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. ABSTRACT 

THE S Y N T H E S I S  O F  AZAPOLYCYCLIC COMPOUNDS AND T H E  

PHOTOCHE?4ISTRY OF N - N I T R A M I N E S  

e 

L 

The photo1 y s i s  of  t i -n i t rosaa i  nes  i n  d i l u t e  a c i  d i c  s o l u t i o n  

g e n e r a t e s  ami n i m  r a d i c a l s  which undergo an i n t e r m o l e c u l a r  addi t i o n  

r e a c t i o n  wi th  s u i t a b l y  l o c a t e d  i n t e r n a l  double  bond3 t o  y i e l d  p roduc t s  

p o y e s s i n g  5-me-nbered aza  r i n g s .  Tni s r e a c t i o n  was u t i l i z e d  t o  - 
\ - s y n t h e ~ i r e  bridged aza t r i c y c l i c  and aza  t e t r a c y c l i c  compdunds possess ing  

t h e  2-azatricycla[4,2,1104181nonane, 2-azatricyclo[4,3,1,0~~~]decane, 

and 1 - a z a t e t r a c y c l o [ 5 , 2 ,  : , ~ ' ~ ~ , O ~ ~ ~ ] d e c a n e  r i n g  s y s t e m s .  Xnen t h e  

p h o t o l y s i s  was dcne i n  t h e  p resence  o f  v a r i o u s  r a d i c a l  t r a p p i n g  a z e n t s  
< . 

d i v e r s e l y  f u n c t i o n a l i z e d  a z a c y c l i c  compounds were i s o l a t e d .  The 

c r y s t a l  and molecular  s t r u c t u r e s  o f  two of  t h e  r e a c t i o n  p r o d u c t s ,  

R-methyl-2-azatricyclo[4,3, : , ~ ~ , ~ ] d e c a n - 7 0 - o n e - s y n - o x i r r r e  - 

hydrochlor ide  and exo-: - 0-~1e thoxy- ! i -~e thy l -2 -aza t r i cyc lo [  4 , 3 ,  : , ~~~~k 

decane , were u n m b i g m u s l y  determined by X-ray d i f f r a c t i o n  t e c h n i q u e s .  

) 

I n  c e r t a i n  c a s e s  t h e  a z a t r i c y c l i c  d e r i v a t i v e s  f o m e d  u n d e r ~ e ~ t - d  

f a c i l e  and s t e r e o s p e c i f i c  bond c leavzge r e a c t i o n  t o  l o r n  a z a b i c y c l i c  

canpounds which r e t a i n e d  t n e  s t e r e o c h e m i s t r y  o f  t h e  r e a c t i n g  

i n t e r m e d i a t e .  
4 
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As an- a1 t e r n a t e  means o f  s y n t h e s i z i n g  b r i d g e d  a z a c y l i  c  compounds 

t h e  t h e r m o l y s i s  o f  some N - c h l o r a m i n e s  was i n v e s t i g a t e d .  I n  some c a s e s  

t h i s  p roved  t o  b e  an e f f i c i e n t  a l t e r n a t e  m e a n s ' o f  c o n s t r u c t i n g  

5-membered a z a p o l y c y c l i c , ~  and also r e s u l t e d  i n  a d d l  t i o n a l  v a r i a t i o n s  i n  \ 
t h e  f u n c t i o n a l i t y  o f  t h e  p r o d u c t s  f o r m e d .  

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

and  i t  was e s t a b l i s h e d  t&t t h e Z p i p e r i d i n e  r a d i c a l  and  t h e  p i p e r i d i n i h  
3 

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

c o n d i t i o n s ,  r e s p e c t i v e l y .  A r e a c t i o n  n e c h a n i s n  i s  p o s t u l a t e d .  
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The N.!!.3. , , t r a  o f  A z a t e t r a c y c l i c  Amines 

The ! i . ! C . ? .  >ti o f  Soze T r i c y c l i c  E the rs  

Observe5 2nd  C z l c g l a t e f i S ' r c t u r e  F a c t o r s  
f o r  C-xize :I-:: :-:El 

# 
I n  t e r z t o z i c  ;Is:x.ces ( .LA) and A n q l p  ( Deg . , 



I N T R O D U C T I O N  

1 . 1  S y n t h e s i s  o f  A z a p o l y c y c l i c  Compounds 
7 

F 

9-1 

d- 

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

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

c h e m i s t s .  The s y n t h e s i s  o f  c a r b o c y c l i c  m o l x u l e s  p o s s e s s i n g  the ' :  

J"- 
t w i s t a n e ,  c u b a n e ,  a n d  t r i s h o m o c u b a n e  s k e l e t o n s  ( 1 , 2 , 3 )  a r e  some 

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

t h e i r  s t r u c t u r a l  f e a t u r e s  compounds o f  t h e s e  and o t h e r  ( 4 , 5 )  b r i d g e d  

r i q g  s y s t e m s  p o s s e , s s  some u n u s u a l  c h e m i c a l  p r o p e r t i e s  ( 2 - 5 ) .  I n t e r e s t  

i n  b r i d g e d  p o l y c y c l i c  compounds ,  h o w e v e r ,  h a s  e x t e n d e d  beyond 

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

4 
h e t e r o a t o m i c  b r i d g e d  p o l y c y c l i c  compounds a r e  n o t  o n l y  o f  c h e m i c a l  

i n t e r e b 6  b u t  a l s o  o f  b i o l o g i c a l  i n t e r e s t  s i n c e ,  f o r  e x a m p l e ,  t h e r e  a r e  . 

k 
s e v e r a l  c l a s s e s  o f  a l k a l o i d s  w h i c h  p o s s e s s  b r i d g e d  r i n g  s t r u c t u r e s  ( 6 ) .  

- -- 

c u b a n e  t r i s h o m o c u b a n e  3 



The s y n t h e s i s  o f  b r i d g e d  h e t e r o c y c l i c  compounds h a s  been  a c h i e v e d  by 
l@ $ 

a wide v a r i e t y  o f  means.. Most o f  t h e s e  s y n t h e t i c  schemes a r e  ' 

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

i n t e r e s t . .  T h i s  c y c l i z a t i o n  r e a c t . i o n  may b e  one o f  a  v a r i e t y  o f  

i n t r a m o l e c u l a r  c o n d e n s a t i o n  (Scheme 1 . 1 ) ( 7 ) ,  d i s p l a c e m e n t  (Scheme 1 . 2 )  

(8,9), o r  a d d i t i o n  r e a c t i o n s  (Scheme 1 . 3 ) ( 1 0 ) ,  

Scheme 1.: 

I n v e s t i g a t i o n s  i n  t h i s  l a b o r a t o r y  o n  t h e  g e n e r a t i o n  o f  a z a b i c y c l i c  

r i n g  s y s t e m s  by t h e  i n t r a m l e z u l a r  c y c l i z a t i o n  o f  N-n i t ro samines  ( 1  1 ,121  

have i n s p i r e d  u s  t o  ex t end  t h i s  s t u d y  t o w a r d s  t h e  s y n t h e s i s  o f  n o r e  

c o n p l e x  a z a t r i c y c l i c  a n d  a z a t e t r a c y c l i c  b r idged  r i n g  compounds. 

N-Ni t rosamines  e x h i b i t  a  s t r o n g  n-R* a b s o r p t i o n  a t  250 m 

*- (E -8000)  and a  weak n-+ a t  a b o u t  340 m ( & - 1 0 0 ) .  The i r r a d i a t i o n  o f  

e i t h e r  t h e  V-nY o r  n-TP bznd o f  N-nitrcrsamines i n  d i l u t e  a c i d i c  s o l u t i o n  

. 
g e n e r a t e s  m i n i m  r a d i c a l s  ! R 2 ? I H )  and n i t r i c  o x i d e  ( $ 0 )  which undergo  



Scheme 1 - 2  

Scheme 1.3 
Y 

v a r i o u s  r e a c t i o n s  ( 1 1 ) .  The f a t e  o f  t h e s e  i n t e r m e d i a t e s  i s  dependen t  
. P  

upon t h e  c o n d i t i o n s  o f  t h e  e x p e r i m e n t s ;  o b s e r v e d r e a c t i o n s  s u c h  as  

p h o t o e l i m i n a t i o n  ( p a t h  a ) ,  p h o t o r e d u c t i o n  ( p a t h  _b) and p h o t o a d d i t i o n  



( p a t h  p) a r e  summarized i n  Scheme 1 .4  ( 1 1 )  f o r  N - n i t r o s o p i p e r i d i n e .  The ' 

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

( p a t h  c )  i s  by f a r  t h e  most e f f i c i e n t  o f  t h e s e  r e a c t i o n  pathways ( 1 1 ) .  

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

N-n i t ro samines  h a s  been e s t a b l i s h e d  t o  be a n  e x t r a o r d i n a r i l y  e f f i c i e n t  

means o f  s y n t h e s i z i n g  v a r i o u s  a z a c y c l i c  compounds ( 1 2 , 1 3 ) .  
I 

7-  

ao N O H  

Scheme 1 . 4  
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~ n t r & o l e c u l a r  r a d i c a l  a d d i t i o n s  t o  o l e f i n s  h a v e  b e c o a e  a n  

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

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

( 14-18) h e t e r o a t o m i c  r a d i c a l  c y c l i z a t i o n s  h a v e  a l s o  b e e n  examined  

( 1 9 - 2 5 ) .  It i s  r e m a r k a b l e  t h a t  b o t h  c y c l i z a t i o n s  o c c u r  

r e g i o s p e e i f i c a l l y  t o  f o r m  t h e  k i n e t i c a l l y  f a v o r e d  p r o d u c t  ; f ive -membered  

r i n g s  a r e  formed when t h e r e  i s  a c h o i c e  b e t w e e n  t h e  f o r m a t i o n  o f  f i v e -  

o r  s ix-membered r i n g s .  S u r z u r  ( 2 3 )  h a s  d e m o n s t r a t e d  f o r  s u l f u r  r a d i c a l s  

(Scheme 1 . 5 )  t h e  r e v e r s i  b i 1 i t . y  o f  r a d i c a l  c y c l i z a t i o n  and  t h e  
a 

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

t e m p e r a t u r e  (-65') c y c l i z a t i o n  o c c u r s  p r e f e r e n t i a l l y  t o  t h e  

seven-membered r i n g  irrhile a t  a n  e l e v a t e d  t e m p e r a t u r e  (80') t h e  

s i x - s e a b e r e d  r i n g  p r o d u c t  i s formed i n  g r e a t e s t .  y i e l d .  

Scheme : . 5  4. 



-E 
Cn t h e  b a s i s  o f  a s e r i e s  o f  c a r b o n  r a d i c a l  c y c l i z a t i o n s ,  ~ u l i a  ( 1 4 ) i  

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

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

tHe  c y c l i c  p r o d u c t .  A l t e r a t e l y ,  k c k w i t h  ( 1 8 )  h a s  e m p h a s i z e d  t h e  

i m p o r t a n c e  o f  t h e  ' s t e r e o e l e c  t r o n i c  r e q u i r e m e n t .  t h a t  maximum o v e r l a p  o f  

t h e  r a d i c a l  o r b i t a l  ~ 5 t h  t h e  l o w e s t  u n o c c u p i e d  o r b i t a l  o f  t h e v - b o n d  

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

p - o r b i t a l  w i t h  t h e  b o n d i n g  '7 o r b i t a l .  S i n c e  b o t h  t h e  q 2nd nf m o l e c u l a r  ~. 
J 

o r b i t a l s  o f  an o l e f i n i c - b g n d  l i e  i n  t h e  same p l a n e  ( 1  1 6 )  i t  i s  d i f f i c u l t  

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

-- \. 
R e p r e s e n t a t i v e  e x a m p l e s  o f  N-ni t r o s a n i n e  c y a $ z a t i o n s  a r e  shown- i n  

P 

Scherne 1 . 6  ( 1 1 ) .  '1 

5 0  ' 1 .  11 ' I .  

Scheme 1.6  



s y n t h e s i s  o f  aza c l i c  compounds .  Tinese i n c l u d e  t h e  f o l l o w i n g :  d\Y 

p r e s e n c e  o f  r a d i c a l  t r a  i n 2  a g e n t s  s u c h  &s oxygen  o r  CErC1 t h e  3 ' 

5 5 i t i s r .  t o  o l e f i n s  u n d e r  an oxygen  a t m o s p h e r e  

c l u s i - ~ e l y  ( '  : ,26,27). S i n c e  t h e  p n o t o a d d i t i o n  

r ,  I-', i t h a s  been  p r o p o s e d  t h a t  t h e s e  

i z i z e d  i n  t u o  p o s s i b l e  ways ( S c h e z e  '.7) t o  g i v e  

( 2 7 ) .  P e r o x y  n i t r i t e  1-4 is  e x p e c t e d  t o  b e  a n  - 
n anr,logy 1-2 t,h t n e  c o r r e s p o n d i n g  p r o x y  n i t r a t e  

t o  1-5 by  2 p e r o x y  bond s c i s s i o n .  The r e l a t i v e  - 
i z p r t a n c e  o f  t h e s e  two s t h w a y s  h a s  n o t  b e e n  v e r i f i e d  b u t  e x p e r i m e n t s  

i r .  3ur l & o r a t o r y  ( 2 9 )  s u g g e s t  o x i d a t i o n  v i a  1-2 t o  b e  t h e  more l i k e l y  - 
> r C d e s s .  

, 



Scheme 1  - 7  
\ 

T h i s  o x i d a t i v e  p h o t o r e a & i o n  i s  a  s i m p l e  and  c l e a n  p r e p a r a t i v e  

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

a c i d i c  c o n d i t i o n s  (29) t h e y  u n d e r g o  e x t e n s i v e  b a s e  c a t a l y s e d  ., 
d e c o m p o s i t i o n  ( 3 0 ) .  R e d u c t i o n  o f  t h e  n i t r a t e  p r o d u c t  g i v e s  t h e  

c o r r e s p o n d i n g  amino  a l c o h o l .  

P h o t o l y s i s  o f  N - n i t r o s a m i n e s  i n  t h e  p r e s  
, 

t h e  i s o l a t i o n  o f  amino b r o m i d e s  ( 1 1 , 1 2 ) .  The e f f i c i e n t  r a d i c a l  

s c a v e n g i n g  ( 3 1 )  o f  CBrC13 c o m p l e t e l y  t r a p s  t h e  c y c l i z e d  r a d i c a l  

i n t e r m e d i a t e  (Scheme 1 .8 )  ( 1 2 ) .  



Scheme 1.8 

Scheme 1.9 

: 

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

c y c l i z a t i o n s  a r e  seen i n  t h e  r e a c t i o n s  o f  N-ch lo~amines_(32) .  
r 

P h o t o l y s i s  of  N-chloramines (Scheme 1 .9 )  (20 )  Z? i n i t i a t i ~ n , ~ ~  a  redox 
7 - - - 

system a s  shown i n  Schene 1.10 ( 2 2 )  l e a d s  t o  c y c l i z a t i o n  o f  t h e  
-a 

i n t e r m e d i a t e  amine r a d i & l .  I n  t h e  l a t t e r  example t h e r e  is  a  

p o s s i b i l i t y  however ( 2 4 )  t h a t  t h e  & a c t i v e  i n t e r m e d i a t e  i s  an amine 



r ad i ca l -me  t a l  complex ( R$ :+ M+) . P h o t o l y s i s  of  N-chlor?.mines 

i n  a c i d i c  s o l u t i o n  g e n e r a t e s  a m i n i m  r a d i c a l s  which c y c l i z e  t o  ' 

5-membered aza  r i n g s  a s  shown i n  Scheme 1.11 ( 2 5 ) .  The m a j o r  p roduc t  i n '  

t h e  example shown i s  d e r i v e d ,  however,  from a  competi  t i v e  r e a c t i o n  

i n v o l v i n g  i o n i c  a d d i t i o n  o f  c h l o r i n e  t o  ' t h e  d o u b l e  bbnd fo l lowed  by a 
# 

Hofmann-Loffler t y p e  c y c l i z a t i o n  ( 2 5 )  ., The s y n t h e s i s  o f  c h l o r o  

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

Scheme 1 .3  i s  t h e  o n l y  known example i n  whicii  an m i n i m  r a d i c a l  h a s  

c y c l i z e d  t o  a  6-mernbered r i n g  r a t h e r  ' than a  5-membered r i n g .  T h i s  i s  

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

t h e  6-membered r i n g .  

12 'la 

Scheme 1.11 



While ami2e and  nium r a d i c a l s  g e n e r a t e d  from N-chloramines 
p' 

undergo  i n t r a a o l e c u l a r  a d d i t i o f l  r e a c t i o n s  t o  form t h e  k i n e t i c a l l y  more . r 

f a v o r e d  p roduc t  ( 2 3 , 2 4 1 ,  b t h e r m o l y s i s  o f  N-chloramines i n  n e u t r a l  p r o t i c  - T 
s o l v e n t ,  w i t h  o r  w i t h o u t  s i l v e r  c a t a l y s i s  (Schemes 7.12 and 1 .13)  ( 3 3 )  

l e a d s  t o  a  l e s s  s p e c i f i c  i n t r a m o l e c u l a r  c y c l i z a t i o n .  r e a c t i o n .  Gassmsn 
4 

(33) h a s  s u g g e s t e d  t h a t  t h e s e  r e a c t i o n s  f o l l o f i  an i o n i c  pathway 

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

o r b i t a l  t h e o r y  two e l e c t r o n i c  c o n f i g u r a t i o n s  o f  t h i s  i o n  c a n  b e  - c o n s i d e r e d .  In i t s  s i n g l e t  s t a t e  t h e  ' n i t r e n i u m  i o n  unde rgoes  c a r b o n i m  

/' i o n  t y p e  r e a c t i o n s  s u c h  a s  r e a r r a n g e m e n t  (34)  w h i l e  i n  t h e  t r i p l e t  s t a t e  
i 

t h e  n i t r e n i u m  i o n  resent+es c a t i o n  r a d i c a l s  and unde rgoes  A - a b s t r a c t i o n  

u 
o r  a d d i t i o n  r p c t i o n s  ( 3 2 ) .  

Scheme 1.12 



12 " l o  10 . 15 Of0  

' > 

Scheme 1.13 

S i n g l e t '  ., T r i p l e t '  

. N i t r e n i y  i o n  

-- 

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

h a s  r e c e i v e d  .much c r i t i c i s m  however (35,361. E-rds and coworke r s  (35)  

have examined t h e  r e a c t i o n  d e s c r i b e d  i n  Scheme 1.12 i n  d e t a i l  and found 

t h a t  i t  had a  1-3 hour  i n d u c t i o n  p e r i o d ,  t h a t b e n m y l  p e r o x i d e  



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

f 
t h e  r e a c t i b n  was s l o w e r  and t h e  main p r o d u c t  became t h e  p a r e n t  . m i n e .  

I . :  

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

- .Whi,le s t u d y i n g  a  s i m i l a r  r e a c t i o n  Hobson ( 3 6 )  c o n c l u d e d  t h a t  n e u t r a l  

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

n i  t r e n i m  i o n  s p e c i e s  may b e  t h e  mo'st p r o b a b l e ,  i n t e r m e d i a t e s  i n  n e u t r a l  

, . 
c h l o c w i n e  c y c l i z a  t i o n  r e a c t i o n s .  N e u t r a l .  s m i n e  r a d i c a l s  h a v e  been  

o w r v e d  t o  u n d e r g o  H - a b s t r a c t i o n  i n  p re fe renc-e  t o  a d d i t i o n  t o  o l e f i n i c  

/ 

b o n d s  ( 3 7 , 3 8 1 ;  i n  c a s e s  w h e r e  the ; ;o le f in ic  bond was s u i t a b l y  

l o c a t e d  w i t h i n  t h e  ' c h l o r a m i n e  m o l e c u l e ,  arnine r a d i c p  a d d i t i o n  h a s  

a p p a r e n t l y  o c c u r r e d  ( . 2 0 , 2 2 ) .  However ,  i n t e r p e d i a t i o n  o f  an m i n i m  , 
,. . %- r a d i c a l  can n o t  b e  c o m p l e t e l y  e l i m i n a t e d  s i n c e  an a n i n e  r a d i c a l  n a y  b e  

p r o t o n a t e d  by h y d r o c h l o r i c  a c i d  which  i s  g e n e r a t e d  d u r i n 3  c h l o r m i n e  

t h e r m o l y s i s .  
f . 

Although  t h e  d i r e c t i o n  o f  c y c l i z a t i o n  d u r i n g '  N - c h l o r m i n e  t h e r n o l y s i s  

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

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

.. s y n i h e t 3 - c  e s i g n  in 'soae p a r t i c u l a r  c a s e s .  d 
1.2. The P h o t o c h e m i s t  r v  o f  N - N i  t r a m i n e s  

i 

4 
The n i t r a m i n e s  ( R ~ N - Y O ; )  a r e  g e n e r a l l y  l o w  s e l t i n q  s o l i d s  o r 1  

l i q u i d s  which  show no  b a s i c  p r o p e r t i e s .  The p r i m a r y  n i t r a r n i n e s  a r e  - 

a c i d i c  w h i l e  s e c o n d a r y  n i t r m i n e s  a r e  n e u t r a l  ( 3 9 ) .  The s t r u c t u r e  o f  

s e v e r a l  N - n i t m i n e s  have been d e t e r m i n e d  c r y s t a l l o g r a p h i c a l l y  and t h e  

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

M-N bond l e n g t h  o f  I .  31 i n d i c a t i n g  a  m a j o r  c o n t r i b u t i o n  from t h e  



,:-,.* 2- 
+ - L i d  s t r u c t u r e  ! ?? , ,  i r e s u a b l y  the part.ia1 d o u b l e  bond  

c k r a c t e r  sf t h e  ::-I: t , s n ~ e s u u l s  i n  a r e s t r i c t e d  r o t a t i o n  a b o u t  t h i s  

. . ? , ~ - ~ 5 r d z j . l  c - d A z e  ; A :  ;"zyLzz:n~', I-?, a n 5  d i 5 e n z y l a m i n e  n j t r a t e ,  1-9, a s  t h e  - - 
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. . I r r a d i a t i o n  o f  1-6 i n  e t h a n o l  i n c r e a s e d  t h e  y i e l d  o f  n i t r a t e  I-9 - 
w h i l e  i r r a d i a t i o n  i n  t r i f l u o r o a c e t i c  a c i d  g a v e  o n l y  a t r a c e  o f  1-9.  - 
I r r a d i a t i o n  o f  d i b u t y l  n i t r a m i n e ,  1-70, i n  t r i f l u o r o a c e t i c  a c i d  (,Scheme - 
1.15) ( 4 3 )  gave d i b u t y l  n i t r o s a m i n e ,  e, a s  t h e  o n l y  p r o d u c t  d e t e c t e d .  

x. - 

hV, N *  

P E N T A N E  

Scheme 1.14' 

Scheme 1.15 



~ h o t d l y s i s  o f  d i m e t h y l  n i t r a m i n e  i n  e i t h e r  n - h e x a n e ,  95% e t h a n o l ,  
? 

o r  a c e t o n i t r i l e  g a v e  o n l y  N - n i t r o s o d i m e t h y l a m i n e  ( 4 1  ) . On i r r a d i a t i o n  

o f  an e q u i a o l a r  m i x t u r e  o f  d i m e t h y l  n i t r a m i n e  d o u b l y  l a b e l l e d  w i t h  N~~ 

' and  u n l a b e l l e d  d i m e t h y l  n i  t r a m i n e  o r  d i m e t h y l  n i  t r o s a i n l n e  i n  t h e  s o l i d  

s t a t e  ( 4 4 )  no i s o t . 0 ~  c r o s s o v e r  was o b s e r v e d .  It was c o n c l u d e d  

t h e r e f o r e  t , h a t  i n  t h e  s o l i d  s t a t e  n i t r o s a m i n e  was formed by a n  N-0 .bond ,r 

c l e a v a g e  . 

D i f f e r e n t  r e s u l t s  w e r e  o b t a i n e d  by Bodnar ( 4 5 )  a n d  Moon ( 4 6 ) .  They 

i r r a d i a t e d  n i n e  c y c i i c  n i t  r a n i n e s  i n  1 , 2 - p r o p a n e d i o l  c y c l i c  c a r b o n a t e  8 

and  i n  t h e  s o l i d  s t a t e  and o b s e r v e d  t h e  f o r m a t i o n  o f  n L t r o x i d e ,  - R 2 E I - 0 ,  

by  E .S .R .  The o x i d a t i o n  o f  an m i n e  r a d i c a l  by  a i r  t o  t h e  s t a b l e  
tG 

n i t r o x i d e  ( 4 7 )  would a c c o m t  f o r  t h e s e  r e s u l t s .  

b 

I n  this work we m a l l  d e n o n s t r a t e  t h a t  t h e  s o l u t i o n  p h o t o l y s i s  o f  
." 

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

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

a e c h a n i s a  i s  p s t u l a t e d  . 

?"ne i n t e n t i o n s  o f .  t h i s  r e s e a r c h  c a n  b e  o u t l i n e d  a s  f o l l o w s :  

e 
E 

1. To s y n t h e s i z e  s u b s t i t u t e d  a z a t r j  c y c l i c  and a z a t e t r a c y c l i c  
I 

canpounds  u s i n g  m i n i 3 m  r a d i c a l  i n t r a a o l e c u l a r  c y c l i z a t i o n s .  



5 

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

& a p p i n g  a g e n t s .  

3. To i n v e s t i g a t e  t h e  u t  i l i  t y  o f  N-ch lora i i i  n e  t h e r m o l y s i s  r e a c t i o n s  

a s  a n  a l t e r n a t e  means o f  s y n t h e s i z i n g  a z a c y c l i c  compounds .  

4. To d e t e r m i n e  i f  t h e  a d d i t i o n  o f  N - n i t r o s a m i n e s  t o  u n c o n j u g a t e d  

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

, . 

5. To i n v e s t i g a t e  t h e  s o l u t i o n  p h o t o c h e m i s t r y  o f  N - n i t r m i n e s .  



CHAPTER 2 

R ES ULTS 

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

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

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

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

C h a p t e r  4  and t h e  s t r u c t u r e s  o f  t h e  p r o d u c t s  r e s u l t i n g  f rom this work 

a r e  g i v e n  i n  Appendix I .  Tne r e s u l t s  o f  t h e  p h o t o l y s i  s o f  N - n i t r o -  

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

2 . 1  The  ene era ti on o f  h i n e  and  h i n i u m  R a d i c a l s  f rom N - n i t r a m i n e s  

U n l e s s  o t h e r w i s e  s p e c i f i e d  N-ni t r o p i p e r i d i n e  p h o t o 1  y s e s  v e r e  

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

n e d i m  p r e s s u r e  m e r c u r y  l a 3 p  p l a c e d  i n  a  Corex f i l t e r  s e r v e d  a s  t h e  

l i g h t  s o u r c e  t o  i r r a d i a t e  t h e i ~ - V  t r a n s i t i o n  band o f  t h e  n i t r a n i n e .  

2 .1 .1  The P h o t o d e c o m p o s i t i x  o f  N-:li t r o p i p e r i d i n e  i n  Methano l  

The p h o t o l y s i s  o f  a m e t h a n o l  s o l u t i o n  o f  f l - n i t r o p i p e r i d i n e  , 11-1 , - 
u n d e r  a  n i t r o g e n  a t z o s p h e r e  was m o n i t o r e d  by t h e  d i s a p p e a r a n c e  o f  t h e  

Tr-Ri a b s o r p t i o n  a t  249 r A ~ .  The peak i n t e n s i t y  d e c r e a s e d  r a p i d l y  o n  

p h o t o l y s i s  w h i l e  i t  showed no c h a n g e  i n  t h e  ' d a r k .  I n s p e c t i o n  o f  t h e  



u n d i l u t e d  U . V .  s p e c t r u m  o f  t h e  p h o r o l y s a t e  showed no new a b s o r p t i o n  

maxima a t  350 nm, a s  e x p e c t e d  i f  N - n i t r o s o p i p e r i d i n e  w e r e  formed as 

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

t h r o m a t o g r a p h y  ( g  . c  . )  arid by g a s  c h r o m a t o g r a p h y - m a s s  s p e c  t r o m e t f y  

(g .c . - rn .s .1  showed t h e  pre.s$nce o f  p i p e r i d i n e ,  11-2 ,  - and  N-formyl- 

p i p e r i d i n e ,  11-3, ( 4 8 )  i n  a r a t i o  o f  1.2:: ,  r e s p e c t i v e l y ,  a s  t h e  - 
m a j o r  p h o t o d e c o m p o s i t i o n  p r o d u c t s .  E x a m i n a t i o n  o f  t h e  c r u d e  p h o t o l y s a t e  

by  t h e  d i p h e n y l a m i n e  t es t  ( 4 9 )  g a v e  a d i s t i n c t  p o s i t i v e  r e s p o n s e  

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

A siinilar p h o t o l y s i s  o f  I= i n  t h e  p r e s e n c e  o f  d i l u t e  h y d r o ' c h l o r i c  Y 

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

a l d e h y d e  was i s o l a t e d  as  i t s  2 , 4 - d i n i t r o p h e n y l  h y d r a z o n e  (2,4-DNPH) 

d e r i v a t i v e  from t h e  t r a p p e d  d i s t i l l a t e  i r h e r e a s  t h i s  cornpound was n o t  

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

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

( 7 6 % )  o n  t r e a t m e n t  xi t h  2 - y o p a n o l  ( 4 8 ) .  B a s i f i c a t i o n  and e x t r a c t i o n  

w i t h  e t h e r  g a v e  p i p e r i d i g e  ( 5 2 % )  a s  t h e  o n l y  o t h e r  p r o d u c t .  However ,  

when t h e  b a s i c  f r a c t i o n  v a s  e x t r a c t e d  w i t h  C H 2 C 1 2 ,  p i p e r i d i n e  was 



a l s o  i s o l a t e d ,  i n  p a r t ,  a s  i t s  d i p i p e r i d i n o m e t h a n e  d e r i v a t i v e ,  I I -4 ,  a s  

a  r e s u l t  o f  a l k y l a t i o n  o f  p i p e r i d i n e  ( 1  2 ) .  

2 . 7 . 2  The P h o t o l y s i s  o f  N - N i t r o p i p e r i d i n e  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  

GTnen 11-1 w a s  p h c t g l y s e d  i n  m e t h a n o l  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  - 
n o  p r o d u c t s  r e s u l t i n g  f r ~ a  a d d i t i o n  t o  c y c l o h e x e n e  c o u l d  b e  d e t e c t e d  i n  

-- < 

t h e  c r u d e  r e s i d u e .  O n l y  t h e  p r e v i o u s l y  d e s c r i b e d  p h o t o d e c o = l p o s i t i o n  

p r o d u c t s  f o m e d  u n d e r  n e u 5 r a l  c q n d i t i o n s ,  e .g . ,  p i p e r i d i n e ,  N - f ~ m y l -  

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

Under  a c i d i c  c o n d i t i o n s ,  n c i i e v e r ,  t h e  p h o t o l y s i s  o f  11-1  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  p r o c e e 5 e d  s i g n i  f i  z a n t l y  s l o w e r  t n a n  when 11-' - 
was i r r a d i a t e d  u n d e r  n e u t r a l  c o n d i t i o n s .  It w a s  o b v i o u s  t h a t  a  

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

a s h o u l d e r  a t  a b o u t  210 113 and  s u b s e q u e n t l y  d i s a p p e a r e d  d u r i n g  t h e  
-7 -a 

i r r a d i a t i o r , .  T h i s  i n t e r ~ e d i a t e  xas b e l i e v e d  t o  b e  n i t r i t e  11 -5  (50) - 
s i n c e  it w a s  w e l l  h o ; n  t h a t  s u c h  n i t r i t e s  were p h o t o l a b i l e  (51). Under  

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



a n d  d e c o m p o s i t i o n  p r o d u c t s .  The a d d i t i o n  p r o d u c t s *  w e r e  c h a r a c t e r i z e d  by 

g . c  .-m.s s a n a l y s i s  as 7-ni t . r o -2 -p ipe r id inocyc lohexane ,  11-6 ( 9 9 1 ,  - 
2 - p i p e r i d i n o c y c l o h e x a n o l ,  11-7 - ( 2 0 % )  , 2-pi  p e r i d i  n o c y c l o h e x a n o n e  o x i a e  , 

11-8 - ( 2 2 5 ) ,  I-methoxy-2-piperidinocyclohexane, 11-9 ( 1 0 % ) ,  and 
, - 

a p i p e r i d i n o c y c l o h e x e n e  , ( f 2%) . 
B 

The mass s p e c t r l a  o f  11-5 was i d e n t i a l  t o  a  2 :3 m i x t u r e  o f  c i s -  and - - 
trans-1-nitro-2-piperidinocyclohexanes ( 2 9 ) .  The i . r .  s p e c t r u m  o f  t h e  c r u d e  

m i x t u r e  a lso e x h i b i t e d  a d i s t i n c t i v e  band a t  1550 cm-' i n d i c a t i n g  t h e  

p r e s e n c e  o f  a n i t r o  p r o d u c t  ( 4 2 ) .  The mass  s p e c t r u m  o f  11-7 was i d e n t i c a l  - 
t o  an a u t h e n t i c  s a m p l e  3 f  t h e  t r a n s - i s o a e r .  

*The p r e s e n t  y i e l d s  Mere e s t i n a t e d  f r o 3  g . c .  p e a k  areas r e l a t i v e  
t o  t h e  t o t a l  a r e a  o f  t h e  g . c .  v o l a t i l e  p r o d u c t s .  



The m . s ,  o f  11-8 was i d e n t i c a l  t o  t h a t  o f  an a u t h e n t i c  s a m p l e .  - 
Methoxy m i n e  11-9 had a m o l e c u l a r  i o n  peak a t  m/e 197 and a b a s e  p e a k  - 
a t  m/e 124 which  was comaon t o  a l l  t h e  p i p e r i d i n o c y c l o h e x a n e  d e r i v a t i v e s  

i n  a d d i t i o n  t w  a  s t r o n g  m/e 182 peak p r e s u m a b l y  d u e  t o  t h e  l o s s  o f  a 

CH f r a g m e n t .  3 I 
The n . s .  o f  t h e  l a s t  a d d i t i o n  p r o d ~ c t  e x h i b i t e d  a n  '@ peak  a t  m/e 

I 

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

s a n p l e  o f  3 - p i p e r i d i n o c y c l o h e x e n e ,  11-: 0. The b a s e  peak  o f  t h i  s conpound 

a p p e a r e d  a t  a / e  137 however  w h i l e  t h a t  o f  11-70 a p p e a r e d  a t  in/e '11. 

T n i s  s u g g e s t e d  t h a t  t h i s  coqpound i s  more l i k e l y  t o  b e  11-: 1 t h a n  i t s  

i s o m e r ,  3 - p i p e r i d i n o c  y c l o h e x e n e ,  11-1 0 .  

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

Q c l o h e x e n e  Under Oxygen 

The d i s a p p e a r a n c e  o f  n i t r o p i p e r i d i n e  when i r r a d i a t e d  u n d e r  a n  

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



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

1- 
were  1 -n i  t r a t o - 2 - p i  p e r i d i n o c  yclohexane*,"rI-12, a s  i n d i c a t e d  by  t y p i c a l  - 
1.;. a b s o r p t i o n s  a t  1 6 2 5 ,  127'5 and 8 6 5  om-' ( 4 2 ,  p . 3 0 : ) .  I n  v i e w  o f  

/ 

t h e  i n s t a b i l i t y  o f  t h e s e  n i t r a t e s  ( 2 9 )  t h e  c r u d e  p r o d u c t  w a s  r e d u c e d  

w i t h  l i t h i u m  aluminum h y d r i d e  ( L A H )  t o  g i v e  c i s -2 -p ipe r i c i inocyc lohexano l  - 
and t h e  c o r r e s p o n d i n g  t r a n s - i s o m e r -  i n  a  1  :2 r a t i o  ,- r e s p e c t i v e l y  ( 2 9 ) .  

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

n i t r a t e s  11-1 2 .  

2 .2  S y n t h e s i s  o f  k n i n e s .  

A 7 :3 mixture o f  2-endo-bronoz1etnylb icyclo[2 ,2 ,  - I  l h e p t - 5 - e n e ,  11-1 3 ,  

and  t h e  c o r r e s p o n d i n g  e x o  - i s o a e i  was p r e p a r e d  by t h e  D i e l s - A l d e r  - 
r e a c t i o n  (52) of c y c l o p ~ n t a d i e n e  w i t h  a l l y 1  brornide.  T h i s  m i x t u r e  was 

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

2-endo-!nethyl-arninomethylbicyclo[2,2,1]hept--ene, - 11-14, a n d  t h e  - 
c o r r e s p o n d i n g  e x o  - i s o z l e r .  h i n e  11-1 4  was u t i l i z e d  w i t h o u t  f u r t h e r  - - 

' p u r i f i c a t i o n .  



The n.m.r .  spec t rurn  o f  11-1 3 shoyed a  d o u b l e t  o f  d o u b l e  d o u b l e t  p a t t e r n  

a t 7 9 . 4 1  J 1 1 . 5 ,  4 ,  and 2 . 5  Hz) wnich was a s s i g n e d  t o  t h e  C3-endo-proton. ' - 
The c o r r e s p o n d i n g  p r o t o n  i n  11-1 4  appea red  a s  a  broedened  d o u b l e t  a t .  T 9.50  - 
( J = 1  OHz) . The s h i f t  t o  a  h i g h  f i e l d  h a s  been a t t r i b u t e d  ( 5 3 , 5 4 1  t o  t h e  

r 
a n i s o t , r o p i c  e f f e c t  o f  t h e  C2-endo-methylene s u b s t i t u e n t .  

The r e a c t i o n  o f  1 , 3 - c y c l o h e x a d i e n e  w i t h  a c r y l i c  a c i b  ( 55)  g a v e ,  

I a f t e r  d i s t i l l a t i o n ,  endo-2-carbornethoxylbicyclo[2,2,2]oct-5-ene, - 
11-15,  i n  46% y i e l d .  The c a r b o x y l i c  a c i d  was a o d i f i e d  by t h e  s e q u e n c e  - 
shown i n  Scheme 2 .1  t o  g i v e  t h e  d e s i r e d  amine 11-17 i n  an o v e r a l l  y i e l d  - 

While i n  t h e  l i t e r a t u r e  carboxamide  11-1 6  was r e p o r t e d  t o  have. m . p .  - 
103-105' ( 5 5 1 ,  ou r  p r e p a r a t i o n  z a v e  a  c r y s t a l l i n e  s o l i d  o f  m.p. 

135-136•‹. E l emen ta l  a n a l y s i s  o f  o u r  sample  gave  t h e  c o r r e c t  a n a l y s i s  

f o r  C10H15N0 and t h e  i . r .  e x h i b i t e d  t h e  a p p r o p r i a t e  amide bands  a t  

1640 and 1555 em-'. Our compound was f u r t h e r  s u p p o r t e d  by 

c o n v e r s i o n  o f  11-16 t o  amine 11-77 whose n.m.r .  s p e c t r u m  e x h i b i t e d  a  - 
\ 

one  p r o t o n  m u l t i p l e t  a t  ~ 9 . 1 3  f o r  t h e  C endo-pro ton  ( 5 3 ) .  3-- 



Scheme 2 . 1  

A c r u d e  s a m p l e  o f  endo-norbornene-cis-5,6-dicarboxyli c  a n h y d r i d e ,  

11-18 ,  was r e c r y s t a l l i ~ e d  from w a t e r  as  w h i t e  n e e d l e s  m e l t i n g  a t  - 
qT 

164-165'  it .165O) ( 5 6 ) .  The r e a c t i o n  o f  11-18 - w i t h  N H 4 0 H  ( 5 6 )  as 

shown i n  Scherne 2 .2  g a v e  an i n t e r m e d j a t e  s a l t  b e l i e v e d  t o  b e  amide  11-19 - 
w h i c h  e x h i b i t e d  i . r .  b a n d s  d u e  t o  t h e  c a r b o x y l i c  a c i d  s a l t  a t  1710 and 

1628 cm" a s  w e l l  as amide  b a n d s  a t  1660 and 1530 cm-'. T r e a t m e n t  (" 
o f  11-19 w i t h  a c e t i c  a n h y d r i d e  g a v e  i rnide 11-20 ( 5 6 )  which  e x h i b i t e d  t h e  $ - - / 

a p p r o p r i a t e  i . r .  b a n d s  a t  1760 and 1700 em". The n . n . r .  s p e c t r u n  
+ 



o f  11-20 e x h i b i t e d  a n  AB q u a r t e t  d i s p l a y i n g  weak s e c o n d a r y  c o u p l i n g  f o r  - 
t h e  C I O - s y n  - and - a n t i  - p r o t o n s *  a t  2 8 . 4 4  (ad = 15 Hz, J=9  Hz) . 

11-1 9 - 
Scheme 2 .2  

Inr the  d e s c r i p t i o n  o f  n . n . r .  s p e c t r a  t h e  t e r m s  syn  and a n t i  - w i l l  
%use$  i n  t h e  f o l l o x i n ~  ways.  When r e f e r r i n g  to-bridqe p r o t o n s  o f  \ c y c l i c  o l e f i n ,  syn  i s  a p p l i e d  t o  t h e  p r o t o n  n e a r e s t  t h e  o l e f i n .  

Anti w i l l  r e f e r  to t h e  p r o t o n  f u r t h e s t  from t h e  o l e f i n .  Xhen - 
r e f e r r i n ?  t o  a l d o x i e s ,  s:;n i s  i n  r e f e r e n c e  t o  t h e  isorcer  w i t h  t h e  
oxime hydroxy f u n c t i o n  c i s  - t o  t h e  a l d o x i n e  p r o t o n .  In  r e f e r e n c e  t o  
h e t e r o c y c l i c  o x i z e s , t h e  syn  i s o n e r  i s  t h e  one i n  which  t h e  o x i n e  
hydroxy f u n c t i o n  i s  or, t - G s m e  s i d e  as t h e  r i n g  h e t e r o a t o m .  
F i n a l l y ,  i n  t h e  d e s c r i p t i o n  o f  N-ni t rosamine  g e o m e t r i c a l  i s o m e r s ,  
Z n  w i l l  r e f e r  t o  t h e  is.=lzer w i t h  t h e  n i t r o s o  g roup  c i s  t o  t h e  
sznalPer s u b s t i t u e n t .  - h t i  x i 1 1  r e f e r  t o  t h e  a l te rna te-geonet r ica l  i s o z e r .  



". 
R e d u c t i o n  o f  i m i d e  11-20 - w i t h  LAH by  t h e  known p r o c e d u r e  (57 ,581 d i d  

n o t  g i v e  d i r e c t l y  t h e  m i n e  11-21 b u t  i n s t e a d  what. a p p e a r e d  t o  b e  a n  - 
i n o r q a n i c  complex o f  t h i s  a m i n e  e x h i b i t i n g  a  s t r o n g  NH2 d e f o r m a t i o n  

band a t  :6& cm" ( 4 2 ) .  The  m . s .  o f  t h i s  v o l a t i l e  a m i n e  s a l t  

e x h i b i t e d  a p e a t  a t  n / e  135  and a  b a s e  p e a k  a t  s / e  68 f o r  C ~ H ~ N +  ,'' 

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

p r e s e n c e  o f  a p y r r o l i d i n e  r i n g  ( 5 9 ) .  High r e s o l u t i o n  n a s s  s p e c t r o s c o p y  

o n  t h e  p e a k  a t  m/e 735 g a v e  t h e  e x a c t  mass f o r  CgH13:d, t h e  

r e q u i r e d  m o l e c u l a r  i o n  f o r  m i n e  11-2:. The n . rn . r .  s p e c t r u a ^ o f  t h i s  

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

p r o t o n s  a t  7 3 . 7 8  and  t h e  e x j x c t e d  AE q u a r t e t  a t  r 8 . 5 2  (63 = 1 4 . 5  Hz, 5 = 8 . 5  

Hz) f o r  t h e  Cl0-yyn ar,d a n t i - p r o t o n s .  - S i n c e  t h i s  complex c o u l j  b e  

t r a n s f o m e d  d i r e c t l y  i n t c ,  t h e  N - n i t r ~ s o  d e r i v a t . i v e  o f  11-27, w h i c h  g a v e  - 
P 

t h e  c o r r e c t  e l e m e n t a l  a z a l y s i s  f o r  C g H ,  2:J20, f u r t h e r  

c h a r a c t e r i z a t i o n  x a s  n o t  ? u r s u e < .  < 

N i t r o s a t i o n  9 f  t h e  S i z y c l i c  a n 3  t r i c y c l i c  a m i n e s  was a c h i e v e d  u s i n g  

e i t h e r  sodium n i t r i t e  (!Ia::3 )c, d i n i t r o z e n  t e t r o x i d e  ( ! ' 1 2 3 4 ) ,  o r  2 

n i t r o s o t e t r a f l m m b o r a t  e ( ! i r J E F 4 )  a s  n i t r o s a t i n g  a g e n t s .  Tne 

c 0 n d i t i o i . s  u e d  2 ttne n i t r D s s t i c r ,  w i t h  NaN02 ( 6 0 )  p r o v e d  t o  b e  t o o  

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

bond .  L3der  t h e s e  cc,n"i:ions n i t r w s  a c i d  added  e x t e n s i i r e l y  a c r o s s  t h e  

d o u b l e  bond g i - l i n g  a  c o 3 2 l e x  a i x t u r e  9 f  n i t r o s o ,  n i t r i t e ,  znd  n i t r o  

p r o d u c t s  ( 6 ' , 6 2 : .  



D i n i t r o g e n  t e t r o x i d e  ( 6 3 )  proved t o  b e  a  m i l d e r  n l t r o s a t i n g  a g e n t  

a s  di.' :;53F4 ( 6 4 ) .  The r e a g e n t  o f  c h o i c e  was, however ,  N03F,, i n  t h e  Y 
I 

p r e x n c e  o f  p y r i d i n e  i 65 i wnicn l e f t  t h e  o l e f i n i c  bond a l n o s t  c o m p l e t e l y  

I n t a c t .  

Tne 2 -n i  t rosami  nes  s:mt z e s i  zed e x k i b i  ted ve ry  c o n p l e x  n  .T . r  . 

s p e t r r -  a s  a r e s u l t  7f t h e  p r e s e n c e  o f  syn-  and a n t i -  I s s z e r s  - - 





Compound 

11-2 5 - 
11-2 6 

T a b l e  2.2 

Yield  and S p e c t r a l -  P r o p e r t i e s  o f  t h e  N-ch lo ramines l  

N.M. R.T-Values 

Crude 

Recovery(  I ) 

90 

8 68 

Xmax o l e f i n l c  

run(€) p r o t o n s  - -CH 2- N C 1 - C H 3  

277(315)  3 .75  7.03 7.10 

1 .  S e e  f o o t n o t e s o n  Tab le  2 .1 .  



2.4.1 N-Nitroso-2-endo-aethylaminomethylbicycl0[2,2,1 h e p t - e n  11-22 

The p h o t o l y s i s  o f  n i t r o s a m i n e  11-22, c o n t a i n i n g  a b o u t  30% o f  t h e  

c o r r e s p o n d i n g  exo-isorner,  i n  me thano l  unde r  a  n i t r o g e n  a t n o s p h e r e  

proceeded  r a p i d l y  a s  shown by t h e  d i ~ ~ p p e a r a n c e  o f  t h e  n-n* t r a n s i t i o n  

band o f  t h e  n i t r o s a m i n e  i n  t h e  U.V. s p e c t r m  o f  t h e  p h o t o l y s a t e .  T h i s  

was accompanied by t h e  a p p e a r a n c e  o f  a s t r o n g  band a t t r i b u t e d  t o  t h e  

f o r m a t i o n  o f  an i n t e r n e d i a t e  C - n i t r o s o  d imer  (11,12) a t  290 na. No 

s t a r t i n g  N - n i t r o s a n i n e  was r e c o v e r e d  from t h e  p h o t o l y s a t e .  The major  

p r o d u c t s  i s o l a t e d  were  t h e  a z a b i c y c l i c - s y r  -&doxime 11-27 ( 2 2 % )  and 

hydroxy l a c t a m  11-25 - ( 2 9 2 ) .  Also  i s o l a t e d  was a  s m a l l  amount o f  

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

spectrum a t  73 .90  ( J=1 .5 ;1z)  a t t r i b u t e d  (67  

t h e  a p p r o x i a a t e l y  30% of t h e  E - b i c y c l 0 [ 2  

i n  t h e  s t a r t i n g  n i t r o s a ~ i n e  1 1 - 2 2 .  

) t o  p r o d u c t s  o r i g i n a t i n g  f r o n  

, 2 , 1 ] - i s o m e r  which  was p r e s e n t  



Aldoxime 11-27 was i s o l a t e d  a s  a n  u n s t a b l e  s o l i d .  - The i .r .  - 
s p e c t r m  c o n f i r m e d  t h e  p r e s e n c e  o f  an oxirne f b n c t i o n  w i t h  band$  a t  3300 ,  

\ '  

3040 ,  9 2 0 ,  8 9 0  and 8 6 0  cn-' a n d  t h e  M+-2 i o n  a t  d e  :82 a n a l y s e d  

. c o r r e c t l y  f o r  CgH:402. R e  n  .rn . r  s p e c t r u m  e x h i b i t e d  a  d o u b l e t  a t  

72.72 ( J = 7 H z ,  Hd) i n d i c a t i n g  11-27 t o  be  the s y n - a l d o x i n e  ( 6 8 1 ,  a  b r o a d  - - 
d o u b l e t  a t  ~ 5 . 3 0  ( J = 5 . 5 H z )  was a s s i g n e d  t o  Kc, a n d  a b r o a d e n e d  d o u b l e t  

a t  7 6 . 5 5  ( J = 8 H z )  t o  Hb w h i c h  s h o u l d  c o u p l e  g e n i n a l l y  t o  Ha a n d  o n l y  

w e a k l y  t o  t h e  b r i d g e h e a d  p r o t o n  a t  C5 s i n c e  t h e  d i h e d r a l  a n g l e  w i t h  

t h i s  p r o t o n  i s  a p p r o x i n a t e l y  90' ( 6 9 ) .  The e a s e  by  w h i c h  11-27 was  - 
c o n v e r t e d  t o  h y d r o x y  l a c t m  11-28 by  a n  i n t r a n o l e c u l a r  r e d o x  r e a c t i o n  - 
( 7 0 )  on t r e a t n e n t  w i t h  s o d i m  b i s u l p h i t e  ( 7 3 )  i n d i c a t e d  t h a t  t h e  h y d r o x y  

f u n c t i o n  was ~ o  t o  t h e  c i s  f u s e d  r i n g  s y s t e n .  - 

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

l a c t m  11-23  as C9H,,!; , 02 .  The i . r .  s p e c t r m  o f  11-25 s n o x e i  -. - 
3 

a b s o r p t i o n  a t  3300 c z -  f o r  t h e  h y d r o x y l  g r o u p  a n d  a t  '660 cn- f o r  

t h e  8 - l a c t m  f u n c t i o n  ( : 2 j .  The z a s s  s p e c t r m  o f  1 x 3  g a v e  a s t r o n g  

@ i o n  a t  m/e 169 and a  p r m i n e n t  pe_& a t  m/e 9 8 .  t h e  l a t t e r  p e a k  i s  

c o x o n  t c  t h e  mass s?e: t ra  o f  s u b s t i t u t e d  N-ne thy l  % - l a c t a n s  ( 7 2 )  and i s  ; 

p s t u l a t e d  t o  b e  g e n e r a t e d  f r o n  11-29 a s  shown i n  S c h e a e  2 . 3 .  The $1 i 

, n . rn . r .  s p e c t r m  of  t h e  l a c t a a  e x h i b i t e d  a t h r e e  p r o t o n  r n u l t i p l e t  a t  

a b o u t  7 6 . 4  a s s i g n e d  t o  t h e  t x o  p r o t o n s  a t  Cg and Ha a t  CQ. The 

d o u b l e  d o u b l e t  a t  7-6.92 (J=: 0  and : Hz)  was  a s s i g n e d  t o  Hb w n i c h  

s h o u l d  w e a k l y  c o u p l e  t o  t h e  b r i d g e  p r o t o n  z t  C5. 



Scheme 2 . 3  

R e d u c t i o n  o f  11-25 x i t h  s o d i m  b i s - ( 2 - n e t h o x y e t h o x y ) a 1 u ~ i n m  

h y d r i d e  g a v e  t h e  b i c y c l i c  a z i n e  11-24 w h i c h  w a s  a n a l y s e d  a s F t \ $  p i c r a t e .  - 
r' The m . s .  o f  a m i n e  11-29 g a v e  t h e  m o l e c u l a r  i o n  a t  3 / e  155 and ; l the  i . r .  - 

s p e c t r m  e x h i b i t e d  a l c o h o l  a b m r p t i o n s  a t  3300 and :020 cn' ' . T a k i n g  

a d v a n t a g e  of  t h e  f a c t  t h a t  11-29 p o s s e s s e d  a  p l a n e  o f  s y n n e t r y  t n e  - 

s t r u c t u r e  was @I(nfirad by t h e  p r e s e n c e  o f  a  s h a r p  d o u b l e t  a t  7 6 . 3 8  

(J=5Hz)  i n  t h e  n . m . r .  s p e c t r u m  d u e  t o  t h e  t u o  m a g n e t i c a l l y  e q u i v z l e n t  

p r o t o n s  a t  C g .  The s p e c t r m  a l s o : e x h i b i t e d  a t w o  p r o t o n  d o u b l e t  a t  



~ 7 . 3 9  (J=8.5Hz) a s s i g n e d  t o  t h e  two Hb p r o t o n s  w h i c h  would n o t  b e  

e x p e c t e d  t o  c o u p l e  t o  t h e  b r i d g e h e a d  p r o t  n s  s i n c e  t h e i r  d i h e d r a l  a n s l e s  T 
w i t h  t h e s e  p r o t o n s  a p p r o x i m a t e d  90'. The two p r o t o n s  z e n i n a l  t o  t h e  / 
Hb p r o t o n s  a p p e a r  a s  a two p r o t o n  m u l t i p l e t  a t  7 7 . 4 5 .  

bK>CHZ 

/ I-" 
2 . 4 . 2  ti-Ni t r 0 ~ 3 - 2 - ~ 5 h - ~ e t 2 ~ 1 2 3 i ~ 3 ~ e t h j r l ~ i 2 ~ ~ 1 [ 2 , 2 ,  - s t - -  11-23  - 

P h o t o l y s i  s o f  n i  t r o s a g i n e  I I - 2 3  u n d e r  n i t r b g e n  save t r l  c y c l i c  - 
s y n - o x i a e  11-30 (5351 ,  i n  ? a r t  as  i t s  h y d r o c h l o r i d e ,  and  t k  - - 
c o r r e s p o n d i n g  a n t i - o x i a e  ;;-3: ( : 3 . 5 4 ) .  Oxime 1:-30 e x h i b i t e d  i . r .  - - - 
b a q d s  a t  3 i 8 0 ,  3C40, 9110 and 920 c s -  f o r  t n e  oxirne f u n c t i o n .  'he 

n o .  s p e c t r m  showed a  d o u b l e t  a t  7 6 . 0 2  ( J = 4 H z )  f o r  Ha, and  a  

d o u b l e  d o u b l e t  a t  56.98 (Jz9.5 and 4Hz) was a s s i g n e d  t o  Hb x h i c h  u a s  

c o u p l e d  g e a i n a l l y  t o  H, m d  a1 so t o  Hd s i n c e  t h e  d i h e d r a l  a n z l e  
i 

b e t w e e n  Hb and Hd x a s  a p p r o x i n a t e l y  35" (69). The n , n . r .  

s p e c t r m  o f  o x i z e  11-30 was  r e z d r d e d  i n  t h e  p r e s e n c e  o f  i n c r e a s i n g  - 
m o u n t s  o f  t r i s ( d i p i ; r a l ~ ~ e t h a n a t o ) e u r o p i m (  111) s h i f t  r e a g e n t .  The 



L 4  

p r e s e n c e  i f  a  d o u b l e t  o r l p i n a l l y  a t  a b o u t  2 7 . 5  (J.9-10Hz) w a s  r e v e a l e d  

i n  t h i s  manner .  T h i s  d o u b l e t  was a s s i g n e d  t o  H, which v a s  not '  

e x p e c t e d  t o  c o u p l e  t o  Hd s i n c e  t h e  Hc and Hd d i h e d r a l  a n s l e  was,& 

' a p p r o x i m a t e l y  90' ( 6 9 ) .  

ON- N 
I 
J 

The h y d r o c h l o r i d e  o f  11-36 h a s  i .r. b a n d s  d u e  t o  the o x i n e  f u n c t i o n  - 
a t  3125 ,  3060,  9 5 3 ,  9" 2nd 9 0 5  c z - '  2s w e l l  , a s  b a n d s  d u e  t a  t n e  

1 p r o t u n a t e d  a n i n e  2t 2 6 6 3 ,  2589 a r ~ d  2553  em-, . A c r y s t a l l o 3 r a p n i c  

a n a l y s i s  o f  t h e  h y d r o c h l o r i d e  ( C n a ? t e r  5 )  v e r i f i e d  t n e  s t r u c t u r e .  

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

syn-oxime 11.-3C. - - 

In a d d i t i o n  t o  ox ime  11-30  a  c r y s t a l l i n e  compound was i s o l a t e d  as a - 
m i n o r  p r o d u c t  w h i c h  was a s s i g n e d  a s  a n t i - o x i m e  11-31 by c a p a r i s o n  o f  

J - - 
t h e  s p e c t r a l  d a t a  o f  t h i s  p r o d u c t  t o  t h o s e  of ox ime  11-30, The i . r .  - 



I s p e c t r u m  o f  
7 

and  9 2 0  cm' 

e x c e p t  t h a t  

180. 

11-37 e x h i b i t . e d  t h e  r e q u i r e d  oxirne b a n d s  a t  3 1 8 0 ,  3060 ,  965 - 
' a n d  the mass s p e c t r a  o f  11-30 and 11-31 w e r e  t h e  same - 0. 

11-37 e x h i b i t e d  a  more  i n t e n s e  m o l e c u l a r  i o n  peak  a t  m/e 

The d o u b l e t  f o r  Ha w h i c h  r e s o n a t e d  a t  ~ 6 . 0 2  i n  t h e  s y n - o x i n e  was - 
s h i f t e d  u p f i e l d  t o  76.86 ( J = 4 . 5 H z )  i n  t h e  n .m. r .  s p e c t r u m  o f  a s - o x i r n e  

11-31. I n  a d d i t i o n ,  t h e  n . 5 . r .  s p e c t r u m  o f  11-37 e x h i b i t e d  a t r i p l e t  - - 
a t  7 6 . 2 5  ( J z 6 . 5 H z )  and was a s s i g n e d  t o  H e  whi o h  was o b v i o u s l y  

s h i f t e d  d o w n f i e l d  due 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  a n t i - o x i m e  - 
g r o u p  ( 7 3 ) .  The d o u b l e  d o u b l e t  a t  T 6 . 7 2  ( . J=11  and  4.5Hz) was 

a t t r i b u t e d  t o  H b .  I r r a d i a t i o n  31. Hd a t  ~ 7 . 7  d e c o u p l e d  t h e  d o u b l e  

d o u b l e t  o f  Hb i n t o  a  d o u b l e t  x i t h  J=:  '-!2Hz. S i ~ i l a r l y ,  i r r a d i a t i s n  . 

a t  t h e  7 8 . 3  r e z i o n  c a u s e d  t h e  He t r i p l e t  a t  7 6 . 2 5  t o  co l l s ; . se  t a  a  

s i n g l e t .  

a n t i  -0xime 11-3 1  - - 



;Treatment o f  syn-oxine  11-30 o r  a  m i x t u r e  o f  syn-oxime 11-30 and/  
d 

- - - - 
a&i-oxirne 11-37 w i t h  sodium b i s u l f i t e  ( 7 1 )  gave  t r i c y c l i c  k e t o n e  11-32. - 
The i . r .  spec  t r u n  of  11-32 e x h i b i t e d  a  s t r o n g  c a r b o n y l  band a t  1720 - 
cm" and {he n.m.r.  s p e c t r u m  a g a i n  d i s p l a y e d  t h e  d o u b l e  d o u b l e t  f o r  

\ 

Hb a t  7 6 - 7 8  ( ~ = 9  and 4Hz) and t h e  d o u b l e t  f o r  Ha a t  T6.93. ( J = 5 H z ) .  

2.5 P h o t o l y s i s  3f :!-:Jitrosamines i n  t h e  ? r e s e n - e  o f  Radizal 

Trapp ing  Agents 

2 .5 .1  P h o t o l y s i s  o f  !li t r o s a x i n e  11-22 TJnder Oxysen 

When n i t r o s a n i n e  11-22,  c o n t a i n i n s  about  30% o f  t h e  c o r r e s p o n d i n g  - 
s o - i  somer , was pha to lysed  under  oxygen ,  t h e  r eac t . i on  was c l e a r l y  

r e d i r e c t e d .  The a b s o r p t i o n  b m d  a t  290 MI a s s o c i a t e d  xi t h  t h e  f o r m a t i o n  
1 

o f  an i n t e r m e d i a t e  C-n l t ro so  d i n e r  ( 1 1 )  was a b s e n t  from t h e  U . V .  

s p e c t r m  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  work-up, t h e  c r u d e  b a s i c  

r e s i d w  o f  t h e  p h o t o l y s a t e  e x h i b i t e d  s t r o n g  i . r .  bands  a t  1620 and 1275 

- '  which  were c o n s i s t e n t  xi t h  t h e  f o r s a t i o n  o f  a l k y l  n i t r a t e s  d u r i n g  

t h e  o x i d a t i v e  p h o t o - a d d i t i o n  o f  n i t r o s a r n i n e s  t o  o l e f i n s  ( 2 8 ) .  A s t r o n g  



c a r b o n y l  b m d  a t  1720  cm' ' in t h e  i .r .  s p e c t r u m  a?d a weak s i g n a l  i n  

t h e  n .m.r .  s p e c t r m  a t  ' r 0 . 2 5  w e r e  a t t r i b u t e d  t o  t h e  f o n a t i o n  o f  

a l d e h y d e s  ( 2 8 ) .  To p r e v e n t .  e x t e n s i v e  d e c o m p o s i t i o n  o f  t h e  p r i i n a r y  

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

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

1act.a.cn 11-28 ( v i d e  s u p r a ) .  - 

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

a l c o h o l  11-33 ( 1 2 5 1 ,  b i c y c l i c  a a i n o  a l c o h o l  11-29 M OX), and a  m a l l  - - 
m o u n t  o f  o l e f i n i  c  m a t e r i a l  ( 7 0 % )  . h i n o  a l c o h o l  11-33  was  p u r i  f i e d  

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

/ - 

c , ~ H , ~ N ~ o ~ .  me mass s p e c t r m  o f  11-33 had I{+ i o n  p e a k  a t  m/e * - - 

1 5 3  a n d  t h e  i . r .  s p e c t r m  e x h i b i t e d  s t r o ' x  a l c o h o l  b a n d s  a t  3350 and 

1015  cm-I. The n . 3 . r .  s p e c t r m  o f  t n e  n y a r o c h l a r i d e  o f  11-33 was 

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

C (H 1 a p p e a r e d  as a  z u l t i p l e t  a t  1 5 . 9 0  (i.i - 3 3 2 ) .  T h i s  ? r o t o n  z u s t  9  d  3- 
t h e r e f o r e  b'e e&o s i n c e  i n  t h i s  o r i e n t a t i a n  t h e  d i h e d r a l  a n z l e  t o  

a d j a c e n t  p r o t o n s  a p p r o x i m a t e d  99' l e a d i n g  t o  weak c o u p l i n g s .  F o r  t h e  

same r e a s o n  Ha a p p e a r e d  a s  a d o u b l e t  a t  7 6 . 6 9  (J=5HZ) c o u p l e d  o n l y  t o  

t h e  C8 p r o t o n  ( 7 4 , 7 5 ) .  The p r o t o n s  a t  C w e r e  a g a i n  c o u p l e d  
3 

g e m i n a l l y  t o  o n e  a n o t h e r  . x i t n  Hc as a d o u b l e t  a t  7 6 . 7 2  ( J = ! 0 . 5 3 2 )  and 

H b , h a v i n g  a d i h e d r a l  a n g l e  o f  a p p r o x i m a t e l y  30' w i t h  t h e  p r o t o n  a t  

C4, a p p e a r e d  a s  a d o u b l e  d o u b l e t  a t  T 7 . 0 9  ( J = l O . 5  and 5Hz) , a p a r t  

o f  w h i c h  was  o v e r l a p p e d  .xi t h  t h e  N-CH3 s i g n d l  





"3. 

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

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

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

11-29.  The o l e f i n i c  m a t e r i a l  i s o l a t e d  f rom t h e  r e d u c e d  f r a c t i o n  was 

p r e d o m i n a n t l y  a l c o h o l  11-34 as  d e t e r m i n e d  by c o r n p a r i s o n  o f  t h e  9 . n . r .  

s p e c t r u m  o f  t h i s  s a m p l e  w i t h  t h a t  o f  a u t h e n t i c  11-34 ( 5 3 ) .  T h i s  - 
compound was assumed t o  be d e r i v e d  f rom t h e  a p p r o x i m a t e l y  30; of t h e  

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

11-22, 



2.5.2 P h o t o l y s i s  o f  N i t ro samine  1 x 2  i n  C B r C l  3  

~ h o t b l ~ s i s  o f  11-12 i n  a  h e t e r o g e n e o u s  m i x t u r e  o f  CBrCl and 3 

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

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

i d e n t i f i e d  a s  CC13!i0 ( 1 2 ~ 6  . Two p r o d u c t s  w i t h  v e r y  s i m i l a r  s p e c t r a l  

d a t a  were  i s o l a t e d .  !4ass s p e c t r a l  a n a l y s i s  o f  t h e  major  p r o d u c t '  

d e m n s t r a t e d  i t  t o  be a  aono-bromo compound w i t h  t h e  i no l acu la r  fo rmula  

C H NBr a s  d e t e r ~ i n e c i  ~y h i g h  r e s o l u t i o n  ma'ss s p e c t r o m e t r y  on  t h e  9 14 

@ i o n  a t  m/e 215 .  The n . s .  o f  t h e  minor p roduc t  e x h i b i t e d  most o f  

t h e  c o r r e s p o n d i n g  peaks  t o  t h o s e  of t h e  major  p roduc t  w i t h  t h e  e x c e p t i o n  
4 

t h a t  t h e  tp i o n s  x e r e  r e c o r d e d  a t  n / e  171 and 173 i n d i c a t i n g  t h a t  i t  
/ 

was a  mono-cnl3ro c o r p u n c ' , .  i i ign r e s o l u t i o n  mass s ? e c t r o s c 3 p y  on t h ?  

m/e 171 peak gave t ~ e  r ~ l e c u l a r  f o r n u l a  a s  C 9 H 1 4 N C l .  
/ - 



Comparison of t n e  n  .a . r .  s p e c t r a  o f  t h e  bromo ch loro  compounds 

i n d i c a t e 4  t h a t  the  ? i n 3  s t r x t u r e s  and s te reoche ;n i s t ry  sf ti& two 

c o r ; p l ~ n d s  were i i e r . t i c a l .  Tne s t r u c t u r e s  were shokm :3 o e  11-35 and - 4 



- .  t t g ' i r e  2 . 2 :  The N . : 4 . R .  S p e c t r a  of 11-35 and 11-36 i n  CDCl -- 3' 
P 



2 .5 .3  P h o t o l y s i s  o f  N i t ro samine  . I x 2  i n  C C 1 4  

Pho t o 1  y s i s  o f  a h e t e r o g e n e o u s  m i x t u r e  o f  n i  t r o s a m i  n e  11-22, - 

h y d r o c h l o r i c  a c i d  and C C 1 4  gave  a  b a s i c  f r a c t i o n  composed o f  11-36 and - 
s t a r t i n g  m i n e  11-1 4 i n  a  r a t i o  o f  6 :  1 ,  r e s p e c t i v e l y ,  as  d e t e r m i n e d  by. 

g . c .  I d e n t i f i c a t i o n s  o f  11-36 and 11-74 were based  on t h e i r  

c h a r a c t e r i s t i c  n .m.r .  - s i g n a l s  and comparison by  g . c .  w i t h  a u t h e n t i c  

sampl e s  . 

2.5.4 Pho to1  y s i  s o f  N i  t r o s a m i n e  11-23 Under Oxygen 

P h o t o l y s i  s o f  11-2 3 u n d e r  an oxygen a t raosphere  was i m m e d i a t e l g  

fo l lowed  by L A H  r e d w  t i o n  o f  t h e  b a s i c  e t h e r  e x t r a c t .  Chromatographic  

s e p a r a t i o n  o f  t h e  reduced  m a t e r i a l  gave  t r i c y c l i c  amino a l c o h o l  11-37 

( 13%)  , b i c y c l i c  m i n o  a l c o h o l  11-38 ( 13%)  and a n  o l e f i n i c  f r a c t j o n  - 
( - 1 7 % ) .  F u r t h e r  e x t r a c t i o n  o f  t h e  p h o t o l y s a t e  n o t h e r  l i q u o r  w i t h  

C H 2 C 1 2  gave a d d i t i o n a l  b a s i c  2 a t e r i a l  composed ma in ly  o f  a  n i t r a t e  

r 1625 and 1270 cm") and a  k e t o n e  ( i . r .  1710 em-') i n  an  

a p r o x i m a t e l y  1  :1 r a t i o .  

Amino a l c o h o l  11-37 had a n  K+ i o n  peak a t  m/e 167 f o r  - 
C1 0 H 1 7 N 0  a s  de t e rmined  by h i g h  r e s o l u t i o n  mass s p e c t r o s c o p y  and a  

p a i r  of b a s e  peaks  a t  n / e  94 and 82.  The i.r.. spec t rum e x h i b i t e d  

7 -9 s t r o n g  bands c h a r a c t e r i s t i c  o f  an a l c o h o l  a t  3350,  1052 and 1025 em' . 
The m o l e u l a r  s t r u c t u r e  o f  t h i s  amino a l c o h o l  was f i r m l y  e s t a b l i s h e d  

by o x i d a t i o n  ( 7 9 )  t o  ke tone  11-32 o b t a i n e d  p r e v i o u s l y  by t h e  



h y d r o l y s i s  o f  ox imes  11-30 and 11-31. The s t r u c t u r e  o f  11-30 was - - - 
u n e q u i v o c a l l y  p roven  by X-ray d i f f r a c t i o n  s t u d i e s .  The n  .m .r . s p e c t r u m  

o f  amino a l c o h o l  11-37 ( F i g u r e  2 .3 )  was i n t e r p r e t e d  a s  f o l l o w s  : Ha was - - 
a s s i g n e d  t o  t h e  d o u b l e t  a t r 7 . 1 9  GJ=4.5Hz) r e s u l t i n g  from c o u p l i n g  t o  t h e  

C p r o t o n  s i n c e  m o l e c u l a r  models  r e v e a l e d  a d i h e d r a l  a n g l e  o f  9 

a p p r o ~ i m a t e l ~ ' 3 0 ~  between t h i s  p r o t o n  and Ha. Coupl ing  between 

Ha and Hd was n o t  e x p e c t e d  s i n c e  t h e  d i h e d r a l  a n g l e  between t h e s e  

p r o t o n s  was a p p r o x i m a t e l y  90'. The d o u b l e t  a t t 7 . 2 6  ( J = 1  O H = )  was 

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

Hb was f u r t h e r  s p l i t  i n t o  a  d o u b l e  d o u b l e t  a t r 7 , 4 7  ( J = 1 0  and 4.5Hz,  

p a r t l y  ove r l apped  w i t h  t h e  N-CH s i g n a l )  by c o u p l i n g  t o  t h e  C4 e x o  3  - 
a, 

p r o t o n  ( 6 9 ) .  The d o u b l e t  a t  7 6 . 2 0  (J=4Hz)  was a t t r i b u t e d  t o  Hd r e s u l t i n g  

- - from c o u p l i n g  t o  t h e  C6  p r o t o n  s i n c e  t h e  a n g l e  between t h e s e  p r o t o n s  
1 

was app rox j  n a t e l  y  30' . --l 

The second coapound i s o l a t  ed  e x h i b i t e d  str ong a l c o h o l  a b s o r p t i  

i n  t h e  I.?. a t  3350 and 1050 cm" and t h e  mass spec t rum gave  a  

o n s  

m o l e c u l a r  i o n  peak a t  k / e  169 f o r  C , ~ H , ~ N O  a s  de t e rmined  by h i g h  





r e s o l u t i o n  mass s p e c t r o s c o p y  . These d a t a  r e q u i r e d  t h a t  t h e  compound was 
I 

a b i c y c l i c  amino a l c o h o l .  

In ana logy  t o  t h e  f o r m a t i o n  o f  a ldoxime 11-27 a n d  amino a l c o h o l  

11-29 t h i s  p roduc t  was p r o b a b l y  f o m e d  by t h e  c l e a v a g e  o f  a  - 
carbon-carbon bond ( 2 9 , 3 0 1  o f  3 pr imary  c y c l i z a t i o n  p r o d u c t .  Si nce  t h e  

p h o t o l y s i  s o f  n i t r o s a m i n e  11-23 u n d e r  b o t h  n i t r o g e n  and oxygen gave  

t r i c y c l i c  p r o d u c t s  p o s s e s s i n g  5-membered a z a  r i n g s  t h e  c l e a v a g e  pathway 

would l e a d  t o  t h e  f o r n a t i o n  o f  11-38,  Tne N-methyl s i g n a l  i n  t h e  n.m . r .  

s p e c t r u m  of I1 38 ( F i g u r e  2 . 4 )  appea red  a t r 7 . 6 2 .  Around this N-aethyl  - 
s i n g l e t  fou r  p r o t o n s  b e l i e v e d  t o  b e  Ha-Hd appea red  a t  7 7.0-7 .75 .  

The p r e s e n c e  o f  t h e  N-ne th j l  s i 3 n a l  hampered a t t e m p t s  t o  i n t e r p r e t  t h e s e  

complex p a t t e r n s .  The m u l t i p l e t  a t T 6 . 5 0  was a b t r i b u t e d  t o  - C H 2 0 H  

and was c o l l a p s e d  t o  two un re so lved  s i n g l e t s  on i r r a d i a t i o n  a t  7 8 . 4 .  





4 

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

when examined by g.c.-m.s. The f i r s t  peak e l u t e d  had a m o l e c u l a r  i o n  

peak a t  m/e 149 and a b a s e  peak  a t  m/e 70 and was a s s i g n e d  t h e  s t r u c t u r e  

11-39. The m/e 70 f r agmen t  p r o b a b l y  r e s u l t e d  from t h e  r e t r o  D ie l s -Alde r  

f r a g m e n t a t i o n  of  t h e  b i c y c l o [ 2 , 2 , 2 l h e x e n e  r i n g  sys t em a s  d e p i c t e d  i n  

Scheme 2.5. The l a s t  t h r e e  p e a k s ,  i n  o r d e r  o f  e l u t i o n ,  were  

c h a r a c t e r i z e d  as  amine  1 x 7 ,  m i d e  11-16, and t r i c y c l i c  amino a l c o h o l  

11-37 by comparison o f  t h e i r  f r a g h e n t a t i o n  p a t t e r n s  w i t h  t h o s e  o f  - 
a u t h e n t i c  s amples .  

2 .5 .5  P h o t o l y s i s  f o  N i t r o s m i n e  11-23 i n  C B r C l  3 
< 

P h o t o l y s i s  o f  11-23 i n  a h e t e r o g e n o u s  m i x t u r e  o f  h y d r o c h l o r i c  a c i d  - -  

and C B r C 1 3  gave  a  b l u e  s o l u t i o n  which y i e l d e d  a  m i x t u r e  o f  m i n e  

1 7 ,  11-9, and a t r i c y c l i c  bramo m i n e  i n  t h e  r a t i o  o f  4 .1 :1 .2 :1 .0 ,  - 
r e s p e c t i v e l y ,  a s  d e t e r a i n e d  by g . c .  The p roduc t  m i x t u r e  was examined 'by 



g.c.-m.s. a n a l y s i s .  The i d e n t i f i c a t i o n  o f  m i n e  11-77 a s  t h e  major  

p r o d u c t  was based  on i t s  m . s .  p a t t e r n  and i t s  g . c .  c e t e n t i o n  time i n  

compar ison  w i t h  an  a u t h e n t i c  sample .  The s t r u c t u r e  o f  11-39 was a l s o  

based  on i ts  m . s .  f r a g m e n t a t i o n  p a t t e r n .  The f o r m a t i o n  o f  t h e s e  

p r o d u c t s  was r a t i o n a l i z e d  as i n  Scheme 2 .6 .  It i s  e x p e c t e d  t h a t  t h e  

h y d r o l y s i s  o f  11-39 s h o u l d  b e  a  f a c i l e  r e a c t i o n  r e s u l t i n g  i n  t h e  

f o r m a t i o n  o f  a ldehyde  11-40. The c r u d e  a c i d i c  e x t r a c t  d i d  i n  f a c t  

e x h i b i t  a  weak m u l t i p l e t  i n  t h e  n.m.r. spec t rum a t  ~ 0 . 6  as well as a  

medium i n t e n s i t y  i . r .  band a t  1720 cm" a t t r i b u t e d  t o  a n  a l d e h y d e .  

n e u t r a l i z a t i o n  

' Q 

Scheme 2.6 



The t h i r d  p r o d u c t  w a s p a  bromo m i n e  h a v l n g . m o l e c u l a r  i o n s  a t  m/e 

231 and  229 i n d i c a t i n g  t - h a t  i t  was a  t r i c y c l i c  compound. 

Chromatographic i s o l a t i o n  o f  t h i s  minor  p roduc t  was u n s w c e s s f u l .  

2.5.6 ~ h o t o l y s i s  o f  N - N i  t r o s a m i n e  1 x 4  Under Oxygen 

P h o t o l y s i s ~  o f  n i t r o s a m i n e  11-24 unde r  oxygen was a i n m e d i a t e l y  

fo l lowed  by LAH r e d u c t i o n  o f  t h e  b a s i c  e t h e r  e x t r a c t .  Thin l a y e r  

chromatography o f  $he  reduced  m a t e r i a l  i n d i c a t . e d  t h e  p r e s e n c e  o f  o n l y  

\ 

one  a a j o r  compound which was i s o l a t e d  by p r e p a r a t i v e  s c a l e  t .l .c  . and 

c h a r a c t e r i z e d  a s  t e t r a c y c l i c  amino a l c o h o l  11-4 1 .  E l emen ta l  a n a l y s i s  
* 

o f  t h e  p i c r a t e  o f  11-41 e s t a b l i s h e d  t h e  m o l e c u l a r  fo rmula  a s  - 
C15H16N408. The i . r .  spec t rum o f  11-41 e x h i b i t e d  s t r 6 n g  

d 

a l c o h o l  a b s o r p t i o n s  a t  3200,  1040,  and 1005 cm-' and t h e  mass spec t rum 

gave  t h e  c o r r e c t  m o l e c u l a r  i o n  a t  m/e 151. The n  .m . r .  spec t rum of a  

s l i g h t l y  impure sample  o f  11-4 1  f e a t u r e d  p r o t o n  c o u p l i n g  p a t t e r n s  

similar t o  t h o s e  e x h i b i t e d  by t h e  t e t r a c y c l i c  h a l i d e s  11-43 and 11-47 - 



( v i d e  i n f i a ) .  The n a r r o w  m u l t i p l e t  a t$5 .70  (W1=5 Hz) w a s  a t t r i b u t e d  t o  
2 

He. The a b s e n c e  o f  any s u b s t a n t i a l  c o u p l i n g  be tween  He and  t h e  

a d j a c e n t  p r o t o n s  i n d i c a t e d  t h a t  i t  was e z  s i n c e  i n  t h i s  o r i e n t a t i o n  

t h e  d i h e d r a l  a n g l e s  w i t h  a d j a c e n t  p r o t o n s  w e r e  a b o u t  90'. The 

m u l t i p l e t  a t  7 6 . 4 1  was a t t r i b u t e d  t o  Ha w h i l e  Hb and Hc a p p e a r e d  

as a  s l i g h t l y  b r o a d e n e d  AB q u a r t e t  a t  ~ 8 . 3 5  (nv =38,  J = f O . 5 H z ) .  The 

d o u b l e  d o u b l e t  a t  r 6 . 7 5  ( J = 7 2  and 2Hz) was  a t t r i b u t e d  t o  e i t h e r  Hd o r  

Hd* s i n c e  b o t h  p r o t o n s  pssess t h e  c o r r e c t  g e o m e t r y  t o  c o u p l e  w e a k l y  

t o  t h e  a d j a c e n t  b r i d g e h e a d  p r o t o n  ( v i d e  i n f r a ) .  

- 

O x i d a t i o n  o f  11-41 w i t h  c h r o m i m  t r i o x i d e  ( 7 9 )  g a v e  a  k e t o n e  w h i c h  - 
e x h i b i  t e d  a s t r i n g  c a r b o n y l  band i n  t h e  i .r. a t  1750 an-' and  a 

s h a r p  AS q u a r t e t  a t t r i b u t e d  t o  Hb and Hc a t  T 8 . 4 5  ( ~ 9 ~ 2 4 ,  

J=l 1.5Hz) i n  t h e  n . m . r .  s p e c t r u m .  Tne mass  s p e c t r u a  o f  t h i s  compound 

e x h i b i t e d  t h e  c o r r e c t  z o l e c u l a r  i o n  a t  m/e 149 f o r  t h e  t e t r a c y c l i c  

k e t o n e  11-42. - 



2.5.7 P h o t o l y s i s  o f  N i t r o s a n i n e  1 x 4  i n  C B r C l  
3  

P h o t o l y s i  s o f  an a c i d i c  s o l u t i o n  o f  11-20 i n  a  s o l u t i o n  o f  methanol  

and C B r C 1 3  ( 1  :4)  gave  a  c l o u d y  b l u e  s o l u t i o n  which  o n  work-up gave  a  
i .  

t e t r a c y c l i c  amino bromide  i n  4 6% y i e l d '  a s  t h e  o n l y  i s o l a t a b l e  p r o d u c t .  

T h i s  compound was p u r i f i e d  a s  i t s  p i c r a t e  which g a v e  t h e  c o r r e c t  

a n a l y s i s  f o r  CI5Hl5N4O7Br. The m a s .  o f  t h i s  amino bromide  had 
* 

m o l e c u l a r  i o n  peaks a t  d e  21 3  and 21 5 and a  b a s e  peak r e s u l t i n g  from 

l o s s  o f  t he '  b romine  atom a t  d e  134. This coinpound was a s s i g n e d  t h e  

s t r u c t u r e  g f  t e t r a c y c l i c  m i n o  bromide 11-43. 'The n.m.r .  s p e c t r u n  o f  - - 
11-43 ( F i g u r e  2 . 5 )  was s i m i l a r  t o  t h a t  o f  t h e  c o r r e s p o n d i n g  s u l f o n i u m  - 
salt 11-44 ( 8 0 )  ; The u n r e s o l v e d  s i g n a l  a t T 6 . 6 0  (Wl=9 Hz) was a s s i g n e d  t o  - 2 

f- Ha; t h e  c o r r e s p o n d i n g  p r o t o n  i n  11-44 appea red  a s  a  d o u b l e t  w i t h  J=5Hz ( 8 0 ) .  , - 
The na r row m u l t i p l e t  a t  1 5 . 3 0  was  a t t r i b u t e d  t o  He w h i c h , i n  t h e  endo - 
o r i e n t a t i o n ,  d i d  n o t  c o u p l e  t o  t h e  a d j a c e n t  p r d t o n s  b u t  d i d  c o u p l e ,  as 

sbwn by d e c o u p l i n g  s t u d i e s ,  t o  Hc which  appea red  as a  b road  d o u b l e t  





a t ~ 8 . 4 1  (3=10.5Hz) .  Reco rd ing  t h e  n.m.r. spec t rum o f  11-43 i n  t h e  - 
p r e s e n c e  o f  Eu(DPM)~ r e v e a l e d  t h a t  t h e  d o u b l e t  o f  Hc was p a r t  o f  a  

s l i g h t l y  broadened  AB q u a r t e t  c e n t e r e d  a t  r 8 . 1 3  (aV=35, J =  10.5Hz) 

a t t r i b u t e d  t o  Hb  and Hc ( 8 0 ) .  I r r a d i a t i o n  i n  t h e  7 4 . 6  r e g i o n  ( H  ) e  

of t h i s  europium t r e a t e d  sample  sha rpened  t h e  h i g h e r  f i e l d  p a i r  o f  t h e  

AB q u a r t e t  i n d i c a t i n g  t h a t  t h i s  s i s n a l  must  be due t o  Hc which  s h o u l d  

c o u p l e  by l o n g  r a n g e  i n t e r a c t i o n  w i t h  He ( 8 2 ) .  The d o u b l e  d o u b l e t  a t  

7 6 . 7 9  (5.12.5 and 2.5Hz) was a t t r i b u t e d  t o  e i t h e r  Hd o r  H d l  
- 

2.6 C y c l i z a t i o n  o f  N-Chloramines 

While t h e  p h o t o l y t i c  i n t r a m o l e c u l a r  c y c l i z a t i o n  o f  N-n i t ro s -  

m i n e s  s p e c i f i c a l l y  f w z s  5 menbered aza rings, t h e  t h e r n o l y s i s  o f  

N - c h l o r a r n i ~ e s  f o r 2 3  a z i z t u r e  o f  p r o d u c t s  p o s s e s s i n g  e i t h e r  5- o r  

6-senbered  e z a  r i n g s  ( 3 3 , 3 5 , 3 6 ) .  I t  was c o n s i d e r e d  t h a t  t h e  f l e x i b i l i t y  



of t h e  s y n t h e t i z  seqLf rce  z i q h t  be enhanced by an i n v e s t i g a t i o n  of some 

2 . 6 . 1  TiP le r~o lys i s  sf I 3  i n  i i a t e r  

A aqueous. 5i9xsr.e s-luti~n or ::-cklorarnine 11-25 ;.as r e f l u x e d  f o r  

1.25 kgurs at whiz?, ' i ze  ;sd5zetrlz t i t r a t i o n  i n d i c a t e d  that l e s s  t h a n  
. . 



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

showed that i t  c o n t a i n e d  a b o u t  5% o f  a m i n e  11-17,  The c h l o r i d e  e x h i b i t e d  

a Q l e c u l a r  i o n  p e a k s  a t  m/e 187 and 1 8 5  and  a p r o m i n e n t  p e a k  d u e  t o  t h e  l o s s  

o f  c h l o r i n e  a t  m/e 150.  A t t e m p t s  t o  p u r i f y  t h i s  compound as  i t s  p i c r a t e  
/ 

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

t o  i n t e r p r e t ,  t h e  t r i c y c l i c  s t r u c t u r e  11-45 was t e n t a t i v e l y  a s s i g n e d  

t o  t h e  amino  c h l o r i d e .  Gn t h i s  b a s i s  a d o u b l e t  a t  T 7 . 2 2  ( J = 8 H z ,  Hc) and 

a d o u b l e  d o u b l e t  a t  77.60 ! J=8  and 4Hz, Hb) w e r e  a t t r i b u t e d  t o  t h e  C 3  

I 
p r o t o n s  i n  a n a l o g  t o  t h e  C p r o t o n s  o f  11-37 i n  w h i c h  Hc a p p e a r e d  a s  a 3  - 
d o u b l e t  a t  1 7 . 2 6  (;=:3Hz) and Hb a p p e a r e d  a s  a  d o u b l e  d o u b l e t  a t r 7 . 4 7  

( J = 1 0  and 4, .5Hz).  A d o u b l e t  i n  t h e  n . m . r .  s p e c t r u m  o f  t h e  m i x t u r e  a t f 5 . 9 7  

( J = 6 . 5 H z )  was t e n t a t i v e l y  a s s i g n e d  t o  t h e  C t O  e n d o - p r o t s n  ( H d )  o f  11-45 - - 
w n i c h  was e x p e c t e d  t o  c o u p l e  o n l y  w i t h  t h e  a d j a c e n t  b r i d g e h e a d  p r o t o n  a t  C6 

9y c a .  6Hz ( 6 9 ) .  The S i h e a r a l  a n g l e  b e t w e e n  Hd a n d  Ha i n  a s o d e l  o f  11-45 - 
i: 

iras a p p r o x i a a t e l y  9 g 0 ,  as  a r e s u l t  t h e  c o u p l i n g  be tween  t h e s e  p r o t o n s  s h o u l d  

b e  v e r y  s m a l l .  KO c l e a r  s l 5 n a l  a t t r i b u t e d  t o  Ha c o u l d  be  l o c a t e d  i n  t h e  

s p e c t r m  o f  t h e  c r u a e  s z p l e ,  a b r o a d  ~ u l t i p l e t  a t  7 6 . 3 5  w a s  a t  t o o  l o w  a  f i e l d  

f 3 r  iIa and i s  p r o b a b l y  d u e  t o  i n p u r i t i e s  i n  t h e  s a m p l e .  



2.6.2 S o l v o l y s i s  o f  Chloramlne 11-25 i n  Methanol 

~ l v o l y s i s  o f  c h l o r a m l n e  TI-25 i n  r e f l u x i n g  me thano l  gave:a m i x t u r e  - 
o f  b a s i c  m a t e r i a l  c o n t a i n i n g  a t r i c y c l i c  methoxy amine ( 5 9 % ) ,  l m i n e  

11-39 ( 6 . 5 % ) ,  arnine 11-17 ( 2 . 5 % )  and a n  u n i d e n t i f i e d  compound ( 5 . 5 % )  a s  - 
de te rmined  by g . c  . - m . s ,  a n a l y s i s .  The methoxy compound was i s o l a t e d  by 

p r e p a r a t i v e  g a s  ch roma tog raphy  and  was p u r i f i e d  a s  a  pi c r a t e  which g a v e  

t h e  c o r r e c t  e l e m e n t a l  a n a l y s i s  f o r  C17H22N,,08. The mass 

s p e c t r m  of  t h i s  methoxy amine e x h i b i t e d  a  m o l e c u l a r  i o n  peak a t  m/e 181 

,4 

and a  base  peak a t t r i b u t e d  t o  t h e  l o s s  o f  a  methyl  f r agmen t  a t  m/e 166% 

1 The i , r .  spec t rum showed a  s t r o n g  e t h e r  a b s o r p t i o n  a t  1095 em- , 

The s t r u c t u r e  o f  t h e  methoxy m i n e  u a s  f i r m l y  e s t a b l i s h e d  a s  11-46 
1 

( F i g u r e  2 . 6 )  by X-ray d i f f r a c t i o n  t e c h n i q u e s  (Chap .5 ) .  The d o u b l e  d o u b l e t  
, 

i n  t h e  n .m.r .  s p e c t r m  o f  11-46 (Ti5ut-e 2 . 7 ,  T a b l e  2 . 3 )  a t  T 7 . 3 2  

( J = 9  and 4.5Hz) was a t t r i b u t e d  t o  Hb which had a d i h e d r a l  a n g l e  

o f  a b o u t .  30' w i t h  t h e  a d j a c e n t  C I 1  p r o t o n .  The d o u b l e t  a t  ~ 7 . 5 8  

(J=gHz)  was a t t r i b u t e d  t o  2, which was coupled  g e a i n a l l y  t o  Hb bu t  

d i d  n o t  c o u p l e  w i th  t h e  C 4  p r o t o n  s i n c e  t h e  d i h e d r a l  a n g l e  between 

t h e s e  p r o t o n s  was a p p r o x i z a t e l y  90' ( 5 9 ) .  The d o u b l e t  a p p e a r i n g  a t  

7 6 . 7 1  (J=4.5Hz)  i ias  a s s i g n e d  t o  Hd ( v i d e  s u p r a )  imp ly ing  t h a t  t h e  . 

2 - 7- 
a e t h o x y  g roup  was exo t o  t h e  r i n g  sys t em.  A s i g n a l  a t  a p p r o x i m a t e l y T 7 . 5 0  - 
a t t r i b u t e d  t o  Ha was r e v e a l e d  a t  7 5 - 3 3  when t h e  n.m.r .  s p e c t r u m  x a s  

r eco rded  i n  t n e  p r e s e n c e  o f  e u r o p i , m  s h i f t  r e a 3 e n t .  

2 .6 .3  C y c l i z a t i o n  o f  C h l o r a n i n e  11-26 i n ,  Methanol 

A methanol  53lcticr,  o f  c h l o r a n i n e  I<-26 d a s  r e f l u x e d  f o r  65 h o u r s  

a t  which t i m e  i o d o z e t r i - .  t i t r a t i o n  i n d i c a t e d  13% p o s i t i v e  c h l o r i n e  

0 



Figure 2 . 6 :  Tne %lecu la r  S t ruc tu re  of  Methoxy Amine 11-46., 





remained-. Work-up gave t h e  t e t r a c y c l i c  amino c h l o r i d e  11-47 ( 3 2 % )  amine 

I b 2 1  ( 2 7 % ) ,  and an  u n i d e n t i f i e d  o l e f i n i c  compound ( 2 3 % ) .  

9 

Amino c h l o r i d e  11-47 was i s o l a t e d  by p r e p a r a t i v e  s c a l e  t . 1 . c .  and 

was p u r i f i e d  a s  a p i c r a t e  which  gave  t h e  c o r r e c ' t  e l e m e n t a l  composi ' t ion 

f o r  C l 5 H I 5 N 4 O 7 C 1 .  The m.s.of 11-47 had m o l e c u l a r - I o n  peaks  a t  .. 

m/e 171 and 169 and a  b a s e  peak due t o  t h e  l o s s  o f  c h l o r i n e  a t  m/e 134. 

A s t r o n g  c h l o r i n e - c a r b o n  s t r e t c h i n g  band was e x h i b i t e d  i n  t h e  i . r .  a t  ', 
785 cm-I. The n .m.r .  spec t rum o f  11-97 was anal&ous t o  t h a t  o f  

t e t r a c y c l i c  amino b r o n i d e  11-43 ( T a b l e  2 . 6 ) .  

The u n i d e n t i f i e d  o l e f i n  was i s o l a t e d  by p r e p a r a t i v e  t . 1 . c .  a s  a  

w h i t e  s o l i d .  The mass spec t rum o f  t h i s  compound e x h i b i t e d  no obv ious  
-'-- 

m o l e c u l a r  i o n  peak noxever  t h e  b a s e  peak was a t  m/e 6 6 ,  a  f r agmen t  which 

i s  c h a r a c t e r i s t i c  o f . t n e  c y c l o p e n t a d i e n y l  c a t i o n  obse rved  i n  t h e  mass 
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r s p e c t r a  o f  b f e y c l o [ 2 , 2 ,  l l h e p t e n e  syst.ems ( 8 4 ) .  The n.m.r .  e x h l b i  t e d  a 

two p ro ton  m u l t i p l e t  a t  7 3 . 9 8  (W1=4.5Hz) a t t r i b u t e d  t o  t h e  o l e f i n i c  
2 

p r o t o n s  and a n  AB q u a r t e t  a t  7 8 . 5 5  bv  = 13 ,  J=8Hz;  2H) w h i c h , t a k e n  

t o g e t h e r ,  sugges t  t h e  p r e s e n c e  o f  a  b i c y c l o [ 2 , 2 ,  l l o l e f i  n  s k e l e t o n  ( 6 9 ) .  
' . . 

2.7 The N . M . R .  S p e c t r z  o f  t h e  P o l y c y c l i c  Amines 

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

p l y c y c l i c  amines  a r e  t a b u l a t e d  i r r  T a b l e s  2.3-2.6. The obse rved  

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

amines  ( T a b l e  2.3 and 2 . 4 )  were  i n i t i a l l y  a t t r i b u t e d  t o  b e  t h e  r e s u l t  o f  

s t r u c t u r a l  d i f f e r e n c e s  a s  o b s e r v e d  f o r  t h e  e t h e r s  l i s t e d  i n  Tab le  2.7. 

The d i s t i n c t i v e  d i f f e r e n c e  i s  the, c o u p l i n g  o b s e r v e d ,  wh ich  i s  dependen t  

upon t h e  s i z e  o f  t h e  h e t e r o c y c l i c  r l n = , , b e t w e e n  t h e  Hb and !Ic p r o t o n s  

w i t h  t h e  a d j a c e n t  b r i d g e h e a d  p r o t o n s .  I n  t h e  two e x a a p l e s  p s s e s s i n g  

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

T6.2'5 and 76 .19  a r e  a t t r i b u t e d  to t h e  Hb p r o t o n s  whjch have  d i h e d r a l  

a n s l e s  o f  a p p r o x i m a t e l y  30' w i  t h  t h e  a d j a c e n t  b r i d g e h e a d  p ro  t o n s .  The 

Hc p r o h n s  a p p e a r  a t  7 6 . 3 5  and r6 .34  a s  d o u b l e t s  r e s u l t i c g  from geminal  

c o u p l i n g  between t h e  Hb and Hc p r o t o n s .  They d o  n o t  c o u p l e  t o  t h e  
1 - 

a d j a c e n t  b r idgehead  p r o t o n s  s i n c e  t h e  d i h e d r a l  a n g l e  wi'th t h e  b r i d g e h e a d  
.. 

p r o t o n s  i s  a p p r o x i m a t e l y  90'. Ln t h e  u n s u b s t i t u t e d  e t h e r  p o s s e s s i n g  a  

b-membered h e t e r o c y c l i c  r i n g  ( T a b l e  2 . 7 )  t h e  t w i s t i n g  o f  t h e  m o l e c u l a r  

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

a d j a c e n t  b r idgehead  p r o t o n s .  The a n g l e  between t h e  Hb p r o t o n  and t h e  
C- 

br idgehead  p ro ton  a p p r o a c k s  90' and t h e  Hb p r o t o n  a p p e a r s  a s  a  d o u b l e t  
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Table 2.7 

1 
The N.M.R. Data o f  Some T r i c w l i c  E t h e r s  

Compound 

1.  T ,  Chemical Shift; H, M u l t i p l i c i t y ;  J ,  Coup l ing  C o n s t a n t s  (HZ) 



a t  16.12. Coupling between t h e  Hc p r o t o n  and t h e  b r i d g e h e a d  p r o t o n  I s  

o b s e r v e d ,  however, and t h e  Hc p r o t o n  a p p e a r s  a s  a d o u b l e  d o u b l e t  a t  7 6 . 4 7 .  
O 

Examinat ion o f  t h e  n.m.r .  s i g n a l s  o f  t h e  Hb and H p r o t o n s  o f  c  

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

c h e m i c a l  s t r u c t u r e s .  D i f f e r e n c e s ,  similar t.o t h o s e  obse rved  ( T a b l e  2 . 7 )  f o r  

s t r u c t u r a l k y  d i f f e r e n t  t r i c y c l i c  e t h e r s ,  were  obse rved  i n  t h e  r e l a t i v e  , 

c h e m i c a l  shifts of  t h e  H and Hc p r o t o n s  f o r  s e v e r a l  o f  t h e  t r i c y c l i c  
b, 

amines  p s s e s s i n g  5-gembered a z a  r i n g s .  Assuming t h a t  a l l  Hb s i g n a l s  

s h o u l d  be  s p l i t  a s  d o u b l e  d o u b l e t s  and a l l  Y, s i g n a l s  as d o u b l e t s ,  a l l  o f  
I 

t h e  t.ri c y c l i c  c o u m p u n d s  e x c e p t  mi no a l c o h o l s  11-33 and 11-37 exh i  b i  t e d  

Hb a t  a  lower  f i e l d  t h a n  H e .  Tne hydroxy l  g roups  o f  11-33 and 11-37 
I - - 

appea r  t o  e f f e c t  a r e v e r s a l  i n  t h e  r e l a t i v e  c h m i c a l  s h i f t s  o f  Hb and 

He.  However, we have found no p recedence  f o r  t h e s e  o b s e r v a t i o n s  and an  

e x p l a n a t i o n  f o r  them must e n t a i  1 f u r t h e r  r e s e a r c h .  

2.8 The Mass S p e c t r a  o f  t h e  T r i c y c l i c  P n i n e s  

A major  fragment  a t  m/e 8 2 ,  a t t r i b u t e d  t o  t h e  c a t i o n  11-48, i s  

g e n e r a l l y  found i n  t h e  mass s p e c t r a  o f  a z a b i c y c l i c  compounds c o n t a i n i n g  
/ 
an N - a e t h y l p y r r o l i d i n e  r i n g  ( 8 5 , 8 6 ) .  The p r e s e n c e  o r  a b s e n c e  o f  t h i s  . 

\ 

f r agmen t  has  f r e q u e n t l y  been used  a s  t h e  b a s i s  o f  s t r u c t u r a l  a s s i g n m e n t s  

( 3 6 , 5 9 , 8 7 ) .  R e c e n t l y  Edwards ( 3 5 )  h a s  d e m o n s t r a t e d ,  however ,  t h a t  t h e  

i s o m e r i c  m i n e s  11-49  and 11-50 e x h i b i t e d  a  common b a s e  peak a t  m/e 82. 

The p r e s e n c e  o f  a  peak a t  m/e 82 d i d  n o t  appea r  t h e r e f o r e  t o  b e  o f  
. 

d i a g n o s t i c  v a l u e  i n  d i s t i n g 4 f h i n g  between t r i c y c l i c  conpounds  

p o s s e s s i n g  e i t h e r  5- o r  6-membered a z a  r i n g s .  



  he peak a t  m/e 82 h a s  a l s o  appea red  i n  a l l  o f  t h e  t r i c y c  l i c  amines  

i s o l a t e d ,  accompanied by a n o t h e r  common f r agmen t  a t  m/e 9 4  ( T a b l e  2.8), 

t h e  l a t t e r  g e n e r a l l y  b e i n g  t h e  more i n t e n s e  peak .  Many a z a b i c y c l i c  

conpounds c o n t a i n i n g  a  p y r r o l i d i n e  ring undergo a  r i n g  e x p a n s i o n  i n  t h e  

a a s s  s p e c t r o m e t e r  t o  f o r a  a  f r agmen t  a t  m/e 9 6  (85 ) .  It was b e l i e v e d  

t h a t  t h e  peak o b s e r v e d  a t  m/e 94, a t t r i b u t e d  t o  t h e  c a t i o n s  11-51,  - was 

formed by a s i m i l a r  r i n g  e x p a n s i o n  r e a c t i o n  o f  t h e  t r i c y c l i c  amines.  

Tho ? n o t o i y s i s  o f  t i - N i t r o s a ~ i n e s  i n  t h e  P r e s e n c e  o f  

dncon juga t ed  Dienes .  

A p r e l i n i y p ]  .- stiuay of  t h e  a d d i t i o n  o f  N-ni t rosamines  t o  

~ n c o n j u g a t e d  d i e n e s  x z s  c a r r i e d  o u t  t o  d e t e r m i n e  i f  r a d i c a l  c y c l i z a t i o n  



'/. J 
u a u l d  o c c g r  ( l ' r , 8 8 , 8 9 ) .  The a d d i t i o n ' o f  IT-n i t rosodi -e thy lamine  t o  . 
1 , s - h e p t a d i e n e  gave  a  c o ~ p l e x  m i x t u r e  of  1 : l  a d d i t i o n  p r o d u c t s  which was . 

n 3 t  t h o r o u $ h l y  i c v e s t i q a t e d .  The a d d i t i o n  o f  X - n i t r o s o p i p e r i d i n e  t o  

1 , 6 - h e p t a d i e n e  5 a . r ~  t h e  u n c y c l i z e d  a n i n e  11-52 - (205) and a  c y c l i z e d  

=in3 a l d o x i ~ e  I I -53  - (24%). Tne c o r r e s p o n d i n g  d i m e t h y l n i t r o s a r n i n e  

az",t:on p r o d l ~ ~ ? ~ ,  I;-54 - and 11-55! - were o b t a i n e d  by similar 

; r , c : ~ i y s i s  in 5 : ~  = r e s e n 3 2  3f l , 5 - n e p t a d i e n e .  The zbove  p r o d u c t s  were 



h l d o x i q e  11-53 w a s ~ i s o l a t e d  a s  a  m i x t u r e  o f  i somers  due t o  the - 
c i s - t r a n s  i s o m e r i z a t i o n  o f  t h e  s u b s t i t u e n t  g roups  a round t h e  r i n g  and  - -  
t h e  s y n - a n t i  i somer ism of t h e  oximino  group.  While t h e  two compounds - -  
i s o l a t e d  were s h o h  t o  be a  - syn-  and a n  ant i-oxim'k,  - - t h e i r  c i s - t r a n s  - -  
i somer ism was no t  deterrnine,d.  The rn.3.. had peaks  a t  m/e 210 (M+) and - 
193 and a  base  peak  a t  m/e. 98 ( 9 0 ) .  The i . r .  s p e c t r u m  " e x h i b i t e d  bands  a t  

3 2 0 0 , 3 0 8 0 ,  1115,  945 and m c m - '  a t t r i b u t e d  t o  t h e  oxime f i n c t i o n .  .The 

p r e s e n c e  o f  t w o ' d o u b l e t s  o f  e q u a l  i n t e n s i t y  i n  t h e  n . n . r .  spec t rum a t  
- - 

T2.58 ( J=7 .5Hz)  and 7 3 . 2 2  (J~7.5Hz) i n d i c a t e d  a  - syn- t o  a n t i - a l d o x i m e  - r a t i o  

9 1 : 1 Ald.oxine 11- jJ alga e x h i b i t e d  'keak m u l t i p l e t s  a t  1-6.60 ( H b ,  

a n t i )  - and  1 7 . 2 0  !:-I sj in)  . The f o r g e r  was coup led  t o '  t h e  aldoxime .proton& 5 '  - .. 

a t  7 3 . 2 2  and t h e  l a t t 5 . r  t3 Lhe c o r r e s p o n d i n g  p r o t o n  a t ~ 2 . 5 8  a s  shown by 

- - C - .  =.. , - -aldoximes 11-33 g3;re,  a f t e r  d i s t i l l a t i o n ,  a l d e h y d e  11-56 c o n t a i n i n g  a - .  - - 
:rnce ~f n i t r i l e ,  The i.r. s p e c t A m  e x h i b i t e d  a  s t r o n g  carbony, l  band a t  

1725 ca- '  and t;?e n . 3 . r .  s p e z t r b m  e x h i b i t e d -  one low f i e l d  d o u b l e t  h 

3 5  '7 5.35 .!J=2Hz) s h o x i n g  t h a t  . 6 n l y  -one  a ldehyde  i s o a e r  u a s  p r e s e n t .  .- 



Aldoxime IL55 - was a  mix tu re  of  a l lafour '  p o s s i b l e  i somers-  The 

two major i somers  showed t h e  a l d o x i a e  proton a t  r 2 . 6 5  ( d ,  J=6.5, Ha, 

\ s y n )  and 73 .25  ( d ,  J=6.5Hz, a,, anti) similar t o  t h o s e  observed in - -\ 
t h e  n.m.r. spect rum o f  11-53. The minor compounds, which c o u l d  n o t  be 

removed by r e c r y s t a l l i z a t i o n ,  showed t h e  aldoxime proton a t  r 3 . 0 4  and 

3.86. A one proton m l t i p l e t  appear ing  a t  7 6 - 6 5  was a t t r i b u t e d  t o  t h e  

H proton of an a n t i - i s o m e r  and a  t r i p l e t  a t r 7 . 0 5  (J=7Hz) was 
b - 

a s s i g n e 9  t h e  H b  p ro ton  of  a  - syn-isomer. 

Dehydration of m i s o x e r i c  mix tu re  o f  a l d o x i a e s  11-55 - gave a  a i x t u r e  

o f  n i t r i l e s  which c o u l d  n o t  be p u r i f i e d .  A broad a b s o r p t i o n  a t  about  

1710 em-' i n  t h e  i . r .   as a t t r i b u t e d  t o  a  ca rbony l  impur i ty .  The presence 

~f ~ u l t  i p l e t s  in- the  2 .rc.r. s p e z t r u a  a t  T7.19 and 7.55 a t t r i b u t e d  t o  t h e  - 
p r o t o n s  and two s i e l e t s  2.t 77.7-9 and 7 . 7 2 . a t t r i b u t e d  t o  N-methyl 

" D 

r o t o n s  sugges ted  t h a t  11-57 x a s  a 1 : 1 mix tu re  o f  and t r a n s - i s o m e r s .  

t P' 
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CHAPTER 3 

DISCUSSION 

3.1 The S c r l u t i o n  P h o t o c h e m i s t r y  o f  N-Ni  t r a n i n e s  

, \ 

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

b e c m e  i n t e r e s t e d  i n  t h e  p h o t o c h e m i s t r y  9 f  N - n i t r a m i n e s .  The o b s e r v e d  

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

f r o n  t h o s e  o f  N - n i t r o s a s i n e s  ( 1  1 ) .  To o b t a i n  a b e t t e r  u n d e r s t a n d i n g  o f  

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

a  model compound a n d  I t s  p h o t o r e a c t i o n s  x e r e  s t u d i e d .  

The f o r m a t i o n  ~ f  z d d l t i o n  p r o d u c t s ,  a s  o b s e r v e d  xhen  a n  a c i d i c  
J 

s o l u t i o n  (O.04N X l  j of n i t r o p i p e r i d i ~ e  i s  p h o t o l y s e d  i n  t h e  p r e s e n c e  o f  

z y c l o h e x e n e ,  i s tv-:  , y L - a l  -. o f  a i n i  m r a d i c a l s  ( 1  1 ) .  T h i s  i s  i n  c o n t r a s t  

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

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

?sly t h e  p n o t o r e d ~ ~ t i o n  prOdlUct ,  p i p e r i d i n e ,  and a s s c c i a t e d  o x i d a t i o n  

p r c d u - t s  a r e  f o r z e d .  These  p r o d u c t s  t indoubtecl ly  a r i s e  f rom a  h y d r o g e n  

a b s t r a c t i m ,  a r e a e t i 9 r .  ~ s s s z i a t e ?  k-5 tr?. n e u t r a l  m i n e  r a d i c a l s  ( 3 7 , 3 3 ) .  

;t is  conzlucle5 t c e r e f 3 r e  t n a t  t h e  p n o t o l y s i s  o f  n i t r a i n e s  z i v e s  z a i n e  

r a d i c a l s  u n d e r  r ,el; tral  z s r . 5 l t i 2 n s  p a d  a 2 i n i m  r a d i c a l s  u n d e r  a c i d i c  

c o n d i  ti o n z .  



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

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

m a j o r  f a c t o r s .  F i r s t ,  n i t r o g e n  d i o x i d e ,  o n e  o f  t h e  p r i m a r y  
C 

p h o t o p r o d u c t s ,  i s  an m p n o t e r i c  s p e c i e s  ( 9 2 )  which  c a n  a d d  t o  t h e  

C - r a d i c a l  i n t e r m e d i a t e  e i t h e r  as  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 o  s i v e  
1 

n i t r o  compounds o r  a s  a n  o x y g e n  c e n t e r e d  r a d i c a l  t o  g i v e  a n i t r i t e  

(Scheme 3 . 1 ) .  S e c o n d l y ,  n i t r i t e s  a r e  p h o t o l a b i w  ( 5 1 )  u n d e r  t h e  

i r r a d i a t i o n  c o n d i t i o n s .  The p r o d u c t  d i s t r i b u t i o n  o f  t h i s  p h o t o a d d i  t i o n  
/ A' . 

r e a c t i o n  was  g r e a t l y  s i m p l i f i e d  when r u n  u n d e r  an oxyqer .  a t n o s p h e r e .  It 

i s  s i g n i f i c a n t  t h a  o x y q e n  d o e s  n o t  q u e n c h  t k e  e x c i t e d  states o f  t h e  

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

1 - n i t r a t o - 2 - p i  p e r i n o c y z l o h e x a n e s ,  11-1 - 2. Two pss i  b l e  r n e c h a n i s n s  by  
/ 

w h i z h  o x i d a t i o n  c a n  o c c =  w e  ~ h o i m  $3 S c h e n e  3 . 2  b u t  t h e  p r e s e n t  

r e s u l t s  d o  n o t  d i f f z r e n t i a t e  ' s e tween  t h e s e  two p o s s i b i l i t i e s .  m e  

i n k m e d i a t e  p e r o x y  n i t r a t e  f ~ r = e d  i n  p a t n  2 h a s  b e e n  s ~ 0 . a .  (23j t o  g i v e  

t h e  z o r r e s p o n d i n g  n i t r a t e  a s  a  n a j o r  d e c o ~ p o s i  t i o n  p r d b m t  . 

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

t h e  r e a d i m s  o f  a i s e  a n ?  a r i n i 3 m  r a d l c a l s  s i n c e  b o t h  i n t e r n e d i a t e s  c a n  

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

o b s e r v e 4  k m e v e r  i n  t h e  p h o t s d ~ z o a p s j  t i 3 3  o f  n i  t r o p i p e r i d i n e  u n d e r  

n e u t r a l  ar.d a c i d i c  *z-,n2l t i m .  A l t h o u g n  p i p e r i d i n e ,  r e s u l t i n g  f rom A- - ', 
nydrDzen  ~ S s t r a c t i m ,  x a s  r jbse rved  i n  b 3 t n  c a s e s  N - f o m y l  p i p e r i d i n e  

- - i  n r  u s s  f s m d  m 5 e r  n e - ~ t r z l  z o n d i t i o ~ s  x a s  n o t  d e t e c t e d  i n  t h e  a c i d i c  



Scheme 3.1 

Scheme 3 .2  



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

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

t h e  a b s t r a c t i o n  o f  h y d r o g e n  f rom m e t h a n o l  ( 1 1 )  t o  g e n e r a t e  p i p e r i d i n e  

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

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

some a s  y e t  u n d e t e r m i n e d  wsy t o  g i v e  a n  i n t e r m e d i a t e  <-amino a l c o h o l ,  

111-1. Under n e u t r a l  c o n d i t i o n s  111-1 i s  r e a d i l y  o x i d i z e d  by N O  - 3 ' 
formed by t h e  d i s p r o p o r t i o n a t i o n  o f  ;io2 (9 1 ) , t o  y i e l d  I?-formyl  

p i p e r i d i n e ,  11-3, and n i t r a t e  i o n  ( S c h e n e  3 . 3 ) .  - 

* 
N-Ck120H + No3 WCHOH * H N 0 3  -+ N-CHO + H  C- 

Scheme 3 .3  



under  a c i d i c  c o n d i t i o n s  t h e  r e a c t i o n  o b v i o u s l y  f o l l o w s  some 
\ > 

/ 
a l t e r n a t e  pathway,  p o s s i b l y  a s w g e s t e d  i n  Scheme - 3 . 4 ,  s i n c e  N-formyl 

. p i p e r i d i n e  was n o t  d e t e c t e d .  O x i d a t i o n  o f  t h e  i n t e r m e d i a t e  6-amino 

a l c o h o l  under  a c i d i c  c o n d i t i o n s  by may n o t  be as f a v o r a b l e  s i n c e  

i t  would n e c e s s i t a t e  H - a b s t r a c t i o n  from a  ca rbon  a d j a c e n t  t o  a  

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

He have e s t a b l i s h e g  2m.5 under  neu ' ra l  c o n d i t i o n s  t 5 e  2 r i n a r y  

p h o t o p r x e s s  i n  t h e  ? h o t ~ c ? i e - ? , i c a l  r e a c t i o n s  o f  n i t r a m i n e s  i s  t 5 e  
. .. . 

c l e a v a g e  of  t h e  N-N bon5 t o  g i 7 1 e ' a n  m i n e  r a d i c a l  and l ; G 2 .  ' i 
ir 

Sur janar j ranan  ( 4 1 )  n a s  s u g z e s t e d  t h a t  tiro p r o c e s s e s  nay be  introfved i n  % 

t h e  p n o t o r e a c t i o n  o f  z i l x t n j r l n i t r a a i n e ;  one  i n v o l v i n g  c l e a u a g e  o f  t h e  

! I - ! ;  bond and t h e  o t n e r  x i t hou '  such  a  s t e ? ,  The e v i d e n c e  p r e s e n t e d  b y  . .  

- 8 t h e s e  workers  s t r s n g l y  s u ~ p o r ' s  a  mechanism invoJving  c l e a v a g e  o f  t h e  

*L fi-N bond o f  t h e  n i t r a z i n e s  a s  t h e  p r i z a r y .  p h o t o r e ~ c t i o n .  These r e s u l t s  

are i n  c o n t m s :  t o  t h e  stc:'ujr Sy t h e  s a r e  x o r k e r s  o n  t h e  p h o t o l - y s i s  o f  

d i n e t h y l n i t r a x i n e  I n  t h e  s = l i d  s t a t e  (44) i n ' w h i c h  t h e  e v i d e n c e  Prom 
C 

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

p n o t o l y s i s  i n v o l v e d  !;-5 bon5 c l e a v a g e .  . - 

% 



-78- 

Under a c i d i c  c o n d i t i o n s  t h e  role,*'of a c i d  i n  t h e  p h o t o r e a c t i o n  o f  

n i t r a n i n e s  h a s  n o t  b e e n  f i r m l y  P r o t o n a t i o n  o f  t h e  n i t r a m i n e  
/ 

i s  n o t '  e x p e c t e d  i n  d i l u t e  a c i d  (0.1-2N) s i n c e  s e c o i i e a r y  n i t r a m i n e s  a re  

r e p o r t e d  t o  b e  n e u t r a l  s p e c i e s  ( 3 9 ) .  K i n e t i c  s t u d i e s  h a v e  shown ( 9 3 )  t h a t  

t h e  quantum y i e l d  and r a t e  o f  n i t r o p i p e r i d i n e  p h o t o l y s i s  a r e  unchanged  i n  

d i l u t e  a c i d  b u t  d e c r e a s e  i n  5N H2S04 o r  a b o v e .  It is  b e l i e v e d  t h a t  a t  

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

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

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

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

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

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

c o n d i t i o n s  ( S c h e a e  3 . 3 ) .  From t h e  a b o v e  i n f o w a t i g n  p r o t o n a t i o n  n a y  o c c u r  

o n  t h e  p h o t o e x c i t e d  r l t r a x i n e  ( p a t h  g ,  Scheme 3 . 5 )  o r  Q R  t h e  m i n e  r a d i c a l  

- ( p a t h  b )  . C o n j u g a t e d  aci r i , s  o f  d i a l k y l  n i n e  r a d i c a l s  h a v e  a p%, i n  t h e  

rar~irtge 5 .5 -7 .5  (94) h e n c e  p r o t o n a t i o n  o f  an arnine r a d i c a l  x o ~ l d  c e  e x t e n s i v e  

. - i n  a  3.1-2N H2S04 s o l u t i o n .  h n i l e  p r o t a r l a t i o n  o f  t h e  m i n e  r a i i c a l  

would b e  an e f f i c i e n t  r e a c t i o n ,  p r o t o n s t i m  o f  t h e  e x c l t e b i  t r m i n e  ( p a t h  

a )  a p p e i r s  u n l i k e l y  s i n c e  M n e t i e  s t u c ' , i e s  ( 9 3 )  h a v e  a l s a  shown t h a t  t h e  - 

q u a n t m  y i e l d  (7.2+5.2) f3r tr ,e i i s a p p s r a n z e  o f  n i  t r a i n e  i s  i n d e p n d e n t  

o f  a c i d  c o n c e n t r a t i ~ n  i n  t h e  r a n g e  0 .  7-2.011. Assuming t h a t  t h e  r a t ~ s  o f  

d e c a y  o f  t h e  p o s t u l a t e d  prcj t ~ n a t 5 d  a n d  n o n - p r o t o n a t e d  e x c i t e d  n i  t r m i n e  

s p e c i e s  a r e  n o t  t h e  s a r e , : ? . i s  i a p l i e s  t h a t  t h e  a c i d  d o e s  n o t  t a k e  a n 7 a z t i v e  

r o l e  d u r i n g  t m  d e c a y  o f  tr .e e x c i t e d  n i t r a m i n e .  The r e s u l t s  c a n  however  b e  

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

3 f  t n i s  r a i l c a l  ( p a t n  2 :  t3 T o m  a n  m l n l E  r a d i c a l .  



The q u a n t m  y ie13  ( k . 3 1  f o r  t h e  p ~ o t o l y s i s  o f  n i t r ~ p i p e r i d i n e  i n  
/ 

n e u t r a l  - e thano l  is  s i g n i f i n 3 n t l y  l ~ v e r  than t h e  v a l u e s  ob ta ined  i n  

d i l u t e  a c i d .  In n e u t r a l  s o I u t i 9 n  i t  i s  suggested t h a t  t h e  a a i n e  

r a d i c a l s  zay r e c o n 5 1 ~ e  xL:z "? .T42 t 3  g e n e r a t e  t h e  s t a r t i n g  n i t r a n i n e  a n d  

s u t s e q u e n t l y  l o v e r  t h e  q l u a ~ t u z  y i e l d .  



1- A t  n b  t i m e  d u r i n g  o u r  pho tochem?ca l  s t u d i e s  o f  n i t r o p i p e r i d i n e  i n  

n e u t r a l  m e t h a n o l  s o l u t i o n s  d i d  we d e t e c t  t h e  f o r m a t i o n  o f  t h e  ' 

4 c o r r e s p o n d i n g  N - n i t r o s a m i n e  a s  o b s e r v e d  by o t h e r s  ( 4 3 - 4 6 )  . These 

w o r k e r s  p h o t o l y s e d  t h e  n i t  f a m i n e s  i n  n e u t r a l  s o l v e n t s  w i  t h  no r e a d i l y  

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

( 4 3 ) ,  t o  g i v e  t h e  c o r r e s p o n d i n g  n i t r o s a r n i n e .  The a b s e n c e  o f  a r e a d i l y  

a b s t r a c  t a b l e  h y d r o g e n  ffiay r e s u l t  i n  t h e  a c c u m u l a t i o n  o f  N-ni t r o s o -  

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

N O ,  by the d : s p r o p o r t i ? n a t i o n  o f  NO* ( 9 1 ) .  S i n c e  

n i t r o s a g i n e s  a r e  s t a b l e  u n d e r  n e u t r a l  c o n d i t i o n s  ( 1 1 )  t h e y  would  n o t  

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

s u c h  a s  m e t h a n o l  H - s ' 3 s t r a c t i o n  i s p o s s i b l e  and p h o t o r e d u c t  i on  p r o d u c t s  

a r e  i s o l a t e d .  

The s t u d y  sf c y c l i z a t i 2 n  r e a c t i g n s  9f minim r a d i c a l s  g e r ; e r a t e d  Sjr 

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

d e s i g n s  3 f  a z p l j r c y - 1 1 2  n,jz=&.5s. Tne y i e l d s  i n  t h e  c z a j o r i t j r  sf t n e  

p h o t o l y s i s  o f  n i t r s s a z i x c s  x h e r e  r e p i 5  i s o l a t i o n  an< r e d u c t i c J n  o f  t h e  

n i t r a t e s  5 r ~ d l i ~ e - l  I s  o f  l i t s o s t  i z p r t a n c e .  



The aminlum r a d ' i c a l s  undergo  a s t e r e o s p e c l f i c  c y c l i z a t i o n  t o  form 

5-membered a z a  r i n g s .  The s p e c i f i c  f o r m a t i o n  o f  5-membered a z a  r i n g s  i n  

t h e  compet ing  c y c l i z a t i o n  t o  e i t h e r  5- o r  6-membered r i n g s  a g r e e s  w i  t h  

t h e  p r e v i o u s  work (12)  o n  a z a b i c y c l i c  s y n t h e s e s  and w i t h  t h e  p u b l i s h e d  

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

An examina t ion  o f  t h e  m i n i m  r a d i c a l  c y c l i z a t i o n  o f  11-23 

i n d i c a t e s  t h a t  t h e  r e a c t i o n  i s under: k i n e t i c  r a t h e r  t h a n  thermodynanic  

c o n t r o l  ( 9 5 ) .  The 5-membered r i n g  pr0duct . s  formed (11-30 ,  11-37, and - - 
11-37) e x h i b i t  a t  l e a s t  t h r e e  hydrogen-hydrogen and one  carbon-hydrogen  

e c l i p s i n g  i n t e r a c t i o n s  x i t h  a  t o t a l  ene rgy  v a l u e  o f  a b o u t  5 k c a l / m o l e  

( 9 5 ) .  Amino a l c o h o l  11-37 a l s o  e x h i b i t s  e c l i p s i n g  i n t e r a c t i o n s  between 

t h e  hydroxy g roup  a n 5  t h e  a d j a c e n t  exo-hydrogen and betireen t h e  r i n g  - 
n i t r o g e n  and t i le  ? g o - h y d r o g e n  a t  r , i  O. These s i g n i  fieairit  s t e r i c  

i n t e r a c t i o n s  w 9 u l . j  ~ Z V E  been r emo- rd  had t w i  sti ng o c c u r r e d ,  d l i r i n s  

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

f a v o r a b l e  a z a t i r i s t a n e  s k e l e t o n  (Scnene  3 . 6 ) .  The f o n a t i o n  

o f  5-neabered aza r i n g s  i s  undollbtcdl j i  a  r e s u l t  o f  i r r e v e r s i b l e  

c y c l i z a t i o n  i n v o l v i n g  a  ini ism m o u n t  o f  m o l e c u l a r  a o t i o n  t o  t h e  most 

a c c e s s i ~ l e  t e r z l n u s  o f  t n e  d o u b l e  3053;  s i n c e  t h e  m i n i m  r a d i c a l  i s  

n w i l  n e a r e r  t o  t h e  C6-enl? cf t h e  d o l l ~ l e  bond o r b i t a l  o v e r l a p  between 

t n e  a i n i m  r a d l c z i  anc cne  d o u b i e  2ond i s  much a o r e  e x t e n s i v e  a t  t h e  



J e u s l e r ' s  ( 1 0 )  m i n i m  r a d i c a l  c y c l i z a t i o n  o f  111-2 t o  t h e  - 
c i i lo roaza twis tanes l I I -3  i s  c o n t r o l l e d  by s t e r i c  i n t e r a c t i o n s .  I n  this - 
case  t h e  r i n g  s y s t e z  o f  111-2 i s  much more f l e x i b l e  t h a n  t h a t  o f  11-23  - 



and t h e  i n t e r m e d i a t e  m i n i m  r a d i c a l  can app roach  e i t h e r  t e r m i n u s  o f  t h e  
-\ 

d o u b l e  bond (Scheme 3 . 7 ) .  The e c l i p s i n g  and b o w s p r i t - f l a g p o l e ,  i n t e r a c t i o n s  
\ 

e n c o u n t e r e d  a s  t h e  aminium r a d i c a l  a p p r o a c h e s  t h e  C p o s i t i o n  a r e  s u b s t a n -  8- 

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

/'- 
C - p o s i t i o n  f o r c i n g  c y c l i z a t i o n  t o  form a  6-membered a z a  r i n g .  

7 

I n t r z o l x u l a r  r - , j . c l i zs t l r j n  9f m i n i m  r a d i c a l s  d e r i v e d  from 11-22 

a3d I I - 2 3  g i v e s  p r 9 3 i c t s  ~ " i s s e s ~ i n g  5-zezbered  a z a  r i n g s .  Tnese 

c y z l i m t i o n s  proceed v i z  t?o C - n i t r o s o  i n t e r m e d i a t e s  111-4 and 111-5,  



f -  

r e s p e c t i v e l y .  l n t e r m e d i a t e k l l l - 5  t a u t o m e r i z e q  r e a d i l y  t o  g i v e  t h e  

c o r r e s p o n d i n g  amino oximes 11-30 and 11-31,  however,  111-4 a p p a r e n t l y  * - 

underwent  a  r a p i d  c l e a v a g e  r e a c t i o n  t o  g i v e  11-27. T h i s  d i f f e r e n c e  can  - 
p n l y  be a t t r i b u t e d  t o  s i g n i f i c a n t l y  g r e a t e r  r i n g  s t r a i n  i n  111-4. 

% 

The c l e a v a g e  r e a c t i o n  'observed  h a s  been-" p roven  (96) t o  r e q u i r e  a  

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

t r a n s i t i o n  s t a t e  a s  shown i n  Scheme 3 . B L h a s  been i m p l i e d .  T h i s  

P 
mechanism a l s o  r e q u i r e s  t h a t  t h e  n i t r o s a m i n e  g roup  a d d s  c i s  a c r o s s  t h e  

d o u b l e  bond t o  g i v e  111-4.  Dav ie s  ( 9 7 )  h a s  shqwn t h a t , r e a g e n t s  l i k e  

t h i o l s  and n i t r o s y l  c h l a r i d e  add t o  n ~ b o r n e n e  t o  g i v e ; e x c l u s i v e l y  

e x o - c i s - a d d u c t s  hence  e n t i r e l y  c i s  a d d i t i o n  t o  t h e  o l e f i n i c  bond i s  n o t  - - - 
unreason?b le .  It s h o u l d  be  n o t e d  h o ~ e v e r  t h a t  o n l y  exo h y d r o x y l ,  bromo - 

and c h l o r o  t r i c y c l i c  products,11-3:, 11 35 and 11-36,  r e s u l t i n g  from 
, + 

' t r a n s  a d d i t i o n  ( v i d e  i n f r a ) ,  a r e  i s o l a t e d  from r a d i c a l  t r a p p i n g  

t 
e x p e r l n e n t s  w i t h  11-22.  Although 11-22 was i r r a d i a t e d  s e v e r a l  t i m e s  i n  

a n  e f f o r t  t o  i s o l a t e  t r i c y c l i c  p r o d u c t s ,  p o s s i b l y  r e s u l t i n g  f rom- t r ans  
* 

a d d i t i o n ,  o n l y  d e c o m p o s i t i o n  p r o d u c t s  c o u l d  be  i s o l a t e d .  
8 



4 

br2  0 
> 

neut  r. 

Scheme 3.8 

T r e a t m e n t  o f  a l d o x i v e  Ii-27 vi ' th  b i s u l f i t e  g i v e s  a n  a l d e h y d e ,  111-7, - . 
w h i c h  u n d e r g o e s  a f a z i  l e  i n t r a i n o l e c u l a r  h y d r i d e  t r a n s f e r  a s  shown i n  

S c h e n e  3.9 t o  g i v e  hydroxy  l a c t a m  11-28. The l a t t e r  p r o c e s s  i s  s i n i l a r  

t o  t h a t  o b s e r v e d  by Edwards  (70) i n  a j a c o n i n e  d e r i v a t i v e s  ( S c h e m e 3 . 1 0 ) .  . 
Tne f a r m a t i o n  o f  11-23 c a n  o c c u r  by t h i s  mechanism onl:ia i f  t n e  h y d r o x y  - 
f u n c t i o n  o f  111-7 a n d  s u b s e q u e n t l y  11-27 i s  e x o  s o  t h a t  t h e  - - 7 I; 

i n t r a n o l e u l a r  h y i r i d e  t r a n s f e r  i s  p o s s i b l e .  The a l l  c i s  s t e r e o c h e n i s t r y  - 
o f  t h e  b i c y c l i c  j m z o n i m  i ~ n  111-6 n o  d o u b t  f o r c e s  h y d r a t i o n  t o  o c c u r  

')r 

Porn  t n e  s t e r i c a l l y  l e a s t  n i n d e r e d  e x o  s i d e  o f  t h e  m o l e c u l e  t o  g i v e  11-27 . - - 
x i  t h  t h e  h y d r o x y  f u n c t i o n  exo  t o  t h e  r i n g  s y s t e m .  - 



Scheme 3 .9  

Scheme 3.10 



3 . 2 . 2  R a d i c a l  T r a p p i n g  R e a c t i o n s  

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

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

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

d e r i v e d  from C - n i t r o s o  a d d u c t s  a r e  o b t a i n e d .  In t h e  p r e s e n c e  o f  oxygen  

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

p r e s e n c e  o f  CBrC13 o r  C C 1 4  m i n o  h a l i d e s  a r e  i s o l a t e d .  S i n c e  no 

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

t h e  i n t e r m e d i a t e  r a d i c a l s  w i t h  t h e  r a d i c a l  s c a v e n g e r s  mus t  be  f a s t e r  

t h a n  t h e i r  r e c o m b i n a t i  o n .  It i s  a p p a r e n t  , t h e r e f o r e ,  t h a t  a m i n i  urn 

r a d i c a l s  i n t r a m o l e 3 u l a r  a a d i  t i o n  r e a c t i o n s  d o  n o t  cmpr w i t h i n  a s o l v e n t  

c a g e .  

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

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

t h e  c y c l i z a t i o n  o f  111-2 (73) i n  ~ i c h  a  4 : 3  r a t i o  o f  c i s - a n d  t r a n s -  - - 
ch1orc)aza twi  s t a n e s  a r e  o b t a i n e d .  In c o n t r a s t  t o  t h e s e  r e s u l t s  t h e  

t r i c y c l i c  ( 1 1 - 3 3 ,  1 1 - 3 5 ?  1:-36 and 11-37)  and t e t r a c y c l i c  (11-41  and  - - - - - 
'11-43) - p r o d u c t s  r e s u l t i n g  f rom r a d i c a l  t r a p p i n g  e x p e r i m e n t s  a l l  h e v e  

exo r i n g  s u b s t i t u e n t s  i n d i c a t i n g  t h a t  a d d i t i o n  h a s  o c c u r r e d  t r a n s  a c r o s s  - 
---? , 

t h e  d o u b l e  bond .  It i s  b e l i e v e d  t h a t  this  s p e z i f i c i t y  i s  t h e  r e s u l t  o f  

s u b s t a n t i a l  s t e r i c  i n t e r a c t i o n  from t h e  e n d o  s i d e  o f  t h e b r i n g  s y s t e m ,  
7- - ? 

i n  t h e  r a d i c a l  t r a n s f e r ,  & e v e n t i n g  a t t a c k  f rom t h i s  s i d e .  
J 

r " P 

Many o f  t h e  a i m  n i t r a t e s  formed when a l k e n y l  N - n i t r o s a m i n w r e  

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



m o l e c u l a r  base c a t a l y s e d  decomposi ti  o n  whi c h  g r o b a b l y  r e q u i r e s  a 

t r a n s  d i a x i a l  o r i e n t a t i o n  o f  t h e  amino and n i t r p  f u n c t i o n s  ( 2 9 ) .  For 

this r e a s o n  no a t t e m p t  was made t o  i s o l a t e  t h e  arnino n i t r a t e s  formed 
Q, 

d u r i n g  t h e  o x i d a t i v e  p h o t o l y s i s .  T r i c y c l i c  amino n i t r a t e s  111-8 and 

111-9 were  r e a d i l y  d e c o m p s e d  by this  r o u t e  a s  shown i n  Scheme 3.11 f o r  - 
/ 

, amino n i t r a t e l I I I - 8 .  - Tne i n & e d i a t e  immonium i o n  111-10 ( 9 8 )  i s  

e x p e c t e d  t o  r e a c t  i n  a manner similar t o  t h a t  obse rved  f o r  - 111-6 (Scheme 
0 

3.8  and 3 . 9 ) .  

I-I 20 
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While .  t h e  d e s c r i b e d  decomposi ti on r e a c t 1  on I s  prominent  f o r  amino 

n i t r a t e s  111-8 and  111-9 no decompos i t i on  p r o d u c t s  a r e  i S o l a t e d  - 
f o l l o w i n g  t h e  o x i d a t i v e  p h o t o l y s i  s o f  n i t r o s a m i n e  11-24. T h i s  i s  - 
undoub ted ly  due tco t h e  i n a b i l i t y  o f  t h e  m i n e  n i t r o g e n  e l e c t r o n s  o f  amino '. 
n i t r a t e  111-11 t o  p a r t i c i p a t e  i n  t h e  e l i m i n a t i o n  o f  n i t r i t e  i o n  s i n c e  t h e  

d e c o s p o s i t i o n  would p l a c e  a  c a r b o n - n i t r o g e n  d o u b l e  bond a t  a  s t , r a i n e d  
4 

br idgehead  p o s i t i o n .  

The p h o t o l y s i s  o f  n i t r o s a m i n e  11-22 i n  t h e  p r e s e n c e  o f  C B r C l  o r  - 3 

C C 1 4  g i v e s  good y i e l d s  o f  t h e  t r i c y c l i c  -amino ha l ' i de s  11-35 and 11-36. - 
These '  compounds_were q u i t e  u n s t a b l e  and underwent complex d e c o m p o s i t i o n  

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

ha logen  t o  form a n  a z i r i d i n i m  i n t . e r n e d i a t e  a s  

The r a p i d  decompos i t i on  o f  C-ni t r o s o  i n t e r m e d i a t e  111-4 and am'no 'I 
n i t r a t e  111-8 - i n d i c a t e  t h a t  t h e  r i n g  s t r u c t u r e s  o f  11-35 and 11-\S6 a r e  

Z 

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

n u c l e o p h y l i  c  d i s p l a c e n e n t s  o f  h a l o g e n s  by n i t r o g e n  a r e  nAt--uncommon \ 
\, 7 

( 2 9 , 7 7 1  and ~ a z @ r  ( 1  00) ha8 o b t a i n e d  s t r o n g  e v i d e n c e .  from s y n t h e t i c  ,' 
\ 

k i n e t i c  and o p t i c a l  a c t i v i t y  s t u d i e s  f o r  t h e  e x i s t e n c e  o f  a n  a z i r i d - i n i u m  
3P 

i n t e r m e d i a t e  i n  t h e  spon taneous  r e a r r a n g e m e n t  o f  111-12 t o  111-13 a t  room 
A 

t e m p e r a t u r e  (Scheme 3 . 1 3 ) .  



Scheme 3.12 

Scheme 3.13 

s were  n o t  i s o l a t e d  f o l l o w i n g  t h e  p h o t o l y s i  s o f  

o f  a  s m a l l  q u a n t i t y  o f  'an u n i d e n t i f i e d  

bromoamlne was i n d i c a t e d ,  hoveve'r,  by g.c.-m.s. a n a l y s i s  o f  t h e  r e a c t i o n  / 
m i x t u r e .  The l n a b i l i  t y  t o  i s o l a t e  any c y c l i c  b r o n o a n i n e  migh t  be  due t o  t h e  

- 
e a s e  o f  r ea r r angemen t  t o  a  m i x t u r e  o f  p r o d u c t s  p o s s e s s i n g  a n  a z a t w i s t a n e  

s k e l e t o n .  T h i s  r e a c t i o n  may p r o v i d e  an  e f f i c i e n t  s y n t h e s i s  o f  

a z a t w i s t a n e  d e r i v a t i v e s ;  f o r  example ,  canpowids  p o s s e s s i n g  a n  
% 

i s o t v i  s t a n e  s t r u c t u r e  such  a s  11-4 5 unde r  t h e  a p p r o p r i a t e  c o n d i t i o n s  - . - I -  

( 100) may g i v e  a z a t w i  s t a n e  p r o d u c t s  (Scheme 3 . 1 4 ) .  



aqueous 
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3.3 T h e r m o l y s i s  o f  N-Chloramines 

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

' b o n d s  g i v e s  c y c l i z a t i o n  p r o d u c t s  p o s s e s s j n g  b o t h  5- and 6-membered a z a  

r l n g s  (33 ,34 ,35 ,36 ) .  The mechani ms o f  t h e s e  r e a c t i o n s  have  been 

i n t e r p r e t e d  t o  i n v o l v e  e i t h e r  n i  t r e n i u m  i o n s  (33,871 o r  m i n e  r a d i c a l s  

( 35 ,36 ) .  S i n c e  t h e r e  a r e  a rgumen t s  i n  f a v o u r  o f  b o t h  mechanlsrns and  o u r  

s t u d l e s  made no a t t e m p t  t o  d i s t i n g u i s h  between t h e s e  mechanisms t h e  
\ 

n l t r e n i u n  i o n  i n t e r m e d i a t e  w i l l  be used  t o  i n t e r p r e t  o u r  r e s u l t s .  
" ,  

The t h e r m o l y s i s  o f  11-25 i n  me thano l  g i v e s  t h e  s o l v o l y s i s  p r o d u c t  
&- 

11-46. The f o r m a t i o n  o f  s ~ c ~ ~ r o d u c t  p o s s e s s i n g  a  5-membered r i n g  i s  - 
b e s t  e x p l a i n e d  by t n e  f o r n a t i o n  o f  an i o n i c  i n t e r m e d i a t e ,  p o s s i b l y  

i n v o l v i n g  a n c h i n e r i c  a s s i s t a n c e  by t h e  o l e f i n i c  bond o r  s o l v e n t  

p a r t i c i p a t i o n  a s  s h o - m  i n  Scheme 3.15. 

Scheme 3.75 



. Radical  c y c l i z a t i o n ,  on t h e  o t h e r  hand, might r e s u l t  i n  t h e  
2 

P s o l v o l y s i s  o f  an i n i t a l l y  f o r m e b  C-chloro compound I n  which an 

a z i r j d i n i u m  i o n  i n t e r m e d i a t e  (35,100) might be involved a s  shown i n  

Scheme 3.16. From thermodynamic c o n s i d e r a t i o n s  d i s c u s s e d  p r e v i o u s l y  an 

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

compound 111-1 4 .  

Scheme 3 - 1 6  
- 

The the rmolys i s  o f  11-25 i n  aqueous dioxane {is approx imate ly  f i v e  - , 

t i m e s  f a s t e r  than t h e  cor respond ing  r e a c t i o n  i n  methanol.  

, 
An in::7se 

j n  r e a c t i o n  r a t e  o f  t h i s  degree  wi th  i n c r e a s i n g  s o l v e n t  p o l a r i t y  i s  a l s o  , 

i n d i c a t i v e  o f  a h e t e r o l y t i c  r e a c t i o n  ( 1 0 1 ) .  



c 
The format ion o f  a  s i g n i f i c a n t  amount o f  m i n e  11-21 and t h e  

2 

extended r e a c t i o n  per iod r e q u i r e d  f o r  t h e  t h e r m o l y s i s  o f  t r i c y c l i c  

chloramine 11-26 - l e a d s  u s  t o  b e l i e v e  t h a t  t h e  c y c l i z a t i o n  o f  11-26 i s  - 
more d i f f i c u l t  t.han f o r  11-25. Molecular models r e v e a l  t h a t  r i n g  

c l o s u r e  i n  11-26 i n v o l v e s  c o n s i d e r a b l e  s t r a i n .  The e a s e  o f  c y c l i z a t i , o n  - 
o f  t h e  i n t e r m e d i a t e  n i t r e n i m  i o n  i s  t h e r e f o r e  dec reased  and i t  must 

react  by some a l t e r n a t e  pathway such a s  hydrogen a b s t r a c t i o n  ( 3 3 ) .  I f  

one a s s m e s  t h a t  a n c h i ~ e r i c  a s s i s t a n c e  by t h e  double  bond p lays  an 

i m p r t a n t  r o l e  i n  t h e  h e t e r o l y t i c  c l e a v a g e  o f  t h e  N-C1 bond then  t h e  

extended r e a c t i o n  t i n e  r e q u i r e d  becomes u n d e r s t a n d a b l e .  

3 . 4 .    he b ~ d i t i o n  o f  1;- t ; i t rasunines to. 1 ,6-Heptadiene 

I n t r a m o l e u l a r  c y c l i z a t i o n  of carbon r a d i c a l s  has been thorough ly  

i n v e s t i g a t e d  ( 1 4 , 1 5 , 1 6 , 1 8 ) .  The d i r e c t i o n  o f  t h e s e  c y c l i  z a t i o n s  appear  A 

-' t o  be c o n t r o l l e d  by bo th  s t e r i c  ( 1 4 )  and e l e c t r o n i c  ( 1 8 )  f a c t o r s  and t h e  

k 5 n e t i c a l l y  more f a v o r &  c y c l i z a t i o n  product i s  p r e f e r e n t i a l 1 . y  f a m e d  

z l t  hough e q u i l i b r i w t i o n  t o  t h e  t h e r ~ o d y n a m i c a l l y  n o r e  stab1.e product  ' 

h a s  been demonstrated i n  sone  c a s e s  ( 1 4 ) -  The p h o t o c h e a i c a l  a d d i t i o n  o f  

n i  t r o s a n i n e s  t o  unconjugsted d i e n e s  was i n v e s t i g a t e d  t o  de te rmine  t h e  

e x t e n t  o f  i n t r m o l e 3 u l a r  carbon r a d i c a l  c y c l i  z a t i o n  ( T a b l e  3 . 1 ) .  

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

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

a  m o m - s u b s t i t u t e d  o l e f i n  t o  g i v e  t h e  more s t a b l e  secondary ca rbon  

r a d i c a l  i n t e r m e d i a t e  (111-15, Scheme 3.17) ( 1 1 ) .  
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Scheme 3.17 ,/ 

, - 

The c y c l i z a t i o n  o f  t n e  i n t e r m e d i a t e  c a r b o n  r a d i c a l  (111-7 5 ,  Scherne 
i 

3 .17)  g e n e r a t e d  by t h s  adr l i t i c ln  o f  e i t h e r  n i t r o s o p i p e r i d i n e  o r  

n i t r o s o d i m e t h y l a n i n e  t o ' l ,  6 - h e p t a d i e n e  i s  n o t  e x t e n s i v e  s i n c e  t h e  

c y c l i z a t i o n  p r o d u c t s  11-53 and 1 x 5  a r e  f o m e d  i n  o n l y  25% and 5% - 
y i e l d s ,  r e s p e c t i v e l y .  Tne a a i n  r e a c t i o n  p r o d u c t s  a r e  d e r i v e d  f r o 2  

111-7 6 formed by i : 2  a d d i t i o n  o f  t h e  n i t r o s a r n i n e  t o  a  d o u b l e  bond .  The 

r ' e a s o n  f o r  i n e f f i c i e n t  r a d i c a l  c y c l i z a t i o n  i s  u n d o u b t e d l y  t h e  r a p i d  

c o m b i n a t i o n  o f  t h e  C - r a d i c a l  i n t e r m e d i a t e ,  111-7 5 ,  w i t h  hT0 ( 7  1 )  . E r a c e  

(88) h a s  d e m o n s t r a t e d  i n  a  similar s y s t e m  t h a t  t h e  r a t i o  o f  l i n e a r  t o  

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

in t h e  p r o p a g a t i o n  s t e ?  (Scheme .3 .18) .  A h i g h  c o n c e n t r a t i o n  o f  

p e r f l u o r o a l k y l  i o d i d e s  (RFI) l e d  t o  i :2 a d d l t i o n  p r o d u c t s  w h i l e  a  l o w e r  ' 

b 

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



, 
k 

c l y c l i z z t i o n  p r o d u t t s .  Tne p h o t o a d d f t q n  o f  n i t r o s a m i n e s  t o  uncon j&a ted  
'LJ 

d i m e s  i n  t h e  p r e x n c e  3 f  oxygen m i g h t  b e  worthy o f  I n v e s t i g a t i o n .  , 

L n t e r c e p t i o n  o f  ti8 Sy axygen t o  g e n e r a t e  NO ( 2 9 )  m i s h t  s u f f i c i e n t l y  3 I 
. d e l a y  p roduc t  for ,at i ;" . : ta  a l l o w  f o r  a  s u b s t a n t i a l  i n c r e a s e  i n  t h e  y i e l d  o f  



' t r a n s - c o n f i g u r a t i o n :  t h e  d r i v i n g  f o r c e  f o r  t h e  s t e r e o c h e m l c a l  inte~rity is 

presumed t o  b e  due  t o  t h e  b u l k y  p i p e r i d i n o  g roup  c a u s i n g  more s t e r i c  

crowding i n  t h e  c i s - o r i e n t a t i o n .  - R e c e n t l y ,  Beckwith h a s  r e p o r t e d  ( 102)  t h e  

p r e f e r e n t i a l  . c y c l i z a t i o n  o f  t h e  i n t e r m e d i a t e  c a r b o n  r a d i c a l  111-17b t o  c i s  

s u b s t i t u t e d  c y c l o p e n t a n e  d e r i v a t i v e s  ( c i s / t r a n s ,  2 . 3 ) .  Beckwi t h  ( 102)  h a s  

c( 4 
a t t r i b u t e d  t h e  p redominan t  f o r m a t i o n  o f  c i s - i s o m e r s  - t o  s e c o n d a r y  a t t r a c t i v e  

i n t e r a c t i o n  between t h e  a l k y l  s u b s t i t u e n t  o f  111-17b and t h e  o l e f i n i c  bond 

a s  d e p i c t e d  i n  111-19.  .&condary a t t r a c t i v e  i n t e r a c t i o n s  between a l k y l  sub-  

s t i  t u e n t s  c a r r y i n g  e i t h e r  p i p e r  i d i n o  o r  6 ime thy lamino  g r o u p s  and t h e  

o l e f i n i c  bond o f  111-15 a r e  e x p e c t e d  t o  be  e q u i v a l e n t  and would p r o b a b l y  

n o t  a c c o u n t  f o r  d i f f e r e n c e s  i n  t h e  d i r e c t i o n  o f  r a d i c a l  c y c l i 5 2 a t i o n .  
2 



3.5 C o n c l u s i o n s  

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

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

c m p o u n d s  p o s s e s s i n g  5-ze- .beret i  a z a  r i n g s .  The m i l d  c o n d i t i o n s  

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

s y n t h e t i c  f l e x i b i l i t y  was  i n z r e a s e d  by t h e  t h & n o l y s i  s o f  some 
9 

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

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

Al though  mos t  o f  t h e  n i t r o s a n i n c  c y c l i z a t i o n  r e a c t i o n s  w e r e  a l m o s t  

q u a n t i t a t i v e ,  s e v e r e 1  o f  t n e  t r i c y c l i c  c:xpounds s y n t h e s i z e d  w e r e  

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

c l e a v a g e  r e a c t i o n s  i n v s 1 7 i n g  t h e  m i n e  g r o u p  t o  g i v e  a z a b i c y c l i c  

c m p 3 u . d ~ .  m e  anim n i t r a t e s  111-9 and 111-9, f o r  e x m p l e ,  r e a d i l y  - - - 



underwent  n i t r o g e n  a s s i s t e d  e l i m i n a t i o n  o f  NO2 t o  g i v e ,  a f ' t e r  

r e d u c t i o n ,  t h e  b i c y c l i c  amino a l c o h o l s  11-29 and 11-38, r e s p e c t l v e l y .  - - 
The s t e r e o c h e m i c a l  p u r i t y  o f  t h e  b l c y c l i c  p r o d u c t s  i s o l a t e d  i n d i c a t e -  

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

ways o f  s y n  h e s i z i n g  c e r t a i n  a z a b i c y c l i c  compounds. 4. 

S t u d i e s  o f  t h e  s o l u t i o n  p h o t o c h e s i s t r y  o f  N - n i t r o p i p e r i d i n e  have 

c l a r i f i e d  some o f  t h e  p h o t o r e a c t i o n s  i n v o l v e d .  We have  c o n f i p d  t h a t  

t h e  p r i m a r y  p h o t o p r o c e s s  i s  t h e  c l e a v q e  o f  t h e  N-N bond o f  t h e  

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

n i t r m i n e s  where N-0 bond c l e a v a g e  a p p e a r s  t o  be  t h e  p r imary  r e a c t i o n .  

The a c i d  c a t a l y s e d  o x i d a t i v e  o f  n i t r a r n i n e s  t o  o l e f i n s  may 

prcrve t o  b e  an e f f i c i e n t  zearls  o f  s y n t n e s i  z i n g  amino n i t r a t e s .  
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CHAPTER 4 

EXPERIMENTAL -9 

4.1 G e n e r a l  T e c h n i a u e s  

U n l e s s  otherwi_ se i n d i c a t e d  t h e  f o l l o w i n g  g e n e r a l  c o n d i t i o n s  

p r e v a i l .  I n f r a r e d  ( i  .+.I s p e c t r a  w e r e  m e a s u r e d  on a P e r l d n - E l m e r  model 

4 5 7  S p e c t r o m e t e r  as  l i q u i 5 f i l n s  o r  a s  n u j o l  m u l l s  f o r  s o l i d  s a m p l e s .  

U l t r a v i o l e t  (u .v .1  s p e c t r a  were  r e c o r d e d  on  a U n i c a a  SP 8 0 0  

S p e c t r o m e t e r ;  s p e c t r a l  b v l d c  a r e  r e p o r b ' d  a s  la, nm ( & ) .  N u c l e a r  

M a g n e t i c  R e m n a n c e  (r,.a.r .) s p e c t r a  were r e c o r d e d  on  a. V a r i a n  A56/60 o r  

a  V a r i a n  X L I O O  S p e c t r o n e t e r  usi!lg d e u t e r o c h l o r o f ~ m  a s  s o l v e n t  and  R4S 

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

l a t t e r  F n s t r m e n t .  C h e g i c a l  shifts a r e  r e p o r t e d  i n  T u n i t s ,  z o u p l i n s  

c o n s t a n t s  (J) i n  H e r t z  ( H z ) ,  t h e  c o u p l i n g  p a t t e r n s  a s  s ( s i n g l e t ) ,  d - c 
)Q 

- 

( d o u b l e t ) ,  dd ( d o u b l e  d o u b l e t ) ,  t ( t r i p l e t ) ,  q ( q u a r t e t ) ,  m ( m u l t i p l e ? )  , 

and  b r  ( broad3  , t h e  x i d t h  a t  t h e  h a 1  f h e i g h t  o f  a s i g n a l  i s  g i v e n  as  W l  
2' 

Gas chromatography ( g . c  .) was p r f o m e c i  on a V a r i a n  1200 flame 

i o n i z a t i o n  c h r o m a t o g r a p h  u s i n g  a  20% SE-30, 1 0  f t  b y  1 / 8  i n c h e s  

s t a i n l e s s  s t e e l  c o l u m .  P r e p a r a t i v e  g , c .  r u n s  were d o n e  o n  t h e  V a r i a n  

172G-10 u s i n g  a 20s SE-233, 2 0  f t  x 3/8 i n ,  a luminum co lumn.  Mass 

s p e t r a  ( E . s . )  and h i g h  r e s s l u t i o n  mass (H.r.m.s.)  w e r e  r e c o r d e d  

witch a i i i t a c h i - ? e r % i n - ~ 1 ~ ~ ?  %U-62 ~ 5 t h  a n  i o n i z i n g  v o l t a g e  

o f  80 Ev. and  w e r e  r e p o r t 5 5  a s  n / e  ( a p p  o  l n a t e  r e l a t i v e  a b u n d a n c e ) .  \fl 



- \ 

-; The g a s  chromatographic-mass  s p e c t r a l  ( g . c  .-m.s.1 a n a l y s e s  were  done  

u s i n g  a Var i an  1400 g a s  chromatograph  coupled  t o  t h e  mass s p e c t r o m e t e r .  

,-' 
2 - -4 

M e l t i n g  p i n t # + e r e  determined on a  F i s h e r  -Johns h o t  s t a s e  
& ' &  

a p p a r a t u s  and  were n o t  c o r r e c t e d .  E l emen ta l  a n a l y s i s  were performed by 

Mr. M . K .  Yang, k p a r t m e n t  o f  B i o l o g i c a l  S c i e n c e s .  

S e p a r a t i o n s  b y  c o l u m  ch roma tog raphy  were p e r f o m e d  u s i n g  Brocknan 
1 

a l u m i n a  ( n e u t r a l  o r  a a s i c ,  a c t i v i t y  I, 80-200 m e s h ) ,  Baker s i l i c a  g e l  

(60-200 mesh ) ,  o r  I h l l i n c k r o f t  s i l i c i c  a c i d  ( 1 0 0  mesh ) .  Thin  l a y e r  

chromaevogrphy ( t  .l .c .) was p e r f o m e d  on s i l i c a  g e l  p l a t e s  (0.25-0.30 nn 

t h i c k n e s s )  i m p r e g ~ a t e d  ;ri_ t n  u .v. i n d i c a t o r ,  +'mCPyported y i e l d s  were 

estimatved from c o l u m  c h r o z a t o g r a p h y  o r  by area d e t e r i n i n a t i o n  o f  g.c .  peaks .  

- 
R e q e n t  g r a d e  s o l - ~ e n t s  were d i s t i l l e d  b e f o r e  u se  and benzene  and 

a e t h a n o l  were s t o r e d  ove r  s o d i m  r i b b o n  and m o l e c u l a r  s i e v e  (Type 3A) ,  

r e s p e c t i v e l y .  F e q e n t  g r a d e  p y r i d i n e  was s t o r e d  o v e r  p a t a s s i m  

hydrox ide  p e l l e t s .  I 

Cyclohexene ( M C  and B) , I , 3 - cyc lohexad iene  ( P l d r i c h )  , a l l y 1  bromide 

( F i s h e r )  , N - n i t r o s ~ p i p e r i d i n e  ( E a s t ~ a n )  , and N-n i t ro sod ime thy lamine  -1 .- 
(Eas tman)  %ere d i e i l l e d  b e f o r e  u se .  Cyc lopen tad i ene  was p r e p a r e d  by --. 
t h e  d e s t r u c t i v e  d i s t i l l a t i o n \ (  104 )  o f  3a , 4 , 7 , 7 a - t e t r a h y d r o -  



(K and K), a c r y l i c  
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1MC and B) , 1 , 5 - h e p t a d i e n e  ( A l d r i c h )  , 1 , 6 - h e p t a d i e n e  

a c i d  (Mc and B ) ,  hydrogen  p e r o x i d e  ( F i s h e r ) ,  

b m m o t r i c h l o r o m e t h a n e  ( A l d r i c h ) ,  me thy lamine ,  and n i t r o g e n  d l o x i d e  

(Matheson  Gas Company) , l i t h i u m  aluminum h y d r i d e  ( L A H ,  k!i:Ti'lshire, 9 7 % ) ,  

sodium bis-(2-methoxyethoxy)aluminum h y d r i d e  ("Red -.+ A l " ,  70% s o l u t i o n  i n  

benzene ,  A l d r i c h ) ,  and  n i t r o s o f l u o r o b o r a t e  (D.F. Q s m i t h )  were  used  
1 

a s  s u p p l i e d .  3 
\- 

Ehdo-norbornene-~AS-5'6-dicarboxylic anhydrLde was o b t a i n e d  from 

\ 
t h e  u n d e r g r a d u a t e  o r g a n i c  L a b o r a t o r y  an$ was r e c r y s t a l l i z e d  b e f o r e  u s e  

r 
(m.p. 164O, L i t .  165') (-105). Pe r f ex  Bleach  ( B r i s t o l  Meyers Co., 

NaOCl>6$) was used i n  t h e  p r e p a r a t i o n  o f  N-chloramines.  

4.3 G e n e r e l  P h o t o l y s i s  and Therrnolys is  Cond i t l  o n s  

4.3.1 L i g h t  S o u r c e s  a d  P h o t o l y s i s  Appara tus  
1- 

/- 

The s o l u t i o n s  were  i r r a d i a t e d  k5%--&-ededium p r e s s u r e  lamp ( 2 0 0  

i i a t t ,  Hanovia 654A36 ;  103 g a t \ ,  i l anqyla  8 8 3 6 )  p l a c e d  w i t E n  theJamp 

w e l l  o f  Apparatus I ( F i g u r e  4.1)  -'or Appara tus  I1 ( F i g u r e  4 . 2 ) ,  b o t h  o f  

which  c o u l d  b e  f i t t e d  k 5 t h  a  c y l i n d r i c a l  g l a s s  f i l t e r  i f  r e q u i r e d .  Tap 

wa te r  passed  t h r o u g h  t h e  c o o l i n g  j a c k e t  and an  e x t e r n a l  i c e  b a t h  were 

used f o r  c o o l i n g  t h e  p h o t o l y s i s  s o l u t i o n .  " Ni t rogen  ( s c r u b b e d  w i t h  

~ i e s e r s '  s o l u t i o n ,  t h e n  l e a d  ace 'a te  s o l u t i o n ,  fo l l owed  by c o n c e n t r a t e d  

ii2S04) o r  oxygen was bu5ble. j  t b r o u q h  t h e  g a s  i n l e t .  A magne t i c  b a r  

s t i r r e d  t h e  p h o t o l y s a t e  f c a .  200 m l b i n  Appara tus  I w h i l e  a  stGeam o f  
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Figure 4.1: Photolysis Apparatus I 
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Figure 4.2: . P h o t o l y s i s  Apparatus I1 
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n i t r o g e n  or o x y g e n  s e r v e d  t o  a g i t a t e  t h e  s o l u t i o n  i n  A p p a r a t u s  I1 ( c a .  

'4.3.2 P h o t o l y s i s  o f  N - N i t r o p i p e r i d i n e  

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

v a r i a b l e .  G e n e r a l l y ,  a m e t h a n o l  s o l u t i o n  o f  N - n i t r o p i p e r i d l n e  (ca.  

0.0411) w a s  p l a c e d  i n  a  q u a r t z  a p & a t u s  f i t t e d  w i t h  a  Carex  g l a s s  f i l t e r  

( 50% t r a n s m i  ssio Yt 275 m)  . To th5s was  added  t h e  r e q u i r e d  q u a n t i t y  

o f  c o n c e n t r a t e d  ' h y d r o c h l o r i c  a c i d  and  c y c l o h e x e n e  . The s o l u t i o n  was 

f l u s h e d  ~ 5 t h  N2 o r  O2 g a s  fcr 10-15 n i n u t e s  b e f o r e  and alsc 

t h r o u g h o u t  t h e  I r r a d i a t i o n .  The m i x t u r e  was pho to1  y s e d  u n t i l  t h e  R-'V 

a b s o r p t i o n  ( 2 4 9  nm) o f  N - n i t r o p i p e r i d i n e  had d i s a p p e a r e d  a s  d e t e r i n i n e d  

by U . V .  m o n i t o r i n g  o f  a l e q u o t s  t a k e n  from t h e  p h o t o l y s a t e .  A z e r o  h o u r  

s a n p l e  w a s  r e t a i n e d  i n  t h e  d a r k  a n d  the U . V .  s p e c t r m  e x a a i n e d  a t  t h e  

c o m p l e t i o n  o f  t h e  p h o t o l y s i s .  IJo m t i c e a b l e  d e c r e a s e  i n  t h e  U.V. 

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

The m e t h a n o l  s o l v e n t  was r e n o v e d  u n d e r  v a c u m  a: 10-20'. In some 

c a s e s ,  t h e  s o l v e n t  w a s  r e n o v e d  by d i s t i l l a t i o n  t h r o u g h  a V i g r e a u x  column 

and  t r a p p e d  i n  a r e c e i v e r  c o o l e d  by a  d r y  i c e - a c e t o n e  b a t h .  The 

c o l l e c t e d  s o l v e n t  was t r e a t e d  ~ 5 t h  a  2,4-dinftrophenylhydrazine 

(2,4-DNFH) s o l u t L o n  t o  d e t e c t  a n y  v o l a t i l e  c a r b o n y l  compound t h a t  m i g h t  

be p r e s e n t .  



A 

If t h e  r e a c t i o n  had been done unde r  n e u t r a l  c o n d i t i o n s  t h e  

p h o t o l y s a t e  r e s i d u e  was d i r e c t 1  y a n a l y s e d  by g.c.-m.s. h t e r n a t e l y ,  t h e  
,: 

r e s i d u e  was d i l u t e d  w i t h  an  H C 1  s o l u t i o n  ( 1  . O N ,  50  m l )  and e x t r a c t e d  

w i t h  e t h e r  t o  remove t h e  n e u t r a l  (non -bas i c  f r a c t i o n )  m a t e r i a l .  The 

s o l u t i o n  was b a s i f i e d  t o  pE-9 w i t h  a  s a t u r a t e d  Na2C03 s o l u t i o n  and 

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

anhydrous  &SO4, f i l t e r e d ,  and e v a p o r a t e d .  

4.3.3 P h o t o l y s i s  o f  N - N i  t r o s a i i i n e s  

A methanol  s o l u t i o n  o P  t h e  n i t r o s a m i n e  ( c a .  0.04E) a?d 

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( c a .  O.04M) was p l aced  i n  t h e  a p p a r a t u s  

equipped  wi-th a  Nonex f i l t e r  ( 5 0 %  t r a n s m i s s i o n -  a t  320 m)  . Gas was 

bubbled  t h r o u g h  t h i s  s o l u t i 3 n  f o r  10-75 m i n u t e s  p r i o r  50 and a l s o  

t h roughou t  t h e  p h o t o l y s i s .  The m i x t u r e  was i r r a d i a t e d  , a n t i 1  t h e  n-7' 

a b s o r p t i o n  ( c a .  350 m)  of  t h e  n i t r o s a n i n e  had d i s a p p e a r e d  a s  

de t e rmined  by U . V .  a o n i t o r h g  o f  a l j quo ' s  t a k e n  f r o a  t h e  p h o t o l y s a t e .  

A z e r o  hour s a n p l e  m a i n t a i n e d  i n  t h e  d a r k  i n d i c a t e d  t h a t  no t h e r r n d  

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

A f t e r  t h e  p h o t o l y s i s  t h e  methanol  was removed under  vacuun a t  

10-20' and t h e  r e s i d w  was d i l u 5 e d  k 5 t h  w a t e r  ( 5 0  n l ) .  A f t e r  

e x t r a c t i o n  o f  t h e  n e u t r a l  f r a c t i o n  k'i th e t h e r ,  t h e  s o l u t i o n  was b a s i f i e d  

t o  pH 9-1 1 ~ 2 t h  a  Na CO o r  NaOH s o l u t i o n .  The b a s i c  f r a c t i o n  was 2  3 

e x t r a c t e d  w i t h  e t h e r  o r  z e t h y l e n e  c h l o r i d e .  In some c a s e s ,  c o n t i n u o u s  

l i q u i d - l i q u i d  e x t r a c t i o n  wi_ t h  C H 2 C 1 2  gas employed t o  r e c o v e r  
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- a d d i t i o n a l  m a t e r i a l .  The e x t r a c t s  were d r i e d  o v e r  MgS04, f l l  t e r e d  , 
1. 

and e v a p o r a t e d .  The r e s i d u e s  were  examined by v a r i o u s  s p e c t r a l  

t e c h i q u e s  and s e p a r a t e d  by chroma-raphy. 

- 

I f  t h e  p h o t o l y s i s  had been performed under  an oxygen a t m o s p h e r e  t h e  

e t h e r  e x t r a c t  o f  t h e  b a s i c  f r a c t i o n  was immed ia t e ly  d r i e d  o v e r  MgS04 

and t h e  s o l u t i o n  was t r e a t e d  d t h  LAH. M t e r  s t i r r i n g  o v e r n i g h t  w i t h  a 

LAH t h i s  s o l u t i o n  was worked-up by t r e a t m e n t  w i t h  a  10% aqueous  NaOH 

s o l u t i o n ,  f i l t e r e d ,  d r i e d  o v e r  !@SO4, f i l t e r e d '  a g a i n  and e v a p o r a t e d .  
I ' The r e d u c e d  p r o d u c t  was- then  a n a l y s e d .  

4.3.4 Thermol y s i s  o f  N-C:hl o r m i n e s  

A s o l u t f o n  o f  N-ch lo ran ine  ( c a .  0.01 mole)  I n  an a p p r o p r i a t e  

s o l v e n t  ( 150 n l )  was  r e f l u x e d  i n  t h e  d a r k .  T h e r a o l y s i s  was c o n t i n u e d  

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

t h 2 o s u l f a t e  i n d i c a t e d  v i r t u a l  a b s e n c e  o f  p o s i t i v e  c h l o r i n e  ( 0 - 5 9 ) .  Tne 

s o l v e n t  was r e m o v d  under  vacuurn a t  room t e m p e r a t u r e  and .'tfie r e s i d u e  was 

d i l u t e d  w i t h  1.01.1 aqueous  K C 1  ( 5 0  nl) . A f t e r  e x t r . a c t i o n  o f  t h e  n e u t r a l  

z a t e r i a l  iri_th e t h e r ,  t h e  s o l u t i o n  was b a s i f i e d  t o  pH 11-12 w i t h  an NaOH 

s o l u t i o n .  E x t r a c t i o n  wiLth C H 2 C 1 2  which  was d r i e d  o v e r  &SO4, 

f i l t e r e d ,  and e v a p o r a t e d  gave  t h e  b a s i c  f r a c t i o n .  The b a s i c  r e s i d u e  was 

a n a l y s e d  by v a r i o u s  s p e c t r o s c o p i c  and ch roma tog raph ic  t e c h n i q u e s .  I 
\ 

\d' 
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4:4 P r e p a r . a t i o n  o f  N - N i  t r o p i p e r i d i n e  d 

i 

/ 

The p r o c e d u r e  o f  h m o n s  t 1 0 6 )  was & m t o  o x i d i z e  
4' 

N - n i t r o s o p i p e r i d i n e  t o  N - n i t r o p i p e r i d i n e  excep t  t h a t  50% H 2 0 2  was 

used  i n  p l a c e  o f  90% H 2 0 2 .  T h i s  n e c e s s i t a t e d  that t h e  o x i d a t i o n  b e  

r e p e a t e d  once t o  e n s u r e  a more comple t e  o x i d a t i 6 p  t o  t h e  n iq ra in ine .  The 

r e m a i n i n g  t r a c e s  o f  n i t r o s o  compound ( i , r , .  1180 and 1090 @ 
p r e c i p i t a t e d  as  th: h y d r o c h l o r i d e  when d r y  H C 1  was bubbled  t h r o u g h  a n  

anhydrous  e t h e r  s o l u t i o n  o f  t h e  c r u d e  p r o d u c t  f o r  - 2 h o u r s .  The e t h e r  

s o l u t i o n  was f i l t e r e d ,  washed w i t h  w a t e r ,  d r i e d  o v e r  !&SO4, and 

( & , 5 , 5 0 0 3  - --. 
I: 

P- 
4.5 S y n t h e s i s  o f  Alkenyl  Arnlnes . '  

f 

4.5.1 D i e l s  Alder R e a c t i o n  o f  Cj rc lopentadlene  w i t h  A l l y l  Bromide 

A l l y l  bromide ( 5 6 g )  ua s  t r e a t e d  w i t h  c y c l o p e n t a d i e n e  ( 2 5 g )  by t h e  

d e s c r i b e d  method ( 5 2 ) .  D i s t i l l a t i o n  o f  t h e  c r u d e  p r o d u c t  g a v e  a c l e a r  

o i l  ( 5Og, 70 .5%)  c o n s i s t i n g  p r i n c i p a l l y  o f  2 -ee -b romomethy lb icyc lo , -  

[ 2 , 2 , l ] h e p t - 5 - e n e ,  11-13, c o n t a i n i n g  abou t  30% o f  t h e  c o r r e s p o n d i n g -  '+ 
- 

E - i s m e r :  i . r .  3060(m) ,  72O(s)  and 6 3 0 ( s )  an-'; n.m.r. .  7 3 . 7 7  ( d d ,  

J=6 and 3H2, 1H) ,  4 .00  ( d d ,  J = 6  'and 3H2, 1H) ,  6.57 ( d ,  J=8Hz,  H8-exo, - 

O.3H), 6.88 ( d d ,  J=8 and 4Hz, H 8 - e x o ,  O.i'H), 7 .05 (m) ,  7.45 ( m , l H ) ,  



4,  and 2.5Hz,  H3-e=o, 0.7H). , 
T h i s  sample  was u t i l i z e d  wi thou t  

p u r i f i c & i o n .  

4.5.2 P r e p a r a t i o n  o f  2-endo-Methylaminomethylbicyclo[2,2,1]~ 

hept-5-ene , 1 x 4  

A s o l u t i o n  o f  m e t h y l m i n e  ( 2 7 g )  and 11-13 - ( 2 5 g )  i n  e t h e r  ( 1 2 5  m l )  

was p laced  i n  an a u t o c l a v e  which  was h e a t e d  i n  an o i l  b a t h  a t  100' f o r  

6 L h o u r s .  The p r o d u c t  was e x t r a c t e d  wi_ t h  1.ON H C 1  (3x50ml)  which  was 

washed K i t h  e t h e r .  The a c i d i c  aqueous  phase was b a s i f i e d  t o  pH 10-1 1  

w i t h  aqueous  NaOH and e x t r a c t e d  ~ 5 t h  CH2C12 which  was d r i e d  o v e r  

&SO4, f i l t e r e d ,  .and e v a p o r a t e d  t o  a l i g h t  y e l l o w  o i l ,  11-14 - (12.8g) : 

5 . r .  3300(w) ,  3060(11i), 1250 and 7 2 0 ( s )  a"; n.rn.r. r 3 . 3 0  ( d d ,  J=6  

3Hz,  1H) , 4.12 ( d d ,  J = 6  a n d  3Hz, 1H) , 7.20 ( m , 2 ~ ) ,  7 .40 ( d ,  J = 7 ,  o . ~ H ) ,  

7 .55  ( s ,  N-CH3,  O.gX), 7.51 ( s ,  N-CH3, 2 .131 ,  7.80 (M,2H), 8.68 (M,2H) ,  

9.04 ( s ,D20  e x c h . ,  1H) and 9 .50  ( b r . d ,  J=iOHz,  H -endo,  0.7H);  m . s .  m/e 
3 -  

137(!4+,10), 7 1 ( 6 6 ) ,  7 0 ( 6 1 )  and 4 4 ( 1 0 0 ) .  T h i s  o i l  c o n t a i n s  30% of 

exo-isomer a s  shown b y  t h e  r a t i o  o f  t h e  N-CH s i g n a l s .  
3  

4.5.3 D i e l s  Alder  R e a c t i o n  o f  Cyclohexadiene  w i t h  A c r y l i c  Acid 

A c r y l i c  a c i d  ( 3 0 g )  %T& r e a c t e d  ~ 5 t h  c y c l o h e x a d i e n e  ( 2 5 g )  a s  d e s c r i b e d  

by b e h e  ( 5 5 ) .  D i s t i l l a t i o n  a t  1 4 8 - 1 5 0 ~ / 1 3 m ~ ~  gave  a n  o i l y  s o l i d  which  

was r e c r y s t a l l i z e d  from p n t a n e  s e v e r a l  t i m e s  t o  g i v e  11-15 (24 .3g ,  - 
4 6 % )  : m.p-  !jE-5T0 (Lit .56-57')  ( 5 5 ) ,  i .r. ( n u j o l )  3200-2500 ( s , b r )  , 

17OO(s) ,  1 2 4 0 ( s ) ,  940 an;%o(s) ; n.m.r. 7 - 2 . 0 2  ( s ,D20  e x c h . ) ,  



?.So ( r 1 2 , 4 ' ) ,  7 .05  ! ?1 ,13 ) ,  7 .40  (m,2H) and 8.1-9.0 ( u n r e s o l v e d ,  6 ~ ) ;  m.3. 

Ve5hylaz i r .e  was  b u ' s L l c d  Lr . t=  tf>s s o l u t i o n  until it was basic to m o i s t  

s - , l : ; t i oz ,  ar,d water, ',ri=.i ; , i E r  :.i3SC;41 f i l t e r e d ,  and  e v a p o r a t e d  t o  gFve a 

s o l i d .  R e z r y s t a l l i  zz?Lz -  f r x  kexane  ? a - ~ e  wh,i t e  n e e d l e s  cf 

. .  . .  
! ~ - z e t ~ . y ; - 2 - e n d o - c ~ r = . z x ~ ~ : z ~ - ~ ~ ~ y e 1 3 [  2 1  2 ] 0 - e n ,  I- ( 3 . 3  g ,  8 1 % )  : 

A 
- - . 7 3 5 - i 3 5 3 ;  i ---, , , z z !  s j  ' I 2 3 4 C l ~ ) ,  i 5 4 0 ( s ) ,  1 5 5 5 ( ~ 3  end 593(1-ij  

- - I .  r - l .. . z . r .  7 3 . 7 2  1 : ~ , ? : 3 , ,  u . 2  Y ' z r . 5  223 ?xcn.), 7 - 2 5  ( d ,  J = b .  s : iz l  



11-16 which  was a  l i g h t  y e l l o w  o i l  (5 .8g ,  7 3 % ) ;  i .r.  328O(w),  3O4O(m), 

( u n r e s o l v e d ,  3H) ,  7.61 (s, N - C H 3 ) ,  8.0-9.0 ( u n r e s o l v e d ,  6 H )  and 9 .10  

4.5.6 P r e p a r a t i o n  o f  endo-Norbornene-cLs-5,6-di'carboxinide, - 11-20 

E*norbornene-c>-5,6-dicarboxylic a n h y d r i d e ,  I=€!, ( F o g )  and 

c o n c e n t r a t e d  NH40H (150 m l )  we re  s t i r r e d  a t  room t e m p e r a t u r e  ( 5 6 )  f o r  

2 0  h o u r s .  A w h i t e  p r e c i p i t a t e  was r e c o v e r e d  by f i l t r a t i o n  and was -. 

T h i s  s o l i d  was hea'led i n  ace ' l i c  a n h y g r i d e  ( 1 2  m l )  t o  g i v e  a  homogeneous 

s o l u t i o n  which was r e f l u x e d  For 2  h o u r s .  A f t e r  c o o l i n g  t h e  n i x t u r e  was , 

b a s i f i e d  ;li-th aqueous  i h C E  ( 1 5 % )  t o  y i e l d  a p r e c i p i t a t e  which  was 

r e ~ r ~ s t a l l i ~ e d  f r o =  m t e r  53 g i v e  11-2C ( 1 9 . 7 5 g ) :  m.p. ? 8 5 - 1 8 7 ' ( ~ i t .  
\ 

165-156.5') ( 5 6 )  : i . r .  3 i 5 5 ,  ?O6O(s ) ,  1750,  l 7 O 0 ( s ) ,  l 2 9 5 ( s ) ,  

1 2 3 0 ( n ) ,  1190, 112G, ' J 9 2 ( s ) ,  840 ,  736 and 6 4 0 ( s )  an"; n . 3 . r .  1.50 

( z ,D20  e x c h . ) ,  3.80 ( n , 2 H ) ,  6.57 ( 1 3 , 4 H ) ,  8.22 ( A  p o r t i o n  o f  AB 

p a t t e r n ,  J=3Hzl  c n - i I I 0 )  and 5 . 4 8  (B p o r t i o n  o f  AB pae '  J=9v 

4.5.7 Redu-. t i o n  sf erid3-!i3rbornene-c)is-5,6-dicarboximiae, - 11-20 

Irnide 11-20 ( I & ,  C.1  s o l e )  !n d r y  TW (200  ml)  was added s l o u l y  t o  

a s u s p e n s i o n  9 f  LF.: ( ( i 6 g ,  0.41 mole)  i n  TIiF (550  51) and t h e  m i x t u r e  was 



r e f l w e d  f o r  42  h o u r s  ( 5 7 , 5 8 1 . ;  The condense r  o u t l e t  was p r o t e c t e d  w i t h  
# -  

P a Cam2 d r y i n g  t u b e .  The m i x t u r e  was t r e a t e d  w i t h  aqueous  NaOH (10%)  , 
. 

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

t h o r o u g h l y  washed ~ 5 t h  THF and t h e  cocnbined f i l t r a t e - w a s  d r j e d  o v e r  

@SO4, f i l t e r e d ,  and e v a p o r a t e & P t o  y i e l d  a  s e m i s o l i d  ( l 5 . 5 g ) .  

R e c r y s t a l l i z a t i o n  f r o n  e t h y l  a c e t a t e - p e t r o l e u m  e t h e r l  (-30-60') o r  

vacuum s u b l i m a t i o n  (25'/0.05 m m )  gave  a i d e r l v a t i v e  o f  

820 ,  752 and 720im) r .  7 3.78 (m ,W~=4Hz ,2 i i ) ,  5 .00  ( s ,D20  
2 '  

e x c h . ,  2H) , 7.11 (6  ,@) , 8.35  ( A  p o r t i o n  o f  AS p a t t e r n ,  J=8 .5Hz,  

syn-HlO)  and 8.60 (3 p o r t i o n  o f  AB p a t t e r n ,  J=8.5Bz,  an t i -H  ) ;  n.s. - - 10 

- 
k n a l .  Found : C ,  45.8;  8, 6.39;  !i, 6.02. s on  m/e = 135 :  

C d c d  f o r  CgH1 3 N ,  135.iCiill,. Found : 735.1038. H.r .n.s .  '-on m l e -  = 

6 8 :  Calcd f o r  C4H6N, 53.05CiC. Found : 65.0507. 

4 6 P r e p a r a t i o n  o f  ; i - t i i t roso  Compounds ,I - 

A 

P u r i f i c a t i o n  o f  t h e  N - n i t r ~ s m i n e s  Mas done by ch roma tog raphy  
.c 

t h r o u g h  n e u t r a l  a l u z i n a  o r  s i l i c i c  a c i d  (benzene  o r  CHZSl2 a s  



( a )  Sodium n i t r i t e  (NaN02) n i t r o s a t i o n :  The compounds were  

p repa red  by t h e  h o w n  method ( 1 0 8 ) .  An m i n e  (0.02 mole)  was d i s s o l v e d  

i n  uatuer (100  r n l )  c o n t a i n i n g  c o n c e n t r a t e d  H C 1  ( 2  m l ,  0 .06  mole)  t o  which 

e t h e r  ( 1 0 0  m l )  was added .  To t h e  s t i r r e d  m l x t u r e  a t  0' was added 

NaN02 (1 .5g ,  0.022 mole)  i n  p o r t i o n s  and t h e  m i x t u r e  was s t i r r e d  f o r  6  

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

wi th  a d d i t i o n a l  e t h e r .  A f t e r  d r y i n g  t h e  combined e t h e r  e x t r a c t s  were 

e v a p o r a t e d  t o  g i v e  t h e  n i t r o s a m i n e .  

( b )  Dinl  t r o g e n  t e t r o x i d e  ( N  0 ) n i t r o s a t i o n  : The method o f  2  4 

White  ( 6 0 )  was m o d i f i e d  a s  oelow. Pn amlne ( 0 . 0 1 5  mole)  and anKydrous 

s o d i m  a c e t a t e  (4g, C. 5  ole) i n  C H 2 C 1 2  ( 125  m l )  were s t i r r e d  and 

coo led  i n  an a c e t o n e - i c e  b a t h .  To t h i s  m i x t u r e  was added d r o p w i s e  o v e r  

a  1  hour  p e r i o d  a  c c l ?  s c l u t i o n  ( ? a .  0') o f  N204 ( 1  - 5 3 ,  0 .Ci6  

mole)  i n  CH2C12 ( 5 0  r1). The u i x t u r e  v a s  s t i r r e d  a t  -13' f i r  

# 
$ 

a n o t n e r  10 m i n u t e s .  Tne so l - ie r i t  was f i l t e r e d  and w a x e d  w i t h  d i l u t e  

!la C O  ( 3 0 % )  and was d r i e d  and e v a p o r a t e d  t o  g i v e  t h e  c o r r e s p o n d i n g  2  3 
,--A 

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

( c )  N i t r o s o t e t r a f l w m b s r a t e  (!:CEF4) n i t r o s a t i o n :  The method o f  - 
Yigasawa ( 6 5 )  was use4  excep t  t n a t  CE C 1  was u sed  a s  s o l v e n t .  To a 2  2  

s u s p e n s i l n  o f  :iCBTI1 /6.4g, 0.055 mole)  i n  C H 2 C 1 2  (100  m l )  a t  0' 

- a s  a d d 4  an a z i n e  (0.C36 s o l e ) .  To this s t i r r e d  m i x t u r e  was added 

dr00'dLse o v e r  15 z i n u t e s  a  s o l u t i ~ n  o f  p y r i d i n e  ( 4 . 3 2 g ,  0.055 mole)  i n  

C H 2 C i 2  ( 5 0  all. The c s ~ d i t i o n s  were z a i n t a i c e d  f o r  a n o t h e r  1 n o w  



a t  which t l m e  t h e  s o l v e n t  was f i l t e r e d ,  washed u i t h  aqueous  Na2C03 

( l o % ) ,  d i l u t e  H C 1  (O . lN) ,  t h e n  w a t e r .  The CH2Cl2>was d r i e d  and 

e v a p o r a t e d  t o  g i v e  t h e  n i t r o s a m i n e .  

Amine 11-1 4 was n i t r o s a t e d  w i t h  NaN02 u s i n g  method 4.6a o r  ~ 5 t h  

N 0 u s i n g  method 4 .65  t o  g i v e ,  a f t e r  ch roma tog raphy ,  a n  o i l  2 4  

c h a r a c t e r i z e d  as  N - n i t r o s u l i n e  11-22  i n  31% and 70% y i e l d s ,  

R e  o l e f i n i c  p r o t o p s  a p ~ e a r e : !  i n  t h e  3 . n . r  spec t rum a s  a  p a i r  o f  

d o u b l e  d o u b l e t s  a t  T 3.75 I J = 6  and 3Hz) md 3.98 ( J = 6  and 3iIz) .  The  Ik- 
7 1 

11-sethyl p r o t o n s  a t t r l ' b ~ t e 3  t o  t h e  syn- i somer  - r e s o n a t e d  a t  7 6 . 9 2  ( s )  and 

t h e  CS proLons o f  t h i s  i s o z e r  appea red  as a  complex p a t t e r n  c e n t e r e d  
.I 

a t  7 6 . 0 .  The Pi-nethj.1 s i z n a l  o f  t h e  c o r r e s p o n d i n g  a n t i - i s o m e r  appea red  a t  

T 6 . 2 O ( s ) .  The r a t i ~  o f  t h e  !i-zethyl s i g n a l s  f o r  t h e  syn- and a&-isomers - 
was 81:19 ( 1 0 9 ) .  C t h e r  r e s o m n c e s  appea red  a t 7 7 . 2 0  ( n l 3 t i ) ,  '8.10 

(m,H3-exo),  - 8.65  (a,28) a r ~ d  3.30  ( d d d ,  Jz11 .5 ,  4 and 2 .552 ,  H e n d o ) .  3- - 

h i n e  11-17 ( 5 5 ,  0.033 z o l e )  was n i t r o s a t e d  w i t h  NGBF4 (method 



1330,  1310,  1268, i l 5 5 ( m ) ,  1 0 3 0 ( s )  and 7 0 0 ( s )  an"; m . s .  m/e 180 

(M+, 321 ,  1 6 3 ( 1 8 ) ,  1 5 0 ( 3 5 )  and 7 9 ( 1 0 0 ) ;  U . V .  ( m e t h a n o l )  345 nm 

& 1 0 0  The o l e f i n i c  p r o t o n s  appea red  a s  a  two p r o t o n  m u l t i p l e t  qat 

T3.70 .  The N-methyl p r o t o n s  a t t r i b u t e d  t o  t h e  syn - i somer  a p p e a r e d  a t  - 
7 6 . 9 7 ( s )  and t h e  Cg p r o t o n s  o f  t h i s  i s o m e r  appea red  a s  a  c o n p l e x  

p a t t e r n  a t  7 6 . 1 .  The N-methyl s i n a l  ,of t h e  c o r r e s p o n d i n g  a n t i - i s o m e r  - 
r e s o n a t e d  a t  7 6 . 2 5 ( s )  w h i l e  t h e  Cg p r o t o n s  appea red  a s  a  complex 

p a t t e r n  c e n t e r e d  a t  7 6 . 7 .  The r a t i o  o f  t n e  N-methyl s i 2 n a l s  f o r  t h e  syn-  - 
and a n t i - i s o m e r s  was 82 : 18. The r e m a i n i n g  p r o t o n s  a p p e a r e d  i n  u n r e s o l v e d  - 
p a t t e r n s  a t 7 7 . 3 - 9 . 2  (9H). An a n a l y t i c a l  smple o f  11-23 was p r e p a r e a  - 
by r e p e a t e d  d i s t i l l a t i o n  a t  25'/0.05 nm.  

Ana l .  Calcd f o r  C10Ei61120: C ,  66.64;  8, 8 .95;  !j, 15.54. 

Found : C ,  66.90; 3 ,  9 . 7 2 ;  :I, 15.71. 

The UH r e d u c t i o n  p ro5uc t  o f  b i d e  11-20 was t r e a t e d  ~ 5 t h  N08F4 

(methcd 4 . 6 ~ )  t o  y l e l d  : J - n i t r o s a z i n e  11-24 (3.4513) 1 Ar: a n a l y t i c a l  

s m p l e  was p r e p a r e d  by r e p a t e d  s u b l i m t i o n  (25'/0.5 mn;) : m.p. 

73-73.5'; i .r. 3050(w) , 1 4 5 2 ( s )  , 1 4 ? 2 ( s )  , I 3 1 2 ( s )  , 1220,  842 ,  8 0 2 ,  

770,  742(m) and 7 2 0 ( u )  en-' ; n . . .  7 3 - 8 2  (m,2H) ,  5.90 (m, H5, 2H) ,  

6.60 (m, H 3 ,  ZH), 6.97 ( 5 ,  5 3 ) ,  8 . 3 5  ( A  p o r t i o n  o f  AE p a t t e r n ,  J rgHz ,  

syn-HiO) - and 8 .53  ( 3  p o r t i o n  of  A3 p a t t e r n ,  J=gHz,  a=-H ) ;  m . 3 .  10 

n / e  164 (x+, 6 2 ? ,  i ? 4 ( 2 5 j ,  I C 5 ( 5 4 ) ,  7 9 ( 7 1 ) ,  6 8 ( 9 1 ) ,  6 7 ( 5 4 )  and 



A n a l .  Calcd f o r  C9H12N20: C ,  65.83; H ,  7.37; N, 17.06. 

Found:  C ,  65.80; H ,  7 .22 ;  N ,  17.11. 

4.7 P r e p a r a t i o n  o f  N-Chloro Compounds 

.2- 

A s t a n d a r d  p r o c e d w e  ias used  t o  p r e p a r e  t h e  N-ch lo run ines  ( 6 6 ,  

1 1 0 ) .  A s e c o n d a r y  amine  (0 .01  mo les )  d i s s o l v e d  i n  C H 2 C 1 2  ( 5 0  m l )  

has s t i r r e d  a t  0' w n i l e  a scdim h y p o c h l o r i '  e  s o l u t i o n  ( 5 0  m l ,  P e r f e x  

b l e a c h )  was added .  bfter 1 hour  t h e  l a y e r s  were s e p a r a t e d  and t h e  

aqueous  phase e x t r a c t e d  i d t h  C H 2 C 1 2 .  The combined C H 2 C 1 2  was 
4 

d r i e d  and e v a p o r a t e d  t o  ~ L e l d  t h e  N-chloramine.  Due t o  t h e i r  

L l s t 2 b i l i  t y  ( 3 9 )  t h e  : ; -ci i l r j razines x e r e  u t i l i z e d ,  w i t h o u t  p u r i f i c a t i o n ,  

i m m e d i a t e l y  a f t e r  p r e p a r a t i o r , .  , 

4 . 7 . 1  Il-C:~oro-2-er?~~zet,ijr~z~inon~it~jrlbicycl0[2,2,2~ocCI-5-ene, - 11-25 

C h l c r m i n e  11-25 ( 1 . 6 7 g j  n a s  p r e p a r e d  from m i n e  11-17 ( 1 . 5 g )  by - 
5P.e ze thod  o u t l i n e d  : i . r .  3GkO(m), 1615(w) ,  1180, 1170(m) ,  1045(m) and 

7 1 S ( s )  m ;  n . . .  T 3 . 7 5  ( n 1 2 B ) ,  7 .05  (a, 2H) ,  7 .10  ( s , 3 8 ) ,  7 .45  

( ~ , 3 % )  a n d  8.0-3.2 ~ u n r e s o l v e d ,  7 3 ) ;  U . V .  ( m e t h a n o l )  277 m (E ,  315) .  

C h l o r a i n e  11-25 (i. i g )  was p repa red  from 11-21 (1 .3g1  a s  s a l t )  a s  



above  : i .r . 3050(m) , 1700(vw) , 1650(vw) , 1250,  1235(m) , 890,  880 , 805,  

7 8 0 ( s ) ,  7 3 5 i s )  and 682(m) ; n.m.r. 7 3.80 (m, W?=4Hz, 2 ~ ) , 6 . 5 5  
2 

(m,2H),  7.10 (m,4H),  7.$0 (m,2H) ,  8.23 ( A  p o r t i o n  o f  AB p a t t e r n ,  J=8Hz;  

syn-HI0) - and 8 .46  ( B  p o r t i o n  o f  AB p a t t e r n ,  J=8Hz,  a n t i - H I 0 ) ;  - U . V .  

( m e t h a n o l )  267 m ( E ,  4 4 0 ) .  The n.m.r. spec t rum o f  11-26 - e x h i b i t e d  a  weak iL 

s i g n a l  due t o  an i m p u r i t y  a t  't 5.46(m) .  

4.8 Pho to1  y s i s  o f  N - N i  t r o p i p e r i d i n e  

4.8. I  N - N i t r o p i p e r i d i n e  L? N e u t r a l  Methanol 

N i t r o p i p e r i d i n e  ( 1 6 ,  0.008 mole)  i n  me thano l  ( 2 0 0  m l ) ,  was 

p h o t o l y s e d  i n  Appara tus  I unde r  N 2  f o r  2 .15  h o u r s .  The s o l v e n t  was 

d i s t i l l e d  t h r o u g h  a  V ig reau  column and t h e  d i s t i l l a t e  was t r a p p e d  (170  

m l )  j n  a  v e s s e l  coo led  i n  d r y  i c e .  Trea tment  o f  50 m l  o f  t h i s  w i t h  a  

2,4-dfnLtrophenylhydrazine r e a g e n t  s o l u t i o n  ( 2 0  m l )  gave  no  hydrazone ,  
L 

Tne r e s i d u e  from t h e  p n o t o l y s a t e  ( 1 . 0 3 g )  x h i c h  e x h i b i t e d  a  s t r o n g  i . r .  

band a t  1655 cm-I and n . 3 . r  s i g n a l s  a t ~ 2 . O O ( s )  and 2.90 (rn,D20 

e x c h . )  was examined by a . c .  ( 20% SE30, 13q0) and found t o  c o n t a i n  two 

c m p n e n t s .  Peak ma tch ing  g . c .  and g.c .-n.s.  c h a r a c t e r i z e d  t h e  f i r s t  

cmp=rnen t ,  which  e x h i ~ i t e d  peaks  a t  m/e 8 5  (kp, 6 1 ) ,  8 4 ( 1 0 0 ) ,  5 7 ( 5 0 )  

and 5 6 ( 5 4 ) ,  a s  p i p e r i d i n e  ( 5 4 % ;  3 . c .  r e t e n t i o n  t i m e ,  1.2 rnin.) and t h e  

second component (45%; g.c . r e t e n t i o n  t i m e ,  5  min.) , which e x h i b i t e d  

pea& aat m/e 1 1 4 ( 1 0 ) ,  ; I ? ( ! - f + ,  l o o ) ,  8 4 ( 4 5 )  and 5 6 ( 6 1 ) ,  a s  N-formyl 

p i p e r i d i n e  - ( 4 8 ) .  
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The r e s i d u e  from t h e  p h o t o l y s a t e  e h b i t e d  a b l u e  c o l o r  i n  t h e  j 

d ipheny lamine  test  ( 4 9 )  i n d i c a t i n g  t h e  p r e s e n c e  o f  nl t r a t e  i o n .  . 

4.8.2 N - N i t r o p i p e r i d i n e  I n  Ac id l c  Methanol 

i n e  ( l g ,  0.008 mole)  and c o n c e n t r a t e d  H C 1  ( 1  m l ,  0.06N) 
\ 

'\ m l )  we re  p h o t o l y s e d  i n  Appara tus  I unde r  N 2  f o r  2  
I 

hburs a t  which time t h e  r e a c t i o n  m i x t u r e  was worked-up a s  above .  A 

m i x t u r e  o f  t h e -  d i s t i l l a t e  ( 5 0  m l )  and 2,4-dinitrophenylhydrazine r e a g e n t  

s o l u t i o n  ( 2 0  m l )  was e v a p o r a t e d  t o  a p p r o x i m a t e l y  20 m l  and was c o o l e d .  

A y e l l o w  p r e c i p i t a t e  formed and was r e c r y s t l l l i z e d  from me thano l  (rn.p. 

159-162'); a  mixed m e l t i n g  p o i n t  w i t h  an a u t h e n t i c  sample  o f  

f o m a l d e h y d e  2,4-dinitrophenylhydrazone (m.p. 166') was 161-163'. 
4 

The r e s i d u e  f r o n  t h e  p h o t o l y s a t e  ( i g )  was d i s s o l v e d  i n  n o t  

2-propanol  (48) which o n  c o o l i n g  g a v e  w h i t e  c r y s t a l s  ( 1 5 0  mg, a . p . >  

200") which e x h i b i t e d  i d e n t i c a l  . r .  and m . s .  s p e c t r a  t o  t h o s e  o f  

an a u t h e n t i c  s ample  o f  p i p e r i d i n e  h y d r o c h l o r i d e  : i .r .  2520(m) , 

2420(m) ,  1590(rn) ,  i  160,  1028,  940 and 860(m) cm". The n o t h e r  l i q u o r  

was e v a p o r a t e d  and t h e  r e s i d u e  was d i l u t e d  w i t h  w a t e r  (50 n l )  and 

worked-up in t h e  u s u a l  n a n n e r .  E x t r a c t i o n  o f  t h e  b a s i c  f r a c t i o n  w i t h  

e t h e r  gave  c r u d e  p i p e r i d i n e  ( 2 5 0  mg) : i.r. 33OO(w) , 1650(w) , 1  t O O ( m )  , 

860 and 795 em-'. h n a l y s i s  by g . c .  ( 20% SE30, 1 3 0 ~ )  gave  a s i n g l e  

peak  s u p e r h n p s a b l e  ~ 5 t h  t h a t  o f  p i p e r i d i n e .  
,Q 

Q d 

, In a  s e p a r a t e  e x p e r b e n t  t h e  c r u d e  p h o t o l y s a t e  was worked-up 

d i r e c t l y  u s i n g  C H 2 C 1 2  t o  e x t r a c t  t h e  b a s i c  components  ( 5 3 0  mg):  



. 2.4 and 12.7 min. = r e  o b s e r v e d b e n  t h i s  m i x t u r e  was examin'ed by g . c .  

( 2 0 %  SE3O, 1 3 0 • ‹ ) .  E$ peak  m a t c h i n g  g . c .  and g,c.-m.s. t h e  first a n d  

t h i r d  p e a k s  w e r e  d e t e r m i n e d  t o  b e  p L p e r i d i n e  ( 3 7 ~ ) " ' a n d  p i p e r i d i n e  

h y d r o c h l o r i d e  ( 2 1 % ) .  The s e c o n d  p e a k  e x h i b i t e d  m . s .  f r a g m e n t s  a t  

m/e 9 6 ( 1 9 ) ,  9 5 ( 1 0 0 ) ,  3 4 ( 7 8 )  a n d  6 7 ( 7 2 )  and was c h a r a c t e r t z e d  a s  

d t p i p e r i d i n o m e t h a n e ,  - 11-4, ( 4 1 % )  by c o m p a r i s o n  c V i t h  t h e  mass s p e c t r u m  

o f  a n  a u t h e n t i c  s a n p l e  ( 1 2 ) .  The p e r c e n t a g e s  q u o t e d  a r e  b a s e d  o n  t h e  
, 

\, " r e l a t i v e  a r e a  o f  e a c h  p e a k  e l u t e d  o n  g . c .  

4 . 8 . 3  P h o t o l y s i s  o f  : J - : J i t r o p i p e r i d i n e  i n  t h e  P r e s e n c e  o f  ~ y c h h e x e n e  

( a )  N e u t r a l  c o n d i t i o n s :  A s o l u t i c ~ i  o f  N - n i t r o p i p e r i d i n e  ( l g ,  0 .008  

m o l e )  and  c y c l o h e x e n e  ( 0 . 6 5 ,  0 .008  =ole) i n  m e t h a n o l  ( 2 0 0  ml) was 

p h o t o l y s e d  i n  A p p a r a t u s  I u n d e r  N 2  f o r  2 .15  h o u r s .  Tne work-up g a v e  a  

n e i l t r a l  f r a c t i o n  ( 'I 50 n g j  and a  b a s i c  f r a c t i o n  ( 2 8 0  m a ) .  C o n t i n u o u s  

l i q u i d - l i q u i d  e x t r a c t i o n  o f  t h e  b a s i c  m o t h e r  l i q u o r  -&th  CH2C12 g a v e  

a s e m i s o l i d  ( 2 5 0  zg) . The n e u t r a l  e x t r a c t  e x h i - b i t e d  a n  i .r . a b s o r p t i o n  

a t  1650 ca-' and n . 3 . r .  s i g n a l  a t ? 2 . 0 ( s )  and was shown by  g.c.-m,s. 

( 2 0 %  SE30,  130') t o  c o n b i n  p r e d o m i n a n t l y  N - f o r m y l p i p e r i d i n e  ( g . c  . 
r e t e n t i o n  t i m e  7.8 min . ) . 

m e  b a s i c  e x t r a c t  e x h i b i t e d  i . r .  b a n d s  a t  3 4 0 0 ( m , b r )  , 1 6 6 0 ( s )  , 

1260 ,  1130 ,  1040 ,  1 0 0 3 ,  555 and 7 8 5  cn-' and n.rn.r. s i g n a l s  a t  

q . c  . - m . s .  this  f r a c t i o n  xas found t o  conc&n p i p e r i d i n e  and  N-foray1  

p i p e r i d i n e  ( 1  : 1 )  a d  a  t r a c e  o f  d i p i p e r i d i n o m e t h a n e .  The s e m i s o l i d  



o b t a i n e d  from t h e  b a s i c  mother  l i q u o r  was shown b y  i.r. and n.m.r. t o  

c o n t a i n  p i p e r i d i n e  h y d r o c h l o r i d e  and N-formyl p i p e r i d i n e :  i .r . 
3 4 0 0 ( m , b r ) ,  2630(m) , 2530(m) , 2430(m) , 1 6 6 0 ( s )  , 1590,  1030,  1000,  945(m) 

and 860 om-'; n . . .  7 2 . 0 0 ( s ) ,  2.35(m, D20 e x c h . ) ,  6 .60 (m) ,  7.00(m) 

and 8 .30(m) .  The r a t i o  o f  t h e  h y d r o c h l o r i d e  s i g n a l  a t  7 2 - 3 5  t o  t h e  s i g n a l  

a t  7 2 . 0 0 ,  due t o  t h e  N- fomyl  p r o t o n ,  was a p p r o x i m a t e l y  4  : I .  

( b )  A c i d i c  c o n d i t i o n s  : A s o l u t i o n  o f  N - n i t r o p i p e r i d i n e  ( l g ,  

0 .008  m o l e ) ,  c y c l o h e x e n e  ( 0 . 6 5 8 ,  0.008 m o l e ) ,  and c o n c e n t r a t e d  H C 1  (0.67 D l ,  

O.04N) i n  methanoi  ( 2 0 0  mi) was p h o t o l y s e d  i n  a p p a r a t u s  I u n d e r  N2 f o r  

4.5 h o u r s .  As t h e  249 m band o f  N - n i t r o p i p e r i d i n e  i n  t h e  U.V. s p e c t r a  o f  
- 

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

a t  a b o u t  210 nu which s u b s e q u e n t l y  d i s a p p e a r e d  ~ 5 t h  f u r t h e r  i r r a d i a t i r l n .  

The work-up gave  a  n e u t r a l  f ' r a c t i o n  ( 4 0  mg; I .r. 1620 cs") and a  

b a s i c  f r a c t i o n  ( 7 7 0  ng) : i . r .  33OG(w), 1  j j O ( r n ) ,  1155 an.3 1 l l 5 ( n )  

C T I - l ;  n.m.r.  T 4 . 3 0 ( m ) ,  0.70 ( d ,  J = 6 H z ) ,  7.6(m) and 8 . 5 ( = ) .  The A 

ccrrplex basic f r a c t i o n  was a n a l y s e d  by g . c  . - m . s .  ( 2 0 %  SE30, t e r n p e r a t u r e  

p r o g r a m e d  t o  i n c r e a s e  f r o z  110 t o  200' a t  Ei0/min} and- found t o  be  ' 

2 r n k t u r e  o f  e i g h t  c ~ n p w i d s  sii_h t h e  fo l low5ng  r e t e n t i o n  t i m e s :  3.0 min.  

6.0 n i n .  ( 5 . 5 5 ,  d i p i p e r i d i n c n e t h a n e )  m . 3 .  m/e 95 ( lOO) ,  9 4 ( 8 0 )  and 6 7 ( 6 9 ) ;  
- 

14.1 min. ( 2 % ,  N - f o m y l p i p e r i d i n e )  5.s. m/e 1 l Q ( l O ) ,  1  l 3 ( f l ,  l o o ) ,  

8 4 ( 4 0 )  and 5 0 ( 5 6 ) ;  18.3 n i n .  ( 1 2 % )  m . s .  m/e 165(@,  421 ,  1 6 4 ( 1 8 ) ,  

21 .2  mln.  (20; )  2 -~pZpe r idLnocyc lohexano l )  m . s .  m/e 1 8 3 ( t P ,  4 5 ) ,  1 8 2 ( 1 2 ) ,  

1 6 5 ( 7 ) ,  1 2 4 ( 1 0 0 ) ,  9 8 ( 5 2 )  arld Eib(31); 24.6 min. ( 2 2 1 ,  2-piper id inocyclohexmor)e  
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oxime)  m . s .  m/e 1 9 6 ( ~ + ,  2 ) ,  l 7 9 ( 2 2 ) ,  l i ' 8 ( 3 l ) ,  l 2 4 ( l O O ) ,  l l O ( 2 3 ) ,  9 8 ( 1 0 )  

and 8 4 ( 2 5 ) ;  and  26.1 min.  ( 9 % ,  1-nitro-2-piperidinocyclohexane) m . s .  m/e 

2 1 2 ( e ,  1 6 ) ,  1 6 6 ( 2 3 ) ,  1 2 4 ( 1 0 0 ) ,  1 1 1 ( 2 5 ) ,  9 8 ( 1 4 )  and 8 4 ( 3 7 ) .  The above  

i d e n t i f i c a t i o n s  were  made by compar i son  o f  mass s p e c t r a  w i t h  t h o s e  o f  

a u t h e n t i c  samples .  The compounds e l u t i n g  a f t e r  18.3 min. and 20.7 mln.  

were tentatively i d e n t i f i e d  a s  a  p i p e r i d i n o c y c l o h e x e n e  and l-methoxy-2- 

p i p e r i d i n o c  yc lohexane  , r e s p e c t i v e 1  y , from t h e  mass s p e c t r a .  The 
\ 

p e r c e n t a g e  v a l u e s  quo ted  a r e  based  on t h e  r e l a t i v e  a r e a  o f  e a c h  peak 

a s  e l u t e d  on g .c .  

r 

4.8.4 N - N i  t r o p i p e r i d i n e  i n  t h e  P re sence  of.Qrclohexene i' 
\ 

Under Oxygen 

A s o l u t i o n  o f  n i t r o p i p e r i d i n e  ( I g ,  0.008 m o l e ) ,  c y c l o h e x e n e  ( 0 . 6 5 ,  

0.008 m o l e ) ,  and c o n c e n t r a t e d  H C 1  (0 .67  m l ,  0.04N) i n  meyhanol (200  n!.)+ 

was pho to lysed  i n  Apparatlrs I . unde r  , oxygen f o r  1  h o u r .  The p h o t o l y s a t e  

was worked up i n  t h e  d e s c r i b e d  manner t o  y5e ld  t h e  b a s i c  e x t r a c t  

(1 .48g )  : i . r .  3 i100( ; r ,b r ) ,  i 7 1 0 ( w ) ,  1 6 2 0 ( s ) ,  l 2 7 2 ( s ) ,  1100 and 8 6 5 ( s )  

en-'. The b a s i c  e x t r a c t  was d i s s o l v e d  i n  THF ( 1 0 0  m l )  and r ed ; ced  

~ t h  LAH ( 1 . 2 g ,  0.03 m o l e ) .  The u s u a l  work-up g a v e  an o i l  ( 1 . 0 l g )  

-&ich s l o w l y  s o l i d i f i e d :  i . r .  344O(m), 1305,  1268,  1155,  1125,  1100,  

11275, 1035,  1 0 0 0 ( n )  and 865  em"; n.m.r .  ~ 5 . 9 8 ( n ) ,  6 . 5 0 ( m ) ,  

7 .1 -8 .0 (un re so lved )  and 8.  Q a ( m ) .  

The r educed  b a s i c  e x t r a c t  was chromatographed  on a lumina  (4Og) .  

Tne f i r s t  f r a c t i o n  ( 3 0 0  mi, 25%)  e l u t e d  v i t h  0.5% n i t h a n o l - ~ ~ ~ ~ l ~  a s  

.3 
a s o l i d  which was s u b l i z e d  (25'/0.5rn~) t o  g i v e  t r a n s - 2 -  

r-, 
p i p e r i d i n o c y c l o h ~ x a n o l  , : m.p. 30.5-32' ( L i t .  35-36'] - 



second f r a c t i o n  ( 1 5 0  mg, 12%)  was e l u t e d  w i t h  1% methanol-CH2C12 a s  

' a  c r y s t a l l i n e  s o l i d  which was  sub l imed  t w i c e  ( ~ 5 ~ / 0 . 5 r n m )  t o  g i v e  

cis-2-piperidinffcyclohexanol , I&7 : m.p. 83-85'; i .r .( n u j o l )  - 
317O(w), 11902 1105,  985 and 870 cm-I; n.m.r.(CC14) 76. 1 0 ( m , l H ) ,  

7.45(m, 6H) and 7.9-9.0 ( u n r e s o l v e d ,  14H). R e s u b l i m a t i o n  (25O/0.5mrn) 

gave  a n  a n a l y t i c a l  s a n p l e  o f  t h e  - c i s - a l c o h o l  m e l t i n g  a t  87-89' ( L i t .  

Anal.  Calcd f o r  C1 1 H 2 1 N O :  C ,  72.08; H ,  11.55; 1 4 ,  7.64. 

Found: C ,  71.77,  H ,  11.43;  N, 7 - 6 7 .  

4.9 P h o t o l y s i s  o f  !I- ' I i t roso-2-e2do-nethylaminomethylbicyelo[  2 , 2 , 1 ] 5  

4.9.1 Under N i t r o g e n  

A s o l u t i o n  o f  n i t r o s a n i n e  11-22 (1 .5g ,  0.009 mole)  and c o n c e n t r a t e d  

H C 1  ( 0 . 8  m l ,  0.048?J) i n  me thano l  ( 2 0 0  m l )  was pho+b lysed  i n  Appa ra tus  I 

u n d e r  N 2  f o r  1.5 h o u r s .  The u s u a l  ~ o r k u p  g a v e  a  n e u t r a l  

f r a c t i o n  ( 8 0  mg) and a  b a s i c  f r a c t i o n  ( A ,  850 mg) . The mother  l i q u o r  

yas f u r t h e r  b a s c f i e d  from pH9 %to  pH-13 w i t h  NaOH s o l u t i o n  t h e n  

c o n t i n u o u s l y  e x t r a c t e d  f o r  5  da'ys w:th CH2C12 t o  y i e l d  200 mg o f  

a d d i t i o n a l  e x t r a c t ,  2. , 

C 

A p o r t i o n  o f  t h e  b v i c  e x t r a c t  (750  mg) was chromatographed  on 
/ 

s i l i c a  g e l  ( 3 0 ) .  E l u t i o n  w i t h  25 mthanol-CH2C12 gave  c r y s t a l s  ( 2 3 7  
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mg, 22%) .which were  r ech roma tog raphed  on a p r e p a r a t i v e  s c a l e  t.1.c. 

p l a t e  .i s i l i c a  g e l ,  10% methanol-CH2C12) t o  g i v e  syn-aldoxime - 11-27 : 

m.p. 109-1 12'; i . r .  32OO(w , b r ) ,  3 0 4 0 ( w , b r ) ,  1260,  9 2 0 ( s )  and 8 9 0 ( s )  

J Z ~ H Z ,  H ~ ) ,  7.28 (3, N - C H 3 ) ,  7.5-8.0 ( u n r e s o l v e d ,  4H) and 8 .5(m,3H);  

5 7 ( 1 0 0 )  and 4 9 ( 8 9 ) .  

+-. - 
Anal. Calcd f o r  C g H 1 6 N 2 0 2 :  N ,  15.19. Found: N ,  15.20 

H . r . m . s .  a t  m/e 18'2(1l+-2) : Calcd f o r  C9H14N202 ,  182.1055. 

Found: 182.1037. 

E l u t i o n  w l t h  55 triethmol-CH2C12 gave  an i n t r a c t a b l e  m i x t u r e  o f  

a l d o x i a e  and o l e f i n i c  ffiakrial : i .r .  3 3 0 0 ( s , b r ) ,  3060(w) , 920(m) and 

870 cm-I b .m.r. T2.60!m) , 3 . 1 0 ( n ,  D20 exch . )  and 3.90(1-, J = ~ . ~ H z ) .  

The m a t e r i a l  i s o l a t e d  by c o n t i n u o u s  e x t r a c t i o n  ( B )  v a s  vacuum 

d i s t i l l e d  (40•‹/5).025 ffin) t o  g i v e  hydroxy l a c t a m  11-28 ( 2 9 % )  : F . r .  

3 4 0 0 ( s , b r ) ,  1 6 6 2 ( s ) ,  i 5 0 0 ( n ; ) ,  1400,  1300,  1270(m) ,  1115,  107_0,- 1045 and 

1015(m) em-'; n . n . r .  T 6 . G O ( n ,  D20 e x c h . ) ,  6.42(m, Ha and Cg 

p r o t o n s ,  3H). 6.92 ( d d ,  J = 1 0  and 1 x 2 ,  H b ) ,  7 . 1 8 ( 5 ,  N - 3  ) and 3 

? .83(m,6H);  m . s .  m/e 1 6 9 ( f l , 9 0 ) ,  1 5 2 ( 1 0 ) ,  98 (1003 ,  8 6 ( 5 0 )  and 8 4 ( 7 7 ) .  

Anal .  Calcd f o r  Cg315H92: C ,  63.88; H ,  8 .93;  ti, 8.28. 

Found : C ,  63.51. H, 8.83;  f i ,  8.39. 
e+- 



An a q u e o u s  e t h a o l  (5Ddp) s o l u t i o n  o f  c rude  a l d o x i m e  11-27 - 
x a 4  r e f l u x e d  k i t h  HaRS3 ( 1 . 3 g )  f o r  4 h o u r s  ( 7 1 ) .  The s o l v e n t  3 

r e n o v d  by d i s t i l l a t i ~ r  (78-80') and  t h e  r e s i d u e  was  a c i d i f i e d  

was 

w i t h  

d i l u t e  X C 1  ( 0 .  I N ) .  Z x t r a o t i c J n  w i t h  C H C 1  ( 3 x 2 0  m l )  g a v e  no n e u t r a l  3 

e x t r a c t .  Tne a q u e o u s  z o t k e r  l i q u o r  '*as b a s i  f i e d  (pH-13)  d t h  a q u e o u s  

tlaoi! and  c o n t i n u o u s ; ; r  e x t r a c t e d  d t h  C F 2 C 1 2  f o r  5 d a y s  t o  g i v e  

h y d r o x y  l a c t a v  11-28 ( 2 5 3  z z ;  i . r .  1662 cm-I) c o n t a i n i n 2  a  m a l l  

a o m t  o f  n i t r i l e  k 2 r i t ; r  : i . r .  2220( ; r )  an-'. 



n  . m . r .  T 0 . 2 0  ( d ,  J=2.5Hz) , 3.90(m) .  The mo the r  l i q u o r  was b a s i f l e d  and 

e x t r a c t e d  w i t h  C H 2 C 1 2  (3x50ml) which was d r i e d  and e v a p o r a t e d  t o  t h e  

band a t  1720 cm" o f  thLs f r a c t i o n  became r e l a t i v e l y  s t r o n g e r .  

I n  a s i m i l a r  expe r imen t  t h e  b a s i f i e d  mother  l i q u o r  was e x t r a c t e d  

~ ! t h  e t h e r  ( 4 x 5 0 n l )  which was d r i e d  and t r e a t e d  immed ia t e ly  wzth  LAH 

( 2 g ) .  The work-up o f  this reduced  b a s i c  e x e a c t  gave  a  y e l l o w  o i l  (C, 

1 . 2 :  i . r .  3 3 8 0 ( s , b r ) ,  1650(w) ,  1130,  101'5(m) 862(w) and 700(w)  

. Af te r  e x t r a c t i o n  iri t h  e t h e r  t h e  aqueous  mother  l i q u o r  was 

f u r t h e r  e x t r a c t e d  &ti: C R 2 C 1 2  ( 3 x 5 0 ~ 1 )  t o  g i v e  o i l  2 ( 1 3 0  mg). 

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

C H 2 C 1 2  f o r  3 days  t o  a f f s r d  c r u d e  hydroxy l a c t a m  11-23 - (180  ng) : 

f6.45!z13!) and 6 . 9 2 ( d d 1  J = i O  a n d  i H z ,  IH). 

d' 

The r educed  e x t r a c t  C ( 1,Oq) was chromatographed  on n e u t r a l  a lumina  
. . 

! 5Cg) . E l u t i o n  i;i-'h 0.4; zethan9l-CH26l2 gave a  c r u d e  o l e f i n i c  

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

11-34 a t ?3 .3 : ! z12Ej ,  6.40!dd, J = 5  and 2Hz, I H ) ,  7.05(m, D20 e x c h . ) ,  

7 . 2 2 ( ~ , 3 5 ) ,  7.75:r13:-:; -ewe 8 . 7 0 ( m , j 2 j  a l o n g  w i t h  mino r  i n p u r i t y  peaks  a t  

/ 
/= -- 



4.OO(m) and 9.43(rn).  

H . r . m . s .  o n  m/e 124 (MC) : ~ c d  f o r  ~ 8 ~ ~ ~ 0 ,  124.0888. 

Found, 124.0863. 

E l u t i o n  ~ 5 t h  1% methanol-CH2C12 gave  an u n i d e n t i f i e d  m i x t u r e  

( 2 0 0  mg) : i s r .  3 4 0 0 ( s , b r ) ,  3 0 5 5 ( w ) ,  2690(w) ,  2550(w) ,  1650(m) ,  1135,  

1050(m..) and 705(m) ern-'; n  .rn.r. T3.48(m,D20 exch . )  , 3.90(rn) ,  

5 . 7 7 ( d 1  J=6.5Hz),  7 .10 (m) ,  7 . 3 8 ( s )  and 7.6-8.2 ( u n r e s o l v e d ) .  E l u t i o n  

w i t h  2% methanol-CH2C12 gave  an o i l  ( 267  mg, 30%)  which was 

d i s t i l l e d  a t  25'/0.5 nn t o  ' g i v e  b h y c l i c  amino a l c o h o l  11-29 : i .r. 

3 3 0 0 ( s , b r ) ,  1150, 1  1 ? 5 ( x ) ,  1020(m) ,  985(w) and 865(m) an- ' ;  n.m.r.  
7 

76.38 ( d ,  J=5Hz, CH20H), 6 . 8 4 ( s ,  D 2 0  e x c h . ) ,  7 . 3 9 ( d ,  J=8.5Hz,  H b ) ,  

7 . 4 5 ( n , 2 H ) ,  7 . 7 0 ( s ,  I;-CH3), 7 . 9 0 ( ~ , 4 H )  and  8 .80(m,2H);  m . s .  a l e  

155(:~11,10), 1 5 4 ( 1 7 ) ,  1 2 4 ( 1 3 )  and 5 7 ( I O 0 ) .  The p i c r a t e  o f  11-23 w a s  

r e c r y s t a l l i z e d  t w i c e  f r o a  e 'hulol  +a g i v e  y e l l o w  n e e d l e s  : m.p. 

138-1 33". 

Anal. Calcd f o r  C15H20:J408: C ,  46.88; H ,  5 .52;  N ,  !4.58. 

Found:  C, 46.64;  H, 5 .52;  N ,  14.53. 

Continued e l u t i o n  i i l t h  3-5s "ethanol-CH2ClZ gave  s l i g h t l y  , 

i n p u r e  t r i c y c l i c  m i n o  a l c o h o l  11-33 (216  mg, 12.51) : i . r .  3 3 5 0 ( s , b r ) ,  

1 6 5 1 ( v ) ,  1130,  l04O(m) ,  1 0 1 5 ( s )  an-'; n.m.r. T6.31(rn,  W~=3.5Hz,  
2 

H d )  , 7 . 0 5 ( n ,  D2G exch . )  , 7 . 2 7 ( n , 3 H ) ,  7 .50(s ,N-CHj) ,  7.68(m, l H ) ,  



6 .69 (d ,  J=5Hz,Ha) ,  6 . 7 2 ( d ,  J=10.5Hz,  H , ) ,  7 . 02 (dd ,  J=10.5  and 5Hz, 

Hb) , 7 . 2 0 ( s ,  N - C H J ) .  Amino a l c h o h o l  11-33 - was p u r i f i e d  a s  i t s  

p i c r a t e  which was  r e c r y s t a l l i z e d  t h r e e  t i m e s  from e t h a n o l  : m .p. 

Anal. Q l c d  f ~ r  C 1 5 H 1 8 8 4 0 8 :  C ,  47.12; H, 4.76; N ,  14.65. 

Found:  C ,  46.84; H ,  4.66; N ,  14.55. 

The b a s i c  e x t r a c t  & was r e a q c e d  w i t h  L A H  ( 2 g )  i n  THF ( 2 0 0  m l )  and 

~s worked-up and p u r i f i e d  i n  t h e  u s u a l  manner t o  g i v e  c r u d e  amino 

a l c o h o l  11-29 ( 4 6  ng, 5 % ) :  i . r .  3350 ( s , b r ) ,  1020(m) and 865(m) - 
an- ' ;  n .m.r .  T 6 . 4 O ( d ,  J = 5 Y z ) ,  6 . 6 8 ( s ,  D 2 0  e x c h . ) ,  7 . 3 9 ( d ,  ~ = 8 . 5 8 z )  

and 7 . 7 0 ( s ,  N - C H 3 ) .  

4.9.3 I n  B r o m o t r i c h l o r o n e t h a n e  

A m i x t u r e  o f  n i t r o s a ~ i n e  1 x 2  ( I g ,  0.006 mol-e) , c o n c e n t r a t e d  H C 1  

( 0 . 5 5  a l ) ,  and C 8 r C l 3  ( 1 0 0  i l)  was p h o t o l y s e d  i n  Appa ra tus  I1 unde r  

N 2  f o r  2  h o u r s .  . The f l u o r e s c e n t  b l u e  t c i x t u r e  was e v a p e r a t e d  unde r  

v a c u m  and t h e  r e s i d u e  was s e p a r a t e d  i n t o  n e u t r a l  (350  mg) and b a s i c  

( 6 6 6  mg) f r a c t i o n s .  ?he n e u t r a l  f r a c t i o n  e x h i b i t e d  no N-methyl s i g n a l  

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

Rf0.37 an3 a f z i n t  s p o t  a t  R f O .  19 on a s i l i c a  g e l  t . 1 . c .  p l a t e  (10% 



methanol-CH2C12) ; t h e  n.m .r . s p e c  t r u o  was e s s e n t i a l l y  that o f  11-35 

( c a .  90%)  K i t h  weaker  s i g n a l s  due t o  - 11-36. S i l i c i c  a c i d  

chromatography ( 1 %  methanol-CH2C12) o f  t h i s  f r a c t i o n  (500mg) a f f o r d e d  an  

o i l y  bromo m i n e ,  11-35 - (148mg) : i . r .  1185,  1 1 6 5 ( s ) ,  9 3 5 ( s )  and 6 . 9 0 ( s )  

an-'; n.rn.r. T 6 .  15(m, W1=4Hz1 H d )  , 6 .56 (d1  J=4.5Hz,  H,) , 7 .10 (dd1  
2 

J.9.5 and 5 Hz, H b )  , 7 . 5 0 ( d 1  J=9.5Hz1 H , 7 . 5 0 ( s 1  s u ~ e r i m ~ s e d  on 

d o u b l e t ,  N - C H 3 ) ,  7 .80(ml2H) and 8 . 4 - 9 . 0 ( m 1 3 ~ ) ;  m . s .  mle  217 ( 1 6 1 ,  

2 1 5 ( ~ t ~ r ~ ~ ,  1 6 ) ,  l36(1OO),  9 6 ( 3 8 ) ,  9 5 ( 2 7 ) ,  94(1M))  and 8 2 ( 3 0 )  

H . r . m . s .  o n  m/e 215 (MI ~ r ~ ~ ) :  c a l c d  f o r  C ~ H , ~ N B ~ ~ ~ ,  

215.0295; Found: 215.03'19. 

The bromo m i n e  11-35 - gave ,a  d a r k  tar  on a t t e n p t e d  v a c u m  
Q 

d i s t i l l a t i o n  and t h e  p i c r a t e  d e r i v a t i v e  (m.p .  180-190•‹, deconp . )  

d e c o n p s e d  on r e p e a t e d  a t t e z p t s  a t  I ' e c r y s t a l l i z a t i o n .  
i 

m e  minor co3ponen t  o f  t h e  b a s i c  f r a c t i o n  was i s o l a t e d  by 

p r e p r a t i v e  s c a l e  g . c .  ( 6  f t x l / 4  i n c h ,  20% SE30, 150•‹ ,  g . c .  r e t e n t i o n  

,$. 

10.8 min.)  a s  an o i l y  chlorcr m i q e ,  11-36: i . r .  3300(v .w) ,  1 6 3 0 ( ~ . ' ~ ) ,  

940(m) and 7 % 0 ( ~ )  c z - I ;  n .m.r .  T 6 . 2 5 ( m ,  W1=3.5Hz1 H d ) ,  6 . 5 ~ ( d ,  J=5Hz l  
2 

H a ) ,  7 . 1 0 ( d d l  J.3.5 and 5 9 1 ,  H b ) ,  7 . 5 0 ( d 1  J=9.5Hzl  Hc) ,  7 - 5 0 ( s ,  

s u p e r b p o s e d  on t h e  d o u b l e t ,  II-Cii3), 7.80(m,3H) and 8.0-9.0(m, 3 3 ) ;  m . s .  

n / e  l 7 3 ( l O ) ,  171 ( : ~ 5 l ~ ~ , ? 3 ) ,  1 3 6 ( 8 5 )  , 9 6 ( 4 6 ) ,  9 5 ( 2 9 ) ,  9 4 ( 1 0 0 )  and 
4 

8 2 ( 1 9 ) .  

H . r . m . 3 .  on  z / e  171 ( w ' c ~ ~ ~ )  : Calcd f o r  ~ ~ ~ ~ ~ 1 1 ~ 1 ,  

171 .O8l4 ,  Found, 171.9825. 



4.9.4 I n  Carbon T e t r a c h l o r i d e  

A mixture o f  n i t r o s a n i n e  11-22 ( 0 , 5 g ,  0.003 a o l e ) ,  c o n c e n t r a t e d  HC1 

(0 .3  m l )  and C C 1 4  ( 1 0 0  m l )  was pho to lysed  i n  Appara tus  I1 u n d e r  

n i t r o g e n  f o r  3.5 h o u r s  t o  g i v e  a f l u o r e s c e n t  b l u e  s o l u t i o n .  The 

f l u o r e s c e n t  m a t e r i a l  was d i s t i l l e d  v i t h  t h e  C C 1 4  and t h e  a c i d i c  

r e s i d u e  was d i l u t e d  x i t h  w a t e r  ( 5 0  ml ) .  The u s u a l  work-up gave  a  

n e u t r a l  f r a c t i o n  ( 1 5 3  mg) c o n t a i n i n g  some u n r e a c t e d  n i t r o s a n i n e  11-22:  

1.r. 1 4 2 5 ( s )  ard 1035(m) em-'; n.m.r. r 3 . 9 0 ( m ) ,  6 . L O ( s )  and 6 . 9 2 ( s ) .  

The b a s i c  f r a c t i o n  ( 2 1 0  mg) had t h e  f o l l o w i n g  p h y s i c a l  c o n s t a n t s :  5 . r .  

3 3 0 0 ( w , b r ) ,  3050(w) ,  1213,  940 ,  740  and 720 ern-'; n .m.r .  -r 3 . 9 0 ( m ) ,  

5 . 3 8 ( m ) ,  6.30(m, bi1=4:iz), 6 .50(m) ,  6 . 8 0 ( d ,  J = S H z ) ,  7 . 5 1 ( s , ~ - C K 3 )  and 
1 

9 . 4 7 ( b r . d ,  J = I l H z ) .  T h i s  f r a c t i o n  was a n a l y s e d  by g . c .  ( 2 0 5  SE30, 

1 8 0 ~ )  and was s h o w  5 3  con'azn c h l o r o m i n e  11-36 (Fi t=2.6 a i n )  and 

a i n e  11-74 ( R t = i  . 5  z i n )  i n  a  6 : 1  r a t i o ,  r e s p e c t i v e l y ,  by peak  ma tch ing  

ui t h  p r e v i o u s l y  i s o l a t e d  s ~ s p l e s .  

4.10 Photo1  y s i s  o f  N-h' i  t ro so -2 -==1e ;py lminoae thy lS i , - j l c lo i2 ,2 ,2 ]2  

oct-5-ene , 11-2 3  

4 . 1 0 .  Under N i t rogen  

A s o l u t i o n  o f  n i t r o s m i n e  11-23 ( 1 2 ,  0.0055 % o l e ) - a n d  c o n c e n t r a t e d  

H C 1  ( 0 . 5  m l ,  0.03:i) i n  me thano l  ( 2 0 0  n l )  was p h o t o l y s e d  i n  Appa ra tus  I 

unde r  n i t r o g e n  f o r  1.5 h o u r s . -  The u s u a l  work-up gave  a  n e u t r a l  f r a c t i o n  

( 2 0  ~ g )  and a b a s i c  f r a c t i o n  ( 6 2 0  mg). In  a d d i t i o n ,  c o n t i n u o u s  

l i q u i d - l i q u i d  e x t r z c t i o n  o f  t h e  b a s i z  mother  l i q u o r  w i t h  CH2C12 gave  



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

a b s o r p t i o n * s  f o r  a l d e h y d e  and o l e f i n i c  g roups  : i .r. ,3040(m),  1.720(s) 

and 7 0 0 ( s )  an-'; n .3 . r .  7 - 0 . 6 0 ( d ,  J = 1 , 5 ~ z )  and 3.70(m).  The b a s i c  

. e x t r a c t  ( 6 0 0  mg) was $romatographed on a s i l i c a  g e l  co iunn  ( 4 0 g ) .  

E l u t i o n  w i t h  5% aethanol-CH2C12 gave  c r u d e  syn-oxlme 11-30 ( 2 3 3  rng, - 
235) which was p u r i f i e d  by p r e p a r a t i v e  s c a l e  t . 1  .c .  ( - s l l i c a  g e l ;  10% 

methanol-CH2C12, Rf0.29 t o  g i v e  a c l e a r  o i l  : i . r .  3 2 2 0 ( s , b r )  , 3060(m,br )  , 

1 6 6 0 ( w ) ,  1285(w) ,  1 1 3 0 ( n ) ,  9 4 0 ( s )  and 9 1 8 ( s )  cm-l; n . a . r .  T 3 . 4 9 ( m ,  

D20 e x c h . ) ,  6 . 0 2 ( b r . d ,  J=5Hz1 H a ) ,  6 . 9 8 ( d d ,  J=9.5. and 4Hz1 H b ) ,  

7.40(s,N-CH3), 7.k-7.9 ( u n r e s o l v e d 1 5 H )  and 8.30(m, W1=5.53zl 7H); m . s .  
2 

m/e 180( t4+ ,15 ) ,  1 6 4 ( 2 4 ) ,  1 6 3 ( 1 0 0 ) ,  1 6 2 ( 2 8 ) ,  1 0 8 ( 2 4 ) ,  9 4 ( 4 9 ) ,  and 

8 2 ( 1 6 ) .  The n . 3 . r .  spec t rum o f  oxlme 11-30 was e x m i n e d  i n  t h e  

, p r e s e n c e  o f  i n c r e a s i n g  a z o u n t s  o f  Eu(DPM)3 s h i f t  r e a z e n t  ( T a b l e  4 . 1 ) .  

E l u t i o n  wiCh 5-35 -ethanol-CH2C12 gave  a  1 :1 r c ix tu re  o f  

syn -ox ine  11-30 and a n t i - o x i n e  11-31 ( 8 0  mg, 8 % ) ;  C r y s t a l l i z a t i o n  f r o a  - 
C H 2 C 1 2  gave a n t i - o x i a e  11-31 ( 2 0  n g ) :  n . p .  153-154'; i . r .  - 
3 1 8 0 ( ~ ) ,  3 0 6 0 ( w ) ,  i 6OO(x) ,  1210,  1138,  9 6 5 ( s ) ,  9 2 0 ( s ) ,  868 ,  770 and 720 

en"; n.m.r. T 6 . 2 5 ( t 1  J=6 .5Hz,  H e ) ,  6.721dd, J = l l  and 4 .592 ,  H b ) ,  

6.87,(d1 J=4.5Hz1 E a ) ,  7 . 4 0 ( p a r t  o f  Hc d o u b l e t ) ,  

7.50(s1N-CH3), 7 .70 (5 ,3H)  a d  8 . 3 3 ( n , 5 H ) ;  m . s .  n / e  1 8 1 ( 7 ) ,  

180(M+,42) ,  1 7 9 ( 4 ) ,  1 6 4 ( 5 4 ) ,  1 6 3 ( 1 0 0 ) ,  1 6 2 ( 3 9 ) ,  1 0 8 ( 4 0 ) ,  9 4 ( 5 5 )  and 
L+ 

8 2 ( 2 2 ) .  I r r a d i a t i o n  a t ' i -7 .75  r e s u l t e d  i n  c o l l a p s e  o f  t h e  d o u b l e  d o u b l e t  

p a t t e r n  a t T f r - 7 2  (Hb) t o  a  d o u b l e t  ( J = l l H z )  and t h e  c o a l e s c e n c e  o f  t h e  

d o u b l e t  a t  7-6-87 ( H a ) ,  I r r a d i a t i o n  a t T 8 . 3  r e s u l t e d  i n  c o l l a p s e  o f  

t h e  t r i p l e t  a t  1 6 . 2 5  (He) t o  a s i n g l e t .  



Table 4 . 1  

The E f f e c t  o f  Z U ( D P Y ) ~  on t h e  N.M.R. S p e c t r u m  o f  Oxime 11-30 

S h i f t *  (Hz)  

All s h i f t  values g i v e n  i n  H e r t z  froffi t h e  c h e m i c a l  s h i f t  v a l u e  
, . 

.- -- 
a s s i g n e d  t o  e a c h  protcin i n  t h e  a b s e n c e  o f  Eu(DPM)  

3 ' 

'--. 
7-2 

Eu( D P M I 3  

w t  (mg) 

19 

29 

N-CH 3 

170 

236 

Ha 

I 

132 

2 40 

Hb 

100 

140 

Hc 

100 

142 



H.r.rn.s.7 on m/e 180 : c a l c d  f o r  Cl0HI6N20, 180-1263,  

Found, 180.1249. 

F i n a l l y ,  e l u t i o n  o f  t h e  s i l i c a  g e l  column ~ 5 t h  20% 

\ 
methanol-CH2C12 gave  an u n i d e n t i f i e d  o l e f i n i c  f r a c t i o n  ( 5 0  rng) : 

i . r .  3040(m) and 7 5 0 ( s )  an- ' ;  n.m.r. 7 3 . 6 6 ( r n ) .  

The s e m i s o l i d ,  i s o l a t e d  by c o n t i n u o u s  e x t r a c t i o n ,  was 

r e c r y s t a l l i z e d  s e v e r a l  t i r ze s  from e t h a n o l - e t h y l a c e t a t e  t o  g i v e  t h e  

h y d r o c h l o r i d e  o f  syn-oxime 11-30:  m.p. 215-219'; i . r .  ( n u j o l )  - 
3 1 2 5 ( s ) ,  3 0 6 0 ( s ) ,  2560(m) ,  2 5 5 0 ( n ) ,  2550(m) ,  1 0 4 0 ( n ) ,  990 ,  9 5 8 ( s )  , 

/ 

9 4 5 ( s ) ,  9 0 5 ( s )  and 7 4 5  ca"; m . s .  = / e  1 8 0 ( s ) ,  l 6 3 ( 2 2 ) ,  1 0 8 ( 8 8 ) ,  

9 4 ( 1 8 )  and 8 3 ( 1 0 0 ) .  

Anal. Calcd f o r  ClGHi7:12CS1: C ,  55.42; H ,  7 .91 ;  :I, 12.92. 

Found:  C ,  55.28,  3 ,  3 . 0 Q ;  !.I, 12.94. 

H.r.m.s. on  d e  180:  Calcd f o r  Cl0HI6N20, 180.1253. Found, 

180.1242. 

T h i s  cornpound caused  a g r e e n  f l m e  when s u b j e c t e d  t o  t h e  E e i l s t e i n  

'Lest, f o r  h a l o g e n s .  The h y d r o c h l o r i d e  ( 6 0 0  mg) was d i s s o l v e d  i n  w a t e r ,  
1 

b a s i f i e d  t o  pH13-i 4 - f i l th  aqueous  N a O H ,  and e x t r a c t e d  w'lth C H 2 C 1 2  / ' 

(3x50 z 1 )  t o  y i e l d  - s y n - o x h e  11-30 ( 8 0  mq): n.m.r. T 6 . 0 2 ( d 1  J=5Hz,  

H;), 7 . 0 0 ( d d 1  J.9.5 a d  4Hz,  H b ) ,  7 . 4 3 ( s ,  N-CH3).  . Cont inuous  
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e x t r a c t i o n  o f  t h e  aqueous  s o l u t i o n  w'_ t h  CH2C12 r e c o v e r e d  c r y s t a l l i n e  

h y d r o c h l o r i d e  o f  11-30 (300  mg) : i.r. 3120,  306O(m), 266O(m), 2580,  - 
2550(m) ,  958 ,  945 ,  905(m) and 745(m) cm". 

Trea tment  o f  syn-oxime 11-30 ( 1 2 0  mg) & t h  b i s u l f i t e  ( 7 1 )  a s  

p r e v i o u s l y  d e s c r i b e d  ( S e c t i o n  4.9.1) gave  a k e t o n e  ( 4 8  n g )  c o n t a i n i n g  

some n i t r i l e  h p u r i t y  : i .r. 2220(w) and 1 7 2 0 ( s )  an".  The b i s u l f i t e  

h y d r o l y s i s  o f  a m i x t u r e  o f  syn-oxime 11-30 and an t i -ox ime  11-31 gave  t h e  - - - 
i d e n t i c a l  m i x t u r e  u h i c h  was chrornatographed on n e u t r a l  a l u n i n a  ~ 5 t h  

C H 2 C 1 2  t o  g i v e  amino k e t o n e  11-32 : 5 . r .  1 7 2 0 ( s )  , 1220,  1130 and 

1100 a n - ' ;  n.m.r. 7 6 . 7 8 ( d d ,  J.9 and 4Hz,  H b ) ,  6 .98 (d ,  J = 5 8 z ,  Ha) ,  

7 . 4 0 ( s ,  N - C H 3 ) ,  7 . 5 0 ( ~ , 2 % ) ,  7 .72 (n ,2H)  and 8 . 1 2 ( n ,  W1=4.582, 5 3 ) ;  m . s .  
Z 

role .165(!4+, 1 8 ) ,  1 3 7 ( 1 0 0 ) ,  9 6 ( 3 1 ) ,  9 5 ( 4 7 ) ,  9 4 ( 7 8 )  and 8 2 ( 3 2 ) .  

H r m s  on  d e  165(:4+J: Calcd f o r  C 1 0 H 1 5 N 0 ,  165.1154. 

Found, 165.1151. 

4.10.2 Under Oxygen 

A s l u t i o n  o f  n i t r o s a m i n e  11-23 ( 2 3 ,  0.011 mole)  2nd c o n c e n t r a t e d  

H C 1  ( 1  . O  m l ,  0.0614Y i n  me thano l  ( 2 0 0  31) was p~&%lysed  i n  Appara tus  I 
e 

unde r  oxygen- f o r  1 .5  h o u r s .  The w r k - u p  gave  an o i l y  n e u t r a l  f r a c t i o n  

i ( 8 0  ag) : i . r .  2 7 3 0 ( v ) ,  1718!n) ,  1 6 4 0 ( ~ ) ,  1545(m) and 7 0 0 ( ~ )  an-'; 
,r' 

n . n . r .  T 0 . 2 2 ( r n ) ,  0 .59  ( d ,  J=1 .  j i i z )  &?a 3.7O(m). The mo the r  l i q u o r  ,was 
a 

k. 
b a s i f i e d  and e x t r a c 5 e d  . l i , th  e t h h  ( 3 x 5 0 d )  which was d r i e d  and s t i r r e d  

o v e r n i g h t  w i t h  WH ( 2 g ) .  i;crrk-up i n  t h ~  u s u a l  way g a v e  t h e  reduced)  



p h o t o l y s a t e  ( 9 8 0  mg). A f t e r  e t h e r  e x t r a c t i o n  t h e  mother  l i q u o r  w a s  

f u r t h e r  e x t r a c t e d  v i t h  C H 2 C l Z  (3x501111) t o  g i v e  an a d d i t o n a l  b a l l c  

and 8 .2 (m) .  

The r educed  e x t r a c t  ( 9 8 0  mg) was chrdrnatographed on n e u t r a l  a lumina  

( 5 0  g ) .  E l u t i o n  0.5: aethanol-CH2C12 gave  an o l e f i n i c  f r a c t i o n  

( 3 4 0  mg) : i . r .  3040(m) and 6 9 2 ( s )  ca-'; n.n . r .  r 3.7O(n) .  

Examinat ion  o f  t h i s  f r a c t i o n  b y  g.c.-m.s.(20% SE30, 1 7 0 ~ )  showed i t  t o  

b e  a  c o n p l e x  m i x t u r e  o f  11-39 ( v i d e  i n f r a ,  1.8min1, m i n e  11-17 ( 2 . 2 m i n ) ,  - 
m i d e  11-15 (2.4rnin.) u l d  a  t r a c e  o f  t r i c y c l i c  m i n o  a l c o h o l  11-37 

-, 

E l u t i o n  w i t h  1% nethanol -CE C1 gave b i c y c l i c  m i n o  a l c o h o l  2  2  

11-38 (256 s g ,  13%) which was d i s t i l l e d  a t  30~ /0 :05nr i ;  i . r .  3 3 5 0 ( s , b r )  - 
and 1 0 4 0 ( s )  m - I ;  n  . n . r .  ( F i j ~ e  2 . 4 )  r i6 .58(m, CH20H), I 

7.0-7 .75(co;p lex  4 p r o t o n  p a t t e r n ) ,  7 .62 (s ,  N-CH3, s u p e r i ~ ~ p o s e d  on p a r t  

o f  cozpler :  p a t t e r n ) ,  7.8-8.2 ( w r e s o l v e d ,  2H) and 8 . 4 ( 3 , 5 9 ) ;  m . s .  n / e  169 

r e s u l t e d  i n  c o l l a p s e  o f  t h e  p a t t e r n  a? 7 6 . 5 8  t o  a  broadened  s i n g l e :  



At tempt s  t o  p r e p a r e  t h e  p - n i t r o b e n z o a t e  and p i c r a t e  d e r i v a t i v e s  o f  

11-38 were  u n s u c c e s s f u l .  

E l u t i o n  w i t h  2% methanol-CH2C12 gave  exo-amino a l c o h o l  11-37 - 

(269  mg, 13%) a s  a n  o i l  which o n  s u b l i m a 5 o n  a t  30?0.05rns gave w h i t e  

c r y s t a l s :  rnT. 73-74O. i . r .  3 5 O s , b ,  1 0 5 i ( s l ,  10251s)  and 

980 cm-'; n.m r .  7 6 . 0 1 ( m ,  D20 e x c h . ) ,  6 .20 (d ,  J=4Hz ,  H d ) ,  7 . 19 (d , -  

\ J=IOHz,  BE), 7 . 4 7 ( 6 d 7  J.10 and 4.5Hz7 H b ) ,  J5f Iz ,  Ha),  7.2 

7 . 4 8 ( s ,  super imposed  on d d .  N-CH 1, 8.0(m.22H), 8.20(m, K l = 4 . 5 H z ,  3 H ) ,  3 9 

8.67(m71H) m d  8 . 8 5 ( m , l H ) ;  m . s .  m/e 1 6 8 ( 1 1 ) ,  1 6 7 ( ~ + , 7 7 ) ,  1 6 6 ( 2 9 ) ,  

,/' ' 1 5 0 ( 1 6 ) ,  1 1 0 ( 7 1 ) ,  9 7 f 1 7 ) ,  9 6 ( 2 1 ) ,  9 5 ( 6 0 ) ,  9 4 ( 1 0 0 )  and 8 2 ( 1 0 0 ) .  
/-- 

I r r a d i a t i o n  a t  7 8 . 0  r e s u l t e d  i n  c o l l a p s e  o f  t h e  d o u b l e t  a t  7 6 . 2 0  ( H d )  

t o  a  s i n g l e t  a p  c o a l e s c e n c e  o f  t h e  d o u b l e t  a t  T 7 . 1 9  ( H a ) .  

.L 

H . r . m . s .  o n  m/e 167 ( I? )  : Calcd f o r  Cj0HI7!4O, 167.1310. 

Found, 167.1302. 

Trea tment  o f  11-37 w i t h  a  s a t u r a t e d  benzene  s o l u t i o n  o f  p i c r i c  a c i d  

gave  a p ic ra 'e  ( y e l l o x  n e e d l e s ,  s l ow decoap .  1 6 0 - 2 0 0 ~ )  u h i c h  

d e c o n p s e d  on r e p e a t e d  a t t e m p t s  a t  r e c r y s t a l l i z a t i o n .  

An a c e t o n e  s o l u t i o n  ( 3  n l )  o f  a n i ~ o  a l c o h o l  11-37 ( 6 5  mg) was 

t r e a t e d  v i t h  Cr03-H2S04 i n  a c e t o n e  ( 7 9 )  a5 0'. The g r e e n  . 
s o l u t i o n  was s t i r r e d  f o r  1.5 h o u r s ,  The a c e t o n e  was e v a p o r a t e d  and  t h e  

r e d d u e  was b a s i f i e d  k 5 t h  aqueous  Na CO and e x t r a c t e d  d t h  2 3 



CH2C12  (4x15rnl)  t o  g i v e  a c l e a r  o i l  ( 2 5  mg). The n.m.r. a n d  3 . r .  

s p e c t r a  o f  t h i s  o i l  w e r e  i d e n t i c a l  d t h  t h o s e  o f  k e t o n e  11-32,  i s o l a t e d  

4 .10.3  I n  B r o m o t r i c h l o r o a e t h a n e  

A m i x t u r e  o f  n i t r o s a z i n e  11-23  (9.5g, 0.0028 m o l e ) ,  c o n c e n t r a t e d  - 
HC1 ( 0 . 3  m l )  and CBrC13 ( 1 0 0  mi )  was  p h o t o l y s e d  in A p p a r a t u s . 1 1  u n d e r  

d 
N2 f o r  2 . 7 5  h o u r s .  The m l x t u r e  wa-9 d i s t i l l e d  u n d e r  vacuum a t  20' 

\ 
and t h e  b l u e  d i s t i l l a t e  - a s  t r a p p e d  i n  a  c o o l e d  r e c e i v e r  4 1 2 ) .  The 

n e u t r a l  e x t r a c t  ( 2 0 4  ng) bas a  n k t u r e  o f  a t  leas t  ' s i x  c o m p o ~ e n t s  a s  

/? d e t e r m i n e d  by g . c .  and  e x h i b i t e d  no N-nethyl  s i g n a l  i n  t h e  2 . n . r .  The 

b a s i c  f r a c t i o n  ( 2 0 5  c;g) had t h e  fo l ' lowing  p h y s i c a l  c o ' n s t a n t s :  i . r .  

3 3 0 0 ( w , b r ) ,  3040( rn ) ,  1 7 2 S ( w ) ,  1 6 6 ' l ( w ) ,  1162 ,  950 and 700!n) 0 3 - I ;  n . m . r .  

?3.75(m). , 5 . 6 0 ( m ) ,  5 . 8 0 ( m ,  D 2 3  e x c h . )  and 7 .0 -9 .0  (unreso17ie:!) .  A n a l y s i s  

o f  t h i s  f r a c t i o n  b y  g . c . - s . s .  ( 2 0 5  SE30,  150') showed t h r e e  p e a k s  i n  
t 

t h e  r a t i o  o f  1 . 2 : q . i  : l .G ,  ; ihich gave t h e  f 3 l l o x i n g  d a t a :  p e a k  1 na:! a  

-\ 

r e t e n t i o n  t i n e  o f  3 .2  z i n u t e s  a n d  e x h i b i t e d  Z . S .  f r a g ~ e n t s  a t  z / e  

1 4 9 ( 2 4 )  u l d  7 0 ( 1 0 0 ) ;  2 e a k  2 had a r e t e n t i o n  t i m e  o f ' 3 . 5  ~ i n i ; t e s  a n d  
---T= '-s 

e x h i b i t e d  E . S .  f r a g z e n t s  a t  z / e  1 5 1 ( 4 8 )  m d  4 4 ( 1 0 , 0 ) ;  and &k 3 had a  

r e t e n t i o r ,  t i z e  o f  9 .3  a l n u t e s  and e x i d b i t e ?  a.s. f r a g x e n t s  a t  m/e 

2 )  was i d e n t i f i e d  as m i n e  11-17 by c m p a r i s o n  o f  t h e  a a s s  s p e c t r w  ~ 5 t h  
P 

t h a t  o f  an a u t h e n t i c  s m p l e ;  ? e a k  1 w a s  a s s m e d  t o  b e  h i n e  11-35'. An - 

a t t e n p t  t o  i s o l a t e  t h e  :hi@ c o z p n e n t  b y  s u i c i c  a c i d  c h r o m a t o g r a p h y  



4.11 P h o t o 1  ysis o f  N-~~itr0~0-4-a~atri~yclo[5,2,1,0~~~1dec-8-ene, 

a 
/' 

/ 4 .11 .1  Under  Oxygen 
/ 

/ 

A s o l u t i o n  o f  n i t r o s a z i n e  11-24 ( 2 g ,  0 , 0 1 2  m o l e )  and c , p n c e n t r a t e d  

i 
HC1 ( 1 . 1  m l ,  0.066N) i n  m e t h a n o l  ( 2 0 0  m l l  was p h o t o l y s e d  i w a r a t u s  I 

\ ~ 

u n d e r  o x y g e n  f o r  2.75 h o u r s .  The work-up g a v e  t h e  n e u t r a l  e 5 t r a c t  ( 1 5  

me) w h i l e  t h e  b a s i c  f r a c t i o n  u a s  e x t r a c t e d  i n t o  e t h e r  ( 4 x 5 0  n l )  w h i c h  

was h i m e d i a t e l y  d r i e d  a n d  s t i r r e d  o v e r n i g h t  w i t h  LAH ( 2 g ) .  The u s u a l  

work-up g a v e  t h e  r e d u z e d  e x t r a c t  a s  a c l e a r  o i l  (1.0g) w h i c h s h o w e d  oFe 

m a j o r  s p t  a t  R r O .  1 2  o n  5.1 . c .  ( s i l i c a  g e l ,  10% m t h a n o l - C E 2 C L 2 )  ; 



b - - - - -  & , -  - 7 

. . . . : . r 1 . 5  3 .  The bl ;e  sz l . i c ;~ . :  ~ i x : , l r e  wss 



~ ~ 1 2 . 5  a n d  2 .5Hz1 Hd) , 7 . 3 - 7 . 8 w e d ,  5H) .  7 - 9 0 ( m . t H )  a n d  8 . 4 0 ( d 9  

1 3 4 ( 1 0 0 ) .  The  n . a . r .  s p e c t r m  &f &-43 - (35 ' rng)  was e x a m i n e d  i n  t h e  

p r e s e n c e  o f  Eu(EPt.1) s h i f t  r e a g e n t  ( 5  mg) . A d i  f f u s e  s p e c t r u m  was 

o b s e r v e d  e x c e p t  i n  t h e  h i g h  f i e l d  r e 3 i o n  w h e r e  a n  AB q u a r t e t  ( ~ V = 3 5 ,  

J = 1 0 . 5 i j z )  a t 7 7 . 8 4  u a s  c l e a r l y  e v i d e n t .  I r r a d i a t i o n  o f  a n u l t l p l e t  a t . T Q . 6  

(He, o r i g i n a l l y  a t  T5530) i n  t h i s  e u r o p i m  s h i f t e d  s a ~ p l e  r e s u l t e d  i n  

s h a r w n i n g  o f  t h e  h i g h  f i e l d  p r t i o n  o f  t h e  A9 q u a r t e t  ( H c ,  o r i g i n a l l y  a t  

7%.  1 2 ) .  

e 

The p i c r a t e  o f  II-b3 was p r e p r e d  i n  t h e  n o r a a l  z a n n e r  a n d  was 

r e c r y s t a l l i z e d  fa>-i ;iti=cjs 2 9 3  e t h a n o l  t o  g i v e  y e l l o w  g e e c i l e s :  a . p .  

And. Calcd fsr C . - ? a - ' i L O  a ' - :  C ,  40 .65 ;  H, 3.k: ;  t l ,  
13 1 7 . 4  7"- 

. , 12 .64 .  Found:  C, 4C.85; c ,  3 . 3 1 ;  !;, i 2 . 8 4 .  
- ~ 

k s l u t i o n  sf c k l r j r a i n e  11-23 ! 2 g ,  0.011 z o l e )  i n  a q u e o u s  d i o x v l e  %b 

( 5 0 5 ,  259 r y l )  ilas r e f l u e d  i n  t h e  d a r k  f o r  1 .25  h o u r s .  The s o l v e n t  w a s  

e v a p o r a t e d  a n d  t h e  a c i d i c  r e s i d u e  was worked-up i n  t h e  u s u a l  m a n n e r  ( S e c t i o n  



-141- 

4.3.4)  t o  g i v e  1.14 g o f  b a s i c  e x t r a c t .  The b a s i c  f r a c t i o n  (1 .0g )  was 

chromaclographed on s i l i c a  g e l  ( 4 0 g )  t o  g i v e ,  w i t h  e t h y l  a c e t a t e ,  a  f r a c t i o n  

( 146 mg, 6 % )  c o n t a i n i n g  one m a j o r  p r o d u c t  (g . c .  r e t e n t i o n  t i m e ,  2.7 n i n . )  

and a  t r a c e  o f  "- 11-17 ( 1 . 1  n i n . )  a s  d e t e r m i n e d  by 3.c .  peak  ma tch ing  ( 3 %  

SE30, 155'). T h i s  f r a c t i o n  ( 9 5  mg) was rech roma tog raphed  on s i l i c a  g e l  

( 5 g )  t o  g i v e  a  c l e a r  o i l  a s s m e d  t o  be  c h l o r o m l n e  11-45 ( 4 5  mg) whlch was 

s t i l l  con tamina t ed  by a  t r a c e  o f  amine 11-17': - i . r .  304O(v.w),  167C)(w), 

l l l O ( o ) ,  852 ,  730  and 695 CZI-' ;  n.m.r. ~ - 3 . 7 5 ( r n ) ,  5 . 9 7 ( d ,  J=6.5Hz,  H d )  , 

6 . 3 5 ( m ) ,  7 . 2 2 ( d ,  J=SHz,  H b ) ,  7 . 4 5 ( s ,  N-CH3), 7 .60 (dd ,  J = 8  and 3Hz, 

k ki,), 8 .0(mv2H)  and 3,?i(e,48); a g.c.-m.s. ( 3 %  s i l a r  10-C c o l u u n ,  150'); 

m . s .  m/e 7 8 7 ( 1 0 ) ,  1 8 6 ( 5 ) ,  1 8 5 ( ~ + ~ 1 3 ~ ,  4<), l 8 4 ( 5 ) ,  l 5 O ( 6 6 ) ,  9 5 ( 2 6 ) ,  

9 4 ( 1 0 0 )  and 8 2 ( 4 9 ) .  The p i c r a t e  o f  11-45 (m.?. 230-233') d e c o n p ~ s e d  on 
'L 

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

\ 

E l u t i o n  ~ 5 t h  i -10% r e t k n o l  i n  e t n y l  a c e t a t e  gave  t h e  p a r e n t  zrnine 

11-17 ( 1 5 4  m g ,  9 % ) ;  e l u t i ~ n  x i t h  50% m e t h m o l  i n  . e t h y l  a c e t s t e  s a v e  

t r i c y c l i c  amino alo-ohol  11-37 ( 2 0 0  mg, 1 2 % ) .  Oxidat ' ion ( 7 9 )  o f  t h i s  

a l c o h ~ l  ( 5 0  mg) gave k e t o n e  11-32 ( 3 5  ng,  705)  which snowed i d e n t i c a l  

i . r . ,  n .m. r . ,  and n a s s  s p e z t r a  i r i t h  t h o s e  o f  p r e v i o u s  s a a p l e s .  

- + 

A s l u t i o n  o f  c n l o r z i n e  11-25 ( 1 . 6 8 g ,  0.009 mole)  i n  me thano l  ( 1 5 0  

zl )  was r e f l u x e d  f ~ r  10.75 h c ~ u r s .  m e  z e t h a n o l  was e v a p o r a t e d  and t h e  

r e s i d e   as p r t i ~ ~ e d  i n t o  n e u t r a l  ( 7 6  ng)  and b a s i c  f r a c t i o n s  ( 7 . 0 7 3 ) .  



The b a s i c  f r a c t i o n  was shown by  g.c.-n.s. (20% SE30, 155') t o  c o n t a i n  

s e v e r a l  minor  and one ma jo r  component:  peak  1  (2.51,  5.8rnln.) had m . s .  

f r a g m e n t s  a t  m/e 1 4 9 ( 2 5 )  and 7 0 ( 1 0 0 )  a s  observed  f o r  p r e v i o u s l y  

c h a r a c t e r i z e d  s a n p l e s  o f  11-39; peak 2  (6 .5%,  6 .9n in . )  had t h e  s a a e  n . s .  

f r a g m e n t a t i o n  p a t t e r n  a s  t h a t  o f  a u t h e n t i c  m i n e  1 x 7 ;  peak  3  (5 .55 ,  

1O.Omin.) had n.3. f r a g m e n t s  a t  m/e 1 4 6 ( 5 7 ) ,  1 4 5 ( 4 3 )  and 4 4 ( 1 0 0 ) ;  and peak 

4  (595 ,  11.1min.) had n . s .  f r a g m e n t s  a t  m/e 1 8 1 ( 2 8 ) ,  1 6 7 ( 1 9 ) ,  1 6 6 ( 1 0 0 ) ,  

9 6 ( 2 0 ) ,  9 5 ( 2 O ) ,  94 ( 2 9 )  and 8 2 ( 3 5 ) .  The m a j o r  coaponen t  o f  t h i s  b a s i c  

f r a c t i o n  ( p e a k  4 )  was i s o l a t e d  by p r e p a r a t v e  s c a l e  g . c .  (20% SE30, 1 3 5 ~ )  

t o  a f f o r d  methoxy m i n e  IT-46:  i . r .  2765(m) ,  1225,  1 0 3 5 ( s )  , 1020,  955 and 

8 0  c ;  n . .  ( F i g u r e  2 . 7 ) ~ 6 . 6 5  ( s ,  OCH ) ,  6 . 7 1 ( d ,  J=4 .5Hz,  H d )  , 3  

7 . 3 2 ( d d ,  J=9  and 4 . 5 5 2 ,  Hb), 7 . 4 9 ( s ,  N-CH3), 7 . 6 5 ( h i g h  f i e l d  p o r t i o n  o f  

Hc d o u b l e t )  and 7.8-9.9 ( u n r e s o l v e d ,  11H). When t h e  n . n . r .  s p e c t r m  was 

r eco rded  i n  t h e  p r e s e n c e  o f  Eu(r"ODl3 s h i f t  r e a ~ e n t  a  s i z n a l  a t  7 5 . 3 8 ,  

a t t r i ~ u t e d  t o  H o r i g i n a l l y  a t  a p p r ~ x i n a t e l y  7 7 . 5 ,  began t o  e n e r g e  f r o 3  a  

benea th  t h e  N-zethyl  s i g n a l .  A d o u b l e t  o r i g i n a l l y  a t  ~ 7 . 5 6  ( J=gHz ,  E c )  

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

4 

Methoxy m i n e  1 x 6  was p u r i f i e d  a s  i t s  p i c r a t e  which x a s  

r e c r y s t a l l i z e d  t h r e e  t i z e s  from e t h a n o l  a s  ye l low n e e d l e s  : m.p. 

171--171.5•‹. 

ha. bled f o r  C17E22N408: C ,  49.76; H, 5.40;  N, 13.65. 

Found:  C ,  49.77; H ,  5 .38;  t i ,  13.80. 

4 .12 .3  :~-CMorc-4-azatrIcyclo[5,2,1 , o 2 ,  6 ] d e ~ - 8 - e n e  , 11-26 ,  

i n  Methanol 

A s o l u t i o n  o f  t r i c y c l i c  c h l o r v i n e  11-26 (1 .0g )  i n  n e t h a n o l  - 



150ml) was r e f l u x e d  f o r  65  h o u r s .  The s o l v e n t  w a s  e v a p o r a t e d  and 

work-up o f  t h e  r e s i d u e  gave  t h e  n e u t r a l  ( 2 6  mg) and b a s i c  ( 8 2 0  me) 

f r a c t i o n s .  The b a s i c  f r a c t i o n  ( 1 0 0  mg) was c h r o a a t a g r a p h e d  on 

p r e p a r a t i v e  s c a l e  t.1 .c . ( s i l i c a  g e l ,  eti-lyl a c e t a t e )  and t h r e e  

components  were i n d i v i d u a l l y  i s o l a t e d .  The ' s l owes t  f r a c t i o n  ( 1 5  m g ,  

-... 
. Rf0.03) had t h e  i d e n t i c a l  a . s .  f r a g n e n t a t l o n  p a t t e r n  and g.c: 

r e t e n t i o n  t i n e  a s  t h e  m i n e  11-21 ( a s  sa l t ,  s e c t i o n  4 . 5 . 6 ) .  The second 

f r a c t i o n  (Rf0 .08)  a f f o r d e d  an o i l  (21.5mq) whose n.m.r. s p e c t r u m  was 

r e m i n i s c e n t  o f  t h a t  o f  b r o ~ o  m i n e  11-43, F u r t h e r  s p e c t r a l  a n a l y s i s  

i n d i c a t e d  that t M s  o i l  was p r e d o m l n a n t i y  t h e  c h l o r o  a i n e  11-43:  I . r .  

and 768 c = - l ;  n .m . r .  T 5 . 4 7  (rn, W1=3.5Hz7 H e  6 . 6 0 ( d ,  J=2Hz ,  H a ) ,  
2 

6 .81 (dd ,  J = 1 2  and 2 . 5 % ,  Hd), 7.3-7.8 ( u n r e s o l v e d , 5 H ) ,  8 . 0 ( a , 2 H ) ,  and 

9 . 5 2 ( d ,  J=iO.5Hz,  3 , ) ;  m . s .  z / e  171!1) 1 6 9 ( . ~ + ~ 1 3 ~ , 3 )  31-13 

l34(1OO).  o l l o r o  mise  11-48 was p u r i f i e d  a s  i t s  p i c r a t e  whkcn x a s  - 

r e c r y s t a l l i z e d  t w i z e  f r o 3  e t h a n o l  t o  g i v e  ye l low n e e d l e s :  3 . p .  180•‹,  

And. Calcd f o r  C15hi'15:1407C1 : C ,  45.18; H, 3.79;  N ,  

1QL5. Found: C ,  44 .90;  3 ,  3.63; N ,  14.14. 

The l a s t  f r a c t i o n  (Rf0 .21)  was i s o l a t e d  a s  a n  u n i d e n t i f i e d  s o l i d  

I m r e s o l v e d , 4 ~ ) ,  7 .06(m,ki i )  and 8 . 5 5 ( B  q u a r t e t ,  ~ 3 = 1 3 ,  J=8Hz, 2H); m . s .  



4.13 P h o t o l y s i s  o f  N-Ni t ro saa ines  i n  t h e  P r e s e n c e  o f  1 ,6 -Hep tad i ene  

4.13.1 N - N i  t r o s o p i  p e r i d i n e  

A s o l u t i o n  o f  N - n i t r o s o p i p e r i d i n e  (2 .3g ,  0.02 m o l e ) ,  1 , 6 - h e p t a d i e n e  

(1 .92g ,  0.02 mole)  and c o n c e n t r a t e d  H C 1  ( 1 .8  m l ,  0 .1iN) i n  methanol  ( 2 0 0  

ml)  was pho to lysed  i n  Appara tus  I unde r  n i t r o g e n  f o r  3 .5  h o u r s .  The 

so*.nt was e v a p o r a t e d  and t h e  d i s t i l l a t e  was t r a p p e d  i n  a c o o l e d  

r e c e i v e r .  When t r e a t e d  ~ 5 t h  Br2 i n  C C 1 4  t h e  d i s t i l l a t e  gave  a  c l e a r  

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

t h e  p h o t o l y s a t e  was p r t i o n e d  i n t o  n e u t r a l  ( 3 0  ng) and b a s i c  ( 1 . 6 2 g )  . 

f r a c t i o n s  and t h e  b a s i c  f r a c t i o n  (750  mg) was ch roma tog raphed  on s i l i c a  
- -. 

g e l  (5Og).  E l u t i o n  k-i t h  3-55 methanol-CH2C12 gave  an o l e f i n i c  

f r a ~ t i o n  ( 2 4 6  mg) x h i c h  was d i s t i l l e d  a t  6 0 ~ / 0 . l m n  t o  g i v e  a 1  :4  

m i x t u r e  ( 7 6 )  o f  syn- and a n t i - o x i n e  i s o m e r s  11-52:  i . r .  3 2 0 0 ( m , b r ) ,  - - 
308O(m), 164O(m), 1115,  9 i C ( m ) ,  860 and 785 cm"; n . 9 . r .  1 2 . 1 C ( m ,  

0.8H, a n t i - i s o a e r )  , - 7 . 6 ( ~  , 5 H ) ,  7 . 9 5 ( t ,  < J = ~ . ~ H Z ,  2 ~ )  and 9 . 5 0 ( n , 7 ~ ) ;  m - s .  - 

E l u t i o n  ~ 5 t h  40-80: ~e thano l -CH2C12  gave  a I :1.2 m i x t u r e  ( 7 3 )  of 

syn-and a n t i - a l d o x i m e s  11-53 (150  mg, 24%) : m.p. 55-60'; i . r .  - - - 
3300(n )  , 3 0 7 0 ( m , b r ) ,  1 6 5 0 ( v ) ,  1600(m) , 1100(m) ,  950 and 780 ca"; 

n.m.r.  T 0.38(m, D20 e x c n . )  , 2 , 5 8 ( d ,  J=7.5Hz9 Ha, -, 0.4H) ,  3 . 2 2 ( d ,  

J=795Hz,  H a ,  - a n t i ,  0.5H1, 6 . 6 0 ( n ,  H b ,  a n t i ) ,  - 7.20(=, H b ,  s y n ) ,  

7.60(m,5H) and 8 . 4 0 ( n , l O H ) ;  m . s .  m/e 2 1 0 ( @ , 3 ) ,  l 9 3 ( 1 2 ) ,  9 8 ( 1 0 0 )  and 

84 (21  1. The n.m .r . s p e c t r a  o f  t h e  chromatography f r a c t i o n s  c o n t a i n i n g  



c y c l i z a t f  on p r o d u c t s  r e v e a l e d  no o t h e r  a ldox lme  p r o t o n s  t h a n  t h o s e  

d e s c r i b e d .  I r r a d i a t i o n  o f  t h e  s l g n a l T 6 . 6 0  (Hb,a&i) r e s u l t e d  i n  
- 

c o a l e s c e n c e  o f  t h e  d o u b l e t  a t T 3 . 2 2  (Ha,a&i). S i m i l a r l y ,  i r r a d i a t i o n  a t  

7-7. 20(Hb ,s_l~_n) r e s u l t e d  i n  c o a l e s c e n c e  - o f  t h e  d o u b l e t  a t  7 2 .  58(Ha ,sx). 
-.. 

I r r a d i a t i o n  a t  7 3 . 2 2  s l i g h t l y  a l t e r e d  t h e  m u l t l p l e t  a t  r 6 . 6 0 ,  however ,  7 

i r r a d i a t i o n  a t t 2 . 5 8  c a u s e d  no a p p a r e n t  change  i n  t h e  n.m.r. s p e c t r u m .  

Trea tment  o f  a  1  :1 mixture o f  x n -  and . a n t i - a l d o x i m e s  - I s  ( 9 0  mg) 

w i t h  sodium b i s u l f i t e  i n  t p e  d e s c r i b e d  manner ( s e c t i o n  4.9.1)  gave  an 

o i l  ( 8 0  mg, 8 6 9  which showed one  m a j o r  s p o t  (Rf0 .47 )  on t . 1 . c .  ( s i l i c a  

g e l ,  10% methanol-CH2C12). D i s t i l l a t i o n  a t  ~ 2 ~ / 0 . 2 m m  gave  a l d e h y d e  

11-56 - a s  c l e a r  o i l :  i . r .  1 7 2 0 ( s ) ,  1155,  1125(m) ,  1040,  860 ,  782 &nd 755 

em'' ; n.m.r. T 0.35(d ; -*J=2Ez7 1 5 )  , 7.60(mY8H) and 8.4D(m, 12H).  A weak 

abso rp tLon  i n  t h e  i . r .  a t  2 2 0 0 c a ' ~  showed t h a t  t h e  d i s t i l l e d  o i l  

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

4.13.2 N-Ni t ro sod ime thy lan ine  

A s o l u t i o n  o f  N-n i t ro sod ime thy lamine  (3 .1g ,  0.04 m o l e ) ,  

1 ,6 -hep tad i ene  ( 3 . 8 g 1  0.04 m o l e ) ,  and c o n c e n t r a t e d  H C 1  (3.6 m l ,  0.22N) 

i n  methanol  was p h o t o l y s e d  i n  Appa ra tus  I unde r  n i t r o g e n  f o r  5.85 h o e r s .  

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  was d i l u t e d  w i t h  w a t e r  ( 5 0  

ml). E x t r a c t i o n  w i t h  e t h e r  (3x50ml)  gave  a  n e u t r a l  f r a c t i o n  ( 1 0 0  mg) 

c o n t a i n i n g  u n r e a c t e d  N-n2 t rosod ime thy laa ine  : 1.r. 7 0 4 0 ( s )  an-'. The 

aqueous  mother  l i q u o r  was n e u t r a l i z e d  t o  pH7 and e x t r a c t e d  $Ath 

CH2C12 ( 3 x 5 0 ~ 1 1 )  t o  y i e l d  t i - n i t ro sod ime thy lamine  as shown by an 1.r. 
a 

band a t  1 0 4 0 ( s )  m - I  and n.m.r. s i g n a l s  a t 7 6 . 2 0 ( s )  and 6 . 9 5 ( s )  a s  a  

I :l  m i x t u r e  (0.84 g )  w i t h  11-54 - ( v i d e  i n f r a )  . 



-146- 

The aqueous 'mo the r  l i q u o r  was b a s i f l e d  t o  pH10 w i t h  aqueous  

Na CO and r e e x t r a c t e d  w i t h  C H ; C ~ ~  (3x5Oml) t o  g i v e  a b a s i c  
\ 

2  3 "r. 

e x t r a c t  (1 .24g) .  T h i s  f r a c t i o n  (850  mg) was chromatographed  on s l l i c ~ c  
P 

a c i d  (5Og) .  E l u t i o n  vi t h  5% methanol-CH2C12 kave  a 1  : 1  a i x t u r e  o f  

syn-  and an t i -ox imes  11-54 ( 1  38 mg) : i.r. 3 2 0 0 ( s , b r ) ,  308O(m) , - - 7 
l64O(m),  1 0 0 0 ( s ) ,  910  and 8 5 C ( s )  an- ' ;  n.m.r. 7 1 . 8 0 ( m ,  D20 e x c h . ) ,  

4 . 4 ( n , l H ) ,  4 .8-5 .2(n ,2H) ,  6 . 7 0 ( s , l H ,  s y n - i s o m e r ) ,  7 .70(m,lH,  - 
a n t i - i s o m e r ,  s i n g l e t  o b s c u r r e d  by i m p u r i t y ) ,  7.70(s,NCH2) and 7.5-8.5 - 
( u n r e s o l v e d ,  7H). 

-F- 

E l u t i o n  w i t h  5C% ~ e t h a n o l - C H ~ C 1 ~  

which  showed a  a a j o r  p a i r  o f  a ldoxime 

gave  s e v e r a l  f ' r g c t i o n s  o f  s o l i d  
.-. 

p r o t o n s  a t 1 2 . 6 5  and 3.25 ( r a t i o  1  :2) 

and a  minor  p a i r  a t  T 3 . 0 4  ( d ,  J=6Hz) and 3.86 ( d ,  J=7Hz) ;  r e p r e c i p i t a t i o n  

o f  t h e  combined s o l i d  ( 2 0 0 c g )  d i d  no* e l i m i n a t e  t h e  mFnor p a i r  o f  a ldoxime 

s i g n a l s .  P r e c i p i t a t i o n  f;rm e t h e r  a t  -30' gave  a  m i x t u r e  of '  syn-  and . - 

a t i - a l d o x i m e s  I E 5 :  i . r .  3160(rn) ,  3050(rn),  1 6 4 0 ( w ) ,  1250,  1170,  1020,  

9 3 0 ( s )  and 8 3 5 ( s )  ;  n . n . r .  TO.lO(m, D20 e x c h . ) ,  2 . 6 5 ( d ,  J=6 .5Hz,  

0 .68 ,  Ha, s y n ) ,  3 , 2 5 ( a ,  J=6 .5Hz,  0 .35 ,  H a ,  am), 6 . 6 5 ( ! 3 , E b , e i ) ,  - 
7 . 0 5 ( t ,  J=7Hz,  H b ,  s y n ) ,  7 . 7 5 ( s ,  N - C H 3 ,  s l i g h U y  broadened  by - 
s u p e r p o s i t i o n  o f  two s i g n z l s )  and 8 . 3 0 ( n ,  10H); m . s .  d e  1 7 0 ( p , 1 2 ) ,  

1 5 3 ( 1 1 )  and 5 8 ( 1 0 0 ) .  

Aldoxiae  11-55' (81  ng, s y n  t o  a n t i  r a t i o  1  :2)  ms d i s s o l v e d  i n  - 7 - 
a c e t i c  a n h y d r i d e  ( 2  r s l )  a d  t h e  s o l u t i o n  was r e f l u x e d  f o r  2 0  rnin. t h e n  

c o o l e d  o v e r  i c e .  "da ter  ( 10 m l )  was added and t h e  m i x t u r e  was b a s i f i e d  

(pH4) w i t h  s o l i d  lia2CC3. The h e t e r o g e n e o u s  m i x t u r e  was e x t r a c t e d  

w i t h  CH2Cl2(3x25ml) which was d r i e d  (tJgS04) and e v a p o r a t e d  t o  an 

o i l  (42 .5  ag) : i . r .  2 2 2 0 ( a )  c s - I .  T3is o i l  uzs  d i s t i l l e d  t o  g i v e  



impure n i t r i l e  11-51: 25'/2mm; i .r. 2220(m) and 1710 ?me'; n.m.r. 

~6.90(m), 7 . 1 9 ( s ) ,  7 .55(m),  7 . 7 0 ( s ,  N - C H 3 ) ,  7 .72(s ,  N-CH3) and 

7.8-8.8 ( u n r e s o l v e d ) .  The r a t i o  o f  t h e  two N-CH3 s i g n a l s  was ca. 1 :l. 



CHAPTER 5 
6 

THE CRYSTAL A N D  MOLECULAR STRUCTURES OF THE HYDROCHLORIDE OF 

OUME 11-30 A N D  11-06  - 

5. I I n t r o d u c t i o n  

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

t h e  a m i n i m  r a d i c a l  c y c l i z a t i o n  o f  n i t r o s a m i n e  11-23 f o m s  p r o d u c t s  

p o s s e s s i n g  t h e  2 - a z a i s o t x i s t a n e  s k e l e t o ?  - V-1 - and  n o t  t h e  a l t e r n a t e  
P ' 

2 - a z a t w i s t a n e  s k e l e t o n  - V-2. To c o n f i r m  this a s s i g n m e n t  t h e  c r y s t a l  

and  m o l e c u l a r  s t r u c t u r e s  o f  t h e  h y d r o c h l o r i d e  o f  ox ime  11-30 - w e r e  

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

h y d r o g e n  b o n d i n g  ( 3 9 ) ,  h e r i c e ,  i t  z l s ~  be",me o f  i n t e r e *  t o  e x a l l i n e  

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

h y d r o c h l o r i d e .  

D i f f e r e n c e s  i n  t h e  n . z . r .  s p e c t r a  ( T a b l e  2 .3 )  o f  n e t h o x y  a n i n e  

I A- 1 1 - 4 6 ,  fo rmed  d u r h g  t h e  t h e r m o l y s i s  o f  c h l o r a n i n e  11-25  i n  m e t h a n o l ,  

* a n d  a a i n o  a l c o h o l  - 11-37 l e d  u s  i n i t i a l l y  t o  a s s i g n  t h e  P z a t w i s t a n e  

6 s t r u c t u r e ,  111-14 ,  t o  this methoxy  compound ( 1 1 1 ) .  It e c a n e  n e c e s s a r y  

t o  r e e v a l u a t e  t h i s  a z s i g m e n t  f o l l o w i n g  a  r e p o r t  b y  Waeqe l l  ( 7 7 )  that t h e  

t h e r m o l y s i s  o f  11-25 - i n  n e t h a n o l  i n  t h e  p r e s e n c e  o f  Ag20 s a v e  methoxy  

m i n e  11-46. h a p a r i s o n  o f  s p e c t r a l  d a t a  d e m o n s t r a t e d  that t h e  methoxy  

c m p u n d s  were  i d e n t i c a l .  To r e s o l v e  t h i s  d i s c r e p a n c y  t h e  c r y s t a l  and  

m o l e c u l a r  s t r u c t u r e s  o f  t h e  p i c r a t e  o f  thge methoxy  compound w e r e  

d e t e r m i n e d .  

.- 



5.2 R e s u l t s  a n d  ~i s c u s s i o ' n  

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

h y d r o c h l o r i d e  o f  ox ime  11-30  a r e  l i s t e d  i n  T a b l e  5.1 and  t h e  o b s e r v e d  and  

c a l c u l a t e d  s t r u c t u r e  f a c t o r s  a r e  g i v e n  i n  T a b l e  5.2. S e l e c t e d  i n t e r a t o m i c  

d i s t a n c e s  and a n g l e s  a n d  t h e i r  e s t i n a t e d  s t a n d a r d  d e v i a t i c n s  a r e  l i s t e d  i n  

T a b l e  5 . 3 .  The m o l e c u l a r  c o n f i g u r a t i ~ n  and  t h e  l a b e l l i n g  o f  t h e  c a t i o n  a r e  

shown i n  F i g u r e  5. i. T h e s e  r e s u l t s  c o n f i r m  t h a t  N - n i t r o s m i n e  11-23 ,  xhen  

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

p o s s e s s i n g  t h e  i s o t 7 d  s t a n e  r i n g  s t r u c t u r e  V-1 . - 

The h y d r o g e n  b o n d i n ?  c o n h c t s  a r e  l i s t e d  i n  T a b l e  5 .4 .  The 

K-3---C1 and C1- - -H-3  i n t e r a t o z i c  d i s t a n c e s  p r e s e n t e d  a r e  b o t h  l e s s  

t h a n  t h e  sw o f  t h e  v a n  d e r  X a d s  r a d i i  and a r e  n e a r l y  l i n e a r  ( 1  1 2 ) .  

These  n o n - b i n d i n q  c o n t a c t s  e x h i b i t e d  by t h e  m o l e c u l a r  s t r u c t u r g k  

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

n i t r o g e n  o f  o n e  c a t i o n  21cl t n e  ox ime  o x y g e n  o f  an a d j a c e n t  c a t i o n .  



T a b l e  5.1  

F i n a l  Atomic C o o r d i n a t e s  and Thermal ( i 2d P a r a m e t e r s  1 

1 
f o r  Oxine 11-30 HC1, 

/ 
4 ( a )  Atomic c o o r d i n a t e s  ( x 1 0  ) f o r  non-hydrogen a toms 

5- 

Atom x Y z 

C 1 1066(2)  3961 ( 2 )  2346(  1 )  

1 2583 (7 )  1217 (7 )  1 3 3 7 ( 5 )  

N2 1549 (6 )  1582 (5 )  1376 (4 )  

C3 4 9 3 ( 8 )  1439 (8 )  1256 (6 )  



(b) Aniso t rop ic  thermal  pa ramete r s  ( ~ 1 0 3 )  f o r  non-hydrogen atozls2 . 
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Atomic c o o r d i n a t e s  and  i s o t r o p i c  thermal  pa ramete r s  f o r  

hydrogen atoms ( ~ 1 0 ~ )  
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/ Table 5 . 3  

0 

Interatomic Distances ( A )  and Angles ( Deg . ) 

( a )  Interatomic Distances 

( b )  Bond Angles (kg.) 



T a b l e  5 .4  

Hydrogen B o n d i n s  .Geometry 

0 

( a )  D i s t a n c e s  ( A )  

R e f e r s  t o  a t o m s  on  a z i o l & u l e  a d j a c e n t  t o  t h a t  c o n t a i n i n g  t h e  

N-H---C1 bond .  



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

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

l a t t i c e .  . 
The m a j o r  d i s c r e p a n c i e s  i n  t h e  f i n a l  e l e c t r o n  dens!  t y  d i  f f e r e n c e  

map o c c u r  in t h e  g e n e r a l  r e g i o n  o f  t h e  o x i m e  f u n c t i o n .  T h i s ,  t o g e t h e r  

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

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

d i m e n s i o n s  o f  1 . 4 1  ( 1  )i f o r  t h e  C=N bond  a n d  1 . 3 0  (1 )i f o r  t h e  N-0 
/ 

0 

b o n d .  The f o r m e r  is s i g n i f i c a n t l y  l o n g e r  t h a n  t h e  1 . 2 6 ( 4 ) A  e x p e c t e d  

h l l e  t h e  N-0 b o n d  l e n g t h  i s  s h o r t e r  +ban t h e  1.42(3).: c h a r a c t e r l s t i c  

o f  o x i m e s  ( 1 1 4 ) .  . p s m i n g  that t h e  o x l m e  bond l e n g t h  v a l u e s  a r e  

c o r r e c t ,  h o w e v e r ,  thi$, s i t u a t i o n  c& b e  r a t i o n a l i z e d  i f  t h e  o x i m e  

d o u b l e  bond  c h a r a c t e r  i s  d i s t r i b u t e d  o v e r  b o t h  t h e  C-N a n 3  ;:-O b o n d s .  

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

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

The  t h e r m o l y s i s  o f  c h l o r a z i n e  1 1 - 2 5  g a v e  a t r i c y c l i c  m e t h o x y  

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

c m p o u n d  w e r e  d e t e r m i n e d  u s i n g  si3ila.r t e c h n i q u e s  t o  t h o s e  d e s c r i b e d  

f o r  t h e  h y d r o c h l o r i d e  o f  o x i a e  11 -30 .  The m e t h o x y  m i n e  had t h e  - 
2 - a z a i s o t w i s t a n e  s t r u c t u r e  1 1 - 4 6  ( F i g w e  2.6). C r y s t a l  d a t a  f o r  t h e  

p i c r a t e  : C H N 0 y e l l s u  n e e d l e s ,  m o n o c l i n i c ,  s p a c e  g r o u p  1 7  2 2  4  8 '  

U=1884.0 i3, b = 1 . 4 4 g  Z 4 ,  Dcz l .44 .  The  s t r u c t u r e  was 

r e f i n e d  t o  R=0.080 f o r  1522 o b s e r v e d  r e f l e c t i o n s .  



Figure  5.1 : The M l e c u l a r  S t r u c t u r e  o f  Oxirne .TI-30. 



e  I E 6  and  

164- 

amino a l c o h  

i s o t w i s t a n e  s t r u c t u r e s .  D i s c r e p a n c i e s  be tween  t h e  

kve t h e  same ' 

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

' t h e s e  compounds a r e  n o t  t h e  r e s u l t  o f  s t r u c t u r a l  d i f f e r e n c e s  a n d  a n  

e x p l a n a t i o n  f o r  them must  await f u r t h e r  r e s e a r c h .  Waege l l  h a s  

r e c e n t l y  s y n t h e s i z e d  N - n e t h y l - 2 - a z a 5 w i s t a n e  ( 1  1 3 ) ;  a l t h o u g h  t h e  3 . n . r .  

s p e c t r m  is  a r g u e d  t o  r e f l e c t  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  

2 - a z a t w i  s t a n e  a n d  2 - a z a - i s o t w i  s t a n e  d e r i v a t i v e s ,  t h e  e x a c t  s p e c t r a l  

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

5.3.1 C r y s t a l  Da ta  f o r  11-30  H y d r o c h l o r i d e  

The h y d r o c h l o r i d e  o f  11-30 w a s  r e c r y s t a l l i z e d  from e t h a n o l - e t h y l  

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

p r e c i s s l o n  p h o t o g r a p n s  w e r e  o b t a i n e d  on a  c r y s t a l '  o f  d i ~ e n s i o n s  

0 . 6 2 ~ 5 . 1 2 ~ 0 . 0 9  ma. D i f f r a c t i o n  d a t a  w a s  o b t a i n e d  on a  s e p a r a t e  

c r y s t a l  m e a s u r i n g  0 . 6 2 ~ 0 . 2 2 ~ 0 . 0 9  m a .  b t h  c r y s t a l s  K e r e  m o , m t e d  on 

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

p a r a l l e l  t o  t h e  r o t a t i o n  a x i s .  

A z e r o  l e v e l  g e i s s e n b e r g  p h o t o g r a p h  u s i n g  CuK, (>= 1.541 

r a d i a t i o n ,  t o q e t n e r  sri t h  XoK, (?,=0.7i 0 7 1 )  p r e k e s s i ~ n  

0  k 1, k 0  1, k  k 0 ,  k  k k ,  2k k  h ,  h  k '1, and  1 k 1 l a y e r s ,  showed 

s y s t e m a t i c  a b s e n c e s  f o r  0  k  1 ,  k=2n+1 ,  h  0 1 ,  1 = 2 n + l ,  and  h k  0 ,  

h = 2 n + l .  T h i s  c a b i n e d  d t h  t h e  Laue s y z m e t r y  m a m ,  z l l o v e 3  t h e  s p a c e  

g r o u p  t o  be  u n a 3 b i g m u z l j r  a s s i g n e d  as t h e  o r t h o r h o m b i c  P e a .  



The measuFements  were  made w i t h  a c o m p u t e r  c o n t r o l l e d  f o u r - c i r c l e  

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

a n a l y s i s .  Two r e f l e c t i o n s  w e r e  i d e n t i f i e d  and  c a r e f u l l y  c e n t e r e d  t o  

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

t h e  28 v a l u e  f o r  one r e f l e c t i o n  w i t h  X = O O  and Q was d r i v e n  u n t i l  t h e  

. r e f l e c t i o n  w a s  l o c a t e d .  A s e c o n d  r e f l e c t i o n ,  w i t h  9='90•‹ away f r o a  

t h e  f i r s t ,  was  t h e n  a l i g n e d  by s e t t i n g  t h e  2 0  a n g l e  a n d  & r i v i n g  X .  

4 

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

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

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

d e t e r m i n e d  f o r  a  l e a s t  s q u a r e s  f i t  t o  t h e  2 0 ,  A ,  9 ,  a n d  ZI v a l u e s  o f  

e l e v e n  s t r o n g  r e f l e c t i o n s  (26>26')  x n i c h  w e r e  a c c u r a t e l y  c e f i t e r e d  on 

t h e  M o - b  p e a k ,  ) \ = 0 . 7 0 9 2 6 i ,  a t  21'. 

C r y s t a l  d a t a  - C10H17N23C1, :d=216.7,  o r t h o r h o m b i e  . 

( b y  f l o a t a t i o n  i n  C C 1 4 - t o l u e n e  mixed s o l v e n t  s y s t e m s )  , k= 1 . 3 2 g  

C D - ~ ,  Z = 9 .  S p a c e  g r o u p  P m .  . 

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

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

& 2 8  s c a n  z e t h o d  u s i n g  n i o b i u  f i l t e r e d  !+a% r a d i a t i o n ,  X = 0 . 7 1 ~ ) 7 ; .  

/--- 
F o r  t h e  i n n e r  s e t  (26<30 ' )  e a c h  r e f l e c t i o n  was s c a n n e d  o v e r  a b a s e  

* 
' d d t h  o f  1.2' in 2 6 ( i n c r e a s e d  t o  a l l o w  f o r  d i s p e r s i o n  e f f e c t s )  a t  a 
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r a t e  o f  l o  min". For t h e  o u t e r  s e t  o f  d a t a  ( 3 0 ~ < 2 8 < 4 0 ~ )  each 

r e f l e c t i o n  was scanned over  a  base w i d t h  o f  0.75' i n  2 8  ( i n c r e a s e d  

t o  a l low f o r  d i s p e r s i o n  e f f e c t s )  a t  a  r a t e  o f  l o  rnln". 

'~ackgrouncl  counts  were measured a t  both  scan l i m i t s  f o r  20 s e c .  

/ 

i 
5. 3.2 S o l u t i o n  o f  t h e  S t r u c t u r e  o f  11-30 Hydrochloride J - 

I 

The computer p r o g r m s  used i n  t h e  s o l u t i o n  o f  t h e  s t r u c t u r e  have 

t o  unsealed s t r u c t c r e  f a c t o r s  ( 7). The n e t  i n t e n s i t i e s  were c o r r e c t e d  
b 

f o r  Lorentz and p o l a r i z a t i o n  e f f e c t s ;  a b s o r p t i o n  c o r r e c t i o n s  were 

n e g l e c t e d .  A r e f l e c t i ~ n  xas cons idered  unobse4ved i f  ',he n e t  count 

* 
was l e s s  than 2 .3d; ;nere  

scan t i z e  
d= [scan count + ! baekg . - r j i ~ - , l  scan t i ~ e  ; 2  t o t a l ,  b a c % = ~ r ~ ~ ? c i  

-. 
k t h r e e  ci iaecdional Foxr ie r  d i f f e r e n c e  nap was cozputed and a f t e r  

s e v e r a l  c y c l e s  o f  l e a s t  - s q u a r e s  r e f i n e z e n t  a l l  non-hydrogen a t 3 s  were 

l o c a t e d  ~ 5 t n  an 2 ~ ~ a l u e  3f C .  i 4 G l  '? = 2 ( I ~ o l  - l ~ c l  ) /  1 j ~ o /  1. ~ y d r o g e n  

a t o z s  on C,, C 5 ,  an< Cm u e r e  then l c c a t e d  a s  peaks on d i f f e r e n c e  
1 

Four ie r  zaps . m i l e  :hp_ t h e = i r e t i c a l  - p a s i t i o n s  o f  t h e  o x i z e  hydrogen and 



F u r t h e r  d i f f e r e n c e  z a p s  and l e a s t  s q u a r e s  r e f i n e a e n t  I n d i ~ a t e d  that 

a l l  nor,-kj.:ro3en a t = - s  " e r e  zovLn3 a r , i s c t r o p l c a l l y .  Fiefiriezent o f  t h e  

a 5 3 i t i r j r , i l  V 2 r i a ~ l e s  r , e ~ = ~ i  l e a -  t o  a  f i f i a l  d - i s c r epancy  v a l u e  o f  

- P ,? - - . , ->.  '~6.1 ( 2 1  coo r j i r : a ' , e s  azd  a n i s o t r o ? i z  t e z p e r a t  u r e  f 3 c L ~ l r s  f x  

non-h;.",r;?en a t o s s  r r r e  - 1 a r i e 2 ,  i s r j t r ~ ~ i c  t e a p e r a t u r e  f a c t c r s  o f  t h e  

;--, e l e c t r o n  5~ r . s : t . ;  i,i f f e r t r . 2 ~  z q  z ~ z p u t e d  a f t e r  r e f i . - . e zen t  
-. .. 

, j , J Z :  c e s  sPl;ue5 5k.e z j w . i n ~  SL  ti.;^. E ~ C :  ~ . ~ ~ z t i ; . r  3 ~ ~ s  xi t h  i n t c r . s i ' -  

7 
- C  u'- ', i.,d y2'i5)e/13 a r , ~  - 2 .  z f  ' * ;  : ,e/.:..-; rer;e:ti , ,elj . ,  in t.qe r eg io r1  s f  

\ 
+ 'r C. r - 

--. , i . .  -..- " x i z e  func"-- 
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