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SUMMARY 

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

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

c o n j u g a t e d c y c l o h e x a d i e n o n e , 2 - m e t h o x y - 3 - k e t o - 9 - m e t h y l -

A 1 » 4 - h e x a h y d r o n a p h t h a l e n e ( 1 ) . Dawson ( 7 ) r e p o r t e d t h e 

f o r m a t i o n o f 2 - m e t h o x y - 3 - k e t o - 6 a - m e t h y l - 6 3 - h y d r o x y [ 4 . 5 ] 

s p i r o d e c e n e - 1 ( 1 3 ) i n 35 p e r c e n t y i e l d f r o m i r r a d i a t i o n o f 

d i e n o n e 1 i n 45 p e r c e n t aqueous a c e t i c a c i d . I r r a d i a t i o n 

o f 1 i n a n h y d r o u s d i o x a n e g a v e n o t o n l y t h e e x p e c t e d l u m i -

p r o d u c t , 2 - k e t o - 3 - m e t h o x y - 1 0 a - m e t h y l t r i c y c l o [ 4 . 4 . 0 . 0 1 > 5 ] 

d e c - 3 - e n e ( 2 ) , b u t a n o t h e r p r o d u c t i d e n t i f i e d as t h e t r i ­

c y c l i c enone 8 - m e t h y l - l - m e t h o x y - 4 , 5 , 6 , 7 , 8 , 8 a a - h e x a h y d r o -

l a - c y c l o - 2 ( 1 H ) - a z u l e n o n e ( 3 ) a l o n g w i t h a s m a l l amoun t o f 

t h e p h e n o l 4 . Compounds 2 and 3 w e r e f o r m e d i n 31 a n d 27 

p e r c e n t y i e l d , r e s p e c t i v e l y . 

A f t e r i t s i s o l a t i o n f r o m t h e p h o t o l y s i s m i x t u r e by 

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 , t h e t r i c y c l i c enone 3 was 

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

r e s u l t i n g d i h y d r o d e r i v a t i v e ( 5 ) was s u b j e c t e d t o nmr a n a l y ­

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

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

k e t o n e 5 i n t o a compound o f known s t r u c t u r e . 

The l u m i p r o d u c t 2 was t r a n s f o r m e d i n t o t h e 3 - k e t o -

t r i c y c l o d e c a n e 9 b y t h e f o l l o w i n g s e q u e n c e o f s t e p s : s o d i u m 



v i 

b o r o h y d r i d e r e d u c t i o n o f 2 f o l l o w e d by a c y l a t i o n o f t h e 

r e s u l t i n g a l c o h o l gave t h e a c e t o x y compound 7 i n 83 p e r c e n t 

y i e l d . H y d r o l y s i s o f t h e e n o l e t h e r f u n c t i o n o f 7 gave t h e 

t r i c y c l i c a - a c e t o x y k e t o n e 8 . L i t h i u m - a m m o n i a r e d u c t i o n o f 

8 a f f o r d e d t h e k e t o n e , 3 - k e t o - l O a - m e t h y l t r i c y c l o [ 4 . 4 . 0 . 0 1 > 5 ] 

d e c a n e 9 . T h i s l a t t e r p r o d u c t s h o u l d be a u s e f u l m a t e r i a l 

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

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

INTRODUCTION 

I n r e c e n t y e a r s much i n t e r e s t has b e e n g e n e r a t e d i n 

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

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

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

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

m e n t s o f c r o s s - c o n j u g a t e d c y c l o h e x a d i e n o n e s . B a r t o n ( 1 ) 

i n i t i a t e d t h i s i n t e r e s t d u r i n g h i s i n v e s t i g a t i o n o f t h e 

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

s a n t o n i n . I r r a d i a t i o n o f a - s a n t o n i n i n n e u t r a l m e d i a l e d 

t o t h e b i c y c l o [ 3 . 1 . 0 ] h e x a n e d e r i v a t i v e known as l u m i s a n -

t o n i n : 

0 

As i l l u s t r a t e d by r e c e n t r e v i e w s ( 2 - 4 ) , i t h a s b e e n 

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

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

A l t h o u g h s t i l l u n p r o v e n t h e z w i t t e r i o n i c s p e c i e s D 

p r o p o s e d b y Zimmerman and c o w o r k e r s ( 5 ) i s w i d e l y a c c e p t e d 

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

i c a l r e a r r a n g e m e n t . A c c o r d i n g t o Z immerman ( 5 ) t h e r e i s 

f i r s t an n+7r* e l e c t r o n i c t r a n s i t i o n t o t h e s i n g l e t s t a t e o f 

t h e d i e n o n e f o l l o w e d by i n t e r s y s t e m c r o s s i n g t o g i v e t h e 

t r i p l e t e x c i t e d s t a t e . 1 , 5 - B o n d i n g o c c u r s n e x t t o f o r m t h e 

d i r a d i c a l r e p r e s e n t e d by r e s o n a n c e s t r u c t u r e s B and C. 7r*->-n 

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

n o r m a l l y u n d e r g o e s a 1 , 4 - s i g m a t r o p i c r e a r r a n g e m e n t t o f o r m 

t h e l u m i p r o d u c t E. 
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I n a c i d i c m e d i a t h e z w i t t e r i o n D i s p r o t o n a t e d 

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

e x t r e m e s G and H. A t t a c k by s o l v e n t r e s u l t s i n e i t h e r t h e 

s p i r o r i n g s y s t e m J o r t h e 5 / 7 - f u s e d r i n g s y s t e m I . I t 

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

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

t h e r e a c t i o n . S u b s t i t u e n t s R-̂  and R2 d e t e r m i n e w h i c h s t r u c ­

t u r e , G o r H , c o n t r i b u t e s more t o t h e t o t a l s t r u c t u r e o f 

t h e m e s o i o n i c s p e c i e s and t h e r e f o r e t h e mode o f s o l v e n t 

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

I J 

Woodward a n d H o f f m a n ( 6 ) c o n s i d e r t h e c y c l o h e x a -

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

[ a 2 a + 7r2a] c y c l o a d d i t i o n . A c c o r d i n g t o t h e s e w o r k e r s ( 6 ) 
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a n a t a r a f a c i a l a d d i t i o n o f t h e 1 , 9 - b o n d t o t h e 4 , 1 0 - b o n d 

and i n v e r s i o n o f c o n f i g u r a t i o n a t C-9 o c c u r s i n t h e e x c i t e d 

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

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

c i s e l y t h e same p r o d u c t s as w o u l d be o b t a i n e d by a c o n c e r t e d 

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

The d i e n o n e u n d e r i n v e s t i g a t i o n , 2 - m e t h o x y - 3 - k e t o -

9 - m e t h y l - A 1 » k - h e x a h y d r o n a p h t h a l e n e ( 1 ) was f i r s t s t u d i e d b y 

Dawson ( 7 ) . A f t e r o b t a i n i n g 1 i n a f o u r s t e p s y n t h e s i s , he 

i r r a d i a t e d t h e d i e n o n e i n a q u e o u s a c e t i c a c i d . The e x p e c t e d 

s p i r o h y d r o x y enone 13 was i s o l a t e d , b u t o n l y i n a 35 p e r 

c e n t y i e l d . A c o n s i d e r a b l e amoun t o f t h e d i s o p h e n o l 12 was 

a l s o r e c o v e r e d a l o n g w i t h a s m a l l amoun t (3 p e r c e n t ) o f 1 4 . 



12 

The l o w y i e l d o f p h o t o p r o d u c t 13 was c h i e f l y due t o l i g h t 

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

12. 

A similar d i e n o n e , 2-methoxy-3-keto-5,9-dimethyl-A 1 ' 

h e x a h y d r o n a p h t h a l e n e (15) , was c o n v e r t e d i n t o t h e c o r r e s p o n 

d i n g p h o t o p r o d u c t 16 i n a 28 p e r c e n t y i e l d . A g a i n , m o s t 

o f t h e p r o d u c t s w e r e h y d r o l y z e d s t a r t i n g m a t e r i a l (17). 
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I n g w a l s o n ( 8 ) , i n h i s s y n t h e s i s o f ( ± ) - a - v e t i s p i r e n e , 

i m p r o v e d t h e y i e l d o f 18 t o 90 p e r c e n t by i r r a d i a t i n g t h e 

d i e n o n e 15 i n g l a c i a l a c e t i c a c i d , t h e r e b y r e d u c i n g t h e 

amount o f h y d r o l y s i s . 

OAc 

D i e n o n e 1 was f i r s t i r r a d i a t e d i n n e u t r a l m e d i a by 

Chao ( 9 ) . When i r r a d i a t e d i n a n h y d r o u s d i o x a n e 1 gave t h e 

e x p e c t e d l u m i p r o d u c t 2 a l o n g w i t h a s m a l l amoun t o f p h e n o l 

4 a n d a t h i r d p r o d u c t , an i s o m e r o f 2 , w h i c h was n o t i d e n -

+ 

2 

1 

3 4 
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t i f i e d . The s p e c t r a l p r o p e r t i e s o f t h e u n k n o w n p r o d u c t 

s u g g e s t e d t h a t i t m i g h t be compound 3 . I n t h i s w o r k e f f o r t s 

w e r e made t o c o n f i r m t h i s s t r u c t u r e . 

Compound 3 was f i r s t h y d r o g e n a t e d i n t h e p r e s e n c e o f 

a p a l l a d i u m c a t a l y s t and t h e p r o d u c t 5 was s u b j e c t e d t o nmr 

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

c y c l i c k e t o n e 5 was s u b j e c t e d t o s e v e r a l t r a n s f o r m a t i o n s 

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

t r a n s f o r m a t i o n s p r o v e d t o be u n s u c c e s s f u l . Compound 5 was 

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

c y c l o p r o p y l r i n g i n c o n j u g a t i o n w i t h t h e c a r b o n y l g r o u p . A 

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

19 
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was p e r f o r m e d on t h e r e s u l t i n g p r o d u c t , w h i c h s h o u l d h a v e 

r e m o v e d t h e a - m e t h o x y g r o u p and a f f o r d e d t h e a z u l e n o n e 1 9 , 

a compound o f known s t r u c t u r e ( 1 0 ) . U n f o r t u n a t e l y , no c o n ­

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

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

r e a c t i o n was c o n d u c t e d i n one s t e p . Compound 5 was a d d e d 

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

e t h a n o l was a d d e d . A g a i n , no p o s i t i v e r e s u l t s w e r e o b t a i n e d 

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

S i n c e t h e s t r u c t u r e a s s i g n e d t o compound 2 was n o t 

e n t i r e l y c o n c l u s i v e , e f f o r t s w e r e made t o c o n f i r m t h i s 

s t r u c t u r e . I t was d e c i d e d t o c o n v e r t t h e l u m i p r o d u c t 2 

i n t o t h e t r i c y c l i c k e t o n e 9 . T h i s t r a n s f o r m a t i o n w o u l d n o t 

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

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

s t u d i e s . Compound 2 was r e d u c e d w i t h s o d i u m b o r o h y d r i d e 

w h i c h a f f o r d e d t h e a l c o h o l 6 i n a l m o s t q u a n t i t a t i v e y i e l d . 

T r e a t m e n t o f 6 w i t h a c e t i c a n h y d r i d e i n d r y p y r i d i n e g a v e 

t h e e s t e r 7 i n 83 p e r c e n t y i e l d . 

2 6 7 
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The n e x t s t e p i n t h e s e q u e n c e was t o r e d u c t i v e l y 

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

f u n c t i o n w o u l d g i v e t h e d e s i r e d k e t o n e . U n f o r t u n a t e l y , t h e 

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

t r e a t m e n t o f 7 w i t h l i t h i u m - a m m o n i a s o l u t i o n a f f o r d e d a 

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

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

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

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

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

e s t e r i n 7 c o u l d n o t be s u c c e s s f u l l y a c c o m p l i s h e d , a n o t h e r 

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

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

i n compound 7 . N e x t t h e a - a c e t o x y k e t o n e 8 was r e d u c e d 

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

t r i c y c l i c k e t o n e 9 . 
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CHAPTER I I 

INSTRUMENTATION AND EQUIPMENT 

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

t i o n , an a p p a r a t u s s i m i l a r t o t h a t d e s c r i b e d by J o h n s o n ( 1 1 ) 

was u s e d . A l l o r g a n i c s o l v e n t s e x c e p t e t h e r and h e x a n e 

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

s e r ( 1 2 ) . Remova l o f s o l v e n t s i n v a c u o was a c c o m p l i s h e d by 

u s i n g a B u c h i R o t a r y E v a p o r a t o r . A n h y d r o u s s o d i u m s u l f a t e 

was u s e d as a d r y i n g a g e n t d u r i n g w o r k u p o f t h e r e a c t i o n s . 

A Hanau 7 - w a t t l o w p r e s s u r e m e r c u r y a r c l a m p , w h i c h f u r ­

n i s h e d more t h a n 90 p e r c e n t e m i s s i o n a t 2537 A was e m p l o y e d 

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

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

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

p a r e d u s i n g G r a c e Grade 923 1 0 0 - 2 0 0 mesh s i l i c a g e l i n t h e 

r a t i o o f a p p r o x i m a t e l y 25 g o f s i l i c a g e l t o 1 g m i x t u r e . 

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

p r e s s u r e h y d r o g e n a t i o n a p p a r a t u s . , 

U l t r a v i o l e t s p e c t r a w e r e o b t a i n e d w i t h a Beckman DB-

GT r e c o r d i n g s p e c t r o p h o t o m e t e r , u s i n g 95 p e r c e n t e t h a n o l as 

t h e s o l v e n t and 1-cm b a l a n c e d c e l l s . I n f r a r e d s p e c t r a w e r e 

o b t a i n e d u s i n g a P e r k i n - E l m e r m o d e l 457 r e c o r d i n g s p e c t r o ­

p h o t o m e t e r ; 0 . 1 mm s o d i u m c h l o r i d e c e l l s w e r e u s e d . N u c l e a r 

m a g n e t i c r e s o n a n c e s p e c t r a w e r e o b t a i n e d on a V a r i a n A s s o -
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c i a t e s M o d e l A - 6 0 D o r a T - 6 0 N u c l e a r M a g n e t i c R e s o n a n c e S p e c ­

t r o m e t e r . T e t r a m e t h y l s i l a n e was u s e d as an i n t e r n a l s t a n d a r d 

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

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

and d o u b l e t , r e s p e c t i v e l y . Mass s p e c t r a l d a t a w e r e o b t a i n e d 

u s i n g a V a r i a n A s s o c i a t e s M o d e l M-66 med ium r e s o l u t i o n mass 

s p e c t r o m e t e r w i t h a 70 e l e c t r o n v o l t s o u r c e o r a H i t a c h i 

P e r k i n - E l m e r RMU-7L h i g h r e s o l u t i o n mass s p e c t r o m e t e r w i t h 

an 80 e l e c t r o n v o l t s o u r c e . G%c a n a l y s e s w e r e p e r f o r m e d 

u s i n g a P e r k i n - E l m e r m o d e l 881 f l a m e i o n i z a t i o n gas c h r o m a -

t o g r a p h . A 6 f o o t b y 1 /8 i n c h s t a i n l e s s s t e e l c o l u m n , p a c k e d 

w i t h 10 p e r c e n t K-20 Ca rbowax on 6 0 / 8 0 c h r o m a s o r b W HMDS, 

w i t h a t e m p e r a t u r e p r o g r a m f r o m 1 0 0 ° t o 2 0 0 ° a t 12 d e g r e e s 

p e r m i n u t e was u s e d t h r o u g h o u t t h e w o r k . P r e p a r a t i v e g l c 

was p e r f o r m e d u s i n g an A e r o g r a p h m o d e l A - 9 0 P m a n u a l t e m p e r ­

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

m i n e d on a Fisher Johns apparatus and a r e uncorrected. 
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CHAPTER I I I 

EXPERIMENTAL 

3 - K e t o - 9 - m e t h y l - A 4 - o c t a h y d r o n a p h t h a l e n e ( 1 0 ) 

Compound 10 was p r e p a r e d by t h e g e n e r a l m e t h o d o f 

Ross and L e v i n e ( 1 3 ) . M e t h y l v i n y l k e t o n e (50 g , 0 . 7 m o l e ) 

i n 300 m l e t h e r was a d d e d d r o p w i s e o v e r a 3 h r p e r i o d t o a 

s t i r r e d s o l u t i o n o f 2 - m e t h y l c y c l o h e x a n o n e ( 1 1 2 . 2 g , 1 .0 m o l e ) , 

e t h a n o l i c p o t a s s i u m h y d r o x i d e ( 6 . 0 g , 0 . 1 m o l e i n 20 m l o f 

a b s o l u t e e t h a n o l ) and 500 m l o f e t h e r . A f t e r t h e a d d i t i o n 

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

0 ° , a l l o w e d t o warm t o r o o m t e m p e r a t u r e and s t i r r e d f o r an 

a d d i t i o n a l 12 h r . A f t e r t h e a d d i t i o n o f an e q u a l v o l u m e o f 

w a t e r , 30 m l o f g l a c i a l a c e t i c a c i d was a d d e d t o t h e r e a c ­

t i o n m i x t u r e . The aqueous l a y e r was s e p a r a t e d and w a s h e d 

w i t h t w o 2 0 0 - m l p o r t i o n s o f e t h e r . The e t h e r e x t r a c t s w e r e 

c o m b i n e d , w a s h e d w i t h t w o 2 0 0 - r n l p o r t i o n s o f s a t u r a t e d 

b r i n e s o l u t i o n and d r i e d ( N a 2 S 0 4 ) . E v a p o r a t i o n o f t h e s o l ­

v e n t i n v a c u o f o l l o w e d by vacuum d i s t i l l a t i o n o f t h e r e s i d u e 

gave 5 7 . 4 0 g (49%) o f 1 0 : bp 8 2 - - 8 3 ° / 0 . 2 5 mm [ L i t . ( 1 3 ) bp 

8 2 - 8 4 V 0 . 5 mm] . 

2 - M e t h o x y - 3 - k e t o - 9 - m e t h y l - A 1 > 4 - h e x a h y d r o n a p h t h a l e n e ( 1 ) 

F o l l o w i n g t h e m e t h o d o f Seeback ( 1 4 ) , a 3 0 0 0 - m l t h r e e -
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n e c k f l a s k e q u i p p e d w i t h a r e f l u x c o n d e n s e r , a t h e r m o m e t e r , 

and a m e c h a n i c a l s t i r r e r was f l a m e d r i e d w h i l e b e i n g s w e p t 

w i t h d r y n i t r o g e n . N e x t t h e f l a s k was c h a r g e d w i t h 1100 m l 

o f g l a c i a l a c e t i c a c i d and 100 m l o f a c e t i c a n h y d r i d e . 

A f t e r h e a t i n g t h e s o l u t i o n f o r 1 h r , l e a d t e t r a a c e t a t e (246 g , 

0 . 5 5 m o l e ) and 3 - k e t o - 9 - m e t h y l - A 4 - o c t a h y d r o n a p h t h a i e n e (60 g , 

0 . 3 7 m o l e ) w e r e a d d e d and t h e m i x t u r e was s t i r r e d f o r 24 h r 

a t 7 0 - 8 0 ° u n d e r a n i t r o g e n a t m o s p h e r e . M o s t o f t h e a c e t i c 

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

W a t e r (600 m l ) was a d d e d and t h e m i x t u r e was t h o r o u g h l y e x ­

t r a c t e d w i t h t h r e e 150 m l p o r t i o n s o f e t h e r . The 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 c a u t i o u s l y n e u t r a l i z e d w i t h s o l i d s o d i u m 

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

( N a 2 S 0 4 ) . The s o l v e n t was r e m o v e d i n v a c u o t o l e a v e a d a r k 

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

n e x t s t e p . Compound 11 e x h i b i t e d t h e f o l l o w i n g p r o p e r t i e s : 

i r ( C C 1 4 ) 1735 ( e s t e r C = 0 ) , 1655 (a,3-unsaturated C=0) and 

1618 c m ' 1 ( c o n j u g a t e d C=C) ; nmr (CCI4) <5 1 . 2 3 (s , 3 H , 9-CH3), 

2 . 0 1 ( s , 3 H , 2-COOCH 3 ) a n d 5 . 0 6 (s, 1 H , 4 - C H ) . 

The p r o c e d u r e o f Rao a n d A x e l r o d ( 1 5 ) was e m p l o y e d 

f o r t h e p r e p a r a t i o n o f compound 1 . The k e t o a c e t a t e 11 p r e ­

p a r e d as d e s c r i b e d above was d i s s o l v e d i n 1200 m l o f m e t h ­

a n o l and p l a c e d i n a 3 - 1 f l a s k e q u i p p e d w i t h a gas d i s p e r s i o n 

t u b e . 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 (20 g , 0 . 3 5 m o l e ) 

i n 100 m l o f w a t e r was a d d e d , t h e m i x t u r e was s t i r r e d f o r 

a f e w m i n u t e s and a t h i n s t r e a m o f a i r was a l l o w e d t o b u b b l e 
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t h r o u g h t h e s o l u t i o n f o r 24 h r . M o s t o f t h e m e t h a n o l was 

r e m o v e d i n v a c u o ; w a t e r was a d d e d t o t h e r e s i d u e and t h e 

m i x t u r e was w a s h e d w i t h t h r e e 1 5 0 - m l p o r t i o n s o f e t h e r . 

The a q u e o u s l a y e r was a c i d i f i e d w i t h d i l u t e h y d r o c h l o r i c 

a c i d a n d e x t r a c t e d w i t h t h r e e 1 0 0 - m l p o r t i o n s o f e t h e r . 

The 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 two 1 0 0 - m l p o r ­

t i o n s o f s a t u r a t e d b r i n e s o l u t i o n , d r i e d ( ^ 2 5 0 ^ ) a n d t h e 

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

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

b u t was d i s s o l v e d i n 750 m l o f d r y t _ - b u t y l a l c o h o l and 

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

(5 g , 0 . 1 3 m o l e ) i n 150 m l o f d r y J t - b u t y l a l c o h o l was a d d e d 

i n a t h i n s t r e a m . The r e a c t i o n m i x t u r e , w h i c h t u r n e d a 

b r i l l i a n t r e d - o r a n g e c o l o r , was s t i r r e d f o r 30 m i n a t w h i c h 

t i m e m e t h y l i o d i d e (40 g , 0 . 2 8 m o l e ) i n 100 m l o f d r y t -

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

mixture was h e a t e d a t reflux f o r 30 min. M o s t o f t h e s o l ­

v e n t was t h e n r e m o v e d by d i s t i l l a t i o n . W a t e r (500 m l ) was 

a d d e d t o t h e r e s i d u e and t h e m i x t u r e was t h o r o u g h l y e x t r a c t e d 

w i t h f i v e 1 0 0 - m l p o r t i o n s o f e t h e r . The 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 d r i e d ( N a 2 S 0 4 ) and t h e s o l v e n t r e m o v e d i n 

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

s t a n d i n g . R e c r y s t a l l i z a t i o n f r o m e t h e r g a v e 9 . 4 g (16% 

y i e l d f r o m 10) o f 1 , mp 1 0 6 - 1 0 7 ° [ L i t ( 7 ) mp 1 0 6 . 5 - 1 0 7 ° ] . 

The s p e c t r a l p r o p e r t i e s e x h i b i t e d by 1 w e r e i d e n t i c a l w i t h 

t h o s e i n t h e l i t e r a t u r e ( 7 ) . 
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I r r a d i a t i o n o f 2 - M e t h o x y - 3 - k e t o - 9 - m e t h y l - A 1 > ** -

h e x a h y d r o n a p h t h a i e n e ( 1 ) 

Compound 1 ( 2 . 5 g , 0 . 0 1 3 m o l e ) was d i s s o l v e d i n 200 

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

4 h r u s i n g a Hanau NK 6 / 2 0 m e r c u r y a r c l a m p . The s o l u t i o n 

was d e o x y g e n a t e d a n d a g i t a t e d f o r 10 m i n p r i o r t o a n d 

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

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

c o l u m n ) u s i n g a c e t o p h e n o n e as an i n t e r n a l s t a n d a r d showed i n 

a d d i t i o n t o s t a r t i n g m a t e r i a l , t w o new m a j o r compounds 2 

and 3 f o r m e d i n 3 1 and 27 p e r c e n t y i e l d , r e s p e c t i v e l y . 

Compound 4 was f o r m e d i n l e s s t h a n two p e r c e n t y i e l d . The 

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

c o l o r e d o i l , was s u b j e c t e d t o c h r o m a t o g r a p h y on 60 g o f 

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

3 1 o f 1 p e r c e n t e t h e r i n h e x a n e a f f o r d e d 15 f r a c t i o n s , 

e a c h c o n s i s t i n g o f v a r i o u s concentrations o f t h e p h o t o -

p r o d u c t s 2 , 3 , and 4 . F r a c t i o n s 3 -6 w e r e c o m b i n e d t o g i v e 

a m i x t u r e o f t h e p h o t o p r o d u c t s e n r i c h e d i n 2 , a n d s u b j e c t e d 

t o c h r o m a t o g r a p h y on 25 g o f s i l i c a g e l . E l u t i o n w i t h 1 .5 

1 o f 1 p e r c e n t e t h e r i n h e x a n e a f f o r d e d 0 . 5 3 g o f p u r e 

m a t e r i a l i d e n t i f i e d as 2 - k e t o - 3 - m e t h o x y - 1 0 a - m e t h y l t r i c y c l o 

[ 4 . 4 . 0 . 0 1 ' 5 ] d e c - 3 - e n e ( 2 ) by t he f o l l o w i n g p r o p e r t i e s : 

u v max (95% EtOH) 238 nm(e 7 , 2 3 8 ) , 282 nm(e 2 , 2 1 5 ) ; i r 

( C H C 1 3 ) 1695 ( a , ^ - u n s a t u r a t e d C=0) and 1618 c m " 1 ( c o n j u g a t e d 

C=C) ; nmr ( C C 1 4 ) 6 1 . 1 3 (s , 3 H , IO01-CH3) , 1 . 65 (s , 1 H , 1-H) , 
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3 . 6 1 ( s , 3 H , 3-OCH3), 6 . 0 7 ( s , 1 H , 4 - C H ) ; mass s p e c t r u m 70 

eV m/e 192 ( m + ) , EMD 1 9 2 . 1 1 6 ( C a l c u l a t e d 1 9 2 . 1 1 5 ) . F r a c t i o n s 

9 - 1 4 w e r e c o m b i n e d w h i c h gave a m i x t u r e e n r i c h e d i n 3 . 

C h r o m a t o g r a p h y o f t h e m i x t u r e u s i n g 20 g o f s i l i c a g e l and 

e l u t i n g w i t h 2 1 o f 1 p e r c e n t e t h e r i n h e x a n e a f f o r d e d 

0 . 2 8 g o f p u r e 3 i d e n t i f i e d as 8 a - m e t h y l - l a - m e t h o x y - 4 , 5 , 6 , 7 , 

8 , 8 a a - h e x a h y d r o ~ 1 3 - 8 - c y c l o - 2 ( 1 H ) - a z u l e n o n e h a v i n g t h e f o l ­

l o w i n g p r o p e r t i e s : u v max (95% EtOH) 240 nm(e 5 , 4 7 1 ) ; 

i r (CCI4) 1695 ( a , 3 - u n s a t u r a t e d C=0) and 1592 c m - 1 ( c o n ­

j u g a t e d C = C ) ; nmr ( C C 1 4 ) 6 1 .25 ( s , 3 H , 8 a - C H 3 ) , 2 . 4 3 ( s , 

1 H , 8 - C H ) , 3 . 4 3 ( s , 1 H , 1-0CH 3) and 5 . 5 0 ( s , 1 H , 3 - C H ) ; 

mass s p e c t r u m 70 eV m/e 192 ( m + ) , 177 ( m + - C H 3 ) , EMD 1 9 2 . 1 1 4 

( c a l c u l a t e d 1 9 2 . 1 1 5 ) . Compound 4 was i s o l a t e d b y c o m b i n i n g 

f r a c t i o n s 1 a n d 2 f r o m t h e i n i t i a l c h r o m a t o g r a p h y and s u b ­

j e c t i n g t h e m i x t u r e t o c h r o m a t o g r a p h y on 3 g o f s i l i c a 

g e l . E l u t i o n w i t h 50 m l o f 1 p e r c e n t e t h e r i n h e x a n e 

a f f o r d e d 0 . 0 0 8 g o f p u r e 4 h a v i n g t h e f o l l o w i n g s p e c t r a l 

p r o p e r t i e s : i r (CHCI3) 3535 ( - O H ) , 1590 and 1480 c m " 1 , 

nmr ( C C 1 4 ) 6 2 . 0 8 ( s , 3H , A r - C H 3 ) , 3 . 6 8 ( s , 3 H , -0CH3) and 

6 . 5 7 ( s , 1 H , A r - H ) . 

8 a - M e t h y l - l a - m e t h o x y - 3 , 4 , 5 , 6 , 7 , 8 , 8 a a , 9 - o c t a h y d r o -

1 B , 8 - c y c l o - 2 ( 1 H ) - a z u l e n o n e ( 5 ) 

The t r i c y c l i c k e t o n e 3 ( 0 . 4 0 0 g , 0 . 0 0 2 m o l e ) was d i s ­

s o l v e d i n 50 m l o f 95 p e r c e n t e t h a n o l and 0 . 1 g o f p a l l a ­

d i u m on c a r b o n (10 p e r c e n t ) was a d d e d . The s o l u t i o n was 

s h a k e n f o r 2 . 5 h r i n a P a r r l ow p r e s s u r e a p p a r a t u s a t 40 p s i . 
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The s o l u t i o n was f i l t e r e d t h r e e t i m e s t o r e m o v e t h e c a t a l y s t 

and t h e s o l v e n t was r e m o v e d i n v a c u o . The r e s i d u e , 0 . 3 9 5 g 

(0.002 m o l e ) o f a d a r k y e l l o w o i l , e x h i b i t e d t h e f o l l o w i n g 

s p e c t r a l p r o p e r t i e s : i r (CHCI3) 1715 c m " 1 ( C = 0 ) , nmr (CC14) 
6 1 . 1 9 ( s , 3H, 8 a - C H 3 ) , 2 . 1 7 ( s , 1H, 8a - H ) , 3 . 3 3 ( s , 3H, 

I-OCH3); mass s p e c t r u m 70 eV m/e 194 ( m + ) , 179 ( m + - C H 3 ) ; 

EMD 1 9 4 . 1 3 1 ( c a l c u l a t e d 1 9 4 . 1 3 2 ) . 

D e u t e r i u m E x c h a n g e o f 8 a - M e t h y l - l a - m e t h o x y - 3 ,4 , 5 , 

6 , 7 , 8 , 8 a a , 9 - o c t a h y d r o - l g , 8 - c y c l o - 2 ( 1 H ) - a z u l e n o n e ( 5 ) 

Compound 5 ( 0 . 0 7 5 g , 0 . 0 0 3 9 m o l e ) i n 0 . 5 m l o f d r y 

d i o x a n e was a d d e d t o 1 .5 m l o f a 5 p e r c e n t s o l u t i o n o f NaOD 

p r e p a r e d b y d i s s o l v i n g s o d i u m ( 0 . 1 3 g ) i n 5 g o f d e u t e r i u m 

o x i d e . D e u t e r i u m o x i d e (1..5 m l ) was a d d e d a n d t h e s o l u ­

t i o n was r e f l u x e d f o r 20 h r u n d e r a n i t r o g e n a t m o s p h e r e . 

The s o l u t i o n was c o o l e d a n d e x t r a c t e d w i t h two 10 m l p o r t i o n s 

o f e t h e r . The e t h e r e x t r a c t s w e r e c o m b i n e d a n d t h e s o l v e n t 

was r e m o v e d i n v a c u o . The r e s i d u e was s u b j e c t e d t o a - s e c o n d 

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

a b o v e . The c o m b i n e d e t h e r e x t r a c t s f r o m t h e s e c o n d e x c h a n g e 

w e r e d r i e d (Na2SO^) and t h e s o l v e n t was r e m o v e d i n v a c u o . 

The r e s i d u e was shown b y mass s p e c t r a l a n a l y s i s t o c o n t a i n 

g r e a t e r t h a t 95 p e r c e n t o f t h e d i d e u t e r o d e r i v a t i v e 5a. 

A t t e m p t e d R e d u c t i o n o f 8 a - M e t h y l - l a - m e t h o x y - 3 , 4 , 5 , 

6 , 7 , 8 , 8 a , 9 - o c t a h y d r o - 1 3 , 8 - c y c l o - 2 ( 1 H ) - a z u l e n o n e ( 5 ) 

Ammonia (40 m l , f r e s h l y d i s t i l l e d f r o m s o d i u m ) was 
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c o l l e c t e d i n a 100 m l r o u n d b o t t o m f l a s k e q u i p p e d w i t h a 

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

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

F r e s h l y c u t l i t h i u m w i r e ( 0 . 0 5 2 g , 0 . 0 0 7 6 m o l e ) was a d d e d 

and t h e m i x t u r e was s t i r r e d f o r 3 0 . m i n . Compound 5 ( 0 . 4 6 

g , 0 . 0 0 2 4 m o l e ) i n d r y t - b u t y l a l c o h o l ( 0 . 1 7 8 g , 0 . 0 0 2 4 

m o l e ) and 10 m l o f d r y e t h e r was a d d e d d r o p w i s e o v e r a 15 

m i n p e r i o d . The r e a c t i o n m i x t u r e was s t i r r e d f o r 30 m i n 

t h e n q u e n c h e d w i t h 1 .0 g o f ammonium c h l o r i d e . The s o l ­

v e n t s w e r e a l l o w e d t o e v a p o r a t e , w a t e r a n d e t h e r (25 m l 

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

r a t e d . The a q u e o u s l a y e r was s a t u r a t e d w i t h s o d i u m c h l o ­

r i d e and e x t r a c t e d w i t h t h r e e 1 5 - m l p o r t i o n s o f e t h e r . The 

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 s a t u r a t e d b r i n e 

s o l u t i o n , d r i e d ( N a 2 S 0 ^ ) and t h e s o l v e n t r e m o v e d i n v a c u o 

t o l e a v e 0 . 3 1 g o f an o i l w h i c h g a v e t h e f o l l o w i n g s p e c t r a l 

p r o p e r t i e s : i r ( C C 1 4 ) 1740 cm 1 and nmr ( C C 1 4 ) 6 1 .20 

( d , ~ 3 H , 8 a - C H 3 ) and 3 . 4 3 ( s , ~ 3 H , l a - O C H 3 ) . The s p e c t r a l 

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

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

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

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

ammonia r e d u c t i o n i n an a t t e m p t t o r e d u c t i v e l y r emove t h e 

m e t h o x y g r o u p . The r e s i d u e f r o m t h e a b o v e r e a c t i o n ( 0 . 0 5 0 

g , 0 . 0 0 0 2 6 m o l e ) was d i s s o l v e d i n 5 m l o f d r y e t h e r c o n t a i n ­

i n g one d r o p o f d r y j t - b u t y l a l c o h o l . The s o l u t i o n was a d d e d 
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d r o p w i s e t o a v i g o r o u s l y s t i r r e d s o l u t i o n o f l i t h i u m ( 0 . 0 0 4 

g , 0 . 0 0 5 8 m o l e ) d i s s o l v e d i n 30 m l o f a n h y d r o u s a m m o n i a . 

The r e a c t i o n m i x t u r e was s t i r r e d f o r an a d d i t i o n a l 15 m i n 

t h e n q u e n c h e d by a d d i n g 1 .0 g o f ammonium c h l o r i d e . Workup 

o f t h e r e a c t i o n a f f o r d e d 0 . 0 2 1 g o f a d a r k o i l w h i c h was 

shown by g l c a n a l y s i s t o c o n t a i n s i x m a j o r c o m p o u n d s . Nmr 

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

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

u n s u c c e s s f u l . 

2 - A c e t o x y - 3 - m e t h o x y - l Q q - m e t h y l t r i c y c l o 

[ 4 . 4 . 0 . 0 1 > 5 ] d e c - 3 - e n e ( 7 ) 

A 2 5 - m l f l a s k e q u i p p e d w i t h a m a g n e t i c s t i r r e r was 

c h a r g e d w i t h l u m i p r o d u c t 2 ( 0 . 5 0 0 g , 0 . 0 0 2 6 m o l e ) a n d s o d ­

i u m b o r o h y d r i d e ( 0 . 1 1 g , 0 . 0 0 2 9 m o l e ) . A b s o l u t e a l c o h o l 

(10 m l ) was a d d e d a n d t h e m i x t u r e was 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 48 h r u n d e r a n i t r o g e n a t m o s p h e r e . A c e t o n e 

( 1 . 0 m l ) was a d d e d and t h e m i x t u r e was s t i r r e d f o r 2 h r . 

The s o l v e n t s w e r e r e m o v e d i n v a c u o , w a t e r and e t h e r (10 m l ) 

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

was e x t r a c t e d w i t h t h r e e 1 0 - m l p o r t i o n s o f e t h e r . The com­

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

t i o n , d r i e d (Na2S04) and t h e s o l v e n t r e m o v e d i n v a c u o . The 

r e s i d u e , 0 . 5 0 1 g o f a l i g h t y e l l o w o i l , was shown t o be t h e 

e x p e c t e d a l c o h o l ( 6 ) b y t h e f o l l o w i n g p r o p e r t i e s : i r ( C C I 4 ) 

1640 ( e n o l e t h e r ) , 3445 ( - 0 H , b o n d e d ) a n d 3590 c m " 1 ( - 0 H , 

f r e e ) ; nmr ( C C 1 4 ) 1 . 20 ( s , 3 H , 1 0 a - C H 3 ) , 3 . 5 6 ( s , 3 H , 3 - O C H 3 ) , 
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4 . 3 3 ( s , 1 H , 4 -CH) and 4 . 8 9 ( d , J = 7 H z , 1 H , 2 - C H ) . G l c 

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

6 was d i s s o l v e d i n d r y p y r i d i n e (10 m l ) and a c e t i c a n h y ­

d r i d e ( 1 . 5 g ) . The r e a c t i o n m i x t u r e was a l l o w e d t o s t i r a t 

r oom t e m p e r a t u r e f o r 24 h r u n d e r a n i t r o g e n a t m o s p h e r e . 

A f t e r c o o l i n g t h e m i x t u r e t o 0 ° w i t h an i c e b a t h , i c e c o l d 

w a t e r (3 m l ) was s l o w l y a d d e d d r o p w i s e and t h e m i x t u r e was 

s t i r r e d f o r 2 h r a t 0 ° . A f t e r w a r m i n g t o room t e m p e r a t u r e 

t h e m i x t u r e was p o u r e d i n t o 50 m l o f e t h e r and w a s h e d w i t h 

t w o 2 5 - m l p o r t i o n s o f c o l d w a t e r . The c o m b i n e d a q u e o u s 

l a y e r s w e r e w a s h e d w i t h t h r e e 2 5 - m l p o r t i o n s o f e t h e r and 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 25 m l o f s a t u r a t e d 

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

( N a 2 S 0 4 ) and t h e s o l v e n t r e m o v e d i n v a c u o t o g i v e 0 . 5 1 2 g 

( 8 3 . 4 % ) o f 7 h a v i n g t h e f o l l o w i n g p r o p e r t i e s : i r ( C C 1 4 ) 

1734 ( e s t e r C=0) a n d 1640 c m - 1 ( e n o l e t h e r ) ; nmr (CCI4) 

<S 1 . 1 5 ( s , 3 H , l O a - C H ) , 1 .94 (s , 3 H , es t e r - C H 3 ) , 3 . 5 5 (s , 

3 H , 3-OCH3), 4 . 4 6 ( s , 1 H , 4 -CH) and 5 . 6 7 ( d , J = 7 H z , 1 H , 2 - C H ) ; 

mass s p e c t r u m 80 eV m/e 236 ( m + ) , 176 ( m + - H O A c ) , EMD: 2 3 6 . 1 3 9 

( c a l c u l a t e d 2 3 6 . 1 4 1 ) . 

2 - A c e t o x y - 3 - m e t h o x y - 1 0 a - m e t h y l t r i c y c l o [ 4 . 4 . 0 . 0 1 ' 5 ] 

d e c - 3 - e n e ( 7 ) w i t h L i t h i u m i n E t h y l a m i n e 

E t h y l a m i n e (40 m l , f r e s h l y d i s t i l l e d f r o m l i t h i u m ) 

was c o l l e c t e d i n a 1 0 0 - m l r o u n d b o t t o m f l a s k e q u i p p e d w i t h 

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

d e n s e r f i l l e d w i t h i c e w a t e r . Compound 7 ( 0 . 4 0 g , 0 . 0 0 1 7 
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m o l e ) and d r y t - b u t y l a l c o h o l ( 0 . 1 2 4 g , 0 . 0 0 1 7 m o l e ) i n 15 

m l o f d r y e t h e r w e r e a d d e d and t h e m i x t u r e was c o o l e d b y 

means o f a d r y i c e - a c e t o n e b a t h . F r e s h l y c u t l i t h i u m w i r e 

( 0 . 0 5 0 g , 0 . 0 0 7 m o l e ) was a d d e d and t h e r e a c t i o n m i x t u r e was 

s t i r r e d v i g o r o u s l y u n t i l t h e b l u e c o l o r p e r s i s t e d f o r 5 m i n . 

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

a f l a s k c o n t a i n i n g 1 g o f ammonium c h l o r i d e . The s o l v e n t s 

w e r e a l l o w e d t o e v a p o r a t e , w a t e r a n d e t h e r (25 m l e a c h ) 

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

The a q u e o u s l a y e r was s a t u r a t e d w i t h s o d i u m c h l o r i d e and 

e x t r a c t e d w i t h t h r e e 1 5 - m l p o r t i o n s o f e t h e r . The 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 s a t u r a t e d b r i n e s o l u t i o n , 

d r i e d (Na2S04) and t h e s o l v e n t r e m o v e d i n v a c u o t o l e a v e 

0 . 2 9 g o f a d a r k y e l l o w o i l w h i c h gave t h e f o l l o w i n g s p e c t r a l 

p r o p e r t i e s : i r ( C C I 4 ) 2922 c m - 1 (C -H a b s o r p t i o n ) a n d nmr 

( C C I 4 ) 6 0 . 8 0 - 1 . 5 ( b r o a d a b s o r p t i o n ) . No c o n c l u s i v e r e s u l t s 

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

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

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

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

2 - A c e t o x y - 3 - k e t o - 1 0 a - m e t h y l t r i c y c l o [ 4 . 4 . 0 . 0 1 > 5 ] 

d e c a n e ( 8 ) 

Compound 7 ( 0 . 5 0 g , 0 . 0 0 2 m o l e ) was d i s s o l v e d i n 10 

m l o f m e t h a n o l a n d a d d e d t o a s o l u t i o n o f o x a l i c a c i d ( 0 . 1 g ) 

i n 3 m l o f w a t e r . The m i x t u r e was s t i r r e d a t r oom t e m p e r ­

a t u r e f o r 4 h r . The s o l v e n t s w e r e e v a p o r a t e d i n v a c u o , 
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e t h e r and w a t e r (5 m l e a c h ) w e r e a d d e d t o t h e r e s i d u e , t h e 

aqueous l a y e r was s e p a r a t e d and t h o r o u g h l y e x t r a c t e d w i t h 

f o u r 5 - m l p o r t i o n s o f e t h e r . The 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 s a t u r a t e d b r i n e s o l u t i o n , d r i e d ( N a 2 S 0 4 ) 

and t h e s o l v e n t was r e m o v e d i n v a c u o . The r e s i d u e , 0 . 4 7 g 

o f a l i g h t y e l l o w o i l , was shown t o be u n c h a n g e d 7 b y nmr 

a n a l y s i s . 

The same p r o c e d u r e was r e p e a t e d , e x c e p t t h e s e c o n d 

t i m e t h e m i x t u r e was h e a t e d a t r e f l u x f o r 5 h r . U s i n g t h e 

same w o r k u p p r o c e d u r e , 0 . 4 3 g o f a l i g h t y e l l o w o i l was o b ­

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

a n t l y 8 , as shown by g l c and nmr a n a l y s i s . The m i x t u r e was 

s u b j e c t e d t o c h r o m a t o g r a p h y on 10 g o f s i l i c a g e l . E l u t i o n 

w i t h 1000 m l o f one p e r c e n t e t h e r i n h e x a n e a f f o r d e d 0 . 2 8 

g o f a l i g h t c o l o r e d o i l w h i c h was i d e n t i f i e d as compound 

8 b y t h e f o l l o w i n g p r o p e r t i e s : i r ( C C 1 4 ) 1740 ( e s t e r C=0) 

and 1763 c m - 1 ( c y c l o p e n t a n o n e ) ; nmr (CCI4) 6 1 . 0 3 ( s , 3 H , 

1 0 a - C H 3 ) , 1 . 5 3 ( d , J = 7 H z , 1 H , 1 - C H ) , 2 . 0 3 ( s , 3 H , e s t e r - C H 3 ) , 

2 . 4 0 ( s , 2 H , 4 - C H 2 ) and 5 . 5 7 ( d , J = 7 H z , 1 H , 2 - C H ) ; mass 

s p e c t r u m 80 eV m/e 198 (m+) and 138 ( m + - H 0 A c ) . 

3 - K e t o - 1 0 a - m e t h y l t r i c y c l o [ 4 . 4 . 0 . 0 1 > 5 ] d e c a n e ( 9 ) 

Compound 8 ( 0 . 2 0 0 g , 0 . 0 0 0 9 m o l e ) i n 5 m l o f a n h y d r o u s 

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

( 0 . 0 1 4 g , 0 . 0 0 2 8 m o l e ) i n 20 m l o f a n h y d r o u s ammonia c o o l e d 

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

was s t i r r e d v i g o r o u s l y f o r 1 h r , t h e n q u e n c h e d b y a d d i n g 
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ammonium c h l o r i d e ( 1 g ) . The s o l v e n t s w e r e a l l o w e d t o e v a p ­

o r a t e , w a t e r and e t h e r (10 m l e a c h ) w e r e a d d e d t o t h e r e s i d u e 

and t h e l a y e r s s e p a r a t e d . The aqueous l a y e r was s a t u r a t e d 

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

1 0 - m l p o r t i o n s o f e t h e r . The 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 b r i n e , d r i e d (Na2SC>4) and t h e s o l v e n t r e m o v e d 

i n v a c u o t o l e a v e 0 . 1 4 1 g o f a l i g h t c o l o r e d o i l . The r e ­

s i d u e was d i s s o l v e d i n 5 m l o f a c e t o n e and J o n e s r e a g e n t 

( 2 1 ) was a d d e d d r o p w i s e u n t i l t h e o r a n g e c o l o r p e r s i s t e d . 

S e v e r a l d r o p s o f i s o p r o p y l a l c o h o l w e r e a d d e d f o l l o w e d b y 

15 m l o f w a t e r and t h e m i x t u r e was e x t r a c t e d w i t h e i g h t 

5 - m l p o r t i o n s o f e t h e r . The 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 b r i n e , d r i e d ( ^ 2 8 0 4 ) and t h e s o l v e n t r e m o v e d 

i n v a c u o l e a v i n g 0 . 1 0 1 g o f a l i g h t c o l o r e d o i l . 

The r e s i d u e was s u b j e c t e d t o c h r o m a t o g r a p h y on 2 . 5 

g o f s i l i c a g e l . E l u t i o n w i t h 40 m l o f 0 . 5 p e r c e n t e t h e r 

i n hexane a f f o r d e d 0 . 0 4 3 g o f a l i g h t c o l o r e d o i l w h i c h was 

i d e n t i f i e d as 9 by t h e f o l l o w i n g p r o p e r t i e s : i r ( C C I 4 ) 1745 

c m " 1 ( c y c l o p e n t a n o n e ) ; nmr ( C C I 4 ) 6 0 . 7 3 ( s , 3 H , I O 0 1 - C H 3 ) , 

2 . 2 2 ( s , 2 H , 4 - C H 2 ) , a n d 2 . 4 3 t o 1 . 0 3 ppm ( b r o a d a b s o r p t i o n , 

1 1 H ) ; mass s p e c t r u m 80 eV 164 (m+) EMD 1 6 4 . 1 2 0 4 ( c a l c u l a t e d 

1 6 4 . 1 2 0 1 ) . 
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CHAPTER I V 

DISCUSSION OF RESULTS 

The p r i n c i p a l g o a l o f t h i s r e s e a r c h , as p r e v i o u s l y 

s t a t e d , was an i n v e s t i g a t i o n o f t h e p h o t o c h e m i c a l b e h a v i o r 

o f 2 - m e t h o x y - 3 - k e t o - 9 - m e t h y l - A 1 > 4 - h e x a h y d r o n a p h t h a i e n e ( 1 ) . 

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

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

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

o f 1 as w e l l as t h e r o u t e u s e d f o r t h e c o n v e r s i o n o f t h e 

l u m i p r o d u c t 2 i n t o t h e 2 - k e t o t r i c y c l o d e c a n e 9 a l s o w a r r a n t 

d i s c u s s i o n . 

The s t a r t i n g m a t e r i a l f o r t h e s y n t h e s i s o f 1 was 

3 - k e t o - 9 - m e t h y l - A 4 - o c t a h y d r o n a p h t h a l e n e ( 1 0 ) p r e p a r e d a c ­

c o r d i n g t o t h e m e t h o d o f Ross and L e v i n e ( 1 3 ) . By u s i n g 

2 - m e t h y l c y c l o h e x a n o n e i n e x c e s s ( 1 . 5 e q u i v a l e n t s p e r e q u i v a ­

l e n t o f m e t h y l v i n y l k e t o n e ) , a y i e l d o f 49 p e r c e n t was 

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

b y Ross and L e v i n e ( 3 5 - 4 0 p e r c e n t ) . I n e a c h r u n t o p r e p a r e 

10 a p p r o x i m a t e l y 7 5 p e r c e n t o f t h e 2 - m e t h y l c y c l o h e x a n o n e 

was r e c o v e r e d and c o u l d be r e u s e d i n a s u b s e q u e n t p r e p a r a t i o n . 
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The m e t h o x y d i e n o n e 1 was p r e p a r e d i n t h r e e s t e p s 

f r o m t h e enone 1 0 . A c e t o x y l a t i o n w i t h l e a d t e t r a a c e t a t e by 

t h e p r o c e d u r e o f Seeback ( 1 4 ) gave t h e a - a c e t o x y enone 1 1 . 

Compound 11 was n o t p u r i f i e d , b u t u s e d d i r e c t l y i n t h e n e x t 

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

i n some e l i m i n a t i o n o f a c e t i c a c i d . H y d r o l y s i s o f t h e 

a c e t a t e and o x i d a t i o n by a i r r e s u l t e d i n t h e f o r m a t i o n 
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o f t h e h y d r o x y d i e n o n e 1 3 , w h i c h was m e t h y l a t e d w i t h m e t h y l 

i o d i d e u s i n g p o t a s s i u m t _ - b u t o x i d e as t h e b a s e t o g i v e 1 . 

These s t e p s w e r e s t r a i g h t f o r w a r d a n d t h e d i e n o n e , a s o l i d 

o f h i g h p u r i t y , was i s o l a t e d i n 16 p e r c e n t o v e r a l l y i e l d 

f r o m enone 1 0 . 

I r r a d i a t i o n o f 1 i n a n h y d r o u s d i o x a n e was p e r f o r m e d 

w i t h a Hanau NK /20 m e r c u r y v a p o r l amp w h i c h e m i t s 90 p e r 

c e n t o f i t s r a d i a t i o n a t 2537 A. The i r r a d i a t i o n s w e r e 

e a s i l y m o n i t e r e d by g l c ; t h e d i s a p p e a r a n c e o f d i e n o n e 1 

was n o t e d b y t h e f o r m a t i o n o f two new m a j o r p r o d u c t s w h i c h 

w e r e a s s i g n e d t h e s t r u c t u r e s o f 2 and 3 . I t was f o u n d t h a t 

t h e b e s t r e s u l t s w e r e o b t a i n e d b y i r r a d i a t i n g 2 . 5 g o f 1 

i n 200 m l o f d r y d i o x a n e f o r 4 h r . Remova l o f t h e s o l v e n t 

i n v a c u o g a v e an o i l w h i c h was shown by g l c u s i n g a c e t o -

p h e n o n e as an i n t e r n a l s t a n d a r d t o c o n t a i n 3 1 p e r c e n t 2 , 

27 p e r c e n t 3 a n d a p p r o x i m a t e l y 25 p e r c e n t s t a r t i n g m a t e r ­

i a l ( 1 ) . A t h i r d c o m p o u n d , w h i c h was a s s i g n e d t h e s t r u c t u r e 

4 b a s e d on i t s i r and nmr s p e c t r a , was f o r m e d i n l e s s t h a n 

one p e r c e n t y i e l d . I t was s u b s e q u e n t l y f o u n d t h a t i f t h e 

p h o t o m i x t u r e be a l l o w e d t o s t a n d u n d i s t u r b e d f o r 24 h r , 

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

These c o u l d be s e p a r a t e d and u s e d i n o t h e r i r r a d i a t i o n s . 

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

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

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

i c a g e l ( r a t i o o f a b o u t 25 g t o 1 g o f m i x t u r e ) a n d e l u t i n g 
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w i t h l a r g e amoun ts o f an e t h e r - h e x a n e s o l v e n t . TLC a n a l y ­

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

t h e b e s t s e p a r a t i o n was f o u n d t o be w i t h a 1 p e r c e n t m i x ­

t u r e o f e t h e r i n h e x a n e . C h r o m a t o g r a p h y o f t h e m i x t u r e 

a f f o r d e d a b o u t 15 f r a c t i o n s , e a c h c o n s i s t i n g o f v a r i o u s 

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

c o m b i n e d i n s u c h a manne r as t o g i v e t w o m i x t u r e s , one e n ­

r i c h e d i n 2 and t h e o t h e r e n r i c h e d i n 3 . A s e c o n d c h r o ­

m a t o g r a p h y o f e a c h m i x t u r e a f f o r d e d p u r e 2 , p u r e 3 a n d p u r e 

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

S e p a r a t i o n o f t h e p h o t o m i x t u r e was n o t a v e r y e c o ­

n o m i c p r o c e s s , 10 g o f p h o t o m i x t u r e p r o v i d e d o n l y 1 .5 g o f 

p u r e 2 a n d 1.0 g o f p u r e 3 . I n one c a s e t h e p h o t o m i x t u r e 

was f i r s t h y d r o g e n a t e d u s i n g a P a r r l o w p r e s s u r e a p p a r a t u s 
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and t h e m i x t u r e o f d i h y d r o d e r i v a t i v e s was s u b j e c t e d t o c h r o ­

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

e v e n more d i f f i c u l t . 

The p u r i f i e d p h o t o p r o d u c t s w e r e s u b j e c t e d t o u v i r r a ­

d i a t i o n u n d e r t h e same c o n d i t i o n s as w e r e e m p l o y e d f o r 1 . 

The e x p e r i m e n t s showed t h a t as e x p e c t e d 2 was c o n v e r t e d i n t o 

4 on e x t e n d e d i r r a d i a t i o n . H o w e v e r , a l t h o u g h 3 was s l o w l y 

c o n v e r t e d i n t o s e v e r a l new p h o t o p r o d u c t s on e x t e n d e d i r r a ­

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

2 n o r 4 was f o r m e d f r o m t h i s c o m p o u n d . 

The s p e c t r a l p r o p e r t i e s o f t h e t r i c y c l i c compounds 2 

a n d 3 and o f t h e p h e n o l 4 w e r e i n d i c a t i v e o f t h e a s s i g n e d 

s t u r c t u r e s . 

2 2c 2a 

I r a b s o r p t i o n s f o r compound 2 a t 1695 and 1618 c m - 1 i n d i c a t e d 

t h e p r e s e n c e o f an a , 3 - u n s a t u r a t e d c a r b o n y l s y s t e m . An nmr 

a b s o r p t i o n ( s , 1H) a t 6 . 0 7 ppm was c o n s i s t e n t w i t h t h i s 

a s s i g n m e n t . The p r e s e n c e o f a m e t h o x y l a b s o r p t i o n ( s , 3H) 

a t 3 . 6 1 ppm and a m e t h y l a b s o r p t i o n ( s , 3H) a t 1 . 1 3 ppm i n 
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t h e nmr s p e c t r u m was a l s o i n a g r e e m e n t w i t h t h e s t r u c t u r e o f 

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

i l a r i t y o f i t s s p e c t r a l p r o p e r t i e s t o t h o s e o f 2a r e p o r t e d 

b y K r o p p ( 1 6 ) . Compound 2a e x h i b i t e d i r a b s o r p t i o n s a t 

1689 and 1629 c m " 1 . M a j o r nmr a b s o r p t i o n s f o r 2a w e r e : 6 

1 .12 ( s , 3 H , 8 a - C H 3 ) , 1 . 6 9 ( d , 3 H , J A f i = 1 . 5 H z , 3 - C H 3 ) and 

6 . 6 8 (m , 1 H , 4 C H ) . F i n a l l y t h e mass s p e c t r a l d a t a o f 2 

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

Compound 4 gave an i r a b s o r p t i o n a t 3535 c m " 1 w h i c h 

was c o n s i s t e n t w i t h t h e p r e s e n c e o f an OH g r o u p . O t h e r i r 

a b s o r p t i o n s f o r compound 4 w e r e 1590 and 1480 c m " 1 . P r i n ­

c i p a l nmr a b s o r p t i o n s f o r 4 w e r e : 6 2 . 0 8 ( s , 3 H , A r - C H 3 ) , 

3 . 6 8 ( s , 3 H , - 0 C H 3 ) a n d 6 . 5 7 ( s , 1 H , A r H ) . The s t r u c t u r a l 

a s s i g n m e n t o f 4 was b a s e d on t h e s e s p e c t r a l p r o p e r t i e s . 

Compound 3 gave i r a b s o r p t i o n s a t 1695 and 1592 c m " 1 

w h i c h i n d i c a t e d t h e p r e s e n c e o f an a , 3 - u n s a t u r a t e d c a r b o n y l 

s y s t e m . The nmr a b s o r p t i o n ( s , 1H) a t 5 . 5 0 ppm was c o n s i s ­

t e n t w i t h t h i s . The p r e s e n c e o f a m e t h y l a b s o r p t i o n ( s , 3H) 

a t 1 . 2 5 ppm and a m e t h o x y l a b s o r p t i o n ( s , 3H) a t 3 . 4 3 ppm 
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i n t h e nmr s p e c t r u m o n l y s u g g e s t e d t h a t 3 was i s o m e r i c t o 

2 . H o w e v e r , t h e h i g h e r f i e l d a b s o r p t i o n o f t h e m e t h o x y l 

g r o u p i n 3 i n d i c a t e d t h a t i t was a t t a c h e d t o a s a t u r a t e d 

c a r b o n a t o m r a t h e r t h a t an u n s a t u r a t e d one as i s 2 . The 

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

S i n c e t h e s p e c t r a l p r o p e r t i e s o f 3 d i d n o t a l l o w a 

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

t a k e n t o o b t a i n more e v i d e n c e . The u n s a t u r a t e d k e t o n e 3 

was c o n v e r t e d i n t o i t s a , 3 ~ d i h y d r o d e r i v a t i v e 5 i n e s s e n ­

t i a l l y q u a n t i t a t i v e y i e l d by h y d r o g e n a t i o n i n e t h a n o l o v e r 

a p a l l a d i u m on c a r b o n c a t a l y s t . The m e t h y l and m e t h o x y nmr 

a b s o r p t i o n s ( s , 3H) w e r e s h i f t e d u p f i e l d t o 1 .19 and 3 . 3 3 

p p m , r e s p e c t i v e l y i n compound 5 . The a b s e n c e o f a v i n y l 

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

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

a b s o r p t i o n a t 1715 c m - 1 ( i n a g r e e m e n t w i t h a c o n j u g a t e d 

c y c l o p r o p y l k e t o n e g r o u p i n g ) and t h e mass s p e c t r a l d a t a o f 

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

5 . H o w e v e r , t h e nmr a b s o r p t i o n s i n t h e 1 .7 - 2 . 2 ppm r a n g e 

d i d n o t c l e a r l y show t h e p r e s e n c e o f t h e C-3 m e t h y l e n e p r o ­

t o n s , w h i c h w o u l d be e x p e c t e d t o a p p e a r as an AB s y s t e m 

p e r t u r b e d by t h e t e r t i a r y h y d r o g e n a t C - 4 . Thus 5 was c o n ­

v e r t e d i n t o i t s d i d e u t e r i o d e r i v a t i v e 5a b y t r e a t m e n t w i t h 

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

Two p r i n c i p a l nmr a b s o r p t i o n s ( s , 3H) f o r 5a o c c u r r e d a t 

1 . 2 1 and 3 . 8 8 ppm and w e r e a s s i g n e d t o t h e 8a -CH<7 a n d t h e 
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l a - m e t h o x y l , r e s p e c t i v e l y . Two s m a l l e r nmr a b s o r p t i o n s 

o c c u r r e d a t 1 .77 and 1 .67 ppm. The a b s e n c e o f a b s o r p ­

t i o n s a t 2 . 1 7 and 2 . 0 2 p p m , w h i c h w e r e p r e s e n t i n 5 , 

showed t h a t t h e s e p e a k s c o u l d be a t t r i b u t e d t o t h e C-3 

m e t h y l e n e p r o t o n s . A s t u d y o f t h e nmr s p e c t r u m s o f 5 a n d 

5a u s i n g an nmr s h i f t r e a g e n t c o n f i r m e d t h e s e a s s i g n m e n t s . 

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

t i o n o f e u r o p i u m ( I I I ) t r i s - 1 , 1 , 1 , 2 , 2 , 3 , 3 - h e p t a - f l u o r o -

7 , 7 - d i m e t h y l - 4 , 6 - o c t a n e d i o n e i n c a r b o n t e t r a c h l o r i d e was 

p r e p a r e d and a d d e d dropwise t o e a c h compound i n an nmr sam­

p l e t u b e . TMS was u s e d as an i n t e r n a l s t a n d a r d . B e s t r e ­

s u l t s w e r e o b t a i n e d b y u s i n g 25 d r o p s o f t h e s h i f t r e a g e n t 

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

o f s h i f t r e a g e n t . S i n c e t h e s h i f t r e a g e n t c o m p l e x e s w i t h 

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

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

The C - l m e t h o x y l i n 5 a n d 5a gave an a b s o r p t i o n ( s , 3H) a t 

6 . 2 3 a n d 6 . 2 8 p p m , r e s p e c t i v e l y . F o u r a b s o r p t i o n s a t 5 . 6 3 , 

5 . 7 8 , 5 . 8 8 and 6 . 0 7 ppm w e r e o b s e r v e d f o r compound 5 a n d 
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w e r e a s s i g n e d t o t h e C-3 m e t h y l e n e p r o t o n s . The a b s e n c e o f 

any a b s o r p t i o n s i n t h i s r e g i o n f o r compound 5a c o n f i r m e d t h i s 

a s s i g n m e n t . A b s o r p t i o n s ( m , 1H) a t 4 . 4 7 a n d 4 . 4 8 ppm w e r e 

a s s i g n e d t o t h e C-4 h y d r o g e n i n 5 and 5.a, r e s p e c t i v e l y . A b ­

s o r p t i o n s ( d , J = 7 H z , 1H) o c c u r r i n g a t 3 . 7 8 and 3 . 8 2 ppm w e r e 

a s s i g n e d t o t h e C-9 h y d r o g e n i n 5 and 5 a , r e s p e c t i v e l y . 

F i n a l l y t h e 8 a - m e t h y l g r o u p gave a b s o r p t i o n s ( s , 3H) a t 

2 . 6 4 a n d 2 . 6 3 ppm f o r 5 and 5 a , r e s p e c t i v e l y . T h i s i n t e r ­

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

t u r e a s s i g n e d t o compound 3 . 

W h i l e t h e s p e c t r a l s t u d i e s on 3 , 5 a n d 5a w e r e 

c l e a r l y c o n s i s t e n t w i t h t h e s t r u c t u r a l a s s i g n m e n t o f 3 , t h e y 

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

has a t r a n s - f u s e d 3 / 7 - r i n g s y s t e m . Thus a g o a l o f t h i s w o r k 

was t o c o n v e r t 3 i n t o a compound o f known s t r u c t u r e . The 

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

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



33 

t h e m e t h o x y l g r o u p . The r e s u l t i n g compound w o u l d be i d e n ­

t i c a l , e x c e p t f o r t h e s t e r e o c h e m i s t r y a t C-8 t o t h e known 

a z u l e n o n e 19 p r e p a r e d b y D e B a r d e l e b e n . 

T h i s was p r e c i s e l y t h e a c t i o n t a k e n ; u n f o r t u n a t e l y , 

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

t i o n s . I n an e f f o r t t o o b t a i n t h e r i n g o p e n e d p r o d u c t , 5 

was s u b j e c t e d t o l i t h i u m - a m m o n i a r e d u c t i o n s e v e r a l t i m e s . 

I n e a c h r u n , t h e r e a c t i o n a p p e a r e d t o go w i t h some s u c c e s s ; 

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

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

e r a l compounds w e r e f o r m e d . I t a p p e a r e d t h a t t h e c y c l o -

p r o p y l r i n g h a d b e e n o p e n e d as shown i n t h e nmr s p e c t r u m by 

an i l l d e f i n e d d o u b l e t (~3H) a t 1 .20 ppm and a b a t h o c h r o m i c 

c a r b o n y l s h i f t i n t h e i r s p e c t r u m (1715 t o 1740 c m " 1 ) . An 

nmr a b s o r p t i o n ( s , ~3H) a t 3 . 4 3 ppm i n d i c a t e d t h a t t h e 

m e t h o x y l was s t i l l p r e s e n t . I n an a t t e m p t t o r emove t h e 

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

o f e t h a n o l was p e r f o r m e d on t h e c r u d e m i x t u r e . G l c a n a l y ­

s i s i n d i c a t e d t h a t as many as s i x m a j o r compounds h a d b e e n 
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f o r m e d . I r a n d nmr s p e c t r a on t h e r e a c t i o n m i x t u r e w e r e 

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

p a r a t i v e gas c h r o m a t o g r a p h y . 

The r e d u c t i o n o f 5 was a t t e m p t e d a g a i n u s i n g an e x c e s s 

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

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

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

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

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

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

b e f o r e e t h a n o l was a d d e d . 

The f o r m a t i o n o f t h e l u m i p r o d u c t 2 on i r r a d i a t i o n o f 

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

o b t a i n e d f o r t h e 2 - m e t h y l c r o s s - c o n j u g a t e d c y c l o h e x a d i e n o n e 

2 c . H o w e v e r , t h e f o r m a t i o n o f 3 was u n e x p e c t e d and a p p e a r s 

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

6 / 6 f u s e d d i e n o n e . P h o t o c h e m i c a l r e a r r a n g e m e n t s o f d i e n o n e s 

i n t o p r o d u c t s o f t h e t y p e 2 h a v e b e e n c o n s i d e r e d b y Z immerman 

and c o w o r k e r s ( 1 7 ) t o i n v o l v e a 1 , 4 - s i g m a t r o p i c r e a r r a n g e ­

men t i n a g r o u n d s t a t e z w i t t e r i o n i c s p e c i e s (Da) w h i c h c a n 

be p r o d u c e d b y e x c i t a t i o n , 1 , 5 - b o n d i n g and e l e c t r o n d e m o t i o n . 

O r b i t a l s y m m e t r y c o n s i d e r a t i o n s ( 6 ) r e q u i r e t h a t t h i s r e a c ­

t i o n t a k e p l a c e w i t h i n v e r s i o n o f c o n f i g u r a t i o n a t C - 8 , 

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

o c c u p i e d MO. S i m i l a r l y , a 1 , 4 - s i g m a t r o p i c r e a r r a n g e m e n t 

o f C-8 f r o m C-5 t o C-2 w o u l d be s y m m e t r y a l l o w e d , b u t w o u l d 
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l e a d t o a h i g h l y s t r a i n e d t r i c y c l i c s y s t e m ( 3 a ) h a v i n g a 

t r a n s - f u s i o n o f t h e t h r e e and s e v e n membered r i n g s . 

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

t h e e x c i t e d s t a t e ( t h e p r e c u r s o r t o t h e z w i t t e r i o n D a ) , 

w h e r e ty3 i s t h e h i g h e s t o c c u p i e d MO, 1 , 4 - s i g m a t r o p i c r e a r ­

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

a t C - 8 . I n t h i s c a s e t h e p r o d u c t , w h i c h p o s e s s e s a c i s -

f u s e d 3 / 7 - r i n g s y s t e m , w o u l d be much more t h e r m o d y n a m i c a l l y 
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s t a b l e . 

The same p r o d u c t , a l t h o u g h an e n a n t i o m e r o f 3 , c a n 

be d e r i v e d f r o m a W o o d w a r d - H o f f m a n n t r e a t m e n t . As p r e v i o u s ­

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

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

a c o n c e r t e d [ a 2 a + i r2a ] c y c l o a d d i t i o n ( 6 ) . A n t a r a a d d i t i o n 

o f t h e a - b o n d t o t h e 1 , 2 - d o u b l e b o n d and i n v e r s i o n a t t h e 

m i g r a t i n g s a t u r a t e d C-9 a t o m l e a d s t o 3 c , e n a n t i o m e r i c 

t o 3 . 
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I t i s b e l i e v e d t h a t t h e p r e s e n c e o f t h e m e t h o x y s u b ­

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

some f a s h i o n l o c a l i z e s t h e e x c i t a t i o n i n t h e 1 , 2 - b o n d , 

s i n c e o n l y c y c l o h e x a d i e n o n e s p o s e s s i n g t h e C-2 m e t h o x y l g i v e 

r i s e t o s i g n i f i c a n t amoun ts o f t r i c y c l i c k e t o n e s u p o n 

i r r a d i a t i o n . 

A n o t h e r g o a l o f t h i s w o r k was t o c o n v e r t 2 i n t o t h e 

t r i c y c l i c k e t o n e 9 . T h i s t r a n s f o r m a t i o n w o u l d n o t o n l y 

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

i t a p p e a r e d t h a t t r e a t m e n t o f t h e d i b r o m o d e r i v a t i v e o f 9 

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

z w i t t e r i o n i c s p e c i e s D so t h a t t h e modes o f s i g m a t r o p i c 
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r e a r r a n g e m e n t c o u l d be i n v e s t i g a t e d . A s t u d y o f t h i s 

i n v o l v i n g 9 w o u l d be s i m i l a r t o t h e w o r k o f Z immerman 

a n d H i l l ( 1 9 ) on s i m p l e b i c y c l o h e x a n o n e d e r i v a t i v e s . 

R e d u c t i o n o f 2 w i t h s o d i u m b o r o h y d r i d e i n e t h a n o l gave 

t h e e x p e c t e d a l c o h o l 6 i n e s s e n t i a l l y q u a n t i t a t i v e y i e l d . 

I r a b s o r p t i o n s o f 6 a t 3445 and 3590 c m " 1 showed t h a t an 

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

1640 c m " 1 was v e r y p r o n o u n c e d . The a b s o r p t i o n o f t h e c a r ­

b o n y l i n 2 h a d d i s a p p e a r e d . The t h r e e membered r i n g was 

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

( s , 3H) a t 1 . 2 0 ppm i n t h e nmr s p e c t r u m . A c e t y l a t i o n o f 

6 w i t h a c e t i c a n h y d r i d e i n p y r i d i n e g a v e t h e e s t e r 7 i n 

g o o d y i e l d . The i r a b s o r p t i o n s a t 1734 a n d 1640 c m - 1 ; t h e 

p r e s e n c e o f an a c e t o x y l a b s o r p t i o n ( s , 3H) a t 2 . 0 3 ppm i n 

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

s t r u c t u r e o f 7 . The C-2 h y d r o g e n o f 6 showed an a b s o r p t i o n 

a t 4 . 8 9 ppm ( d , J = 7 H z ) i n t h e nmr s p e c t r u m . When t h e a l c o ­

h o l was e s t e r f i e d ( compound 7) t h e C-2 h y d r o g e n a b s o r p t i o n 

was s h i f t e d d o w n f i e l d t o 5 . 6 7 ppm ( d , J = 7 H z ) . The s p l i t t i n g 

t y p e 

( 1 8 ) 
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o f t h e C-2 h y d r o g e n b y t h e a d j a c e n t h y d r o g e n on t h e c y c l o ­

p r o p a n e r i n g was shown i n b o t h 6 a n d 7; h o w e v e r , t h e C - l 

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

m o l e c u l e . 

2 6 7 

P r e s u m a b l y o n l y one s t e r e o i s o m e r was f o r m e d d u r i n g 

t h e r e d u c t i o n o f 2 and t h e s u b s e q u e n t e s t e r i f i c a t i o n o f 6, 

s i n c e o n l y one nmr a b s o r p t i o n was o b s e r v e d f o r t h e C-3 

h y d r o g e n . I t i s a l s o b e l i e v e d t h a t t h e ( 3 - i s o m e r o f b o t h 

6 and 7 was generated. Although t h e a-isomer i s more ther­

mody nam ic a l l y stable, a t t a c k f r o m t h e least h i n d e r e d s i d e 

w o u l d l e a d t o t h e 3 - i s o m e r . The s i z e o f t h e nmr c o u p l i n g 

c o n s t a n t ( J = 7 H z ) f o r t h e C-3 p r o t o n ( b e i n g s p l i t b y t h e C - l 

p r o t o n ) i s i n - c l o s e r a g r e e m e n t w i t h t h e B - i s o m e r . 

A p o s s i b l e r o u t e t o 9 w o u l d be t o r e d u c t i v e l y r emove 

t h e a c e t a t e g r o u p i n 7 . H y d r o l y s i s o f t h e e n o l e t h e r f u n c ­

t i o n o f t h e r e s u l t i n g compound (24) w o u l d g i v e t h e d e s i r e d 

k e t o n e 9. 



40 

AcO 

7 24 9 

U n f o r t u n a t e l y , c l e a v a g e o f t h e e s t e r i n 7 c o u l d n o t 

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

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

As shown b y g l c , nmr and i r , s e v e r a l v o l a t i l e p r o d u c t s w e r e 

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

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

f o r t h e p r o d u c t 2 4 . T h e r e w e r e no m e t h y l , m e t h o x y o r v i n y l 

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

a b s o r p t i o n s w e r e p r e s e n t . The i r s p e c t r u m showed o n l y C -H 

a b s o r p t i o n s : no c a r b o n y l o r v i n y l a b s o r p t i o n s w e r e p r e s e n t . 

S e p a r a t i o n o f t h e m i x t u r e b y c h r o m a t o g r p a h y was a t t e m p t e d , 

b u t p u r e p r o d u c t s c o u l d n o t be o b t a i n e d . I t was p r e s u m e d 

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

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

m e t h o x y l g r o u p a n d any d o u b l e b o n d s p r e s e n t . 

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

m i n e p r o v e d t o be t o o v i g o r o u s , t h e r e a c t i o n was t r i e d u s i n g 

c a l c i u m i n ammonia a n d a g a i n u s i n g l i t h i u m i n a m m o n i a . 
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S i m i l a r r e s u l t s w e r e o b t a i n e d f r o m b o t h r e a c t i o n s , a number 

o f p r o d u c t s h a d b e e n f o r m e d , none o f w h i c h c o u l d be i s o l a t e d 

o r i d e n t i f i e d . 

S i n c e t h e r e d u c t i o n o f 7 c o u l d n o t be s u c c e s s f u l l y 

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

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

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

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

p y l r i n g . H y d r o l y s i s was f i r s t a t t e m p t e d by s t i r r i n g a 

s o l u t i o n o f 7 a n d 0 . 1 g o f o x a l i c a c i d i n m e t h a n o l a t r oom 

t e m p e r a t u r e f o r 4 h r . Workup a f f o r d e d u n c h a n g e d s t a r t i n g 

m a t e r i a l . The r e a c t i o n was r e p e a t e d e x c e p t t h e s e c o n d t i m e 

t h e s o l u t i o n was s t i r r e d u n d e r r e f l u x f o r 5 h r . Workup gave 

t h r e e p r o d u c t s , t h e m a j o r one b e i n g t h e d e s i r e d compound 8 . 

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

c h r o m a t o g r a p h y on s i l i c a g e l and e l u t i n g w i t h an e t h e r -

h e x a n e s o l v e n t . 

7 8 20 

A s e c o n d p r o d u c t i s o l a t e d was a s s i g n e d t h e s t r u c t u r e 
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2 0 , b a s e d on t h e i r a n d nmr s p e c t r a . I r a b s o r p t i o n s a t 1720 

a n d 1592 c m " 1 i n d i c a t e d t h e p r e s e n c e o f an a , 3 - u n s a t u r a t e d 

c y c l o p e n t a n o n e , w h i l e t h e nmr a b s o r p t i o n s ( s , 3H) a t 1 . 0 1 

a n d 3 . 1 0 ppm i n d i c a t e d t h e p r e s e n c e o f a t e r t i a r y m e t h y l a n d 

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

J = 6 H z , 1H) a t 6 . 0 2 and 7 . 5 5 ppm w e r e c o n s i s t e n t w i t h t h e 

a , 3 - u n s a t u r a t e d c y c l o p e n t a n o n e . Compound 20 was t h o u g h t t o 

a r i s e b y s o l v e n t a t t a c k on t h e s p e c i e s Y g e n e r a t e d b y s o l -

v o l y s i s o f t h e e s t e r : 

Ya Yb 20 

The structure o f 8 was c o n f i r m e d b y the i r , nmr and 

mass s p e c t r a l d a t a . I r a b s o r p t i o n s a t 1740 a n d 1763 c m - 1 

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

k e t o n e and t h a t t h e e s t e r was s t i l l i n t a c t . A l t h o u g h t h e 

a b s o r p t i o n a t 1763 c m " 1 was r a t h e r h i g h f r e q u e n c y f o r a 

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

w i t h t h e a - a c e t o x y g r o u p . The c y c l o p r o p y l r i n g was s t i l l 

i n t a c t as i n d i c a t e d b y t h e nmr a b s o r p t i o n s ( s , 3H) a t 1 . 0 3 

ppm. The a c e t o x y g r o u p was a l s o shown t o be p r e s e n t by 

t h e nmr a n d mass s p e c t r a l d a t a . C o u p l i n g o f b o t h C - l and 
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C-2 h y d r o g e n s ( J = 7 H z ) o f compound 8 w e r e o b s e r v e d i n t h e nmr 

s p e c t r u m . I r r a d i a t i o n a t t h e C - l h y d r o g e n made t h e C-2 

d o u b l e t ( 5 . 5 7 ppm) move i n t o a s i n g l e t . I r r a d i a t i o n a t t h e 

C-2 h y d r o g e n made t h e C - l d o u b l e t ( 1 . 5 3 ppm) move v e r y c l o s e 

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

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

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

I n p e r f o r m i n g t h e r e d u c t i o n o f 8 , i t was d e c i d e d t o 

c a r r y o u t t h e r e a c t i o n a t d r y i c e - a c e t o n e t e m p e r a t u r e t o 

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

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

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

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

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

9 



44 

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

an o i l t h a t was shown b y g l c and nmr a n a l y s i s t o be a m i x t u r e 

o f t h r e e compounds i n w h i c h 9 , t h e d e s i r e d c o m p o u n d , p r e -

d o n i n a t e d . 

An i r a b s o r p t i o n a t 3500 c m - 1 i n d i c a t e d t h a t some o f 

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

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

8 9 

The c r u d e r e a c t i o n m i x t u r e was s u b j e c t e d t o c h r o m a ­

t o g r a p h y on s i l i c a g e l . A v o l a t i l e f r a c t i o n was e l u t e d 

f r o m t h e c o l u m n w h i c h was shown t o be p u r e 9 b y g l c . The 

p r o d u c t g a v e an i r a b s o r p t i o n a t 1745 c m " 1 , i n d i c a t i n g t h a t 

a c y c l o p e n t a n o n e was p r e s e n t . Compound 9 gave an nmr a b s o r p -

t i o n ( s , 3H) a t 0 . 7 3 ppm w h i c h d e m o n s t r a t e d t h a t t h e c y c l o -

p r o p y l r i n g was s t i l l i n t a c t . An nmr a b s o r p t i o n ( s , 2H) a t 

2 . 2 2 ppm was a s s i g n e d t o t h e C-4 m e t h y l e n e p r o t o n s . F i n a l l y 

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

s t r u c t u r e . 
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1720 c m " 1 

9 22 

Compound 2 2 , a s i m i l a r t r i c y c l i c k e t o n e p r e p a r e d b y 

C h u ( 2 0 ) gave an i r a b s o r p t i o n a t 1720 c m " 1 w h i c h d e m o n s t r a t e s 

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

c a r b o n y l g r o u p . The nmr a b s o r p t i o n ( s , 3H) f o r t h e 1 0 a -

m e t h y l a t 1 . 1 4 ppm a l s o d e m o n s t r a t e s t h i s e f f e c t . The p o s ­

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

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

CONCLUSIONS 

The 6 / 6 - f u s e d c r o s s - c o n j u g a t e d c y c l o h e x a d i e n o n e 1 was 

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

o f l u m i p r o d u c t 2 was s i m i l a r t o t h a t r e p o r t e d f o r t h e d i e n o n e 

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

t h e f o r m a t i o n o f 3 was u n e x p e c t e d and an e x p l a n a t i o n was 

g i v e n f o r i t s f o r m a t i o n . E f f o r t s w e r e made t o c o n f i r m t h e 

s t r u c t u r e a s s i g n e d t o compound 3 . 

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

t h e l u m i p r o d u c t 2 i n t o t h e 2 - k e t o t r i c y c l o d e c a n e 9 . 
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CHAPTER V I 

RECOMMENDATIONS 

Compounds 2 and 3 s h o u l d be i s o l a t e d a g a i n and f u r t h e r 

i n v e s t i g a t e d , compound 3 i n p a r t i c u l a r . The t r a n s f o r m a t i o n s 

a t t e m p t e d on 5 s h o u l d be r e p e a t e d u s i n g a l a r g e r q u a n t i t y 

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

The d i b r o m o d e r i v a t i v e o f t h e t r i c y c l i c k e t o n e 9 

s h o u l d be p r e p a r e d . T r e a t m e n t w i t h z i n c may p r o v i d e a means 

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

by Z immerman . 
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