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ABSTRACT 

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

l e n e  o x i d e  a n d  a n  e x c e s s  o f  o l e f i n s  o r  b e n z e n e  h a s  b e e n  s h o w n  

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

a t t a c k s  t h e  I I - b o n d s .  

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

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

e d .  F o r  t h i s  p u r p o s e ,  m o d e l  c o m p o u n d s  were s y n t h e s i z e d  b y  

( 2 + 2 )  p h o t o c y c l o a d d i t i o n  o f  d i c h l o r o m a l e i m i d e  t o  c y c l o h e x e n e ,  

c y c l o p e n t e n e ,  c y c l o h e x a d i e n e ,  a n d  c y c l o p e n t a d i e n e  t o  g i v e  ( 2 + 2 )  

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

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

y i e l d e d  a t r a n s - 4 , 6 - a d d u c t .  P h o t o a d d i t i o n  o f  d i c h l o r o m a l e i c  

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

g a t e d ,  a n d  s h o w n  t o  g i v e  -- c i s , e n d o  a n d  c i s , e x o - i s o m e r s  a s  m a j o r  -- 
p r o d u c t s .  T h e  s t r u c t u r e s  o f  t h e  r e p o r t e d  t r a n s - a d d u c t s  were 

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

a d d u c t s  were d e t e r m i n e d  b y  4 0 0  MHz N M R  s p e c t r o s c o p y .  X - r a y  

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

t h e  a d d u c t s .  

N-Bromo-7,8-dichloro-cis-bicyclo[4.2.0]octane-endo,cis- - -- 
7 , 8 - d i c a r b o x i m i d e  a n d  i t s  a n a l o g  d e r i v e d  f r o m  b i c y c l o [ 3 . 2 . 0 ]  

h e p t a n e  were p h o t o l y z e d  u n d e r  v a r i o u s  c o n d i t i o n s .  D i r ec t  



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

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

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

r i n g - o p e n i n g  p r o d u c t s .  P r o d u c t  d i s t r i b u t i o n  s t u d i e s  s h o w e d  

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

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

a b s t r a c t i o n s ,  b u t  d i d  n o t  a b s t r a c t  e n d o - C 3 - H  i n t r a m o l e c u l a r l y .  

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

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

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

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

i n t e r a c t i o n  o f  b r o m i n e  a t o m s  w i t h  N - b r o m i d e s .  I t  u n d e r g o e s  

i n t r a m o l e c u l a r  f u n c t i o n a l i z a t i o n  a t  t h e  C3  p o s i t i o n  b u t  n o  

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

w i t h  t h e  N - b r o m i d e  i s  p r o p o s e d  w h i c h  i s  i n  e q u i l i b r i u m  w i t h  ' 

b o t h  t h e  N - b r o m i d e  a n d  t h e  i m i d y l  r a d i c a l  

( A c 2 N ) ,  i . e .  B r 2  + ( A c 2 N * ) ~ A c 2 N B r B r = A c 2 N B r  + * B r  . T h e s e  

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

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

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

F o r  e x a m p l e ,  A 2 p 3 - N - b r o m i d e s  were p h o t o l y s e d  t o  g i v e  

C s - b r o m i n a t e d  o l e f i n i c  i m i d e s .  
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I .  INTRODUCTION 

1 - 1  R e c o a n i t i o n  o f  t h e  S u c c i n i m i d v l  R a d i c a l  

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

r e f e r r e d  t o  a s  i m i d y l  r a d i c a l s 1  ( 1 - 1 ) ;  a m o n g  t h e m  t h e  

s u c c i n i m i d y l  r a d i c a l  ( 1 - 2  o r  S - )  i s  t h e  m o s t  d i s c u s s e d  a n d  - 
i n v e s t i g a t e d  A l t h o u g h  t h e  e x i s t e n c e  o f  t h e  

s u c c i n i m i d y l  r a d i c a l  w a s  p r o p o s e d  s o m e  40 y e a r s  a g o ,  i t  h a s  

o n l y  r e c e n t l y  b e e n  i d e n t i f i e d 7 .  S i n c e  t h e  d i s c o v e r y  o f  

N - b r o m o s u c c i n i m i d e  ( N B S )  a s  a n  e f f i c i e n t  " a l l y l i c "  b r o m i n a t i n g  

a g e n t 6  i n  1 9 4 2 ,  N - b r o m o i m i d e s  h a v e  b e e n  t h e  f a v o r e d  s o u r c e  f o r  

RCONCOR ' (CH2CO) 

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

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

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

4  i n t e r e s t  i n  b r o m i n a t i o n s  . 

z i e g l e r 6  d i s c o v e r e d  t h a t  a s u s p e n s i o n  o f  NBS i n  b o i l i n g  

CC14  c o u l d  e f f i c i e n t l y  b r o m i n a t e  a l l y l i c  o r  b e n z y l i c  

p o s i t i o n s .  B r o m i n a t i o n  u n d e r  Z i e g l e r ' s  c o n d i t i o n  ( h e t e r o -  

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



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

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

p e r o x i d e 8 , ' )  s u g g e s t e d  t h e  s u c c i n i m i d y l  r a d i c a l  a s  a c h a i n  

p r o p a g a t i o n  s p e c i e s  ( t h e  B l o o m f  i e l d  m e c h a n i s m l o ,  e q s  1 t o  

3 ) ,  w h i l e  t h e  n a t u r e  o f  t h e  Z i e g l e r ' s  a l l y l i c  b r o m i n a t i o n  

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

s e v e r a l  g r o u p s  1 1 - 1 5  i n  t h e  e a r l y  6 0 ' s  t o  f o l l o w  t h e  b r o m i n e  

a t o m  c h a i n  p r o c e s s  ( t h e  G o l d f i n g e r  m e c h a n i s m 1 6 ,  e q s  4 t o  8 ) .  

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

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

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

b r o m i n e ,  N6S a n d  o t h e r  N - b r o m o i m i d e s  1 1 ,  l 4  a r e  n e a r l y  

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

t o l u e n e  d e r i v a t i v e s  b y  b r o m i n e  a n d  b y  NBS ( -1 .39  a t  

8 0 "  ) ' ' 9  l 2  1 4 .  S e c o n d l y ,  t h e  b r o m i n a t i o n  o f  t o l u e n e  b y  

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

f e c t s 1 7 .  F i n a l l y ,  t h e  p r o d u c t  p a t t e r n s  d e r i v e d  f r o m  NBS 

b r o r n i n a t i o n  o f  c e r t a i n  o l e f i n s  were e s s e n t i a l l y  t h e  same a s  

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

u n d e r  c o n t r o l l e d  c o n d i t i o n s  1 8 - 2 0  



T h e  B l o o m f i e l d  M e c h a n i s m  

T h e  G o l d f i n g e r  M e c h a n i s m  

0 

CH2=CHCH2R + B r -  CH2=CHCHR + HBr 
0 

CH2=CHCH2R + B r -  BrCH2CHCH2R 

CH2=CHCH2R + B r 2  --+ CH2BrCHBrCH2R ( i o n i c  m e c h a n i s m )  ( 9 )  

T h e  b r o m i n e  a t o m  c h a i n  m e c h a n i s m  ( e q s  4 t o  8 ) ,  i n ' h h i c h  , 

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

b r o m i n e  w a s  f i r s t  s u g g e s t e d  b y  ~ o l d f i n ~ e r l ~  i n  1 9 5 3 .  N e v e r t h e -  

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

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

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

t o  o p e r a t e  u n d e r  Z i e g l e r ' s  h e t e r o g e n e o u s  c o n d i t i o n s  i n  t h e  

p r e s e n c e  o f  r e a c t i v e  s u b s t r a t e s  c o n t a i n i n g  a l l y l i c 1 8 ~ 1 9  a n d  

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

f a c t o r s .  F i r s t l y ,  t h e  r e v e r s e  r e a c t i o n  o f  e q .  ( 6 )  o c c u r s  e v e n  



a t  r o o m  t e m p e r a t u r e  1 9 ,  t h u s  f o r e s t a l l i n g  t h e  r a d i c a l  

a d d i t i o n  r e a c t i o n .  T h e  i o n i c  a d d i t i o n  r e a c t i o n  ( e q .  9 )  i s  

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

s p a r i n g l y  s o l u b l e  i n  C C 1 4  ( 0 . 0 0 6  H )  a n d  r e a c t s  l o 3  t imes  

m o r e  s l o w l y  t h a n  b r o m i n e  w i t h  a l k y l  r a d i c a l s 1 5 .  I n  e s s e n c e ,  

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

t h e  s u c c i n i m i d y l  r a d i c a l  c h a i n  ( e q .  3 )  a n d  p r o m o t e  b r o m i n e  

a t o m  c h a i n  p r o p a g a t i o n  ( e q .  8 ) .  T h i r d l y ,  HBr  i s  s c a v e n g e d  

i n s t a n t a n e o u s l y  b y  NBS t o  m a i n t a i n  a  l o w  s t e a d y - s t a t e  

c o n c e n t r a t i o n  o f  b r o m i n e  u n d e r  t h e s e  c o n d i t i o n s  1 1 f 2 1 ;  t h u s  

t h e  r e v e r s e  r e a c t i o n  o f  e q .  5 i s  n o t  i m p o r t a n t  u n d e r  t h e s e  

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

c a s e s  1 2 ,  1 7 ,  2 0  

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

s p e c t r o s c o p i c  t e c h n i q u e s  i n  s o l u t i o n  w e r e  u n s u c c e s s f u l  2 2 ,  2 3  
9 

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

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

n i t r o x i d e  2 4 7  2 5 .  C a r e f u l  e x a m i n a t i o n  o f  t h e  l i t e r a t u r e  

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

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

i m i d y l  r a d i c a l s  m a y  b e  g e n ' e r a t e d .  P e r t i n e n t  p i e c e s  o f  

e v i d e n c e  a r e :  i )  t h e  r e a r r a n g e m e n t  o f  NBS t o  f 3 - b r o m o p r o p i o n y l  

i s o c y a n a t e  1 4 , 2 6 , 2 7 ,  a s  i n  e q .  ( 1 0 ) ;  i i )  t h e  a d d i t i o n  of , 

N B S  a c r o s s  c a r b o n - c a r b o n  d o u b l e  b o n d s  2 8 - 3 3  a n d  i i i )  t h e  

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



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

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

( C H 2 C 0 ) 2 N B r  --+ S *  -+ *CH2CH2CONC0 NBS 
L 

( N B S )  ( 1 - 3 ,  P I )  

BrCH2CH2CONC0 + S *  

( 1 - 4 ,  B P I )  - 

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  e v e n t s  l e a d i n g  t o  t h e  

r e c o g n i t i o n  o f  t h e  s u c c i n i m i d y l  r a d i c a l  i n  1 9 7 2  e m e r g e d  f r o m  

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

i n  b r o m i n e  a t o m  a t t a c k  o n  t h e  @ - h y d r o g e n  o f  a l k y l  

b r o m i d e s  2 1  9 3 5 - 3 8 .  ~ r a ~ n h a m ~ ~  h a d  o b s e r v e d  t h a t  t h e  p r o d u c t  

p a t t e r n s  i n  t h e  b r o m i n a t i o n  o f  n o n - a c t i v a t e d  a l k a n i c  C-H b o n d s  

( e . g . ,  I - b r o m o b u t a n e ,  T a b l e  1-1, p . 2 0 )  a r e  d i f f e r e n t  w i t h  

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

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

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

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

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



Br2 NBS , hv 

Br B r  A, -- Br 
C-- 

major hv 
c H 3 c N  major 

exo/endo = 2.1 - -- ----+ exo/endo = 3.6 
Freon CH2C12 ---- --- 

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

o n l y  w h e n  t h e  b r o m i n e  c h a i n  ( G o l d f i n g e r  m e c h a n i s m )  i s  

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

s u c c i n i m i d y l  r a d i c a l  c h a i n  p r o c e s s  c a n  t a k e  o v e r  ( e q .  3 )  

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

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

r e a c t i v e  a l l y l i c  h y d r o g e n s 3 '  ( e . g . ,  e t h y l e n e ,  n e o h e x e n e ,  1 , l -  

o r  1 , 2 - d i c h l o r o e t h y l e n e )  s o  t h a t  t h e  c h a i n  s e q u e n c e  o f  e q s  5 ,  

6 a n d  8 w a s  s t o p p e d .  S e c o n d l y ,  NBS c o n c e n t r a t i o n s  were 

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

s o l v e n t s "  s u c h  a s  CH3CN ( 0 . 8  M )  a n d  C H Z C I Z  ( 0 . 2 5  M). 

T h i r d l y ,  HBr was s c a v e n g e d  i n  o r d e r  t o  r e t a r d  t h e  



b r o m i n e  f o r m a t i o n  a c c o r d i n g  t o  e q .  7 ;  e t h y l e n e  o x i d e  was s h o w n  t o  

r e a c t  w i t h  HBr r a p i d l y 4 1  i n  t h e  p r e s e n c e  o f  N B S ~ '  b u t  i t s  o v e r a l l  

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

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

u n d e r  e x e m p l a r y  c o n d i t i o n s  ( N o .  2 a n d  3 i n  T a b l e  I - 1 , p .  2 0 )  was 

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

( N o .  1 ) .  T h e  r e s u l t s  o f  e x p e r i m e n t  No. 3 a n d  4 c n o  b r o m i n e  

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

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

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

I n  c o n t r a s t  t o  t h e  e x t e n s i v e  u s e  o f  N - b r o m o - i m i d e  

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

t o  g e n e r a t e  i m i d y l  r a d i c a l s  4 2 9 4 4 , 4 6 .  P h o t o l y s i s  o f  N - c h l o r o -  

i m i d e s  - 1-4 a f f o r d e d  8 - c h l o r o  i m i d e s  - 1 - 6  i n  m o d e r a t e  y i e l d s 4 2 ,  

hv 

R -rill I - R q"qo<no 
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h y d r o g e n  i n t r a m o l e c u l a r l y .  B e n z o y l  p e r o x i d e  o r  l i g h t - i n i t i a t e d  

-- 
N I S  o x i d a t i o n  o f  I - p h e n y l e t h a n o l  was s h o w n  t o  b e  a s u c c i n i m i d y l  

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

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

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

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

S i m p l e  MO t h e o r y  p r e d i c t s  t h a t  i m i d y l  r a d i c a l s  ( e . g . ,  S * )  

may h a v e  II, C N  o r  C o  e l e c t r o n i c  c o n f i g u r a t i o n s  a s  s h o w n  

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

S i n c e  S *  a d d s  a s  a n i t r o g e n  c e n t e r e d  r a d i c a l ,  t h e  Co 

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



Scheme 1-1 

A f t e r  many y e a r s  of i n c o n c l u s i v e  a rgumen t s  based  on 

t h e o r e t i c a l  c a l ~ u l a t i o n s ~ ~ ,  d i r e c t  E S R  e v i d e n c e 4 8  h a s  

c o n f i r m e d  t h a t  t h e  r e l a t e d  amidy l  r a d i c a l s  have t h e  ll 

c o n f i g u r a t i o n .  Us ing  MO c a l c u l a t i o n s ,  Hedaya e t  a l .  4 4  had 

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

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

more r e a c t i v e  and l e s s  s e l e c t i v e .  



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

w h i l e  S ,  ( C N  a n d / o r  Co c o n f i g u r a t i o n )  i s  t h e  e x c i t e d  

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

r a d i c a l  ( 1 - 3  - e q .  1 0 ) .  M o r e  s o p h i s t i c a t e d  c a l c u l a t i o n s  b y  a b  - 
i n i t i o 5 0 ,  M I N D O ~ ~  a n d  U M I N D O ' ~  m e t h o d s  a l s o  i n d i c a t e  t h a t  S, 

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

a  X-n e n e r g y  d i f f e r e n c e  o f  1 5 = 2 5  k c a l / m o l e .  

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

s i n g l e  c r y s t a l  X - i r r a d i a t i o n  o f  s u c c i n i m i d e S 2  a t  2 6 " ~  a n d  w a s  
- 

s h o w n  t o  h a v e  t h e  n - e l e c t r o n i c  c o n f i g u r a t i o n  w i t h  60% s p i n  

d e n s i t y  o n  t h e  n i t r o g e n  a t o m .  T h e  o p e n - c h a i n  r a d i c a l  ( 1 - 3 )  - 
w a s  n o t  o b s e r v e d  i n  t h i s  s t u d y .  H o w e v e r ,  ~ e d a ~ a ' ~  h a s  

p r e s e n t e d  e v i d e n c e  f o r  t h e  f o r m a t i o n  o f  ( 1 - 3 )  d u r i n g  - 
p h o t o l y s i s  o f  t - b u t y l  s u c c i n i m i d e  p e r c a r b o x y l a t e  ( 1 - 7 )  a t  - - 

7 7 • ‹ K .  



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

p a p e r s  5 3 - 5 7  d e s c r i b i n g  t w o  r e a c t i v e  r a d i c a l  s p e c i e s ,  i n  

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

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

g e n e r a t e d  b y  t h e  p r o p a g a t i o n  s t e p s  s h o w n  i n  ( e q s .  1 1  t o  1 3 ) ,  

a n d  i t  was p r o p o s e d  t h a t  t h e y  a r e  t h e  g r o u n d  s t a t e  (S,) a n d  

t h e  l o w e s t  e x c i t e d  s t a t e  (S,)  o f  t h e  s u c c i n i m i d y l  r a d i c a l ;  

n o t e w o r t h y  i s  t h e  g e n e r a t i o n  o f  t h e  e x c i t e d  s t a t e  S, b y  

t h e r m a l  p r o c e s s e s  5 4 9  5 5 .  I t  h a s  b e e n  c l a i m e d  t h a t  t h e  S, 

r a d i c a l  i s  a s  r e a c t i v e  a s  C l *  a n d  O H *  r a d i c a l s  ( l e s s  

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

r a p i d l y  t o  P I  r a d i c a l  1 - 3  ( e q .  a n d  t h a t  i t  c a n  a t t a c k  

a l k e n y l  a n d  a r o m a t i c  I T - b o n d s .  I n  c o m p a r i s o n ,  S, was f o u n d  

t o  b e  

X -  + NBS + S, + XBr - A H = O  k c a l / m o l  ( 1 1 )  

( X *  = * B r ,  * C C 1 3  o r  a n  a l l y l i c  r a d i c a l )  

* R  + NBS + S, + RBr  -AH=7 t o  5  k c a l / m o l  

( O R  = l o  a l k y l ,  2 "  a l k y l  o r  * C H C 1 2 )  

- R ( 3 " )  + NBS + S , ( 9 5 . 5 % )  + S , ( 4 . 5 % )  + RBr  ( 1  3 )  

l e s s  r e a c t i v e  ( m o r e  s e l e c t i v e )  a n d  c o u l d  a d d  t o  a l k e n y l  

I T - b o n d s ,  b u t  c o u l d  n e i t h e r  a t t a c k  a r o m a t i c  I T - b o n d s  n o r  

r e a r r a n g e 5 7  t o  - 1-3 .  T h e  p r o d u c t s  o f  b o t h  a d d i t i o n  a n d  



r e a r r a n g e m e n t  h a v e  b e e n  e x t e n s i v e l y  u t i l i z e d  b y  S k e l l ' s  

g r o u p  
5 3 - 5 7  f o r  t h e  i d e n t i f i c a t i o n  o f  t h e  t w o  p r o p a g a t i n g  

r a d i c a l  s p e c i e s .  

1 - 3  R e a c t i v i t y  o f  I m i d y l  R a d i c a l s  

( a )  H y d r o g e n  A b s t r a c t i o n  

T h e  r e l a t i v e  r e a c t i v i t i e s  o f  a l k a n i c  s u b s t r a t e s  ( u n r e a c -  

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

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

NBS d e ~ o m ~ o s i t i o n ~ ~ , ~ ~ .  F o r  e x a m p l e ,  i n  t h e  c o m p e t i t i v e  

h a l o g e n a t i o n  o f  n e o p e n t a n e  a n d  CH2C12  ( T a b l e  1 - 2 ,  p . 2 2 )  i n  t h e  

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

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

h y d r o g e n  a b s t r a c t i n g  s p e c i e s  ( g e n e r a t e d  b y  r e a c t i o n  1 2 )  g i v i n g  

a r e l a t i v e  r e a c t i v i t y  p e r  h y d r o g e n  ~ ( C H ~ ) , C / ~ C H , C ~ , *  o f  

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

p r o p a g a t i o n  s t e p s  ( 1 4 )  t o  ( 1 5 )  were p r o p o s e d  f o r  t h i s  s y s t e m .  

S , + R H  + S H + R *  ( 1 4 )  

R *  + NBS + RBr + S, ( 1 5 )  

* k  r a t e  c o n s t a n t  f o r  H a b s t r a c t i o n  f r o m  ( C H 3 ) 4 C  
( C H 3 ) 4 C  = 

k~~ ,C12 r a t e  c o n s t a n t  f o r  H a b s t r a c t i o n  f r o m  CH2C12 



I n  t h e  p r e s e n c e  o f  b r o m i n e  ( > l o m 3  M )  o r  B r C C 1 3  ( > 3 . 4  M )  a t  

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

S, was t h e  s o l e  h y d r o g e n  a b s t r a c t i n g  s p e c i e s  r e g e n e r a t e d  by  

e q . 1 1  t o  g i v e  o f  n e a r l y  o n e  5 4 - 5 7 .  T h e  

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

e q s .  ( 1 6  t o  1 8 )  i n  w h i c h  BrX i s  B r 2  o r  B r C C 1 3 ,  a  c h a i n  

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

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

c o n d i t i o n s ,  l e d  t h e  a u t h o r s  5 4 9  5 6  t o  a s s i g n  t h e  S, o r  S, 

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

4 9 a c c o r d i n g  t o  t h e  p r e d i c t i o n  m a d e  b y  K o e n i g  a n d  W i e l e s e k  . 

S, + R H  + SH + R e  

R *  + BrX + RBr  + X *  

X *  + NBS + Sx + BrX 

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

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

t r e n d s 5 7 .  T h e  e x p e r i m e n t a l  c o n d i t i o n s  f o r  g e n e r a t i n g  S, a n d  

S, r a d i c a l s  a r e  d e f i n e d  i n  T a b l e  1 - 1  ( p . 2 0 ) .  T a b l e  1-1 

s h o w s  t h a t  t h e  r e a c t i v i t y  o f  t h e  S, r a d i c a l  f o r  t h e  

a b s t r a c t i o n  o f  h y d r o g e n  i s  c o m p a r a b l e  t o  t h a t  o f  C 1 - ,  w h i l e  

t h e  S, r a d i c a l  r e a c t i v i t y  is  c o m p a r a b l e  t o  t h a t  o f  t - B u O * .  



( b )  R e a r r a n g e m e n t - o f  h a l o  i m i d e s  

On t h e  b a s i s  o f  t h e  MO c o r r e l a t i o n  o f  K o e n i g  a n d  

w i e l e s e k 4 ' ,  S k e l l  h a s  p r o p o s e d 5 5  t h a t  S, r e a r r a n g e s  t o  - 1 - 3  

( e q .  1 0 ) ;  t h e r e f o r e  t h e  B P I  f o r m a t i o n  i s  a k e y  i n d i c a t o r  f o r  

t h e  g e n e r a t i o n  o f  S,. E x t e n s i v e  s t u d i e s  o f  v a r i o u s  h a l o  

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

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

t h e  f o r m a t i o n  o f  t h e  3 "  a l k y l  r a d i c a l  f r o m  t h e  2 , Z ' - d i m e t h y l -  

s u c c i n i m i d y l  r a d i c a l  w a s  p a r t i c u l a r l y  f a v o r e d  5 5 , 5 6 .  T h e  

r i n g  o p e n i n g  r e a c t i o n  o f  S, r a d i c a l s  ( e q .  1 0 )  h a s  b e e n  

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

5  5  S,  r e a c t i o n s  a s  s h o w n  b y  d e u t e r i u m  l a b e l l i n g  e x p e r i m e n t s  . 
T h u s ,  l o w  c o n c e n t r a t i o n s  o f  NBS y i e l d e d  l ess  B P I ,  a n d  NCS, 

b e i n g  a p o o r  c h l o r i n e  d o n o r ,  f a i l e d  t o  g i v e  0 - c h l o r o p r o p i o n y l  

i s o c y a n a t e .  

( c )  A d d i t i o r !  t o  a l k e n e s  

P h o t o i n i t i a t e d  a d d i t i o n s  o f  NBS, NCS a n d  NBDMG ( N - b r o m o -  

3 , 3 - d i m e t h y l g l u t a r i m i d e )  t o  o l e f i n s  c o n t a i n i n g  n o  r e a c t i v e  

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

a d d u c t s  ( 1 - 9 )  a n d  ( 1 - 1 0 )  i n  e x c e l l e n t  y i e l d s  4 0 , 5 3 ;  t h e  

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

P h o t o d e c o m p o s i t i o n  o f  NBS i n  CH3CN 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  g a v e  m o r e  c o m p l e x  p r o d u c t  p a t t e r n s ;  1 -  o r  3 - s u c c i n -  

4  0 i m i d y l - c y c l o h e x e n e  were m i n o r  p r o d u c t s  . H o w e v e r ,  t h e  

f o r m a t i o n  o f  a s u b s t a n t i a l  q u a n t i t y  o f  4 - b r o m o c y c l o h e x e n e  



N-CH-CH-R x?: 0 B r  I 

X = B r ,  C1; R = H, &-Bur n-Bu R = t-Bu, C 6 H 5  - 

w a s  i n v o k e d  5 3 9  5 5 9  5 6  a s  a n  i n d i c a t i o n  o f  t h e  h i g h  r e a c -  

t i v i t y  o f  S,, b u t  c o u l d  n o t  b e  r e p e a t e d r 0 .  

F l a s h  p h o t o l y s i s  o f  NBDMG i n  CC14  g a v e  a b s o l u t e  r a t e  

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

a b s t r a c t i o n s  o f  t h e  d i m e t h y l  g l u t a r i m i d y l  ( D M G )  r a d i c a l  a n d  

i t s  p r e c u r s o r 6 0 .  W h i l e  t h e  t w o  r e a c t i n g  s p e c i e s  were f o r m e d  

by  d i r e c t  e x c i t a t i o n  a n d  t h e i r  c o n f i g u r a t i o n s  ( C  v s .  ll) were 

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

DMG r a d i c a l  r e a c t i o n  w i t h  n e o h e x e n e  a n d  c y c l o h e x a n e  was 2 . 6  x 

1 0 3 ; t h e  p r e c u r s o r ,  o n  t h e  o t h e r  h a n d ,  r e a c t e d  w i t h  n e o h e x e n e  

l o 8  t imes  f a s t e r  t h a n  w i t h  c y c l o h e x a n e .  T h e  f o r m e r  r a t i o  i s  

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

r e a c t  i o n s  6 0 ,  6 2 ,  6 4 - 7 0  



D M G  

( d )  S u b s t i t u t i o n  a t  a r o m a t i c  n u c l e i  

I t  h a s  b e e n  s t a t e d  t h a t  S,  r a d i c a l s  a t t a c k  b e n z e n e  

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

r a d i c a l s  d o  n o t ;  i n d e e d ,  b e n z e n e  c o u l d  b e  u s e d  a s  a c o n v e n i e n t  

S,  s c a v e n g e r  f o r  c r e a t i n g  S, c o n d i t i o n s ,  s i n c e  t h e  

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

S, r a d i c a l s  5 4 9 5 6 9 5 7 .  T h e  d e c o m p o s i t i o n  o f  NBS i n  CH2C12  

c o n t a i n i n g  b e n z e n e  u n d e r  S, c o n d i t i o n s  p r o d u c e d  n o  B P I ,  a n d  

b o t h  t h e  y i e l d s  o f  N - p h e n y l s u c c i n i m i d e  a n d  C H B r C l *  were s m a l l  

5 6  a n d  c o m p a r a b l e  . 

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

v a r i o u s  m o n o s u b s t i t u t e d  b e n z e n e s  i n  N - b r o m o i m i d e  

p h o t o l y s e s  5 3 9 6 1  were t y p i c a l  o f  f r e e  r a d i c a l  r e a c t i o n s .  

W i t h  t e r t - b u t y l b e n z e n e  i n  a c e t o n i t r i l e  c o n t a i n i n g  

n e o h e x e n e ( 0 . 1 2  M ) ,  t h e  a b s o l u t e  y i e l d s  o f  t h e  p r o d u c t s  s h o w n  

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

o f  e t h y l e n e  e p o x i d e .  I t  h a s  a l s o  b e e n  s h o w n  t h a t  b e n z e n e  a d d s  

5  3  s u c c i n i m i d y l  r a d i c a l  tw i ce  a s  f a s t  a s  n e o h e x e n e  . 



1-4 R e c e n t  D i s p u t e s  
\ 

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

t i o n  o f  S,  a n d  S, r a d i c a l s  ( e q s .  1 1  t o  1 3 )  a n d  o f  t h e  . 

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

i s  h i g h e r  t h a n  t h a t  o f  t h e  f o r m e r ,  ~ k e 1 1 ~ ~  e s t i m a t e d  t h e  S, 

a n d S ,  e n e r g y  d i f f e r e n c e  t o  b e  - 1 5  k c a l l m o l .  T h e  t r a n s i t i o n  

s t a t e  f o r  t h e  S, r a d i c a l  g e n e r a t i o n  ( e q .  1 1 )  h a s  b e e n  

v i s u a l i z e d  a s  a r a d i c a l  a p p r o a c h  t o  t h e  N-Br  b o n d  f r o m  t h e  

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

S, r a d i c a l  g e n e r a t i o n  ( e q .  1 2 )  a s  a  c o a x i a l  r a d i c a l  a p p r o a c h  

a l o n g  t h e  a x i s  o f  t h e  N-Br  b o n d .  B o t h  p r o p o s a l s  were l a t e r  

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

r a t i o n a l i z a t i o n s  c o n t a i n  e l e m e n t s  o f  s p e c u l a t i o n ,  S k e l l ' s  

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

a f e w  p o i n t s .  H o w e v e r ,  m o r e  r e c e n t l y  o t h e r  g r o u p s  6 2 7 6 3  h a v e  

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

5  7 d a t a  a t  v a r i a n c e  w i t h  t h a t  r e p o r t e d  b y  S k e l l ' s  g r o u p  . 



1 )  W a l l i n g  a n d  c o - ~ o r k e r s ~ ~  h a v e  c o n f i r m e d  t h e  r e l a t i v e  

r e a c t i v i t y  d a t a  o f  t h e  n e o p e n t a n e - C H 2 C 1 2  s y s t e m  5 4 - 5 6  a n d  a l s o  

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

t h e  b r o m i n e  a t o m ,  i n  NBS d e c o m p o s i t i o n s .  H o w e v e r ,  t h e i r  

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

were m u c h  s m a l l e r  t h a n  S k e l l ' s ,  l e a d i n g  t h e m  t o  a r g u e  a g a i n s t  

t h e  v a l i d i t y  o f  t h e  e x c i t e d  s t a t e  S, r e a c t i o n s .  T a n n e r  e t  
I 

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

c y c l o p e n t a n e - c y c l o h e x a n e ,  N B S - B r 2  r e a g e n t s  s h o w  e s s e n t i a l l y  

t h e  b r o m i n e  a t o m  c h a i n  r e a c t i v i t y  w h i l e  N B S - e t h y l e n e  r e a g e n t s  

s h o w  t h e  S *  c h a i n  r e a c t i v i t y .  

2 )  C o n t r a r y  t o  S k e l l ' s  c l a i m s ,  b o t h  a n d  

~ a n n e r ~ ~  f o u n d  t h a t  B P I  w a s  f o r m e d  u n d e r  t h e  S, c o n d i t i o n s .  

3 )  T h e  k i n e t i c  i s o t o p e  e f f e c t s  k ~ / k ~  m e a s u r e d  b y  

~ k e 1 1 ~ ~  a n d  ( s h o w n  b e l o w )  a r e  a t  v a r i a n c e .  

NBS-CH ,CC1 2 N B S - B r 2  

S k e l l ' s  ~ r o u ~ ~ ~  CH 2 C 1  2 / C D  2 C 1  2  1 . 5  5 .8  

CHC1 , / C D C l  1 . 4  6 .3  

W a l l i n g ' s  ~ r o u ~ ~ ~  C H 2 C 1 2 / C D 2 C 1 2  10 10 

4 )  S o m e  o f  t h e  r e a c t i o n  r a t e  c o n s t a n t s  e s t i m a t e d  b y  ~ k e 1 1 ~ ~  

a n d   allin in^^^ f r o m  s t a t i c  p r o d u c t  a n a l y s e s  d i f f e r  b y  t w o  t o  

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

e q .  10  ( 1 0 '  a n d  l o 4  s e c - ' ) ,  a n d  f o r  t h e  h y d r o g e n  a b s t r a c t i o n  



f r o m  c y c l o h e x a n e  ( l o 6  v s .  l o 4  M - l  s e c - l ) ,  b y  S -  u n d e r  t h e  S ,  

c o n d i t i o n s .  e s t i m a t e d  t h e  r a t e  c o n s t a n t s  of S -  

h y d r o g e n  a b s t r a c t i o n  f r o m  n e o p e n t a n e  a n d  C H 2 C 1 2  i n  t h e  

t h e r m a l l y  i n i t i a t e d  NBS r e a c t i o n  t o  b e  3 8 0  a n d  5 5  M - ' s - ~  u n d e r  

S, c o n d i t i o n s ,  a n d  5 9 0  a n d  5 .8  M - ~ S - ~  u n d e r  S o  

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

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

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

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

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

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

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

c o m p l e x  b e t w e e n  b r o m i n e  a t o m  a n d  NBS s u c h  a s  ( 1 - 1 1 ) .  

R H  
NBS + B r -  - - - + S - B r - B r  -SH + R B r  + B r -  

( 1 - 1 1 )  
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1 - 5  R e s e a r c h  P r o ~ o s a l  

T h e  r e c e n t  r e p o r t s  b y  s k e 1 l S 7 ,  a n d  ~ a n n e r ~ ~  o n  

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

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

e l e c t r o n i c  s t a t e s  n a m e l y  C ( e x c i t e d  s t a t e ,  e . g .  1 1 - 3 2 )  a n d  x 

( g r o u n d  s t a t e ,  1 1 - 3 3 ) ?  
I 

i i )  I f  s o ,  w h a t  i s  i t s  e l e c t r o n i c  c o n f i g u r a t i o n  w h e n  

g e n e r a t e d  i n  t h e  p r e s e n c e  o f  a n  o l e f i n  ( w h i c h  t r a p s  b r o m i n e ) ?  

i i i )  W h a t  a r e  t h e  s t r u c t u r e s  a n d  c o n f i g u r a t i o n s  o f  t h e  

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

T o  a n s w e r  t h e s e  q u e s t i o n s  we d e c i d e d  t o  s y n t h e s i z e  a  s e r i e s  o f  

m o d e l  c o m p o u n d s ,  n a m e l y :  

( a )  t h e  s a t u r a t e d  t r i c y c l i c  N - b r o m o s u c c i n i m i d e  

d e r i v a t i v e s  1 1 - 3 1  a n d  1 1 - 4 1  a s  s t e r e o e l e c t r o n i c  p r o b e s  o f  t h e  

m o d e l  o f  h y d r o g e n  a b s t r a c t i o n  (intra-vs.-intermolecular), a n d ;  

( b )  t h e  A ~ ,  3 - u n s a t u r a t e d  t r i c y c l i c  N - b r o m o s u c c i n i m i d e s  

1 1 - 5 0 ,  1 1 - 6 0 ,  a n d  1 1 - 6 3  a s  p r o b e s  f o r  t h e  e l e c t r o n i c  

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

a d d i t i o n  t o  o l e f i n i c  d o u b l e  b o n d s .  

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

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

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



a t i o n  o f  D r e i d i n g  m o d e l s  o f  1 1 - 3 1  r e v e a l s  t h a t  t h e  n i t r o g e n  

a n d  t h e  e n d o - C 3  h y d r o g e n  a t o m  a r e  s e p a r a t e d  b y  - c a .  2 . 0  A w i t h  

t h e  c y c l o h e x y l  m o i e t y  i n  t h e  p s e u d o - c h a i r  c o n f o r m a t i o n  1 1 0  
9 

a n d  b y  - c a .  1 . 2  A i n  t h e  t u c k e d - i n  p s e u d o - b o a t  c o n f o r m a t i o n ;  i n  

t h e  e n d o - e n v e l o p e  f o r m  o f  1 1 - 4 1  t h e  c o r r e s p o n d i n g  i n t e r a t o m i c  

d i s t a n c e  i s  - c a .  2 . 5  A w h i c h  i s  s t i l l  b e l o w  t h e  r e q u i r e d  m a x i -  

mum o f  2 . 7  A .  F u r t h e r m o r e ,  t h e  e n d o  C3-H b o n d  a n d  t h e  n i t r o -  

g e n  p - o r b i t a l  a r e  c o l i n e a r  ( o r  n e a r l y  s o )  i n  a l l  t h r e e  c a s e s .  

I n  t h e  r a d i c a l  c o m p l e x e s  1 1 - 3 4  a n d  1 1 - 4 7 ,  w h i c h  may a l s o  b e  

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

b r o m i n e  may o c c u p y  o n e  o f  t h e  t h r e e  e q u a t o r i a l  d s p 3  h y b r i d  
- 

o r b i t a l s  ( t r i g o n a l  b i p y r a m i d )  w h i c h  c a n  a l s o  r e a c h  t h e  e n d o - C 3  

h y d r o g e n .  T h e  g e o m e t r y  o f  t h e  m o d e l  c o m p o u n d s  1 1 - 3 1  a n d  1 1 - 4 1  

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

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

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

t r a n s f e r  s h o u l d  l e a d  t o  r e g i o s p e c i f i c  b r o m i n a t i o n  a t  C 3  i f  t h e  

r a d i c a l  i n t e r m e d i a t e  f o r m e d  f r o m  1 1 - 3 1  o r  1 1 - 4 1  h a s  t h e  

n - e l e c t r o n i c  c o n f i g u r a t i o n  ( 1 1 - 3 3  o r  1 1 - 4 9 )  o r  i s  a  b r o m i n e  

a t o m  c o m p l e x  '12 ( 1 1 - 3 4  o r  1 1 - 4 7 ) ,  w h i l e  i n t e r m o l e c u l a r  h y d r o -  . 
g e n  a b s t r a c t i o n  ( e . g .  f r o m  t h e  s o l v e n t )  s h o u l d  b e  o b s e r v e d  i f  

i t  h a s  t h e  C c o n f i g u r a t i o n  ( 1 1 - 3 2  o r  1 1 - 4 8 ) .  



T h e  A * '  ' - u n s a t u r a t e d  t r i c y c l i c  N - b r o m o s u c c i n i m i d e  

d e r i v a t i v e s  1 1 - 5 0 ,  11-60,  a n d  1 1 - 6 3  were s y n t h e s i z e d  i n  o r d e r  

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

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

d e r i v e d  f r o m  11-50  a n d  1 1 - 6 0  c o u l d  a d d  i n t r a r n o l e c u l a r l y  t o  t h e  

d o u b l e  b o n d s  i f  t h e y  h a v e  Il-, b u t  n o t  C - c o n f i g u r a t i o n s .  I n  

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

i s  o r t h o g o n a l  t o  t h e  p - o r b i t a l s  o f  t h e  d o u b l e  b o n d .  I n  1 1 - 6 3  

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

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

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

N - b r o r n o s u c c i n i m i d e  ( N B S )  i t s e l f  u n d e r  c o n d i t i o n s  c o m p a r a b l e  t o  

5 3 t h o s e  r e p o r t e d  b y  S k e l l  a n d  c o - w o r k e r s  . T h e  r e s u l t s  o f  o u r  

w o r k  c o n f i r m e d  S k e l l ' s  f i n d i n g s  a n d  a d d e d  s o m e  f u r t h e r  i n f o r -  

m a t i o n  i n  t h i s  a r e a .  

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

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

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

o f  NBS a n d  i t s  t r i c y c l i c  d e r i v a t i v e s .  

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

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

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



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

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

m e c h a n i s t i c  s t u d i e s .  
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11. R E S U L T S  - 

[ 2 + 2 ]  P h o t o c y c l o a d d i t i o n  o f  D i c h l o r o m a l e i m i d e  a n d  ---- -- 
D i c h l o r o m a l e i c  A n h v d r i d e  t o  C v c l i c  O l e f i n s  

+ 2 ]  P h o t o c y c l o a d d i t i o n s  a r e  v e r y  u s e f u l  m e t h o d s  t o  

c t  c y c l o b u t a n e  r i n g s  7 1  , 7 2  a n d  h a v e  b e e n  e x t e n s i v e l y  

w i t h  w i d e  v a r i a t i o n s  o f  a d d e n d a  7 3 - 8 0 .  As m o d e l  

d s  s u c h  a s  1 1 - 3 .  1 1 - 6 ,  1 1 - 1 5  a n d  1 1 - 1 7  were r e q u i r e d  f o r  -- - --- -- 

s t i c  s t u d i e s ,  we h a v e  i n v e s t i g a t e d  t h e  p h o t o a d d i t i o n  o f  

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

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

e s  w i t h  o l e f i n s  e x h i b i t i n g  new b a n d s  i n  t h e  280 nm 

1 - 8 4  . I r r a d i a t i o n  o f  t h i s  c h a r g e  t r a n s f e r  b a n d  o r  

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

e s  t h e  [ 2 + 2 ]  c y c l o a d d i t i o n  t o  g i v e  c y c l o b u t a n e  

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

t i o n s  8 3 - 8 7 .  P h o t o a d d i t i o n s  o f  m a l e i m i d e s  t o  a c y c l i c  

a r e  a l s o  k n o w n  8 1 , 8 4  

P h o t o a d d i t i o n  o f  D i c h l o r o m a l e i m i d e  t o  1 , 3 - C y c l o h e x a -  

d i e n e  a n d  C y c l o h e x e n e  

r a d i a t i o n  o f  a  s o l u t i o n  o f  d i c h l o r o m a l e i m i d e  ( 1 1 - 1 )  a n d  

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

f o r m a t i o n  o f  t h e  ( 2 + 2 )  p h o t o a d d u c t s  ( r e l a t i v e  y i e l d s )  

1 1 - 6 ,  5 0 % )  a n d  7,8-dichloro-cis-bicyclo[4.2.0]oct-2- - 





- 2s-  

Scheme 11-2 

ene-exo,cis-7,8-dicarboximide (11-7, 43%) along with small -- 
amounts of the (4+2) adducts 11-8 (5%), and 11-9 (2%). 

Chromatographic separation afforded pure 11-6 and 11-7. 

Similar photolysis of a solution of dichloromaleimide and 

cyclohexene in dioxane led to 7,8-dichloro-cis-bicyclo[4.2.0] - 

and 7,8-dichloro-trans-bicyclo[4.2.0]octane-cis-7,8- - 
dicarboximide (11-5, 49%) .  The treatment of the crude mixture 

with charcoal in methanol converted 11-5 to compound 11-12 by 

solvolysis. Flash chromotographic separation of the mixture 

gave pure photoadducts (11-3, 11-4, 11-5) and the amide-ester 



T h e  c y c l o b u t y l  c o m p o u n d s  11-3  t o  1 1 - 7  s h o w e d  t h e  e x p e c t e d  - 
I R  a b s o r p t i o n s  ( T a b l e  I V - I ) ,  a n d  m a s s  s p e c t r a l  f r a g m e n t s  ( T a b l e  

I V - 2 )  a n d  e l e m e n t a l  a n a l y s e s  ( T a b l e  IV-3,  s ee  E x p e r i m e n t a l  

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

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

h i g h  f i e l d  NMR s p e c t r o s c o p y  w a s  e x t e n s i v e l y  u s e d ,  a n d  X - r a y  

c r y s t a l l o g r a p h i c  a n a l y s i s 9 0 p r o v e d  t h e  s t r u c t u r e  o f  o n e  o f  t h e  

a d d u c t s .  

1 T h e  H N M R  s p e c t r a l  d a t a  o f  1 1 - 6  a n d  1 1 - 7  a r e  g i v e n  i n  

T a b l e  1 1 - 1  ( p . 3 9 ) .  D e c o u p l i n g  o f  t h e  o l e f i n i c  p r o t o n s  h a d  n o  

e f f e c t  o n  t h e  s i g n a l s  o f  H 6  a n d  H g  t h u s  p e r m i t t i n g  a 

d i s t i n c t i o n  b e t w e e n  t h e  c y c l o b u t y l  p r o t o n s  H 1  a n d  H 6 ,  a n d  

b e t w e e n  t h e  m e t h y l e n e  p r o t o n s  a t  C - 4  a n d  C - 5 .  T h e  a s s i g n m e n t  

o f  H 2  a n d  H 3  f o l l o w e d  f r o m  t h e i r  i n t e r a c t i o n s  w i t h  t h e  C - 4  

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

e f f e c t  e x p e r i m e n t  l o l ,  l o 2 :  i r r a d i a t i o n  o f  H 1  r e s u l t e d  i n  a  

1 2 %  e n h a n c e m e n t  o f  t h e  H 2  s i g n a l  i n  1 1 - 7 .  T h e  d i s t i n c t i o n  

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

H s x  s h o w e d  a n  nOe  e n h a n c e m e n t  ( =  7 % )  o n  d e c o u p l i n g  H g .  T h e  

c o n f o r m a t i o n  o f  1 1 - 6  i n  t h e  s o l i d  s t a t e  i s  s h o w n  i n  F i g u r e  1 1 - 1  

a n d  T a b l e  1 1 - 5  ( p . 4 9 ) .  



F i g u r e  11-1 ( a )  P e r s p e c t i v e  v i e w  o f  11-6  f r o m  X - r a y  

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

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

l a b e l l e d .  ( b )  B o n d  l e n g t h s  ( A )  a n d  a n g l e s  

( " ) ;  i n t e r m o l e c u l a r  d i s t a n c e s  l e s s  t h a n  3.8 A :  

t h e  d i s t a n c e  o f  t h e  C 1 0  o x y g e n  t o  C,, i s  3 .553  A 

a n d  t h a t  o f  N t o  C 3  i s  3 .309 A .  



Fig. 11-l(a) 



T h e  r i n g  j u n c t i o n  o f  t h e  b i c y c l i c  s y s t e m  i n  1 1 - 7  was 

a s s i g n e d  c i s - c o n f i g u r a t i o n  s i n c e  H 6  s h o w e d  a 7 . 4 %  e n h a n c e m e n t  - 
o n  i r r a d i a t i o n  o f  H 1 .  T h e  e x o - c o n f i g u r a t i o n  o f  t h e  i m i d y l  - 
g r o u p  w i t h  r e s p e c t  t o  t h e  c i s - r i n g  f u s i o n  o f  t h e  b i c y c l i c  

s y s t e m  i n  1 1 - 4  a n d  1 1 - 7  f o l l o w e d  f r o m  t h e  nOe  e n h a n c e m e n t  f o u n d  - 
f o r  H 1  a n d  H s  o n  d e c o u p l i n g  t h e  r e s p e c t i v e  i m i d y l  p r o t o n  ( N H ) .  - 
A s i m i l a r  i r r a d i a t i o n  o f  t h e  i m i d y l  p r o t o n  (NH)  i n  1 1 - 3  a n d  

1 1 - 6  d i d  n o t  c a u s e  nOe  f o r  H 1  a n d  H 6 , t h e r e f o x - e  t h e  i m i d y l  g r o u p  - 
w a s  a s s i g n e d  a n  e n d o - c o n f i g u r a t i o n .  - 

T h e  13c r e s o n a n c e s  o f  11-6 a n d  1 1 - 7  a r e  l i s t e d  i n  T a b l e  

1 1 - 2  ( p . 4 5 ) .  T h e  s i g n a l s  were a s s i g n e d  w i t h  t h e  a i d  o f  

s e l e c t i v e  d e c o u p l i n g s  9 9 , 1 0 0 ,  a n d  t h e  r e s u l t s  a r e  s u m m a r i z e d  

i n  T a b l e  11-3 .  

C a t a l y t i c  h y d r o g e n a t i o n  o f  1 1 - 6  a n d  1 1 - 7  a f f o r d e d  - 
e n d o , c i s - i m i d e  11-3 a n d  e x o , c i s - i m i d e  1 1 - 4 ,  r e s p e c t i v e l y ,  i n  -- -- 
q u a n t i t a t i v e  y i e l d s .  I m i d e s  11-3 a n d  1 1 - 4  e x h i b i t e d  c o m p l e x  ' H  - 
NMR p a t t e r n s  w h i c h  c o u l d  n o t  b e  a n a l y z e d  p r e c i s e l y .  H o w e v e r ,  

i r r a d i a t i o n  o f  t h e  H1  ( o r  H 6 )  s i g n a l  c h a n g e d  t h e  p a t t e r n  o f  t h e  

H 2  ( o r  H 5 )  s i g n a l s  b u t  n o t  t h e  H 3  ( o r  H 4 )  s i g n a l s ,  a n d  a l s o  

c a u s e d  t h e  i n t e n s i t y  e n h a n c e m e n t  o f  t h e  i n t e n s i t y  o f  t h e  H 2 ,  

( o r  H S x )  s i g n a l .  



T h e  13c p r o t o n - d e c o u p l e d  s p e c t r a  o f  1 1 - 3  a n d  11-4 d i s p l a y -  - 
e d  f i v e  l i n e s  i n d i c a t i v e  o f  a p l a n e  o f  s y m m e t r y  ( T a b l e  1 1 - 2 ,  

p . 4 5 ) .  T h e  d i s t i n c t i o n  b e t w e e n  t h e  C 2  a n d  C 3  s i g n a l s  i n  - 1 1 - 3  

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

t h e  d e c o u p l e r  f r e q u e n c y  w a s  c e n t e r e d  a t  6 3 . 8 5  p p m ,  t h e  C2 

s i g n a l  s h o w e d  s m a l l e r  r e s i d u a l  s p l i t t i n g s g 9  ( 3 r  = 65 H z )  t h a n  

C3  ( 3 r  = 7 0  a n d  7 4  H z ) .  A l s o  t h e  s i g n a l  d u e  t o  C2 was 

c o l l a p s e d  t o  a d o u b l e t  w h e n  t h e  d e c o u p l e r  was s e t  a t  t h e  H 2  

s i g n a l .  T h e  a s s i g n m e n t  o f  t h e  C 2  a n d  C 3  s i g n a l s  i n  - 1 1 - 4  

f o l l o w e d  f r o m  d e c o u p l i n g  a t  6 2 . 3 5  ppm w h i c h  r e s u l t e d  i n  

s m a l l e r  r e s i d u a l  s p l i t t i n g s  ( 3 r  = 1 7  H z )  f o r  C 2  t h a n  f o r  C3 

( 3 r  = 2 1  a n d  2 2  H z ) .  

T a b l e  1 1 - 2  ( p . 4 5 )  a l s o  s h o w s  t h a t  i n  t h e  e n d o - i s o m e r s  11-3  - - 
a n d  1 1 - 6  t h e  s i g n a l s  o f  C5 a n d  i m i d y l  g r o u p  c a r b o n s  a r e  s h i f t e d  

u p f i e l d ,  w h e r e a s  C1 a n d  C6 a r e  s h i f t e d  d o w n f i e l d  r e l a t i v e  t o  

t h o s e  o f  t h e  c o r r e s p o n d i n g  c a r b o n s  i n  t h e  - e x o - i s o m e r s  1 1 - 4 a n d  

1 1 - $ 7 ,  r e s p e c t i v e l y ,  w h i c h  i s  d u e  t o  t h e  s t e r i c  c o m p r e s s i o n g 9  i n  

e n d o - i s o m e r s .  

T h e  s t r u c t u r e  p r o o f  o f  t h e  t r a n s - i m i d e  11-5  r e l i e d  o n  - 
d e c o u p l i n g  e x p e r i m e n t s .  T h e  s p e c t r a l  p a r a m e t e r s  o f  1 1 - 5  a r e  

g i v e n  i n  T a b l e  11-1 ( p . 3 9 ) .  T h e  a s s i g n m e n t  o f  H 2 ,  a n d  H 2 a  

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

H 4  a f o l l o w e d  f r o m  t h e i r  i n t e r a c t i o n s  w i t h  H 2 ,  a n d  Hsa, 

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



t h e  c y c l o h e x a n e  r i n g  i s  f r o z e n  i n  a c h a i r  c o n f o r m a t i o n .  T h e  H 6  

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

( 6  2 . 1 5  ppm)  o w i n g  t o  t h e  a n i s o t r o p i c  s h i e l d i n g  e f f e c t  o f  t h e  

i m i d e  g r o u p 8 ' .  T h e  t e n  s i g n a l s  i n  t h e  13c N M R  s p e c t r u m  ( T a b l e  

1 1 - 2 )  c l e a r l y  i n d i c a t e  t h a t ,  i n  c o n s t r a s t  t o  11-3  a n d  1 1 - 4 ,  

11-5 d o e s  n o t  p o s s e s s  a p l a n e  o f  s y m m e t r y .  T h e  13c s i g n a l  - 
a s s i g n m e n t s  were b a s e d  o n :  ( a )  s e l e c t i v e  d e c o u p l i n g  o f  H I  

g i v i n g  r i s e  t o  a s i n g l e t  f o r  C1 a n d  a n  e n h a n c e m e n t  i n  t h e  C8 

a n d  C9  s i g n a l s ;  ( b )  d e c o u p l i n g  o f  H 2 ,  r e s u l t i n g  i n  a  d o u b l e t  

f o r  C 2 ,  a n d  ( c )  t h e  c o l l a p s e  o f  t h e  C 3  a n d  C 4  s i g n a l s  t o  

d o u b l e t s  o n  i r r a d i a t i o n  o f  t h e  s i g n a l  a t  6  1 . 5 4  ppm.  

- 
T h e  t r a n s - i m i d e  11-5 u n d e r w e n t  m e t h a n o l y s i s  b y  h e a t i n g  i n  

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

s t r u c t u r e  1 1 - 1 2  o n  t h e  b a s i s  o f  t h e  n u c l e o p h i l i c  a t t a c k  o f  

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

t h e  a m i d e - e s t e r  1 1 - 1 2  w a s  e s t a b l i s h e d  o n  t h e  f o l l o w i n g  b a s i s :  

E l e m e n t a l  a n a l y s i s  a n d  M S ( C 1 )  e s t a b l i s h e d  t h e  m o l e c u l a r  f o r m u l a  

a s  C l l H 1 5 C 1  2 N 0 3 .  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  c h a r a c t e r i s t i c  

e s t e r  b a n d s  a t  1 7 3 5 ,  1 1 7 0 ,  1 2 9 0  cm-l,  a n d  a m i d e  b a n d s  a t  3 4 4 0 ,  

3 3 4 0 ,  3 2 1 0 ,  1 6 6 0 ,  a n d  1 6 1 0  cm-l.  T h e  'H N M R  s p e c t r u m  s h o w e d  a  

s i n g l e t  a t  6 3 . 7 2  ( O C H 3 ) .  T h e  13c N M R  s p e c t r u m  d i s p l a y e d  t h e  

e x p e c t e d  1 1  l i n e s  ( T a b l e  1 1 - 2 ) .  



1 1 - 1 - 2  P h o t o a d d i t i o n  o f  D i c h l o r o m a l e i m i d e  t o  C y c l o p e n t a d i e n e  

a n d  C y c l o p e n t e n e  

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

a  P y r e x  f i l t e r  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  t h e  ( 2 + 2 )  a d d u c t s  

( r e l a t i v e  y i e l d s ) ,  6,7-dichloro-cis-bicyclo[3.2.0]hept-2-ene- - 

endo,cis-6,7-dicarboximide ( 1 1 - 1 7 ,  4 7 % )  a n d  6 , 7 - d i c h l o r o - c i s -  -- - 
bicyclo[3.2.0]hept-2-ene-exo,cis-dicarboximide -- ( 1 1 - 1 8 ,  4 3 % ) ,  

a n d  o f  t h e  ( 4 + 2 )  p h o t o a d d u c t  5,6-dichloro-cis-bicyclo[2.2.1] - 
hept-5-ene-exo,cis-5,6-dicarboximide ( 1 1 - 2 2 ,  1 0 % ) .  T h e  ( 2 + 2 )  -- 
a d d u c t s  1 1 - 1 7  a n d  1 1 - 1 8  were o b t a i n e d  p u r e  b y  f l a s h  c h r o m a -  

t o g r a p h y  a n d  c h a r a c t e r i z e d  b y  e l e m e n t a l  a n a l y s i s ,  I R ,  MS, a n d  
- 

N M R  s p e c t r o s c o p y  ( s e e  E x p e r i m e n t a l  S e c t i o n  a n d  T a b l e s  11-1 a n d  

1 1 - 2 ) .  T h e  ( 2 + 4 )  p h o t o a d d u c t  1 1 - 2 2  was o b t a i n e d  a s  a m i x t u r e  

w i t h  1 1 - 1 6 .  S i m i l a r  p h o t o l y s i s  o f  a s o l u t i o n  o f  11-1 a n d  

c y c l o p e n t e n e  i n  d i o x a n e  g a v e  6,7-dichloro-cis-bicyclo[3.2.0] - 
heptane-endo,cis-6,7-dicarboximide -- ( 1 1 - 1 5 )  a n d  6 , 7 - d i c h l o r o -  

t h e  a p p r o x i m a t e  r a t i o  1 : l ;  t h e y  were s e p a r a t e d  b y  f l a s h  

c h r o m a t o g r a p h y .  

'H N M R  s p e c t r a  o f  t h e  ( 4 + 2 )  p h o t o a d d u c t  1 1 - 2 2  a n d  t h e  

t h e r m a l l y  d e r i v e d  D i e l s - A l d e r  a d d u c t  1 1 - 2 1  a r e  d i s t i n c t l y  

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

g r o u p  i n  1 1 - 2 2 .  T h e  'H  N M R  s p e c t r u m  o f  1 1 - 2 2  f e a t u r e d  t h e  C-7 

p r o t o n s  a t  6 1 . 6 2  ( H 7 s y n )  a n d  1 . 9  ( H T a n t i ) ,  w h i l e  i n  1 1 - 2 1  





t h e  C-7 p r o t o n s  r e s o n a t e d  a t  6 2 . 5  ( H 7 s y n )  a n d  2 . 1 8  

( H 7 a n t i ) .  T h e  p r o n o u n c e d  u p f i e l d  s h i f t  o f  H 7 s y n  i n  1 1 - 2 2  

8 8 i s  a s c r i b e d  t o  t h e  a n i s o t r o p i c  e f f e c t  o f  t h e  i m i d e  g r o u p  . 

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

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

1 1 - 1 7  a n d  1 1 - 1 6  were d e d u c e d  f r o m  a c o m p l e t e  a n a l y s i s  o f  t h e  
r 

r e s p e c t i v e  'H a n d 1 3 c  NMR d a t a .  T h e  'H NMR s p e c t r a l  p a r a m e t e r s  

o f  1 1 - 1 7  a n d  1 1 - 1 6  a r e  l i s t e d  i n  T a b l e  11-1 ( p . 3 9 ) .  T h e  

a s s i g n m e n t  o f  H 1  a n d  H g  f o l l o w e d  f r o m  t h e  o b s e r v a t i o n  t h a t  t h e  

s i g n a l s  o f  t h e  v i n y l  p r o t o n s  H 2  a n d  H 3  c o l l a p s e d  t o  t r i p l e t  o f  

d o u b l e t s  o n  d e c o u p l i n g  H 1 ,  w h i l e  i r r a d i a t i o n  o f  H 5  h a d  n o  

e f f e c t  o n  t h e  H 2  a n d  H 3  s i g n a l s .  T h e  a s s i g n m e n t  o f  H b n  a n d  

H 4 x  f o l l o w e d  f r o m  t h e  l a r g e  c o u p l i n g  ( 3 g , b x  = 8.6  H z )  a n d  

t h e  s m a l l  c o u p l i n g  ( 3 g , k n  = 1 . 5  - 1 . 8  H z )  a r i s i n g  f r o m  t h e  

d i h e d r a l  a n g l e s ,  $ 5 , b x  = 3 0 • ‹  a n d  $ 5 , k n  = YO0,  

r e s p e c t i v e l y ,  a s  e s t i m a t e d  f r o m  D r e i d i n g  m o d e l s .  T h e  e x a c t  

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

( T a b l e  1 1 - 4 ) .  I r r a d i a t i o n  o f  H 1  h a d  n o  e f f e c t  o n  t h e  H j  s i g n a l  

i n t e n s i t y  w h i l e  H 2  s h o w e d  a n  e n h a n c e m e n t  i n d i c a t i n g  t h a t  H 2  i s  

a d j a c e n t  t o  H 1 .  F o r  f u r t h e r  c o n f i r m a t i o n  o f  o u r  a s s i g n m e n t s ,  

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

l i s t e d  i n  T a b l e  11-1. 

T a b l e  11-1 a l s o  s h o w s  t h a t  i n  1 1 - 1 7  t h e  H b n  a n d  H g  

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



t i v e  t o  t h o s e  o f  t h e  c o r r e s p o n d i n g  p r o t o n s  i n  1 1 - 1 8 ,  d u e  t o  t h e  

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

e x o -  a n d  e n d o - c o n f i g u r a t i o n  f o r  t h e  i m i d e  g r o u p  i n  1 1 - 1 7  a n d  - 
1 1 - 1 8  r e s p e c t i v e l y .  T h e  a n i s o t r o p i c  e f f e c t s  o f  t h e  i m i d e  g r o u p  

o n  t h e  H 2  a n d  H3 p r o t o n s  a r e  r e l a t i v e l y  s m a l l  i n  t h i s  s e r i e s .  

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

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

r i n g  p r o t o n s  a r e  s p a c e d  f a r t h e r  a p a r t  t h a n  i n  t h e  4 , 6 - r i n g  

f u s e d  s y s t e m .  T h e  c i s - f u s i o n  o f  C1 a n d  C 5  i n  1 1 - 1 7  a n d  1 1 - 1 8  - 7 

was d e d u c e d  f r o m  nOe  e x p e r i m e n t s  ( T a b l e  1 1 - 4 ) .  I r r a d i a t i o n  o f  

- H 1  l e d  t o  a n  8% e n h a n c e m e n t  o f  t h e  H g  s i g n a l  i n d i c a t i v e  o f  a 

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

M i l d  h y d r o g e n a t i o n  o f  1 1 - 1 7  a n d  11-18 g a v e  - 11-15 a n d  

1 1 - 1 6  r e s p e c t i v e l y ,  w h o s e  p r o t o n - d e c o u p l e d  1 3 c - s p e c t r a  ( f i v e  . 
-9 

s i g n a l s )  were i n d i c a t i v e  o f  a p l a n e  o f  s y m m e t r y .  T h e  13c 

s h i f t s  o f  t h e  p e r t i n e n t  c o m p o u n d s  a r e  g i v e n  i n  T a b l e  1 1 - 2 .  T h e  

a s s i g n m e n t s  o f  t h e  d i f f e r e n t  c a r b o n s  i n  1 1 - 1 5  a n d  1 1 - 1 6  f o l l o w -  

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

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

m e n t s  o f  1 1 - 1 7  a n d  11-18 f o l l o w e d  f r o m :  ( a )  s e l e c t i v e  d e c o u p l -  

i n g  o f  H 1  a n d  H 2  w h i c h  c o l l a p s e d  t h e  s i g n a l s  o f  t h e  c o r r e s p o n d -  

i n g  c a r b o n s  C1 a n d C 2 ;  ( b )  t h e  i n t e n s i t y  e n h a n c e m e n t  o f  t h e  

c a r b o n y l  C 8  a n d  Cg s i g n a l s  u p o n  i r r a d i a t i o n  o f  H 1  a n d  H 5 ,  

r e s p e c t i v e l y ;  a n d  ( c )  t h e  s i g n a l  d u e  t o  C 7  w h i c h  s h o w e d  a b r o a d  



s i n g l e t ,  w h i l e  C6 d i s p l a y e d  a m u l t i p l e t  ( w i t h  s m a l l  s p l i t t i n g s ,  

3 = 8 H z )  i n  t h e  p r o t o n - c o u p l e d  s p e c t r a ;  i r r a d i a t i n g  t h e  

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

11-1-3 P h o t o a d d i t i o n  o f  D i c h l o r o m a l e i c  A n h y d r i d e  t o  1 , 3 - C y c l o -  

h e x a d i e n e  a n d  C y c l o p e n t a d i e n e  

P h o t o l y s i s  o f  d i c h l o r o m a l e i c  a n h y d r i d e  1 1 - 2  a n d  1 , 3 - c y c l o -  
7 

h e x a d i e n e  i n  d i o x a n e  u s i n g  a P y r e x  f i l t e r  g a v e  ( 2 + 2 )  p h o t o -  

a d d u c t s  1 1 - 1 0  a n d  1 1 - 1 1  a s  m a j o r  c o m p o n e n t s .  P r e p a r a t i v e  GC 

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

( p u r e )  a n d  1 1 - 1 1  ( a d m i x e d  w i t h  1 1 - 1 0 ;  1 5 % )  a n d  a s m a l l  a m o u n t  

o f  a n  u n k n o w n  c o m p o u n d .  

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

c y c l o p e n t a d i e n e  a f f o r d e d  t h e  ( 2 + 2 )  a d d u c t s  1 1 - 1 9  a n d  1 1 - 2 0  i n  

t h e  a p p r o x i m a t e  1 : l  r a t i o  i n  a d d i t i o n  t o  a m i n o r  c o m p o n e n t  

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

t h e  c r u d e  p r o d u c t  a f f o r d e d  p u r e  1 1 - 1 9  a n d  a f r a c t i o n  w h i c h  was 

1 1 - 2 0  a d m i x e d  w i t h  1 1 - 1 9  ( 3 0 % ) .  D u e  t o  p a r t i a l  h y d r o l y s i s ,  t h e  

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

w a s  l o w .  T h e  s t r u c t u r e s  o f  t h e s e  c y c l o b u t y l  a n h y d r i d e s  1 1 - 1 0 ,  

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

1 1 - 7 ,  1 1 - 1 7  a n d  1 1 - 1 8 ,  r e s p e c t i v e l y ,  b y  t h e i r  c o n v e r s i o n  

t h r o u g h  a m m o n o l y s i s  a n d  c y c l i z a t i o n .  
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TABLE 11-2 

13c N M R  Spectral Data o f  Cycloaddition Productsa 

Compound 

11-3 21.3(t,130:C3 and C4)? 22.44(tY 130;C2 and C5)* 



T a b l e  1 1 - 2  ( C o n t  ' d . )  

1 1 - 1 5  2 7 . 7 8 ( t , 1 3 0 ; C 3 ) ,  2 8 . 4 3 ( t , 1 3 0 ; C 2  a n d  C4)  

5 1 . 3 4 ( d , 1 5 0 : C 1  a n d  C 5 ) ,  6 8 . 2 1 ( s ; C 6  a n d  C 7 ) ,  

11-16  2 7 . i ( t , 1 3 2 : c 3 ) ,  3 0 . 4 ( t , 1 3 3 : C 2  a n d  C 4 ) ,  

4 7 . 1 5 ( d , 1 4 7 ; C 1  a n d  C 5 ) ,  6 9 . 9 3 ( s ; C 6  and  C 7 ) ,  

1 7 4 . 4 O ( s ; C = O )  

a  I n  a c e t o n e - d 6  a t  1 0 0  MHz; md = r n u l t i p l e t  o f  d o u b l e t ,  

b r , s  = b r o a d  s i n g l e t .  
b  The p a i r  o f  s i g n a l s  is  i n t e r c h a n g e a b l e .  

c I n  a c e t o n e - d g :  6 1 . 5 4  (H3a  and  H k a ) ,  1 - 5 1  ( H 2 a )  , 
1 . 6 1  ( H S a ) ,  1 . 8 2  ( 3 H ) ,  1 - 9 3  ( H 2 e ) ,  2 - 3 3  ( H 6 ) ,  2 - 4 4  

( H 1 L  



TABLE 11 -3  

O f f  -Resonance D e c o u p l i n g  o f  t h e  13c NMR S p e c t r a  
o f  11 -6  and 11 -7  

13c  NMR S i g n a l s  1 1 - 6  11 -7  

C1  and C 6  C 1  enhanceda on de-  C 1  c o l l a p s e d  t o  a  

c o u p l i n g  o f  H 2  and H 3 .  s i n g l e t  on de-  

1 
c o u p l i n g  H1. 

C 2  and C 3  

C 4  and C 5  

C g  and Clo 

C 7  and C 8  

C 2  c o l l a p s e d  on de- C 2  c o l l a p s e d  t o  a  

c o u p l i n g  o f  H 2 .  s i n g l e t  on de-. 

c o u p l i n g  H 2 .  

C 5  c o l l a p s e d  t o  a  doub-  C 4  enhanceda  on de-  

l e t  on d e c o u p l i n g  o f  c o u p l i n g  H 2  and H 3 .  

e i t h e r  H5, o r  Hgn. 

b  

C 7  enhanceda  on de-  

c o u p l i n g  o f  H 5 .  

C g  enhanceda  on de-  

c o u p l i n g  H1. 

C 1 0  enhanced  on de-  

c o u p l i n g  H 6 .  

C 8  enhanceda  on de-  

c o u p l i n g  o f  H1. 

C 7  enhanced  on de-  

c o u p l i n g  H 6 .  

a  The "enhancement"  a r i s e s  f r o m  r e m o v a l  o f  l o n g  r a n g e  

c o u p l i n g  ( s e e  R e f e r e n c e  8 9 ) .  

b The two s i g n a l s  a r e  o v e r l a p p e d  w i t h  s o l v e n t  peaks  and 

c a n n o t  be d i f f e r e n t i a t e d .  



Proton  

I r r a d i a t e d  

T a b l e  1 1 - 4  

nOe R e s u l t s  f o r  1 1 - 1 7  and 1 1 - 1 8  

P e r c e n t a g e  Enhancement 

H2 H 1  H5 H l t n  Hltx 



T a b l e  11-5 

T o r s i o n a l  A n g l e s  i n  D e g r e e s  f o r  1 1 - 6  a s  D e t e r m i n e d  by  

X-Ray A n a l y s i s  

Atom 1 Atom,2 Atom 3 , - Atom 4 -- -- .--- A n g l e  



11-2 P h o t o d e c o m p o s i t i o n  o f  N - B r o m o s u c c i n i m i d e  ( N B S )  

T h e  i n - i t i a l  s t a g e  o f  my w o r k  i n v o l v e d  t h e  i n v e s t i g a t i o n  o f  

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

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

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

NBS b y  t h e  b r o m i n e  a t o m  c h a i n  ( G o l d f i n g e r  

m e c h a n i s m ) .  T h e r e f o r e ,  e t h y l e n e  o x i d e  was c h o s e n  t o  s c a v e n g e  

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

was u s e d .  A c e t o n i t r i l e  was e m p l o y e d  as  s o l v e n t  o w i n g  t o  i t s  

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

s o l u b i l i z i n g  p o w e r  f o r  NBS. 3 , 3 - D i m e t h y l - I - b u t e n e  ( n e o h e x e n e )  

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

P h o t o l y s i s  o f  N B S  ( 0 . 0 1 1  m o l )  i n  a c e t o n i t r i l e  i n  t h e  

p r e s e n c e  o f  n e o h e x e n e  ( 0 . 1 1 9  m o l )  a n d  e t h y l e n e  o x i d e  ( 0 . 0 3 1  

m o l )  u n d e r  n i t r o g e n  was c a r r i e d  o u t  i n  a P y r e x  a p p a r a t u s  

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

m o n i t o r e d  w i t h  K I - s t a r c h  t e s t  p a p e r  a n d / o r  i o d o m e t r y .  A d a r k  

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

r e a c t i o n  o c c u r r e d  t o  o n l y  a s m a l l  e x t e n t  ( <  5 % ) ,  o r  n o t  a t  

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

w h i c h  e x h i b i t e d  a  c l e a n  ' H  N M R  s p e c t r u m  e s s e n t i a l l y  s i m i l a r  t o  



t h a t  o f  I-succinimidyl-2-bromo-3,3-dimethylbutane 1 1 - 2 5 )  GC 

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

a m o u n t s  o f  f o u r  m i n o r  p r o d u c t s  ( 2 - 3 % ) ;  t h e  m i n o r  c o m p o n e n t s  h a d  

n o  s u c c i n i m i d e  m o i e t y  a s  s h o w n  by GC-MS ( n o  p e a k  a t  m/e 1 0 0  f o r  

C 4 H 6 N O 2 + ) .  R e c r y s t a l l i z a t i o n  a f f o r d e d  1 1 - 2 5  ( 6 5 %  y i e l d )  

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

w i t h  a n  a d d i t i o n  p r o d u c t .  R e d u c t i o n  w i t h  z i n c  p o w d e r  a n d  

s o d i u m  i o d i d e  g a v e  1 1 - 2 6 .  T h e  'H N M R  s p e c t r u m  o f  t h e  l a t t e r  

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

o f  t y p e  A 2 B 2  a t  6 1 . 4 6  a n d  3 . 5 2 .  

- 
P h o t o l y s i s  o f  NBS i n  b e n z e n e  i n  t h e  p r e s e n c e  o f  e t h y l e n e  

- o x i d e  was r u n  i n  a  s i m i l a r  m a n n e r  a t  1 0 • ‹ C  t o  g i v e  1 1 - 2 9  a s  t h e  

- 
m a j o r  p r o d u c t  a n d  a s m a l l  a m o u n t  o f  1 1 - 3 0 .  T h e  i s o m e r i c  

m i x t u r e  ( 4 0 %  y i e l d )  c o u l d  n o t  b e  e a s i l y  s e p a r a t e d  b y  

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

mass s p e c t r a l  p a t t e r n s  b u t  d r a s t i c a l l y  d i f f e r e n t  'H N M R  

p a t t e r n s ,  a n d  g a v e  g o o d  a n a l y s e s  f o r  ClOH 1 0 B r 3 N 0 2  a r i s i n g  f r o m  

t h e  a d d i t i o n  o f  NBS a n d  b r o m i n e  t o  b e n z e n e .  By e x t e n s i v e  

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

i s o m e r s  h a v i n g  m.p .  2 0 4 - 2 0 5 • ‹ C  a n d  m.p. 1 5 3 - 1 5 7 • ‹ C  were 

i s o l a t e d .  T h e  c o m p l e x i t y  o f  t h e i r  'H N M R  s p e c t r a  d i d  n o t  

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



Scheme 11-4 



T h e  s t r u c t u r e  o f  11-30 was r e a d i l y  p r o v e d  b y  d i r e c t  c o m p a r i s o n  

w i t h  a n  a u t h e n t i c  s a m p l e 9 4  p r e p a r e d  b y  t h e  r e a c t i o n  o f  s u c c i n i c  

a n h y d r i d e  w i t h  a n i l i n e g 5 .  I t  i s  a s s u m e d  t h a t  b o t h  1 1 - 2 9  a n d ,  

1 1 - 3 0  were f o r m e d  f r o m  t h e  p r i m a r y  a d d u c t s ,  s u c h  a s  1 1 - 2 8  o r  

i t s  i s o m e r ,  b y  b r o m i n e  a d d i t i o n  a n d  HBr e l i m i n a t i o n ,  - 
r e s p e c t i v e l y .  

P h o t o l y s i s  o f  NBS ( 7 . 8  mmol )  i n  a c e t o n i t r i l e  c o n t a i n i n g  

b e n z e n e  ( 1 6 7  m m o l ) ,  e t h y l e n e  o x i d e  ( 3 0  m m o l ) ,  a n d  n e o h e x e n e  

( 2 2  m m o l )  w i t h  a 200W l a m p  t h r o u g h  a P y r e x  f i l t e r  r e s u l t e d  i n  

t h e  f o r m a t i o n  o f  1 1 - 3 0  ( 2 6 % ) ,  d i b r o m i d e  1 1 - 2 7  ( 6 8 % ) ,  

s u c c i n i m i d e  ( 4 9 % ) ,  a n d  1 1 - 2 5  ( =  2 % ) .  U n d e r  s i m i l a r  p h o t o l y s i s  

c o n d i t i o n s ,  e x c e p t  i n  t h e  a b s e n c e  o f  e t h y l e n e  o x i d e ,  t h e  

p h o t o d e c o m p o s i t i o n  o f  NBS ( 7 . 5  mmol )  i n  t h e  p r e s e n c e  o f  b e n z e n e  

( 1 6 7  m m o l )  a n d  n e o h e x e n e  ( 2 2  mmol )  g a v e  11-30 ( 3 9 % ) ,  1 1 - 2 7  

( 6 4 % ) ,  s u c c i n i m i d e  ( 5 6 % ) ,  a n d  1 1 - 2 5  ( 2 % ) .  

I n  v i e w  o f  t h e  e x t e n s i v e  f o r m a t i o n  o f  b r o m i n e ,  a s  w i t n e s -  

s e d  b y  t h e  i s o l a t i o n  o f  1 1 - 2 9 ,  i n  s p i t e  o f  t h e  p r e s e n c e  o f  

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

e t h y l e n e  o x i d e  a n d  NBS i n  b e n z e n e  w a s  e x a m i n e d  u s i n g  a  GWC 

f i l t e r  t o  c u t  o f f  t h e  l i g h t  b e l o w  3 5 0  nm. T h e  NBS c o n c e n t r a -  

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

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



b r o m i n e  was o b s e r v e d  i n  t h e  d a r k .  F r o m  t h e  p h o t o l y s a t e  was 

o b t a i n e d ,  i n  a d d i t i o n  t o  a n e a r l y  q u a n t i t a t i v e  y i e l d  o f  

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

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

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

h e x a n e  v i a  t h e  b r o m i n e  r a d i c a l  a d d i t i o n  9 6 ,  9 7  

T h e  p h o t o d e c o m p o s i t i o n  o f  11-31 w a s  c a r r i e d  o u t  u n d e r  

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

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

P h o t o l y s i s  o f  N - b r o m o i m i d e  1 1 - 3 1  i n  CH2C12  t h r o u g h  a P y r e x  

f i l t e r  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  i m i d e  1 1 - 3 ,  c y c l o h e x y l  r i n g  

b r o m i n a t e d  i m i d e s  1 1 - 3 5 ( C I - B r ) ,  1 1 - 3 6 ( C 2 ; B r ) ,  I I - 3 7 ( C 3 x - B r ) ,  

1 1 - 3 8 ( C 3 , - B r ) ,  a n d  t w o  i s o m e r i c  a m i d e s  1 1 - 3 9  a n d  1 1 - 4 0 .  T h e  

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

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

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

w o r k - u p  o f  t h e  c r u d e  p r o d u c t ,  i . e . ,  1 1 - 3 2  ( o r  1 1 - 3 3 )  + RCON=C=O 

+ RCONHC02H + RCONH2 + C 0 2 .  T h e  d e c o m p o s i t i o n  o f  1 1 - 3 1  d i d  n o t  

o c c u r  i n  t h e  d a r k  a s  s h o w n  b y  I R  a n d  'H N M R  s p e c t r o s c o p y ,  a n d  

t h e  c r u d e  p r o d u c t s  were s t a b l e  w h e n  k e p t  a t  r o o m  t e m p e - r a t u r e .  

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

o f  BrCHC12 .  
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T h e  C - b r o m i n a t e d  i m i d e s  11-35 t o  1 1 - 3 8  were a l s o  f o r m e d  b y  

p h o t o b r o m i n a t i o n  o f  i m i d e  11-3 w i t h  m o l e c u l a r  b r o m i n e  i n  w h i c h  - 
n o  a m i d e s  1 1 - 3 9  a n d  11-40 were d e t e c t e d  b y  GC. 

P h o t o d e c o m p o s i t i o n  o f  1 1 - 3 1  i n  t h e  p r e s e n c e  o f  n e o h e x e n e  

a n d / o r  1 , 1 - d i c h l o r o e t h y l e n e  l e d  t o  i m i d g  1 1 - 3  a n d  a m i d e s  1 1 - 3 9  

a n d  1 1 - 4 0 ,  b u t  n o  C - b r o m i n a t e d  i m i d e s  ( 1 1 - 3 5  t o  1 1 - 3 8 )  were 

f o r m e d  ( a s  s h o w n  b y  G C - a n a l y s i s ) .  

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

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

11-31 a n d  b y  p h o t o b r o m i n a t i o n  o f  11-3 a f f o r d e d  1 1 - 3 9  ( a m i d e ) ,  

1 1 - 3 6  ( C 2 , - B r ) ,  1 1 - 3 7  ( C s x - B r ) ,  a n d  11-38 ( c 3 , - ~ r )  a s  

i m p u r e  s a m p l e s ,  w h i l e  1 1 - 4 0  ( a m i d e )  a n d  11-35 ( c I - B ~ )  were 

o b t a i n e d  a s  m i x t u r e s  a l o n g  w i t h  1 1 - 3 9 ( a m i d e )  a n d  1 1 - 3 6  

( C 2 x - B r ) ,  r e s p e c t i v e l y .  

T h e  s t r u c t u r e  a n d  s t e r e o c h e m i s t r y  o f  11-35 t o  11-38 were 

d e t e r m i n e d  by  'H  a n d  13c NMR s p e c t r a l  a n a l y s i s  ( T a b l e s  1 1 - 6 ,  

p . 7 0 ,  a n d  1 1 - 7 ,  p . 7 3 ) ,  I R  ( T a b l e  I V - 4 )  a n d  m a s s  s p e c t r a  ( T a b l e  

I V - 5 ) .  T h e  p o s i t i o n s  o f  b r o m i n e  s u b s t i t u e n t s  i n  t h e s e  i m i d e s  

were a s s i g n e d  o n  t h e  b a s i s  o f  t h e  13c d e s h i e l d i n g  e f f e c t  o f  a 

b r o m o - s u b s t i t u e n t  o n  t h e  @ - c a r b o n  b y  = 1 0 - 1 4  ppm 
9 9 , 1 0 0  

r e l a t i v e  t o  t h e  p a r e n t  i m i d e  11-3.  T h e  b r o m i n e  s u b s t i t u e n t  i n  

1 1 - 3 6  ( C 2 , - B r )  c a u s e d  d o w n f i e l d  s h i f t s ,  o f  = 1 0  ppm o f  t h e  

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

c o r r e s p o n d i n g  



s i g n a l s  i n  i m i d e  1 1 - 3 .  T h e  b r o m i n e  i n  11-38 ( C 3 n - B r ) a n d  

1 1 - 3 7  ( C 3 , - B r )  c a u s e d  d o w n f i e l d  s h i f t s  o f  1 0 - 1 4  ppm o f  t w o  

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

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

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

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

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

1 1 - 3 7  ( C 3 , - B r ) :  I r r a d i a t i o n  o f  t h e  C3-H s i g n a l  ( 4 . 2 3  

ppm)  c a u s e d  t h e  H 2  ( 2 . 3 7  ppm)  a n d  H 2 '  ( 2 . 0 5  ppm) s i g n a l s  t o  

c o l l a p s e  t o  d o u b l e  d o u b l e t s  ( 3 = 9 , 1 5  a n d  3 = 8 , 1 5  H z ,  r e s p e c t i v e -  

l y ) ,  b u t  d i d  n o t  a f f e c t  H 1  a n d  H 6 .  I r r a d i a t i o n  o f  H 1  ( 3 . 3 8  

ppm) c a u s e d  t h e  H 2  a n d  H 2 '  m u l t i p l e t s  t o  c o l l a p s e  t o  d o u b l e  

d o u b l e t s  ( 3 = 3 . 7 ,  1 5  a n d  3 = 5 . 4 , 1 5  Hz, r e s p e c t i v e l y ) .  

I r r a d i a t i o n  o f  H 6  ( 3 . 2 7  ppm)  h a d  n o  e f f e c t  o n  t h e  H 3 ,  H2 a n d  

H 2 1  s i g n a l s .  nOe  e x p e r i m e n t  s h o w e d  n o  e n h a n c e m e n t  o f  t h e  H 1  

a n d  H 6  s i g n a l s  u p o n  d e c o u p l i n g  H 3  i n d i c a t i n g  a n  

e x o - c o n f i g u r a t i o n  f o r  t h e  b r o m i n e  s u b s t i t u e n t  a t  C - 3 .  - 

11-38 ( C 3 , - B r ) :  I r r a d i a t i o n  o f  H 3  ( 3 . 7 8  ppm) c a u s e d  t h e  

H 2  s i g n a l  t o  c o l l a p s e  t o  a d o u b l e  d o u b l e t  ( 3 = 7 . 2 ,  1 3 . 6  H z ) ,  b u t  

n o  c h a n g e  i n  t h e  H 1  a n d  H 6  ( 3 . 1 6  ppm)  s i g n a l s .  I r r a d i a t i o n  o f  

H 1  c a u s e d  t h e  H 2  s i g n a l  t o  c o l l a p s e  t o  a d o u b l e  d o u b l e t  ( 3 = 4 . 4 ,  

14  H z ) ,  b u t  n o  c h a n g e  i n  t h e  H 3  s i g n a l .  U p o n  l o w  p o w e r  

i r r a d i a t i o n  o f  H 3  ( 3 . 7 8  p p m ) ,  t h e  H 1  a n d  H 6  i n t e n s i t i e s  were 

e n h a n c e d  b y  5 . 7 %  i n d i c a t i v e  o f  a n  e n d o - c o n f i g u r a t i o n  f o r  

b r o m i n e  a t  C - 3 .  



11-36 ( C 2 , - B r ) :  I r r a d i a t i o n  o f  H2 ( 4 . 2 2  ppm)  c a u s e d  t h e  

H I  s i g n a l  t o  c o l l a p s e  t o  a d o u b l e t  ( 3 = 1 2  H z ) ,  a n d  t h e  t i j n  a n d  

a n d  H 3 ,  s i g n a l s  t o  d o u b l e  d o u b l e t s  b u t  n o  c h a n g e  i n  t h e  H 6  

s i g n a l .  

11-35  ( C 1 - B r ) :  I t s  ' H  N M R  d i s p l a y e d  o n l y  o n e  c y c l o b u t y l  

p r o t o n  ( 6  3 . 4 4  p p m ) ,  a n d  n o  s i g n a l  c h a r a c t e r i s t i c  o f  CHBr - ( i n  

t h e  l o w  f i e l d  r e g i o n ) .  

T h e  t w o  a m i d e s  g a v e  c l o s e l y  s p a c e d  GC p e a k s ,  a n d  o n l y  o n e  

o f  t h e m  w a s  s e p a r a t e d  i n  a s e m i - p u r e  s t a t e .  GC-MS u n a m b i g u o u s -  

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

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

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

P r o d u c t  D i s t r i b u t i o n  S t u d i e s  

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

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

CH2C12  was c a r r i e d  o u t  t o  d e t e r m i n e  t h e  p r o d u c t  d i s t r i b u t i o n .  

T h e  p e r c e n t a g e  y i e l d s  o f  C 1 - ,  C 2 x - ,  a n d  C 3 - b r o m i n a t e d  

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

a n d  t h e  r e s u l t s  a r e  l i s t e d  i n  T a b l e  11 -9  ( p . 7 6 ) .  F o r  e i t h e r  

s e r i e s  u s i n g  a P y r e x  f i l t e r  o r  a GWV f i l t e r  ( c u t - o f f  a t  3 8 0  nm) 

F 6 S n S 2  
- B r i C 1 - B r ,  C 3 - B r / C 1 - B r  a n d  C 3  - B r i C 3  - B r  r a t i o s  were 

n 

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



T h e  p h o t o l y s i s  o f  N - b r o m o i m i d e  1 1 - 3 1  ( 8 . 4  x I O - ~ M )  a t  - 3 2 0  

1 nm ( C o S 0 4  a n d  N i S 0 4  f i l t e r  s o l u t i o n s 1 0 5 c )  was m o n i t o r e d  b y  UV 

s p e c t r o s c o p y  ( F i g u r e  1 1 - 2 ) .  D u r i n g  t h e  i n i t i a l  i r r a d i a t i o n  

p e r i o d  ( 1  t o  4 m i n . ) ,  a n  a b s o r p t i o n  b a n d  a t  3 8 5 - 3 9 5  nm 

i n c r e a s e d ,  e x h i b i t i n g  a n  i s o s b e s t i c  p o i n t  a t  3 2 5  nm. A f t e r  4  
C 

t o  1 2  m i n u t e s  o f  i r r a d i a t i o n ,  t h i s  b a n d  h a d  s h i f t e d  t o  4 0 8  nm 

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

p o i n t  a t  3 6 5  nm i n d i c a t i n g  t h a t  a n o t h e r  a b s o r b i n g  s p e c i e s  was 

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

3 2 0  nm r e g i o n .  S i m i l a r  a b s o r b e n c y  ( i n  t h e  3 2 0  nm r e g i o n )  was 

- o b s e r v e d  i n  t h e  p h o t o b r o m i n a t i o n  o f  i m i d e  11-3 w i t h  b r o m i n e  

( F i g .  1 1 - 5 ) .  T h e  b u i l d - u p  o f  t h e  b a n d  a t  3 8 5 - 3 9 5  nm a n d  t h e  

d e c r e a s e  o f  t h e  b r o m i n e  max imum a t  = 4 0 5  nm c o i n c i d e d  w i t h  t h e  

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

t o  t h e  3 2 0  nm r e g i o n .  T h e  p h o t o l y s i s  o f  1 1 - 3 1  was r e p e a t e d  

u n d e r  s i m i l a r  c o n d i t i o n s ,  a n d  a f t e r  5 m i n u t e s  i r r a d i a t i o n  t h e  

p h o t o l y s a t e  was q u e n c h e d  w i t h  5% a q u e o u s  s o d i u m  b i s u l f i t e .  G 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  t h e  C - B r  i s o m e r s  1 1 - 3 5  t o  11-38 

a n d  a m i d e s  1 \ 1 - 3 9  a n d  11-40.  S i m i l a r  p h o t o l y s i s  o f  1 1 - 3 1  ( 8 . 4  x 

I O - ~ M )  a n d  b r o m i n e  ( 4 . 2  x I O - ~ M ) ,  w i t h  UV m o n i t o r i n g  ( F i g .  

1 1 - 3 ) ,  s h o w e d  a b l u e  s h i f t  ( =  5 nm) o f  t h e  b r o m i n e  a b s o r p t i o n  

( a t  t = O ,  h m a x = 4 0 8 n m )  d u r i n g  t h e  i n i t i a l  i r r a d i a t i o n  p e r i o d  ( 1  

- t o  5 m i n s . ) ;  A s  i r r a d i a t i o n  c o n t i n u e d  t h i s  b a n d  s h i f t e d  t o  4 0 8  

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

( F i g .  1 1 - 4 )  were a l s o  o b t a i n e d  b y  p h o t o l y s i s  o f  11-31 i n  t h e  



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

i- b i p h t h a l a t e  s o l u t i o n  a s  a f i l t e r 1 ' '  ( c u t - o f f  = 400 n m ) .  T h e  
i 

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

6 2 o f  c o m p l e x e s  s i m i l a r  t o  t h o s e  f o u n d  i n  NBS p h o t o l y s i s  . 
V i s u a l l y ,  t h e  f o r m a t i o n  o f  b r o m i n e  i n  tp p h o t o l y s i s  o f  11-31 

i n  CH2C12 c o u l d  b e  d e t e c t e d  b y  t h e  c h a n g e  f r o m  a c o l o r l e s s  t o  a 

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

T h e  q u a n t u m  y i e l d s  f o r  t h e  d i s a p p e a r a n c e  o f  11-31 i n  

CH2C12 a t  v a r i o u s  t imes were m e a s u r e d  b y  i o d i m e t r y  u n d e r  t h e  

c o n d i t i o n s  s h o w n  i n  T a b l e  11-8  ( p . 7 5 ) .  B o t h  t h e  c o m p l e x  

p a t t e r n  o f  t h e  U V  a b s o r p t i o n  ( F i g .  11- 2 )  a n d  v a r y i n g  q u a n t u m  

y i e l d s  ( e .  g . ,  E. 2 .  t o  1 f o r  6% a n d  30% d e c o m p o s i t i o n  o f  

11-31,  r e s p e c t i v e l y )  s u g g e s t e d  t h a t  p h o t o l y s i s  o f  11-31 c h a n g e s  

t h e  r e a c t i o n  p a t t e r n  a s  i t  p r o g r e s s e s ,  m o s t  l i k e l y ,  - o w i n g  t o  

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

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

n e o h e x e n e  ( a  b r o m i n e  s c a v e n g e r )  were n e a r l y  c o n s t a n t  a t  1 . 2  + 

0 . 1  f o r  8% a n d  2 4 %  d e c o m p o s i t i o n  o f  11-31. T h e  l o w  q u a n t u m  

y i e l d s  o f  t h e  N - b r o m o i m i d e  1 1 - 3 1  p h o t o d e c o m p o s i t i o n s  i n d i c a t e  

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

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

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

q u a n t u m  y i e l d s  f o r  t h e  d i s a p p e a r a n c e  o f  N - b r o m o i m i d e  11-31 

u s i n g  a P y r e x  f i l t e r  r a n g e d  f r o m  8 t o  5 s h o w i n g  t h e  i n c u r s i o n  



F i g u r e  1 1 - 2 " :  P h o t o l y s i s  o f  N - b r o m o i m i d e  11-31 ( 8 . 4  x  I O - ~ M )  

i n  CH2C12 a t  r o o m  t e m p e r a t u r e  (NiSO,, a n d  C o S 0 4  

f i l t e r  s o l u t i o n s ;  l i g h t  i n t e n s i t y ,  I = 3 . 6  x 

E i n s t e i n l m i n . ) .  

F i g u r e  1 1 - 3 " :  P h o t o l y u s i s  o f  1 1 - 3 1  ( 8 . 4  xm I O - ~ M )  a n d  b r o m i n e  

( 4 . 2  x  1 0 - ~ 1 4 )  i n  CH2C12  a t  r o o m  t e m p e r a t u r e  

( N i S 0 4  a n d  C o S 0 4  f i l t e r  s o l u t i o n s ;  I = 3 . 6  x  

E i n s t i e n l m i n . ) .  C u r v e  a ,  1 1 - 3 1  ( 8 . 4  x  I O - ~ M )  

w i t h o u t  b r o m i n e .  

F i g u r e  1 1 - 4 " :  P h o t o l y s i s  o f  1 1 - 3 1  ( 1 . 2  x  I O - ~ M )  a n d  b r o m i n e  

( 0 . 7 8  x  I O - ~ M )  i n  C H 2 C 1 2  a t  r o o m  t e m p e r a t u r e  

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

s o l u t i o n ) .  C u r v e  a ,  1 1 - 3 1  ( 1 . 2  x  I O - ~ M )  

w i t h o u t  b r o m i n e .  

F i g u r e  11-5": P h o t o b r o m i n a t i o n  o f  i m i d e  11-3 ( 2  x  I O - ~ M )  w i t h  

b r o m i n e  ( 1 . 9  x  I O - ~ H )  i n  CH2C12  a t  r o o m  

t e m p e r a t u r e  ( N i S 0 4  a n d  C o S 0 4  f i l t e r  s o l u t i o n s ;  

1 ~ 2 . 8 2  x  E i n s t e i n l m i n . )  C u r v e  a ,  11-3 ( 2  i 

x  I o - ~ M )  a n d  b r o m i n e  ( 1 . 9  x  I O - ~ M ) ;  c u r v e  b, i 
1 

4 
1-3  ( 2  x  I O - ~ M )  a n d  b r o m i n e  ( 3 . 8  x  I O - ~ H ) ;  

c u r v e  c ,  11-3 ( 2  x  1 0 - 2 ~ )  a n d  b r o m i n e  ( 1 . 1  x  

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

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

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



Figure 11-2 
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o f  b r o m i n e  a t o m  i n  t h e  c h a i n  p r o c e s s e s .  T h e  c h a i n  a p p e a r s  t o  

b e  l o n g e r  b e c a u s e  b r o m i n e  a t o m  t r a n s f e r s  w i t h  B r 2  a r e  f a s t e r  

t h a n  w i t h  N - b r o m o i m i d e  1 1 - 3 1  a n d  i n  a g r e e m e n t  w i t h  t h e  f a c t  

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

t h e  d i s a p p e a r a n c e  o f  1 1 - 3 1  i n  t h e  p r e s e n c e  o f  B r 2  u s i n g  a  GWV 

f i l t e r  i s  2 .6  f o r  27% d e c o m p o s i t i o n  o f  11-31 . T h e  q u a n t u m  

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

s p e c t r o s c o p y  i n  CH2C12  were l o w  ( c a .  - 0 . 0 4 ) .  

I n  v i e w  o f  c h a n g i n g  r e a c t i o n  p a t t e r n s  i n  t h e  

p h o t o d e c o m p o s i t i o n  o f  1 1 - 3 1 ,  i t s  p r o d u c t  d i s t r i b u t i o n  was 
- 

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

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

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

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

11-10. A t  l o w  c o n v e r s i o n  ( 5 - 1 0  m i n u t e s  i r r a d i a t i o n )  t h e  

C 2 x - B r / C 1 - B r  a n d  C 3 - B r / C 1 - B r  r a t i o s  were s l i g h t l y  h i g h e r  a n d  

t h e  ( C 3 - B r ) e / a m i d e s  r a t i o  was l o w e r  t h a n  t h o s e  o b s e r v e d  a f t e r  

t h i s  i n i t i a l  s t a g e .  A s  c a n  b e  s e e n  f r o m  T a b l e  1 1 - 1 0  ( S e r i e s  

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

1 5  m i n u t e s  i r r a d i a t i o n  a n d  t h e n  r e m a i n e d  n e a r l y  t h e  same. 

S i m i l a r l y  t h e  p e r c e n t a g e s  o f  C - B r  i s o m e r s  i n c r e a s e d  g r a d u a l l y  

f r o m  2 t o  30 m i n u t e s  i r r a d i a t i o n .  T h r o u g h o u t  t h e  i r r a d i a t i o n  

p e r i o d ,  t h e  r a t i o  C 3 x - B r / C 3 n - B r  was n e a r l y  c o n s t a n t  a t  1 .8 



P i - + 0.1.  E v e n  a t  l o w  p e r c e n t a g e  c o n v e r s i o n s  w i t h  r e l a t i v e l y  

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

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

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

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

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

m e c h a n i s t i c  e v a l u a t i o n .  

I n  T a b l e  1 1 - 1 1  ( e x p e r i m e n t s  1 - 7 ) ,  p r o d u c t  d i s t r i b u t i o n s  

o b t a i n e d  b y  p h o t o d e c o m p o s i t i o n  o f  1 1 - 3 1  a t  t o  1 0 - 1 ~  i n  

CH2C12  t h r o u g h  a  P y r e x  f i l t e r  a r e  s u m m a r i z e d .  T h e  r e a c t i o n s  

were c a r r i e d  o u t  t o  t h e  c o m p l e t e  c o n s u m p t i o n  o f  1 1 - 3 1 .  I n  

s p i t e  o f  s o m e  s c a t t e r i n g ,  t h e  r a t i o s  C 3 x - B r / C 3 n - B r  a n d  

C 3 - B r / C 1 - B r  r e m a i n e d  n e a r l y  c o n s t a n t .  I n  c o n t r a s t ,  t h e  r a t i o  

C 2 x - B r / C 1 - B r  i n c r e a s e d  s y s t e m a t i c a l l y  f r o m  2 . 2 ,  s i m i l a r  t o  

t h a t  o b t a i n e d  i n  t h e  p h o t o b r o m i n a t i o n  o f  i m i d e  11-3 ( T a b l e  

1 1 - 9 ) ,  t o  2 . 9  o v e r  t h e  t w e n t y - f o l d  c h a n g e  i n  t h e  c o n c e n t r a t i o n  

o f  1 1 - 3 1 .  F r o m  t h e  C 3 - E r i c 1 - B r  r a t i o s  i n  T a b l e  1 1 - 9  a n d  T a b l e  

1 1 - 1 1 ,  i t  i s  c l e a r  t h a t  m o r e  C 3 - B r  i s  f o r m e d  i n  t h e  

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

11-3.  A s s u m i n g  t h a t  i n  t h e  f o r m e r  d e c o m p o s i t i o n  t h e  b r o m i n e  

a t o m  c h a i n  m e c h a n i s m  l e a d s  t o  a  C 3 - B r / C 1 - B r  r a t i o  o f  u n i t y ,  a s  

s h o w n  i n  T a b l e  11-9 ,  t h e  e x c e s s  C 3 - B r  l i s t e d  i n  T a b l e  11-11 c a n  

b e  c a l c u l a t e d  t o  b e  ( C 3 - B r I e  = ( C 3 - B r )  - ( C L - B r ) ;  i t  is  

a s s u m e d  t h a t  ( C 3 - B r ) ,  i s  f o r m e d  b y  a n  i n t r a m o l e c u l a r  h y d r o g e n  

t r a n s f e r  p a t h w a y .  I f  o n e  a l s o  a s s u m e s  t h a t  C 2 x - B r  i s  f o r m e d  



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

C 3 - B r / C p X - B r  = 0 . 4 8  ( T a b l e  1 1 - 9 ) ,  t h e  e x c e s s  C g - B r  c a n  b e  

c a l c u l a t e d ,  n a m e l y  ( C 3 - B r ) 6  = ( C 3 - B r )  - 0 . 4 8 ( C p X - B r ) ,  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  11-11. T h e  ( C 3 - ~ r ) ~ / a r n i d e s  

r a t i o s  l i s t e d  i n  T a b l e  I1 - 1 1  v a r y  s l i g h t l y ,  0 . 6 2 - 0 . 5 2 ,  

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

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

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

r e a c t i o n .  

T h e  r e s u l t s  o f  t h e  p h o t o d e c o m p o s i t i o n  o f  N - b r o m i d e  11-31 

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

8 t o  1 4 ) .  T h e  p r o d u c t  d i s t r i b u t i o n  a n d  r a t i o  a r e  v e r y  s i m i l a r  

w h e n  u s i n g  f r e e z e - t h a w  c y c l e s  a s  t h e  d e g a s s i n g  d e v i c e  ( e x p t  8 )  

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

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

( e x p t  1 0 )  a r e  u s e d  a s  t h e  s o l v e n t .  T h e  m o s t  i m p o r t a n t  

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

a s  n e o h e x e n e  i n  C H 2 C 1 2 ,  o r  1 , l - d i c h l o r o e t h y l e n e  i n  CHC13 

( d e g a s s e d  b y  f r e e z e - t h a w ) ,  t h e  p h o t o d e c o m p o s i t i o n  o f  1 1 - 3 1  

p r o d u c e d  o n l y  i m i d e  11-3 a n d  a m i d e s  1 1 - 3 9  a n d  1 1 - 4 0  b u t  n o  C - B r  
7 

t 
F c o m p o u n d s  ( e x p e r i m e n t s  1 1  a n d  1 2 ) .  T h e  p r e s e n c e  o f  t h e  HBr 

s c a v e n g e r  e t h y l e n e  o x i d e  ( e x p e r i m e n t  1 3 )  d o e s  n o t  a f f e c t  t h e  

C p - B r / C 1 - B r  r a t i o  b u t  d e f i n i t e l y  d e c r e a s e s  t h e  C 3 - B r / C 1 - B r  a n d  

( C 3 - B r ) e / a m i d e s  r a t i o s .  T h e  i m i d y l  r a d i c a l  i s  o b v i o u s l y  n o t  



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

( e x p e r i m e n t  1 4 ) ,  a s  s h o w n  b y  t h e  l o w  y i e l d s  o f  a m i d e s  1 1 - 3 9  a n d  

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

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

1 1 - 3 1 .  O n e  r a d i c a l  i s  g e n e r a t e d  by  t h e  p h o t o e x c i t a t i o n  o f  

11-31 w h e n  m o l e c u l a r  b r o m i n e  a n d  b r o m i n e  a t o m s  a r e  s c a v e n g e d .  

A s  t h i s  r a d i c a l  l e a d s  t o  t h e  f o r m a t i o n  o f  a m i d e s  1 1 - 3 9  a n d  

1 1 - 4 0 ,  i t  c a n  b e  s a f e l y  a s s u m e d  t o  b e  t h e  i m i d y l  r a d i c a l .  T h e  

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

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

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

a d d i t i o n a l  C g - B r  ( e x p e r i m e n t s  2  t o  1 0 ) ;  i t  d o e s  n o t  l e a d  t o  

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

P h o t o d e c o m p o s i t i o n  o f  1 1 - 3 1  i n  C H 2 C 1 2  t h r o u g h  a G W V  f i l t e r  

( c u t - o f f  = 380 nm) was v e r y  s l o w  ( T a b l e  1 1 - 1 2 ,  e x p t .  1 )  s i n c e  

i t  d o e s  n o t  a b s o r b  a p p r e c i a b l y  a b o v e  3 6 0  nm ( a t  1 0 - 2 ~ ) ,  a n d  t h e  

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

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

d e c r e a s e  i n  t h e  a m o u n t s  o f  a m i d e s  1 1 - 3 9  a n d  1 1 - 4 0  a n d  a n  

i n c r e a s e  i n  11-35  t o  11-38 a s  c o m p a r e d  t o  e x p e r i m e n t  2 i n  T a b l e  -- 
1 1 - 1 1 ,  i r r a d i a t i o n  t h r o u g h  a P y r e x  f i l t e r .  S i m i l a r  p h o t o l y s i s  

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

t h e s e  o b s e r v a t i o n s  ( T a b l e  1 1 - 1 2 ) .  A s  t h e  c o n c e n t r a t i o n  o f  

a d d e d  b r o m i n e  i n c r e a s e d ,  t h e  C 2 x - B r / C 1 - B r  r a t i o s  r e m a i n e d  



u n c h a n g e d ,  w h i l e  t h e  C 3 - B r / C 1 - B r  r a t i o  d e c r e a s e d  g r a d u a l l y  t o  

u n i t y ,  t h e  r a t i o  o b t a i n e d  i n  t h e  p h o t o b r o m i n a t i o n  o f  i m i d e  1 1 - 3  

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

o u t  a n d  r e v e a l e d  t h e  same t r e n d s ,  ( T a b l e  1 1 - 1 2 ) .  T h e  s t e a d y  

i n c r e a s e  i n  t h e  q u a n t i t i e s  o f  C - B r  c o m p o u n d s  1 1 - 3 5  t o I I - 3 8  

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

1 1 - 3 9  a n d  1 1 - 4 0  a s  t h e  b r o m i n e  c o n c e n t r a t i o n  i n c r e a s e d ,  -- 
i n d i c a t i n g  t h a t  t h e  b r o m i n e  a t o m  c h a i n  b e c a m e  g r a d u a l l y  m o r e  

i m p o r t a n t .  Yet ,  t h e  c a l c u l a t e d  q u a n t i t y  o f  ( C 3 - B r ) ,  a l s o  

d e c r e a s e d ,  w h i l e  t h e  ( C 3 - B r ) , / a m i d e s  r a t i o  i n c r e a s e d  r a p i d l y  

w i t h  i n c r e a s i n g  b r o m i n e  c o n c e n t r a t i o n ,  i n d i c a t i n g  t h a t  a m i d e s  

11-39 a n d  1 1 - 4 0  were f o r m e d  b y  a d i f f e r e n t  p a t h w a y  t h a n  t h a t  

r e s p o n s i b l e  f o r  ( C 3 - B r ) , .  T h e r e f o r e ,  t h e  t h e r m a l  i n t e r a c t i o n  

o f  b r o m i n e  w i t h  N - b r o m i d e  1 1 - 3 1  g e n e r a t e s  b o t h  t h e  i m i d y l  

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

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

m o l e c u l a r  b r o m i n e  a n d / o r  b r o m i n e  a t o m s .  
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T a b l e  1 1 - 7 .  1 3 c  N M R  P a r a m e t e r s  of C o m p o u n d s  O b t a i n e d  b y  

P h o t o d e c o m p o s i t i o n  o f  -- 1 1 - 3 1  a n d  1 1 - 4 1 .  

C o m p o u n d s  C h e m i c a l  S h i f t s  i n  ppm 

t w o  o v e r l a p p e d  s i g n a l s ) .  

- 

I m i d e  



T a b l e  1 1 - 7  ( C o n t ' d . )  

Compounas C h e m i c a l  S h i f t s  i n  ppm 

C 3  , - B r  3 9 . 0 3 ( t , C 2  and C 4 ) ,  4 3 . 7 6 ( d ,  C 3 ) ,  

( 1 1 - 4 4 )  4 7 . 4 4 ( d ,  C1 and C 5 ) ,  6 6 . 8 6  ( s ,  C 6  and C 7 ) ,  

C 3 , - B r  39 .13  ( C 2  and C 4 ) ,  4 7 . 6 6  ( C 3 ) ,  4 8 . 9 4 ( C 1  

Amide 
d 

F- 2 6 . 8 4 ( t ) ,  3 0 . 6 2 ( t ) ,  3 1 . 7 3 ( t ) ,  4 2 . 8 6 ( d ) ,  

( 1 1 - 4 5 )  5 9 . 0 6 ( d ) ,  1 6 9 . 1 1  
- 

I m i d e  

1 1 - 1 5  2 6 . 7 3 ( C 3 ) ,  2 7 . 5 2 ( C 2 . C 4 ) ,  5 0 . 2 4  ( C l , c 5 ) ,  ! 
6 6 . 7 8 ( C 6  , c 7 ) ,  171  . 3 6 ( c 8 , c 9 )  

t 

1 a The u n d e r l i n e d  f i g u r e s  a r e  due  t o  t h e  s i g n a l s  of t h e  C 2 , - B r .  
1 d e r i v a t i v e .  

I 
ppm downf i e l d  f rom TMS, i n  C D C 1 3 .  

C 
M u l t i p l i c i t y  c o u l d  n o t  be d e t e r m i n e d .  



T a b l e  1 1 - 8 .  

Quantum Y i e l d s  of P h o t o d e c o m p o s i t i o n  of N-bromide 

11-31  t h r o u g h  Py rex  F i l t e r  and GWV f i l t e r s  

I r r a d i a t i o n  t h r o u g h  P y r e x a  

1 .  N-Bromide 11-31  ( - 6 . 3 ~ 1 0 ~  M )  

Time ( m i n . )  % Decompos i t i on  

1  6 .0  

3 1 6 . 8  

5 18 .5  

10 31 . I  

20 56.7 

2. I n  t h e  p r e s e n c e  of neohexene  ( 0 . 0 1 3  M )  

2  8 .2  

4  14 .2  

6  23 .9  

3 .  I n  t h e  p r e s e n c e  of b romine  ( 0 . 6 6 ~ 1 0 - ~  M )  

1  23.4  

3  60 .5  

5  81 .7  

I r r a d i a t i o n  t h r o u g h  GWV b  

4 .  11-31  ( 7  x  I O - ~ M ) ,  b romine  ( 1 . 3  x 

10  27 2 . 6  

30 65 1 . 9  

104 
a-The l i g h t  i n t e n s i t y  was measured  by benzophenone  a c t i n o m e t r y  . 
b-The l i g h t  i n t e n s i t y  was measured  u s i n g  p o t a s s i u m  f e r r i o x a l a t e  

1 0 5  a c t i n o m e t r y  . 
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a T h e  p e r c e n t a g e s  o f  u n r e a c t e d  - 1 1 - 3  a r e  n o t  g i v e n .  E a c h  

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

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

e r r o r s  o f  m e a n s  a r e  m o s t l y  <+5% e x c e p t  i n  a f e w  cases .  

[11-31 = I O - ~ M ,  P y r e x  f i l t e r ;  a m i n o r  p e a k  ( ( 0 . 5 % )  w a s  

o b s e r v e d .  

B e n z o p h e n o n e  was e m p l o y e d  a s  a s t a n d a r d ,  a b s o l u t e  y i e l d s  o f  

i m i d e  11-3  were d e t e r m i n e d  a n d  y i e l d s  o f  C - B r  i s o m e r s  were 

r e l a t i v e  t o  11-3.  -- 
C [11-31 = 2 . 7 x 1 0 - ~ ~ ,  GWV f i l t e r .  R e l a t i v e  y i e l d s  o f  C - 6 r  

i s o m e r s  were b a s e d  o n  t o t a l  GC p e a k  a r e a s  i n c l u d i n g  i m i d e  11-3.  

B e n z o y l  p e r o x i d e  ( I . ~ x I O - ~ M )  i n i t i a t e d  t h e r m a l  b r o m i n a t i o n  a t  

[11-31 = 4 . 2 x 1 0 - * ~  a t  4 0 • ‹ C .  D i e l s - A l d e r  a d d u c t  1 1 - 2 1  w a s  

u s e d  a s  a s t a n d a r d .  
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a 
R e a c t i o n s  were r u n  i n  C H 2 C 1 2 ,  a n d  i r r a d i a t e d  t h r o u g h  a P y r e x  

f i l t e r  a t  0 • ‹ C .  T h e  s a m p l e s  w i t h d r a w n  a t  t h e  i n d i c a t e d  

i n t e r v a l s  were q u e n c h e d  w i t h  5% a q u e o u s  s o d i u m  b i s u l f i t e .  

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

t w o  o r  m o r e  GC i n j e c t i o n s  a n d  were i n  t h e  r a n g e  o f  - + 5 % .  T h e  

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

y i e l d s  were d e t e r m i n e d  b y  GC e m p l o y i n g  a n  i n e r n a l  s t a n d a r d  

a n d  were b a s e d  o n  N - b r o m o i m i d e .  A b s o l u t e  y i e l d s  o f  i m i d e  

11-3 were d e t e r m i n e d ,  a n d  y i e l d s  o f  a m i d e s  a n d  C - b r o m i n a t e d  

i s o m e r s  were r e l a t e d  t o  1 1 - 3 .  

N - B r o m o i m i d e  1 1 - 3 1 ,  8 .8  x I O - ~ M .  

C N - B r o r n o i m i d e  1 1 - 3 1 ,  5 . 2  x I O - ~ M .  

An u n i d e n t i f i e d  m i n o r  p e a k  ( =  0 . 6 % )  w a s  d e t e c t e d .  
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T a b l e  1 1 - 1 1  c o n t i n u e d  

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

t h r o u g h  a P y r e x  f i l t e r  a t  0 • ‹ C  t o  t h e  c o m p l e t e  d i s a p p e a r a n c e  

o f  N - b r o m i d e  1 1 - 3 1 ,  e x c e p t  e x p t .  1 4 ;  a n d  were r u n  i n  

CH2C12  e x c e p t  e x p t s  9 ,  1 0  a n d  1 2 .  T h e  p e r c e n t a g e  e r r o r s  

o f  a v e r a g e  v a l u e s  were c a l c u l a t e d  f r o m  t w o  o r  m o r e  GC 

i n j e c t i o n s  a n d  were i n  t h e  r a n g e  o f  + 5 %  e x c e p t  i n  a  f e w  

c a s e s .  

A b s o l u t e  y i e l d s  o f  i m i d e  1 1 - 3  were d e t e r m i n e d  e m p l o y i n g  

e i t h e r  b e n z o p h e n o n e  o r  D i e l s - A l d e r  a d d u c t  1 1 - 2 1  a s  a 

s t a n d a r d  a n d  were b a s e d  o n  1 1 - 3 1 ,  y i e l d s  o f  a m i d e s  a n d  

C - B r  i s o m e r s  were d e t e r m i n e d  r e l a t i v e  t o  i m i d e  11-3. 

( C 3 - B r ) ,  = ( C 3 - B r )  - ( C 1 - B r ) ;  

( C 3 - B r )  = ( C 3 x - B r )  + ( C 3 , - B r )  ; ( C 3 - B r ) &  = ( c ~ - B ~ )  - 0 . 4 8  (C2,-Br). 

b  A m i n o r  p e a k  ( ~ 0 . 5 % )  was d e t e c t e d .  T h r e e  s e r i e s  

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

n a m e l y ,  s e r i e s  I ( e x p t s  1 , 2 ) ,  s e r i e s  I1 ( e x p t s  3 , 6 ) ,  

s e r i e s  I11 ( e x p t s  4 ,  5 , 7 ) .  

c D e g a s s e d  b y  f r e e z e - t h a w  t e c h n i q u e .  

d  C H 2 B r 2  a s  s o l v e n t .  

e CHC13 a s  s o l v e n t ;  m i n o r  p e a k s  ( 3 0 . 5 % )  a t  5 . 4 9  a n d  1 0 . 2 1  

m i n u t e s  were d e t e c t e d .  

f  N e o h e x e n e  a d d e d ,  ~ X I O - ~ M ;  t h e  GC s h o w e d  m i n o r  p e a k s  ( < 3 % )  a t  

4 . 3 ,  6 . 3 ,  7 . 5  a n d  9 . 4 2  m i n u t e s ,  n o n e  o f  w h i c h  were f o u n d  t o  

c o r r e s p o n d  t o  t h o s e  o f  1 1 - 3 4  t o  1 1 - 3 9 ;  t h e  p e a k  f o r  1 , 2 -  

d i b r o m o - 3 - m e t h y l b u t a n e  a p p e a r e d  a t  a  r e t e n t i o n  t ime o f  1 . 8  

m i n u t e s .  

g  CH2=CC12  a d d e d ,  6 . 6  x  I O - ~ H ;  GC s h o w e d  m i n o r  p e a k s  ( < 3 % )  a t  

2 . 3 ,  2 . 8 ,  4 . 6  a n d  1 1  . I 8  m i n u t e s ,  n o n e  o f  w h i c h  were f o u n d  t o  

c o r r e s p o n d  t o  t h o s e  o f  1 1 - 3 4  - 1 1 - 3 9 .  

h  E t h y l e n e  o x i d e  a d d e d ,  0 . 6 7 M .  

i T h e r m a l l y  i n i t i a t e d  w i t h  b e n z o y l  p e r o x i d e ,  2 x 1 0 - ~ ~ ,  a t  

4 0  + 2 • ‹ C ;  a d d i t i o n a l  GC p e a k s  were o b s e r v e d  n e a r  t h e  s o l v e n t  

p e a k .  
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T a b l e  1 1 - 1 2  ( C o n t i n u e d )  

a A l l  r e a c t i o n s  were c a r r i e d  o u t  i n  C H 2 C 1 2  a t  0 • ‹ C  a n d  

p h o t o i n i t i a t e d  t h r o u g h  a GWV f i l t e r .  T h e  e x p e r i m e n t s  were 

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

was d e s t r o y e d  w i t h  5% a q u e o u s  N a H S 0 3 .  B e n z o p h e n o n e  o r  

D i e l s - A l d e r  a d d u c t  1 1 - 2 1  w a s  u s e d  a s  a  s t a n d a r d  t o  d e t e r m i n e  

t h e  p e r c e n t a g e  y i e l d  o f  i m i d e  1 1 - 3  ( b a s e d  o n  N - b r o m o i m i d e  

1 1 - 3 1 ) .  Y i e l d s  o f  a m i d e s  a n d  C - B r  i s o m e r s  a r e  r e l a t i v e  t o  

11-3.  T h e  % e r r o r s  o f  t h e  m e a n  v a l u e s  o f  m o r e  t h a n  t w o  

i n j e c t i o n s  were s h o w n  t o  b e  - + 5% e x c e p t  i n  a  f e w  c a s e s .  



1 1 - 4  P h p t o d e c o m p o s i t i o n  o f  N-Bromo-6,7-Dichloro-cis-Bicyclo 

[ 3 . 2 . 0 ] H e p t a n e - e n d o , c i s - 6 J - D i c a r b o x - i m i d  ( 1 1 - 4 1 )  

P h o t o l y s i s  o f  1 1 - 4 1  i n  CH2C12  t h r o u g h  P y r e x  g a v e  i m i d e  

1 1 - 1 5 ,  t h e  c y c l o p e n t y l  r i n g  b r o m i n a t e d  i m i d e s  1 1 - 4 2  ( C 2 , - B r ) ,  

1 1 - 4 3  ( C 3 , - B r ) ,  1 1 - 4 4  ( C 3 , - B r ) ,  a n d  t w o  i s o m e r i c  a m i d e s  

1 1 - 4 5  a n d  1 1 - 4 6  a r i s i n g  f r o m  r i n g  o p e n i n g  o f  t h e  i m i d y l  r a d i c a l  

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

b r o m i d e s  1 1 - 4 2  t o  1 1 - 4 4  were a l s o  f o r m e d  b y  p h o t o b r o m i n a t i o n  o f  

i m i d e  11-15 i n  w h i c h  n o  a m i d e s  1 1 - 4 5  a n d  1 1 - 4 6  were d e t e c t e d  b y  -- 
GC a n a l y s i s .  S u r p r i s i n g l y ,  n o  C 1 - B r  i s o m e r  was d e t e c t e d  i n  

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

h i n d e r  t h e  a t t a c k  o f  b r o m i n e  a t o m  a t  t h e  C1 p o s i t i o n .  

P h o t o l y s i s  o f  N - b r o m o i m i d e  1 1 - 4 1  i n  c h l o r o f o r m  i n  t h e  p r e s e n c e  

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

1 1 - 1 5  a n d  a m i d e s  1 1 - 4 5  a n d  1 1 - 4 6 ,  b u t  n o n e  o f  t h e  C - B r  i s o m e r s  -- 
1 1 - 4 2  t o  1 1 - 4 4  were d e t e c t e d  b y  GC. T h e  C - B r  i s o m e r s  a n d  o n e  

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

l a y e r  c h r o m a t o g r a p h y  ( c a .  - 90% p u r e ) .  T h e  a m i d e s  d i s p l a y e d  t w o  

c l o s e l y  s p a c e d  GC p e a k s ,  a n d  GC-MS s h o w e d  t h e m  t o  b e  

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

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

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





1 1 - 4 2  t o  1 1 - . 4 4  were d e t e r m i n e d  b y  ' H  a n d  13c NMR s p e c t r a l  

a n a l y s e s  ( T a b l e s  11- 6  a n d  1 1 - 7 1 ,  I R  ( T a b l e  I V - 4 ) ,  a n d  m a s s  

s p e c t r a  ( T a b l e  I V - 5 ) .  T h e  p o s i t i o n  a n d  c o n f i g u r a t i o n  o f  t h e  

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

r e s p e c t i v e  ' H  a n d  13c  NMR s p e c t r a ,  a n d  t h e  p e r t i n e n t  a r g u m e n t s  

a r e  s u m m a r i z e d  b e l o w .  

T h e  13c NMR s p e c t r a  o f  1 1 - 4 3  ( C 3 , - B r )  a n d  1 1 - 4 4  

( C 3 , - B r )  d i s p l a y e d  f i v e  s i g n a l s  i n d i c a t i v e  o f  a  p l a n e  o f  

s y m m e t r y ,  w h i l e  t h e  s p e c t r u m  o f  1 1 - 4 2  ( C 2 , - B r )  s h o w e d  n i n e  

l i n e s .  A s  c a n  b e  s e e n  f r o m  T a b l e  1 1 - 7  ( p . 7 3 ) ,  t h e  b r o m i n e  

s u b s t i t u t i o n  s h i f t e d  t h e  p - c a r b o n  s i g n a l s  d o w n f i e l d  b y  c a .  1 0  - 
ppm a s  c o m p a r e d  t o  t h e  c o r r e s p o n d i n g  c a r b o n s  i n  t h e  p a r e n t  

i m i d e  1 1 - 1 5 .  I n  1 1 - 4 2  ( C 2 , - B r )  t h e  m e t h i n e  a n d  m e t h y l e n e  -- 
c a r b o n  s i g n a l s  a r e  s h i f t e d  d o w n f i e l d  b y  c a .  1 1  ppm,  a n d  i n  b o t h  - 
1 1 - 4 3  ( C 3 , - B r ) a n d  1 1 - 4 4  ( C 3 , - B r )  t h e  t w o  m e t h y l e n e  c a r b o n s  

a r e  d e s h i e l d e d  b y  ca .  1 2  ppm. 
7 

'H NMR s p e c t r a  a n d  d e c o u p l i n g  e x p e r i m e n t s  a l s o  d e m o n s t r a t -  

e d  t h e  p r e s e n c e  o f  b r o m i n e  a t  C - 3  i n  t h e  1 1 - 4 3  ( T a b l e  11 -6 ,  

p . 7 0 )  ( C 3 , - B r )  a n d  1 1 - 4 4  ( C 3 , - B r )  i s o m e r s .  T h e r e  a r e  t w o  

c o n f i g u r a t i o n s  ( e x o -  - 



Bond C -C 
3 2 

Exo-enve lope  - 

Bond C -C 
1 2  

Endo-enve lope 



a n d  e n d o - )  f o r  b r o m i n e  a t  C - 3 ;  e a c h  c a n  a d o p t  e i t h e r  t h e  e n d o -  

e n v e l o p e  c o n f o r m a t i o n  o r  t h e  - e x o - e n v e l o p e  c o n f o r m a t i o n *  ( S c h e m e  

1 1 - 7 ) .  F o r  s t e r i c  r e a s o n s ,  1 1 - 4 4  ( C 3 , - B r )  c a n  o n l y  a d o p t  

e x o - c o n f o r m a t i o n  i n  w h i c h  t h e  d i h e d r a l  a n g l e s  4 3 x , 2 x  a - 

4 3 x ,  4 x  4 5 O ,  a n d  4 3 x , 2 n  4 3 x , 4 n  = 1 7 0  i n  

a c c o r d a n c e  w i t h  t h e  o b s e r v e d  c o u p l i n g s  ( t r i p l e t  o f  t r i p l e t ,  3 = 

7 ,  1 1 . 5  H z ) .  T h e  ' H  N M R  s p e c t r u m  o f  1 1 - 4 3  ( C 3 x - B r )  e x h i b i t e d  

a t r i p l e t  o f  t r i p l e t s  ( 3 = 6  a n d  7  H z )  f o r  t h e  CHBr - p r o t o n  

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

P r o d u c t  D i s t r i b u t i o n  - S t u d i e s  --- 
P h o t o b r o m i n a t i o n  o f  i m i d e  1 1 - 1 5  w i t h  b r o m i n e  i n  CH2C12 

w a s  c a r r i e d  o u t  w i t h  v a r i o u s  r a t i o s  o f  b r o m i n e  t o  i m i d e  1 1 - 1 5  

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  1 1 - 1 3  ( p . 9 1 ) .  T h e  

C 3 - B r / C 2 , - B r  a n d  C 3 , - B r / C 3 , - B r  r a t i o s  a r e  n e a r l y  

c o n s t a n t , O . l 8  - + 0.01 a n d  2 . 7  - + 0 . 2 2 ,  r e s p e c t i v e l y ,  r e g a r d l e s s  

o f  t h e  e x t e n t  o f  b r o m i n a t i o n .  

T a b l e  1 1 - 1 4  ( p . 9 2 )  s h o w s  t h e  e f f e c t  o f  v a r y i n g  

N - b r o m o i m i d e  1 1 - 4 1  c o n c e n t r a t i o n s  o n  p r o d u c t  d i s t r i b u t i o n s .  

S o l u t i o n s  o f  1 1 - 4 1  i n  CH2C12 a t  v a r i o u s  c o n c e n t r a t i o n s  were 
i r r a d i a t e d  t h r o u g h  a 

* F o r  a  s i m i l a r  p r o p o s a l  o f  e n d o -  a n d  - e x o - e n v e l o p e  c o n f o r m a t i o n  
i n  b i c y c l o [ 3 . 2 . 0 ] h e p t a n e  s y s t e m s  s e e  r e f e r e n c e  1 0 6 .  T h e  
e s t i m a t e d  d i h e d r a l  a n g l e s  were a d o p t e d  f r o m  r e f e r e n c e  1 0 7 .  

t T h e  e f f e c t  o f  a b r o m i n e  s u b s t i t u e n t  o n  t h e  d i h e d r a l  a n g l e s  
a n d  p r o t o n - p r o t o n  c o u p l i n g  c o n s t a n t s  was n o t  c o n s i d e r e d .  F o r  
t h e  l a t e r ,  see r e f e r e n c e  1 1 5 .  



P y r e x  f i l t e r  t o  t h e  c o m p l e t e  c o n s u m p t i o n  o f  1 1 - 4 1 .  A s  c a n  b e  - 
s e e n ,  t h e  C 3 - B r / C 2 , - B r  a n d  C 3 x - B r / C 3 n - B r  r a t i o s  r e m a i n e d  

c o n s t a n t .  T h e  f o r m e r  ( c a .  0 . 5 )  i s  h i g h e r  t h a n  t h a t  o b t a i n e d  

f r o m  p h o t o b r o m i n a t i o n  o f  i m i d e  11-15 w i t h  b r o m i n e  ( 0 . 1 8 )  

i n d i c a t i n g  t h a t  e x c e s s  C 3 - B r  m i g h t  h a v e  b e e n  f o r m e d  b y  a n  

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

t h a t  C2 , -Br  i s  f o r m e d  p r i m a r i l y  b y  i n t e r m o l e c u l a r  p r o c e s s , t h e  

e x c e s s  C 3 - B r  f o r m e d  i n  t h e  p h o t o d e c o m p o s i t i o n  o f  1 1 - 4 1  c a n  b e  

c a l c u l a t e d :  ( C ~ - B I - ) ~  = ( C 3 - B r )  - 0 . 1 8 ( C 2 - B r ) ,  ( T a b l e  1 1 - 1 4 ) .  

A s  t h e  c o n c e n t r a t i o n  o f  1 1 - 4 1  i n c r e a s e s  ( f r o m  0 . 0 1  t o  0 . 7 4 M ) ,  -- 
- b o t h  t h e  a m i d e s  a n d  ( C 3 - B r ) ,  i n c r e a s e  w i t h i n  e x p e r i m e n t a l  

e r r o r ,  b u t  t h e  ( C 3 - B r ) e / a m i d e s  r a t i o  i n c r e a s e s  f r o m  0 . 2  a t  

m- 

1 . 2  x I O - ~ M  t o  0 .5  a t  4 . 5  x I O ' ~ M  a n d  t h e n  r e m a i n s  c o n s t a n t .  - 
T h e r e f o r e ,  a t  c o n c e n t r a t i o n s  o f  1 1 - 4 1  h i g h e r  t h a n  0 . 0 4 5 M  t h e  

p r o p o r t i o n  o f  a m i d e s  a n d  ( C 3 - B r I e  i s  n e a r l y  t h e  same. 

P h o t o d e c o m p o s i t i o n  o f  --- 1 1 - 4 1  i n  CH2C12  u s i n g  a GWV f i l t e r  

( T a b l e  11 -15 ,  p . 9 3 )  y i e l d e d  s m a l l e r  a m o u n t s  o f  a m i d e s  ( 1 1 - 4 5  

a n d  1 1 - 4 6 )  a n d  ( C 3 - B r ) e  a n d  a l a r g e r  ( C 3 - B r ) e / a m i d e s  r a t i o  

( e x p t  2 )  t h a n  t h o s e  o b t a i n e d  b y  u s i n g  a P y r e x  f i l t e r  ( e x p t  1 ) .  

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

- a n d  i r r a d i a t i o n  t h r o u g h  a GWV f i l t e r  ( e x p t s  8 a n d  9 ) .  On t h e  

o t h e r  h a n d ,  d e c o m p o s i t i o n  o f  1 1 - 4 1  i n  t h e  p r e s e n c e  o f  a d d e d  

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

p r e s u m a b l y  d u e  t o  i r r a d i a t i o n  o f  b o t h  N - b r o m o i m i d e  1 1 - 4 1  a n d  

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



I t  s h o u l d  be m e n t i o n e d  t h a t ,  a t  = 10- 'M,  d e c o m p o s i t i o n  of 

11-41  r e s u l t e d  i n  a  s m a l l e r  amount of (C3-Br ) ,  ( 0 . 6 3  c o n s t i -  
_L 

t u t i n g  17% of t o t a l  C - B r  i s o m e r s ;  T a b l e  1 1 - 1 4 ?  e x p t  1 ,  p . 92 )  

t h a n  t h a t  o b t a i n e d  by d e c o m p o s i t i o n  of 11-31  ( 4 . 6 6  c o n s t i t u t i n g  

40% of t o t a l  C - B r  i s o m e r s ;  T a b l e  1 1 - 1 1 ,  e x p t  4 ,  p . 8 0 ) .  These  

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

11-41  i s  due  t o  i t s  r i g i d  s t r u c t u r e .  

P h o t o d e c o m p o s i t i o n  of 11-41 i n  c h l o r o f o r m  i n  t h e  p r e s e n c e  

of 1 , l - d i c h l o r o e t h y l e n e  r e s u l t e d  i n  t h e  f o r m a t i o n  of  i m i d e  

11 -15  and amides  11 -45  and 1 1 - 4 5 ,  b u t  no C - B r  compounds ( T a b l e  
7 

1 1 - 1 4 ,  e x p t  7 ,  p . 9 2 ) .  



T a b l e  1 1 - 1 3  

a 
P h o t o b r o m i n a t i o n  o f  I m i d e  1 1 - 1 5  w i t h  B r o m i n e  i n  CH2C12  a t  0 • ‹ C  

4; Y i e l d s  
b C 3 - B r  

C3 , -Br  
I O ~ [ B ~ ~ I M  C g x - B r  C3, -Br  C3 , -Br  C2 , -Br  C3 , -Br  

a [ 1 1 - 1 5 1  = 1 . 7  x I U - ~ M ,  P y r e x  f i l t e r .  T h e  p e r c e n t a g e  y i e l d s  

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

a n a l y s e d  b y  2 t o  3 GC i n j e c t i o n s  a n d  t h e  a v e r a g e  v a l u e s  a r e  

g i v e n ;  t h e  c a l c u l a t e d  p e r c e n t a g e  d e v i a t i o n s  f r o m  t h e  m e a n  
e 
1 were m o s t l y  - + 1 0 %  e x c e p t  i n  a  f e w  c a s e s .  
i 

A b s o l u t e  y i e l d s  o f  i m i d e  1 1 - 1 5  were f i r s t  d e t e r m i n e d  

e m p l o y i n g  -- e x o , c i s - i m i d e  1 1 - 7  a s  i n t e r n a l  s t a n d a r d ,  a n d  y i e l d s  

o f  C - B r  i s o m e r s  a r e  r e l a t i v e  t o  1 1 - 1 5 .  
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T a b l e  11 -15  ( C o n t i n u e d )  

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

1 1 - 4 1  i n  CH2C12  a n d  i r r a d i a t e d  a t  0 • ‹ C  t h r o u g h  a  P y r e x  f i l t e r ,  

e x c e p t  e x p t s  2 ,  8 ,  a n d  9 f o r  w h i c h  a  GWV f i l t e r  was u s e d .  

Y i e l d s  o f  p r o d u c t s  l i s t e d  i n  e x p t s  1 - 6  a r e  r e l a t i v e  a n d  

b a s e d  o n  t o t a l  GC p e a k  a r e a s .  I n  e x p t s  7 t o  9 ,  a b s o l u t e  

y i e l d s  o f  i m i d e  1 1 - 1 5  were d e t e r m i n e d  u s i n g  e x o , c i s - i m i d e  -- 

1 1 - 7  a s  a s t a n d a r d  a n d  were b a s e d  o n  N - b r o m o i m i d e  1 1 - 4 1 ,  

y i e l d s  o f  o t h e r  p r o d u c t s  were r e l a t i v e  t o  t h a t  o f  1 1 - 1 5 .  

( c 3 - 6 r )  = ( ~ ~ ~ - 8 ' )  + (C3n-Bf)r ( C 3 - B r ) ,  = ( c ~ - B ~ ) -  0 . 1 8 ( C 2 x - ~ r ) .  



11-5  P h o t o d e c o m p o s i t i o n  o f  N-Bromo-7,8-Dichloro-cis-Bicyclo 

T h e  p h o t o l y s i s  o f  N - b r o m o i m i d e  11-50 ( 0 . 0 6  m m o l )  i n  

CH2C12 ( 5  m l )  was r u n  a t  0 • ‹ C  t h r o u g h  P y r e x ,  a n d  i t s  p r o g r e s s  

w a s  f o l l o w e d  b y  t h e  K I - s t a r c h  t e s t .  GC-MS o f  t h e  p h o t o l y s a t e  

s h o w e d  t h e  p r e s e n c e  o f  i m i d e  11-6 a l l y l i c  b r o m i d e  1 1 - 5 I L ,  a n d  a 
-9 

p e a k  t e n t a t i v e l y  i d e n t i f i e d  a s  d i e n e  1 1 - 5 4 .  T h e  ' H  N M R  

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

a l l y l i c  b r o m i d e  1 1 - 5 1 ;  s o m e  w e a k  s i g n a l s  c o u l d  b e  d u e  t o  

i s o m e r i c  a l l y l i c  b r o m i d e s  ( S c h e m e  1 1 - 8 ) ;  n o n e  o f  t h e s e  s i g n a l s  

c o r r e s p o n d e d  t o  t h e  d i b r o m i d e  11-55.  T h e  w e a k  s i g n a l s  i n  t h e  -- 

o l e f i n i c  r e g i o n  o f  t h e  ' H  N M R  s p e c t r u m  s h o w e d  d i e n e  1 1 - 5 4  t o  b e  
d- 

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

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

1 1 - 5 1  d u r i n g  GC-MS o f  t h e  c r u d e  p r o d u c t .  T h e  I R  s p e c t r u m  

s h o w e d  n o  i s o c y a n a t e  a b s o r p t i o n .  A s a m p l e  o f  1 1 - 5 0  i n  CH2C12 -- 

k e p t  i n  t h e  d a r k  s h o w e d  n o  d e c o m p o s i t i o n  ( b y  I R ) .  

I n  a n  a t t e m p t  t o  s e p a r a t e  t h e  c o m p o n e n t s  g i v i n g  r i s e  t o  

w e a k  s i g n a l s  a t  6 1 . 6 8 ,  1 . 9 3 ,  2 . 7 7 ,  3 .5 ,  3 . 9 ,  4 . 6 3 ,  5 . 1 ,  5 . 9 ,  

6 . 1  a n d  6 . 3  ppm i n  t h e  ' H  N M R  s p e c t r u m  o f  t h e  c r u d e  p r o d u c t ,  

N - b r o m o i m i d e  11-50 ( 0 . 2 9  g )  i n  CH2C12 was p h o t o l y s e d  t o  

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

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





w h i c h  s h o w e d  a c o m p l e x  ' H  NMR s p e c t r u m  i n d i c a t i v e  o f  

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

a l l y l i c  b r o m i d e  11-51 ( 0 . 1 4 9 ,  s o l i d )  w h i c h  was r e c r y s t a l l i z e d  

a n d  c h a r a c t e r i z e d  b y  I R ,  'H N M R ,  a n d  MS s p e c t r a  ( E x p e r i m e n t a l  

S e c t i o n ) .  

P h o t o b r o m i n a t i o n  o f  i m i d e  1 1 - 6  a n d  b r o m i n e  i n  CH2C12  

w a s  c a r r i e d  o u t  a t  O•‹C t h r o u g h  a GWV f i l t e r  u n t i l  t h e  b r o m i n e  

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

s o l i d  was o b t a i n e d  w h o s e  'H  N M R  s p e c t r u m  ( a t  4 0 0  MHz) d i s p l a y e d  

s i g n a l s  o f  1 1 - 5 1  a n d  ( 1 1 - 6 ) .  

A s o l u t i o n  o f  i m i d e  1 1 - 6  a n d  b r o m i n e  i n  C t i 2 C 1 2  w a s  k e p t  a t  

0 • ‹ C  i n  t h e  d a r k  f o r  1 1 2  h o u r .  T h e  s o l v e n t  was r e m o v e d  a n d  a n  

o i l  w a s  o b t a i n e d .  T h e  'H N M H  s p e c t r u m  ( a t  100 MHz, C D C 1 3 )  

s h o w e d  t h e  p r e s e n c e  o f  i m i d e  1 1 - 6  a n d  d i b r o m i d e  11-55 ( 6 4 . 1 )  

( 6 : l  r a t i o ) ,  i n  a d d i t i o n  t o  w e a k  s i g n a l s  o f  t h e  a l l y l i c  b r o m i d e  

1 1 - 5 1  ( 6  4 . 6 ) .  T h e  c r u d e  p r o d u c t  was r e c r y s t a l l i z e d  s e v e r a l  

t i m e s  f r o m  c h l o r o f o r m  t o  a f f o r d  p u r e  d i b r o m i d e  11-55.  I t s  

s t r u c t u r e  w a s  e s t a b l i s h e d  b y  I R ,  'H N M R  a n d  MS s p e c t r a l  d a t a  

( E x p e r i m e n t a l  S e c t i o n ) .  

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

1 1 - 5 0  o r  11-60  i n  t h e  p r e s e n c e  o f  a n  o l e f i n  a r e  a d m i t t e d l y  l e s s  

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

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

a n d  t h e  r e s p e c t i v e  a l l y l i c  b r o m i d e s  were n o t  o b s e r v e d  b y  'H NMR 



( a b s e n c e  o f  CHBr s i g n a l ,  6  4.83 a n d  5 . 2 5  ppm f o r  1 1 - 5 1  a n d  

11-61,  r e s p e c t i v e l y ,  c h a r a c t e r i s t i c  o f  t h e  a l l y l i c  b r o m i d e )  a n d  

GC a n a l y s i s .  GC s h o w e d  t h e  f o r m a t i o n  o f  t h e  1 : l - a d d u c t s  ( a s  

s h o w n  b y  GC-MS a n a l y s i s )  a s  m i n o r  c o m p o n e n t s .  T h e  I R  s p e c t r a  

I 

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

2 3 0 0  cm-l .  O w i n g  t o  t h e  c o m p l e x i t y  a n d  t h e  p r e d o m i n a n c e  o f  t h e  

1 

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

p r o d u c t s  a n d  1 : l - a d d u c t s )  was n o t  s u c c e s s f u l .  

1 1 - 6  P h o t o d e c o m p o s i t i o n  o f  N-Bromo-6,7-Dichloro-cis-Bicyc.10 

[3.2.O]Hept-2-ene-endo,cis-6,7-Dicarboximide ( 1 1 - 6 0 )  

- 
P h o t o l y s i s  o f  N - b r o m o i m i d e  1 1 - 6 0  ( 0 . 3  m m o l )  i n  a c e t o n i -  

t r i l e  ( 7  m l )  w a s  c a r r i e d  o u t  a t  0 • ‹ C  t h r o u g h  a P y r e x  f i l t e r ,  a n d  

i t s  p r o g r e s s  w a s  m o n i t o r e d  by  t h e  K I - s t a r c h  p a p e r  t e s t .  T h e  

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

1 1 - 1 7  ( 9 % )  a n d  a l l y l i c  b r o m i d e  1 1 - 6 1  ( 9 0 % ) .  R e c r y s t a l l i z a t i o n  - 
o f  t h e  c r u d e  p r o d u c t  a f f o r d e d  p u r e  a l l y l i c  b r o m i d e  1 1 - 6 1  w h i c h  

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

T h e  - e x o - c o n f i g u r a t i o n  o f  b r o m i n e  a t  C - 4  i n  11-61 f o l l o w e d  f r o m  

a c o m p l e t e  a n a l y s i s  o f  i t s  ' H  N M R  s p e c t r u m  ( a t  4 0 0  MHz) .  T h e  

H 5  s i g n a l  ( 6  3.88 ppm)  s h o w e d  a s m a l l  c o u p l i n g  ( 3 = 0 . 5  Hz, 

4 5 ,  = 9 0 • ‹ )  w i t h  t h e  CHBr - s i g n a l  ( 6  5 . 2 5  p p m ) .  

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

1 1 - 6 0  i n  CH2C12 r e s u l t e d  i n  t h e  f o r m a t i o n  o f  i m i d e  1 1 - 1 7  ( 1 4 % )  

a n d  a l l y l i c  b r o m i d e  1 1 - 6 1  ( 8 6 % )  a s  s h o w n  by GC. S i m i l a r  p h o t o -  

l y s i s  o f  1 1 - 6 0  i n  c a r b o n  t e t r a c h l o r i d e  r e s u l t e d  i n  a w h i t e  



s o l i d  ( 8 9 % )  w h i c h  s h o w e d  o n  GC o n e  p e a k  c o r r e s p o n d i n g  t o  1 1 - 6 1  

( n o  i m i d e  1 1 - 7 7  w a s  d e t e c t e d ) ,  a n d  i t s  I R  s p e c t r u m  w a s  

i d e n t i c a l  w i t h  t h a t  o f  1 1 - 6 1 .  T h e  I R  s p e c t r a  o f  t h e  c r u d e  

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

a b s o r p t i o n s  ( =  2 3 0 0  crn-'1. T h e  If3 a n d  'H N M R  s p e c t r a  o f  z e r o  

h o u r  s a m p l e s  k e p t  i n  t h e  d a r k  a t  0•‹C s h o w e d  n o  d e c o m p o s i t i o n  

p r o d u c t s .  

P h o t o l y s i s  o f  1 1 - 6 0  ( 0 . 1 6  m m o l )  i n  C H 2 C 1 2  ( 6  r n l )  i n  t h e  

p r e s e n c e  o f  b r o m i n e  ( 0 . 0 1  rnmol)  t h r o u g h  a  G W V  f i l t e r  g a v e  a 

w h i t e  s o l i d  s h o w n  b y  I R  a n d  ' H  N M R  t o  b e  i d e n t i c a l  w i t h  t h o s e  

P h o t o b r o r n i n a t i o n  o f  i r n i d e  1 1 - 1 7  w i t h  b r o m i n e  i n  CH2C12  

t h r o u g h  P y r e x  r e s u l t e d  i n  a  w h i t e  s o l i d  w h i c h  w a s  s h o w n  b y  I R  

a n d  'H N M R  s p e c t r a  t o  b e  1 1 - 6 1 .  G C - a n a l y s i s  ( r e l a t i v e  y i e l d s )  

o f  t h e  c r u d e  p r o d u c t  s h o w e d  p e a k s  f o r  1 1 - 6 1  ( r t  4 . 6  r n i n . ,  9 1 % ) ,  

i m i d e  1 1 - 1 7  ( r t  3 . 3  m i n . ,  3 % ) ,  a n d  a n  u n i d e n t i f i e d  c o m p o n e n t  

( r t  6 . 7  m i n . ,  5 % ) .  A s a m p l e  o f  i m i d e  1 1 - 1 7  a n d  b r o m i n e  i n  

CH2C12  k e p t  i n  t h e  d a r k  s h o w e d  n o  r e a c t i o n  ( a s  s h o w n  b y  ' H  

NMR) . 





A s o l u t i o n  o f  N - b r o m o i m i d e  1 1 - 6 3  i n  CH2C12 w a s  p h o t o l y s e d  

a t  0 "  t h r o u g h  P y r e x  u n t i l  t h e  K I - s t a r c h  t e s t  w a s  n e g a t i v e .  T h e  

p h o t o l y s a t e  s h o w e d  o n  GC ( r e l a t i v e  y i e l d s )  i m i d e  1 1 - 1 8  ( 3 2 % ) ,  

a l l y l i c  b r o m i d e  1 1 - 6 4  ( 6 2 % )  a n d  a n  u n k n o w n  c o m p o u n d  ( 6 % ) .  T h e  

I R  s p e c t r u m  s h o w e d  n o  i s o c y a n a t e  a b s o r p t i o n s  ( 2 2 5 0 - 2 3 0 0  

c m - ' ) .  T h e  z e r o  h o u r  s a m p l e  k e p t  i n  t h e  d a r k  s h o w e d  n o  

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

a f f o r d e d  p u r e  a l l y l i c  b r o m i d e  1 1 - 6 4 .  I t s  s t r u c t u r e  was -- 
d e t e r m i n e d  b y  I R ,  ' H  N M R ,  13c N M R ,  a n d  e l e m e n t a l  a n a l y s i s  

( E x p e r i m e n t a l  S e c t i o n ) .  T h e  s t e r e o c h e m i s t r y  o f  b r o m i n e  a t  C - 4  

f o l l o w e d  f r o m  t h e  o b s e r v a t i o n  t h a t  t h e  H 5  s i g n a l  ( 6  3 . 6 3  ppm)  

i s  w e a k l y  c o u p l e d  w i t h  t h e  H I + - p r o t o n  ( 3 = 0 . 5  Hz)  i n d i c a t i n g  a 

d i h e d r a l  a n g l e  o f  = 9 0 " .  



111. DISCUSSION - 

1 1 1 - 1  -- S y n t h e s i s  o f  t h e  M o d e l  C o m p o u n d s :  [ 2 + 2 ]  P h o t o c y l o -  - ---- 
a d d i t i o n  o f  D i c h l o r o m a l e i m i d e  a n d  D i c h l o r o m a l e i c  -- ------ 
A n h v d r i d e  t o  C v c l i c  O l e f i n s  

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

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

m a d e ,  a n d  t h e s e  w i l l  now b e  d i s c u s s e d .  

D i r e c t  p h o t o l y s i s  o f  CH2C12 ( 1 1 - 1 )  w i t h  c y c l o h e x e n e  o r  

c y c l o h e x a d i e n e  g a v e  c y c l o b u t a n e  d e r i v a t i v e s  1 1 - 3  t o  11 , -7  a s  t h e  

m a j o r  p r o d u c t s .  T h e  f o r m a t i o n  o f  i m i d e  11-5  ( w i t h  t r a n s - r i n g  

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

s t e p w i s e  m e c h a n i s m  a s  s u g g e s t e d  p r e v i o u s l y  8 2 9 8 3 .  T h e  l o w e r  

y i e l d  o f  -- e n d o , c i s - i m i d e  - 11-3 r e l a t i v e  t o  t h a t  o f  -- e x o , c i s - i m i d e  

1 1 - 4  ( 1 : 2  r a t i o )  s u g g e s t s  t h a t  t h e  r e a c t i o n  i s  s i g n i f i c a n t l y  -- 
c o n t r o l l e d  b y  s t e r i c  r e p u l s i o n .  I r r a d i a t i o n  o f  s o l u t i o n s  o f  

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

c y c l o p e n t e n e  a f f o r d e d  ( 2 + 2 )  a d d u c t s  1 1 - 1 5  t o  1 1 - 1 6 .  T h e  

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

1 .  T h e  13c N M R  s p e c t r a  o f  -- e n d o , c i s - c y c l o h e x y l  - 11-3 ,  -- e x o , c i s -  

c y c l o h e x y l  - 11-4 ,  -- e n d o , c i s - c y c l o p e n t y l  -- 1 1 - 1 5  a n d  -- e x o , c i s -  

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



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

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

T h e  i s o m e r s  -- 1 1 - 6  (endo,cis-cyclohexenyl), - - - 1 1 - 7  ( e x o , c i s -  -- 
c y c l o h e x e n y l ) ,  1 1 - 1 7  (endo,cis-cyclopentenyl), -- 1 1 - 1 8  ( e x o ,  - 
c i s - c y c l o p e n t e n y l )  were c o n v e r t e d  t o  11-3  ( e n d o , c i s -  - - -- 
c y c l o h e x y l ) ,  -- 11-4 ( e x o , c i s - c y c l o h e x y l ) ,  - - -- 1 1 - 1 5  ( e n d o , c i s -  - - 
c y c l o p e n t y l ) ,  -- 1 1 - 1 6  ( e x o , c i s - c y c l o p e n t y l ) ,  -- r e s p e c t i v e l y ,  

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

I r r a d i a t i o n  o f  H1 r e s u l t e d  i n  a 7 .4% n . 0 . e .  o f  t h e  H6 

s i g n a l  i n  1 1 - 7  a n d  a - c a .  8% nOe .  o f  H5 i n  1 1 - 1 7  a n d  

1 1 - 1 8 .  -- 

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

( n O e . )  o f  H 1 ,  H 6  i n  - 1 1 - 4 ,  -- 1 1 - 7  a n d  H 1 ,  H5 i n  1 1 - 1 6 .  

S i m i l a r  i r r a d i a t i o n s  i n  11 -3 ,  1 1 - 6  a n d  1 1 - 1 5  d i d  n o t  -- 
c a u s e  n O e .  o f  t h e  r e s p e c t i v e  c y c l o b u t y l  p r o t o n s .  

T h e  'H N M R  s i g n a l s  o f  t h e  c y c l o b u t y l  p r o t o n s  i n  - 1 1 - 4 ,  

1 1 - 7 ,  1 1 - 1 6  a n d  1 1 - 1 8  a r e  s h i f t e d  t o  h i g h e r  f i e l d s  
7- 

r e l a t i v e  t o  t h e  c o r r e s p o n d i n g  s i g n a l s  i n  -- 11-3 ,  1 1 - 6 ,  

11 -15 ,  a n d  1 1 - 1 7 ,  r e s p e c t i v e l y ,  a s  a r e s u l t  o f  t h e  

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



O b s e r v a t i o n s  ( 1 )  - ( 3 )  a r e  i n d i c a t i v e  o f  a c i s - r i n g  - 
f u s i o n .  O b s e r v a t i o n s  ( 4 )  - ( 5 )  a s c e r t a i n  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  t h e  c a r b o x i m i d e  g r o u p  ( e n d o  v s .  e x o ) .  - 
F i n a l l y  t h e  s t r u c t u r e  o f  c o m p o u n d  1 1 - 6  w a s  d e t e r m i n e d  b y  X - r a y  - 
c r y s t a l l o g r a p h i c  a n a l y s i s g 0  ( s e e  F i g u r e  1 1 - 1  ) .  

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

t r a n s - i m i d e  - 11-5  c l e a r l y  i n d i c a t e  t h a t  t h e  c y c l o h e x a n e  r i n g  h a s  

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

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

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

i s  p a r t i a l l y  r e l i e v e d .  

T h e  p r e c u r s o r s  11 -3 ,  1 1 - 6 ,  1 1 - 1 5 ,  1 1 - 1 7 ,  a n d  11-18 were - 
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  N - b r o m o i m i d e s  -- 1 1 - 3 1 ,  1 1 - 5 0 ,  

1 1 - 4 1 ,  1 1 - 6 0 ,  a n d  1 1 - 6 3 ,  r e s p e c t i v e l y ,  by  t r e a t m e n t  w i t h  t e r t -  

b u t y l h y p o b r o m i t e .  

P h o t o c y l o a d d i t i o n  o f  d i c h l o r o m a l e i c  a n h y d r i d e  ( 1 1 - 2 )  - t o  

c y c l o h e x a d i e n e  h a s  b e e n  r e p o r t e d  b y  5 c h a r f s 7  t o  g i v e  1 1 - 1 0  

( e n d o , c i s - c y c l o h e x e n y l )  -- a n d  11-13 ( t r a n s - c y c l o h e x e n y l ) .  -- T h e  

l a t t e r  is  a t r a n s - 4 , 6 - f u s e d  b i c y c l i c  c o m p o u n d  w i t h  r e p o r t e d  

m.p. 1 5 8 " .  I n  o u r  h a n d s ,  p h o t o c y c l o a d d i t i o n  o f  1 1 - 2  t o  

c y c l o h e x a d i e n e  g a v e  -- e n d o , c i s - c y c l o h e x e n y l  a n h y d r i d e  -- 1 1 - 1 0  a n d  a 

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



r e p o r t e d  f o r  t r a n s - c y c l o h e x e n y l  a n h y d r i d e  1 1 - 1 3 .  T h i s  f r a c t i o n  

was f o u n d  t o  b e  a m i x t u r e  c o n t a i n i n g  1 1 - 1 0  ( 3 0 % )  a n d  a s e c o n d  -- 
I 

I c o m p o n e n t  ( 7 0 % )  w h i c h  were r e a d i l y  c o n v e r t e d  t o  - 1 1 - 6  ( e n d o , c i s -  -___ 
1 

c y c l o h e x e n y l  i m i d e )  a n d  -- 1 1 - 7  ( e x o , c i s - c y c l o h e x e n y l  - - i m i d e ) ,  

r e s p e c t i v e l y ,  b y  a m m o n o l y s i s  f o l l o w e d  b y  c y c l i z a t i o n ;  t h e  m a j o r  

c o m p o n e n t  is  t h e r e f o r e  7,8-dichloro-cis-bicyclo[4.2.0]oct- - 
, 2-ene-endo,cis-7,8-dicarboxylic a c i d  a n h y d r i d e  1 1 - 1 1  a n d  n o t  
I 

-- 

I 1 1 - 1 3 .  O l e f i n i c  p r o d u c t s  o f  t r a n s - 4 , 6 - f u s i o n  w i t h  a  --- 

I c a r b o n - c a r b o n  d o u b l e  b o n d ,  s u c h  a s  1 1 - 1 3 ,  a r e  r e l a t i v e l y  

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

i s o l a t e  a n y  1 1 - 1 3 ) ,  b u t  h a v e  b e e n  i s o l a t e d  i n  t h e  p h o t o a d d i t i o n  - 
_F_- 

o f  d i m e t h y l m a l e i c  a n h y d r i d e  t o  c y c l o h e x a d i e n e s  8 5 , 8 6 .  T h e i r  

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

r i n g  o f  1 1 - 5 .  -- 

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

I a n h y d r i d e  ( 1 1 - 2 )  - t o  c y c l o p e n t a d i e n e  i n  d i o x a n e  g a v e  t h e  

e n d o , c i s - i s o m e r  11-19 a n d  i t s  e x o , c i s - i s o m e r  1 1 - 2 0  a s  m a j o r  .-- - -- 

I p r o d u c t s .  T h e  s t r u c t u r e s  o f  -- 1 1 - 1 9  a n d  1 1 - 2 0  were d i r e c t l y  --- 

i c o r r e l a t e d  w i t h  t h o s e  o f  1 1 - 1 7  (endo,cis-cyclopentenyl) -- a n d  

I 1 1 - 1 8  ( e x o , c i s - c y c l o p e n t e n y l  -- i m i d e ) ,  r e s p e c t i v e l y ,  b y  

I 

I a m m o n o l y s i s  a n d  c y c l i z a t i o n .  T h e  same p h o t o a d d i t i o n  h a s  b e e n  

I r e p o r t e d  b y  s c h a r f e 7  t o  g i v e  a s  m a j o r  p r o d u c t s  t h e  -- e n d o , c i s -  

i s o m e r  11-19 (m.p .  9 0 " )  w h o s e  s t r u c t u r e  w a s  p r o v e n  b y  a  s e r i e s  

o f  c h e m i c a l  r e a c t i o n s ,  a n d  i t s  S r a n s - 4 , s - f u s e d  i s o m e r  1 1 - 1 4  



p r o d u c t s .  T h e  s t r u c t u r e s  o f  1 1 - 1 9  a n d  1 1 - 2 0  were d i r e c t l y  

c o r r e l a t e d  w i t h  t h o s e  o f  1 1 - 1 7  a n d  11-18, r e s p e c t i v e l y ,  by  

a m m o n o l y s i s  a n d  c y c l i z a t i o n .  T h e  s a m e  p h o t o a d d i t i o n  h a s  b e e n  

r e p o r t e d  b y  ~ c h a r f ~ ~  t o  g i v e  a s  m a j o r  p r o d u c t s  t h e  c i s , e n d o -  -- 
i s o m e r  11-19 ( m . p .  9 0 " )  w h o s e  s t r u c t u r e  w a s  p r o v e n  b y  a s e r i e s  -- 
o f  c h e m i c a l  r e a c t i o n s ,  a n d  i t s  t r a n s - 4 , 5 - f u s e d  i s o m e r  1 1 - 1 4  

(m.p .  1 2 Z 0 ,  h i g h e r  GC r e t e n t i o n  t i m e ) .  O u r  s e c o n d  m a j o r  

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

p r o t o n  N M R  p a t t e r n  ( a t  6 0  MHz) i d e n t i c a l  w i t h  t h a t  o f  S c h a r f ' s  

s a m p l e a 7  b u t  w a s  d i r e c t l y  c o r r e l a t e d  t o  -- e x o , c i s - i s o m e r  1 1 - 1 8  b y  

a m m o n o l y s i s  a n d  c y c l i z a t i o n .  I n  v i e w  o f  t h i s  e v i d e n c e ,  t h e  

a n a l y s i s  o f  t h e  4 0 0  MHz N M R  s p e c t r u m  a n d  o f  t h e  s t r a i n  p r e s e n t  

i n  -- t r a n s - 4 , 5 - r i n g  f u s i o n  p r o d u c t s  c o n t a i n i n g  a  c a r b o n - c a r b o n  

d o u b l e  b o n d ,  i t  i s  c o n c l u d e d  t h a t  1 1 - 2 0 ,  r a t h e r  t h a n  S c h a r f ' s  

1 1 - 1 4 ,  i s  t h e  c o r r e c t  s t r u c t u r e  o f  t h e  s e c o n d  m a j o r  p r o d u c t .  

1 1 1 - 2  P h o t o d e c o m p o s i t i o n  o f  N - B r o m o s u c c i n i m i d e  

A s  n o t e d  e a r l i e r ,  we i n v e s t i g a t e d  f i r s t  t h e  p h o t o d e -  

c o m p o s i t i o n  o f  NBS. W h i l e  t h i s  w o r k  was i n  p r o g r e s s ,  ~ k e 1 1 ~ ~  

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

c o n c l u s i o n s  p r e s e n t e d  b e l o w .  

T h e  o r i e n t a t i o n  o f  t h e  NBS p h o t o a d d i t i o n  t o  3 , 3 - d i m e t h y l -  

1 - b u t e n e  ( 1 1 - 2 4 ,  n e o h e x e n e )  a n d  t h e  f a i l u r e  o f  t h e  d a r k  

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

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

NBS ( s e e  e q u a t i o n s  2 0  a n d  2 1 ) .  T h e  e x c e l l e n t  y i e l d  o f  t h e  1 : 1  

a d d u c t  ( 1 1 - 2 5 )  i n d i c a t e s  t h a t  t h e  a b s t r a c t i o n  o f  h v d r o a e n  bv  



the succinimidyl radical from the tertiary butyl group does not 

compete to any significant extent. Analogous results have 

subsequently been reported6' for the flash photolysis of 

N-bromo-3,3-dimethyl-glutarimide. 

0 

( C H ~ C ~ ) ~ N C H ~ C H C ( C H ~ ) ~  + NBS +' ( C H 2 C O ) 2 ~ C H 2 ~ ~ ~ r C ( ~ ~ 3 ) 3  

If the succinimidyl radical is generated by photolysis of 

NBS in benzene in the presence of ethylene oxide, the benzene 

ring is attacked efficiently to give the 1,4-adduct (11-28) -- 

and/or 1,2-adduct as primary products followed by addition of 

bromine or elimination of HBr to yield tribromo adducts (11-29, 

40%) and N-phenyl-succinimide (11-30, 8%), respectively. The 



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

e f f i c i e n t  s c a v e n g i n g  o f  HBr b y  e t h y l e n e  o x i d e  i n d i c a t e s  t h a t  

r e a c t i o n  ( 2 2 )  r a t h e r  t h a n  r e a c t i o n  (7) c o n s t i t u t e s  t h e  m a j o r  

p a t h w a y  f o r  t h e  f o r m a t i o n  o f  b r o m i n e .  

( C H 2 C 0 ) 2 N B r  + B r '  ( C H 2 C 0 ) 2 N '  + B r 2  ( 2 2 )  

( C H 2 C 0 ) 2 N B r  + HBr + (CH2C0)2NH + B r 2  ( 7 )  

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

s m a l l  a m o u n t  o f  n e o h e x e n e  ( t o  s c a v e n g e  b r o m i n e )  g i v e s  1 1 - 3 0  i n  

c a .  30% y i e l d  i n  t h e  p r e s e n c e ,  a n d  i n  a s l i g h t l y  h i g h e r  y i e l d  - 
i n  t h e  a b s e n c e  o f  e t h y l e n e  o x i d e .  T h i s  i n d i c a t e s  t h a t  e t h y l e n e  

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

r a d i c a l  a d d i t i o n .  No d i m e r i z a t i o n  p r o d u c t s  o f  t h e  c y c l o h e x a -  

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

a d d i t i o n s  o f  p h e n y l  r a d i c a l s  t o  a r e n e s g 8 ,  h a v e  b e e n  d e t e c t e d ,  

p r o b a b l y  o w i n g  t o  t h e  r a p i d  r e a c t i o n  o f  111-1 w i t h  b r o m i n e  

d o n o r s  t o  g i v e  1 1 - 2 8  ( o r  i t s  1 , 2 - i s o m e r ) .  

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

r e s u l t e d  o n l y  i n  t h e  b r o m i n a t i o n  of  b e n z e n e  b u t  n o t  i n  t h e  



f o r m a t i o n  o f  t r i b r o m o  a d d u c t s  1 1 - 2 9  o r  11-30 N - p h e n y l - s u c c i n i -  

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

l i k e l y  n o t  g e n e r a t e d  o w i n g  t o  t h e  c o n s u m p t i o n  o f  N B S  v i a  i t s  

r e a c t i o n  w i t h  HBr a s  s h o w n  b e l o w .  

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

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

i s  h i g h l y  e l e c t r o p h i l i c  a n d  t h a t  i t  h a s  t h e  C r a t h e r  t h a n  t h e  II 

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

h a v i n g  t h e  u n p a i r e d  e l e c t r o n  i n  a n  s p 2  o r b i t a l  i s  g e n e r a l l y  

m o r e  e l e c t r o p h i l i c  t h a n  o n e  w i t h  t h e  e l e c t r o n  i n  a p  o r  s p  3 

o r b i t a l .  I n  a n a l o g y  w i t h  t h i s  g e n e r a l  c o r r e l a t i o n ,  t h e  C 

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

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

c o n f i g u r a t i o n .  



~ k e 1 1 ~ ~  h a s  c l a i m e d  t h a t  i n t e r a c t i o n  o f  c y c l o h e x a d i e n y l i c  

r a d i c a l  1 1 1 - 1  w i t h  NBS g e n e r a t e s  s,, a n d  t h a t  o n l y  S, b u t  

n o t  S, a d d s  t o  b e n z e n e .  T o  c o n t i n u e  t h e  c h a i n ,  CH2C12 was 

u s e d  a s  a n  i n t e r m e d i a r y  t o  g e n e r a t e  S,, a s  s h o w n  b e l o w .  I n  

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

N B S  + 

0 

S, f CH2C12  + CHC12 + s u c c i n i m i d e  

0 

CHC12 + NBS + BrCHC12 + S, 

e f f i c i e n t l y  t o  b e n z e n e  ( u s i n g  b e n z e n e  a s  a s o l v e n t  a n d  

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

r e g e n e r a t e  S,. 



111-3 P h o t o d e c o m p o s i t i o n  o f  N - B r o m o i m i d e s  1 1 - 3 1  a n d  1 1 - 4 1  

W h i l e  b o t h  ~ k e 1 1 ~ ~ - ~ ~  a n d  a g r e e  t h a t  t w o  r a d i c a l  

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

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

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

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

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

b r o m o i m i d e s  1 1 - 3 1  o r  1 1 - 4 1  a l s o  c l e a r l y  d e m o n s t r a t e  t h e  
4- 

p r e s e n c e  o f  t w o  d i f f e r e n t  r a d i c a l s  ( i n  a d d i t i o n  t o  b r o m i n e  

a t o m s ) .  O n e  o f  t h e s e  r a d i c a l s  is  i d e n t i f i e d  a s  t h e  i m i d y l  

r a d i c a l  1 1 - 3 2  o r  1 1 - 4 8  w h i c h  u n d e r g o e s  r i n g  o p e n i n g  t o  g i v e  
T-- 

a m i d e s  1 1 - 3 9 1 1 1 - 4 0  o r  1 1 - 4 5 1 1 1 - 4 6  r e s p e c t i v e l y ,  a n d  a b s t r a c t s  -- --' 
h y d r o g e n  f r o m  t h e  s o l v e n t  i n t e r m o l e c u l a r l y .  S i n c e  i t  i s  

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

y i e l d s  f o r  t h e  d i s a p p e a r a n c e  o f  N - b r o m o i m i d e  1 1 - 3 1  i n  t h e  -- 
p r e s e n c e  o f  n e o h e x e n e ,  b u t  a l s o  b y  b r o m i n e - a t o m  o r  b e n z o y l -  

p e r o x i d e  i n i t i a t e d  d e c o m p o s i t i o n  o f  1 1 - 3 1  i t  i s  m o r e  l i k e l y  t o  --' 
b e  i n  t h e  g r o u n d  s t a t e  t h a n  i n  t h e  l o w e s t  e x c i t e d  s t a t e .  A l s o ,  

a s  t h e  r e a c t i o n s  o f  b r o m i n e  a t o m s  w i t h  N - b r o m o i m i d e s  a r e  known  

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

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

5  5  g a p  b e t w e e n  t h e  t w o  s t a t e s  t o  b e  1 5 - 2 0  k c a l / m o l e  . 



T h e  r e s u l t s  l i s t e d  i n  T a b l e  1 1 - 1 0  ( p . 7 8 )  s h o w  t h a t  t h e  

( C - B r ) , / a m i d e s  r a t i o  i s  a f u n c t i o n  o f  t h e  e x t e n t  o f  

c o n v e r s i o n  o f  t h e  N - b r o m o i m i d e  1 1 - 3 1 .  A t  l o w  c o n v e r s i o n  o f  

1 1 - 3 1 ,  t h e  i m i d y l  r a d i c a l  i s  t h e  d o m i n a n t  s p e c i e s ,  b u t  a s  t h e  --- 
r e a c t i o n  p r o c e e d s  a n d  t h e  c o n c e n t r a t i o n  o f  b r o m i n e  i n c r e a s e s ,  

t h e  ( C 3 - B r ) e / a m i d e s  r a t i o  c h a n g e s  t o  r e s e m b l e  t h o s e  l i s t e d  i n  

T a b l e  11-11 ( p . 8 0 ,  e x p t s  1 - 7 ) .  T h e  f o r m a t i o n  o f  B r 2  i s  a l s o  

s h o w n  by m o n i t o r i n g  t h e  p h o t o d e c o m p o s i t i o n  b y  UV s p e c t r o s c o p y  

( F i g .  1 1 - 2 ) .  T h e  c h a n g e  i n  m e c h a n i s m  m i g h t  b e  d u e  t o  t h e  

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

b r o m i n e  ( A c 2 N -  + B r 2 - - - - - + A c 2 N B r + B r ) ;  a s i m i l a r  a s s u m p t i o n  h a s  

b e e n  r e p o r t e d  b y  T a n n e r  6 3  t o  e x p l a i n  t h e  c h a n g e  i n  t h e  p r o d u c t  

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

b u t a n e 3 6  ( T a b l e  1 - 1 ,  p . 2 1 ,  e n t r y  3 ) .  A l t e r n a t i v e l y ,  s i n c e  t h e  

q u a n t u m  y i e l d s  f o r  t h e  d i s a p p e a r a n c e  o f  N - b r o m o i m i d e  1 1 - 3 1  a r e  

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

6  2  i n i t i a l  p h o t o e x c i t a t i o n  o f  11-31 a s  s u g g e s t e d  b y  W a l l i n g  . 
E i t h e r  i n t e r p r e t a t i o n  c o u l d  a c c o u n t  f o r  t h e  l o w  C - B r f a m i d e s  

r a t i o  a t  l o w  c o n v e r s i o n  o f  11-31.  

I n  N - b r o m o i m i d e - o l e f i n  s y s t e m s  n o  C - B r  p r o d u c t s  were d e -  

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

r a d i c a l  m u s t  h a v e  t h e  C - e l e c t r o n i c  c o n f i g u r a t i o n  ( 1 1 - 3 2  o r  

1 1 - 4 6 )  w h i c h  c a n n o t  i n t r a m o l e c u l a r l y  a b s t r a c t  t h e  e n d o  C 3 -  

h y d r o g e n  a n d  t h a t  C a n d  I I - i m i d y l  r a d i c a l s  d o  n o t  i n t e r c o n v e r t .  



~ k e 1 1 ~ ~  h a s  c l a i m e d  t h a t  i n  t h e  NBS/C12C=CH2/CHC13  s y s t e m ,  

t h e  s t a b i l i z e d  * C C 1 3  r a d i c a l  r e a c t s  w i t h  NBS t o  g e n e r a t e  

e x c l u s i v e l y  S, a s  s h o w n  by t h e  f a i l u r e  t o  d e t e c t  r i n g  o p e n i n g  

p r o d u c t  ( i s o c y a n a t e s ) .  I n  c o n t r a s t ,  r e p o r t e d  a n  80% 

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

r e q u i r e m e n t  t h a t  t h e  t r a n s f e r  o f  b r o m i n e  f r o m  NBS t o  CC13 

g e n e r a t e s  e x c l u s i v e l y  a  S, ( w h o s e  r e a c t i o n s  d o  n o t  c o r r e l a t e d  

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

o f  CHC13 s o l u t i o n s  o f  N - b r o m o i m i d e  1 1 - 3 1  a n d  C12C=CH2 ( d e g a s s e d  

b y  f r e e z e - t h a w  c y c l e s )  a n d  o f  1 1 - 4 1  a n d  CC12=CH2 ( d e g a s s e d  w i t h  

- n i t r o g e n )  l e d  t o  r i n g - o p e n i n g  ( a m i d e s  1 1 - 3 9 1 1 1 - 4 0 ,  a n d  

1 1 - 4 5 1 1 1 - 4 6 ,  r e s p e c t i v e l y ) .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  'CC13  

g e n e r a t e s  f r o m  1 1 - 3 1  o r  1 1 - 4 1  t h e  same i m i d y l  r a d i c a l  a s  d o e s  

'CHC12 h a v i n g  t h e  same C - c o n f i g u r a t i o n .  

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

- t h e  d e c o m p o s i t i o n  o f  b o t h  1 1 - 3 1  a n d  -- 1 1 - 4 1  m u s t  t a k e  i n t o  

a c c o u n t  t h e  f o l l o w i n g  o b s e r v a t i o n s  ( s e e  R e s u l t s  s e c t i o n ) :  ( i )  

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

w i t h  N - b r o m o i m i d e  11-31 o r  1 1 - 4 1  i n  w h i c h  i m i d y l  r a d i c a l s  a r e  

a l s o  f o r m e d  a l b e i t  i n e f f i c i e n t l y ;  ( i i )  i t  is  n o t  f o r m e d  b y  

d i r e c t  p h o t o l y s i s  o f  11-31 o r  1 1 - 4 7  i n  t h e  p r e s e n c e  o f  b r o m i n e  

s c a v e n g e r s ;  ( i i i )  i t  i s  r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  

( C 3 - B r ) ,  b y  i n t r a m o l e c u l a r  h y d r o g e n  t r a n s f e r ;  a n d  ( i v )  it 

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



I n  o u r  o p i n i o n ,  t h e  I I - c o n f i g u r a t i o n  ( 1 1 - 3 3  o r  1 1 - 4 9 ]  c a n  

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

( a )  T h e  g r o u n d  s t a t e  i m i d y l  r a d i c a l  is  a s s i g n e d  t h e  C -  

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

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

o b s e r v a t i o n s  ( i )  a n d  ( i i ) ;  f o r  e x a m p l e ,  o n e  w o u l d  e x p e c t  a n  

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

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

( b )  I f  a t o m i c  b r o m i n e  r e a c t s  w i t h  N - b r o m o i m i d e  t o  g e n e r a t e  a 

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

( C 3 - B r ) , ,  a t  l e a s t  i n  t h e  l o w  c o n c e n t r a t i o n  r a n g e  o f  a d d e d  

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

1 1 - 1 2  ( p . 8 2 )  a n d  11-15  ( p . 9 3 ) .  

T h e r e f o r e ,  we b e l i e v e  t h a t  t h e  s e c o n d  r a d i c a l  i s  a n  

N - b r o m o i m i d e - B r o  c o m p l e x  ( 1 1 - 3 4  o r  1 1 - 4 7 )  s i m i l a r  t o  t h a t  -- 
s u g g e s t e d  b y  T h i s  c o m p l e x  a g r e e s  w i t h  a l l  o u r  

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

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

r a d i c a l s  ( i m i d y l ,  a t o m i c  b r o m i n e ,  a n d  b r o m i n e  a t o m  c o m p l e x )  a r e  

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

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

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

c o n t a i n s  a l l y l i c  h y d r o g e n  e . g . ,  N - b r o m o i m i d e s  11-50 ( e n d o , c i s -  -- 
c y c l o h e x e n y l ) ,  1 1 - 6 0  (endo,cis-cyclopentenyl) -- a n d  -- 1 1 - 6 3  

(exo,cis-cyclopentenyl), -- t h e  b r o m i n e  a t o m  c h a i n  p r o c e s s  



- 1 1 5  - 

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

B r *  + A c z N - B r  , A C * N - ~ ~ - B ~  - - B r 2  + A c 2 N *  

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

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

( C 3 - B r ) , / a m i d e s  r a t i o s  l i s t e d  i n  T a b l e s  1 1 - 1 2  ( p . 8 2 )  a n d  

1 1 - 1 5  ( p . 9 3 .  A t  l o w  c o n c e n t r a t i o n s  o f  b r o m i n e ,  t h e  i m i d y l  

r a d i c a l  A c 2 N *  is  s t i l l  g e n e r a t e d  by  b r o m i n e  a t o m s .  A s  t h e  

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

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

t h e  ( C 3 - B r ) e / a m i d e s  r a t i o .  T h e  r a d i c a l s  e q u i l i b r a t e  a s  s h o w n  

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

c o n c e n t r a t i o n  o f  N - b r o m o i m i d e s  t o  g i v e  a l m o s t  c o n s t a n t  v a l u e s  

f o r  t h e  ( C 3 - B r ) , / a m i d e s ,  C 3 - B r / C 1 - B r  ( T a b l e  1 1 - 1 1  ( p . 8 0 ) ;  

e x p t s  1 - 7 ) ,  C 3 - B r / C Z x - B r  a n d  ( C 3 - B r ) e / a m i d e s   able 1 1 - 1 4 ,  

p . 9 2 )  r a t i o s  e x c e p t  t h e  l a t t e r  i s  l o w  a t  l o w  c o n c e n t r a t i o n s  o f  

1 1 - 4 1 .  N a t u r a l l y ,  w h e n  b r o m i n e  i s  s c a v e n g e d ,  t h e  e q u i l i b r i u m  -- 
I 

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

o b s e r v e d .  

S i n c e  b o t h  C 3 * - B r  a n d  C3, -Br  a r e  d e r i v e d  f r o m  t h e  

r e a c t i o n  o f  t h e  C 3 - r a d i c a l  w i t h  b r o m i n e  t r a n f e r  a g e n t s ,  t h e  



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

N - b r o m o i m i d e s  a n d  p h o t o b r o m i n a t i o n s  o f  t h e i r  r e s p e c t i v e  p a r e n t  

i m i d e s  w i t h  B r 2  i s  i n d i c a t i v e  o f  b r o m i n e  p r o b a b l y  a c t i n g  a s  

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

T h e  s y s t e m a t i c  i n c r e a s e  i n  t h e  C 2 , - B r / C 1 - B r  r a t i o  ( T a b l e  

1 1 - 1 4 ,  p . 9 2 )  a b o v e  t h a t  o b s e r v e d  i n  t h e  p h o t o b r o m i n a t i o n  o f  

i m i d e  11-3 i s  d e p e n d e n t  o n  t h e  c o n c e n t r a t i o n  o f  1 1 - 3 1 .  A t  t h i s  
P 7 

s t a g e  i t  i s  p r o p o s e d  t h a t  t h e  e x t r a  C2, -Br  is  f o r m e d  b y  

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

1 1 - 3 4 .  S i n c e  1 1 - 3 4  i s  a s t e r i c a l l y  h i n d e r e d  r a d i c a l ,  i t  s h o u l d  -- -- 
a b s t r a c t  a  h y d r o g e n  s e l e c t i v e l y  f r o m  r e l a t i v e l y  u n h i n d e r e d  

s i t e s .  Yet we c a n n o t  p r o v i d e  a s a t i s f a c t o r y  r a t i o n a l i z a t i o n  a s  

t o  why t h e  C2-H s h o u l d  b e  p r e f e r e n t i a l l y  a b s t r a c t e d  b y  I I - 3 4 L .  

1 1 1 - 4  P h o t o d e c o m p o s i t i o n  o f  N - B r o m o i m i d e s  11 -50 ,  1 1 - 6 0 ,  a n d  
--d-------------.---- -*__ -___ - + 
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I n  t h e  a b s e n c e  o f  a n  o l e f i n  t h e  p h o t o d e c o m p o s i t i o n  o f  N -  

b r o m o i m i d e s  1 1 - 5 , 0 ,  1 1 - 6 0 ,  a n d  1 1 - 6 3  r e s u l t e d  i n  t h e  f o r m a t i o n  

o f  t h e  c o r r e s p o n d i n g  a l l y l i c  b r o m i d e s  -- 1 1 - 5 1 ,  1 1 - 6 1 ,  a n d  1 1 - 6 4 ,  

r e s p e c t i v e l y .  A s  m e n t i o n e d  b e f o r e ,  S k e l l  ; h a s  p r o p o s e d  t h a t  i n  

t h e  p r e s e n c e  o f  B r 2  t h e  d e c o m p o s i t i o n  o f  NBS p r o c e e d s  e x c l u s i v -  

e l y  v i a  t h e  n - s u c c i n i m i d y l  r a d i c a l .  We, t h e r e f o r e ,  s y n t h e s i z e d  

m o d e l  c o m p o u n d s  11-50 a n d  1 1 - 6 0  i n  o r d e r  t o  s t u d y  i f  t h e  

c o r r e s p o n d i n g  i m i d y l  r a d i c a l s  g e n e r a t e d  i n  t h e  p r e s e n c e  o f  B r 2  

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



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

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

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

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

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

T h e  r e s u l t s  o b t a i n e d  f o r  t h e  p h o t o d e c o m p o s i t i o n  o f  -- 1 1 - 5 0  

a n d  -- 11-60 i n  t h e  p r e s e n c e  o f  a n  o l e f i n g 5  b r o m i n e  s c a v e n g e r  w e r e  

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

c o r r e s p o n d i n g  i m i d e s  - 1 1 - 6  a n d  1 1 - 1 7 ,  a n d  t h e  f o r m a t i o n  o f  

i s o c y a n a t e s  a r e  i n d i c a t i v e  o f  C - i m i d y l  r a d i c a l  i n t e r m e d i a t e s  

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

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

111-5  C o n c l u s i o n  

P h o t o l y t i c  d e c o m p o s i t i o n  o f  N - b r o m o i m i d e s  11-31 a n d  1 1 - 4 1  

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

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

s i o n s  o f  b u t  n o t  t h o s e  o f  S k e l l  5 3 - 5 7  o r  T a n n e r  

e t  a l ? .  T h e  t w o  r a d i c a l s  ( A  a n d  €3) were f o u n d  t o  h a v e  t h e  

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

R a d i c a l  A :  

( a )  I t  u n d e r g o e s  a r i n g  o p e n i n g  r e a c t i o n ;  a n d  it m u s t  b e  



a n  i m i d y l  r a d i c a l .  

( b )  I n  t h e  p r e s e n c e  o f  b r o m i n e  s c a v e n g e r s ,  i t  a b s t r a c t s  

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

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

( c )  T h i s  r a d i c a l  c a n  b e  g e n e r a t e d  e i t h e r  by  d i r e c t  

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

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

R a d i c a l  B:  

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

o f  b r o m i n e  a t o m s  w i t h  N - b r o m o i m i d e s .  I t  u n d e r g o e s  

i n t r a m o l e c u l a r  f u n c t i o n a l i z a t i o n  a t  t h e  C3 p o s i t i o n ,  b u t  n o  

r i n g  o p e n i n g  r e a c t i o n .  

( b )  On t h e  b a s i s  o f  t h e  a r g u m e n t s  p r e s e n t e d  b e f o r e  

( p .  I I O ) ,  i t  is  a s s i g n e d  t o  b e  a b r o m i n e  a t o m  c o m p l e x  w i t h  t h e  

N - b r o m o - i m i d e  w h i c h  is  i n  e q u i l i b r i u m  w i t h  b o t h  t h e  

N - b r o m o i m i d e  a n d  t h e  i m i d y l  r a d i c a l  ( r a d i c a l  A ) .  

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

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

a r e a c t i v e  h y d r o g e n ,  e . g .  N - b r o m o i m i d e s  11-50 ,  1 1 - 6 0 ,  a n d  

1 1 - 6 3 ,  t h e  r e c t i o n  p r o c e e d s  b y  b r o m i n e  a t o m  m e c h a n i s m .  



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

i n v o l v e d  i n  t h e  N - b r o m o i m i d e - o l e f i n  a n d  N - b r o m o i m i d e - B r 2  

s y s t e m s  c a n  b e  s u m m a r i z e d  as :  

N - B r o m o i m i d e - o l e f i n  s y s t e m  - 

~ k e l l ' ~ - ' ~  a s s i g n e d  a n  e x c i t e d  s t a t e  E - s u c c i n i m i d y l  

r a d i c a l ,  a n d  ~ a n n e r ~ ~  p r o p o s e d  a g r o u n d  s t a t e  

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

i m i d y l  r a d i c a l s  AC2N w h i c h  a r e  b e l i e v e d  t o  b e  i n  t h e  g r o u n d  

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

~ k e 1 1 ~ ~ - ~ ~  may h a v e  a r i s e n  f r o m  s t r u c t u r a l  d i f f e r e n c e s  

b e t w e e n  t h e  i m i d y l  r a d i c a l s  1 1 - 3 2 a n d  -- 1 1 - 4 8 a n d  t h e  s u c c i n i m i d y l  

r a d i c a l .  

N - B r o m o i m i d e - B r 2  s y s t e m  ---- 

I n  t h i s  s y s t e m  ~ k e 1 1 ~ ~  a s s i g n e d  a g r o u n d  s t a t e  

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

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

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



I V .  EXPERIMENTAL 

IV-1  G e n e r a l  C o n d i t i o n s  a n d  C h e m i c a l s  

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

c o n d i t i o n s  were u s e d .  M e l t i n g  p o i n t s  were d e t e r m i n e d  on a  

F i s h e r - 3 o h n s  a p p a r a t u s  a n d  were u n c o r r e c t e d .  I n f r a r e d  s p e c t r a  

were r e c o r d e d  on a  P e r k i n - E l m e r  5 9 9 8  s p e c t r o m e t e r  u s i n g  N u j o l  

m u l l s .  U l t r a v i o l e t  s p e c t r a  were o b t a i n e d  on a  Un icam SP800  

s p e c t r o m e t e r .  Mass  s p e c t r a  a n d  g a s  c h r o m a t o g r a p h y - m a s  s p e c t r a  

w e r e  t a k e n  on a  H e w l e t t - P a c k a r d  5 9 8 5  m a s s  s p e c t r o m e t e r  u s i n g  a  

SE-30  c a p i l l a r y  c o l u m n .  H i g h  r e s o l u t i o n  m a s s  s p e c t r a  ( h r m s )  

were p e r f o r m e d  a t  t h e  U n i v e r s i t y  o f  B r i t i s h  C o l u m b i a  m a s s  

s p e c t r o m e t r i c  s e r v i c e s .  E l e m e n t a l  a n a l y s e s  w e r e  p e r f o r m e d  by 

Mr. M . A .  Yang on a  P e r k i n - E l m e r  2 4 0  s p e c t r o m e t e r .  Gas  c h r o m a -  

t o g r a p h i c  ( g c )  a n a l y s e s  were p e r f o r m e d  on a  V a r i a n  1 4 0 0  ( F I D )  

w i t h  a  SE-30  c a p i l l a r y  c o l u m n  ( 3  & W ,  1 3 . 7  m x 0 . 2 8  mm) o r  a  

H e w l e t t - P a c k a r d  5 7 9 2  A w i t h  a  OV-I c a p i l l a r y  c o l u m n  (HP,  1 2 . 5  m 

x 0 . 2 0  mm) c o u p l e d  w i t h  HP 3 3 9 0  i n t e g r a t o r .  P r e p a r a t i v e  GC 

u s e d  a  V a r i a n  1 7 0 0  ( t h e r m a l  c o n d u c t i v i t y  d e t e c t o r )  on a  1 0 %  

SE-30  ( 3  m x 6 . 4  mm) c o l u m n .  H i g h  p r e s s u r e  l i q u i d  c h r o m a t o -  

g r a p h i c  (HPLC) a n a l y s e s  were p e r f o r m e d  on a  LDC Model  711  s o l -  

v e n t  d e l i v e r y  s y s t e m ,  a  R h e o d y n e  Mode l  7 1 2 0  s y r i n g e  l o a d i n g  

s a m p l e  i n j e c t o r ,  a  P a r t i s i l  p x s  1 0 1 2 5  Whatman a n a l y t i c a l  c o l u m n  

a n d  a  LDC Mode l  1 2 0 3  U V  m o n i t o r  ( 2 5 4  nm). 



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

u s i n g  S i l i c a  Gel ( B a k e r ,  6 0 - 2 0 0  m e s h ) .  F l a s h  c h r o m a t o g r a p h i c  

s e p a r a t i o n s  were c a r r i e d  o u t  a s  d e s c r i b e d  b y  s t i l l g2  u s i n g  

s i l i c a  g e l  ( 2 3 0 - 4 0 0  m e s h ) .  

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  were r e c o r d e d  a t  4 0 0  

MHz o n  a B r u k e r  WH400 s p e c t r o m e t e r  i n  t h e  FT m o d e ,  a n d  a n  

i n t e r n a l  l o c k  ( d e u t e r i u m )  was u s e d .  T h e  c h e m i c a l  s h i f t s  i n  ' H  

N M R  s p e c t r a  were r e f e r r e d  t o  t h e  s o l v e n t  s i g n a l s  ( 6  7 . 2 4 ,  7 . 1 5  

a n d  2 . 0 4  ppm f o r  CDC13 ,  C 6 D 6 ,  a n d  a c e t o n e - d 6 ,  r e s p e c t i v e l y ) .  

T h e  p e a k  p o s i t i o n s  o f  13c s i g n a l s  were m e a s u r e d  r e l a t i v e  t o  t h e  

s o l v e n t  s i g n a l s  a t  6 7 7 . 0 ,  1 2 8 . 0  a n d  3 0 . 2  f o r  CDC13,  C6D6 a n d  

a c e t o n e - d 6 ,  r e s p e c t i v e l y .  

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

s ( s i n g l e t ) ,  d  ( d o u b l e t ) ,  t ( t r i p l e t ) ,  q ( q u a r t e t ) ,  d d  ( d o u b l e  

d o u b l e t ) ,  m ( m u l t i p l e t )  a n d  b r  ( b r o a d ) .  I n  13c  N M R  s p e c t r a  t h e  

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

d i c a t e d  i n  p a r e n t h e s e s .  

T h e  NOE e x p e r i m e n t s  were p e r f o r m e d  a t  4 0 0  MHz, u s i n g  d i f -  

f e r e n c e  s p e c t r o s c o p y ,  o n  d e g a s s e d  s o l u t i o n s  c o n t a i n i n g  s. 5 mg 

o f  a s a m p l e  i n  0 .5  mL o f  s o l v e n t .  

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

u s e .  1 , 3 - C y c l o h e x a d i e n e  ( A l d r i c h ) ,  c y c l o h e x e n e  ( E a s t m a n  



Y 

K o d a k ) ,  a n d  c y c l o p e n t e n e  ( M e r c k )  were d i s t i l l e d  p r i o r  t o  u s e .  

1 , 4 - D i o x a n e  ( F i s h e r )  w a s  d i s t i l l e d  o v e r  s o d i u m - b e n z o p h e n o n e .  

N - B r o m o s u c c i n i m i d e  was r e c r y s t a l l i z e d  f r o m  w a t e r  t o  g i v e  

w h i t e  c r y s t a l s ,  mp 1 8 1 - 1 8 3 " C ,  a n d  w a s  k e p t  i n  a  d a r k  d e s i c a t o r .  

D i c h l o r o m e t h a n e  ( F i s h e r ,  s p e c t r o a n a l y z e d  g r a d e )  was p u r i -  

f i e d  b y  e i t h e r  d i s t i l l a t i o n  o v e r  P 2 0 5  o r  s u c c e s s i v e  e x t r a c t i o n  

w i t h  c o n c e n t r a t e d  H2S04, d i s t i l l e d  w a t e r ,  a n d  5% a q u e o u s  s o d i u m  

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

t i l l a t i o n  o v e r  P 2 0 5 .  GC a n a l y s i s  s h o w e d  d i c h l o r o m e t h a n e ,  p u r i -  

f i e d  by  e i t h e r  m e t h o d ,  t o  b e  9 9 . 9 %  a n d  c o n t a i n e d  a t r a c e  o f  
- 

c a r b o n  t e t r a c h l o r i d e .  D i b r o m o m e t h a n e  ( E a s t m a n  K o d a k )  a n d  

c h l o r o f o r m  ( B u r d i c k  a n d  3 a c k s o n )  a n d  a c e t o n i t r i l e  ( F i s h e r )  were 

d i s t i l l e d  o v e r  P 2 0 5  w h e n  t h e y  were n e e d e d .  GC a n a l y s i s  s h o w e d  

t h e m  t o  b e  99.8% p u r e .  B r o m i n e  ( F i s h e r )  was u s e d  a s  s u p p l i e d ;  

3 , 3 - d i m e t h y l - I - b u t e n e  ( A l d r i c h ) ,  a n d  1 , l - d i c h l o r o e t h y l e n e  were 

d i s t i l l e d  p r i o r  t o  e x p e r i m e n t s .  C o m m e r c i a l  n i t r o g e n  ( U n i o n  

C a r b i d e  L i n d e ,  9 9 . 9 9 7 % )  was s c r u b b e d  w i t h  a t r a i n  o f  F i e s e r ' s  

s o l u t i o n ,  c o n c e n t r a t e d  H 2 S 0 4  a n d  K O H  p e l l e t s .  

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

a c c o r d i n g  t o  t h e  l i t e r a t u r e  l o 5 a ,  a n d  p u r i f i e d  by 

r e c r y s t a l l i z a t i o n  f r o m  h o t  water .  



IV-2  [ 2 + 2 ]  P h o t o c y c l o a d d i t i o n  o f  D i c h l o r o m a l e i m i d e  a n d  
7 

D i c h l o r o m a l e i c  a n h v d r i d e  t o  C v c l i c  O l e f i n s  

I V - 2 - 1  P r e p a r a t i o n  o f  ~ D i c h l o r o m a l e i m i d e  ( 1 1 - 1  ).93 

A m i x t u r e  o f  d i c h l o r o m a l e i c  a n h y d r i d e  - 1 1 - 2  ( 1 9 . 4  g ,  0 . 1 2  

m o l ) ,  u r e a  ( 7 . 4  g ,  0 . 1 2  m o l l  a n d  s o d i u m  c h l o r i d e  ( 2 4 . 2  g ,  0 . 4 1  

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

t r a p .  T h e  m i x t u r e  m e l t e d  a t  = 9 0 • ‹  a n d  r e a c t e d  v i g o r o u s l y  a t  

a b o u t  1 2 0 " .  T h e  m i x t u r e  was s t i r r e d  a t  1 2 0 "  f o r  20  m i n u t e s ,  

a n d  t h e n  w a t e r  ( 5 0  m l )  was a d d e d  a t  1 0 0 " .  The  p r e c i p i t a t e  f r o m  

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

-- m e t h a n o l - w a t e r  ( 2 : l  v / v )  t o  g i v e  d i c h l o r o m a l e i m i d e  ( 1 1 - 1 )  ( 1 1 . 5  

8 1 g ,  5 8 % ) ;  m.p. 1 7 4 - 7 7 "  ( l i t .  m.p. 1 7 8 - 1 8 0 " ) ;  hmax  2 3 5  nm, E 

7 . 2  x l o 4 ;  I R  3 2 0 0 ( s ) ,  1 7 3 0 ( s , b r ) ,  1 6 1 0 ( s ) ,  1 0 5 0 ( s ) ,  a n d  8 5 0 ( s )  

IV-2 -2  - T h e  - P r o c e d u r e  o f  P h o t o l y s i s  

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

I 
1 1 - 1  a n d / o r  1 1 - 2  was c a r r i e d  o u t  i n  a n  i m m e r s i o n  t y p e  P y r e x  

a p p a r a t u s  u s i n g  a  4 5 0 - W a t t  H a n o v i a  medium p r e s s u r e  Hg lamp.  

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

1 0 - 1 5 " .  T h e  s o l u t i o n  was m a g n e t i c a l l y  s t i r r e d  a n d  p u r g e d  w i t h  

a  s t r e a m  o f  n i t r o g e n .  T h e  p r o g r e s s  o f  t h e  r e a c t i o n  was mon i -  

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



1 1 - 1  a n d / o r  1 1 - 2 .  T h e  p h o t o l y s a t e  was e v a p o r a t e d  u n d e r  r e d u c e d  - - 
p r e s s u r e  a n d  t h e  c r u d e  p r o d u c t  was s e p a r a t e d  by  c h r o m a t o g r a p h y  

u s i n g  GC t o  m o n i t o r  t h e  s e p a r a t i o n .  

T h e  s p e c t r a l  d a t a  I R ,  MS, 'H N M R ,  a n d 1 3 c  NMR o f  t h e  

p e r t i n e n t  c o m p o u n d s  a r e  l i s t e d  i n  T a b l e s  I V - 1 ,  I V - 2 ,  11-1 a n d  

1 1 - 2 ,  r e s p e c t i v e l y .  E l e m e n t a l  a n a l y s e s  a r e  g i v e n  i n  T a b l e  

IV-3. 

I V - 2 - 3  -- P h o t o a d d i t i o n  -- o f  D i c h l o r o m a l e i m i d e  t o  1 , 3 - C y c l o h e x a d i e n e  

A s o l u t i o n  o f  - 1 1 - 1  ( 4  g ,  0 . 0 2 4  m o l )  a n d  l , 3 - c y c l o h e x a d i e n e  

( 2 . 1  g ,  0 . 0 2 6  m o l l  i n  a n h y d r o u s  d i o x a n e  ( 3 5 0  mL) w a s  i r r a d i a t e d  

f o r  1 . 5  h o u r s .  T h e  c r u d e  r e s i d u e  s h o w e d  GC p e a k s  ( 1 0 %  S E - 3 0 ,  

1 5 0 - 2 2 0 • ‹ C  a t  1 0 • ‹ C / m i n . ;  r t ,  r e l a t i v e  y i e l d s )  c o r r e s p o n d i n g  t o  

e n d o , c i s - i m i d e  $ 1 - 6  ( r . t .  4 . 5  m i n . ,  5 0 % ) ,  e x o , c i s - i m i d e  1 1 - 7  -- -- - 
( 5 . 3  m i n . ,  4 3 % ) ,  - 11-8 ( 4 . 8  m i n . ,  5 % )  a n d  - 1 1 - 9  ( 5 . 0  m i n . ,  2 % ) .  

F l a s h  c h r o m a t o g r a p h y ,  u s i n g  e t h e r - p e t .  e t h e r  ( 1 : 2 )  a s  t h e  

e l u e n t ,  g a v e  f o u r  f r a c t i o n s :  T h e  f i r s t  f r a c t i o n  w a s  - 1 1 - 6  ( 1 . 3  

g ,  2 3 % )  w h i c h  w a s  r e c r y s t a l l i z e d  f r o m  C H 2 C 1 2 - c y c l o h e x a n e  a s  

w h i t e  c r y s t a l s ;  m.p. 1 6 0 - 1 6 2 " .  T h e  s e c o n d  f r a c t i o n  ( 0 . 3 2  g )  

c o n s i s t e d  o f  1 1 - 6  a n d  11-8 w i t h  t h e  GC p e a k  r a t i o  o f  1 : l .  I t s  - 
'H NMR s p e c t r u m  s h o w e d ,  i n  a d d i t i o n  t o  s i g n a l s  d u e  t o  11-.6., 

s i g n a l s  a t  6 1 . 3 8 ( m d , 3 = 8  Hz, 2 H ) ,  2 . 2 0 ( m d , 3 = 8  Hz ,  2 H ) ,  

3 . 2 ( m , 2 H ) ,  6 . 2 8 ( m , 2 H )  a s c r i b e d  t o  11-8.  T h e  t h i r d  f r a c t i o n  



( 0 . 7 3  g )  was a  m i x t u r e  of a l l  f o u r  compounds [ 1 1 - 6 ( 3 5 % ) ,  

1 1 - 7 ( 3 0 % ) ,  1 1 - 8 ( 2 0 % ) ,  1 1 - 9 ( 1 5 % ) ]  and showed 'H NMR s i g n a l s  a t  6 

1 .45 (md ,3=10Hz ,2H) ,  1 .67(md,3=10Hz,2H) ,  3 .37(mY2H)  and 

6 .48 (mY2H)  a t t r i b u t e d  t o  11 -9 .  The f o u r t h  f r a c t i o n  ( 1 . 4  g ,  

24%)  was r e c r y s t a l l i z e d  from CH2C12-cyc lohexane  t o  g i v e  w h i t e  

c r y s t a l s  of 1 1 - 7 ;  m.p. 173-179" .  

IV-2-4 H y d r o g e n a t i o n  of  I m i d e s  1 1 - 6  and 1 1 - 7  

A m e t h a n o l  s o l u t i o n  of 11-6  ( 9 6  mg) c o n t a i n i n g  5% 

p a l l a d i u m - c h a r c o a l  ( 1 0  mg) was s t i r r e d  u n d e r  hydrogen  a t  one 

a t m o s p h e r e  and room t e m p e r a t u r e  f o r  3  h o u r s .  The s o l u t i o n  was 
- 

f i l t e r e d  and e v a p o r a t e d  t o  g i v e  a  s o l i d  ( 8 9  mg),  

r e c r y s t a l l i z a t i o n  f rom CH2C12-cyclohexane gave  w h i t e  c r y s t a l s  

S i m i l a r  h y d r o g e n a t i o n  of 11-7  ( 8 6  mg) unde r  s i m i l a r  

c o n d i t i o n s  g a v e  11-4  ( 7 3  mg);  m.p. 176-181" .  

IV-2-5 P h o t o a d d i t i o n  o f  D i c h l o r o m a l e i m i d e  t o  Cyc lohexene  

A s o l u t i o n  of 11-1  ( 0 . 9 3  g ,  5 . 6  mmol) and c y c l o h e x e n e  

( 1 . 6 2  g ,  19 .7  mmol) i n  anhydrous  d i o x a n e  ( 1 5 0  m L )  was 

i r r a d i a t e d  f o r  f o u r  h o u r s .  The p h o t o l y s a t e  showed t h r e e  G C  

p e a k s  c o r r e s p o n d i n g  t o  t r a n s - i m i d e  11-5  ( 5 . 7 7  m i n . ,  4 9 % ) ,  

e n d o , c i s - i m i d e  1 1 - 3  ( 6 . 1 3  m i n . ,  14%)  and e x o , c i s - i m i d e  11 -4  -- -- 
( 7 . 8 4  m i n . ,  32%) i n  a d d i t i o n  t o  o t h e r  minor  peaks .  The c r u d e  

p r o d u c t  was t a k e n  up i n  h o t  m e t h a n o l ;  t h e  s o l u t i o n  showed a  new 



e s t e r  -+-A' 1 1 - 1 2 .  m.p. 1 6 1 - 1 6 7 " .  A m e t h a n o l  s o l u t i o n  o f  1 1 - 5  was 
1 

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

1 1 - 1 2  ( 5 6 % )  by GC a n a l y s i s .  

G C  p e a k  f o r  t r a n s - a m i d e  e s t e r  1 1 - 1 2  i n  a d d i t i o n  t o  t h o s e  o f  

1 1 - 3  a n d  1 1 - 4  a n d  t h e  much d e c r e a s e d  1 1 - 5 .  F l a s h  c h r o m a t o -  - - 
g r a p h y  ( e t h y l a c e t a t e - p e t .  e t h e r  1 : 2 )  o f  t h e  c r u d e  p r o d u c t  g a v e  

f o u r  f r a c t i o n s .  T h e  f i r s t  ( 1 1 0  mg, 7 % )  a n d  t h i r d  ( 2 0 0  mg, 1 4 % )  

f r a c t i o n s  were r e c r y s t a l l i z e d  f r o m  C H 2 C 1 2 - c y c l o h e x a n e  t o  g i v e  

1 1 - 3  a n d  -9 1 1 - 4  r e s p e c t i v e l y .  T h e  c o m p o u n d s  were i d e n t i f i e d  by 

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

w i t h  t h o s e  o b t a i n e d  f r o m  h y d r o g e n a t i o n  o f  1 1 - 6  a n d  1 1 - 7 ,  

r e s p e c t i v e l y .  T h e  s e c o n d  f r a c t i o n  (340  mg, 2 4 % )  was  

r e c r y s t a l l i z e d  f r o m  C H 2 C 1 2 - c y c l o h e x a n e  t o  g i v e  w h i t e  c r y s t a l s  

o f  1 1 - 5 ;  m.p. 1 8 9 - 1 9 2 " .  T h e  l a s t  f r a c t i o n  ( 9 0  mg) was 

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



I V - 2 - 6  P h o t o a d d i t i o n  o f  D i c h l o r o m a l e i c  A n h y d r i d e  t o  

A s o l u t i o n  o f  d i c h l o r o m a l e i c  a n h y d r i d e  ( 3  g ,  1 8  m m o l )  a n d  

1 , 3 - c y c l o h e x a d i e n e  ( 3 . 4 g ,  4 3  m m o l )  i n  a n h y d r o u s  d i o x a n e  ( 3 5 0  

m l )  was i r r a d i a t e d  a t  r o o m  t e m p e r a t u r e  f o r  1 7  h o u r s .  T h e  c r u d e  

p r o d u c t  s h o w e d  t w o  m a j o r  GC p e a k s  ( 1 0 %  S E - 3 0 ,  1 0 0 - 2 2 0 "  a t  

1 0 • ‹ C / m i n . )  a t  r t  5 . 2  a n d  5 . 8  m i n u t e s  i n  t h e  r a t i o  o f  1 . 5 : l  i n  

a d d i t i o n  t o  f o u r  m i n o r  p e a k s  ( <  5 % ) .  T h i s  w a s  s e p a r a t e d  b y  

p r e p a r a t i v e  GC ( S E - 3 0 ,  3m x 6.4mm,  a t  2 0 0 • ‹ C )  t o  g i v e  

e n d o , c i s - a n h y d r i d e  1 1 - 1 0  ( r t  1 6  m i n . )  a n d  a f r a c t i o n  c o n t a i n i n g  -- 
e x o , c i s - a n h y d r i d e  1 1 - 1 1  ( 2 0  m i n . ) .  1 1 - 1 0  w a s  r e c r y s t a l l i z e d  -- 
f r o m  C C 1 4  a s  w h i t e  c r y s t a l s ;  m .p .  1 0 6 - 1 0 9 '  ( l i t . 8 7  1 0 8 ' ) .  T h e  

-- o t h e r  f r a c t i o n  was r e c r y s t a l l i z e d  f r o m  C C 1 4  t o  g i v e  w h i t e  s o l i d  

m.p .  1 4 1 - 1 5 2 "  c o n t a i n i n g  ( r e l a t i v e  GC p e a k  a r e a s )  1 1 - 1 1  ( 7 0 % ) ,  

1 1 - 1 0  ( 1 5 % )  a n d  a n  u n k n o w n  ( 1 0 % ) ;  I n  r e f e r e n c e  8 7 ,  t h i s  s o l i d  

w a s  a s s i g n e d  a d i f f e r e n t  s t r u c t u r e  ( i . e .  1 1 - 1 3 ) .  

I V - 2 - 7  C o n v e r s i o n  o f  A n h y d r i d e s  1 1 - 1 0  a n d  1 1 - 1 1  t o  t h e  

C o r r e s ~ o n d i n a  I m i d e s  1 1 - 6  a n d  1 1 - 7  

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

11-10 ( 1 0 0  rng) i n  d r y  d i o x a n e  ( 3  m l )  f o r  t e n  m i n u t e s  a t  r o o m  

t e m p e r a t u r e .  T h e  w h i t e  p r e c i p i t a t e  ( 1 3 2  mg)  was f i l t e r e d  o f f :  

( 1 0 0  mg)  w a s  r e f l u x e d  i n  a c e t i c  a n h y d r i d e  ( 3  m l )  f o r  3 h o u r s .  

T h e  s o l u t i o n  was e v a p o r a t e d  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 



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

a n h y d r i d e  - 11-10 ( 7 0 % ) ,  e n d o , c i s - i m i d e  1 1 - 6  ( 1 5 % )  b y  p e a k  -- - 
m a t c h i n g  w i t h  k n o w n  s a m p l e s ,  i n  a d d i t i o n  t o  a n  u n k n o w n  c o m p o u n d  

( 1 5 % )  w h i c h  g a v e  b y  G C - M S ( C I , C H 4 ) :  m/e ( % )  2 0 8 ( 5 ) ,  2 0 6 ( 1 2 ) ,  

1 9 6 ( 1 0 ) ,  1 9 4 ( 2 7 ) ,  1 6 8 ( 5 3 ) ,  a n d  1 6 6 ( 1 0 0 ) .  T h e  c r u d e  p r o d u c t  was 

t a k e n  u p  i n  m e t h y l e n e  c h l o r i d e  t o  y i e l d  a s o l i d  ( 2 8  m g ) :  m.p.  

1 4 2 - 6 1 " ;  I R  3 3 0 0 - 2 5 0 0 ( m , b r ) ,  1 7 2 0 ( s ) ,  1 2 8 5 ( s ) ,  1 2 7 0 ( s ) ,  

1 2 3 0 ( m ) ,  1 1 3 5 ( m ) ,  a n d  9 4 5 ( m )  cm-l. T h i s  s o l i d  was n o t  f u r t h e r  

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

t o  a f f o r d  a n  o i l  w h i c h  was c h r o m a t o g r a p h e d  ( s i l i c a  g e l ,  5% 

CH30H-CH2C12)  t w i c e  t o  g i v e  - 9  1 1 - 6 0  I R  a n d  ' H  N M R  s p e c t r a  were 

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

p h o t o a d d i t i o n  o f  11-1 t o  c y c l o h e x a d i e n e .  

T h e  s e m i - p u r e  f r a c t i o n  c o n t a i n i n g  1 1 - 1 1  was t r e a t e d  i n  a  

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

t h e  GC p e a k s  ( r e l a t i v e  p e a k  a r e a s )  o f  i m i d e  1 1 - 7  ( r t  4 . 7 ,  3 4 % ) ,  

a n h y d r i d e  1 1 - 1 1  ( r t  2 . 4 ,  5 0 % )  a n d  t w o  m i n o r  p e a k s  a t  r t  0.8 

( 1 0 % )  a n d  r t  1 . 5  ( 6 % ) .  P r e p a r a t i v e  TLC ( s i l i c a  g e l ,  5% 

CH30H-CH2C12)  g a v e  i m i d e  - 1 1 - 7 ;  t h e  I R  a n d  NMR s p e c t r a  were 

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

p h o t o a d d i t i o n  of 11-1 t o  1 , 3 - c y c l o h e x a d i e n e .  



I V - 2 - 8  r h o t o a d d i t i o n  o f  D i c h l o r o m a l e i m i d e  t o  C y c l o p e n t a d i e n e  

A s o l u t i o n  o f  11-1 ( 0 . 5 2  g ,  3  mmol) a n d  c y c l o p e n t a d i e n e  - 
( 0 . 2 5  g ,  4 mmol) i n  a n h y d r o u s  d i o x a n e  ( 3 0 0  m l )  was i r r a d i a t e d  

f o r  1 1 2  h o u r .  The  c r u d e  p r o d u c t  s h o w e d  t h r e e  GC ( 1 0 %  S E - 3 0 )  

p e a k s  a t  r t  8 . 7  ( 4 7 % ) ,  9 .1  ( 1 0 % )  a n d  9 . 7  m i n u t e s  ( 4 3 % )  

c o r r e s p o n d i n g  t o  1 1 - 1 7 ,  1 1 - 2 2  a n d  1 1 - 1 8 .  T h e  p r o d u c t  was  

p u r i f i e d  by c h r o m a t o g r a p h y  u s i n g  a  s i l i c a  g e l  c o l u m n  ( 2 %  

CH30H-CH2C12).  A w h i t e  s o l i d  w h i c h  was r e c r y s t a l l i z e d  f r o m  

m e t h a n o l - w a t e r  a n d  shown t o  b e  e n d o - c i s - i m i d e  1 1 - 1 7  ( 4 2  mg) ;  -- - 
m.p. 1 9 5 - 8 " .  E l u t i o n  w i t h  2% and  5% CH30H-CH2C12 g a v e  a  

m i x t u r e  o f  i s o m e r s ;  r e c h r o m a t o g r a p h y  g a v e  1 1 - 1 7  ( 9 5  m g ) ,  and  

e x o , c i s - i m i d e  1 1 - 1 8  ( 1 8 9  mg) w h i c h  was r e c r y s t a l l i z e d  f r o m  -- A- 

m e t h a n o l - w a t e r  a s  w h i t e  c r y s t a l s ;  m . ~ .  2 0 2 - 2 0 7 " .  

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

was p o s s i b l e  t o  s e p a r a t e  a  f r a c t i o n  e n r i c h e d  i n  ( 2 + 4 )  a d d u c t  

1 1 - 2 2  a d m i x e d  w i t h  1 1 - 1 8 .  The  ' H  N M R  s p e c t r u m  s h o w e d ,  i n  

a d d i t i o n  t o  1 1 - 1 8 ,  s i g n a l s  a t  6 1 . 6 2 ( m d ,  3 = 1 1  Hz, I H ) ,  1 . 9 ( m d ,  

3 = 1 1  Hz, I H ) ,  3 . 5 3 ( m ,  2 H ) ,  a n d  6 . 5 2 ( m ,  2H) a s s i g n e d  t o  1 1 - 2 2 .  

I V - 2 - 9  B r o m i n a t i o n  o f  a  M i x t u r e  C o n t a i n i n g  1 1 - 1 7 ,  1 1 - 1 0  a n d  - 
1 1 - 2 2  

A m i x t u r e  ( 1 0 2  mg, 0 . 4 2  mmol) c o m p r i s e d  o f  1 1 - 1 7  ( r t  2 . 7 ,  

4 6 % ) ,  1 1 - 1 8  ( r t  3 . 3 ,  3 6 % )  a n d  1 1 - 2 2  ( r t  2 .9  m i n . ,  1 8 % ) ,  a s  

shown by GC ( 1 0 %  S E - 3 0 ,  1 5 0 - 2 2 0 "  a t  1 0 • ‹ C / m i n . ) ,  was t r e a t e d  



d a r k ,  w i t h  s t i r r i n g  f o r  a p p r o x i m a t e l y  1 2  h o u r s .  GC a n a l y s i s  

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

d e c r e a s e d  a n d  t h a t  a n  a d d i t i o n a l  p e a k  ( r t  8 . 2  m i n . )  was  

o b s e r v e d  w h i c h  was  i d e n t i f i e d  a s  t h e  d i b r o m i d e  o f  1 1 - 2 2  by 

2 7 6 ( 1 5 . 5 ) ,  2 7 4 ( 1 3 . 0 ) ,  a n d  6 6 ( 1 0 0 ) .  

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

o f  i s o m e r s  1 1 - 1 7  a n d  1 1 - 1 8  f r o m  t h e  c r u d e  p r o d u c t  o f  t h e  - -- 
p h o t o l y s a t e .  

I V - 2 - 1 0  T h e r m a l  A d d i t i o n  o f  D i c h l o r o m a l e i m i d e  t o  - --- 
C y c l o p e n t a d i e n e  

A s o l u t i o n  o f  1 1 - 1  ( 1 8  mg) a n d  c y c l o p e n t a d i e n e  ( 1 5  mg) i n  

d i m e t h o x y e t h a n e  was  s t i r r e d  o v e r n i g h t  a t  room t e m p e r a t u r e  T h e  

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

1 1 - 2 1  ( 3 0  mg) a s  w h i t e  n e e d l e s ;  m.p. 1 9 6 - 2 1 3 "  ( d e c o m p o s i t i o n ) .  

I V - 2 - 1 1  H y d r o g e n a t i o n  o f  I m i d e s  1 1 - 1 7  a n d  1 1 - 1 6  - - 
I m i d e  1 1 - 1 7  ( 1 1 0  mg) was  h y d r o g e n a t e d  a s  a b o v e  i n  m e t h a n o l  

t o  g i v e  a  c r u d e  p r o d u c t  ( 9 0  m g ) ,  r e c r y s t a l l i z a t i o n  f r o m  

C H 2 C 1 2 - c y c l o h e x a n e  g a v e  1 1 - 1 5 ;  m.p. 1 5 4  - 1 5 5 " .  



S i m i l a r l y ,  i m i d e  1 1 - 1 6  ( 1 0 2  mg) was h y d r o g e n a t e d  a n d  

r e c r y s t a l l i z e d  t o  g i v e  1 1 - 1 6 ;  m.p. 2 0 9 - 2 1 3 " .  

IV-2 -12  P h o t o a d d i t i o n  o f  - D i c h l o r o m a l e i m i d e  t o  C y c l o p e n t e n e  

A d i o x a n e  s o l u t i o n  ( 3 0 0  mL) c o n t a i n i n g  -- 1 1 - 1  ( 3  g ,  1 8  mmol) 

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

a t , r o o m  t e m p e r a t u r e .  T h e  p h o t o l y s a t e  showed  t w o  GC (OV-1 ,160"  

i s o . )  p e a k s  a t  r t  4 . 9  ( 4 5 % )  and  6 . 4 7  m i n u t e s  ( 5 7 % )  

c o r r e s p o n d i n g  t o  -- e n d o , c i s - i m i d e  - 1 1 - 1 5 ,  a n d  -- e x o , c i s - i m i d e  

1 1 - 1 6 .  F l a s h  c h r o m a t o g r a p h y  ( e t h y l  a c e t a t e - p e t .  e t h e r ,  1 : 5  -- 
r a t i o )  g a v e  a  f r a c t i o n  ( 1 . 6  g ,  3 8 % )  w h i c h  was r e c r y s t a l l i z e d  

f r o m  C H 2 C 1 2 - c y c l o h e x a n e  t o  a f f o r d  1 1 - 1 5 ;  m.p. 1 5 6 - 8 " .  The  

s e c o n d  f r a c t i o n  ( 2 . 1  g ,  4 9 % )  was r e c r y s t a l l i z e d  f r o m  

C H 2 C 1 2 - c y c l o h e x a n e  t o  a f f o r d  1 1 - 1 6 ;  m.p. 2 0 9 - 2 1 2 " .  T h e s e  
7 

s a m p l e s  s h o w e d  i d e n t i c a l  I R  and  N M R  s p e c t r a  w i t h  t h o s e  o b t a i n e d  

f r o m  t h e  a b o v e  h y d r o g e n a t i o n .  

I V - 2 - 1 3  P h o t o a d d i t i o n  o f  D i c h l o r o m a l e i c  --- A n h y d r i d e  -- t o  

C y c l o p e n t a d i e n e  

A s o l u t i o n  o f  - 1 1 - 2  ( 3 . 5  g ,  20  mmol) c y c l o p e n t a d i e n e  ( 4  g ,  

6 0  mmol) a n d  b e n z o p h e n o n e  ( 0 . 4 9  g ,  2 . 7  mmol) i n  d i o x a n e  ( 3 5 0  

m l )  was i r r a d i a t e d  f o r  1 0  h o u r s .  The  p h o t o l y s a t e  showed  two  

m a j o r  p e a k s  ( b y  G C ,  OV-I ,  1 6 0 • ‹ C  i s o . ,  r e l a t i v e  y i e l d s  b a s e d  on 

t o t a l  p e a k  a r e a )  a t  r t  1 . 8 8  ( 4 5 % )  a n d  2 . 1 5  m i n u t e s  ( 4 2 % )  a n d  a  

m i n o r  p e a k  a t  2 . 8 2  m i n u t e s  ( 1 0 % ) .  F l a s h  c h r o m a t o g r a p h y  

( e t h y l  a c e t a t e - p e t .  e t h e r ,  1 : 2  r a t i o )  g a v e  t w o  f r a c t i o n s .  The  



f i r s t  ( 0 . 6 9  g )  was r e c r y s t a l l i z e d  f r o m  c a r b o n  t e t r a c h l o r i d e  t o  

e 
g i v e  -- e n d o , c i s - a n h y d r i d e  11-19 a s  w h i t e  c r y s t a l s :  m.p. 8 8 - 9 0 "  

8  7 ( l i t .  m .p .  9 3 " ) .  T h e  s e c o n d  f r a c t i o n  was r e c r y s t a l l i z e d  f r o m  

c a r b o n  t e t r a c h l o r i d e  t o  a f f o r d  e x o , c i s - a n h y d r i d e  1 1 - 2 0  a d m i x e d  -- 
w i t h  1 1 - 1 9  ( c a .  3 4 % ) ;  t h e  ' H  N M R  s p e c t r u m  s h o w e d ,  i n  a d d i t i o n  

t o  s i g n a l s  o f  11-19,  s i g n a l s  a t  2 . 8 ( q d d , 3 = 2 , 8 , 1 8 . 5  H z ) ,  

3 . 0 5 ( m d , 3 = 1 8  H z ) ,  3 . 4 3 ( t , 3 = 7 . 5  H z ) ,  3 . 9 3 ( m ) ,  5 . 7 7 ( m )  a n d  

6 . 1 3 ( m ) ,  e a c h  o f  w h i c h  were e q u i v a l e n t  t o  o n e  p r o t o n .  

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

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

b o x y l i c  a c i d s a 7  w h i c h  were n o t  i n v e s t i g a t e d  f u r t h e r .  

I V - 2 - 1 4  C o n v e r s i o n  o f  A n h y d r i d e s  1 1 - 1 9  a n d  1 1 - 2 0  t o  t h e  - - - 
C o r r e s p o n d i n g  I m i d e s  1 1 - 1 7  a n d  1 1 - 1 8  ----- 

T h e  a n h y d r i d e  11-19 ( 2 0  mg)  was t r e a t e d  w i t h  a m m o n i a  i n  
-_I__ 

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

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

p r o d u c t  e x h i b i t e d  t h e  GC p e a k  o f  1 1 - 1 7  a s  t h e  m a j o r  c o m p o n e n t  

( p e a k  m a t c h i n g )  a n d  o t h e r  m i n o r  p e a k s .  P r e p a r a t i v e  T L C  o f  t h e  

c r u d e  p r o d u c t  o n  s i l i c a  g e l  ( 1 : 2  E t O A c - p e t . e t h e r  a s  t h e  e l u e n t )  

g a v e  1 1 - 1 7  ( 7  mg) w h i c h  e x h i b i t e d  m . p . ,  I R  a n d  ' N M R  s p e c t r a  

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

t o  c y c l o p e n t a d i e n e .  



S i m i l a r l y ,  a m i x t u r e  o f  1 1 - 1 9  a n d  1 1 - 2 0  ( 3 : 7  r a t i o ,  20 mg)  

was t r e a t e d  a s  a b o v e  t o  g i v e  a  m i x t u r e  w h i c h  s h o w e d  GC p e a k s  

c o r r e s p o n d i n g  t o  1 1 - 1 7  a n d  1 1 - 1 8  b y  p e a k  m a t c h i n g .  P r e p a r a t i v e  

T L C  ( s i l i c a  g e l ,  E t O A c - p e t . e t h e r  1 : 2 )  g a v e  b o t h  1 1 - 1 7  a n d  1 1 - 1 6  

a s  p u r e  s a m p l e s  a s  c o m p a r e d  b y  t h e i r  m i x t u r e  m . p . ,  I R  a n d  'H 

N M R  s p e c t r a  w i t h  t h e  k n o w n  s a m p l e s .  
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Compound 



h Table I V - 2  ( C o n t ' d . )  



T a b l e  IV-2 ( C o n t ' d . )  



T a b l e  IV-2 ( c o n t l d . )  

a U n l e s s  o t h e r w i s e  s p e c i f i e d ,  t h e  mass s p e c t r a  ( E I  and C I )  

w e r e  o b t a i n e d  f o r  p u r e  compounds.  

d  MS ( E I )  of  1 1 - 6 ,  1 1 - 7 ,  11-8  and 1 1 - 9  were o b t a i n e d  f rom --- 
GC-MS ( S E - 3 0 ,  i s o - 2 0 0 " )  of  a  m i x t u r e  c o n t a i n i n g  1 1 - 6  ( r t  

4 . 0 ) ,  1 1 - 7  ( r t  4 . 6 ) ,  1 1 - 8  ( r t  4 . 2 )  and 11-9  ( r t  4 . 4  m i n . )  

b  GC-MS of  t h e  p h o t o l y s a t e  ( S E - 3 0 ,  1 0 0 - 2 0 0 • ‹ ) ,  1 1 - 1 0  ( r t  

- 
5 . 8 )  and 1 1 - 1 1  ( r t  6 . 5  m i n . )  

- 
c GC-MS ( S E - 3 0 ,  1 6 0 - 2 4 0 " )  of  t h e  c r u d e  p r o d u c t :  1 1 - 1 7  - 

( r t  1 2 ) ,  1 1 - 1 8  ( r t  1 3 . 4 )  and 11-22  ( r t  1 2 . 5  m i n . )  



Compound 
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T A B L E  IV-3  

Elementa l  A n a l y s i s  o f  C y c l o a d d i t i o n  Produc t s  

C a l c u l a t e d  

Mol. Formula C H N 

Found 



C 

i I V - 3 - 1  P r e p a r a t i o n  o f  A u t h e n t i c  S a m ~ ~ l e s  

( a )  N - P h e n y l s u c c i n i m i d e  

N - P h e n y l s u c c i n i m i d e  ( 1 1 - 3 0 )  w a s  p r e p a r e d  b y  t h e  m e t h o d  

d e s c r i b e d  b y  C a v a  e t  a l .  9 5  I n  a 1 0 0  m l  t h r e e - n e c k e d  r o u n d  

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

was p l a c e d  s u c c i n i c  a n h y d r i d e  ( 2 9 ,  0 . 0 2  m o l )  i n  t e t r a h y d r o f u r a n  

( T H F ) ( 2 5  m l ) .  A n i l i n e  ( 1 . 8  m l ,  0 . 0 2  m o l )  i n  THF ( 5  m l )  w a s  

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

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

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

a c i d - a m i d e  a s  a p a l e  y e l l o w  p o w d e r  ( 4 . 2  g ) :  I R  3 3 0 0 ( s ) ,  

3 0 0 0 ( b r , m ) ,  1 7 0 0 ( s ) ,  1 6 6 0 ( s ) ,  1 6 0 0 ( s ) ,  a n d  1 5 5 O ( s ) .  T h e  a c i d -  

a m i d e  ( 4  g )  was a d d e d  t o  a c e t i c  a n h y d r i d e  ( 1 5  m l )  a n d  a n h y d r o u s  

s o d i u m  a c e t a t e  ( 1  g )  a n d  h e a t e d  o n  a s team b a t h  f o r  30 m i n . ,  

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

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

d r i e d  t o  g i v e  1 . 2  g  o f  a w h i t e  s o l i d ,  r e c r y s t a l l i z a t i o n  f r o m  

c y c l o h e x a n e  a f f o r d e d  ( 1 1 - 3 0 )  a s  w h i t e  n e e d l e s :  m o p .  1 5 4 - 1 5 5 " ~  

9 4 ( l i t .  m.p .  1 5 5 . 2  - 1 5 5 . 7 " C ) ;  I R  1 7 8 0 ( ~ ) ,  1 7 1 0 ( s ) ,  1 5 9 5 ( w ) ,  

2 7 . 9 ( t ) ,  1 2 6 . l ( d ) ,  1 2 8 . l ( d ) ,  1 2 8 . 7 ( d ) ,  1 3 1 . 6 ( s ) ,  a n d  1 7 5 . 9 ( s ) ;  

MS m/e ( % ) :  1 7 5 ( 1 0 0 ) ,  1 2 0 ( 3 4 ) ,  1 1 9 ( 4 5 ) ,  a n d  9 3 ( 2 8 ) .  



( b )  1,2-Dibromo-3,3-Dimethybutane ---------- 
A d d i t i o n  o f  b r o m i n e  t o  n e o h e x e n e  g a v e  a  c o l o r l e s s  o i l  o f  

1,2-dibromo-3,3-dimethylbutane ( 1 1 - 2 7 )  -- w h i c h  d a r k e n s  on 

s t o r a g e .  T h e  d i s t i l l e d  o i l  showed  I R :  1 3 8 0 ( s ) ,  1 3 2 0 ( m ) ,  

1 2 6 0 ( m ) ,  1 2 3 0 ( m ) ,  9 0 0 ( m ) ,  8 7 5 ( m ) c m - l ;  ' H  N M R  (CDC13) 6 

1 . 1 5 ( s , 9 H ) ,  3 . 5 5 ( d d , 3 = 1 1  a n d  9 . 5 H z ,  I H ) ,  a n d  4 . l ( m , 2 H ) ;  MS m/e 

I V - 3 - 2  --A P h o t o d e c o m p o s i t i o n  o f  N B S . i n  t h e  P r e s e n c e  o f  N e o h e x e n e  
---d --- ------ - ----- - 

A s o l u t i o n  o f  NBS ( 2  g ,  0 . 0 1 1  m o l ) ,  n e o h e x e n e  ( 1 0  g ,  0 . 1 1 9  

m o l ) ,  and  e t h y l e n e  o x i d e  ( 2  m l ,  0 . 0 3 1  m o l )  i n  a c e t o n i t r i l e  ( 7 0  

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

w i t h  a  H a n o v i a  l a m p  (200W) a t  - 1 0 • ‹ C  f o r  3 . 5  h o u r s .  A t  i n t e r -  

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

l o w  t h e  p r o g r e s s  of  t h e  r e a c t i o n .  A s a m p l e  k e p t  a t  - 1 0 • ‹ C  i n  

t h e  d a r k  s h o w e d  no  d e c o m p o s i t i o n  a f t e r  4  h o u r s  a s  shown by 

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

s o l i d  ( 2 . 7 2  g )  w h i c h  showed  a  ' H  NMR s p e c t r u m  e s s e n t i a l l y  t h a t  

o f  a d d u c t  1 1 - 2 5  i n  a d d i t i o n  t o  s m a l l  s i g n a l s  a t  6 1 . 0 0 ,  2 . 2 6 ,  
--.t---- 

a n d  3 . 2 3  ppm a n d  a  GC ( 1 0 %  SE) s h o w e d  o n e  m a j o r  a n d  f o u r  m i n o r  

p e a k s  ( 2 - 3 %  y i e l d s  b a s e d  on t o t a l  GC p e a k s ) .  By q u a n t i t a t i v e  

p e a k  m a t c h i n g  t h e  m a j o r  p e a k  was shown t o  c o r r e s p o n d  t o  1 1 - 2 5  

( 8 5 %  y i e l d ) .  GC-MS a n a l y s i s  ( S E - 3 0 ,  8 0 - 2 2 0 • ‹ C  a t  6 " C J m i n . )  

showed  t h a t  t h e  f i r s t  two  m i n o r  c o m p o n e n t s  c o n t a i n  no 



bromine  atom and showed s t r o n g  m/e a t  57.  The f i r s t  component 

showed m/e ( % )  1 5 2 ( 5 ) ,  1 4 9 ( 5 ) ,  1 3 7 ( 2 ) ,  1 3 5 ( 3 ) ,  8 3 ( 1 1 ) ,  5 7 ( 1 0 0 ) ,  

5 6 ( 4 1 ) ,  5 5 ( 1 8 ) ;  and t h e  s econd  component gave me ( % )  1 6 6 ( 6 ) ,  

1 6 5 ( 7 ) ,  1 5 2 ( 3 ) ,  1 4 9 ( 2 ) ,  1 2 3 ( 1 ) ,  1 2 1 ( 2 ) ,  1 1 9 ( 1 ) ,  8 3 ( 1 2 ) ,  6 9 ( 4 ) ,  

6 7 ( 7 ) ,  5 7 ( 1 0 0 ) ,  5 6 ( 4 ) ,  5 5 ( 1 0 ) .  The t h i r d  component c o u l d  n o t  

be d e t e c t e d  by GC-MS. The f o u r t h  component gave  m/e ( % )  208 

( 0 . 2 1 ,  2 0 6 ( 0 . 7 ) ,  2 0 4 ( 0 . 4 ) ,  1 8 2 ( 4 ) ,  1 6 7 ( 5 ) ,  1 2 6 ( 1 0 0 ) ,  5 7 ( 2 9 ) ,  

5 5 ( 1 2 ) ,  t h e  s t r o n g  peak a t  m/e 126 i s  p r o b a b l y  d e r i v e d  f rom 

(CH3)3CCH(OCH2CH2Br)CH2Br. R e c r y s t a l l i z a t i o n  of t h e  s o l i d  

( 1 . 5 6  g )  f rom p e t r o l e u m  e t h e r  gave  I - s u c c i n i m i d o - 2 - b r o m o -  

3 , 3 - d i m e t h y l b u t a n e  -A 11-25  ( 6 5 % ) :  m.p. 85-87•‹C;  I R  1700  and 1150 

cm- l ;  'H N M R  (CDC13) 6 1 . 1 5 ( s , 9 H ) ,  2 . 7 5 ( s , 4 H ) ,  and 

3 .5  t o  4 .4 (m,3H) ;  1 3 c  N M R  (CDC13) 6 2 6 . 9 ( q ) ,  2 7 . 6 ( t ) ,  3 4 . 6 ( s ) ,  

4 1 . 5 ( t ) ,  6 3 . 9 ( t ) ,  1 7 6 . 2 ( s ) ;  MS m/e ( % )  2 6 3 ( 2 5 ) ,  2 6 1 ( 2 5 ) ,  

2 4 8 ( 1 0 )  2 4 6 ( 1 0 ) ,  2 0 7 ( 9 2 ) ,  2 0 5 ( 9 3 ) ,  1 8 3 ( 1 7 ) ,  1 8 2 ( 1 0 0 ) ,  1 6 6 ( 3 8 ) ,  

1 4 9 ( 6 ) ,  1 2 7 ( 1 1 ) ,  1 2 6 ( 9 0 ) ,  1 1 2 ( 6 5 ) ,  1 0 0 ( 9 2 ) ,  8 4 ( 4 9 ) ,  8 3 ( 7 8 ) ,  

8 2 ( 1 8 ) ,  5 7 ( 6 9 ) ,  5 6 ( 3 2 ) ,  5 5 ( 6 9 ) .  A n a l . c a l c d  f o r  C10H16N02Br: 

C 45 .81 ,  H 6 . 1 5 ,  N 5 . 3 4 ;  found:  C 46 .04 ,  H 6 . 16 ,  N 5 .26 .  

Adduct 11 -25  ( 1 5 6  mg) was s t i r r e d  i n  80% a c e t i c  a c i d  ( 3  

m l )  w i t h  sod ium i o d i d e  ( 1 5 0  mg) and z i n c  powder ( 9 0 0  mg) f o r  48 

h r .  The s o l v e n t  was removed i n  vacuo t o  y i e l d  a  c o l o r l e s s  o i l  

which was d i s s o l v e d  i n  c h l o r o f o r m ,  washed w i t h  w a t e r ,  and d r i e d  



o v e r  a n h y d r o u s  Na2S04. C h l o r o f o r m  was e v a p o r a t e d  t o  g i v e  a  

s o l i d  ( 5 9  mg),  r e c r y s t a l l i z a t i o n  f rom c y c l o h e x a n e  a f f o r d e d  

11 -26  a s  a w h i t e  c r y s t a l s :  m.p. 96-99•‹C;  I R  1 7 6 0 ( w ) ,  1 6 9 5 ( s ) ,  

1 4 0 5 ( s ) ,  1 3 5 5 ( s ) ,  1 3 0 5 ( w ) ,  1 2 3 5 ( s ) ,  and 1 1 5 0 ( s ) ;  ' H  N M R  ( C D C 1 3 )  

6 0 . 9 2 ( s , 9 H ) ,  1 .46(m,2H) ,  2 . 6 8 ( s , 4 H ) ,  3 .52(m,2H) ;  13c  N M R  

(CDC13) 6 2 7 . 5 ( t ) ,  2 8 . 4 ( q ) ,  2 9 . 1 ( s ) ,  3 4 . 7 ( t ) ,  4 0 . 2 ( t ) ,  and 

1 7 6 . 4 ( s ) .  

IV-3-4  P h o t o l y s i s  o f  NBS i n  t h e  P r e s e n c e  - o f  Benzene  --- 

( a )  I n  t h e  a b s e n c e  o f  neohexene  --- 
A b e n z e n e  ( 3 5 0  m l )  s o l u t i o n  c o n t a i n i n g  NBS ( 1 . 5  g )  and 

e t h y l e n e  o x i d e  ( 5  ml )  was i r r a d i a t e d  w i t h  a  Hanovia  lamp (200W) 

i n  a  P y r e x  v e s s e l  u n d e r  n i t r o g e n  a t  5-10•‹C f o r  12 h o u r s  u n t i l  

t h e  p h o t o l y s a t e  gave  a  n e g a t i v e  K I - s t a r c h  t e s t .  The s o l v e n t  

was e v a p o r a t e d ,  and t h e  r e s i d u e  ( 2 . 2 9 )  was ch roma tog raphed  on a  

s i l i c a  g e l  column u s i n g  C H 2 C 1 2  c o n t a i n i n g  0 -5% m e t h a n o l  a s  

e l u e n t .  The f i r s t  f o u r  f r a c t i o n s  (455  mg) gave  s i m i l a r  MS and 

1 I R  b u t  d i f f e r e n t  H NMR p a t t e r n s .  The s e m i - s o l i d s  showed ma jo r  

mass s p e c t r a l  p e a k s  a t  m/e 338 ,  336 ,  334 ,  2 5 7 ,  2 5 6 ,  254 ,  238 ,  

236 ,  234 ,  1 7 6 ,  1 7 5 ,  1 5 8 ,  156 ,  120 ,  1 1 9 ,  1 0 0 ,  and 93 ,  and major  

I R  a b s o r p t i o n s  a t  a b o u t  1 7 1 0 ( s , b ) ,  1 1 5 0 ,  1 1 8 0 ,  770 cm-', and 

t h e i r  'H M N R  s p e c t r a  d i s p l a y e d  a  s i n g l e t  a t  6 = 2.9 and 

m u l t i p l e t s  i n  t h e  4 .5  t o  6 .2  ppm r e g i o n .  The f i r s t  f r a c t i o n  

was r e c r y s t a l l i z e d  f rom me thano l  t o  a f f o r d  a  w h i t e  s o l i d  of 

11 -29  ( 2 4  mg): m.p. 153-157"C,  I R  1 7 7 0 ( w ) ,  1 7 1 0 ( s ) ,  1 1 8 0 ( s ) ,  

115O(m),  7 7 0 ( m ) ;  'H M N R  6 2 .88  ( s , 4 H ) ,  4 . 6  t o  5 .2 (m,3H) ,  



9 3 ( 1 0 ) .  The f i f t h  and t h e  s i x t h  f r a c t i o n s  were 

r e c h r o m a t o g r a p h e d  t o  a f f o r d  a  s i m i l a r  s e m i - s o l i d  ( 8 1  mg) a s  

above and a  c r y s t a l l i n e  compound ( 1 2 0  mg) i d e n t i f i e d  a s  11 -30  

by c o m p a r i s o n  o f  I R ,  ' H  N M R ,  and MS s p e c t r a  w i t h  t h o s e  of t h e  

a u t h e n t i c  s a m p l e .  E l u t i o n  w i t h  5% CH30H-CH2C12 gave  . 
s u c c i n i m i d e .  

The s e m i - s o l i d  f r a c t i o n s  were combined and c h r o m a t o g r a p h e d  

on an a l u m i n a  column t o  a f f o r d  many f r a c t i o n s ,  one  of  which ( 6 0  

mg) was r e c r y s t a l l i z e d  f rom CH30H-CH2C12 t o  a f f o r d  w h i t e  c r y s -  

t a l s  of 1 1 - 2 9 :  - m.p. 204-207•‹C;  I R  1 7 0 0 ,  1 1 8 5 ,  1 1 6 5 ,  and 780 

cm- l ;  ' H  N M R  6 2 . 8 6 ( s , 4 H ) ,  4 .8  t o  5 .17 ( rn ,3H) ,  5 .34  t o  

5 . 6 2 ( m , l H ) ,  and 6 .00 (m,2H) ;  MS m/e ( % )  4 1 9 ( 0 . 2 ) ,  4 1 7 ( 0 . 5 ) ,  

4 1 5 ( 0 . 5 ) ,  4 1 3 ( 0 . 2 ) ,  3 3 8 ( 2 3 ) ,  3 3 6 ( 4 7 ) ,  3 3 4 ( 2 7 ) ,  2 5 6 ( 8 1 ) ,  

2 5 4 ( 8 2 ) ,  2 3 8 ( 2 3 ) ,  2 3 6 ( 4 7 ) ,  2 3 4 ( 2 7 ) ,  1 7 6 ( 3 0 ) ,  1 7 5 ( 5 0 ) ,  1 5 8 ( 5 6 ) ,  

1 5 6 ( 5 6 ) ,  1 2 0 ( 4 1 ) ,  1 1 9 ( 3 9 ) ,  1 0 0 ( 1 0 0 ) ,  a n d  9 3 ( 2 9 ) .  A n a l . c a l c d  

f o r  C10H10NBr302:C 2 8 . 8 5 ,  H 2 . 40 ,  N 3 .37 ;  f o u n d :  C 29 .20 ,  H 

2.45,  N 3 .15 .  

( b )  I n  t h e  P r e s e n c e  of Added Bromine 
7--- --, 

A s o l u t i o n  o f  NBS ( 3 . 5 5  g ) ,  b romine  ( 8 8 0  mg),  and e t h y l e n e  

o x i d e  ( 6  ml )  i n  b e n z e n e  (130  ml)  was p h o t o l y s e d  t h r o u g h  a 

G . W . C .  f i l t e r  ( c u t  o f f  a t  334 nm) a t  a b o u t  10•‹C. A l i q u o t s  

wi thdrawn a t  i n t e r v a l s  were t r e a t e d  w i t h  a  d r o p  of c y c l o h e x e n e  

and t e s t e d  w i t h  K I - s t a r c h  p a p e r .  The z e r o  hou r  s amp le  k e p t  f o r  



t i t r a t e d  i o d o m e t r i c a l l y  t o  show no  d e c o m p o s i t i o n .  I t  t o o k  35  

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

t e d .  The  s o l i d  ( 1 . 1 3  g )  was  shown t o  b e  s u c c i n i m i d e  by I R  a n d  

'H  N M R  s p e c t r a l  d a t a .  The  f i l t r a t e  was  e v a p o r a t e d  t o  g i v e  an  

o i l .  R e c h r o m a t o g r a p h y  on s i l i c a  g e l  ( u s i n g  C H 2 C 1 2  a s  e l u e n t )  

g a v e  a  m i x t u r e  o f  p o l y b r o m o b e n z e n e s  ( 1 . 9 3  g )  and  a  s m a l l  amoun t  

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

p e n t a n e  a s  e l u e n t )  g a v e  f o u r  f r a c t i o n s .  F r a c t i o n  A ( 0 . 4  g ) :  

GC-MS ( S E - 3 0 )  showed  d i b r o m o b e n z e n e  m/e  ( % )  2 3 8 ( 1 1 ) ,  2 3 6 ( 2 0 ) ,  

2 3 8 ( 1 1 ) ,  1 5 7 ( 2 7 ) ,  1 5 5 ( 2 8 ) ,  5 0 ( 1 0 0 ) ,  a n d  t r i b r o m o b e n z e n e  m/e ( % )  

3 1 8 ( 4 ) ,  3 1 6 ( I O ) ,  3 1 4 ( 1 1 ) ,  3 1 2 ( 4 ) ;  I R  ( n e a t )  3 0 5 O ( w ) ,  2 9 8 0 ( m ) ,  



I 

f r a c t i o n  A :  ' H  N M R  d i s p l a y e d  m u l t i p l e t s  a t  6 7 . 4 ,  4 . 7  and  m i n o r  

s i g n a l s  a t  6 6 . 4  a n d  6 . 0 .  F r a c t i o n  D ( 0 . 3 5  g ) :  G C - M S  showed  

b r o m o b e n z e n e ,  d i  b r o m o b e n z c n e .  and  t ~ n i  t l c n t  i f i cd coml)onc:nt m/r: 

( % I  3 1 9 ( 2 ) ,  3 1 7 ( 2 ) ,  3 1 5 ( 1 ) ,  2 3 9 ( 1 0 ) ,  2 3 7 ( 1 9 ) ,  2 3 5 ( 1 0 ) ,  

1 5 8 ( 1 9 ) ,  1 5 6 ( 2 1 ) ,  7 8 ( 6 8 ) ,  7 7 ( 1 0 0 ) ,  5 1 ( 9 2 ) ,  5 0 ( 6 0 ) :  I R ( n e a t )  

3 0 6 0 ( w ) ,  2 9 8 0 ( w ) ,  2 9 4 0 ( w ) ,  1 6 2 0 ( w ) ,  1 5 6 0 ( s ) ,  1 4 6 0 ( m ) ,  1 4 5 0 ( s ) ,  

1 3 5 0 ( w ) ,  1 2 5 0 ( w ) ,  1 2 0 0 ( m ) ?  1 1 5 0 ( s ) ,  1 0 7 5 ( w ) ,  1 0 6 0 ( w ) ,  1 0 1 0 ( s ) ,  

9 5 0 ( s ) ,  9 0 0 ( m ) ,  8 7 0 ( w ) ,  8 5 0 ( m ) ,  7 7 0 ( s ) ,  7 2 0 ( s ) ,  6 7 0 ( s ) ,  4 8 5 ( m ) ;  

' H  N M R  6 6 . 4 ,  6 a n d  4 . 7  ppm 

( c )  I n  t h e  P r e s e n c e  -. o f  n e o h e x e n e  

A s o l u t i o n  o f  NBS ( 5 9 9  mg, 3 . 3  m m o l ) ,  b e n z e n e  ( 2 . 6  m l ,  2 9  

m m o l ) ,  e t h y l e n e  o x i d e  ( 1 . 5  m l ,  23  m m o l ) ,  a n d  n e o h e x e n e  ( 0 . 3  m l ,  

2  mmol) i n  a c e t o n i t r i t e  ( 1 0 0  m l )  was i r r a d i a t e d  w i t h  a  450W 

H a n o v i a  l a m p  t h r o u g h  a  C o r e x  f i l t e r  f o r  2 0  m i n .  a t  0 • ‹ C  u n d e r  

n i t r o g e n .  T h e  s o l u t i o n  was  e v a p o r a t e d  t o  a f f o r d  a  brown o i l  

( 7 6 9  mg) .  The  o i l  ( 3 8 4  mg) was c h r o m a t o g r a p h e d  on s i l i c a  g e l  

u s i n g  MeOH-CH2C12 a s  e l u e n t .  The  f i r s t  f r a c t i o n  ( 5 3  mg) was  

1 1 - 2 7  i n  a d d i t i o n  t o  a n  unknown a n d  was  n o t  f u r t h e r  i n v e s t i g a -  

t e d .  The f r a c t i o n s  ( 1 4 4  mg) c o l l e c t e d  w i t h  0 . 1  - 0 . 2 %  MeOH- 

C H 2 C 1 2  w e r e  m i x t u r e s  c o n t a i n i n g  1 1 - 2 5 ,  1 1 - 2 9 .  and  1 1 - 3 0 .  The  

f r a c t i o n s  (-191 mg) e l u t e d  w i t h  0 . 5  - 1% MeOH were c r y s t a l l i z e d  

f r o m  c y c l o h e x a n e  t o  g i v e  1 1 - 3 0 :  t h e  I R ,  ' H  N M R ,  a n d  m a s s  



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

s amp le .  

I n  a  s e p a r a t e  e x p e r i m e n t ,  a  s o l u t i o n  of benzene  ( 1 5  r n l ,  

167 rnmol), NBS ( 1 . 3 9  g ,  7.81 rnrnol), neohexene  ( 2 . 8  m l ,  22 

rnrnol), and e t h y l e n e  o x i d e  ( 1 . 5  r n l ,  30 rnmol) i n  a c e t o n i t r i t e  

( 1 4 0  r n l )  was i r r a d i a t e d  i n  a  Pyrex  v e s s e l  w i t h  a  200W Hanovia 

lamp a t  0•‹C f o r  10 h r s .  I R  of t h e  c r u d e  m i x t u r e  was v o i d  of 

i s o c y a n a t e  a b s o r p t i o n  (2260  c m - l ) .  A b s o l u t e  y i e l d s  (by  G C  

u s i n g  b i p h e n y l  a s  an i n t e r n a l  s t a n d a r d )  of p r o d u c t s :  

11 -30  ( 2 6 % ) ,  11-27 ( 6 8 % ) ,  s u c c i n i r n i d e  ( 4 9 % ) ,  11-25  ( 1 . 5 % ) .  

I n  a n o t h e r  e x p e r i m e n t ,  a  s o l u t i o n  of benzene  ( 1 5  rn l ) ,  NBS 

( 1 . 3 4  g ,  7 .5  rninol), neohexene  ( 2 . 8  r n l )  i n  a c e t o n i t r i t e  ( 1 4 0  r n l )  

was i r r a d i a t e d  i n  a  Pyrex  c e l l  w i t h  a  200W lamp a t  0•‹C f o r  12 

h r s .  A b s o l u t e  y i e l d s  (by  G C )  of p r o d u c t s :  11 -30  ( 3 9 % ) ,  

d i b r o m i d e  11-'27 ( 6 7 % ) ,  s u c c i n i m i d e  ( 5 6 % ) ,  1 :  1  a d d u c t  11-25  

( 2 % ) .  



IV-4  P h o t o d e c o m p o s i t i o n  o f  - - N - B r o m o i m i d e s  

IV-4-1  G e n e r a l  P r o c e d u r e  f o r  P r e p a r a t i o n  -- o f  N - B r o m o i m i d e s  --- 
T e r t - b u t y l h y p o b r o m i t e *  i n  C C 1 4  ( I  t o  1 . 2  m o l e  e q u i v . )  was  

a d d e d  t o  a  s t i r r e d  CH2C12 s o l u t i o n  ( C H 3 C N  was  u s e d  f o r  i m i d e  

1 1 - 1 7 )  o f  t h e  a p p r o p r i a t e  i m i d e  k e p t  a t  - c a .  - 1 5 " ~ .  A f t e r  4 5  

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

w h i t e  s o l i d  was  w a s h e d  w i t h  c y c l o h e x a n e  a n d  d r i e d  o v e r  P 2 0 5  

u n d e r  vacuum.  T h e  p u r i t y  o f  N - b r o m o i m i d e s  u s e d  i n  t h e  

p h o t o l y s e s  was a s s u m e d  t o  b e  95% s i n c e  no  p a r e n t  i m i d e  was 

d e t e c t e d  by ' H N M R  a n d  I R  s p e c t r o s c o p y .  I o d o m e t r i c  t i t r a t i o n ,  

w i t h  2  x I O - ~ N  s o d i u m  t h i o s u l f a t e ,  showed  t h e  N - b r o m o i m i d e  

1 1 - 3 1  t o  be  9 7 %  p u r e .  T h e  N - b r o m o i m i d e s  were k e p t  i n  a  d a r k  -- 
d e s s i c a t o r  o v e r  P2O5 .  

( a )  N-Bromo-6,8-Dichloro-cis-B~yclo[4.2.O]Octane-endo,cis- ---- - 
7 , 8 - D i c a r b o x i m i d e  ( 1 1 - 3 1 ) :  8 2 % ;  m.p. 1 2 8 - 1 2 9 " C ,  h 2 6 0  nm(E 2 4 0  

t a i l i n g  t o  3 6 0  nm) i n  CH2C12;  I R  1 7 4 0 ( s ) ,  1 3 0 0 ( m ) ,  1 1 9 0 ( s ) ,  

1 1 3 5 ( s ) ,  9 5 0 ( w ) ,  8 7 5 ( m ) ,  8 1 0 ( m ) ,  a n d  7 1 0 ( m )  cm-'; ' H N M R  (CDCls 

a t  6 0  MHz) 6 1 . 2  t o  2 . l ( m , 8 H ) ,  3 . 1 5 ( m , 2 H ) .  

* C o n c e n t r a t i o n  o f  t e r t - b u t y l h y p o b r o m i t e  = 0 . 6  - M ,  Ama,280nm 

( E  = 1 2 0 )  114 



(b) N-Bromo-7,8-Dichloro-cis-~icyclo[4.2.0]Oct-2-ene-endo,cis- 

NMR (CDC13 at 60 MHz) 6 1.9(m,4H), 3.5(m,2H), 6.l(md, 3 = 1 1  

Hz, IH), and 6.3 (md, 3 = 11 Hz, 1H). 

(c) N-Bromo-6,7-Dichloro-cis-Bicyclo[3.2.O]Heptane-endo,cis- 

74O(rn), and 705(m) cm-'; 'H NMR (CDC13 at 60 MHz) 6 1.3 to 

- 
(d) N-Bromo-6,7-Dichloro-cis-Bicyclo[3.2.O]Hept-2-ene-endo, 

(CDC13 at 60 MHz) 6 2.7(m,2H), 3.8(m,2H), 5.7(m,lH), and 

6.0(m,lH). 

(e) N-Bromo-6,7-Dichloro-cis-Bicyclo[3.2.0]~ept-2-ene-exo, 

cis-6,7-Dicarboximide (11-63): 67%; m.p. 126-32"; IR 1790(w), 

1735(s), 1200(m), 1160(m), 1100(m), 800(m), 740(m) cm-'; 'H NMR 

(CDC13 at 60 MHz) 6 2.86(m,2H), 3.35(m,lH), 3.9(m,lH), 

5.75(m,lH), and 6.08(m,lH). 



I V - 4 - 2  G e n e r a l  P r o c e d u r e  o f  P h o t o d e c o m p o s i t i o n  o f  

N - B r o m o i r n i d e s  

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

c o n d i t i o n s  were u s e d .  I n  a P y r e x  p h o t o c e l l  o f  e i t h e r  c a .  8 o r  

4 0  m l  c a p a c i t y ,  a n  a p p r o p r i a t e  s o l u t i o n  o f  t h e  N - b r o m o i m i d e  w a s  

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

T h e  p h o t o c e l l  w a s  k e p t  i n  a n  i c e - c o o l e d  water  b a t h  a n d  a b o u t  2  

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

450W m e d i u m  p r e s s u r e  m e r c u r y  l a m p  w i t h o u t  a  f i l t e r  o r  a  200W 

l a m p  p l a c e d  i n  a GWV f i l t e r  ( c u t  o f f  a t  3 8 0  n m ) .  A t  i n t e r v a l s ,  

s m a l l  s a m p l e s  were w i t h d r a w n  f o r  K I - s t a r c h  t e s t s .  R e a c t i o n s  

c a r r i e d  o u t  t o  1 0 0 %  c o m p l e t i o n  were p h o t o l y z e d  u n t i l  K I - s t a r c h  

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

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

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

m e t h y l e n e  c h l o r i d e  c o n t a i n i n g  5% m e t h a n o l .  T h i s  s o l u t i o n  was 

a n a l y z e d  b y  GC. S o m e  of t h e  p h o t o l y s a t e s  were e v a p o r a t e d  a n d  

t h e  c r u d e  p r o d u c t s  were e x a m i n e d  b y  I R  s p e c t r o s c o p y  t o  s h o w  

i s o c y a n a t e  a b s o r p t i o n s  a t  2 2 8 0 ( s )  a n d  2 3 5 0 ( m )  cm-l. 

GC-MS o f  t h e  p h o t o l y s a t e s  a l w a y s  s h o w e d  a  C H B r C l *  p e a k  

( r . t .  = 0 . 6  m i n u t e s ;  O V - I ,  6 0 • ‹ i s o . )  a f t e r  t h e  m e t h y l e n e  

c h l o r i d e  p e a k :  m / e ( % )  1 6 8 ( 0 . 4 ) ,  1 6 6 ( 1 . 4 ) ,  1 6 4 ( 3 ) ,  1 6 2 ( 2 ) ,  



The r e a c t i o n s  c a r r i e d  o u t  t o  l e s s  t h a n  100% d e c o m p o s i t i o n  

of N-bromoimide were  s u c c e s s i v e l y  t r e a t e d  w t h  5% a q u e o u s  sodium 

b i s u l f i t e ,  5% a q u e o u s  sodium b i c a r b o n a t e .  The a q u e o u s  s o l u -  

t i o n s  were  f u r t h e r  e x t r a c t e d  t w i c e  w i t h  r ne thy l ene  c h l o r i d e .  

The combined o r g a n i c  e x t r a c t s  were d r i e d  o v e r  a n h y d r o u s  sodium 

s u l f a t e ,  and a  s u i t a b l e  s t a n d a r d  was added b e f o r e  G C - a n a l y s i s .  

Two t y p e s  of c o n t r o l s  were c a r r i e d  o u t .  A p r e - a n a l y z e d  

p h o t o l y s a t e  [ a r e a  r a t i o  of peaks :  s t a n d a r d  11-21  ( 4 0 . 0 0 ) ,  

i m i d e  1 1 - 3  ( 5 0 . 3 6 ) ,  arnides 11-39  and 11 -40  ( 4 . 4 2 ) ,  C 1 - B r  11 -35  

11 -38  ( 1 . 2 0 ) ]  was i r r a d i a t e d  f u r t h e r  f o r  3  h o u r s .  The G C  

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

[ s t a n d a r d  ( 4 0 . 0 1 ) ,  1 1 - 3  ( 4 9 . 9 4 ) ,  11-39  and 11-40  ( 4 . 3 1 ) ,  11-35  

( 0 . 8 1 ) ,  11 -36  ( 2 . 1 5 ) ,  1 1 - 3 7 ( 2 . 2 7 ) ,  11-38  ( 1 . 2 0 ) ] .  S e c o n d l y ,  

t h e  above  p h o t o l y s a t e  was washed s u c c e s s i v e l y  w i t h  5% aqueous  

NaHS03, 5% a q u e o u s  NaHC03 and d r i e d  o v e r  a n h y d r o u s  Na2S04, and 

t h e n  p a s s e d  t h r o u g h  a  s h o r t  pad of s i l i c a  g e l ;  t h e  GC a n a l y s i s  

[ s t a n d a r d  ( 3 9 . 3 4 ) ,  1 1 - 3  ( 4 9 . 1 4 ) ,  11-39  and 11 -40  ( 4 . 2 3 ) ,  11-35  

( 0 . 9 0 ) ,  11 -36  ( 2 . 1 4 ) ,  11-37 ( 2 . 2 9 ) ,  11-38  ( 1 . 2 5 ) ]  g a v e  i d e n t i -  

c a l  p r o d u c t  r a t i o s .  

GC-ana ly se s  were  c a r r i e d  o u t  w i t h  a  H e w l e t t - P a c k a r d  5792A 

e q u i p p e d  w i t h  a  HP3990 i n t e g r a t o r  and a  OV-I c a p i l l a r y  column 

(HP  12 .5  x 0 . 2 0  mrn). The c o r r e c t i o n  f a c t o r s  ( F )  of t h e  p a r e n t  

i m i d e  and t h e  s t a n d a r d  were  e s t a b l i s h e d ,  and were  a l s o  used  t o  



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

a s  s h o w n  b e l o w .  

L 
E 

c o r r e c t i o n  f a c t o r  ( F )  = ( A / M )  s t a n d a r d  
( A I M )  i m i d e  

A = p e a k  a r e a ,  M = mmol 

F was p r e - d e t e r m i n e d  

* a m i d e  
mmol o f  i m i d e  M i m i d e  = M s t a n d a r d  
i n  t h e  p h o t o l y s a t e ,  * s t a n d a r d  

M s t a n d a r d  = m m o l s  o f  t h e  s t a n d a r d  a d d e d  t o  t h e  
p h o t o l y s a t e  

M i m i d e  
% y i e l d  o f  i m i d e s  = 

M ~ - b r o m i d e  

S i m i l a r l y ,  

A a m i d e s  100 
% y i e l d  o f  a m i d e s  = F x M s t a n d a r d  X x -  

A s t a n d a r d  M ~ - b r o m i d e  

P e r c e n t a g e  y i e l d s  were c a l c u l a t e d  b a s e d  o n  m m o l s  o f  N - b r o m o -  

i m i d e  u s e d .  I n  e a c h  a n a l y s i s ,  m o r e  t h a n  t w o  GC i n j e c t i o n s  were 

m a d e  o n  e a c h  s a m p l e .  



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

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

I r r a d i a t i o n  o f  N - b r o m o i m i d e  i n  t h e  p r e s e n c e  o f  b r o m i n e  was 

c a r r i e d  o u t  w i t h  a 200W H a n o v i a  l a m p  f i l t e r e d  t h r o u g h  a  GWV 

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

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

w i t h  K I - s t a r c h  p a p e r .  T h e  s o l u t i o n s  were a c i d i c  t o  a l i t m u s  

p a p e r .  T h e  w o r k u p  ( w a s h i n g  w i t h  5% N a H S 0 3 ,  5% NaHC03 ,  a n d  

d r y i n g  o v e r  N a 2 S 0 4 )  a n d  a n a l y s i s  were t h e  same a s  t h a t  s h o w n  

a b o v e .  



IV-4-3 P h o t o d e c o m p o s i t i o n  of  N-Bromo-7,8-Dichloro-cis-Bicyclo 

( a )  P h o t o l y s i s  of 11-31  i n  C H 2 C 1 2  

A s o l u t i o n  of 11-31 ( 2 0  mg, 0 .062 mmol) i n  C H 2 C 1 2  ( 6 . 5  ml )  

was i r r a d i a t e d  w i t h  a  450W lamp u n t i l  K I - s t a r c h  t e s t  was 

n e g a t i v e  ( 1 . 5  h r ) .  A f a i n t  c o l o r  of b r o m i n e  was d e v e l o p e d  

a f t e r  c a .  10 m i n u t e s ,  and t h e n  d i s a p p e a r e d  t o w a r d s  t h e  end of - 
t h e  r e a c t i o n .  The p h o t o l y s a t e  was worked up a s  d e s c r i b e d  i n  

t h e  g e n e r a l  p r o c e d u r e .  P r o d u c t s  y i e l d s  f rom G C  (190• ‹C ,  

i s o t h e r m a l ,  8  p s i )  gave :  1 1 - 3  ( r t  8 . 2 ,  0 . 050  mmol),  11-39 and 

11 -40  ( r t  8 . 5  and 8 . 7  m i n . ,  t o t a l  y i e l d  4 . 5  x mmol),  1 1 - 3 5  

( r t  1 4 . 7 7 ,  0 .86  x mmol),  11 -36  ( r t  1 6 . 2 5 ,  1 .92 x 

mmol), 11 -37  ( r t  17 .82 ,  1 . 9 3  x mmol) and 11-36  ( r t  18 .17  

m i n . ,  1 .07  x mmol). P r o d u c t s  were  i d e n t i f i e d  by 

compar i son  of G C  r e t e n t i o n  t i m e s  w i t h  t h o s e  i s o l a t e d  and 

c h a r a c t e r i z e d .  GC-MS of t h e  p h o t o l y s a t e  showed t h e  f o r m a t i o n  

of b r o m o d i c h l o r o m e t h a n e  ( r t  = 0 .6  m i n .  a t  6 0 • ‹ C ) .  

A C H 2 C 1 2  s o l u t i o n  o f  N-bromoimide 1 1 - 3 1  k e p t  a t  0•‹C i n  t h e  

d a r k  showed no c h a n g e  i n  t h e  I R  and 'H N M R  s p e c t r a .  

I n  a  s e p a r a t e  e x p e r i m e n t ,  a  s o l u t i o n  o f  11-31 ( 1 2 . 3  mg, 

0 .038  mmol) i n  C H 2 C 1 2  ( 1 . 5  ml )  was i n t r o d u c e d  i n t o  a  5  m l  

c a p a c i t y  Py rex  p h o t o c e l l  s e a l e d  w i t h  a  T e f l o n  n e e d l e  v a l v e .  

The s o l u t i o n  was d e g a s s e d  by f r e e z i n g  ( l i q u i d  n i t r o g e n ) ,  evacu -  



a t i n g  - mm H g ) ,  a n d  t h a w i n g  a t  a m b i e n t  t e m p e r a t u r e  

t h r e e  t imes ,  a n d  t h e n  s e a l e d .  T h e  s e a l e d  p h o t o c e l l  was 

i r r a d i a t e d  w i t h  a  450W l a m p  f o r  t w o  h o u r s .  T h e  p h o t o l y s a t e  w a s  

t r e a t e d  s u c c e s s i v e l y  w i t h  5% a q u e o u s  N a H S 0 3 ,  5% a q u e o u s  NaHC03 ,  

d r i e d  o v e r  N a 2 S 0 4 ,  i n t e r n a l  s t a n d a r d  ( 1 1 - 2 1 )  w a s  a d d e d ,  a n d  

a n a l y z e d  b y  GC. P r o d u c t s  y i e l d s :  11-3 ( 0 . 0 2 9  m m o l ) ,  1 1 - 3 9  a n d  

x m m o l ) ,  1 1 - 3 7  ( 1 . 9 3  x m m o l ) ,  1 1 - 3 8  ( 0 . 8 5  x 

m r n o l ) .  G C - a n a l y s i s  s h o w e d  s o m e  m i n o r  p e a k s ,  = 2% e a c h .  

N - B r o m o i m i d e  1 1 - 3 1  ( 5 1 . 2  mg,  0 . 1 5 8  mrnol)  i n  CH2C12 ( 3  m l )  

w a s  i r r a d i a t e d  w i t h  a 200W l a m p .  T h e  l a t t e r  was c a .  5 i n c h e s  - 

a w a y  f r o m  t h e  p h o t o c e l l .  A t  v a r i o u s  i n t e r v a l s ,  s a m p l e s  ( 0 . 2  m l  

e a c h )  were w i t h d r a w n ,  q u e n c h e d  w i t h  5% a q u e o u s  s o d i u m  b i s u l -  

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

p r o d u c t  y i e l d s  were d e t e r m i n e d  b y  GC, 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  1 1 - 1 0 .  

( b )  B e n z o y l  P e r o x i d e  I n i t i a t e d  D e c o m p o s i t i o n  o f  1 1 - 3 1  i n  CH2C12 

T h e  m e t h y l e n e  c h l o r i d e  ( 1 . 5  m l )  s o l u t i o n  o f  b e n z o y l  p e r -  

o x i d e  ( 2  * I O - ~ M )  a n d  1 1 - 3 1  ( 1 4 . 1  mg,  0 . 0 4 3  mrnol)  was d e g a s s e d  



by t h r e e  f r e e z e - t h a w  c y c l e s .  The s e a l e d  t u b e  was k e p t  a t  40 - + 
1 

2•‹C f o r  24 h o u r s  i n  a  d a r k  p l a c e .  The s o l u t i o n ,  which showed 

p o s i t i v e  K I - s t a r c h  t e s t ,  was washed s u c c e s s i v e l y  w i t h  5% sodium 

b i s u l f i t e ,  5% sod ium b i c a r b o n a t e  and w a t e r .  Work-up i n  t h e  

u s u a l  manner gave  ( b y  G C ) :  11 -3  ( 0 . 0 4 1  mmol) ,  11-39  and 11-40 

( 0 . 4 3  x mmol),  11-35  ( 0 . 4 9  x mmol) ,  11-36  ( 1 . 8 1  x 

rnmol ) ,  11-37  ( 0 . 6 2  x mmol) ,  1 1 - 3 8  ( 0 . 4 1  x 10-  
3 

mmol). G C - a n a l y s i s  showed some p e a k s ,  u n i d e n t i f i e d ,  c l o s e  t o  

t h e  s o l v e n t  peak .  

( c )  P h o t o l y s i s  of  11-31  i n  t h e  P r e s e n c e  o f  1 , l - D i c h l o r o -  

e t h y l e n e  i n  Ch lo ro fo rm 

A s o l u t i o n  of 11-31  ( 9 . 4  rng, 2.9 x l o - *  mmol) and f r e s h l y  

d i s t i l l e d  1 , l - d i c h l o r o e t h y l e n e  ( 8  p1, 9 .9  x l o e 2  mmol) i n  

c h l o r o f o r m  ( 1 . 5  ml )  was d e g a s s e d  by t h r e e  f r e e z e - t h a w  c y c l e s ,  

and i r r a d i a t e d  f o r  1 . 5  h r  ( K I - s t a r c h  t e s t  showed n e g a t i v e ) .  

The u s u a l  work-up and G C - a n a l y s i s  ( i s o t h e r m a l  a t  200" a t  12 p s i  

g a v e  1 1 - 3  5 .66  min. ,  11-39  and 

11-40  ( r . t .  6.11 and 6 .30 m i n . ,  7 . 5  x mmol) i n  a d d i t i o n  t o  - 

u n i d e n t i f i e d  minor  p e a k s  ( r e l a t i v e  y i e l d s )  a t  0 . 5  m i n .  ( 1 . 5 % ) ,  

c o n d i t i o n s ,  t h e  r e t e n t i o n  t i m e s  of a  p r o d u c t  m i x t u r e  were 1 1 - 3  

11 -36  ( 1 2 . 1 1 ) ,  11 -37  ( 1 3 . 3 8 ) ,  and 1 1 - 3 8  ( 1 3 . 6 3 ) .  The c r u d e  

p r o d u c t  showed t h e  c h a r a c t e r i s t i c  I R  a b s o r p t i o n s  of i s o c y a n a t e s  

a t  2280 and 2350 cm- l .  



( d )  P h o t o l y s i s  of 11-31  i n  t h e  P r e s e n c e  of Neohexene i n  C H 2 C 1 2  
I-d------AIIIUd--4--- - ---------- 
N-Bromoimide 11 -31  ( 2 0  mg, 0 .062 mmol) and neohexene  ( 4  

p1, 0.031 mmol) i n  C H 2 C 1 2  ( 6 . 5  m l )  were  i r r a d i a t e d  t o  t h e  

c o m p l e t e  consumpt ion  of 11-37 ( 0 . 5  h r . ) .  I R  ( n e a t )  showed 

i s o c y a n a t e s  a b s o r p t i o n s  a t  2 2 8 0 ( s )  and 2350 (m) .  Work-up i n  t h e  

u s u a l  manner gave  (byGC, 160•‹C i s o t h e r m a l ) :  11 -3  ( r t  12 .1 ,  - 
0.046 mmol), 11-39  and 11 -40  ( r t  1 3  and 13 .5  m i n . ,  t o t a l  0 .013  

mmol),  1,2-dibromo-3,3-dimethyl-butene ( r t  1 . 8  min . )  i d e n t i f i e d  

by peak m a t c h i n g  w i t h  an a u t h e n t i c  s amp le  and GC-MS, i n  

a d d i t i o n  t o  peaks  ( u n i d e n t i f i e d )  a t  r t  ( r e l a t i v e  y i e l d s ) :  4 . 3  

( 4 % ) ,  6 .3  ( 2 % ) ,  7 .5  ( 1 % )  and 9 .42 m i n .  ( 2 % ) .  G C - a n a l y s i s  

c o n d u c t e d  a t  190•‹C f o r  20 m i n u t e s  ( 1 1 - 3 ,  r t  6 .6 ;  1 1 - 3 9 ,  r t  - -- 
7 .14 ;  -- 11-40  r t  7 .36 )  showed no f u r t h e r  p e a k s  i n d i c a t i n g  no C - B r  

i s o m e r s  and 1 : l - a d d u c t  were  formed.  

( e )  P h o t o l y s i s  o f  11 -31  i n  t h e  P r e s e n c e  o f  - E t h y l e n e  Ox ide  

To a  d e g a s s e d  s o l u t i o n  of N-Bromoimide (19 .8  mg, 0 .61  

mmol) i n  C H 2 C 1 2  ( 2  ml )  was added  1  m l  of  e t h y l e n e  o x i d e  (1.98M) 

i n  C H 2 C 1 2 .  The s o l u t i o n  was i r r a d i a t e d  u n t i l  K I - s t a r c h  t e s t  

was n e g a t i v e  ( 4 5  m i n . ) .  The u s u a l  work-up and G C - a n a l y s i s  gave  

11 -3  (0 .052  mmol), 1 1 - 3 9  and 11 -40  ( 6 . 8  x mmol), 11 -35  - I 

(1 .1  x mmol), 1 1 - 3 6  (2 .31  x mmol), 11-37 ( 0 . 8 9  x 

m m o l ) , . a n d  11 -38  ( 0 . 6  x mmol). 



( f )  P h o t o l y s i s  o f  11 -31  i n  t h e  P r e s e n c e  o f  Added - Bromine 

A s o l u t i o n  of N-bromoimide 11-31 ( 2 0 . 6  mg, 0 .063  mmol) i n  - 
C H 2 C 1 2  ( 5 . 5  ml )  and a  1  m 1  of bromine s o l u t i o n  ( 2  x I O - ~ M )  i n  

C H 2 C 1 2  was i r r a d i a t e d  t h r o u g h  a  GWV f i l t e r  u n t i l  11-31  had been 

consumed ( 2  h r . ) .  Work-up i n  t h e  u s u a l  manner and G C - a n a l y s i s  

gave  -- 1 1 - 3  ( 0 . 0 4 7  mmol), -- 11-39  and 11 -40  ( 0 . 7 3  x l o - '  mmol), 

11-35  ( 2 . 5 7  x mmol),  11-36  ( 5 . 8 6  x mmol),  11-37  ( 2 . 3 3  -- -- 
x mmol), 11 -38  (1 .31  x mmol). 

( g )  --- P h o t o b r o m i n a t i o n  of  I m i d e  1 1 - 3  w i t h  M o l e c u l a r  Bromine - ----4 -- 
A I  m l  s o l u t i o n  of bromine ( 2  x I O - ~ M )  i n  C H 2 C 1 2  was 

t r a n s f e r r e d  t o  a  s o l u t i o n  of -- 11-3  ( 1 6 . 1  mg, 0 .065  mmol) i n  

C H 2 C 1 2  ( 5 . 5  ml )  and i r r a d i a t e d  u n t i l  t h e  b romine  c o l o r  had 

d i s a p p e a r e d  ( 0 . 5  h r . ) .  The u s u a l  work-up and G C - a n a l y s i s  gave  

3 1 1 - 3  (0 .063  mmol),  11 -35  ( 0 . 9 9  x l w 3  mmol), 11 -36  (1 .79  x 10-  , - 
mmol), 1 1 - 3 7  ( 0 . 5 3  x mmol), and 11 -38  ( 0 . 3 8  x mmol). 

The r e s u l t s  r e p o r t e d  i n  T a b l e  11 -9  were o b t a i n e d  i n  a  s i m i l a r  

manner.  No amides  11 -39  and 11-40 were d e t e c t e d  by G C .  



P h o t o b r o m i n a t i o n  o f  I m i d e  1 1 - 3  

Imide  11-3  (230  mg, 0 .9  mmol) and bromine  ( 1 . 4  mmol) i n  - 
C H 2 C 1 2  ( 2 0  m L )  were i r r a d i a t e d  w i t h  a  450W lamp a t  0•‹C f o r  6  

h o u r s .  More bromine ( 1 . 8  mmol i n  5  m l  CH2C12) was added and 

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

washed w i t h  5% sodium b i s u l f i t e  and 5% sodium b i c a r b o n a t e .  The 

u s u a l  work-up of t h e  o r g a n i c  l a y e r  gave  an o i l ,  which was 

ch roma tog raphed  on s i l i c a  g e l .  E l u t i o n  w i t h  5% EtOAc i n  hexane 

gave  a  f r a c t i o n  ( 7 . 7  mg) which was r e c r y s t a l l i z e d  f rom 

me thy l ene  c h l o r o i d e  t o  a f f o r d  11-38 ( C 3 n - B r ) ~ ~ n t a m i n a t e d  w i t h  

a  s m a l l  amount of 11 -3 .  E l u t i o n  w i t h  10% EtOAc i n  hexane  
P 

a f f o r d e d  1 1 - 3  ( 6 2  mg). E l u t i o n  w i t h  20% EtAOc i n  hexane  gave - 
a  f r a c t i o n  (47  mg) which was p u r i f i e d  by p r e p a r a t i v e  T L C  t o  

g i v e  a  m i x t u r e  of 11-35  ( C 1 - B r )  and 11-36' ( c ~ , - B ~ )  i n  1 :1  

r a t i o .  

P h o t o l y s i s  of  N-Bromide 11-31 ---- ---- 
A s o l u t i o n  of I I y 3 1  ( 3 4 0  mg, I  .05 mmol) i n  m e t h y l e n e  

c h l o r i d e  ( 4 0  m L )  was i r r a d i a t e d  u n t i l  K I - s t a r c h  p a p e r  t e s t  was 

n e g a t i v e  and worked-up a s  d e s c r i b e d  b e f o r e .  The o i l  was c h r o -  

matographed  on s i l i c a  g e l .  E l u t i o n  w i t h  10% e t h e r  i n  p e t .  

e t h e r  gave 11 -3  ( i r n i d e )  ( 1 6 4  mg) c o n t a m i n a t e d  w i t h  C 3 , - B r  
7 

11-38 .  E l u t i o n  w i t h  10-20% e t h e r  i n  p e t .  e t h e r  gave f r a c t i o n s  

A ( 2 8  mg),  B ( 5 9  mg) and ( 3 1  mg). F r a c t i o n  A was r e c r y s t a l -  - - - 
l i z e d  t o  g i v e  t h e  s l o w e r  moving amide (8  mg) ( =  90%)  con t amin -  



a t e d  by  t h e  o t h e r  a m i d e .  F r a c t i o n  - 8, b y  p r e p a r a t i v e  TLC on  

s i l i c a  g e l  a n d  E t O A c - p e t .  e t h e r ,  a f f o r d e d  a s o l i d  w h i c h  w a s  

r e c r y s t a l l i z e d  f r o m  m e t h y l e n e  c h l o r i d e  t o  g i v e  1 1 - 3 6  ( C 2 , - B r )  

( 7  mg)  c o n t a m i n a t e d  b y  11-3 ( 8 % )  a n d  1 1 - 3 5  ( 5 % )  a s  s h o w n  by 

G C - a n a l y s i s .  F r a c t i o n  - C was r e c r y s t a l l i z e d  f r o m  m e t h y l e n e  

c h l o r i d e  s e v e r a l  t imes  t o  g i v e  1 1 - 3 7  ( C g x - B r ) ( 4  mg) c o n t a r n i n -  

a t e d  w i t h  11-3 ( 9 % )  a n d  1 1 - 3 5  a s  s h o w n  b y  GC a n a l y s i s .  T h e s e  

s e m i - p u r e  s a m p l e s  were u s e d  t o  r e c o r d  t h e  'H ( 4 % )  a n d  13c N M H  

( T a b l e  1 1 - 6  a n d  1 1 - 7 ) ,  I H  ( T a b l e  I V - 4 )  a n d  m a s s  s p e c t r a l  d a t a  

( T a b l e  I V - 5 ) .  



( 1 )  Q u a n t u m  Y i e l d  D e t e r m i n a t i o n s  

P y r e x  t e s t  t u b e s  ( 1 2  mm d i a m e t e r  x 100 m m  l e n g t h )  c a r r y i n g  

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

i m m e r s e d  i n  a w a t e r  b a t h  k e p t  a t  1 8  + Z • ‹ C .  T h e  l i g h t  s o u r c e  - 
w a s  a 450W l a m p  h o u s e d  i n  a P y r e x  c o o l i n g  j a c k e t .  T h e  l i g h t  

i n t e n s i t y  ( 5 . 6 3  x e i n s t e i n l m i n u t e s )  was d e t e r m i n e d  w i t h  

b e n z o p h e n o n e - b e n z h y d r o l  a c t i n o m e t r y  ( @  = 0 . 7 4  i n  b e n z e n e )  a s  

d e s c r i b e d  b e f o r e .  

A s t o c k - s o l u t i o n  o f  1 1 - 3 1  ( 1 0 2 . 2  mg, 0.314 m m o l )  i n  CH2C12 

( 5 0  m l ,  6 . 3  x I O - ~ M )  w a s  p r e p a r e d .  T o  e a c h  p h o t o t u b e ,  3 m l  

a l i q u o t s  were c h a r g e d  a n d  d e g a s s e d  w i t h  a r g o n  f o r  - c a .  5  

m i n u t e s .  I n  t h e  a b s e n c e  o f  a d d i t i v e s ,  i r r a d i a t i o n  o f  1 1 - 3 1  

s o l u t i o n  d e v e l o p e d  a l i g h t  y e l l o w  c o l o r  i n  a b o u t  1 0  m i n u t e s .  

A t  s u i t a b l e  i n t e r v a l s ,  a n  i r r a d i a t e d  t u b e  was r e m o v e d .  T o  t h e  

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

T h e  s o l u t i o n  w a s  a d d e d  t o  1 0  m l  o f  K I  s o l u t i o n  ( 5  g  K I  i n  2 5 0  

m l  o f  w a t e r  a n d  1 5 0  m l  o f  g l a c i a l  a c e t i c  a c i d ) .  T h i s  m i x t u r e  

was a n a l y s e d  b y  i o d o m e t r y  u s i n g  N a 2 S 2 0 3  s o l u t i o n  ( 2  x I O - ~ N )  

f o r  t i t r a t i o n .  B l a n k  e x p e r i m e n t s  were a l s o  c a r r i e d  o u t  t o  m a k e  

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

I n  a s e p a r a t e  s e r i e s  o f  e x p e r i m e n t s ,  t h e  N - b r o m i d e  1 1 - 3 1  

s t o c k  s o l u t i o n  ( 3  m l )  a n d  a b r o m i n e  s o l u t i o n  ( 0 . 0 5  m l ,  0 . 0 4  M )  

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

w i t h  a r g o n  f o r  5 m i n u t e s  a t  O•‹C,  a n d  i r r a d i a t e d .  T h e  t r e a t m e n t  



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

t h a t  s h o w n  a b o v e .  

I n  s e p a r a t e  e x p e r i m e n t s ,  t o  e a c h  t u b e  c h a r g e d  w i t h  3 m l  o f  

t h e  s t o c k  s o l u t i o n  o f  1 1 - 3 1 ,  n e o h e x e n e  ( 5  p 1 ,  0 . 0 4  rnrnol) w a s  

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

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

T h e  q u a n t u m  y i e l d  f o r  p h o t o b r o m i n a t i o n  o f  CH2C12  w a s  

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

A l i g h t  s o u r c e  (200W PEK 2 1 2  h i g h  p r e s s u r e  m e r c u r y  l a m p )  

B 5 Cm p a t h l e n g t h  q u a r t z  c e l l  f i l l e d  w i t h  a q u e o u s  C o S 0 4  
( 2 4  g / l i t . )  

C  1 Cm p a t h l e n g t h  q u a r t z  c e l l  c o n t a i n e d  a q u e o u s  N i S 0 4  
( 2 5  g / 5 0  m l )  

D P y r e x  f i l t e r  

E 1  Cm q u a r t z  c u v e t t e  ( s a m p l e  c e l l )  

F S a m p l e  h o l d e r  



A s t o c k  s o l u t i o n  o f  b r o m i n e  ( 3 . 8  x I O - ~ M )  i n  CH2C12  was 

f r e s h l y  p r e p a r e d .  A 0.1 m l  a l i q u o t  o f  t h e  b r o m i n e  s o l u t i o n  was 

i n t r o d u c e d  w i t h  a g l a s s  p i p e t t e  t o  a 1  cm q u a r t z  c u v e t t e  

c o n t a i n i n g  CH2C12  ( 2 . 5  m l ) .  T h e  c u v e t t e  was c h i l l e d  t o  O • ‹ C ,  

d e g a s s e d  w i t h  n i t r o g e n  ( u s i n g  T e f l o n  t u b i n g )  f o r  c a .  3  m i n u t e s ,  - 
s e a l e d  w i t h  a r u b b e r  s e p t u m  l i n e d  w i t h  T e f l o n  t a p e ,  a n d  p l a c e d  

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

c o n c e n t r a t i o n  a t  z e r o  t ime ( 1 . 6  x I O - ~ M )  was d e t e r m i n e d  

s p e c t r o p h o t o r n e t r i c a l l y  ( C a r y  1 7 )  a s s u m i n g  E = 2 0 5 ~ - l c m - l  a t  

A m a x  4 1 0  nm. T h e  l i g h t  i n t e n s i t y  ( 2 . 8 2  x e i n s t e i n f  

m i n u t e s )  w a s  d e t e r m i n e d  w i t h  b e n z o p h e n o n e - b e n z h y d r o l  
& 

a c t i n o m e t r y .  T h e  p h o t o b r o r n i n a t i o n  o f  CH2C12  w a s  m o n i t o r e d  b y  

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

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

a b s o r b e n c i e s  a t  A k l O ( t i r n e , m i n . ; ~ ) :  0 . 3 3 ( 0 , 0 ) ,  0 . 3 1 ( 2 ,  @ = 0 . 0 4 ) ,  , 

0 . 2 7 ( 5 ,  @ = 0 . 0 5 ) ,  0 . 2 2 ( 1 0 ,  @ = 0 . 0 5 ) ,  0 . 1 5 ( 2 0 ,  @ = 0 . 0 4 ) ,  a n d  

0 . 0 7 5 ( 4 5  m i n . ,  @ = 0 . 0 3 ) .  GC-MS o f  t h e  p h o t o l y s a t e ,  a f t e r  t h e  

u s u a l  w o r k - u p ,  a s c e r t a i n e d  t h e  f o r m a t i o n  o f  B r C H C 1 2 .  

F o r  q u a n t u m  y i e l d  d e t e r m i n a t i o n s  o f  1 1 - 3 1  d e c o m p o s i t i o n s  

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

f i l t e r ,  t h e  l i g h t  i n t e n s i t y  ( I  = 2 . 3 4  x E i n s t e i n f m i n . )  was 

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

1 0 5  b y  H a t c h a r d  a n d  P a r k e r  . 



T h e  a c t i n o m e t e r  s o l u t i o n  was  p r e p a r e d  by d i s s o l v i n g  1 . 8 6 9  

o f  K3Fe ( C 2 0 4 ) 3  i n  20  m l  o f  H20 a n d  2 . 5  m l  o f  1mON H2S04 was 

a d d e d ,  a n d  t h e  s o l u t i o n  was  d i l u t e d  t o  2 5  m l  a n d  m i x e d .  

T h e  a c t i n o m e t e r  s o l u t i o n  ( 3  m l )  was a d d e d  t o  t h e  s a m p l e  

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

f i l t e r  w i t h  a  200W l a m p  f o r  25  m i n u t e s  a t  room t e m p e r a t u r e .  

The  i r r a d i a t e d  s o l u t i o n  was  t h o r o u g h l y  m i x e d  a n d  a  1  m l  a l i q u o t  

was  p i p e t t e d  i n t o  a  1 0  m l  v o l u m e t r i c  f l a s k ,  4  m l  o f  a  0 . 1 %  ( b y  

w e i g h t )  o f  1 . 1 0  p h e n a n t h r o l i n e  i n  H20 ,  a n d  a  1  m l  o f  b u f f e r  

s o l u t i o n  ( 8  g  NaOAc, 1  m l  c o n c .  H2S04 ,  a n d  d i l u t e d  t o  1 0 0  m l  

H20)  w e r e  a d d e d ,  d i l u t e d  t o  t h e  mark w i t h  H20 ,  m i x e d ,  a n d  l e f t  

i n  t h e  d a r k  f o r  o n e  h o u r .  T h e  U V  a b s o r p t i o n  ( 0 . 2 6 )  o f  t h i s  

s o l u t i o n  was m e a s u r e d  a t  5 1 0  nm i n  a 0 . 1  cm c e l l .  A b l a n k  

s o l u t i o n  ( 1  m l )  o f  a  n o n i r r a d i a t e d  a c t i n o m e t e r  s o l u t i o n  g a v e  a  

a b s o r p t i o n  

L i g h t  i n t e n s i t y ,  I = &%- 
& + t V 1 1  

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

( 0 . 2 5 )  

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

v o l u m e  o f  a c t i n o m e t e r  i r r a d i a t e d  ( 3  m l )  

v o l u m e  u s e d  f o r  d i l u t i o n  ( 1 0  m l )  

1  . I 1  x l o 4  L r n ~ l - ~ c r n - ~ ,  a d o p t e d  f r o m  r e f e r e n c e  1 0 5  

1  . I 4  was  a s s u m e d  1 0 5  

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

p a t h  l e n g t h  o f  t h e  U V  c e l l  ( 0 . 1  cm) 



A s t o c k  s o l u t i o n  o f  1 1 - 3 1  ( 2 4 . 1  mg . ,  0 . 0 7 4  m m o l )  i n  CH2C12 

( 1 0  m l )  was p r e p a r e d .  T o  e a c h  p h o t o t u b e ,  3 m l  a l i q u o t s  were 

c h a r g e d .  A 0 . 1  m l  o f  b r o m i n e  s o l u t i o n  ( 0 . 0 4  M )  i n  CH2C12  was 

a d d e d ,  c h i l l e d  t o  O • ‹ C ,  p u r g e d  w i t h  a r g o n ,  p l a c e d  i n  t h e  

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

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

a s  d e s c r i b e d  a b o v e .  



P h o t o d e c o m p o s i t i o n  of  N-Bromo-6,7-Dichloro-cis-Bicyclo 

( a )  P h o t o l y s i s  of 11-41 i n  C H 2 C 1 2  

N-Bromoirnide 11-41  (44 .7  mg, 0 .14  rnmol) i n  C H 2 C 1 2  ( 5  m l )  

was i r r a d i a t e d  t o  t h e  c o m p l e t e  d i s a p p e a r a n c e  of 11 -41  ( 2 . 5  h r )  

a s  shown by K I - s t a r c h  p a p e r  t e s t .  The u s u a l  work-up and G C -  

a n a l y s i s  ( 1 7 0 • ‹ ,  i s o t h e r m a l )  gave :  11 -15  ( i m i d e )  ( r t  3 . 6 ,  0 .115 

mrnol), 11 -45  and 11 -46  ( a rn ides )  ( r t  3.7 and 3.9 m i n . ,  t o t a l  

y i e l d  8 .45  x I O - ~  mmol) ,  11-42 ( C 2 , - B r )  ( r t  8 . 1 ,  7 .26 10- 3 

mrnol), 11 -43  ( C 3 x - B r )  ( r t  9 . 6 ,  2.72 x rnmol), 11 -44  

(C3 , -Br )  ( r t  10 .1  m i n . ,  1 .28 x rnmol), i n  a d d i t i o n  t o  

some o t h e r  p e a k s  a t  r t  ( r e l a t i v e  y i e l d s  ba sed  on t o t a l  peak 

a r e a s ,  e x c e p t  t h a t  of t h e  s t a n d a r d ) :  1  ( 2 % ) ,  1 .7  ( 0 . 4 % ) ,  1 - 9  

( 0 . 3 % ) ,  8 .7  ( 0 . 2 % ) ,  f o r  GC-MS of t h e  minor  components ,  s e e  

below.  The r e l a t i v e  y i e l d s  of t h e s e  p e a k s  were n o t  

r e p r o d u c i b l e . A l s o ,  some of t h e s e  p e a k s  were  n o t  o b s e r v e d  i n  

i m i d e  11-15  and B r 2  r e a c t i o n s ,  and r e a c t i o n s  c a r r i e d  o u t  i n  t h e  

p r e s e n c e  of an o l e f i n .  

( b )  P h o t o l y s i s  of  11-41  i n  t h e  P r e s e n c e  of  1 , l - D i c h l o r o e t h y l e n e  

A s o l u t i o n  of N-bromoimide 11-41  ( 3 9  mg, 0 .125 mmol) and 

1 , l - d i c h l o r o e t h y l e n e  ( 2 0  p1,  0 .248 mmol) i n  c h l o r o f o r m  ( 1 . 5  m l )  



The u s u a l  work-up and G C - a n a l y s i s  gave :  1 1 - 1 5  ( 0 . 0 8 5  mmol), 

11 -45  and 11 -46  (0 .029  mmol). No C - B r  i s o m e r s  were d e t e c t e d  by - 
G C .  G C - a n a l y s i s  showed s e v e r a l  p e a k s  c l o s e  t o  t h e  s o l v e n t  

peak .  I R  of t h e  c r u d e  p r o d u c t  showed i s o c y a n a t e s  a b s o r p t i o n s  

a t  2330(w)  and 2 2 5 0 ( s )  cm- l .  

( c )  P h o t o l y s i s  of  11-41  i n  t h e  P r e s e n c e  o f  Added Bromine - - - - - - - - - -  
To a  s o l u t i o n  of 11-41 ( 3 7 . 2  mg, 0 .12  mmol) i n  C H 2 C 1 2  ( 4  

ml)  was added 1 m l  of bromine s o l u t i o n  ( 3 . 8  x I O - ~ M )  i n  

C H 2 C 1 2 .  The m i x t u r e  was i r r a d i a t e d  t h r o u g h  a  GWV f i l t e r  t o  t h e  

c o m p l e t e  d i s a p p e a r a n c e  of 11-44 ( 2  h r )  The u s u a l  work-up and 

G C - a n a l y s i s  gave :  11 -15  (0 .10  mmol), 1 1 - 4 5  and 11-46  ( 2 . 2 9  x 

l o - )  mmol), 11-,42 ( 1 . 1  x mmol), 1 1 - 4 3  ( 2 . 8  x l o - )  mmol), 

and 1.1-44 ( 0 . 8  x l o - 3  mmol)= 

( d )  I s o l a t i o n -  of  P r o d u c t s  

A s o l u t i o n  of 11-41  ( 1  . I  g ,  3.5 ml )  i n  C H 2 C 1 2  ( 4  m l )  was 

i r r a d i a t e d  w i t h  a  450W lamp f o r  1 3  h r .  a t  0•‹C. G C - a n a l y s i s  

( 1 6 0 "  i s o . ;  r t ,  y i e l d s  ba sed  on r e l a t i v e  a r e a s  of a l l  GC 

p e a k s ) :  1 1 - 1 5  ( 3 . 5 5 ,  5 1 % ) ,  11-45  ( 3 . 7 1 ,  4 . 5 % )  and 11 -46  

( 3 . 9 7 ,  6 . 3 % ) ,  11-42  ( 8 . 0 7 ,  2 2 % ) ,  1 1 - 4 3  ( 9 . 5 8 ,  5 . 9 % ) ,  



1 11 -44  ( 1 0 . 1  min . ,  3 % ) ,  i n  a d d i t i o n  t o  u n i d e n t i f i e d  p e a k s  a t  r t  

5 . 6  m i n .  ( 2 % ) .  The mass s p e c t r a l  d a t a ,  o b t a i n e d  by GC-MS ( C I ,  

i s o .  C4H10) of t h e  p h o t o l y s a t e  of t h e  l a t t e r  peaks  a r e  

summarized below: 

r t ,  m i n .  -- m/e ( % I  -- 

I  175 .0  ( 3 ) ,  174 .0  ( 3 4 ) ,  172.1  ( 1 0 0 )  

F l a s h  c h r o m a t o g r a p h y ,  u s i n g  e t h y l - a c e t a t e - p e t .  e t h e r  ( 1 : 9 )  

a s  t h e  e l u e n t ,  of t h e  c r u d e  p r o h u c t  gave :  f r a c t i o n  - A ( 5  mg) 

c o n t a i n e d  11-44  (C3,-Br)  ( 9 4 %  by G C )  and 11-42  ( 6 % ) .  



F r a c t i o n  - 0 ( 2 0  mg)  was a  m i x t u r e  of 11-42  (C2 , -Br )  and 

11-44  ( C 3 , - B r )  i n  1 :3  r a t i o .  F r a c t i o n  'C - ( 5 2  mg) was shown t o  

be m a i n l y  11 -42  i n  a d d i t i o n  t o  11 -15  and 11 -44 .  H e c r y s t a l -  

l i z a t i o n  ( t w i c e )  f rom CH2C12-cyc lohexane  ' a f f o r d e d  a  

p u r e  s amp le  of 11 -42  (C2,-Br)  ( 95% by GC). F r a c t i o n s  - D ( 5 9  

E ( 1 2 9  mg) ,  and F  ( 9 7  mg) were m i x t u r e s  of 11-42  and mg) ,  - - 
11-15 ,  i n  3 :1 ,  1 :1 ,  and 1 : 3  r a t i o s ,  r e s p e c t i v e l y .  F r a c t i o n  - G 

( 2 3 3  mg) was 11 -15 .  F r a c t i o n  - H ( 5 9  mg) was a  complex m i x t u r e .  

F r a c t i o n  - I ( 8 9  mg) c o n t a i n e d  t h e  arnide 1 1 - 4 6  ( r t  3 .97 min . )  a s  

a  ma jo r  compoqent ( c a .  - 5 0 % ) .  The l a s t  f r a c t i o n  ( 4 3  mg) was a  

m i x t u r e .  

F r a c t i o n  - I was r e c h r o m a t o g r a p h e d  t o  a f f o r d  a  f r a c t i o n  ( 6  

mg) c o n t a i n e d  amide 11-46  (80% b y  G c ) ,  11 -43  ( l o % ) ,  and an 

unknown; and a n o t h e r  f r a c t i o n  ( 7  mg) c o n t a i n e d  1 1 - 4 3  (C3,-Br)  

( 7 0 % )  i n  a d d i t i o n  t o  amide 11-45 ( 2 0 % )  and unknown ( 1 0 % ) .  T h i s  

f r a c t i o n  was r e c r y s t a l l i z e d  from CH2C12-cyc lohexane  t o  g i v e  

1 1 - 4 3  ( c a .  8 0 % ) .  - 

The s p e c t r a l  d a t a  of t h e  p e r t i n e n t  compounds a r e  l i s t e d  i n  

T a b l e s  1 1 - 6 ,  1 1 - 7 ,  IV-4,  and IV-5.  



Table IV-4 . IR Absorptions in cm-' of Products Obtained by 
Photodecomposition o f  N-Bromoimide 11-31 and 
11-41. 

C2,-Br (Nujol) 3240(m), 3100(w), 1795(m), 1735(s), 

(11-36) 1260(w), 1160(m), 1150(m), 1080(m), 985(m), 

740(m), 69O(w). 

Cgn-Br (Nujol) 3200(m), 3090(w), 1790(m), 1735(s), 



- 1 7 2  - 

T a b l e  I V - 5 .  Mass S p e c t r a l  D a t a  o f  Compounds O b t a i n e d  by  
P h o t o d e c o m p o s i t i o n  o f  N - B r o m o i m i d e  1 1 - 3 1  and 
1 1 - 4 1 .  

s 

Compound m / e ( % )  

( C I ,  CH4) :  3 3 2 ( 6 ) ,  3 3 0 ( 4 7 )  3 2 8 ( 1 0 0 ) ,  3 2 6 ( 6 5 ) ,  

2 9 4 ( 6 ) ,  2 9 2 ( 1 1 ) ,  2 9 0 ( 6 ) ,  2 5 0 ( 1 3 ) ,  2 4 8 ( 6 6 ) ,  2 4 6 ( 9 6 )  

2 1 2 ( 1 9 ) ,  2 1 0 ( 8 3 ) ,  1 7 0 ( 3 1 ) ,  1 6 8 ( 5 0 ) .  



- 173 - 
T a b l e  I V - 5  ( C o n t ' d . )  

Compound m / e ( % )  

C 3 n - B r  ( E I ) :  2 9 4 ( 2 ) ,  2 9 2 ( 1 0 ) ,  2 9 0 ( 1 6 ) ,  2 5 0 ( 2 ) ,  

( 1 1 - 3 8 )  2 4 8 ( 2 0 ) ,  2 4 6 ( 2 6 ) ,  2 1 2 ( 3 6 ) ,  2 1 0 ( 1 0 0 ) ,  1 7 0 ( 1 4 ) ,  

1 6 9 ( 2 0 ) ,  1 6 8 ( 2 4 ) ,  1 6 7 ( 3 4 ) ,  1 6 6 ( 1 2 ) ,  1 4 1 ( 9 ) ,  

1 3 9 ( 1 4 ) ,  8 0 ( 2 6 ) ,  7 9 ( 3 4 ) .  

( C I ,  isoCqHlO): 3 0 6 ( 7 ) ,  3 0 4 ( 4 6 ) ,  3 0 2 ( 1 0 0 ) ,  

3 0 0 ( 6 2 ,  M + + H ) ,  1 8 8 ( 1 2 ) ,  1 8 6 ( 4 0 ) .  



- 174  - 

T a b l e  I V - 5  ( C o n t ' d . )  

Compound m / e ( % )  

( C I ,  isoCbHlo),  m / e ( % ) :  3 1 6 ( 4 1 ) ,  3 1 4 ( 9 3 ) ,  

3 1 2 ( 5 8 ) ,  2 8 2 ( 3 ) ,  2 8 0 ( 1 3 ) ,  2 7 8 ( 1 5 ) ,  2 7 6 ( 6 ) ,  

2 4 4 ( 1 1 ) ,  2 4 2 ( 1 0 ) ,  2 3 4 ( 1 4 ) ,  2 3 2 ( 1 7 ) ,  2 0 0 ( 2 7 ) 9  

1 9 8 ( 1 0 0 ) ,  1 9 6 ( 3 2 ) .  

( C I ,  iso.C4Hl0),  m / e ( % ) :  3 1 6 ( 4 7 ) ,  3 1 4 ( 1 0 0 ) ,  

3 1 2 ( 6 1 ) ,  2 8 2 ( 5 ) ,  2 8 0 ( 1 7 ) ,  2 7 8 ( 1 7 ) ,  2 7 6 ( 6 ) ,  

2 4 6 ( 4 ) ,  2 4 4 ( 1 7 ) ,  2 4 7 ( 1 5 ) ,  2 3 6 ( 8 ) ,  2 3 4 ( 3 0 ) ,  

2 3 2 ( 3 2 ) ,  2 0 0 ( 1 8 ) ,  1 9 8 ( 4 1 ) ,  1 9 6 ( 2 4 ) .  



T a b l e  IV-5 ( C o n t ' d . )  

Compound m / e ( % )  
- - 

( C I ,  i s o . C 4 H 1 0 ) ,  m / e ( % ) :  3 l 6 ( 3 9 ) ,  314 ( IOO) ,  

Amide ( E I ) ,  m / e ( % ) :  2 0 8 ( 6 ) ,  2 0 6 ( 1 0 ) ,  1 7 0 ( 2 1 ) ,  1 3 4 ( 1 8 ) ,  

( 1 1 - 4 5 )  1 3 2 ( 1 4 ) ,  1 2 1 ( 3 5 ) ,  1 1 9 ( 1 0 0 ) ,  9 1 ( 1 8 ) .  

( C I ,  i s o . C 4 H l o ) ,  m / e ( % ) :  2 9 0 ( 2 0 ) ,  2 8 8 ( 4 5 ) ,  

2 8 6 ( 2 8 ) ,  1 7 4 ( 3 5 ) ,  1 7 2 ( 1 0 0 ) .  

( C I ,  i s o . C , + H l o ) ,  r n / e ( % ) :  2 9 0 ( 1 9 ) ,  2 8 8 ( 4 2 ) ,  

2 8 6 ( 2 8 ) ,  1 7 4 ( 3 5 ) ,  1 7 2 ( 1 0 0 ) .  



( a )  I n  t h e  Absence o f  A d d i t i v e s  

N-Bromoimide 11 -50  (19 .2  mg, 0.06 mmol) i n  C H 2 C l i  ( 5  m l )  

was i r r a d i a t e d  t h r o u g h  a  p y r e x  f i l t e r  w i t h  a  450W lamp u n t i l  

K I - t e s t  showed n e g a t i v e  ( 4 5  m i n . ) ,  t h e  s o l u t i o n  remained  

c o l o r l e s s  t h r o u g h o u t  t h e  p h o t o l y s i s .  The s o l v e n t  was evap -  

o r a t e d  t o  y i e l d  a  y e l l o w  s o l i d  ( 1 7 . 4  mg).  'H N M R  s p e c t r u m  

( a c e t o n e - d 6 ,  a t  400 M H z )  showed t h e  a l l y l i c  b romide  11-51  a s  

t h e  major  component ,  i n  a d d i t i o n  t o  weak s i g n a l s  a t  6 1 . 6 8 ,  

1 . 9 3 ,  2 .77 ,  3 . 5 ,  3 . 9 ,  4 . 6 3 ,  5 . 1 ,  5 . 9 ,  6 .1  and 6 .23  ppm. No 

d i b r o m o - d e r i v a t i v e  11 -55  was d e t e c t e d  by 'H N M R .  GC-MS 

(160 -230"  a t  10 • ‹C /min . ;  C I ,  i s o .CkHlO)  showed: compound X ( r t  

2 4 6 ( 1 0 0 ,  M +  + H ) ,  11 -51  ( r t  6.2 min . )  me(%)  3 3 0 ( 5 ) ,  3 2 8 ( 2 1 ) ,  

3 2 6 ( 4 9 ) ,  3 2 4 ( 3 0 ,  M +  + H),  2 4 8 ( 5 ) ,  2 4 6 ( 1 6 ) ,  2 4 4 ( 1 4 ) ,  2 1 2 ( 3 3 ) ,  

2 1 0 ( 1 0 0 ) .  GC-MS s p e c t r u m  showed t h a t  t h e  compound X i n  

s u b s t a n t i a l  amounts .  The MS p a t t e r n  of compound X s u g g e s t s  

t h a t  i t  can  be  t h e  d i e n e  11-50  formed p r o b a b l y  by d e c o m p o s i t i o n  

of 11-57 on G C .  I R  s p e c t r u m  of t h e  c r u d e  p r o d u c t  showed no 

i s o c y a n a t e  a b s o r p t i o n .  A sample  of 11-50  i n  C H 2 C 1 2  k e p t  i n  t h e  

d a r k  a t  0•‹C f o r  one  h o u r  showed no d e c o m p o s i t i o n  a s  shown by 

I R .  



CH2C12 ( 2 0  m l )  and  a n a l y s i s  o f  t h e  p h o t o l y s a t e  by HPLC ( 1 %  

i s o - p r o p a n o l - h e x a n e ,  5 0 0  p s i ;  r e l a t i v e  y i e l d s  b a s e d  on t o t a l  

p e a k  a r e a s )  g a v e :  1 1 - 5 1  ( r t  5 ,  7 9 % ) ,  i n  a d d i t i o n  t o  m i n o r  

p e a k s  a t  r t  1 . 1  ( 2 % ) ,  1 . 8 ( 4 % ) ,  3 . 5 ( 5 % ) ,  3 . 9 ( 2 % ) ,  4 . 2 ( 4 % ) ,  and  

4 . 5  m i n .  ( 6 % ) .  F l a s h  c h r o m a t o g r a p h y  ( 1 : 3  E t O A c - p e t . e t h e r  a s  

e l u e n t )  o f  t h e  c r u d e  p r o d u c t  g a v e :  f r a c t i o n  - A ( 2 4  mg) shown by 

HPLC t o  be  a  c o m p l e x  m i x t u r e  c o n t a i n i n g  a l l  o f  t h e  a b o v e  m i n o r  

c o m p o n e n t s  and  1 1 - 5 1 .  F r a c t i o n  - B ( 1 3 7  mg) c o n t a i n e d  m a i n l y  

a l l y l i c  b r o m i d e  1 1 - 5 1 ;  r e c r y s t a l l i z a t i o n  f r o m  C H 2 C 1 2  a f f o r d e d  a  

- w h i t e  s o l i d :  mp 1 6 6 - 7 1 " ;  I R  3 4 5 0 ( m ) ,  3 2 2 0 ( m ) ,  1 7 9 0 ( m ) ,  

cm-l ;  'H NMR ( a c e t o n e - d 6 )  6 2 . 2 2 ( d d d ,  3 = 4 . 5 ,  8 ,  1 5  Hz; H 5 ) ,  

H a ) ,  6 . 2 8  ( d d d ,  3 = 2 . 5 ,  5 ,  1 0  Hz; H3) [ c o u p l i n g  c o n s t a n t s  ( H z ) :  

l 6 8 ( 7 6 ) ,  l 6 6 ( l O O ) .  The 'H NMR s p e c t r u m  a l s o  showed  weak 



r 
b e  d u e  t o  t h e  i s o m e r i c  a l l y l i c  b r o m i d e .  F r a c t i o n  C  ( 4  m g )  

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

HPLC. F r a c t i o n  D ( 1 . 8  mg)  w a s  t h e  u n i d e n t i f i e d  c o m p o u n d  w h o s e  - 
'H  N M R  s p e c t r u m  s h o w e d  a c o m p l e x  p a t t e r n  a n d  c o u l d  n o t  b e  

a n a l y s e d .  
E 
R 

( b )  I n  t h e  P r e s e n c e  o f  N e o h e x e n e  

A s o l u t i o n  o f  1 1 - 5 0  ( 3 6  mg,  0 . 1 1  m m o l )  a n d  n e o h e x e n e  ( 0 . 1 5  

m l ,  1 . 2  m m o l )  i n  CH2C12 was i r r a d i a t e d  t h r o u g h  P y r e x  w i t h  a 

450W l a m p  u n t i l  K I - s t a r c h  t e s t  s h o w e d  n e g a t i v e  ( 1 . 5  h r ) .  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  c r u d e  p r o d u c t  s h o w e d  I R  

- a b s o r p t i o n s  o f  i s o c y a n a t e s  a t  2 2 6 0  a n d  2 3 4 0  cm-'. 'H N M R  

( a c e t o n e - d 6 ,  4 0 0  MHz) s h o w e d  i m i d e  1 1 - 6  a s  t h e  m a j o r  c o m p o n e n t ,  

a n d  w a s  v o i d  o f  t h e  a l l y l i c  b r o m i d e  1 1 - 5 1  ( n o  CHBr s i g n a l  a t  6 

4 . 8  p p m ) .  GC-MS ( C I ,  i s o . C 4 H l 0  , r e l a t i v e  y i e l d s )  s h o w e d  1 1 - 6  

( r t  3 . 3 ,  9 7 % ) ,  1 : l - a d d u c t  ( r t  1 2 . 4  m i n . ,  3%)  m / e ( % )  4 1 4  ( 7 ) ,  

4 1 2  ( 4 2 ) ,  4 1 0  ( l o o ) ,  4 0 8  ( 5 8 ) ,  i n  a d d i t i o n  t o  u n i d e n t i f i e d  

m i n o r  p e a k s .  P r e p a r a t i v e  TLC ( s i l i c a  g e l ,  e t h y l  

a c e t a t e - p e t . e t h e r  1 : 2 )  a f f o r d e d  t h r e e  f r a c t i o n s .  T h e  f i r s t  

f r a c t i o n  ( 4  mg)  s h o w e d  a  c o m p l e x  'H N M R  p a t t e r n  a n d  w a s  n o t  

a n a l y s e d .  GC-MS s h o w e d  t h e  v e r y  m a j o r  p e a k  t o  b e  1 : l - a d d u c t .  

T h e  s e c o n d  a n d  t h i r d  f r a c t i o n s  ( 2 2  mg,81%) s h o w e d  'H NMR 

s p e c t r a  e s s e n t i a l l y  o f  1 1 - 6  a n d  t h e i r  GC-MS s h o w e d  o n e  p e a k  

c o r r e s p o n d i n g  t o  11-6.  



11-4 -6  P h o t o b r o m i n a t i o n  of Imide  11 -6  w i t h  Bromine 

i 
C I m i d e  11 -6  ( 2 1 . 3  mg, 0 .09  mmol) i n  C H 2 C 1 2  ( 3  ml )  and 4 m l  
- 
)1 of  b romine  s o l u t i o n  ( 1 . 6  x I O - ~ W )  i n  C H 2 C 1 2  were  i r r a d i a t e d  
I 

t h r o u g h  a  GWV f i l t e r  w i t h  a  200W lamp f o r  0 .5  h r ;  t h e  

p h o t o l y s a t e  became c o l o r l e s s .  The s o l v e n t  was e v a p o r a t e d  t o  

i 

t g i v e  a  w h i t e  s o l i d  ( 2 2  mg) whose 'H NMR s p e c t r u m  ( 4 0 0  MHz, 
r 
t a c e t o n e - d 6 )  d i s p l a y e d ,  i n  a d d i t i o n  t o  i m i d e  1 1 - 6 ,  s i g n a l s  a t  6 

2 . 2 2 ,  2 . 3 9 ,  3 .65 ,  3 . 8 1 ,  4 . 8 8 ,  5 .97 ,  6 .28  ppm c h a r a c t e r i s t i c  of 

A s o l u t i o n  of 11 -6  (0 .108  g ,  0 .44  mrnol) i n  C H 2 C 1 2  ( 5  m l )  
- 

and 2 . 2  m l  of b romine  s o l u t i o n  (0.2M) i n  C H 2 C 1 2  was k e p t  i n  t h e  

b+ d a r k  a t  O•‹C f o r  112 h r .  The s o l v e n t  was e v a p o r a t e d  t o  y i e l d  an 

o i l  ( 0 . 1 3  g )  which was shown by 'H N M R  ( 1 0 0  MHz) t o  c o n t a i n  

u n r e a c t e d  i m i d e  11 -6  ( =  8 5 % ) ,  d i b r o m o - d e r i v a t i v e  11-55  ( =  1 5 % ) ,  - 
i n  a d d i t i o n  t o  weak s i g n a l s  of 11-51*.  The c r u d e  m i x t u r e  was 

r e c r y s t a l l i z e d  s e v e r a l  t i m e s  from C H C 1 3  t o  a f f o r d  w h i t e  

c r y s t a l s  ( 9  mg) of 11-55 :  mp 180-83 ;  I R  3 3 0 0 ( s ) ,  1 7 9 0 ( m ) ,  

1 7 3 5 ( s ) ,  1 1 7 0 ( m ) ,  1 1 6 5 ( m ) ,  1 0 7 0 ( m ) ,  9 8 0 ( m ) ,  7 5 0 ( m ) ,  and 6 9 0 ( m ) ;  

* The above  c r u d e  p r o d u c t  (CDC13, 100 MHz) 6 1 . 5  t o  2 . 6 ( m ) ,  
3 .1  t o  3 . 8 ( m ) ,  4 . l ( m ) ,  4 . 6 ( q ) ,  5 . 8 ( m ) ,  6 . l ( m ) .  
11-51  ( C D C 1 3 ,  100 MHz) 6 2 . 3 ,  3 . 7 ,  4 . 6 ( q ) ,  6 . 0  and 6 .3 .  
11 -55  ( C D C 1 3 ,  100 MHz) 6 1 .6  t o  2 . 5 ( m ) ,  3 .1  t o  3 . 8 ( m ) ,  
4.1 (m). 



- i e o  - 

1 ~  N M R  ( 4 0 0  MHZ,  a c e t o n e - d 6 )  6 2 . 0  (in; 3 H ) ,  2 . 4 5 ( q d 9  3=59 15 ;  

s 
I H ) ,  3 . 5 2  ( d d d ,  3 = 6 ,  7 ,  12 HZ; H 6 ) ,  3 . 7 8  ( d d ,  3 = 1 0 ,  12 Hz ;  H 2 ) ,  

r 4 . 1 6  ( t ,  3 = 1 1 . 5  Hz ;  H I ) ,  4 . 2 8  ( d d d ,  3 = 5 . 5 ,  8 ,  10 Hz; H ~ )  



11-4 -7  P h o t o d e c o m p o s i t i o n  of  N-Bromo-6,7-Dichloro-cis- 

( a )  P h o t o l y s i s  of  11 -60  i n  t h e  Absence of A d d i t i v e s  

A s o l u t i o n  of N-bromoimide 11-60  ( 9 6  mg, 0 . 3  mmol) i n  

a c e t r o n i l e  ( 7  m l )  was i r r a d i a t e d  t h r o u g h  Py rex  w i t h  a  450W lamp 

f o r  one hou r  ( n e g a t i v e  K I - s t a r c h  t e s t ) ,  t h e  s o l u t i o n  remained 

c o l o r e s s  t h r o u g h o u t  t h e  p h o t o l y s i s .  The p h o t o l y s a t e  showed by 

G C  (SE-30 ,  100-220"  a t  10"C/min . ,  r e l a t i v e  y i e l d s  based on 

t o t a l  peak a r e a )  i m i d e  11-17 ( r t  7 . 2 ,  9 % ) ,  a l l y l i c  bromide 11-61 

( r t  9 . 5 ,  90%)  and an unknown ( r t  8 . 6  m i n . ,  1 % ) .  The s o l v e n t  was 

- 
removed i n  vacuo  t o  y i e l d  a  ye l l ow  s o l i d  ( 7 6  mg) which was shown b y  

I R  and 'H N M R  ( 1 0 0  MHz, a c e t o n e - d 6 )  t o  be e s s e n t i a l l y  t h e  11 -61 .  - 
The c r u d e  p r o d u c t  was r e c r y s t a l l i z e d  from m e t h a n o l  t o  a f f o r d  a  

w h i t e  s o l i d  (63mg) of 11-61 :  m.p. 219-221•‹C; I R  3200 (m) ,  3 0 8 0 ( w ) ,  

1 7 8 0 ( m ) ,  1 7 3 0 ( s ) ,  1 1 6 0 ( m ) ,  1070 (m) ,  1 0 3 5 ( m ) ,  9 7 5 ( w ) ,  8 0 0 ( m ) ,  

7 8 0 ( w ) ,  74O(m) ,  700(m) cm- l ;  'H N M R  ( C D C 1 3 )  6 3.88 ( d d ,  3=0 .5 ,  7 .4  

H Z ;  H 5 ) ,  4 .17 ( d t d ,  3 = 1 . 8 ,  7.4Hz; H i ) ,  5 . 25 (m;H4 , ) ,  5.97 ( t d d ,  

3 = 0 . 6 ,  2 . 6 ,  5 .6  H Z ;  H 2 ) ,  6 .25 ( d t d ,  3 = 1 . 8 ,  2 ,  5 .6  H Z ;  H 3 ) ,  8 .12 

(NH) [ c o u p l i n g  c o n s t a n t s  ( H z ) :  g l ,  2 ( 2 . 4 ) ,  3 1 ,  3 ( 2 ) ,  

3 1 , ~ n ( 2 . 6 )  9 3 1 , 5 ( 7 * 4 ) 9  3 2 , 3 ( 5 * 6 ) ,  3 2 , 4 n ( 0 - 6 ) 9  

3 2 , 5 ( 0 . 6 )  3 3 , 1 + n ( 2 * 4 ) 9  3 3 ,  5 ( 0 * 5 ) 9  3 3 ,  t + n ( 2 - 4 )  1 

3 3 , 5 ( 0 . 5 )  3 5 , 1 + n ( 0 - 6 ) 1 ;  1 3 c  N M R  ( a c e t o n e - d 6 )  6 5 0 . 7 1 ( d ) ,  

5 5 . 8 2 ( d ) ,  6 6 . 2 2 ( s ) ,  6 9 . 1 5 ( s ) ,  1 3 2 . 2 7 ( d ) ,  1 4 0 . 3 5 ( d ) ,  1 7 0 . 4 5 ( s ) ,  

1 7 0 . 7 3 ( s ) ;  MS(EI )m/e (%)  2 7 8 ( 1 4 ) ,  2 7 6 ( 4 8 ) ,  2 7 4 ( 4 0 ) ,  2 3 2 ( 1 2 ) ,  

2 3 O ( l 9 ) ,  



1 5 9 ( 2 2 ) ,  1 4 6 ( 4 3 ) ,  l 4 4 ( 4 l ) ,  8 9 ( 4 4 ) ,  6 5 ( 1 0 0 )  ; HRMS, m / e ( % )  

312 .8917(0 .15 ;  c a l c d  f o r  c ~ H ~ N o ~ c I ~ ~ c ~ ~ ~ B ~ ~ ~ :  3 1 2 . 8 9 1 0 ) ,  

310 .8946 (0 .31 ;  c a l c d  f o r  c ~ H ~ N o ~ c ~ ~ ~ ~ B ~ ~ ~ :  3 1 0 . 8 9 4 0 ) ,  308.8966 

( 0 . 1 9 ;  c a l c d  f o r  c ~ H ~ N o ~ c ~ ~ ~ ~ B ~ ~ ~ :  3 0 8 . 8 9 6 0 ) .  

Anal .  Ca l cd  f o r  CgH6N02C12Br: C ,  34 .47 ;  H ,  193 ;  N, 4 .50  

Found: C ,  34 .24 ;  H ,  1 .98 ;  N ,  4 .46 

N-Bromoimide 11 -60  ( 9 5  mg, 0 . 3  mmol) i n  CH2Cl2C7 m l )  was 

i r r a d i a t e d  u n t i l  K I - t e s t  showed n e g a t i v e ,  1  114 h r .  The 

p h o t o l y s a t e  showed on G C  ( r e l a t i v e  y i e l d s ) :  i m i d e  11-17  ( 1 4 % ) ,  

and a l l y l i c  b romide  11 -61  ( 8 6 % ) .  The s o l v e n t  was e v a p o r a t e d  t o  

g i v e  a y e l l o w  s o l i d  ( 7 3  mg) which was shown by I R  and 'H N M R  t o  

be ma in ly  11 -61 .  

N-Bromoimide 1 1 - 6 0  ( 9 6 . 5  mg, 0 . 3  mmol) i n  C C 1 4  ( 7  ml )  was 

i r r a d i a t e d  u n t i l  K I - s t a r c h  p a p e r  showed n e g a t i v e  ( 2  h r s . ) ,  and 

a  w h i t e  s o l i d  was p r e c i p i t a t e d .  The s o l v e n t  was removed t o  

g i v e  a  w h i t e  s o l i d  ( 7 4  mg): m.p. 214-7" .  I t s  I R  s p e c t r u m  was 

i d e n t i c a l  w i t h  t h a t  of 1 1 - 6 1 ,  and G C  of t h e  p h o t o l y s a t e  showed 

one  peak c o r r e s p o n d i n g  t o  1 1 - 6 1 .  

I R  a n d / o r  'H N M R  s p e c t r a  of a  z e r o  hour  sample  ( 2  ml )  o f  

N-bromoimide 11-60  i n  C H 3 C N ,  C H 2 C 1 2 ,  C C 1 4  k e p t  i n  t h e  d a r k  a t  

0•‹C showed no d e c o m p o s i t i o n .  



( b )  P h o t o d e c o m p o s i , t i o n  o f  1 1 - 6 0  i n  t h e  -- P r e s e n c e  o f  A d d e d  

B r o m i n e  

N - B r o m o i m i d e  1 1 - 6 0  ( 5 0  mg, 0 . 1 6  m m o l )  i n  CH2C12 ( 6  m l )  a n d  

a 1  m l  o f  b r o m i n e  s o l u t i o n  ( I O - ~ M )  i n  CH2C12  were i r r a d i a t e d  

t h r o u g h  a GWV f i l t e r  w i t h  a 200W l a m p ,  u n t i l  N - b r o m o i m i d e  1 - 1 - 6 0  

h a d  d i s a p p e a r e d  ( 1 . 5  h r ) .  T h e  s o l v e n t  was e v a p o r a t e d  t o  g i v e  a  

w h i t e  s o l i d  ( 4 7  mg)  w h i c h  s h o w e d  I R  a n d  ' H  N M R  s p e c t r a  

i d e n t i c a l  w i t h  t h o s e  o f  a l l y l i c  b r o m i d e  -- 1 1 - 6 1 .  GC 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  s h o w e d  o n e  p e a k  c o r r e s p o n d i n g  t o  1 1 - 6 1 .  

( c )  P h o t o d e c o m p o s i t i o n  o f  N - B r o m o i m i d e  1 1 - 6 0  ---- i n  t h e  ----- P r e s e n c e  

o f  E t h y l e n e  -- 
A s o l u t i o n  o f  N - b r o m o i m i d e  1 1 - 6 0  ( 1 2 7 . 6  mg, 0 . 4  m m o l )  i n  

CH2C12 ( 6  m l )  w a s  i r r a d i a t e d ,  a t  O• ‹C ,  t h r o u g h  a P y r e x  f i l t e r  

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

( 4  h r s . ) .  T h e  s o l v e n t  was e v a p o r a t e d  t o  y i e l d  a n  o i l  ( 9 5  m g ) :  

9 . 4 ( N H ) .  - G C - a n a l y s i s  ( S E - 3 0 )  o f  t h e  c r u d e  p r o d u c t  s h o w e d  it t o  

b e  m a i n l y  i m i d e  1 1 - 1 7 ;  n o  a l l y l i c  b r o m i d e  1 1 - 6 1  was d e t e c t e d .  

T h e  c r u d e  p r o d u c t  was c h r o m a t o g r a p h e d  ( s i l i c a  g e l ,  CH30H-CH2C12 

a s  e l u e n t )  t o  y i e l d  f r a c t i o n  - A ( 1 0  mg) w h i c h  s h o w e d  s e v e r a l  

p e a k s  b y  GC ( >  1 0  p e a k s )  a n d  w a s  n o t  f u r t h e r  i n v e s t i g a t e d .  



F r a c t i o n  - B ( 7  mg) was a m i d e  1 1 - 6 2  ( r t  8 . 4 )  a n d  unknown ( r t  

1 0 . 5 )  i n  1 : 1 . 5  r a t i o .  GC-MS ( E I )  o f  f r a c t i o n  - B g a v e :  a r n i d e c r t  

8 . 4 )  m / e ( % )  2 8 9 ( 1 ) ,  2 8 7 ( 7 ) ,  2 8 5 ( 1 8 ) ,  2 8 3 ( 8 ,  M'), 2 5 1 ( 4 ) ,  

4 2 9 ( 1 5 ) ,  2 4 7 ( 1 7 ) ,  2 4 5 ( 5 ) ,  2 0 5 ( 3 6 ) ,  2 0 3 ( 4 7 ) ,  1 4 5 ( 3 5 ) ,  1 4 3 ( 1 0 0 ) ,  

a n d  unknown ( r t  1 0 . 5  m i n . )  m / e ( % )  3 . 5 ( 7 ) ,  3 1 4 ( 7 ) ,  3 1 3 ( 1 8 ) ,  

3 1 2 ( 1 3 ) ,  3 1 1 ( 1 2 ) ,  3 1 0 ( 9 ) ,  2 7 9 ( 1 4 ) ,  2 7 7 ( 5 2 ) ,  2 7 5 ( 3 5 ) ,  2 1 7 ( 1 0 0 ) ,  

2 1 5 ( 9 0 ) .  F r a c t i o n  - C ( 3 7  mg) was shown t o  b e  i m i d e  1 1 - 1 7  by 

p e a k  m a t c h i n g  and GC-MS. 

A s a m p l e  of  N-bromoirn ide  1 1 - 6 0  i n  C H 2 C 1 2  k e p t  a t  0•‹C u n d e r  

a s m a l l  s t r e a m  of e t h y l e n e  f o r  3  h r s .  i n  t h e  d a r k  s h o w e d ,  by I R  

a n d  'H NMR, no d e c o m p o s i t i o n .  



1 1 - 4 - 8  P h o t o b r o m i n a t i o n  o f  Imide  11-1.7 w i t h  Bromine 

I m i d e  1 1 - 1 7  ( 2 0  mg, 0 .09 mmol) i n  C H 2 C 1 2  ( 2  m l )  and 0.5 m l  

of b romine  i n  C H 2 C 1 2  ( 0 . 2  M )  were i r r a d i a t e d  a t  0•‹C t h r o u g h  a  

P y r e x  f i l t e r  w i t h  a  450W lamp f o r  1  h r .  The s o l v e n t  was 

removed t o  y i e - l d  a  w h i t e  s o l i d  ( 2 6  mg) which by G C - a n a l y s i s  

(SE-30,  150 -220"  a t  10• ‹C/min . ;  r t ,  r e l a t i v e  y i e l d s )  showed: 

i m i d e  11-17  ( r t  3 . 3 ,  3 % ) ,  a l l y l i c  b romide  11-61  ( r t  4 . 6 ,  9 1 % ) ,  

u n i d e n t i f i e d  components  a t  r t  4 .0  ( I % ) ,  and r t  6 .7  m i n .  ( 5 % ) .  

The w h i t e  s o l i d  a l s o  showed I R  and ' H  N M R  s p e c t r a  s i m i l a r  t o  

t h o s e  of 11 -61 .  

1 1 - 4 - 9  - -  P h o t o d e c o m p o s i t i o n  o f  N-Bromo-6,7-Dichloro-cis-Bicyclo ------------- 
[ 3 . 2 . O ] H e ~ p t - 2 - e n e - e x o , c i ~ 6 , 7 - D i c a r b o x i r n i d e  ( 1 1 - 6 3 )  -- a -- - 

N-Bromoimide 1 1 - 6 3  ( 1 0 6  mg, 0 .34  mmol) i n  C H 2 C 1 2  ( 6 . 5  m l )  

was i r r a d i a t e d  w i t h  a  450W lamp u n t i l  K I - s t a r c h  t e s t  showed 

n e g a t i v e  ( 1  h r . ) .  The p h o t o l y s a t e  showed by GC (SE-30 ,  

100-220•‹C a t  10 • ‹C /min . ;  r t ,  r e l a t i v e  y i e l d s ) :  i m i d e  11-17  

( 7 . 9 ,  3 2 % ) ,  a l l y l i c  b romide  11-64 ( 1 0 . 2 ,  62%)  and an unknown 

( 7 . 3  m i n . ,  6 % ) .  

The above  p h o t o l y s i s  was r e p e a t e d  u s i n g  70 mg of N -  

bromoimide 11 -63 .  The c r u d e  p r o d u c t s  f rom t h e s e  p h o t o l y s e s  

were  combined and f l a s h  ch roma tog raphed  ( 1 : 3  e t h y l a c e t a t e - p e t . -  

e t h e r  a s  e l u e n t )  t o  g i v e  a  f r a c t i o n  ( 7 2  mg), r e c r y s t a l l i z a t i o n  



f r o m  CH2C12 a f f o r d e d  a w h i t e  s o l i d  ( 6 3  mg) o f  _I_ 1 1 - 6 4 :  m.p. 

1 7 9 - 1 8 1 " ;  I R  3200(m) ,  3090(m) ,  1 8 0 5 ( m ) ,  1 7 1 5 ( s ) ,  1 2 7 0 ( w ) ,  

i , 1 2 2 5 ( m ) ,  1 2 1 0 ( m ) ,  1 1 7 0 ( w ) ,  1 1 0 5 ( w ) ,  1 0 7 0 ( m ) ,  1 0 3 0 ( w ) ,  9 6 0 ( w ) ,  

9 3 5 ( r ) ,  9 0 0 ( w ) ,  7 9 0 ( m ) ,  7 3 5 ( m )  c m - l ;  'H NMR (CDCI~) 6 3.63 ( d d ;  

H 5 ) ,  4.15 ( d t d ;  H i ) ,  5.33(t;H4,), 6 .0  ( t d d ;  H 2 ) ,  6.35 ( t d ;  

A n a l .  C a l c d  f o r  C9H6NO2Cl2Br :  C, 34.47; H, 1.93; N, 4 .50 

Found:  C, 34.09;  H, 1.94;  N, 4.87 

A  s a m p l e  o f  N - b r o m o i m i d e  1 1 - 6 3  i n  CH2C12 k e p t  i n  t h e  d a r k  

f o r  2  h r s .  showed no d e c o m p o s i t i o n  as shown by I R .  
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