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ABSTRACT 

OXIDATIVE A N D  NON-OXIDATIVE PHOTOREACTIONS 

OF N-NITROSAMINES AND C-NITROSOALKANES 

Novel o x i d a t i v e  p h o t o a d d i t i o n s  o f  N-ni t rosamines  t o  v a r i o u s  

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

t h e  c o r r e s p o n d i n g  non-ox ida t ive  p h o t o a d d i t i o n s .  The r e s u l t s  l e a d  t o  a 

s i m p l e  and e f f i c i e n t  s y n t h e t i c  method o f  2-amino n i t r a t e  e s t e r s  and t o  

an u n d e r s t a n d i n g  o f  t h e  r e a c t i o n  p a t t e r n  o f  t h e s e  e s t e r s  under a c i d i c  

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

under n i t r o g e n  r e s u l t s  i n  t h e  fo rmat ion  o f  a C-n i t roso  compound a s  t h e  

p r i m a r y ' p h o t o p r o d u c t  which t h e n  can e i t h e r  d i m e r i z e  t o  g i v e  t h e  

a n t i - d i m e r  o r ,  when c a t a l y z e d  by l i g h t ,  t a u t o m e r i z e  t o  g i v e  t h e  - 
c o r r e s p o n d i n g  oxime . 

I n  t h e  p r e s e n c e  o f  oxygen,  t h e  c o u r s e  o f  t h e  p h o t o a d d i t i o n s  i s  

c l e a r l y  d i v e r t e d  t o  y i e l d  2-amino n i t r a t e  e s t e r s  which a r e  s t a b l e  

under a c i d  c o n d i t i o n .  The o x i d a t i o n  o c c u r s  e x c l u s i v e l y  even i f  t h e  

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

i r r a d i a t i o n  o f  t h e  an t i -d imer  peak. Hence a n t i - d i m e r s  a r e  n o t  

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

n i t r i c  o x i d e ,  bo th  i n  t h e  f r e e  s t a t e  and i n  a r a d i c a l  p a i r ,  d i v e r t i n g  

t h e  c o u r s e  o f  t h e  r e a c t i o n .  The 2-amino n i t r a t e s  g r a d u a l l y  undergo 
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s o l v o l y s i s  and e l i m i n a t i o n  r e a c t i o n s  under b a s i c  c o n d i t i o n s  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  2-aminoalcohol s and 2-aminoketones . Depending 

upon t h e i r  s t r u c t u r e ,  t h e s e  2-amino n i t r a t e s  can a l s o  undergo C,-C2 

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

g i v i n g  rise t o  t h e  c o r r e s p o n d i n g  c a r b o n y l  compounds. F i n a l l y ,  t h e  

amino n i t r a t e s  can  b e  reduced r e a d i l y  t o  t h e  c o r r e s p o n d i n g  amino- 

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

The o x i d a t i v e  and non-ox ida t ive  photodecomposi t ions  o f  t h e  

a n t i - d i m e r s  o f  trans-1-nitroso-2-chlorocyclohexane and t r ans -1  - - 

ni t roso-2-  p i p e r i d i n o c y c l o h e x a n e  were a l s o  i n v e s t i g a t e d .  I r r a d i a -  

t i o n  o f  t h e  - a n t i - d i m e r s  o f  t h e s e  C-n i t roso  compounds under 

n i t r o g e n  caused  d i s s o c i a t i o n  t o  t h e  c o r r e s p o n d i n g  C-n i t roso  monomer 

which underwent p h o t o d i s p r o p o r t i o n a t i o n ,  t au tomer iza t iod-And  

d i m e r i z a t i o n  . S i m i l a r  i r r a d i a t i o n  under oxygen r e s u l t e d  p r i n c i p a l l y  

i n  t h e  f o r m a t i o n  o f  n i t r a t e  and n i t r o  compounds. The n i t r a t e  

fo rmat ion  o c c u r s  th rough  t h e  p h o t o d i s s o c i a t i o n  o f  t h e  C-n i t roso  

monomer fo l lowed  by immediate o x i d a t i o n  o f  t h e  n i t r i c  o x i d e  by 

molecu la r  oxygen t o  n i t r o g e n  t r i o x i d e  r a d i c a l .  T h i s  i s  i n  agreement  

w i t h  t h e  observed o x i d a t i o n  d u r i n g  t h e  p h o t o a d d i t i o n  o f  N-ni t rosamines  

t o  o l e f i n s .  The fo rmat ion  o f  n i t r o  compound o c c u r s  presumably v i a  t h e  

i n t e r m e d i a c y  o f  an e x c i t e d  C-n i t roso  monomer. Under n i t r o g e n  t h e  

a n t i - d i m e r  o f  t r a n s - 1 - n i t r o s o -  2 -p ipe r id inocyc lohexane  was 

p h o t o l y t i c a l l y  t au tomer ized  t o  t h e  c o r r e s p o n d i n g  oxime and was 

o x i d i z e d  predominant ly  t o  t h e  C-n i t ro  compound under oxygen. The 



l a t t e r  two processes appear t o  share a common intermediate,  t h e  

excited C-nitroso monomer. 
? 
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CHAPTER 1 

INTRODUCTION 

It is w e l l  known t h a t  v a r i o u s  n i t r o s o  d e r i v a t i v e s  such  as 

n i t r i t e  esters [I -31,  N-nitrosamides [4-81 and C-n i t roso  compounds 

[g-113 a r e  p h o t o l a b i l e .  The pho tochemis t ry  o f  n i t r i t e  e s t e r s  h a s  

been e x t e n s i v e l y  i n v e s t i g a t e d  i n  t h e  l a s t  decade  by s e v e r a l  g r o u p s ,  

p a r t i c u l a r l y  by Bar ton and co-workers [ I -31 .  I r r a d i a t i o n  o f  t h e s e  

e s t e r s  i n  n e u t r a l  s o l u t i o n s  c a u s e s  homolyt ic  s c i s s i o n  o f  t h e  0-N 

bond a s  t h e  pr imary pho toprocess  fo l lowed by s t e r e o s p e c i f i c  i n t r a -  

molecu la r  hydrogen atom a b s t r a c t i o n  by t h e  a lkoxy  r a d i c a l .  I n s p i r e d  

by t n e  s y n t h e t i c  s u c c e s s  o f  n i t r i t e  e s t e r  p h o t o l y s i s ,  Chow i 4 - 6 j ,  

Edwards [ 7 ] ,  Kuhn [ 8 ]  and t h e i r  co-workers have i n d e p e n d e n t l y  

i n v e s t i g a t e d  t h e  pho tochemis t ry  o f  N-ni t rosamides .  They concluded 

t h a t  t h e  N-N bond i s  c leaved  h o m o l y t i c a l l y  t o  g e n e r a t e  amido and 
, 

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

t o  t h a t  o f  a l k o x y  r a d i c a l s .  I n  c o n t r a s t ,  N-n i t rosod ia lky lamines  a r e  

s u r p r i s i n g l y  i n e r t  t o  i r r a d i a t i o n  i n  n e u t r a l  s o l u t i o n s  [12 ,13] .  

However, i n  t h e  p r e s e n c e  of  d i l u t e  a c i d ,  N-ni t rosamines  r e a d i l y  

undergo s i m i l a r  N-N homolysis  by i r r a d i a t i o n  r e s u l t i n g  i n  t h e  

fo rmat ion  o f  p r o t o n a t e d  amino r a d i c a l s ,  s o - c a l l e d  aminium r a d i c a l s .  



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

n i t r o s a m i n e s  on one hand and n i t r i t e  e s t e r s  and N-nitrosamides on 

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

of t h e  n i t r o s a m i n o  group.  SCF c a l c u l a t i o n s  [ I 4 1  o f  ground s t a t e  

N-nitrosamine i n d i c a t e  t h a t  t h e r e  i s  a 48% c o n t r i b u t i o n  o f  t h e  p o l a r  

r e sonance  s t r u c t u r e  I-1B. I n  agreement  w i t h  t h i s  p r e d i c t i o n ,  - 
c o n s i d e r a b l e  N-N doub le  bond c h a r a c t e r  h a s  been i n d i c a t e d  by 

i n f r a r e d  and n.m.r ,  

s t u d i e s  [15-181 o f  N-ni t rosamines .  The e n e r g y  b a r r i e r  f o r  r o t a t i o n  

abou t  t h e  N-N bond i n  N-nitrosodimethylamine (NND) i s  found t o  be 

c a .  23 koa l s /mole  [15] .  Thus t h e  molecule  i s  b e s t  r e p r e s e n t e d  by a  

p l a n a r  s t r u c t u r e  wi th  t h e  oxygen atom b e a r i n g  a p a r t i a l  n e g a t i v e  

charge .  U l t r a v i o l e t  s p e c t r o s c o p i c  s t u d i e s  o f  n i t r o s a m i n e s  i n  

aqueous s u l f u r i c  a c i d  have demons t ra ted  t h a t  a t  low c o n c e n t r a t i o n s  

o f  a c i d  (pH > 1 )  t h e  p r o t o n  c o - o r d i n a t e s  wi th  t h e  e l e c t r o n - r i c h  

n i t r o s o  oxygen atom (I-2A) whi le  a t  h i g h e r  c o n c e n t r a t i o n s  o f  a c i d  ( >  - 
2M H2S04), t h e  n i t r o s a m i n e s  a r e  p r o t o n a t e d  a s  i n  I-2B - [191.  The 

f u l l y  p r o t o n a t e d  n i t rosa rn ine  i s  n o t  p h o t o l a b i l e ,  i . e . ,  i n  t h e  



p r e s e n c e  of  4M H2S04 o r  i n  s o l u t i o n s  o f  h i g h e r  a c i d i t y ,  

n i t r o s a m i n e s  do n o t  undergo p h o t o r e a c t i o n  [20] .  The mechanism and 

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

aminium r a d i c a l s  have been i n v e s t i g a t e d  by Chow and co-workers [21 

and r e f e r e n c e s  c i t e d  t h e r e i n ]  d u r i n g  t h e  l a s t  s e v e r a l  y e a r s .  

Aminium r a d i c a l s  can a l s o  be  g e n e r a t e d  pho tochemica l ly  from 

N-halamines i n  h i g h l y  a c i d i c  medium [22-251 o r  by t h e  r e a c t i o n  o f  

m e t a l  i o n s  such  a s  ~ e ~ +  and ~ i ~ +  w i t h  N-halamines ( e q u a t i o n  1 . 2 )  

[ 2 6 ,  277, hydroxylamines  ( e q u a t i o n  1 . 3 )  [28 ] ,  hydroxylamine-0- 

s u l f o n i c  a c i d s  ( e q u a t i o n  1 . 4 )  [29]  o r  t e r t i a r y  amine o x i d e s  

( e q u a t i o n  1 . 5 )  [ 3 0 ] .  However, t h e  s i m p l i c i t y  and mi ld  c o n d i t i o n s  

used i n  t h e  



g e n e r a t i o n  o f  aminium r a d i c a l s  from N-ni t rosamines  r e n d e r  t h e s e  

r e a c t i o n s  more v e r s a t i l e  i n  o r g a n i c  s y n t h e s i s  t h a n  t h e  methods 

o u t l i n e d  above ( e q u a t i o n s  1 . 1  t o  1 . 5 ) .  The aminium r a d i c a l  can 

undergo i n t e r -  [ 211  o r  i n t r a m o l e c u l a r  a d d i t i o n  t o  o l e f i n s  [21,  31 ,  

321, o r  s u b s t i t u t i o n  r e a c t i o n s  wi th  a r o m a t i c  compounds [24 ,  331. 
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A l t e r n a t e l y ,  i t  may a b s t r a c t  a  hydrogen atom from one of t h e  

s u b s t r a t e  molecules [211 o r  undergo d i s p r o p o r t i o n a t i o n  C341. 

The p repa ra t i on  and p r o p e r t i e s  o f  N-nitrosamines have been 

desc r ibed  elsewhere [35-371. I n  t h e  presence  o f  d i l u t e  a c i d ,  

N-nitrosodiaLkylamines e f f i c i e n t l y  undergo photoaddi t ion t o  

o l e f i n s  121 1. It has  been e s t a b l i s h e d  t h a t  

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

bonds. The C-radical genera ted  scavenges a  

n i t r i c  oxide o r  another  n i t rosamine  t o  g i v e  

which i s  u s u a l l y  i s o l a t e d  a s  t h e  tau tomer ic  

photoaddi t ion cond i t i ons .  

t h e  i n t e rmed ia t e  aminium 

t h e  carbon-carbon double  

n i t r o s o  r a d i c a l  from 

a  2-aminonitrosoalkane , 

oxime under t h e  

The k i n e t i c  behaviour o f  t h e  piper idinium r a d i c a l ,  a  t y p i c a l  

aminium r a d i c a l  which i s  obtained by f l a s h  pho to lys i s  o f  

N-n i t rosopiper id ine  (NNP), has  been shown t o  be unaf fec ted  by t h e  

presence o f  oxygen o r  by t h e  t y p e  of  e x c i t a t i o n  (n  -TI*  o r  n  = TI* 

band e x c i t a t i o n )  [38] .  It decays i n  aqueous a c i d i c  s o l u t i o n ,  w i t h  

4 f i r s t - o r d e r  k i n e t i c s  wi th  a r a t e  c o n s t a n t  o f  1.85 x  10 sec" . 
A comparison o f  r e a c t i o n  r a t e s  measured i n  aqueous a c i d i c  methanol 

i n  t h e  absence and i n  t h e  presence o f  cyclohexene has  shown t h a t  t h e  

piper idinium r a d i c a l  adds t o  t h e  double bond 5,000 t imes  f a s t e r  than 

i t  a b s t r a c t s  an hydrogen atom from methanol [38] .  Consequently t h e  

photoaddi t ion can be c a r r i e d  ou t  i n  methanol s o l u t i o n  without 

app rec i ab l e  competi t ion from t h e  a b s t r a c t i o n  r e a c t i o n .  



Chow and co-workers [ 391  have r epo r t ed  t h a t ,  i n  t h e  course  o f  

t h e  photorearrangement o f  n i t r i t e s ,  oxygen no t  only f a i l s  t o  quench 

t h e  photoreac t ion  but  d i v e r t s  t h e  major r e a c t i o n  pathway t o  form 

rearranged n i t r a t e s  which can be regarded a s  t h e  ox ida t ion  products  

o f  t h e  corresponding C-nitroso compounds. Photorearrangement o f  

N-nitrosamides i s  obviously more complex than t h a t  o f  n i t r i t e  esters 

C11, 401. When i r r a d i a t e d  wi th  l i g h t  > 280 nm a n i t rosamide  such a s  

I-3 r ea r r anges ,  and cons iderab le  amounts o f  ox ida t ion  products ,  

n i t r a t e  I-6 and n i t ramide  I-J a r e  formed along with ant i -dimer* 

Scheme I. 1. 

W C-nitroso compounds a r e  known t o  d imer ize  t o  g ive  two s te reo isomers ,  

syn and a n t i  i l l ,  1181. - - 
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and p a r e n t  amide I-5. However, when t h e  p h o t o r e a c t i o n  i s  

a f f e c t e d  w i t h  a l i g h t  s o u r c e  > 400 nm, an t i -d imer  M F s  

i s  o b t a i n e d  i n  good y i e l d ,  i n  a d d i t i o n  t o  p a r e n t  amide I-5, and 

no o x i d a t i o n  p r o d u c t s  such  as n i t r a t e  I-6 o r  n i t r a m i d e  LJ'- a r e  

d e t e c t e d .  The absence  o f  - 1-6 and 1-7 under  t h e s e  c o n d i t i o n s  - 

i n d i c a t e s  t h a t  t h e  o x i d a t i o n  p r o d u c t s  a r e  formed from a secondary 

p h o t o r e a c t i o n  o f  H i - d i m e r  - 1-4. Under a n  oxygen a tmosphere ,  t h e  

p h o t o r e a c t i o n  r e s u l t s  i n  t h e  fo rmat ion  o f  o x i d a t i o n  p r o d u c t s  - 1-6 and 

1-7 b u t  none o f  t h e  a n t i - d i m e r  1-4. The i r r a d i a t i o n  o f  a n t i - d i m e r  - - 
1-4 under  a n  i n e r t  a tmosphere  h a s  been shown t o  r e s u l t  i n  - 
d i s p r o p o r t i o n a t i o n  t o  g i v e  n i t r a t e  - 1-6 and amide I-5, and under an  

oxygen a tmosphere  I-4 i s  c l e a n l y  o x i d i z e d  t o  n i t r a t e  I-6 i n  

e x c e l l e n t  y i e l d  [40].  

These r e s u l t s  prompted u s  t o  i n v e s t i g a t e  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-ni t rosamines  t o  v a r i o u s  a c y c l i c ,  c y c l i c  and 

b i c y c l i c  o l e f i n s .  The p r e s e n t  work was under taken  w i t h  a  view t o  

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

s y n t h e s i s  o f  complex a m i n o n i t r a t e  e s t e r s  which a r e  o t h e r w i s e  

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

compare t h e s e  r e a c t i o n s  w i t h  t h e  non-ox ida t ive  p h o t o a d d i t i o n  o f  

N-ni t rosamines .  



I n  c o n n e c t i o n  wi th  t h i s  work i t  i s  p e r t i n e n t  t o  d i s c u s s  h e r e  

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

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

1-1 N i t r a t e  E s t e r s  

N i t r a t e  e s t e r s  a r e  c o l o u r l e s s  l i q u i d s  g e n e r a l l y  b o i l i n g  a t  

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

c h a r a c t e r i s t i c  i , r .  a b s o r p t i o n s  a t  1670-1625 cm'l (asymmetr ic  

-NO2 s t r e t c h ) ,  1285-1270 cm-' (symmetr ic  -NO2 s t r e t c h ) ,  

870-840 omv1 (CO-N s t r e t c h )  and 690 cm-' (NO2 bend) [41] .  The 

more p o p u l a r l y  known n i t r a t e  e s t e r s  such  as n i t r o g l y c e r i n  and 

n i t r o c e l l u l o s e  a r e  powerful  e x p l o s i v e s ,  b e i n g  s e n s i t i v e  t o  shock,  

f r i c t i o n  and h e a t .  The most widely  recogn ized  a p p l i c a t i o n  o f  t h e s e  

compounds i s  t h e i r  u s e  as i n g r e d i e n t s  o f  smoke less  powder and r o c k e t  

p r o p e l l a n t s  [421.  

From a  p h y s i o l o g i c a l  p o i n t  o f  view, n i t r a t e  e s t e r s  a r e  known t o  

b e  t o x i c  C421. These compounds may be  absorbed  by i n h a l a t i o n ,  

t h r o u g h  t h e  s k i n  o r  th rough  t h e  d i g e s t i v e  t r a c t .  They o x i d i z e  

haemoglobin t o  methemoglobin and by d e p r e s s i o n  o f  t h e  muscles  i n  t h e  

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

lowered s y s t o l i c  blood p r e s s u r e  and i n c r e a s e d  p u l s e  and r e s p i r a t o r y  

r a t e s .  On t h e  b a s i s  o f  t h i s  v a s o d i l a t o r y  a c t i o n ,  some o f  t h e  



n i t r a t e  esters  f i n d  t h e r a p e u t i c  a p p l i c a t i o n  i n  t h e  r e l i e f  of  h i g h  

blood p r e s s u r e  [42] .  

The p r e p a r a t i o n  o f  n i t r a t e  esters i s  g e n e r a l l y  accompl ished by 

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

s u i t a b l e  a l k y l  h a l i d e  w i t h  s i l v e r  n i t r a t e .  The most  commonly u s e d  

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

g e n e r a t e s  t h e  n i t r o n i u m  i o n  a s  t h e  r e a c t i n g  s p e c i e s  [43] .  I n  o r d e r  

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

t h e  a l c o h o l  by n i t r i c  a c i d ,  t h e  r e a c t i o n  is  run  a t  lower  

t e m p e r a t u r e s  and n i t r i c  a c i d  i s  used  i n  e x c e s s  t o  minimize t h e  

d i l u t i o n  b rough t  a b o u t  by t h e  w a t e r  formed i n  t h e  r e a c t i o n  [ 4 3 ,  441. 

A s m a l l  amount o f  u r e a  o r  u r e a  n i t r a t e  i s  u s e d  t o  d e s t r o y  any  

n i t r o u s  a c i d  p r e s e n t  [44] .  O f t e n ,  a c e t i c  a n h y d r i d e  o r  an a c e t i c  

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

s u l f u r i c  a c i d  [ 4 2 ,  451.  The r e a c t i o n  o f  a l k y l  bromides  and i o d i d e s  

w i t h  s i l v e r  n i t r a t e  i n  a c e t o n i t r i l e  i s  a n o t h e r  c o n v e n i e n t  method f o r  

t h e  p r e p a r a t i o n  o f  n i t r a t e  e s t e r s  [ 4 2 ,  461.  

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

K e s u l t s  from l i m i t e d  s t u d i e s  on n e u t r a l  and a l k a l i n e  h y d r o l y s i s  

i n d i c a t e  t h a t  b a s i c  decompos i t ion  o f  n i t r a t e  e s t e r s  p roceeds  by f o u r  

d i s t i n c t  pathways [47-491. 



( I )  N u c l e o p h i l i c  a t t a c k  on c a r b o n  (SN1 o r  SN2) 

HO' + R O N 0 2  -+ ROH + NO? 

( 2 )  N u c l e o p h i l i c  a t t a c k  on n i t r o g e n  (SN2) 

HO- + R - o ~ ~ - N o ~  -t ~ - 0 1 8 ~ ~  + NO; 

( 3 )  E l i m i n a t i o n  o f a - h y d r o g e n  ( E 2 )  

HO' + R-CH2-ON02 --+ RCH=O + H 2 0  + NO: 

( 4 )  E l i m i n a t i o n  o f @ - h y d r o g e n  ( E l  o r  E 2 )  

HO' + R-CH2-CH2-0N02 -+ R-CH = CH 2 

+ H 2 0  + NO? C 1 . 9 1  

Thus t h e  n i t r a t e  e s t e r s  can undergo C - 0  as w e l l  as 0-N bond 

s c i s s i o n .  I n  g e n e r a l ,  t h e s e  and o t h e r  n u c l e o p h i l i c  a t t a c k s  on 

p r imary  and secondary  n i t r a t e  e s t e r s  a r e  s low p r o c e s s e s .  A l k a l i n e  

h y d r o l y s i s  o f  secondary  n i t r a t e  e s t e r s  i s  more compl ica ted  s i n c e  t h e  

e l i m i n a t i o n  r e a c t i o n s  producing o l e f i n s  and c a r b o n y l  compounds 

( e q u a t i o n s  1 . 8  and 1 .9 )  become i m p o r t a n t .  Simple t e r t i a r y  n i t r a t e  

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

C - 0  bond c l e a v a g e  t o  g i v e  e i t h e r  a l c o h o l  o r  o l e f i n  [ 4 7 ,  4 9 ,  501. 

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

e x t e n t  by m i n e r a l  a c i d  [51]  because  o f  t h e  l a r g e  p o s i t i v e  h e a t  o f  

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

p r o t o n a t i o n  a t  t h e  a lkoxy  oxygen [ 5 2 ] .  

H +  H v e r y  + 
R-0-NO2 R-0-A02 -R-OH + NO2 [ 1  . l o ]  + 



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

p r o c e e d s  w i t h o u t  c l e a v a g e  of  t h e  carbon-oxygen bond i n  t h e  e s t e r  

[ Q I .  

1-2 The S t e r e o c h e m i s t r y  of Free-Radical  Addi t ion  t o  O l e f i n s  

The s t e r e o c h e m i c a l  a s p e c t s  o f  f r e e - 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  

have been t h e  s u b j e c t  o f  s e v e r a l  monographs [53-561. It i s  now 

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

depends  upon t h e  n a t u r e  o f  t h e  addendum, t h e  s t r u c t u r e  o f  t h e  o l e f i n  

and t h e  r e a c t i o n  c o n d i t i o n s .  

Addi t ion  o f  a halo4en r a d i c a l  t o  a s i m p l e  o l e f i n  i s  r e v e r s i b l e  

which r e s u l t s  i n  o l e f i n  i s a m e r i z a t i o n  [531. Hence, homoly t i c  

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

n o n - s t e r e o s p e c i f i c  due t o  r a p i d  r o t a t i o n  abou t  t h e  newly-formed 

s i n g l e  bond i n  t h e  i n t e r m e d i a t e  r a d i c a l .  However, t h e  a d d i t i o n  

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

t e m p e r a t u r e  a t  which r o t a t i o n  abou t  t h e  s i n g l e  bond i s  s low compared 

t o  c h a i n  t r a n s f e r  [57]. Thus s t e r e o s p e c i f i c  t r a n s - a d d i t i o n  is  

observed i n  t h e  r e a c t i o n  o f  hydrogen bromide w i t h  c i s -  o r  

trans-2-brorno-2-butene [58] and o f  deu te r ium bromide w i t h  cis- o r  

t rans-2-butene [ 573 a t  -80'. The t r a n s - a d d i t i o n  h a s  been 

r a t i o n a l i z e d  on t h e  b a s i s  o f  a bromine b r idged  r a d i c a l  a n a l o ~ o u s  t o  



a br idged bromoniwn i o n  [ 59 ,  601. Some e . s . r .  e v i d e n c e  f o r  t h i s  

t y p e  of b r i d g e d  r a d i c a l  s t r u c t u r e  i n  P-bromoalkyl r a d i c a l s ,  such  as 

0-bromoethyl r a d i c a l ,  h a s  a l s o  been found a t  low t e m p e r a t u r e s  C61, 

621. An a l t e r n a t i v e  e x p l a n a t i o n  f o r  t h e  obse rved  s t e r e o s p e c i f i c i t y  

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

bromine atom t h a t  t h e  o r i g i n a l l y  formed i n t e r m e d i a t e  d o e s  n o t  have 

s u f f i c i e n t  t i m e  t o  change conformat ion  by r o t a t i o n  [ 5 3 ] .  

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

s t e r e o c h e m i s t r y  of f r e e - r a d i c a l  a d d i t i o n s  a r e  c y c l i c  o l e f i n s .  I n  

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

t r a n s  f a s h i o n .  Addi t ion  of hydrogen bromide t o  1-bromo- and - 
I -methylcyclohexene y i e l d s  e x c l u s i v e l y  t h e  thermodynamical ly  l e s s  

s t a b l e  c i s - i s o m e r s ,  which a r e  formed by a t r a n s - a d d i t i o n  [59] .  - 
S i m i l a r  s t e r e o s p e c i f i c  r e s u l t s  a r e  observed i n  t h e  a d d i t i o n  t o  

1-chlorocyclohexene [601 and 1 ,2-dimethylcyclohexene [53] .  T h i o l s  

add t o  c y c l o a l k e n e s  predominant ly  i n  a t r a n s  f a s h i o n  [ 5 6 ,  63-65] a s  

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

4- t -butyl -1-chlorocyclohexene (1-8) (Scheme 1 . 2 )  [ 6 4 ] .  The i n i t i a l  - 
a t t a c k  o f  t h e  t h i y l  r a d i c a l  on C-2 t a k e s  p l a c e  p r e f e r e n t i a l l y  from 

t h e  s i d e  t r ~ n s  t o  t h e  t - b u t y l  g roup  ( f rom t h e  bottom s i d e  of  - 
s t r u c t u r e  I-8a) because such an a t t a c k  e n c o u n t e r  no s t e r i c  h i n d r a n c e  - 
from t h e  p s e u d o a x i a l  hydrogen a t  C-3, and t h e  d e r i v e d  i n t e r m e d i a t e  

r a d i c a l  1-9 h a s  t h e  more s t a b l e  c h a i r  conformat ion .  The hydrogen - 
t r a n s f e r  t o  t h e  r a d i c a l  (1-9)  o c c u r s  p r e f e r e n t i a l l y  from t h e  a x i a l  - 
d i r e c t i o n  t o  g i v e  - 1-10 as t h e  major product  (Scheme 1 . 2 ) .  
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A s  i n  t h e  c a s e  o f  hydrogen bromide a d d i t o n  t o  o l e f i n s ,  a  b r idged  

r a d i c a l  i n t e r m e d i a t e  h a s  been proposed t o  e x p l a i n  t h e  observed 

s t e r e o s p e c i f i c i t y  [ 6 4 ,  651. However, t h e  r a d i c a l  a d d i t i o n  o f  t h i o l s  

i s  far l e s s  s t e r e o s p e c i f i c  than  t h a t  o f  hydrogen bromide. 



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

o l e f i n s  h a s  been shown t o  be s o l v e n t - d e p e n d e n t  [67] .  Cyclohexene 

r e a c t s  w i t h  n i t r o s y l  c h l o r i d e  t o  g i v e  t h e  t r a n s - a d d u c t  i n  l i q u i d  - 
s u l f u r  d i o x i d e  [66,671 and t h e  - c i s - a d d u c t  i n  me thy lene  c h l o r i d e ,  

c h l o r o f o r m  o r  t r i c h l o r e t h y l e n e  [671 .  It h a s  been s u g g e s t e d  t h a t  a  

f r e e - r a d i c a l  mechanism o p e r a t e s  i n  t h e s e  r e a c t i o n s  [68] .  

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

norbornene  d e r i v a t i v e s  d i f f e r s  from t h a t  o f  t h e  monocycl ic  a n a l o g u e s  

a s  a consequence  o f  s t e r i c  b a r r i e r s  t o  endo a t t a c k  [691  and o f  t h e  - 
t o r s i o n a l  s t r a i n  e f f e c t  [ T O ] .  I n  g e n e r a l ,  when a s m a l l  addendum 

s u c h  a s  DBr is employed, a  s u b s t a n t i a l  amount o f  i n i t i a l  a t t a c k  

o c c u r s  from t h e  l e ss  a c c e s s i b l e  endo-s ide  i n d i c a t i n g  t h e  absence  o f  

s t r o n g  s t e r i c  b a r r i e r s  [71] .  However, when l a r g e r  addenda a r e  

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

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

h i n d e r e d  exo-s ide  [54] .  These s t e r i c  f a c t o r s  a l s o  f a v o u r  exo c h a i n  - 
t r a n s f e r  o f  t n e  i n t e r m e d i a t e  r a d i c a l  t o  g i v e  e x o - w - a d d u c t  

1-15 (Scheme 1 . 3 ) .  S t e r e o e l e c t r o n i c  i n t e r a c t i o n s  between t h e  c h a i n  - 
t r a n s f e r  a g e n t  and t h e  2 - z - s u b s t i t u e n t  i n  I-14 can be  s u f f i c i e n t l y  

l a r g e  t o  overcome t h e  t o r s i o n a l  s t r a i n ,  and may g i v e  predominant ly  

endo c h a i n  t r a n s f e r .  Thus r e a s e n t s  l i k e  t h i o l s  [ 7 2 ] ,  n i t r o s y l  - 
c h l o r i d e  and n i t r o s y l  bromide [73]  add t o  norbornene  t o  g i v e  

e x c l u s i v e l y  z o - & - a d d u c t  w h i l e  po lyha lomethanes  g i v e  p redominan t ly  

t r a n s - a d d i t i o n  [74] .  The r e a c t i o n  o f  n i t r o s y l  h a l i d e s  w i t h  - 
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norbornene h a s  been sugges ted  i n i t i a l l y  by Meinwald [74]  t o  o c c u r  by 

a c o n c e r t e d  m o l e c u l a r  a d d i t i o n  mechanism. However, a f r e e - r a d i c a l  

aechanism cannot  be e n t i r e l y  r u l e d  o u t  C681. I n  t h e  c a s e  o f  o t h e r  

r e a g e n t s  such a s  methylene c h l o r i d e  [ 7 2 ] ,  methyl  b romoace ta te  (721 ,  

N-chlorourethane [751 ,  c h l o r i n e  [76]  and d i n i t r o g e n  t e t r o x i d e  [77]  

comparable amounts o f  ea-c&- and t r a n s - a d d u c t s  have been obse rved .  

Tne s t e r e o c h e m i s t r y  o f  t h e  c h a i n  t r a n s f e r  is  de te rmined  n o t  o n l y  by 

t h e  s i z e  of t h e  g r o u p  a t  t h e  2-exo-posi t ion b u t  a l s o  by t h e  s t e r i c  - 



b u l k  o f  t h e  e s o - s u b s t i t u e n t  a t  t h e  C-5 and C-6 p o s i t i o n s  i n  I a  

[ 7 4 ] .  Thus,  t h e  f r e e - r a d i c a l  a d d i t i o n  of c a r b o n  t e t r a c h l o r i d e  t o  

norbornene  h a s  been shown t o  g i v e  %-cis- and t r a n s -  a d d u c t s  i n  t h e  

r a t i o  1:18.2 w h i l e , a d d i t i o n  t o  5,5-dimethyl-2- norbornene g i v e s  

exo-cis-  -- and t x s - a d d u c t  i n  t h e  r a t i o  1.2:l [74] .  Again t h e  

i n i t i a l  a t t a c k  o c c u r s  e x c l u s i v e l y  a t  t h e  exo-s ide  b u t  t h e  s t e r i c  

r e p u l s i o n  between t h e  endo-5-subs t i tuen t  and t h e  p r o p a g a t i n g  s p e c i e s  - 
coup led  w i t h  a d v e r s e  t o r s i o n a l  s t r a i n  make t h e  c h a i n  t r a n s f e r  o c c u r  

e x c l u s i v e l y  from t h e  e x - s i d e .  The p h o t o a d d i t i o n  o f  N N D  t o  

norbornene g i v e s  =-cis- and t r a n s - a d d u c t s  ( C - n i t r o s o  compounds ) 

i n  which t h e  aminium r a d i c a l  h a s  approached e x c l u s i v e l y  from t h e  

exo- f a c e  o f  norbornene  [78] (Scheme 1 . 4 ) .  - 

NND, H' h h y  

Scheme 1.4 

Norbornadiene h a s  been shown t o  r e a c t  w i t h  f r e e - r a d i c a l s  b y  

bo tn  homoconjugative and 1 , 2 - a d d i t i o n  C79,80]  (Scheme 1 . 5 ) .  The 



p r o p o r t i o n  o f  t h e  n o r t r i c y c l e n e  d e r i v a t i v e  1-23 i n  t h e  p roduc t  - 
m i x t u r e  i n c r e a s e s  a t  t h e  expense  o f  t h e  1 ,2 -adduc t s  1-22 a s  t h e  - 
r e a c t i o n  m i x t u r e  is  d i l u t e d  w i t h  

b e f o r e  i t  r e a r r a n g e s  t o  y i e l d  t h e  n o r t r i c y c l e n e  r a d i c a l  1-20. - The 

Scheme 1.5 

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

i s  d e c r e a s e d .  The a d d i t i o n  o f  ch lo ro form o r  c a r b o n  t e t r a c h l o r i d e  t o  

norbornad iene  h a s  been shown t o  a f f o r d  s o l e l y  n o r t r i c y c l e n e  

d e r i v a t i v e s  whi le  f a s t e r  c h a i n  t r a n s f e r  r e a g e n t s ,  such  a s  t h i o l s ,  

a r e  a b l e  t o  t r a p  t h e  o r i g i n a l l y  formed i n t e r m e d i a t e  r a d i c a l  1-19 - 



a d d i t i o n  o f  bromotr ichloromethane which i s  a f a s t e r  c h a i n  t r a n s f e r  

r e a g e n t  t h a n  ca rbon  t e t r a c h l o r i d e  g i v e s  1 ,2-adducts  which comprise  

c a .  12% o f  t h e  p roduc t  m i x t u r e  [801. 

S i n c e  no s k e l e t a l l y  r e a r r a n g e d  p r o d u c t s  (1-21) a r e  formed i n  - 
t h e  f r e e  r a d i c a l  a d d i t i o n s  t o  n o r b o r n a d i e n e ,  i t  f o l l o w s  t h a t  r a d i c a l  

1-20 undergoes  c h a i n  t r a n s f e r  t o  g i v e  p roduc t  1-23 a t  a v e r y  much - - 
f a s t e r  r a t e  t h a n  i t  can e s t a b l i s h  an  e q u i l i b r i u m  w i t h  r a d i c a l  1-19 
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o r  t h e  e q u i l i b r i u m  l i e s  a l m o s t  e n t i r e l y  on t h e  s i d e  of  r a d i c a l  1-20. - 
The r e a s o n i n g  behind t h i s  d e d u c t i o n  i s  t h a t  i f  r a d i c a l  1-20 is  i n  - 
e q u i l i b r i u m  w i t h  r a d i c a l  1-79 i t  shou ld  a l s o  be  i n  e q u i l i b r i u m  w i t h  

t h e  r e a r r a n g e d  r a d i c a l  1-21 s i n c e  b o t h  t h e  1,2- and t h e  2,6-bonds o f  - 
1-20 have a n  e q u a l  chance o f  homoly t i c  f i s s i o n  [55]. - 

The a d d i t i o n  o f  N-chlorodia lkylamine t o  norbornad iene  i n  

s t r o n g l y  a c i d i c  medium h a s  been shown t o  g i v e  t h e  homoconjugate 

adduc t  a l o n g  w i t h  t h e  s k e l e t a l l y  r e a r r a n g e d  p r o d u c t s  [811 (Scheme 

1 . 6 ) .  A l l  p r o d u c t s  c a n  b e  accounted f o r  by an i o n i c  pathway i n  

which t h e  f i r s t  s t e p  i s  p o s t u l a t e d  t o  be t h e  e x o - a t t a c k  - o f  

chloronium i o n  on norbornad iene  g i v i n g  r i s e  t o  a  common c a r b o n i m  

i o n  i n t e r m e d i a t e ,  1-24, - 
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The a d d i t i o n  o f  polyhalomethane t o  5-methylene-2-norbornene h a s  

been shown t o  g i v e  t r i c y c l e n e  d e r i v a t i v e  - 1-32 as t h e  major  p roduc t  

[ 8 2 1  (Scheme 1 . 7 ) .  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  i s  r e a d i l y  

r a t i o n a l i z e d  by assuming t h e  i n t e r m e d i a c y  o f  r a d i c a l s  1-29 - and z; 
a s  e x p e c t e d ,  t h e  i n i t i a l  a t t a c k  o f  t h e  t r i c h l o r o m e t h y l  r a d i c a l  

o c c u r s  a t  t h e  more r e a c t i v e  e x o c y c l i c  d o u b l e  bond.  However, t h i y l  

r a d i c a l s  have  been shown t o  a t t a c k  p r e f e r e n t i a l l y  t h e  e n d o c y c l i c  

doub le  bond of 5-methylene-2-norbornene [831. 



Scheme 1 .7 

A number o f  s t u d i e s  on f r e e - r a d i c a l  a d d i t i o n s  t o  

1 , 5 - c y c l o o c t a d i e n e  have been r e p o r t e d  [ 5 3 ,  84-86]. The t r a n s a n n u l a r  

r i n g  c l o s u r e  h a s  been shown t o  be t h e  major pathway w i t h  s low 

c h a i n - t r a n s f e r  addenda such a s  polyhalomethanes  [841 w h i l e  normal 

1 , 2 - a d d i t i o n  p r o d u c t s  predominate  w i t h  f a s t e r  c h a i n - t r a n s f e r  

r e a g e n t s  l i k e  t h i o l s  C851 and HBr [861 .  

Open-chain d i e n e s  may undergo i n t r a m o l e c u l a r  r e a c t i o n s  i n  f r e e  

r a d i c a l  a d d i t i o n s  if t h e  second d o u b l e  bond is  s u i t a b l y  l o c a t e d .  

S t u d i e s  have shown t h a t ,  i n  g e n e r a l ,  ca rbon  r a d i c a l  c y c l i z a t i o n ,  

g i v e s  t h e  k i n e t i c a l l y  c o n t r o l l e d  five-membered r i n g  p roduc t  1-38 - i n  

p r e f e r e n c e  t o  a six-membered r i n g  (1-39) - [ 8 7 ] .  The p r o p o r t i o n  o f  

t h e  thermodynamical ly  more s t a b l e  six-membered r i n g  compound i n  t h e  
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produc t  m i x t u r e  i n c r e a s e s  as  t h e  r e a c t i o n  t e m p e r a t u r e  i s  i n c r e a s e d  

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

R2 = COOEt 
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c e n t r e  [87] .  The pref 'erence f o r  a five-membered ring h a s  been 

a t t r i b u t e d  t o  t h e  g r e a t e r  number o f  non-bonded i n t e r a c t i o n s  i n  t h e  

cyclohexane c h a i r  t r a n s i t i o n  s t a t e  as compared t o  t h e  c y c l o p e n t a n e  

t r a n s i t i o n  s t a t e  [ 87 ] .  An a l t e r n a t e  e x p l a n a t i o n  i s  t h a t  

1 , 5 - i n t e r a c t i o n  o f  t h e  unpa i red  e l e c t r o n  w i t h  t h e  l o w e s t  unoccupied 

o r b i t a l  o f  t h e  u n s a t u r a t e d  system is  enormously f a c i l i t a t e d  by t h e  

geometry of t n e  r a d i c a l  s p e c i e s  l e a d i n g  t o  a  five-membered r i n g  

c l o s u r e  1883. 



CHAPTER 2 

RESULTS 

2-1. Genera l  

The p h o t o r e a c t i o n s  d e s c r i b e d  i n  t h i s  t h e s i s  were conducted i n  a  

Pyrex p h o t o v e s s e l  (which c u t s  o f f  t h e  l i g h t  below 290 nm) under a n  

oxygen o r  n i t r o g e n  a tmosphere .  The l i g h t  s o u r c e  was u s u a l l y  e i t h e r  

a  100-watt o r  a 200-watt Hanovia medium-pressure mercury lamp i n  

c o n j u n c t i o n  w i t h  a s u i t a b l e  f i l t e r  sys tem.  A Nonex f i l t e r  c u t t i n g  

o f f  t h e  l i g h t  below 340 nm was found t o  be  most u s e f u l  f o r  o u r  

s t u d i e s .  The p h o t o a d d i t i o n s  were c a r r i e d  o u t  i n  methanol  i n  t h e  

p r e s e n c e  o f  a t  l e a s t  one  e q u i v a l e n t  o f  an a c i d .  The p r o g r e s s  o f  

p h o t o l y s i s  was fo l lowed by t h 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 e  n i t r o s a m i n e  a t  c a .  345 nm o r  o f  t h e  C-n i t roso  dimer  a t  c a .  295 

nm( Tab le? .  1 ) . I n  each c a s e ,  a c o n t r o l  exper iment  i n  t h e  d a r k  showed 

no s i g n i f i c a n t  the rmal  r e a c t i o n  a t  room t e m p e r a t u r e ,  t h i s  a s c e r t a i n e d  

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

genu ine  photo  p r o c e s s .  

A s  shown l a t e r ,  t h e  amino n i t r a t e s  formed by o x i d a t i v e  p h o t o a d d i t i o n  

g e n e r a l l y  decomposed under b a s i c  c o n d i t i o n s  and were n o t  s u i t a b l e  

f o r  d i r e c t  i s o l a t i o n .  They were e i t h e r  i s o l a t e d  a s  t h e i r  s a l t s  o r  

reduced immediate ly  t o  amino a l c o h o l s  u n l e s s  o t h e r  r ea r rangement  o f  



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

c 0 r r n s n o n d i n g  a l c o h o l s  wi thou t  d i s t u r b i n g  t h e  st e r e o c h e m i s t r y  [ 42 1 , 

t h e  a l c o h o l  y i e l d s  were g e n e r a l l y  r e g a r d e d  a s  a n  approx imate  measure 

of t h e  amino n i t r a t e  y i e l d s  provided t h e  decomposi t ion o f  t h e  l a t t e r  

was n o t  e x t e n s i v e  d u r i n g  i s o l a t i o n .  The y i e l d s  o f  those  amino n i t r a t e s  

which decomposed e x t e n s i v e l y ,  cou ld  n o t  be e s t i m a t e d .  

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

chromatography wherever p o s s i b l e .  Tne p u r i t y  o f  t h e  i s o l a t e d  

compounds was v e r i f i e d  by t . 1 . c .  o r  v . p . c .  and by n.m.r. and i . r .  

s p e c t r o s c o p y .  Sometimes it was found advan tageous  t o  a n a l y z e  a  

c r u d e  m i x t u r e  and t o  de te rmine  t h e  p e r c e n t a g e  y i e l d s  and product  

s t r u c t u r e s  by g.c.-m.s. 

2-2. O x i d a t i v e  and Non-Oxidative P h o t o a d d i t i o n  o f  N-Nitrosamines 

To O l e f i n s  

It n a s  been e s t a b l i s h e d  by p r e v i o u s  workers  i n  t h i s  l a b o r a t o r y  t h a t  

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

o l e f i n  t o  g i v e  a n  a - d i a l k y l a m i n o n i t r o s o a l k a n e  (11-1) a s  t h e  pr imary 

p r o d u c t .  T h i s  C-n i t rosoa lkane  can undergo v a r i o u s  secondary  

r e a c t i o n s  i n c l u d i n g  d i m e r i z a t i o n  t o  a C-n i t roso  dimer  (11-2) -- and 

t a u t o m e r i z a t i o n  t o  a n  a -d ia lky laminoke tox ime  (11-3) a s  shown i n  

Scheme 2 .1 .  However, a s  shown i n  t h i s  t h e s i s ,  i n  an  oxygen 
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a tmosphere  t h e  r e a c t i o n  p r o c e e d s  smooth ly  t o  g i v e  a n  

a-dialkylaminonitratoalkane (11-4) as t h e  pr imary p r o d u c t .  



, 2-2-1. O x i d a t i v e  a n d  Non-Oxidative A d d i t i o n  of N - N i t r o s o p i p e r i d i n e  

(NNP) To Cyclohexene 
- ,  

i 

The non-oxida t i v e  p h o t o a d d i ~ o n  o f  NNP t o  c y c l o h e x e n e  h a s - d e n  , 

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

r e p e a t e d  w i t h  l i g h t  > 350 nm and a t  low t e m p e r a t u r e s  (-5 t o  -50•‹) 

i n  o r d e r  t o  o ,bse rve  t h e  f o r m a t i o n  and d e c o m p o s i t i o n  o f  t h e  C - n i t r o s o  

i n t e r m e d i a t e .  A t  -50' t h e  pho todecompos i t ion  was much s l o w e r  t h a n  . 
Z 

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

UNP a b s o r p t i o n  a t  347 nm. Dur ing t h e  i r r a d i a t i o n  a ,new U . V .  

a b s o r p t i o n  band a t  290 nm a p p e a r e d  d u e  t o  t h e  f o r m a t i o n  o f  a n t i - d i m e r  - 

11-6 [ 8 9 ]  which i n c r e a s e d  r a p i d l y  t o  a  maximum, t h e n  d e c r e a s d  
'- 

s l o w l y  on p ro longed  i r r a d i a t i o n .  A f t e r  t h e  u s u a l  work-up 
, 

2-p iper id inocyc lohexanone  oxime (11-7)  was o b t a i n e d  i n  a good - 
' y i e l d  i n  a d d i t i o n  t o  a  small q u a n t i t y  o f  t r a n s - 2 - p i p e r i d i n o - l -  

n i t r o s o c y c l o h e x a n e  d imer  11-6. When t h e  a b s o r b a n c e  a t  290 nm - 
r e a c h e d  its maximum v a l u e ,  t h e  p h o t o l y s i s  was t e r m i n a t e d  and t h e  

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

f: s e c t i o n  t o  g i v e  11-6 i n  30-355 y i e l d .  I n  v iew o f  t h e  s l o w  ?++ , - 
t r a n s f o r m a t i o n  o f  d i m e r  - 11-6 t o  oxime - 11-7 and i n c o m p l e t e b p h o t o a d d i t i o n ,  

t h e  y i e l d  o f  t h e  fo rmer  was p r o b a b l y  h i g h e r  t h a n  t h a t  i n d i c a t e d .  

The s t r u c t u r e  o f  11-6 was d e t e r m i n e d  by i ts  i . r .  ( s t r o n g  a b s o r p t i o n  - 
a t  1217) cm-l) [ g o ]  and n . m . r .  ( r 4 . 4 3 ,  c-1 p r o t o n ) .  



(Dimer of 11- 5 1, 

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

425  I r r a d i a t e d  u n d e r  a n  3 x y z e n  a t m o s p h e r e ,  t h e  U . V .  p r o f i l e  showed 

2 s i z p l e  z e r o - o r d e r  d e c r e a s e  o f  t h e  347 nm band  i n t e n s i t y  w i t h o u t  

% ? r g e n c e  o f  t n e  a n t i - d i g e r  p e a k  a t  290 nm. However ,  u n d e r  a l o w e r  

n - d n z e r t r a t i o n  o f  a x y g e ~ ,  :ne - a n t i - d i m e r  ab F o r p t i o n  a p p e a r e d  d u r i n g  

- P C  ,.., " P C +  , , l , ,3a3;; t lon DL: vl t r ,  r e d u c e d  i n t e n s i t y ;  t n i s  d i m e r  a b s o r p t i o n  



d i s a p p e a r e d  on prolonged i r r a d i a t i o n  under  oxygen. A f t e r  t h e  u s u a l  

work-up, a n  i s o m e r i c  m i x t u r e  of 2-piperidino-1-nitratocyclohexanes 

(11-8) con tamina ted  w i t h  a  minor amount o f  2-piper idinocyclohexanone 

(11-10) was o b t a i n e d  i n  good y i e l d .  The f r e e  b a s e s  11-8 were - 
u n s t a b l e  on s t a n d i n g  and ,  on a t t e m p t e d  chromatography, decomposed 

t o  a d a r k  r e d  r e s i n .  The c r u d e  p roduc t  was reduced  w i t h  h y d r a z i n e  

h y d r a t e  c a t a l y z e d  by Pd/C C911 t o  a  m i x t u r e  o f  c i s -  - and t r ans -2 -  - 
p i p e r i d i n o c y c l o h e x a n o l  (11-9) - i n  good y i e l d ;  t h i s  r e a g e n t  s p e c i f i c a l l y  

reduced t h e  n i t r a t e s  11-8 - t o  t h e  c o r r e s p o n d i n g  a l c o h o l s  II-9 l e a v i n g  

cyclohexanone 11-10 a s  t h e  s t a b l e  hydrazone.  The n.m.r. spect rum - 
of  t h e  i s o m e r i c  m i x t u r e  o f  a l c o h o l s  showed methine  p ro ton  s i g n a l s  a t  

r 6.65 ( t h e  a x i a l  C-1 p r o t o n  o f  t rans-11-9)  and 5.92 ( t h e  -- 
e q u a t o r i a l  C-1 p r o t o n  o f  -- c i s -11-9)  i n  t h e  r a t i o  o f  2 : l .  T h i s  r a t i o  



i n d i c a t e s  t h a t  t h e  i s o m e r i c  r a t i o  o f  n i t r a t e s  c i s - 1 2  t o  

t rans-11-8  -- was a b o u t  1 :2 .  The chromatography o f  t h i s  m i x t u r e  

gave  t rans-11-9 ,  t h e  n.m.r. spec t rum o f  which showed a  one-proton -- 
d o u b l e  t r i p l e t  a t  T 6.68 ( a x i a l  CH-OH) w i t h  a  c o u p l i n g  c o n s t a n t  - 
o f  4 .5  and 11.0 Hz. 

Attempted p - n i t r o b e n z o y l a t i o n  o f  t h e  a l c o h o l  m i x t u r e  11-9 - was n o t  

s u c c e s s f u l  ; t h e  s t a r t i n g  materials were r e c o v e r e d .  Treatment  o f  

c y c l o h e x a n o l s  11-9 w i t h  a c e t i c  a n h y d r i d e  i n  p y r i d i n e  gave  a  m i x t u r e  .- 

of t h e  e x p e c t e d  a c e t a t e s  which on  chromatography gave c is -2-  

p i p e r i d i n o c y c l o h e x y l  a c e t a t e  (11-11) .  The i n f r a r e d  spect rum o f  

cis-11-1 -- 1  showed c h a r a c t e r i s t i c  a b s o r p t i o n s  a t  1735 and 1240 cm-I 

due t o  an  e s t e r  f u n c t i o n  and t h e  n.m.r. spec t rum o f  t h i s  compound 

showed a one p r o t o n  m u l t i p l e t  a t  T 4.63 (W1/2 = 6 Hz, e q u a t o r i a l  

CH-OAc) - a f i v e - p r o t o n  m u l t i p l e t  a t  T 7.46 (c-2 p r o t o n  and CH2-N - 
p r o t o n s )  and a  t h r e e - p r o t o n  s i n g l e t  a t  7 7.95 (CH CO-).  3  - 

The amino n i t r a t e s  11-8 were found t o  be f a i r l y  s t a b l e  i n  aqueous  - 
a c i d i c  s o l u t i o n ,  b u t  t h e y  g r a d u a l l y  underwent  s o l v o L y s i s  and 

e l i m i n a t i o n  a t  pH 8-9 t o  g i v e  cis-11-9 -- ( 7 % ) ,  t r a n s  - ,- 11-9 (2851 ,  

11-10 ( 3 0 % ) ,  1 , 6 - h e x a n e d i a l  11-12 ( 5 % ) ,  1-cyclopentenecarboxaldehyde -. - 
11-13 ( 5 % )  and p i p e r i d i n e  ( 1 0 % ) .  The a l d e h y d e s  11-12 and 11-13 a r e  - 
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Scneme 2.3  

b e l i e v e d  t o  be formed by c l e a v a g e  of  t h e  C1 - C2 bond a s s i s t e d  by 

t h e  l o n e - p a i r  e l e c t r o n s  o f  t h e  amine g roup  a s  shown i n  Scneme 2-3. 

2-2-2. Attempted Oxida t ive  Addi t ion  of N-Nitrosodimethylamine 

(NND) t o  Cholest-2-Ene (11-19 ) 

I n  o r d e r  t o  d e t e r m i n e  t h e  s t e r e o e l e c t r o n i c  r equ i rements  f o r  c l e a v a g e  



of t h e  C1-C2 bond of t h e  2 - a m i n o n i t r a t e s ,  ( s e e  S e c t i o n  2-2-1). 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  NND t o  cho les t -2 -ene  (11-19) was 

i n v e s t i g a t e d .  Although 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  was e x p e c t e d  

t o  r e s u l t  i n  t h e  fo rmat ion  o f  b o t h  cis- (11-20) and t r a n s -  (11-21) 

n i t r a t e  esters  o n l y  t h e  t r a n s - i s o m e r  11-21 was a n t i c i p a t e d  t o  

undergo c l e a v a g e  s i n c e  a n  a n t i p e r i p i a n a r  a r rangement  was b e i i e v e d  

t o  be e s s e n t i a l  f o r  such  h e t e r o l y t i c  f r a g m e n t a t i o n  r e a c t i o n s  C92,931. 

The s y n t h e s i s  o f  cho les t -2 -ene  was accompl ished [94 ,981  i n  20.4% 

o v e r a l l  y i e l d  from c h o l e s t e r o l  (Scheme 2 . 4 ) .  The o x i d a t i v e  
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- 33 - 
photoaddi t ion of NND t o  11-19 was at temtped i n  s o l v e n t s  such a s  

methanol,  amyL a l c o h o l ,  benzene, ?,4-dioxane and a c e t i c  a c i d .  I n  

a l l  c a s e s ,  t h e  N-nitrosamine decomposed on i r r a d i a t i o n  a s  i n d i c a t e d  

by t h e  dec rease  of i ts  U.V. absorp t ion  but f a i l e d  t o  form any 

a d d i t i o n  products ;  t h e  s t a r t i n g  o l e f i n  was recovered.  The f a i l u r e  

of t h i s  o x i d a t i v e  photoaddi t ion r e a c t i o n  i s  probably due t o  t h e  

poor s o l u b i l i t y  o f  chotest-2-ene. 

2-2-3. Oxidat ive Addition of NND To Trans-2-Octalin (11-24) 

The s y n t h e s i s  o f  t rans-2-oc ta l in  (11-24) was c a r r i e d  ou t  a s  descr ibed  

i n  t h e  l i t e r a t u r e  [99,100] and is  shown i n  Scheme 2.5. The product 

Scheme 2.5 



which c o n t a i n e d  10% of a n  i m p u r i t y  was used f o r  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 .  The u s u a l  work-up o f  t h e  p h o t o l y s a t e  gave d 

n e u t r a l  f r a c t i o n  ( 2 2 % )  which was shown t o  be u n r e a c t e d  o l e f i n  

( a n a l y s i s  by i .r. and n .m .r. ) . The b a s i c  f r a c t i o n  showed s t r o n g  

i n f r a r e d  bands c h a r a c t e r i s t i c  of a n i t r a t e  f u n c t i o n  and weak bands 

a t  1715 cm"' f o r  a c a r b o n y l  g r o u p  and a t  3440 and 1040 cm'l f o r  

a hydroxy l  g roup .  After s e v e r a l  days  a t  room t e m p e r a t u r e ,  t h e  n i t r a t e  

a b s o r p t i o n  d i s a p p e a r e d  t o  g i v e  more i n t e n s e  hydroxy l  a b s o r p t i o n s .  

The c a r b o n y l  band remained weak. However, i n  t h e  n.m.r. spect rum 

o f  t h e  decomposed m i x t u r e ,  t h e  expec ted  a ldehyde  p ro ton  s i g n a l  (due t o  

11-27 was n o t  d e t e c t e d  . 

2-2-4. O x i d a t i v e  Addi t ion  To B i c y c l o [ 2 , 2 , 1 ] h e p t e n e  

P h o t o l y s i s  o f  a  me thano l i c  s o l u t i o n  o f  NNP ( o r  N N D )  , b i c y c l o [ 2 , 2 , 1 ]  

h e p t e n e  and h y d r o c h l o r i c  a c i d  under an oxygen a tmosphere  e x h i b i t e d  

a s imple  ze ro -order  d e c r e a s e  o f  t h e  n i t r o s a m i n e  n-n+ band a t  345 nm 

w i t h o u t  emergence o f  t h e  C-ni t roso m i - d i m e r  a b s o r p t i o n  a t  290 

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

d a r k  brown and gave a complex product  m i x t u r e  a f t e r  o r d i n a r y  

work-up. 

The i n i t i a l  phase  o f  t h e  exper iments  was aimed a t  i s o l a t i n g  t h e  

pho toadduc t s  a s  t h e i r  sal ts  by r u n n i n g  t h e  p h o t o a d d i t i o n  o f  NNP 



t o  b i c y c l o [ 2 , 2 , l ] h e p t e n e  under  oxygen i n  the  p r e s e n c e  of p e r c h l o r i c  

a c i d .  T h i s  o x i d a t i v e  p h o t o a d d i t i o n  gave  a  m i x t u r e  (19%) o f  t h e  

p e r c h l o r a t e s  o f  exo-2-nitrato-exo-3-piperidinobicyclo[2,2l1~heptane - - 

(11-28a) and endo-2-nitrato-exo-3-piperidinobicyclo[2,2, - - I ] hep tane  

(11-29a) i n  t h e  r a t i o  1:1 ( v i d e  i n f r a ) .  A l l  a t t e m p t s  t o  o b t a i n  .- 

a d d i t i o n a l  amounts o f  p e r c h l o r a t e  salts from t h e  mother l i q u o r  

r e s u l t e d  i n  decomposi t ion o f  t h e  s o l u t i o n .  B a s i f i c a t i o n  o f  t h e  

above p h o t o l y s a t e  a t  0' and immediate e x t r a c t i o n  gave a c rude  

m i x t u r e  showing s t r o n g  i n f r a r e d  a b s o r p t i o n s  a t  1620, 1275 and 865 

cm-I t y p i c a l  o f  a n i t r a t e  e s t e r  g roup  and a t  1720 cm"' f o r  a n  

a ldehyde  g roup .  Immediate r e d u c t i o n  o f  t h i s  c rude  F r a c t i o n  wi th  

l i t h i u m  aluminium h y d r i d e  gave  a complex m i x t u r e  o f  p r o d u c t s  from 

which a  small amount o f  - exo-3-piperidino-e~0-bicyclo[2,2~1]heptan- 

2-01 (11-34a) was i s o l a t e d  a s  t h e  h y d r o c h l o r i d e  s a l t .  Its s t r u c t u r e  

was determined by e l e m e n t a l  a n a l y s i s  and s p e c t r o s c o p i c  methods ( s e e  

Exper imenta l  S e c t i o n ) .  

I n  o r d e r  t o  a v o i d  t h e  decompos i t ion  o f  t h e  a m i n o n i t r a t e s  d u r i n g  

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

p r e s e n c e  o f  v a r i o u s  c a t a l y s t s  was examined b u t  f a i l e d  t o  give c l e a n  

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

were r e s i s t a n t  t o  r e d u c t i o n  w i t h  e x c e s s  o f  sodium borohydr ide  o r  

wi th  sodium borohydr ide  and p la t inum b l a c k .  For t h e  convenience  o f  

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

p h o t o a d d i t i o n ,  t h e  major work was c a r r i e d  o u t  u s i n g  NND as  t h e  

addendum. 



The o x i d a t i v e  g h s t o a d d i t i o n  o f  END gave t h e  h y d r ~ c h l c f i d e  of 

endo-2-nitrato-exo-3-dirnethylaminobicyclo[2,2,1heptane (11-29b) .  .- - 
E f f o r t s  t o  i s o l a t e  t h e  c o r r e s p o n d i n g  e x o - n i t r a t o  i somer  11-28b were - 
n o t  s u c c e s s f u l  and r e s u l t e d  i n  decompos i t ion  similar t o  t h a t  observed 

i n  t h e  NNP p h o t o a d d i t i o n  d e s c r i b e d  above.  However, when t h e  p h o t o l y s a t e  

was worked up immediate ly  under  mi ld  c o n d i t i o n s  (pH 8 . 5 ,  0') , 

t h e  b a s i c  f r a c t i o n  was found t o  c o n t a i n  .- e n d o - n i t r a t e  11-3Ob and 

e x o - n i t r a t e  11-31b a s  shown by t h e  N-CH3 s i n g l e t s  i n  t h e  n.m.r. - 
spect rum a t  T 7.78 and 7.52 i n  n e a r l y  e q u a l  i n t e n s i t i e s  ( s e e  

Exper imenta l  S e c t i o n ) .  The n.m.r. spect rum a l s o  demonstra ted  t h e  

p r e s e n c e  o f  e x o - 3 - d i m e t h y l a m i n o - ~ - b i c y c l o [ 2 , 2 , l ] h e p t a n - 2 - 0 1  - 

(11-35b, T 7.69 f o r  N-CH3), 1,3-diformylcyclopentane (11-39,  T 

0.22 and 0 .35;  i . r .  peaks  a t  1720 and 2720 crn-l) and a small 

amount o f  - exo-3-dimethylaminobicyclo[2,2,l]heptan-2-one (11-37b, 

1745 cm-'1. Immediate r e d u c t i o n  o f  t h i s  f r a c t i o n  w i t h  l i t h i u m  

aluminium h y d r i d e  gave a  m i x t u r e  o f  - endo-alcohol  11-34b and 

exo-alcohol  11-35b (19% o v e r a l l  y i e l d )  i n  a r a t i o  o f  3:7 a s  i n d i c a t e d  

by t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  N-CH s i n g l e t s  a t  T 7.80 and 3 

7 .71.  E x t e n s i v e  chromatography o f  t h i s  m i x t u r e  a f f o r d e d  pure  

exo-alcohol  11-35b b u t  endo-alcohol  11-34b was i s o l a t e d  o n l y  a s  a .- -- 
m i x t u r e  wi th  11-35b. The s t e r e o c h e m i s t r y  o f  exo-alcohol  - 11-35b was 

de te rmined  by t n e  c o u p l i n g  p a t t e r n  a f  t h e  C-2 pro ton  ( d o u b l e  d o u b l e t  

wi th  J = 6 . 3  and 1 .3  Hz). I n  c o n t r a s t ,  t h e  c o r r e s p o n d i n g  C-2 pro ton  

of  e m - a l c o h o l  11-34b e x h i b i t e d  a  t r i p l e t  ( J  = 4  Hz) t y p i c a l  of  

an . e a - o r i e n t e d  C-H bond ( v i d e  i n f r a ) .  



CHO 
/ 

Scheme 2.6 
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When t h e  c r u d e  amino n i t r a t e s  were a l lowed t o  decompose i n  a n  aqueous  

b a s i c  c o n d i t i o n  (pH 10) and t h e  recovered  o i l  was reduced w i t h  
$4 

I 
l i t h i u m  aluminium h y d r i d e ,  t h e  b a s i c  f r a c t i o n  accoun ted  f o r  o n l y  * 

5% o f  t h e  t h e o r e t i c a l  y i e l d  and c o n t a i n e d  o n l y  =-alcohol 11-35b; 

endo-alcohol  11-34b was n e i t h e r  d e t e c t e d  by chromatography nor  by - P 

n.m.r. The major  decomposi t ion p roduc t  was found t o  be t h e  

d i a l d e h y d e  11-39 which was i s o l a t e d  as 2 , 4 - d i n i t r o p h e n y l  hydrazone 

from t h e  r e c o v e r e d  o i l .  The p r e s e n c e  o f  t h i s  compound was f u r t h e r  

confirmed by i s o l a t i o n  o f  t h e  p - n i t r o  benzoy l  d e r i v a t i v e  o f  

b is-1 ,3-  (hydroxymethy 1 ) -cyc lopen tane  11-40 from t h e  n e u t r a l  f r a c t i o n  .- - 
o f  t h e  l i t h i u m  aluminium h y d r i d e  r e d u c t i o n .  

I n  summary, i t  may be  concluded t h a t  bo th  e&-nitrates (11-29a and 

11-29b) and e x o - n i t r a t e s  (11-28a and 11-28b) a r e  formed i n  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  and t h a t  t h e y  a r e  decomposed by b a s e s  t o  g i v e  

main ly  d i a l d e h y d e  11-39 and exo-alcohol  - 11-35 i n  a d d i t i o n  t o  a  

s m a l l  amount o f  ke tone  11-37. I n  o r d e r  t o  c l a r i f y  t h e  s t e r e o c n e m i c a l  

c o u r s e  o f  t h e  b a s i c  decompos i t ion ,  t h e  pure  h y d r o c h l o r i d e  of  

e n d o - n i t r a t e  11-29b was t r e a t e d  w i t h  base  i n  aqueous  s o l u t i o n  and - 
t h e  e x t r a c t e d  o i l  was a l lowed t o  decompose i n  t h e  absence  o f  s o l v e n t .  

ImmedWely a f t e r  t h e  b a s i f i c a t i o n  and e x t r a c t i o n ,  t h e  b a s i c  f r a c t i o n  
1 

e x h i b i t e d  s t r o n g  i . r .  and n.m.r. a b s o r p t i o n s  f o r  e n d o - n i t r a t e  - .- 11-30b 

( 1625, 1285 and 870 cm-I , and T= 5 .03  and 7 . 7 8 )  and f o r  

d i a l d e h y d e  11-39 ( 1720 cm-I and T 0.37 j ; a small amount o f  

exo-alcohol  $1-35b ( T 6.41 and 7 .60)  and ketone 11-37b (1745 cm-l ) - 



was a l s o  obse rved .  A s  t h e  n i t r a t e  a b s o r p t i o n s  g r a d u a l l y  d i m i n i s h e d ,  

t h e  a b s o r p t i o n s  due t o  d i a l d e h y d e  11-39 and - exo-alcohol  11-35b 

b u i l t  up c o n s i d e r a b l y ;  t h e  k e t o n e  a b s o r p t i o n  a t  1745 cm"', however, 

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

1720 cm" peak. A g.c.-m.s. a n a l y s i s  o f  t h e  f i n a l  product  m i x t u r e  

showed t h a t  i t  c o n t a i n e d  d i a l d e h y d e  11-39 (6181,  - exo-alcohol  11-35b - 
(30%)  and o t h e r  compounds (<8%) .  

The s t r u c t u r e s  o f  t h e  p r o d u c t s  were e s t a b l i s h e d  on t h e  b a s i s  o f  

s p e c t r a l  d a t a .  The s t e r e o c h e m i s t r y  o f  t h e  pure  and semi-pure 

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

o f  t n e  C-2 and,C-3 p r o t o n s  which,  i n  many c a s e s ,  were c l a r i f i e d  by 

d e c o u p l i n g  exper iments .  The chemica l  s h i f t s  and c o u p l i n g  c o n s t a n t s  

o f  compounds 11-2Qb -7 11-34a and 11-35b sre ~ u m ~ a r i z e d  i n  Table 2,1 

and 2 . 2 ,  r e s p e c t i v e l y .  The 100 MHz n.m.r. s p e c t r a  o f  compounds 

11-29b, 11-34a and 11-35b and some spin-decoupled s p e c t r a  a r e  
111 .- 

shown i n  F i g u r e s  2 .1 ,  2.2 and 2.3. 

For s t e r i c  r e a s o n s  [ 5 4 , 7 4 ] ,  an  aminium r a d i c a l  i s  expec ted  t o  

approach from t h e  .- exo-face  of norbornene  i n  t h e  p h o t o a d d i t i o n  

r e a c t i o n  g i v i n g  ~ - c o n f i g u r a t i o n  f o r  t h e  m i n e  group i n  a l l  

b i c y c l i c  compounds. I n  t h e  c a s e  o f  11-29b and ;II35b, t h e  C-3 

endo-proton was shown t o  be coup led  w i t h  t h e  C-7 a&-proton - 
tn rough  t h e  long-range "W-planv c o u p l i n g  and n o t  ( o r  v e r y  weakly) 

wi th  t h e  C-4 p r o t o n  [ 10 1 ,1021 . S i n c e  t h e  C-2 p r o t o n s  were g e n e r a l l y  



Figure 2.1 n.m.r. spectra (100 MHz) of ea-2-nitrato-eE- 
3-dimethylaminobicycl~2,2,l]heptane (11-29b) : 

double irradiation of the C-1 and C-3 protons; E i  double irradiation of C-7 protons. 
Solvent: - Methanol - d,, 



Figure 2.2 n.m.r. s p e c t r a  (100 MHZ) of %-3-piperidino- 
endo-bicyclo[2,2,l]heptan-2-01 (11-34a): a, - 
double i r r a d i a t i o n  of t h e  C-I and t he  C-3 
protons.  Solvent :  - D20 



. F i g u r e  2 .3  n.rn.r. s p e c t r a  (100 MHz) o f  a - 3 - d i m e t h y l a m i n o - w -  
bicycle[ 2 , 2 , l ]  heptan-2-01 ( 21-35b) : a ,  d o u b l e  i r r a d i a t i o n  
of t h e  C7a p r o t o n ;  b ,  d o u b l e  i r r a d i a t i o n  o f  t h e  C-I and 
t h e  C-3 p r o t o n s ;  C ,  d o u b l e  i r r a d i t i o n  o f  t h e  C-2 p r o t o n .  



Figure 2.4 Mass spectra (80 ev) of e x o - 3 - p i p e r i d i n o - e s - b i c y c l o  
[ 2,2,l] heptan-2-01 ( 1 1 - 3 4 3  and exo-3-dimethylamino- 
ex-bicyclo[2,2, I Iheptan-2-01 (11-35b). 



Table  2.1 - 
CHEMICAL SHIFTS ( T )  

11-34a 
b 

P r o t o n  11-29ba 11--35b 

7 a n t i  - 
5 ,6  

a: s o l v e n t  - k c t h a n o l  -d4 
b :  s o l v e n t  - D20 
c :  p a r t l y  h idden  under N-CH peak 

3 



Table 2.2 

COUPLING CONSTANTS ( Hz) 

Compound J1,2 J 2,3 J2,7a J3,7a 



s h i f t e d  f u r t h e r  downf ie ld ,  a n a l y s i s  of' t h e i r  c o u p l i n g  p a t t e r n s  was 

much e a s i e r  t h a n  t h a t  o f  t h e  C-3 p r o t o n .  The t r a n s - c o n f i g u r a t i o n  - 
such  as i n  11-29a,  11-29b and 11-34a e x h i b i t e d  t h e  C-2 - exo-proton 

as  a  t r i p l e t  ( J  = 4 Hz) i n d i c a t i n g  t h e  e x p e c t e d  s p i n  i n t e r a c t i o n  

w i t h  t h e  C-1 and C-3 endo-protons .  The e x o - c i s - c o n f i g u r a t i o n  i n  - -- 
11-28a,  11-28b and 11-35b was r e v e a l e d  by t h e  f a c t  t h a t  t h e  C-2 - - 
endo-proton was coup led  w i t h  t h e  C-3 endo-proton ( J  6 Hz) and - - 
t h e  C-7 a n t i - p r o t o n  ( J  = 1-2 Hz) b u t  n o t  w i t h  t h e  C-1 p r o t o n .  

The mass s p e c t r a l  f r a g m e n t a t i o n  p a t t e r n  a l s o  showed some common 

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

11-34a and 11-35b ( F i g u r e  2 . 4 )  gave s t r o n g  peaks f o r  t h e  f o u r  

f r a g m e n t s  l i s t e d  below. 



2-2-5. O x i d a t i v e  Addi t ion  To aicvcloi2.2.line~tadlene 

P h o t o l y s i s  o f  a  me thano l i c  s o l u t i o n  o f  NND ( o r  NNP) i n  t h e  p r e s e n c e  

o f  p e r c h l o r i c  a c i d  and bicyclo[2,2,l]heptadiene under  oxygen 

a tmosphere  e x h i b i t e d  t h e  expec ted  ze ro -order  d e c r e a s e  o f  t h e  n i t r o s a m i n e  

a b s o r p t i o n  a t  345 nm. The p h o t o l y s i s  r e s u l t e d  i n  t h e  fo rmat ion  o f  

1 , 5 - c y c l o a d d i t i o n  p r o d u c t s  ( 5 0 % ) ,  n o r t r i c y c l e n e  d e r i v a t i v e s  11-41 
-- 

and 11-42, a s  major  p r o d u c t s  i n  a d d i t i o n  t o  a  small amount ( 2 % )  o f  - 
normal 1 ,2 -adduc t s .  S p e c i f i c a l l y ,  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 N D  a f f o r d e d  t h e  p e r c h l o r a t e  o f  endo-3 nitrato-exo-5-dimethylamino- - - 
tricgcloC2 $ 2 ,  2,02 t6]12eptane ( l o % ,  11-42a) . It analyzed c o r r e c t l y  f o r  

C g H I 5 N 2 O 7 ~ 1  and 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  i . r .  bands  o f  

a s u b s t i t u t e d  n o r t r i c y c l e n e  (103)  a t  3140,  828,  810 and 760 cm-I. 

The n.m.r. spec t rum ( F i g u r e  2 . 5 )  showed no v i n y l  hydrogens  b u t  a  

p o o r l y  r e s o l v e d  t r i p l e t  ( J  = 1.5 Hz) a t  7 4.80 f o r  t h e  C-3 proton 

and a  d o u b l e t  ( J  = 9.0 Hz) a t  T 6.35 f o r  t h e  C-5 p ro ton .  The C-6 

c y c l o p r o p y l  p r o t o n  appeared as a t r i p l e t  ( J  = 5.2 Hz) a t  7 7 .94 .  
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The s t e r eochemis t ry  of  11-42a was deduced from t h a t  o f  t h e  corresponding 

a l coho l  ob ta ined  by l i t h i u m  aluminium hydri.de reduc t ion  (v ide  i n f r a ) .  

The c rude  b a s i c  f r a c t i o n  obta ined  a f t e r  t h e  removal of 11-42a was 

most ly  E-3-nitrato-ez-5-dimethylaminotricyclo[2, 2 ,1 ,  o2 6 ~ h e p t a n e  (I-, 

40%).  A c a r e f u l  chromatography of t h i s  b a s i c  f r a c t i o n  revea led  t h e  presence 

of ca. 2% of t h e  1,2-adducts,  endo-2-nitrato-exo-3-dimethylaminobicyclo - - 
[2 ,2 ,1  Ihept-5-ene (11-47, f r e e  base o f  11-44a) and 5 0 - 2 - n i t r a t o -  

exo-3-dimethy1aminobicyc1o[2,2,1]hept-5-ene (11-48, f r e e  base of  - 
11-43a). The i n f r a r e d  spectrum of  a mixture  o f  t h e s e  two adducts  

showed c h a r a c t e r i s t i c  bands a t  1620, 1280 and 865 em-' f o r  a 

n i t r a t e  e s t e r .  I n  t h e  n.m.r. spectrum, t h e  v i n y l i c  hydrogens of 

11-47 appeared as double doub le t s  (each l i n e  f u r t h e r  s p l i t  i n t o  a - 
doub le t )  a t  T 3.68 (J = 6.0, 3.5 and 1.0 Hz) and a t  T 4.08 (J = 

6.0, 3.0 and 0.5 Hz) and t h e  N-CH3 a s  s i n g l e t  a t  T 7.87. The 

v i n y l i c  hydrogens o f  11-48 were seen a s  a q u i n t e t  (J = 3 Hz) a t  

r 4.37 and t h e  N-CH3 group a s  a s i n g l e t  a t  r 7.75. Fu r the r  p u r i f i c a t i o n  

o f  t h i s  mixture  was n o t  succes s fu l  due t o  i t s  decomposition. 

The n i t r a t e s  11-45 and 11-46 were found t o  be isomers  from t h e i r  

i n f r a r e d  s p c t r a ,  both of which conta ined  t y p i c a l  bands a t  1625, 1280 

and 865 cmal ( n i t r a t e  e s t e r )  and a t  3080, 825 and 815 cm-' 

( s u b s t i t u t e d  n o r t r i c y c l e n e )  and from t h e i r  d i s t i n c t l y  d i f f e r e n t  



Solvent 

Figure 2.5 n.m.r. s eotrum (I00 MHz) of .- ondo-3-ni t rato-3-5-dimethylaminatr icyclo-  
[2,2,l , 0'981heptane ( 11-42a? . 
Solven t :  DMSB -d6 



n.m.r. s p e c t r a  ( s e e  Table 2.3 and 2.4).  F u r t h e r ,  r educ t ion  o f  11-45 

and - 11-46 wi th  l i t h i u m  aluminum hydr ide  a f forded  - exo-5-dimethylamino- 

1,' e ? o - t r i c y c l o [ 2 , 2 , 1 ,  o2 6~ heptan-3-01 (11-49 ) and ex-5-dimethylamino- 

CH3 
LAH 

Scheme 2.9 



e x o - t r i c y c l o [ 2 , 2 , 1  - ,02j6]heptan-3-01 (11-SO), r e s p e c t i v e l y ,  i n  

h i g h  y i e l d s ,  

Both o f  t h e s e  i s o m e r i c  aminoa lcoho l s  gave t h e  expec ted  e l e m e n t a l  

a n a l y s i s  f o r  t h e  molecu la r  formula C H NO. The o x i d a t i o n  o f  
9 15 

e i t h e r  a l c o h o l  11-49 o r  11-50 w i t h  J o n e s  r e a g e n t  [ I 0 4 1  gave  a  s i n g l e  

k e t o n e ,  exo-5-dimethylamino-tricyclo[ 2 , 2 , 1 @  6]  heptan-3-one ( 11-51 ) . - 
The n o r l t r i c y c l e n e  s t r u c t u r e  o f  ke tone  11-51 was i n d i c a t e d  by i t s  - 
i n f r a r e d  spec t rum (1760,  3073, 855,  838 and 805 ern"') [105] .  I n  t h e  

n , m . r .  spect rum ( T a b l e  2.5 and 2 . 6 )  t h e  C-5 p r o t o n  was s e e n  as  a 

t r i p l e t  ( J  = 1.0 Hz) a t  r 7.50 and t h e  N-CH3 s i n g l e t  a t  r 7.75.  

The C-7 methylene p r o t o n s  showed t h e  expec ted  C1061 AB p a t t e r n  

( J A B  = 10.5 Hz) ,  each component o f  which was f u r t h e r  s p l i t  i n t o  

a t r i p l e t  ( J  = 1 .5  Hz). The C-6 c y c l o p r o p y l  p ro ton  a t  r 8.50 

appeared a s  a t r i p l e t  wi th  a t y p i c a l  c o u p l i n g  c o n s t a n t  ( J  = 5.5 Hz) 

f o r  a c y c l o p r o p y l  g roup  [107].  The most i n t e n s e  peak i n  t h e  mass 

spect rum ( F i g u r e  2 .6 )  o f  - 11-51 was s e e n  a t  m/e 151 ( C 9 H I 3 N O )  

c o r r e s p o n d i n g  t o  t h e  molecu la r  i o n .  The f r a g m e n t a t i o n  p a t t e r n  can 

be  r a t i o n a l i z e d  i n  t e rms  o f  s t r u c t u r e  11-51 a s  d e p i c t e d  i n  Scheme 2.10.  .- 



Table 2.1 

CHEMICAL SHIFTS ( T )  

P r o t o n  11-42ba - 11-42aa 11-45 1 1 - 4 6  

3 exo - 

a: s o l v e n t  DMSO -d6 
b:  p a r t l y  h i d d e n  u n d e r  N-CH3 p e a k  
c :  n o t  w e l l  resolved 



IOC 
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F i g u r e  2 .6  Mass s p e c t r a  (80 e ) o f  w - 5 - d i m e t h y l a m i n o - e n d o -  
t r i o y c l o [ Z  , 2 , l  ,02  jg]heptan-3-01 ( 1, G.x&-5- 
d i m e t h y l a m i n o - m - t r i c y c l o r . 2 , 2 , 1 ,  heptan-3-01 
(Em and u - 5 - d i m e t h y l a m i n o t r i c y c l o [ 2 , 2 , 1  
heptan-3-one (11-51). 



Table 2.4 

COUPLING CONSTANTS (Hz) 

5.2 

1.5 

5.2 

1.5 

ca.  1.5 

ca .  1.5 

9 .O 

4 .5  

- 

1.5 

ca. 1 , 5  

c a ,  1.5 

- 

ca. 1.5 

- 

ca .  1 .5  

- 
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The s t r u c t u r e  and s t e r e o c h e m i s t r y  o f  t h e  amino a l c o h o l s  11-49 and 

11-50 were a s s i g n e d  on t h e  b a s i s  o f  t h e  f o l l o w i n g  arguments .  Both 

a l c o h o l s  e x h i b i t e d  c h a r a c t e r i s t i c  i n f r a r e d  &sorp t ions  f o r  a  

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

p a r a m e q t e r s  [ 8 l , l O 6 , I O 8 ]  , t h e  s m a l l  c o u p l i n g  c o n s t a n t  obse rved  

( T a b l e  2 .6 )  f o r  t h e  C-3 and C-5 p r o t o n s  t o g e t h e r  w i t h  t h e  chemica l  

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

s k e l e t o n .  The f a c t  t h a t  bo th  a l c o h o l s  gave  a s i n g l e  k e t o n e  on 

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

These f a c t s  l i m i t  p o s s i b l e  s t r u c t u r e s  o f  11-49 and 11-50 t o  two 

i s o m e r i c  p a i r s ;  A and B o r  C and D .  - - - - 



T a b l e  2,5 

CHEMICAL SHIFTS ( T )  

P r o t o n  12-49 11-50 . 11-5 I 

3 exo  - 
3 e z  

5 endo - 
4 

1 

2 

6 

7 S& 

7 ant i  

N-CH3 

-OH 

6.01 (t) 

- 
7.36  ( b s )  

8.11 (m) 

- 
8 .63  (m) 

- 

8.71  ( d ) b  

8.20 ( d l a  

7.75 ( s )  

- 

a: p a r t l y  h i d d e n  unde r  H peak  
b :  p a r t l y  h i d d e n  unde r  45.63 peak  
c :  p a r t l y  h i d d e n  unde r  N-CH peak  

3  





A c l o s e  examination o f  t h e  n.m.r. s p e c t r a  of t h e  two a l c o h o l s  

(Table  2.5) revea led  t h a t  t h e  chemical s h i f t s  of t h e  C-5 and t h e  

C-7s (s_yl! t o  OH grohp) pro tons  were s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e s e  

isomers.  While t h e  C-5 proton of  11-49 ( 7  7.36) was more desh ie lded  

by 0.72 ppm than  t h a t  o f  11-50 ( 7 8 . 0 8 1 ,  t h e  C-7s proton o f  11-49 

( 7 8.71 ) was more sh i e lded  by 0.51 ppm than  t h a t  o f  11-50 (78.20). 

S ince  t h e  chemical s h i f t s  o f  a l l  o t h e r  pro tons  were similar f o r  

both i somers ,  t h e  observed s h i f t  d i f f e r e n c e s  f o r  t h e  C-5 and C-7s 

pro tons  were ev iden t ly  due t o  e l e c t r o s t a t i c  e f f e c t s  o f  t h e  hydroxyl 

group induc ing  a p o s i t i v e  d i p o l e  on t h e  neighbouring C-5 hydrogen o f  

11-49 and t h e  C-7s hydrogen o f  11-50 [81,108-1101. Consequently, 

t h e s e  pro tons  were more desh ie lded .  These r e s u l t s  are c o n s i s t e n t  
4 

I 
b only wi th  t h e  s t r u c t u r e s  A and B. 
k: 

The e f f e c t  of tris(dipivalomethanato)europium (111) [EU(DPM)~I on 

t h e  proton chemical s h i f t s  shown i n  F igures  2.7, 2.8 and 2.9 provides  

f u r t h e r  suppor t  f o r  t h e  assigned s t r u c t u r e s  o f  11-42 and 11-50. The 

proton assignments  are based on observed s p l i t t i n g  p a t t e r n s  and have 

been confirmed by decoupl ing experiments a t  100 MHz. 

Figure  2.9 demonstrates  t h e  l i n e a r  r e l a t i o n s h i p  between chemical 

s h i f t s  and concen t r a t i on  of Eu(DPMl3, i n  accordance with l i t e r a t u r e  

r e p o r t s  [ I l l ,  1121. A s  shown i n  Tables  2.7, 2.8 and 2.9,  a l coho l  11-49 

showed a l a r g e  induced s h i f t  (AEu) f o r  t h e  C-5 proton and a s m a l l  

s h i f t  f o r  t h e  C-7s proton whi le  a l coho l  11-50 showed a l a r g e  s h i f t  

f o r  t h e  C-7s proton and a small s h i f t  f o r  t h e  C-5 proton.  Also, t h e  



Figure  2.7 n  .m.r . s p e c t r a  ( 10 MHz) o f  ex-5-dimethylamino-enQo- 
t r i c y c l o 1 2 , 2 , 1  ,02"]heptan-3-01 (11-49) : 
a ,  double  i r r a d i a t i o n  o f  t h e  C-2 pro ton;  
b ,  i n  t h e  presence o f  Eu(DPM)~. (conc. o f  11-49 and 

EU( DPM) : 2x1 0-4mo1) 
c ,  double ~ r r a d i a t i o n  o f  t h e  C-2 proton i n  b ;  
d ,  double  i r r a d i a t i o n  o f  t h e  C-6 proton i n  b;  

(F igu re  2.7 cont inued on next  page) 





Figure  2.7 (con't) 



Figure  2.8 n.m.r. s p e c t r a  (100 MHz) o f  E-5-dimethylamino-ea- 
tricyclo[2,2,1,0~~~]he~tan-3-ol (11-50) .- : 
a ,  double i r r a d i a t i o n  o f  t h e  C-4 proton;  
b ,  double i r r a d i a t i o n  o f  t h e  C-2 proton;  
c ,  i n  t h e  presence o f  Eu(DPMI3, (conc.  of 11-50: - 

2x10-~ mol; Eu(DPM)3: 0 . 3 5 x - ~  moll 
d ,  double i r r a d i a t i o n  o f  t h e  C-'7s pro ton  i n  c ;  
e ,  double i r r a d i a t i o n  o f  t h e  C-?a proton i n  c. 





I 

0.1 0.2 0.5 0.75 1.0 
M O L E S  E U ( D P M I ~ ~ O ~  

Figure 2.9 Variation in the chemical shift for the diff'c It protons 
o r  ~ - 5 - d i m e t h y L a m i n o - e n d o - t r i c y c 1 0 [  2,2,1 ,05fp]heptan-3-01 
(11-49) (ZXIO-~ mol) with increasing amounts of Eu(DPM)~. 
Straight lines shown are Least-squares derived. 



s h i f t  d i f f e r e n c e  between t h e  C-7s and t h e  C-7a p r o t o n  was s m a l l  i n  

i somer  11-49 b u t  v e r y  l a r g e  i n  i somer  11-50. Assuming t h a t  t h e  - - 
Eu-atom c o - o r d i n a t e s  w i t h  t h e  dydroxy l  g r o u p ,  t h e  o b s e r v a t i o n s  can 

be accommodated o n l y  by a n  endo-OH c o n f i g u r a t i o n  i n  11-49 and an - 
exo-OH c o n f i g u r a t i o n  i n  11-50. - 

The mass s p e c t r a  o f  a l c o h o l s  11-49 - and 33-50 showed t h e  same - 
f r a g m e n t a t i o n  p a t t e r n s  (Scheme 2 .11)  and d i f f e r e d  o n l y  i n  t h e  

r e l a t i v e  abundance o f  t h e  v a r i o u s  peaks ( F i g u r e  2 . 6 ) .  I n  bo th  c a s e s ,  

t h e  most i n t e n s e  peak was observed a t  m/e 153 c o r r e s p o n d i n g  t o  t h e  

molecu la r  i o n .  The e x a c t  mass o f  t h i s  peak a g r e e d  w i t h  t h e  molecu la r  

formula C 9 ~ 1 5 ~ ~ .  



Table 2.7 

CHEMICAL SHIFT VALUES ('t) OF I_I-44 I N  THE 

PRESENCE OF Eu( DPM) 

'r - Values 

Con. o f  a lcohol  I I - 4 9 :  

,CH3 
2x10-4 rnol 

N\ 
H3 J1 ,6  

6 J 2 , 6  = 5  Hz 

J 1 , 2  

57 geminal = 10.5 Hz 



Table 2.8 

CHEMICAL SHIFT VALUES (T) OF 11-50 I N  THE 

PRESENCE OF Eu ( DPM) , 

(m) 

Shift (AEu) 19.63 

concentration of Eu(DPM) : 0 . 3 5 x l O - ~  mol; 
3 

con. of 11-50 : 2 . 0 ~ 1 0 ' ~  mol. 



T a b l e  2.9 

SHIFT V A L U E S  ( A E u )  F O R  THE D I F F E R E N T  PROTONS 

AND M E T H Y L  GROUPS IN 11-49 

i3 is  t n e  d ~ s t a n c e  be tween t n e  nyaroxyL oxygen a tom and t h e  p r o t o n s  

i n  q u e s t i o n  measured  on a D r e i d i n g  m o l e c u l a r  model .  



Scheme 2.1 1 



2-2-6. Non-Oxidative Addi t ion  t o  5-Methylenebicyclo[2,2,1]heptene 

The non-ox ida t ive  p h o t o a d d i t i o n  o f  NND t o  5-methy l e n e b i c y c l o [ 2 , 2 , 1 ]  

hep tene  w i t h  l i g h t  >350 nm e x h i b i t e d  t h e  emergence o f  a  new a b s o r p t i o n  

band a t  295 nm which i n c r e a s e d  s t e a d i l y  t o  a  maximum and then  

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

d i s c o n t i n u e d  when t h e  295 nm band r e a c h e d  i t s  maximum i n t e n s i t y  and 

t h e  p h o t o l y s a t e  was worked up t o  g i v e  a  c r u d e  m i x t u r e .  The f i r s t  

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

l i q u i d  ( c o l o u r  is i n d i c a t i v e  o f  C-n i t roso  monomer ) 

which showed U.V.  a b s o r p t i o n s  a t  207,  242 and 292 nm. It 

d e c o l o u r i z e d  r a p i d l y  and t h e  292 nrn a b s o r p t i o n  d i s a p p e a r e d  i n d i c a t i n g  

rearrangement of th"initielly f ~ r ~ e d  C - n i t x s ~  S i z i s r  t o  ? { - k j d i - ~ ~ j - 3 -  

dimethylaminomethyl-2-azabicyclo[ 3 , 2 , 1  l o c t a - 3 , 6 - d i m e  (11-53, 23%)  , 

(Scheme 2 .12) .  Compound 11-53 was f a i r l y  s t a b l e  a t  low t e m p e r a t u r e  

bu t  s lowly  decomposed t o  a  d a r k  brown r e s i n  on prolonged s t a n d i n g  

a t  room t e m p e r a t u r e .  Treatment w i t h  r e f l u x i n g  d i l u t e  h y d r o c h l o r i c  

a c i d  r e s u l t e d  i n  decomposi t ion t o  a complex m i x t u r e  o f  p r o d u c t s .  



Scheme 2.12 



The m o l e c u l a r  formula o f  11-53 was a s c e r t a i n e d  by e l e m e n t a l  a n a l y s i s  

and h i g h  r e s o l u t i o n  mass s p e c t r o m e t r y  t o  be C H N 0 .  The i n f r a r e d  
10 16 2 

spec t rum e x h i b i t e d  prominent peaks  a t  3380,  1620,  1020, 930 and 845 

em-'. The n.m.r. spect rum ( F i g u r e  2 .10)  showed t h r e e  v i n y l i c  

p r o t o n s  w i t h  one of them ( C - 4 )  a p p e a r i n g  a t  c o n s i d e r a b l y  h i g h e r  

f i e l d  ( 7 5 . 5 )  t h a n  t h e  o t h e r  two which i n d i c a t e s  t h a t  one o f  t h e  

doub le  bonds i s  p a r t  o f  an enamine sys tem [107] .  F u r t h e r ,  t h e  CH2-N 

p r o t o n s  were s h i f t e d  downfie ld  by c a .  0 .6  ppm r e l a t i v e  t o  t h e  

normal ly  obse rved  chemical  s h i f t  ( 7 7 . 5 )  i n d i c a t i n g  t h a t  they  a r e  

a t t ached  t o  a n  a l l  y b i a  carbon [ 1071, 

The ass ignments  of t h e  r e s o n a n c e  1 i n e s  ( F i g u r e  2.1 I ) a r e  

based on o f f - c e n t r e  r e s o n a n c e  d e c o u p l i n g  e x p e r i m e n t s .  The C-6 and 

C-7 c a r b o n s  showed chemica l  s h i f t s  comparable t o  s i m i l a r  o l e f i n i c  

c a r b o n s  i n  o t h e r  b i c y c l i c  sys tems  [ 1 1 3 ] ,  However, t h e  o l e f i n i c  

c a r b o n  C-3 showed a v e r y  Large  s h i f t  ( l 6 9 . 8  ppm frorn TMS) whi le  

C-4 appeared a t  c o n s i d e r a b l y  h i g h e r  f i e l d  (83.7  ppm from TMS) i n  

accordance  wi th  t h e  expec ted  I 3 c  chemica l  s h i f t s  f o r  t h e  enarnine 

t y p e  s t r u c t u r e  i n  11-53 L113,114]. 

The mass spect rum of  11-53 ( F i g u r e  2 .1%)  showed i n t e n s e  peaks a t  

rn/ e 137 and 120 t h a t  were conf irnied by h i g h  r e s o l u t i o n  mass 

~ p e C t r 0 ~ c O p y  t o  be C 8 H I 1 ~ ~ + '  and c ~ H ~ ~ M + -  f r a g m e n t s ,  

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

shown i n  Scheme 2.13.  



Figure 2.10 n.m.r. spectra (100 MHZ) of N-hydroxy-3-dimethylamino- 
methyl-2-azabicyclo[3,2,1]octa-3,6-diene (11-53). 



ii- 53 --. 

Solvent 

i i d  I4 i 130 85 65 45 2s pprn 

13 
Figure 2.11 n.m.r .  ( C )  spectra o f  N-hydroxy-3-dimethylamino- 

methyl-2-azabicyclo[ 3,2,llocta-3,6-diene (?I-53) . 



Scheme 2.13 

The second major  f r a c t i o n  i s o l a t e d  by chromatography was a mix tu re  

o f  a- and &i-2-dimethylaminornethyltricyclo[2,2,1,0~9 6] 

heptan-5-one oxime (11-54, 18%) a s  shown by  s p e c t r o s c o p i c  a n a l y s i s .  It 

e x h i b i t e d  i .r . a b s o r p t i o n s  a t  1000-900 ern-' c h a r a c t e r i s t i c  f o r  

an oximino group and a n  n.m.r, s i n g l e t  a t  T 7.77 f o r  t h e  N-CH3 

p r o t o n s .  The mass spect rum o f  11-54 ( F i g u r e  2.12) showed t h e  

molecu la r  i o n  peak a t  rn/e 180 and t h e  ( M + - ~ H )  peak a t  m/e 163. 
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Figure 2.12 Mass spectra (80 e v )  of N-hydroxy-3-dimethylamino- 
methyl-2-azabicyclo[3,2,1]octa-J,6-diene (11-53) and 
2-dimethylarninornethyltricycL0[2,2,1 ,02 r6]heptan-5- 
one oxime (11-54). 



A t h i r d  ch romatograph ic  f r a c t i o n  c o n t a i n e d  a  major compound which 

was t e n t a t i v e l y  a s s i g n e d  a s  b i c y c l o [ 2 , 2 ,  I  Ihep tenone  oxime ( 11-55, - 
< 4 % )  on t h e  b a s i s  o f  a  two-proton n.m.r. m u l t i p l e t  a t  T 4.02 due 

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

i ts i . r .  spec t rum.  

When t h e  non-ox ida t ive  p h o t o a d d i t i o n  o f  NND was c a r r i e d  t o  c o m p l e t i o n ,  

a s  ev idenced  by t h e  comple te  d i s a p p e a r a n c e  o f  t h e  342 nm 

a b s o r p t i o n ,  compounds 11-53 (1481 ,  11-54 ( 1 5 % )  and 2-dimethylamino- - 
m e t n y l t r i c y c l o [ 2  , 2 , 1 , 0 ~ 9 ~ ] h e ~ t a n - 5 - o n e  (11-56, 10%)  were o b t a i n e d .  

,- 

The c a r b o n y l  s t r e t c h i n g  f r equency  o f  11-56 a t  1755 cm-' was 

i d e n t i c a l  t o  t h a t  r e p o r t e d  [ I 0 5 1  f o r  t h e  t r i c y c l i c  ke tone  11-57,  .- 

The i . r .  spec t rum a l s o  showed a b s o r p t i o n s  a t  8 4 0 ,  830 and 820 cm"' 

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

n.m.r .  spec t rum o f  11-56? t h e  c y c l c p r o p y l  p r o t o n  a t  C-6 appea red  
P 

a s  a  d o u b l e t  a t  T 8.92 w i t h  a  c o u p l i n g  c o n s t a n t  o f  5 .5  Hz ( J 1 , 6 )  as  

e x p e c t e d  f o r  a  n o r t r i c y c l i c  compound [106 ,408 ;  s e e  a l s o  S e c t i o n  2-2-5). 

The c r u d e  oxime 11-54 o b t a i n e d  by chromatography was con tamina ted  by 

11-55 and was hydro lyzed  w i t h  sodium h y d r o g e n - s u l f i t e  t o  g i v e  t h e  - 
t r i c y c l i c  ke tone  11-56 i n  26% y i e l d .  - 

When t h e  non-ox ida t ive  p h o t o a d d i t i o n  was c a r r i e d  o u t  i n  

b romot r i ch lo romethane  i n s t e a d  o f  me thano l ,  a new peak emerged a t  

314 nm due t o  t r i c h l o r o n i t r o s o m e t h a n e  [ I 1 5 1  which c o - d i s t i l l e d  w i t h  



- 80 - 
t h e  s o l v e n t .  The r e s i d u e  a f f o r d e d  a small amount o f  p r e c i p i t a t e  

which was shown by t . 1 . c .  t o  be a m i x t u r e  o f  two compounds, 

The i . r .  spec t rum o f  t h i s  s o l i d  showed c h a r a c t e r i s t i c  a b s o r p t i o n s  

f o r  a s u b s t i t u t e d  n o r t r i c y c l e n e  s k e l e t o n  b u t  no a b s o r p t i o n s  

f o r  an o l e f i n i c  f u n c t i o n .  Its mass spec t rum 

showed t h e  p r e s e n c e  o f  t h r e e  c h l o r i n e  and one  bromine 

a toms i n  t h e  molecu le  a s  i n d i c a t e d  by t h e  m o l e c u l a r  i o n  peaks a t  

m/e 308, 306, 304 and 302 and (M-f3rI9 peaks  a t  m/e 227,  225 and 223. 

N-N \ 
/- 

CH3 
' 0  

J 
Scheme 2 .14  

On t h e s e  g r o u n d s ,  t h e  two compounds were t e n t a t i v e l y  a s s i g n e d  as 

s t e r e o i s o m e r s  o f  2-(2 , 2  ,2 -trichLoroethyl)-5-bromotricyclo 

[ 2 , 2 ,  I , 0 ~ ' ~ 1 h e ~ t a n e  5 3 % ) .  



Tne b a s i c  r e s i d u e  was shown by g.c.-m.s. t o  be a  m i x t u r e  o f  two 

major and one minor compounds. Both major compounds e x h i b i t e d  

t h e  same f r a g m e n t a t i o n  p a t t e r n  and showed molecu la r  i o n  peaks a t  

m/e 231 and 229 i n d i c a t i n g  t h e  p r e s e n c e  o f  one bromine atom. The 

minor component c o n t a i n e d  one c h l o r i n e  atom a s  shown by molecu la r  

i o n  peaks a t  m/e 187 and 185 and a t  m/e 150 f o r  M+-~1. T h i s  

compound was t e n t a t i v e l y  a s s i g n e d  as 2-dimethylaminornethy1-5- 

Chromatographic s e p a r a t i o n  o f  t h i s  m i x t u r e  a f f o r d e d  two pure  

compounds which were found t o  be t h e  C-5 c o n f i g u r a t i o n a l  i s o m e r s  o f  

and 11-61) from t h e i r  s p e c t r a l  d a t a .  T h e i r  i n f r a r e d  s p e c t r a  were - 
v e r y  s i m i l a r  e x c e p t  f o r  a few d e t a i l s  and c o n t a i n e d  Bohlxann bands 

a t  2820 and 2775 em-' and t h e  c h a r a c t e r i s t i c  a b s o r p t i o n s  a t  

3060, 830 and 800 cm-I f o r  a s u b s t i t u t e d  n o r t r i c y c i e n e .  The 

n.rn.r. s p e c t r a  o f  11-60 and 11-61 and t h e  ass ignments  a r e  shown i n  .- 

Table  2.10 and F i g u r e s  2.13 and 2 .14 .  The observed c o u p l i n g  

c o n s t a n t s  J and J, ( 1 .5  Hz) were i d e n t i c a l  f o r  b o t h  
4 , 5  J 96 

compounds r e g a r d l e s s  o f  t h e  o r i e n t a t i o n  o f  t h e  C-5 p ro ton  i n  

agreement wi th  o t h e r  r e s u l t s  ( s e e  a l s o  compounds 11-49 and 11-50 i n  .- -- 
S e c t i o n  2-2-5 and Refs .  8 1 , 1 0 8 ) .  In  bo th  c a s e s  t h e  c y c l o p r o p y l  

hydrogens  gave a n  A 0  q u a r t e t  p a t t e r n  ( JAB z 5.5 Hz) ,  each l i n e  

o f  which was f u r t h e r  s p l i t  

t .  a' J -va lue  o f  approx imate ly  
B 

due t o  c o u p l i n g  wi th  o t h e r  p r o t o n s  w i t h  

1.5 Hz [81 ,108] .  The mass s p e c t r a  o f  
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Figure 2.15 Mass spectra (80 ev) of 2-dimethylaminomethy1- 
5-br~omotricyclo[2,2,1 , ~ ~ ' ~ ] h e ~ t a n e  (11-60, !I-61) 
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11-60 and 11-61 were a l s o  s t r i k i n g l y  similar e x c e p t  t h a t  t h e  i n t e n s i t y  - 
r a t i o s  o f  t h e  m o l e c u l a r  i o n  peaks (M+, m/e 231 and 229)  and t h e  

M+-1 peaks  were d i f f e r e n t  ( F i g u r e  2.15): Although t h e s e  r e s u l t s  

showed 11-60 and 11-61 t o  be  i s o m e r i c  a t  C-5, a  d e c i s i o n  a s  t o  

which compound had t h e  m o -  and which t h e  =-bromine c o n f i g u r a t i o n  

was d i f f i c u l t  t o  make on t h e  b a s i s  o f  t h e  a v a i l a b l e  d a t a .  



Table 2.10 

n.m.r. PARAMETERS 

Proton 11-60 11-6 1 

- --- 

M-CH2 7 .63  (bs)  7.57 (bs)  

\ a :  - p a r t l y  masked by N-CH p e a k ;  s o l v e n t  C C 1  
3 4 

i 



2-2-7. O x i d a t i v e  Addi t ion  t o  1 .5-Cvclooctadiene 

The o x i d a t i v e  p h o t o a d d i t i o n  o f  NND t o  1 , 5 - c y c l o o c t a d i e n e  was 

c a r r i e d  o u t  under t h e  u s u a l  c o n d i t i o n s  fo l lowed by t h e  work-up t o  

a f f o r d  a b a s i c  f r a c t i o n  which e x h i b i t e d  s t r o n g  i n f r a r e d  bands a t  

1615, 1275 and 860 cm"' c h a r a c t e r i s t i c  f o r  a n i t r a t e  e s t e r  a s  

w e l l  a s  n.m.r. s i g n a l s  a t  T 4.37 f o r  o l e f i n i c  p r o t o n s  and a methoxy 

s i n g l e t  a t  6.65.  Reduct ion o f  t h e  c r u d e  b a s i c  f r a c t i o n  w i t h  

l i t h i u m  aluminium h y d r i d e  fo l lowed by t h e  chromatograph ic  s e p a r a t i o n  

a f f o r d e d  trans-2-dimethylamino-5-cycloocten-1-01 (11-64) - as t h e  

Scheme 2.15 



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

t h e  molecu la r  formula o f  a l c o h o l  11-64 as CIOHl9NO. The i n f r a r e d  - 
spect rum showed c h a r a c t e r i s t i c  hydroxy l  bands  a t  3360 and 1045 cm-l 

and cis-RCH = CHI? bands  a t  3010 and 715 cm-l . The n.m.r. spect rum - 
o f  11-64 and some s p i n  decoupled s p e c t r a  a r e  shown i n  F i g u r e  2.16 

a l o n g  w i t h  computer s i m u l a t e d  s p e c t r a  f o r  t h e  o l e f i n i c ,  C-I and C-2 

r e g i o n s .  The C-1 p r o t o n  was v i c i n a l l y  coup led  t o  t h e  C-2 pro ton  

w i t h  a  c o u p l i n g  c o n s t a n t  o f  9.0 Hz, t h e  magnitude of  which 

s u g g e s t e d  t h a t  t h e y  were i n  a n e a r l y  a n t i - c o n f i g u r a t i o n .  The - 
c o n f i g u r a t i o n  and conformat ion  o f  t h e  r i n g  were f u r t h e r  i n d i c a t e d  

by t h e  s p l i t t i n g  p a t t e r n s  and t h e  c o u p l i n g  c o n s t a n t s  o f  t h e  C-1 

( J  = 9.0, 7.0 and 3.0 Iiz) and t h e  C-2 p r o t o n  ( J  = 10.5, 9.0 and 

4.0 Hz). The c o n f i g u r a t i o n  and conformat ion  o f  11-64 w i l l  be 

d i s c u s s e d  l a t e r .  

The two o t h e r  minor p r o d u c t s  i s o l a t e d  by chromatography were 

endo-2-methoxy-exo-6-d imethy lamino-9-oxab icyc lo [ , l ]nonane  (11-65) - - - 
and endo-2-methoxy-exo-5-dimethylamino-~-oxabicyclo~4,2,1]nonane - - 
1 - 6 6 .  The o x a b i c y c l i c  compounds were shown by e l e m e n t a l  a n a l y s i s  

and h i g h  r e s o l u t i o n  mass s p e c t r o m e t r y  t o  have t h e  molecu la r  formula 

C1,H21N02. T h e i r  i . r .  and n.m.r. s p e c t r a  showed t h e  absence  

of u n s a t u r a t i o n  and o f  hydroxy l  g roups  b u t  t h e  p r e s e n c e  o f  an e t h e r  

f u n c c i o n " ( 1 1 0 0  cm"?).  



Figure 2.16 n.m.r. s p e c t r a  (100 MHz) o f  trans-2-dimethylamino-5- - 
cycloocten-1-01 (11-64): - 
a ,  computer s imulated spectrum; 
b ,  double i r r a d i a t i o n  o f  t h e  C-5 and C-6 pro tons ;  
c ,  double  i r r a d i a t i o n  o f  t h e  C-3 and C-8 pro tons ;  
d ,  double i r r a d i a t i o n  o f  t h e  C-4 and C-7 pro tons ;  
e ,  double i r r a d i a t i o n  o f  t h e  C-2 proton.  

(F igure  2.16 cont inued on next  page) 
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The o x a b i c y c l i c  compounds 11-65 and 11-66 e x h i b i t e d  d i s t i n c t l y  

d i f f e r e n t  n.m.r. s p e c t r a  t h e  pa ramete r s  o f  which a r e  suminarized 

i n  T a b l e s  2.11 and 2.12. The observed chemical  s h i f t  v a l u e s  ( T 6.10 

and 7 5.56)  f o r  t h e  bridge-head p r o t o n s  i n  t h e s e  compounds were comp- 

a r a b l e  t o  t h o s e  r e p o r t e d  f o r  s i m i l a r  sys tems  [1161. The C-2 and C-6 

methine  p r o t o n s  o f  11-65 appeared a s  d o u b l e  t r i p l e t s  a t  7 6 . 4 9  

(J.11.0 and 5.5 Hz) and a t  r 7.74 ( p a r t l y  h idden  under t h e  N-CH3 

s i g n a l ,  J = 11.0 and 4.5 Hz) i n d i c a t i n g  a x i a l  o r i e n t a t i o n s .  The 

pseudo-axia l  o r i e n t a t i o n s  o f  t h e  c o r r e s p o n d i n g  p r o t o n s  (C-2 and 

C-5) of 11-66 were a s s i g n e d  on t h e  b a s i s  o f  t h e  h a l f - h e i g h t  wid th  

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

The mass s p e c t r a  o f  11-65 and 11-66 were o b t a i n e d  under i d e n t i c a l  

c o n d i t i o n s  and a r e  shown i n  F i g u r e  2.17.  Both o f  t h e s e  compounds 

e x h i b i t e d  t h e  prominent n ~ o l e c u l a r  i o n  peak a t  m/e 199 and 11-66 

showed a n  i n t e n s e  peak a t  mle 168 ( M + - o c H ~ ) .  The f r a g m e n t a t i o n  

p a t t e r n s  can  b e  r e a d i l y  exp la ined  on t h e  b a s i s  o f  t h e  a s s i g n e d  

s t r u c t u r e s  a s  shown i n  Scheme 2.16. 



T a b l e  2.11 

CHEMICAL SHIFTS  (T) 

Proton 11-64  

a: - P a r t l y  masked by  0-CH3 peak  
b :  - P a r t l y  masked by N-CH3 peak 
S o l v e n t :  - CDCl 

3  



T a b l e  2.12 

COUPLING CONSTANTS (Hz) 

Compound 1 2  J1,8 J2,3 54,5 J5,G J6,7 



A '84 200 

figure 2.17 Mass spectra (80 ev) of trans-Z-dimethylamino-5- 
cycloocten-1-01 (11-64.1, endo-2-methoxy-ea-6- 
dimethylamino-9-oxabicyclo[3,3,l]nonane ( IL65) 
and e~o-2-rnethoxy-e~-5-dimethylamino-9- 
oxabicyclo[ 4,2,  I Inonane (-11-66) . 



Scheme 2.16 



2-2-8. OXIDATIVE ADDITION TO 1.3-CYCLOHEXADIENE 

The o x i d a t i v e  p h o t o a d d i t i o n  o f  NNP ( o r  NND) t o  1 ,3-cyclohexadiene 

a p p a r e n t l y  r e s u l t e d  i n  t h e  fo rmat ion  o f  c i s  and t r a n s - l - n i t r a t o -  - 
4-piperidino-2-cyclohexene (11-67) which,  when e x t r a c t e d  i n t o  - 
e t h e r  from a b a s i f i e d  p h o t o l y s a t e ,  changed c o l o u r  g r a d u a l l y  and ,  

on e v a p o r a t i o n  o f  e t h e r ,  decomposed v i o l e n t l y  to  a d a r k  t a r .  

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

Scheme 2.17 



w i t h  l i t h i u m  aluminium h y d r i d e  fo l lowed  by chromatography gave 

3 -p ipe r id inocyc lohexene  (11-68, 20%) as t h e  major p roduc t .  

Elernen t a l  a n a l y s i s  as w e l l  a s  h i g h  r e s o l u t i o n  mass s p e c t r o m e t r y  

e s t a b l i s h e d  t h e  molecu la r  formula o f  11-68 a s  CI1HI9~. The - 
i n f r a r e d  spec t rum showed a b s o r p t i o n s  a t  2800, 2750 and 2680 cm-l 

a s s i g n e d  t o  Bohlmann bands and a t  3020 and 725 cm-l t o  c i s -  RCH - 
= CHH bands.  The n.m.r. spect rum o f  11-68 showed a  two p ro ton  - 
m u l t i p l e t  a t  r 4 . 4 1  f o r  t h e  v i n y l  p r o t o n s .  The C-3 methine  p ro ton  

geminal  t o  t h e  p i p e r i d i n e  r i n g  appeared  as a m u l t i p l e t  a t  7 6.9 

(W1/2 = 12 A 2 and t h e  two a l l y l i c  p r o t o n s  as  a n o t h e r  m u l t i p l e t  

a t  T 8.0, both  o f  which were e s t a b l i s h e d  t o  be coup led  t o  t h e  

v i n y l  p r o t o n s .  

The mass spect rum o f  11-68 e x h i b i t e d  a  prominent molecu la r  i o n  - 
peak a t  m/e 165 and i n t e n s e  peaks  a t  m/e 137 and 111 which were 

conf i rmed t o  be C 9 H I 5 ~ + *  and C H N + .  , r e s p e c t i v e l y ,  by 7 13 

h i g h  r e s o l u t i o n  mass s p e c t r a l  measurements.  

The minor p r o d u c t ,  4 - p i p e r i d i n o - 2 - c y c l o h e x ~ n o l  (11-691,  could  n o t  

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

d a t a .  The p resence  of t h e  hydroxy l  g r o u p  was i n d i c a t e d  by t y p i c a l  

i n f r a r e d  a b s o r p t i o n s  a t  3350 and 1060 em"' and t h e  o l e f i n i c  

g roup  by t h e  n.m.r .  m u l t i p l e t  a t  7 4.3. 



2-2-9.  O x i d a t i v e  Addi t ion  t o  3-Butenyl Compounds 

The o x i d a t i v e  p h o t o a d d i t i o n  o f  NNP t o  v a r i o u s  3-butenyl  d e r i v a t i v e s  

was i n v e s t i g a t e d  and t h e  r e s u l t s  a r e  summarized i n  Table  2 .13.  The 

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

u s i n g  a nonex f i l t e r  t o  c u t  o f f  l i g h t  below 350 nm. A f t e r  t h e  

u s u a l  work-up, t h e  p r o d u c t s  were i d e n t i f i e d  by s p e c t r o s c o p i c  methods 

and by p r e p a r a t i o n  o f  d e r i v a t i v e s  as  no ted  below and d e s c r i b e d  i n  

t h e  Exper imenta l  S e c t i o n .  

Schetne 2,18 



Table  2.13 

OXIDATIVE ADDITION OF NNP TO - 
3-BUTENYL COMPOUNDS 

$ Yie ld  o f  Adduct 
(11-71 + 11-72] - 

a :  - i s o l a t e d  as  a z o n i a s p i r o  compound 11-74 ( v i d e  i n f r a )  



The o x i d a t i v e  p h o t o a d d i t i o n  o f  NNP t o  3-butenol  (11-70a) -- a f f o r d e d  

3-ni t ra to-4-piper idinobutan-1-01 ( 1 1 - 7 l a ,  51%)  and 4 -p ipe r id inobu tane-  

1 , 3 - d i o l  (11-72a, 21%) . The i n f r a r e d  spect rum o f  n i t r a t e  11-71 a 

c o n t a i n e d  c h a r a c t e r i s t i c  bands a t  1625,  1275 and 865 cm-1 f o r  a  

n i t r a t e  e s t e r  and a t  3370 and 1055 cm-I f o r  a n  hydroxyl  f u n c t i o n .  

Reduct ion o f  11-71a w i t h  l i t h i u m  aluminium h y d r i d e  gave t h e  .- 

c o r r e s p o n d i n g  a l c o h o l  11-72a ( i . r .  a b s o r p t i o n s  a t  3370 and 1150 

ca-I ) i n  h i g h  y i e l d .  Attempted t o s y l a t i o n  o f  11-72a i n  p y r i d i n e  

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

Tr2atrnent o f  IT-72a w i t h  p - n i t r o b e n z o y l  c h l o r i d e  i n  t e t r*ahydrofuran  

[ I 1 7 1  gave t h e  h y d r o c h l o r i d e  of  3-hydroxy-4-piper id inobutyl -p-  

n i t r o b e n z o a t e  (11-73) i n  60% y i e l d .  T h i s  compound showed prominent 

i n f r a r e d  bands a t  1720 and 1285 cm-I f o r  a n  e s t e r  group and a t  

3260 cm'l f o r  an  hydroxyl  group.  

The 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 N P  t o  3 -bu teny l  a c e t a t e  (11-70b) 

a f f o r d e d  a m i x t u r e  o f  3 - n i t r a t o - 4 - p i p e r i d i n o b u t y l  a c e t a t e  (11-71b) 

and 3-hydroxy-Y-piper id inobutyl  a c e t a t e  (11-72b) i n  t h e  approximate  

r a t i o  1 : I .  T h i s  mix tu re  showed t y p i c a l  i n f r a r e d  bands a t  1740 

and 1240 cm'? f o r  an  a c e t a t e  g roup ,  a t  1630, 1280 and 865 cm"' f o r  

a n i t r a t e  e s t e r  and a t  3440 and 10Q5 crn-I f o r  an  hydroxyl  group.  

Reduction o f  t n i s  m i x t u r e  w i t h  l i t h i u m  siurninium h y d r i d e  gave d i o l  

11-72a i n  an  o v e r a l l  y i e l d  of 80%. 



The o x i d a t i v e  and non-ox ida t ive  p h o t o a d d i t i o n  o f  NNP t o  3 -bu teny l  

t o s y l a t e  (11-70h) f a i l e d  t o  y i e l d  any a d d u c t s ;  t h e  u n r e a c t e d  

o l e f i n  was r e c o v e r e d  q u a n t i t a t i v e l y .  However, t h e  U.V.  a b s o r p t i o n  

due t o  t h e  n i t r o s o  chromophore disappea.red d u r i n g  t h e  i r r a d i a t i o n  

and NNP decompos i t ion  p r o d u c t s  such  a s  p i p e r i d i n e  and 

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

The o x i d a t i v e  p h o t o a d d i t i o n  o f  NNP t o  p - s u b s t i t u t e d  3-butenyl  

b e n z o a t e s  (11-70c t o  11-70e) ,  on t h e  o t h e r  hand,  a f f o r d e d  a d d u c t s  

i n  26-331 y i e l d  and t h e  u n r e a c t e d  o l e f i n  was recovered  i n  t h e  

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

amounts. Hydrogenation o f  t h e  m i x t u r e  i n  methanol  i n  t h e  p r e s e n c e  

o f  p l a t i n u m  o x i d e  gave  t h e  c o r r e s p o n d i n g  a l c o h o l s  11-72. 

The o x i d a t i v e  p h o t o a d d i t i o n  o f  NNP t o  3 -bu teny l  c h l o r i d e  and 

3 -bu teny l  bromide gave t h e  p e r c h l o r a t e  s a l t  o f  t h e  expec ted  adduc t  

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

o f  2-nitrato-5-azoniaspiro[4,5]decane (11-74,  38-469) which was - 
i s o l a t e d  from t h e  aqueous b a s i c  f r a c t i o n  by c o n t i n u o u s  e x t r a c t i o n ,  



The 

i n f r a r e d  

ester a t  

compound 11-74 analyzed c o r r e c t l y  f o r  CgH17N207C1 and i ts  - 
s p e c t r a  exh ib i t ed  c h a r a c t e r i s t i c  bands f o r  a n i t r a t e  

1643, 1293 and 870 cm-l . The n.m.r. spectrum of 11-74 - 
and t h e  assignments  a r e  shown i n  F igure  2.18. These assignments  

were confirmed by app rop r i a t e  s p i n  decoupl ing experiments .  The 

lowest  f i e l d  s i g n a l  ( o  4 .04)  was ass igned  t o  t h e  C-2 proton geminal 

t o  t h e  n i t r a t e  group,  and t h e  next  lowes t  f i e l d  resonance ( o 5.77) 

t o  t h e  C-1 protons.  The la t ter  were geminal ly  coupled t o  each 

.other ( J  = 14 Hz) and v i c i n a l l y  coupled t o  t h e  C-2 proton ( J  = 



F i g u r e  2.18 n,rn.r.  s p e c t r a  (100 MHz) o f  t h e  p e r c h l o r a t e  o f  2 - n i t r a t o -  
5-azonisspiro[4,5]decane (11-74): S o l v e n t :  Acetone 
a, double  i r r a d i a t i o n  o f  t h e  C-3 p r o t o n s ;  " d6 
b ,  doub le  i r r a d i a t i o n  o f  t h e  C-4 p r o t o n s ;  
c ,  doub le  i r r a d i a t i o n  o f  t h e  C-2 p r o t o n ;  
d ,  d o u b l e  i r r a d i a t i o n  of t n e  C-7, C-5 and C-9 p r o t o n s .  

( F i g u r e  2.18 c o n t i n u e d  on n e x t  page)  
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5.0 and 3.5 Hz). I r r a d i a t i o n  of t h e  C-4 p r o t o n s  a t  6.02 (ABXX' 

p a t t e r n  w i t h  Jgem = 5 Hz) showed t h a t  t h e  C-3 protoris ( 7.18) were 

g e m i n a l l y  coup led  t o  each  o t h e r  (J = 16 Hz) and v i c i n a l l y  coup led  

t o  t h e  C-2 p r o t o n  w i t h  c o u p l i n g  c o n s t a n t s  o f  7 and 4 Hz. 

2-3. O x i d a t i v e  and Non-Oxidative Photodecomposi t ion o f  

C - N i  t r o s o  Compounds 

S i n c e  a l l  C-n i t roso  compounds s t u d i e d  a r e  d i m e r i c ,  th roughout  

t h i s  s e c t i o n  i r r a d i a t i o n  was c a r r i e d  ou t  i n  a  Pyrex a p p a r a t u s  

( energy  c u t - o f f  (290 nm) s o  t h a t  b o t h  dimer  and monomer a b s o r p t i o n  

Sands were e x c i t e d ;  t h e  former  e x c i t a t i o n  promotes t h e  d i s s o c i a t i o n  

o f  d imer  t o  t h e  c o r r e s p o n d i n g  monomer [ 118 ] .  

I r r a d i a t i o n  of a methanol  s o l u t i o n  o f  t h e  a n t i - d i m e r  of t r a n s -  

1-nitroso-2-piperidinocyclohexane (=) c o n t a i n i n g  h y d r o c h l o r i c  

a c i d  a t  0-5' gave 2 -p ipe r id inocyc lohexanone  oxirne (&I-7) i n  

65-75% y i e l d .  The t a u t o r n e r i z a t i o n  was s low a t  room t e m p e r a t u r e  i n  

t h e  d a r k .  The c r u d e  p roduc t  showed no i n f r a r e d  a b s o r p t i o n  

c h a r a c t e r i s t i c  o f  e i t h e r  a  n i t r a t e  o r  a n i t r o  group.  Although 

t h e r e  were t r a c e  amounts o f  o t h e r  p r o d u c t s ,  t h e y  cou ld  n o t  be 

i s o l a t e d  i n  pure  form. 
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P h o t o o x i d a t i o n  o f  - m t i - d i n e r  11-6 i n  a  me thano l i c  s o l u t i o n  - 
c o n t a i n i n g  h y d r o c h l o r i c  a c i d  gave a  c rude  p roduc t  ( h y d r o c h l o r i d e  

s a l t s )  which e x h i b i t e d  weak i n f r a r e d  a b s o r p t i o n s  a t  1720 and 1635 

em-' and s t r o n g  a b s o r p t i o n s  a t  1550,  1450 and 1370 crn-' and which 



was shown t o  c o n t a i n  c i s -  - and trans-1-nitro-2-piperidinocyclohexane 

(11-75) a s  major p r o d u c t s  t o g e t h e r  w i t h  small amounts o f  c i s -  and -- - 
trans-I-nitrato-2-piperidinocyclohexane (11-8) and 2 -p ipe r id ino-  

cyclohexanone (11-10) .  These h y d r o c h l o r i d e  sa l t s  were hydrogenated 

i n  t h e  p r e s e n c e  of p l a t i n u m ,  and t h e n  n e u t r a l i z e d  t o  g i v e  a c rude  

m i x t u r e  o f  t h e  s t e r e o i s o m e r i c  amines  11-76 which,  on a c e t y l a t i o n  

fol lowed by  chroinatography, gave a s m a l l  amount o f  2 -p ipe r id inocyc lo -  

hexanol  (11-9) as w e l l  as c i s -  and trans-I-acetamido-2-piperidino- - - - 
cyclohexane (11-77) i n  t h e  approximate  r a t i o  2 :3  ( b y  n.m.r. a n a l y s i s ) .  .- ~- 
The n.m.r, spec t rum o f  a  ch romatograph ic  f r a c t i o n  c o n t a i n i n g  t r a n s  

11-77 a s  t h e  major product  ( c a .  85%) e x h i b i t e d  a  d o u b l e  t r i p l e t  - 
( J  = 4.0 and 10.0 Hz) a t  + 6.63 f o r  t h e  rnethine p ro ton  geminal  t o  

t h e  acetamido g roup .  T h i s  p a t t e r n  and t h e  magnitude o f  t h e  c o u p l i n g  

c o n s t a n t s  a r e  i n d i c a t i v e  of  a  t r a n s - d i a x i a l  a r ransement  f o r  t h e  - 
C-1 and C-2 p r o t o n s ,  The mass spect rum e x h i b i t e d  a  weak molecu la r  

i o n  peak a t  m/e 224. 

I n  t h e  n.m.r. s p e c t r a  o f  t h e  o t h e r  f r a c t i o n s  c o n t a i n i n g  bo th  c i s -  .- 

and trans-11-77,  two methyl s i g n a l s  f o r  t h e  a c e t y l  g roup  were - -- 
d e t e c t e d .  However, t h e  chemica l  s h i f t  o f  t n e  C-1 methine  proton 

o f  t h e  c i s - i somer  was a p p a r e n t l y  superimposed on t h a t  o f  t h e  - 
t r a n s - i s o m e r .  The s i g n a l s  due t o  t h e  methine a s  we l l  a s  t h e  methyl - 
p r o t o n s  o f  c i s -and  - t rans-11-77 were wel l  s p e a r a t e d  when t h e  n.rn.r. 

spect rum of t h e  m i x t u r e  was t a k e n  i n  t h e  p r e s e n c e  o f  tris 

( d i p i v a l o m e t h a n a t o )  europium. I n  agreement  wi th  a  c i s - i s o m e r  - b e i n g  



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

methyl  and methine  p r o t o n s  o f  t h e  cis-11-77 were s h i f t e d  much -- 
f a r t h e r  downf i e l d  t h a n  t h o s e  o f  trans-11-77,  -- 

The - a n t i - d i n e r  o f  trans-1-nitroso-2-chlorocyclohexane (11-78) was 

i prepared  by a d d i t i o n  o f  n i t r o s y l  c h l o r i d e  t o  cyclohexene [ M I .  
, 
I. O x i d a t i v e  i r r a d i a t i o n  o f  an t i -d imer  11-78 i n  a me thano l i c  s o l u t i o n  - - 

c o n t a i n i n g  p e r c h l o r i c  a c i d  o r  i n  a benzene s o l u t i o n  caused qu ick  

d i s a p p e a r a n c e  o f  t h e  an t i -d imer  a b s o r p t i o n  a t  295 nm and - 
p r e c i p i t a t i o n  o f  syn-dimer 11-78. During t h e  p h o t o l y s i s  i n  -- 

methanol  a new a b s o r p t i o n  a t  275 nm due t o  t h e  c o r r e s p o n d i n g  

syn-dimer was a l s o  obse rved .  After prolonged p e r i o d s  o f  i r r a d i a t i o n  .- 

n e c e s s i t a t e d  by t h e  p r e c i p i t a t i o n  o f  t h e  syn- isomer ,  t r a n s - l -  - 
nitro-2-chlorocyclohexane (11-79) and trans-1-nitrato-2-chlorocyclo- - 
hexane (11-80) were i s o l a t e d  by column chromatography a s  t h e  - 
major  p r o d u c t s .  Ana lys i s  o f  t h e  c r u d e  p roduc t  by v.p.c.  and n.m.r. 

showed it t o  c o n t a i n  t h e s e  two compounds i n  a p p r o x i m a t e l y  e q u a l  

amounts. Tne i n f r a r e d  spect rum o f  11-79 e x h i b i t e d  c h a r a c t e r i s t i c  
P 

b t 
bands f o r  a n i t r o  g r o u p  a t  1550 and 1370 cm-l. The n.m.r. spect rum 

showed a doub le  t r i p l e t  ( J  = 4.0 and 10.0 Hz) a t  r 5.495 f o r  t h e  

methine  p ro ton  geminal  t o  t h e  n i t r o  group and a n o t h e r  doub le  

t r i p l e t  ( J  = 4.0  and 10.0 Hz) a t  r 5.735 f o r  t h e  methine  p ro ton  
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geminal  t o  t h e  c h l o r i n e .  Hence, t h e s e  p r o t o n s  (C-I and C-2) must 

have a  t r a n s - d i a x i a l  ~- c o n f i g u r a t i o n .  

The i n f r a r e d  spect rum o f  n i t r a t e  11-80 - showed c h a r a c t e r i s t i c  bands 

a t  1630, 1280 and 875 cm-I f o r  a  n i t r a t e  group.  I n  t h e  n.m.r. 

spect rum of t h i s  compound, t h e  C-1 and C-2 methine  p r o t o n s  appeared  

a s  doub le  t r i p l e t s  ( J  = 4.0 and 8 .5  Hz) a t  7 5.02 and t 6.14 

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

p r o  t o n s .  



The c i s - i s o m e r  o f  11-79 was n o t  d e t e c t e d  i n  t h e  p h o t o l y s a t e  i n  - 
s p i t e  o f  c a r e f u l  chromatography. However, t h e  p r e s e n c e  o f  a  small 

amount o f  t h e  c i s - i somer  c o r r e s p o n d i n g  t o  11-80 was i n d i c a t e d  by - - 
t h e  appearance  of  a  small s h o u l d e r  i n  t h e  v.p.c.  peak if 11-80. - 
Some chromatograph ic  f r a c t i o n s  o f  11-80 a l s o  showed a  weak n.m.r .  - 
s i g n a l  a t  a b o u t  7 6.0 which may be  due t o  t h e  C H C l  p r o t o n  o f  t h e  

c i s - i somer .  The weak i n f r a r e d  bands a t  3400 and i n  t h e  900-1000 - 
cm-I r e g i o n ,  obse rved  i n  t h e  c r u d e  p roduc t  o b t a i n e d  from t h e  

p h o t o o x i d a t i o n  of  d imer  11-78 i n  methanol  s o l u t i o n ,  sugges ted  t h e  - 
p r e s e n c e  o f  a s m a l l  amount o f  t h e  c o r r e s p o n d i n g  oxime formed by 

t a u t o m e r i z a t i o n ,  b u t  was n o t  i s o l a t e d .  A l l  e f f o r t s  t o  s e l e c t i v e l y  

r e d u c e  t h e  n i t r a t e  g roup  o f  11-80 and t h e  n i t r o  g roup  o f  11-79 have - - 
fa i l ed  ; 

I r r a d i a t i o n  o f  an t i -d imer  11-78 i n  benzene s o l u t i o n  under  n i t r o g e n  - 
a f f o r e d  a w h i t e  c r y s t a l l i n e  compound which was shown t o  be t h e  

c o r r e s p o n d i n g  syn-dimer o f  11-78. The c r u d e  p roduc t  i s o l a t e d  from - .- 

t h e  benzene s o l u t i o n  e x h i b i t e d  i n f r a r e d  a b s o r p t i o n s  a t  1640,  1280 

and 880 cm-' c h a r a c t e r i s t i c  o f  a  n i t r a t e  and a t  1450 and 1210 cm-' 

f o r  an  a n t i - d i m e r ,  b u t  no a b s o r p t i o n s  f o r  a  n i t r o  group.  - 
Chromatography a f f o r d e d  pure  a n t i - d i m e r  11-78 and a  f r a c t i o n  which 

7 - 
was shown t o  c o n t a i n  trans-1-nitrato-2-chlorocyclohexane (11-80) - 
and cyc lohexy l  c h l o r i d e  (11-81) i n  n e a r l y  e q u a l  amounts.  V.p.c. 

a n a l y s i s  showed a  s m a l l  s h o u l d e r  on t h e  peak o f  t h e  t r a n s - n i t r a t e  - 
11-80 - which 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 o r r e s p o n d i n g  = - n i t r a t e .  



Photodecomposition o f  t h e  ant i -dimer 11-78 i n  methanol ic  s o l u t i o n  - - 

a d d i t i o n  t o  n i t r a t e  11-80 and cyc lohexyl  c h l o r i d e .  - 

II- 82 



CHAPTER 3 

DISCUSSION 

The o x i d a t i v e  and non-ox ida t ive  p h o t o a d d i t i o n  r e a c t i o n s  o f  

N-ni t rosamines  t o  v a r i o u s  o l e f i n s  w i l l  be  d i s c u s s e d  first followed 

by t h e  o x i d a t i v e  and non-ox ida t ive  pho to rea r rangements  o f  C-n i t roso  

compounds. 

3-1. O x i d a t i v e  and Non-Oxidative P h o t o a d d i t i o n  o f  N-Nitrosamines 

To O l e f i n s  

The p r imary  product  o f  t h e  p h o t o a d d i t i o n  ( u n d e r  an i n e r t  a tmosphere)  

o f  a n i t r o s a m i n e  t o  a n  o l e f i n  i s  a C-n i t roso  compound which may 

undergo v a r i o u s  the rmal  o r  photochemical  secondary  r e a c t i o n s ,  such  

a s  t a u t o m e r i z a t i o n  t o  t h e  c o r r e s p o n d i n g  oxime o r  d i m e r i z a t i o n  [21 ] .  

The t a u t o m e r i z a t i o n  may be  c a t a l y z e d  by a c i d s  o r  p r o t i c  s o l v e n t s  

[10 ,89 ,90 ,118]  o r  by l i g h t ;  t h e  l a t t e r  r e a c t i o n  w i l l  be 

d i s c u s s e d  l a t e r .  The secondary  pho to reac  t i o n s  o f  t h e  

C-n i t roso  compounds can be  minimized o r  c o m p l e t e l y  e l i m i n a t e d  

by a v o i d i n g  i r r a d i a t i o n  o f  t h e  C-n i t roso  dimer  a b s o r p t i o n  band 

a t  about  290 nm [ 4 O , l l 9 , l 2 O ] .  The improved y i e l d  

o f  - ant i -d imer  11-6 (Scheme 2 . 2 )  o b t a i n e d  when t h e  p h o t o a d d i t i o n  



was c a r r i e d  o u t  u s i n g  a n  a p p r o p r i a t e  f i l t e r  ( such  a s  nonex) 

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

I n  t h e  p r e s e n c e  of  oxygen,  t h e  r e a c t i o n  pathway i s  

d i v e r t e d  t o  t h e  fo rmat ion  o f  2-amino n i t r a t e  

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

method f o r  t h e  p r e p a r a t i o n  o f  n i t r a t e  e s t e r s  t h a t  r e q u i r e s  n e i t h e r  

s t r o n g  n i t r i c  a c i d  n o r  expens ive  s i l v e r  n i t r a t e .  Fur the rmore ,  

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

p r o t o n a t e d  amino n i t r a t e  e s t e r s  are s t a b l e  compounds, t h e  f r e e  b a s e s  

undergo decompos i t ion ,  t h e  m e c h a n i s t i c  pathway o f  which i s  s t r o n g l y  

i n f l u e n c e d  by the ne ighbour ing  amino group.  

3-1-1. Addi t ion  To Cyclohexene and 2 -Octa l in  .. -- --. 

The o x i d a t i v e  p h o t o a d d i t i o n  o f  NNP t o  cyclohexene g i v e s  a  m i x t u r e  

o f  c i s -  - and t r a n s - n i t r a t e  -- e s t e r s  11-8 -- i n  t h e  approximate  r a t i o  1:1.5. 

S i n c e  t h e  c i s - i s o m e r  undergoes  h y d r o l y t i c  decomposi t ion a t  a  f a s t e r  r a t e  - 
than  t h e  t r a n s - i s o m e r  ( s e e  S e c t i o n  5-4-3), t h e  r a t i o  o f  t h e  two n i t r a t e s  

p robab ly  much h i g h e r  t h a n  t h a t  i n d i c a t e d .  

It is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  a c e t a t e s  o f  c y c l o h e x a n o l s  11-9 - a r e  

hydrolyzed back t o  t h e  c o r r e s p o n d i n g  a l c o h o l s  d u r i n g  chromatography 

.on a lumina.  T h i s  e s t e r  h y d r o l y s i s  i s  undoubted ly  f a c i l i t a t e d  by t h e  



ne ighbour ing  amino g roup  [117,121]. S i n c e  p -n i t robenzoa te  i s  a b e t t e r  

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

d i d  occur  s o  r a p i d l y  ( d u r i n g  t h e  u s u a l  work-up) t h a t  t h e  e s t e r  c o u l d  
I ,  

n o t  be  i s o l a t e d .  

M e c h a n i s t i c a l l y ,  p h o t o a d d i t i o n  o f  a n i t rosa rn ine  t o  a n  o l e f i n  is  

i n i t i a t e d  by t h e  e l e c t r o p h i l i c  a t t a c k  o f  an arninium r a d i c a l  a t  

t h e  T-bond r e s u l t i n g  i n  t h e  fo rmat ion  o f  a n  i n t e r m e d i a t e  r a d i c a l  

p a i r  such  a s  111-1 which,under  an  i n e r t  a tmosphere ,  c o l l a p s e s  t o  - 
C-ni t roso  compound 11-5. The l a c k  o f  t e l o m e r  fo rmat ion  d u r i n g  - 
p h o t o a d d i t i o n  t o  s t y r e n e  C891 s u g g e s t s  t h a t  t h i s  s t e p  (111-1 - --+ 

11-5) proceeds  v e r y  fast,, - 



- Dimer 11-6 

Scheme 3.1 
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The s t e r e o s p e c i f i c  formation o f  trans-1-nitroso-2-dimethylamino- 

cyclohexane observed by previous workers [120] and of  t h e  corresponding 

p ipe r id ino  compound &5 obtained i n  t h e  p re sen t  work provides  f u r t h e r  

i n d i c a t i o n s  t h a t  t h e  r a t e  o f  r a d i c a l  combination ( 111-1 - - 11-51 

is  much f a s t e r  than  t h e  r a t e  o f  t h e  cyclohexane r i n g  

inve r s ion  i n  111-1. 

I n  t h e  presence  of oxygen, t h e  photoreac t ion  i s  c l e a n l y  d i v e r t e d  

t o  t h e  formation of n i t r a t e s  II-8 (Scheme 2 .2) .  The C-nitroso 

dimer II-6 i s  n o t  n e c e s s a r i l y  an i n t e rmed ia t e  i n  t h i s  ox ida t ion  

process  s i n c e  ox ida t ion  oocurs  e x c l u s i v e l y  even i f  i r r a d i a t i o n  i s  

c a r r i e d  ou t  wi th  an a p p r o p r i a t e  f i l t e r  system t o  avoid t h e  i r r a d i a t i o n  

o f  t h e  C-nitroso dimer absorp t ion  band. Furthermore, t h e  products  

a r i s i n g  from t h e  o x i d a t i v e  pho toadd i t i on 'o f  N-nitrosamines t o  a lkenes  

and from t h e  o x i d a t i v e  photorearrangement o f  C-nitroso compounds a r e  

q u i t e  d i f f e r e n t  ( v i d e  i n f r a )  . Therefore ,  i t  i s  envisaged t h a t  

oxygen i n t e r c e p t s  t h e  i n t e rmed ia t e  r a d i c a l  p a i r  111- 1 before  

i t s  c o l l a p s e  t o  C-nitroso compound 3. This  ox ida t ion  may fo l low 

e i t h e r  one o f  t h e  two p o s s i b l e  r o u t e s  shown i n  Scheme 3.1 t o  g i v e  

r a d i c a l  p a i r  111-2 o r  111-7. Peroxy n i t r i t e  111-4 formed from 111-3, would 
P 

be expected t o  be an uns t ab l e  s p e c i e s  which r ea r r anges  r a p i d l y  t o  

n i t r a t e  u, ve ry  l i k e l y  by peroxy bond s c i s s i o n  [122]. The r a t e  

of r a d i c a l  combination [123,124] (111-1-11-5) is  comparable 

t o  t h e  r a t e  of  e i t h e r  ox ida t ion  process  (111-1 

-111-2 o r  111-3) a s  demonstrated by t h e  p a r t i a l  formation 



of  C-n i t roso  compound 11-5 under  a  l i m i t e d  s u p p l y  o f  oxygen. When 

s u f f i c i e n t  oxygen i s  s u p p l i e d ,  r a d i c a l  p a i r  111-1 is  comple te ly  

i n t e r c e p t e d  a s  ev idenced  by t h e  absence  o f  an  U.V.  a b s o r p t i o n  band 

a t  290 nm c h a r a c t e r i s t i c  o f  t h e  C-n i t roso  d imer .  Assuming t h a t  

t h e  o x i d a t i o n  h a s  a d i f f u s i o n - c o n t r o l l e d  r a t e  c o n s t a n t  ( k l  o r  k2 = 

10 1  1 10 M' s- ) [ 1251, t h e  upper  l i m i t  o f  t h e  rate o f  r a d i c a l  

8 combinat ion (k ) can  be  e s t i m a t e d  t o  be 4.5 x  10 s" a t  a n  3 

oxygen c o n c e n t r a t i o n  o f  4 . 5 ~ 1 0 ' ~ ~  a t  25' CI261. 

K i n e t i c  s t u d i e s  i n  t h e  g a s  phase  have shown t h a t  t h e  r e a c t i o n  o f  NO 

w i t h  oxygen i s  complex,  and - a p r i o r i  p r e d i c t i o n  o f  t h e  r e l a t i v e  

impor tance  o f  t h e  two o x i d a t i o n  p r o c e s s e s  (111-1-111-2 

o r  111-3) i n  t h e  l i q u i d  phase  is  i m p o s s i b l e  [1271.  The c l e a n  n i t r a t e  

fo rmat ion  s u g g e s t s  t h a t  oxygen d o e s  n o t  a t t a c k  t h e  r a d i c a l  p a i r  i n  

a  random manner. S i n c e  t h e  r a t e  o f  o x i d a t i o n  (111-1-111-2 o r  

111-3) i s  f a s t e r  t h a n  t h a t  o f  t h e  r a d i c a l  combinat ion (111-1 - 
11-51,  t h e  pathway 111-1 -111-3 -111-4 -IB (Scheme 3 .1)  

shou ld  have s t e r e o s p e c i f i c a l l y  a f f o r d e d  t r a n s - n i t r a t e  11-8 - assuming 

peroxy n i t r i t e  111-4 r e a r r a n g e s  t o  11-8 by peroxy bond s c i s s i o n .  Th i s  -- 
pathway i s  c l e a r l y  u n t e n a b l e  s i n c e  e x p e r i m e n t a l l y  we have observed 

sc rambl ing  o f  t n e  s t e r e o c h e m i s t r y  i n  n i t r a t e  m. I n  a d d i t i o n ,  t h e  

peroxy n i t r i t e  - 111-4 would be expec ted  t o  undergo r a p i d  e l i m i n a t i o n  

o f  an a-hydrogen t o  g i v e  a c a r b o n y l  compound C1223. Although some 

c a r b o n y l  compounds have been o b t a i n e d  i n  c e r t a i n  o x i d a t i v e  p h o t o a d d i t i o n  

r e a c t i o n s ,  t h e  r e s u l t s  i n d i c a t e  t h a t  they  a r i s e  from t h e  b a s e  



c a t a l y z e d  e l i m i n a t i o n  o f  a-hydrogen from n i t r a t e  e s t e r s  r a t h e r  than  

from peroxy n i t r i t e  i n t e r m e d i a t e s .  

The a l t e r n a t i v e  pathway 111-1 -111-2-11-8 i s  c o n s i d e r e d  

more l i k e l y  and accommodates t h e  e x p e r i i i e n t a l l y  observed 

s t e r e o c h e m i s t r y .  The c y c l o h e x y l  r a d i c a l  111- 1 i s  expec ted  t o  

combine w i t h  n i t r o g e n  t r i o x i d e  more s l o w l y  t h a n  it undergoes  r i n g  

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

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

o f  n i t r o g e n  t r i o x i d e  which h a s  been proposed t o  a t t a c k  benzene 

fol lowed by t h e  n i t r a t e  r ea r rangement  l e a d i n g  t o  t h e  n i t r o p h e n o l s  C61. 

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

o f  ~ i - n i t r o s a m i d e s ,  n e i t h e r  oxygen n o r  NO i s  known t o  a t t a c k  t h e  

benzene n u c l e u s ;  a  peroxy r a d i c a l  a t t a c k  r e q u i r e s  a c i r c u i t o u s  

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

F i n a l l y ,  i t  i s  i n p o r t a n t  t o  mention t h a t  oxygen d o e s  n o t  quench 

t h e  e x c i t e d  s t a t e s  of  N-ni t rosamines  from which t h e  pr imary 

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

a  t r i p l e t  s t a t e  i s  s u s c e p t i b l e  t o  quenching by oxygen [ l 2 8 , 1 2 9 ] ,  i t  

may b e  sugges ted  t h a t  t h e  pho to reac  t i o n  i n v o l v e s  s i n g l e t  

s t a t e s  o f  t h e  n i t r o s o  compounds. T h i s  h a s  been v e r i f i e d  by k i n e t i c  

s t u d i e s  u s i n g  f l a s h  e x c i t a t i o n  [38) .  



The h y d r o c h l o r i d e  of n i t r a t e  11-8 a r e  s t a b l e  compounds, but  t h e  

c o r r e s p o n d i n g  f r e e  b a s e s  r a p i d l y  undergo s o l v o l  y t  i c  decomp- 

o s i t i o n  a s s i s t e d  by t h e  ne ighbour ing  amino group.  Among t h e  

v a r i o u s  decomposi t ion pathways,  t h e  n u c l e o p h i l i c  d i sp lacement  r e a c t i o n  

g i v i n g  a l c o h o l  - 11-9 and t h e  e l i m i n a t i o n  o f  a-hydrogen r e a c t i o n  g i v i n g  

ke tone  11-10 predominate  and accoun t  f a r  35% and 30% o f  t h e  p r o d u c t s ,  

r e s p e c t i v e l y .  No p - e l i m i n a t i o n  l e a d i n g  t o  o l e f i n  h a s  been d e t e c t e d .  

A new mode of n i t r a t e  decomposi t ion i n v o l v i n g  t h e  c l e a v a g e  of  t h e  

C, - C2 bond a s s i s t e d  by t h e  l o n e - p a i r  e l e c t r o n s  o f  t h e  amino 

group h a s  a l s o  been observed and a c c o u n t s  f o r  approx imate ly  10% of  

t h e  p r o d u c t s  ( s e e  Scheme 2 . 3 ) .  The o x i d a t i v e  p h o t o a d d i t i o n  o f  NND 

t o  t r a n s - 2 - o c t a l i n  gave a  m i x t u r e  o f  s t e r e o i s o m e r i c  amino n i t r a t e s  

which,  on decomposi t ion under b a s i c  c o n d i t i o n s ,  d i d  no t  g i v e  t h e  

c o r r e s p o n d i n g  d i a l d e h y d e ;  t h e  major  p r o d u c t s  were cyc lohexano l  and 

cyclohexanone d e r i v a t i v e s .  A s  w i l l  be s e e n  i n  t h e  for thcoming 

s e c t i o n ,  t h e  s t r u c t u r a l  f e a t u r e s  of t h e  amino n i t r a t e  undoubtedly  

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

3-1-2. Addi t ion  To B i c y c l o [ 2 , 2 , l ] h e p t e n e  

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

n i t r o s a d h e  t o  b i c y c l o ~ 2 , 2 , 1 ~ h e p t e n e  was e x p e c t e d  t o  be s t r o n g l y  

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

dimethylaminium r a d i c a l ,  i s  e q u i v a l e n t  i n  s i z e  t o  a n  i s o p r o p y l  r a d i c a l .  



The obse rved  p r e f e r e n c e  o f  aminium r a d i c a l  a t t a c k  from t h e  

exo-s ide  of norbornene i s  i n  a c c o r d a n c e  wi th  t h i s  e x p e c t a t i o n  [ 551. - 
The subsequen t  approach  o f  n i t r o g e n  t r i o x i d e  is  determined n o t  o n l y  

by t h e  s t e r i c  b u l k  of t h e  amino s u b s t i t u e n t  i n  t h e  e s - 2 - p o s i t i o n  

but  a l s o  by t h e  t o r s i o n a l  s t r a i n  o p e r a t i n g  i n  t h e  o p p o s i t e  d i r e c t i o n  

C69,1301. Thus,  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  NNP o r  NND a f f o r d e d  

bo th  =-cis-  and t r a n s - n i t r a t e  e s t e r s  11-31 and 11-30 (Scheme 2 . 6 ) .  - - 
U n f o r t u n a t e l y ,  a l l  e f f o r t s  t o  d e t e r m i n e  t h e  r a t i o  o f  t h e  i s o m e r s  

have f a i l e d  due t o  t h e i r  r a p i d  decompos i t ion  d u r i n g  i s o l a t i o n .  

The p r o b a b l e  decomposi t ion pathways o f  11-30 and 11-31 

a r e  summarized i n  Scheme 2 .6 .  While some o f  t h e s e  pathways have been 

e x p e r i m e n t a l l y  v e r i f i e d  ( e  .g . ,  11-36 -TT-35 and II-3!2-- 11-39 ) , 
-C- 

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

s o l v o l y t i c  c h e m i s t r y  o f  n o r b o r n y l  sys tems  [ 131 ] and ne ighbour ing  

g roup  p a r t i c i p a t i o n s  [117,1211. S i n c e  e o - n i t r a t e  11-39 s o l v o l y z e s  

o n l y  i n  i t s  unpro tona ted  form, t h e  r e a c t i o n  i s  undoubtedly  f a c i l i t a t e d  

by p a r t i c i p a t i o n  o f  t h e  ne ighbour ing  amino g r o u p ,  and t h e  

i n t e r m e d i a t e  a z i r i d i n i u m  i o n  11-32 may be p o s t u l a t e d .  The a z i r i d i n i u m  

i o n  i n t e r m e d i a t e  11-32 i s  r a p i d l y  c o n v e r t e d  t o  n o n - c l a s s i c a l  

ca rbon iun  i o n  11-33 and e v e n t u a l l y  t o  exo-alcohol  - - 11-3 i n s t e a d  o f  

d i r e c t l y  r e a c t i n g  w i t h  hydroxide  ion  t o  g i v e  a o - a l c o h o l  11-34, a s  

t h e  l a t t e r  compound was n o t  i s o l a t e d  a f t e r  prolonged t r e a t m e n t  wi th  

base .  The i o n i z a t i o n  o f  e z - n i t r a t e  11-31 t o  11-33 i s  

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



i n  norbornyl  systems [131]. The c a t i o n i c  cha rge  may a l s o  be 

s t a b i l i z e d  by t h e  n i t rogen  lone-pa i r  e l e c t r o n s  but  on ly  t o  a smal l  

e x t e n t  s i n c e  subsequent ly  hydroxide ion approaches s t e r e o s p e c i f i c a l l y  

from t h e  exo-face a t  t h e  2-pos i t ion  t o  g i v e  exo-alcohol 11-35, The - - - 
m e r i t  o f  the pathway 11-33 - -+ 11-35 may be quest ioned because o f  

t h e  absence of  rearrangement products  such as 11-36. (However a l coho l  11-36 - 
may have been formed i n  very  small  amounts and,  t h e r e f o r e ,  escaped 

d e t e c t i o n ) .  A l t e r n a t i v e l y ,  i t  may be suggested t h a t  t h e  +amino 

group a f f e c t s  t h e  p o s i t i o n  o f  t h e  e n t r y  o f  hydroxide ion.  

Endo-alcohol 11-34 is der ived  s o l e l y  from t h e  immediate LAH - - 
r educ t ion  o f  endo-n i t ra te  11-30 before  i t s  decomposition s i n c e  -.-- - 
extended b a s i c  t rea tment  o f  n i t r a t e s  11-30 and 11-31 a f f o r d s  on ly  - - 
em-a l coho l  11-35. I n  t heo ry ,  endo-alcohol 11-34 could a l s o  be - - - - 
obta ined  from LAH r educ t ion  o f  ketone 11-37 which, however, i s  - 
formed only  i n  very  low y i e l d  dur ing  b a s i c  decomposition. 

The a - e l i m i n a t i o n  o f  HN02 from n i t r a t e s  11-30 and 11-31 is  a minor 

s i d e  r e a c t i o n  and r e q u i r e s  t h e  a s s i s t a n c e  of hydroxide ion s i n c e  

i t  occurs  o n l y  i n  aqueous b a s i c  s o l u t i o n  t o  g i v e  a small amount of  

ketone - 11-37. A l t e r n a t i v e l y ,  n i t r a t e s  11-30 - and 11-31 can e l i m i n a t e  

n i t r i t e  i on  concomitant ly  c l e a v i n g  t h e  C -C bond t o  g i v e  2 3 

immonium s a l t  .- 11-38, a p roces s  which obvious ly  r e q u i r e s  a s s i s t a n c e  

from t h e  lone-pa i r  e l e c t r o n s  of t he  amino group s i n c e  it  occurs  

on ly  wi th  t h e  f r e e  base; b a s i c  hyd ro lys i s  of 11-38 - l e a d s  t o  dialdehyde 11-fl. 



T h i s  c l e a v a g e  pathway i s  undoubted ly  

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

h e t e r o l y t i c  f r a g m e n t a t i o n  r e a c t i o n  [132] ;  

f a c i l i t a t e d  by a  r e l i e f  

and c o n s t i t u t e s  a  novel  

it probab ly  r e q u i r e s  a n  

a n t i - p e r i p l a n a r  ar rangement  o f  t h e  f u n c t i o n a l  groups  & 2 , 9 3  1. T h i s  - 
p o s t u l a t e  i s  suppor ted  by t h e  f a c i l e  c l e a v a g e  o f  trans-amino 

n i t r a t e  11-30 t o  form d ia ldehyde  11-39. However, t h e r e  i s  no - 
p o s i t i v e  p roof  t h a t  2-amino n i t r a t e  11-31 w i t h  t h e  cAs,e=-arrangement 

d o e s  n o t  c l e a v e  i n  t h e  same manner. I n  v iew o f  t h e  c o p i o u s  y i e l d  

o f  11-39 i t  i s  p r o b a b l e  t h a t  11-31 a l s o  undergoes  t h i s  c l e a v a g e  

r e a c t i o n  b u t  pe rhaps  n o t  a s  e x t e n s i v e l y  as 11-30. 

3-1-3. Addi t ion  To Bicyclo[2,2,1Sheptadiene 

It is  w e l l  e s t a b l i s h e d  t h a t  t h e  f r e e - r a d i c a l  a d d i t i o n  t o  norbornad iene  

can proceed by e i t h e r  hornoconj u g a t i v e  o r  1  , 2 - a d d i t i o n  depending 

upon t h e  c h a i n  t r a n s f e r  c o n s t a n t s  o f  t h e  addenda used [55 ,133] .  The 

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 m i n e  t o  bicyclo[2,2,1]heptadiene h a s  

been found t o  proceed p r e f e r e n t i a l l y  by hornoconjugative a d d i t i o n  t o  y i e l d  

t r i c y c l i c  n i t r a t e s  11-45 and 11-46 a s  t h e  major p r o d u c t s  (Scheme 2.8) .  

A c a r e f u l  examinat ion o f  t h e  product  m i x t u r e  a l s o  r e v e a l e d  t h e  form- 

a t i o n  o f  s m a l l s  amount o f  1 ,2 -adduc t s  - 11-47 and 11-48. The s t r u c t u r e s  

o f  11-45 and 11-46 r e v e a l  t h a t  t h e  aminium r a d i c a l  a t t a c k s  t h e  

doub le  bond e x c l u s i v e l y  from t h e  - e x o - d i r e c t i o n  i n  agreement wi th  t h e  

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



n e p t a d i e n e  [ 55 ] .  The i n t e r m e d i a t e  n o r t r i c y c l e n e  r a d i c a l  

111-6, formed by r e a r r a n g e m e n t  o f  t h e  i n i t i a l l y  formed 

n o r b o r n e n y l  r a d i c a l  111-5, s h o u l d  be  a b l e  t o  combine w i t h  n i t r o g e n  .- 
\ 

t r i o x i d e  f rom b o t h  t h e  exo-and t h e  e n d o - d i r e c t i o n  t o  g i v e  n i t r a t e s  - - 
11-46 and 11-45. Both o f  t h e s e  p r o d u c t s  have  been  f o u n d ,  w i t h  t h e  

e x o - n i t r a t e  11-46 p r e d o m i n a t i n g .  Amino g r o u p  a s s i s t e d  s o l v o l y s i s  
<- 

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

Scheme 3 - 2  
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consequence o f  t h e  l a r g e  d i s t a n c e  between t h e  amino and t h e  n i t r a t e  

moiety  . 

The s t e r e o c h e m i s t r y  o f  t h e  t r i c y c l i c  n i t r a t e s  11-45 and 11-46 h a s  

been deduced from t h a t  o f  t h e  c o r r e s p o n d i n g  a l c o h o l s  o b t a i n e d  by LAH 

r educ t ion(Scheme2 .9 ) .  The a3signment o f  t h e  exo- and endo-config- - 
u r a t i o n s  f o r  a l c o h o l s  11-50 and 11-49, r e s p e c t i v e l y ,  is  based on - 
n.m.r. a n a l y s i s  ( s e e  R e s u l t s ,  S e c t i o n  2-2-5) and is c o n s i s t e n t  w i t h  t h e  

e f f e c t  o f  Eu(DPM)~ on t h e  r e s o n a n c e  p o s i t i o n s  o f  v a r i o u s  p ro tons .  

Although t h e  s u b s t r a t e  molecu les  c o n t a i n  two donor f u n c t i o n s  ( O H  

and N ( C H ~ ) ~ ) ,  t h e  complexat ion o f  t h e  europium is expec ted  t o  

occur  p r e f e r e n t i a l l y  a t  t h e  oxygen atom s i n c e  t h e  v i c i n i t y  o f  t h e  

n i t r o g e n  atom i s  s t e r i c a l l y  more crowded [134,135] .  

The paramagnet ic  s h i f t s  induced by E u ( D P M ) ~  a r e  predominant ly  o f  

t h e  pseudocon tac t  t y p e  and have t h e r e f o r e  a  I / R ~  dependency,  where 

R i s  t h e  v e c t o r  d i s t a n c e  between t h e  complexed europium i o n  and t h e  

p r o t o n  i n  q u e s t i o n  [112 ,136] .  However, R i s  d i f f i c u l t  t o  d e f i n e  due 

t o  t h e  u n c e r t a i n t y  i n  t h e  p r e c i s e  l o c a t i o n  o f  t h e  co-ord ina ted  

europium i o n .  Hence, t h e  d i s t a n c e  between t h e  hydroxyl  oxygen atom 

and t h e  p r o t o n s  i n  q u e s t i o n  h a s  been t aken  a s  a n  approx imat ion  [112] .  

An examina t ion  o f  molecu la r  models o f  =-a lcohol  11-50 and 

endo-alcohol  11-49 r e v e a l s  t h a t  i n  t h e  s o - i p o m e r  t h e  HTS p ro ton  - 

is  v e r y  c l o s e  (2 .55  8 )  t o  t h e  hydroxyl  oxygen atom w h i l e  i n  t h e  

endo-isomer t h e  endo H5 p r o t o n  i s  c l o s e  ( 2 . 5 5  f )  t o  t h e  oxygen - 



atom. Fur the rmore ,  i n  t h e  =-conf igura t ion  t h e  d i f f e r e n c e  between 

t h e  oxygen-HTs and t h e  oxygen-H7, d i s t a n c e  i s  l a r g e  whi le  i n  t h e  

endo-conf igura t ion  bo th  o f  t h e s e  p r o t o n s  a r e  a t  a  comparable d i s t a n c e  - 
from t h e  oxygen atom. I n  agreement w i t h  t h e s e  c o n s i d e r a t i o n s  a l c o h o l  

11-50 showed a  l a r g e r  induced s h i f t *  (4.94 ppm) f o r  t h e  H7, p ro ton  - 
than  f o r  t h e  H5 p r o t o n  ( 1  4 6  ppm) w h i l e  a l c o h o l  11-49 showed a l a r g e r  

s h i f t  f o r  t h e  H5 p r o t o n  (2.66 ppm) t h a n  f o r  t h e  H7, p ro ton  ( 1  -01 ppm) . 

Also ,  t h e  s h i f t  d i f f e r e n c e  between t h e  H7s and t h e  HTa p ro ton  was 

o n l y  0.1 1 pprn i n  t h e  isomer 11-49 b u t  2.57 ppm i n  t h e  isomer 11-50 - 
( s e e  R e s u l t s ,  Table  2-7 and 2 - 8 ) .  T h i s  c o r r e l a t i o n  o f  t h e  p ro ton  

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

s t e r e o c h e m i c a l  a s s ignments  f o r  t h e  a l c o h o l s  11-49 and 11-50. 

3-1-4. Addi t ion  t o  5-Methylenebicyclo[2,2,l]hept-2-ene 

The non-ox ida t ive  p h o t o a d d i t i o n  o f  N N D  t o  5-methylenebicyclo-  

[2 ,2 ,1 ]hep t -2 -ene  proceeded by ~ o t h  homoconjugative and 1 , 2 - a d d i t i o n  

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

The r e s u l t s  i n d i c a t e  t h a t  t h e  a t t a c k  o f  t h e  aminium r a d i c a l  occur red  

e x c l u s i v e l y  a t  t h e  e x o c y c l i c  d o u b l e  bond. T h i s  i s  i n  agreement  wi th  

t h e  l i t e r a t u r e  r e p o r t  t h a t  t h e  e x o c y c l i c  d o u b l e  bond o f  5-methylene- 

* a l c o h o l :  2 x l 0 - ~  mol; E U ( D P M ) ~ :  0 . 3 x 1 0 - ~  rnol 



b i c y c l o C 2 , 2 , l ] h e p t e n e  i s  abou t  4 .4  t i m e s  n o r e  r e a c t i v e  

than  t h e  e n d o c y c l i c  doub le  bond toward t r i c h l o r o m e t h y l  r a d i c a l s  

[82,1371.  The fo rmat ion  o f  a  t r i c y c l e n e  d e r i v a t i v e  i s  n o t  unexpected 

s i n c e  i t  h a s  been demonstra ted  t h a t  t r i c y c l e n e  i t s e l f  is  

thermodynamical ly  more s t a b l e  t h a n  norbornene [138] .  F u r t h e r ,  t h e  

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

f a c i l i t a t e  homoconj u g a t i v e  a d d i t i o n .  

As mentioned e a r l i e r ,  t h e  p r imary  photoproduct  i n  t h e  non-ox ida t ive  

p h o t o a d d i t i o n  of  a  n i t r o s a m i n e  t o  an  o l e f S n  i s  a C-n i t roso  compound [ 2 1 ]  

which,  hav ing  an a-hydrogen atom, undergoes  i r r e v e r s i b l e  tautomer- 

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

oxime [ 2 1 ] .  T h i s  t a u t o r n e r i z a t i o n  r o u t e  i s  blocked i n  C-ni t roso 

compounds such  as 11-52 which c o n t a i n  no a-hydrogen a toms.  Such 

t e r t i a r y  n i t r o s o  compounds also undergo d i m e r i z a t i o n  b u t  s lowly  due 

t o  s t e r i c  h i n d r a n c e ;  t h e  p r e s e n c e  o f  an a-aqmonium group  

l e a d s  t o  a hydrogen-bonded monomeric forin [a91 which can 

undergo i n t r a m o l e c u l a r  p ro ton  t r a n s f e r  wi th  concomi tan t  

c l e a v a g e  o f  t h e  carbon-carbon bond t o  g i v e  11-55 

a s  shown i n  Scheme 3.3.  A *-coplanar 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  groups  h a s  been r e p a r t e d  t o  be a  n e c e s s a r y  s t e r e o c h e m i c a l  

r e q u i r e m e n t ,  and a  c y c l i c  t r a n s i t i o n  s t a t e  h a s  been proposed f o r  t h e  

c l e a v a g e  mechanism [ 1391. However, t h i s  c l e a v a g e  i s  o n l y  a  minor 

r e a c t i o n  o f  t h e  C-n i t roso  compound 11-52 s i n c e  oxime 11-55 is  

o b t a i n e d  i n  low y i e l d .  A l t e r n a t i v e l y ,  -- 11-52 may undergo i n t r a m o l e c u l a r  



proton t r a n s f e r  with migrat ion of t he  C c bond t o  t h e  n i t r o s o  
1- 2 

n i t rogen  atom t o  g ive  the  carbonium ion  in t e rmed ia t e  111-7 which i s  - 
converted t o  t h e  azab icyc l i c  compound d 3 3  by e l imina t ion  of  a .- 

proton. The apparent  preference  o f  - 11-52 t o  undergo t h i s  

III - 7 

Scheme 3.3 
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rearrangement r a t h e r  than the prev ious ly  desc r ibed  cleavage r e a c t i o n  

is probably due t o  t h e  f a c t  t h a t  i t  r e s u l t s  i n  t h e  

p a r t i a l  relief o f  b i c y c l i c  r i n g  s t r a i n .  
I 

Migrat ion of t h e  C2-C3 bond i s  a l s o  p o s s i b l e  and would g ive  r i s e  
I 

t o  t h e  a z a b i c y c l i c  compound 111-9. However, migra t ion  o f  t h e  a l l y l i c  
c--. 

C1-C2 bond i s  found t o  be t h e  p re fe r r ed  pathway. Though t h e  

con f igu ra t i on  o f  t h e  n i t r o s o  group i n  11-52 has  no t  been confirmed, i t  - 
i s  assumed t o  be endo on t h e  b a s i s  o f  a s t e r i c  cons ide ra t i on  o f  t h e  

a d d i t i o n  process .  

The non-oxidat ive photoaddi t ion o f  NND t o  5-methylenebicyclo[2,2,1]- 
I 
I 

hept-2-ene i n  bromotrichloromethane has  been shown t o  proceed by I 

! I  
homoconjugative a d d i t i o n  t o  g i v e  t h e  s a t u r a t e d  t r i c y c l i c  bromides 21-60 Ill 

IlI 

and 11-61 i n  t h e  r a t i o  1 : l .  F a i l u r e  t o  d e t e c t  any 1,2-adduct may be - 
due t o  i t s  f a c i l e  rearrangement t o  t h e  t r i c y c l i c  bromides dur ing  t h e  I 

I 

work-up. A l t e r n a t i v e l y ,  it may be a consequence o f  s t e r i c  crowding 

near  t h e  r a d i c a l  c e n t r e ,  wich i n h i b i t s  t h e  approach o f  t h e  bulky 

bromotrichloromethane molecule.  

3-1-5. Addition t o  1 ,s-Cyclooctadiene and 1.3-Cyclohexadiene 

The o x i d a t i v e  photoaddi t ion  of NND t o  1 ,5-cyclooctadiene apparen t ly  pro- 

ceeds  s o l e l y  by t h e  normal 1 ,2-addi t ion  r o u t e  t o  g i v e  t r a n s - n i t r a t e  11-62 

and t h e  oxab icyc l i c  e t h e r s  11-65 and 11-66(~cheme2.15). The absence o f  



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

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

pent-4-enyl sys tem,  such  as 111-10, due t o  t h e  poor o v e r l a p  between 

t h e  o r b i t a l s  o f  t h e  r a d i c a l  c e n t r e  and o f  t h e  d o u b l e  bond [871. 

Fur the rmore ,  r a p i d  combinat ion of r a d i c a l  111- 10 w i t h  n i t r o g e n  -.- 

t r i o x i d e  would r e s u l t  i n  p r e f e r e n t i a l  1 , 2 - a d d i t i o n .  It a p p e a r s  t h a t  

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

such a s  111-10 o n l y  w i t h  t h o s e  addenda,  l i k e  C C 1 4 ,  which a r e  s low .---.- 

c h a i n  t r a n s f e r  a g e n t s  [ 5 3 , 8 4 , 1 4 0 ]  o r  when t h e  r a d i c a l  c o n t a i n s  

s t r u c t u r a l  f e a t u r e s  t h a t  t end  t o  r e t a r d  1 , 2 - a d d i t i o n ,  

e  .g. , s t e r i c  crowding n e a r  t h e  r a d i c a l  c e n t r e  such as i s  

observed i n  r a d i c a l  111-1 1 [140] .  



Our r e s u l t s  i n d i c a t e  t h a t  t r a n s - n i t r a t e  11-62 i s  s t a b l e  under  t h e  - -. 

p h o t o a d d i t i o n  c o n d i t i o n s  and can be  i s o l a t e d  as t h e  c o r r e s p o n d i n g  

a l c o h o l  a f t e r  LAH r e d u c t i o n ,  F a i l u r e  t o  d e t e c t  c i s - n i t r a t e  11-63 

( o r  t h e  c o r r e s p o n d i n g  a l c o h o l )  may be  due t o  i t s  f a c i l e  r ea r rangement  

t o  t h e  o x a b i c y c l i c  e ther is  11-65 and 11-66 by e l i m i n a t i o n  o f  n i t r i t e  - - 
i o n  a s s i s t e d  by t r a n s a n n u l a r  R - e l e c t r o n  m i g r a t i o n  t o  t h e  e l e c t r o n -  

d e f i c i e n t  oxygen atom. T h i s  t y p e  o f  r ea r rangement  h a s  been h i t h e r t o  

unknown a l t h o u g h  t r a n s a n n u l a r  T - e l e c t r o n  p a r t i c i p a t i o n  h a s  been 

f r e q u e n t l y  observed i n  r e a c t i o n s  o f  medium s i z e d  r i n g s  [ 11 6 ,14I - l43] .  

Examination o f  molecu la r  models s u g g e s t s  t h a t  t h e  c y c l o o c t e n y l  

n i t r a t e s  11-62 and 11-63 e x i s t  p r e f e r e n t i a l l y  i n  a  t w i s t - b o a t -  

c h a i r  conformat ion  t o  minimize non-bonded i n t e r a c t i o n s .  

I n  t h e  c a s e  o f  t h e  c i s - i somer  - (11-63) w i t h  t h e  .- 

n i t r a t e  g roup  occupying a  pseudoax ia l  p o s i t i o n ,  t h e  ~ - l o b e s  l i e  i n  

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

between t h e  d e v e l o p i n g  empty p - o r b i t a l  of t h e  l a t t e r  and t h e  p - o r b i t a l s  

o f  t h e  d o u b l e  bond can o c c u r .  Such T - e l e c t r o n  p a r t i c i p a t i o n  i s  

e v i d e n t l y  n o t  f a v o u r a b l e  i h  t h e  c a s e  o f  t r a n s - n i t r a t e  11-62 where t h e  

n i t r a t e  g roup  o c c u p i e s  t h e  more s t a b l e  p s e u d o e q u a t o r i a l  p o s i t i o n .  
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It is  l i k e l y  t h a t  t h e  afore-ment ioned t r a n s a n n u l a r  r ea r rangement  

o f  - c i s - n i t r a t e  11-63 may i n v o l v e  t h e  i n t e r m e d i a c y  o f  an oxonium i o n  

(111-12) s i m i l a r  t o  t h e  one  proposed f o r  t h e  a c e t o l y s i s  o f  

9-oxabicyclo[4,2,l]nonan-2-yl b r o s y l a t e s  t o  y i e l d  a m i x t u r e  o f  ends-9- -- 

oxabicyclo[3,3,l]nonan-2-yl a c e t a t e  and endo-9-oxabicyclo[4,2,1] - 



nonan-2-yl a c e t a t e  C1441. S o l v e n t  a t t a c k  on  s u c h  an i n t e r m e d i a t e  can  

o c c u r  a t  e i t h e r  C-5 o r  C-6 g i v i n g  t h e  o x a b i c y c l i c  e t h e r s  11-65 and 

11-66. S o l v e n t  a t t a c k  a t  t h e  $-carbon o f  111-12 from t h e  r e a r - s i d e  

i s  n o t  l i k e l y  s i n c e  n u c l e o p h i l i c  a t t a c k  t o  open a five-membered r i n g  

would be  s i g n i f i c a n t l y  s l o w e r  t h a n  t h e  rate o f  a t t a c k  on a s t r a i n e d  

three-membered r i n g  (1441; t h e  s ter ic  crowding caused  by t h e  a d j a c e n t  

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

t h i s  p o s i t i o n .  The e x c l u s i v e  f o r m a t i o n  o f  endo-products  a t t e s t s  t o  - 
t h e  s i g n i f i c a n t  s t e r i c  c o n t r o l  e x e r t e d  by t h e  proposed oxoniurn i o n  

b r i d g e  o v e r  t h e  e n t r y  o f  t h e  methoxy g roup .  The obse rved  p roduc t  

r a t i o  o f  3:2 f o r  11-65 t o  11-66 i s  i n d i c a t i v e  o f  t h e i r  r e l a t i v e  .- .- 

thermodynamic s t a b i l i t i e s .  

The 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 m i n e s  t o  1 ,3 -cyc lohexad iene  

h a s  been found t o  proceed p r e f e r e n t i a l l y  by 1 , 4 - a d d i t i o n ;  1 , 2 - a d d i t i o n  

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

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

amino n i t r a t e  esters  a r e  h i g h l y  u n s t a b l e  even under  v e r y  mi ld  

c o n d i t i o n s  . 

3-1-6. Add i t ion  t o  3-Butenyl Compounds 

The r e s u l t  o f  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 N P  t o  3 -bu teny l  

d e r i v a t i v e s  shows t h a t  a l c o h o l  11-70a and a c e t a t e  11-7Ob g i v e  
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e x c e l l e n t  y i e l d s  o f  a d d u c t s ,  w h i l e  t h e  c o r r e s p o n d i n g  b e n z o a t e s  r e a c t  

v e r y  s l u g g i s h l y  and t o s y l a t e  11-70h i s  t o t a l l y  i n e r t  (Scheme 2 . 1 8 ) .  

S i n c e  t h e  e s t e r  group i s  two c a r b o n  a toms removed from t h e  o l e f i n i c  

bond, t h e  low r e a c t i v i t y  o f  t h e  P & t e r  compounds i s  probab ly  n o t  due 

t o  i n d u c t i v e  e l e c t r o n  wi thdrawal  by t h e  a r o m a t i c  r i n g  bu t  t o  some 

g r o u n d - s t a t e  i n t e r a c t i o n  o f  t h e  phenyl  r i n g  w i t h  t h e  doub le  bond 

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

h y p o t h e s i s .  A l t e r n a t i v e l y ,  t h e  p o s s i b i l i t y  o f  a s s o c i a t i o n  o f  a  

p h o t o e x c i t e d  NNP w i t h  ground s t a t e  o l e f i n  t o  g i v e  a n  e x c i p l e x  which 

s u b s e q u e n t l y  decays  t o  t h e  ground s t a t e  r e a c t a n t s  c a n n o t  be 

r u l e d  o u t .  

I n  c o n t r a s t  t o  t h e  c y c l i c  secondary  amino n i t r a t e s  ( s u c h  a s  11-81,  - 
t h e  a c y c l i c  a n a l o g u e s  11-71 undergo h y d r o l y s i s  t o  g i v e  a l m o s t  

e x c l u s i v e l y  t h e  p a r e n t  a l c o h o l s .  As e x p e c t e d ,  t h e  a d d u c t s  11-71 f  

and 11-7lg ,  formed from NNP and 3-butenyl  h a l i d e s ,  r e a d i l y  undergo 

c y c l i z a t i o n  t o  g i v e  a z o n i a s p i r o  compound 11-74(p 102) .  Such i n t e r n a l  

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

o t h e r  3-butenyl  d e r i v a t i v e s ,  i . e . ,  a c e t a t e  and b e n z o a t e s ,  which c o n t a i n  

more b a s i c  and t h e r e f o r e  poore r  l e a v i n g  g roups  t h a n  h a l i d e .  



3-2. P h o t o o x i d a t i o n  and Photodecomposi t ion o f  C-Nitroso Compounds 

Owing t o  t h e  f a c i l e  i n t e r c o n v e r s i o n  o f  C-n i t roso  monomer and dimer  

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

whether an  obse rved  r e a c t i o n  should  b e  a t t r i b u t e d  t o  t h e  monomer o r  

'its dimer .  For t h i s  r e a s o n ,  t h e  r e a c t i o n s  o f  b o t h  s p e c i e s  

a r e  t r e a t e d  t o g e t h e r  excep t  f o r  t h o s e  s t e p s  where a c l e a r  

d i s t i n c t i o n  can  b e  made. The r e s u l t s  d e s c r i b e d  i n  t h i s  t h e s i s  and 

t h o s e  r e p o r t e d  e a r l i e r  [ I l l  encompass a wide r a n g e  of  r e a c t i o n s  t h a t  

compete w i t h  e a c h  o t h e r  i n  d e c i d i n g  t h e  f a t e  o f  a p h o t o e x c i t e d  

C-n i t roso  compound. The favoured pathway i s  determined by t h e  

s t r u c t u r e  o f  t h e  C-n i t roso  compound a s  w e l l  a s  by t h e  r e a c t i o n  

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

d imers  - 11-6 and 11-78 (Schemes 2.19 and 2.20) r a p i d l y  d i s s o c i a t e  

t o  t h e  c o r r e s p o n d i n g  monomers which may s u b s e q u e n t l y  
\ 
\ 

undergo f u r t h e r  pho to reac  t i o n s  , namely r a p i d  recombinat ion 

t o g e t h e r  w i t h  s low d i s p r o p o r t i o n a t i o n  i n  c a s e  o f  a n t i - d i m e r  - 11-78, 

and mainly  t a u t o m e r i z a t i o n  i n  c a s e  o f  d imer  11-6. 

The p h o t o l y s i s  o f  an t i -d imer  11-78 under n i t r o g e n  l e a d s  t o  t h e  - 
fo rmat ion  o f  t h e  c o r r e s p o n d i n g  syn-isomer by a k i n e t i c a l l y  c o n t r o l l e d  - 
d a r k  r e a c t i o n .  I n  comparison t o  t h e  syn-dimers o f  n i t r o s o c y c l o h e x a n e  - 
and o t h e r  n i t r o s o a l k a n e s ,  syn-11-78 is  s u r p r i s i n g l y  s t a b l e .  The -- 
slow p h o t o d i s s o c i a t i o n  o f  t h e  monomer of 11-78 y i e l d s  hydroxylamine 

11-82 ( p  I l l ) ,  p robab ly  v i a  t h e  c o r r e s p o n d i n g  n i t r o x i d e ,  as w e l l  a s  

d i s p r o p o r t i o n a t i o n  p r o d u c t s .  
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The predominant  t a u t o m e r i z a t i o n  d u r i n g  p h o t o l y s i s  o f  an t i -d imer  -- 11-6 - 

i n  a c i d i c  s o l u t i o n  h a s  undoubtedly  i t s  o r i g i n  i n  t h e  c l o s e  p rox imi ty  of  

t h e  p r o t o n  d o n a t i n g  p ipe r id in ih tn  g r o u p  and t h e  C-n i t roso  moiety .  I n  

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

and the rmal  ( d a r k )  t a u t o m e r i z a t i o n  under comparable  c o n d i t i o n s ,  l i g h t  

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

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

The t a u t o m e r i z a t i o n  of  t h e  monomer t o  t h e  oxime may a l s o  

b e  c a t a l y z e d  by l i g h t .  Mackor and d e  Boer [ l 4 5 , 1 4 6 ]  have r e p o r t e d  a 

l i g h t - c a t a l y z e d  ( h  680 nm) t a u t o m e r i z a t i o n  o f  t h e  n i t r o s o c y c l o h e x a n e  

monomer ( g e n e r a t e d  a t  &I0) i n  cyc lohexane  t o  g i v e  cyclohexanone 

oxime i n  h i g h  y i e l d .  One may e n v i s a g e  a v i b r a t i o n a l l y  e x c i t e d  

C-n i t roso  monomer, p robab ly  formed by r a d i a t i o n l e s s  decay  o f  an 

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

A l t e r n a t i v e l y ,  p h o t o e x c i t a t i o n  may c r e a t e  a  d i p o l a r  C-ni t roso s p e c i e s ,  

such  a s  111-13, which t r i g g e r s  a  f a c i l e  p r o t o n  t r a n s f e r .  

Scheme 3.5 



I n  g e n e r a l ,  t h e  p h o t o x i d a t i o n  o f  - an t i - d i m e r s  i n  Pyrex a p p a r a t u s  

a s  w e l l  as t h e  r e d - l i g h t  p h o t o o x i d a t i o n  o f  n i t r o s o c y c l o h e x a n e  [ I 4 5 1  

and 2-nitroso-2-methylpropane [ 1 4 6 ]  l e a d  t o  t h e  fo rmat ion  o f  n i t r a t e s  

and n i t r o  compounds, a l t h o u g h  t h e  r a t i o s  c a n  v a r y  c o n s i d e r a b l y .  It 

shou ld  be p o i n t e d  o u t  t h a t  n i t r o  compounds were n o t  formed i n  t h e  

p h o t o l y s i s  under n i t r o g e n ,  and t h a t  t h e  o x i d a t i o n s  a r e  genu ine  

p h o t o r e a c t i o n s  as shown by c o n t r o l  r e a c t i o n s  i n  t h e  d a r k .  Also ,  t h e  

o x i d a t i o n s  a r e  n o t  i n i t i a t e d  by s i n g l e t  oxygen [ I 4 7 1  and t a k e  p l a c e  

from a  C-n i t roso  monomer s i n c e  no r e a c t i o n  h a s  been observed wi thou t  

i r r a d i a t i o n  a t  t h e  dimer a b s o r p t i o n  n e a r  290 nm. 

I n s p e c t i o n  o f  t h e  o x i d a t i o n  p r o d u c t s  shows t h a t  a l l  t h e  n i t r a t e s  

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

s t e r e o c h e m i c a l  i n t e g r i t y  whi le  n i t r o  compound 11-79 m a i n t a i n s  t h e  -- 
o r i g i n a l  t r a n s - c o n f i g u r a t i o n  o f  a n t i - d i m e r  11-78(Scheme2.20). I n  t h e  - 
p h o t o o x i d a t i o n  o f  an t i -d imer  11-6, ac id -  o r  base -ca ta lyzed  n i t r o -  - - 
n i t r o n a t e  t a u t o m e r i z a t i o n  may be r e s p o n s i b l e  f o r  t h e  sc rambl ing  o f  t h e  

o r i g i n a l  t r a n s - c o n f i g u r a t i o n  i n  n i t r o  compound 11-75 (Scheme 2 .19)  

[ 1481. The d i s s i m i l a r i t y  i n  t h e  s t e r e o c h e m i c a l  r e s u l t s  s u g g e s t s  t h a t  

n i t r o  and n i t r a t e  fo rmat ion  occur  by s e p a r a t e  pathways. I n d e e d ,  d u r i n g  

r e d - l i g h t  p h o t o o x i d a t i o n  o f  n i t r o s o c y c l o h e x a n e ,  Mackor and d e  Boer 

[ I 4 5 1  have obse rved  t h a t  w h i l e  t h e  y i e l d s  o f  n i t r o c y c l o h e x a n e  

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

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



I n  p h o t o o x i d a t i o n s ,  sc rambl ing  o f  t h e  n i t r a t e  c o n f i g u r a t i o n s  means 

t h a t  a t  some p o i n t  t h e  C-NO bonds o f  t h e  monomers are broken and C-0N02 

bonds a r e  formed. It f o l l o w s  t h a t  t h e  n i t r a t e  fo rmat ion  must be due  

t o  p h o t o d i s s o c i a t i o n  o f  C-ni t roso monomers which i s  t h e  pathway common 

t o  bo th  d i s p r o p o r t i o n a t i o n  and o x i d a t i o n .  The g e n e r a t e d  

n i t r i c  o x i d e  i s  q u i c k l y  i n t e r c e p t e d  by oxygen t o  become n i t r o g e n  

t r i o x i d e  [ I 4 9 1  which combines wi th  t h e  a l k y l  r a d i c a l  t h u s  comple t ing  

t h e  o x i d a t i o n  p r o c e s s  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 a t e  which i s  

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

a common p r i n c i p l e  wi th  t h e  o x i d a t i o n  d u r i n g  n i t r o s a m i n e  photo- 

a d d i t i o n  d i s c u s s e d  e a r l i e r ,  namely,  oxy9en c a p t u r e s  n i t r i c  ox ide  

q u i c k l y  even  i f  t h e  l a t t e r  e x i s t s  as a r a d i c a l  p a i r  w i t h  t h e  a l k y l  

r a d i c a l  .One may conc lude  f r o s  t h e s e  r e s u l t s  t h a t  any  C-n i t roso  com- 

pound c a p a b l e  o f  p h o t o d i s s o c i a t i o n  shou ld  be a b l e  t o  g i v e  t h e  c o r -  

r e spond ing  n i t r a t e  by p h o t o o x i d a t i o n  w i t h  an e f f i c i e n c y  which i s  l i m i t e d  

o n l y  by t h e  l i f e - t i m e  o f  t h e  C-n i t roso  monomer and by t h e  e a s e  o f  

s c i s s i o n  o f  i t s  C-N bond. In  agreement ,  t h e  C-ni t roso monomer d e r i v e d  

from dimer 11-6 is  o x i d i z e d  t o  n i t r a t e  l e s s  e f f i c i e n t l y  than  t h e  one 

d e r i v e d  from dimer 11-78, due t o  i t s  f a c i l e  c o n v e r s i o n  t o  n i t r o  compound 

11-75 ( v i d e  i n f r a )  . - -- 

S i n c e  c o n s e r v a t i o n  o f  t h e  t r a n s - c o n f i g u r a t i o n  i n  t h e  fo rmat ion  o f  

n i t r o  compound 11-79 r e q u i r e s  t h a t  t h e  C-NO bond remain i n t a c t  d u r i n g  

t h e  r e a c t i o n ,  some pr imary photochemical  a c t  o t h e r  than  p h o t o d i s s o c i a t i o n  

must be r e s p o n s i b l e  f o r  t h e  o x i d a t i o n  o f  11-78 t o  11-79. S i n c e  



C-nitroso compound 11-6 which undergoes f a c i l e  t au tomer iza t ion  i s  a l s o  - 
oxidized e f f i c i e n t l y  t o  t h e  corresponding n i t r o  compound, we be l i eve  t h a t  t h i s  

photooxidat ion r e a c t i o n  s h a r e s  a common r e a c t i v e  i n t e rmed ia t e  with 

t h e  process  o f  t au tomer iza t ion  i n  t h e  corresponding pho to lys i s  

under n i t rogen .  Therefore ,  we have t e n t a t i v e l y  a sc r ibed  a v i b r a t i o n a l l y  

e x c i t e d  C-nitroso monomer, such a s  111-13 (Scheme 3 .5) ,  t o  t h i s  

i n t e rmed ia t e .  Probably oxygen c a p t u r e s  t h i s  e x c i t e d  s p e c i e s  before  

it can undergo o t h e r  p roces se s ,  l e ad ing  t o  a peroxy d i r a d i c a l  (111-14) 

which h a s  a l s o  been proposed by de  ~ o e r ' s  group [10,145]. In  t h e  

presence o f  a s u i t a b l e  s u b s t r a t e ,  111-14 may a b s t r a c t  a hydrogen 

atom o r  add t o  a r e a c t i v e  o l ep in  [lo]; otherwise  i t  may shed t h e  

e x t r a  oxygen atom by ox id i z ing  a second molecule of  t h e  C-nitroso 

monomer t o  g i v e  two molecules o f  n i t r o  compound 11-75. 

The va r ious  photochemical p rocesses  a v a i l a b l e  t o  C-nitroso 

compounds a r e  summarized i n  Scheme 3.6. It i s  assumed t h a t  t he  
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same e x c i t e d  s t a t e  111-17 i s  r e s p o n s i b l e  f o r  a l l  t h e  pr imary 

photochemical  r e a c t i o n s .  The mechanism o f  n f t r o  com- 

pound fo rmat ion  d i s c u s s e d  above assumes e x c i t e d  

C-n i t roso  monomers a s  t h e  r e a c t i v e  s p e c i e s ,  on t h e  b a s i s  o f  

t h e  f a c i l e  d i s s o c i a t i o n  o f  a C-n i t roso  dimer  t o  t h e  c o r r e s -  

ponding monomer o n  i r r a d i a t i o n  a t  -190•‹ [ I 1 8 1  and t h e  fo rmat ion  

o f  t h e  c o r r e s p o n d i n g  C-ni t ro  compound d u r i n g  pho toox ida t ion  o f  a 

C-n i t roso  monomer [ 10,1451 wi th  r e d  l i g h t .  However, t h e  a 1  t e r n a t i v e  

p o s s i b i l i t y  of a p h o t o e x c i t e d  dimer  (111-16, f o r  example II-6 

o r  11-78] r e a c t i n g  w i t h  oxygen t o  form i n t e r m e d i a t e  111-24 which 

s u b s e q u e n t l y  decomposes t o  a n i t r o  compound (111-25, f o r  example 

11-79 o r  11-75] cannot  be comple te ly  r u l e d  ou t .  A 

d i s t i n c t i o n  between t h e s e  two m e c h a n i s t i c  pathways awaits c l a r i f i c a t i o n  

i n  t h e  f u t u r e .  



CHAPTER 4 

SUMMARY AND CONCLUSIOMS 

The o x i d a t i v e  p h o t o a d d i t i o n  r e a c t i o n s  o f  N-ni t rosamines  t o  v a r i o u s  

o l e f i n s  have been i n v e s t i g a t e d  i n  a n  a t t e m p t  t o  deve lop  a  s imple  and 

e f f i c i e n t  s y n t h e t i c  r o u t e  f o r  2-amino n i t r a t e  e s t e r s  which a r e  

o t h e r w i s e  i n a c c e s s i b l e  o r  d i f f i c u l t  t o  p r e p a r e .  I n  t h e  p reced ing  

c h a p t e r s ,  t h e  s t e r e o c  hemis t ry  and p o s s i b l e  m e c h a n i s t i c  pathways o f  

t h e s e  p h o t o r e a c t i o n s  have been p r e s e n t e d  and compared w i t h  t h e  

c o r r e s p o n d i n g  non-ox ida t ive  r e a c t i o n s .  It i s  concluded t h a t  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  i n v o l v e s  t h e  e l e c t r o p h i l i c  a t t a c k  o f  an 

aminiurn r a d i c a l  a t  t h e  ?r-bond o f  t h e  o l e f i n  r e s u l t i n g  i n  t h e  fo rmat ion  

o f  a  C- rad ica l  and n i t r i c  ox ide .  Oxygen c a p t u r e s  n i t r i c  ox ide  q u i c k l y ,  

even i f  t h e  l a t t e r  e x i s t s  a s  a  r a d i c a l  p a i r  w i t h  t h e  for:ner, t o  g i v e  

n i t r o g e n  t r i o x i d e  which , subsequen t ly  combines wi th  t h e  C- rad ica l  t o  

y i e l d  a  2-amino n i t r a t e  e s t e r .  The r e s u l t s  o f  o u r  s t u d y  o f  t h e  

o x i d a t i v e  photodecomposi t ion o f  C-ni t roso compounds f u r t h e r  s u b s t a n t i a t e  

t h i s  mechanism. 

I n  b a s i c  s o l u t i o n ,  t h e  2-amino n i t r a t e  e s t e r s  undergo a  v a r i e t y  

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

by t h e  ne ighbour ing  amino group.  The major  r e a c t i o n s  a r e  s o l v o l y s i s  

and e l i m i n a t i o n  t o  g i v e  t h e  c o r r e s p o n d i n g  amino a l c o h o l s  and amino 
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k e t o n e s .  S o l v o l y s i s  o f  t h e s e  cornpounds is  o b v i o u s l y  f a c i l i t a t e d  by 

p a p t i c i p a t i o n  o f  t h e  neighbour ing amino group.  Depending upon t h e i r  

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

The non-ox ida t ive  p h o t o a d d i t i o n  o f  N - n i t r o s o p i p e r i d i n e  t o  cyclo-  

hexene g i v e s  t h e  C-ni t roso compound 11-5 as t h e  pr imary p roduc t  which 

may undergo t a u t o m e r i z a t i o n  t o  t h e  c o r r e s p o n d i n g  oxime o r  d i m e r i z a t i o n  . 
I n  t h e  p r e s e n c e  o f  oxygen,  however, t h e  p h o t o a d d i t i o n  g i v e s  a n  

i s o m e r i c  m i x t u r e  o f  2-amino n i t r a t e s  11-8 i n  good y i e l d .  These 

n i t r a t e s  a r e  s t a b l e  i n  t h e i r  p r o t o n a t e d  forms bu t  t h e y  undergo 

amino g roup  a s s i s t e d  h y d r o l y t i c  decompos i t ion  o n  b a s i f i c a t i o n  t o  g i v e  

predominant ly  amino a l c o h o l  11-9 and k e t o n e  11-10. T h e r e f o r e ,  t h e s e  - 

compounds have been i s o l a t e d  as t h e  c o r r e s p o n d i n g  a l c o h o l s  a f t e r  

LAH r e d u c t i o n .  

The o x i d a t i v e . p h o t o a d d i t i o n  o f  NNP o r  NND t o  b i c y c l o [ 2 , 2 , l ] h e p t e n e  

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

n i t r a t e  11-30 and 11-31 which were d i f f i c u l t  t o  i s o l a t e  

a s  t h e  f r e e  b a s e s  due t o  t h e i r  f a c i l e  decompos i t ion  d u r i n g  b a s i f i c a t i o n .  

The major decomposi t ion pathway i n  t h i s  c a s e  i s  

C1-C2 bond c l e a v a g e  a s s i s t e d  by t h e  l o n e  e l e c t r o n  p a i r  o f  t h e  

n i t r o g e n  atom t o  g i v e  t h e  c o r r e s p o n d i n g  c a r b o n y l  compounds. The 

n i t r a t e s  11-30 and 11-31 may a l s o  undergo s o l v o l y s i s  w i t h  

p a r t i c i p a t i o n  o f  t h e  ne ighbour ing  amino g roup  a n d / o r  t h e  C1-C6 

a-bond t o  g i v e  a l c o h o l  11-35. 
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The o x i d a t i v e  p h o t o a d d i t i o n  o f  NNP o r  NND t o  b i c y c l o [ 2 , 2 , 1 ] -  

h e p t a d r e n e  r e s u l t e d  i n  t h e  fo rmat ion  o f  1 ,5 -adduc t s  11-41 

and 11-42 as  major p r o d u c t s ,  i n  a d d i t i o n  t o  s m a l l  amounts o f  1,2- 

a d d u c t s  11-47 and 11-48. The t r i c y c l i c  amino n i b r a t e s  were found 

t o  be  s t a b l e  enough t o  be  i s o l a t e d  which i s  p r o b a b l y  due t o  t h e  

f a c t  t h a t  t h e  amino g roup  i s  n o t  l o c a t e d  a t  a n  i n t e r a c t i n g  

d i s t a n c e  w i t h  t h e  e s t e r  g roup .  

The non-ox ida t ive  p h o t o a d d i t i o n  o f  NND t o  5-methylenebicyclo-  

[2 ,2 , l ]hep t -2 -ene  gave  b o t h  homoconjugative (11-54) and 1 ,2 -adduc t s  

( I -  . The C-n i t roso  compound 11-52 was found t o  r e a r r a n g e  r a p i d l y  

t o  t h e  a z a b i c y c l i c  compound 11-53. When t h i s  p h o t o a d d i t i o n  was 

c a r r i e d  o u t  i n  b romot r i ch lo romethane ,  t h e  major  p r o d u c t s  were t r i c y c l i c  

bromides 11-60 and 11-61. No 1 ,2-adducts  c o u l d  be i s o l a t e d  from t h i s  

r e a c t i o n .  

The o x i d a t i v e  p h o t o a d d i t i o n  o f  NND t o  1 , 5 - c y c l o o c t a d i e n e  gave 

bo th  a s -  and t r a n s - n i t r a t e  e s t e r s  11-63 and 11-62. The t r a n s -  

n i t r a t e  11-62 i s  s t a b l e  under t h e  p h o t o a d d i t i o n  c o n d i t i o n s  and can b e  

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

However, t h e  = - n i t r a t e  11-63 r a p i d l y  r e a r r a n g e s  t o  t h e  o x a b i c y c l i c  

e t h e r s  11-65 and 11-66 by e l i m i n a t i o n  o f  n i t r i t e  i o n  a s s i s t e d  by 

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

atom. Transannu la r  r e a c t i o n  t o  form b i c y c l o [ 3 , 3 , 0 ] o c t a n e  d e r i v a t i v e s  

was n o t  observed i n  t h e  p h o t o a d d i t i o n .  



~ d e  o x i d a t i v e  ~ h o t o a d d i t i o n  o f  n i t r o s a m i n e s  t o  1 ,3 -cyc lohexad iene  

gave  t h e  expec ted  1 ,4 -adduc t s ,  bu t  on b a s i f i c a t i o n  t h e  n i t r a t e s  

r a p i d l y  decomposed t o  a complex m i x t u r e .  

The o x i d a t i v e  p h o t o a d d i t i o n  o f  NNP Lo 3 -bu teno l  and 3 -bu teny l  

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

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

was c o m p l e t e l y  i n e r t  towards  t h e  p h o t o a d d i t i o n .  A s  e x p e c t e d ,  t h e  

a d d u c t s  IT-7l f  and 11-7lg ,  formed from NNP and 3 -bu teny l  h a l i d e s ,  - 
r e a d i l y  underwent c y c l i z a t i o n  t o  g i v e  a z o n i a  s p i r o  compound - 11-74, 

The non-ox ida t ive  photodecomposi t ion o f  an - t i - d i m e r s  11-6 - 

and 11-78 r e s u l t s  i n  r a p i d  d i s s o c i a t i o n  t o  t h e  c o r r e s p o n d i n g  

monomers which s u b s e q u e n t l y  undergo f u r t h e r  pho to reac  t i o n s ,  namely, . 
r a p i d  d i m e r i z a t i o n  t o g e t h e r  w i t h  a  s low d i s p r o p o r t i o n a t i o n  i n  c a s e  

o f  e i - d i m e r  11-78, and main ly  t a u t o m e r i z a t i o n  i n  t h e  c a s e  o f  

dimer 11-6. - 

The o x i d a t i v e  photodecomposi t ion o f  d imer  II-78 g i v e s  t h e  

c o r r e s p o n d i n g  c i s -  and t r a n s - n i t r a t e s  11-80 and t r a n s  n i t r o  

compound 11-79 w h i l e  d imer  11-6 - mainly 3 i v e s  n i t r o  compound 11-75, 

It i s  concluded t h a t  t h e  n i t r a t e  fo rmat ion  must be due t o  t h e  

p h o t o d i s s o c i a t i o n  o f  t h e  C-n i t roso  monomer t o  t h e  a 1  ky l  r a d i c a l  and 

n i t r i c  o x i d e  which i s  t h e  pathway common t o  both  d i s p r o p o r t i o n a t i o n  



and o x i d a t i o n .  M e c h a n i s t i c a l l y  t h e  n i t r o  compound fo rmat ion  

p robab ly  s h a r e s  a common r e a c t i v e  i n t e r m e d i a t e ,  s u c h  as a v i b r a -  

t i o n a l l y  e x c i t e d  C-ni t roso monomer, w i t h  t h e  t a u t o m e r i z a t i o n  p r o c e s s  

i n  t h e  c o r r e s p o n d i n g  non-ox ida t ive  photodecomposi t ion r e a c t i o n .  I n  

t h e  former  c a s e ,  i t  i s  assumed t h a t  oxygen a t t a c k s  t h e  v i b r a t i o n a l l y  

e x c i t e d  C-n i t roso  monomer fo l lowed by r e a r r a n g e m e n t s  t o  g i v e  t h e  

n i t r o  compounds. 

I n  summary, 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  a n i t r o s a m i n e  

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

r e a c t i o n  and r e p r e s e n t s  a  s imple  and e f f i c i e n t  s y n t h e t i c  method 

f o r  2-amino n i t r a t e  e s t e r s .  S i n c e  t h e s e  compounds were found t o  

b e  s t a b l e  og3.y i n  t h e i r  p r o t o n a t e d  forms,  t h e y  cou ld  be i s o l a t e d  

o n l y  a s  sal ts  o r  as t h e  c o r r e s p o n d i n g  amino a l c o h o l s  a f t e r  LAH 

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

s y n t h e t i c  t o o l  f o r  t h e  s imul taneous  i n t r o d u c t i o n  o f  n i t r o g e n  and 

oxygen f u n c t i o n a l i t i e s  i n t o  a  molecu le .  

The N-ni t rosamines  a r e  ex t remely  p o t e n t  c a r c i n o g e n s  f o r  many 

animal  s p e c i e s  c a p a b l e  o f  producing tumors  a t  many body s i t e s  [1531.  

The n i t r o s a m i n e s  c a n  be  formed from p r e c u r s o r s  s u c h  as secondary  

o r  t e r t i a r y  amines  and n i t r o s a t i n g  a g e n t s  such a s  n i t r i t e s ,  

n i t r o u s  g a s e s  ( N O  and NO2) o r  n i t r a t e s  under  r e d u c i n g  c o n d i t i o n s .  

Such s u b s t a n c e s  o c c u r  widely  i n  t h e  environment .  Hence a  

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

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

a t  t h e  molecu la r  l e v e l .  
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CHAPTER 5 

EXPERIMENTAL 

5-1. G e n e r a l  

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

I n f r a r e d  ( i . r . 1  s p e c t r a  were t a k e n  e i t h e r  o n  a Unicam SP 200 o r  

a Perk in-Elmer  457 S p e c t r o p h o t o m e t e r ,  u s i n g  l i q u i d  films o r  n u j o l  

n u l l s  o f  t h e  s a m p l e s .  The a b s o r p t i o n  bands  (cm" ) are d e s i g n a t e d  

a s  s ,  m ,  w and  b  f o r  s t r o n g ,  medium, weak a n d  b r o a d ,  r e s p e c t i v e l y ,  

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  e i t h e r  o n  a Unicam SP 800 

o r  a Cary  1 4  s p e c t r o p h o t o r n e t e r .  Nuc lea r  m a g n e t i c  r e s o n a n c e  (n .m . 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  A 56 /60  o r  a V a r i a n  XL-100 

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

t e t r a m e t h y l s i l a n e  as i n t e r n a l  s t a n d a r d .  Chemica l  s h i f t s  a r e  

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

(W1/2) i n  h e r t z  (HZ). The s p l i t t i n g  p a t t e r n s  are  d e s i g n a t e d  as s 

( s i n g l e t )  , d ( 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 )  , d t  ( d o u b l e  

t r i p l e t ) ,  q  ( q u a r t e t ) ,  q i  ( q u i n t e t ) ,  s x  ( s e x t e t ) ,  o  ( o c t e t ) ,  m 

( m u l t i ~ l e t ) ,  brn ( b r o a d  m u l t i p l e t )  and b s  ( b r o a d  s i n g l e t )  and t h e  

number o f  p r o t o n s  i n  t h e  c o r r e s p o n d i n g  s i g n a l  by H .  The D20 



exchangeab le  p r o t o n  i s  i n d i c a t e d  by D20exch. The decoup l ing  

exper iments  were performed by Mr .  John Pas tucha  o r  by t h e  a u t h o r  on 

a n  XL-100 s p e c t r o m e t e r .  Mass s p e c t r a  (m.s . )  and h i g h  r e s o l u t i o n  

mass s p e c t r a  ( h  .m. s. ) were o b t a i n e d  on a Hi tachi-Perkin-Elmer  model 

RMU-6E i n s t r u m e n t  wi th  an  i o n i z a t i o n  v o l t a g e  o f  80 ev ;  t h e  i n t e n s i t y  

o f  t h e  peaks  i s  g i v e n  a s  p e r c e n t a g e  of t h e  b a s e  peak.  The g.c,-mass 

s p e c t r a  (g .c , -m.s . )  were o b t a i n e d  on a Var ian  1400 g a s  chromatograph 

u s i n g  a 20% SE-30 column coupled t o  t h e  mass s p e c t r o m e t e r .  

The vapour  phase  chromatograph ic  ( v . p . c . )  a n a l y s e s  were 

performed on a Var ian  1200 equipped w i t h  a f l ame  i o n i z a t i o n  d e t e c t o r  

u s i n g  a 20% SE-30 ( 1 0 '  x 1/8" )  s t a i n l e s s  s t e e l  column, and t h e  

r e c o r d e r  was equipped w i t n  a d i s c  c h a r t  i n t e g r a t o r  (model 2 4 4 ) .  

Thin l a y e r  ch romatograph ic  C t .l . c  . ) a n a l y s e s  were performed on 

a lumina  o r  s i l i c a  g e l  p l a t e s  ( 0 . 3  rnm t h i c k n e s s )  which were examined 

under u.v, l i g h t  o r  developed w i t h  i o d i n e .  The s e p a r a t i o n s  by 

column chromatography were performed on n e u t r a l  o r  b a s i c  a l u m i n a ,  

Brockrnann ( A c t i v i t y  I ,  80 - 200 mesh) ,  s i l i c a  g e l  (Baker  a n a l y s e d ,  

. 60 - 200 mesh) o r  s i l i c i c  a c i d  M a l l i n c k r o d t  ( a n a l y t i c a l  r e a g e n t ,  100 

Mel t ing  p o i n t s  ( u n c o r r e c t e d )  were determined e i t h e r  on a 

F i she r - Johns  h o t  s t a g e  o r  a Gallenkamp h e a t i n g  b lock  a p p a r a t u s .  

E lementa l  a n a l y s e s  were performed by Mr .  M . K .  Yang w i t h  a 

Perkin-Elmer 240 M i c r o a n a l y s e r .  



5-2. M a t e r i a l s  

The s o l v e n t s  ( r e a g e n t  g r a d e )  used f o r  t h e  p h o t o r e a c t i o n  and f o r  

t h e  chromatograph ic  s e p a r a t i o n s  were d i s t i l l e d  and s t o r e d  over  

molecu la r  s i e v e s .  The anhydrous  e t h e r  and t e t r a h y d r o f u r a n  (THF) 

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

aluminium h y d r i d e .  Reagent g r a d e  p y r i d i n e  was s t o r e d  o v e r  potass ium 

hydroxide  p e l l e t s .  N-ni t rosodimethylamine (NND, Eastman 7370) and 

N - n i t r o s o p i p e r i d i n e  (NNP, Eastman 2277) and t h e  o l e f i n s  were 

d i s t i l l e d  b e f o r e  use .  

The gaseous  r e a g e n t s  were s u p p l i e d  by Matheson. The n i t r o g e n  

g a s  was p u r i f i e d  by s c r u b b i n g  th rough  ~ i e s e r ' s  s o l u t i o n  fol lowed by 

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

a c i d .  P la t inum ox ide  ( M  C and B )  and pla t inum b l a c k  ( F i s h e r  

S c i e n t i f i c )  were used a s  hydrogena t ion  c a t a l y s t s ,  Concen t ra ted  

h y d r o c h l o r i c  a c i d ,  s u l f u r i c  a c i d  and g l a c i a l  a c e t i c  a c i d  were 

s u p p l i e d  by A l l i e d  Chemical I n c . ,  p e r c h l o r i c  a c i d  by M a l l i n c k r o d t  

. Chemical Norks, l i t h i u m  sluminium h y d r i d e  (LAH, 97%) by W i l s h i r e  

Chemical Co. and sodium borohydr ide  (NaBH4, 98%)  by F i s h e r  

S c i e n t i f i c .  
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5-3. Genera l  P rocedure  o f  P h o t o l y s i s  

The p h o t o l y s e s  were c a r r i e d  o u t  i n  a  p r e v i o u s l y  d e s c r i b e d  ( 1 5 1 )  

pyrex p h o t o v e s s e l  ( F i g u r e  5.1 ) . The condense r  was f i t t e d  w i t h  a  g a s  

t r a p .  E i t h e r  c o l d  wa te r  o r  an e x t e r n a l l y  c o o l e d  f i l t e r  s o l u t i o n  was 

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

a n  a p p r o p r i a t e  s o l v e n t  and were i n t r o d u c e d  i n t o  t h e  p h o t o c e l l .  The 

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

g a s  was bubbled t h r o u g h  t h e  s o l u t i o n  f o r  10 - 15 minu tes .  The 

s o l u t i b n  was e x t e r n a l l y  c o o l e d  by immersing t h e  p h o t o c e l l  e i t h e r  i n  

an  i c e  b a t h  o r  i n  a  d r y - i c e  a c e t o n e  b a t h .  I n  t h e  l a t t e r  c a s e ,  a  

vacuum j a c k e t  was used t o  s e p a r a t e  t h e  c o l d  f i n g e r  from t h e  c o l d  

s o l u t i o n .  The p h o t o c e l l  ( F i g u r e  5.1) was t h e n  f i l l e d  t o  t h e  mark 

and t h e  s o l u t i o n  was i r r a d i a t e d  by p l a c i n g  a  l i g h t  s o u r c e ,  e i t h e r  an 

Hanovia 8A36 (100 w a t t s ) ,  Hanovia 654A36 (200 w a t t s )  nedium p r e s s u r e  

mercury lamp o r  a  Rayonet 3500 8 lamp i n t o  t h e  lamp w e l l .  

Sornetirnes a  c y l i n d r i c a l  g l a s s  f i l t e r  was used.  The r e a c t i o n  was 

moni tored by r e c o r d i n g  t h e  U . V .  s p e c t r a  o f  p r o p e r l y  d i l u t e d  

a l i q u o t s  o f  t h e  p h o t o l y s a t e  removed a t  s u i t a b l e  i n t e r v a l s .  The 

s o l u t i o n  was i r r a d i a t e d  u n t i l  t h e  U . V .  a b s o r p t i o n  a t  c a .  350 nm o f  

t h e  N-nitrosarnine ( o r  z t  c a .  290 na o f  t h e  C-n i t roso  compound, Table 

5.1 ) h a s  d i s a p p e a r e d .  A zero-hour c o n t r o l  sample was r e t a i n e d  i n  

t n e  d a r k ;  i t s  U . V .  spec t rum,  recorded  a t  t h e  coinple t ion o f  t h e  

p h o t o l y s i s  r e v e a l e d  no n o t i c e a b l e  change i n d i c a t i n g  t h e  absence  

of  the rmal  r e a c t i o n s  . 



TABLE 5.1 

ULTRAVIOLET SPECTRAL DATA 3F NITROSO COMPOUNDS 

Compound Solvent  Xmax nm 

11-6 - methanol 295(€-10000) 

11-78 e thanol  295(c -- 8000) 
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Figu re  5 .1  Photovessel (Pyrex) 



A f t e r  i r r a d i a t i o n ,  t h e  p h o t o l y s a t e  was c o n c e n t r a t e d  under 

vacuum u s i n g  a  r o t o r y  e v a p o r a t o r  a t  c a .  10'. The r e s i d u a l  

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

The f i l t r i t e  was d i l u t e d  w i t h  water  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  f r a c t i o n " .  The aqueous  s o l u t i o n  was c o o l e d  t o  

0-5' and b a s i f i e d  w i t h  s a t u r a t e d  sodium c a r b o n a t e  o r  po tass ium 

c a r b o n a t e  s o l u t i o n .  The aqueous s o l u t i o n  was immediate ly  e x t r a c t e d  

w i t h  e t h e r  o r  methylene c h l o r i d e .  The o r g a n i c  e x t r a c t s  were washed 

w i t h  w a t e r ,  d r i e d  over  magnesium s u l f a t e  and e v a p o r a t e d  under vacuum 

a t  o r  below room t e m p e r a t u r e .  The r e s i d u e s  were examined by t . 1 . c .  

and g.c. and i , r .  and n.rn.r. s p e c t r o s c o p y  and then  immediate ly  

s t i r r e d  w i t h  LAM i n  THF o r  e t h e r  a s  s o l v e n t .  The reduced  p r o d u c t s  

were p u r i f i e d  by column chromatography fol lowed by r e c r y s t a l l i z a t i o n  

o r  s u b l i m a t i o n .  

I n  c a s e s  where t h e  p h o t o r e a c t i o n s  were c a r r i e d  o u t  under a 

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

chromatograph ic  s e p a r a t i o n .  



5 .  O x i d a t i v e  and Non-Oxidat ive P h o t o a d d i t i o n  o f  N-Ni t rosamines  

5-4-1A. A d d i t i o n  o f  N N P  t o  Cyclohexene  a t  0' 

A s o l u t i o n  o f  NlVP (6 .84  g ,  0 .06  m o l l ,  c y c l o h e x e n e  (M C and  B ,  

3 .28 g ,  0.04 mol)  and 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  ( 6  m l )  i n  

me thano l  (340  m l )  was i r r a d i a t e d  w i t h  a  200 watt Hanovia lamp u n d e r  

n i t r o g e n  a t  0'. A c o l d  f i l t e r  s o l u t i o n  o f  2 ,7 -d ime thy l -3 ,  

6 - d i a z a c y c l o h e p t a - I ,  6 -d i ene  p e r c h l o r a t e  was c i r c u l a t e d  

t i .~rougi? t h e  c o l d  f i n g e r .  The f i l t e r  s o l u t i o n  and  t h e  

py rex  f i l t e r  c u t  o f f  U . V .  l i g h t  s h o r t e r  t h a n  350 nm. The 

p h o t o l y s i s  was s t o p p e d  when t h e  emerg ing  peak  a t  295 nm was most  

i n t e n s e  ( 2  h o u r s ) .  The b l u i s h  g r e e n  p h o t o l y s a t e  was n e u t r a l i z e d  

i m n e d i a t e l y  w i t h  sodium c a r b o n a t e  t o  q i v e  a p r e c i p i t a t e  which  was 

f i l t e r e d  and  washed w i t h  w a t e r  t o  g i v e  a w h i t e  s o l i d  ( 1 . 6 5  g ) .  

C o n c e n t r a t i o n  o f  t h e  f i l t r a t e  g a v e  a  second c r o p  o f  c r y s t a l s  ( 0 . 7 3  

g ) .  The combined c r o p s  ( 2 . 3 5  g ,  30.49)  were r e c r y s t a l l i z e d  from 

ine thylene  c h l o r i d e - m e t n a n o l  t o  q i v e  t h e  a n t i - d i m e r  o f  t r a n s - l -  

nitroso-2-piperidinocyclohexane (-1 a s  w h i t e  n e e d l e s  : 

m.p. 170 - 172'; i .r. 1210 ( s )  , 1185 ( s )  , 1100 ( s )  , 1055 (m) , 

1030 ( m )  and 695 ( s )  cm-I; n .m . r .  r 4 . 4 3  ( n ,  W1/2 = 25 Hz, H I ) ,  

6.d5-7.84 (m, 5 H ) ,  7 .84-d .44  ( m ,  6s) and d . 6  (m, 8H). 



B. Addi t ion  o f  NNP t o  Cyclohexene a t  -25O 

A s o l u t i o n  o f  NNP (4 .5  g ,  0.04 m o l ) ,  cyclohexene (4 .92 g ,  0.06 

mol) and 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  ( 3 . 5  ml)  i n  methanol  (500 

ml) was c o o l e d  t o  -25' and was i r r a d i a t e d  as d e s c r i b e d  above.  

A f t e r  t h e  comple t ion  o f  t n e  p h o t o l y s i s  ( 2 . 5  h o u r s ) ,  sodium c a r b o n a t e  

( 5 . 5  g) was added t o  t h e  b l u i s h  g r e e n  p h o t o l y s a t e  w i t h  s t i r r i n g  t o  

g i v e  a p r e c i p i t a t e  which was f i l t e r e d  and washed w i t h  water  t o  g i v e  

a n t i -  d imer  11-6 ( 1 . 7 3  g ) .  The f i l t r a t e  was c o n c e n t r a t e d  y i e l d i n g  a .- - 
second c r o p  o f  c r y s t a l s  (0 .55  g )  and r a i s i n g  t h e  t o t a l  y i a l d  t o  2 .28  

g ( 2 9 . 1 % ) .  
/ 

C .  Addi t ion o f  NNP t o  Cyclohexene a t  -50O 

A s o l u t i o n  o f  NNP ( 4 . 5  g ,  0.04 m o l l ,  cyclohexene (3 .28  g ,  0.04 

rnol) and 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  ( 3 . 5  m l )  i n  methanol  (500 

ml) was c o o l e d  t o  -50' and was i r r a d i a t e d  a s  d e s c r i b e d  above.  The 

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

. N-nitrosamine a b s o r p t i o n  a t  347 nm. A f t e r  i r r a d i a t i o n  ( 3  h o u r s ) ,  

t h e  b l u i s h - g r e e n  p h o t o l y s a t e  was b a s i f i e d  wi th  sodium c a r b o n a t e  t o  

g i v e  a  p r e c i p i t a t e  which was f i l t e r e d  and washed w i t h  water  t o  

a f f o r d  a s -  dimer  1s ( 1 . 0  g ,  12.8 % ) .  



5-4-2. O x i d a t i v e  Addi t ion  o f  NNP t o  Cyclohexene 

A methanol  s o l u t i o n  (340 moll o f  NNP (6.84 g ,  0.06 m o l l ,  

cyc lohexene  (3 .28 g ,  0.04 moll and 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  (6  

m l )  was i r r a d i a t e d  w i t h  a 200 w a t t  Hanovia lamp under oxygen a t  

-1 0'. A c o l d  f i l t e r  s o l u t i o n  o f  2 ,7-dimethyl-3 ,6-diaza-  

cyc lohep ta -1 ,6 -d iene  p e r c h l o r a t e  was c i r c u l a t e d  t h r o u g h  

t h e  co ld  f i n g e r  t o  c u t  o f f  t h e  U . V .  l i g h t  below 

350 nm. The U . V .  s p e c t r a  showed no C-n i t roso  peak a t  295 nm. The 

p h o t o l y s i s  was complete  w i t h i n  3  hours  a s  i n d i c a t e d  by t h e  absence  

o f  t h e  n i t r o s a m i n e  a b s o r p t i o n  a t  347 nm. The b u l k  o f  methanol was 

removed. The r e s i d u a l  s o l u t i o n  was d i l u t e d  w i t h  wa te r  and e x t r a c t e d  

w i t h  e t h e r  t o  g i v e  a n  o i l  (248 mg) c o n t a i n i n g  NNP and s e v e r a l  minor 

components,  The aqueous a c i d i c  s o l u t i o n  was n e u t r a l i z e d  w i t h  sodium 

c a r b o n a t e  t o  pH 7.5 and e x t r a c t e d  wi th  ch lo ro form t o  g i v e  a  d a r k  

brown o i l  ( 9 .1  g )  which showed s t r o n g  i . r .  a b s o r p t i o n s  a t  1625,  

1275 and 865 cm-' f o r  a  n i t r a t e  e s t e r  g roup  and a  medium peak a t  

1'715 cm"' f o r  a c a r b o n y l  g roup .  T h i s  o i l  was u n s t a b l e  and 

decomposed t o  a  d a r k  r e d  r e s i n  on s t a n d i n g .  

The c r u d e  b a s i c  f r a c t i o n  ( 9 . 0  g )  was reduced (24 h o u r s )  wi th  

i lydrazine  h y d r a t e  (414, 40 m l )  i n  t h e  p r e s e n c e  o f  Pd/C ( 1 . 0  g )  i n  
"-'rk 
i 

methanol s o l u t i o n  pg) and t h e  p roduc t  was i s o l a t e d  i n  t h e  u s u a l  

manner t o  g i v e  a n  o i l  which e x h i b i t e d  no i . r .  a b s o r p t i o n s  t y p i c a l  

o f  n i t r a t e  and c a r b o n y l  g r o u p s .  The o i l  was d i s t i l l e d  under vacuum 



( 0 . 5  mm Hgj t o  g i v e  a  major f r a c t i o n  b o i l i n g  a t  84' (4 .33  g ,  59 - 2  

$1 : i . r .  3440 is), 1305 ( s ) ,  1105 ( s ) ,  1080 ( s )  and 1060 ( s )  

cm-I; n.m.r. 7 5.98 (m, W1/2 = 7 H z ) ,  6.28 ( D ~ O  e x c h . ) ,  6.65 

and $4 ( 5 0 ) .  T h i s  f r a c t i o n  s o l i d i f i e d  a t  room t e m p e r a t u r e ,  a  p a r t  

o f  which ( 1 .5  g )  was chromatographed on a n  a lumina column (60  g )  . 
E l u t i o n  w i t h  methylene c h l o r i d e  gave  a f r a c t i o n  (334 mg) which 

showed a s i n g l e  s p o t  on a  t . 1 . c .  p l a t e .  Th i s  f r a c t i o n  was 

d i s t i l l e d  t o  g i v e  t r ans -2-p iper id inocyc lohexanol  ( II-9 ) : i .r , 

3460 ( s ) ,  1315 ( s ) ,  1110 ( s )  and 1090 ( s )  cm"; n.rn.r. T 6.68 

( d t ,  J = 11.0 and 4.5 Mz, H I ) ,  7.5 (m, 5H) ,  8.5 (m, 14H) and 5.07 

( b s ,  D20 e x c h . ,  I H ) .  

F u r t h e r  e l u t i o n  wi th  5% methanol  gave  a  m i x t u r e  o f  c i s -  - and 

t r a n s - 2 - p i p e r i d i n o c y c l o h e x a n o l  11-9 a s  shown by t h e  n.m .r. s i g n a l s  - - 

a t  r 5.93 and 6 . 6 5 .  dhen t h i s  m i x t u r e  was t r e a t e d  wi th  

p -n l t robenzoy l  c h l o r i d e  i n  p y r i d i n e  and was worked up i n  t h e  u s u a l  

cnanner, t h e  s t a r t i n g  m a t e r i a l ,  a  m i x t u r e  o f  c s -  and t r a n s - a l c o h o l  

11-9, was r e c o v e r e d .  - 

The i s o m e r i c  a l c o h o l s  - 11-9 ( 2 . 0  g )  were s u b s e q u e n t l y  a c e t y l a t e d  

by s t i r r i n g  (24  h o u r s )  w i t h  an e x c e s s  o f  a c e t i c  a n h y d r i d e  (10  m l )  i n  

anhydrous  p y r i d i n e  (20  m l ) .  The r e a c t i o n  m i x t u r e  was worked up i n  

t h e  u s u a l  manner t o  g i v e  a d a r k  brown o i l  (2 .16 g )  which showed 



s t r o n g  i . r .  a b s o r p t i o n s  a t  1735 and 1240 em-'. A p a r t  o f  t h i s  

o i l  (700 mg) was chromatographed on n e u t r a l  a lumina  ( 2 5  g ) .  E l u t i o n  

w i t h  benzene a f f o r d e d  a n  o i l  (125 mg) which showed a  s i n g l e  s p o t  on 

a  t .l . c .  p l a t e  a n d ,  o n  d i s t i l l a t i o n  a t  55O/0.02 m m ,  gave c 2 - 2 -  

p i p e r i d i n o c y c l o h e x y l  a c e t a t e  (11-11) a s  a c o l o u r l e s s  l i q u i d  : i . r .  - 
2860 (m) ,  2800 ( m ) ,  1735 ( s )  and 1240 ( s )  cm-I; n.m.r .  T 4.63 (m, 

W1/2 = 6 .0  Hz, H I ) ,  7.46 (m, 5H),  7 .95 ( s ,  3H) and 8 .35 (m, 14H); 

m . s .  m/e ($1  225 (a+, 91,  182 ( 1 9 1 ,  166 ( 1 1 1 ,  125 ( 1 2 ) ,  124 

( l o o ) ,  111 ( 6 ) ,  110 (51,  98 (81,  84 ( 9 )  and 43 ( 8 ) .  It g r a d u a l l y  

decomposed on s t o r a g e .  

Subsequent  f r a c t i o n s  (227 mg) e l u t e d  w i t h  0-20% ch lo roform i n  

benzene c o n s i s t e d  o f  m i x t u r e s  o f  a c e t a t e  11-11 and a l c o h o l s  ? I  a s  

shown by t h e  n.m.r. s i g n a l s  a t  T 4 .63 ,  6 .0  and 6 . 6 .  F u r t h e r  

e l u t i o n  w i t h  20 - 100% ch lo roform i n  benzene a f f o r d e d  a  mix tu re  (220 

mg) of  . c i s -  and t r a n s - c y c l o n e x a n o l s  11-9.  -- 

, 5-4-3. H y d r o l y t i c  Decomposition of  l -Ni t ra to-2-  

p i p e r i d i n o c y c l o h e x a n e  (11-8) 

A s o l u t i o n  o f  N N P  (5 .47  g ,  0.048 mol) , cyclohexene ( 3 . 2 8  g ,  

0.04 mol) and 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  ( 4 . 8  m l )  i n  methanol  

(320 m l )  was pho to lysed  under oxygen a s  d e s c r i b e d  e a r l i e r .  A f t e r  

t n e  comple t ion  o f  t n e  p h o t o l y s i s  ( 2 . 5  h o u r s ) ,  t h e  p h o t o l y s a t e  was 



- 157 - 
c o n c e n t r a t e d  t o  a s m a l l  volume under vacuum a t  10'. The r e s i d u a l  

s o l u t i o n  was d i l u t e d  w i t h  water  t o  c a .  100 m l  and washed w i t h  

e t h e r .  The aqueous s o l u t i o n  was b a s i f i e d  w i t h  s a t u r a t e d  sodium 

c a r b o n a t e  s o l u t i o n  t o  pH 8 a t  0' and s t i r r e d  a t  room tempera tu re  

d u r i n g  which t i m e  i t  t u r n e d  ye l low and t h e n  d a r k  brown. A l i q u o t s  

( c a  . 15 ml) were withdrawn a t  v a r i o u s  i n t e r v a l s  ( 0  h o u r ,  20 hours  

and 44 h o u r s ) ,  e x t r a c t e d  w i t h  methylene c h l o r i d e  ( 4  x 25 m l ) ,  washed 

w i t h  water  ( 3  x 20 ml) and d r i e d  o v e r  magnesium s u l f a t e .  The 

s o l v e n t  was removed a t  10' and t h e  r e s i d u a l  o i l  was ana lyzed  by 

i . . ,  n . . .  and g .c . -m,s .  ( 6 '  x 1/811, 20% SE - 3 0 ) .  

The zero-hour sample showed s t r o n g  i .r. a b s o r p t i o n s  a t  1625, 

1275,  870 and 865 ern'' f o r  n i t r a t e  11-8,  a medium i n t e n s i t y  peak a t  - 
3430 and 1105 cm-I f o r  a l c o h o l  11-9 and a t  1710 cm'l f o r  ke tone  - 
11-10 : n.m.r. 7 4.5 (m, W1/2 = 7Hz, H1 of  cis-11-81, 5.0 ( d t ,  J = - - 
10.0  and 5.0 Hz, H I  o f  t r a n s - I I - 8 ) ,  -- 6.0  ( m ,  H I  o f  c i s - 1 2 ~ 9 )  and 6.65 

( n i ,  H I  of trans-11-9) i n  t h e  r a t i o  3:  4 : I : 4. -- 

A f t e r  20 h o u r s ,  t h e  sample showed s t r o n g  i . r .  a b s o r p t i o n s  a t  

3440, 1710,  1625, 1275, 1100, 870 and 865 crn''. The r a t i o  o f  

cis-11-9 : t rans-11-8 : cis-IL-9 : t rans-11-9 was e s t i m a t e d  t o  be -- -- -- 
I : 3 : 1.4 : 5.6 from t h e  n.m.r. s i g n a l s  a t  T 4.52,  4 .99,  6.0 

and 6.66. 

After  44 hours  t h e  i . r .  a b s o r p t i o n s  a t  3440, 1710 and 1100 

am-' i n c r e a s e d  c o n s i d e r a b l y  i n  i n t e n s i t y  r e l a t i v e  t o  t h e  n i t r a t e  



peaks and t h e  n.m.r. spect rum no l o n g e r  showed t h e  s i g n a l  a t  r 4.5 

f o r  c i s  11-8; t h e  s i g n a l  a t  T 4.99 due t o  t r a n s  11-8 was v e r y  weak -- 
and cou ld  be s e e n  o n l y  w i t h  h i g h e r  a m p l i f i c a t i o n .  Tne c i s  t o  t r a n s  - -- 
r a t i o  o f  a l c o h o l  11-9 was e s t i m a t e d  t o  be 1:4 from t h e  i n t e n s i t i e s  

*- 

o f  t h e  s i g n a l s  a t  z 6.0  and 6.65.  A n a l y s i s  by g ,c . -m.s .  ( 1 5 0 ~  

f o r  10 m i n u t e s ,  i n c r e a s e d  t o  200' a t  a r a t e  o f  4O/minute) showed 

t h e  sample t o  c o n t a i n  7  compounds : 0.1 minu tes  ( 8  - 9 %, 

p i p e r i d i n e l  m/e ( % )  85 (fl ,  7 0 ) ,  84 ( l o o ) ,  70 ( 1 6 1 ,  57 (401 ,  56 

( 4 2 1 ,  44 ( 3 2 1 ,  43 ( 2 3 )  and 42 ( 2 5 ) ;  0.2 minu tes  ( 5 % ,  1-cyclopentene 

carboxaldehyde 11-13] m/e ( 8 )  96 ( f l ,  691 ,  95 ( 3 6 1 ,  67 ( l o o ) ,  41 

( 3 4 )  and 39 ( 2 9 ) ;  0 .4  minu tes  (3-4%,  1 ,  6-hexanedia ldehyde 11-12) 

m/e ($1  114 (M+, 181 ,  112 ( 1 0 1 ,  70 ( l o o ) ,  57 ( 7 4 )  and 44 ( 2 6 ) ;  1 .9  

minu tes  (7-8%,  unknown) m/e i%) 180 ( 3 i j ,  163 i i o o i ,  1b2 i ' r 0 ,  84 

( 7 9 1 ,  80 ( 3 5 1 ,  79 ( 3 4 )  and 77 ( 2 8 ) ;  2 . 2  minu tes  ( 3 0 % ,  

2-piper idinocyclohexanone 11-10) m/e ( % )  181 (w, 8 ) ,  153 ( l 5 ) ,  

124 ( l o o ) ,  110 ( 3 0 )  and 84 (8); 2 . 3  minu tes  ( 3 5 $ ,  11-9) m/e ( % )  183 ..- 

(rP, 1 4 ) ,  124 ( l o o ) ,  1 1 1  ( 1 2 1 ,  110 ( 8 1 ,  98 ( 3 1 )  and 84 ( 1 1 ) ;  2 .8  

minu tes  (8-98,  11-8) - m/e (%)  183 ( 5 1 ,  180 ( 1 4 1 ,  179 ( l o o ) ,  178 (561,  

I50 ( 9 2 ) ,  124 ( 4 9 )  and 84 ( 4 5 ) .  

I n  a s e p a r a t e  e x p e r i m e n t ,  a methanol  s o l u t i o n  (320 m l )  o f  NNP 

(5.4'7 g , . 0 . 0 4 8  m o l l ,  cyclohexene ( 3 . 2 8  g ,  0.04 mol) and 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  (4 .8  ml)  was photolyzed a s d e s c r i b e d  above.  The 

c o l o u r l e s s  p h o t o l y s a t e  was c o n c e n t r a t e d  t o  c a .  100 m l  under vacuum 
1 

a t  10' and s u b s e q u e n t l y  s t i r r e d  a t  room t e m p e r a t u r e  wi th  s o l i d  
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sodium c a r b o n a t e  (pH 8 -d .5 ) .  Al i .quots  were  wi thdrawn a t  v a r i o u s  

i n t e r v a l s  ( 0 ,  3 ,  24 and 96  h o u r s )  and  f i l t e r e d  t o  remove i n s o l u b l e  

i n o r g a n i c  s a l t s .  The s o l v e n t  was e v a p o r a t e d  a t  10' and t h e  

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

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

a n a l y s e d  by i . r . ,  n.m.r .  and g.c .-m.s .  ( 20% SE - 3 0 )  g i v i n g  

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

t h a t  t h e  11-10 : 11-9 r a t i o  was c o n s i d e r a b l y  l o w e r .  - 

5-4-4. Atteznpted P r e p a r a t i o n  o f  l , & H e x a n e d i a l d e h y d e  (11-12)  -- - 

A s u s p e n s i o n  o f  LAW (475 mg, 0 .0125 mol)  i n  THF ( 5 0  ml)  was 

t r e a t e d  w i t h . t - b u t y l  a l c o h o l  ( 3 . 0  g ,  0 .04  mol)  and t h e  r e s u l t i n g  

s o l u t i o n  was added  s l o w l y  w i t h  s t i r r i n g  t o  a d i p o y l  c h l o r i d e  (1 .090  

g ,  0.006 mol l  i n  THF ( 5 0  101) a t  -75'. The m i x t u r e  was t h e n  s l o w l y  

xarmeu t o  room t e ~ n p e r a t u r e ,  h y d r o l y z e d  w i t h  w a t e r  and f i l t e r e d .  The 

i11organi.c s o l i d  was washed s e v e r a l  times w i t h  THF. The f i l t r a t e  and 

t h e  wasning  were combined a i d  d r i e d  o v e r  magnesium s u l f a t e ,  and  t h e  

s o l v e n t  was removed t o  g i v e  a n  o i l  which  showed an  i .r .  a b s o r p t i o n  

a t  1720 cm-I and  a r i ~ u l t i p l e t  a t  ~ 0 . 2 3  i n  t h e  n.m.r .  s p e c t r u m .  

A n a l y s i s  by g . c  .-mas. (20% SE - 3 0 ,  130•‹,  programmed t o  i n c r e a s e  

a t  8O/minute t o  200') r e v e a l e d  t h e  p r e s e n c e  o f  more t h a n  10 

compounds. The f i r s t  m a j o r  g . c .  peak  was i d e n t i f i e d  by m . s .  as 

I - c y c l o p e n t e n e  c a r b o x a l d e h y d e  11-13 : m/e ( % )  96 (I@, 8 9 )  95 

(44j, 67 ( l o o ) ,  41 (35 )  and  39 ( 3 5 ) .  



5-4-5. P r e p a r a t i o n  o f  Cholest-2-ene (11-19) 

C h o l e s t e r o l  ( F i s h e r ,  25 g )  a f t e r  r e c r y s t a l l i z a t i o n  from e t h y l  

a c e t a t e  was hydrogenated i n  e t h y l  a c e t a t e  i n  t h e  p reence  o f  p la t inum 

o x i d e  (250 mg) a c c o r d i n g  t o  t h e  method o f  Hershberg e t  a l . ,  [94]  t o  

g i v e  c h o l e s t a n o l  (11-15,  21.838 g ,  87%) : m.p. 138 - 142' ( l i t .  

139 - 142') [941 ;  i . r .  3360 ( s )  and 1045 ( s )  em-'; n.m.r. T 

9.35 ( s ) ,  9.18 ( s ) ,  9.08 ( s )  and 6.45 ( m ) .  Oxida t ion  [ 9 6 ]  o f  20.17 

g o f  c h o l e s t a n o l  w i t h  sodium d ichromate  ( 2 1 . 0  g )  i n  a c e t i c  a c i d  (252 

m l  ) and r e c r y s t a l l i z a t i o n  o f  t h e  product  from e thano l -ace tone  ( 4  : 1 ) 

gave 3-choles tanone (11-16,  11.785 g ,  59%)  : m.p. 130 - 131' -- 
( l i t .  127 - 128') [961 ;  i . r .  1715 ( s )  cm-I; n.rn.r. T 8.98 ( s )  

and 9 .08 ( s ) .  The k e t o n e  11-16 (10  g )  was brominated [ 9 7 ]  wi th  1 M  

bromine ( 2 6  m l )  j-n a c e t i c  a c i d  (270 ml) t o  g i v e  c rude  

2-bromo-5-cholestan-3-one (11-17,  -- 6.738 g ,  56%) : m.p. 166 - 
168' ( l i t .  174 - 1 7 4 . 5 ~ )  [971;  i . r .  1725 ( s )  and 580 ( s )  

c ;  n .  T 5.24 ( d d ,  J = 13.0 and 6.0 Hz, H Z ) ,  8.92 ( s )  and 

9.08 (s)  . The c r u d e  broiaoketoi~e 11-17 (6 .71 g )  was reduced w i t h  

sodium borohydr ide  ( u . 6  g) i n  e t r ianol  (250 m l )  a t  25' and t h e  

p roduc t  was dehydrohalogenated [ 9 8 ]  u s i n g  z i n c  (7 .538 g )  i n  g l a c i a l  

a c e t i c  a c i d  ( 1  15 m l )  t o  g i v e  a s o l i d  (3.8 9 ,  71%) which was 

chromatographed on n e u t r a l  a lumina (100 g )  and e l u t e d  wi th  pen tane .  

Evaporat ion o f  t h e  s o l v e n t  and r e c r y s t a l l i z a t i o n  o f  t h e  r e s i d u e  from 

a m i x t u r e  o f  e t h y l  a c e t a t e  and methanol  gave 5a-choles t -2-ene 



- 1 9  : m.p. 74 - 75' ( l i t .  74 - 75') [ g a l ;  i . r .  3020 ( s )  

and 668 ( s )  cm-I; n.m.r. .r 4.4 ( m ,  2H) ,  9.09 ( s )  and 9.18 ( s ) .  

5-4-6. Attempted O x i d a t i v e  Addi t ion  o f  NND t o  

Cholest-2-ene (11-19) 

A .  I n  Methanol 

Cholest-2-ene ( 124 mg, 3 . 3  x lom4 mol) i n  f i n e l y  d i v i d e d  form 

was added t o  a s o l u t i o n  o f  NND (123 mg, 16.6  x 10-4 mol) and 

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  ( 0 . 2  m l )  i n  methanol  (100 m l ) .  A f t e r  

3 h o u r s  of i r r a d i a t i o n  under oxygen,  u s i n g  a 100 w a t t  Hanovia lamp 

and a nonex f i l t e r  t h e  n i t r o s a m i n e  a b s o r p t i o n  a t  345 nm had 

d i s a p p e a r e d  comple te ly  and t h e  m i x t u r e  was f i l t e r e d  t o  g i v e  a s o l i d  

(111 mg. 90%) which e x h i b i t e d  i . r .  and n.rn.r.  peaks  i d e n t i c a l  t o  

t h o s e  o f  cho les t -2 -ene .  

6 .  I n  Amy1 Alcoho l .  

A s o l u t i o n  o f  N N D  (123 mg, 16.6 x mol) , choles t -2-ene 

(124 W ,  3 . 3  x lom4 moll and 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  ( 0 . 2  

m l )  i n  amyl a l c o h o l  (100 m l )  was i r r a d i a t e d  a s  d e s c r i b e d  above.  

A f t e r  t h e  comple t ion  o f  t h e  p h o t o l y s i s  (2 .5  h o u r s ) ,  t h e  p h o t o l y s a t e  

was c o n c e n t r a t e d  under reduced p r e s s u r e .  The r e s i d u a l  s o l u t i o n  was 



d i l u t e d  w i t h  wa te r  and e x t r a c t e d  w i t h  methylene c h l o r i d e  t o  g i v e  

cno les t -2 -ene  (115 mg, 93%) as shown by i t s  i . r .  and n .m. r .  

spect rum.  The aqueous  s o l u t i o n  was b a s i f i e d  w i t h  sodium c a r b o n a t e  

s o l u t i o n  and e x t r a c t e d  w i t h  methylene c h l o r i d e .  On e v a p o r a t i o n  o f  

t h e  s o l v e n t  no r e s i d u e  remained.  

C.  I n  Benzene 

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

A f t e r  i r r a d i a t i o n  ( 2  h o u r s ) ,  t h e  p h o t o l y s a t e  was c o n c e n t r a t e d  under 

vacuum. The r e s i d u e  was d i l u t e d  w i t h  wa te r  and e x t r a c t e d  w i t h  

methylene c h l o r i d e  t o  g i v e  a  semi - so l id  (100 mg) which e x h i b i t e d  

i . r .  a b s o r p t i o n s  due t o  cho les t -2 -ene  and a l s o  a t  1640,  1280 and 

855 . The n  . m .  r .  spect rum showed i t  t o  be predominant ly  

cho les t -2 -ene  ( n o  N-CH3 a b s o r p t i o n s ) .  No r e s i d u e  remained when 

t n e  aqueous s o l u t i o n  was b a s i f i e d  w i t h  sodium c a r b o n a t e ,  e x t r a c t e d  

w i t h  methylene c h l o r i d e  and t h e  s o l v e n t  was e v a p o r a t e d .  

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

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

was worked up i n  t h e  u s u a l  manner t o  g i v e  a n e u t r a l  f r a c t i o n  (97 mg) 

dhich gave i . r .  and n .m.r .  a b s o r p t i o n  peaks c h a r a c t e r i s t i c  o f  

cho les t -2 -ene  and a d d i t i o n a l  bands a t  1725,  1570,  1170 and 1130 



cm-' . No N-CH3 a b s o r p t i o n s  was observed i n  t h e  n.m.r. 

s p e c  t r u n .  

E.  I n  A c e t i c  Acid 

A s o l u t i o n  o f  NIID (123 mg, 16.6  x  10-4 mol) , choles t -2-ene 

(124 mg, 3.3 x  mol) and 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  (0 .2  

m l )  i n  g l a c i a l  a c e t i c  a c i d  (100 ml)  was i r r a d i a t e d  w i t h  a  Rayonet 

3500 lamp under oxygen f o r  5 h o u r s .  The p h o t o l y s a t e  was 

worked up i n  t h e  u s u a l  manner t o  g i v e  a n e u t r a l  f r a c t i o n  (155 mg)  

which showed i n  a b s o r p t i o n s  a t  1730, 1640,  1280,  1240 and 855 

cm-1, 

The aqueous  s o l u t i o n  was b a s i f i e d  (pH 9-10) wi th  sodium 

c a r b o n a t e  s o l u t i o n  and e x t r a c t e d  w i t h  ch lo ro form.  The ch lo ro form 

e x t r a c t  was worked up i n  t h e  u s u a l  manner and gave no  r e s i d u e  on 

e v a p o r a t i o n  o f  t h e  s o l v e n t .  

The n e u t r a l  f r a c t i o n  was chromatographed on n e u t r a l  a lumina ( 5  

g ) .  E l u t i o n  w i t h  pen tane  gave  11;-19 (37 mg) a s  shown by i . r .  and 

n .m . r .  s p e c t r o s c o p y .  The second f r a c t i o n  (60 mg), e l u t e d  wi th  

benzene,  was t e n t a t i v e l y  a s s i g n e d  a s  3 - c h o l e s t a n y l  a c e t a t e  on t h e  

b a a i s o f  i t s i . r .  a n d n . m . r .  s p e c t r u m :  i . r .  1745 ( s ) ,  1235 ( s )  

cm-', n.m.r .  r 4 .95 (m, W1/2 = 7 Hz) ,  7.98 ( s ) ,  9.08 ( s ) ,  9.18 



5-4-7. P r e p a r a t i o n  o f  t r ans -2 -Octa l in  (11-24) 

T o s y l a t i o n  o f  P -hydroxy- t rans -deca l in  (Columbia ,  15.4  g ,  0.1 

moll  was c a r r i e d  o u t  a s  d e s c r i b e d  i n  t h e  l i t e r a t u r e  [991 t o  g i v e  

0- tosyloxy-trans-decal in (11-23, 25.1 g,  81.5%) : i .r. 1598 (m) , 

I190 (51, 1360 ( s ) ,  930 ( s ) ,  575 ( s )  and 560 ( s )  cm-'; n.m.r .  T 

2.33 (A - p a r t  of A2B2, JAB = 8 . 0  H Z ,  AvAB = 27 H Z ,  2H), 

2.68 ( B  - p a r t  of A2B2, 2H) ,  5 .47 (m, 1H), 7.58 ( s ,  3H) and 8.46 

(m) . 

T o s y l a t e  11-23 ( 2 5  g )  was h e a t e d  t o  90' f o r  10 h o u r s  wi th  - 
sodium e t h o x i d e  p repared  from 8 g o f  sodium and 62.5 g o f  e t h a n o l  

[99]. The r e s u l t a n t  m i x t u r e  was s t e a m - d i s t i l l e d .  The e t h e r e a l  

e x t r a c t  o f  t n e  d i s t i l l a t e  was washed w i t h  water  and d r i e d  over  

magnesium s u l f a t e .  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 

chromatographed on n e u t r a l  a lumina u s i n g  pentane a s  e l u a n t ,  t o  g i v e  

c r u d e  t r a n s - 2 - o c t a l i n  - (11-24,  8 .16 g ,  74%)  : i . r .  3015 ( s ) ,  1445 

( s ) ,  720 ( s )  and 655 ( s )  cm-I; n.m.r. -r 4.42 ( m ,  2H), 8.03 ( m )  

and 8 .55  ( m ) ,  V.p.c.  a n a l y s i s  (20% SE-30, 130') o f  t h e  c r u d e  

product  showed t h e  p r e s e n c e  o f  c a .  10% o f  an  i m p u r i t y  ( p r o b a b l y  t h e  

A' - isomer)  . 



5 - 4 4 .  O x i d a t i v e  Addi t ion  of N N D  t o  t r ans -2 -Octa l in  (11-24) - 

A methanol  s o l u t i o n  (320 ml) o f  NND (0 .89 g ,  0.012 m o l ) ,  

t r ans -2 -  - o c t a l i n  (1 .36 g ,  0.01 mol) and p e r c h l o r i c  a c i d  (708 ,  2 ml) 

was i r r a d i a t e d  w i t h  a 200 w a t t  Hanovia lamp u s i n g  a nonex f i l t e r  

under oxygen a t  0'. A f t e r  i r r a d i a t i o n  ( 1  h o u r ) ,  t h e  c o l o u r l e s s  

p h o t o l y s a t e  was c o n c e n t r a t e d  t o  a s m a l l  volume under  vacuum. The 

r e s i d u a l  s o l u t i o n  was d i l u t e d  w i t h  water and e x t r a c t e d  w i t h  e t h e r  t o  

g i v e  u n r e a c t e d  t r a n s - 2 - o c t a l i n  ( 0 . 3  g, 2 2 . 1 % ) .  The aqueous  s o l u t i o n  

was c o o l e d  t o  5O, b a s i f i e d  (pH 10) with  s a t u r a t e d  sodium c a r b o n a t e  

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

o i l  ( 1 . 6  g )  : i . r .  3440 (Wj, 1715 (W), 1623 ( s ) ,  1278 ( s ) ,  1040 

(m) and 863 ( s )  em-l; n.m.r. T 4 .93 (rn, W1/2 = 21 Hz) ,  6.17 ( b s ,  

D20 e x c h . ) ,  6.62 ( m ) ,  7 .7  ( s ) ,  7 .73 ( s )  and 8 .52  (m) .  

T h i s  o i l  t u r n e d  d a r k  brown on s t a n d i n g  a t  room t e m p e r a t u r e .  

Af te r  72 h o u r s  t h e  i n t e n s i t i e s  o f  t h e  i . r .  a b s o r p t i o n s  a t  3440 and 

1040 cm" i n c r e a s e d  c o n s i d e r a b l y  w h i l e  t h o s e  o f  t h e  n i t r a t e  peaks 

d e c r e a s e d .  The c a r b o n y l  a b s o r p t i o n  a t  1715 cm'l remained weak. 

The n .m. r .  spec t rum d i d  n o t  show any a ldehyde  p r o t o n s ,  n o t  even 

a f t e r  s t o r a g e  of t h e  sample f o r  s e v e r a l  a d d i t i o n a l  d a y s .  I n  t h e  

n.rn.r.  spectrum, t h e  peak i n t e n s i t i e s  a t  .r 4.93 ( m )  and 7 .73  ( s )  

d e c r e a s e d  w h i l e  t h o s e  a t  T 6.62 (m) and 7 . 7  (s )  i n c r e a s e d .  



5-4-9. O x i d a t i v e  Addi t ion  o f  NNP t o  Bicyclo[2,2,l]hept-2-ene 

A methanol  s o l u t i o n  (300 ml) o f  NNP ( 6 . 8 4  g ,  0 .06  m o l ) ,  b i c y c l o  

[2 ,2 ,1]hept-2-ene ( A l d r i c h ,  b.p.  95-96', 3.76 g ,  0 .04 mol) and 

p e r c h l o r i c  a c i d  ( 6 0 8 ,  10 m l )  was i r r a d i a t e d  (200 watt Hanovia lamp) 

th rough  a nonex f i l t e r  under oxygen a t  0' f o r  4 .5  h o u r s .  A t  t h e  

end o f  p h o t o l y s i s ,  t h e  a b s o r p t i o n  a t  345 nm d i s a p p e a r e d  comple te ly  

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

under reduced p r e s s u r e  a t  10'. The r e s i d u e  was c r y s t a l l i z e d  from 

e t h y l  a l coho l -pe t ro leun i  e t h e r  t o  a f f o r d  a w h i t e  s o l i d  (2.61 g ,  19%) 

which was r e c r y s t a l l i z e d  from methanol  t o  g i v e  a  m i x t u r e  o f  t h e  

p e r c h l o r a t e s  o f  endo-2-nitrato-exo-3-piperidinobicyclo[2,2,l]heptane -- - 

(11-29a) and exo-2-nitrato-exo-3-piperidinobicyclo~2,2, I Ihep tane  .-- .- - 
(11-28a) : m.p. 130-162' (decompos i t ion  w i t h  e v o l u t i o n  o f  g a s ) ;  -- 
i . r .  1645 ( s ) ,  1275 ( s ) ,  1100 ( s ) ,  1080 ( s ) ,  1065 ( s )  and 840 ( s )  

om-'; n.m.r .  (DMSO-d6) i 1.0  (m, D20 e x c h . ,  I H ) ,  4 .58 ( t ,  J = 

4Hz) and 4 .73  ( d ,  J = ?'Hz). The i n t e n s i t y  r a t i o  o f  t h e  l a s t  two 

s i g n a l s  was 1  : 1 .  

Af te r  s e p a r a t i n g  t h e  s a l t s ,  t h e  f i l t r a t e  was e v a p o r a t e d  under 

vacuum, and t h e  r e s i d u e  was washed w i t h  e t h e r  and n e u t r a l i z e d  wi th  

s a t u r a t e d  potass ium c a r b o n a t e  s o l u t i o n  t o  pH 7 . 5 .  Subsequent  

e x t r a c t i o n  w i t h  methylene c h l o r i d e  gave a r e d d i s h  o i l  (4 .81  g )  whim 

was n o t  i n v e s t i g a t e d  f u r t n e r  : i .r .  1740, 1720,  1620,  1275 and 865 

an-1 



A methanol  s o l u t i o n  (300 m l )  o f  NNP (5.472 g ,  0.048 m o l ) ,  

bicyclo[2,2,l]hept-2-ene (3 .76 g ,  0.04 mol) and 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  (4 .8  m l )  was i r r a d i a t e d  a s  d e s c r i b e d  above.  A f t e r  

t h e  comple t ion  o f  t h e  p h o t o l y s i s  ( 2  h o u r s ) ,  t h e  p h o t o l y s a t e  was 

c o n c e n t r a t e d  t o  c a .  100 m l  under vacuum a t  10' and hydrogenated 

a t  60 p . s . i .  i n  t h e  p r e s e n c e  o f  p la t inum o x i d e  (500 mg) f o r  48 

hours  a f t e r  which t i m e  no more hydrogen was absorbed .  An a l i q u o t  o f  

t h e  s o l u t i o n  was withdrawn and was worked up i n  t h e  u s u a l  manner t o  

g i v e  a b a s i c  o i l  showing s t r o n g  a b s o r p t i o n s  a t  1620,  1280 and 865 

cm-' due t o  a  n i t r a t e  g roup ,  a t  1745 cm-' f o r  a  c a r b o n y l  g roup  

and medium i n t e n s i t y  peaks a t  3300 and 1100 cm" f o r  a  hydroxyl  

f u n c t i o n .  Subsequent  hydrogena t ion  w i t h  p la t inum S l a c k  and Pd/C 

( 5 % ) ,  r e s p e c t i v e l y ,  a s  c a t a l y s t s  a t  60 p . s . i .  gave i d e n t i c a l  

r e s u l t s .  

A c r u d e  b a s i c  f r a c t i o n  ( 7  g )  was d i s s o l v e d  i n  anhydrous  THF (50 

m l )  added t o  a  suspens ion  o f  LAII (3 .04  g ,  0.08 mol) i n  THF (50 ml) 

and s t i r r e d  f o r  24 h o u r s .  The r e s u l t a n t  r e a c t i o n  m i x t u r e  was 

hydrolyzed w i t h  water  and f i l t e r e d .  The s o l i d  was washed t h o r o u g h l y  

w i t h  THF. The f i l t r a t e  and washings  were combined and d r i e d  o v e r  

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

c o l o u r l e s s  o i l  ( 6 . 2 5  g) : i . r .  33b0 ( s )  , 1205 (m) , 1050 ( s )  and 

1010 (m) em-'; n.m.r. r 5.93 (rn) , 6.35 ( m ,  p a r t i a l  D20 e x c h . )  , 

7.63 ( m )  and 8 . 5  ( m ) .  



T r e a t n e n t  wi th  e t h e r  c o n t a i n i n g  a  smal l  amount o f  H C 1  a f f o r d e d  

a  c r y s t a l l i n e  s o l i d  (500 mg, 5 % )  which was r e c r y s t a l l i z e d  from 

methanol t o  g i v e  t h e  h y d r o c h l o r i d e  o f  exo-3- 

p i p e r i d i n o - a o - b i c y c l o [ 2 , 2 ,  I ]  heptan-2-01 (11-34a) : 

s u b l i m a t i o n  p o i n t  165'; i .r. 3345 (s) , 3295 ( S) , 2660 ( S)  , 2550 

(m), 1090 ( s ) ,  1080 ( s )  and 1070 (s )  an-';  n.m.r.  ( ~ ~ 0 )  ( s e e  

F igure  2 . 2 )  T 5.76 ( t ,  J = 4.0 Hz, H 2 ) ,  6.70 ( m ,  4 ~ 1 ,  7.36 ( d ,  J = 

4  Hz, H 3 ) ,  7.38 (m, H I ) ,  7 .58 (m, H 4 )  and 8.30 ( m ,  12 HI; m . s .  

m/e (1)  195.1633 (24 ;  c a l c d .  195.16231, 194 ( 6 1 ,  178 ( 8 1 ,  138 (881 ,  

124 ( 4 2 ) ,  111 ( 7 3 1 ,  98 (100)  and 8 4 ( 3 0 ) .  On i r r a d i a t i o n  o f  t h e  

s i g n a l s  a t  r 7.35 ( H ~ )  and 7.38 ( H I ) ,  t h e  t r i p l e t  r esonance  a t  r 

5.75 ( H 2 )  c o l l a p s e d  t o  a  s i n g l e t .  When t h e  t r i p l e t  a t  r 5.76 

( H Z )  was i r r a d i a t e d ,  t h e  d o u b i e t  a t  i 7.36 H Z ( H ~ )  c o l l a p s e d  t o  a  

s i n g l e t .  

Anal. c a l c d .  f o r  C13H22NOC1 : C ,  62 .19,  H ,  9 .57;  N ,  6 .05 .  

Found : C ,  61.91; H ,  9 .67; N ,  6 .16.  

The h y d r o c h l o r i d e  ( 3 0  mg) was d i s s o l v e d  i n  s a t u r a t e d  sodium 

c a r b o n a t e  s o l u t i o n  a n d  e x t r a c t e d  wi th  methylene c h l o r i d e  t o  g i v e  t h e  

. f r e e  base  o f  a l c o h o l  11-34a ( 2 0  m g )  : m.p .  95-37'; i . r .  3200 

( s ,  b ) ,  2630 ( s ) ,  1060 ( s )  and 1045 ( s )  em-'; m.s. M e  ( $ 1  195 

(M+, 411, 194 ( 1 0 1 ,  178 ( 1 1 1 ,  152 ( 2 2 ) ,  138 (1001,  124 ( 5 5 1 ,  1 1 1  

(8'71, 110 ( 2 7 1 ,  98 ( 9 3 )  and 814 ( 3 3 ) .  



A s o l u t i o n  o f  NND (3 .552 g ,  0.048 moll  b i c y c l o [ 2 , 2 , l j -  

hept-2-ene (3.76 g,  0.04 mol) and 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  ( 4 . 8  m l )  i n  methanol  (320 ml) was pho to lysed  as d e s c r i b e d  

above.  After i r r a d i a t i o n  ( 2  h o u r s ) ,  t h e  methanol  was removed a t  

10'. The r e s i d u a l  s o l u t i o n  was d i l u t e d  w i t h  wa te r  and e x t r a c t e d  

w i t h  e t h e r  t o  g i v e  a n  o i l  (480 mg) which showed s e v e r a l  s p o t s  on a 

t .l . c .  p l a t e  and gave r i s e  t o  a complex n  . m . r .  spect rum c o n t a i n i n g  

no N-CH3 a b s o r p t i o n s .  Tne aqueous s o l u t i o n  was b a s i f i e d  (pH 8 . 5 )  

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

methylene c h l o r i d e  t o  g i v e  a  ye l low o i l  c o n t a i n i n g  a t  least 10 

compounds ( g . c .  a n a l y s i s  a t  150•‹, 20% SE-30) : i .r. 2830 (rn) , 

2780 (m),  2720 (m), 1745 ( m ) ,  1720 ( s ) ,  1625 ( s ) ,  1280 ( s ) ,  and 870 

( m )  cm-' ; n.m.r. 7 0.22 I d ,  J = 2  H Z ) ,  0 .35 ( d ,  J=  2  Hz) ,  7.52 

( s ) ,  7.69 ( s )  2nd 7 .78 ( 9 ) .  

Tne c r u d e  b a s i c  f r a c t i o n  was reduced w i t h  LAH ( 3 . 4 2  g ,  0.09 

mol) i n  THF (100 mol) f o r  2 4  h o u r s  and t h e  p roduc t  was i s o l a t e d  i n  

t h e  u s u a l  manner t o  g i v e  a n  o i l  (3 .5  g )  which e x h i b i t e d  i . r .  

a b s o r p t i o n s  a t  3400, 1050 and 1035 cm-I due t o  a  hydroxy l  

f u n c t i o n .  N e u t r a l  p r o d u c t s  (350 mg) formed by decompos i t ion  o f  t h e  

n i t r a t e  b e f o r e  L A H  r e d u c t i o n  were removed by e x t r a c t i o n .  The b a s i c  

f r a c t i o n  ( 1 . 7 6  g ,  19%) c o n t a i n e d  

exo-3-dimethylamino-endo-bicyclo[2,2,1]heptan-2-01 - - (11-34b) and 



e~-3-dimethylamino-~~-bicyclo[2,2,1I-heptan-2-01 (11-35b) i n  t h e  
I 

r a t i o  3:7 a s  shown by t h e  i n t e n s i t i e s  o f  t h e  N-CH s ing le t \ s  a t  T 3  

7.80 and 7.71 and by t .1.c. ( two i n t e n s e  s p o t s )  : i . r .  3400 ( s ) ,  

2830 ( s ) ,  2780 ( s ) ,  1140 ( m ) ,  1050 (s)  and 1035 (s) cm-l, 

Chromatography of  a  p o r t i o n  o f  t h i s  m i x t u r e  (500 mg) on n e u t r a l  

a lumina ( 4 5  g )  and e l u t i o n  w i t h  0-10% chloroform i n  benzene gave a n  

o i l  (92 mg) which showed one s p o t  on a  t .l.c. p l a t e  and a s i n g l e  

peak a t  5 . 3  minu tes  on t h e  g a s  chromatogram (20% SE-30, 150') and 

which,  on d i s t i l l a t i o n  a t  25'/0.03 mm a f f o r d e d  pure  e z - a l c o h o l  

11-35b a s  a  c o l o u r l e s s  o i l  : i . r .  3300 ( m ) ,  2830 ( m ) ,  2785 ( m ) ,  
CL_ 

1050 (s) and 1035 ( s )  emd1; n.m.r. ( s e e  F i g u r e  2 .3 )  T 6.40 ( d d ,  J 

= 1.3 and 6 . 3  Hz, Hz), 7.62 ( s ,  6H),  7 .73 ( m ,  H 3 ) ,  7 .80 ( m ,  

H I )  , 8.23-8.79 im, 4H),  8.88 ( m ,  2H) ,  8 .95 (m, H7 a&i) and 5. I8  

(m, D20 e x c h . ,  I d ) ;  m.s. (90') m/e ($1  155 (k, 1 5 ) ,  154 

(211 ,  126 (381 ,  124 ( 1 5 1 ,  98 (541 ,  84 ( 4 4 1 ,  71 ( 4 8 )  and 58 ( 1 0 0 ) .  

On i r r a d i a t i o n  of' t n e  m u l t i p l e t  a t  r 8.95 ( H  a n t i ) ,  t h e  double  
T -  

d o u b l e t  a t  T 6.40 (H2) c o l l a p s e d  t o  a d o u b l e t  ( J  = 6 . 3  Hz) and t h e  

f i n e - s p l i t t i n g  i n  t h e  r n u l t i p l e t s  c e n t e r e d  a t  T 7 .73 ( H  ) and 7.80 
3  

( H I )  d i s a p p e a r e d .  On i r r a d i a t i o n  o f  t h e  m u l t i p l e t s  a t 1  7.73 

( H 3 )  and 7.80 ( H ~ ) ,  t h e  double  d o u b l e t  a t  r 6.40 ( H 2 )  

c o l l a p s e d  t o  a d o u b l e t  ( J = 1.3 Hz) and t h e  f i n e -  s p l i t t i n g  i n  t h e  

m u l t i p l e t s  a t  T 8 .95 ( H 7 a ~ & - )  and 8  - 8 8  (H7 s ~ t )  d i s a p p e a r e d .  

I r r a d i a t i o n  a t  .r 6.40 ( H ~ )  e l i m i n a t e d  t h e  l a r g e  s p l i t t i n g  i n  t h e  

m u l t i p l e t  c e n t e r e d  a t  r 7  .'l3 ( H  ) . 
3  



Anal.  Ca lcd .  f o r  C , p I 7 ~ O  : C ,  69.63;  H ,  11.04;  N ,  9 .02.  

Found : C ,  69 .30,  H ,  11.01;  N ,  9 .20.  

Subsequent  f r a c t i o n s  (392 mg) e l u t e d  w i t h  20-50% ch lo roform i n  

benzene c o n s i s t e d  o f  v a r i o u s  m i x t u r e s  o f  e x o - a l c o h o l  11-34b and 

exo-alcohol  11-35b and showed t o  peaks (5 .3  and 5.7 m i n u t e s )  on t h e  .- - 
g a s  chromatogram (20% SE-30, 150'); i . r .  3400 (3) , 1050 ( s )  and 

1035 (sOcm- ' ;  n.m.r. T 7.73 ( s )  a n d 7 . 9  ( s ) .  

I n  a s e p a r a t e  

m o l l ,  b i c y c l o [ 2 , 2 ,  

h y d r o c h l o r i c  a c i d  

e x p e r i m e n t ,  a s o l u t i o n  o f  N N D  (3.552 g ,  0.048 

11hept-2-ene ( 3 . 7 6  g ,  0.04 moll and c o n c e n t r a t e d  

( 4 . 8  m l )  i n  methanol  (320 ml) was i r r a d i a t e d  a s  

d e s c r i b e d  above.  Tine methanol  was d i s t i l l e d  under reduced p r e s s u r e ,  

and t h e  r e s i d u e  was washed w i t h  e t h e r  and b a s i f i e d  t o  pH10 w i t h  

s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n .  The aqueous  s o l u t i o n  was l e f t  

f o r  24 hours  and then  e x t r a c t e d  w i t h  methylene c h l o r i d e  t o  g i v e  a 

r e d d i s h  o i l  ( 2 . 3  g )  which was reduced  (24 h o u r s )  w i t h  L A H  (1 .52  g, 

0.04 moll  i n  e t h e r .  Tne product  was i s o l a t e d  i n  t h e  u s u a l  manner t o  

g i v e  a b a s i c  f r a c t i o n  (310 mg, 5 % )  : i . r .  3350 ( s ) ,  1050 ( s )  and 

1030 ( s )  em-'; n.rn.r. -I 6.55 ( d d ,  J = 6 .5  and 1 .5  Hz) and 7 .67  

( s ) .  T h i s  o i l  was p u r i f i e d  by chromatography on n e u t r a l  a lumina t o  

g i v e  exo-alcohol  - 11-35b. -- .. No enn-alcohol TI-34b was d e t e c t e d  i n  t h e  

n.m.r .  spec t rum o f  t n e  c r u d e  p r o d u c t .  



- 172 - 
The n e u t r a l  f r a c t i o n  from t h e  LAH r e d u c t i o n  was i s o l a t e d  i n  t h e  

u s u a l  manner and an a l i q u o t  (233 mgj was h e a t e d  w i t h  p -n i t robenzoy l  

c h l o r i d e  (555  mg, 0.003 mol) i n  p y r i d i n e  (10  ml) on a steam b a t h  f o r  

one hour .  The r e a c t i o n  m i x t u r e  was poured i n t o  i ce -wa te r  which 

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

w i t h  sodium c a r b o n a t e  s o l u t i o n  fol lowed by w a t e r .  It was 

r e c r y s t a l l i z e d  from methanol  t o  g i v e  t h e  b i ~ - ~ - n i t r b b e n z o a t e  o f  

1,3-Es-hydroxymethylcyclopentane (11-40,  356 mg, 46%) : m.p. 

117-118'; i . r .  1720 ( s ) ,  1605 ( m ) ,  1530 ( s ) ,  1520 ( s ) ,  1345 ( s ) ,  

1285 ( s )  , 1275 ( s )  , 1120 ( s )  , 1100 ( s )  and 720 ( s )  cm"; n.rn.r. r 

1.74 ( m ,  8 H ) ,  5.65 (m, 4H), 7.48 ( m ,  2N) and 7.25-9.11 (m, 6H); m . s .  

(240') d e  !%) 428 ( d ,  < 0 . 1 ) ,  261 ( 4 ) ,  150.0228 (63 ;  c a l c d .  

150.0191) 104 ( 2 2 ) ,  94.0762 (100;  c a l c d .  94.0782) and 79 ( 5 6 ) .  

Anal. w e d .  f o r  C21F120N208 : C ,  58 .88;  H ,  4 .71;  N ,  6.54.  

Found : C ,  58 .86,  H ,  4 .64;  N ,  6 * 7 0 .  

A p o r t i o n  o f  t h e  c r u d e  b a s i c  p h o t o l y s i s  p roduc t  (300 mg) was 

t r e a t e d  w i t h  2,4-dinitrophenylhydraxine s o l u t i o n  i n  e t h a n o l  a t  rooa 

t e m p e r a t u r e  and t h e  c r u d e  ye l low product  (821 mg, 71%)  was 

r e c r y s t a l l i z e d  from a c e t o n e  t o  g i v e  2,4-DNPtI o f  1,3-&-formyl- 

cyc lopen tane  11-39 m.p.  224-225' [ l i t .  225-226' ( 1  50)  1 . 



5-4-11. Decomposit ion o f  endo-2-Nitrato-exo-3- - 
dixethylaminobicycl0[2,2,l]heptane (11-29b) - 

A methanol  s o l u t i o n  (320 ml) of  NND (3 .552 g ,  0.048 m o l ) ,  

b i c y c l o  [2 ,2 , l ]hep t -2 -ene  (3.76 g,  0.04 moll and 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  (4.8 ml)  was p h o t o l y s e d  under a n  oxygen a tmosphere  

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

of a o s t  o f  t n e  methanol  a t  l o 0 ,  d i l u t e d  w i t h  e t h e r  and l e f t  a t  

-5' f o r  s e v e r a l  months t o  a f f o r d  a s m a l l  amount (600 mg) o f  a  

s o l i d  which was r e c r y s t a l l i z e d  from 2-propanol t o  g i v e  t h e  

h y d r o c h l o r i d e  o f  em-2-ni t rato-exo-3-dimethylamino-  

b i c y c l o [ 2 , 2 ,  I 1 hep tane  ( 11-29b) a s  a  w h i t e  c r y s t a l -  

l i n e  compound : m.p. 1 6 1 - 2  ; . 3100 (w), 

1645 ( s ) ,  1310 ( s ) ,  1285 ( s ) ,  1100 ( s ,  b )  and 850 ( s )  cm-'; n .m.r .  

(methanol  -d4) ( s e e  F i g u r e  2-11 T 4.65 ( t ,  J  = 4 . 0  Hz, HZ), 6.82 

( d d ,  J = 4.0 and 2 . 5  Hz, H 3 ) ,  7 .03 ( s ,  6 H ) ,  7.24 ( m ,  2H) and 

'1.95-8.74 (m, 6H). I r r a d i a t i o n  o f  t n e  s i g n a l s  a t  T 6.82 ( H  ) and 
3  

7 .24 f H 1  and H,,) r e s u l t e d  i n  t h e  c o l l a p s e  o f  t h e  t r i p l e t  

r e sonance  a t  'r 

p a t t e r n  o f  t n e  

a t  7,95-8.74 

c o l l a p s e d  t o  a  

4.65 (H2) t o  a s i n g l e t  and changed t h e  c o u p l i n g  

a u l t i p l e t  a t  T 7.95-8.74. When t h e  complex m u l t i p l e t  

was i r r a d i a t e d ,  t h e  doub le  d o u b l e t  a t  r 6.82 (H3) 

d o u b l e t  ( J  = 4.0  Hz) .  

The h y d r o c h l o r i d e  :I-29b (300 mg) was t h e n  d i s s o l v e d  i n  water  

and b a s i f i e d  w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n  t o  pH10 a t  



0'. The s o l u t i o n  waF immedia te ly  e x t r a c t e d  w i t h  me thy lene  

c n l o r i d e ,  t n e  e x t r a c t  was washed w i t h  c o l d  wa te r  and d r i e d  o v e r  

magnesium s u l f a t e ,  and t h e  s o l v e n t  was e v a p o r a t e d  t o  g i v e  a n  o i l  

(238 mI3) : i . r .  3350 ( w ) ,  2830 ( s ) ,  2780 ( s ) ,  1745 ( w ) ,  1720 ( m ) ,  

1625 ( s ) ,  1285 ( s ) ,  870 ( s )  and 855 ( s )  cm-I; n.rn.r. T 0.37 (m) ,  

5 .03  ( t ,  J = 3 . 5  Hz) and 6.41 ( d ,  J = 6.0 Hz) i n  t h e  r a t i o  

3.5:4.5:2.  A t  v a r i o u s  i n t e r v a l s  ( 1 7 ,  24 and' 44 h o u r s ) ,  a l i q u o t s  
\ 

were withdrawn from t h i s  o i l  a t  room t e m p e r a t u r e  ( t h e  m i x t u r e  

darkened on s t a n d i n g )  and a n a l y z e d  by i . r . ,  n . m . r .  and g .c.-m.s. 

(20% SE-30) . 

After 17 h o u r s ,  t h e  sample showed s t r o n g  i . r .  a b s o r p t i o n s  a t  , 

1720 cm-I f o r  d i a l d e h y d e  11-39, a t  1625,  1285,  870 and 855 cm-l - 
f o r  e 2 - n i t r a t e  11-30b and a weak peak a t  3350 cm-l f o p  

exo-a lcoho l  - 11-35b. The r a t i o  o f  11-39 - : 11-30b : 11-35b was -- * -- 
e s t i m a t e d  t o  be  3 .5 :4 :2  from t h e  n .m.r .  s i g n a l s  a t  T 0 . 3 7 ,  5.02 and 

6 .35.  After 24 h o u r s ,  t h i s  r a t i o  had changed t o  5 :2 :2 ;  t h e  

i n t e n s i t y  o f  a b s o r p t i o n  a t  3350 cm-l remained weak w h i l e  t h a t  a t  

1720 cm-l had i n c r e a s e d  c o n s i d e r a b l y  compared t o  t h a t  o f  t h e  

n i t r a t e  peaks .  

b u t  t h e  i n t e n s i t y  a t  1720 cm" had i n c r e a s e d  enormously  a t  t h e  

expense  o f  t n e  n i t r a t e  a b s o r p t i o n s ;  t h e  weak c a r b o n y l  a b s o r p t i o o  o f  

11-37b (1745 cm-I) obse rved  f o r  t h e  zero-hour sample  was now a 
CII_ 



b a r e l y  v i s i b l e  s h o u l d e r  merging wi th  t h e  1720 band. The 

sample was ana lyzed  by g  . c  . -m. s . (1 00 t o  200•‹, programmed t o  

i n c r e a s e  a t  loO/minute)  and found t o  be  a m i x t u r e  o f  f o u r  

compounds w i t h  t h e  f o l l o w i n g  r e t e n t i o n  times : 1.03 minutes  (30 .5%,  

cis-11-39) m/e ( % I  126 (M+, 471,  108 (111 ,  98 ( 2 6 1 ,  97 (271 ,  80 

( 2 3 )  79 ( l o o ) ,  70 ( 4 8 1 ,  69 (301 ,  67 ( 8 8 )  and 57 ( 5 2 ) ;  1.07 minutes  

(30 .55 ,  t rans-11-39]  m/e (81-426 (M+, 6 ) ,  98 ( 4 8 ) ,  80 ( 2 2 1 ,  79 -- 
( 3 0 1 ,  67 ( 4 3 )  and 57 ( 1 0 0 ) ;  1.27 minu tes  ( 8 . 4 5 ,  unknown) m/e ( $ )  125 

( 2 1 ) ,  8 5  ( 1 0 )  and 8 4 ( 1 0 0 ) ;  1 .33 minu tes  ( 3 0 . 5 % ,  11-35b) m/e ( % )  155 

(I@, 351 ,  140 ( 2 6 1 ,  126 ( 4 9 1 ,  98 (1001,  84 ( 7 4 1 ,  71 ( 8 1 1 ,  58 ( 8 6 1 ,  

45 ( 2 7 1 ,  44 ( 4 2 )  and 42 ( 3 7 ) .  

5-4-12. O x i d a t i v e  Addi t ion  o f  NNP t o  B i c y c l y [ 2 , 2 , l ] h e p t a -  - 

A methanol  s o l u t i o n  (300 m l )  o f  NNP (2 .736 &, 0.024 m o l l ,  

b i c y c l o  [ 2 , 2 ,  I I h e p t a d i e n e  ( ~ l d r i c h ,  b  . p .  89 . 5 - 9 0 . 5 ~ ,  1.84 g ,  0 .02 

mol) and p e r c h l o r i c  a c i d  ( 6 0 $ ,  4  m l )  was i r r a d i a t e d  (200 w a t t  

Hanovia lamp) th rough  a  nonex f i l t e r  under oxygen a t  0' f o r  1.5 

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

d i s a p p e a r a n c e  o f  t h e  347 nm a b s o r p t i o n  was c o n c e n t r a t e d  under 

reduced p r e s s u r e  a t  10' t o  a f f o r d  a  c r y s t a l l i n e  s o l i d  (0.628 g )  

which was f i l t e r e d  and r e c r y s t a l l i z e d  from a e t h a n o l  t o  g i v e  t h e  

p e r c h l o r a t e  o f  endo-3- - 



nitrato-~~-5-~iperidinotricyc10[2,2,l, o2 t 6 ]  hep tane  (11-42b) : 

m.p. 175-217' (decamp.) ; i . r .  3100 ( s ) ,  1630 ( s ) ,  1280 ( s ) ,  

1110 (s), 1070 (s,  b) 1030 ( s ) ,  1000 ( s ) ,  850 ( s )  and 620 ( s )  

om-' ; n  .m.r . ( D m 0  - d6)  T 1.58 (in, D 2 0  exch .  1, 4.86 ( b s ,  

W1/2 = 5 Hz) ,  6.46 (m), 6.94 (m), 7.28 ( b s ,  W1/2 = 6 H z ) ,  7.94 ( d d ,  J 

= 5 ,  10Hz) and 8 .18 (m) . ,  

The f i l t r a t e  was hydrogenated a t  60 p . s . i .  i n  t h e  p r e s e n c e  o f  

p la t inum b l a c k  (250 me) f o r  48 h o u r s  a f t e r  which t i m e  no  more 

hydrogen was a b s o r b e d .  The v s u a l  work-up gave a n  o i l  which showed 

s t r o n g  i . r .  a b s o r p t i o n s  a t  1625,  1280 and 865 cm-I due t o  a  

n i t r a t e  g roup .  T h i s  o i l  was t r e a t e d  w i t h  sodium borohydr ide  (0 .757  

g )  i n  e t h a n o l  a t  room t e m p e r a t u r e  f o r  12 h o u r s .  The r e s u l t i n g  

s o l u t i o n  was hydro lysed  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  fo l lowed by 

b a s i f i c a t i o n  w i t n  sodium c a r b o n a t e .  E x t r a c t i o n  w i t h  methylene 

c h l o r i d e  gave a n  o i l  ( 2 . 8  g )  showing s t r o n g  a b s o r p t i o n s  a t  3400 and 

1080 cm'l f o r  a hydroxy l  f u n c t i o n  and a  medium peak a t  1745 cm' 1 

f o r  a  c a r b o n y l  g roup .  

5-4-13. O x i d a t i v e  Addi t ion  o f  N N D  t o  B i c y c l o [ 2 , 2 , l ] h e p t a -  

A s o l u t i o n  o f  N N D  (3 .552 g ,  0.043 m o l ) ,  b i c y c l o  [ 2 , 2 , l ] h e p t a - 2 ,  

5-diene  ( 3 . 6 8  g ,  0.04 mol) and p e r c h l o r i c  a c i d  (60P ,  8  m l )  i n  
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methanol  (300 m l )  was pho to lysed  a s  d e s c r i b e d  above.  A f t e r  

i r r a d i a t i o n  (4  h o u r s ) ,  t h e  p h o t o l y s a t e  was f i l t e r e d  t o  a f f o r d  a 

w h i t e  s o l i d  (1.19 g ,  10%) which was r e c r y s t a l l i z e d  t w i c e  from 

e thano l -wa te r  t o  g i v e  t h e  p e r c h l o r a t e  o f  endo-3-nit-  - 
rato-exo-5-dimethylarninotricyclo[2,2, - I , t 6 ]  hep tane  

(11-42a):  m.p. 211-215' (decomp.j: i . r .  3140 ( s ) ,  1 6 3 5 ( s ) ,  1305 

( 8 1 ,  1290 ( s ) ,  1100 ( s ,  b ) ,  1070 ( s ) ,  1060 ( s ) ,  1040 ( s l ,  870 ( s ) ,  

838 ( s ) ,  828 (m) ,  810 (ml and 760 (m) an-'; n.m.r. (DlGO-d6) 

( s e e  F i g u r e  2-5) 7 1 . 1 6  (m, D20 exch . ,  NH), 4.80 (t, J = 1.5 Hz, 

H3), 6.35 ( d ,  J = 9 H Z ,  H5), 7.04 ( d ,  J = 4.5 H Z ,  N - C H 3 ) ,  7.22 

( d ,  J = 4.5 H Z ,  N-CH3), 7.31 ( d ,  J = 1.5 H Z ,  H 4 ) ,  7.94 ( t ,  J = 

5 .2  H Z ,  H6) and 8.21 ( m ,  4H). 

Anal. Calcd.  f o r  CgH15N207C1: C ,  36.19; H ,  5 .06;  N, 9.38. 

Found : C ,  36.22; H ,  5.01; N ,  9.33. 

The f i l t r a t e  was c o n c e n t r a t e d  t o  a s m a l l  volume, t r e a t e d  wi th  

wa te r  (50  ml) and e x t r a c t e d  w i t h  e t h e r  (50 m l  x 3 )  t o  g i v e  a n  o i l  

(620 mg) which showed s e v e r a l  s p o t s  on a t . 1 . c .  p l a t e  and a complex 

n.m.r. spect rum c o n t a i n i n g  no N-CH a b s o r p t i o n s .  The aqueous  3 

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

s o l u t i o n  and e x t r a c t e d  w i t h  methylene c h l o r i d e  (50  m l  x 5 )  t o  s i v e  a 

r e d d i s h  brown o i l  ( 3 . 3  g ) :  i . r .  2830 ( s )  , 2780 ( s )  , 1625 (s)  , 1295 

I s ) ,  1280 ( s ) ,  and 865 ( s )  em-'; n.m.r. 7 5.20 ( t ,  J = 1.5  Hz, 

1 H )  and 7.82 ( s ,  6H). 



A por t i on  o f  t h i s  o i l  (1 g) was chromatographed on n e u t r a l  

alumina (30 g) with chloroform a s  e l u a n t  t o  g i v e  two main f r a c t i o n s  

t h e  second o f  which (272 mg) was shown t o  c o n t a i n  most ly  t h e  
' -, 

n o r t r i c y c l y l  n i t r a t e  11-46 on t h e  b a s i s  o f  s p e c t r a l  and t.1.c. 

a n a l y s i s .  The first f r a c t i o n  (683 mg) showed more than one spot  on 

a  t . 1 . c .  p l a t e  and its i .r .  spectrum exh ib i t ed  c h a r a c t e r i s t i c  

abso rp t ions  f o r  a  n i t r a t e  group. This  f r a c t i o n  was rechromato- 

graphed on n e u t r a l  alumina (40 g), us ing  benzene a s  

e l u a n t ,  t o  g i v e  a n  i n i t i a l  f r a c t i o n  (94 mg) which showed aga in  t h e  

c h a r a c t e r i s t i c  n i t r a t e  abso rp t ions  a t  1620, 1280 and 865 cm-I and 

which was found by n.m.r. a n a l y s i s  t o  c o n t a i n  exo-3- - 

- 6  v  i n f r a )  and probably e&oo-2-nitrato-exo- 

3-dimethylaminobicyclo [2 ,2 ,11  hept-5-ene (11-47) a s  wel l  a s  exo- - 
2-nitrato-~-3-dimethylaminobicyclo[2,2,1]hept-5-ene ( 1 x 8 )  i n  t h e  

r a t i o  3.1:1.9:2.7. n.m.r. T 3.68 ( d  o f  dd, J = 6.0,  3.5 and 1.0 Hz, IH) ,  

4.08 ( d  of dd,  J = 6.0, 3.0 abd 0.5 Hz, 1H) 4.37 ( q ,  J = 3.0 Hz, 2H), 5.18 ( t ,  
I 

J = 1.5 Hz, 1H), 7.75 ( s ,  6H)I, 7.81 ( s ,  6H) and 7.87 ( s ,  6H). 

Further  f r a c t i o n s  (349 mg) e l u t e d  with 0-50% chloroform i n  

benzene were mix tures  con ta in ing  mostly t h e  exo -n i t r a t e  - 11-46 a s  

shown by t h e  presence of t h e  n.m.r. s i g n a l  a t  T 7.82. 



The c r u d e  b a s i c  f r a c t i o n  (2 .3  g )  was reduced w i t h  LAH (2.28 g )  

i n  THF (200 ml) f o r  24 hours  t o  g i v e  a  v i s c o u s  o i l  (1.96 g )  which 

e x h i b i t e d  i . r .  a b s o r p t i o n s  a t  3360, 1055 and 1040 cm-' due t o  a 

hydroxyl  f u n c t i o n .  Chromatography on n e u t r a l  a lumina ( 60 g3 w i t h  

benzene as e l u a n t  gave a n  i n i t i a l  f r a c t i o n  (165 mg) which was found 

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

r e a g e n t  g r a d e  THF used f o r  t h e  e x t r a c t i o n .  Lp. 62-63.5'; i .r. 

3640 ( s ) ,  1315 ( s ) ,  1250 ( s ) ,  1230 ( s ) ,  1155 ( s ) ,  1120 ( s )  and 860 

( s )  cm-'. E l u t i o n  w i t h  10-50% ch lo roform i n  benzene gave  a  semi 

s o l i d  (615 mg) which was subl imed a t  20•‹/0.5 mrn t o  g i v e  exo- - 

a s  f i n e  n e e d l e s  : m.p. 82- 84'; i .r .  3140 ( s )  , 3060 ( s ) ,  3005 

805 ( s )  c m - ;  n.m.r. ( s e e  F i g u r e  2 .8 )  r 8.65 ( m ,  3H) ,  8.29 (A - 
p a r t  o f  AB, JAB = 11.0 Hz, AvAB = 9 . 5  Hz, each  peak f u r t h e r  

s p l i t  i n t o  a  t r i p l e t ,  J = 1.0 Hz, H7 a n t i )  , 8.20 ( B  - p a r t  o f  AB, 

e a c h  peak f u r t h e r  s p l i t  i n t o  a  t r i p l e t ,  J = 1.0 Hz, H7 s y n ) ,  8.08 

(m, ZH), 8.04 (m, D 2 0  e x c h . ,  IH) ,  7.84 ( s ,  6H) and 6.21 ( t ,  J = 

1.5 Hz, H3); m . s .  (125') m/e ( $1  153.1146 OF, 100; c a l c d .  

153.11541, 152 ( 2 6 1 ,  136.1137 ( 6 0 ;  c a l c d .  136 .1126) ,  108.0561 (100;  

c a l c d .  108.0575),  91.0525 ( 8 1 ,  c a l c d .  91 .0548) ,  84 ( 7 9 1 ,  79 ( 7 3 1 ,  

71 ( 5 5 ) ,  69 ( 6 3 )  and 58 ( 5 0 ) .  I r r a d i t i o n  o f  e i t h e r  m u l t i p l e t  a t  T 

8.65 fH2) o r  a t  7 8.08 (H4) r e s u l t e d  i n  t h e  c o l l a p s e  o f  t h e  

t r i p l e t  a t  7 6.21 ( H 3 )  t o  a d o u b l e t  ( J  = 1.5 Hz) .  The n.m.r. 

spect rum o f  11-50 was t a k e n  i n  t h e  p r s e n c e  o f  Eu( DPRl3 i n  CDC13;  

t h e  chemica l  s h i f t  v a l u e s  a r e  l i s t e d  i n  Table  2.8 ( s e e  R e s u l t s ) .  



Anal. Calcd. f o r  C g q 5 N O :  C ,  70.55; H ,  9.87, N ,  9.14. Found 

: C ,  70.70, H ,  10.17, N ,  9.15. 

Subsequent e l u t i o n  with chloroform gave a mixture  (348 mg) 

which conta ined  a l coho l  11-50 and 1 ,4-butanediol . The l a t t e r  

compound was presumably formed by t h e  a c t i o n  o f  LAH on THF. Elu t ion  

wi th  5% methanol i n  chloroform gave a f r q c t i o n  (321 mg) con ta in ing  

mostly l ,4 -butanedio l  and a small  amount o f  11-50. Fur ther  e l u t i o n  

with 10% methanol i n  chloroform gave a f r a c t i o n  (84 mg) c o n s i s t i n g  

o f  an u n i d e n t i f i e d  compound : i .r. 3360 ( s ,  b) , 2830 (s) , 2790 (s)  

and 1025 (s,  b )  cm"; n.rn.r. r 5.88 ( b s ) ,  6.32 ( d t ,  J = 6.5 and 

2.5 Hz),  7.20-8.0 ( m )  and 8.0-8.97 ( m )  . 

5-4-14. Reduction o f  endo-3-Nitrato-exo-5- 

dirnethylarninotricyclo[Z, 2 , 2 , 1 , 0 ~ . ~ ]  heptane ( 11-45) 

The perch lor  a t e  s a l t  o f  endo-3-ni t ra to-ex-5-  

dimethylamin0tricyc~0~2,2,1, o2 9 6 ~  heptane ( 11-424  was 

d i sso lved  i n  cold water ,  n e u t r a l i z e d  with s a t u r a t e d  sod- 

ium carbonate  s o l u t i o n  and immediately e x t r a c t e d  with e t h e r  t o  

g ive  n i t r a t e  11-45 as a c o l o u r l e s s  o i l  : i . r .  3080 ( m ) ,  2830 ( s ) ,  

830 (s)  and 815 ( m )  om-'; n.m.r. ( C C 1 4 )  r 5.10 ( t ,  J = 1.5 Hz, 

H g ) ,  7.45 ( t ,  J = 1.5 Hz, H 5 ) ,  7.80 ( s ,  6H), 7.90 (m, H 4 ) ,  

8.10 ( m '  H6) and 8.48 ( m ,  4H). 



A s o l u t i o n  o f  t h i s  o i l  (400 mg) i n  d r y  e t h e r  (50 ml) was added 

t o  a  s u s p e n s i o n  o f  LAH (304 mg, 0.008 moll  i n  d r y  e t h e r  (100 ml) a t  

oO. The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  24 h o u r s  a t  room 

t e m p e r a t u r e ,  hydrolyzed w i t h  c a l c u l a t e d  amount o f  water and 

f i l t e r e d .  The i n o r g a n i c  s o l i d  was washed t h o r o u g h l y  w i t h  e t h e r ,  and 

t h e  f i l t r a t e  and t h e  washings were combined and d r i e d  o v e r  magnesium 

s u l f a t e .  A f t e r  removal of  t h e  e t h e r  a  low m e l t i n g  s o l i d  (250 mg) 

remained which was p u r i f i e d  by s u b l i m a t i o n  a t  20•‹/0.5 mm t o  g i v e  

whi te  c r y s t a l s  o f  

exo-5-dimethylamino-endo- - tricycle[ 2 , 2 ,  I  , o2 t 6 ]  heptan-3-ol  (11-49 ) : - 
m.p. 95-98'; i . r .  3140 ( s ,  b)  , 3070 ( s )  , 2835 ( s )  , 2790 ( s ) ,  

1325 ( s ) ,  1310 ( s ) ,  1082 ( s ) ,  825 ( m ) ,  812 (m) and 805 (m) cm-l; 

n.m.r .  ( s e e  f i g u r e  2-71 7 6.01 ( t ,  J = 1.6 Hz, H3), 7.36 ( b s ,  

H5), 7.75 ( s ,  6H) ,  8.11 (m, H 4 ) ,  8 .20 (A p a r t  o f  AB, JAB = 

10.5 Hz, each  l i n e  f u r t h e r  s p l i t  i n t o  a t r i p l e t ,  J = 1 . 0  Hz, H7 

a n t i ) ,  -- 8.63 (m, 3H) and 8.71 (B p a r t  o f  AB, each l i n e  f u r t h e r  s p l i t  

i n t o  a t r i p l e t ,  J = 1.0  Hz, H s n )  m . s .  (50') m/e ( % )  153.1128 7 L  

(p, 100; Calcd.  153.11541, 152 ( 3 1 1 ,  138 ( 4 6 1 ,  136.1109 (100; 

Calcd.  136.11261, 110 ( 3 1 1 ,  109 ( 3 1 ) ,  108.0565 ( 5 2 ;  Ca lcd .  

1 0 8 . 0 5 7 5 ) ~  107 ( 2 5 1 ,  94 ( 4 6 1 ,  91 .O52'i' (88 ;  Ca lcd .  91 .0548) ,  84 

( 5 5 1 ,  79 (861, 77 ( 4 7 1 ,  71 ( 3 9 1 ,  69 (100)  and 58 ( 4 3 ) .  On 

i r r a d i a t i o n  o f  t h e  m u l t i p l e t  a t  T 8 .63  ( H Z ) ,  t h e  t r i p l e t  a t  -r 6.01 

(H3) c o l l a p s a d  t o  a  d o u b l e t  ( J  = 1 .6  HE). The n .m.r .  spect rum 

of 11-49 was r e c o r d e d  i n  t h e  p r e s e n c e  o f  Eu(DPM) i n  C D C ~  t h e  .- 3  3  ; 

chemical  s h i f t s  a r e  l i s t e d  i n  Tab les  2.7 and 2 . 9  ( s e e  R e s u l t s ) .  



Anal. Calcd. f o r  C g ~ 1 5 ~ 0  : C ,  70.55; H ,  9.87; N ,  9.14. Found 

5-4-15. Oxidat ion o f  exo-5-Dimethylamino-endo-tricyclo - 
[2,2,1,0~~~]he~tane-3-01 (;I-49) and i ts e x -  

A s o l u t i o n  of endo-alcohol 11-49 (100 mg, 6.5 x mole) i n  - - 
acetone (2 m l )  was s t i r r e d  with Jones r e a g e n t  ( 7  x mole) a t  

room temperature  f o r  3 hours (101 ) .  Water ( 2  m l )  was added, and t h e  

ace tone  was evapora ted .  The r e s u l t i n g  mixture was b a s i f i e d  with 

sodium carbonate  s o l u t i o n  and e x t r a c t e d  with rnethylene c h l o r i d e  t o  

g ive  an  o i l  (85 mg) which was d i s t i l l e d  a t  20•‹/0.5 mm t o  g ive  

exo-5-dimethylaminotricyclo[2,2,1 ,02 ~6]heptan-3-one (11-51 ) a s  a 

c o l o u r l e s s  o i l  : i . r .  3073 ( m ) ,  3030 ( m ) ,  2830 ( s ) ,  2783 ( s ) ,  1760 

( s ) ,  1055 ( s ) ,  1045 ( s ) ,  863 ( s ) ,  855 ( m ) ,  838 (s)  and 805 ( m )  

crn-l; n.m.r. -t 7.50 ( t ,  J = 1.0 Hz, H5), 7.69 (m, H7 s x ) ,  

7.75 (s,  6 ~ ) ,  1 .83 ( m ,  2H), 7.99 ( m ,  H I ) ,  8.12 ( d ,  J = 10.5 Hz, 

each l i n e  f u r t h e r  s p l i t  i n t o  a t r i p l e t ,  J = 1.5  Hz, H7 a s )  and 

8.50 ( t ,  J = 5 .5  Hz, each l i n e  f u r t h e r  s p l i t  i n t o  a doub le t ,  J = 1.0 
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Oxida t ion  o f  t h e  exo-alcohol  11-50 (80 mg) w i t h  Jones  r e a g e n t  

(101)  i n  a c e t o n e  a s  d e s c r i b e d  above and d i s t i l l a t i o n  o f  t h e  c rude  

product  ( 4 0  mg) a t  20•‹/0 .5 mm a f f o r d e d  t h e  same t r i c y c l i c  ketone 

11-51. 

5-4-16. Addi t ion Of NND To 5-Methylenebicyclo[2,2,1]hept-2-ene 

A s o l u t i o n  of  NND (3.552 g ,  0.048 m o l ) ,  5-methyl- 

e n e b i c y c l o [ 2 , 2 ,  l lhept-2-ene ( A l d r i c h ,  b.p. 35'/35 mm, 4.24 
f 

g ,  0.04 moll and 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  ( 4 . 8  m l )  i n  

methanol (320 m l )  was coo led  t o  0' a n d ~ a s  i r r a d i a t e d  w i t h  a 200 

watt Hanovia lamp t h r o u g h  a nonex f i l t e r  under n i t r o g e n .  During t h e  

i r r a d i a t i o n  t h e  U.V.  a b s o r p t i o n  a t  295 nm f o r  a C-ni t roso dimer 

b u i i t  up g r a d u a l l y  and reached  i t s  max~mum i n t e n s l t y  a f t e r  5 hours  

a t  which time t h e  i r r a d i a t i o n  was s topped  and sodium c a r b o n a t e  was 

added w i t h  s t i r r i n g .  Evaporat ion o f  t h e  s o l v e n t  a t  10' gave a 

d a r k  brown o i l  ( 6 . 5  g ) :  i . r .  3240 ( s ,  b ) ,  3060 (m), 1265 ( s ) ,  1030 

( s )  and 930 (s) om-' ; n.m.r. r 3.40 ( m ,  D20 exch.)  , 3.73-4.32 

(m), 4.83-5.35 ( m ) ,  6.88 ( b s ) ,  7.67 (s)  and 7.70 ( s ) .  

A p o r t i o n  of  t h i s  r e s i d u e  (2 .0  g )  was chromatographed on a 

s i l i c i c  a c i d  column ( 6 0  g )  and e l u t e d  w i t h  methylene c h l o r i d e  

c o n t a i n i n g  i n c r e a s i n g  amounts o f  methanol.  E l u t i o n  w i t h  1 %  methanol 

i n  methylene c h l o r i d e  gave a b l u i s h  o i l  which e x h i b i t e d  U . V .  



a b s o r p t i o n s  a t  207 ( s h o u l d e r ) ,  242 ( c 1530) and 292 ( e 113) nm and 

d e c o l o u r i z e d  r a p i d l y .  D i s t i l l a t i o n  o f  t h i s  f r a c t i o n  (400 mg) a t  

20•‹/3 .5 mm a f f o r d e d  N-hydroxy-3-dimethylaminomethyl- 

2-azabicyclo[3,2,l]octa-3,6-diene 1 1 -  : U.V. ( C H 3 0 H )  

208 ( s h o u l d e r )  and 423 ( e  1620) ; i .r.  ( C H C 1 3 )  3380 

( m ) ,  3060 (m) , 2830 (s) , 2785 ( s )  , 1620 ( m )  , 1268 

( s ) ,  1038 ( s ) ,  1018 ( s ) ,  988 ( s ) ,  930 ( s ) ,  905 ( s ) ,  845 ( s ) ,  825 (3)  

and 695 ( m )  cm-I; n.m.r. ( s e e  F i g u r e  2.10) T 3.95 ( d  of  d t ,  J = 

5 .6 ,  2.0 and 1.0 Hz, H 7 ) ,  4.21 ( d  o f  q ,  J = 5.6 and 2.0 Hz, H 6 ) ,  

I3c  n.m.r. ppm (from TMS) 169.8 (C-3), 136.3 (C-7) ,  128.8 (C-6),  

83.7 (C-41, 62.5 ( N - C H 2 ) ,  45.2 ( N - C H 3 ) ,  39.3 I ,  35.5 (C-8) ,  

and 26.4 (C-5);  m . s .  m/e (%)  180.1244 (M+, 1 ;  Calcd.  1 8 0 - 1 2 6 3 ) ,  

Anal. Calcd. f o r  C l O H I G N 2 0  : C ,  66.64; H ,  8.95; N ,  15.54. 

Found : C ,  66.77; H ,  8.99; N ,  15.47. 

E l u t i o n  wi th  5% methanol i n  methylene c h l o r i d e  gave s e v e r a l  

f r a c t i o n s  (100 mg) c o n t a i n i n g  most ly  11-53 contaminated w i t h  a s m a l l  

amount o f  a compound w i t h  a lower R f  v a l u e .  The major  component 

p r e s e n t  i n  t h e  f r a c t i o n  (60 mg) e l u t e d  wi th  10% methanol i n  

methylene c h l o r i d e  was t e n t a t i v e l y  a s s i g n e d  as b icyc lo -  

[ 2 , 2 , l  Ihept-5-en-2-one oxime 1 1 - 5 5  : i .r. 3240 ( s ,  b) , 



3060 ( s )  , 1650 (w) , 1080 ( s )  , 1035 ( s )  , 1000 ( s )  and 940 ( s )  em-'; 

n.m.r. r 4.02 (m) .  

E l u t i o n  w i t h  20-505 methanol  i n  methylene c h l o r i d e  gave  a m i x t u r e  (325 

mg) of 2-dimethylaminomethyltricyclo[2 , 2 , 1  h e p t a n - o n e  (11-56) and 

t h e  c o r r e s p o n d i n g  oxime 11-54. The remain ing  m a t e r i a l  (120 mg),  

e l u t e d  w i t h  50-100% methanol i n  methylene c h l o r i d e ,  was mainly  one 

compound ( b y  t .l .c . ) which,  a f t e r  two s u b l i m a t i o n s ,  gave  

2-dimethylaminomethyltricyclo[2,2,1, O* f 6 ]  h e t a n - o n e  oxime 

(11-54) a s  a  w h i t e  c r y s t a l l i n e  s o l i d :  a m p .  67-68'; i . r .  3240 

880 ( s ) ,  860 ( s )  and 840 ( s )  em-'; n.m.r. r 1.85 m ,  ~~0 exch. ,  

I H ) ,  6.84 ( m ,  I H ) ,  7.38 (m, 2 ~ ) ,  7.55 ( m ,  I H ) ,  7.77 ( s ,  6H) ,  7 - 7 8  

(my 1H) and 8.27 (m, 4 H ) ;  m.s. m/e ( 9 )  180 (M+, 231 ,  163 ( 4 0 ) ,  91 

( 2 5 1 ,  85 ( 2 1 1 ,  84 (100)  and 58 ( 1 0 0 ) .  

A methanol  s o l u t i o n  (320 ml) o f  NND (3.552 g ,  O.04d m o l ) ,  

5-methylenebicyclo[2,2,1]hept-2-ene (4 .24 g ,  0.04 mol) and 

. 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  (4 .8  m l )  was i r r a d i a t e d  a s  d e s c r i b e d  

above.  A f t e r  t h e  comple t ion  o f  t h e  p h o t o l y s i s  ( 5  h o u r s ) ,  t h e  ye l low 

p h o t o l y s a t e  was c o n c e n t r a t e d  t o  a  s m a l l  volume under  vacuum a t  

l o 0 .  The r e s i d u a l  s o l u t i o n  was d i l u t e d  w i t h  water  t o  c a .  100 m l  

and e x t r a c t e d  w i t h  e t h e r  (4  x  50 rnl) t o  g i v e  a n  o i l  ( 9 5  mg) which 

showed s e v e r a l  s p o t s  on a  t .l . c .  p l a t e .  



The aqueous a c i d i c  s o l u t i o n  was b a s i f i e d  (pH 9-10) wi th  

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

c h l o r i d e  ( 8  x 50 m l )  and worked up i n  t h e  u s u a l  manner t o  g i v e  a 

brown c o l o u r e d  o i l  (4.21 g) : i .r.  3200 (m, b )  , 3060 (m) , 1755 ( s )  , 

1265 ( s )  , 1030 ( s )  , 1095 (m) , 1060 (m) and 840 (m) em"'; n.m.r. T 

3.95 (m) , 4.22 (m) , 5.18 (m) , 6.93 (bs) , 7.75 ( s )  and 7.0-9.2 (m) .  

Chromatography o f  t h i s  o i l  (2 .0  g )  on n e u t r a l  a lumina ( 6 0  g )  and 

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

11-53 (218 mg) . The f r a c v i o n s  (505 mg) e l u t e d  w i t h  1% methanol  i n  

methylene c h l o r i d e  c o n s i s t e d  o f  a m i x t u r e  o f  11-53 and t h e  t r i c y c l i c  

ke tone  11-56 and were rechromatographed on s i l i c i c  a c i d  ( 1 2  g )  t o  

a f f o r d  pure  11-53 (148 mg) on e l u t i o n  w i t h  methylene c h l o r i d e .  

Subsequent  e l u t i o n  from t h e  s i l i c i c  a c i d  column wi th  2-10% methanol 

i n  methylene c h l o r i d e  gave  a n  o i l  (118 mg) which was d i s t i l l e d  a t  

20•‹/0 .2 mm t o  g i v e  2-dimethylaminomethy1tricyclo[2,2,1 , o ~ ' ~ ] -  

heptan-5-one (11-56) a s  a c o l o u r l e s s  o i l  : i . r .  3020 -- 

( w ) ,  2820 ( s ) ,  2770 ( s ) ,  1755 ( s ) ,  1030 ( s ) ,  840 ( 9 1 ,  830 ( m ) ,  and 

820 (m) em-'; n.m.r. ( C C 1 4 )  r 7.48 ( b s ,  2 ~ ) ,  7.80 ( s ,  6H) ,  8.15 

(m, 6H),  and 8.92 ( d ,  J = 5 . 5  Hz, H 6 ) .  

The f r a c t i o n s  e l u t e d  from t h e  alumina column with  2% methanol  

i n  methylene c h l o r i d e  were m i x t u r e s  (331 mg) o f  t h e  oximes 11-54 and 

11-55 c o n t a i n i n g  v a r i o u s  amounts o f  ke tone  -- 11-56. E l u t i o n  w i t h  5% 

methanol i n  methylene c h l o r i d e  and up t o  100% methanol  gave  m i x t u r e s  

(390 mg) o f  t h e s e  oximes.  A p o r t i o n  (110 m q )  o f  t h i s  m i x t u r e  was 



r e f l u x e d  w i t h  sodium b i s u l f i t e  (258 mg) i n  5  m l  e thano l -wa te r  

( 1  : 1 )  f o r  f o u r  h o u r s .  The s o l u t i o n  was d i l u t e d  w i t h  w a t e r ,  

a c i d i f i e d  w i t h  e x c e s s  o f  0 .  I N  h y d r o c h l o r i c  a c i d  (15  m l )  and 

e x t r a c t e d  w i t h  methylene c h l o r i d e ;  no r e s i d u e  remained a f t e r  

e v a p o r a t i o n  o f  t h e  s o l v e n t .  Subsequent  b a s i f i c a t i o n  (pH 9 )  with  

sodium c a r b o n a t e  s o l u t i o n ,  e x t r a c t i o n  w i t h  m e t h y l e n e c h l o r i d e  ( 4  x  30 

m l )  and d i s t i l l a t i o n  o f  t h e  r e s i d u e  (26 mg) a t  20•‹/0 .2 mm gave  t h e  

t r i c y c l i c  ke tone  11-56 ( i d e n t i f i e d  by i .r. and n.m.r.) . 

5-4-17. Acid Treatment  o f  Azab icyc l i c  Compound 11-53 

A s o l u t i o n  o f  a z z b i z y c l i c  compound 11-53 (100 ag) i n  I N  - - 

h y d r o c h l o r i c  a c i d  ( 5  m l )  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  24 

h o u r s .  The r e s u l t a n t  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  ( 1 5  m l  x 2 ) .  

The e t h e r  e x t r a c t  d i d  n o t  y i e l d  any r e s i d u e .  The aqueous  s o l u t i o n  

was b a s i f i e d  (pH 9-10) w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n  and 

t h e n  e x t r a c t e d  w i t h  methylene c h l o r i d e  ( 3  x 20 ml) t o  g i v e  a n  o i l  

(60  rng) which was shown t o  be  t h e  s t a r t i n g  m a t e r i a l  ( i d e n t i f i e d  by 

i . r .  and n .m.r . ) .  

A s o l u t i o n  o f  11-53 (147 mg) and 0.1N h y d r o c h l o r i c  a c i d  ( 9  m l )  

i n  methanol  (9 m l )  was r e f l u x e d  f o r  20 h o u r s ,  d i l u t e d  w i t h  water  and 

e x t r a c t e d  wi th  methylene c h l o r i d e  ( 3 0  m l  x  2 )  t o  g i v e  a  semi - so l id  

( I 5  mg) which showed i . r .  a b s o r p t i o n s  a t  1725 (m, b ) ,  1260 ( s ) ,  



1075 ( s ,  b)  , 1020 ( s )  and 800 ( s )  cm-l . The aqueous  s o l u t i o n  was 

b a s i  f i e d  ( pH 9 ) w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n  and 

e x t r a c t e d  w i t h  methylene c h l o r i d e  ( 3  x 30 ml) t o  g i v e  unreac ted  

s t a r t i n g  m a t e r i a l  (88  mg) . 

A s o l u t i o n  o f  NND (1.776 g ,  0  .O24 mol) , 5-methyLenebicyclo[2,2,1 Ihep t -  

2-ene (2 .12 g ,  0.02 mol) and c o n c e n t r a t e d  hydj+oc4lloric a c i d  ( 2 . 4  ml) i n  

bromotr ichloromethane (100 ml) was pho to lysed  as d e s c r i b e d  above.  During 

t h e  i r r a d i a t i o n  a new peak emerged a t  315 nm.After 2 h o u r s ,  t h e  a s o r p t i o n  

a t  345 nm had comple te ly  d i s a p p e a r e d  and t h e  b l u i s h  g r e e n  ( c o l o u r  

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

c o n c e n t r a t e d  under vacuum. The r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d  

and washed w i t h  e t h e r  t o  g i v e  a  w h i t e  s o l i d  (197 mg, 39)  wich showed 

two s p o t s  on a t . 1 . c .  p l a t e  : i . r .  3070 (w) , 1235 ( s )  , 890 (m) , 
805 ( w ) ,  790 ( w )  and 660 (m) cm-I; m . s .  m / e ( % )  308 (!@, I ) ,  

306 (M+, 31, 304 (M+, 5 1 ,  302 (I@ 3 1 ,  227 (91 ,  225 ( 2 7 1 ,  223 

, ( 2 8 1 ,  189 ( 1 9 1 ,  187 ( 5 6 1 ,  185 ( 3 2 1 ,  143 ( 1 4 1 ,  141 ( 3 6 1 ,  127 ( 3 8 ) ,  

t h e  molecu la r  peak i n d i c a t e d  t h a t  t h e  compounds might  c o n t a i n  one 

bromine and t h r e e  c h l o r i n e  atoms t h e y  were t e n t a t i v e l y  a s s i g n e d  a s  

t h e  two s t e r e o i s o m e r s  o f  2- (2  , 2  , 2  - trichloroethy1)-5-bromo- 



The f i l t r a t e  was d i l u t e d  w i t h  w a t e r ,  washed w i t h  e t h e r  ( t h e  

e t h e r  washings  weighed 619 mg and c o n t a i n e d  s e v e r a l  compounds a s  

shown by t h e  t . l . c .  and n.m.r. a n a l y s i s )  , b a s i f i e d  (pH 9 . 5 )  wi th  

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

c h l o r i d e  t o  g i v e  a n  o i l  (2.64 g )  : i .r. 2820 ( s )  , 2770 ( s )  , 1220 

( 9 )  , 1030 ( s ) ,  800 ( s )  , 730 ( s )  and 640 (m) em-'; n.m.r. (CC14) I 
r 6.07 (m) , 7.82 ( \ I  and 7.87 (s) . A n a l y s i s  by  g.c.-m.s. (6' x 

1/8" 20% SE-30, 120 programmed t o  i n c r e a s e  a t  loO/minu te )  

showed t h i s  o i l  t o  tain two major and two minor components.  The 

f i r s t  major  g . c .  peak appeared  t o  b e  due t o  a  monobromo compound on 

t h e  b a s i s  o f  its g.c . -mas .  p a t t e r n  : m/e ( 8 )  231 (fl, 2 6 ) ,  230 

58 (75 ) ;  t h e  secozc! m j ~ r  peak ir. t h e  g.c. sppeared  t o  be an isoalet. 

o f  t h e  f i rst  compound : m . s .  m/e ( % )  231 ( 5 1 ,  230 ( 5 1 ,  229 ( 5 1 ,  

228 ( 4 ) ,  150 ( 7 7 ) ,  105 ( 3 7 1 ,  84 (100)  and 58 ( 4 4 ) .  

The minor peak observed i n  t h e  3 . c .  c o n t a i n e d  one c h l o r i n e  atom and 

was t e n t a t i v e l y  a s s i g n e d  a s  2-dimethylaminomethyl-5-chlorotricyclo 

[ 2 , 2 , 1 , 0 ~ 9 ~ ] h e ~ t a n e  (11-59) on t h e  b a s i s  o f  i t s  m a s .  p a t t e r n :  m/e ( % )  

1 8 7 ( ~ + , 4 ) ,  l 8 6 ( 5 ) ,  185 (I@, 1 1 ) ,  150 ( 4 5 )  , 105 ( 2 0 )  84 (30)  

79 ( 2 5 )  and 58 ( 1 0 0 ) .  

Chromatography of t h e  b a s i c  f r a c t i o n  on basic a lumina (260 g )  , 

e l u t i o n  w i t h  1% methanol  i n  methylene c h l o r i d e  and d i s t i l l a t i o n  o f  

t h e  c o l o u r l e s s  o i l  (355 mg) a t  20•‹/0.5 mm gave 

2-dimethylaminomethyl-5-bromotricyclo[2,2,l,02,6~~~~~~~ (11-60) 



: i . .  3060 ( w ) ,  2820 ( s ) ,  2775 ( s ) ,  1220 ( s ) ,  1150 ( s ) ,  1030 ( s ) ,  

880 ( s )  , 830 (m) , 800 ( s )  and 730 ( s )  omm1; n.m.r. (CC14) ( s e e  

F i g u r e  2-14) T 6.06 ( t ,  J = 1.5 Hz, H5), 7.63 ( b s ,  2H),  7.85 ( s ,  

6H) ,  8.6 (m, 3H), 7.9 (m, 2H),  8.68 (A p a r t  o f  AB, JAB = 5.5 Hz, 

AvAB = 11.0 Hz, each  L ine  f u r t h e r  s p l i t ,  J = 1.5  Hz, H6) and 

o f  AB, e a c h  l i n e  f u r t h e r  s p l i t ,  J = 1.5 Hz, HI ) ;  m . s .  

231 (M+, 111,  230 ( 7 1 ,  229 (M+, 1 1 ) ,  228 ( 6 ) ,  

(41)  , Y 1  ( 2 4 ) ,  84 ( l o o ) ,  79 ( 4 6 )  and 58 ( 6 6 ) .  

Anal. Calcd . f o r  C10H15NBr : C ,  52.42; H ,  6.60; N , 6.11 . 
Found : C ,  52.65,  H ,  7.05; N ,  6.40. 

Continued e l u t i o n  w i t h  1 %  methanol  i n  methylene c h l o r i d e  

a f f o r d e d  a n  e p i m e r i c  m i x t u r e  (812 mg) o f  b r o m o n o r t r i c y c l e n e s  11-60 

and 11-61 a s  shown by t h e  N-CH3 s i n g l e t s  a t  T 7.8 and 7.75. F u r t h e r  

e l u t i o n  w i t h  t h e  same s o l v e n t  gave a n  o i l  (145 mg) which was d i s t i l l e d  a t  

20•‹/0 - 5  mm t o  g i v e  2-dimethylaminomethyl-5-bromotricyclo[2,2,1 ,02  , 6 ~ -  

hep tane  (11-61 ) a s  a c o l o u r l e s s  o i l :  i .r. 3060 (w) , 2820 (s)  , 2775 ( s )  , 
1200 ( s )  , 1030 ( s )  , 860 ( s ) ,  830 ( m ) ,  795 (m) and 725 ( s )  cm-l; n.m.r. 

(CC14) ( s e e  F i g u r e  2.13) ~ 6 . 0 8  ( b s ,  W1/2 = QHz, H5), 7.57 ( b s ,  

2H) ,  7.82 ( s ,  6H) ,  7.88 (m, 2H),  8 .53 ( m ,  3 ~ ) ,  8 .68 (A p a r t  o f  AB, 

JAB = 5.5  H Z ,  AvAB = 15.5 Hz, each l i n e  f u r t h e r  s p l i t ,  J = 1 . 5  

Hz, H 6 )  and 8.94 ( B  p a r t  o f  AB, e a c h  l i n e  f u r t h e r  s p l i t ,  J 1.5 



and 58 ( 6 8 ) .  

E l u t i o n  w i t h  5% methanol  i n  methylene c h l o r i d e  gave  a m i x t u r e  (55 

mg) c o n t a i n i n g  a small amount o f  t h e  b ro rnonor t r i cyc lene  d e r i v a t i v e  

11-61 . -- 
5-4-19. O x i d a t i v e  Addi t ion  o f  NND t o  1 ,5-Cyclooctadiene 

/ - I  

/ A s o l u t i o n  o f  N N D  (3 ,552  g ,  0.048 m o l ) ,  1 , 5 - c y c l o o c t a d i e n e  

( A l d r i a h ,  b .p .  48-49O/28 mm,  4.327 g ,  0.04 a o l )  and p e r c h l o r i o  

a c i d  ( 7 0 1 ,  7 ml)  i n  methanol  (320 ml)  was c o o l e d  t o  0' and 

i r r a d i a t e d  w i t h  a 200 watt Hanovia lamp t h r o u g h  a Nonex f i l t e r  under 

oxygen f o r  3 h o u r s  a t  which t i m e ,  t h e  a b s o r p t i o n  a t  343 nm had 

comple te ly  d i s a p p e a r e d .  The c o l o u r l e s s  p h o t o l y s a t e  was c o n c e n t r a t e d  

t o  c a .  50 m l  under reduced p r e s s u r e  a t  l o 0 ,  d i l u t e d  w i t h  water  

( c a .  50 ml) and e x t r a c t e d  w i t h  e t h e r  ( 5  x 50 m l ) .  The e t h e r  

e x t r a c t  was washed w i t h  wa te r  ( 3  x 50 m l )  and d r i e d  o v e r  magnesium 

s u l f a t e ,  and t h e  e t h e r  was removed t o  g i v e  a p a l e  ye l low o i l  (223 

mg) which showed no N-CH3 s i g n a l  i n  i ts  n.m.r.  spec t rum.  

The aqueous  a c i d i c  s o l u t i o n  was c o o l e d  t o  o O ,  b a s i f i e d  ( p ~  

9 . 5 )  w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n  and immediate ly  

e x t r a c t e d  w i t h  methylene c h l o r i d e  ( 5  x 75 ml) . The e x t r a c t  was 

washed w i t h  wa te r  ( 3  x 50 ml) and d r i e d  o v e r  magnesium s u l f a t e .  The 

s o l v e n t  was removed under reduced p r e s s u r e  a t  10' t o  g i v e  a 



- 192 - 
y e l l o w i s h  v i s c o u s  o i l  (7.21 g ) :  i . r .  3400 ( s ,  b)  , 1615 (s)  , 1275 

( 8 1 ,  1100 (m) , 1030 (m) , 860 ( s )  , 735 (m) and 720 (m) om-'; n.m.r- 

7 4 . 3 7  (m) ,  4.8 (m) ,  6.65 ( s ) ,  7.70 ( s )  and 7.77 ( s ) .  The 

i n t e n s i t i e s  o f  t h e  ? .m . r .  s i g n a l s  a t  7 4.37 and 6.65 i n d i c a t e d  t h e  

p r e s e n c e  o f  an o l e f i n i c  and a  methoxy compound i n  t h e  approximate  

r a t i o  2.5: 1  and t h e  t .l .c .  showed two s t r o n g  and t h r e e  weak s p o t s .  

The c r u d e  b a s i c  f r a c t i o n  was d i s s o l v e d  i n  d r y  THF (50 ml), 

added w i t h  s t i r r i n g  ( a t  0') t o  a s u s p e n s i o n  o f  LAH (6.08 g ,  0.16 

moll i n  THF (50 ml) , allowed t o  warm t o  room t e m p e r a t u r e  and s t i r r e d  

A f t e r  h y d r o l y s i s ,  f i l t r a t i o n  and thorough  

s o l i d  r e s i d u e  w i t h  THF, t h e  f i l t r a t e  and 

washin s were combined and d r i e d  over  ma.gnesiwn s u l f a t e .  Removal of  B 
t h e  s o l v e n t  gave a n  o i l  (6 .6  g )  which showed one major  and two minor 

s p o t s  on a  t . 1 . c .  p l a t e :  i . r .  3400 (s :  b)  3010 ( m )  : 1045 ( s )  and 

1030 ( s )  em-'; n.m.r. (CC14) r 4.48 ( m ) ,  6.72 ( s ) ,  7.73 ( s ) ,  

7.8 (s )  and 7.83 ( s )  . The r a t i o  o f  t h e  t h r e e  N-CH3 s i g n a l s  i n  t h e  

n.m.r. spec t rum was e s t i m a t e d  t o  be 6:3: 1 .  

T h i s  m i x t u r e  (6 .2  g )  was chromatographed on b a s i c  a lumina (100 

g). The f irst  f r a c t i o n  (A, 4.3 g )  e l u t e d  wi th  methylene c h l o r i d e  

showed two predominant s p o t s  on a  t . 1 . c .  p l a t e .  Continued e l u t i o n  

w i t h  0-1% methanol i n  methylene c h l o r i d e  gave  a n  o i l  (1 .75 g )  which 

c o n t a i n e d  predominant ly  an ino-a lcoho l  11-64 ( i d e n t i f i e d  by i .r . and 

n . .  . E l u t i o n  w i t h  2-1 0% tnethanol i n  methylene c h l o r i d e  

f u r n i s h e d  1 , 4 - b u t a n e d i o l  c o n t a i n i n g  t r a c e s  o f  aminoalcohol  11-64. 



F r a c t i o n  A ( 2 . 3  g )  was rechromatographed on b a s i c  a lumina 

(230 g )  and gave  on e l u t i o n  w i t h  2% methanol  i n  methylene c h l o r i d e  a 

f r a c t i o n  (336 mg, c o l o u r l e s s  o i l )  which showed one s p o t  on a t . 1 . c .  

p l a t e  and ,  on d i s t i l l a t i o n  a t  20•‹/0 .5 mrn, a f f o r d e d  

eo-2-methoxy-exo-6-dimethylamino-9-oxabicyclo[ 3 , 3 , 1  Inonance 

1 - 6 5 ) :  i . r .  2820 ( s ) ,  2770 ( s ) ,  1130 ( s ) ,  1120 ( s ) ,  1100 ( s ) ,  

1085 ( s ) ,  1055 ( s ) ,  890 ( s )  and 880 ( s )  cm'l; n.m.r. T 6.10 (m, 

H1 and H5), 6.49 ( d t ,  J = 11.0 and 5.5 Hz, H2),  6.66 ( s ,  3H) ,  
/ 

11.0 and' 4.5 Hz, H6),  7.77 ( s ,  6H) and 8.13 ( m ,  8 ~ ) ;  

m . s .  (20') m/e ($1  199.1569 (M+, 27; Ca lcd .  l g g . I 5 7 2 ) ,  J /  
168.1372 ( l \ ;  Ca lcd .  168.13881, 114 ( I ) ,  84 ( 7 7 1 ,  71 (100)  and 56 

( 1 6 ) .  On i r  a d i a t i o n  o f  t h e  m u l t i p l e t  a t  T 8 . 1 3 ,  t h e  s i g n a l  a t  T l- 
6.49 ( H ~ )  c o l l a p s e d  t o  a d o u b l e t  (J = 5 . 5  Hz) and t h e  i n u l t i p l e t  a t  

7 6.10 (HI and H5) c o l l a p s e d  t o  two d o u b l e t s  ( J  = 5 .5  and 4.5 

Hz) .  

Anal. Calcd.  f o r  C I 1 H 2 , N O 2 :  C ,  66.29; H ,  10.62;  N ,  7 .03.  

Found : C ,  66.08; H ,  10.79;  N ,  7 .25.  

Continued e l u t i o n  w i t h  2% methanol  i n  methylene c h l o r i d e  gave 

a n  o i l  (405 mg) which e x h i b i t e d  no hydroxyl  a b s o r p t i o n s  i n  t h e  i - r .  

spec  t rm.  This  o i l  c o n t a i n e d  11-65 and a second compound (11-66) i n  

t h e  r a t i o  1:2.7 as e s t i m a t e d  from t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  

N-CH3 s i n g l e t s  a t  7 7.75 and 7.72 and o f  t h e  OCH s i n g l e t s  a t  7 3 

6.7 and 6.65.  A p o r t i o n  o f  t h i s  o i l  (300 mg) was rechromatographed 



on b a s i c  a lumina (50  g ) .  The first f r a c t i o n ,  e l u t e d  w i t h  1% 

methanol  i n  methylene c h l o r i d e ,  was a n  o i l  (242 mg) c o n t a i n i n g  11-65 

and 11-66 i n  a n  approximate  r a t i o  1:2. The n e x t  f r a c t i o n  (46  mg, 

c o l o u r l e s s  o i l )  was d i s t i l l e d  a t  20•‹/0.5 mm t o  g i v e  

1 - 6 6 :  i .r .  2820 ( s ) ,  2770 ( s )  and 1100 ( s )  cm"; n.m.r. r 

7 .5  (m, H5), 7.71 ( s ,  6H) and 8 .2  (m, 8H); m . s .  (20') m/e ( % )  

199 ( , 341,  168 ( 6 3 1 ,  154 ( 1 9 1 ,  140 ( 8 ) ,  124 ( 1 8 1 ,  85 ( 3 1 1 ,  84 

(1 0 1 ,  82 (l'g), 71 ( 8 3 1 ,  70 ( 2 7 1 ,  58 ( 2 6 )  and 56 ( 2 0 ) .  /@ 
Anal. Calcd.  f o r  C 1 1 H 2 1 N 0 2 :  C ,  66.29; H ,  10.62;  N ,  7 .93.  

Subsequent  e l u t i o n  w i t h  2% methanol  i n  methylene c h l o r i d e  gave 

a m i x t u r e  (150 mg) c o n t a i n i n g  11-66 and aminoalcohol  11-64 i n  t h e  

approximate  r a t i o  1 : l  a s  shown by i . r .  and n.m.r. a n a l y s i s ,  and 

s e v e r a l  c o n s e c u t i v e  f r a c t i o n s  c o n s i s t i n g  o f  a s i n g l e  compound ( o n e  

t .1 . c .  s p o t ) .  These f r a c t i o n s  were combined (647 mg) and sublimed 

a t  20•‹/0 .05 m t o  g i v e  trans-2-dimethylamino-5-cyclooc ten-I  -01 

1030 ( s ) ,  730 ( s )  and 715 ( s )  crn-'; n.rn.r. ( s e e  F i g u r e  2 .16)  T 

I p a t t e r n ,  JAB = 11.5 Hz, JAX = 5.0  4.35 ( A-part o f  ABX2X2 

I p a t t e r n ,  H Z ,  AvAB = 21 - 0  H Z ,  H 6 ) ,  4 - 5 6  (B-par t  o f  ABX2X2 

JBX = 7.0 Hz, H 5 ) ,  5.06 ( b s ,  D20 exch. ,  I H ) ,  6.49 ( d  o f  d d ,  J 



= 9 . 0 ,  7 .0  and 3 .0  Hz, H I ) ,  7 .39 ( d  o f  d d ,  J = 10.5 ,  9 .0  and 4.0 

Hz, H 2 ) ,  7.72 (s ,  6H),  7.52-7.99 ( m ,  4H) and 8 .38 (m, 4H); m . s .  

(20') m/e ( % )  169.1461 (M+, 17;  Calcd.  169 .1467) ,  140 (131 ,  110 

( 1 4 1 ,  84 (131 ,  72 (271 ,  71 ( l o o ) ,  56 ( 2 1 )  and 42 ( 1 7 ) .  On 

i r r a d i a t i o n  o f  t h e  m u l t i p l e t  a t  't 7.52-7.99 ( a l l y l i c  p r o t o n s ) ,  t h e  

s i g n a l  a t  T 4 , 4 5  ( v i n y l  p r o t o n s )  c o l l a p s e d  t o  a n  A0 q u a r t e t  wi th  a  

JAB v a l u e  o f  11.5 Hz. When t h e  m u l t i p l e t  a t  T 8.38 was 
/ 

s i g n a l s  a t  T 6.49 (HI )  and - 7.39 (H2) c o l l a p s e d  

= 9 .0  Hz) .  On i r r a d i a t i o n  of  t h e  s i g n a l  a t  T 7.39 

(H2) , t h  s i g n a l  a t  T 6.49 ( H I  ) c o l l a p s e d  t o  a  d o u b l e t  d o u b l e t  f 
/ 

( J  = 7 . 0 ,  and 3 .0  Hz) and t h e  m u l t i p l e t  a t  T 8 , 3 8  showed some 

changes  i n  i t s  c o u p l i n g  p a t t e r n .  I r r a d i a t i o n  a t  T 4.45 ( v i n y l  

p r o t o n s )  and a t  T 6.49 ( H I )  changed t h e  c o u p l i n g  p a t t e r n  o f  t h e  

m u l t i p l e t s  a t  T 7.52-7.99 ( a l l y l i c  p r o t o n s )  and a t  T 8 . 3 8 ,  

r e s p e c t i v e l y .  

Anal, Calcd.  f o r  C 1 0 ~ 1 9 N O :  C ,  70 .96;  H ,  11 .31 ;  8 ,  8.27.  

Fout~d: C, 70.86; H ,  11 .55;  N ,  8.48.  

The m a t e r i a l  remaining on t h e  column (760 mg) was e l u t e d  w i t h  

5-10% methanol  i n  methylene c h l o r i d e  and c o n s i s t e d  main ly  o f  t h e  

amino- a l c o h o l  11-64 ( a n a l y s i s  by t . l . c . ,  i . r .  and n.rn.r.1. 



5-4-20. O x i d a t i v e  Aodi t ion  o f  NND t o  1 ,3-Cyclohexadiene 

A methanol  s o l u t i o n  (320 ml) o f  NND (3.552 g ,  0.048 m o l l ,  1,3- 

cyc lohexad iene  ( A l d r i c h ,  b .p .  7g0,  3.20 g ,  0.04 mol) and 

p e r c h l o r i c  a c i d  (608 ,  8 ml)  was i r r a d i a t e d  (200 watt Hanovia lamp) 

th rough  a nonex f i l t e r  under  oxygen a t  0'. A f t e r  3  h o u r s  t h e  

a t  345 nrn had comple te ly  d i s a p p e a r e d  and a  y e l l o w  

obtai'ned. The s o l v e n t  was d i s t i l l e d  under reduced 

p r e s s u r e  a 4  lo0,  and t h e  r e s i d u a l  s o l u t i o n  was d i l u t e d  w i t h  water  

and washed w ' t h  e t h e r .  The aqueous s o l u t i o n  was c o o l e d  t o  oO,  \ 
b a s i f i e d  (pH 9 )  w i t h  sodium c a r b o n a t e  ( c o l o u r  t u r n e d  t o  d a r k  brown) 

and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t  ( c o l o u r  g r a d u a l l y  

da rkened)  was washed w i t h  water  and d r i e d  o v e r  magnesium s u l f a t e ,  

and t h e  e t h e r  was removed a t  10' t o  g i v e  a n  o i l  which decomposed 

e x p l o s i v e l y  t o  a  d a r k  t a r .  

5-4-21. O x i d a t i v e  Addi t ion  o f  NNP t o  1 ,3-Cyclohexadiene "- 

A s o l u t i o n  o f  NNP (5.472 g ,  0.048 m o l ) ,  1 ,3 -cyc lohexad iene  

( 3 . 2 0  g ,  0 .04  moll and 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  ( 4 . 8  m l )  i n  

methanol  (320 ml) was pho to lysed  a s  d e s c r i b e d  above.  After t h e  

comple t ion  o f  t n e  p h o t o l y s i s  (4 h o u r s )  , t h e  ye l low p h o t o l y s a t e  was 

c o n c e n t r a t e d  t o  c a .  50 ml under reduced p r e s s u r e  a t  10' ( t h e  

s o l u t i o n  t u r n s  b l a c k  a t  room t e m p e r a t u r e ) ,  d i l u t e d  wi th  water  t o  c a .  



100 m l  and e x t r a c t e d  w i t h  e t h e r  t o  g i v e  a y e l l o w  semi - so l id  (1 .55 g )  

which e x h i b i t e d  i . r .  a b s o r p t i o n s  a t  3440 (m) , 1720 ( s )  , 1690 ( s )  , 

1630 ( s ) ,  1550 ( s ) ,  1275 ( s ) ,  1050 ( s )  and 860 ( s )  cm-I. The 

aqueous  a c i d i c  s o l u t i o n  was coo led  below o O ,  b a s i f i e d  (pH 8 )  wi th  

s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n  and e x t r a c t e d  immediate ly  w i t h  

c o l d  e t h e r .  The e t h e r e a l  e x t r a c t  was washed w i t h  co ld  w a t e r ,  d r i e d  

o v e r  magnesium s u l f a t e ,  added t o  a s u s p e n s i o n  o f  LAH (6 .08 g ,  0.16 

mol) i n  anh  d r o u s  e t h e r  (250 ml)  a t  o0 and s t i r r e d  a t  room 

t e n p e r a t u r e  f o r  24 h o u r s .  Tne r e s u l t a n t  m i x t u r e  was worked up i n  

t h e  u s u a l  m :n n e r  t o  g i v e  -a b a s i c  f r a c t i o n  (2 .3  g )  which e x h i b i t e d  

i . r .  a b s o r p  i o n s  a t  3380 ( s ) ,  3020 ( m ) ,  1160 ( s )  , 1105 ( s ) ,  1060 C 
( s )  and 1035 ( s )  cm-l. The t . 1 . c .  o f  t h i s  m i x t u r e  showed t h e  

p r e s e n c e  o f  one major  and t h r e e  minor components.  

A p o r t i o n  o f  t n i s  m i x t u r e  ( 1 . 7 5  g )  was,chromatographed on b a s i c  

a lumina (60  g ) .  E l u t i o n  wi th  metnylene c h l o r i d e  a f f o r d e d  a 

b o l o u r l e s s  o i l  (41 1 mg) which showed a s i n g l e  s p o t  on a t . 1 . c .  

p l a t e  and g a v e ,  o n  d i s t i l l a t i o n  a t  20•‹/0.5 m m ,  3-piper-  

id inocyc lohexene  11-68) : i .r. 3020 ( s )  , 2800 ( s )  , 2750 

( s ) ,  2680 ( m ) ,  1325 ( s ) ,  1305 ( s ) ,  1160 ( s ) ,  1120 ( s )  and 725 ( s )  

c m ;  n . .  (CC14) r 4.41 (m, 2H),  6 . 9  (m, W1/2 = 12 Hz, 

.54 (m, 10H); 

15171, 

1 (100 ;  Calcd.  

( 2 5 ) ,  42 ( 2 0 )  and 

H3), 7.52 ( m ,  W1/2 = 12 Hz, 4H), 8 . 0  (m, 2H) and 8 

m . s .  (20') m/e ( P )  165.1500 (p, 32; Ca lcd .  165.  

137.1217 ( 7 2 ;  Calcd.  137 .1204) ,  122 ( 5 1 1 ,  111.108 



41 ( 3 8 ) .  I r r a d i a t i o n  o f  t h e  m u l t i p l e t s  a t  T 6.9 and 8 .0  changed t h e  

c o u p l i n g  p a t t e r n  o f  t h e  m u l t i p l e t  a t  T 4.41 ( v i n y l  p r o t o n s ) .  

Anal*  Ca lcd*  f o r  C I 1 H l 9 N :  C ,  79.94; H ,  11 .59;  N ,  8 .47 .  Found 

: C ,  79 .85,  H ,  11.76;  N ,  8 .54.  

F u r t h e r  e l u t i o n  w i t h  me thy lene  c h l o r i d e  gave  11-68 - (128 mg) 

con tamina ted  w i  h a small amount o f  a n o t h e r  compound o f  a lower  R f  I 
v a l u e  . I 

(454 mg) e l u t e d  w i t h  1% methano l  i n  methylene  
I 

c h l o r i d e  was a m i x t u r e  o f  3minoa lcoho l s  c o n t a n i n a t e d  w i t h  11-68 a s  

shown by t h e  t . l . c . ,  i . r .  and n .m.r ,  a n a l y s i s .  

Subsequen t  e l u t i o n  w i t h  1-5% methanol  i n  methylene  c h l o r i d e  

gave  a v i s c o u s  o i l  (551 mg) which c o n s i s t e d  o f  s e v e r a l  components 

( b y  t .l .c. ) a n d ,  on d i s t i l l a t i o n  a t  20•‹/0.5 rnm gave  an  o i l  

c o n t a i n i n g  p redominan t ly  4-piper idino-2-cyclohexenols  (11-69) :  i . r .  

3350 I s ) ,  3025 ( w ) ,  2810 ( s ) ,  1155 ( m ) ,  1100 ( s ) ,  1060 ( 3 1 ,  1035 

( s ) ,  955 (m) and 740 (m) cm-I; n .m.r .  T 4 . 3  (m, 2H) ,  5.82 (m ,  

W1/2 = 25 Hz, 1H) ,  6 .86 (m, W1/2 = 23  H i Z ,  I H ) ,  7.52 (m) and 8 . 5  

(m); m , s .  (50') m/e (%)  181 (p, 2 7 ) ,  153 ( 9 4 1 ,  137 ( 8 7 1 ,  124 

(1001 ,  111 ( 5 1 1 ,  98 ( 7 0 1 ,  84 ( 7 6 )  and 55 ( 3 9 ) .  



5-4-22. P r e p a r a t i o n  o f  3-Butenyl E s t e r s  

A c e t y l a t i o n  o f  3-butenol  (11-70a) w i t h  acet ic  a n h y d r i d e  i n  

p y r i d i n e  gave  3 -bu teny l  a c e t a t e  (11-70b, 90 .4%) :  i . r .  3080 (m) ,  

1740 ( s ) ,  1645 (m), 1240 ( s ) ,  1040 ( s )  and 920 (s) cm-l; n.m.r .  

~ 4 . 1 8  ( t  o f  d d ,  J = 18 .0 ,  9.0 and 6 .5  Hz, I H ) ,  4 .93  ( m ,  I H ) ,  4.94 (m, 

I H ) ,  5.82 ( t ,  J = 6 . 5  Hz, 2H),  7.62 ( q ,  J = 6.5 Hz, each  l i n e  

f u r t h e r  s p l i t  by an  a l l y l i c  p r o t o n ,  J = 1 . 5  Hz, 2H) and 7 .98 ( s ,  

3H). 

o f  3-butenol  ( 11-70a) w i t h  p - to luene  s u l f o n y l  

gave  3 -bu teny l  t o s y l a t e  ($1-7Oh, 6 0 % ) :  i . r .  

1598 (m) ,  1360 ( s ) ,  1190 ( s ) ,  1180 ( s ) ,  1175 

815 ( s ) ,  572 ( s )  and 558 ( s )  cm-'; n.rn.r. 

T 2  '22 ( A-part of  A2B2 JAB E 8 . 5  Hz, AwAB = 26.0  Hz, 2H) ,  

2 .65  (B-par t  o f  A2B2,  2H),  4.27 ( t  o f  d d ,  J = 17 .5 ,  9 .0  and 6.0 

( q ,  J = 6 . 5  Hz, f u r t h e r  f i n e  s p l i t t i n g  J = 1 .5  Hz, 2H) and 7 .55  ( s ,  

3H). 

The 3-butenyl-p-methylbenzoate (11-70c) was p repa red  i n  68.8% 

y i e l d  from 3-bu teno l :  i . r .  3080 (w) , 3040 (w) , 1720 ( s )  , 1645 ( w )  , 

1615 ( s ) ,  1275 ( s ) ,  1180 ( s ) ,  1110 ( s ) ,  1025 ( s ) ,  845 ( m )  and 758 

( s )  crnmm1 ; n.m.r .  T 2.09 ( A  p a r t  o f  A2B2, JAB = 8 .0  Hz, 

Av . 44 H Z ,  ZH), 2.83 ( B  p a r t  o f  A2B2, 2 H ) ,  4 .12  ( t  o f  d d ,  J 
AR 



- 200 - 
= 17.0,  9.5 and 6 .5  Hz, IH) ,  4.82 ( m ,  1H) ,  4 - 9 2  ( m ,  I H ) ,  5 - 6 6  ( t ,  J 

Alcohol 11-70a was c o n v e r t e d  i n  92% y i e l d  t o  

3-butenyl-p-nethoxy-benzoate (11-70d) : i .r. 3080 (w) , 1710 ( s )  , 

1640 (w), 1605 ( s ) ,  1510 ( m ) ,  1278 ( s ) ,  1260 ( s ) ,  1170 ( s ) ,  1100 

( s )  , 850 (m) and 772 ( s l  om-'; n.m.r. 7 2.02 (A-par t  o f  A2B2, 

JAB = 9 .0  Hz, 2H),  3.12 ( B - p a r t  o f  A2B2, 2H) ,  4.11 ( t  o f  d d ,  3 

= 17.0,  9.0 and 6 .5  Hz, I H ) ,  4.86 (m, 1H),  4.90 (m, I H ) ,  5.66 ( t ,  J 

~ 6 . 5  Hz, 2H) ,  6.19 ( s ,  3H) and 7.5 ( q ,  J = 6 .5  Hz, 2H). 

E s t e r i f i c a t i o n  o f  3-butenol  w i t h  p-cyanobenzoyl c h l o r i d e  gave  

3-butenyl-p-cyanobenzoate (11-70e) i n  100% y i e l d :  i .r. 3080 (w) , , - 
2230 ( m ) ,  1720 ( s ) ,  1640 ( w ) ,  1610 ( w ) ,  1275 ( s ) ,  1118 ( s ) ,  1105 

( s )  , 863 (in) , 768 (ui) and-690 (n;) am-'; n.3.r. 1 - 8 5  (A-part cf 

Hz, AvAB = 22.6 Hz, 2H) ,  2.25 (B-par t  o f  

o f  dd ,  J = 17.5,  9.5 and 6 .5  Hz, AH), 4.84 (m, 

5.56 ( t ,  J = 6.5  Hz, 2H) and 7 .45 ( q ,  J = 6 . 5  Hz, 

1.0 Hz, 2H). 

5-4-23. O x i d a t i v e  Addi t ion  o f  NNP t o  3-Butenyl (11-70a) 

A s o l u t i o n  o f  NNP (2.736 g ,  0.024 m o l ) ,  3-butenol  (1 .44 g ,  0.02 

mol) and p e r c h l o r i c  a c i d  (TO$, 4 ml) i n  methanol  (320 ml) was 



i r r a d i a t e d  (200 w a t t  Hanovia lamp) t h r o u g h  a  nonex f i l t e r  under  

oxygen a t  0'. A f t e r  1 .5  h o u r s ,  t h e  a b s o r p t i o n  a t  350 nm 

d i s a p p e a r e d  comple te ly  and a  c o l o u r l e s s  s o l u t i o n  was o b t a i n e d .  The 

p h o t o l y s a t e  was c o n c e n t r a t e d  under reduced p r e s s u r e  a t  l o 0 ,  t h e n  

d i l u t e d  w i t h  wa te r  t o  c a .  100 m l  and e x t r a c t e d  w i t h  e t h e r  (4  x  50 

ml) t o  g i v e  a n  o i l  (66 mg) which c o n t a i n e d  u n r e a c t e d  3-butenol  a s  

shown by i . r .  and n.m.r. a n a l y s i s .  The aqueous  a c i d i c  s o l u t i o n  

was c o o l e d  t o  5O, b a s i f i e d  w i t h  s a t u r a t e d  sodium c a r b o n a t e  

s o l u t i o n  (pH 9 , 5 )  and e x t r a c t e d  w i t h  methylene c h l o r i d e  ( 5  x  50 m l ) .  

The methylene c h l o r i d e  e x t r a c t  was worked up i n  t h e  u s u a l  manner t o  

a f f o r d  3-nitrato-4-piperidinobutanol (11-71a) a s  a n  o i l  (2 .209 g ,  

5 1 % ) :  i . r .  3370 ( m ) ,  2800 ( m ) ,  1625 ( s ) ,  1275 ( s ) ,  1055 ( m ) ,  865 

(m) and 855 c ;  n . . .  4.78 ( q i ,  J = 6.0 Hz, I H ) ,  4 .85 

6.29 ( t ,  J = 5 . 5 ,  2H) ,  7.42 ( d ,  J = 6 .0  Hz, 

2 ~ ) ,  7 .55  J = 6.0  H Z ,  2 ~ )  and 8 . 5  (m, 6 ~ ) .  

Cont inuous  e x t r a c t i o n  of t h e  c o l o u r l e s s  aqueous b a s i c  s o l u t i o n  

w i t h  methylene c h l o r i d e  gave  4-piperidino-1,3-butanediol (11-72a) as  

an o i l  (710 rng, 2 1 3 ) :  i . r .  3370 ( s ) ,  2800 (m), 1075 ( s ) ,  1050 ( s )  

and 1040 ( s )  cm-I; n.m.r .  T 5.38 ( s ,  D 2 0  e x c h . ,  2H) ,  6.13 ( q i ,  

J = 6.5  Hz, I H ) ,  6.28 ( t ,  J = 6 . 0  H Z ,  2H) ,  7 .53 (m, 4 ~ ) ,  7 .6  ( d ,  J = 

6 . 5  Hz, 2H),  8 .32 ( q ,  J = 6 .0  Hz, 2H) and 8.47 ( m ,  6H); m . s .  m/e 



- 202 - 
Reduct ion o f  t h e  a m i n o n i t r a t e  11-71a ( 2 . 2  g )  w i t h  LAH ( 1  - 9  g ,  

0.05 mol) i n  e t h e r  (150 ml) f o r  24 hours  fo l lowed  by t h e  u s u a l  

work-up a f f o r d e d  d i o l  11-72a (1.824 g ) .  

Treatment  o f  d i o l  11-72a ( 1 7 3  mg) w i t h  p - n i t r o b e n z o y l  c h l o r i d e  -- 
(186 mg) i n  d r y  THF ( 2  ml) (114)  gave a  s o l i d  which was 

r e c r y s t a l l i z e d  from 2-propanol t o  g i v e  t h e  h y d r o c h l o r i d e  o f  

3-hydroxy-4-piper idinobutyl-p-ni t robenzoate  ( 11-73 21 6  mg, 60%) : 

m.p. 192- 193' ( d l ;  i . r .  3260 ( s ) ,  1720 ( s ) ,  1525 ( s ) ,  1350 ( s ) ,  

1340 (s ) ,  1285 ( s )  and 720 ( s )  cm-I; n.m.r. 7 8.05 (m, 8 ~ ) ,  

6.07-7.25 (m, 6H) ,  5.7 (m, I H ) ,  5.43 ( t ,  J = 6 .5  Hz, 2H) and 1 .7  ( m ,  

Anal. Calcd.  f o r  C16H23N205Cl: C ,  53.56; H ,  6 .46;  N ,  

Dial 11-72a ( 0  mg, 2 . 3  mmol) was t r e a t e d  w i t h  p - to luene  \ 
s u l f o n y l  c h l o r i d e  (45d me, 2.4 mmol) i n  anhydrous  p y r i d i n e  ( 7  m l )  a t  

5' f o r  24 h o u r s .  The r e a c t i o n  m i x t u r e  was hydrolyzed w i t h  

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

w i t h  methylene c h l o r i d e  t o  g i v e  N - t o s y l o p i p e r i d i n e  (110 mg). 

Cont inuous  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 i t h  methylene 

c h l o r i d e  and e v a p o r a t i o n  o f  t h e  s o l v e n t  gave no r e s i d u e .  



5-4-24. O x i d a t i v e  Addi t ion  o f  NNP t o  3-Butenyl A c e t a t e  ( 11-7ob) 

A methanol  s o l u t i o n  (320 ml) o f  N N P  (4.56 g ,  0.04 m o l ) ,  

ml) was i r r a d i a t e d  under oxygen f o r  2 .5  h o u r s .  The c o l o u r l e s s  

p h o t o l y s a t e  was c o n c e n t r a t e d  under p r e s s u r e  a t  l o 0 ,  t h e n  d i l u t e d  

w i t h  wa te r  and e x t r a c t e d  w i t h  e t h e r  t o  g i v e  a n  o i l  (100 mg) which 

c o n t a i n e d  m o s t l y  u n r e a c t e d  3-butenyl  a c e t a t e  as shown by i . r .  and 

n.m.r .  a n a l y s i s .  The aqueous a c i d i c  s o l u t i o n  was c o o l e d  t o  5O, 

b a s i f i e d  w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n  (pH 9 .5)  and 

e x t r a c t e d  w i t h  lnethylene c h l o r i d e  t o  a f f o r d  an  o i l  (5.724 g )  

c o n s i s t i n g  o f  3 - n i t r a t o - 4 - p i p e r i d i n o b u t y l  a c e t a t e  ( 11-7 I b) and 
\ 

a c e t a t e  (11-72b) i n  t h e  approximate  

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

( s )  , 1630 ( s )  , 1280 ( s )  , 1240 

( s ) ,  1045 ( s ) ,  895 ( s ) ,  865 ( s )  and 855 ( s )  cm-'; n.m.r. T 4.73 

( q i ,  J = 6 . 0  H z ) ,  5 .23 ( b s ,  D20 e x c h . ) ,  5.77 ( t ,  J = 6 . 5  H z ) ,  5.82 

( t ,  J = 6.5  H z ) ,  6.28 ( q i ,  J = 5 . 5  H z ) ,  7 .53 ( m ) ,  7.96 (s)  and 8 .48 

(m> . 

Reduction of  t h e  c r u d e  b a s i c  f r a c t i o n  (5 .6  g )  with  L A H  (4 .173  

g ,  0.11 mol) i n  e t h e r  (250 m l )  f o r  24 hours  gave d i o l  --- 11-72a (3 .938 

g )  i n  an o v e r a l l  y i e l d  of 80%.  



5-4-25. O x i d a t i v e  Addi t ion  o f  N N P  t o  3-Butenyl-p- 

methylbenzoate  (11-70c) -- 

A methanol  s o l u t i o n  (320 ml) o f  NNP (1 .37 g ,  0.012 m o l l ,  

3-butenyl-p-methylbenzoate (1.902 g ,  0.01 mol) and p e r c h l o r i c  a c i d  

(708,  2 ml) was pho to lysed  under oxygen as  d e s c r i b e d  above.  After 
, 

i r r a d i a t i o n  (1  h o u r ) ,  t h e  p h o t o l y s a t e  was worked up i n  t h e  u s u a l  

manner t o  g i v e  a n e u t r a l  f r a c t i o n  (1 .406 g ,  74%) c o n t a i n i n g  o n l y  

u n r e a c t e d  s t a r t i n g  o l e f i n  11-70c ( i b e n t i f i e d  by i .r . and n.m.r. ) . 
The b a s i c  f r a c t i o n  (1.256 g )  c o n t a i n e d  3 -n i t r a to -4 -  

p ipe r id inobu ty l -p -methy lbenzoa te  (11-Tic)  and 3-hydroxy- 

4-piper id inobutyl -p-met  (11-72c) i n  a  1 : l  r a t i o  

as s i~o \ r~n  by  t h e  n.iil.p.. s i g n a l s  a t  7 ' J .  '" 3 I aliu - - A  

5.5'7: i . r .  ( s ) ,  1278 ( s ) ,  1180 ( s ) ,  1108 

( s )  , 860 ( s )  7 8.49 (m) , 7.58 (s)  , 7 .5  

( m ) ,  4.63 ( q i ,  J = 6 . 5  H z ) ,  5.51 ( t ,  J = 6.5  H z ) ,  5.57 ( t ,  J = 6 .0  

Hz) ,  6.33 ( s ,  D20 e x c h . ) ,  6 .2  ( m )  , 2.76 (A-par t  o f  A2B2, JAB 

= 8.0 Hz, AvAB = 41 i-Iz) and 2.08 (B-par t  o f  A2B2). 

T h i s  m i x t u r e  was hydrogenated i n  inethanol (50  m l )  i n  t h e  

p r e s e n c e  of p la t inum o x i d e  (125 mg) t o  a f f o r d  3-hydroxyl- 

4 - p i p e r i d i n o b u t y l - p - m e t h y l b e n z o a t e  ( 11-72c) a s  a n  o i l  

( 9 4 3 m g ) :  i . r .  3400 ( s ) ,  1715 ( s ) ,  1280 ( s ) ,  1180 ( m ) ,  1105 ( s )  

and 755 ( s )  cm-I; n .m. r .  T 8.47 ( m ) ,  8 .15 (q, J = 6 . 5  Hz, 2 ~ 1 ,  

7.58 (s, 3 ~ 1 ,  7.60 ( m ,  6 H ) ,  6.1 ( q i ,  J = 6 . 5 H z ,  I H ) ,  5.5 ( t ,  J = 



6.5 ~ h ,  2H), 5.05 ( m ,  D20 exch., 1H), 2.77 (A-part of A2B2, 

JAB = 8 .5  Hz, A t B  = 42 Hz, 2H) and 2.07 (B-part o f  A2B2, 

2H). 

Aminoalcohol J I - 7 3 ~  was d isso lved  i n  e t h e r  and t r e a t e d  with 

H C 1  t o  a f fo rd  a s o l i d  which was r e c r y s t a l l i z e d  from 2-propanol t o  

g ive  t h e  hydrochlor ide  of II-72c a s  a white  c r y s t a l l i n e  compound: 

mop.  184-185 O ;  m . s .  m/e ($1 291 (M+, 21 ,  142 (111 ,  128 (151,  

119 (171, 99 ( 3 0 ) ,  98 ( l o o ) ,  91 (17)  and 55 ( 1 5 ) .  

5-4-26. Oxidat ive Addition o NP t o  3-Butenyl-p- 
\ 

methoxybenzoate ( II-7Od) "' 
A s o l u t i o n  o f  NNP ( 1.37 g,  0,012 moll , 

3-butenyl-p-methoxybenzoate (2.06 g ,  0.01 moll and pe rch lo r i c  a c i d  

( T O % ,  2 m l )  i n  methanol (320 ml) was photolysed a s  descr ibed  before .  

After i r r a d i a t i o n  (one hour) and t h e  usua l  work-up o f  t h e  pa l e  

yellow pho to lysa t e ,  unreacted 3-butenyl-p-methoxybenzoate (1.412 g, 

69%) was ob ta ined  i n  t h e  n e u t r a l  f r a c t i o n .  The b a s i c  f r a c t i o n  

( 1.433 g )  contained 3-nitrato-4-piperidinobutyl-p-methoxybenzoate ( 11-71 d )  and 

3-hydroxy-4-piperidinobutyl-p-methoxybenzoate ( I I -72d)  i n  the  

approximate r a t i o  1:1 a s  i n d i c a t e d  by t h e  i n t e n s i t i e s  o f  t he  n.m.r. 

1608 ( s ) ,  1280 ( s ) ,  1260 ( s ) , : 1 1 7 3  ( s ) ,  1100 ( s ) ,  1033 ( s ) ,  853 (s)  
I 



and 773 (s) cm-I; n.m.r. T 8.5 (m), 7.54 (m), 6.14 ( s ) ,  5.58 ( t ,  

J = 6.0 Hz),  5 .53 ( t ,  J = 6.5 Hz) ,  4.63 ( q i ,  J = 6.5 Hz),  5.88 ( s ,  

D20 exch.)  , 6.24 ( m )  , 3.08 (A-part of A2B2, JAB = 9.0 H Z ) ,  

and 2.01 (B-part o f  A2B2) .  

This  mixture  was hydrogenated i n  methanol (50 ml) i n  t h e  

presence o f  plat inum oxide (125 mg) t o  g ive  11-72d a s  an o i l  (1.123 

g ) :  i . r .  3400 ( s ) ,  1710 ( s ) ,  1605 ( s ) ,  1280 ( s ) ,  1260 ( s ) ,  1170 

( q ,  3 = 6.5 Hz, 2H), 7.6 ( m ) ,  6.13 ( s ,  3H), 6.21 ( m ,  IH) ,  5.52 (t, J 

= 6.5 Hz, 2H), 5.34 ( m ,  IH) ,  3.08 (A-part of A2B2, JAB = 9.0 

Hz, 2H) and 2.0 (8 -pa r t  of  A ~ B ~ ~ ) .  

Aminoalcohol L172d  was h e r  and t r e a t e d  with H C 1  

t o  a f f o r d  a s o l i d  which was r e c r y s t a l l i z e d  from 2-propanol t o  g ive  

t h e  hydrochlor ide  of 11-72d .- a s  a white c r y s t a l l i n e  compound: m.p.159 - 
160' : m . s .  m/e ( % )  307 ( @ , 3 ) ,  152 ( 6 1 ,  135 ( 2 7 ) ,  128 ( 1 3 ) ,  

99 ( 3 8 ) ,  98 ( l o o ) ,  77 ( 1 1 )  and 55 ( 1 8 ) .  

Anal. Cald. f o r  C17H26N04C1: C ,  59.38;- H, 7.62; N ,  4 -07.  

Found : C ,  59.36; H ,  7.63; N ,  4.19. 



5 3 2 7 .  O x i d a t i v e  ..---..--- Addi t ion  o f  NNP t o  3-Butenylzpz 
. 

cyanobenzoate  (11-7Oe) 

A methanol  s o l u t i o n  (320 ml)  o f  NNP (1.37 g ,  0.012 m o l ) ,  

3-butenyl-  p-cyanobenzoate (2 .012  g, 0.01 mol) and p e r c h l o r i c  a c i d  

( 7 0 % ,  2  ml)  was pho to lysed  a s  d e s c r i b e d  b e f o r e .  A f t e r  i r r a d i a t i o n  

( 1  h o u r ) ,  t h e  p h o t o l y s a t e  was worked up i n  t h e  u s u a l  manner t o  g i v e  

u n r e a c t e d  3-butenyl-p-cyanobenzoate (1.351 g ,  67%) i n  t h e  n e u t r a l  

f r a c t i o n .  The b a s i c  f r a c t i o n  ( 1  .Z68 g )  was composed o f  3-ni t ra to-4-  

p ipe r id inobu ty l -p -cyanobenzoa te  (11-71e) and 3-hydroxy-4-piperidino- 

butyl -p-cyanobenzoate  (11-72e) .- i n  a 1:l  r a t i o  a s  judged from t h e  

i n t e n s i t i e s  o f  t h e  n,rn.r.  s i g n a l s  a t  T 5 .45 and 5.49:  i . r .  3400 

-', 
( s ) ,  768 ( s )  and 690 ( s )  cm-l; n.m.r. r 1.87 (A-part  o f  A 2 B 2 ,  

JAB = 8 . 0  Hz, AvAa = 22.6 Hz) ,  2 .25 ( B - p a r t  o f  A 2 B 2 ) ,  4 .65 

( q i ,  J = 6 . 0  Hz) ,  5 . 4 5  ( t ,  J = 6 .5  Hz) ,  5 .49 ( t ,  J = 6 .0  Hz),  6 .03  

(m) ,  6.02 ( b s ,  D20  e x c h . ) ,  7.55 (m) and 8 . 5  (m) .  

5-4-28. O x i d a t i v e  Addi t ion  o f  N N P  t o  3-Butenyl C h l o r i d e  (II--*7O$) - -- 

A methanol  s o l u t i o n  (320 m l )  o f  flNP ( 2 . 7 4  g,  0.024 m o l l ,  

3-butenyl  c h l o r i d e  (1 .811 g ,  0.02 mol) and p e r c h l o r i c  a c i d  ( 7 0 % ,  3 . 5  

r n l )  was pho to lysed  under oxygen as  d e s c r i b e d  b e f o r e .  A f t e r  

i r r a d i a t i o n  ( 1 . 5  h o u r s ) ,  t h e  c o l o u r l e s s  p h o t o l y s a t e  was c o n c e n t r a t e d  



under r educed  p r e s s u r e  a t  lo0 ,  d i l u t e d  w i t h  water and washed w i t h  

e t h e r .  The e t h e r e a l  washings gave  62 mg o f  n e u t r a l  m a t e r i a l  which 

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

coo led  t o  5O, b a s i f i e d  w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n  

(pH 9 .5)  and e x t r a c t e d  w i t h  methylene c h l o r i d e  t o  g i v e  a n  o i l  (520 

mg) which c o n t a i n e d  predominant ly  p i p e r i d i n e  and d i p i p e r i d i n o m e t h a n e  

a s  i n d i c a t e d  by t h e  i . r .  and n.m.r. s p e c t r a .  The aqueous b a s i c  

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

s e v e r a l  d a y s  t o  g i v e  a s o l i d  (2 .263 g ,  38%) which was r e c r y s t a l l i z e d  

from methanol  t o  give t h e  p e r c h l o r a t e  o f  2 - n i t r a t o - 5 - a z o n i a s p i r o  

[ 4 , 5 l d e c a n e  (11-74):  -.- m.p. 134.5-135.5'; i . r .  3040 ( w ) ,  1643 

( s ) ,  1303 ( s ) ,  1293 ( s ) ,  1 2 v ) ) ,  1095 ( s ) ,  870 ( s ) ,  860 ( s )  and 

625 ( 8 )  ; n . .  ( a c e t o n e  -- F i g u r e  2 . 1 8 ) ~  4.04 

(M, Hz), 5 .77  (AB-part o f  ABX p a t t e r n ,  JAB = 14.0 Hz, JAX = 

5 .0  Hz and JBX = 3 . 5  Hz, 2H),  6.02 ( AB-part o f  ABXXt p a t t e r n ,  

- 5 Hz, 2H),  6.29 (m, 4H),  7.18 (m, 2H) and 7.76-8.42 ( m ,  6H). 
J~~ - 
On i r r a d i a t i o n  o f  t h e  m u l t i p l e t  a t  T 4  .O4 ( H Z ) ,  t h e  s i g n a l  a t  T 

5.77 (HI p r o t o n s )  c o l l a p s e d  t o  a n  AB q u a r t e t  ( J A B  = 14.0  Hz) and 

t h e  m u l t i p l e t  a t  ~ 7 . 1 8  ( H  p r o t o n s )  showed some changes i n  i t s  3 

c o u p l i n g  p a t t e r n .  I r r a d i a t i o n  a t - r  5.77* (HI p r o t o n s )  and a t  r 

7.18 (H3 p r o t o n s )  changed t h e  c o u p l i n g  p a t t e r n  o f  t h e  m u l t i p l e t  a t  

T 4.04 ( H z ) .  When t h e  s i g n a l  a t  1 6 . 0 2  ( H 4  p r o t o n s )  was 

i r r a d i a t e d ,  t h e  complex m u l t i p l e t  a t  r 7 .18 ( H 3  p r o t o n s )  c o l l a p s e d  

t o  an ABX p a t t e r n  (JAB = 16 Hz, JAX = 7  Hz and JBX = 4  H Z )  . 
On i r r a d i a t i o n  o f  t h e  m u l t i p l e t  a t  T 7.18 p r o t o n s ) ,  t h e  s i g n a l  



a t  T 6.02 ( H 4  p r o t o n s )  c o l l a p s e d  t o  a n  AB q u a r t e t  ( J A B  = 5 Hz).  
\ 

I r r a d i a t i o n  o f  t h e  m u l t i p l e t  a t  T 7.76-8.42 decoupled t h e  m u l t i p l e t  

a t  T 6.29 t o  g i v e  a broad s i n g l e t .  

Anal C a l c d -  f o r  C g ~ 1 7 ~ 2 0 7 ~ 1 :  C ,  35.95; H ,  5 .70;  N ,  9.31. 

Found: C ,  36.01,  H ,  5.84; N ,  9 .31.  

5-4-29. O x i d a t i v e  Addi t ion  o f  NNP t o  3-Butenyl Bromide (11-70g) 

A s o l u t i o n  o f  NNP (1 .37 g ,  0.012 m o l l ,  3 -bu teny l  bromide (1 .35  

g ,  0  . O 1  mol) and p e r c h l o r i c  acid (705 ,  2 m l )  i n  methanol  (320 ml) 
\ I  

was pho to lysed  under  oxygen f one hour a s  d e s c r i b e d  b e f o r e .  The \ 
c o l o u r l e s s  p h o t o l y s a t e  was concentrath3,ak 10' and t h e  r e s i d u a l  

s o l u t i o n  was b a s i f i e d  w i t h  s a t u r a t e d  sodium c a r b o n a t e  s o l u t i o n  (pH 

9 .5  ) and e x t r a c t e d  c o n t i n u o u s l y  w i t h  methylene c h l o r i d e  f o r  s e v e r a l  

days  t o  g i v e  a s o l i d  (1.367 g ,  46% which,  a f t e r  r e c r y s t a l l i z a t i o n  

from methano l ,  a f f o r d e d  t h e  p e r c h l o r a t e  o f  spirocompound 11-74 
.- 

( i d e n t i f i e d  by i . r .  and n.m.r .1.  



5-4-30. Attempted Nun-Oxidative A d d i t i o n  o f  N N J t E  
- 

3-Butenyl T o s y l a t e  (11-7Oh) - 

A s o l u t i o n  o f  NNP (1 .14  g ,  0.01 moll 11-79h (2.037 $, 0.009 

mol) and p e r c h l o r i c  a c i d  (705 ,  1 . 5  ml) i n  methanol  (320 ml) was 

i r r a d i a t e d  (200 G a t t  Hanovia lamp) t h r o u g h  a nonex f i l t e r  under 

n i t r o g e n  a t  

d i s a p p e a r e d  

40 m l  under 

0'. A f t e r  70 minu tes ,  t h e  a b s o r p t i o n  a t  350 nm had 

comple te ly  and t h e  p h o t o l y s a t e  was c o n c e n t r a t e d  t o  c a .  

Vacuum a t  8'. The r e s i d u a l  s o l u t i o n  was d i l u t e d  w i t h  

wa te r  and e x t r a c t e d  w i t h  e t h e r  (4x50 ml) t o  g i v e  u n r e a c t e d  s t a r t i n g  

o l e f i n  TI-70h (1 .93  g ,  95%) .  

\ 

The aqueous  s o l u t i o n  b a s i f i e d  (pH 10) w i t h  s a t u r a t e d  sodium 

c a r b o n a t e  s o l u t i o n  and e x t r a c t e d  w i  ~ - ~ l e n e  c h l o r i d e  (5x50 ml) 

t o  g i v e  a  y e l l o w i s h  v i s c o u s  o i l  (355 mg) which c o n t a i n e d  

predominant ly  p i p e r i d i n e  and d i p i p e r i d i n o m e t h a n e  a s  shown by i . r . ,  

n.m.r .  and g.c.-m.s. a n a l y s i s .  

5-4-3 1  . A t  tempted O x i d a t i v e  A d d i t i o n ~ f - .  NNP t o  

3-Butenyl T o s y l a t e  (11-70h) .---.-- 

A methanol  s o l u t i o n  (320 ml) o f  NNP (1 .14 g ,  0.01 m o l l ,  11-70h 

(1.8 g ,  0.008 moll and p e r c h l o r i c  a c i d  (705,  1 . 5  ml )  was i r r a d i a t e d  

under oxygen f o r  one hour a s  d e s c r i b e d  i n  t h e  p r e v i o u s  exper iment .  



The p h o t o l y s a t e  was worked up i n  t h e  u s u a l  manner t o  g i v e  a n e u t r a l  

f r a c J i o n  (1.28 g ,  71%) which was shown t o  be  u n r e a c t e d  o l e f i n  11-70h 

by comparison o f  t h e  i .r. and n . m . r .  s p e c t r a  w i t h  t h o s e  o f  an 

a u t h e n t i c  sample .  The b a s i c  e x t r a c t  gave a c rude  p roduc t  (350 mg) 

whose i . r . ,  n.m.r. and t . 1 . c .  behav iour  were i d e n t i c a l  t o  t h o s e  o f  

t h e  c r u d e  b a s i c  e x t r a c t  o b t a i n e d  i n  t h e  p r e v i o u s  exper iment .  

5-5. O x i d a t i v e  and Mon-Oxidative Photodecomposi t ion --.. -...-*-- 

A s o l u t i o n  o f  ~EQ-dimer 1- (250 mg) and 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  ( 0 . 3  ml) i n  methanol  (300 ml) was i r r a d i t e d  w i t h  a 

200 w a t t  Hanovia lamp under n i t r o g e n  a t  0'. A f t e r  0 .5  h o u r s ,  t h e  

methanol s o l u t i o n  was b a a i f i e d  w i t h  sodium c a r b o n a t e  and e v a p o r a t e d  

under  reduced p r e s s u r e  t o  c a .  10 m l .  The r e s i d u a l  s o l u t i o n  was 

d i l u t e d  wi th  wa te r  and e x t r a c t e d  w i t h  methylene c h l o r i d e .  The 

rnethylene c h l o r i d e  e x t r a c t  was washed w i t h  wa te r  and d r i e d  o v e r  

lnagnesium s u l f a t e ,  and t h e  s o l v e n t  was removed t o  g i v e  a semi-sol id  

(210 mg) which was chrornatographed on s i l i c i c  a c i d  (10 g ) .  E l u t i o n  

wi th  4-5% methanol  i n  ch lo ro form gave 2-piper idinocyclohexanone 

oxime (13, 145 mg): m . p .  111-114O ( l i t .  118-120•‹) ( 1 5 2 ) ;  



i . r .  3250, 2940, 2300,  1220, 1120,  990,  975,  940,  920,  890 and 780 

cm-1,. 

5-5-2. O x i d a t i v e  ~ h o t o d e c o m ~ o s i t i o n  o f  t h e  anti-Dimer o f  

A methanol  s o l u t i o n  (320 ml)  o f  a n t i - d i m e r  .- Im (300 mg) and 

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  ( 0 . 3  ml) was c o o l e d  t o  0' and 

i r r a d i a t e d  w i t h  a 200 w a t t  Hanovia lamp under oxygen. A f t e r  0 .5  

h o u r s  t h e  d imer  a b s o r p t i o n  a t  295 nm had d i s a p p e a r e d  comple te ly  and 

t h e  p h o t o l y s a t e  was c o n c e n t r a t e d  t o  c a .  20 m l  under reduced 

p r e s s u r e .  The re- + / ut%\on was d i l u t e d  w i ~ n  w a t e r ,  b a s i f i e d  

(pH 8 )  w i t h  sodium c a r b o n a t e  and e x t r a c t e d  w i t h  methylene c h l o r i d e  

t o  g i v e  a semi - so l id  (248 mg). The i . r .  spec t rum o f  this  c rude  

r e s i d u e  showed s t r o n g  a b s o r p t i o n s  a t  1550, 1450 and 1370 cm'l f o r  

a n i t r o  g roup  and weak a b s o r p t i o n s  a t  1710 and 1630 cm-' . 

Chromatography of t h i s  r e s i d u e  on a n  a lumina  column gave  s e v e r a l  

f r a c t i o n s  c o n s i s t i n g  o f  m i x t u r e s  o f  c i s -  and t w - l - n i t r o - 2 -  - 
p i p e r i d i n o c y c l o h e x a n e  (11-75) as  shown by n.m.r .  s i g n a l s  a t  r 5.33 

( d t ,  J = 11.0 and 5.0 Hz) and 5 .15 ( m ,  W1/2 = 6 Hz).  

I n  a s e p a r a t e  exper iment  a s o l u t i o n  o f  a s - d i m e r  I= ( 1 . 0  g l  

and 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  ( 2 . 5  ml) i n  methanol  (500 m l )  was 

coo led  t o  -15' i n  a d r y  i c e - a c e t o n e  b a t h  and i r r a d i a t e d  as 



d e s c r i b e d  above,  A f t e r  4 h o u r s ,  t h e  s o l v e n t  was e v a p o r a t e d  under 

vayuum a t  room t e m p e r a t u r e  t o  g i v e  a semi - so l id  t h e  i . r .  spect rum 

of which e x h i b i t e d  weak a b s o r p t i o n s  a t  1720 and 1635 cm-l b u t  

s t r o n g  a b s o r p t i o n s  a t  1550, 1450 and 1370 cm-I f o r  a n i t r o  group.  

T h i s  c r u d e  p roduc t  was hydrogenated i n  methanol  (50  ml) i n  t h e  

p r e s e n c e  o f  p l a t i n u m  b l a c k  (250 mg) f o r  24 h o u r s .  The product  was 

b a s i f i e d  wi th  po tass ium c a r b o n a t e  and e x t r a c t e d  w i t h  methylene 

c h l o r i d e  t o  g i v e  a n  o i l  (840 mg) a p o r t i o n  o f  which (420 mg) was 

s t i r r e d  o v e r n i g h t  ( 1 6  h o u r s )  wi th  a c e t i c  a n h y d r i d e  ( 2  ml) and 

f r e s h l y  f u s e d  sodium a c e t a t e  (160 mg). The r e a c t i o n  m i x t u r e  was 

worked up i n  t h e  u s u a l  manner t o  a f f o r d  a n  o i l  (360 mg): i . r .  3300 

( s ) ,  2800 ( s ) ,  2740 (m) ,  1640 ( s ) ,  1545 ( m ) ,  1265 ( s )  and 1255 ( s )  

crn'l; n.m.r .  -r-%E&&'and 7.93 ( s )  i n  t h e  i n t e n s i t y  r a t i o  3:2.  

Chromatography o f  t h i s  p roduc t  on b a s i c  a lumina  ( 4 0  g )  and 

e l u t i o n  w i t h  20% ch lo roform i n  benzene gave v a r i o u s  m i x t u r e s  o f  cis- .- 
and trans-I-acetamido-2-piperidinocyclohexane (11-77) (200 mg, 35%) .  

One o f  t h e  above f r a c t i o n s  c o n t a i n e d  c a .  85% of t h e  t r a n s - i s o m e r  

and was sublimed t o  g i v e  a n  o i l :  i . r .  3300 ( s )  , 3080 (m) , 2800 

( d t ,  J = 10.0 and 4.0 Hz , H I )  and 3.27 (m, D20 e x c h . ,  I H ) ;  m.s. 

( 4 4 1 ,  43 (801, 42 ( 5 8 )  and 41 ( l o o ) .  



A m i x t u r e  o f  c i s -  - and t r ans -ace tamide  - .- 11-77 i n  CDC13 s o l u t i o n  

i n , t h e  p r e s e n c e  o f  t r i s ( d i p i v a 1 o m e t h a n a t o )  europium e x h i b i t e d  n.m.r. 

s i g n a l s  a t  T 4.63 (m, W1/2 = 23 Hz) and 6.47 ( s )  f o r  t h e  t r a n s -  ,- 

i somer  and 3.83 (m, W1/2 = 10 Hz) and 5.24 ( s )  f o r  -- c i s - i somer .  

F u r t h e r  e l u t i o n  wi th  0-5% methanol  i n  ch lo ro form gave a m i x t u r e  

o f  c i s -  - and t rans -2-p iper id inocyc lohexanol  - (w) (62 mg, 1 3 % ) .  

The trans-1-acetamido-2-piperidinocyclohexane .- (II-'j"7) was a l s o  

p repared  by r e d u c t i o n  o f  t h e  a n t i - d i m e r  I& w i t h  LAH i n  e t h e r  

fo l lowed by a c e t y l a t i o n  w i t h  a c e t i c  a n h y d r i d e  and sodium a c e t a t e .  

5-5-3. O x i d a t i v e  Photodecomposi t ion o f  t h e  a=-Dimer --- o f  - A 

The as@-dimer 11-78 was p repared  a c c o r d i n g  t o  t h e  method o f  

Ponder e t  a l . ,  [ 6 6 ]  and r e c r y s t a l l i z e d  from a b s o l u t e  e t h a n o l :  m.p. 

( s ) ,  1215 ( s ) ,  1195 ( s ) ,  800 ( s )  and 745 ( s )  n.m.r .  T 4 .28 

(m) and 5 . 5  (m)  i n  t h e  i n t e n s i t y  r a t i o  o f  1: 1 .  

A s o l u t i o n  o f  an t i -d imer  - 11-78 ( 1 . 0  g )  i n  benzene (320 m l )  was 

pho to lysed  under oxygen w i t h  a 200 w a t t  Hanovia lamp. During t h e  

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



c o l d  f i n g e r .  T h i s  s o l i d  d i s a p p e a r e d  s l o w l y  and t h e  i r r a d i a t i o n  was 

c o n t i n u e d  f o r  7  h o u r s  when t h e  dimer  a b s o r p t i o n  a t  300 nm had 
1 

d i s a p p e a r e d  comple te ly .  The ye l low p h o t o l y s a t e  was e v a p o r a t e d  under 

vacuum a t  room t e m p e r a t u r e  t o  g i v e  a n  o i l  (1 .5  g )  which c o n t a i n e d  

trans-I-nitrato-2-chlorocyclohexane (11-80) and t r a n s - l -  

nitro-2-chlorocyclohexane (TI-79) i n  t h e  approx imate  r a t i o  

1 :  i . .  1725 ( w ) ,  1630 ( s ) ,  1555 ( s ) ,  1375 ( s ) ,  1325 ( s ) ,  1280 

( s ) ,  875 ( s )  , 860 ( s )  and 750 ( s )  cm-I ; n.m.r. ( c c 1 4 )  r 5.07 
, 

(m) ,  5 .67 (m) ,  6 .15 ( d t ,  J = 8 . 0  and 4.0 Hz) and 8 .37  (m).  

Attempted r e d u c t i o n  o f  t h i s  m i x t u r e  wi th  a  3 : l  m i x t u r e  o f  LAH and 

aluminium c h l o r i d e  i n  e t h e r  o r  THF a t  room t e m p e r a t u r e  was 

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

r e a g e n t  i n  r e f l u x i n g  THF resu$ta i i  i n  t h e  p a r t i a l  r e d u c t i o n  sf t h e  

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

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

a c e t i c  a c i d ,  e t h y l  a c e t a t e  and metnanol  was n o t  s u c c e s s f u l .  P a r t i a l  

r e d u c t i o n  o f  t n e  n i t r a t e  g roup  was observed w i t h  methanol  a s  s o l v e n t  

b u t  h y d r o g e n o l y s i s  o f  C-C1 bond had occured s i m u l t a n e o u s l y .  

Chromatography of  t h e  c r u d e  m a t e r i a l  ( 1 . 0  g )  on s i l i c a  g e l  (50 

g )  and e l u t i o n  wi th  pet roleum e t h e r  gave a  c o l o u r l e s s  o i l  (241 mg) 

which was d i s t i l l e d  a t  35'/0.03 mm t o  g i v e  t r a n s - l - n i t r a t o -  

2-chlorocyclohexane (11-80) : i . r .  1630 ( s )  , 1280 ( s )  , 875 ( s )  , 860 

H I ) ,  6 .14 ( d t ,  J = 8.5 and 4 .0  Hz, H 2 ) ,  7.82 (m, 2H) and 8 .40 



, Continued e l u t i o n  w i t h  pet roleum e t h e r  gave m i x t u r e s  (172 mg) 

o f  n i t r a t e  11-80 and n i t r o  compound 11-79 a n d ,  f i n a l l y ,  wi th  20% 

benzene i n  pet roleum e t h e r  a f r a c t i o n  o f  o i l  (201 mg) which showed a 

s i n g l e  s p o t  on a  t.1 .c.  p l a t e .  T h i s  o i l  was d i s t i l l e d  a t  35'/0.03 mm t o  

g i v e  a  c o l o u r l e s s  o i l  of  trans-1-nitro-2-chlorocyclohexane (11-79): i . r .  

1550 ( s ) ,  1370 ( s ) ,  850 (m) and 745 (m) cm-l; n.m.r. T 5.495 ( d t ,  J = 

10.0 and 4.0 Hz, H I ) ,  5.735 ( d t ,  J = 10.0 and 4.0 Hz, H 2 ) ,  7.70 

(m, 2 ~ )  and 8.30 (m, 6H);  m . s .  ( 1 3 0 ~ )  m/e ( % I  127 ( 4 ) ,  118 ( 2 ) ,  

116 ( 5 1 ,  97 (41 ,  81 ( I & ) ,  79 (31)  and 77 ( 1 2 ) .  

F u r t h e r  e l u t i o n  w i t h  0-10% methanol i n  ch lo ro form gave a  
\ 

m i x t u r e  (175  mg) c o n t a i n i n g  n i t r o  compound 11-79 and 
b- 

2-chlorocyclohexanone 11-83 a s  shown by i t s  i . r .  and n.m.r .  --- 

s p e c t r a .  

A s o l u t i o n  of  a n t i - d i m e r  11-78 ( 1 . 0  g )  and p e r c h l o r i c  a c i d  

( 6 0 $ ,  1.2 g )  i n  methanol  (300 m l )  was c o o l e d  t o  0' and i r r a d i a t e d  

w i t h  a  200 w a t t  Hanovia lamp under oxysen.  The o r i g i n a l  U . V .  

a b s o r p t i o n  o f  t h e  a s - d i m e r  a t  295 nm s h i f t e d  t o  275 na i n  0 .5  

h o u r s  o f  i r r a d i a t i o n  and syn-dimer p r e c i p i t a t e d  o u t  g r a d u a l l y .  The - 
p r e c i p i t a t e  d i s a p p e a r e d  s l o w l y  and f i n a l l y  t h e  peak a t  275 nrn 

d i sappeared  a f t e r  5  h o u r s  o f  i r r a d i t i o n .  The p h o t o l y s a t e  was 



c o n c e n t r a t e d  under  vacuum a t  room t e m p e r a t u r e .  The r e s i d u a l  

s q l u t i o n  was n e u t r a l i z e d  wi th  s a t u r a t e d  po tass ium c a r b o n a t e  s o l u t i o n  

and e x t r a c t e d  w i t h  methylene c h l o r i d e  t o  g i v e  a p a l e  yel low o i l  

(1.024 g )  which c o n t a i n e d  n i t r a t e  .- 11-80, n i t r o  compound 11-79 - and a 

s m a l l  amount o f  2-chlorocyclohexanone 11-83 - as shown by i ts  i . r .  

and n ,m. r .  s p e c t r a .  

V.p.c. a n a l y s i s  (3% SE-30 column a t  90') o f  t h e  c r u d e  

p roduc t  from e i t h e r  p h o t o o x i d a t i o n  i n  methanol  o r  i n  benzene showed 

t h e  p r e s e n c e  o f  n i t r a t e  11-80 (Rf .  2.7 m i n u t e ,  w i t h  a s h o u l d e r  due - 
t o  t h e  c&-isomer) and n i t r o  compound 11-79 - (Rf 3.2 minute)  i n  t h e  

approximate  r a t i o  1 : l .  
- J 

-. 
The a n t l - d i m e r  11-78 (500 mg) and r o s e  benga l  (100 mg) were 
7 

d i s s o l v e d  i n  methanol  (250 ml) and i r r a d i a t e d  under oxygen w i t h  a 

300 w a t t  t u n g s t e n  lamp w h i l e  t h e  p h o t o v e s s e l  was c o o l e d  e x t e r n a l l y  

w i t h  c o l d  w a t e r .  The p h o t o l y s i s  was fol lowed by t . 1 . c .  A f t e r  38 

h o u r s  o f  i r r a d i a t i o n ,  t h e  methanol  was removed under vacuum and t h e  

r e s i d u e  was t a k e n  up i n  e t h e r  and f i l t e r e d  t o  g i v e  t h e  syn-dimer o f  

( s )  and 743 ( s )  crnwi; n.m.r. (0Mj0-d6) r 4 .62  (m, W1/2 = 24 Hz) 

and 5.68 (m). 

D e c o l o u r i z a t i o n  of t h e  f i l t r a t e  w i t h  a c t i v a t e d  c h a r c o a l  and 

e v a p o r a t i o n  o f  t n e  s o l v e n t  gave a s o l i d  (343 mg) which c o n t a i n e d  



predominan t ly  a n t i - d i m e r  11-78 and v e r y  mal l  amounts o f  n i t r a t e  - 
11-00 - and n i t r o  compound 11-79 - ( i d e n t i f i e d  by i . r . a n d  n.rn.r.1. 

\ 

Chromatography o f  t h i s  m i x t u r e  on n e u t r a l  a lumina  (20  g )  and e l u t i o n  

w i t h  benzene gave a n  i n i t i a l  f r a c t i o n  ( 3 3  mg, s e m i - s o l i d )  which was 

a  m i x t u r e  o f  an t i -d imer  11-78 and n i t r a t e  11-80 ( i d e n t i f i e d  by i , r .  - 
and n .m. r . l .  The subsequen t  f r a c t i o n s  c o n t a i n e d  o n l y  11-78. - 

5-5-4. Photodecomposi t ion o f  t h e  anti-Dimer o f  

A s o l u t i o n  o f  %ti-dimer 11-78 -- (1 .0  6 )  i n  benzene (100 ml) was 
\- 

photo lysed  n i t r o g e n  w i t h  a 2 0 ~  w a t t  Hanovia iamp. I n  0.5 

h o u r s ,  a p r e c i p i t a t e  covered t h e  p h o t o c e l l .  The w h i t e  c r y s t a l s  were 

sc raped  o f f  o c c a s i o n a l l y  and i r r a d i a t i o n  was c o n t i n u e d  f o r  7  h o u r s .  

The p r e c i p i t a t e  was washed w i t h  e t h e r  and d r i e d  o v e r n i g h t  (260 mg): 

m.p. 135-140'. Its U . V .  spect rum ( i n  e t h a n o l )  e x h i b i t e d  a n  

a b s o r p t i o n  band a t  275 rim which s h i f t e d  g r a d u a l l y  t o  295 nm a f t e r  10 

h o u r s .  R e c r y s t a l l i z a t i o n  from benzene gave w h i t e  c r y s t a l s  t h a t  

e x h i b i t e d  i d e n t i c a l  i . r . ,  n.m.r .  and m . s .  a s  t h o s e  o f  an t i -d imer  

11-78. The r e s i d u e  l e f t  a f t e r  e v a p o r a t i o n  o f  t h e  benzene showed .- 

i . r .  a b s o r p t i o n s  a t  1640,  1285, 1210 and 850 em-'. Alumina 

chromatography o f  t h i s  c rude  p roduc t  gave 11-78 (540 mg) and a n  o i l y  

f r a c t i o n :  i . r .  1635, 1280,  860 and 750 em-'; n.m.r .  T 5 .05  ( m ) ,  

6 .10 (m) , and 6.40 (m).  V.p ,c .  a n a l y s i s  ( 3 %  33-30 column a t  go0) 



4 

o f  t h i s  f r a c t i o n  showed t h e  p r e s e n c e  o f  n i t r a t e  11-80 ( w i t h  a  

s h o u l d e r  due t o  t h e  - c i s - i somer )  and c y c l o h e x y l  c h l o r i d e  (11-81) i n  

t h e  approximate  r a t i o  1 : l .  

A s o l u t i o n  of  a n t i - d i m e r  - 11-78 - (1 .0  g )  i n  methanol  (100 ml) was 

pho to lysed  under n i t r o g e n  w i t h  a 200 watt Hanovia lamp u n t i l  t h e  

a b s o r p t i o n  a t  295 nm had d i s a p p e a r e d  (37 h o u r s ) .  The p h o t o l y s a t e  

was worked up i n  t h e  u s u a l  manner and t h e  r e s u l t i n g  o i l  (950 mg) was 

t aken  up i n  methanol  t o  g i v e  a s o l i d  p roduc t  (145 rng) which was 

r e c r y s t a l l i z e d  from methanol  t o  a f f o r d  w h i t e  c r y s t a l s  o f  N ,N,O- 

tri(2-chlorocyclohexyl)hydroxylamine (11-82 ) : m. p. 1 10-1 12'; 
CI- 

i . r .  1045 and 730 cm-l; m . s .  m/e 381 (M+), 383,  385,  264 ,  266,  

231 and 229. Tne r e s i d u e  t h  t remained a f t e r  the  removal of 11-82 1 , -.--. 

e x h i b i t e d  s t r o n g  a b s o r p t i o n s  a t  1640,  1285,  850 and 750 cm-l and 

was shown by v . p . c .  a n a l y s i s  t o  c o n t a i n  n i t r a t e  11-80 and -"- 

c y c l o h e x y l  c h l o r i d e  (11-81) I n  t h e  approximate  r a t i o  1 : l .  .- 
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