in these [8+2]cycloaddition reactions. 

The ester (69a) was also formed by heating the 
[4-2]adducts (57a) and (57b) in the presence of an excess 
of 2-chloroacryloyl chloride, followed by treatment with 
methanol. In these reactions, a greater proportion of 
isomer (69b) was formed, presumably since the cycloadditions 
are forced to proceed at a higher temperature which makes 
them less selective (Scheme 23). 

Reduction of the ester (69a) with diisobutylaluminium 
hydride gave an alcohol which on oxidation with chromium 
trioxiae in pyridine was converted into the aldehyde (59) 
which had an n.m.r. spectrum identical to that of the 
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sample prepared by reduction of the 2-chloroacrylonitrile 
abduct (58a). This shows the stereochemistry at C-2 in 
the ester (69a) to be as shown. 

O M e 

11 
(69a) 

12 
(69b) 

1 

1 1 1 , I V 
••(69a) 

8 

(69b) 
1 

Reagents: i, CH2=C( Cl) C0C1-
CH2C12-40°C; ii, MeOH; iii, 
CH2=C(C1)C0C1 - toluene, 110°C; 
iv, MeOH, NEt3 

Treatment of the esters (69a) and (69b) with DBU 
gave only a low yield of the annulene (70) and the reaction 
was very slow. The recovered starting material from this 
reaction contained a higher proportion of the isomer (69b). 
Thus, compound (69b) is like adduct (58b) in its lack of 
reactivity. 
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C 0 2 M e 

(70) 

The major part of the reaction mixture from the 
cycloaddition of the 3aH-indene (37) with 2-chloroacryloyl 
chloride was not treated with methanol "but was treated so 
as to give the ketone (63) (Scheme 24). It was fortunate 
that the procedure developed by Corey and co-workers for 
this conversion69 uses the same solvent (1,2-dimethoxy-
ethane) as that required for the preparation of the 3aH-
indene (37). This made possible the preparation of the 
ketone (63) from the trienone (46) without necessitating 
a change of solvent or the isolation of any of the 
intermediates. 

60° C 
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The reactions in this sequence could be readily 
followed by infrared spectroscopy. The yield of the 
tricyclic ketone (63) from the trienone (46) (48$ after 
optimisation) was only slightly lower than the yield of 
the esters (69a) and (69b). If the methanolysis of the 
2-chloroacryloyl chloride adducts is virtually quantitative, 
the conversion shown in Scheme 24 must also proceed in 
high yield. 

The ketone (63) is a colourless oil with a carbonyl 
absorption at 1732 cm and is of considerable value as a 
precursor of a variety of 1- and 2-substituted 7b-methyl-
7bH-cyclopent[cd] indenes. Its conversion into the parent 
[10]annulene (1) has been accomplished by cleavage of an 
arenesulphonylhydrazone derivative with a strong base 
(Shapiro reaction) ,74 followed by elimination of methanol 
from the resulting tetraene (54) (Scheme 25). 

O M e 

N - N H S 0 2 A r 

M e 
(71a) Ar = 4 -tolyl 
(71b) Ar = 2,4,6-
t r i i s o pr o py Iph eny 1 

(63) 

H 

O M e 

SCHEME 25 

(54) 
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The hydrazone (71a) was prepared by heating the 
tricyclic ketone (63) with toluene-4-sulphonylhydrazine 
in refluxing benzene with azeotropic removal of the water 
formed in the reaction. The product was isolated by 
chromatography and could be separated into two isomers 
in a combined yield of 91$. 

The best conditions found for the cleavage of the 
hydrazone (71a) was the use of a large excess of methyl 
lithium with benzene as the solvent. Table 5 lists the 
results obtained by using a variety of conditions. The 
hydrazones were insoluble in petrol and in ether so these 
solvents were not used. 

Elimination of methanol from the tetraene (54) to 
give the parent annulene (1) was found to proceed to some 
extent in the strongly basic medium at room temperature. 
Ey heating the reaction mixture to 40°C, the conversion 
into the annulene could be taken to completion. 
Unfortunately, the annulene prepared in this way was 
contaminated with some olefinic hydrocarbon material 
which could not be removed by the usual methods. However, 
separation was achieved by column chromatography on silica 
impregnated with 10$ silver acetate when the impurity is 
retarded to a greater extent than the annulene. 

The tetraene (54) showed no tendency for spontaneous 
elimination of methanol and there was only a very slow 
reaction when it was heated with DBU at 110°C. It could 
be converted into the parent annulene by heating with 
methyl lithium in benzene but more convenient was the 
treatment with a catalytic amount of toluene-4-sulphonic 
acid in methylene chloride at room temperature which gave 



TABLE 5 Shapiro Reactions of the Tosylhydrazone (71a) 

Base 

MeLi 
MeLi 
MeLi 
MeLi 

n-BuLi 

t-BuLi 
KH - 18-Crown-6 

LiN1Pr0 

N~NHS02Tol 
OMe 

(71a) 

Solvent 

Benzene 

(54) 

Conditions 

20°C, 20 h 

40°C, 10 h 
20°C, 0.5 h 
40°C, 0.5 h 

Tetrahydrofuran 
1,2-Dimethoxyethane 
Tetramethylethylene- 20°C, 1 h 
diamine (TMEDA) 

Benzene 
1,2-Dimethoxyethane 
Tetrahydrofuran 

20°C 
23°C •> 20°C 
20°C 

( 1 ) 

Yield of the 
tetraene (54) 

26/ 

25/* 
g/ 

trace 

0 

0 

trace 

Yield of the 
annulene (1) 

17/ 
40/ 

14/ 

33/ 
trace 

0 

0 

4/ 
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the annulene in 81$ yield. The yield was lowered if the 
mixture was warmed due to the sensitivity of the annulene 
towards acids (see Section 2.2.8). 

Since the yields for the cleavage of the hydrazone 
(71a) were only moderate, an improvement was looked for. 
It is reported that 2,4,6-triisopropylbenzenesulphonyl 
(trisyl)hydrazones undergo fragmentation under milder 
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conditions than the corresponding tosylhydrazones. 
The hydrazone (71b) was prepared at room temperature in 
&3f° yield by treatment of the ketone (63) with the hydrazide 
reagent in dichloromethane containing Amberlite resin 
IR120(H) as catalyst.77 This hydrazone gave much improved 
yields of the desired products on treatment with methyl 
lithium. 

5 22$ 61$ 
45°C, 7 h 

The Shapiro reaction is useful for the synthesis 
of ceuterated olefins because the product of the reaction 

78 

before work-up is a vinyl lithium compound. When the room 
temperature reaction was quenched with deuterium oxide 
instead of normal water, a product specifically deuterated 
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in the 2-position was obtained. The extent of deuteration, 
determined by proton n.m.r., was 65 - 70/. Treatment of 
this product with toluene-4-sulphonic acid in dichloro-
methane gave the specifically 2-deuterated annulene (72). 
There was no evidence for any deuterium scrambling in this 
acid catalysed reaction. 

quenched with deuterium oxide, the annulene isolated 
directly was about 20/ deuterated. This was determined 
by integration of the signals of its bis(4-phenyl-1,2,4-' 
triazole-3,5-dione) adduct to be discussed (see Section 
2.2.6). This deuterated annulene is possibly formed by 
way of a dianion as shown in Scheme 26. The low extent 
of deuteration is probably because the strongly basic 
anions involved, abstract protons from the solvent or from 
other substrate molecules to an appreciable extent at the 
higher temperature. 

When the Shapiro reaction was run at 45 C and then o 

- LiOM.e 
D L i © 

(72) 
SCHEME 26 
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N.m.r. spectra were recorded for the deuterated 
annulene (72) so that the signals for the 1- and 2-positions 
could be distinguished. In the proton spectrum, the 
upfield half of the AB quartet at 57.9 is reduced in 
intensity and a new line appears within the doublet of the 
downfiEld half. This new line is due to H-1 in the 
deuterated compound which gives a singlet because the 
coupling between hydrogen and deuterium is too small to 
observe. Thus, the downfield half of the AB quartet in 
the undeuterated annulene can be assigned as H-1 and H-4, 
and the upfield half as H-2 and H-3. More important is 
the effect in the carbon-13 broad band decoupled spectrum 
where the lines due to C-1 and C-2 are appreciably 
separated. For the 65$ deuterated sample, two of the 
lines become split into two. These are the signals for 
C-1 and C-2a. The splitting is due to an isotope shift 
caused by the presence of the deuterium atom. The line 
due to C-2 and C-3 is reduced in intensity. This results 
from a combination of two factors: 

(i) When C-2 is attached to a deuterium atom, the 
coupling causes its signal to become a 1 : 1 : 1 triplet. 

(ii) In the deuterated compound, C-2 does not have 
the nuclear Overhauser enhancement that would occur if a 
proton were attached and it behaves as a quaternary carbon. 

The carbon-13 spectrum of the parent annulene (1) 
could now be completely assigned and is illustrated in 
Fig. 9« The chemical shifts of the central carbon atom 
and the methyl group show little effect of the presence of 
a ring current. This is the result of the large chemical 
shift range in the carbon-13 spectrum which dwarfs a few 
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parts per million shift that the ring current might bring 
79 

about. The unusual downfield shift of C-2a is probably 
the consequence of the strain at that position. Similar 
effects occur in comparable systems. For example, the 
ring junction carbon atom in indane ( 1 4 4 ) resonates 
further downfield than that of the unstrained hydrocarbon 

v 8 0 tetralin (Sc 137 ). 
A second use of the deuterated annulene (72) is in 

the interpretation of the n.m.r. spectra of compounds 
synthesised from it. This aspect will be discussed later 
(Section 2.2.8). 

The successful use of the Shapiro reaction was all 
the more rewarding when attempts to prepare the parent 
annulene (1) from the tricyclic ketone (63) by dehydration 
of the alcohol (73) ran into problems. Reduction of the 
ketone (63) with sodium borohydride in ethanol gave a 61$ 
yield of the alcohol (7 3)• Its stereochemistry was deduced 
from coupling constants in its proton n.m.r. spectrum. 

(63) (73) (74) 

No recognisable products were formed when attempts 

were made to dehydrate the alcohol (73)' using toluene-4-



sulphonic acid, thionyl chloride or phosphoryl chloride. 
llethyltriphenoxyphosphonium iodide (MTPI) is reported to 
he a good reagent for the preparation of primary and 

81 
secondary alkyl iodidesc Treatment of the alcohol (73) 
with MTPI in hexamethylphosphoramide (HMPA) gave the 
iodide (74). Inversion of the stereochemistry at position 
occurred in this reaction. Unfortunately, all attempts 
to cehydroiodinate this iodide failed. Aqueous sodium 

82 

hydroxide with HUPA, D3U and sodium methoxide in 
cimetkylformanide all gave no reaction. This surprising 
resistance towards either elimination of hydrogen halide 
or nucleophilic displacement of the halogen was also 
found with the 2-chloroacrylonitrile adduct (58b) where 
the halogen atom had the same configuration. 

2.1.7 Synthesis and Properties of the Tetraenone, 7a,7b-
Dihydro-7b-meth3''l-2H-cyclopent [cd]inden-2-one (78) 

It was noticed that removal of the elements of • 
methanol from the tricyclic ketone would formally give 
the hydroxyannulens (75). It was hoped to prepare this 
compound so that its properties could be compared to those 
of phenol 

O H 

(75) 
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The initial idea was to treat the trimethylsilyl 
ether (76) with methyl lithium in the hope that elimination 
of methanol from the resulting enolate would occur in much 
the same way as it did in the reaction shown in Scheme 26. 
During the preparation of the trimethylsilyl ether (76) 
with the chlorotrimethylsilane - sodium iodide combination, 
a small amount of a yellow compound was also formed. A 
signal upfield of tetramethylsilane in the n.m.r. spectrum 
showed an annulene was present and therefore- that 
elimination of methanol had occurred. By heating the 
reaction mixture and using an excess of reagents, the 
elimination could be taken to completion. Quenching of . 
the reaction mixture with water immediately hydrolysed 
the trimethylsilyl ether to give the tetraenone (78), an 
orange-red oil in 81/ overall yield (Scheme 27). 

(63) (78) 

(76) (77) 

SCHEME 27 
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N o n e o f t h e " p h e n o l i c " t a u t o m e r ( 7 5 ) w a s d e t e c t e d 

i n t h e t e t r a e n o n e ( 7 8 ) . T h e r e w e r e n o s i g n a l s u p f i e l d o f 

t e t r a m e t h y l s i l a n e i n t h e n . m . r . s p e c t r u m ; t h e c e n t r a l 

m e t h y l g r o u p o f ( 7 8 ) r e s o n a t e d a t S ^ ( C D C l ^ ) 1 . 4 1 a n d t h e 

s i n g l e m e t h i n e p r o t o n r e s o n a n c e s h o w e d t h a t ( 7 8 ) w a s t h e 

t a u t o m e r p r e s e n t . T h e i n f r a r e d s p e c t r u m s h o w e d a 

c a r h o n y l s t r e t c h i n g v i b r a t i o n a t 1 6 9 2 cm a n d n o h y d r o x y 1 

s t r e t c h i n g v i b r a t i o n . I t f o r m s a m a u v e 2 , 4 - d i n i t r o p h e n y l -

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

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

T h e t e t r a e n o n e ( 7 8 ) d i d n o t g i v e d e u t e r i u m e x c h a n g e 

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

o x i d e , e v e n i n t h e p r e s e n c e o f a c i d a t r e f l u x . H o w e v e r , 

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

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

a f t e r 2 h a t 4 0 ° C . I t d i d s o e x c l u s i v e l y a t t h e 2 a - p o s i t i o n 

e v e n t h o u g h t h e a n i o n c o u l d h a v e d e u t e r a t e d a l s o a t C - 1 , 

C - 4 , C-5 o r C - 7 . D e u t e r i u m e x c h a n g e a t t h e 2 a - p o s i t i o n 

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

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

w i t h i n 1 h o u r i n p y r i d i n e c o n t a i n i n g d e u t e r i u m o x i d e a t 

5 0 ° C . I n t h e l a t t e r m i x t u r e , n o d e u t e r i u m i n c o r p o r a t i o n 

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

o v e r n i g h t r e f l u x . S i n c e d e u t e r i u m e x c h a n g e h a d t a k e n 

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

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

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

a n n u l e n o l ( < 1 / ) i n t h e s e p o l a r s o l v e n t s w h i c h w o u l d 

s t a b i l i s e t h e e n o l f o r m b y h y d r o g e n b o n d i n g 8 3 i m p l i e s t h a t 

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

T h e t r i m e t h y l s i l y l e t h e r ( 7 7 ) w a s a " b r i g h t y e l l o w 

o i l w h i c h g a v e a s i g n a l i n t h e n . m . r . s p e c t r u m a t 5 ^ ( C D C 1 ^ ) 

- 1 . 5 0 . A s w e l l a s "by t h e m e t h o d i n S c h e m e 2 7 , i t c o u l d 

b e p r e p a r e d i n 7 4 $ y i e l d b y t r e a t m e n t o f t h e t e t r a e n o n e 

( 7 8 ) w i t h t h e c h l o r o t r i m e t h y l s i l a n e - s o d i u m i o d i d e 

c o m b i n a t i o n . T r e a t m e n t o f t h i s t r i m e t h y l s i l y l e t h e r 

84 

w i t h o n e e q u i v a l e n t o f m e t h y l l i t h i u m a f f o r d e d a d e e p 

y e l l o w s o l u t i o n o f t h e a n i o n ( 7 9 ) w h i c h g a v e a n n . m . r . 

s i g n a l u p f i e l d o f t e t r a m e t h y l s i l a n e a t ^ ( D M E ) - 1 . 4 5 . 

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

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

e t h e r ( 7 7 ) r e s o n a t e s a t 5 - 1 . 6 2 . W h e n t h i s s o l u t i o n o f t h e 

a n i o n ( 7 9 ) w a s q u e n c h e d w i t h a s o d i u m a c e t a t e - a c e t i c a c i d 

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

r e s u l t i n g m i x t u r e i m m m e d i a t e l y e x a m i n e d b y n . m . r . , o n l y 

t h e t e t r a e n o n e ( 7 8 ) c o u l d b e d e t e c t e d . S i n c e p r e s u m a b l y 

t h e i n i t i a l p r o t o n a t i o n w a s on o x y g e n , t h e r e a r r a n g e m e n t 

t o t h e k e t o t a u t o m e r m u s t b e v e r y r a p i d . 

T h e b e h a v i o u r o f t h e t e t r a e n o n e ( 7 8 ) i s c o m p l e t e l y 

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

f a r o n t h e s i d e o f p h e n o l ; t h e c y c l o h e x a d i e n o n e t a u t o m e r h a s 
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85 
b e e n i s o l a t e d o n l y r e c e n t l y a t l o w t e m p e r a t u r e . I n t h e 

c a s e o f t h e a n n u l e n o l ( 7 5 ) d e s r i b e d h e r e , i t i s a p p a r e n t 

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

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

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

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

p r o t o n a t i o n a t t h e 2 a - p o s i t i o n a n d t h i s e x p l a i n s w h y 

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

R z e p a p r e d i c t e d i n d e p e n d e n t l y t h a t t h e i s o m e r ( 7 8 ) i s t h e 

m o s t s t a b l e o f t h o s e p o s s i b l e , a n d h a v e s h e d l i g h t on t h e 

33 

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

T h e 6 - i s o m e r i s p r e d i c t e d t o e x i s t i n a s i m i l a r 2 a H - t a u t o m e r 

( 8 0 a ) . F o r b o t h t h e 1- a n d 5 - i s o m e r s , r i n g j u n c t i o n 

p r o t o n a t i o n c a n o c c u r o n l y a t t h e 4 a - a n d 7 a - p o s i t i o n s a n d 

i n d o i n g s o , n o t a s m u c h s t r a i n i s r e l i e v e d a s f o r 2 a -

p r o t o n a t i o n . T h e s o m e w h a t s u r p r i s i n g c o n s e q u e n c e o f t h i s 

i s t h a t t h e 2 H - t a u t o m e r ( 8 0 b ) i s p r e d i c t e d t o b e t h e m o s t 

s t a b l e f o r m o f t h e 1 - i s o m e r a n d t h a t t h e 5 - i s o m e r i s m o s t 

l i k e l y t o e x i s t i n t h e a n n u l e n o l f o r m ( 8 0 c ) . 

( 8 0 a ) ( 8 0 b ) ( 8 0 c ) 

I t w o u l d o f c o u r s e b e o f i n t e r e s t t o v e r i f y t h e s e 

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

1 - i s o m e r ( 8 0 b ) a r e g i v e n l a t e r ( S e c t i o n 2 . 1 . 9 ) . 
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T h e a b o v e w o r k o n t h e 2 - i s o m e r i s i n a c c o r d w i t h 

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

83 ,86 ,87 

n o t b e e n i s o l a t e d . I n a t t e m p t s t o p r e p a r e t h e b i s -

d e h y d r o [ 1 4 ] a n n u l e n o l ( 8 1 a ) a n d 1 , 6 - m e t h a n o [ 1 0 ] a n n u l e n - 2 - o l 
83 

( 8 1 b ) t h e e n o l f o r m s w e r e d e t e c t e d i n s o l u t i o n s p e c t r o -

s c o p i c a l l y . I n t h e c a s e o f t h e e n o l ( 8 1 b ) , a t t e m p t e d 

i s o l a t i o n g a v e o n l y t h e k e t o n e s h o w n . 

( 8 1 a ) 

( 8 1 b ) 

j r 

M e t h y l a t i o n o f t h e t e t r a e n o n e ( 7 8 ) on o x y g e n w a s 

t h e e x c l u s i v e r e a c t i o n w h e n i t s p o t a s s i u m e n o l a t e w a s 

t r e a t e d w i t h m e t h y l f l u o r o s u l p h o n a t e . W h e n m e t h y l i o d i d e 

w a s t h e a l k y l a t i n g a g e n t , m e t h y l a t i o n on o x y g e n w a s 

a c c o m p a n i e d b y c a r b o n a l k y l a t i o n w h i c h o c c u r r e d e x c l u s i v e l y 

a t t h e 2 a - p o s i t i o n ( T a b l e 6 ) . G r e a t e s t s e l e c t i v i t y f o r 

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

u s e d . U s e o f h y d r o g e n b o n d i n g s o l v e n t s g a v e a l e s s e r 
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i m p r o v e m e n t i n s e l e c t i v i t y . W i t h l i t h i u m h y d r o x i d e i n 

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

o f p r o d u c t s w a s l o w . 

TAB .bE 6 M e t h y l a t i o n o f t h e T e t r a e n o n e ( 7 8 ) 

P r o d u c t s 

C o n d i t i o n s 

OMe 

i , E H - 1 8 - C r o w n - 6 - BICE, - 2 3 ° C ; 

i i , M e 0 S 0 2 P , - 2 3 ° C 

i , R a H - T H F , 2 0 ° C ; i i , M e l , 

2 0 ° C 

R a O H - E t O H - M e l , 5 0 ° C 

N a 0 H - E t 0 H - H 2 0 - M e I , 5 0 ° C 

2 0 ° ; i i i , M e l , 4 0 U C 

L i O H - E t O H - H 2 0 - M e I , 5 0 ° C 

(82) 

6 7 / 

2 5 / 

21/ 

1 9 / 

i , H a H - T H P , 2 0 ° C ; i i , L i B r - T H P , 1 9 / 

>0, 

0 . 5 / 

4 0 / 

4 2 / 

4 7 / 

5 9 / 

2 0 / 

T h e t e t r a e n o n e ( 8 3 ) i s a n o r a n g e - r e d o i l s i m i l a r t o 

t h e u n m e t h y l a t e c k e t o n e ( 7 8 ) a n d i n i t s n . m . r . s p e c t r u m , 

t h e c e n t r a l m e t h y l g r o u p r e s o n a t e s a t 5 H ( C D C 1 ^ ) 1 . 4 7 . T h e 

m e t h o x y a n n u l e n e ( 8 2 ) , o n t h e o t h e r h a n d , i s a y e l l o w o i l 

a n d t h e c e n t r a l m e t h y l g r o u p r e s o n a t e s a t < 5 H ( C D C 1 ^ ) - 1 . 5 0 

i n t h e n . m . r . s p e c t r u m . T h e r e s o n a n c e o f t h e m e t h o x y l 
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m e t h y l a t S H ( C D C 1 ^ ) 4 . 3 0 i s f u r t h e r d o w n f i e l d t h a n t h a t o f 

a n i s o l e , 5 ^ ( 0 D C l ^ ) 3 . 7 5 , a n d p r o b a b l y r e f l e c t s t h e g r e a t e r 

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

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

i n t e r e s t i n g t o c o m p a r e t h e c a r b o n - 1 3 s p e c t r a o f t h e 

t r i m e t h y l s i l y l e t h e r ( 7 7 ) a n d t h e u n s u b s t i t u t e d a n n u l e n e ( 1 ) . 

P i g . 1 0 g i v e s 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 s o b s e r v e d a n d 

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

g r e a t e s t b u i l d u p o f c h a r g e i s a t t h e 2 a - p o s i t i o n . A s s u m i n g 

t h a t t h i s e f f e c t i s e v e n m o r e p r o n o u n c e d i n t h e e n o l a t e ( 7 9 ) , 

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

s h o u l d o c c u r e x c l u s i v e l y a t t h e 2 a - c a r b o n a t o m . 

P I G . 1 0 

+1.1 or+4.0 +1.1 or +4.0 

-1.3 /o +2.6 

+9.9 

' I - 1 .4 /0+0 .4 \ 

+ 18.4 Zo+22.3 OSiMe-

T h e f i g u r e s g i v e n a r e 

" i n C I ) C 1 3 -

R a n g e s a r e g i v e n w h e r e 

a m b i g u i t i e s i n t h e a s s i g n -

m e n t o f t h e s p e c t r u m f o r 

c o m p o u n d ( 7 7 ) o c c u r . 

( 7 7 ) 

T h e t e t r a e n o n e ( 7 8 ) c o u l d b e r e a d i l y c o n v e r t e d i n t o 

t h e p a r e n t a n n u l e n e ( S c h e m e 2 8 ) . R e d u c t i o n w i t h d i i s o b u t y l -

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

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

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

s t a n d i n g . T h e m o r e p o l a r i s o m e r i s a p a l e y e l l o w o i l . 

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

o f w a t e r b u t b o t h g a v e t h e a n n u l e n e ( 1 ) r a p i d l y b y t r e a t m e n t 

w i t h t o l u e n e - 4 - s u l p h o n i c a c i d i n d i c h l o r o m e t h a n e a t r o o m 

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

p o l a r e p i m e r w a s t h a t t h e b e s t y i e l d o f t h e a n n u l e n e ( 7 6 $ 

f r o m t h e t e t r a e n o n e ) r e s u l t e d w h e n n o a t t e m p t w a s m a d e t o 

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

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

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

c h r o m a t o g r a p h y a n d s h o r t p a t h d i s t i l l a t i o n a t 1 0 0 ° C / 3 m m H g , 

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

( 7 8 ) ( 8 4 ) ( 1 ) 

S C H E M E 2 8 R e a g e n t s : i , B u ^ A l H - p e t r o l , 0 ° C ; i i , 

Me OH, 20°C; i i i , T S O H - C H 2 C 1 2 , 20°C 

2 . 1 . 8 S y n t h e s i s a n d R e a c t i o n s o f 3 a - M e t h y l - 3 - ( t r i m e t h y l -

s i l o x y ) - 3 a K - i n d e n e ( 8 5 ) 

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

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

p r e p a r a t i o n o f t h e e x t e n d e d t r i m e t h y l s i l y l e n o l e t h e r ( 8 5 ) f r o m 
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t h e t r i e n o n e ( 4 6 ) . T h i s 3 a H - i n d e n e d e r i v a t i v e c o u l d b e 

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

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

m a n n e r t o t h e m e t h o x y d e r i v a t i v e ( 3 7 ) t o g i v e a 1 H - i n d e n e 

i s o m e r . R e m o v a l o f t h e t r i m e t h y l s i l y l g r o u p g a v e t h e k n o w n 
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1 - m e t h y l - 1 H - i n d e n - 1 - o l ( 8 7 ) . 

OSiMe3 

r ^ H C6H6 

(85) (86) (87) 

T h e t r i m e t h y l s i l y l e t h e r ( 8 5 ) b e h a v e s v e r y s i m i l a r l y 

t o t h e m e t h o x y i n d e n e ( 3 7 ) i n c y c l o a d d i t i o n r e a c t i o n s . T h u s 

w i t h d i m e t h y l a c e t y l e n e d i c a r b o x y l a t e ( D M A D ) , a n a d d u c t w a s 

f o r m e d w h i c h g a v e t h e a n n u l e n e d i e s t e r ( 3 8 ) a f t e r t r e a t m e n t 

w i t h a c i d i n a n o v e r a l l y i e l d o f 3 3 / f r o m t h e t r i e n o n e ( 4 6 ) . 

T h i s r o u t e h a s t h e o b v i o u s a d v a n t a g e o v e r t h a t s h o w n i n 

S c h e m e 1 7 i n t h a t h i g h l y t o x i c a n d e x p e n s i v e r e a g e n t s a r e 

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

t r i m e t h y l s i l y l e t h e r ( 8 5 ) w i t h t r i m e t h y l s i l y l t r i f l u o r o -
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m e t h a n e s u l p h o n a t e i n t h e p r e s e n c e o f t r i e t h y l a m i n e . I n a 

o n e - p o t r e a c t i o n , t h e a n n u l e n e d i e s t e r ( 3 8 ) w a s t h e n 

p r e p a r e d i n 5 4 / y i e l d f r o m t h e t r i e n o n e ( 4 6 ) . T h e y i e l d 

w a s l a t e r i n c r e a s e d t o 5 9 / i n a p r o c e d u r e w h e r e b y a p a r t i a l 

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

w i t h t o l u e n e - 4 - 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 . I n t h i s 

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

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

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

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

S c h e m e 2 9 . 

(85) 

( 3 8 ) 

S C H E M E 2 9 

T h e a n n u l e n e d i e s t e r ( 3 8 ) p r e p a r e d i n t h i s w a y 

s o l i d i f i e d o n c o o l i n g t o g i v e a y e l l o w s o l i d , m . p . 4 9 - 5 0 ° C 

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

p r e p a r e d f r o m t h e m e t h o x y i n d e n e ( 3 7 ) , i t d i d n o t s o l i d i f y , 

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

S e c t i o n 2 . 1 . 5 ) . T h e a b s e n c e o f s u c h c o n t a m i n a t i o n b y u s i n g 

t h e i n d e n e ( 8 5 ) r e p r e s e n t s a n o t h e r a d v a n t a g e o f t h i s m e t h o d . 

W i t h 2 - c h l o r o a c r y l o y l c h l o r i d e t h e i n d e n e ( 8 5 ) g a v e 

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

k e t o n e ( 8 8 ) . H y d r o l y s i s o f t h e t r i m e t h y l s i l y l g r o u p 



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

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

w a s a d d e d t o w a r d s t h e e n d o f t h i s h y d r o l y s i s t o e n s u r e 

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

s e q u e n c e o n l y g a v e , a t b e s t , a 3 6 $ y i e l d o f t h e k e t o n e ( 8 8 ) 

f r o m t h e t r i e n o n e ( 4 6 ) , s o m e w h a t p o o r e r t h a n w h e n t h e 

m e t h o x y i n d e n e ( 3 7 ) w a s u s e d . 

T h e k e t o n e ( 8 8 ) i s a c o l o u r l e s s o i l a n d w a s 

c h a r a c t e r i s e d a s i t s o r a n g e 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e . 

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

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

o n l y t h e t r i m e t h y l s i l y l e t h e r ( 8 9 ) ; n o n e o f t h e t e t r a e n o n e 

( 7 8 ) w a s f o r m e d . T h i s r e s u l t w a s u n f o r t u n a t e b u t s h o w e d 

t h a t f o r t h e r e a c t i o n o f t h e k e t o n e ( 6 3 ) , t h e e l i m i n a t i o n 

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

( 8 9 ) a s a n i n t e r m e d i a t e . S u c h a d e m e t h y l a t i o n i s a p o s s i b l e 
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p r o c e s s u n d e r t h e s e r e a c t i o n c o n d i t i o n s . 

T h e t r i c y c l i c k e t o n e ( 8 8 ) c o u l d b e c o n v e r t e d i n t o 

t h e a n n u l e n e ( 1 ) b y a r o u t e i n v o l v i n g t h e S h a p i r o r e a c t i o n 

( S c h e m e 3 0 ) . 
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(88) 

N - N H S O 2 V / Y — 1 ( 

O H — ( 

M e L i - C g H g 

( 1 ) 

T S O H - C H 2 C 1 2 

(90) 

S C H E M E 3 0 

T h e h y d r a z o n e f o r m a t i o n a t r o o m t e m p e r a t u r e w a s 

c a t a l y s e d b y A m b e r l i t e I E 1 2 0 ( H ) r e s i n a n d g a v e a 9 5 $ y i e l d 

o f a m i x t u r e o f i s o m e r s b u t t h e S h a p i r o r e a c t i o n w a s 

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

e l e v a t e d t e m p e r a t u r e . T h i s o u t c o m e w a s p r e s u m a b l y t h e 

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

t h e f r a g m e n t a t i o n r e q u i r e s t h e f o r m a t i o n o f a t r i a n i o n . T h e 

y i e l d o f t h e a l c o h o l ( 9 0 ) , a n u n s t a b l e s o l i d , w a s o n l y 3 5 $ . 

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

ni 

i o n ( 0 ^ ) i s s u c h a p o o r l e a v i n g g r o u p , b u t t h e u s u a l a c i d 

c a t a l y s e d e l i m i n a t i o n c o u l d b e u s e d . T h e o v e r a l l y i e l d o f 

t h e p a r e n t a n n u l e n e ( 1 ) f r o m t h e k e t o n e ( 8 8 ) w a s o n l y 2 2 $ . 

I t w a s f o u n d s u b s e q u e n t l y t h a t t h e k e t o n e ( 8 8 ) c o u l d 

b e c o n v e r t e d i n t o t h e t e t r a e n o n e ( 7 8 ) b y t r e a t m e n t w i t h 
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m e t h a n e s u l p h o n y l c h l o r i d e f o l l o w e d "by D B U , b u t o n l y i n 

m o d e r a t e y i e l d ( 3 6 $ ) . T h e p r o b l e m w a s n o t t h e e l i m i n a t i o n 

r e a c t i o n b u t t h e f o r m a t i o n o f t h e m e s y l a t e . C l e a r l y , t h e 

e l i m i n a t i o n r e a c t i o n c a n n o t g i v e t h e t e t r a e n o n e ( 7 8 ) 

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

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

e n o l f o r m o f t h e m e s y l a t e s o t h a t t h e a n n u l e n o l ( 7 5 ) i s a n 

i n t e r m e d i a t e . 

( 7 8 ) 

T h e r e f o r e , a l t h o u g h t h e 3 a H - i n d e n e ( 8 5 ) s h o w e d 

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

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

i m p r o v e d s y n t h e s i s o f t h e a n n u l e n e ( 1 ) . 

2 . 1 . 9 T h e A t t e m p t e d S y n t h e s i s o f a T a u t o m e r o f 7 b - M e t h y l -

7 b H - c y c l o p e n t [ c d ] i n d e n - 1 - o l 

T h e p r e d i c t i o n t h a t t h e 1 - a n n u l e n o l w o u l d e x i s t a s 

t h e 3 a H - i n d e n e ( 8 0 b ) m a d e i t a n a t t r a c t i v e s y n t h e t i c t a r g e t 

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

I n t h e f i r s t a p p r o a c h , i t w a s h o p e d t h a t t r e a t m e n t 

o f t h e a l c o h o l ( 9 0 ) w i t h p y r i d i n i u m c h l o r o c h r o m a t e w o u l d 

g i v e t h e r e q u i r e d p r o d u c t d i r e c t l y . P y r i d i n i u m c h l o r o -

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

"but i n t h i s c a s e t h e o x i d a t i o n g a v e o n l y b a s e l i n e m a t e r i a l 

( t . l . c . ) . 

( 9 0 ) 

P . C . C . 

I t w a s n o t i c e d t h a t a l t h o u g h 2 - c h l o r o a c r y l o y l c h l o r i d e 

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

i t s a d d i t i o n i s o p p o s i t e t o t h a t e x p e c t e d f o r k e t e n e i t s e l f . 

D u r i n g a p p r o a c h e s t o a z a d e r i v a t i v e s o f t h e a n n u l e n e ( 1 ) , 

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

w i t h t h e 3 a H - i n d e n e ( 3 7 ) b y a n [ 8 + 2 ] c y c l o a d d i t i o n r a t h e r 

t h a n i n a [ 2 + 2 ] r e a c t i o n m o r e c h a r a c t e r i s t i c o f t h i s 
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r e a g e n t . ' F o r t h i s r e a s o n , i t w a s a n t i c i p a t e d t h a t 

d i c h l o r o k e t e n e w o u l d u n d e r g o a s i m i l a r [ 8 + 2 ] c y c l o a d d i t i o n . 

W h e n d i c h l o r o a c e t y l c h l o r i d e w a s a d d e d t o a s o l u t i o n 

o f t h e 3 a E - i n d e n e ( 8 5 ) c o n t a i n i n g a n e x c e s s o f t r i e t h y l a m i n e , 

94 95 
t h e d i c h l o r o k e t e n e g e n e r a t e d ' r e a c t e d w i t h t h e i n d e n e . 

C h r o m a t o g r a p h i c w o r k - u p g a v e t h e c o m p o u n d ( 9 2 ) i n m o d e r a t e 

y i e l d . 

OSiMe, 

^ 
C 1 2 C = C = 0 

O ^ c h c I ; 

( 8 5 ) ( 9 1 ) ( 9 2 ) 
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A t t e m p t s t o i s o l a t e t h e a d d u c t ( 9 1 ) w e r e n o t 

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

c r u d e p r o d u c t m i x t u r e p r i o r t o t h e c h r o m a t o g r a p h y s h o w e d 

t h a t ( 9 2 ) w a s n o t p r e s e n t a t t h a t s t a g e . D u r i n g c h r o m a t -

o g r a p h y , t h e t r i e n o n e ( 9 2 ) w a s s e e n a s a n o r a n g e b a n d . 

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

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

a n d r e d i s s o l v e d t o g i v e a n e a r l y c o l o u r l e s s s o l u t i o n . 

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

o r a n g e c o l o u r . I t i s l i k e l y t h a t t h i s c o l o u r w a s d u e t o a n 

e n o l f o r m o f ( 9 2 ) i n w h i c h t h e r e i s c o n s i d e r a b l e c o n j u g a t i o n . 

T h r e e s t e p s w e r e r e q u i r e d t o r e m o v e t h e c h l o r i n e 

a t o m s ( S c h e m e 3 1 ) . 

( 9 2 ) 

O ^ T H 2 C I 

( 9 3 ) 

11 

( 9 5 ) ( 9 4 ) 

S C H E M E 31 R e a g e n t s : i , B u ^ S n H - C g H g - A I E N , 8 0 ° C ; 

i i , N a I - ( C H 3 ) 2 C 0 , 2 0 ° C 
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R e a c t i o n o f c o m p o u n d ( 9 2 ) w i t h t r i b u t y l t i n h y d r i d e 

g a v e t h e c h l o r o k e t o n e ( 9 3 ) b u t t h i s p r o d u c t w a s n o t 

c o n v e r t e d i n t o c o m p o u n d ( 9 5 ) b y t r e a t m e n t w i t h a n e x c e s s 

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

w e r e f o r c i n g . I n p r a c t i c e , t h e b e s t y i e l d o f t h e m o n o c h l o r o -

k e t o n e ( 9 3 ) w a s o b t a i n e d w a s o b t a i n e d w h e n m u c h o f t h e 

s t a r t i n g m a t e r i a l r e m a i n e d u n r e a c t e d . H o w e v e r , t r e a t m e n t 

o f t h e c h l o r o k e t o n e ( 9 3 ) w i t h s o d i u m i o d i d e i n a c e t o n e 9 7 g a v e 

t h e i o d o k e t o n e ( 9 4 ) w h i c h c o u l d t h e n b e r e d u c e d i n h i g h 

y i e l d w i t h f u r t h e r t r i b u t y l t i n h y d r i d e . 

A n a t t e m p t t o b r i n g t h e t h r e e s t e p s t o g e t h e r b y : 

a d d i t i o n o f s o d i u m i o d i d e t o a s o l u t i o n o f t r i b u t y l t i n 

h y d r i d e i n a c e t o n e w a s n o t s u c c e s s f u l ; a c o m p l e x m i x t u r e 
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r e s u l t e d . . Z i n c i n a c e t i c a c i d w a s n o t s u c c e s s f u l f o r t h e 

r e d u c t i o n . 

U n f o r t u n a t e l y , a l l a t t e m p t s t o c l o s e t h e d i k e t o n e ( 9 5 ) 

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

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

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

t h e 7 - p o s i t i o n . T r e a t m e n t w i t h a v a r i e t y o f a c i d i c o r 

b a s i c c a t a l y s t s g a v e e i t h e r n o r e a c t i o n o r a c o m p l e x m i x t u r e . 

T h e b e h a v i o u r o f t h e d i k e t o n e ( 9 5 ) c o n t r a s t s t h a t o f t h e 

a i k e t o n e ( 9 6 ) w h i c h L i d e r t f o u n d t o u n d e r g o a r e a d y i n t r a -

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

99 
m e t h a n o l t o g i v e t h e a n n u l e n e p r e c u r s o r ( 9 7 ) . 
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O n e s o l u t i o n t o t h i s p r o b l e m w o u l d b e t o e n s u r e t h a t 

t h e a d d u c t ( 9 1 ) d o e s n o t r i n g - o p e n b u t t h e a d d u c t w a s t o o 

s e n s i t i v e i n t h i s r e s p e c t a n d s o a t t e n t i o n w a s t u r n e d t o 

t h e m e t h o x y - 3 a H - i n d e n e ( 3 7 ) . T r e a t m e n t o f a s o l u t i o n o f 

t h i s i n d e n e g e n e r a t e d i n t h e u s u a l w a y i n 1 , 2 - d i m e t h o x y -

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

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

o f w h a t w a s p r o b a b l y t h e r e q u i r e d a d d u c t ( 9 8 ) w a s i s o l a t e d 

i n l o w y i e l d . T h e r e a c t i o n w a s n o t p u r s u e d ; i t i s l i k e l y 

t h a t t h e c o n d i t i o n s u s e d w e r e n o t a p p r o p r i a t e f o r t h e 

p r e p a r a t i o n o f t h e d i c h l o r o k e t e n e . 

( 9 8 ) 

T h e t h i r d a p p r o a c h t o t h e d e s i r e d c o m p o u n d w a s t h e 

u t i l i s a t i o n o f t h e a d d u c t o f u n e x p e c t e d r e g i o c h e m i s t r y ( 6 0 a ) 

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

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

f o r t h e i s o m e r s ( 5 8 a ) a n d ( 5 8 b ) . T r e a t m e n t o f a m i x t u r e 

o f t h e a d d u c t s ( 6 0 a ) a n d ( 6 0 b ) w i t h s o d i u m h y d r o x i d e i n 

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

r e a c t i o n , b u t t o g i v e a m i x t u r e o f t h e a n n u l e n e s ( 6 7 a ) a n d 

( 6 7 b ) i n g o o d y i e l d . T h i s e l i m i n a t i o n d i d n o t o c c u r w i t h 

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

m i x t u r e . 



T h e B o a t C u r r e n t R o u t e t o 7 b - M e t h y l - 7 b H - c y c l o p o n t [ g d ] i n d e n e 

53% CD 57% 
( 4 0 ) 

CD 
(46) 

. . .>OMe 80% 

(63) (78) 

76% 

( D 

9% overall 
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2 . 2 T h e C h e m i c a l P r o p e r t i e s o f 7 b - M e t h y l - 7 b H - c y c l o p e n t -

[ c d ] i n d e n e ( 1 ) 

2 . 2 . 1 T h e r m a l R e a r r a n g e m e n t s 

7 b - M e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) r e a r r a n g e s i n 

b o i l i n g x y l e n e t o t h e 2 a H - i s o m e r ( 9 9 ) w i t h a h a l f l i f e o f 

1 2 h . 

W h e n t h e r e a c t i o n w a s f o l l o w e d b y g . l . c . , i t w a s 

o b s e r v e d t h a t t h e r a t i o o f t h e a m o u n t s o f ( 1 ) a n d ( 9 9 ) 

a p p r o a c h e d a c o n s t a n t r a t i o o f 1 : 3 a n d t h a t t h e p r o d u c t 

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

b e i n g c o n v e r t e d i n t o i t . I n o r d e r t o i d e n t i f y t h e p r o d u c t , 

n o a t t e m p t w a s m a d e t o t a k e t h e r e a c t i o n t o c o m p l e t i o n ; i t 

w a s s t o p p e d a f t e r 2 4 h a n d a l o w y i e l d o f a m i x t u r e o f 

c o m p o u n d ( 9 9 ) a n d s t a r t i n g m a t e r i a l c o u l d b e i s o l a t e d . T h e 

s y m m e t r i c a l s t r u c t u r e ( 9 9 ) w a s a p p a r e n t f r o m t h e p r o t o n 

n . m . r . s p e c t r u m ( P i g . 1 1 ) . T h e s i m i l a r i t y o f t h e u . v . 

s p e c t r u m o f t h e 2 a H - i s o m e r ( 9 9 ) w i t h t h a t o f t h e t h e r m a l 

r e a r r a n g e m e n t p r o d u c t o f t h e d i e s t e r ( 3 8 ) c o n f i r m s t h a t 

T u d d e n h a m w a s c o r r e c t w i t h t h e a s s i g n m e n t o f h i s p r o d u c t 

/ 42a 
a s c o m p o u n d ( 1 0 0 ) . 
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( 1 0 0 ) 

T h e r e a r r a n g e m e n t o f t h e a n n u l e n e ( l ) f o l l o w e d f i r s t 

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

[ l , 5 ] s i g m a t r o p i c s h i f t o f t h e m e t h y l g r o u p . T h u s a p l o t o f 

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

a g a i n s t t i m e w a s l i n e a r . F u r t h e r m o r e , t h e r a t e o f m i g r a t i o n 

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

s o l v e n t ( a t t h e s a m e t e m p e r a t u r e ) a n d t h e r e f o r e t h e 

r e a r r a n g e m e n t i s a p p a r e n t l y n o t s u b j e c t t o a s o l v e n t e f f e c t . 

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

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

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

d e t e r m i n a t i o n s w e r e m a d e f o r a v a r i e t y o f d e r i v a t i v e s a n d 

t h e r e s u l t s a r e g i v e n i n T a b l e 7 . A l l t h e r e a c t i o n s g a v e 

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

i n t h e c a s e o f t h e d i a l d e h y d e ( 5 1 ) . U n d e r t h e c o n d i t i o n s , 

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

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

a t 4 7 4 n m i n s t e a d o f a t 4 9 8 n m . T h i s n e w a b s o r p t i o n t h e n 

d e c a y e d w i t h a h a l f l i f e o f 2 h . 

T h e i n t r o d u c t i o n o f a n y s u b s t i t u e n t i n t o t h e 

2 - p o s i t i o n o f t h e a n n u l e n e i n c r e a s e s t h e r a t e o f t h e 

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

h a v e t h e g r e a t e s t e f f e c t on t h e r a t e . 



TABLE 7 R a t e M e a s u r e m e n t s f o r t h e T h e r m a l R e a r r a n g e m e n t o f 

V a r i o u s l y S u b s t i t u t e d [ 1 0 ] A n n u l e n e s 

1 3 8 ° C 

X 

H 
H 

H 

CN 

H 
H 
H 
H 

H 
OMe 

CN 

H 

CONH2 

CO 2 H 
C 0 2 M e 

C H O 

c o m p o u n d 

n u m b e r 

( 1 ) 
(82) 

( 6 5 ) 

( 6 7 a ) 

(66) 

( 6 4 ) 

( 7 0 ) 

( 5 3 b ) 

t i / h 
2 

12 
6 . 7 

2.0 
6 . 4 

3 . 5 

2.0 
1 . 9 

1 .1 

k r e l 

1 
1.8 

6.0 
1 . 9 

3 . 4 

6.0 
6 . 3 

11.0 

5 R ( 7 b - M e , C H C 1 3 ) 

1 . 6 7 

• 1 . 5 0 

• 1 . 5 2 

•1.50 

• 1 . 4 7 

1 . 4 2 

• 1 . 4 7 

•1.40 

W E t 0 H ) 
/ n m 

4 5 0 

4 5 9 

4 7 0 

4 6 7 

4 7 1 

4 7 4 

4 7 5 

488 

C 0 2 M e C 0 2 M e ( 3 8 ) 3 . 4 3 - 5 - 1 . 3 4 4 7 2 
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T h e e f f e c t s o f p e r t u r b a t i o n o f t h e 1 0 7 r - s y s t e m a r e 

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

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

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

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

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

m e a s u r e m e n t s a n d t h e v a r i a t i o n i n t h e r a t e s m a y b e 

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

a n n u l e n e . H o w e v e r , a s u r p r i s i n g r e s u l t w a s t h e m u c h f a s t e r 

r e a r r a n g e m e n t o f t h e 2 - n i t r i l e ( 6 5 ) t h a n t h e 1 - n i t r i l e ( 6 7 a ) . 

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

2 - n i t r i l e r e a r r a n g e s t o a c o m p o u n d r e l a t e d t o c i n n a m o n i t r i l e 

b u t t h e 1 - i s o m e r r e a r r a n g e s t o a l e s s s t a b l e c r o s s c o n j u g a t e d 

p r o d u c t . H o w e v e r u n u s u a l r e s u l t s f o r 5 - s u b s t i t u t e d a n n u l e n e 

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

2.2.8). 

R a t e m e a s u r e m e n t s f o r t h e r e a r r a n g e m e n t o f t h e 

p a r e n t a n n u l e n e ( 1 ) w e r e d e t e r m i n e d u s i n g d e c a l i n a s t h e 

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

1 3 8 - 1 9 0 ° C . A p l o t o f t h e l o g a r i t h m o f t h e r a t e c o n s t a n t 

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

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

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

3 2 . 7 ( - 1 ) k c a l m o l " 1 . I n c o m p a r i s o n , t h e s i m p l e r [ 1 , 5 ] m e t h y l 

—1 100 
s h i f t s h o w n b e l o w h a s a n a c t i v a t i o n e n e r g y o f 4 5 k c a l m o l 

T h e g r e a t e r e a s e o f m i g r a t i o n i n t h e a n n u l e n e i s d u e t o t h e 

e x t r a d r i v i n g f o r c e c a u s e d b y f o r m a t i o n o f a b e n z e n e r i n g . 

I t m u s t b e e m p h a s i s e d h o w e v e r t h a t a l l t h e a n n u l e n e 

d e r i v a t i v e s r e a r r a n g e m u c h s l o w e r t h a n t h e 3 a H - i n d e n e 

d e r i v a t i v e s ( 3 7 ) a n d ( 8 5 ) w h e r e t h e r e i s n o a r o m a t i c 
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s t a b i l i s a t i o n o f t h e s t a r t i n g m a t e r i a l ( s e e a l s o S e c t i o n 

2.2.8). 

T h e p r e - e x p o n e n t i a l f a c t o r , A , f o r t h e r e a r r a n g e m e n t o f 

1 2 — 1 
t h e a n n u l e n e ( 1 ) w a s 4 x 1 0 s , a n d f r o m i t , a v a l u e o f 

t h e a c i v a t i o n e n t r o p y , A S * , o f - 9 ( - 4 ) J mol~~*lK~~*' w a s 

c a l c u l a t e d . * T h i s v a l u e i s s m a l l a n d n e g a t i v e a s e x p e c t e d 

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

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

p r o d u c t ( 9 9 ) w o u l d i m p r o v e i f t h e r e a c t i o n w a s r a p i d a n d 

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

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

s i m i l a r s t r u c t u r e s ) . U s e o f a h i g h b o i l i n g s o l v e n t w o u l d 

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

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

I t s e e m e d t h a t f l a s h v a c u u m p y r o l y s i s ( F V P ) c o n d i t i o n s 

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

D i s t i l l a t i o n o f t h e a n n u l e n e a t 0 . 3 mmHg t w i c e u p a t u b e 

h e a t e d t o 4 0 0 ° C , g a v e , i n 7 8 $ y i e l d , a p r a c t i c a l l y p u r e 

ekT q A S * / R 
* F r o m t h e e q u a t i o n A = — e ' w h e r e e = 2 . 7 , 

k = B o l t z m a n n * s c o n s t a n t , h = P l a n c k ' s c o n s t a n t , 

a n d R = u n i v e r s a l g a s c o n s t a n t .101 
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s a m p l e o f t h e 2 a H - i s o m e r ( 9 9 ) , a s a c o l o u r l e s s o i l w i t h a 

s t r o n g b i t t e r s m e l l . I n t h e h o p e o f o b s e r v i n g f u r t h e r 

p r o d u c t s , t h e P V P w a s r e p e a t e d a t 7 0 0 ° C . T h e y e l l o w o i l 

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

g i v e a 2 : 1 m i x t u r e o f t h e 1 H - i s o m e r s ( 1 0 1 ) a n d ( 1 0 2 ) . 

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

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

k n o w n u n s u b s t i t u t e d c o m p o u n d , 1 H - c y c l o p e n t [ c d ] i n d e n e ( 3 5 ) . 3 8 

T h e m i n o r i s o m e r ( 1 0 2 ) s h o w e d a f i n e s p l i t t i n g o f t h e m e t h y l 

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

t h e p r o t o n a t t h e 4 - p o s i t i o n a n d l e a d i n g t o i t s a s s i g n m e n t 

a s ( 1 0 2 ) i n w h i c h s u c h a c o u p l i n g i s e x p e c t e d . T h e n . m . r . 

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

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

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

u n u s u a l l y d o w n f i e l d a t 5 7 . 4 - 7 . 9 . T h i s c o m p o u n d c o u l d 

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

W h e n t h e F V P w a s c a r r i e d o u t a t 6 0 0 ° C , t h e r e a c t i o n 

w a s c l e a n e r a n d a m i x t u r e o f t h e i s o m e r s ( 1 0 1 ) a n d ( 1 0 2 ) w a s 

i s o l a t e d i n 7 6 / y i e l d . T h e r a t i o o f t h e i s o m e r s w a s t h e 

s a m e a s b e f o r e a n d m a y b e a n e q u i l i b r i u m r a t i o . T h a t 

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

i o n c h a r a c t e r on a t e r t i a r y c a r b o n i n s t e a d o f a s e c o n d a r y 

c a r b o n a s i s t h e c a s e w i t h i s o m e r ( 1 0 2 ) . T h e u . v . s p e c t r u m 

o f t h e m i x t u r e o f t h e 1 H - i s o m e r s w a s v e r y s i m i l a r t o t h a t 

38 

r e c o r d e d f o r t h e u n s u b s t i t u t e d c o m p o u n d ( 3 5 ) c o n f i r m i n g 

t h e i d e n t i f i c a t i o n . 

T h e 1 H - i s o m e r s a r e m o s t p r o b a b l y f o r m e d f r o m t h e 

2 a H - i s o m e r ( 9 9 ) "by a [l , 5] m e t h y l s h i f t f o l l o w e d b y a s e r i e s 

o f r a p i d [ l , 5 ] h y d r o g e n s h i f t s . T h e r e s u l t s o f t h e F V P 

r e a c t i o n s i m p l i e s a s t a b i l i t y o r d e r o f c y c l o p e n t [ c d ] i n d e n e s 

o f 

1 H > 2 a H > 7 b H 

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

o f t h e 1 H - i s o m e r s i s p r o b a b l y t h a t t h e y a r e p l a n a r w h e r e a s 

i n t h e 2 a H - a n d 7 b H - i s o m e r s , a t e t r a h e d r a l c a r b o n a t o m a t 

a r i n g j u n c t i o n c a u s e s d i s t o r t i o n o f t h e 7 i - s y s t e m s a n d 

r e s u l t a n t l o s s i n r e s o n a n c e e n e r g y . T h e 1 H - i s o m e r s a r e 

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

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

102 
i m p l i e d b y t h e c a l c u l a t i o n s o f S t r e i t w i e s e r . H e c a l c u l a t e d 

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

2 a H > 7 b H . > 1 H . S i n c e t h e a c i d i t i e s w e r e d e t e r m i n e d b y t h e 

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

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

o r d e r 1 H > 7 b H > 2 a H . 

2 . 2 c 2 P h o t o l y s i s ' 

W h e n a s o l u t i o n o f t h e a n n u l e n e ( 1 ) i n p e t r o l w a s 
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i r r a d i a t e d i n a R a y o n e t r e a c t o r a t 3 0 0 n m , a w a v e l e n g t h 

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

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

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

1 5 h o u r s , t h e p e t r o l w a s r e m o v e d a n d t h e r e s i d u e w a s s h o w n 

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

On i r r a d i a t i o n a t 2 5 4 n m , a s m a l l a m o u n t o f t h e a n n u l e n e 

w a s c o n s u m e d a f t e r 2 4 h o u r s , b u t n o n e w p r o d u c t s c o u l d b e 

i s o l a t e d . T h e a n n u l e n e ( 1 ) c a n b e . r e g a r d e d a s e s s e n t i a l l y 

i n e r t t o p h o t o l y s i s . 

2 . 2 . 3 H y d r o g e n a t i o n 

T h e a n n u l e n e ( 1 ) w a s r e a d i l y h y d r o g e n a t e d i n e t h a n o l 

o v e r a c a t a l y s t o f 5 $ p a l l a d i u m o n c h a r c o a l a t a t m o s p h e r i c 

p r e s s u r e . F i v e e q u i v a l e n t s o f h y d r o g e n w e r e r a p i d l y t a k e n 

u p t o g i v e f u l l y s a t u r a t e d c o m p o u n d ( s ) ( 1 0 3 ) , a s a c o l o u r l e s s 

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

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

h y d r o g e n u p t a k e . 

F o l l o w i n g t h e o b s e r v a t i o n i n t h e l i t e r a t u r e t h a t t h e 

t e t r a c y c l i c h y d r o c a r b o n ( 1 0 4 ) i s s t r a i n e d e n o u g h t o b e 
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r e a d i l y h y d r o g e n a t e d , t h e r e l a t e d 2 a - m e t h y l - 2 a H - c y c l o p e n t -

[ c d ] i n d e n e ( 9 9 ) w a s a l s o h y d r o g e n a t e d . A r a p i d i n i t i a l 

u p t a k e o f h y d r o g e n w a s f o l l o w e d b y a s l o w u p t a k e . T h e m a s s 

s p e c t r u m s h o w e d p r o d u c t s a r i s i n g f r o m t h e u p t a k e o f 2 , 4 , 

a n d 5 e q u i v a l e n t s o f h y d r o g e n . T h e s e p r o d u c t s a r e m o s t 

l i k e l y t o b e ( 1 0 5 ) , ( 1 0 6 ) , a n d ( 1 0 7 ) r e s p e c t i v e l y . 

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

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

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



112. 

f l u o r a d e n e ( 1 0 8 ) h a s s h o w n t h a t t h e t r i s u h s t i t u t e d b e n z e n e 

r i n g i s c o n s i d e r a b l y w a r p e d a w a y f r o m p l a n a r i t y , 1 0 4 

2 . 2 . 4 E l e c t o n T r a n s f e r R e a c t i o n s 

/ X 35b 

L i k e t h e 1 4 / T - s y s t e n ( 3 1 ) s t u d i e d b y B o e k e l h e i d e , 

t h e a n n u l e n e ( 1 ) f a i l e d t o f o r m a p i c r a t e . W h e n c o n c e n t r a t e d 

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

r e s u l t i n g s o l u t i o n w a s o r a n g e s u g g e s t i n g t h e f o r m a t i o n o f 

a c h a r g e t r a n s f e r c o m p l e x . H o w e v e r , n o p r e c i p i t a t e f o r m e d 
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a n d o n c o n c e n t r a t i o n o f t h e s o l u t i o n , t h e c r y s t a l s w h i c h 

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

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

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

e x p e c t e d t o p r e v e n t t h e s t a c k i n g o f l a y e r s i n a c r y s t a l . 

P o t a s s i u m m e t a l w a s f o u n d t o d i s s o l v e i n a s o l u t i o n 

o f t h e a n n u l e n e ( 1 ) i n t e t r a h y d r o f u r a n t o g i v e a d e e p r e d 

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

W h e n a s o l u t i o n o f t h e a n n u l e n e w a s a d d e d t o a s o l u t i o n o f 

s o d i u m i n l i q u i d a m m o n i a , a n d t h e r e s u l t i n g o r a n g e m i x t u r e 

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

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

b y e x a m i n a t i o n o f t h e 2 5 0 M H z p r o t o n n . m . r . s p e c t r u m . 

U n d e r s i m i l a r c o n d i t i o n s , t r a n s - 1 O b , 1 0 c - d i h y d r o - 1 O b , 1 0 c -

d i h y d r o p y r e n e ( 3 1 ) c l e a n l y g a v e t h e s y m m e t r i c a l p r o d u c t ( 1 0 9 ) 

H H 

(3*1 ) ( 1 0 9 ) 

2 . 2 . 5 L i t h i a t i o n 

A t t e m p t s t o l i t h i a t e t h e a n n u l e n e ( 1 ) w e r e n o t 

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

t h e a n n u l e n e w a s c o n s u m e d t o g i v e a d e e p r e d s o l u t i o n . 
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A f t e r a q u e n c h w i t h c a r b o n d i o x i d e i n e t h e r a n d a c i d i f i c a t i o n , 

n o a n n u l e n e c a r b o x y l i e a c i d s c o u l d b e d e t e c t e d . A y e l l o w 

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

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

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

m i x t u r e . T h e a n n u l e n e ( 1 ) r e a c t e d o n l y v e r y s l o w l y w i t h 

t e r t - b u t . y l l i t h i u m i n p e t r o l a t r o o m t e m p e r a t u r e a n d , a f t e r 

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

2 . 2 . 6 C y c l o a d d i t i o n R e a c t i o n s 

I n s o f a r a s t h e a n n u l e n e ( 1 ) f o r m a l l y c o n t a i n s a 

c y c l o p e n t a d i e n y l u n i t , i t c o u l d u n d e r g o D i e l s A l d e r r e a c t i o n s . 

H o w e v e r / i t d i d n o t g i v e a n a d d u c t w i t h a n e x c e s s o f d i m e t h y l 

a c e t y l e n e d i c a r b o x y l a t e o r 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 , o r w i t h b e n z y n e g e n e r a t e d b y t h e r m o l y s i s o f 
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b e n z e n e d i a z o n i u m - 2 - c a r b o x y l a t e . W i t h t e t r a c y a n o e t h y l e n e 

( T C N E ) , t h e a n n u l e n e ( 1 ) g a v e r e v e r s i b l e f o r m a t i o n o f a 

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

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

a l a r g e e x c e s s o f T C N E i n r e f l u x i n g 1 , 2 - d i m e t h o x y e t h a n e , t h e 

a n n u l e n e ( 1 ) w a s r e c o v e r e d u n r e a c t e d . W i t h t h e p o w e r f u l 

d i e n o p h i l e , 4 - p h e n y l - 1 , 2 , 4 - t r i a z o l e - 3 , 5 - d i o n e ( P T A D ) , t h e r e 

w a s n o r e a c t i o n a t r o o m t e m p e r a t u r e , b u t i n r e f l u x i n g 1 , 2 -

d i m e t h o x y e t h a n e t h e 2 : 1 a d d u c t ( 1 1 0 ) w a s f o r m e d i n 7 5 $ 

y i e l d . 

W h e n o n l y o n e e q u i v a l e n t o f P T A D w a s u s e d , h a l f o f 

t h e a n n u l e n e w a s r e c o v e r e d u n c h a n g e d ; n o 1 : 1 a d d u c t w a s 

f o r m e d . T h e r e f o r e t h e o l e f i n i c 1 : 1 a d d u c t m u s t b e m o r e 

r e a c t i v e t o P T A D t h a n t h e a n n u l e n e . 
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T h e s t r u c t u r e o f t h e 2 : 1 a d d u c t w a s d e d u c e d f r o m 

n u c l e a r O v e r h a u s e r e f f e c t m e a s u r e m e n t s i n t h e p r o t o n n . m . r . 

s p e c t r u m ( P i g 1 2 ) . I r r a d i a t i o n o f t h e m e t h y l g r o u p c a u s e s 

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

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

i s s t i l l i n t h e c e n t r a l p o s i t i o n a n d t h a t t h e P T A D g r o u p s 

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

g r o u p . A m o l e c u l a r m o d e l s h o w s t h a t t h e P T A D u n i t s l i e i n 

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

P T A D m o l e c u l e i s g u i d e d i n t o i t s p o s i t i o n b y a s s o c i a t i o n 

b e t w e e n t h e d i e n o p h i l e a n d t h e P T A D u n i t i n t h e i n i t i a l 

1 : 1 a d d u c t . S u c h a n a s s o c i a t i o n h a s a l r e a d y b e e n r e p o r t e d 

b y G - i n s b u r g i n h i s w o r k on p r o p e l l a n e s 1 0 7 a n d on 1 , 6 - m e t h a n o -

[lo] a n n u l e n e . 1 0 8 I n t h e l a t t e r c a s e , c y c l o a d d i t i o n o f t h e 

a n n u l e n e w i t h P T A D o c c u r s a t r o o m t e m p e r a t u r e t o g i v e a 

m i x t u r e o f 1 : 1 a n d 2 : 1 a d d u c t s . T h i s b e h a v i o u r i s 

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

i n t e r a c t i o n i n 1 , 6 - m e t h a n o [ 1 0 ] a n n u l e n e ( 2 1 ) a s d e s c r i b e d 

i n t h e I n t r o d u c t i o n . 
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I r r a d i a t i o n o f t h e p r o t o n s a t p o s i t i o n s 1 a n d 4 , 

a s d e t e r m i n e d f r o m t h e s p e c t r u m o f t h e 2 : 1 a d d u c t ( 1 1 0 ) 

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

H - 7 a n d H - 5 r e s p e c t i v e l y . T h i s a l l o w s c o m p l e t e a s s i g n m e n t 

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

w a s i n c o r p o r a t e d i n t o t h e 2 - p o s i t i o n o f t h e a n n u l e n e ( s e e 

S e c t i o n 2 . 1 . 6 ) . 

T h e r e a c t i o n s o f t h e e l e c t r o n r i c h a n n u l e n e s ( 7 7 ) 

a n d ( 8 2 ) w i t h P T A D w e r e s t u d i e d s i n c e i t w a s t h o u g h t t h a t 

t h e s e w e r e m o r e l i k e l y t o g i v e 1 : 1 a d d u c t s . T h e 2 -

m e t h o x y a n n u l e n e ( 8 2 ) r e a c t e d w i t h P T A D a t r o o m t e m p e r a t u r e 

t o g i v e a l o w y i e l d o f t h e 2 : 1 a d d u c t ( 1 1 1 ) . I t s s t r u c t u r e 

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

o f a d d u c t ( 1 1 0 ) . N o n e o f t h e i s o m e r i c a d d u c t ( 1 1 2 ) w a s 

d e t e c t e d a n d a d d u c t ( 1 1 1 ) i s p r o b a b l y p r e f e r r e d f o r s t e r i c 

r e a s o n s . 

( 1 1 1 ) ( 1 1 2 ) 
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T h e t r i m e t h y l s i l y l e t h e r ( 7 7 ) a l s o r e a c t e d w i t h 

? T A D a t r o o m t e m p e r a t u r e b u t t h e p r o d u c t w a s n o t a 2 : 1 

a d d u c t . A f t e r c h r o m a t o g r a p h i c w o r k - u p , t h e t e t r a e n o n e ( 1 1 3 ) > 

a n o r a n g e - r e d s o l i d , w a s i s o l a t e d i n 5 4 $ y i e l d . T h e r e a c t i o n 

p r e s u m a b l y p r o c e e d s b y e l e c t r o p h i l i c a d d i t i o n o f t h e P T A D 

t o t h e 2 a - p o s i t i o n f o l l o w e d b y t r a n s f e r o f t h e t r i m e t h y l -

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

( S c h e m e 3 2 ) . Q 

W 
O 

N - P h 

OSiMe. 

( 7 7 ) 

o 

I N H 

P H - ' W 

v \
 0 

I N - S i M e . 

P h ' 

( 1 1 3 ) 

SCHEME 3 2 
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T h e r e s i s t a n c e o f t h e a n n u l e n e ( 1 ) t o u n d e r g o 

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

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

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

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

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

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

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

f r o m t h e m e t h y l g r o u p . 

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

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

S e c t i o n 2 . 2 . 8 . 

2 . 2 . 7 M e t a l C o m p l e x e s 

P r e l i m i n a r y r e s u l t s s u g g e s t t h a t t h e a n n u l e n e ( 1 ) 

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

o f t h e r e a g e n t , t h e r e w a s n o r e a c t i o n w i t h c h r o m i u m h e x a -

c a r b o n y l i n a r e f l u x i n g 3 : 1 m i x t u r e o f d i - n - b u t y l e t h e r 
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a n d t e t r a h y d r o f u r a n . W i t h d i i r o n n o n a c a r b o n y l i n b e n z e n e 

O 109b 

a t 5 0 C , t h e r e a c t i o n m i x t u r e b e c a m e d a r k g r e e n a n d t r i i r o n 

d o d e c a c a r b o n y l c o u l d b e i s o l a t e d . N o a n n u l e n e w a s c o n s u m e d 

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

w a s n o t i n c l u d e d . H e n c e , t h e a n n u l e n e c a t a l y s e s t h e 

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

i n v o l v e s a n u n s t a b l e i r o n t r i c a r b o n y l c o m p l e x a s s h o w n 

b e l o w . 

Fe2(C0)s 
Fe(co)! + 
Fe(C0), 

( 1 ) 
- C O 

P e 2 ( C O ) 9 

Fe3(c0)12 + 
Fe(co); ( 1 ) 
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2 . 2 c 8 E l e c t r o p h i l i c S u b s t i t u t i o n a n d R e l a t e d R e a c t i o n s 

T h e a n n u l e n e ( 1 ) u n d e r g o e s s u b s t i t u t i o n r e a c t i o n s 

w i t h c e r t a i n e l e c t r o p h i l i c r e a g e n t s . W i t h c o p p e r ( I l ) 

n i t r a t e i n a c e t i c a n h y d r i d e 5 , 3 5 6 a t 0 ° C , a m i x t u r e o f a l l 

f o u r p o s s i b l e m o n o n i t r a t e ! p r o d u c t s w a s f o r m e d . T h e s e 

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

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

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

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

b a n d ( o r a n g e ) w a s a m i x t u r e o f t h e 1- a n d 2 - n i t r o d e r i v a t i v e s 

a n d t h e s e c o n d b a n d ( y e l l o w ) w a s a m i x t u r e o f t h e 5- a n d 6 -

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

o f t h e 1 - , 5 - , a n d 6 - n i t r o d e r i v a t i v e s w a s p o s s i b l e a f t e r 

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

b y n i t r a t i o n o f t h e d e u t e r a t e d a n n u l e n e ( 7 2 ) . T h e r a t i o o f 

p r o d u c t s i s g i v e n i n T a b l e 8 . N o d i n i t r a t e d p r o d u c t s w e r e 

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

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

t h e a q u e o u s e x t r a c t s f r o m t h e w o r k - u p o f t h e n i t r a t i o n w a s 

n e g a t i v e a n d t h e r e f o r e t h e c o p p e r ( I I ) n i t r a t e w a s n o t 

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

T h e d i e s t e r ( 3 8 ) a l s o g a v e a m i x t u r e o f m o n o n i t r a t e ! 

p r o d u c t s u n d e r t h e s e c o n d i t i o n s 4 2 3 b u t t h e t e t r a c y c l i c 

1 4 J a n n u l e n e ( 3 1 ) g a v e o n l y t h e s y m m e t r i c a l p r o d u c t ( 1 1 4 ) . 
35b 
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R e d u c t i o n o f t h e m i x t u r e o f n i t r o a n n u l e n e s d e r i v e d 

f r o m t h e a n n u l e n e ( 1 ) w i t h z i n c i n a c e t i c a n h y d r i d e g a v e a 

c o r r e s p o n d i n g m i x t u r e o f a c e t a m i d o a n n u l e n e s ( 5 4 / y i e l d ) a s 

a n u n s t a b l e s e m i - s o l i d . R e d u c t i o n w i t h z i n c i n a c e t i c a c i d 

g a v e a c o m p l e x m i x t u r e . 

I t i s r e p o r t e d t h a t m o n o n i t r a t i o n o f t h e r e l a t e d 

s y s t e m , a z u l e n e , i s b e t t e r b r o u g h t a b o u t u s i n g t e t r a n i t r o -

m e t h a n e i n p y r i d i n e t h a n t h e r e a g e n t s y s t e m d i s c u s s e d a b o v e . 1 1 0 

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

s l o w l y a t r o o m t e m p e r a t u r e t o g i v e d a r k b a s e l i n e m a t e r i a l 

( t . l . c . ) . A f t e r w a r m i n g t h e m i x t u r e , t h e a n n u l e n e w a s 

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

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

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

s a m e r e s u l t . 

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

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

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

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

m o n o a c e t y l a t e d p r o d u c t s i n t h e r a t i o g i v e n i n T a b l e 8 . 

F o r m y l a t i o n o f t h e a n n u l e n e w i t h d i c h l o r o m e t h y l 

n - b u t y l e t h e r a n d t i n ( I V ) c h l o r i d e i n d i c h l o r o m e t h a n e 3 5 b a t 

- 7 8 ° C w a s m o r e s e l e c t i v e s t i l l a n d g a v e t h e 5 - a l d e h y d e 

( 1 1 5 ) a l m o s t e x c l u s i v e l y . T h e m a u v e 2 , 4 - d i n i t r o p h e n y l -

h y d r a z o n e o f ( 1 1 5 ) w a s i s o l a t e d p u r e . I t w a s u n f o r t u n a t e 

t h a t t h e f o r m y l a t i o n w e n t i n l o w y i e l d ( 2 8 / ) a n d h e n c e t h a t 

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

o f o t h e r 5 - s u b s t i t u t e d d e r i v a t i v e s . 
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S u l p h o n a t i o n o f t h e a n n u l e n e ( 1 ) w a s a l s o very-

s e l e c t i v e . T h e a n n u l e n e w a s c o n s u m e d i m m e d i a t e l y w h e n 

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

d i o x a n 1 1 1 a t 1 2 ° C . T h e p r o d u c t w a s i s o l a t e d a s i t s s o d i u m 

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

s h o w e d i t w a s a l m o s t p u r e 5 - m o n o s u l p h o n a t e ( 1 1 6 ) . T r a c e s 

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

T h e p r o d u c t w a s c h a r a c t e r i s e d a s i t s S - b e n z y l t h i o u r o n i u m 

s a l t . 

U n d e r t h e s a m e c o n d i t i o n s , 1 , 6-methano[ 1 o] a n n u l e n e 

( 2 1 ) g a v e d i s u b s t i t u t e d p r o d u c t s 1 1 1 a n d i t w a s n e c e s s a r y t o 

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

T h i s i s f u r t h e r e v i d e n c e f o r t r a n s a n n u l a r b o n d i n g i n 1 , 6 -

m e t h a n o [l o ] a n n u l e n e s i n c e m e t h y l a t e d n a p h t h a l e n e d e r i v a t i v e s 
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a l s o g i v e d i s u b s t i t u t i o n u n d e r t h e s e c o n d i t i o n s . 

M e a s u r e m e n t s o f t h e r a t e s o f t h e m e t h y l m i g r a t i o n i n 

t h e 5 - s u b s t i t u t e d a n n u l e n e s ( 1 1 5 ) a n d ( 1 1 6 ) g a v e u n e x p e c t e d 

r e s u l t s . T h e a l d e h y d e ( 1 1 5 ) r e a r r a n g e s i n d e c a l i n a t t h e 

s a n e r a t e a s t h e p a r e n t s y s t e m ( 1 ) ( t i 1 2 h a t 1 3 8 ° C ) w h e r e a s 
2 

t h e 2 - a l a e h y d e ( 5 3 b ) r e a r r a n g e s m u c h f a s t e r u n d e r t h e s a m e 

c o n d i t i o n s ( t i 1 . 1 h a t 1 3 3 ° C ) . A n e x p l a n a t i o n f o r t h i s i s 
2 

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

c h a r a c t e r i s i n d u c e d o n t o t h e t e r m i n u s o f m i g r a t i o n o f t h e 

m e t h y l g r o u p a t 0 - 2 a o I n t h e 5 - p o s i t i o n , t h e a l d e h y d e g r o u p 
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i s t o o f a r f r o m C - 2 a t o h a v e a n y i n d u c t i v e e f f e c t a n d 

c a n n o t i n d u c e p o s i t i v e c h a r g e o n t o t h e 2 a - p o s i t i o n b y a 

r e s o n a n c e e f f e c t . T h i s a l s o e x p l a i n s w h y t h e 2 - n i t r i l e 

( 6 5 ) r e a r r a n g e d f a s t e r t h a n t h e 1 - n i t r i l e ( 6 7 a ) a n d i s 

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

s t a b i l i t y m e n t i o n e d i n S e c t i o n 2 . 2 . 1 . 

T h e r e a r r a n g e m e n t o f t h e s u l p h o n a t e ( 1 1 6 ) c o u l d 

n o t b e f o l l o w e d i n n o n - p o l a r s o l v e n t s o w i n g t o i t s 

i n s o l u b i l i t y . I n d i e t h y l e n e g l y c o l , t h i s s u l p h o n a t e 

r e a r r a n g e d s u r p r i s i n g l y f a s t ( t i . 7 h a t 1 3 8 ° C ) b u t i t w a s 

f o u n d t h a t t h e p a r e n t a n n u l e n e ( 1 ) r e a r r a n g e d j u s t a s 

f a s t i n t h i s s o l v e n t . T h u s t h e r a t e o f m i g r a t i o n s h o w s 

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

b y a p r o t i c s o l v e n t . T h e s e r e s u l t s s u g g e s t t h a t t h e r e i s 

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

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

c h a r g e s e p a r a t i o n i s s t a b i l i s e d . 

A t t e m p t e d b e n z o y l a t i o n o f t h e a n n u l e n e ( 1 ) w i t h 
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b e n z o y l c h l o r i d e a n d a l u m i n i u m c h l o r i d e w a s n o t 

s u c c e s s f u l . A c o m p l e x m i x t u r e w a s f o r m e d a n d i t i s l i k e l y 

t h a t t h e a n n u l e n e i s n o t c o m p a t i b l e w i t h t h e L e w i s a c i d . 

A t t e m p t e d b r o m i n a t i o n o f t h e a n n u l e n e ( 1 ) u s i n g 

t h e c o n d i t i o n s e m p l o y e d b y M i t c h e l l , L a i , a n d W i l l i a m s f o r 

t h e m o n o b r o m i n a t i o n o f t h e [ l 4 ] a n n u l e n e ( 3 1 ) 1 1 3 w a s n o t v e r y 

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

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

a p p r e c i a b l y d a r k e n e d . W o r k - u p g a v e a 1 0 $ r e c o v e r y o f 

s t a r t i n g m a t e r i a l c o n t a i n i n g o n l y a s m a l l a m o u n t o f a n e w 

a n n u l e n e ; p o s s i b l y t h e b r o m i n a t e d m a t e r i a l r e q u i r e d . 

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

b r o m i n a t i o n o f [ l8] a n n u l e n e ( 2 ) , 6 g a v e a c l e a n r e a c t i o n 

b u t d i d n o t g i v e s u b s t i t u t i o n p r o d u c t s . I n s t e a d , t h e 

c r y s t a l l i n e a d d i t i o n p r o d u c t ( 1 1 7 ) w a s f o r m e d ( 7 8 / ) . 

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

a t t a c k a t t h e 2 a - p o s i t i o n . T h e r e s u l t i n g c a r b o n i u m i o n 

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

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

o f b r o m i d e p r e s e n t . T h e d i b r o m i d e ( 1 1 7 ) c o u l d b e c o n v e r t e d 

b a c k i n t o t h e a n n u l e n e ( 1 ) b y t r e a t m e n t w i t h a c t i v a t e d z i n c 

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

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

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

I t i s i n t e r e s t i n g t o c o m p a r e t h e r e a c t i o n o f 1 , 6 -

n e t h a n o [ l o ] a n n u l e n e ( 2 1 ) w i t h b r o m i n e w h e n s u b s t i t u t i o n 

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

b y e l i m i n a t i o n o f h y d r o g e n b r o m i d e . 1 1 4 

W i t h b r o m i n e i n c a r b o n t e t r a c h l o r i d e , t h e a n n u l e n e •( 1 ) 

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

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

r e s u l t e d , n o n e o f w h i c h w e r e i d e n t i f i e d . 

T h e d i b r o m i d e ( 1 1 7 ) c o u l d a l s o b e p r e p a r e d b y 

t r e a t m e n t o f t h e a n n u l e n e ( 1 ) w i t h c o p p e r n i t r a t e i n a c e t i c 
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a n h y d r i d e i n t h e p r e s e n c e o f e x c e s s l i t h i u m b r o m i d e . T h i s 

r e a c t i o n w a s d o n e i n t h e h o p e t h a t a n a d d i t i o n p r o d u c t o f 

t h e a n n u l e n e a n d n i t r y l b r o m i d e ( N C ^ B r ) w o u l d b e o b t a i n e d . 

T A B L E 8 P r o d u c t C o m p o s i t i o n i n E l e c t r o p h i l i c S u b s t i t u t -

i o n R e a c t i o n s o f t h e A n n u l e n e ( 1 ) 

6 

I s o m e r P e r c e n t a g e d i s t r i b u t i o n Y i e l d 

1- 2 - 5- 6 -

x = N O 2 4 0 5 4 0 1 5 4 1 $ 

x = COCH 3 2 0 0 7 5 5 5 5 $ 

X = C H O 4 0 9 3 3 2 8 $ 

x = so 3 h > 9 5 7 0 $ 

T h e p r e f e r e n c e f o r 5 - a n d 1 - s u b s t i t u t i o n c a n b e 

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

i n v o l v e d . P e r e x a m p l e , t h e i n t e r m e d i a t e c a t i o n ( 1 1 8 ) 

f o r a t t a c k o f t h e e l e c t r o p h i l e , E + , a t t h e 5 - p o s i t i o n 

s h o u l d b e m o r e s t a b l e t h a n t h e c a t i o n ( 1 1 9 ) f o r a t t a c k a t 

t h e 6 - p o s i t i o n , i n s p i t e o f t h e g r e a t e r s y m m e t r y o f ( 1 1 9 ) , 

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

t e r t i a r y p o s i t i o n s i n ( 1 1 8 ) b u t o n t o o n l y o n e i n ( 1 1 9 ) . 

S i m i l a r l y 1 - s u b s t i t u t i o n s h o u l d b e f a v o u r e d o v e r 2 - s u b s t i t u t -

i o n . T h a t s u b s t i t u t i o n o c c u r s t o a g r e a t e r e x t e n t a t t h e 

6 - t h a n t h e 2 - p o s i t i o n i s p o s s i b l y d u e t o t h e e n h a n c e d 
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s y m m e t r y o f i n t e r m e d i a t e ( 1 1 9 ) 

5 - s u b s t i t u t i o n 6 + s u b s t i t u t i o n 

6+ 

<5+ 6+ 

1 - s u b s t i t u t i o n 2 - s u b s t i t u t i o n 

5+ 

( 1 2 0 ) 
2 a - a d d i t i o n 

T h e i n t e r m e d i a t e ( 1 2 0 ) i s s t a b i l i s e d b y t w o t e r t i a r y 

c e n t r e s , i s s y m m e t r i c a l , a n d i t s f o r m a t i o n r e l i e v e s s t r a i n 

a t t h e 2 a - p o s i t i o n . I t i s t h e r e f o r e t o b e e x p e c t e d t h a t 

t h e 2 a - p o s i t i o n s h o u l d b e t h a t f a v o u r e d f o r a t t a c k b y 

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

r e v e r s i b l e , a s f o r e x a m p l e w i t h s u l p h o n a t i o n w h e r e t h e 

r e v e r s i b i l i t y i s w e l l k n o w n . 

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

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

2 a > 5 > 1 > 6 > 2 

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

p o s i t i o n s i s 

2 a > 4 a 

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

p r o t o n a t i o n o f t h e a n n u l e n e ( 1 ) i s C - 2 a a n d t h a t t h e r e 

s h o u l d b e l i t t l e s e l e c t i v i t y f o r o t h e r p o s i t i o n s . 3 3 

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

w h i c h v /ould g i v e e x c l u s i v e s u b s t i t u t i o n a t o n e p o s i t i o n . 

E f f e n b e r g e r h a s r e p o r t e d t h a t t r e a t m e n t o f 1 , 6 - m e t h a n o -

[ l O ] a n n u l e n e w i t h t h e n i t r o n i u m t r i f l u o r o m e t h a n e s u l p h o n a t e -

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

e x c l u s i v e l y t h e 2 - s u b s t i t u t e d p r o d u c t s ( 1 2 1 a ) a n d ( 1 2 1 b ) 

w h e r e a s c o p p e r ( I I ) n i t r a t e g a v e a m i x t u r e o f 2 - a n d 3 -
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s u b s t i t u t e d p r o d u c t s . 
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I t i s k n o w n h o w e v e r , t h a t t h e 2 - p o s i t i o n o f 1 , 6 -

m e t h a n o [l o ]annulene i s m u c h t h e m o r e r e a c t i v e 2 4 a n d i t w a s 

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

s y s t e m . B o t h r e a g e n t s g a v e u n e x p e c t e d r e s u l t s . T h e 

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

a n d c o l l i d i n e r e a c t e d s l o w l y w i t h t h e a n n u l e n e ( 1 ) i n 

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

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

s h o w e d i t w a s a 2 : 1 m i x t u r e o f t h e 6 - i s o m e r a n d t h e 

2 - i s o m e r . T h e s e a r e t h e t w o i s o m e r s t h a t a r e n o r m a l l y 

f o r m e d t o t h e l e a s t e x t e n t . T h i s u n u s u a l s e l e c t i v i t y m a y 

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

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

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

f o r m e d w a s n o t t h e e x p e c t e d 5 - s u b s t i t u t e d d e r i v a t i v e b u t 

t h e l e s s s t r a i n e d r i n g e x p a n d e d a d d u c t ( 1 2 2 ) e T h i s p r o d u c t 

i s a d e e p r e d s o l i d w i t h a m e t h y l r e s o n a n c e a t 5 ^ ( 0 1 ) 0 1 ^ ) 1 . 9 4 . 

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

a q u e o u s s o d i u m s u l p h i t e w i t h s o d i u m h y d r o x i d e g a v e t h e 

a m i d e ( 1 2 3 ) . T h i s a m i d e i s a n u n s t a b l e d e e p g r e e n s o l i d 

w h i c h g i v e s m a u v e s o l u t i o n s . I t s m e t h y l r e s o n a n c e a t 

§ ^ ( C D C 1 3 ) 3 * 0 3 s h o w s t h e p r e s e n c e o f s o m e p a r a m a g n e t i c 

r i n g c u r r e n t d u e t o t h e 1 2 7 r - p e r i p h e r y . T h e s p e c t r a ( P i g 1 3 ) 

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

b y t h i s r i n g c u r r e n t . T h e f o r m a t i o n o f a d d u c t ( 1 2 2 ) i s 

e x p l a i n e d b y a [ 2 + 2 ] a d d i t i o n o f t h e r e a g e n t t o t h e a n n u l e n e 

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

r i n g o p e n i n g a s s h o w n i n S c h e m e 3 3 . 
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E l e c t r o n v / i t h d r a w a l b y t h e c h l o r o s u l p h o n y l g r o u p i n 

c o m p o u n d ( 1 2 2 ) c a u s e s t h e l o n e p a i r o f t h e n i t r o g e n a t o m t o 

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

f o r c o m p o u n d ( 1 2 3 ) , a n d c o n s e q u e n t l y , c o m p o u n d ( 1 2 2 ) s h o w s 

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

f o r m a t i o n o f a 1 2 7 r - s y s t e m i s a p p a r e n t b y t h e s t r o n g l y b a s i c 

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

g r o u p . I t s h o u l d b e e m p h a s i s e d t h a t t h e a m i d e ( 1 2 3 ) o n l y 

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

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

d i a m a g n e t i c e f f e c t s . I n a f u l l y a n t i a r o m a t i c s y s t e m , v e r y 

l a r g e s h i f t s a r e o b s e r v e d . E o r e x a m p l e , t h e m e t h y l g r o u p s 

o f t h e 1 6 7 r - d i a n i o n o f t h e t e t r a c y c l i c [l 4 ] a n n u l e n e ( 3 1 ) 

o 116 

r e s o n a t e a t 5 2 1 . 0 i n t h e n . m . r . s p e c t r u m . 

T h e a m i d e ( 1 2 3 ) r e a r r a n g e s b y a [1 , 5] s i g m a t r o p i c 

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

s e c o n d s i n r e f l u x i n g x y l e n e , j u s t o v e r o n e m i n u t e i n 

r e f l u x i n g t o l u e n e , a n d s e v e n t e e n m i n u t e s i n r e f l u x i n g 

b e n z e n e . I t i s n o t s u r p r i s i n g t h a t t h e r e a r r a n g e m e n t i s 

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

a n t i a r o m a t i c s t a r t i n g m a t e r i a l . T h e p r o d u c t o f t h e 
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r e a r r a n g e m e n t ( 1 2 4 ) i s a s t a b l e c o l o u r l e s s c r y s t a l l i n e 

s o l i d . 

( 1 2 4 ) R = H 

( 1 2 5 ) R = S 0 2 C 1 

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

c o m p o u n d ( 1 2 2 ) r e a r r a n g e d w i t h a h a l f l i f e o f 8 . 3 m i n . 

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

s p e c t r o p h o t o m e t r y , a s m a l l p e a k a t 4 5 0 n m a p p e a r e d . T h i s 

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

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

S c h e m e 3 3 a r e r e v e r s i b l e . B y a d d i t i o n o f c y c l o h e x e n e t o 

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

t h e y i e l d o f a n n u l e n e ( 1 ) w a s 4 2 $ . I n t h e a b s e n c e o f 

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

c o m p o u n d ( 1 2 5 ) a n d t r a c e s o f a n n u l e n a m i d e s w e r e f o r m e d . 

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

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

n o n - b r i d g e h e a d p o s i t i o n . 

T h e i n d e n o a z e p i n e s ( 1 2 2 ) a n d ( 1 2 3 ) a r e t h e f i r s t 

e x a m p l e s o f a t r i c y c l i c [ 5 - 6 - 7 ] s y s t e m w i t h a f u l l y 

c o n j u g a t e d 1 2 7 r - p e r i p h e r y . T h e p a r e n t h y d r o c a r b o n ( 1 2 6 ) 

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

t h e [ 2 + 2 ] a d d i t i o n o f a s u i t a b l e t w o c a r b o n u n i t t o t h e 

a n n u l e n e ( 1 ) . U n f o r t u n a t e l y , t h e a n n u l e n e ( 1 ) d i d n o t r e a c t 

w i t h d i c h l o r o k e t e n e , p r e p a r e d e i t h e r b y d e h y d r o h a l o g e n a t i o n 

o f d i c h l o r o a c e t y l c h l o r i d e o r b y z i n c d e h a l o g e n a t i o n o f 

t r i c h l o r o a c e t y l c h l o r i d e . 1 1 7 1 , 5 - M e t h a n o [ l 0 ] a n n u l e n e ( 2 9 ) 

r i 1 1 8 

r e a c t e d b y |_2+2J a d d i t i o n s w i t h t e t r a c y a n o e t h y l e n e ( T C N E ) , 

x 118 119 

d i m e t h y l a c e t y l e n e d i c a r b o x y l a t e ( D M A D ) , a n d b e n z y n e . W i t h 

D M A D a n d b e n z y n e , r i n g e x p a n s i o n s o c c u r r e d t o g i v e 
118 119 

1 2 7 r - s y s t e m s . ' T h e f a i l u r e o f t h e s e 2 7 r - c o m p o n e n t s t o r e a c t 

w i t h t h e a n n u l e n e ( 1 ) w a s m e n t i o n e d i n S e c t i o n 2 . 2 . 6 . 

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

r e a s o n w h y i t d i d n o t r e a c t w i t h t h e a n n u l e n e ( 1 ) b y a 

[ 2 + 2 ] r e a c t i o n i s t h a t i f i t a d d e d f r o m t h e s a m e s i d e a s 

t h e m e t h y l g r o u p t h e r e w o u l d b e a s e v e r e r e p u l s i v e 

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

g r o u p . A [ 2 + 2 ] a d d i t i o n t o t h e o p p o s i t e s i d e a s t h e m e t h y l 

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

i f f o r m e d , w o u l d b e h i g h l y s t r a i n e d . 
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2 . 3 S y n t h e s i s a n d P r o p e r t i e s o f 9 c - M e t h y l - 9 c H - c y c l o p e n t a -

[ j k ] f l u o r e n e ( 1 3 0 ) , a B e n z o f u s e d [ lo] a n n u l e n e 

T h e r e h a s b e e n c o n s i d e r a b l e e f f o r t t o r a t i o n a l i s e 

t h e e f f e c t o f f u s i o n o f a n a n n u l e n e t o a n o t h e r a r o m a t i c 
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s y s t e m . H e n c e , i t w a s d e s i r a b l e t o p r e p a r e a d e r i v a t i v e 

/ \ & 
o f t h e a n n u l e n e ( 1 ) i n w h i c h i n f u s e d t o a n a r o m a t i c r i n g . 

I t w a s a p p a r e n t t h a t a n [ 8 + 2 ] a d d u c t o f a 3 a H - i n d e n e 

w i t h b e n z o q u i n o n e w o u l d h a v e t h e c a r b o n f r a m e w o r k o f a 

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

s o l u t i o n o f t h e 3 a H - i n d e n e ( 8 5 ) g a v e a d e e p r e d s o l u t i o n . 

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

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

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

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

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

w h i c h w a s a s s i g n e d t h e s t r u c t u r e ( 1 2 7 ) on t h e b a s i s o f i t s 

n . m . r . s p e c t r u m s u p p o r t e d b y t h e n . O . e . m e a s u r e m e n t s 

s h o w n i n P i g . 1 4 . I r r a d i a t i o n o f t h e p r o t o n s o f e i t h e r t h e 

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

g i v e t h e e n h a n c e m e n t o f t h e p r o t o n a t t h e 9 a - p o s i t i o n t h a t 

w o u l d b e e x p e c t e d i f t h e s t e r e o c h e m i s t r y w a s e n d o . 
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T h e i n s t a b i l i t y o f t h e a d d u c t ( 1 2 7 ) i n t h e p r e s e n c e 

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

i n t o a h y d r o o u i n o n e , a n d t h e q u i n o n e ( 1 2 8 ) w a s o f t e n t h e 

o n l y p r o d u c t t h a t c o u l d b e i s o l a t e d ( u p t o 2 4 - / ) . T h i s 

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

t a u t o m e r o f t h e a d d u c t ( 1 2 7 ) b y t h e e x c e s s o f b e n z o q u i n o n e 

p r e s e n t . 

E l i m i n a t i o n o f t h e e l e m e n t s o f t r i m e t h y l s i l a n o l . f r o m 

t h e q u i n o n e ( 1 2 8 ) b y r e a c t i o n w i t h t o l u e n e - 4 - s u l p h o n i c a c i d 

i n r e f l u x i n g c h l o r o f o r m g a v e t h e p u r p l e a n n u l e n e q u i n o n e 

( 1 2 9 ) i n 3 3 / y i e l d . T h e b r i d g e h e a d m e t h y l g r o u p i n t h i s 

a n n u l e n e g a v e a s i g n a l i n t h e n . m . r . s p e c t r u m a t 5 ^ ( C D C 1 ^ ) 

- 1 . 0 1 . I t s p o s i t i o n m a y b e c o m p a r e d t o t h a t o f t h e 

d i a l d e h y d e ( 5 1 ) [ $ H ( C D C 1 3 ) - 1 . 1 2 ] . 

F u r t h e r w o r k o n t h e b e n z o q u i n o n e a d d u c t w a s a b a n d o n e d 

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

T h e h y d r o c a r b o n ( 1 3 0 ) w a s p r e p a r e d b y r e a c t i o n o f 

t h e d i a l d e h y d e ( 5 1 ) w i t h t h i o d i m e t h y l e n e d i ( t r i p h e n y l p h o s p h o -

n i u m b r o m i d e ) i n t h e p r e s e n c e o f l i t h i u m m e t h o x i d e i n 
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d i m e t h y l f o r m a m i d e a t r o o m t e m p e r a t u r e , 
121 

ay C H O 

( 5 1 ) 

C H O 

+ 
/ C H 2 P P h 3 

S v + 2 B r 

CH 2PPh 3 

LiOMe 

( 1 3 0 ) 

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

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

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

b r i d g e d [ l 4 ] a n n u l e n e f r o m a d i a l d e h y d e p r e c u r s o r . 1 2 1 

A f t e r c h r o m a t o g r a p h y , t h e a n n u l e n e ( 1 3 0 ) w a s 

i s o l a t e d i n 1 4 / y i e l d . T h e l o w y i e l d , l i k e t h o s e o f o t h e r 

26 121 

r e a c t i o n s i n v o l v i n g b i s - W i t t i g r e a g e n t s , p r o b a b l y r e s u l t s 

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

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

T h e a n n u l e n e ( 1 3 0 ) i s a s u r p r i s i n g l y s t a b l e b r i g h t 

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

a n a n a l y t i c a l s a m p l e , m . p . 7 4 - 7 6 ° C . I n t h e n . m . r . s p e c t r u m , 

t h e c e n t r a l m e t h y l g r o u p r e s o n a t e s a t 5 L ( C D C l O - 0 . 7 9 a n d 

t h e p e r i p h e r a l p r o t o n s i n t h e r a n g e 5 7 . 3 0 - 7 . 5 8 f o r t h e 

p r o t o n s o f t h e 1 0 7 r - r i n g a n d 5 7 . 6 7 - 8 . 4 0 f o r t h e b e n z o r i n g . 

P r o m t h e s e f i g u r e s , i t c a n b e s e e n t h a t t h e e f f e c t o f b e n z o 

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

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

a n n u l e n e ( 1 ) . T h e s e s h i f t s a r e t h e r e s u l t o f a r e d u c e d 

r i n g c u r r e n t i n t h e b e n z o f u s e d a n n u l e n e . S i m i l a r e f f e c t s 

h a v e b e e n o b s e r v e d i n o t h e r s y s t e m s . 1 2 C W T h e u p f i e l d s h i f t 

o f t h e m e t h y l g r o u p i n ( 1 3 0 ) r e l a t i v e t o t h e t e t r a e n e ( 5 4 ) 
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i n w h i c h t h e r e c a n b e n o r i n g c u r r e n t i s 1 . 8 0 p p m . T h e 

c o r r e s p o n d i n g f i g u r e f o r t h e a n n u l e n e ( 1 ) i s 2 . 6 8 p p m . 

T h u s , t h e b e n z o f u s e d a n n u l e n e ( 1 3 0 ) r e t a i n s 6 7 $ o f t h e 

r i n g c u r r e n t o f ( 1 ) . 

C a l c u l a t i o n s b y G u n t h e r h a v e e s t a b l i s h e d a 

r e l a t i o n s h i p i n w h i c h t h e c o u p l i n g c o n s t a n t s i n t h e b e n z o 

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

122 

o f t h a t a n n u l e n e . T o a p p l y h i s t h e o r y , i t w a s n e c e s s a r y t o 

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

p r o t o n s a n d t h i s w a s d o n e t o s u f f i c i e n t a c c u r a c y ( - 0 . 0 4 p p m ) 

f r o m a r e s o l u t i o n e n h a n c e d 4 0 0 M H z n . m . r . s p e c t r u m . T h e 

v a l u e s o b t a i n e d a r e i l l u s t r a t e d i n t h e d i a g r a m ' b e l o w . T h e 

c h e m i c a l s h i f t a s s i g n m e n t s w e r e m a d e on t h e b a s i s o f n . O . e . 

m e a s u r e m e n t s w h i c h s h o w e d e n h a n c e m e n t s f r o m H - 5 t o H - 6 a n d 

f r o m H-1 t o H - 9 . 

7 . 3 7 H 

2.42h>- H i 
7 . 4 7 

(130 ) 

7.05 hz 

8.05 hi 

T h e m e a s u r e d c o u p l i n g c o n s t a n t s g i v e a v a l u e , Q * , o f 

1 . 1 6 8 . G u n t h e r 1 s c a l c u l a t i o n s p r e d i c t a v a l u e o f Q f o r a b e n z o 

G i v e n b y Q = ( 0 . 1 0 4 J g ^ - 0 . 1 2 ) / ( 0 . 1 0 4 J 7 g - 0 . 1 2 ) 
122 
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f u s e d [l 0] a n n u l en e o f 1 . 2 1 a n d f o r a b e n z o f u s e d [ l 4 ] a n n u l e n e 

122 
o f 1 . 1 5 . T h e r e f o r e , t h e m e a s u r e d v a l u e s a r e i n r e a s o n a b l e 

a g r e e m e n t w i t h t h e t h e o r y o f G u n t h e r b e a r i n g i n m i n d t h a t 

t h e s y s t e m ( 1 ) w i l l h a v e l e s s r e s o n a n c e e n e r g y t h a n a p u r e 

" K u c k e l " 1 0/T- s y s t e m a s a r e s u l t o f t o r s i o n a l s t r a i n . 

I t i s i n t e r e s t i n g t o c o m p a r e t h e c o m p o u n d s ( 1 3 1 ) a n d 

( 1 3 2 ) i n w h i c h t h e c o u p l i n g c o n s t a n t s a r o u n d t h e p e r i p h e r y 

a r e c o m p a r a b l e t o t h o s e f o r t h e s y s t e m ( 1 3 0 ) s u g g e s t i n g a 

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

r e d u c t i o n o f t h e r i n g c u r r e n t i s 5 0 ^ #
1 2 0 a , b 

S i n c e t h e r e s o n a n c e e n e r g y i s a p p r o x i m a t e l y i n v e r s e l y 

p r o p o r t i o n a l t o t h e s i z e o f t h e a n n u l e n e , 7 t h e [ 1 0 ] a n n u l e n e 

s h o u l d h a v e a g r e a t e r r e s o n a n c e e n e r g y t h a n a [14] a n n u l e n e 

a n d t h e r e f o r e b e l e s s p e r t u r b e d b y b e n z o f u s i o n . H o w e v e r , 

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

e n e r g y i n t h e [ 1 0 ] a n n u l e n e b y t o r s i o n a l s t r a i n w h i c h i s 

m o r e s i g n i f i c a n t t h a n i n t h e 1 4 7 r - d i h y d r o p y r e n e s . 

A n X - r a y c r y s t a l s t r u c t u r e d e t e r m i n a t i o n w a s u n d e r -

t a k e n t o g i v e f u r t h e r u n d e r s t a n d i n g o f t h e b o n d i n g i n ( 1 3 0 ) . 
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U n l i k e t h e a n n u l e n e d e r i v a t i v e s p r e v i o u s l y s t u d i e d , 

c r y s t a l s o f ( 1 3 0 ) w e r e n o t d i s o r d e r e d a n d f u r t h e r m o r e , 

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

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

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

F i g . 15o D i s t i n c t a l t e r n a t i o n o f t h e b o n d l e n g t h s a r o u n d 

t h e p e r i p h e r y o f t h e t r i c y c l i c [ l o]annulene p o r t i o n i s 

c a u s e d b y f u s i o n o f a b e n z e n e r i n g . T h e r e i s o n l y a s m a l l 

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

J u s t o n t h i s b a s i s , i t i s s u r p r i s i n g t h a t s o m u c h r i n g 

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

t h e b o n d common t o t h e [ 1 0 ] a n n u l e n e a n d t h e b e n z o r i n g 

( C - 5 b - C - 9 a ) i s s l i g h t l y l o n g e r t h a n e x p e c t e d , 1 . 4 5 A 

° 123 

c o m p a r e d t o 1 . 4 1 A f o r t h e c o r r e s p o n d i n g b o n d i n n a p h t h a l e n e . 

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

r e l i e v e s s t r a i n i n t h e f i v e m e m b e r e d r i n g . T h e r e s u l t o f 

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

t h a t t h e c o m p o u n d ( 1 3 0 ) h a s s i g n i f i c a n t [ l 4 ] a n n u l e n e 

c h a r a c t e r i n v o l v i n g t h e e n t i r e p e r i p h e r y . S i n c e r i n g c u r r e n t 

i s g r e a t e r i n l a r g e r a n n u l e n e s , 7 t h i s e f f e c t w i l l i n c r e a s e 

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

o f t h e r i n g c u r r e n t i s r e t a i n e d i n ( 1 3 0 ) . On t h e b a s i s o f 

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

F o r e x a m p l e , t h e i s o m e r ( 1 3 3 ) s h o u l d p o s s e s s l e s s r i n g c u r r e n t , 

s i n c e l e n g t h e n i n g o f t h e b o n d common t o t h e 671-and 107T-

s y s t e m s doe 's n o t r e l i e v e a n y s t r a i n . O n t h e o t h e r h a n d , i n 

t h e d i b e n z o f u s e d d e r i v a t i v e ( 1 3 4 ) , b e n z o f u s i o n w o u l d 

r e l i e v e s t r a i n i n b o t h f i v e m e m b e r e d r i n g s . T h e r e s u l t i n g 

a p p r e c i a b l e 1 8 7 T - c o n t r i b u t i o n c o u p l e d w i t h t h e o p p o s i n g 

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



F I G U R E 1 5 C r y s t a l S t r u c t u r e o f 9 c - M e t h y l -

9 c H - c y c l o p e n t a jit f l n o r o n o ( 1 3 0 ) . 

B o n d l e n g t h s a r e g i v e n i n I n g s t r o m s , a r e 

c o r r e c t e d "by a l i b r a t i o n a l a n a l y s i s a n d a l l a r e 

± 0 . 0 0 4 A . S e l e c t e d b o n d a n g l e s a r e 

g i v e n i n i t a l i c s 
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n o b o n d f i x a t i o n i n t h e 1 0 7 T - s y s t e m , m i g h t g i v e a c o m p o u n d 

w i t h m o r e r i n g c u r r e n t t h a n t h e p a r e n t a n n u l e n e ( 1 ) . T h u s , 

t h e c e n t r a l m e t h y l g r o u p i n c o m p o u n d ( 1 3 4 ) m a y r e s o n a t e a t 

a v a l u e m o r e n e g a t i v e t h a n § - 1 . 6 7 . I n c o m p a r i s o n , c o m p o u n d 

( 1 3 5 ) r e t a i n s 8 3 / o f t h e r i n g c u r r e n t o f t h e u n p e r t u r b e d 

, N 120c 
d i h y d r o p y r e n e ( 3 1 ) . 

T h e b e n z o f u s e d a n n u l e n e ( 1 3 0 ) r e a r r a n g e s o n h e a t i n g 

i n r e f l u x i n g x y l e n e t o t h e k n o w n 1 2 4 9 b H - i s o m e r ( 1 3 6 ) w h i c h 

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

r e a r r a n g e m e n t i s m u c h f a s t e r t h a n t h a t o f t h e u n p e r t u r b e d 
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a n n u l e n e ( 1 ) ; i t s h a l f l i f e i s 8 . 3 m i n i n d e c a l i n a t 1 3 8 ° C . 

R a t e m e a s u r e m e n t s a t d i f f e r e n t t e m p e r a t u r e s i n t h e r a n g e 

1 1 0 - 1 3 8 ° C g i v e a v a l u e o f t h e a c t i v a t i o n e n e r g y f o r t h e 

— 1 — 1 

r e a r r a n g e m e n t o f ( 1 3 0 ) o f 3 0 k c a l m o l . T h i s i s 3 k c a l m o l 

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

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

e n e r g y i n ( 1 ) . 

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

o f ( 1 3 0 ) c o n t r a s u s w i t h t h a t o f t h e a n n u l e n e ( 1 ) ; ( 1 3 0 ) r e a c t e d 

w i t h P T A D a t 0 ° C b u t t o g i v e a c o m p l e x m i x t u r e . N i t r a t i o n 

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

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

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

T r e a t m e n t o f t h e d i a l d e h y d e ( 5 1 ) w i t h h y d r a z i n e 

h y d r a t e i n e t h a n o l a t 0 ° C g a v e t h e p y r i d a z i n o f u s e d a n n u l e n e 

( 1 3 7 ) . A f t e r c h r o m a t o g r a p h y o n a l u m i n a , i t w a s i s o l a t e d a s 

a n u n s t a b l e s e m i - s o l i d i n 9 0 / y i e l d . T h i s h e t e r o a r o m a t i c 

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

t h e a n n u l e n e s ( 1 ) a n d ( 1 3 0 ) s i n c e t h e p y r i d a z i n e r i n g h a s 

l e s s r e s o n a n c e e n e r g y t h a n t h e b e n z e n e r i n g . T h e c e n t r a l 

m e t h y l g r o u p r e s o n a t e s a t S r ^ C D C l ^ ) - 1 . 0 6 a n d t h e t h e r m a l 

r e a r r a n g e m e n t h a s a h a l f l i f e o f 3 8 m i n a t 1 3 8 ° C . 
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2 . 4 C o n c l u s i o n 

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

s y n t h e s i s o f t h e [l o ] a n n u l e n e , 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] -

i n d e n e ( 1 ) , w h i c h i n v o l v e t h e c y c l o a d d i t i o n o f a s u i t a b l e 

a c e t y l e n e e q u i v a l e n t t o a 3 a H - i n d e n e d e r i v a t i v e . T h e b e s t 

o f t h e s e m e t h o d s u s e s 2 - c h l o r o a c r y l o y l c h l o r i d e a s t h e 

d i e n o p h i l e . I n s o f a r a s t h e i n s t a b i l i t y o f t h e 3 a H - i n d e n e s 

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

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

b e s t k e t e n e a n d a c e t y l e n e e q u i v a l e n t s a v a i l a b l e . T h e b e s t 

c u r r e n t r o u t e t o t h e a n n u l e n e ( 1 ) ( s e e S c h e m e a t end o f 

S e c t i o n 2 . 1 ) h a s a n o v e r a l l y i e l d o f 9 $ f r o m t h e r e a d i l y 

a v a i l a b l e 1 - i n d a n o n e , a n d s i n c e i t c o u l d b e s c a l e d u p , i t 

w a s p o s s i b l e t o p r e p a r e s u f f i c i e n t o f t h e a n n u l e n e ( 1 ) f o r 

a t h o r o u g h i n v e s t i g a t i o n o f i t s p r o p e r t i e s . 

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

(1)-, i t i s u n l i k e l y t h a t m u c h w o u l d b e g a i n e d b y d e v e l o p m e n t 

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

( 1 ) . H o w e v e r , t h e r o u t e s d e s c r i b e d a r e l i m i t e d t o 1- a n d 

2 - s u b s t i t u t e d d e r i v a t i v e s o f t h e a n n u l e n e . A m e t h o d h a s y e t 

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

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

99 

l i a e r t t o t h e a n n u l e n e ( 1 ) h a s t h e a d v a n t a g e t h a t i t i s 

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

i t d o e s n o t i n v o l v e a 3 a H - i n d e n e d e r i v a t i v e i n w h i c h f a c i l e 

s i g m a t r o p i c s h i f t o f t h e b r i d g e h e a d g r o u p o c c u r s i f i t i s 
125 

o t h e r t h a n m e t h y l . H o w e v e r , h i s m e t h o d h a s s i m i l a r 

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

s u b s t i t u e n t s . 

S t u d i e s o f t h e s t e r e o c h e m i s t r y o f t h e [ 8 + 2 ] c y c l o -
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a d d i t i o n r e a c t i o n s o f v a r i o u s d i e n o p h i l e s t o t h e 3 a H -

i n d e n e ( 3 7 ) h a v e s h o w n t h a t u n l i k e t h e b e t t e r k n o w n [*4+2] -

c y c l o a d d i t i o n ( D i e l s - A l d e r r e a c t i o n ) , t h e r e i s a p r e f e r e n c e 

f o r e x o - a d d i t i o n a n d t h a t t h i s p r e f e r e n c e i s g r e a t e r f o r 

t h e m o r e r e a c t i v e d i e n o p h i l e s . R e t r o [ 8 + 2 ] c y c l o a d d i t i o n 

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

a d d u c t s . T h e p r o d u c t w a s a 1 H - i n d e n e , w h i c h s h o w s t h a t 

t h e o n l y m o d e o f t h e r m a l r e a r r a n g e m e n t o f t h e 3 a H - i n d e n e 

( 3 7 ) i n t h e v a p o u r p h a s e i s a [ 1 , 5 ] s i g m a t r o p i c s h i f t o f t h e 

m e t h y l g r o u p . 

T h e s y n t h e s i s o f t h e a n n u l e n e h a s d e m o n s t r a t e d t h e 

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

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

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

t h e e l i m i n a t i o n o f m e t h a n o l . I t w a s u n f o r t u n a t e t h a t t h e r e 

w e r e p r o b l e m s w i t h t h e c o n v e r s i o n o f t h e t r i m e t h y l s i l y l o x y 

s u b s t i t u t e d 3 a H - i n d e n e ( 8 5 ) i n t o t h e p a r e n t a n n u l e n e ( 1 ) s o 

t h a t t h e b e s t r o u t e s t i l l i n v o l v e s t h e u s e o f t h e h a z a r d o u s 

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

T h e p r o p e r t i e s o f t h e a n n u l e n e ( 1 ) s h o w t h a t i t c a n 

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

c a u s e s i t t o b e r e a c t i v e , p a r t i c u l a r l y a t t h e 2 a - p o s i t i o n . 

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

t a u t o m e r i s a t i o n o f t h e 2 - h y a r o x y a n n u l e n e ( 7 5 ) i n t o a k e t o n e 

w i t h t h e h y d r o g e n e x c l u s i v e l y a t t h i s 2 a - p o s i t i o n . T h e 

a r o m a t i c i t y o f t h e a n n u l e n e ( 1 ) i s s h o w n b y i t s n . m . r . 

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

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

o f s p e c i f i c i t y o f i t s n i t r a t i o n i s e v i d e n c e a g a i n s t a n y 

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

f a v o u r t h e 5 - p o s i t i o n . 
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T h e c e n t r a l m e t h y l g r o u p o f t h e a n n u l e n e ( 1 ) h a s 

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

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

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

m e a s u r e m e n t s f o r t h e [ 1 , 5 ] s i g m a t r o p i c s h i f t p r o v i d e s a n e w 

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

p a r t i c u l a r o f 5 - a n d 6 - s u b s t i t u t e d d e r i v a t i v e s , w o u l d b e 

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

s h i f t . 

A r i n g e x p a n s i o n r e a c t i o n o b s e r v e d w i t h c h l o r o -

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

c o n j u g a t e d [ 5 - 6 - 7 ] r i n g s y s t e m b u t s o f a r t h e r e a c t i o n i s 

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

B e n z o f u s i o n o f t h e a n n u l e n e ( 1 ) g i v e s t h e e x p e c t e d 

r e d u c t i o n i n d i a t r o p i c i t 3 ? - b u t t o a l e s s e r e x t e n t t h a n 

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

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

1 An-character o f t h e r e s u l t i n g r i n g s y s t e m . S y n t h e s i s o f 

o t h e r b e n z o f u s e d a n d r e l a t e d d e r i v a t i v e s o f t h e a n n u l e n e 

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

t h e c h e m i s t r y o f c o n j u g a t e d 7 r - s y s t e m s . 
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3 Experimental 

( a ) S o l v e n t s a n d R e a g e n t s 

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

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

i n d i c a t e d . R e f e r e n c e s a r e g i v e n w h e n r e a g e n t s w e r e p r e p a r e d 

b y l i t e r a t u r e p r o c e d u r 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 s p i r i t , b . p . 4 0 - 6 0 ° C 

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

E t h e r r e f e r s t o d i e t h y l e t h e r . 

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

p r o c e d u r e s : 

H y d r o c a r b o n s o l v e n t s w e r e a l l o w e d t o s t a n d o v e r 

a c t i v a t e d a l u m i n a . D i e t h y l e t h e r w a s a l l o w e d t o s t a n d o v e r 

c l e a n s o d i u m w i r e f o r s e v e r a l d a y s . O t h e r e t h e r s o l v e n t s 

( t e t r a h y d r o f u r a n , 1 , 2 - d i m e t h o x y e t h a n e , a n d d i o x a n ) w e r e 

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

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

d i s t i l l e d o n t o m o l e c u l a r s i e v e s ( t y p e 4 A ) . C h l o r i n a t e d 

s o l v e n t s w e r e d i s t i l l e d f r o m p h o s p h o r u s p e n t o x i d e o n t o 

m o l e c u l a r s i e v e s ( t y p e 4 A ) . A c e t o n i t r i l e a n d d i m e t h y l -

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

m o l e c u l a r s i e v e s ( t y p e 3 A ) . 

D i i s o p r o p y l a m i n e a n d c h l o r o t r i m e t h y l s i l a n e w e r e 

s u p p l i e d b y t h e A l d r i c h C h e m i c a l C o m p a n y a n d w e r e d i s t i l l e d 

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

b e f o r e u s e . 

S o d i u m h o ^ d r i d e w a s s u p p l i e d b y t h e A l d r i c h C h e m i c a l 

C o m p a n y a s a 5 C $ d i s p e r s i o n i n o i l a n d u s e d a s s u c h . 

P o t a s s i u m h y d r i d e w a s s u p p l i e d b y A l f a I n o r g a n i c s 
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a s a 2 0 - 2 5 / d i s p e r s i o n i n o i l . T h e a m o u n t r e q u i r e d w a s 

w e i g h e d a n d t h e o i l r e m o v e d b y w a s h i n g w i t h p e t r o l ( 1 0 m l 

p e r g r a m o f d i s p e r s i o n ) . W h e n t h e s o l i d h a d s e t t l e d , t h e 

p e t r o l w a s r e m o v e d b y p i p e t t e . T h i s p r o c e s s w a s r e p e a t e d 

a n d t h e l a s t o f t h e s o l v e n t w a s r e m o v e d u n d e r v a c u u m . A n 

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

M e t h y l f l u o r o s u l p h o n a t e w a s s u p p l i e d b y F l u k a A.G-. 

B e s t r e s u l t s w e r e o b t a i n e d w h e n i t w a s d i s t i l l e d a t 

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

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

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

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

a m m o n i a a f t e r u s e . 

n - B u t y l l i t h i u m , t e r t - b u t y l l i t h i u m , a n d d i i s o b u t y l -

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

A l d r i c h C h e m i c a l C o m p a n y a n d w e r e u s e d a t t h e c o n c e n t r a t i o n s 

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

l i t h i u m b r o m i d e c o m p l e x , s u p p l i e d b y A l d r i c h C h e m i c a l C o m p a n y , 

a n d w a s u s e d a t t h e c o n c e n t r a t i o n i n d i c a t e d . 

( b ) A p p a r a t u s 

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

o v e n a t a b o v e 1 0 0 ° C f o r a t l e a s t 4 h . W h e n d r y s o l v e n t s a n d 

r e a g e n t s w e r e n e c e s s a r y , t h e y w e r e t r a n s f e r r e d u s i n g d r y 

s y r i n g e s w i t h n e e d l e s o f t h e a p p r o p r i a t e s i z e s . 

( c ) C h r o m a t o g r a p h y 

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

t o c o l u m n c h r o m a t o g r a p h y on M e r c k s i l i c a g e l H , t y p e 6 0 . 
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The mixture to "be separated was pre-adsorbed by evaporation 
of a solution in dichloromethane onto the silica (2 g per 
gram of the mixture to be separated) and applied to the top 
of a column prepared from a suspension of the silica (15 g 
per gram of the mixture to be separated) in petrol. Pressure 
was applied by an acuarium pump operating at between 5 and 
10 pounds per square inch. 

Thin layer chromatography (t.l.c.) was used extensively 
as a qualitative analytical technique for the following of 
the progress of reactions, determination of the purity of 
compounds, and for the analysis of column eluant. Aluminium 
backed silica plates (Merck Kieselgel 60 were used. 
After elution, the plates were observed under ultra-violet 
light (254 nm) or developed with iodine vapour. 

(d) Spectra 

Infra-red spectra (i.r.) were recorded using a 
Perkin Elmer 293 spectrophotometer and calibrated against 
polystyrene at 1602 cm . Spectra of solids were recorded 
as solutions in carbon tetrachloride and oils as thin films 
between sodium chloride plates. Abbreviations are: 
strong (s), medium (m), and weak (w). Only the principal 
peaks and those of particular significance are given. 

Ultra-violet and visible spectra (u.v.) were recorded 
on a Unlearn SP300B spectrophotometer and calibrated against 
Holmium glass at 360.9 and 453.2 nm. An abbreviation is 
shoulder (sh). 

Proton nuclear magnetic resonance spectra (n.m.r.) 
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were recorded either on a Bruker WM250 spectrometer 
operating at 250 MHz, a Perkin Elmer R32 spectrometer 
operating at 90 MHz, or a Perkin Elmer EM360 spectrometer 
operating at 60 MHz. In one instance a' ULIRS WH400 
spectrometer operating at 400 MHz was used. All data 
quoted are for 250 MHz spectra unless indicated otherwise. 
Chemical shifts are given in parts per million relative 

to tetramethylsilane as an internal reference. Abbreviations 
used are singlet (s), doublet (d), triplet (t), quartet (m), 
multiplet (m), and broad (br.). Coupling constants (J) 
quoted to one decimal place are -0.3 Hz. 

Carbon-13 n.m.r. spectra were recorded on a 
Bruker WM250 spectrometer operating at 62.9 MHz and were 
fully proton decoupled. Chemical shifts (5Q) are given in 
parts per million relative to tetramethylsilane as internal 
reference. Relative intensities of the signals are given 
in parentheses following the chemical shifts. 

Low resolution mass spectra (m.s.) and accurate 
mass measurements were recorded using a VG Micromass 707OB 
mass spectrometer operating at 70 eV and using a direct 
insertion probe. Only the principal peaks are given. 

(e) Other data 

Melting points (m.p.) were measured using a Kofler 
hot stage apparatus and are uncorrected. 

Micro-analyses v/ere carried out in the organic 
micro-analytical laboratory under the supervision of 
Mr. K.I. Jones. 
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3.1 ' The Synthesis of 7b-Methyl-7bH-cyclopent[ cd]indene (1) 

3.1.1 The Birch reduction and methylation of 1-indanone 
42 b 

7a-Msthyl-2,3,5,7a-tetrahydro-1H-inden-1-one (40) 

(a) 1-Indanone (15.0 g) was reduced and methylated by 
42 b 

the conditions described by Tuddenham. Work up involving 
chromatography on silica (Hopkin and Williams M.F;C., 
500 g), eluting with petrol (b.p. 60 - 80°C) containing an 
increasing proportion of ether gave (i) 2,7a-dimethyl-
2,3,5,7a-tetrahydro-lH-inden-1-one42b ( 4 1 ) (1-Og, 6$).' 
(ii) A mixture from which crystallised 2-(1-indanyl)-
2-methyl-1-indanone (43) (0.72 g, 5$), m.p. 117.5 - 118.5°C 
(from petrol, b.p. 60 - 80°C) (Found: C, 87.09;. H, 6.96. 
C i gH l 80 requires C, 86.99; H, 6.92$); ^max(CCl4) 1710 (s, 
C=0 stretch), 1602 (m), and 1280 cm"1 (m); <?>H(CC14, 90 TVFHz) 
1.24 (3H, s, 2-Me), 1.7 - 2.45 (2H, m, 2 x H-2'), 2.5 - 3.0 
(4H, m, 2 x H-3 and 2 x H-3'), 2.78 (1H, t, J 9 Hz, H-1'), 
6.5 - 7.1 (4H, m, H-4< , H-5', H-6' and H-7'), and 7.1 - 7.9 
(4H, m, H-4, H-5, H-6 and H-7); m/e 262 (M+), 247, 146, and 
117 (100$). The residual liquid (4.8 g) was a 2 : 1 
mixture of the title compound (18$) and 2,2-dimethyl-
indanone (42) (9$). Distillation at 8 mmHg gave a 4 : 1 
mixture of the title compound and 2,2-dimethylindanone 
which coul'd not be purified further, followed by 2,2-di-, 
methylindanone, pure by n.m.r. (iii) 2-Methyl-1-indanone 
(0.5 g, 3$). (iv) Bi-(1-hydroxy-1-indanyl) (0.4 g, 2.5$), 
m.p. 158 - 161°, (lit.,126 m.p. 156 - 157°C). (v) 
1-Indanol (1.1 g, 7$). 
(b) To a stirred solution of potassium (100 g, 2.55 mol) 
in liquid ammonia (5 l) at -78° under nitrogen was added a 



solution of 1-indanone (118 g, 0.89 mol) and tert-
butanol (150 g, 2.03 mol) in dry tetrahydrofuran (400 ml) 
dropwise over 1 h. A solution of anhydrous lithium 
bromide (206 g, 2.34 mol) in dry tetrahydrofuran (600 ml) 
was added,followed after 0.5 h by a simultaneous rapid 
addition of 50$ aqueous tetrahydrofuran (900 ml) and 
iodomethane (134 g, 0.94 mol). The external cooling 
was removed and the ammonia allowed to evaporate 
overnight. Water (2 1) was added and the mixture 
extracted with ether (3 x 800 ml). The combined ether 
extracts were washed with water (2 x 500 ml), dried 
(Na2S0^) and the solvent evaporated. The resulting oil 
was distilled and the fraction boiling in the range 85 -
95°C at 7 mmHg was collected giving a colourless oil 
(82.8g). 

A sample of this oil (2.00 g) was chromatographed 
on silica, eluting with petrol containing an increasing 
proportion of ether to give (i) the title compound 
(1.70 g), (ii) 2-methyl-1-indanone (0.13 g), (iii) 
1-indanone (0.13 g) and (iv) 1-indanol (0.10 g). The 
proportion of the title compound in the oil was 8 4 $ and 
hence the yield was 69*9 g (53$). 

The distilled material was suitable for use in 
the preparation of 5,7a-dihydro-7a-methyl-1H-inden-1-one. 
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3.1.2 The preparation of 5,7a-dihydro-7a-methyl-
1H-inden-1-one (46) 

1 Via the lithium enolate of 7a-methyl-2,3,5,7a-
tetrahydro-1H-inden-1-one 

To a stirred solution of 7a-methyl-2,3,5,7a-
tetrahydro-1K-inden-1-one (40) ( 8 4 / pure; 32.7 g, 
135 mniol) in dry tetrahydrofuran (200 ml) at -78°C 
under nitrogen was added a solution of lithium 
di-isopropylamide [prepared at 0°C from di-isopropylamine 
(17.6 g, 173 mmol) in dry tetrahydrofuran (100 ml) and 
n-butyl lithium solution (1.4 M; 108 ml, 150 mmol)] 

dropwise. After 0.5 h, a solution of phenyl selenyl 
bromide [prepared at 0°C by dropwise addition of bromine 
(15.0 g, 93 mmol) to a solution of diphenyl diselenide127 

(29.5 g, 94 mmol) in dry tetrahydrofuran (100 ml)] was 
added. The mixture was allowed to warm to room temperature 
and poured with stirring into hydrochloric acid (1 M, 1 l). 
The mixture was extracted with ether (3 x 100 ml), the 
combined extracts washed with water (100 ml), dried 
(MgSO^) and the solvent evaporated. The crude selenide 
was dissolved in tetrahydrofuran (500 ml), pyridine (20 ml) 
added, the solution cooled to 5°C in an ice bath, and with 
stirring, aqueous hydrogen peroxide ( 2 5 6 0 ml, 400 mmol) 
was added dropwise so as to maintain the t-emperature 
between 5 and 10°C. The addition took _ca. 1 h. The 
resulting mixture was poured into water (1 l) and the 
aqueous solution extracted with ether (3 x 300 ml). The 
combined ether extracts were washed with water (300 ml), 
dried (MgS0£) and the solvent evaporated to give an oil 
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which was chromatographed on silica. Elution with petrol 
containing an increasing proportion of ether gave 
after a forerun of selenium containing material, (i) 
starting material (5.2 g). (ii) 5, 7a-:Dihydro-7a-methyl-
1H-ind en-1 -one42t7.82 g, 40$). 

2 5,7a-Dihydro-2,7a-dimethyl-1H-ind en-1-one (48) 

This was carried out in the same way as the 
preparation of 5,7a-dihydro-7a-methyl-1H-inden-1-one 
above but using 2,7a-dimethyl-2,3,5,7a-tetrahydro-1H-
inden-1-one (4.3 g, 27 mmol, a 1 : 1 mixture of 
diastereoisomers) to give an oil which after chromat-
ography on silica, eluting with petrol containing an 
increasing proportion of ether gave (i) 7a-methyl-2-
methylene-2,3,5,7a-tetrahydro-1H-inden-1-one (47) 
(2.1 g, 50$), an oil which polymerised on standing, 
p m a x(neat) 2960 (m), 1725 (s, 0=0 stretch), 1630 (m), 
1260 (m), 1015 (m), and 704 cm"1 (m); 5H(CC14, 90 MHz) 
1.11 (3H, s, Me-7a), 2.6 - 2.8 (2H, m, 2 x H-5), 3.2 -
3.4 (2H, m, 2 x H-3), 5.48 (1H, br. s, =CH2), 5.8 - 6.0 
(3H, m, H-4, H-6 and H-7), and 6.10 (1H, br. s, =CH2); m/e 
160 (M+). (ii) The title compound (0.8 g, 18$), a yellow 

oil, r (neat) 2920 (m), 1700 (s, C=0 stretch), 1450 (m), 
max 

1020 (m), and 705 cm"1 (m); 5H(CI)C13) 1.20 (3H, s, Me-7a) , 
1.85 (3H, s, Me-2) , 2.80 (1H, m, H-5, decoupling at 5 5.88 
gives d, J 22 Hz) , 2.89 (1H, m, H-5, decoupling at 55.88 
gives d, J22 Hz), 5.85 (1H, m, H-6, decoupling at 5 2.85 
gives d, J 10 Hz) , 5.89 (1H, m, H-4, decoupling at 52.85 
gives s), 6.16 (1H, dd, J 3 Hz, J, 7 10 Hz, H-7, 
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decoupling at 5 5.88 gives d, J 3 Hz), and 7-35. (1H, s, H-3); 
m/e 260 (M+). 

3 Direct phenylselenation of 7a-methyl-2,3,5,7a-
tetrahydro-1H-inden-1-one with phenylselenyl chloride 

A solution of 7a-methyl-2,3,5,7a-tetrahydro-1H-
inden-1-one (40) (O .58 g, 3 . 9 mmol) and phenylselenyl 
chloride12^0.76 g, 4.0 mmol) in ethyl acetate (15 ml) was 
refluxed 24 h. The mixture was washed with water (10 ml), 
then saturated sodium hydrogen carbonate solution (10 ml) and 
diluted with tetrahydrofuran (20 ml). Pyridine (0.5 ml) 
was added and the mixture was oxidised as above with 
hydrogen peroxide (30/, 5 ml). Work up as before 
involving chromatography gave (i) starting material 
(0.17 g) and (ii) 5,7a-dihydro-7a-methyl-1H-inden-1-one 
(46) (0.04 g, 7/). 

4 Improved preparation of 5,7a-dihydro-7a-methyl-1H-
inden-1-one (46) 

Chlorotrimethylsilane (82 g, 0.75 mol) was added to 
a stirred solution of sodium iodide (115 g, 0.77 mol) in 
dry acetonitrile (600 ml) at room temperature under 
nitrogen. After 5 min, a mixture of 7a-methyl-2,3>5,7a-
tetrahydro-1H-inden-1-one (40) ( 8 4 / pure; 91g, 0.52 mol) 
and dry triethylamine (76 g, 0.75 mol) was added over 0.5 h 
and the mixture warmed by a water bath at 45°C for 2 h. 
The mixture was then extracted with petrol (4 x 150 ml). 
The combined extracts were evaporated and the residue 
distilled at 3 mmHg, collecting the fraction boiling in 
the range 82 - 85°C to give 3 ? 3a-dihydro-3a-methyl-
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3-(trimethylsiloxy)-1H-indene (117 g, 97$) as a mobile 
oil, (Found: C, 71.29; H, 9.44. C^H^SiO requires C, 
70.85; H, 9.15$); 6H(CC14, 90 MHz) 0.23 (9H, s, SiMe3), 
1.11 (3H, s, 3a-Me), 2.5 - 2.9 (3H, m), 2.9 - 3-3 (1H, m), 
4.51 (1H, m, H-2), 5.2 - 5.6 (1H, m), 5.6 - 5-9 (1H, m), 
and 5.9-6.1 (1H, br d, J 10 Hz, H-4). A stirred 
solution of this trimethylsilyl ether (55 g, 0.25 mol) in 
dry tetrahydrofuran (300 ml) at -78°C under nitrogen was 
treated over 2 h with a solution of phenyls el enyl "bromide 

_ 12*7 

[prepared at 0 ° c from diphenyl diselenide (39.3 g , 0.125 
mol) and bromine (20.0 g, 0.125 mol) in dry tetrahydrofuran 
(300 ml)]. The resulting mixture was. allowed to warm to 
-30°C over 1 h, poured into saturated sodium hydrogen 
carbonate solution and then extracted with ether (3 x 250 ml). 
The combined extracts were washed with water (500 ml), 
dried (MgS04) and the solvent evaporated to give the 
selenide (79.4 g); £H(CC14, 90 MHz) 1.04 (3H, s, 7a-Me), 
2.6 - 2.9 (3H, m), 3.0 - 3.3 (1H, m), 3.78 (1H, d, J 10 Hz, 
H-2), 5.4 - 5.8 (2H, m, H-4 and H-6), 5.85 (1H, br d, J 
9 Hz, H-7), 7.1 - 7.4 (3H, m, Ph), and 7.4 - 7.6 (2H, m, 
Ph). This crude selenide was taken up in tetrahydrofuran 
(650 ml), pyridine (35g) added, the solution cooled to 
5°C,and with stirring, hydrogen peroxide (30$: 85 g, 0.75 
mol) was added dropwise so as to maintain the temperature 
between 5 and 10 C. Aqueous work-up and chromatography 
as before gave (i) a mixture (3.9g). (ii) The title 
compound (21.4g, 59$ from the trimethylsilyl ether, 57$ 
from the starting dienone). 

During an earlier preparation from the dienone (40) 
(5.0 g), elution of the column with ether afforded 
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2-methyl-trans-cinnamic acid (0.97 g, 18$), m.p. 175 -
177°C (from chloroform - petrol, b.p. 60 - 80°C), (lit.,128 

m.p. 176 - 178°C); £H(2 : 1 dg-acetone - DP0, 90 MHz) 
2.45 (3H, s), 6.48 (1H, d, J 16 Hz), 7-35 (3H, m, ArH), 
and 8.02 (1H, d, J 16 Hz). 

5 Reaction of 5,7a-dihydro-7a-methyl-1H-inden-1-one 

with hydrogen peroxide 

A solution of 5,7a-dihydro-7a-methyl-1H-inden-1-one 
(46) (0.16 g, 1.1 mmol) in tetrahydrofuran (5 ml) 
containing pyridine (0.15 g) was treated with aqueous 
hydrogen peroxide (30$: 1 ml, 8.8 mmol) and the mixture 
stirred at room temperature for 24 h. The mixture was 
poured into water (40 ml) and extracted with ether (30 ml). 
The ether solution was washed with water (2 x 30 ml), 
cried (MgSO^) and the solvent evaporated to give an oil; 
its n.m.r. spectrum was identical to that of starting 
material. 

3.1.3 The adduct of the 3aH-indene (37) with dimethyl 
acetylenedicarboxylate and its conversion into the 
annulene (1) 

1 Generation of a solution of 3-methoxy-3a-methyl-3aH-
indene (37) and its cycloaddition with dimethyl 
a cetyl en ea i carboxylat e 

To a suspension of potassium hydride (from a 
dispersion in oil, 25$; 14.5g, 91 mmol) in dry 1,2-dimeth-
oxyethane (30 ml) under nitrogen and cooled externally by a 



cooling bath at -23°C was added with stirring, a 
129 

solution of l8-Crown-6 (10 g, 38 mmol) in dry 1,2-
dimethoxyethane (40 ml) followed by a solution of 
5,7a-dihydro-7a-methyl-1H-inden-1-one (46) (5.0 g, 
34 mmol) in dry 1,2-dimethoxyethane (30 ml). The 
resulting deep purple solution was stirred 0.5 h and 
methyl fluorosulphonate (3.7 ml, 46 mmol) added. The 
purple colour was discharged and to the resulting yellow 
solution of 3-niethoxy-3a-methyl-3aH-indene (37) was added 
a solution of dimethyl acetylenedi carboxylate13^ (6.37 g, 
45 mmol) in dry 1,2-dimethoxyethane (30 ml). The 
solution was allowed to warm to room temperature and 
then warmed in a water bath at 35°C. After 1 h, the 
reaction mixture was filtered through celite, the solvent 
removed under reduced pressure at room temperature and 
the residue chromatographed on silica. Elution with 30$ 
ether in petrol gave dimethyl 7a,7b-dihydro-2a-methoxy-
7b-methyl-2aH-cyclopent[cd] indene-1,2-dicarboxylate 
(7.1 g, 69$)? spectral data were identical to those 
reported. 

2 Dimethyl 7b-methyl-7bH-cyclopent[cd] indene-i,2-
d icarboxylat e (38) 

(a) From dimethyl 7a,7b-dihydro-2a-methoxy-7b-methyl-
2aH-cyclopent[cd] indene with toluene-4-sulphonic acid in 
refluxing benzene by the method of 

Tud d enham42a'c'd (82$). 
(b) A solution of dimethyl 7a,7b-dihydro-2a-methoxy-
7b-methyl-7hH-cyclopent[cd] indene-1,2-dicarboxylate 
(108 mg, 0.36 mmol) in petrol (b.p. 60 - 80°C) (10 ml) 



158. 

containing 1 ,8-diazabicyclo [5. 4. o]undec-7-ene (50 mg, 
0.33 nimol) was refluxea under nitrogen for 35 h. The 
solvent was removed and the residue chromatographed. 
Elution with 30$ ether in petrol gave the title compound 
(86 mg, 89$). Spectral data were identical to those 
reported.423** 

3 7b-Methyl-7bH-cyclopent[cd] indene-1,2-dicarbox-
aldehyde (51) 

A solution of dimethyl 7b-methyl-7bH-cyclopent[cd]-
indene-1,2-dicardoxylate (38) (3.42 g, 12.7 mmol) in ether 
(100 ml) was added dropwise over 0.5' h to a stirred 
suspension of lithium aluminium hydride (1.85 g, 49 mmol) 
in dry ether (100 ml) under nitrogen at room temperature 
and the resulting "brick-red mixture stirred at room 
temperature for 1.5 "n. A solution of ethyl acetate (30 ml) 
in ether (100 ml) was added dropwise over 0.75 h and the 
mixture then poured with stirring into ice-water (500 ml). 
The mixture was filtered through celite and the residue 
washed with ether (300 ml). The aqueous layer was 
extracted with ether (4 x 250 ml), the combined ether 
layers dried (MgSO^) and the solvent evaporated to give 
the crude diol (50) (2.59 g) as a yellow oil. To a 
solution of this oil in dichloromethane (100 ml) was 
added barium manganate51 (15 g, 64 mmol) and the mixture 
refluxed 16 h. The cooled mixture was filtered through 
celite and the spent barium manganate washed with 
dichloromethane (2 x 25 ml). The filtrate and washings 
were combined, the solvent evaporated and the resulting 
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oil chromatographed on silica. Elution with 30/ ether in 
petrol gave the title compound (51) (1.73 g, 66/) as an 
orange-red solid, m.p. 76 - 77°C (from cyclohexane) 
(Found: C, 79-92; H, 4.75. C ^ H ^ O g requires C, 79.99; 
H, 4.79/); ^xnaxCCCl^) 2960 (m) , 2924 (m) , 2868 (m), 1680 
(s, 0=0 stretch), 1448 (m), 1420 (m), 1230 (m), and 930 cm"1 

(m); A m a x(EtOH) 217 (loge 4.09), 242 (4.02), 318 (4.30), 
375 sh (3.66), and 498 nm (3-30); 5H(CDC13) -1.12 (3H, s, 
7b-Me), 7.73 (1H, d, J 7 Hz, H-5), 7.84 (1H, dd, J 7 Hz, 
8 Hz, H-6), 8.27 (1H, d, J 4Hz, H-4), 8.34 (1H, d, J 8 Hz, 
H-7), 8.44 (1H, d, J 4 Hz, H-3), and 10.82 (2H, s, ArCHO); 

5 c ( C D C 1 3 ) 30.O ('0.71, 7b-Me), 59.8 (0.36, C-7b), 118.7 
(0.92, 0-5), 122.5 (0.69, C-7), 133.9 (0.20, C-2), 135.4 
(1.00, C-3 or C-6), 136.2 (0.86, C-6 or C-3), 140.1 (0.18, 
C-1), 142.8 (0.99, C-4), 162.4 (0.22, C-4a or C-7a), 163.1 
(0.32, C-7a or C-4a), 176.9 (0.18, C-2a), 187.7 (0.87, 
OHO), .and 189.1 (0.97, CHO). 

4 Oxidation of 7b-methyl-7bH-cyclopent [cd]indene-1,2-
dimethanol (50) with barium manganate at 0°C 

A solution of the crude diol (50) (119 mg, 
0.56 mmol) in dichloromethane (5 ml) was cooled in ice 
and treated with barium manganate (1.0 g, 4 mmol). After 
2 h at 0°C, the mixture was filtered through celite, the 
solvent evaporated and the residue chromatographed on 
silica. Elution with petrol containing an increasing 
proportion of ether gave (i) the dialdehyde (51) (10 mg, 
9/). (ii) A 2 : 1 mixture of 1-hydroxymethyl-7b-methyl-

7bH-cyclopent[cd]indene-2-carboxaldehyde (52a) and 
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2-hydroxymethyl-7b-methyl-7bH-cyclopent [cd]indene-1-
carboxaldehyde (52b) (51 mg, 43$), as an orange semi-
solid; L> (neat) 3400 (m, OH stretch) and 1662 cm TTi ax 
(s, 0=0 stretch); A m a z 247 (log <r 4.22), 312 (4.54), 
354 (3.85), and 491 nm (3-34); 5H(CDC13) for (52a): 
-1.32 (3H, s, 7b-Me), 4.39 (1H, br. t, J 7 Hz, OH), 
5.06 (1H, dd, J 7, 14 Hz, -CH2-), 5.22 (1H, dd, J 7, 14 Hz, 
-CH2-), 7.56 (1H, t, J, 7 Hz, H-6), 7.70 (1H, d, J 6.9 Hz, 
H-5), 8.01 (1H, d, J 7.7 Hz, H-7), 8.14 (1H, d, J 3.6 Hz, 
H-3 or H-4), 8.19 (1H, d, J 3.6 Hz, H-4 or H-3), and 10.53 
(1H, s, CHO); for (52b): -1.32 (3H, s, 7b-Me), 4.20 (1H, 
br. t, J 7 Hz, OH), 5.20 (2H, m, -CH2-), 7.64 (1H, d, J 
6.9 Hz, H-5), 7.78 (1H, t, J 7 Hz, H-6), 7.96 (1H, d, J 
7.0 Hz, H-7), 7.96 (1H, d, J 3-7 Hz, H-3 or H-4), 8.27 
(1H, d, J 3f7 Hz, H-4 or H-3), and 10.61 (1H, s, .CHO); 
m/e 212 (M+), 197, 183, 164, 153, and 152. (iii) The 
starting diol (50) (14 mg, 12$). 

5 7b-Methyl-7bH-cyclopent[cdjindene (.1) (method 1) 

A solution of 7b-methyl-7bH-cyclopent [cd]indene-
1,2-dicarboxaldehyde (51) (456 mg, 2.16 mmol) in benzene 
(55 ml) containing tris(triphenylphosphine)rhodium (I) 
chloride (4.00 g, 4.32 mmol) was refluxed under nitrogen 
for 7 h. The reaction mixture was cooled to room 
temperature, iodomethane (3 ml) added, and the mixture 
stirred at room temperature for 2 h. The mixture was 
filtered and the residue washed with benzene until the 
filtrate was no longer coloured. The combined filtrate 
and washings were evaporated and the residue 
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chromatographed on silica. Elution with petrol gave 
7b-methyl-7bH-cyclopent [cd]indene (1 ) (295 mg, 88$), 
as a yellow oil; spectral data are given later, in 
Section 3-1.7. 

6 Decarbonylation of 7b-methyl-7bH-cyclopent [cd]indene-
1,2-dicarhoxaldehyde (51) with one equivalent of 
tris(triphenylphosphine)rhodium(I) chloride 

A solution of 7b-methyl-7bH-cyclopent [cd]indene-
1,2-dicarboxaldehyde (51) (116 mg, 0.55 mmol) in benzene 
(20 ml) containing tris(triphenylphosphine)rhodium (I) 
chloride (511 mg, 0.55 mmol) was refluxed under nitrogen 
for 7 h. Work up as before and chromatography on silica, 
eluting with petrol containing an increasing proportion 
of ether gave (i) 7b-methyl-7bH-cyclopent [cd] indene .(1) 
(9.5 mg, 11$). (ii) A 5 : 4 mixture of 7b-methyl-7bH-
cyclopent[cd]indene-1-carboxaldehyde (53a) and 7b-methyl-
7bH-cyclopent[cd]indene-2-carboxaldehyde (53b) (48 mg, 48$), 
as an orange oil; <$H(CDC13) for (53a): —1 .38 (3H, s, 
7b-Me), 7.69 (1H, d, J 7.5 Hz, H-5), 7.77 (1H, t, J 7.5 Hz, 
H-6), 7.99 (1H, d, J 3.7 Hz, H-4), 8.08 (1H, d, J 7.5 Hz, 
H-7), 8.16 (1H, d, J 3.7 Hz, H-3), 8.24 (1H, s, H-2), and 10.50 
(1H, s, CHO); spectral data for compound (53b) are given 
later, in Section 3.1.5. 

7 Bis(1,2-bisdiphenylphosphinoethane)rhodium(l) 
chloride 

A mixture of carbon monoxide and nitrogen was 
passed through a refluxing solution of tris(triphenyl-
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phosphine)rhodium(I) chloride (137 mg, 0.15 mmol) and 
1,2-bisdiphenylphosphinoethane (300 mg, 0.75 mmol) in 
toluene (5 ml) for 1 h. The resulting bright yellow 
solution was cooled to room temperature, petrol (3 ml) 
added, the precipitate collected and washed with cold 
toluene to give the title compound (101 mg, 72/), m.p. 
215°C dec., (lit.,57 m.p. 218 - 221°C). 

8 Bis(1,3-bisdiphenylphoshinopropane)rhodium (I) 
chloride58 

This was prepared in the same way as above from 
tris(triphenylphosphine)rhodium(l) chloride (148 mg, 
0.16 mmol) and 1,3-bisdiphenylphosphinopropane13 (300 mg, 
0.73 mmol) to give the complex as a glass (121 mg, 80/). 

9 Attempted decarbonylation of 7b-methyl-7bH-
cyclopent [cd]indene-1,2-dicarboxaldehyde (51) using 
bis(l , 2-bisdiphenylphosphinoethane)rhodium(l) chloride 
and bis(1,3-bisdiphenylphosphinopropane)rhodium(I) 
chloride 

A slow stream of nitrogen was passed through a 
refluxing solution of 7b-methyl-7bH-cyclopent [cd]indene-
1,2-dicarboxaldehyde (51) (ca. 18 mg, 0.09 mmol) and the 
rhodium complex (ca. 15 mg, 0.016 mmol) in toluene (2 ml). 
After 1 h, a small amount of the monoaldehydes (53a) and 
(53b) were present (t.l.c.). More of these products were 
formed when the complex with the 1,3-bisdiphenylphosphino-
propane ligands was used but insufficient was formed to 
enable the product to be isolated. Most of the dialdehyde 
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remained unreacted and a grey-black precipitate formed. 
No further reaction was observed after refluxing for 
longer periods. 

10 Attempted decarbonylation of 7b-methyl-7bH-cyclopent-
[cd]indene-1,2-dicarboxaldehyde with bis(triphenyl-
phosphine)tetraphenylporphyrinato ruthenium(II) 

A solution of the ruthenium complex (1.0 mg, 
0.8 x 10"3 mmol) in dry dichloromethane (0.5 ml) was 
added to dry acetonitrile (6 ml) with stirring under 
nitrogen at room temperature. After addition of the 
dialdehyde (51) (25 mg, 0.12 mmol), a slow stream of 
carbon monoxide was passed through the solution and 
freshly distilled tri-n-butylphosphine (5 /til) added. 
The mixture became deep red. After 15 min, the 
dialdehyde had not been consumed and tetra phenyl porphyrin 
was present (t.l.c.), indicating that the catalyst had 
decomposed. 

3.1.4 The adducts of the 3aH-indene (37) with maleic 
anhydride and N-phenylmaleimide 

1 The cycloaddition of 3-methoxy-3a-methyl-3aH-indene 
with N-phenylmaleimide 

A solution of N-phenylmaleimide132 (0.63 g, 
3.6 mmol) in dry 1,2-dimethoxyethane (3 nil) was added to 
a solution of the 3aH-indene (37) in 1,2-dimethoxyethane, 
prepared as described in Section 3.1.3 from the trienone 
(46) (0.50 g, 3.4 mmol). The solution was allowed to 



warm to room temperature and then filtered through 
celite. The solvent was removed under reduced pressure 
and the residue chromatographed on silica. Elution 
with 1 : 1 petrol - dichloromethane gave the endo-[4+2] -
adduct (57a) (0.54 g, 47$), m.p. 99 - 100°C (from petrol, 
b.p. 60 - 80°C), (lit.,42* m.p. 91 - 93°C); 5H(CEC13) 
0.90 (3H, s, 7a-Me), 3-30 (1H, d, J 8.5 Hz, H-8), 3-65 
(1H, d, J 8.5 Hz, H-9), 3-74 (3H, s, OMe), 6.00 (1H, dd, 
J5 g 5.2 Hz, J 6 ry 9.9 Hz, H-6), 6.10 (1H, dd, J^ g 5.2 Hz, 
J 4 5 9.0 Hz, H-5), 6.18 (1H, d, J 9-9 Hz, H-7), 6.19 (1H, 
d, J 6.0 Hz, H-3), 6.26 (1H, d, J 6.0 Hz, H-2), 6,43 (1H, 
d, J 9.0 Hz, H-4), and 7.1 - 7.5 (5H, m, Ph); assignments 
were made on the basis of n.O.e. measurements, illustrated 
in Pig 5• 

2 Thermal rearrangement of the [4+2] N-phenylmaleimide 
adduct of 3-methoxy-3a-methyl-3aH-indene 

The [4+2] adduct (57a) (195 mg) was heated to 
110°C under vacuum (water pump) for 2 h. The resulting 
viscous oil was cooled to room temperature and 
chromatographed on silica. Elution with petrol containing 
an increasing proportion of 3 1 di chloromethane - ether 
gave (i) the exo-[8+2]adduct (55a) (66 mg, 34$); 5H(CDC13) 
0.91 (3H, s, 7b-Me), 2.82 (1H, dd, £1 2 10 Hz, £1 7Hz, 
H-1), 2.98 (2H, m, H-2 and H-7a), 3.57 (3H, s, OMe), 6.01 
(1H, d, J 5 Hz, H-5), 6.17 (2H, m, H-6 and H-7), 6.42 (1H, 
d, J 5Hz, H-4), 6.84 (1H, d, J 5 Hz, H-3), and 7.2 - 7.6 (5H, 
m, Ph). Irradiation at 52.82 simplifies the multiplet 
at 56.17 to give 56.16 (1H, dd, JR r- 5 Hz, 7 10 Hz, 
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H-6) and 56.18 (1H, d, Jg ? 10 Hz, H-7). (ii) The 
endo-[8+2] adduct (56a) (89 mg, 46$); 5H(CDC13) 0.92 
(3H, s, 7b-Me), 3.20 (1H, dd, £1 ? a 10 Hz, J? 7 a 6.5 Hz, 
H-7a), 3.54 (1H, s, OMe), 3-56 (1H, d, J 9 Hz, H-2), 3.62 
(1H, dd, J 1 ? 2 9 Hz, J 1 j ? a 10 Hz, H-1), 5-90 (1H, d, 
J 5Hz, H-5), 6.16 (1H, dd, 9 Hz, J 7 ? 7 a 6.5 Hz, H-7), 

6.24 (1H, dd, J 5 6 5 Hz, Jg ? 9 Hz, H-6), 6.38 (1H, d, 
J 5 Hz, H-4), 6.60 (1H, d, J 5 Hz, H-3), and 6.9 - 7.5 (5H, 
m, Ph)e 

3 The cycloaddition of 3-methoxy-3a-methyl-3aH-indene 
with maleic anhydride 

(a) The experiment was carried out as for the 
cycloaddition with N-phenylmaleimide hut on twice the 
scale and substitution of the N-phenylmaleimide with 
maleic anhydride (0.45 g, 4c6 mmol). Chromatography 
on silica, eluting with petrol containing acetic 
anhydride (ca. 0.1$) and an increasing proportion of 
ether gave (i) a 1 : 1 mixture of the [4+2] adduct (57b) 
and the exo-[8+2] adduct (55b) (0.62 g). (ii) The endo-
[8+2] adduct (56h) (0.52 g, 30$), as an oil (Pound: 
m/e 258.0888. C 1 5H 1 40 4 requires m/e 258.0892); 

i;max(CC14) 1 8 6 0 ( m )' 1 7 8 2 ( s )' 1 7 3 6 ( m )' 1 7 4 0 ( m )' 1 0 7 4 (m)' 
and 916 cm-1 (s); A m a x 301 nm (log 6 3.88); SH(CDC13) 
0.86 (3H, s, 7h-Me), 3 .18 (1H, dd, J-, 7 a 9.9 Hz, J? ? a 

6.4 Hz, H-7a), 3-52 (3H, s, OMe), 3.64 (1H, d, £ 1 > 2 9 . 8 Hz, 
H-2), 3.78 (1H, dd, J1 2 9.8 Hz, £ 1 j ? a 9-9 Hz, H-1), 5-91 
(1H, d, J 5 6 5.3 Hz, H-5). 6.06 (1H, dd, Jg ? 9.0 Hz, 
J 7 7 q 6.4 Hz, H-7), 6.31 (1H, dd, JR 5-3 Hz, J. 7 9.0 Hz, 
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H-6). 6.41 (1H, d, J 5.6 Hz, H-4), and 6.57 (1H, d, J 5.6 Hz 
H-3); n/e 258 (IT), 160, and 145 (100/). 

The mixture (i) (214 mg) was heated at 70°C under 
vacuum (water pump) for 15.min, and the resulting oil 
chromatographed as above to give (i) the exo-[8+2"| adduct 
(55b) (121 mg, 20/), as an oil; » m a x( c cl 4) 1 8 8 0 (m), 
1782 (s), 1736 (m), 1076(m), and 912 cm"1 (s); 5H(CDC13) 
0.90 (3H, s, 7b-Me), 2.92 (1H, dd, J1 2 9.6 Hz, J1 7 a 

7.4 Hz, H-1), 2.98 (1H, dd, £1 ? a 7.4 Hz, £ 7 > 7 a 5.7 Hz, 
H-7a), 3.13 (1H, d, J 1 j 2 9.6 Hz, H-2), 3-55 (3H, s, OMe), 
6.02 (1H, d, J 5 6 5.0 Hz, H-5) , 6.11 (1H, dd, Jg ? 9.1 Hz, 

i7,7a 5' 7 H z' H~ 7 )' 6 , 1 9 ( 1 H' d d' -5,6 H z' ^6,7 9 , 1 H z' 
H-6), 6.46 (1H, d, J 5.8 Hz, H-4), and 6.76 (1H, d, J 5.8 Hz 
H-3); n/e 258 (M+). (ii) The endo-[8+2] adduct .(56b) 
(66 mg, 11/). 

(b) The cycloaddition reaction was repeated on the 
same scale but the mixture was allowed to warm only to 
0°C, filtered through celite and the solvent evaporated 
at 0°C ana 2 mmHg. The residue was chromatographed as 
above but with a column cooled by a jacket of ice-water 
to give the endo-[4+2]adduct (57b) (1.00 g, 57/), as an 
unstable crystalline solid; £H(CDC13) 0.87 (3H, s, 7a-Me), 
3.41 (IE, d, J 8.5 Hz, H-8), 3-71 (3H, s, OMe), 3.72 (1H, 
d, J 8.5 Hz, H-9), 6.02 (1H, dd, J^ g 5.2 Hz, Jg 7 9.0 Hz, 
H-6), 6.12 (1H, dd, J ^ 9.4 Hz, J^ ̂  g 5.2 Hz, H-5), 6.16 
(1H, d, Jg 7 9.0Hz, H-7), 6.26 (1H, d, J 6.0 Hz, H-3), 
6.37 (1H, d, J 6.0 Hz, H-2), and 6.43 (1H,'d, J. c 9.4 Hz, 
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The endo- [4+2] adduct (57b) (0.81 g) was heated 
at 50°C under vacuum (water pump) for 30 min. 
Chromatography as above gave (i) the exo-[8+2 ] adduct 
(55b) (0.19 g, 23$). (ii) The endo-[8+2]adduct (56b) 
(0.28g, 35$). 

4 Thermal rearrangement of the endo-[4+2] maleic 
anhydride adduct (57b) in the presence of 
N-phenylmaleimid e 

A solution of the endo-[4+2]maleic anhydride 
adduct (57b) (90 mg, 0.35 mmol) in dichloromethane 
(2 ml) containing N-phenylmaleimide (60 mg, 0.35 mmol) 
was refluxed for 15 min. The solvent was evaporated 
and the residue chromatographed on silica. Elution 
with petrol containing an increasing proportion of 
dichloromethane gave (i) a mixture of the exo-j8+2] -
adduct (55b) and unreacted N-phenylmaleimide (55 mg). 
(ii) A 2 : 1 mixture of the endo-[4+2]N-phenylmaleimide 
adduct (57a) and the endo-[8+2]maleic anhydride adduct 
(56b) (29 mg). 

5 Thermal rearrangement of the endo-[4+2] maleic 
anhydride adduct (57b) in the presence of 
dimethyl acetylenedicarboxylate 

A solution of the [4+2] maleic anhydride adduct 
(57b) (29 mg, 0.11 mmol) in dichloromethane (0.5 ml) 
containing dimethyl acetylenedicarboxylate (50 mg, 
0.35 mmol) was warmed to 40°C for 15 min. The resulting 



mixture was cooled to room temperature, diluted with 
methanol (0.5 ml) and acidified with concentrated 
sulphuric acid (0.7 ml). The dark green mixture was 
poured into water (5 ml) and extracted with ether (5 ml). 
T.l.c. of the ether extract (silica, 30$ ether in petrol) 
showed a characteristic yellow spot with a green 
fluorescence and of the same R^ value as an authentic 
sample of dimethyl 7b-methyl-7bH-cyclopent [cdjindene-
1,2-dicarboxylate (38). 

6 Thermal rearrangement of the [4+2]N-phenylmaleimide 
adduct (57a) in the presence of dimethyl acetylene-
dicarboxylate 

A solution of the [4+2] N-phenylmaleimide adduct 
(57a) (ca 1 mg) and dimethyl acetylenedicarhoxylate 
(ca 20 mg) in toluene (0.25 ml) was refluxed for 10 min. 
T.l.c. of the resulting mixture (silica, 30$ ether in 
petrol) showed one spot, but was inconclusive since the 
starting material and the dimethyl acetylenedicarhoxylate 
adduct run coincidentally. The mixture was diluted 
with methanol (0.5 ml) and acidified with concentrated 
sulphuric acid (1 ml). The mixture was then poured 
into water (5ml) and extracted with ether (5 ml). 
T.l.c. showed that dimethyl 7b-methyl-7bH-cyclopent[cd]-
indene-1,2-dicarboxylate (38) was presentj by comparison 
with an authentic sample. 
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7 Thermal rearrangement of the [4+2] maleic anhydride 
adduct (57b) in the presence of cyclopentadiene 

A solution of the [ 4 + 2 ]maleic anhydride adduct 
(57b) (121 mg, 0.47 mmol) in ether (5 ml) was treated 
with a solution of cyclopentadiene ( 3 1 mg, 0.47 mmol) 
in ether (5 ml) at 0°C. On warming to 30°C under 
nitrogen, the mixture became bright yellow and 
fluorescent. T.l.c (silica, 10$ ether in petrol) 
showed the presence of 3-methoxy-3a-methyl-3aH-indene 
(37), as a fast running yellow spot which became 
colourless on exposure to the air after 30 sec. 

8 Thermal rearrangement of the [4+2] N-phenylmaleimid e 
adduct (57a) in the presence of phenyl vinyl 
sulphoxid e 

A solution of the [4+2]N-phenylmaleimide adduct 
(57a) (59 mg, 0.18 mmol) in toluene (3 ml) containing 
phenyl vinyl sulphoxide59 (115 mg, 0.76 mmol) was 
refluxed for 1 h. T.l.c. of the resulting mixture 
showed only a mixture of [8+2]N-phenylmaleimide adducts 
by comparison with authentic samples. The solvent was 
evaporated and the residue chromatographed on silica'. 
Elution with petrol containing an increasing proportion 
of ether gave (i) the exo-[8+2*|N-phenylmaleimide adduct 
(55a) (17.2 mg, 29$). (ii) A mixture of phenyl vinyl 
sulphoxide and the endo-[8̂ 2] N-phenylmaleimide adduct 
(56a). 



9 Attempted electrolytic decarboxylation of acids 
from the [8+2]maleic anhydride adducts 

a) In pyridine containing triethylamine 

A solution of a 2 : 3 mixture of the [8+2]maleic 
anhydride adducts (55b) and (56b) (630 mg) in 10 : 1 
pyridine - water (50 ml) containing triethylamine (0.5 ml) 
was electrolysed between two stationary platinum foil 
electrodes with a potential difference of 100 V and an 
initial current of 0.4 A. External cooling was employed 
to maintain the reaction mixture at about room temperature. 
Electrolysis was discontinued when the current had fallen 
to 0.15 A. The resulting dark brown mixture was diluted 
with water (100 ml) and extracted with petrol (2 x 80 ml). 
The combined petrol layers were washed with water 
(2 x 50 ml), dried (MgSO^) and the solvent evaporated to 
give a yellow oil (73 nig). N.m.r. showed that this oil 
was a complex mixture. 

b) In methanol 
A 2 : 3 mixture of the [8+2]maleic anhydrid'e 

adducts (55b) and (56b) (89 mg, 0.34 mmol) was dissolved 
in a solution of potassium hydroxide (0.10 g, 1.8 mmol) 
in water (1 ml) and methanol (9 ml). The stirred mixture 
was electrolysed between a platinum anode and a stainless 
steel cathode at 1.0 A and 50 V. External cooling was 
used to maintain the mixture at around room temperature. 
Electrolysis was discontinued when the baseline spot on 
t.l.c. (silica, ether) no longer darkened when exposed 
to iodine vapour. By this time, the current had fallen 
to 0e8 A. The mixture was acidified with dilute 
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hydrochloric acid and extracted with dichloromethane 
(2 x 25 ml). The combined dichloromethane layers were 
dried (MgSO^) and the solvent evaporated to give an oil 
(46 mg). T.l.c. showed that this oil was a complex 
mixture. 

3.1.5 The adducts of the 3aH-indene (37) with 2-chloro-
acrylonitrile; their reactions and conversion into 
the annulene (1) 

1 The cycloaddition of 3-methoxy-3a-methyl-3aH-indene 
(37) with 2-chloroacrylonitrile 

A solution of freshly distilled 2-chloroacrylo-
nitrile (4.0 g, 46 mmol) in dry 1,2-dimethoxyethane 
(24 ml) was added to a solution of the 3aH-indene (37), 
prepared as described in Section 3.1.3 from the trienone 
(46) (3.0 g, 21 mmol). The mixture was heated in a 
water bath at 70°C for 1 h, filtered, the solvent 
evaporated, and the residue chromatographed on silica. 
Elution with petrol containing an increasing proportion 
of ether gave (i) a 3 1 mixture of (2aa/,7a<3r,7bo;)-2̂ -
chloro-2a-methoxy-7b-methyl-2,2a,7a,7b-tetrahydro-1H-
cyclopent [cd]indene-2a-carbonitrile (exo-adduct, 58a) 
and (2aa, 7aa, 7b a ) - 2 a - chloro-2a-methoxy-7b-methyl-2,2a,7a,7b-
tetrahydro-lH-cyclopent[cd]indene-2^-carbonitrile (endo-
adduct 58b) (2.8 g, 55/); vm(neat) 2238 cm"1 (w, C=N 
stretch); m/e 247 (M+), 160, and 145. Cooling of this 
mixture to 0°C gave crystals of the exo-adduct (58a) 
(1.5 g), m.p..82 - 84°C (from petrol, b.p. 60 - 80°C) 
(Found: C, 67.78; H, 5.69; N 5.62. C1 ,H1 . CI N 0 requires 



C, 67.89; H 5.70, N 5.66$); A ^ C E t O H ) 305 nm (log e 3-84); 
LiiduJi. 

5^(CDC13) 0.92 (3H, s, 7b-Me), 1.88 (1H, dd, J1q, ̂  
13.2 Hz, J 1 a ? 7 a 12.4 Hz, H-1a) , 2.41 (1H, dd, 
13.2 Hz, J ^ ) 7 a 5.2 Hz, H-1^). 2.83 (1H, ddd, J ^ ? 7 a 

5.2 Hz, J1ctj7a 12.4 Hz, J? ? ? a 5.8 Hz, H-7a) , 3-55 (3H, s, 
2a-0Me), 5.80 - 5.95 (2H, m, H-5 and H-7), 6.14 (1H, dd, 
—5 6 5.0 Hz, Jg rj 9.0 Hz, unaffected by decoupling of 
H-7a, H-6), 6.57 (1H, d, J ^ 5-7 Hz, H-3 or H-4), and 6.71 
(1H, d, J 3 ? 4 5.7 Hz, H-4 or H-3). The endo-adduct (58b) 
gives 5 h ( C D C 1 3 ) 0 . 9 5 ( 3 H , s, 7b-Me), 1.78 (1H, t, 
and J1ar?7a 12.4 Hz, H-1 ), 2.61 (1H, dd, 12.4 Hz, 

^1/3,7a H z' 2' 7 1 ( 1 H' d d d' 7a H z' 
-1a 7a 1 2 , 4 H z' -7 7a 5 , 8 H z' Ii"7a^' 3 # 6 1 ( 3 H' s' 2a-°Me), 
5.80 - 5.92 (2H, m, H-5 and H-7), 6.12 (1H, dd, 3^ g . 

5.0 Hz, Jg ^ 9.0 Hz, unaffected by djcoupling of H-7a, 

H-6), 6.43 (1H, d, 3 ^ ^ 5.7 Hz, H-3 or H-4), and 6.68 (1H, d, 
J 3 j 4 5.7 Hz, H-4 or H-3). 

(ii) A 3 : 2 mixture of (2aa,7aa,7ba)-1^-chloro-

2s-methoxy-7b-methyl-2,2a,7a,7b-tetrahydro-1H-cyclopent-
[cd]indene-1a-carbonitrile (60a) and (2aa,7aa,7ba)-1^-
chloro-3,7b-dimethyl-2a-methoxy-2,2a,7a,7b-tetrahydro-1H-
cyclopent[cd]indene-1a-carbonitrile (60b) (0.9 g, 17$), 
i^tneat) 2238 cm"1 (w, CsN stretch); Amax(EtOH) 305 nm; 

m/e 261 (M+ of 60b), 247 (M+ of 60a), 226, 212, 174, 160, 
159, and 145; SH(CDC13) of adduct (60a) 0.96 (3H, s, 7h-Me), 

2.43 (1H, d, J 15.1 Hz, H-2^), 2.78 (1H, d, J'15.1 Hz, 
H-2 a), 3.03 (1H, br. d, J ? ) 7 a 5.9 Hz, H-7a), 3-39 (3H, s, 
2a-0Me), 5.83 (1H, d, 3 ^ ^ 5.4 Hz, H-5), 5-90 (1H, dd, 
Jg 7 9.2 Hz, £ 7 7 a 5.9 Hz, becomes a doublet on decoupling 
of H-7a, H-7), 6.44 (2H, s, H-3 and H-4), 6.45 (1H, ddd, 



173. 

g 5 . 4 Hz, Jg rj 9.2 Hz, Jg 7 a 0.9 Hz, the fine 
splitting is removed by decoupling of H-7a, H-6), and 
of adduct (60b) 0.99 (3H, s, 7b-Me), 1.93 (3H, s, 3-Me), 
2.37 (1H, d, J 15.4 Hz, H-2^), 2.69 (1H, d, J 15.4 Hz, 
H-2 a), 3.01 (1H, br. d, J? 7 a 6.7 Hz, H-7a). 3-40 (3H, 
s, 2a-0Me) , 5.69 (1H, d, J ^ ^ 5.1 Hz, H-5), 5.83 (1H, dd, 
J 6 rj 9.3 Hz, J rj 7 a 6.7 \Hz, H-7), 6.19 (1H, s, sharpened 
by decoupling of 3-Me, H-4), and 6.43 (1H, ddd, J^ £ 5.1 Hz, 
Jg q 9.3 Hz, Jg 7 a 0.9 Hz, the fine splitting is removed 
by irradiation of H-7a, H-6). 

2 (2a a, 7aor, 7 bar) -2/3-Chloro-2a-methoxy-7b-methyl-
2,2a,7a,7b-tetrahydro-1H-cyclopent[cd]indene-2tt-
carboxaldehyde (59) 

A solution of the exo-2-chloroacrylonitrile 
adduct (58a) (130 mg, O . 5 3 mmol) in dry tetrahydrofuran 
(5 ml) under nitrogen at room temperature was treated 
with a solution of diisobutylaluminium hydride (1 M; 
1.0 ml, 1.0 mmol). The mixture'was stirred 1. 5^k. 
Methanol (1.5 ml) was then added, followed by water 
(2 ml). The resulting slurry was extracted with ether 
(2 x. 30 ml), the combined extracts dried (MgSO^), the 
solvent evaporated and the residue chromatographed on 
silica. Elution with 20$ ether in petrol gave the title 
compound (36 mg, 28$), as an oil; 5H(CDCl^) 0.92 (3H, s, 
7b-Me), 2.00 (1H , dd, J1afj ̂  13-9 Hz-, J ^ > 7 a 7.0 Hz, H-1^), 
2.02 (1H, dd, 13.9 Hz, J1a,j7a 11.4 Hz, H-1a), 
2.89 (1H, ddd, 7.0 Hz, i l Q f j 7 a 11.4 Hz, J ? j 7 a 6.0 Hz, 
H-7a), 3.40 (3H, s, 2a-0Me), 5 . 8 4 (1H, d, J 4 . 9 Hz, 
H-5), 5.92 (1H, dd, J 6 > 7 9.2 Hz, J 7 ) ? a 6.0 Hz, H-7), 6.11 



461. 

(1H, dd, J5 g 4.9 Hz, Jg ? 9.2 Hz, H-6), 6.17 (1H, d, 
J 5.5 Hz, H-3), 6.60 (1H, d, J 5.5 Hz, H-4), and 9.60 (1H 
s, CHO). See Fig. 6 for nuclear Overhauser effect 
results. 

3 (2aar, 7a a, 7bar) -1 ̂ -Chloro-2a-methoxy-7b-methyl-
2,2a,7a,7b-tetrahydro-1H-cyclopent [cd] indene-1ar-
carboxaldehyde and (2aa',7aar,7bor)-1^-chloro-3,7b-
dimethyl-2a-methoxy-2 , 2a, 7a, 7b-t etrahydro-1H-
cyclopent [cd] ind ene-1ct-carboxaldehyd e 

A stirred solution of a 3 : 2 mixture of the 
2-chloroacrylonitrile adducts (60a) and (60b) (204 mg, 
0.82 mmol) in hexane (10 ml) and dry tetrahydrofuran 
(2 ml) at 0°C under nitrogen was treated with a solution 
of diisobutylaluminium hydride (1 M; 2.0 ml, 2.0 mmol). 
The mixture was stirred at room temperature for 2 h, 
methanol (2 ml) added and then water (4 ml) added. The 
mixture was filtered and the residue washed with ether 
(3 x 10 ml). The filtrate was extracted with ether 
(3 x 15 ml), the combined extracts and washings dried 
(MgSO^), the solvent evaporated and the residue 
chromatographed on silicae Elution with 25/ ether in 
petrol gave a 2 : 1 mixture of the title compounds 
(36 mg, 17/), as an oil; the aldehyde derived from adduct 
(60a) gives ^(CDCl^ 0.93 (3H, s, 7b-Me), 2.07 (1H, d, 
J 14.0 Hz, H-2p), 2.68 (1H, d, J 14.0 Hz, H-2a), 3.00 (1H, 
br. d, J ? j 7 a 6.4 Hz, H-7a), 3.39 (3H, s, OMe), 5.69 (1H, 
dd, Jg?7 9.2 Hz, J 7 j 7 a 6.4 Hz, H-7), 5.87 (1H, d, J^g 
5.2 Hz, H-5), 6.36 (1H, ddd, JR ^ 5.2 Hz, 7 9.2 Hz, 



J/- n 1.1 Hz, the fine splitting is removed by decoupling 
O , l Q. 
of H-7a, H-6), 6.45 (1H, d, J 5.9 Hz, H-4), and .6.47 (1H, d, 
J 5.9 Hz, H-3); the aldehyde derived from adduct (60b) 
gives 5h(CDC13) 0.96 (3H, s, 7b-Me), 1.94 (3H, s, 3-Me), 
2.00 (1H, d, J 14.5 Hz, H-2£), 2.62 (1H, d, J 14.5 Hz, 
H-2a), 3-00 (1H, br. d, £7 7 a ' 6 . 4 Hz, H-7a), 3-35 (3H, 
s, OMe), 5.61 (1H, dd, Jg 7 9.2 Hz, J? 7 a 6.4 Hz, H-7), 
5.72 (1H, d, 5.2 Hz, H-5), 6.20 (1H, s, H-4), and 6.35 
(1H, ddd, J5 6 5.2 Hz, J 6 7 9.2 Hz, J6 7 a 1.1 Hz, the 
fine coupling is removed by decoupling of H-7a, H-6). 
See Pigs. 7 and 8 for nuclear Overhauser effect results. 

4 Melt pyrolysis of the 2-chloroacrylonitrile 
adducts (58a) and (58b) 

A 2 : 3 mixture of the 2-chloroacrylonitrile 
adducts (58a) and (58b) (75 mg) was heated under 
nitrogen at 200°C for 15 min. The mixture became dark 
but its proton n.m.r. spectrum was unchanged. After 
furth er heating at 230 C for 15 min, the proton n.m.r. 
spectrum showed that considerable decomposition had 
occurred. 

5 Plash vacuum pyrolysis of the 2-chloroacrylonitrile 

adducts (58a) and (58b) 

(a) At 40Q°C 

A 2 : 3 mixture of the 2-chloroacrylonitrile 
adducts (58a) and (58b) (94 mg) was distilled at 
0.3 mmHg up a tube heated to 400°C. N.m.r. examination 
of the pyrolysate (90 mg) showed it to be a 2 : 3 : 1 
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mixture of the adducts (58a) and (58b), and 1-methoxy-1-
v 42a,6 

methyl-1H-incene (62); 5H(CBC13, 60 MHz) 1.52 (3H, s, 
1—Me), 2.94 (3H, s, OMe), 6.15 (1H, d, J 6 Hz, H-2), 6.65 
(1H, d, J 6 Ez, H-3), and 7.0- 7.4 (4H, m, ArH). 
(b) At 5Q0°C 

A 2 : 3 mixture of the 2-chloroacrylonitrile 
acducts (58a) and (58b) (98 mg) was distilled at 
0.3 mmHg up a tube heated to 500°C. N.m.r. examination 
of the pyrolysate (66 mg) showed it to be a 2 : 3 3 
mixture of the adducts (58a) and (58b)', and 1-methoxy-1-
methyl-1H-indene (62) , but other products were present 
tc a small extent. 

(c) At 550°C 

A 2 : 3 mixture of the 2-chloroacrylonitrile 
adducts (58a) and (58b) (120 mg) was distilled at 
0.3 mmEg up a tube heated to 550°C. N.m.r. examination 
of the pyrolysate (68 mg) showed that all starting 
material was consumed to give aromatic material of 
which only about 20$ was the 1H-indene (62). 

6 Reaction of the 2-chloroacrylonitrile adducts 
(58a) and (58b) with sodium sulphide 

A solution of a 2 : 3 mixture of the 2-chloro-
acrylonitrile adducts (58a) and (58b) (125 mg, 0.50 mmol) 
in ethanol (3 ml) was treated with sodium sulphide (30$; 
340 mg, 1.3 mmol) and the mixture stirred at room 
temperature for 16 h. The mixture was then poured into 
v/ater (15 ml) and extracted with ether (2 x 20 ml). The 



pale yellow combined extracts were dried (Na2S04) and 
the solvent evaporated. T.l.c. (silica, 15$ ether in 
petrol) showed that at least five compounds were present. 
The only material that was isolated by column chromat-
ography was a 1 : 3 mixture of the unreacted adducts 
(58a) and (58b) (39 mg). 

7 Reaction of the 2-chloroacrylonitrile adducts 
(58a) and (58b) with sodium hydroxide 

A solution of a 2 : 3 mixture of the 2-chloro-
acrylonitrile adducts (58a) and (58b) (58 mg, 0.23 mmol) 
in ethanol (1.5 ml) and dimethyl sulphoxide (0.5 ml) 
containing sodium hydroxide (50 mg, 1.25 mmol) and a 
drop of water was purged with nitrogen and then refluxed 
for 2 h. The mixture was poured into water (30 ml), 
neutralised with acetic acid and extracted with dichloro-
methane (3 x 40 ml). The combined extracts were washed 
with water (50 ml), dried (Na2S04), the solvent 
evaporated and the residue chromatographed on silica. 
Elution with petrol containing an increasing proportion 
of ether gave (i) the unreacted adduct (58b) (12.2 mg). 
(ii) 7b-methyl-7bH-cyclopent [cd] indene-2-carboxylic acid 
(64) (16.8 mg, 26$); spectral data are given later. 

8 Reaction of the 2-chloroacrylonitrile adducts 
(58a) and (58b) wi1?h sodium methoxide 

A solution of a 3 : 1 mixture of the 2-chloro-
acrylonitrile adducts (58a) and (58b) (58 mg, 0.23 mmol) 
in dimethylformamide (2 ml) containing sodium methoxide 
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(240 mg, 4.4 mmol) was heated at 60°C for 0.5 h. The 
dark mixture was poured into water (50 ml) and extracted 
with ether (3 x 20 ml). The combined extracts were 
washed with water (30 ml), dried (MgSO^), the solvent 
evaporated and the residue chromatographed on silica.. 
Elution with 20/ ether in petrol gave a 4 : 1 mixture 
of the unreacted adduct (58b) and 7b-methyl-7bH-
cyclopent[cd]indene-2-carbonitrile (65) (12 mg); spectral 
data for the annulene (65) are given later. 

9 Reaction of the 2-chloroacrylonitrile adduct (58a) 
with 1 ,-8-diazabicyclo[5.4.0]undec-7-ene (DBCJ); 
7b-methyl-7bH-cyclopent[cd]indBne-2-carbonitrile (65) 

A mixture of the adduct (58a) (1.06 g, 4.3 mmol) 

and 1,8-diazabicyclo[5.4.0]undec-7-ene (1.0 g, 6.6 mmol) 

was stirred under nitrogen and heated at 110°C for 6 h. 

The resulting black viscous mixture was chromatographed 
on silica. Elution with 20/ ether in petrol gave 
7b-methyl-7bH-cyclopent[cd]indene-2-carbonitrile (65)? 

(0*57 g, 74/), as a mobile yellow oil (Pound: m/e 
179.0736. C^H qN requires m/e 179.0735); 1; v(neat) i y — — max 
2224 (s, C=N stretch), 1444 (m) , 852 (s), 816 (m) , 736 (m), 
and 686 cm"1 (s); A m a x(EtOH) 251 (log 6 3.87), 297 (4.66), 
329 (3.84), and 470 nm (3-15); 5H(CDC13) - 1 . 5 6 (3H, s, 
7b-Me), 7.60 (1H, t, J 7Hz, H-6), 7.70 (1H, d, J 7.0 Hz, 
H-5), 7.82 (1H, d, J 7.4 Hz, H-7), 7.90 (1H, s, H-3), 
7.97 (1H, d, J 3.5 Hz, H-4), and 8.03 C1H, d,. J 3-5 Hz, H-3); 
5 c ( C D C 1 3 ) 28.6 (0.96, 7b-Me), 59.6 (0.26, C-7'b) , 101.7 
(0.14, CN or 0-2), 116.5 (0.16, C - 2 or ON), 118.5 (0.85, 
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C-5), 121.0 (1.00, C-7), 130.5 (0.86, 0-3 or C-6), 13O.8 
(0.87, C-6 or C-3), 136.4 (0.75, C-4) , 139.6 (0.93, C-1), 
157.3 (0.21, C-4a or C-7a), 159-5 (0.27, C-7a or C-4a), and 
179.4 (C-2a); m/e 179 (100$, M+), 178, 164, 152, and 151. 

10 Reaction of the 2-chloroacrylonitrile adduct (58a) 
with potassium tert-butoxide; 7b-methyl-7bH-
cyclopent [cd]ind ene-2-carboxamide (66) 

A solution of the adduct (58a) (1.25 g, 5.0 mmol) 
in benzene (20 ml) containing potassium tert-butoxide 
(1.8 g, 16 uimol) was stirred and refluxed under nitrogen 
for 0.5 h. The dark brown mixture was poured into water 
(100 ml), acidified with acetic acid (2 ml) and extracted 
with dichloromethane (3 x 50 ml). The combined organic 
layers were washed with water (100 ml), dried (MgSO^), 
the solvent evaporated and the residue chromatographed 
on silica. Elution with 20$ ethyl acetate in ether 
afforded 7b-methyl-7bH-cyclopent[cd]indene-2-carboxamide 
(66) (0.20 g, 20$), as yellow needles, m.p. 150.5 - 155°C 
(from ethyl acetate) (Pound: C, 78.92; H, 5.64; N, 7.07. 
C ^ H ^ E O requires C, 79.16; H, 5.62; N, 7.10$); % a x(CCl 4) 
1678 cm"1 (0=0 stretch); ATT1QV(EtOH) 245 sh (log e 3.89), 

I MUX 
299 (4.61), 333 (3.81 ), and 471 nm (3.06); ^(CDGl^) -1.47 
(3H, s, 7b-Me), 6.5 (2H, br., NH2), 7.60 (1H, t, J 7 Hz, 
H-6), 7.74 (1H, d, J 7.2 Hz, H-5), 7.83 (1H, d, J 7.4 Hz, 
H-7), 8.05 (2H, AB system, J ^ ^ 3.1 Hz, H-3 and H-4), and 8.28 
(1H, s, H-1); m/e 197 (M+), 160, 154, 153, 152, and 144. 
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11 Reaction of the 2-chloroacrylonitrile adducts 
(60a) and (60b) with 1,8-diazabicyclo[5. 4.o]undec-
7-ene (DHJ) 

A 3 : 2 mixture of the 2-chloroacrylonitrile 
adducts (60a) and (60b) (239 mg, 0.97 mmol) and 
1,8-diazabicyclo[5.4.o]undec-7-ene (200 mg, 1.3 mmol) 
was stirred under nitrogen and heated at 100°C for 
20 min. The resulting dark viscous mixture was 
chromatographed on silica. Elution with 20$ ether in 
petrol gave a 2 : 1 mixture of 7b-methyl-7bH-cyclopent-
[cd]indene-1-carbonitrile (67a) and 3,7b-dimethyl-7bH-
cyclopent[cd]indene-1-carbonitrile (67b) (74 mg, 43$), 
as a yellow oil; the mixture gives (neat) 2920 (m), max 
2220 (s, C=N stretch), 1438 (m) , 862 (s) , 818 (s), 786 (m)T 
and 706 cm"1 (s); m/e 193 (M+ of 67b), 179 (M+ of 67a, 
100$), 178, 164, 152, and 151. S^CDCl^) for compound 
(67a): -1.50 (3H, s, 7b-Me), 7.51 (1H, d, J 6.8 Hz, 
H-5), 7.64 (1H, t, J 7 Hz, H-6), 7.76 (1H, d, J 7.3 Hz, 
H-7), 7.93 (1H, s, H-2), 8.01 (1H, d, J 3-6 Hz, H-4), and 
8.10 (1H, d, J 3.6 Hz, H-3); for compound (67b): -1.44 
(3H, s, 7b-Me), 2.76 (3H, s, 3-Me), 7.68 - 7.75 (3H, m, 
H-5, H-6 and H-4), 7.81 - 7.87 (1H, m, H-7), and 7.90 (1H, s, 
H-2), comparison with a computer simulation for an AEX 
system for H-5, H-6 and H-7 gives SA 7.70 (H-6); S B 7.71 
(H-5); ^ 7.85 (H-7); £ 5 ) 6 6.5 Hz, J 6 ? 7 7.5 Hz, J 
ca. 0.8 Hz and H-4 at 57.71. 

12 7b-Methyl-7bH-cyclopent[cd]indene-2-carboxylic acid 
(64) 
A mixture of 7b-methyl-7bH-cyclopent[cd]indene-2-
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carbonitrile (118 mg, 0.66 mniol) and a solution of sodium 
hydroxide (250 mg, 6.2 mmol) in water (5 ml) was stirred 
and refluxed under nitrogen. After 2 h, the mixture was 
poured into water (20 ml) and extracted with dichloro-
methane (2 x 30 ml). The extracts were discarded and 
the aqueous layer was acidified with sulphuric acid 
(6 M, 5 ml) and extracted with dichloromethane (3 x 30 ml). 
These extracts were washed with water (50 ml), dried 
(MgSO^), the solvent evaporated and the residue chromat-
ographed on silica. Elution with 50/ ether in petrol 
afforded 7b-methyl-7bH-cyclopent[cd] indene-2-carboxylic 
acid (89 nig, 68/), as light orange crystals, m.p. 152 -
153.5°C (from petrol, b.p. 60 - 80°C) (Pound: C, 78.85; 
H, 5.08. C13H1002 requires C, 78.77; H, 5.09/); ^ ^ ( C C ^ ) 
3400 - 2300 (br. OH stretch), 1680 (s, 0=0 stretch), 1452 
(m), 1274 (s), 1236 (s), 856 (m), and 688 cm"1 (s); 
Amax(StOH) 250 (log e 3.89), 299 (4.62), 332 (3.82), 418 sh 
(2.15), and 474 nm (3.17); 5H(CDC13) - 1 . 4 0 (3H, s, 7b-Me), 
7.59 (1H, t, J 7 Hz, H-6), 7.71 (1H, d, J 6.6 Hz, H-5), 
7.91 (1H, d, J 7.3 Hz, H-7), 8.12 (1H, d, J 3.5 Hz, H-4), 
8.23 (1H, d, J 3.5 Hz, H-3), 8.31 (1H, s, H-1), and 10.3 -12.0 
(1H, br., C02H); 5c(CDC13) 28.8 (0.85, 7b-Me), 60.2 (0.47, 
C-7b), 118.2 (1.00, C-5), 121.7 (0.99, C-7), 129.4 (0.30, 
0-2), 129.9 (0.73, C-3 or C-6), 131.8 (0.90, C-6 or C-3), 
136.4 (0.82, 0-4), 140.1 (0.91, 0-1), 157.6 (0.28, C-4a or 
C-7a), 159.2 (0.43, C-7a or C-4a), 170.9 (0.41, C02H), and 
180.2 (0.32, C-2a); m/e 198 (M+) , 153 (100/), and 152. 

13 7b-Methyl-7bH-cyclopent[cd]indene-2-carboxaldehyde (53b) 
To a solution of 7b-methyl-7bH-cyclopent[cd]indene-
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2-carbonitrile (65) (228 mg, 1.3 mmol) in petrol (10 ml), 
cooled in an ice bath and stirred under nitrogen was 
added a solution of diisobutylaluminium hydride ip. 
hexane (1 M; 3 ml, 3 mmol). After 15 min, methanol 
(0.5 ml) was added, followed by a solution of ammonium 
chloride (0.3 g) in water (2 ml) and the resulting 
'mixture was stirred at room temperature for 2 h. The 
mixture was then poured into water (20 ml) and extracted 
with ether (3 x 25 ml). The combined extracts were dried 
(MgSO^), the solvent evaporated and the residue chromat-
ographed on silica. Elution with 20$ ether in petrol 
gave (i) a highly coloured band (14 mg). (ii) 7b-Methyl-
7bH-cyclopent [cd]indene-2-carboxaldehyde (53b) (154 mg, 
66$), as an orange oil; v_ (neat) 1666 (s, C=0 stretch), max 
1522 (m), 1154 (m), 852 (s), 814 (m), 706 (m), and 682 cm"1 

(m); Amax(Et0H) 257 (log 6 4.07), 312 (4.51 ), 350 (3.85), 
and 488 nm (3-20); 5H(CDC13) -1.41 (3H, s, 7b-Me), 7.57 
(1H, t, J 7 Hz, H-6), 7.71 (1H, d, J 7.1 Hz, H-5), 7.90 
(1H, d, J 7.5 Hz, H-7), 8.11 (1H, d, J 3.6 Hz, H-4), 8.16 
(1H, a , J 3.6 Hz, H-3), 8.21 (1H, s, H-1), a n d 10.38. (1H, s, 
CHO); 5c(CDC13) 28.7 (0.94, 7b-Me), 60.5 (0.26, C-7b), 
118.7 (0.80, C-5), 122.5 (0.70, C-7), 130.2 (1.00, C-3 or. 
C-6), 130.7 (0.94, C-6 or C-3), 134.5 (0.66, C-4), 137.3 
(0.17, 0-2), 140.7 (0.78, 0-1), 157.7 (0.17, C-4a or C-7a), 
159.2 (0.20, C-7a or C-4a), 179.4 (0.16, C-2a), and 188.3 (0.61, 
CHO). Treatment of this aldehyde with 2,4-dinitrophenyl-
hydrazine in ethanol containing sulphuric acid gave an 
immediate precipitate of the 2,4-dinitrophenyl hydrazone, 
as brick red needles, m.p. 220 - 222°C (decomp.) (from 1 : 1 
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dimethylformamide - acetonitrile) (Pound: C, 62.64; 
H, 3.87; N, 15.25. C i gH uN 40 4 requires C, 62.98; H, 3.89; 
N, 15.46/). 

14 7b-Methyl-7bH-cyclopent[cd]indene (1) (method 2) 

A solution of 7b-methyl-7bH-cyclopent[cd] indene-
2-carboxaldehyde (53b) (163 mg, O . 8 9 mmol) in benzene 
(20 ml) was treated with tris(triphenylphosphine)rhodium(l) 
chloride (850 mg, 0.92 mmol) and the mixture was stirred 
and refluxed under nitrogen for 6.5 h. The mixture was 
cooled to room temperature, iodomethane (1 ml) added and 
the stirring was continued for 1.5 h. The mixture was 
filtered and the residue was washed with benzene ( 2 x 5 ml). 
The combined filtrate and washings were evaporated and the 
residue chromatographed on silica. Elution with petrol 
gave 7b-methyl-7bH-cyclopent[cd]indene (1) (126 mg, 92/); 
spectral data are given later, in Section 3.1.7. 

3.1.6 The use of 2-chloroacryloyl chloride (68); Synthesis 
and reactions of the tricyclic ketone, 2a-methoxy-
7b-methyl-1,2a,7a,7b-tetrahydro-2H-cyclopent[cd] -
inden-2-one (63) 

1 The cycloaddition of 3-methoxy-3a-methyl-3aH-indene 
(37) with 2-chloroacryloyl chloride 

a) Methyl (2aar,7aa,7bar)-2g-chloro-2a-methoxy-7b-methyl-
2,2a,7a,7b-tetrahydro-1H-cyclopent[cd]indene-2cr-carboxylate 
(69a) 

A solution of 2-chloroacryloyl chloride70 (4.2 g, 
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34 mmol) in dry 1,2-dimethoxyethane (10 ml) was added to 
a solution of the 3aH-indene (37), prepared as described 
in Section 3.1.3 and below from the trienone (46) (4.75 g, 
32 mmol). The mixture was allowed to warm to 0°C, 
filtered and the residue washed with 1,2-dimethoxyethane 
(20 ml). The combined filtrate and washings (3.3$ of) 
was treated with a mixture of methanol (2 ml) and 
triethylamine (1 ml) and the mixture was stirred at 
room temperature for 1 h. The solvent was evaporated 
and the residue chromatographed on silica. Elution with 
20$ ether in petrol gave the title ester (69a) containing 
1 part in 25 of its isomer (69b) (145 mg, 48$), as an oil; 
5 h ( C D C 1 3 ) 0.92 (3H, s, 7b-Me), 2.09 (1H, dd, H . O Hz, 

-1ar,7a 1 2' 4 Hz> ' 2' 2 2 d d' 1 4'° Hz> J ^ f 7 a 
5.5 Hz, H-1^), 2.79 (1H, ddd, £1a,j7a 12.4 Hz, 5.5 Hz, 
J ? ? 7 a 6.3 Hz, H-7a), 3-57 (3H, s, 2a-0Me), 3-76 (3H, s, 
C02Me), 5.80 (1H, d, J 5.2 Hz, H-5), 5-91 (1H, dd, J? 7 a 

6.3 Hz, Jg 7 9.4 Hz, H-7), 6.08 (1H, dd, J^ g 5.2 Hz, Jg 7 

9.4 Hz, H-6), 6.26 (1H, d, J 5.7 Hz, H-3 or H-4), and 6.54 (1H, 
d, J 5.7 Hz, H-4 or H-3); the minor isomer (69b) gives 
extra peaks at 0.87 (3H, s, 7b-Me), 3.05 (1H, ddd, H-7a), 
3.44 (3H, s, 2a-OMe), 3-81 (3H, s, C02Me), 5.84 (1H, d, 
H-5), 6.49 (1H, d, H-3 or H-4), and 6.61 (1H, d, H-4 or H-3) 
m/e 280 (M+), 160 (100$), and 145. The remainder of the 
solution of the adduct (96.7$ of) was treated as described 
in part (b) below to give the ketone (63) (2.65 g, 42$). 

(b) 2a-Methoxy-7b-methyl-1,2a,7a,7b-t etrahydro-2H-
cyclopent[cd]inden-2-one (63) 

To a mechanically stirred solution of potassium 
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hydride (from a dispersion in oil, 25$; 46 g, 0.23 mol) 
in dry 1,2-dimethoxyethane (100 ml) under nitrogen and 
cooled externally by a cooling bath at -23°C, was added 
a solution of l8-Crown-6 (37.5 g, 0.14 mol) in dry 1,2-
dimethoxyethane (160 ml), followed by a solution of 5,7a-
dihydro-7a-methyl-1H-inden-1-one (46) (18.7 g, 0.13 mol) 
in dry 1,2-dimethoxyethane (20 ml). After 0.5 h, freshly 
distilled methyl fluorosulphonate (12 ml, 0.15 mol) was 
added, followed by 2-chloroacryloyl chloride70 (20.0 g, 
0.16 mol). The solution was allowed to warm to 0°C, 
filtered and the residue washed with dry 1,2-dimethoxyethane 
(80 ml). Sodium azide (32 g, 0.48 mol) was added to the 
filtrate. The mixture was stirred in a sealed system at 
room temperature for 16 h, filtered and the filtrate 
refluxed for 2 h. The resulting dark brown mixture was 
cooled to room temperature, treated with 2 : 1 acetic 
acid - water (200 ml) and warmed at 60°C for 1 h. The 
cooled mixture was poured into water (1 l) and extracted 
with ether (4 x 250 ml). The combined ether layers were 
washed with water (500 ml), then saturated aqueous sodium 
hydrogen carbonate (2 x 500 ml), dried (Na2S04), the 
solvent evaporated and the residue chromatographed on 
silica. Elution with 30$ ether in petrol gave the title 
ketone (12.5 g, 48$), as a colourless oil; t;max^nea"^ 
1732 (s, C=0 stretch), 1114 (m), and 1052 cm"1 (m); 

(EtOH) 240 (log e 3.43), 310 (3.75) and 342 nm sh (3.29); 
LLLctiJL 

$ h ( C D C 1 3 ) 1.12 (3H, s , 7b-Me), 2.12 ( 1 H , dd, J 11.8 Hz, 
18.6 Hz, H-1), 2.50 (1H, dd, J 7.8 Hz, 18.6 Hz, H-1), 2.81 
(1H, ddd, J 7.8 Hz, 11.8 Hz, 6.1 Hz, H-7a), 3.50 ( 3 H , s, 
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2a-0Me), 5.88 (2H, m, H-5 and H-7), 6.02 (1H, dd, J^ g 
5.2 Hz, Jg rj 9.4 Hz, H-6), 6.24 (1H, d, J 5.7 Hz, H-3 or H-4), 
and 6.47 (1H, d, J 5.7 Hz, H-4 or H-3); m/e 202 (M+), 
160, 159, 145 (100$), and 145. 

2 Rearrangement of the [4+2] maleic anhydride adduct 
(57"b) in the presence of 2-chloroacryloyl chloride 

A solution of the [4+2] maleic anhydride adduct 
(57b) (128 mg, 0.50 mmol) in dichloromethane (2 ml) at 
0°C was treated with 2-chloroacryloyl chloride (0.1 ml, 
1.0 mmol). The mixture was refluxed for 20 min, methanol 
(0.5 ml) added, the solvent evaporated and the residue 
chromatographed on silica. Elution with 20$ ether in 
petrol gave a 12 : 1 mixture of the esters (69a) and 
(69b) (30 mg, 22$) 

3 Rearrangement of the [4+2] N-phenylmaleimide adduct 
(57a) in the presence of 2-chloroacryloyl chloride 

A solution of the [4+2] N-phenylmaleimide adduct 
(57a) (33 mg, 0.10 mmol) in toluene (2 ml) containing 
2-chloroacryloyl chloride (0.1 ml, 1.0 mmol) was refluxed 
for 15 min. The resulting pale yellow solution was cooled 
to room temperature and a mixture of methanol (0.3 ml) and 
triethylamine (0.2 ml) added. The mixture was stirred for 
10 min, the solvent evaporated and the residue chromat-
ographed on silica. Elution with 20$ ether in petrol gave 
(i) an 8 : 1 mixture of the esters (69a) and (69h) (12 mg, 
43$.) 
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4 Conversion of the ester (69a) into the aldehyde (59) 

A solution of the ester (69a) (83.2 mg, 0.30 mmol) 
in petrol (8 ml) was stirred at 0°C under nitrogen and 
treated with a solution of diisobutylaluminium hydride 
in hexane (1 M; 1 ml, 1.0 mmol). After 30 min, methanol 
(1.5 ml) was added followed by water (2 ml) and the mixture 
stirred at room temperature for 1 h. The mixture was then 
filtered, the residue washed with ether (2 x 20 ml) and the 
filtrate extracted with ether (2 x 30 ml). The combined 
washings and extracts were dried (Na2S04), the solvent 
evaporated and the residue chromatographed. Elution with 
60/ ether in petrol gave (2aa, 7aa, 7bar)-2fl-chloro-2a-methoxy-
7b-methyl-2,2a,7a,7b-tetrahydro-1H-cyclopent[cd]indene-2a-
methanol (51.4 mg, 69/), as an oil; u __ 3440 (OH .stretch) , ___________ max 
2922 (m), and 1082 cm-1 (s); 5h(CDC13, 90 MHz) 0.95 (3H, s, 
7b-Me), 1.49 (1H, dd, J 12 Hz, 14 Hz, H-1a), 2.14 (1H, dd, 
J 6 Hz, 14 Hz, H-1£), 2.3 (1H, br., OH), 2.85 (1H, dt, J 
12 Hz, 6 Hz, H-7a), 3.49 (3H, s, OMe), 3.63 (2H, m, CH20H), 
5.82 (1h, d, J 4 Hz, H-5), 6.00 (1H, dd, J 6 Hz, 8 Hz, H-7), 
6.10 (1H, dd, J 4 Hz, 8 Hz, H-6), 6.49 (1H, d, J'6 Hz.,. H-3 or 
H-4), and 6.52 (1H, d, J 6 Hz, H-4 or H-3). A solution of 
this alcohol (39 mg, 0.155 mmol) in dichloromethane (5 ml) 
was treated with a solution prepared from powdered 
chromium trioxide (78 mg, 0.78 mmol) in pyridine (125 mg, 
1.7 mmol) and dichloromethane (2 ml). After 10 min at 
room temperature, the solvent was removed, ether (10 ml) 
added, the mixture filtered and the residue washed with 
ether ( 2 x 5 ml). The combined filtrate and washings were 
concentrated and the residue chromatographed on silica. 
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Elution with 25$ ether in petrol gave the aldehyde (59) 
(5.5 mg, 14 $); the proton n.m.r. spectrum was identical 
to that of a sample prepared from the 2-chloroacrylonitrile 
adduct (58a) as described in Section 3.1.5. 

5 Methyl 7b-methyl-7bH-cyclopent[cd]indene-2-carboxylate 
(70) 

A 25 1 mixture of the esters (69a) and (69b) 
(204 mg, 0.73 mmol) and 1,8-diazabicyclo[5.4.0]undec-7-
ene (DBU) (300 mg, 2.0 mmol) was heated at 110°C under 

nitrogen for 4 h. The resulting dark viscous mixture 
was chromatographed on silica. Elution with 20$ ether 
in petrol gave (i) the title compound (19 mg, 12$), as 
a yellow oil; u (CC1A) 1718 (s, C=0 stretch), 1444 (m), 

UldJL 
1268 (m) , 1222 (s), 1212 (s), and 1114 cm"1 (s); A ^ A t t O R ) max 
251 (log 63.89), 302 (4.60), 336 (3.81), and 475 nm (3.16); 
8h(CDC13) -1.47 (3H, s, 7b-Me), 4.00 (3H, s, C02Me), 7.58 
(1H, t, J 7.2 Hz, H-6), 7.71 (1H, d, J 7.2 Hz, H-5), 7.87 
(1H, d, J 7.2 Hz, H-7), 8.08 (1H, d, J 3.4 Hz, H-4), 8.16 
(1H, d, J 3-4 Hz, H-3), .and 8.26 (1H, s, H-1). (ii) 
Starting material [ 6 : 1 ratio of the isomers (69a) and 
(69b), 34.0 mg]. 

6 impregnation of silica H with silver acetate 

Silver acetate (10 g) and silica H (90 g) was added 
with stirring to water (400 ml). The mixture was heated on 
a steam bath and was stirred until no more silver acetate 
remained on the surface of the mixture. The water was 
then evaporated under reduced pressure and the silica dried 
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by azeotropic removal of the water with benzene and then 
the solvent removed under high vacuum. 

7 2a-Methoxy-7b-methyl-1,2a,7a,7b-tetrahydro-2H-
cy clop ent[cd]ind en-2-one-t olu en e-4-sulph onyl-
hydrazone (71a) 

A solution of 2a-methoxy-7b-methyl-1,2a,7a,7b-
tetrahydro-2H-cyclopent [cd] inden-2-one (63) (1 .24 g, 
6.1 mmol) and toluene-4-sulphonylhydrazine (1.21 g, 
6.5 mmol) in benzene (15 ml) was refluxed under nitrogen 
for 3 h with an apparatus for azeotropic removal of the 
water formed. The solvent was evaporated from the cooled 
mixture and the residue chromatographed on silica. Elution 
with 3 : 3 : 4 ether - dichloromethane - petrol gave the 
toluene-4-sulphonylhydrazone (71a) (2.05 g, 91$), as a 
gum which became a white powder when triturated with 
ether. 

In a separate experiment, more careful chromatography 
gave (i) a minor isomer (112 mg), m.p. 157 - 160°C (by 
diffusion of petrol into a dichloromethane solution) 
(Pound: C, 65.21; H, 6.00; N, 7.65*. S, 8.49. C 2 0H 2 2N 20 3S 
requires C, 64.84; H, 5.99; N, 7.56; S, 8.65$). (ii) A. 
major isomer (234 mg), m.p. 172 - 175°C (by diffusion of 
petrol into a dichloromethane solution) (Pound: C, 65.00; 
H, 6.07; N, 7.56; S, 8.64. C2()H22N203S requires C, 64.84; 
H, 5.99; N, 7.56; S, 8.65$). 
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8 Reaction of the toluene-4-sulphonylhydrazone (71a) 
with methyl lithium 

(a) At room temperature 

A stirred solution of the hydrazone (71a) (195 mg, 

0.53 mmol) in benzene (10 ml) was cooled to 5°C under 
nitrogen and treated with a solution of methyl lithium 
in ether (2M; 5 ml, 10 mmol). The mixture was stirred 
at room temperature for 20 h and then water (1 ml) was 
added dropwise. The resulting slurry was poured into 
water (30 ml) and extracted with ether (3 x 30 ml), The 
combined extracts were dried (MgSO^), the solvent 
evaporated and the residue chromatographed on silica. 
Elution with petrol gave impure 7b-methyl-7bH-cyclopent-
fed] indene (1) (70/ pure by n.m.r.; 20 mg, 17/). Elution 
with 5/ ether in petrol gave, after a forerun of aromatic 
material (39 ug), 4a,7b-dihydro-2a-methoxy-7b-methyl-2aH-
cyclopent [cd]indene (54) (26 mg, 26/), as an oil (Pound: 
m/e 136.1050. C..H..0 requires m/e 186.1045); v (neat) 

' ~> ' + max 
1076 (s), 724 (m), and 716 cm"1 (m); A ^ (EtOH) 309 nm 

in ax 
(log £3.66); § h ( C D C1 3) 1.01 (3H, s, 7b-Me), 3-31 (3H, s, 
OMe), 3.32 (1H, m, H-4a), 5.77 (3H, m, affected by 
decoupling at 53-32, H-3, H-5 and H-7), 6.02 (1H, ddd, 
-4a 6 0 , 9 H z ? —6 7 —5,6 5-4 Hz, the small coupling 
is removed by irradiation at 53.32, H-6), 6.07 (1H, dd, 
H4 4a 1 , 7 —3 4 Hz, the smaller coupling is removed 
by irradiation at 53-32, H-4), 6.24 (1H, d, J 5.6 Hz, H-1 or 
H-2), and 6.31(1E, d, J 5.6 Hz, H-2 or H-1); 5C(CDC13) 15.6 
(1.00. 7b-Me), 49.6 (0.23, C-7b), 50.2 (0.86, OMe), 53*2 
(0.56, C-4a), 100.4 (0.26, C-2a), 113-2 (0.78), 123.2 (0.71), 
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124.8 (0.75), 129.5 (0.80), 133.2 (0.81), 139.4 (0.73), 
140.0 (0.65), and 150.5 (0.14, C-7a); m/e 186 (M+) and 
171 (100$). 

The 7b-methyl-7bH-cyclopent[cd]indene (1) obtained 
in this reaction was purified by chromatography on silica 
impregnated with silver acetate (10$ w/w). Elution with 
petrol gave first, the pure annulene (1), and then the 
contaminant. 

(b) At 45°C 

A stirred solution of the hydrazone (71a) (667 mg, 
1.8 mmol) in benzene (40 ml) was cooled to 5°C under 
nitrogen and treated with a solution of methyl lithium 
in ether (2 M; 15 ml, 30 mmol). The mixture was then 
heated at 45°C for 10 h and then water (3 ml) was added 
dropwise. Work-up was on three times the scale of part (a) 
and chromatography was on silica impregnated with silver 
acetate (10$ w/w). Elution with petrol gave 7b-methyl-7bH-
cyclopent[cd]indene (1) (110 mg, 40$); spectral data are 
given later, in Section 3.1.6. 

9 2a-Methoxy-7b-methyl-1,2a,7a,7b-tetrahydro-2H-
cyclopent[cd] inden-2-one-2,4,6-triisopropylbenzene-
sulphonylhydrazone (71b) 

A solution of 2a-methoxy-7b-methyl-1,2a,7a,7b-
tetrahydro-2H-cyclopent[cd] inden-2-one (63) (4.05 g, 
20 mmol) in dichloromethane (50 ml) containing Amberlite 
resin IR120(H) (5 g) was treated with a solution of 
purified 2,4,6-triisopropylbenzenesulphonylhydrazine 
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(6.50 g, 22 mmol) in dichloromethane (50 ml). The 
mixture was stirred at room temperature for 3 h, the 
solvent then evaporated under reduced pressure at room 
temperature and the residue chromatographed on silica. 
Elution with 1 : 1 : 2 dichloromethane - ether - petrol 
gave the 2,4,6-triisopropylbenzenesulphonylhydrazone (71b) 
(8.1 g, 83$), m.p. 174 - 177°C (by evaporation of a 
solution in 1 : 1 dichloromethane - petrol, "b.p. 60 - 80°C) 
(Pound: C, 69.33; H, 7.96; N, 5.72. C2gH3gN203S requires 
C, 69.66; H, 7.93; N, 5.83$). 

10 Reaction of the triisopropylhenzenesulphonylhydrazone 
(71b) with methyl lithium followed by deuterium oxide 

(a) At room temperature 

A stirred solution of the hydrazone (71b) (274 mg, 
0.57 mmol) in dry benzene (10 ml) under nitrogen at room 
temperature was treated with a solution of methyl lithium 
in ether (2 M; 7.5 ml, 15 imnol) and the resulting mixture 
was stirred at room temperature for 2 h. The mixture was 
then treated with dropwise addition of deuterium oxide 
(99.7 atom $; 0.5 ml). After 5 min, the mixture was 
poured into water (30 ml) and the products extracted with 
ether (3 x 30 ml). The combined ether layers were dried 
(MgS0,)» the solvent evaporated and the residue chromat-
ographed on silica. Elution with petrol gave 7b-methyl-
7bH-cyclopent [cd] indene (1) (6 mg, 7$). Elution with 5$ 
ether in petrol gave 4a,7b-dihydro-2a-methoxy-7h-methyl-
2aH-cyclopent[cd] indene-3d (pa. 65$ deuterium incorporation; 
67 Eg, 63$); 5h(CDC13) as for an undeuterated sample 
except 5.77 (2.35H, m, H-3 of undeuterated compound, H-5 
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and H-7), 6.07 (1H, m, H-4; decoupling of H-4a at 3.03 
gives a singlet and a doublet, J 5.6 Hz, the relative 
intensities of which are consistent with the extent of 
deuteration as 65 - 70$); 5q(CDC13) as for undeuterated 
sample except for reduction of intensity of the lines at 
129.5 (0.41, C-3) and 140.0 (0.33, C-4 of undeuterated 
compound, and a new line appears at 139-9 (0.67, C-4 of 
deuterated compound). 

(b) At 45°C 

A stirred solution of the hydrazone (71b) (980 mg, 
2.0 mmol) in dry benzene (50 ml) under nitrogen at room 
temperature was treated with a solution of methyl lithium 
in ether (2 M; 27 ml, 54 mmol) and the mixture was stirred 
at 45°C for 7 h. Work-up was the same as for part (a) but 
on four times the scale to give (i) 7b-methyl-7bH-cyclopent-
[cd]indene (193 nig, 61$); the extent of deuteration in the 
2-position was _ca. 20$ - see preparation of the 4- p h e n y l - 1 . , 2 
triazole-3,5-dione adduct (see Section 3.2.6). (ii) 
4a,7b-Dihydro-2a-methoxy-7b-methyl-2aH-cyclopent [cd]indene 
(54)(84 mg, 22$); the extent of deuterium incorporation 
was not determined for this sample. 

11 Reaction of 4a-7b-dihydro-2a-methoxy-7b-methyl-2aH-
cyclopent[cd]indene (54) with toluene-4-sulphonic acid 

A solution of the tetraene (54) (52 mg) in 
dichloromethane (12 ml) at room temperature was treated 
with toluene-4-sulphonic acid (5 mg) and the mixture was 
stirred at room temperature for 3 h. The resulting 
solution was washed with saturated sodium hydrogen carbonate 
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solution (3 x 10 ml), then water (10 ml), the solvent 
evaporated and the residue chromatographed on silica. 
Elution with petrol gave 7b-methyl-7bH-cyclopent [.cd] -
indene (1) (35 mg, 81$). 

A 65 - 70$ deuterated sample of the tetraene (54) 
gave "by this procedure, 7b-methyl-7bH-eyclopent[cd]indene-
2d, 65 - 70$ deuterium incorporation, 5B(CDClg) -1.64 
(3H, s, 7b-Me), 7.52 - 7.72 (3H, AB2 system, J A B 7 Hz, 
SA 7.57, H-6; 5g7.69, H-5 + H-7), 7.90 (1.3H, d, J 3 Hz, 
H-3 + H-2 of undeuterated material), and 7.92 (2H, s + d, 
J 3 Hz, H-1 + H-4); 5 c ( C D C 1 3 ) 28.7 (0.67, 7b-Me), 58.8 
(0.12, C-7b), 116.3 (1.00, C-5 + C-7), 129.0 (0.58, C-6), 
129.3 (0.71, intensity reduced relative to undeuterated sample, 
C-2 + C-3), 134.87 (O . 3 8 , C-1 of deuterated compound), 134.92 
(0.58, C-4 + C-1 of undeuterated compound), 159.2 (0.20, C-4a 
+ C-7a), 178.8 (0.06, C-2a of deuterated compound), and 178.9 
(0.04, C-2a of undeuterated compound). Pall spectral data for 
the undeuterated annulene (l) are given in Section 3.1.7. 

12 ( 2aor, 7aq,7"bct)-2a-Methoxy-7b-methyl-2 , 2a, 7a, 7b-t etra-
hydro-1H-cyclopent[cd] inden-2^-ol ( 7 3 ) 

A stirred emulsion of 2a-methoxy-7b-methyl-1,2a,7a,7b-
tetrahydro-2H-cyclopent[cd] inden-2-one (63) (622 mg, 
3.1 mmol) in ethanol (10 ml) was treated with a solution 
of sodium borohydride (400 mg, 10.5 mmol) in ethanol 
(10 ml). After 0.5 h, the clear solution was poured into 
water (90 ml) and the product extracted with ether (3 x 
60 nil). The combined ether layers were washed with water 
(50 ml), dried (MgS0A), the solvent evaporated and the 
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residue chromatographed on silica. Elution with 40/ 
ether in petrol gave the title compound (383 mg, 61/), 
as a viscous oil (Pound: m/e 204.1156. C13H16°2 
requires m/e 204.1150); L? (neat) 3420 (OH stretch), 

illctvL 
2964 (m), 2932 (m), 1448 (m), 1080 (s), 978 (m), and 
728 cm"1 (m); Amax(EtOH) 304 nm (log £3.89); 5H(CEC13) 
0.84 (3H, s, 7"b-Me), 1.05 (1H, ddd, J 1 a > 1 8 Hz, J1q,?2 

9.4 Hz, J 1 a j 7 a 10.8 Hz, H-laO, 1.52 (1H, br. s, 2-0H) , 
2.22 (1H, ddd, 10.8 Hz, 6.0 Hz, l ^ j 7 a 6.1 Hz, 
H-1^), 2.35 (1H, ddd, J ^ j 7 a 6.1 Hz, J 1 a > 7 a 10.8 Hz, 
J 7 > 7 a 6.1 Hz, H-7a), 3-45 (1H, s, 2a-0Me), 4 .08 (1H, br., 
H-2), 5.75 (1H, d, J 5 > 6 5.1 Hz, H-5), 5.86 (1H, dd, Jg ? 
9.2 Hz, £ 7 ) 7 a 6.1 Hz, H-7), 6.03 (1H, dd, J^ g 5.1 Hz, 
J 6 j ? 9.2 Hz, H-6), 6.39 (1H, d, J 3 > 4 5.7 Hz, H-3), and 6.61 
(1H, d, J3 4 5.7 Hz, H-4); decoupling H-2 at 54.08 
affects the signal at 2.22 for H-1^ but not that at 
2.35 for H-7a; m/e 204 (M+), 160 (100/), and 145. 

13 Attempted direct dehydration of the alcohol (73) 

A solution of the alcohol (73) (30.5 mg> 0.15 mmol) 
in pyridine (2 ml) was treated with phosphorus oxychloride 
(100 mg, 0.65 mmol) and the mixture stirred at room 
temperature. The mixture stayed colourless and a solid 
precipitated. T.l.c. showed only baseline; there was no 
starting material or the required olefin. Use of dimethyl-
formamide as the solvent or thionyl chloride as the reagent 
gave similar results. 
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14 (2aa, l a g , 7bcr) -2a-Iodo-2a-methoxy-7a-methyl-2,2a,7a, 7b-
tetrahydro-1H-cyclopent[cd]indene (74) 

A solution of the alcohol (73) (28.7 mg, 0.14 mmol) 
in dry hezamethylphosphoramide (0.5 ml) was treated with 
methyltriphenoxyphosphonium iodide (MTPl)133 (186 mg, 
0.41 mmol) and the resulting mixture was stirred overnight 
at room temperature. The mixture was then treated with 
sodium hydroxide solution (10$ w/v; 5 ml) and stirred at 
room temperature for 1 h. The mixture was extracted with 
ether ( 3 x 5 ml), the combined extracts dried (Na2S04) , 
the solvent evaporated and the residue chromatographed on 
silica. Elution with 10$ ether in petrol gave the title 
compound (20.8 mg, 47$), as an oil (Pound: m/e 314.0175. 
C13H15I0 requires m/e 314.0170); 5H(CDC13, 90 MHz) 0.99 
(3H, s, 7b-Me), 1.72 (1H, ddd, 14 Hz, 6 Hz, 

ito,7a 1 2 H Z' H" 1 a )' 2' 3° ( 1 H' d d d' -1or, 1 4 H z' 
2 Hz, £ ^ j 7 a 6 Hz, H-1^), 2.91 (1H, dt, £1a/j7a 12 Hz, 

-1^,7a= —7,7a 6 H z' H~ 7 a)' 4' 4 0 (1H> d d' iia,2 6 Hz> 
J. 9 2 Hz, H-2), 5.79 (1H, d, J 5 Hz, H-5), 6.00 (1H, dd, ~ p» 
J? ? a 6 Hz, J6 ? 9 Hz, H-7), 6.06 (1H, dd, £ 5 6 5 Hz, 
J6 7 9 Hz, H-6), 6.28 (1H, d, J 6 Hz, H-3 or H-4), and 6.49 
(1H, d, J 6 Hz, H-4 or H-3); m/e 314 (M+), 160,and 145c 

15 Attepted dehydroiodination of the iodo compound (74) 

A mixture of the iodo compound (74) (17 mg, 
0.05 mmol) and 1,8-diazabicyclo [5.4.0] undec-7-ene (50 mg, 
0.3 mmol) in benzene< (2 ml) was refluxed for 1 h. T.l.c. 
showed no reaction had taken place. Dimethylformamide 
(1 ml), sodium methoxide (150 mg) and sodium iodide (200 mg) 
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were added. After further reflux for 1 h, the mixture 
was poured into water (10 ml) and extracted with ether 
( 3 x 5 ml). The combined extracts were dried (MgSO^), 
the solvent evaporated and after chromatography, starting 
material (10 mg, 59/) was recovered. 

3.1.7 Synthesis and reactions of the tetraenone, 
2a,7b-dihydro-7b-methyl-2H-cyclopent[cd]inden-2-one 

(78) 

1 2a,7'b-Dihydro-7'b-methyl-2H-cyclopeEi'fc [cd] inden-2-one 

(78) 

Chlorotrimethylsilane (14.5 ml, 120 mmol) was added 
to a solution of sodium iodide (17 g, 120 mmol) in dry 
acetonitrile (160 ml) at room temperature under nitrogen. 
A mixture of 2a-methoxy-7b-methyl-1,2a,7a,7b-tetrahydro-
2H- cyclopent [cd]inden-2-one (63) (4.6 g, 22.7 mmol) and 
dry triethylamine (16.5 ml, 120 mmol) was then added and 
the mixture refluxed by external heating with an oil bath 
at 115°C. After 6 h, the yellow mixture was cooled in 
ice-water and water (150 ml) added. The mixture 
immediately became deep red .and the product was extracted 
with ether (4 x 150 ml). The combined ether layers were 
washed with water (150 ml), dried (Na2S04), the solvent 
evaporated and the residue chromatographed on silica. 
Elution with 30/ ether in petrol gave the title ketone 
(3.1 g, 80/), as an orange-red oil; i;max (CCl^) 2964 (m), 
2924 (m), 1702 (s, 0=0 stretch), 1622 (ms), 1192 (m), 890 
(m), 864 (m), 842 (m), and 678 cm"1 (m); Amax(Et0H) 252 
(log £ 4.34), 335 sh (3.11), and 446 nm (3.03); ^ ( C D C l ^ 
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1.41 (3H, s, 7b-Me), 3.01 (1H, dd, J 2.2 Hz, 3.4 Hz, 

H-2a), 4.97 (1H, s, H-1), 5.71 (1H, d, J 5.2 Hz, H-5), 
6.21 (1H, dd, J 2.2 Hz, 5.4 Hz, H-4} decoupling of H-2a 
at §3.01 removes the smaller coupling; irradiation of 
H-3 at 56.86 removes the larger coupling), 6.25 (1H, dd, 
J 5.2 Hz, 9.4 Hz, H-6), 6.39 (1H, d, J 9.4 Hz, H-7), and "6.86 
(1H, dd, J 3.4 Hz, 5.4 Hz, H-3; decoupling of H-2a at 
53.01 removes the smaller coupling); 5C(CDC13) 22.4 
(0.93, 7b-Me), 52.4 (0.28, 0-7b), 63-4 (0.89, C-2a), 
113.5 (0.98), 114.7 (0.88), 119.6 (0.95), 132.5 (0.95), 
132.8 (0.97), 143.8 (1.00), 163.8 (0.23, C-4a), 183.7 
(0.18, C-7a), and 211.7 (0.11, C-2); m/e 170 (M+), 155, 152, 
151 (100$), 137, and 115. 

Treatment of this ketone with 2,4-dinitrophenyl-
hydrazine in ethanol acidified by sulphuric acid, for 
2 h at room temperature gave a precipitate of the 2,4-
d i ni t ro ph enylhyd razone (77$), as mauve needles, m.p. 180 -
182°C (from ethyl acetate)(Pound: C, 61.97; H, 3-99; N, 
15.98. C 1 8 H U N 4 0 4 requires C, 61.71; H, 4.03; N, 15.99$); 

CDClg) 1.31 (3H, s, 7b-Me), 3.67 (1H, m, 2aH), 5.47 
(1H, s, H-1), 5.79 (1H, d, J 5.4 Hz, H-5), 6.24 (1H, dd, 
J 5.4 Hz, 9.5 Hz, H-6), 6.35 (2H, m, H-4 and H-7), 6.80 
(1H, dd, J 3.4 Hz, 5.6 Hz, H-3), 7-96 (1H, d, J 9.6 Hz, 
H-6'), 8.28 (1H, dd, J 2.4 Hz, 9.6 Hz, H-51), 9.10 (1H, 
d, J 2.4 Hz, H-3f), and 11.57 (1H, br. s, NH). 

2 Dsutsration of 2a,7b-dihydro-7b-methyl-2H-cyclopent-
[gd]inden-2-one (78) 

(a) Acidic conditions 
A solution of the tetraenone (78) (100 mg) in 
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carbon tetrachloride (1 ml) was treated with deuterium 
oxide (99.7 atom /; 1 ml) and toluene-4-sulphonic acid 
(ca. 10 mg), and the mixture refluxed for 30 min. N.m.r. 
analysis of the organic layer showed that no exchange had 
taken place. 

(b) Basic conditions (two phase) 
The mixture from the above reaction was made 

alkaline with a solution of tetra-n-butylammonium hydroxide 
in methanol (25/ w/v; ca. 0.1 ml) and warmed at 40°C for 
2 h. The organic layer was removed and washed with 
deuterium oxide (1 ml). Evaporation of the solvent gave 
2a,7b-dihydro-7b-methyl-2H-cyclopent [gg]inden-2-one-2ad, 
as an orange-red oil; 5H(CDC13; 90 MHz) 1.42 (3H, s, 
7b-Me), 4.96 (1H, s, H-1), 5.71 (1H, d, J 5 Hz, H-5), 
6.21 (1H, d, J 5 Hz, H-4), 6.25 (1H, dd, J 5 Hz, 9 Hz, 
H-6), 6.39 (1H, d, J 9 Hz, H-7), and 6.84 (1H, d, J 5 Hz, 
H-3). 

(c) In dimethyl sulphoxide 
A solution of the tetraenone (78) (65 mg) in dg-

dimethyl sulphoxide (1 ml) showed no peaks above 
tetramethylsilane in the n.m.r. spectrum. A solution of 
tetra-n-butylammonium hydroxide (25/ w/v; 1 drop) was 
added and the mixture heated at 60°C for 1 h. The mixture 
darkened but its n.m.r. spectrum was unchanged. Deuterium 
oxide (0.1 ml) was added. After 30 min at room temperature, 
n.m.r. analysis showed that there was no deuterium exchange 
but after 1 h at 60%, deuterium exchange of the 2a-position 

was complete. 



(d) In pyridine 
A solution of the tetraenone (78) (65 mg) in 

pyridine (0.5 ml) was treated with deuterium oxide 
(0.1 ml). N.m.r. analysis showed partial deuterium 
exchange had occurred after 30 min at room temperature 
and complete exchange of H-2a after 10 min at 50°C. The 
mixture was refluxed for 16 h but there was no further 
change in the n.m.r. spectrum. 

3 7b-Methyl-2-(trimethylsiloxy)-7hH-cyclopent [cd] -
indene (77) 

Chlorotrimethylsilane (0.12 ml, 0.93 mmol) was 
added to a stirred solution of sodium iodide (137 mg, . 
0.93 mmol) in dry acetonitrile (1 ml) under nitrogen at 
room temperature. A mixture of the tetraenone (78) (127 mg, 
0.75 mmol) and dry triethylamine (0.13 ml, 0.93 mmol) was 
then added. After 10 min at room temperature, the mixture 
was extracted with petrol ( 3 x 2 ml). The combined 
extracts were concentrated (to. 2 ml), filtered, and' the 
filtrate evaporated to give the title compound (128 mg, 
74$), as a yellow oil; 5H(CDC13) -1.51 (3H, s, 7b-Me), 
0.42 (9H, s, SiMe3), 7.25 (1H, s, H-1), 7.36 (1H, d, J 
7.0 Hz, H-7), 7.50 (1H, t, J 7.0 Hz, H-6), 7.60 (1H, d, J 
7.0 Hz, H-5), 7.63 (1H, d, J 3.1 Hz, H-4), and 7.79 (1H, d, 
J 3 . 1 Hz, H-3); 5c(CDC13) 0 . 2 9 (1.00, SiMe3), 29.6 (0.51, 
7b-Me), 57.3 (0.10, C-7b), 112.2 (0.36, 0-5 or 0-7), 115.1 
(0.41, 0-7 or 0-5), 125.0 (0.49, C-1), 128.9 (0.37), 129-9 
(0.44), 130.7 (0 .42) , 156.4 ( 0 . 1 1 ) , 158.8 (0.14), 159.7 
(0.09), and 160.3 (0.12). 



4 Attempted preparation of a solution of 7b-methyl-
7bH-cyclopent[g£]inden-2-ol (75) 

A solution of 7b-methyl-2-(trimethylsiloxy)-7bH-
cyclopent[cd]indene (77) (57 mg, 0.25 mmol) in dry 1,2-
dimethoxyethane ( D M E ) (0.5 ml) in an n.m.r. tube was 
treated with a solution of methyl lithium in ether (1.5 M; 
0.2 ml, 0.3 mmol). A deep yellow solution of the lithium 
enolate of the title compound resulted; 5^(EME, 60 MHz) 
-1.45 (3H, s, 7b-Me), 6.92 (1H, s, H-1), 7.0 - 7.4 (4H, m), 
and 7.77 (1H, d, J 3 Hz, H-3); [the starting material 
gives J h ( M E , 60 M H z) -1.62 (3H, s, 7b-Me), 7.26 (1H, s, 
H-1), 7.3 - 7.7 (4H, m), and 7.82 (1H, d, J 3 Hz, H-3)]. 
The solution was cooled to -78°C under nitrogen and treated 
with a neutral aqueous sodium acetate - acetic acid buffer. 
The resulting orange-red oil was immediately examined 
by n.m.r, which showed no signals upfield of tetramethyl-
silane. 

The above preparation of the lithium enolate was 
repeated from the trimethylsilyl ether (77) (21 mg, 
0.09 mmol). The solution was cooled to -78°C under 
nitrogen and treated with aqueous acetic acid (20$ v/v; 
0.1 ml, 0.3 mmol). The resulting orange-red mixture was 
immediately examined by n.m.r. which showed no signals 
upfield of tetramethylsilane and that the product was 
the tetraenone (78). 

5 2-Methoxy-7b-methyl-7bH-cyclopent[cd] indene (82) 

A solution of the tetraenone (78) (29.5 mg, 
0.17 mmol) in dry 1,2-dimethoxyethane (1 ml) was added to 



a stirred suspension of potassium hydride (from a dispersion 
in oil, 25/; 100 mg, 0.6 mmol) in dry 1,2-dimethoxyethane 
(2 ml) containing l8-Crown-6 (150 mg, 0.6 mmol) under 
nitrogen at -23°C. The mixture became yellow and then 
brown. After 15 min, methyl fluorosulphonate (0.1 ml, 
1.2 mmol) was added to give a bright yellow solution. 
Addition of triethylamine (0.5 ml) destroyed the excess 
methyl fluorosulphonate. The mixture was filtered, the 
solvent evaporated and the residue chromatographed on 
silica. Elution with 10/ ether in petrol gave 2-methoxy-
7b-methyl-7bH-cyclopent [cd]indene (21.3 mg, 67/), as a 
bright yellow oil (Pound: m/e 184.0887. ^H^20 requires 
m/e 184.0888); t?

max(CCl4) 1464 (m) , 1414 (m), 1338 (m), 
1168 (m), and 1042 cm"1 (m); Amax(Et0H) 234 sh (log e 3.78), 
291 (4.70), 326 (3.72), and 459 nm (2.96); 5H(CDC13) -1.51 
(3H, s, 7b-Me), 4.30 (3H, s, OMe), 7.25 (1H, s, H-1), 7.37 
(1H, a, J 6.9 Hz, H-7), 7.54 (1H, t, J 6.9 Hz, H-6), 7.60 
(1H, d, J 6.9 Hz, H-5), 7.65 (1H, a, J 3.4 Hz, H-4), ana 
7.91 (1H, d, J 3.4 Hz, H-3); m/e 184 (M+, 100/), 169, and 141. 

6 2a,7b-Dimethyl-2a,7b-dihydro-2H-cyclopent[cd]inden-2-
one (83) 

(a) Prom the sodium enolate of the tetraenone (78) 

A solution of the tetraenone (78) (81 mg, 0.47 mmol) 
in dry tetrahydrofuran (1 ml) was added to a stirred 
suspension of sodium hydride (50/ dispersion in oil; 90 mg, 
1.9 mmol) in tetrahydrofuran under nitrogen at room temper-
ature. Hydrogen was immediately evolved and iodomethane 
(0.25 ml, 4 mmol) was added to the deep yellow mixture. After 
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4 h at room temperature, the excess sodium hydride was 
destroyed by addition of methanol (0.5 ml) and the mixture 
then poured into water (20 ml). The product was extracted 
with ether (2 x 20 ml) and the combined ether layers were 
washed with water (20 ml), dried (Na2S04) and the solvent 
evaporated. The residue was chromatographed on silica. 
Elution with petrol containing an increasing proportion of 
ether gave (i) 2-methoxy-7b-methyl-7bH-cyclopent[cd]indene 
(82) (22 mg, 25$). (ii) The title compound (83) (35 mg, 
40$), as an orange-red oil; i;_0„(neat) 2980 (m), 1694 (s, max 
C=0 stretch), 1620 (s), 1576 (m), 1074 (m), 870 (m), 854 (m), 
778 (s), 668 (m), and 622 cm""1 (m); A^ (EtOH) 252 (log e max 
4.32), 335 sh (3.09), and 450 nm ( 2 . 9 8 ) ; S H ( C D C 1 3 ) 1 . 1 8 

(3H, s, 2a-Me), 1.47 (3H, s, 7b-Me), 4.90 (1H, s, H-1), 
5.55 (1H, d, J 5.2 Hz, H-5), 6.02 (1H, d, J 5.3 Hz, H-4), 
6.13 (1H, dd, J 5.2 Hz, 9-5 Hz, H-6), 6.32 (1H, d, J 9.5 Hz, 
H-7), and 6.59 (1H, d, J 5.3 Hz, H-3); m/e 184 (M+), 179, 
156, 155, 141 (100$), and 115. (iii) Starting material 
(6 mg, 7.5$). 

Treatment of the ketone (83) with 2,4-dinitrophenyl-
hydrazine in ethanol acidified with sulphuric acid, for 
1 h at 80°C followed by addition of a small quantity of 
water, gave the 2,4-dinitrophenylhydrazone (63$), as ,a 
red powder, m.p. 179 - 181°C (from nitromethane) (Pound: 
C, 62.66; H, 4.52; N, 14.98. C i gH 1 6N 40 4 requires C, 62.63; 
H, 4.43; N, 15.37$). 

(b) Using ethanolic sodium hydroxide 
A solution of the tetraenone (78) (39 mg, 0.23 mmol) 

in ethanol (2 ml) under nitrogen at 50°C was treated with 
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ethanolic sodium hydroxide (5/ w/v; 0.5 ml, 1 mmol). To 
the deep yellow solution was added iod'omethane (0.5 ml, 
8.0 mmol). The deep yellow colour slowly discharged and 
a red solution resulted. The addition of reagents was 
repeated. After 1 h at 50°C, aqueous work up as for part 
(a) followed "by chromatography on silica gave (i) 2-meth'oxy-
7 b-m e t hy 1-7 "bH-cy clopent [cd]indene (82) (9 mg, 21/). (ii) 
The title compound (83) (18 mg, 42/). (iii) Starting 
material (6 mg, 16/). 

(c) Using sodium hydroxide in aqueous ethanol 
This was carried out as for method (b) but ethanol 

was replaced with aqueous ethanol (50/ v/v). Starting with 
the tetraenone (78) (80 mg) gave (i) 2-methoxy-7b-methyl-
7bH-cyclopent[cfl]indene (82) (17 mg, 19/). (ii) The title 
compound (83) (41 mg, 47/). (iii) Starting material 
(50 mg, 7/). 

(d) Using lithium hydroxide in aqueous ethanol 
A solution of the tetraenone (78) (39 mg, 0.23 mmol) 

and ioaomethane (0.5 ml, 8.0 mmol) in ethanol (2 ml) was 
added to a solution of lithium hydroxide, prepared by 
dissolution of lithium (0.1 g, 14 mmol) in water (2 ml). . 
The resulting mixture was refluxed under nitrogen for 4 h. 
More iosomethane (0.5 ml, 8.0 mmol) was then added and the 
mixture refluxed for a further 4 h. Work-up as for part (a) 
and chromatography on silica gave (i) 2-methoxy-7b-methyl-

7bH-cy clopent[cd]ind en e (82) (0.2 mg, 0.5/). (ii) The 
title compound (83) ( 8 . 3 mg, 20/). (iii) Starting material 
(10.7 mg, 28/). 
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(e) Using the preformed lithium enolate of the 
tetraenone (78) 
A solution of the tetraenone (78) (76 mg, 0.45 mmol) 

in dry tetrahydrofuran (1 ml) was added to a stirred 
suspension of sodium hydride (50$ dispersion in oil; 80 mg, 
1.7 mmol) in dry tetrahydrofuran (2 ml) at 0°C under 
nitrogen. After 10 min, a solution of lithium "bromide 
(174 mg, 2.0 mmol) in dry tetrahydrofuran (2 ml) was added 
followed by iodomethane (0.5 ml, 8.0 mmol). After 3 h at 
room temperature, the excess sodium hydride was destroyed 
by addition of methanol (0.5 ml). Work-up as described in 
part (a) and chromatography on silica gave (i) 2-methoxy-
7b-methyl-7bH-cyclopent[sd]indene (16 mg, 19$). (ii) The 
title compound (83) (49 mg, 59$). ' " 

7 7b-Methyl-7bH-cyclopent[cd]indene (method 4) 

A stirred solution of the tetraenone (78) (3.08 g, 
18 mmol) in petrol (100 ml) under nitrogen at 0°C was 
treated with a solution of diisobutylaluminium hydride 
in hexane (1 M; 18.2 ml, 18.2 mmol). The mixture 
immediately lightened to pale yellow. After 20 min at 
0°C, methanol (20 ml) was added and the mixture stirred 
for 3 h at room temperature. The mixture was then 
filtered through celite and the residue washed with hot 
methanol (4 x 20 ml). The combined filtrate and washings 
were evaporated and the residue taken up in dichloromethane 
(100 ml). Toluene-4-sulphonic acid (1 g) was added and the 
mixture stirred for 15 min at room temperature. The mixture 
was then washed with saturated sodium hydrogen carbonate 
solution (100 ml), then water (100 ml), dried (Na2S04), the 



solvent evaporated and the residue chromatographed on 
silica. Elution with petrol gave 7b-methyl-7~bH-cyclopent-
[cd]indene (1) (2.11 g, 76$), as a yellow oil; an 
analytical sample was prepared by distillation, b.p. 95°C 
(oven) at 3 mmHg, m.p. 12 - 13°C (Pound: C, 93.28; 
H, 6.59. C 1 2H 1 0 requires C, 93-46; H, 6.54$); i^^neat) 
3055 (m), 2970 (m) , 2920 (m), 2860 (w-m), 1574 (w-m), 
1442 (m), 1376 (w-m), 1360 (w-m), 1338 (w-m), 1332 (m), 
1292 (m), 1242 (m), 1036 (w-m), 940 (m), 840 (s), 830 (s), 
768 (m), 722 (s), 684 (s), 656 (m), and 622 cm"1 (m); 
A ^ C E t O H ) 249 sh (log 6 3.74), 282 (4.54), 335 sh (3.52), 
398 sh (2.11), 439 sh (2.57), and 450 nm (2.64); SH(CDC13) 
-1.67 (3H, s, 7b-Me), 7.53 - 7.83 (3H, AB2 system giving 
8a 7.57, H-6; 5 b 7.69, H-5 and H-7; £ A B 7 Hz), 7.89 - 7.92 
(4H, AB system giving %A 7.90; S B 7.92; J A B 3 Hz, H-1, 
H-2, H-3 and H-4); ^(CDCl^ 28.7 (0.57, 7b-Me), 5 8 . 7 

(0.i3, C—7b), 116.2 (0.92, 0-5 and 0-7), 129.0 ( 0 . 5 2 , 0-6), 
129.3 (1.00, 0-2 and C-3), 134-9 (0.94, C-1 and 0-4), 159.1 
(0.23, C-4a and C-7a), and 178.7 (0.11, C-2a); m/e 154 (M+), 
153 (100$), 139, and 76. 

8 2a, 7b-Dihyd r o-7b-me t hy l-2H-cy cl o pent [cd] inden-2-ol (84) 

A stirred solution of the tetraenone (78) (76 mg, 
0.45 Emol) in petrol (5 ml) under nitrogen at 0°C was 
treated with a solution of diisobutylaluminium hydride 
in hexane (1 LI; 0.5 ml, 0.5 mmol). After 20 min, methanol 
(0.5 ml) was added, followed by water (2 ml). After 1 h 
at room temperature, the mixture was filtered through 
celite and the residue was washed with hot methanol 
( 4 x 5 ml). The combined filtrate and washings were poured 
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into water (50 ml) and the products extracted with ether 

(3 x 15 ml). The combined extracts were washed with water 
(30ml), dried (Na2S04), the solvent evaporated and the 
residue chromatographed on silica. Elution with 30$ ether 
in petrol gave unreacted tetraenone (78) (4 mg, 5$). 
Elution with 40$ ether in petrol gave a less polar isomer 
of the title compound (25 mg, 32$), as an unstable pale 
yellow solid, m.p. 74 - 76°C (from cold petrol); 5H(CDC1 
60 MHz) 1.03 (3H, s, 7b-Me), 1.20'(1H, m), 3.37 (1H, d, J 
10 Hz), 4.84 (1H, m), 4.96 (1H, m), 5.71 (1H, m), and 6.1 

6.4 (4H, m). Elution with 60$ ether in petrol gave a more 
polar isomer of the title compound (36 mg, 47$), as a 
pale yellow oil; L> (neat) 3340 (s, br., OH stretch) max 
1018 ( s, C-0 stretch), 854 (s),and 670 cm"1 (s); Amax(Et0H) 
232 (log e4.13). and 348 nm (3-40); ^(CDCl^ 1.18 (3H, s, 
7b-Me), 2.22 (1H, br. s, OH), 2.66 (1H, m, H-2a), 4.65 (1H, 
m, H-2), 4.89 (1H, d, J 2.5 Hz, H-1), 5.66 (1H, d, J 4.9 Hz, 
H-5), 6.08 (1H, dd, J 4.9 Hz, 9-9 Hz, H-6), 6.20 (2H, m, 
H-4 and H-7), and 6.54 (1H, dd, J 2.8 Hz, 5-3 Hz, H-3); 
m/e 172 (M+), 157, 143, 129, 128 (100$), 127, and 115. 

3.1.8 Synthesis and Reactions of 3a-Methyl-3-(trimethyl-
siloxy)-3aH-indene (85) 

1 3a-Methyl-3-(trimethylsiloxy)-3aH-indene (85) 

Chlorotrimethylsilane (0.16 ml, 1.3 mmol) was 
added to a stirred solution of sodium iodide (200 mg, 
1.3 mmol) in dry acetonitrile (1 ml) under nitrogen. A 
mixture of the trienone (46) (150 mg, 1.03 mmol) and dry 
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triethylamine (0.17 ml, 1.3 mmol) was added and the 
resulting mixture was stirred at 35 °C for 1 h. The 
product was extracted with petrol (3 x 3 ml) and the 
bright yellow combined extracts were concentrated under 
a reduced pressure of nitrogen at room temperature. The 
residue was chromatographed on silica. Elution with 5/ 
ether in petrol gave the title compound (151 mg, 67/), 
as an unstable yellow oil; 5H(CDC13) 0.28 (9H, s, SiMe^), 
1.31 (3H, s, 3a-Me), 5.05 (1H, d, J 2.6 Hz, H-2), 5.73 
(1H, dd, J 5.1 Hz, 9.0 Hz, with other fine splittings, H-5 
or H-6), 5.81 (1H, dd, J 5.1 Hz, 9.1 Hz with other fine 
splittings, H-6 or H-5), 6.13 (1H, m, H-1), and 6.24 (1H, d, 
with fine splittings, J 9.1 Hz, H-4 or H-7) and 6.31 (1H, 
d with fine splittings, J 9.0 Hz, H-7 or H-4). 

2 Thermal rearrangement of 3a-methyl-3-(trimethyl-
siloxy)-3aH-indene (85) 

A solution of the 3aH-indene (85) [ prepared from 
the trienone (46) (122 mg) by the method described above] 
in benzene (5 ml) was refluxed under nitrogen for 15 min. 
The mixture was cooled to room temperature, the solvent 
evaporated and the residue chromatographed on silica. 
Elution with 5/ ether in petrol gave 1-methyl-1-(trimethyl-
siloxy)-1H-indene (86) (65 mg, 37/), as an oil; 5H(CDC13, 
90 MHz) 0.12 (9H, s, SiMe3), 1.63 (3H, s, 1-Me), 6.36 (1H, 
d, J 6 Hz), 6.67 (1H, d, J 6 Hz), and 7.1 - 7.5 (4H, m) 

To a solution of this trimethylsilyl ether (48 mg, 
0.22 mmol) in tetrahydrofuran (2 ml) and water (0.5 ml) 
containing potassium fluoride (100 mg, 1.4 mmol) was added 
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a solution of tetra-n-butylammonium hydroxide in methanol 
(25$ w/v; 2 drops) and the resulting mixture refluxed for 
2 h. The mixture was then poured into water (10 ml) and 
the product extracted with ether ( 3 x 4 ml). The combined 
extracts were washed with water (10 ml), dried (Na2S04), 
the solvent evaporated and the residue chromatographed on 
silica. Elution with 40$ ether in petrol gave 1-methyl-
1H-inden-1-ol (87) (16 mg, 50$), as silky needles, m.p. 
96 - 98°C (from cold petrol), (lit.,88 m.p. 96 - 98°C); 
^J(CDC13> 90 M H z) 1.59 (3H, s), 6.34 (1H, d, J 6 Hz), 6.63 
(1H, d, J 6 Hz), and 7.1 - 7.5 (4H, m). 

3 Dimethyl 7b-methyl-7bH-cyclopent[cd] indene-1,2-
dicarboxylate ( 3 8 ) (see also Section 2.1.3) 

(a) One pot procedure 
A solution of the trienone (46) (200 mg, 1.37 mmol) 

in dry ether (2 ml) under nitrogen at 10°C was treated with 
dry triethylamine (0.20 ml, 1.5 mmol) and then with 
trimethylsilyl trifluoromethanesulphonate (0.26 ml, 1.4 mmol) 
and the mixture stirred for 1 h. Dimethyl acetylene-
dicarboxylate (DMAD) (0.25 ml, 2.0 mmol) was added to the 
resulting yellow solution of the 3aH-indene (85) and the • 
mixture was stirred at 35°C for 1 h. The solvent was 
evaporated and the residue taken up in methanol (1 ml). 
The solution was cooled in ice and concentrated sulphuric 
acid (1.5 ml) was added dropwise over 5 min. The mixture 
was stirred for 10 min and poured into ice-water (20 ml). 
The product was extracted with ether (3 x 10 ml); the 
combined ether layers were washed with water (20 ml), 



d r i e d ( M g S O ^ ) , t h e s o l v e n t e v a p o r a t e d a n d t h e r e s i d u e 

c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h 3 0 $ e t h e r i n 

p e t r o l g a v e t h e a n n u l e n e ( 3 8 ) ( 2 0 1 m g , 5 4 $ ) , a s a y e l l o w 

o i l w h i c h s o l i d i f i e d on c o o l i n g , m . p . 4 9 - 5 0 ° C ( f r o m 

p e t r o l , " b . p . 6 0 - 8 0 ° C ) ( P o u n d : C , 7 1 . 2 2 ; H , 5 . 2 4 . 

C 1 6 H 1 4 0 4 r e q u i r e s C , 7 1 . 1 0 ; H , 5 . 2 2 $ ) . 

( b ) I m p r o v e d y i e l d p r o c e d u r e 

T h e p r e p a r a t i o n o f t h e t r i m e t h y l s i l y l e t h e r ( 8 5 ) a n d 

i t s c y c l o a d d i t i o n w i t h D M A E w e r e c a r r i e d o u t i n t h e s a m e 

w a y a s d e s c r i b e d a b o v e f r o m t h e t r i e n o n e ( 4 6 ) ( 4 0 0 m g , 

2 . 7 4 m m o l ) . . T h e r e s u l t i n g s o l u t i o n w a s p o u r e d i n t o w a t e r 

( 3 0 m l ) a n d t h e a d d u c t e x t r a c t e d w i t h e t h e r ( 2 x 2 0 m l ) . 

T h e c o m b i n e d e t h e r l a y e r s w e r e w a s h e d w i t h w a t e r ( 4 0 m l ) , 

d r i e d ( N a 2 S 0 4 ) a n d t h e s o l v e n t e v a p o r a t e d . T h e r e s i d u e 

w a s t a k e n u p i n b e n z e n e ( 2 5 m l ) , t o l u e n e - 4 - s u l p h o n i c a c i d 

( 1 0 0 m g ) a d d e d a n d t h e 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 

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

f o r m e d i n t h e r e a c t i o n . T h e m i x t u r e w a s c o o l e d , w a s h e d w i t h 

s a t u r a t e d s o d i u m h y d r o g e n c a r b o n a t e s o l u t i o n ( 2 0 m l ) a n d 

t h e n w a t e r ( 2 0 m l ) , d r i e d ( N a 2 S 0 4 ) , t h e s o l v e n t e v a p o r a t e d 

a n d t h e r e s i d u e c h r o m a t o g r a p h e d on s i l i c a . E l u t i o n w i t h 

3 0 $ e t h e r i n p e t r o l g a v e ( i ) t h e a n n u l e n e ( 3 8 ) ( 3 0 7 m g , 

4 2 $ ) . ( i i ) A v i s c o u s o i l ( 1 9 7 m g ) w h i c h w a s h e a t e d i n 

r e f l u x i n g b e n z e n e ( 5 m l ) c o n t a i n i n g t o l u e n e - 4 - s u l p h o n i c 

a c i d ( 5 0 m g ) t o g i v e m o r e o f t h e a n n u l e n e ( 3 8 ) . ( 1 2 8 m g , 1 7 $ ) 

( t o t a l y i e l d 4 3 5 m g , 5 9 $ ) . 
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4 2 a - H y d r o x y - 7 " b - m e t h y l - 1 , 2 a , 7 a , 7 b - t e t r a h y d r o - 2 H -

c y c l o p e n t [cd_ i n d e n - 2 - o n e ( 8 8 ) 

A s t i r r e d s o l u t i o n o f t h e t r i e n o n e ( 4 6 ) ( 1 . 0 g , 

6 . 8 5 m m o l ) i n d r y 1 , 2 - d i m e t h o x y e t h a n e ( 2 5 m l ) u n d e r n i t r o g e n 

a t 0 ° C w a s t r e a t e d w i t h d r y t r i e t h y l a m i n e ( 1 . 2 5 m l , 9 . 4 m m o l ) 

a n d t h e n t r i m e t h y l s i l y l t r i f l u o r o m e t h a n e s u l p h o n a t e ( 1 . 4 m l , 

7 . 6 m m o l ) . A f t e r 1 h , a s o l u t i o n o f 2 - c h l o r o a c r y l o y l 

c h l o r i d e ( 9 5 0 m g , 7 . 6 m m o l ) i n d r y 1 , 2 - d i m e t h o x y e t h a n e 

( 2 . m l ) w a s a d d e d . T h e y e l l o w c o l o u r o f t h e 3 a H - i n d e n e 

w a s d i s c h a r g e d a n d a f t e r 3 0 m i n , f i n e l y p o w d e r e d s o d i u m 

a z i d e ( 2 . 0 g , 3 1 m m o l ) w a s a d d e d a n d t h e m i x t u r e s t i r r e d 

a t r o o m t e m p e r a t u r e f o r 6 h . T h e m i x t u r e w a s f i l t e r e d 

a n d t h e f i l t r a t e r e f l u x e d f o r 2 h . T h e m i x t u r e w a s c o o l e d 

t o r o o m t e m p e r a t u r e a n d 2 : 1 a c e t i c a c i d - w a t e r ( 2 0 m l ) 

w a s a d d e d . A f t e r 1 h a t 5 5 ° C , p o t a s s i u m f l u o r i d e ( 4 g ) 

w a s a d d e d . A f t e r a f u r t h e r 1 h a t 5 5 ° C , t h e m i x t u r e w a s 

p o u r e d i n t o w a t e r ( 1 5 0 m l ) a n d t h e p r o d u c t e x t r a c t e d w i t h 

e t h e r ( 4 x 6 0 m l ) . T h e c o m b i n e d e t h e r l a y e r s w e r e w a s h e d 

w i t h w a t e r ( 1 0 0 m l ) , t h e n s a t u r a t e d s o d i u m h y d r o g e n 

c a r b o n a t e s o l u t i o n ( 2 x 1 0 0 m l ) , d r i e d ( N a 2 S 0 4 ) , t h e 

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

s i l i c a . E l u t i o n w i t h 5 0 / e t h e r i n p e t r o l g a v e t h e t i t l e . 

k e t o n e ( 4 3 0 m g , 3 4 / ) , a s a n o i l ; L; ( n e a t ) 3 4 4 0 ( s , b r . , 
—————— m a x 

O H s t r e t c h ) , 3 0 4 5 ( m ) , 2 9 7 0 ( m ) , 2 9 3 0 ( m ) , 1 7 3 4 ( s , 0 = 0 

s t r e t c h ) , 1 3 9 8 ( m ) , 1 2 1 6 ( m ) , 1 1 5 2 ( m ) , 1 0 4 2 ( s ) , 8 7 2 ( m ) , 

7 7 2 ( m ) , 7 3 4 (m), a n d 6 3 2 c m " 1 ( m ) ; A m a x ( E t O H ) 3 0 7 ( l o g e 

3 . 7 8 ) , a n d 3 3 7 s h n m ( 3 - 4 5 ) ; 5 H ( C D C 1 3 ) 1 . 1 0 ( 3 H , s , 7 b - M e ) , 

2 . 2 8 ( 1 H , d d , J 1 2 . 0 H z , 1 6 . 8 H z , H - 1 ) , - 2 . 4 7 ( 1 H , d d , 

J 7 . 0 H z , 1 6 . 8 H z , H - 1 ) , 2 . 7 2 ( 1 H , d d d , J 7 . 0 H z , 8 . 0 H z , 

1 2 . 0 H z , H - 7 a ) , 2 . 9 1 ( 1 H , b r . s , O H ) , 5 . 8 7 ( 2 H , m , H - 5 a n d 



H - 7 ) , 5 . 9 7 ( 1 H , d , J 5 . 2 H z , H - 3 o r H - 4 ) , 6 . 0 6 ( 1 H , dd ' , 

J 5 . 0 H z , 8 . 9 H z , H - 6 ) , a n d 6 . 5 0 ( 1 H , d , J 5 . 2 H z , H - 4 o r 

H - 3 ) ; m / e 1 8 8 ( M + ) , 1 4 6 ( 1 0 0 $ , M + - C H 2 = c = 0 ) , 1 4 5 , a n d 1 3 1 . 

T r e a t m e n t o f t h i s k e t o n e w i t h 2 , 4 - d i n i t r o p h e n y l -

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

1 6 h a t r o o m t e m p e r a t u r e g a v e a p r e c i p i t a t e o f t h e 

2 , 4 - d i n i t r o p h e n y l h y d r a z o n e ( 3 5 $ ) , a s o r a n g e c r y s t a l s , m . p . 

2 2 5 - 2 2 7 ° C ( f r o m n i t r o m e t h a n e ) ( P o u n d : 0 , 5 8 . 6 3 ; H , 4 . 3 5 ; 

N , 1 5 . 2 0 . C 1 8 H 1 8 N 4 0 6 r e q u i r e s C , 5 8 . 6 9 ; H , 4 . 3 8 ; N , 1 5 . 2 1 $ ) . 

5 R e a c t i o n o f t h e t r i c y c l i c k e t o n e ( 8 8 ) w i t h t h e 

' c h l o r o t r i m e t h y l s i l a n e - s o d i u m i o d i d e - t r i e t h y l -

a m i n e c o m b i n a t i o n 

A m i x t u r e o f t h e k e t o n e ( 8 8 ) ( 1 9 3 m g , 1 . 0 m m o l ) , 

t r i e t h y l a m i n e ( 0 . 5 2 m l , 4 . 0 m m o l ) , c h l o r o t r i m e t h y l s i l a n e 

( 0 . 5 0 m l , 4 . 0 m m o l ) a n d s o d i u m i o d i d e ( 6 0 0 m g , 4 . 0 m m o l ) 

i n d r y a c e t o n i t r i l e ( 6 m l ) w a s r e f l u x e d u n d e r n i t r o g e n 

f o r 1 h . T h e m i x t u r e w a s c o o l e d t o r o o m t e m p e r a t u r e a n d 

e x t r a c t e d w i t h p e t r o l ( 3 x 1 0 m l ) . E v a p o r a t i o n o f t h e 

s o l v e n t g a v e 2 a - , - 3 - " b i s ( t r i m e t h y l s i l o x y ) - 4 a , 7 b - d i h y d r o -

7 b - m e t h y l - 2 a H - c y c l o p e n t [ c d ] i n d e n e ( 8 9 ) ( 2 6 5 m g , 7 5 $ ) ; 

5 h ( C D C 1 3 , 6 0 M H z ) 0 . 1 8 ( 1 8 H , s , 2 x S i M e 3 ) , 3 . 2 0 ( 1 H , d d , 

J 2 H z , 6 H z , H - 4 a ) , 4 . 5 0 ( 1 H , d , J 2 H z , H - 4 ) , 5 . 4 - 6 . 0 

( 3 H , in, H - 5 , H - 6 a n d H - 7 ) , 6 . 1 4 ( 1 H , d , J 5 H z , H-1 o r H - 2 ) , 

a n d 6 . 3 0 ( 1 H , d , J 5 H z , H - 2 o r H - 1 ) . 

T r e a t m e n t o f t h i s p r o d u c t a g a i n w i t h t h e r e a g e n t s 

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

m a t e r i a l ( 2 1 4 m g , 8 1 $ r e c o v e r e d ) . N o n e o f t h e a n n u l e n e 

( 7 7 ) w a s f o r m e d ( t . l . c . ) . 
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6 4 a , 7 b - ! D i h y d r o - 7 b - m e t h y l - 2 a H - c y c l o p e n t [ c d ] i n d e n - 2 a - o l ( 9 0 ) 

A m i x t u r e o f t h e t r i c y c l i c k e t o n e ( 8 8 ) ( 2 3 4 m g , 

1 . 2 4 m m o l ) a n d 2 , 4 , 6 - t r i i s o p r o p y l b e n z e n e s u l p h o n y l h y d r a z i n e 

( 4 0 8 m g , 1 . 3 6 m n o l ) i n d i c h l o r o m e t h a n e ( 6 m l ) c o n t a i n i n g 

A m b e r l i t e r e s i n I R 1 2 0 ( H ) ( 1 0 0 m g ) w a s s t i r r e d a t r o o m 

t e m p e r a t u r e f o r 2 h . T h e c l o u d y m i x t u r e w a s d r i e d w i t h 

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

a n d t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h 

1 : 1 : 2 e t h e r - - d i c h l o r o m e t h a n e - p e t r o l g a v e t h e 2 , 4 , 6 -

t r i i s o p r o p y l b e n z e n e s u l p h o n y l h y d r a z o n e ( m i x t u r e o f i s o m e r s ; 

5 5 4 m g , 9 5 $ ) , a s a f o a m . 

A s o l u t i o n o f t h i s h y d r a z o n e ( 2 0 0 m g , 0 . 4 3 m m o l ) i n 

b e n z e n e ( 8 m l ) w a s t r e a t e d w i t h a s o l u t i o n o f m e t h y l l i t h i u m 

i n e t h e r ( 1 . 3 M ; 2 . 0 m l , 2 . 5 6 m m o l ) a t 0 ° C u n d e r n i t r o g e n 

a n d t h e n f o r 1 h a t r o o m t e m p e r a t u r e . T h e m i x t u r e w a s 

c o o l e d i n i c e - w a t e r a n d w a t e r ( 1 0 m l ) a d d e d . T h e p r o d u c t s 

w e r e e x t r a c t e d w i t h e t h e r ( 2 x 1 0 m l ) , t h e c o m b i n e d o r g a n i c 

l a y e r s w a s h e d w i t h w a t e r ( 1 0 m l ) , d r i e d ( N a 2 S 0 4 ) , t h e 

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

s i l i c a . E l u t i o n w i t h 3 0 $ e t h e r i n p e t r o l g a v e t h e 

t i t l e c o m p o u n d ( 2 6 m g , 3 5 $ ) , a s a n u n s t a b l e s o l i d , m . p . 

8 8 - 9 0 ° C ( f r o m c o l d p e t r o l ) ( P o u n d : m / e 1 7 2 . 0 8 8 4 . 

C 1 2 H 1 2 0 r e q u i r e s m / e 1 7 2 . 0 8 8 8 ) ; ^ m a x ( c c l 4 ) 3 6 1 0 ( m , s h a r p , 

O H s t r e t c h ) , 3 5 0 0 - 3 0 0 0 ( w , b r . , O H s t r e t c h ) , 3 0 2 0 ( m ) , 

2 9 6 0 ( m ) , 1 1 5 0 ( m ) , 1 0 5 6 ( s , C - 0 s t r e t c h ) , a n d 6 2 4 cm""1 ( s ) ; 

A m a x ( E t 0 H ) 3 1 0 n m ( l o g € 3 . 6 5 ) ; 5 R ( C D C 1 3 ) 1 . 0 2 ( 3 H , s , 

7 b - M e ) , 1 . 8 6 ( 1 H , b r . s , O H ) , 3 - 3 4 ( 1 H , m , H - 4 a ) , 5 . 7 - 5 . 8 5 

( 3 H , m , H - 3 , H - 5 a n d H - 7 ) , 5 . 9 6 ( 1 H , d d , £ 4 ) 4 a 1 . 8 H z , 

J 4 a 5 5 . 8 H z , H - 4 ) , 6 . 0 2 ( 1 H , d d , J g ^ 5 . 2 H z , J ^ g 9 . 2 H z , 



H - 6 ) , 6 . 1 8 ( 1 H , d , J 5 . 5 H z , H - 3 o r H - 4 ) , a n d 6 . 3 4 ( 1 H , d , 

J 5 . 5 H z , H - 4 o r H - 3 ) ; m / e 1 7 2 ( M + ) , 1 5 7 ( 1 0 0 / ) , 1 2 9 , 

a n d 1 2 8 . E l u t i o n w i t h 3 5 / e t h e r i n p e t r o l g a v e a n i s o m e ? 

o f t h e s t a r t i n g h y d r a z o n e ( 7 1 m g , 3 6 / ) . T h i s i s o m e r d i d 

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

w i t h e x c e s s m e t h y l l i t h i u m a t 4 0 ° C i n b e n z e n e , b u t w a s 

r e c o v e r e d u n r e a c t e d . 

7 7 b - M e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( m e t h o d 5 ) 

A s o l u t i o n o f t h e 2 , 4 , 6 - t r i i s o p r o p y l b e n z e n e -

s u l p h o n y l h y d r a z o n e ( 1 0 0 m g , 0 . 5 3 m m o l ) o f t h e t r i c y c l i c 

k e t o n e ( 8 8 ) i n b e n z e n e ( 5 m l ) w a s t r e a t e d w i t h a s o l u t i o n 

o f m e t h y l l i t h i u m i n e t h e r ( 1 . 3 M ; 3 m l , 3 . 9 m m o l ) . A f t e r 

2 h a t r o o m t e m p e r a t u r e , w a t e r ( 1 0 m l ) w a s a d d e d a n d t h e 

t e t r a e n e ( 9 0 ) e x t r a c t e d w i t h e t h e r ( 3 x 2 0 m l ) . T h e e t h e r 

l a y e r s w e r e d r i e d ( L l g S O ^ ) a n d t h e s o l v e n t e v a p o r a t e d . T h e 

r e s i d u e w a s t a k e n u p i n d i c h l o r o m e t h a n e ( 2 m l ) a n d a c i d i f i e d 

w i t h t o l u e n e - 4 - s u l p h o n i c a c i d ( 1 5 m g ) . T h e m i x t u r e w a s 

s t i r r e d a t r o o m t e m p e r a t u r e f o r 3 h a n d t h e n w a s h e d w i t h 

s a t u r a t e d s o d i u m h y d r o g e n c a r b o n a t e s o l u t i o n ( 2 m l ) . T h e 

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

s i l i c a . E l u t i o n w i t h p e t r o l g a v e 7 b - m e t h y l - 7 b H - c y c l o p e n t -

[ c d ] i n d e n e ( 7 . 1 m g , 2 2 / ) . 

8 C o n v e r s i o n o f t h e t r i c y c l i c k e t o n e ( 8 8 ) i n t o t h e 

t e t r a e n o n e ( 7 8 ) 

A s t i r r e d s o l u t i o n o f t h e t r i c y c l i c k e t o n e ( 8 2 ) 

( 7 9 m g , 0 . 4 2 m m o l ) i n p y r i d i n e ( 1 m l ) w a s t r e a t e d w i t h 

m e t h a n e s u l p h o n y 1 c h l o r i d e ( 0 . 3 m l , 3 . 7 m m o l ) . A f t e r 1 h 

/ 
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a t r o o m t e m p e r a t u r e , t h e m i x t u r e w a s p o u r e d i n t o w a t e r 

( 2 0 m l ) a n d e t h e r ( 2 0 m l ) , a n d a c i d i f i e d w i t h d i l u t e 

s u l p h u r i c a c i d ( 2 M ; 1 0 m l ) . T h e e t h e r l a y e r w a s r e m o v e d 

a n d t h e a q u e o u s l a y e r e x t r a c t e d w i t h e t h e r ( 2 0 m l ) . T h e 

c o m b i n e d e t h e r l a y e r s w e r e w a s h e d w i t h w a t e r ( 2 0 m l ) , 

d r i e d ( N a 2 S 0 4 ) a n d t h e s o l v e n t e v a p o r a t e d . T h e c r u d e 

m e s y l a t e w a s t a k e n u p i n c a r b o n t e t r a c h l o r i d e ( 2 m l ) a n d 

1 , 8 - d i a z a b i c y c l o [ 5 . 4 . 0 ] u n d e c - 7 - e n e (DBCJ) ( 2 0 0 m g , 1 . 3 m m o l ) 

a d d e d . T h e m i x t u r e b e c a m e w a r m a n d o r a n g e - r e d . A q u e o u s 

w o r k - u p a s f o r t h e f i r s t p a r t o f t h i s e x p e r i m e n t a n d 

c h r o m a t o g r a p h y on s i l i c a g a v e t h e t e t r a e n o n e ( 7 8 ) ( 2 6 . 0 m g , 

3 6 $ ) 

I n a n e a r l i e r e x p e r i m e n t , t h e m e s y l a t e w a s p u r i f i e d 

b y c h r o m a t o g r a p h y on s i l i c a ( e l u t i n g w i t h 2 0 $ e t h e r i n 

p e t r o l ) a n d g a v e a n o i l ( 3 5 $ f o r m t h e t r i c y c l i c k e t o n e 

( 8 8 ) ) ; S h ( C C 1 4 , 9 0 M H z ) 1 . 1 9 (3H, s , 7 b - M e ) , 1 . 9 3 ( 1 H , d d , 

J 11 H z , 1 8 H z , H - 1 o 0 , 2 . 5 3 ( 1 H , d d , J 8 H z , ' 1 8 H z , . H - 1 p ) , 

a n d 5 . 8 - 6 . 7 ( 5 H , m ) . 

T r e a t m e n t o f t h i s m e s y l a t e w i t h D 3 U i n c a r b o n 

t e t r a c h l o r i d e a s a b o v e g a v e t h e t e t r a e n o n e ( 7 8 ) ( 8 8 $ f r o m 

t h e m e s y l a t e ) . 

3 . 1 . 9 A t t e m p t e d S y n t h e s i s o f 7 b - M e t h y l - 7 b H - c y c l o p e n t [ c d ] -

i n d e n - 1 - o l 

1 O x i d a t i o n o f 4 a , 7 b - d i h y d r o - 7 b - m e t h y l - 2 a H - c y c l o p e n t -

[ c d ] i n d e n - 2 a - o l w i t h p y r i d i n i u m c h l o r o c h r o r n a t e 

A s t i r r e d s o l u t i o n o f 4 a , 7 b - d i h y d r o - 7 b - m e t h y l - 2 a H -

c y c l o p e n t [ c d ] i n d e n - 2 a - o l ( 9 0 ) ( 9 . 0 m g , 0 . 0 5 m m o l ) i n 

d i c h l o r o m e t h a n e ( 2 m l ) a t r o o m t e m p e r a t u r e w a s t r e a t e d 
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134 
w i t h p y r i d i n i u m c h l o r o c h r o m a t e . T h e m i x t u r e r a p i d l y w e n t 

b r o w n . T . l . c . s h o w e d t h a t t h e s t a r t i n g m a t e r i a l w a s 

c o n s u m e d b u t t o g i v e a c o m p l e x m i x t u r e . 

2 C y c l o a d d i t i o n o f 3 a - m e t h y l - 3 - ( t r i m e t h y l s i l p x y ) -

3 a H - i n d e n e ( 8 5 ) w i t h d i c h l o r o k e t e n e 

A s t i r r e d s o l u t i o n o f t h e t r i e n o n e ( 4 6 ) ( 4 0 0 m g , 

2 . 7 m m o l ) i n d r y e t h e r ( 4 m l ) a t 0 ° C u n d e r n i t r o g e n w a s 

t r e a t e d w i t h d r y t r i e t h y l a m i n e ( 0 . 4 5 m l , 3 . 4 m m o l ) a n d 

t h e n w i t h t r i m e t h y l s i l y l t r i f l u o r o m e t h a n e s u l p h o n a t e 

( 0 . 5 1 m l , 3 . 4 i n m o l ) . A f t e r 1 h a t 0 ° C , m o r e d r y t r i e t h y l -

a m i n e ( 0 . 4 5 m l , 3 . 4 m m o l ) w a s a d d e d . T h e m i x t u r e w a s 

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

( 5 0 0 m g , 3 . 4 m m o l ) i n p e t r o l ( 4 m l ) w a s a d d e d d r o p w i s e 

o v e r 1 0 m i n . A . f t e r f u r t h e r r e f l u x f o r 3 0 m i n , t h e m i x t u r e 

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

w i t h e t h e r ( 3 x 1 0 m l ) . T h e c o m b i n e d e t h e r l a y e r s w e r e 

w a s h e d w i t h w a t e r ( 1 0 m l ) , d r i e d ( N a 2 S 0 4 ) , t h e s o l v e n t 

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

E l u t i o n w i t h 3 0 / e t h e r i n p e t r o l g a v e 7 - d i c h l o r o a c e t y l -

7 , 7 & - d i h y d r o - 7 a - m e t h y l - 1 H - i n d e n - 1 - o n e ( 9 2 ) ( 3 0 m g , 4 3 / ) , 

a s p a l e y e l l o w p r i s m s , m . p . 1 0 0 - 1 0 1 ° C ( f r o m d i c h l o r o -

m e t h a n e - p e t r o l ) ( P o u n d : C , 5 5 - 9 0 ; H , 3 . 8 8 ; C I , 2 7 . 3 4 . 

C 1 2 E 1 0 C 1 2 0 2 r e q u i r e s C , 5 6 . 0 6 ; H , 3 . 9 2 ; C I , 2 7 . 5 8 / ) ; 

W ( C C 1 4 ) 1 7 1 2 ( s , C = 0 s t r e t c h ) , 1 1 2 2 ( m ) , 1 0 9 4 ( m ) , 8 7 4 

( m ) , a n d 6 2 4 c m " 1 ( m ) ; A v ( E t O H ) 2 4 1 ( l o g 6 3 . 8 4 ) a n d 3 3 8 n m 
max 

( 3 . 8 2 ) ; S R ( C D C 1 3 ) 1 . 1 2 ( 3 H , s , 7 a - M e ) , 4 . 0 9 ( 1 H , d d , J 

1 . 2 H z , . 6 . 9 H z , H - 7 ) , 5 . 9 7 ( 1 H , s , C H C 1 2 ) , 6 . 1 3 ( 1 H , d , J 

5 . 3 H z , H - 4 ) , 6 . 2 1 ( 1 H , d d , J 6 . 9 H z , 9 . 3 H z , H - 6 ) , 6 . 4 5 

( 1 H , . d d d , J 1 . 2 H z , 5 . 3 H z , 9 - 3 H z , H - 5 ) , 6 . 5 0 ( 1 H , d , J 
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5 . 4 H z , H - 2 ) a n d 7 . 7 8 ( 1 H , d , J 5 . 4 H z , H - 3 ) ; m / e 2 6 0 -

2 5 8 - 2 5 6 ( 1 : 6 : 9 , M + ) , 1 4 5 ( 1 0 0 $ , M + - C 1 2 C H C 0 ) , 1 1 7 , 

1 1 5 , a n d 9 1 . 

3 D e c h l o r i n a t i o n o f t h e d i c h l o r o k e t o n e ( 9 2 ) w i t h 

t r i b u t y l t i n h y d r i d e 

A s o l u t i o n o f t h e d i c h l o r o k e t o n e ( 9 2 ) ( 2 6 4 m g , 

1 . 0 3 m m o l ) i n d r y d e g a s s e d b e n z e n e ( 1 0 m l ) c o n t a i n i n g 

a z o i s o b u t y r o n i t r i l e ( A I B N ) ( 5 0 m g , c a t . ) w a s a d d e d o v e r 

94 

3 0 m i n t o a r e f l u x i n g s o l u t i o n o f t r i b u t y l t i n h y d r i d e 

( 0 . 3 m l , 1 . 0 3 m m o l ) i n d r y d e g a s s e d b e n z e n e ( 1 0 m l ) . 

T h e r e s u l t i n g m i x t u r e w a s r e f l u x e d f o r 5 h , t h e s o l v e n t 

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

E l u t i o n w i t h 3 0 $ e t h e r i n p e t r o l g a v e u n r e a c t e d s t a r t i n g 

m a t e r i a l ( 6 0 m g , 1 9 $ ) . E l u t i o n w i t h 8 0 $ e t h e r i n p e t r o l 

g a v e 7 - c h l o r o a c e t y l - 7 , 7 a - d i h y d r o - 7 a - m e t h y l - 1 H - i n d e n - 1 - o n e 

( 9 3 ) ( 1 3 9 m g , 5 2 $ , 6 5 $ b a s e d on u n r e c o v e r e d s t a r t i n g 

m a t e r i a l ) , a s a r e d o i l ( F o u n d : m / e 2 2 2 . 0 4 5 1 . C 1 2 H 1 1 0 2
3 ^ C 1 

r e q u i r e s m / e 2 2 2 . 0 4 4 8 ) ; z; ( n e a t ) 1 7 1 0 ( s , C = 0 s t r e t c h ) , 
—* — m a x 

1 1 4 4 ( m ) , 1 0 9 2 ( m ) , 8 7 4 ( m ) , a n d 6 0 6 c m " 1 ( m ) ; 3 ( E t O H ) 
m a x 

2 3 7 ( l o g 6 3 .88), 2 8 7 s h ( 3 - 5 7 ) , a n d 3 3 2 n m ( 3 . 8 3 ) ; S H ( C D C 1 3 ) 

1 . 0 9 ( 3 H , s , 7 a - M e ) , 3 . 8 9 ( 1 H , d , J 7 . 1 H z , H - 7 ) , 4 . 0 9 ( 2 H , 

A B q , J A B 1 5 . 3 H z , C H 2 C 1 ) , 6 . 1 0 ( 1 H , d , J 5 . 4 H z , H - 4 ) , 6 . 2 1 

( 1 H , d d , J 7 . 1 H z , 9 . 2 H z , H - 6 ) , 6 . 4 1 ( 1 H , d d , J 5 . 4 H z , 

9 . 2 H z , H - 5 ) , 6 . 4 9 ( 1 H , d , J 5 . 6 H z , H - 2 ) a n d 7 . 7 5 ( 1 H , d , 

J 5 . 6 H z , H - 3 ) ; m / e 2 2 4 - 2 2 2 ( 1 : 2 , M + ) , 1 4 5 ( 1 0 0 $ , 

M + - C 1 C H 2 C 0 ) , 1 3 1 , 1 1 7 , 1 1 5 , 1 0 2 , a n d 9 1 . 

4 7 - A c e t y l - 7 , 7 a - d i h y d r o - 7 a - m e t h y l - 1 H - i n d e n - 1 - o n e ( 9 5 ) 

A s o l u t i o n o f t h e c h l o r o k e t o n e ( 9 3 ) ( 1 3 7 m g , 
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0 . 6 2 m m o l ) w a s a d d e d t o a s t i r r e d s o l u t i o n o f s o d i u m 

i o d i d e ( 4 6 0 m g , 3 * 1 m m o l ) i n a c e t o n e ( 1 0 m l ) . A f t e r 1 h , 

t h e d a r k m i x t u r e w a s f i l t e r e d a n d t h e f i l t r a t e d i l u t e d 

w i t h e t h e r ( 3 0 m l ) . T h e m i x t u r e w a s a g a i n f i l t e r e d a n d 

t h e s o l v e n t e v a p o r a t e d . T h e r e s i d u e w a s e x t r a c t e d w i t h 

d i c h l o r o m e t h a n e ( 5 x 2 m l ) . T h e c o m b i n e d e x t r a c t s w e r e 

f i l t e r e d a n d t h e s o l v e n t e v a p o r a t e d t o g i v e t h e i o d o k e t o n e 

( 9 4 ) ( 1 7 7 m g , 9 1 $ ) a s a r e d o i l ; S H ( C E C 1 3 , 9 0 M H z ) 1 . 0 7 

( 3 H , s , 7 a - M e ) , 3 - 8 9 ( 2 H , A B q , £ A B 11 H z , C H g l ) , 4 . 0 4 ( 1 H , 

d , J 7 H z , H - 7 ) , 6 . 1 3 ( 1 H , d , J 5 H z , H - 4 ) , 6 . 2 2 ( 1 H , d d , 

J 5 H z , 9 H z , H - 6 ) , 6 . 4 4 ( 1 H , d d , J 5 H z , 9 H z , H - 5 ) , 6 . 5 2 

( 1 H , d , J 6 H z , H - 2 ) , a n d 7 . 7 7 ( 1 H , d , J 6 H z , H - 3 ) . . 

) 

A s o l u t i o n o f t h e i o d o k e t o n e ( 9 4 ) ( 5 9 nig, 0 „ 1 9 m m o l ) 

a n d t r i b u t y l t i n h y d r i d e ( 0 . 1 m l , 0 . 3 m m o l ) i n d r y d e g a s s e d 

b e n z e n e ( 5 m l ) c o n t a i n i n g a z o i s o b u t y r o n i t r i l e ( A I B N ) ( 1 0 m g , 

c a t . ) w a s r e f l u x e d u n d e r n i t r o g e n . A f t e r 3 0 m i n , t h e 

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

on s i l i c a . E l u t i o n w i t h e t h e r g a v e t h e t i t l e c o m p o u n d 

( 4 5 ) ( 2 9 m g , 8 3 $ ) , a s a n o i l ; ^ m a x ( n e a t ) 1 6 9 6 ( s , C = 0 

s t r e t c h ) , 1 3 5 2 ( m ) , 8 2 4 ( m ) , 7 3 4 ( m ) , a n d 7 1 8 c m " 1 ( m ) ; 

A m a x ( E t O H ) 2 3 5 ( l o g e 3 . 7 6 ) , 2 8 2 ( 3 - 5 4 ) , a n d 3 3 7 n m ( 3 . 8 0 ) ; 

5 h ( C D C 1 3 ) 1 . 0 4 ( 3 H , s , 7 a - M e ) , 2 . 1 2 ( 3 H , s , C O M e ) , 3 - 6 0 

( 1 H , d , J 6 . 7 H z , H - 7 ) , 6 . 0 7 ( 1 H , d , J 5 . 0 H z , H - 4 ) , 6 . 2 0 

( 1 H , d d , J 6 . 7 H z , 9 . 0 H z , H - 6 ) , 6 . 3 4 ( 1 H , d d , J 5 . 0 H z , 

9 . 0 H z , H - 5 ) . 6 . 4 9 ( 1 H , d , J 5 - 3 H z , H - 2 ) , a n d 7 . 7 1 ( 1 H , d , 

J 5 . 3 H z , H - 3 ) ; m / e 1 8 8 ( M + ) , 1 4 5 ( 1 0 0 $ ) , 1 3 1 , 1 1 7 , a n d 

1 1 5 . 

T r e a t m e n t o f t h i s d i k e t o n e w i t h 2 , 4 - d i n i t r o p h e n y l -

h y d r a z i n e i n e t h a n o l a c i d i f i e d b y s u l p h u r i c a c i d f o r 2 h 

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



219. 

p r e c i p i t a t e o f t h e m o n o - 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e ( 3 0 / ) , 

a s y e l l o w - o r a n g e c r y s t a l s , m . p . 1 6 1 - 1 6 2 ° C ( f r o m e t h a n o l ) 

( P o u n d : C , 5 8 . 8 1 ; H , 4 . 4 2 ; N , 1 5 . 1 5 . C 1 8 H 1 6 N 4 0 5 r e q u i r e s 

C , 5 8 . 6 9 ; H , 4 . 3 8 ; N , 1 5 . 2 1 / ) . 

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

d i k e t o n e ( 9 5 ) 

A s t i r r e d s o l u t i o n o f t h e d i k e t o n e ( 9 5 ) ( 1 5 m g , 

0 . 0 7 m m o l ) i n m e t h a n o l ( 1 m l ) w a s t r e a t e d w i t h a s o l u t i o n 

o f p o t a s s i u m h y d r o x i d e i n m e t h a n o l ( 5 / w / v ; 1 m l , 0 . 9 m m o l ) . 

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

m i x t u r e w a s d e e p y e l l o w - b r o w n . A f t e r 5 m i n , a m i x t u r e o f 

a c e t i c a c i d ( 0 . 2 m l ) a n d e t h e r ( 8 m l ) w a s a d d e d . T h e m i x t u r e 

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

( 2 x 5 m l ) a n d t h e n w a t e r ( 1 0 m l ) , d r i e d ( N a 2 S 0 4 ) a n d t h e 

s o l v e n t e v a p o r a t e d . N . m . r . e x a m i n a t i o n o f t h e r e s i d u e 

( 1 4 m g ) s h o w e d i t w a s a c o m p l e x m i x t u r e a n d i t s t . l . c . w a s 

m o s t l y b a s e l i n e . 

T r e a t m e n t o f t h e d i k e t o n e ( 9 5 ) w i t h t o l u e n e - 4 -

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 a l s o g a v e a c o m p l e x 

m i x t u r e ( t . l . c . ) . T r e a t m e n t o f t h e d i k e t o n e ( 9 5 ) w i t h 

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

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

6 C y c l o a d d i t i o n o f 3 - m e t h o x y - 3 a - m e t h y l - 3 a H - i n d e n e ( 3 7 ) 

w i t h d i c h l o r o k e t e n e 

A s o l u t i o n o f t h e 3 a H - i n d e n e ( 3 7 ) i n 1 , 2 - d i m e t h o x y -

e t h a n e w a s p r e p a r e d a s d e s c r i b e d i n S e c t i o n 3 . 1 . 3 f r o m t h e 

t r i e n o n e ( 4 6 ) ( 4 0 0 m g , 2 . 7 4 m m o l ) . T h e m i x t u r e w a s 
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f i l t e r e d a n d t h e f i l t r a t e t r e a t e d w i t h t r i e t h y l a m i n e 

( 1 . 0 m l , 6 . 9 m m o l ) . T h e m i x t u r e w a s w a r m e d t o 4 0 ° C a n d 

a i c h l o r o a c e t y l c h l o r i d e ( 6 0 0 m g , 4 . 1 m m o l ) w a s a d d e d o v e r 

1 5 m i n . A f t e r a f u r t h e r 3 0 m i n , t h e m i x t u r e w a s p o u r e d 

i n t o w a t e r ( 5 0 m l ) a n d e x t r a c t e d w i t h e t h e r ( 3 x 2 0 m l ) . 

T h e c o m b i n e d e t h e r e x t r a c t s w e r e w a s h e d w i t h w a t e r ( 4 0 m l ) , 

d r i e d ( N a 2 S 0 4 ) , t h e s o l v e n t e v a p o r a t e d a n d t h e r e s i d u e 

c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h p e t r o l c o n t a i n i n g 

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

a n d a n o i l ( 1 0 8 m g ) , t h e n . m . r . s p e c t r u m o f w h i c h s h o w e d 

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

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

u n s u c c e s s f u l . 

7 A t t e m p t e d h y d r o l y s i s o f t h e 2 - c h l o r o a c r y l o n i t r i l e 

a d d u c t s ( 6 0 a ) a n d ( 6 0 b ) 

( a ) W i t h s o d i u m h y d r o x i d e 

A s o l u t i o n o f a 3 • 2 m i x t u r e o f t h e a d d u c t s ( 6 0 a ) 

a n d ( 6 0 b ) ( 1 2 . 2 m g , 0 . 0 5 m m o l ) i n e t h a n o l ( 0 . 5 m l ) w a s 

a d d e d to a s t i r r e d s o l u t i o n o f s o d i u m h y d r o x i d e ( 2 0 m g , 

0 . 0 5 m m o l ) i n e t h a n o l ( 0 . 5 m l ) a n d d i m e t h y l s u l p h o x i d e 

( 0 . 3 m l ) a t r e f l u x u n d e r n i t r o g e n . A f t e r 1 5 m i n , a l l o f 

t h e s t a r t i n g m a t e r i a l w a s c o n s u m e d ( t . l . c . ) . T h e m i x t u r e 

w a s p o u r e d i n t o w a t e r ( 1 0 m l ) a n d t h e p r o d u c t e x t r a c t e d 

w i t h e t h e r ( 2 x 5 m l ) . T h e e t h e r l a y e r s w e r e w a s h e d w i t h 

w a t e r ( 1 0 m l ) , t h e s o l v e n t e v a p o r a t e d a n d t h e r e s i d u e 

c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h 2 0 / e t h e r i n 

p e t r o l g a v e a m i x t u r e o f t h e a n n u l e n e n i t r i l e s ( 6 7 a ) a n d 

( 6 7 b ) ( 7 . 0 m g , 7 9 / ) . 
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( b ) W i t h s o d i u m s u l p h i d e 

A s o l u t i o n o f a 3 : 2 m i x t u r e o f t h e a d d u c t s 

( 6 0 a ) a n d ( 6 0 b ) ( 4 3 - 7 m g , 0 . 1 7 m m o l ) i n e t h a n o l ( 2 m l ) 

w a s t r e a t e d w i t h s o d i u m s u l p h i d e ( 3 0 $ ; 1 3 0 m g , 0 . 5 m m o l ) 

a n d t h e m i x t u r e s t i r r e d a t r o o m t e m p e r a t u r e . A f t e r 6 h , 

t h e m i x t u r e w a s p o u r e d i n t o w a t e r ( 1 0 m l ) a n d e x t r a c t e d 

w i t h e t h e r ( 3 x 2 m l ) . T h e c o m b i n e d e t h e r l a y e r s w e r e 

w a s h e d w i t h w a t e r ( 5 m l ) , d r i e d ( N a 2 S 0 4 ) , a n d t h e s o l v e n t 

e v a p o r a t e d t o g i v e a y e l l o w o i l ( 2 9 E g ) , i t s n . m . r . s p e c t r u m 

s h o w e d i t t o b e a c o m p l e x m i x t u r e . A t t e m p t s t o i s o l a t e a 

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

n o t s u c c e s s f u l . 

3 . 2 R e a c t i o n s o f 7 b - M e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

3 . 2 . 1 T h e r m a l r e a r r a n g e m e n t s 

1 K i n e t i c m e a s u r e m e n t s 

A s o l u t i o n o f t h e a n n u l e n e ( c a . 5 m g ) i n d i s t i l l e d 

d e . c a l i n ( 8 m l ) u n d e r n i t r o g e n w a s h e a t e d i n t h e v a p o u r o f 

a s u i t a b l e s o l v e n t ( 1 3 0 m l ) , b o i l i n g i n t h e r a n g e 1 0 9 -

1 9 0 ° C . A f t e r t h e t e m p e r a t u r e o f t h e a n n u l e n e s o l u t i o n 

h a d s t a b i l i s e d ( c a . 1 0 m i n ) , a l i q u o t s ( 2 m l ) w e r e w i t h d r a w n 

a t i n t e r v a l s o f 1 5 m i n - 2 h , a n d m e a s u r e m e n t s m a d e o f t h e 

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

a b s o r p t i o n m a x i m u m o f t h e c o m p o u n d ( 4 5 0 - 5 0 0 n m ) . G r a p h s 

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

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

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

p r e s e n t e d i n T a b l e 7 ( S e c t i o n 2 . 2 . 1 ) . 
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2 T h e r m a l r e a r r a n g e m e n t o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] -

i n d e n e ( 1 ) i n s o l u t i o n 

( a ) G - . l . c . a n a l y s i s 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

( 1 0 . 7 m g ) i n x y l e n e ( 4 m l ) w a s r e f l u x e d u n d e r n i t r o g e n a n d 

t h e c o m p o s i t i o n o f t h e m i x t u r e a n a l y s e d b y g . l . c . ( S q u a l e n e o n 

C h r o m o s o r b P c o l u m n , o v e n t e m p e r a t u r e 1 5 0 ° C ) w h i c h s h o w e d 

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

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

p r o d u c t a f t e r g i v e n t i m e s a r e a s f o l l o w s : 0 h , 1 0 0 , 0 $ ; 

2 h , 8 7 , 1 3 $ ; 3 . 7 h , 8 1 , 1 9 $ ; 5 . 8 h , 7 1 , 2 9 $ ; 7 h , 6 7 , 3 3 $ ; 

10.2 h , 7 1 , 2 9 $ ; 2 9 h , 38, 6 2 $ ; 48 h , 30, 70$; 70 h , 2 3 , 

7 6 $ . T h e e a r l i e r r e s u l t s g i v e a h a l f l i f e v a l u e o f t h e 

a n n u l e n e ( 1 ) o f 1 1 . 7 ( + 0 . 5 ) h . 

( b ) P r e p a r a t i v e r e a c t i o n 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

( 2 6 m g ) i n x y l e n e ( 7 m l ) w a s r e f l u x e d f o r 2 4 h . T h e 

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

o g r a p h e d on s i l i c a . E l u t i o n w i t h p e t r o l g a v e a 1 : 1 

m i x t u r e ( 4 . 8 m g ) o f s t a r t i n g m a t e r i a l ( 9 $ ) a n d 2 a - m e t h . y l -

2 a H - c y c l o p e n t [ c d ] i n d e n e ( 9 9 ) ( 9 $ ) ; s p e c t r a l d a t a . a r e g i v e n 

b e l o w . 

3 P l a s h v a c u u m p y r o l y s i s o f 7 b - m e t h y l - 7 b H - c y c l o p e n t -

[cd] i n d e n e ( 1 ) 

( a ) A t 4 0 0 ° C 

7 b - M e t h y l - 7 b K - c y c l o p e n t [ c d ] i n d e n e ( 1 ) ( 3 3 . 0 m g ) w a s 

d i s t i l l e d u p a h o t t u b e a t 4 0 0 ° C a n d 2 m m H g a n d t h e p r o d u c t 
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c o l l e c t e d o n a c o l d f i n g e r a t - 7 8 ° C . T h e p r o d u c t w a s 

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

f i n g e r w i t h p e t r o l ( 2 x 2 5 m l ) , a n d e v a p o r a t i o n o f t h e 

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

( 2 8 m g ) w h i c h c o n t a i n e d 1 0 / o f u n r e a c t e d s t a r t i n g m a t e r i a l 

( n . m . r . ) . T h i s o i l w a s r e s u b j e c t e d t o t h e a b o v e c o n d i t i o n s 

b u t a t 3 m m H g t o g i v e 2 a - m e t h y l - 2 a H - c y c l o p e n t [ c d ] i n d e n e 

( 9 9 ) ( 2 5 . 3 m g , 7 8 / ) , a s a n o i l ; A m a x ( E t O H ) 2 5 8 ( l o g 6 4 . 0 4 ) , 

3 1 8 s h ( 2 . 5 0 ) , a n d 3 3 1 s h n m ( 2 . 4 1 ) n m ; 5 H ( C D C 1 3 ) 1 . 4 8 ( 3 H , 

s , 2 a - M e ) , 6 . 5 9 ( 2 H , d , J 5 H z , H - 2 + H - 3 ) , 6 . 7 0 ( 2 H , d , 

J 5 H z , H-1 + H - 4 ) , a n d 6 . 9 5 - 7 . 2 0 - ( 3 H , A B 2 s y s t e m g i v i n g 

5 a 6 . 1 4 , H - 6 a n d 5 B 5 . 9 9 , H - 5 + H - 7 ; J A B 7 H z ) ; $ C ( G D C 1 3 ) 

2 3 . 6 ( 0 . 1 6 , C - 2 a ) , 1 1 8 . 5 ( 1 . 0 0 ) , 1 2 9 . 7 ( 0 . 6 8 , C - 6 ) , 1 3 1 . 8 

( 0 . 9 8 ) , 1 4 2 . 5 ( 0 . 2 1 , C - 4 a + C - 7 a ) , 1 4 5 . 1 ( 0 . 9 8 ) , a n d 1 6 9 - 5 

( 0 . 0 ? , C - 7 b ) . 

( b ) A t 7 0 0 ° C 

7 b - M e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) ( 2 8 . 4 m g ) w a s 

d i s t i l l e d u p a t u b e a t 7 0 0 ° C a n d 0 . 2 m m H g T h e y e l l o w 

p y r o l y s a t e w a s e x t r a c t e d w i t h p e t r o l ( 3 x 2 5 m l ) a n d t h e 

s o l v e n t e v a p o r a t e d t o g i v e a y e l l o w - b r o w n o i l ( 2 6 . 8 m g ) 

w h i c h w a s c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h p e t r o l 

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

a 2 : 1 m i x t u r e o f 2 - m e t h y l - 1 H - c y c l o p e n t [ c d ] i n d e n e ( 1 0 1 ) 

a n d 3 - m e t h y l - 1 H - c y c l o p e n t [ c d ] i n d e n e ( 1 0 2 ) ( 1 8 . 0 m g , 6 2 / ) , 

a s a n o i l ; < 5 H ( C D C 1 3 ) 2 . 3 0 ( 3 H x 1 / 3 , f i n e d , 3 - M e o f 

( 1 0 2 ) ) , 2 . 3 9 ( 3 H x 2 / 3 , s , 2 - M e o f ( 1 0 1 ) ) , 3 . 9 9 ( 2 H , b r . s , 

1 - C H 2 ) , 6 . 4 - 7 . 0 ( 2 H , m) , a n d 7 . 1 - 7 . 4 ( 3 H , m ) . A m i n o r 

c o m p o n e n t w a s a l s o p r e s e n t i n t h e m i x t u r e g i v i n g ( ^ ( C D C l ^ 

7 . 5 3 ( 1 H , d d , J 7 H z , 8 H z ) , 7 . 6 8 ( 1 H , d , J 7 H z ) , a n d 7 . 8 0 

( 1 H , d , J 8 H z ) . 



(c) At 6 0 0 ° c 

7 b - M e t h y l - 7 " b H - c y c l o p e n t [ c d ] i n d e n e ( 3 6 . 4 m g ) w a s 

d i s t i l l e d u p a t u b e a t 6 0 0 ° C a n d 0 . 3 m m H g . T h e y e l l o w 

p y r o l y s a t e w a s e x t r a c t e d w i t h p e t r o l ( 3 x 2 5 m l ) a n d t h e 

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

c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h p e t r o l a n d 

c o l l e c t i o n o f t h e i n i t i a l p a l e y e l l o w b a n d g a v e a 2 : 1 

m i x t u r e o f 2 - m e t h y l - 1 H - c y c l o p e n t [ g d ] i n d e n e ( 1 0 1 ) a n d 

3 - m e t h y l - 1 H - c y c l o p e n t [ c d ] i n d e n e ( 1 0 2 ) ( 2 7 . 5 m g , 7 6 $ ) , a s 

a n o i l ; A m a x ( E t O H ) 2 2 7 ( l o g e 3 - 9 1 ) . 2 4 9 s h ( 3 . 9 9 ) , 2 5 8 

( 4 . 0 5 ) , 2 6 3 ( 4 . 0 3 ) , 2 7 4 s h ( 3 . 7 6 ) , 3 1 7 ( 3 . 6 8 ) , a n d 3 3 0 s h nm 

( 3 - 5 4 ) . A l a t e r b r i g h t y e l l o w b a n d f r o m t h e c o l u m n g a v e a 

m i x t u r e ( 8 . 8 m g ) . 

3 . 2 . 2 P h o t o l y s i s o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

. 1 A t 3 0 0 n m 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e 

( 1 ) ( 2 8 . 1 m g ) i n p e t r o l ( 2 0 0 m l ) w a s i r r a d i a t e d i n a 

R a y o n e t r e a c t o r a t 3 0 0 n m f o r 1 5 h a t r o o m t e m p e r a t u r e . 

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

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

s i l i c a . E l u t i o n w i t h p e t r o l g a v e s t a r t i n g m a t e r i a l 

( 2 7 . 7 m g , 9 9 $ ) . 

2 A t 2 5 4 n m 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

( 5 5 . 1 m g ) i n p e t r o l ( 2 0 0 m l ) w a s i r r a d i a t e d i n a R a y o n e t 

r e a c t o r a t 2 5 4 n m f o r 2 4 h a t r o o m t e m p e r a t u r e . T h e 

e l e c t r o n i c s p e c t r u m o f t h e m i x t u r e s h o w e d t h a t 2 5 - 3 0 $ o f 
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t h e s t a r t i n g m a t e r i a l w a s c o n s u m e d . S o m e s o l i d h a d c o a t e d 

t h e w a l l s o f t h e r e a c t i o n v e s s e l . E v a p o r a t i o n o f t h e 

s o l u t i o n g a v e a b r i g h t y e l l o w o i l ( 4 8 . 9 n i g ) . T h i s o i l 

w a s c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h p e t r o l g a v e 

a y e l l o w o i l ( 4 0 . 1 m g ) . I t s n . m . r . s p e c t r u m s h o w e d t h a t i t 

w a s m a i n l y s t a r t i n g m a t e r i a l b u t s o m e m a t e r i a l w i t h 

r e s o n a n c e s i n t h e r a n g e 8 6 . 7 - 7 . 4 w a s p r e s e n t . N o n e w 

p r o d u c t s c o u l d b e i d e n t i f i e d . 

3 . 2 . 3 H y d r o g e n a t i o n 

1 H y d r o g e n a t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [cd] i n d e n e ( 1 ) 

7 b - M e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 2 2 . 9 m g , 0 . 1 5 m m o l ) 

w a s i n t r o d u c e d t o a s h a k e n s u s p e n s i o n o f 5 $ p a l l a d i u m o n 

c h a r c o a l ( 5 5 m g ) i n e t h a n o l ( 1 2 m l ) u n d e r h y d r o g e n a t 

7 5 0 mmHg a n d 1 6 . 1 ° C . H y d r o g e n a t i o n w a s . . c o m p l e t e i n 0 . 5 h 

w h e n 1 6 . 7 2 m l ( 0 . 7 5 m o l , 5 . 0 e q u i v a l e n t s ) o f h y d r o g e n 

w e r e t a k e n u p b y t h e a n n u l e n e . T h e r e a c t i o n m i x t u r e w a s 

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

( 1 0 0 m l ) , a n d t h e p r o d u c t e x t r a c t e d w i t h p e t r o l ( 3 x 5 0 m l ) . 

T h e c o m b i n e d p e t r o l e x t r a c t s w e r e w a s h e d w i t h w a t e r ( 5 0 m l ) , 

d r i e d ( M g S O ^ ) , a n d t h e s o l v e n t e v a p o r a t e d t o g i v e d e c a h y d r o -

7 b - m e t h y l - 1 H - c y c l o p e n t [ c d ] i n d e n e ( 1 0 3 ) ( 1 4 . 1 m g , 5 8 $ ) , a s 

a c o l o u r l e s s o i l ( P o u n d : m / e 1 6 4 . 1 5 6 2 . c - ] 2 ^ 2 0 r e ( i u i r e s 

m / e 1 6 4 . 1 5 6 5 ) ; 8 K ( C D C 1 3 ) 1 . 1 3 ( 3 H , s , 7 b - M e ) a n d 1 . 0 - 1 . 7 

( 1 7 H , m ) ; m / e 1 6 4 ( M + ) , 1 4 9 , 1 3 6 , 1 3 5 , a n d " 1 2 1 . 

2 H y d r o g e n a t i o n o f 2 a - m e t h y l - 2 a H - c y c l o p e n t [ c d ] i n d e n e 

(99) 

A s o l u t i o n o f 2 a - m e t h y l - 2 a H - c y c l o p e n t [ c d ] i n d e n e 

( 9 9 ) ( c a . 8 m g ) i n e t h a n o l ( 1 2 m l ) w a s h y d r o g e n a t e d o v e r 



5 $ p a l l a d i u m on c h a r c o a l ( 1 1 m g ) a t 7 5 1 mmHg a n d 1 6 . 5 ° C . 

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

h y d r o g e n t a k e n u p h u t i t w a s a p p a r e n t t h a t t h e r e w a s a 

f a i r l y r a p i d u p t a k e ( c a . 3 0 m i n ) f o l l o w e d b y a m u c h s l o w e r 

u p t a k e . A f t e r 2 4 h , t h e m i x t u r e w a s f i l t e r e d t h r o u g h 

c e l i t e a n d t h e s o l v e n t e v a p o r a t e d t o g i v e a n o i l . M a s s 

s p e c t r o m e t r y s h o w e d i o n s a t m / e 1 5 8 , 1 6 2 , a n d 1 6 4 w i t h 

c o r r e s p o n d i n g M + - 1 5 i o n s a t 1 4 3 , 1 4 7 , a n d 1 4 9 . 

3 . 2 . 4 R e a c t i o n s i n v o l v i n g e l e c t r o n t r a n s f e r 

1 A t t e m p t e d p r e p a r a t i o n o f a p i c r a t e o f 7 b - m e t h y l - 7 b H -

c y c l o p e n t [ s j ] i n d e n e ( 1 ) 

T o a s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e 

( 1 7 . 6 m g , 0 . 1 1 4 m m o l ) i n e t h a n o l ( 0 . 5 m l ) w a s a d d e d a h o t 

s o l u t i o n o f p i c r i c a c i d i n e t h a n o l ( 0 . 5 5 m m o l / m l ; 0 . 5 m l , 

0 . 2 8 m m o l ) . T h e r e s u l t i n g o r a n g e s o l u t i o n w a s w a r m e d o n a 

s t e a m b a t h f o r 5 m i n a n d t h e n c o o l e d i n i c e . T h e c r y s t a l s 

w h i c h s e p a r a t e d w e r e p i c r i c a c i d , m . p . 1 2 1 - 1 2 3 ° C . T . l . c . 

s h o w e d t h e s o l u t i o n t o s t i l l c o n t a i n t h e a n n u l e n e a n d on 

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

o f a m i x t u r e o f t h e s t a r t i n g m a t e r i a l s . 

2 R e a c t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ s d ] i n d e n e ( 1 ) 

w i t h p o t a s s i u m 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e 

( 1 9 E g ) i n d r y t e t r a h y d r o f u r a n ( 1 m l ) w a s t r e a t e d w i t h 

f r e s h l y c u t p o t a s s i u m ( 5 0 m g ) a n d t h e m i x t u r e s t i r r e d 

u n d e r n i t r o g e n a t r o o m t e m p e r a t u r e . A r e d c o l o u r d e v e l o p e d 

o n t h e s u r f a c e o f t h e p o t a s s i u m . T h e s o l u t i o n b e c a m e d e e p 
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r e d a n d a l l o f t h e a n n u l e n e w a s c o n s u m e d ( t . l . c . ) . On 

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

3 B i r c h r e d u c t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e 

( 2 9 m g , 0 . 1 9 m m o l ) i n d r y t e t r a h y d r o f u r a n ( 3 m l ) w a s a d d e d 

t o a s t i r r e d s o l u t i o n o f s o d i u m (_ca . 5 m g , 0 . 2 2 m m o l ) i n 

l i q u i d a m m o n i a ( 1 0 m l ) u n d e r n i t r o g e n a t - 3 3 ° 0 . T h e 

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

( c a . 5 m g , 0 . 2 2 m m o l ) , a n d a f t e r 1 0 m i n , a m m o n i u m c h l o r i d e 

( 5 0 m g ) w a s a d d e d . T h e r e s u l t i n g m i x t u r e w a s p a l e y e l l o w . 

T h e a m m o n i a w a s e v a p o r a t e d , t h e m i x t u r e p o u r e d i n t o w a t e r 

( 1 0 m l ) a n d t h e p r o d u c t s e x t r a c t e d w i t h p e t r o l ( 3 x 5 m l ) . 

T h e c o m b i n e d p e t r o l l a y e r s w e r e d r i e d ( M g S O ^ ) , t h e s o l v e n t 

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

E l u t i o n w i t h p e t r o l g a v e a p a l e y e l l o w o i l ( 2 2 m g ) . N . m . r 

s h o w e d t h i s o i l w a s a m i x t u r e a n d a b o u t 1 0 / o f t h e a n n u l e n e 

w a s u n r e d u c e d . N o p r o d u c t s c o u l d b e i d e n t i f i e d . T h e m a s s 

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

a n d t e t r a h y d r o p r o d u c t s g i v i n g M + i o n s a t m / e 1 5 6 a n d 1 5 8 

+ / 
r e s p e c t i v e l y , a n d c o r r e s p o n d i n g M - 1 5 i o n s a t m / e 1 4 1 a n d 

1 4 3 . 

3 . 2 . 5 A t t e m p t e d l i t h i a t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] -

i n d e n e ( 1 ) 

A s o l u t i o n o f n - b u t y l l i t h i u m i n h e x a n e ( 1 . 5 M ; 

0 . 2 m l , 0 . 3 m m o l ) w a s a d d e d t o a s t i r r e d s o l u t i o n o f t e t r a -

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

n i t r o g e n . A f t e r 1 0 m i n a t r o o m t e m p e r a t u r e , a s o l u t i o n o f 
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7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 3 9 m g , 0 . 2 5 m m o l ) i n 

p e t r o l ( 2 m l ) w a s a d d e d . T h e m i x t u r e i m m e d i a t e l y b e c a m e 

d e e p r e d . A f t e r 1 h a t r o o m t e m p e r a t u r e , t h e m i x t u r e w a s 

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

c a r b o n d i o x i d e . T h e m i x t u r e w a s a c i d i f i e d w i t h a c e t i c 

a c i d ( 0 . 2 m l ) , f i l t e r e d , t h e s o l v e n t e v a p o r a t e d , a n d t h e 

r e s i d u e c h r o m a t o g r a p h e d on s i l i c a . E l u t i o n w i t h p e t r o l 

g a v e s t a r t i n g m a t e r i a l ( 0 . 6 m g , 2 $ ) . E l u t i o n w i t h 3 0 $ 

e t h e r i n p e t r o l g a v e a b r i g h t y e l l o w o i l ( 2 0 m g ) . N . m . r . 

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

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

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

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

d i a m i n e w a s o m i t t e d f r o m t h e a b o v e e x p e r i m e n t . 

T r e a t m e n t o f t h e a n n u l e n e ( 1 ) w i t h a n e q u i v a l e n t o f 

t e r t - b u t y l l i t h i u m i n p e t r o l a t r o o m t e m p e r a t u r e f o r 3 h , 

f o l l o w e d b y w o r k - u p a s a b o v e , g a v e u n r e a c t e d s t a r t i n g 

m a t e r i a l ( 7 3 $ ) . 

3 . 2 . 6 C y c l o a d d i t i o n r e a c t i o n s 

1 W i t h d i m e t h y l a c e t y l e n e d i c a r b o x y l a t e ( D M A D ) 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ' ) 

( 3 9 m g , 0 . 2 5 m m o l ) a n d D M A D ( 1 8 0 m g , 1 . 2 5 m m o l ) i n t o l u e n e 

( 2 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 1 0 h . T h e s o l v e n t 

w a s t h e n e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t o g r a p h e d on 

s i l i c a . E l u t i o n w i t h p e t r o l g a v e t h e s t a r t i n g a n n u l e n e ( 1 ) 

( 2 3 m g , 5 7 $ ) . N o a d d u c t s c o u l d b e i s o l a t e d . 

2 W i t h m a l e i c a n h y d r i d e 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 
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( 6 . 5 E g , 0 . 0 4 m m o l ) a n d m a l e i c a n h y d r i d e ( 5 4 m g , 0 . 5 5 m m o l ) 

i n t o l u e n e ( 1 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 8 h . T h e 

s o l v e n t w a s t h e n e v a p o r a t e d . N . m . r . a n a l y s i s o f t h e r e s i d u e 

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

a n n u l e n e ( 1 ) . R e s o n a n c e s i n t h e r a n g e s 1 . 1 - 1 . 6 , 3 . 0 - 3 . 5 , 

a n d 5 - 6 - 7 . 0 w e r e p r e s e n t h u t n o p r o d u c t c o u l d b e i d e n t i f i e d . 

T h i s r e s i d u e w a s c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h 

p e t r o l g a v e t h e s t a r t i n g a n n u l e n e ( 1 ) ( 3 . 2 m g , 5 0 $ ) . 

3 W i t h 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 ( 5 7 m g , 0 . 4 4 m m o l ) w a s a d d e d t o a 

s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) ( 3 4 m g , 

0 . 2 2 m m o l ) i n d r y 1 , 2 - d i m e t h o x y e t h a n e ( 5 m l ) . A diark g r e e n 

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

t h e m i x t u r e s h o w e d a w e a k b u t v e r y b r o a d a b s o r p t i o n b a n d 

w i t h a m a x i m u m a t 6 5 0 n m . T h e m i x t u r e w a s r e f l u x e d u n d e r 

n i t r o g e n f o r 2 h , p o u r e d i n t o w a t e r ( 3 0 m l ) , a n d e x t r a c t e d 

w i t h p e t r o l ( 2 x 1 5 m l ) . T h e p e t r o l l a y e r s w e r e d r i e d 

( N a 2 S 0 4 ) , t h e s o l v e n t e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t -

o g r a p h e d on s i l i c a . E l u t i o n w i t h p e t r o l g a v e u n r e a c t e d 

a n n u l e n e ( 1 ) ( 2 8 m g , 8 2 $ r e c o v e r e d ) . 

4 W i t h b e n z y n e 

A s t i r r e d s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] -

i n d e n e ( 1 ) ( 4 9 E g , 0 . 3 2 m m o l ) i n d r y 1 , 2 - d i m e t h o x y e t h a n e 
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( 2 m l ) c o n t a i n i n g b e n z e n e d i a z o n i u m c a r b o x y l a t e ( 2 0 0 m g , 

1 . 4 m m o l ) w a s w a r m e d u n d e r n i t r o g e n t o 4 5 ° C . A f t e r 1 2 h , 

t h e d a r k r e d m i x t u r e w a s p o u r e d i n t o w a t e r ( 1 0 m l ) a n d 

e x t r a c t e d w i t h e t h e r ( 3 x 3 m l ) . T h e e t h e r e x t r a c t s w e r e 

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

o n s i l i c a . E l u t i o n w i t h p e t r o l g a v e t h e a n n u l e n e ( 1 ) ( 2 8 m g , 
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5 7 / ) . E l u t i o n w i t h d i c h l o r o m e t h a n e g a v e p r o d u c t s d e r i v e d 

f r o m t h e b e n z y n e ( 9 8 m g ) . 

5 W i t h 4 - p h e n y l - 1 , 2 , 4 - t r i a z o l e - 3 , 5 - d i o n e ( P T A D ) 

( a ) W i t h 2 e q u i v a l e n t s o f P T A D 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 
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( 3 4 m g , 0 . 2 2 m m o l ) a n d P T A D ( 7 8 m g , 0 . 4 4 m m o l ) i n d r y 

f r e s h l y d i s t i l l e d 1 , 2 - d i m e t h o x y e t h a n e ( 1 0 m l ) w a s r e f l u x e d 

u n d e r n i t r o g e n f o r 1 h . T h e s o l v e n t w a s t h e n e v a p o r a t e d 

a n d t h e r e s i d u e c h r o m a t o g r a p h e d on s i l i c a . E l u t i o n w i t h 

5 : 3 : 2 e t h e r - p e t r o l - d i c h l o r o m e t h a n e g a v e t h e 2 : 1 

a d d u c t ( 1 1 0 ) ( 8 5 m g , 7 5 / ) , a s f i n e n e e d l e s w h i c h d e c o m p o s e 

a t 1 5 0 ° C w i t h o u t m e l t i n g ( f r o m 1 : 1 : 1 e t h y l a c e t a t e -

e t h e r - p e t r o l ) ( F o u n d : C , 6 6 . 5 9 ; H , 4 . 0 0 ; N , 1 6 . 5 9 . 

C 2 8 H 2 0 N 6 ° 4 r e c l u i r e s c > 6 6 . 6 6 ; H , 4 . 0 0 ; N , 1 6 . 6 6 / ) ; ^ m a x ( C C l 4 ) 

1 7 9 4 ( m ) , 1 7 7 6 ( m ) , 1 7 2 4 ( s ) , a n d 1 4 0 8 c m " 1 ( s ) ; X ^ C E t O H ) 
m a x 

2 4 2 s h ( l o g 6 3 • 9 6 ) a n d 2 9 0 s h nm ( 3 - 4 9 ) ; S R ( C D C 1 3 ) 1 . 1 3 

( 3 H , s ) , 5 . 4 0 ( 1 H , d , J 1 0 . 0 H z , H - 1 ) * , 6 . 1 3 ( 1 H , d , J 9 . 0 H z , 

b e c o m e s a s i n g l e t on d e c o u p l i n g a t 6 . 5 3 , H - 7 ) , 6 . 3 0 ( 1 H , d , 

J 5 . 5 H z , H - 5 ) , 6 . 5 3 ( 1 H , d d , J 5 . 5 H z , 9 . 0 H z , H - 6 ) , 6 . 7 5 

( 1 H , d , J 6 . 0 H z , b e c o m e s a s i n g l e t o n d e c o u p l i n g a t 7 . 8 0 , 

H - 4 ) * , 7 . 2 0 ( 1 H , d , J 1 0 . 0 H z , b e c o m e s a s i n g l e t on d e c o u p -

l i n g a t 5 . 4 0 , H - 2 ) , 7 . 2 3 - 7 . 5 3 " ( 1 0 H , m , 2 x P h ) , a n d 7 . 8 9 

( 1 H , d , J 6 . 0 H z , H - 3 ) . S i g n a l s m a r k e d w i t h a n a s t e r i x s h o w 

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

2 - d e u t e r a t e d s t a r t i n g m a t e r i a l . S e e P i g . 1 2 f o r t h e n . O . e . 

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

( b ) W i t h 1 e q u i v a l e n t o f P T A D 

R e a c t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

( 2 3 . 5 m g , 0 . 1 5 m m o l ) a n d P T A D ( 2 6 . 7 m g , 0 . 1 5 m m o l ) i n . 1 , 2 -
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d i m e t h o x y e t h a n e ( 3 m l ) a s a b o v e g a v e t h e s t a r t i n g a n n u l e n e 

( 1 ) ( 1 1 . 4 m g , 4 9 $ ) a n d t h e 2 : 1 a d d u c t ( 1 1 0 ) ( 3 1 - 3 m g , 4 1 $ ) . 

6 R e a c t i o n o f 2 - m e t h o x y - 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e 

( 8 2 ) w i t h 4 - p h e n y l - 1 , 2 , 4 - t r i a z o l e - 3 , 5 - d i o n e ( P T A D ) 

A s o l u t i o n o f 2 - m e t h o x y - 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] -

i n d e n e ( 8 2 ) ( 1 9 m g , 0 . 1 0 m m o l ) i n d i c h l o r o m e t h a n e ( 2 m l ) w a s 

t r e a t e d w i t h a s o l u t i o n P T A D ( 1 8 m g , 0 . 1 0 m m o l ) i n d i c h l o r o -

m e t h a n e ( 2 m l ) a n d t h e m i x t u r e s t i r r e d a t r o o m t e m p e r a t u r e . 

A f t e r m i n , t h e c o l o u r o f t h e r e a g e n t w a s d i s c h a r g e d . T h e 

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

s i l i c a . E l u t i o n w i t h 6 0 $ e t h e r i n p e t r o l g a v e t h e 2 : 1 

a d d u c t ( 1 1 1 ) ( 7 . 5 m g , 1 4 $ ) , a s a n u n s t a b l e s o l i d w h i c h d e c o m p -

o s e d w i t h o u t m e l t i n g a t 1 35 ° C ( f r o m p e t r o l - d i c h l o r o m e t h a n e ) ; 

5 H ( C D C 1 3 ) 1 . 1 2 ( 3 H , s ) , 3 . 8 1 ( 3 H , s , 2 a - 0 M e ) , 4 . 9 0 ( 1 H , s , 

H - 1 ) , 6 . 1 3 ( 1 H , d , J 9 . 2 H z , H - 7 ) , 6 . 3 0 ( 1 H , d , J 5 . 4 H z , 

H-5)-, 6 . 4 7 ( 1 H , d d , J 5 . 4 H z , 9 . 2 H z , H - 6 ) , 6 . 7 2 ( 1 H , d , J 

5 . 9 H z , H - 4 ) , 7 . 2 5 - 7 . 5 0 ( 1 O H , m , P h ) , a n d 7 . 7 5 ( 1 H , d , _ J 5 . 9 H z , H - 3 ) . 

7 R e a c t i o n o f 7 b - m e t h y l - 2 - ( t r i m e t h y l s i l p x y ) - 7 b H - c y c l o -

p e n t [ c d ] i n d e n e ( 7 7 ) w i t h 4 - p h e n y l - 1 , 2 , 4 - t r i a z o l e - 3 , 5 -

d i o n e ( P T A D ) 

A s o l u t i o n o f 7 b - m e t h y l - 2 - ( t r i m e t h y l s i l o x y ) - 7 b H -

c y c l o p e n t [ c d ] i n d e n e ( 7 7 ) ( 2 5 . 0 m g , 0 . 1 1 m m o l ) i n d i c h l o r o -

m e t h a n e ( 1 m l ) w a s t r e a t e d w i t h a s o l u t i o n o f P T A D ( 1 8 . 9 m g , 

C . 1 1 m m o l ) i n d i c h l o r o m e t h a n e ( 1 m l ) a n d t h e m i x t u r e s t i r r e d 

a t r o o m t e m p e r a t u r e . A f t e r 1 0 m i n , t h e s o l v e n t w a s e v a p o r -

a t e d a n d t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h 

e t h e r g a v e t h e u r a z o l e ( 1 1 3 ) ( 1 9 . 4 m g , 5 4 $ ) , a s o r a n g e - r e d 

c r y s t a l s , m . p . 2 2 3 - 2 2 5 ° C d e c o m p . ( f r o m 1 : 1 : 1 p e t r o l -

e t h y l a c e t a t e - d i c h l o r o m e t h a n e ) ( P o u n d : C , 6 9 * 4 1 ; H , 4 . 3 3 ; 

IT, 1 2 . 1 1 . C
2 0

H
1 5

N T
3 ° 3 r e q u i r e s C , 6 9 - 5 6 ; H , 4 . 3 8 ; N , 1 2 . 1 7 $ ) ; 
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S h ( C D C 1 3 ) 1 . 6 6 ( 3 H , s , 7 b - M e ) , 5 . 2 1 ( 1 H , s , H - 1 ) , 5 . 6 8 ( 1 H , d , 

J 5 . 0 H z , H - 5 ) , 6 . 1 3 ( 1 H , d d , J 5 . 0 H z , 9 - 9 H z , H - 6 ) , 6 . 3 2 

( 1 H , d , J 5 . 4 H z , H - 4 ) , 6 . 4 0 ( 1 H , d , J 9 - 9 H z , H - 7 ) , 6 . 7 0 

( 1 H , d , J 5 . 4 H z , H - 3 ) , a n d 7 . 3 - 7 . 5 ( 5 H , m , P h ) ; t h e N H 

r e s o n a n c e w a s n o t l o c a t e d ; m / e 3 4 5 ( M + ) , 3 3 0 ( M + - C H 3 ) , 2 1 1 

( M + - P h N C 0 N H ) , 1 8 3 , 1 5 5 , 1 4 1 , a n d 1 1 9 ( 1 0 0 $ , P h N C 0 + ) ; 

M * ( 1 8 3 - 1 5 5 ) 1 3 1 . 3 . 

S e e S e c t i o n 3 . 2 . 8 f o r t h e r e a c t i o n s o f t h e a n n u l e n e 

( 1 ) w i t h c h l o r o s u l p h o n y l i s o c y a n a t e a n d d i c h l o r o k e t e n e . 

3 . 2 . 7 A t t e m p t e d p r e p a r a t i o n o f a m e t a l c o m p l e x o f t h e 

a n n u l e n e ( 1 ) 

1 R e a c t i o n o f t h e a n n u l e n e ( 1 ) w i t h c h r o m i u m h e x a c a r h o n y l 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

( 4 3 E g , 0 . 3 1 m m o l ) i n a m i x t u r e o f d r y t e t r a h y d r o f u r a n 

( 1 0 m l ) a n d d r y d i - n - b u t y l e t h e r ( 3 0 m l ) c o n t a i n i n g 

c h r o m i u m h e x a c a r b o n y l ( 7 6 m g , 0 . 3 4 m m o l ) w a s r i g o r o u s l y 

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

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

A f t e r 3 h , t h e f o r m a t i o n o f a g r e y p r e c i p i t a t e i n d i c a t e d 

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

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

r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h p e t r o l 

g a v e u n r e a c t e d a n n u l e n e ( 1 ) ( 4 0 m g , 9 3 $ r e c o v e r e d ) . 

2 R e a c t i o n o f t h e a n n u l e n e ( 1 ) w i t h d i i r o n n o n a c a r b o n y l 

T o a d e g a s s e d s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t -

[ c d ] i n d e n e ( 1 ) ( 2 9 m g , 0 . 1 9 m m o l ) i n b e n z e n e ( 2 m l ) w a s a d d e d 

d i i r o n n o n a c a r b o n y l ( 6 8 m g , 0 . 1 9 m m o l ) . T h e r e w a s n o r e a c t i o n 

u n t i l t h e m i x t u r e w a s h e a t e d t o 6 0 ° C . A f t e r 1 0 m i n r e f l u x , 
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t h e m i x t u r e w a s d a r k g r e e n . F u r t h e r d i i r o n n o n a c a r b o n y l 

( 1 0 0 m g , 0 . 2 7 m m o l ) w a s a d d e d a n d t h e m i x t u r e r e f l u x e d f o r 

a f u r t h e r 1 0 m i n . T . l . c . s h o w e d t h e a n n u l e n e w a s n o t 

c o n s u m e d a n d 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 , t h e p r o t o n 

n . m . r . s p e c t r u m o f t h e r e s i d u e w a s t h a t o f t h e a n n u l e n e ( 1 ) . 

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

a n n u l e n e ( 1 ) f r o m t h e d a r k g r e e n t r i i r o n d o d e c a c a r b o n y l w h i c h 

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

w a s c o n c e n t r a t e d . 

3 . 2 . 8 R e a c t i o n s o f t h e a n n u l e n e ( 1 ) w i t h e l e c t r o p h i l e s 

1 R e a c t i o n w i t h a c i d s 

( a ) W i t h s u l p h u r i c a c i 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 ( 0 . 2 5 m l ) w a s a d d e d t o 

7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 3 . 2 m g ) a t r o o m t e m p e r -

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

( 0 . 5 m l ) . T h e b l u e c o l o u r w a s d i s c h a r g e d a n d a d a r k g r e e n 

s o l i d p r e c i p i t a t e d . T h e m i x t u r e w a s e x t r a c t e d w i t h p e t r o l 

( 2 x 2 m l ) . T h e c o l o u r l e s s e x t r a c t s w e r e c o n c e n t r a t e d a n d 

t . l . c . s h o w e d n o m a t e r i a l w a s p r e s e n t . 

( b ) W i t h t o l u e n e - 4 - s u l p h o n i c a c i d 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

( 6 . 6 m g ) i n b e n z e n e ( 2 m l ) c o n t a i n i n g t o l u e n e - 4 - s u l p h o n i c 

a c i d ( 5 m g ) w a s r e f l u x e d u n d e r n i t r o g e n . A f t e r 15 m i n , t h e 

m i x t u r e h a d b e c o m e d a r k g r e e n a n d a p r e c i p i t a t e s t a r t e d t o 

f o r m . V e r y l i t t l e s t a r t i n g m a t e r i a l r e m a i n e d a f t e r 2 h ( t . l . c . ) . 

2 N i t r a t i o n o f t h e a n n u l e n e ( 1 ) w i t h c o p p e r ( I l ) n i t r a t e 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ g d ] i n d e n e ( 1 ) 

( 2 9 . 9 m g , 0 . 1 9 4 m m o l ) i n a c e t i c a n h y d r i d e ( 2 . m l ) a t 0 ° C 

w a s t r e a t e d w i t h p o w d e r e d c o p p e r ( I I ) n i t r a t e t r i h y d r a t e 
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( 4 7 m g , 0 . 1 9 4 m m o l ) a n d t h e m i x t u r e w a s s t i r r e d . A f t e r 

4 0 m i n , t h e m i x t u r e w a s p o u r e d i n t o i c e - w a t e r ( 1 0 m l ) a n d 

e x t r a c t e d w i t h e t h e r ( 3 x 5 m l ) . T h e c o m b i n e d e t h e r 

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

s o l u t i o n ( 2 0 m l ) , d r i e d ( M g S O ^ ) , t h e s o l v e n t e v a p o r a t e d , a n d 

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

E l u t i o n w i t h p e t r o l g a v e ( i ) a 1 0 : 1 m i x t u r e o f 7 b - m e t h y l -

1 - n i t r o - 7 b H - c y c l o p e n t [ c d ] i n d e n e a n d 7 b - m e t h y l - 2 - n i t r o - 7 b H -

c y c l o p e n t [ c d ] i n d e n e ( 6 . 7 m g , 1 7 $ ) , a s a n o r a n g e - r e d o i l ; 

p m a x ( C C 1 4 ) 1 3 7 8 ( m ) ' 1 3 3 8 ( s ) ' a n d 1 3 0 4 c m ~ 1 ( s ) ; ^ m a x 

( E t O H ) 2 4 6 ( l o g 6 4 . 1 8 ) , 3 0 7 ( 4 . 1 1 ) , 3 3 2 s h ( 3 - 8 8 ) , 4 0 2 ( 3 . 7 5 ) , 

a n d 4 8 5 n m ( 3 . 1 9 ) ; 5 R ( C D C 1 3 ) f o r t h e 1 - n i t r o c o m p o u n d : 

- 1 . 2 7 ( 3 H , s , 7 b - M e ) , 7 - 7 2 ( 1 H , d , J 7 . 3 H z , H - 5 ) , 7 . 8 9 

( 1 H , t , J 7 H z , H - 6 ) , 8 . 0 8 ( 1 H , d , J 3 - 5 H z , H - 4 ) , 8 . 2 3 

( 1 H , d , J 7 . 5 H z , H - 7 ) , 8 . 2 9 ( 1 H , d , J 3 - 5 H z , H - 3 ) , a n d 

8 . 3 3 ( 1 H , s , H - 2 ) . T h e s i g n a l s f o r t h e 2 - n i t r o c o m p o u n d 

a r e o b s c u r e d b y t h o s e o f t h e 1 - n i t r o c o m p o u n d e x c e p t f o r 

7 . 6 9 ( 1 H , t , J 7 H z , H - 6 ) , 7 . 8 1 ( 1 H , d , J 7 - 3 H z , H - 5 ) , 

a n d 8 . 0 1 ( 1 H , d , J 7 . 6 H z , H - 7 ) . T h e m i x t u r e g i v e s m / e 

1 9 9 ( M + ) , 1 8 2 , 1 6 9 , 1 5 3 , a n d 1 5 2 ( 1 0 0 $ ) . ( i i ) A 2 : 1 

m i x t u r e o f 7 b - m e t h y l - 5 - n i t r o - 7 b H - c y c l o p e n t [ c d ] i n d e n e a n d 

7 b - m e t h y l - 6 - n i t r o - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 9 . 1 E g , 2 4 $ ) , 

•• — 1 
a s a y e l l o w - o r a n g e o i l ; i ;

m a x ^ c c i 4 ^ 1 3 2 0 c m ~ 

A M O ( E t O H ) 2 4 8 s h ( l o g £ 3 . 9 5 ) , 2 7 5 ( 4 . 1 5 ) , " 3 1 5 ( 4 . 2 2 ) , 
m a x 

3 7 6 ( 3 . 8 2 ) , 4 4 4 s h ( 3 . 1 9 ) , a n d 482 n m ( 3 . 0 7 ) ; 5 H ( C D C 1 3 ) 

f o r t h e 5 - n i t r o c o m p o u n d : - 1 . 3 2 ( 3 H , s , 7 b - M e ) , 7 . 7 1 ( 1 H , 

d , J 8 . 2 H z , H - 7 ) , 7 . 9 9 ( 1 H , d , J 3 H z , H - 1 ) , 8 . 1 4 ( 1 H , d , 

J 3 . 3 H z , H - 2 ) , 8 . 2 0 ( 1 H , d , J 3 - 3 H z , H - 3 ) , 8.48 ( 1 H , d , 

J 8 . 2 H z , H - 6 ) . a n d 8 . 5 0 ( 1 H , d , J 3 - 3 H z , H - 4 ) ; f o r t h e 

6 - n i t r o c o m p o u n d : - 1 . 3 5 ( 3 H , s , 7 b - M e ) , 8 . 0 0 ( 2 H , d , J 3 H z , 
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H - 2 + H - 3 ) , 8 . 2 9 ( 1 H , d , J 3 - 5 H z , H-1 + H - 4 ) , a n d 

8 . 6 2 ( 1 H , s , H - 5 + H - 7 ) . 

T r e a t m e n t o f t h e f i r s t a q u e o u s l a y e r f r o m t h e w o r k - u p 

o f t h e a b o v e r e a c t i o n w i t h a s a t u r a t e d s o l u t i o n o f 2 , 2 -

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

e x p e c t e d i f t h e c o p p e r ( l ) i o n w e r e p r e s e n t . 

3 N i t r a t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e - 2 d ( 7 2 ) 

T h e r e a c t i o n w a s c a r r i e d o u t b y t h e p r o c e d u r e g i v e n 

a b o v e , b u t u s i n g 6 5 $ 2 - d e u t e r a t e d a n n u l e n e ( 7 2 ) , a n d w i t h 

r e a c t i o n c o n d i t i o n s o f 2 h a t - 2 3 ° C a n d t h e n 2 4 h a t - 1 8 ° C . 

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

b y p r o t o n n . m . r . T h e s a m e r a t i o o f p r o d u c t s w a s p r e s e n t 

a s f o r t h e e a r l i e r e x p e r i m e n t a b o v e . N e w s i g n a l s a p p e a r e d 

w i t h i n t h e d o u b l e t s a t 8 . 0 0 , 8 . 0 8 , 8 . 2 9 , a n d 8 . 5 0 . T h e s e 

s i g n a l s a r e f o r p r o t o n s i n t h e 1- a n d 4 - p o s i t i o n s a n d s h o w 

t h e a s s i g n m e n t s g i v e n a b o v e a r e c o r r e c t . 

4 A t t e m p t e d n i t r a t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e 

w i t h t e t r a n i t r o m e t h a n e 

A s t i r r e d s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] - . 

i n d e n e ( 2 3 m g , 0 . 1 5 m m o l ) i n p y r i d i n e ( 1 m l ) a t 0 ° C w a s 

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

( 1 0 $ v / v ; 3 4 5 nig. 0 . 1 8 m m o l ) . T h e m i x t u r e i m m e d i a t e l y 

b e c a m e o r a n g e b u t t h e r e w a s l i t t l e r e a c t i o n ( t . l . C o ) . T h e 

m i x t u r e w a s t h e n w a r m e d i n a w a t e r b a t h a t 4 0 ° C . I t r a p i d l y 

b e c a m e v e r y d a r k b r o w n . T . l o C . s h o w e d s o m e s t a r t i n g m a t e r i a l 

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

c o m p o u n d s h a d b e e n f o r m e d . T h e d a r k c o l o u r e d m a t e r i a l w a s 
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" b a s e l i n e . R e p l a c e m e n t o f t h e p y r i d i n e a n d e t h a n o l w i t h 

d i m e t h y l s u l p h o x i d e g a v e t h e s a m e r e s u l t . 

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

a n h y d r i d e 

A s o l u t i o n o f a m i x t u r e o f t h e n i t r o - 7 b - m e t h y l - 7 b H -

• c y c l o p e n t [ c d ] i n d e n e d e r i v a t i v e s f r o m a b o v e ( 2 2 . 6 m g ) i n 

a c e t i c a n h y d r i d e ( 2 m l ) w a s t r e a t e d a t r o o m t e m p e r a t u r e 

w i t h s o d i u m a c e t a t e ( 1 0 0 m g ) a n d z i n c d u s t ( 2 0 0 m g ) . T h e 

m i x t u r e w a s s t i r r e d f o r 1 0 m i n , p o u r e d i n t o w a t e r ( 3 0 m l ) 

a n d e x t r a c t e d w i t h e t h e r ( 3 x 1 5 m l ) . T h e c o m b i n e d e t h e r 

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

s o l u t i o n ( 2 0 m l ) , d r i e d ( M g S O ^ ) , t h e s o l v e n t e v a p o r a t e d a n d 

t h e r e s i d u e c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h 3 0 / 

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

t h e a n n u l e n e ( 1 ) ( 1 3 - 0 m g , 5 4 / ) , a s a n u n s t a b l e y e l l o w 

s e m i - s o l i d ; S H ( C D C 1 3 , 9 0 M H z ) - 1 . 4 5 ( 3 H , s , 7 b - M e ) a n d 

7 . 4 - 8 . 0 ( 6 H , m , A r H ) ; m / e 2 1 1 ( M + ) , 1 6 9 ( 1 0 0 / ) , a n d 1 6 8 . 

6 A c e t y l a t i o n o f t h e a n n u l e n e ( 1 ) 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

( 1 0 . 1 m g ) i n d i c h l o r o m e t h a n e ( 3 m l ) w a s t r e a t e d w i t h a c e t i c 

a n h y d r i d e ( 0 . 2 5 m l ) a n d t w o d r o p s 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 . T h e m i x t u r e w a s s t i r r e d a t r o o m t e m p e r a t u r e f o r 

3 . 5 h a n d t h e n p o u r e d i n t o w a t e r ( 1 0 m l ) . T h e d i c h l o r o m e t h a n e 

l a y e r w a s r e m o v e d a n d t h e a q u e o u s l a y e r e x t r a c t e d w i t h 

d i c h l o r o m e t h a n e ( 1 0 m l ) . T h e c o m b i n e d o r g a n i c l a y e r s w e r e 

d r i e d ( M g S O ^ ) , t h e s o l v e n t e v a p o r a t e d , a n d t h e r e s i d u e 

c h r o m a t o g r a p h e d on s i l i c a . E l u t i o n w i t h 1 5 / e t h e r i n p e t r o l 
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g a v e a 1 5 : 5 1 m i x t u r e o f 5 - , 1 - , a n d 6 - a c e t y l - 7 b - m e t h y l -

7 b H - c y c l o p e n t [ c d ] i n d e n e ( 6 . 9 nig, 5 4 $ ) , a s a n o r a n g e o i l ; 

y m a x ( C C 1 4 ) 1 6 7 2 c m ~ 1 ( s ' 0 = 0 s t r e t c h ) ; A m a x ( E t O H ) 3 0 5 , 

3 4 7 , 4 5 0 s h , a n d 4 7 7 n m ; ^ ( G D C l ^ ) f o r t h e 5 - a c e t y l i s o m e r : 

- 1 . 4 7 ( 3 H , s , 7 b - M e ) , 2 . 8 7 ( 3 H , s , C O C H 3 ) , 7 . 6 9 ( 1 H , d , J 

7 . 5 H z , H - 7 ) , 7 . 9 3 ( 1 H , d , J 3 . 3 H z , H - 1 ) , 8 . 0 5 ( 1 H , d , J 

3 . 3 H z , H - 2 o r H - 3 ) , 8 . 0 8 ( 1 H , d , J 3 - 3 H z , H - 3 o r H - 2 ) , 

8 . 2 2 ( 1 H , d , J 7 . 4 H z , H - 6 ) , a n d 8.38 ( 1 H , d , J 3 - 3 H z , H - 4 ) ; 

f o r t h e 1 - a c e t y l i s o m e r : - 1 . 4 2 ( 3 H , s , 7 b - M e ) , 2 . 8 2 ( 3 H , s , 

C O C H 3 ) , 7 . 6 7 ( 1 H , d , J 6 . 8 H z , H - 5 ) , 7 . 7 5 ( 1 H , t , J 7 H z , 

H - 6 ) , 7 . 9 7 ( 1 H , d , J 3 . 3 H z , H - 4 ) , 8 . 0 6 ( 1 H , d , H - 7 ) , 8 . 1 2 

( 1 H , d , J 3 - 3 H z , H - 3 ) , a n d 8 . 2 7 ( 1 H , s , H - 2 ) ; f o r t h e 

6 - a c e t y l i s o m e r : - 1 . 4 4 ( 3 H , s , 7 b - M e ) , 2 . 8 1 ( ? ) ( 3 H , s , C O C H 3 ) , 

7 . 9 0 ( 2 H , d , J 3 . 3 H z , H - 2 + H - 3 ) , 8 . 1 4 ( 2 H , d , J 3 - 3 H z , 

H - 1 + H - 4 ) , a n d 8 . 3 1 ( 2 H , s , H - 5 + H - 7 ) ; m / e 1 9 6 ( M + , 1 0 0 $ ) , 

1 8 1 , a n d 1 5 3 . 

7 E o r m y l a t i o n o f t h e a n n u l e n e ( 1 ) 

A s t i r r e d s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] -

i n d e n e ( 1 ) ( 5 2 m g , 0 . 3 3 m m o l ) i n d i c h l o r o m e t h a n e ( 3 nil ) 

c o n t a i n i n g d i c h l o r o m e t h y l n - b u t y l e t h e r 1 3 6 ( 1 0 0 m g , 0 . 6 4 m m o l ) 

w a s c o o l e d t o - 7 8 ° C u n d e r n i t r o g e n a n d t r e a t e d w i t h t i n ( I V ) 

c h l o r i d e ( 0 . 0 5 m l ) . T h e m i x t u r e i m m e d i a t e l y b e c a m e d a r k 

b l u e . A f t e r 1 0 m i n , t h e m i x t u r e w a s p o u r e d i n t o w a t e r ( 5 0 m l ) 

a n d t h e m i x t u r e s h a k e n u n t i l t h e b l u e c o l o u r w a s d i s c h a r g e d « , 

T h e p r o d u c t s w e r e e x t r a c t e d w i t h e t h e r ( 3 x 2 0 m l ) . T h e 

c o m b i n e d e t h e r l a y e r s w e r e w a s h e d w i t h w a t e r ( 2 0 m l ) , d r i e d 

( M g S O ^ ) , t h e s o l v e n t e v a p o r a t e d , a n d t h e r e s i d u e c h r o m a t o -

g r a p h e d o n s i l i c a . E l u t i o n w i t h p e t r o l g a v e t h e s t a r t i n g 

a n n u l e n e ( 1 ) ( 3 nig, 4 $ r e c o v e r e d ) . E l u t i o n w i t h 2 0 $ e t h e r 
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i n p e t r o l g a v e 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e - 5 -

c a r b o x a l d e h y d e ( 1 1 5 ) ( c a . 9 3 / p u r e ; c o n t a i n s 4 / o f t h e 

1 - c a r b o x a l d e h y d e ( 5 3 a ) a n d 3 / o f t h e 6 - c a r b o x a l d e h y d e ) ; 

£ h ( C D C 1 3 ) - 1 . 4 2 ( 3 H , s , 7 b - M e ) , 7 . 7 4 ( 1 H , d , J 7 . 6 H z , 

H - 7 ) , 7 . 9 6 ( 1 H , d , J 3 - 4 H z , H - 1 ) , 8 . 0 7 ( 1 H , d , J 7 . 6 H z , 

H - 6 ) , 8 . 0 8 ( 1 H , d , J 3 . 4 H z , H - 2 ) , 8 . 1 1 ( 1 H , d , J 3 . 4 H z , 

H - 3 ) , 8 . 4 0 ( 1 H , d , J 3 . 4 H z , H - 4 ) , a n d 1 0 . 4 3 ( 1 H , s , C H O ) 

[ f o r t h e 6 - i s o m e r : - 1 . 3 6 ( 3 H , s , 7 b - M e ) , 7 . 9 2 ( 2 H , d , 

J 3 . 4 H z ) , a n d 8 . 2 0 ( 2 H , s , H - 5 + H - 7 ) ; a n e x p e c t e d d o u b l e t , 

J 3 . 4 H z a n d t h e a l d e h y d e p r o t o n r e s o n a n c e w e r e n o t l o c a t e d . 

S p e c t r a l d a t a f o r t h e 1 - c a r b o x a l d e h y d e ( 5 3 a ) a r e g i v e n 

e a r l i e r i n S e c t i o n 3 . 1 . 3 . S p e c t r a l d a t a f o r t h e 2 - c a r b o x -

a l d e h y d e ( 5 3 b ) t h a t w a s n o t d e t e c t e d i n t h i s p r o d u c t a r e 

g i v e n e a r l i e r i n S e c t i o n 3 . 1 . 5 ] . 

T r e a t m e n t o f t h i s m i x t u r e o f a l d e h y d e s w i t h 2 , 4 -

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

p r e c i p i t a t e o f h y d r a z o n e s ( 8 1 / ) . R e p e a t e d r e c r y s t a l l i s a t i o n 

g a v e a p u r e i s o m e r a s m a u v e n e e d l e s , m . p . 2 0 1 . 5 - 2 0 3 . 5 ° C 

( f r o m 1 : 1 a c e t o n i t r i l e - d i m e t h y l f o r m a m i d e ) ( R o u n d : 

C , 6 2 . 9 2 ; H , 3 - 9 3 ; N , 1 5 . 4 3 . C i g H u N 4 0 4 r e q u i r e s C , 6 2 . 9 8 ; 

H , 3 . 8 9 ; N , 1 5 . 4 6 / ) . 

• 8 S u l p h o n a t i o n o f t h e a n n u l e n e ( 1 ) 

S u l p h u r t r i o x i d e w a s f r e s h l y p r e p a r e d b y d i s t i l l a t i o n 

f r o m a m i x t u r e o f 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 n d p h o s p h o r u s 

p e n t o x i d e , i n t o a n i c e c o o l e d r e c e i v e r . A s o l u t i o n o f 7 b -

m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) ( 7 4 m g , 0 . 4 8 m m o l ) i n 

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

t r i o x i d e ( 2 0 0 m g , 2 . 5 m m o l ) i n d r y d i o x a n ( 5 m l ) a t 1 2 ° C 
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u n d e r n i t r o g e n . A f t e r 2 0 m i n , t h e m i x t u r e w a s p o u r e d i n t o 

s o d i u m c a r b o n a t e s o l u t i o n ( 5 $ w / v ; 4 0 m l ) a n d t h e s o l u t i o n 

w a s h e d w i t h d i c h l o r o m e t h a n e ( 3 0 m l ) . T h e a q u e o u s s o l u t i o n 

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

e x h a u s t i v e l y w i t h h o t e t h a n o l . E v a p o r a t i o n o f t h e e t h a n o l 

g a v e s o d i u m 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e - 5 - s u l p h o n a t e 

( 1 1 6 ) ( 8 6 m g , 7 0 $ ) , a s a h y g r o s c o p i c y e l l o w s o l i d ; 

5 E ( d g - d i m e t h y l s u l p h o x i d e ) - 1 . 6 9 ( 3 H , s , 7 b - M e ) , 7 . 6 6 ( 1 H , 

d , J 7 . 6 H z , H - 7 ) , 7 . 8 3 ( 1 H , d , J 7 . 6 H z , H - 6 ) , 7 . 9 4 ( 1 H , 

d , J 3 . 4 H z , H-1 o r H - 2 ) , 7 . 9 9 ( 1 H , d , J 3 . 4 H z , H - 2 o r H - 1 ) , 

8 . 0 1 ( 1 H , d , J 3 . 4 H z , H - 3 ) , a n d 8 . 2 3 ( 1 H , d , J 3 . 4 H z , H - 4 ) ; 

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

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

S - b e n z y l t h i o u r o n i u m c h l o r i d e i n w a t e r 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 ( 0 . 1 M , 1 d r o p ) a t r o o m t e m p e r a t u r e g a v e 

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

( 7 0 $ ) , a s y e l l o w n e e d l e s , m . p . 1 9 5 - 1 9 7 ° C ( f r o m w a t e r ) 

( F o u n d : C, 6 0 . 0 8 ; H , 5 . 0 4 ; N , 7 . 0 3 ; S , 1 6 . 2 2 . C 2 0 H 2 0 N 2 S 2 ° 3 

r e q u i r e s C, 5 9 - 9 8 ; H , 5 . 0 4 ; N , 6 . 9 9 ; S , 1 6 . 0 1 $ ) . 

9 A t t e m p t e d b e n z o y l a t i o n o f t h e a n n u l e n e ( 1 ) 

A s o l u t i o n o f 7 b - m e t h y l - 7 h H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

( 3 3 . 7 m g , 0 . 2 5 m m o l ) i n d i c h l o r o m e t h a n e ( 1 0 m l ) w a s s t i r r e d 

a n d t r e a t e d w i t h b e n z o y l c h l o r i d e ( 0 . 2 5 m l ) a n d c y c l o h e x e n e 

( 0 . 5 m l ) a t r o o m t e m p e r a t u r e . F r e s h l y p o w d e r e d a l u m i n i u m 

c h l o r i d e ( 3 5 m g , 0 . 2 5 m m o l ) w a s a d d e d . T h e m i x t u r e b e c a m e 

c e e p b l u e . A f t e r 2 h , t . l . c . s h o w e d f o r m a t i o n o f o n l y 

b a s e l i n e m a t e r i a l . 
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1 0 A t t e m p t e d b r o m i n a t i o n o f t h e a n n u l e n e ( 1 ) w i t h N - b r o m o -

s u c c i n i m i d e 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

( 1 6 . 3 nig, 0 . 1 1 m m o l ) i n d r y d i m e t h y l f o r m a m i d e ( 1 m l ) w a s 

t r e a t e d w i t h N - b r o m o s u c c i n i m i d e ( 1 8 . 9 m g , 0 . 1 1 m m o l ) a n d 

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

4 8 h , t h e m i x t u r e w a s p o u r e d i n t o w a t e r ( 1 0 0 m l ) a n d 

e x t r a c t e d w i t h p e t r o l ( 3 x 2 m l ) . T h e c o m b i n e d e x t r a c t s 

w e r e d r i e d ( M g S O ^ ) , t h e s o l v e n t e v a p o r a t e d a n d t h e r e s i d u e 

c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h p e t r o l g a v e s t a r t i n g 

m a t e r i a l ( 3 - 5 m g ) c o n t a i n i n g a s m a l l a m o u n t o f a n e w 

c o m p o u n d ; S R ( C D C 1 3 ) - 1 . 5 2 ( 7 b - M e ) w h i c h c o u l d n o t b e 

i d e n t i f i e d . 

11 A t t e m p t e d b r o m i n a t i o n o f t h e a n n u l e n e ( 1 ) w i t h 

p y r i d i n i u m b r o m i d e p e r b r o m i d e 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) 

( 3 8 m g , 0 . 2 5 m m o l ) i n b e n z e n e ( 1 0 m l ) w a s t r e a t e d w i t h 

p y r i d i n i u m b r o m i d e p e r b r o m i d e 1 3 7 ( 7 9 m g , 0 . 2 5 m m o l ) a n d t h e 

m i x t u r e s t i r r e d a t r o o m t e m p e r a t u r e . A f t e r 1 h , t h e c o l o u r 

o f t h e r e a g e n t w a s d i s c h a r g e d . T h e m i x t u r e w a s t h e n w a s h e d 

w i t h d i l u t e s u l p h u r i c a c i d ( 1 M , 1 0 m l ) f o l l o w e d b y w a t e r 

( 5 m l ) , d r i e d ( N a 2 S 0 4 ) a n d t h e s o l v e n t e v a p o r a t e d t o g i v e 

2 a , 4 a - d i b r o m o - 4 a , 7 b - d i h y d r o - 7 b - m e t h y l - 2 a H - c y c l o p e n t [ c d ] i n d e n e 

( 1 1 7 ) ( 6 0 m g , 7 8 / ) , a s p a l e y e l l o w c r y s t a l s , m . p . 1 2 3 -

1 2 4 . 5 ° C ( f r o m c o l d p e t r o l ) ( P o u n d : C , 4 5 . 9 9 ; H , 3 . 1 5 . 

C 1 2 H 1 Q B r 2 r e q u i r e s C , 4 5 - 9 0 ; H , 3 . 2 1 / ) ; ^ m a x ( C C l 4 ) 3 0 6 0 ( m ) , 

1 4 5 0 ( m ) , 1 3 7 2 ( m ) , 1 1 4 2 ( m ) , 9 1 8 ( s ) , 8 6 2 ( m s ) , a n d 6 5 4 c m " 1 

( m s ) ; X ( E t O H ) 3 2 6 n m ( l o g 6 3 - 4 6 ) ; 5 W ( C D G U ) 1 . 4 3 ( 3 H , 
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s , 7 b - M e ) , 5 . 8 0 ( 1 H , b r . d , J 5 H z , H - 7 ) , 5 . 8 3 ( 1 H , d d , 

J 5 . 1 K z , 8 . 6 H z , H - 6 ) , 5 - 9 7 ( 1 H , d d , J 1 . 2 H z , 8 . 6 H z , 

H - 5 ) , 6 . 0 3 ( 1 H , d , J 5 . 6 H z ) , 6 . 1 7 ( 1 H , d , J 5 . 8 H z ) , 6 . 1 9 

( 1 H , d , J 5 . 6 H z ) , a n d 6 . 3 9 ( 1 H , d , J 5 . 8 H z ) ; m / e 3 1 6 - 3 1 4 -

3 1 2 ( 1 : 2 : 1 , M + ) , 2 3 5 - 2 3 3 ( 1 : 1 , M + - B r ) , 1 5 4 ( 1 0 0 $ , 

M + - 2 B r ) , 1 5 3 , a n d 1 4 9 . 

1 2 N i t r a t i o n o f t h e a n n u l e n e ( 1 ) w i t h n i t r o n i u m t r i f l u o r o -

m e t h a n e s u l p h o n a t e 

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

s u l p h o n a t e 1 3 8 ( 3 6 m g , 0 . 1 8 m m o l ) i n d i c h l o r o m e t h a n e ( 2 m l ) 

a t 0 ° C u n d e r n i t r o g e n w a s t r e a t e d w i t h c o l l i d i n e ( 2 3 m g , 

0 . 1 9 m m o l ) . A f t e r 3 0 m i n a t r o o m t e m p e r a t u r e , a s o l u t i o n 

o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 1 ) ( 2 8 m g , 0 . 1 8 m m o l ) 

i n d i c h l o r o m e t h a n e ( 2 m l ) w a s a d d e d a n d t h e m i x t u r e r e f l u x e d 

f o r 4 h . T h e m i x t u r e w a s t h e n c o o l e d , t h e s o l v e n t e v a p o r a t e d , 

a n d t h e r e s i d u e c h r o m a t o g r a p h e d on s i l i c a . E l u t i o n w i t h 

p e t r o l g a v e t h e s t a r t i n g a n n u l e n e ( 1 ) ( 1 5 m g , 4 2 $ r e c o v e r e d ) . 

E l u t i o n w i t h 5 $ e t h e r i n p e t r o l g a v e a 2 : 1 m i x t u r e o f 

7 b - m e t h y l - 6 - n i t r o - 7 b H - c y c l o p e n t [ c d ] i n d e n e a n d 7 b - m e t h y l - 5 -

n i t r o - 7 b H - c y c l o p e n t [ c d ] i n d e n e ( 2 . 3 m g , 5 $ ) ; s p e c t r a l d a t a 

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

R e p l a c e m e n t o f t h e ^ d i c h l o r o m e t h a n e w i t h a c e t o n i t r i l e 

g a v e n o i m p r o v e m e n t . 

1 3 R e a c t i o n o f t h e a n n u l e n e ( 1 ) w i t h c h l o r o s u l p h o n y l 

i s o c y a n a t e 

A s t i r r e d s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e 

( 1 ) i n d i c h l o r o m e t h a n e ( 2 0 m l ) a t 0 ° C w a s t r e a t e d w i t h 
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c h l o r o s u l p h o n y l i s o c y a n a t e ( 0 . 1 5 m l , 2 4 0 m g , 1 . 7 m m o l ) . 

A f t e r 2 5 m i n a t 0 ° C , t h e d a r k r e d m i x t u r e w a s p o u r e d w i t h 

s h a k i n g i n t o i c e - w a t e r ( 1 0 0 m l ) . T h e a q u e o u s l a y e r w a s 

e x t r a c t e d w i t h d i c h l o r o m e t h a n e ( 3 0 m l ) . T h e c o m b i n e d 

d i c h l o r o m e t h a n e l a y e r s w e r e d r i e d ( N a 2 S 0 4 ) , t h e s o l v e n t 

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

E l u t i o n w i t h p e t r o l g a v e t h e s t a r t i n g a n n u l e n e ( 1 ) ( 6 2 m g , 

2 5 $ ) . E l u t i o n w i t h 5 0 $ e t h e r i n p e t r o l g a v e N - c h l o r o s u l p h o n y l -

2 , 9 " b - d i h y d r o - 9 h - m e t h y l - 1 H - i n d e n o [ l , 7 - c d ] a z e p i n - 1 - o n e ( 1 2 2 ) 

(219 Eg, 47$, 63$ "based on consumed starting material), as 

r e d f l a k e s , m . p . 1 6 0 - 1 6 2 ° C ( f r o m p e t r o l - d i c h l o r o m e t h a n e ) 

( P o u n d : m / e 2 9 5 . 0 0 7 5 . C 1 ^ Q N O ^ C I r e q u i r e s m / e 

2 9 5 . 0 0 7 0 ) ; i; ( C C 1 „ ) 1 7 1 2 ( s , C = 0 s t r e t c h ) , 1 6 9 0 ( m , 
m a x 4 

C = C - C = 0 ) , 1 4 9 0 ( m ) , 1 4 1 0 ( s , S = 0 ) , 1 0 8 8 ( s , S = 0 ) , 1 1 3 4 ( m ) , 

1 1 0 0 ( m ) , 1 0 3 0 ( m ) , 1 0 1 0 ( m ) , 8 5 2 ( m ) , 6 7 8 ( m ) , 6 3 2 ( s ) , a n d 

6 1 4 c m ' 1 ( m ) ; X m a x ( c y c l o h e x a n e ) 2 3 2 ( l o g e 4 . 0 5 ) , 2 9 9 ( 4 . 4 2 ) , 

a n d 4 8 4 n m ( 3 . 0 2 ) ; g > H ( C D C l 3 ) 1 . 9 3 ( 3 H , s , 9 b - M e ) , 5 . 7 9 ( 1 H , 

d , J 5 . 8 H z , H - 5 ) , 5 . 8 2 ( 1 3 , d , J 9 . 5 H z , H - 4 ) , 6 . 0 3 ( 1 H , d , 

J 9 . 5 H z , H - 3 ) , 6 . 2 0 ( 1 H , d d , J 5 . 8 H z , 9 . 4 H z , H - 6 ) , 6 . 3 7 

( 1 H , d , J 2 . 9 H z , H - 8 ) , 6 . 5 0 ( 1 H , d , J 9 . 4 H z , H - 7 ) , a n d 

7 . 8 9 ( 1 H , d , J 2 . 9 H z , 3 - 9 ) 3 m / e 2 9 7 - 2 9 5 ( 1 : 2 , M + ) , 

2 8 2 - 2 8 0 ( 1 : 2 , M + - C H 3 ) , 2 5 4 - 2 5 2 ( 1 : 2 , M + - C H 3 - C 0 ) , 2 3 1 , 

1 9 7 , 1 9 6 , 1 6 2 , a n d 1 5 4 ( 1 0 0 $ ) . 

1 4 H y d r o l y s i s o f t h e c h l o r o s u l p h o n a m i d e ( 1 2 2 ) 

A s o l u t i o n o f t h e c h l o r o s u l p h o n a m i d e ( 1 2 2 ) ( 1 0 1 m g ) 

i n d i c h l o r o m e t h a n e ( 1 0 m l ) w a s s t i r r e d w i t h a m i x t u r e o f 

a q u e o u s s o d i u m s u l p h i t e ( 5 $ w / v ; 5 m l ) a n d a q u e o u s s o d i u m 

h y d r o x i d e ( 5 $ w / v ; 3 m l ) . A f t e r 5 h a t r o o m t e m p e r a t u r e , 

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



l a y e r w a s w a s h e d w i t h w a t e r ( 1 0 m l ) , d r i e d ( N a 2 S 0 4 ) , t h e 

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

s i l i c a . E l u t i o n w i t h 5 0 / e t h e r i n p e t r o l g a v e s t a r t i n g 

m a t e r i a l ( 6 m g , 6 / r e c o v e r e d ) . E l u t i o n w i t h 8 0 / e t h e r i n 

p e t r o l g a v e 2 , 9 b - d i h y d r o - 9 b - m e f h y l - 1 H - i n d e n o [ l , 7 - c d ] a z e p i n -

1 - o n e ( 1 2 3 ) ( 5 3 nig, 7 9 / ) , a s a d a r k b r o w n - g r e e n s o l i d 

( F o u n d : m / e 1 9 7 . 0 8 4 0 . C ^ H ^ N O r e q u i r e s m / e 1 9 7 . 0 8 4 1 ) ; 

i ; m a x ( C C 1 4 ) 3 4 2 0 ( w ) ' 3 2 2 5 N H s t r e t c h ) ' 3 0 9 0 ( m ) , 2 9 8 0 

( m ) , 1 6 6 9 ( s , C = 0 s t r e t c h ) , 1 6 2 8 ( s , C = C - C = 0 ) , 1 3 4 4 ( m ) , 

a n d 9 1 2 c m " 1 ( s ) ; V ( E t O H ) 2 9 9 ( l o g 6 3 - 7 2 ) , 2 7 5 ( 4 . 1 1 ) , 

UlcLX. 
3 4 3 ( 3 . 4 1 ) , a n d 5 5 0 b r . n m ( 2 . 1 6 ) ; 5 H ( C D C 1 3 ) 3 . 0 6 ( 3 H , s , 

9 b - H e ) , 4 . 5 3 ( 1 H , d , J 1 0 . 2 H z , H - 4 ) , 4 . 8 4 ( 1 H , d , J 6 . 0 H z , 

H - 5 ) , 5 . 0 2 ( 1 H , d d , J 7 . 0 H z , 1 0 . 2 H z , H - 3 ) , 5 . 4 8 ( 1 H , d d , 

J 6 . 0 H z , 9 . 7 H z , H - 6 ) , 5 . 6 8 ( 1 H , d , J 2 . 5 H z , H - 8 ) , 5 . 7 4 

( 1 H , d , J 9 . 7 H z , H - 7 ) , 6 . 3 ( 1 H , b r . , N H ) , a n d 6 . 9 1 ( 1 H , d , 

J 2 . 5 H z , H - 9 ) ; m / e 1 9 7 ( M + , 1 0 0 / ) , 1 9 6 , 1 8 2 , a n d 1 5 4 . 

1 5 T h e r m a l r e a r r a n g e m e n t o f t h e a m i d e ( 1 2 3 ) 

A s o l u t i o n o f t h e a m i d e ( 1 2 3 ) ( 2 2 . 3 nig) i n b e n z e n e 

( 3 nil ) w a s r e f l u x e d u n d e r n i t r o g e n . A f t e r 7 h , t h e s o l v e n t 

w a s e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t o g r a p h e d on s i l i c a . 

E l u t i o n w i t h e t h e r g a v e 2 , 9 a - d i h y d r o - 9 a - m e t ' n y l - 1 H - i n d e n o - , 

[ 1 , 7 - c d ] a z e p i n - 1 - o n e ( 1 2 4 ) ( 1 8 . 4 m g , 8 3 / ) , a s c o l o u r l e s s 

f l a k e s , m . p . 1 4 2 - 1 4 3 ° C ( f r o m p e t r o l - d i c h l o r o m e t h a n e ) 

( F o u n d : C , 78.98; H , 5 . 5 9 ; N , 7 . 0 8 . C ^ H ^ N O r e q u i r e s 

C . 7 9 . 1 7 ; H , 5 . 6 2 ; N , 7 . 1 0 / ) ; * > m a x ( C C l 4 ) 3 4 0 0 ( w , s h a r p , 

f r e e N H ) , 3 2 2 0 ( m , N H ) , 3 1 0 0 ( m , N H ) , 2 9 7 0 ( m ) , 1 6 6 8 ( s , 

0 = 0 s t r e t c h ) , 1 6 4 2 ( s , C = C - C = 0 ) , 1 3 7 2 ( m ) , 1 3 4 8 ( m s ) , 1 1 4 4 

( m ) , 1 0 5 4 ( m ) , a n d 8 4 8 c m " 1 ( m ) ; X m a x ( E t 0 H ) 2 7 0 s h ( l o g e 

3 . 9 7 ) , 2 7 4 ( 3 . 9 8 ) , 2 8 6 s h ( 3 . 8 6 ) , a n d 3 4 5 s h ( 2 . 1 1 ) ; m / e 
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1 9 7 ( M + , 1 0 0 $ ) , 1 9 6 , 1 8 2 ( M + - C H 3 ) , 1 7 8 , 1 6 8 , a n d 1 5 4 . 

1 6 T h e r m a l r e a r r a n g e m e n t o f t h e c h l o r o s u l p h o n a m i d e ( 1 2 2 ) 

( a ) I n t h e p r e s e n c e o f c y c l o h e x e n e 

A s o l u t i o n o f t h e c h l o r o s u l p h o n a m i d e ( 1 2 2 ) ( 1 0 . 8 m g ) 

i n t o l u e n e ( 1 . 5 m l ) a n d c y c l o h e x e n e ( 0 . 5 m l ) w a s r e f l u x e d 

u n d e r n i t r o g e n f o r 1 5 m i n . T h e s o l v e n t w a s t h e n e v a p o r a t e d 

a n d t h e r e s i d u e c h r o m a t o g r a p h e d on s i l i c a . E l u t i o n w i t h 

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

( i ) t h e a n n u l e n e ( 1 ) ( 2 . 4 m g , 4 2 $ ) . ( i i ) S t a r t i n g m a t e r i a l 

( 1 . 5 m g , 1 4 $ ) . ( i i i ) T h e a m i d e ( 1 2 4 ) ( 2 - 9 m g , 4 0 $ ) . 

( b ) I n t h e a b s e n c e o f c y c l o h e x e n e 

A s o l u t i o n o f t h e c h l o r o s u l p h o n a m i d e ( 1 2 2 ) ( 2 7 . 0 m g ) 

i n t o l u e n e ( 1 m l ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 3 0 m i n . 

T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t -

o g r a p h e d on s i l i c a . E l u t i o n w i t h p e t r o l c o n t a i n i n g a n 

i n c r e a s i n g p r o p o r t i o n o f e t h e r g a v e ( i ) t h e a n n u l e n e ( 1 ) 

( 1 . 6 m g , 1 1 $ ) . ( i i ) N - C h l o r o s u l p h o n y l - 2 , 9 a - d i h y d r o - 9 a - m e t h y l -

1 H - i n d e n o [ l , 7 - c d ] a z e p i n - 1 - o n e ( 1 2 5 ) ( 6 . 2 m g , 2 3 $ ) , a s a n 

o i l ; D ( C C 1 , ) 1 7 3 6 ( s , C = 0 s t r e t c h ) , 1 4 2 2 ( m ) , 1 4 0 6 ( s , 
LLLclJL n* 

S = 0 s t r e t c h ) , 1 0 4 4 ( m ) , 1 0 3 2 ( m ) , 9 1 0 ( s ) , 6 5 8 ( s ) , a n d 

6 2 6 c m " 1 ( m ) ; X m ( E t O H ) 2 5 4 ( l o g € 4 . 0 5 ) , 2 7 5 s h ( 3 - 9 5 ) , 

uidJL 

2 9 4 s h ( 3 . 7 1 ) , a n d 3 2 6 s h n m ( 3 . 0 3 ) ; 5 R ( C D C 1 3 ) 1 . 4 9 ( 3 H , 

s , 9 a - M e ) , 6 . 6 4 ( 1 H , d , J 9 - 3 H z , H - 3 o r H - 4 ) , 6 . 7 9 ( 1 H , d , 

J 5 . 8 H z , H - 8 o r H - 9 ) , 6 . 8 8 ( 1 H , d , J 5 . 8 H z , H - 9 o r H - 8 ) , 

6 . 9 2 ( 1 H , d , J 9-3 H z , H - 4 o r H - 3 ) , 7 . 1 7 ( 1 H , X p a r t o f 

A B X s y s t e m , H - 5 ) , a n d 7 . 3 9 ( 2 H , A B p a r t o f A B X s y s t e m , H - 6 

+ H - 7 ) ; m / e 2 9 7 - 2 9 5 ( 2 : 1 , M + ) , 2 5 4 - 2 5 2 ( 2 : 1 , M + - C H 3 - C 0 ) , 

2 3 1 , 1 9 7 ( 1 0 0 $ ) , 1 9 6 , 1 8 2 , 1 7 3 , a n d 1 5 4 . ( i i i ) S t a r t i n g 
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m a t e r i a l ( 3 * 7 m g ) . ( i v ) A 4 1 m i x t u r e o f t h e a m i d e ( 1 2 4 ) 

a n d a n n u l e n a m i d e s ( 7 m g ) , a s a y e l l o w s o l i d ; S R ( C D C 1 3 ) 

- 1 . 4 4 a n d - 1 . 4 6 ( 7 b - M e o f a n n u l e n a m i d e s ) ; t h e p r o d u c t s 

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

a u t h e n t i c s a m p l e o f t h e a n n u l e n a m i d e ( 6 6 ) . 

1 7 R e a c t i o n o f t h e a n n u l e n e ( 1 ) w i t h d i c h l o r o k e t e n e 

( a ) A s t i r r e d s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] -

i n d e n e ( 1 ) ( 3 7 m g , 0 . 2 4 m m o l ) i n p e t r o l ( 5 m l ) c o n t a i n i n g 

d i c h l o r o a c e t y l c h l o r i d e ( 3 5 m g , 0 . 2 4 m m o l ) u n d e r n i t r o g e n 

w a s w a r m e d t o 4 0 ° C a n d t r e a t e d w i t h d r o p w i s e a d d i t i o n o f a 

s o l u t i o n o f t r i e t h y l a m i n e ( 5 0 m g ) i n p e t r o l ( 1 m l ) . A f t e r 

1 h r e f l u x , t h e s o l v e n t w a s e v a p o r a t e d a n d t h e r e s i d u e 

c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h p e t r o l g a v e 

s t a r t i n g m a t e r i a l ( 2 6 m g , 7 0 $ r e c o v e r e d ) . N o n e w p r o d u c t s 

c o u l d b e i s o l a t e d . 

( b ) A s t i r r e d s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] -

i n d e n e ( 1 ) ( 5 3 m g , O . 3 4 m m o l ) i n e t h e r ( 1 0 m l ) c o n t a i n i n g 

c o p p e r a c t i v a t e d z i n c 9 4 ( 3 5 0 m g ) w a s r e f l u x e d u n d e r n i t r o g e n 

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

c h l o r i d e ( 3 1 0 m g , 1 . 7 m m o l ) o v e r 1 h . A f t e r 1 2 h r e f l u x , 

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

o n s i l i c a . E l u t i o n w i t h p e t r o l g a v e s t a r t i n g m a t e r i a l 

( 2 7 m g , 5 0 $ r e c o v e r e d ) . N o n e w p r o d u c t s c o u l d b e i s o l a t e d . 
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3 * 3 S y n t h e s i s a n d P r o p e r t i e s o f 9 c - M e t h y l - 9 c H - c y c l o p e n t a -

[ j k ] f l u o r e n e ( 1 3 0 ) ; a B e n z o f u s e d [ 1 0 ] A n n u l e n e 

3 . 3 . 1 T h e a d d u c t o f t h e 3 a H - i n d e n e ( 8 5 ) w i t h b e n z o q u i n o n e 

1 C y c l o a d d i t i o n o f t h e 3 a H - i n d e n e ( 3 5 ) w i t h b e n z o q u i n o n e ; 

i s o l a t i o n o f t h e i n i t i a l a d d u c t ( 1 2 7 ) 

A s o l u t i o n o f 3 a - m e t h y l - 3 - ( t r i m e t h y l s i l o x y ) - 3 a H -

i n d e n e ( 8 5 ) i n p e t r o l ( 1 5 m l ) p r e p a r e d a s d e s c r i b e d i n 

S e c t i o n 3 . 1 . 8 f r o m t h e t r i e n o n e ( 4 6 ) ( 2 5 0 m g , 1 . 7 m m o l ) , 

a n d t r e a t e d w i t h a s o l u t i o n o f 1 , 4 - b e n z o q u i n o n e ( 1 9 2 m g , 

1 . 8 m m o l ) i n d r y t e t r a h y d r o f u r a n ( 5 m l ) . T h e m i x t u r e 

i m m e d i a t e l y b e c a m e r e d b u t a f t e r 3 h a t r o o m t e m p e r a t u r e , 

i t w a s p a l e y e l l o w . T h e s o l v e n t w a s t h e n e v a p o r a t e d a n d t h e 

r e s i d u e h e a t e d a t 6 0 ° C u n d e r v a c u u m ( 0 . 0 5 m m H g ) f o r 1 h , a n d 

t h e n c h r o m a t o g r a p h e d o n s i l i c a . E l u t i o n w i t h 6 0 $ e t h e r i n 

p e t r o l g a v e t h e e x o - a d d u c t ( 1 2 7 ) ( 5 3 m g , 1 0 $ ) , a s a y e l l o w 

o i l ; i> ( n e a t ) 2 9 6 0 ( m ) , 1 6 7 8 ( s , 0 = 0 s t r e t c h ) , 1 2 8 2 ( m ) , 
m a x 

1 2 6 4 ( m ) , 1 1 1 8 ( m ) , 9 1 4 ( m ) , 8 4 8 ( s ) , a n d 7 5 6 c n f 1 ( m ) ; 

\ m a x ( E t O H ) 3 0 1 nm ( l o g e 3 c 8 4 ) ; S H ( C D C 1 3 ) 0 . 0 5 ( 9 H , s , 

S i M e 3 ) , 0 . 8 9 ( 3 H , s , 9 c - M e ) , 2 . 7 6 ( 1 H , d d , J 4 . 4 H z , 9 . 2 H z , 

H - 5 b ) , 2 . 8 0 ( 1 H , d , J 9 . 2 H z , H - 9 a ) , 3 - 3 7 ( 1 H , b r . t , J 5 H z , 

H - 5 a ) , 5 . 8 5 ( 1 H , d , J 5 . 0 H z , H - 3 ) , 5 - 9 0 ( 1 H , d d , J 5 . 7 H z , 

9 . 2 H z , H - 5 ) , 6 . 0 4 ( 1 H , d d , J 5 . 0 H z , 9 . 2 H z , H - 4 ) , 6 . 2 9 

( 1 H , d , J 4.8 H z , H-1 o r H - 2 ) , 6 . 4 1 ( 1 H , d , J 4 . 8 H z , H - 2 

o r H - 1 ) , 6 . 6 7 ( 1 H , d , J 1 1 . 2 H z , H - 7 o r H - 8 ) , a n d 6 . 7 2 ( 1 H , 

d , J 1 1 . 2 H z , H - 8 o r H - 7 ) ; s e e P i g . 1 4 f o r n . O . e . r e s u l t s 

on w h i c h t h 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 i s b a s e d ; m / e 

3 2 6 ( M + ) , 3 1 1 , 2 3 6 , 2 1 9 , 2 0 3 , a n d 1 6 7 ( 1 0 0 $ ) . 



2 C y c l o a d d i t i o n o f t h e 3 a H - i n d e n e ( 8 5 ) w i t h b e n z o q u i n o n e ; 

i s o l a t i o n o f t h e o x i d i s e d a d d u c t ( 1 2 8 ) 

A s o l u t i o n o f 3 a - m e t h y l - 3 - ( t r i m e t h y l s i l o x y ) - 3 a H -

i n d e n e ( 8 5 ) i n p e t r o l ( 2 0 m l ) w a s p r e p a r e d a s d e s c r i b e d i n 

S e c t i o n 3 . 1 . 8 f r o m t h e t r i e n o n e ( 4 6 ) ( 3 0 0 m g , 2 . 0 5 m m o l ) 

a n d t r e a t e d w i t h a s o l u t i o n o f 1 , 4 - b e n z o q u i n o n e ( 2 3 0 m g , 

2 . 0 5 m m o l ) i n t e t r a h y d r o f u r a n ( 5 m l ) . A f t e r 2 h a t r o o m 

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

r e d u c e d p r e s s u r e a t 4 0 ° C . T h e m i x t u r e d a r k e n e d c o n s i d e r a b l y 

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

o n s i l i c a . E l u t i o n w i t h 5 0 / e t h e r i n p e t r o l g a v e 9 c - m e t h y l 

6 , 9 , 9 b , 9 c - t e t r a h y d r o - 9 b - ( t r i m e t h y l s i l o x y ) - 5 a H - c y c l o p e n t a -

[ j k ] f l u o r e n e - 6 , 9 - d i o n e ( 1 2 8 ) ( 1 6 0 m g , 2 4 / ) , a s a d e e p r e d 

o i l ; p m a x ( n e a t ) 1 6 6 0 c m " 1 ( s , C = 0 s t r e t c h ) ; A m a x ( E t 0 H ) 

2 4 7 ( l o g £ 4 . 1 9 ) , 3 0 2 ( 3 . 6 7 ) , a n d 4 7 2 n m ( 1 . 9 0 ) ; < 5 H ( d ) C l 3 ) 

0 . 2 0 ( 9 H , s , S i M e 3 ) , 0 . 9 3 ( 3 H , s , 9 c - M e ) , 3 . 6 0 ( 1 H , d , J 

6 . 7 H z , H - 5 a ) , 5 . 8 5 ( 1 H , d , J 4 . 7 H z , H - 3 ) , 6 . 0 9 ( 1 H , d d , 

J 4 . 7 H z , 9 . 2 H z , H - 4 ) , 6 . 1 3 ( 1 H , d d , J 6 . 7 H z , 9 . 2 H z , H - 5 ) , 

6 . 4 1 ( 1 H , d , J 5 . 3 H z , H - 1 o r H - 2 ) , 6 . 4 8 ( 1 H , d , J 1 0 . 0 H z , . 

H - 7 o r H - 8 ) , 6 . 6 0 ( 1 H , d , J 5 - 3 H z , H - 2 o r H - 1 ) , a n d 6 . 6 1 

( 1 H , d , J 1 0 . 0 H z , H - 8 o r H - 7 ) ; d e c o u p l i n g a t 5 3 . 6 0 r e m o v e d 

t h e s m a l l e r c o u p l i n g a t 5 6 . 1 3 ; m / e 3 2 4 ( M + , 1 0 0 / ) , 3 0 9 , 2 9 6 , 

2 9 4 , 2 8 1 , 2 3 6 , 2 3 5 , a n d 2 3 4 . 

3 9 , 9 c - E i h y a r o - 9 c - m e t h y l - 6 H - c y c l o p e n t [ j k ] f l u o r e n e - 6 , 9 -

d i o n e ( 1 2 9 ) 

A s o l u t i o n o f 9 c - m e t h y l - 6 , 9 , 9 b , 9 c - t e t r a h y d r o - 9 b -

( t r i m e t h y l s i l o x y ) - 5 a H - c y c l o p e n t a [ ^ k ] f l u o r e n e - 6 , 9 - d i o n e 

( 1 2 3 ) ( 6 8 m g ) i n c h l o r o f o r m ( 3 m l ) c o n t a i n i n g t o l u e n e - 4 -

s u l p h o n i c a c i d ( 5 m g ) w a s r e f l u x e d u n d e r n i t r o g e n f o r 
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4 5 m i n . T h e c o o l e d m i x t u r e w a s d i l u t e d w i t h d i c h l o r o m e t h a n e 

( 3 0 m l ) a n d w a s h e d w i t h s a t u r a t e d s o d i u m h y d r o g e n c a r b o n a t e 

s o l u t i o n ( 1 0 m l ) . T h e o r g a n i c l a y e r w a s d r i e d ( M g S O ^ ) , t h e 

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

s i l i c a . E l u t i o n w i t h 3 0 $ e t h e r i n p e t r o l g a v e t h e t i t l e 

c o m p o u n d ( 1 2 9 ) ( 1 4 m g , 3 3 $ ) , a s a d a r k m a u v e v i s c o u s o i l 

( P o u n d : m / e 2 3 4 . 0 6 8 4 . C 1 6 H 1 2 ° 2 r e ^ ± r e s B / ® 2 3 4 . 0 6 8 1 ) ; 

i L o v ( n e a t ) 1 6 5 0 ( s , C = 0 s t r e t c h ) , 1 5 8 9 ( m ) , 1 2 4 2 ( m ) , 1 0 7 2 
m a x 

( m ) , 8 5 2 ( m ) , a n d 7 0 0 c n f 1 ( m ) ; \ m a x ( E t 0 H ) 2 7 5 ( l o g 6 4 . 2 5 ) , 

2 9 5 ( 4 . 1 7 ) , 3 7 4 ( 4 . 0 8 ) , a n d 5 6 0 n m ( 3 . 6 7 ) ; S H ( C D C 1 3 ) - 1 . 0 1 

( 3 H , s , 9 c - M e ) , 6 . 9 2 ( 2 H , A B s y s t e m , J 1 0 . 8 H z , H - 7 a n d 

H - 8 ) , 7 . 7 1 ( 1 H , d , J 7 . 5 H z , H - 3 ) , 7 . 8 1 ( 1 H , t , J 7 . 5 H z , 

H - 4 ) , 8 . 2 2 ( 1 H , d , J 3 . 8 H z , H - 2 ) , 8 . 3 2 ( 1 H , d , J 7 . 5 H z , 

H - 5 ) , a n d 8 . 3 9 ( 1 H , d , J 3 . 8 H z , H - 1 ) ; m / e 2 3 4 ( M + , 1 0 0 $ ) , 

2 0 6 , 2 0 5 , 1 8 8 , 1 8 7 , 1 6 3 , a n d 1 5 2 . 

3 . 3 . 2 S y n t h e s i s a n d p r o p e r t i e s o f 9 c - m e t h y l - 9 c H - c y c l o p e n t a -

[ j k ] f l u o r e n e ( 1 3 0 ) 

1 9 c - M e t h y l - 9 c H - c y c l o p e n t a [ j k ] f l u o r e n e ( 1 3 0 ) 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e -

1 , 2 - d i c a r b o x a l d e h y d e ( 5 1 ) ( 4 5 0 m g , 2 . 1 4 m m o l ) i n d r y 

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

139 

o f t h i o d i m e t h y l e n e d i ( t r i p h e n y l p h o s p h o n i u m b r o m i d e ) ( 1 . 6 ' g , 

2 . 1 5 m m o l ) i n d r y d i m e t h y l f o r m a m i d e ( 2 0 m l ) a n d t h e m i x t u r e 

t r e a t e d w i t h l i t h i u m m e t h o x i d e ( 1 7 0 m g , 4 . 5 m m o l ) . A f t e r 

1 h a t r o o m t e m p e r a t u r e , a f u r t h e r p o r t i o n o f l i t h i u m m e t h -

o x i d e ( 1 7 0 m g , 4 . 5 m m o l ) w a s a d d e d a n d a f t e r a f u r t h e r 1 h , 

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

w a s e x t r a c t e d w i t h e t h e r ( 3 x 5 0 m l ) , t h e e t h e r e x t r a c t s 

w a s h e d w i t h w a t e r ( 3 x 2 0 0 m l ) , d r i e d ( N a P S 0 A ) , t h e s o l v e n t 



249. 

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

E l u t i o n w i t h p e t r o l g a v e 9 c - m e t h y l - 9 c H - c y c l o p e n t a [ j k ] -

f l u o r e n e ( 1 3 0 ) ( 6 2 m g , 1 4 $ ) , a s y e l l o w c r y s t a l s , m . p . 7 4 -

7 6 ° C ( f r o m c o l d p e t r o l ) ( P o u n d : C , 9 4 . 2 1 ; H , 5 . 9 1 . C 1 6 H 1 2 

r e q u i r e s C , 9 4 . 0 3 ; H , 5 . 9 2 $ ) ; " m a x ( C C l 4 ) 3 0 6 0 ( m ) , 2 9 8 0 ( m ) , 

2 9 2 5 ( m ) , 2 3 6 0 ( w ) , 1 4 4 0 ( m ) , 1 3 2 8 ( m ) , 6 9 6 ( m ) , a n d 6 3 2 c m " 1 

( m s ) ; X m a x ( E t 0 H ) 3 1 1 ( l o g e 4 . 4 3 ) , 4 0 0 h r . ( 3 - 3 4 ) , a n d 

4 6 4 s h n m ( 2 . 8 2 ) ; § H ( C D C 1 3 , 4 0 0 M H z ) - 0 . 7 9 ( 3 H , s , 7 b - M e ) , 

7 . 3 0 ( 1 H , d d , J 3 ? 4 8 . 2 6 H z , J 4 ^ 5 . 9 7 H z , H - 4 ) , 7 . 3 7 ( 1 H , 

d , J 1 2 2 . 4 2 H z , H - 2 ) , 7 . 4 7 ( 1 H , d , J ^ 5 . 9 7 H z , H - 5 a n d 

1 H , d , J 1 > 2 2 . 4 2 H z , H - 1 ) , 7 . 5 8 ( 1 H , d , J 3 4 8 . 2 6 H z , H - 3 ) , 

7 . 6 7 ( 1 H , d d d , J g ? 8.03 H z , £ 7 g 7 . 0 5 H z , J ? g 1 . 1 9 H z , 

H - 7 ) , 7 . 7 4 ( 1 H , d d d , J g j 9 8 . 0 5 H z , J ? g 7 . 0 5 H z , J g g 1 . 2 1 H z , 

H - 8 ) , 8 . 3 0 ( 1 H , d d d , J g g 8 . 0 5 H z , J ? g 1 . 1 9 H z , J g g 0 . 9 1 H z , 

H - 9 ) , a n d 8 . 4 0 ( 1 H , d d d , J g ? 8 . 0 3 H z , J g g 1 . 2 1 H z , J g g 

0 . 9 1 H z , H - 6 ) ; 5 c ( C D C 1 3 ) 2 3 . 6 ( 1 . 0 0 , 9 c - M e ) , 6 2 . 0 ( 0 . 2 2 , 

C - 9 c ) , 1 1 3 . 6 ( 0 . 7 3 ) , 1 1 9 . 2 ( 0 . 7 4 ) , 1 2 3 . 9 ( 0 . 6 6 ) , 1 2 4 . 7 

( 0 . 9 5 ) , 1 2 4 . 9 ( 0 . 8 3 ) , 1 2 6 . 4 ( 0 . 7 6 ) , 1 2 8 . 2 ( 0 . 9 4 ) , 1 2 8 . 6 

( 0 . 7 4 ) , 1 3 1 . 1 ( 0 . 8 5 ) , 1 3 9 . 2 ( 0 . 1 9 ) , 1 4 4 . 7 ( 0 . 1 3 ) , 1 5 3 . 0 

( 0 . 1 9 ) , 1 5 9 . 0 ( 0 . 2 0 ) , a n d 1 7 1 . 4 ( 0 . 1 8 , C - 9 b ) ; m / e 2 0 4 

( M + , 1 0 0 $ ) a n d 1 8 9 . 

2 T h e r m a l r e a r r a n g e m e n t o f 9 c - m e t h y l - 9 c H - c y c l o p e n t a [ jk"|-

f l u o r e n e ( 1 3 0 ) 

( a ) K i n e t i c m e a s u r e m e n t s 

T h e f o l l o w i n g r a t e s w e r e r e c o r d e d f o r r e a r r a n g e m e n t 

o f ( 1 3 0 ) i n d e c a l i n : t i 8 . 3 ( - 0 . 4 ) m i n a t 1 3 8 ° C , 
2 

t i 1 5 . 2 ( - 0 . 5 ) m i n a t 1 3 2 ° C , t i 6 4 ( - 2 ) m i n a t 1 1 7 ° C , a n d 
2 2 

t i 1 3 2 ( - 3 ) m i n a t 1 0 9 ° C . 
2 
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( b ) P r e p a r a t i v e r e a c t i o n 

A s o l u t i o n o f 9 c - m e t h y l - 9 c H - c y c l o p e n t a [ j k ] f l u o r e n e 

( 1 3 0 ) ( 1 3 . 4 m g ) i n x y l e n e ( 3 m l ) w a s r e f l u x e d u n d e r n i t r o g e n 

f o r 3 h . T h e s o l v e n t w a s e v a p o r a t e d a n d t h e r e s i d u e c h r o m a t -

o g r a p h e d o n s i l i c a . E l u t i o n w i t h p e t r o l g a v e 9 b - m e t h y 1 - 9 b H -

c y c l o p e n t a [ j k j f l u o r e n e ( 1 3 6 ) ( 6 . 6 m g , 4 9 / ) , a s a c o l o u r l e s s 

s o l i d , m . p . 5 0 - 5 1 ° C ( a f t e r s u b l i m a t i o n a t 7 5 ° C / 0 . 1 m m H g ) 

( l i t . , 1 2 4 m . p . 5 3 ° C ) ; S H ( C D C 1 3 , 9 0 M H z ) 1 . 5 6 ( 3 H , s , 9 b - M e ) , 

6 . 6 7 ( 1 H , d , J 5 H z ) , 6 . 9 0 ( 1 H , d , J 5 H z ) , 6 . 9 4 - 7 . 4 7 ( 5 H , 

m ) , a n d 7 . 4 9 - 7 . 6 2 ( 2 H , m ) . 

3 A t t e m p t e d n i t r a t i o n o f 9 c - m e t h y l - 9 c H - c y c l o p e n t a [ j k ] -

f l u o r e n e ( 1 3 0 ) 

A s o l u t i o n o f 9 c - m e t h y l - 9 c H - c y c l o p e n t a [ j k ] f l u o r e n e 

( 1 3 0 ) ( 2 m g , 0 . 0 1 m m o l ) i n a c e t i c a n h y d r i d e ( 0 . 3 m l ) w a s 

t r e a t e d w i t h p o w d e r e d c o p p e r ( I l ) n i t r a t e t r i h y d r a t e ( 5 m g , 

0 . 0 2 m m o l ) a n d t h e m i x t u r e s t i r r e d a t 0 ° C . T . l . c . a f t e r 

1 0 m i n s h o w e d o n l y s t a r t i n g m a t e r i a l a n d b a s e l i n e . A f t e r 

2 0 m i n , t h e m i x t u r e w a s s h a k e n w i t h w a t e r ( 5 m l ) a n d t h e 

p r o d u c t s e x t r a c t e d w i t h e t h e r ( 5 m l ) . N o c o l o u r e d p r o d u c t s 

w e r e e x t r a c t e d . 

4 R e a c t i o n o f 9 c - m e t h y l - 9 c H - c y c l o p e n t a [ j k j f l u o r e n e w i t h 

4 - p h e n y l - 1 , 2 , 4 - t r i a z o l e - 3 , 5 - d i o n e ( P T A D ) 

A s t i r r e d s o l u t i o n o f 9 c - m e t h y l - 9 c H - c y c l o p e n t a [ j k ] -

f l u o r e n e ( 1 3 0 ) ( 1 2 m g , 0 . 0 6 inmol ) i n d i c h l o r o m e t h a n e ( 1 m l ) 

w a s t r e a t e d w i t h a s o l u t i o n o f P T A D ( 1 0 m g , 0 . 0 6 m m o l ) i n 

d i c h l o r o m e t h a n e ( 1 m l ) a t 0 ° C . A f t e r 5 m i n , t h e a n n u l e n e 

w a s c o n s u m e d ( t . l . c . ) b u t t h e r e d c o l o u r o f t h e r e a g e n t 
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r e m a i n e d . T h e s o l v e n t w a s e v a p o r a t e d ; t h e r e s i d u e w a s a 

c o m p l e x m i x t u r e ( n . m . r . ) i n w h i c h n o n e w p r o d u c t s c o u l d 

b e i d e n t i f i e d . 

3 . 3 . 3 7 , 8 - D i a z a - 9 c - m e t h y l - 9 c H - c y c l o p e n t a [ j k ] f l u o r e n e ( 1 3 7 ) 

A s o l u t i o n o f 7 b - m e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e - 1 , 2 -

d i c a r b o x a l d e h y d e ( 5 1 ) ( 7 0 m g , O . 3 3 m m o l ) i n e t h a n o l ( 2 m l ) 

w a s t r e a t e d a t 0 ° C w i t h h y d r a z i n e h y d r a t e ( c a . 5 0 m g , 

0 . 9 m m o l ) . T h e r e a c t i o n w a s i n s t a n t a n e o u s . T h e s o l v e n t w a s 

e v a p o r a t e d a t r o o m t e m p e r a t u r e a n d t h e r e s i d u e c h r o m a t -

o g r a p h e d on a l u m i n a ( b a s i c , B r o c k m a n n g r a d e 1 ) . E l u t i o n 

w i t h 1 0 $ e t h y l a c e t a t e i n d i c h l o r o m e t h a n e g a v e t h e t i t l e 

c o m p o u n d ( 1 3 7 ) ( 6 2 m g , 9 0 $ ) , a s a d a r k r e d s e m i - s o l i d 

( P o u n d : m / e 2 0 6 . 0 8 4 5 . C 1 4 H 1 Q N 2 r e q u i r e s m / e 2 0 6 . 0 8 4 4 ) ; 

i ; m a x ( n e a " t ) 2 9 1 0 ( m ) ' 1 4 5 8 ( m ) > 1 4 4 0 ( m ) ' 1 3 8 0 ( m ) ' 1 3 1 2 ( m ) > 

8 3 2 ( m ) , a n d 7 3 2 c m " 1 ( m ) ; \ m a x ( E t 0 H ) 2 4 8 ( l o g € 3 - 9 1 ) , 3 2 1 

( 4 . 2 5 ) , 4 0 6 ( 3 . 3 4 ) , a n d 4 7 8 s h n m ( 2 . 9 2 ) ; S H ( C D C 1 3 ) - 1 . 0 6 

( 3 H , s , 9 c - M e ) , 7 . 5 6 ( 1 H , d d , J 6 . 2 H z , 8 . 3 H z , H - 4 ) , 7 . 6 4 

( 1 H , a, J 2.9 H z , H-1 o r H - 2 ) , 7 . 8 2 ( 1 H , d , J 8 . 3 H z , H - 3 ) , 

7 . 8 6 ( 1 H , d , J 6 . 2 H z , H - 5 ) , 7 . 8 9 ( 1 H , d , J 2 . 9 H z , H - 2 o r 

H - 1 ) , a n d 1 0 . 0 9 ( 2 H , A B s y s t e m , H - 6 a n d H - 9 ) ; 5 C ( C D C 1 3 ) 

2 7 . 4 ( 1 . 0 0 , 9 c - M e ) , 6 2 . 2 ( 0 . 3 2 , C - 9 c ) , 1 1 9 - 5 ( 1 . 0 0 , C - 3 ) , . 

1 2 1 . 7 ( 0 . 9 5 , C - 5 ) , 1 3 0 . 8 ( 0 . 9 7 , 0-1 o r C - 4 ) , 1 3 1 . 3 ( 1 . 0 0 , 

C - 4 o r C - 1 ) , 1 3 2 . 1 ( 0 . 2 0 , C - 5 b o r C - 9 a ) , 1 3 4 . 7 ( 0 . 9 1 , 0 - 2 ) , 

1 3 3 . 1 ( 0 . 1 9 , C - 9 a o r C - 5 b ) , 1 4 8 . 4 ( 0 . 6 9 , C-6 o r 0 - 9 ) , 1 4 8 . 6 

( 0 . 7 5 , C - 9 o r C - 6 ) , 1 5 1 . 1 ( 0 . 2 5 , C - 5 a ) , 1 6 2 . 9 ( 0 . 2 4 , C - 2 a ) . , 

a n d 1 6 8 , 4 ( 0 . 1 9 , C - 9 b ) ; m / e 2 0 6 ( M + , 1 0 0 $ ) , 1 7 7 , 1 6 3 , a n d 

152. 



252. 

A P P E N D I X 1 C r y s t a l S t r u c t u r e o f 7 b - M e t h y l - 7 h H - c y c l o p e n t -

[ c d ] i n d e n e - 1 , 2 - d i c a r h o x a l d e h y d e ( 5 1 ) 

T h e f o l l o w i n g d i a g r a m s g i v e t h e b o n d l e n g t h s a n d 

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

g i v e n i n p a r e n t h e s e s . T h e u n f i l l e d " bonds i n d i c a t e t h e 

m i n o r c o n f i g u r a t i o n a l i s o m e r ( 4 0 $ ) g i v i n g d i s o r d e r i n t h e 

c r y s t a l . B o n d a n g l e s a r e o n l y g i v e n f o r t h e m a j o r 

c o n f i g u r a t i o n . 



1.418(1 iK 

rv> 
VJl 
Lo 



rv> 
VJI 



A I T E N D I X 2 C o m p i l a t i o n o f E l e c t r o n i c S p e c t r a l D a t a o f D e r i v a t i v e s 

o f 7 b - M e t h y l - 7 b H - c y c l o p e n t d i n d e n e . 

W a v e l e n g t h s ( i n n m . ) o f t h e 4 p r i n c i p a l b a n d s i n t h e s p e c t r a a r e g i v e n 

( l o g e i n p a r e n t h e s e s ) . A l l s p e c t r a w e r e m e a s u r e d o f s o l u t i o n s i n e t h a n o l . 

S u b s t i t u e n t s C o m p o u n d n u m b e r A ( l o g e ) 

n o n e ( d 2 4 9 s h ( 3 . 7 4 ) 2 8 2 ( 4 . 5 4 ) Co
 

VJ1
 

CQ
 e5*
 

( 3 . 5 2 ) 4 5 0 ( 2 . 6 4 ) 

2 - O M e ( 8 2 ) 2 3 4 s h ( 3 . 8 9 ) 2 9 1 ( 4 . 7 0 ) 3 2 6 ( 3 . 7 2 ) 4 5 9 ( 2 . 9 6 ) 

2 - C 0 2 M e ( 7 0 ) 2 5 1 ( 3 . 8 9 ) 3 0 2 ( 4 . 6 0 ) 3 3 6 ( 3 . 8 1 ) 4 7 5 ( 3 . 1 6 ) 

2 - C N ( 6 5 ) 2 5 1 ( 3 . 8 7 ) 2 9 7 ( 4 . 6 6 ) 3 2 9 ( 3 . 8 4 ) 4 7 0 ( 3 . 1 5 ) 

2 - C 0 N H 2 ( 6 6 ) 2 4 5 s h ( 3 . 8 9 ) 2 9 9 ( 4 . 6 1 ) 3 3 3 ( 3 . 8 1 ) 4 7 1 ( 3 . 0 6 ) 

2 - C 0 2 H ( 6 4 ) 2 5 0 ( 3 . 8 9 ) 2 9 9 ( 4 . 6 2 ) 3 3 2 ( 3 . 8 2 ) 4 7 4 ( 3 - 1 7 ) 

2 - C H O ( 5 3 b ) 2 5 7 ( 4 . 0 7 ) 3 1 2 ( 4 . 5 1 ) 3 5 0 ( 3 . 8 5 ) 4 8 8 ( 3 . 2 0 ) 

1 - C 0 2 M e , 2 - C 0 2 M e ( 3 8 ) 2 6 2 ( 3 . 8 2 ) 3 0 5 ( 4 . 6 0 ) 3 3 6 ( 3 . 8 4 ) 4 7 1 ( 3 . 2 5 ) 

1 - C H O , 2 - C H O ( 5 1 ) 2 1 7 s h ( 4 . 0 9 ) 3 1 8 ( 4 . 3 0 ) 3 7 5 s h ( 3 . 6 6 ) 4 9 8 ( 3 . 3 0 ) 



A P P E N D I X 3 C o m p i l a t i o n o f P r o t o n n . m . r . d a t a o f D e r i v a t i v e s 

- 7 b H - c y c l o p e n t [ c d ] i n d e n e o f 7 b - M e t h y l 

T y p i c a l l y J ^ 2 ~ J ^ ~ 3 H z 

Jr- r C± 3 r n C=l. 7 H z 
5 , 6 — 6 , 7 — 

C o m p o u n d n u m b e r C h e m i c a l s h i f t [ 5 h ( C D C 1 3 ) ] o r s u b s t i t u e n t 

7 b - M e 1 2 3 4 5 6 7 

( 1 ) - 1 . 6 7 7 . 9 2 7 . 9 0 7 . 9 0 7 . 9 2 . 7 . 6 9 7 . 5 7 7 . 6 9 

( 7 7 ) - 1 . 5 1 7 . 2 5 - O S i M e ^ 7 . 7 9 7 . 6 3 7 . 6 0 7 . 5 0 7 . 3 6 

( 8 2 ) - 1 . 5 1 7 . 2 5 -OMe 7 . 9 1 7 . 6 5 7 . 6 0 7 . 5 4 7 . 3 7 

( 6 5 ) - 1 . 5 6 7 . 9 0 - C N 8 . 0 3 7 . 9 7 7 . 7 0 7 . 6 0 7 . 8 2 

( 6 7 a ) - 1 . 5 0 - C N 7 . 9 3 8 . 1 0 8 . 0 1 7 . 5 1 7 . 6 4 7 . 7 6 

( 6 7 b ) - 1 . 4 4 * - C N 7 . 9 0 - C H 3 7 . 7 1 7 . 7 1 7 . 7 0 7 . 8 4 

( 6 6 ) - 1 . 4 7 8 . 2 8 -CONH 2 8 . 0 5 8 . 0 5 7 . 7 4 7 . 6 0 7 . 8 3 

( 6 4 ) - 1 . 4 0 8 . 3 1 - C O 2 H 8 . 2 3 8 . 1 2 7 . 7 1 7 . 5 9 7 . 9 1 

( 7 0 ) - 1 . 4 7 8 . 2 6 - C 0 2 M e 8 . 1 6 8 . 0 8 7 . 7 1 7 . 5 8 7 . 8 7 



A p p e n d i x 3 c o n t i n u e d 

C o m p o u n d n u m b e r 1 C h e m i c a l s h i f t 

( 5 3 a ) 

( 5 3 b ) 

( 1 1 5 ) 

( 1 1 6 ) * 

( 5 1 ) 

( 5 2 a ) 

7 b - M e 1 2 3 

- 1 . 3 8 -CIIO 8 . 2 4 8 . 1 6 

- 1 . 4 1 8 . 2 1 -CHO 8 . 1 6 

- 1 . 4 2 7 . 9 6 8 . 0 8 8 . 1 1 

- 1 . 3 6 

- 1 . 2 7 

- 1 . 3 2 

- 1 . 3 5 

- 1 . 4 2 

- 1 . 4 2 

- 1 . 4 7 

- 1 . 4 4 

- 1 . 6 9 

- 1 . 1 2 
- 1 . 3 2 

- N O 2 

7 . 9 9 

8 . 2 9 

-COCH. 

8 . 3 3 

- N O 2 

8 . 1 4 

8.00 

8 . 2 7 

8 . 2 9 

8.20 
8.00 

8.12 
8 . 2 7 - C O C H 3 ( 8 . 1 2 ) 

7 . 9 3 ( 8 . 0 5 ) ( 8 . 0 8 ) 

8 . 1 4 7 . 9 0 7 . 9 0 

( 7 . 9 4 ) ( 7 . 9 9 ) 8 . 0 1 

-CHO -CHO 8 . 4 4 

- C H 2 O H -CHO ( 8 . 1 4 ) 

[ S H ( C D C 1 3 ) ] o r a u b a t i t u e n t 

4 5 6 7 

7 . 9 9 7 . 6 9 

8 . 1 1 7 . 7 1 

8 . 4 0 -CHO 
8.20 

8 . 0 8 7 . 7 2 

7.81 
8 . 5 0 - N 0 2 

8 . 2 9 8 . 6 2 

7 . 9 7 7 . 6 7 

( 8 . 1 3 ) 7 . 7 4 

8.38 - C O C H 3 

8 . 1 4 8 . 3 1 

8 . 2 3 - S 0 3 N a 

8 . 2 7 7 . 7 3 

( 8 . 1 9 ) 7 . 7 0 

7.77 8.08 

7 . 5 7 7 . 9 0 

8 . 0 7 7 . 7 4 

-CHO 8 . 2 0 

7 . 8 9 8 . 2 3 

7 . 6 9 8 . 0 1 

8 . 4 8 7 . 7 1 

- N 0 2 8 . 6 2 

7 . 7 5 8 . 0 6 

7 . 6 0 7 . 9 0 

8.22 7.69 

- C O C H 3 8.31 

7 . 8 3 7 . 6 6 

7 . 8 4 8 . 3 4 

7 . 5 6 8 . 0 1 



A p p e n d i x 3 c o n t i n u e d 

C o m p o u n d n u m b e r C h e m i c a l s h i f t [ 5 H ( C D C I 3 )] o r s u b s t i t u e n t 

7 b - M e 1 2 3 4 5 6 7 

( 5 2 b ) - 1 . 3 2 -CHO - C H 2 O H ( 7 . 9 6 ) ( 8 . 2 7 ) 7 . 6 4 7 . 7 8 7 . 9 6 

( 3 8 ) - 1 . 3 4 - C 0 2 M e - C 0 2 M e 8 . 2 2 8 . 0 8 7 . 6 8 7 . 6 8 8 . 0 6 

F i g u r e s i n p a r e n t h e s e s m a y b e i n t e r c h a n g e d . 

* d / - - D i m e t h y l s u l p h o x i d e a s s o l v e n t . 



A P P E N D I X 4 C o m p i l a t i o n o f C a r b o n - 1 3 n . m . r . D a t a o f s o m e D e r i v a t i v e s 

o f 7 b - M e t h y l - 7 b H - c y c l o p e n t [ c d ] i n d e n e 

S u b s t i t u e n t s 
C o m p o u n d 

n u m b e r 
C h e m i c a l s h i f t [ < $ c ( C D C l ^ ) ] 

7 b - M e C - 7 b C - 5 C-7 C - 6 C-2 C-3 C-1 C - 4 C - 4 a C-7 a C - 2 a 

n o n e ( 1 ) 2 9 5 9 1 1 6 1 1 6 1 2 9 1 2 9 1 2 9 1 3 5 1 3 5 1 5 9 1 5 9 
A 

1 7 9 

2 - O S i M e ^ ( 7 7 ) 3 0 5 7 ( 1 1 2 ) ( 1 1 5 ) ( 1 2 9 ) ( 1 3 0 ) 1 2 5 ( 1 3 1 ) 1 5 6 - 1 6 0 

2 - C N ( 6 5 ) 2 9 6 0 1 1 8 1 2 1 ( 1 3 0 ) ( 1 3 1 ) 1 4 0 1 3 6 ( 1 6 0 ) ( 1 5 8 ) 1 7 9 

2 - C 0 2 H ( 6 4 ) 2 9 6 0 1 1 8 1 2 2 ( 1 3 0 ) - ( 1 3 2 ) 1 4 0 1 3 6 ( 1 5 9 ) ( 1 5 8 ) 1 8 0 

2 - C H O ( 5 3 b ) 2 9 6 0 1 1 9 1 2 3 ( 1 3 0 ) - ( 1 3 1 ) 1 4 1 1 3 4 ( 1 5 9 ) ( 1 5 8 ) 1 7 9 

1 - C 0 2 M e , 2 - C O p M e ( 3 8 ) * 2 9 5 9 1 1 8 1 2 1 ( 1 3 3 ) - ( 1 3 4 ) - 1 4 0 ( 1 6 1 ) ( 1 6 0 ) 1 7 5 

1 - C H O , 2 - C H O ( 5 1 ) 3 0 6 0 1 1 9 1 2 2 ( 1 3 5 ) - ( 1 3 6 ) - 1 4 3 ( 1 6 2 ) ( 1 6 3 ) 1 7 7 

1 - C H = N - N = C H - 2 ( 1 3 7 ) 2 7 6 2 1 2 0 1 2 2 1 3 1 1 3 1 - 1 3 5 1 6 3 1 5 1 1 6 8 

C h e m i c a l s h i f t s a r e g i v e n t o t h e n e a r e s t p a r t p e r m i l l i o n . 

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

F i g u r e s i n p a r e n t h e s e s m a y b e i n t e r c h a n g e d . 

* T h e d a t a f o r t h e e s t e r ( 3 8 ) i s t a k e n f r o m t h e t h e s i s o f T u d d e n h a m . 4 2 3 
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