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' . ABSTRACT
. t

s
*■ N i t r a t i o n  o f  1 , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  w i t h  n i t r i c  a c t d  i n  

- '^ " m ix tu r e  o f  a c e t i c  a n h y d r i d e  and* t r i f l u o r o a c e t i c  a n h y d r id e  g i v e s ,  t h e  

ad ,duct 4 , 5 —d i m e t h y l - 2 , 4 - d i n i t r o c y c l o h e 3 c a - 2 5 5 - d i e n y l  a c e t a t e  a s  a  p a i r  o f  

d l a s t e r e o m e r s , 1 , 2 —D im e th y l—3 —n i t r o b e n z e n e  u n d e r  s i m i l a r  d o h d i t i o n s
/

a f f o r d s  a  m i x t u r e  o f  o i s -  and  , 4 - d i m e t h y l - 2 . 4 - d l n i t r o c y c l o h e x a -

2 . 5 - d \ e n y l  a c e t a t e s .  N i t r a t i o n  o f  1 , 4 - d i m e t h y l - 2 - n i t r o b e n z e n e  i n  a c e t i c  

a n h y d r i d e  r e s u l t s  i n  t h e  f o r m a t i o n  o f  1 , 4 ' - d i m e t h y l - 3 , 4 - d i n i t r o c y c l o h e x a -

2 . 5 - d i e n y l  a c e t a t e  and  1 , 4 —d i m e t h y l —2 , 4 —d i n i t r o c y c l o h e x a —2 , 5 —d i e n y l  

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

3 . 6 - d i m e t h y l - 2 , 6 - d i n l t r o c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e  i s  a l s o  o b t a i n e d .

I n  a l l  t h r e e  c a s e s ,  t h e  e x p e c t e d  n l t r o  s u b s t i t u t e d - p r o d u c t s  a r e  a l s o
* 1 

fo rm e d .  N i t r a t i o n  o f  4 - m e t h y l - 2 - n l t r o p h e n o l  i n  a c e t i c  a n h y d r i d e  g i v e s - a

m i x t u r e * o f  4—m e t h y l —2 , 6 —d i n i t r o p h e n o l  and 4 —m e t h y l —2 , 4 —d i n i t r o c y c i o h e x a — 
* • /  '

2 , 5 - d i e n - l - o n e .  C r y s t a l l i z a t i o n  o f  t h e  n l t r o d i e n o n e  from  t h e  r e a c t i o n ’

p r o d u c t  w i t h  m e th a n o l  r e s u l t s  i n  i t s  c o n v e r s i o n  t o  5 - m e t h o x y - 4 - m e t h y l -

4 , 6A d in itT Q cycloh exa-2-en -l-on e. . *
'  ' - - ^ ' h . . - . . '
The f o r m a t i o n - o f  t h e  v a r i o u s  d l e n e  a d d u c t s  c a n  b e  e x p l a i n e d

i n  - te rm s  o f  vo sd  a t t a c k  by  a n  i n c i p i e n t  o r  f r e e  n r i t ro n iu m  i o n  a t  an  

a l k y l a t e d  p o s i t i o n  oiAtho o r  we^t9 t< to_>thg^ i t r Q  g r o u p  i n  t h e  s u b s t r a t e  

f o l l o w e d  b y  a t t a c k  o f  t h e  a c e t a t e -  n u c l e o p h i l e  a t  t h e  para^or. o’ptho  

p o a i t i c &  r e s u l t i n g  i n  1 ,4 y  o r  1 , 2 - d i e n e  a d d u c t s .  I n  t h e  c a s e  o f  

^ 4 - m e t h y l - ^ 2 - n i t r o p h e n o l , d e p ' r o t o n a t i o n  o f  t h e  h y d r o x y l  g ro u p ,  from, t h e
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io s o -W h e la n d  â n t e r m é d i d t e  r e s u l t ^  I n  t h e  f o r m a t i o n  o f  t h e  n l t r o d i e n o n e .
M

The ' s t e r e o c h e m i s t r y  o f  th e .  a c e t o x y n l t r o  adducts has ..been • .
<S4 ’

S tu d i e d  u s i n g  t h e  l a n t h a n i d e  s h i f t  r e a g e n ^ ;  t r i s - ( l , 1 , 1 , 2  , 2 , 3 , 3 - h e p b a -

f ln o r o - 7 ,7 - d i m e t h y l - d ^ - 4 ,6 - o c t a n e d iq n a t d - d ^ ) e u r o p i u m I I I l X  In  _ .fp id if  le d
^  ' r - . I

m eth a n o l ,  th#  adducts undergo - t r a n se s ter .if ic4 ti i-on  a t  th e  a c e t a t e '

* ^   ̂ ' ' é - ‘ -
f u n c t i o n ,  each  ad d u ce  g i v i n g  t h a t  d i a s t e r , e o m e r _ o f  the d i e n d l  w i t h \ t b ë  .

c o r r e s p o n d i n g  s t e r e o c h e m i s t r y .  T h ese  dienolg can  b e * m e th y la te d  w i t h

m e th y l  i o d i d e  a n d , m o i s t  s i l v e r  o x id e  to  t h e  c o r r e s p o n d i n g  m e th y l  e t h e r s . _

U nder mildly a c i d i c  c o n d i t i o n s ,  t h e  a c e t o x y n i t r o  ad d u c e s

o b t a i n e d  from 1 , 2 - d i m e t h y l - 4 - n i t r o b e a z e n e  g iv e  p r i m a r i l y  t h e  p r o d u c t

a r i s i n g  from l o s s  o f  a c e t y l  n i t r a t e .  Under s t r o n g l y  acidic c o n d i t i o n s ,

s i g n i f i c a n t  a m d A t s  o f  t h e  t h r e e  d i n i t r . o - 1  , '2 - d im e th y lb e n z e n e s  a r e  a l s o

o b t a i n e d .  On t r e a t m e n t  w i t h  am ine  b a s e s ,  t l ^ ^ d d u c t s  u n d e rg o  a  fo rm a l

1 ,4  s h i f t  o f  t h e  n i t r o  g ro u p  t o  g i v e  1 , 2 -d im e - th y l -4 , 5 - d i n i t r o b e n z e n e  a s
♦ '

t h e  m a jo r  p r o d u c t .  Under s u i t a b l e  c o n d i t i o n s , t h e  a d d u c t s  u n d e rg o  S 2 '  

e x c h an g e  o f  t h e ' a c e t p t e  w i th ,  v a r i o n s  n u c l e o p h i l e s  to  g i v e  d i e n y l  o r  

r e a r o m a t i z e d  p r o d u c t s  a f t e r  w o rk -u p .
«

4 The' a d d u c t s  o b t a i n e d  from  l - , 4 - d i m e t h y l - 2 - n i t r o b e n z e ^  a l s o

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

a r e  a l s o  o b t a i n e d  u n d e r  s u i t a b l e  c o n d i t i o n s .  . T h a t  t h e  r e e r o m r f t l z a t i o n
'

u n d e r  a c i d i c  C o n d i t i o n s  i n v o l v e s  t h e  f o r m a t io n  o f  an i n t e r m e d i a t e -   ̂ .
*■ . . ' \  - 

c y c l o h e x a d i e n y l  c a t i o n  i s  shown by  t h e  i s o l a t i o n  o f  b i p h e n y l  d e r i v a t i v e s
-i *

when the' s e c o n d a ry  a d d u c t s  o f  1 , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e ' a n d  t h e  _ , 

s e c o n d a r y  and  t e r t i a r y  a d d u c t s  o f  1 ,4 - - d i# ,e th y l - 2 —n i t r o b e n z e n e  a r e  >
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CHAPTER I

"INTRODUCTION

E l e c t r o p h i l i c  n i t r a t i o n  o f  a r o m a t i c  compounds i s  one  o f  t h e

m ost w i d e l y - s t u d i e d  r e a c t i o n s  i n  o r g a n i c  c h e m i s t r y .  S t u d i e s  on

n i t r a t i o n  h av e  p l a y e d  an  i m p o r t a n t  r o l e  i n  t h e  d e v e lo p m e n t  o f  t h e

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

a m odel  f o r  e l e c t r o p h i l i c  s u b s t i t u t i o n .  A ro m a t ic  n i t r o - c o m p o u n d s  a r e  
#  . 

a l s o  e x t r e m e l y  v e r s a t i l e  i n t e r m e d i a t e s  i n - t h e ' i n d u s t r i a l  s y n t h e s i s  o f
r' ^  "

v a r i o u s  com pounds , B eca u se  o f  i t s  im p o r t a n c e  t o  t h e o r e t i c a l  and  

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

s u b j e c t  o f  e x t e n s i v e  r e v ie w s  ( 1 - 1 4 ) .

• V a r io u s  n i t r à t i n g  a g e n t s  h a v e  b ee n  em ployed  f o r  n i t r a t i n g  

a r o m a t i c  com pounds. F o r  r e a c t i v e  s u b s t r a t e s  l i k e  p h e n o l s , d i l u t e  n i t r i c

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

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

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

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

n i t r a t e s  and  sod iqm  e t h o x i d e ,  n i t r i c  a c i d  i n  a c e t i c  a n h y d r id e  a n d  o t h e r  

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

t e t r a m e t h y l e n e  s u l f o n e  o r  a c e t o n i t r i l e  h av e  a l s o  b e e n  em ployed  ( 1 5 ) .

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

s u b s t r a t e  an d  t h e  p r o d u c t s  d e s i r e d .  Compounds w h ich  a r e  s e n s i t i v e  to  

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

a c i d  i n  o r g a n i c  s o l v e n t ' s .  Such s o l u t i o n s  h av e  t h e  a d v a n ta g e  o f

■ r
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i n c r e a s e d  s u b s t r a t e  s o l u b i l i t y  and  r e l a t i v e l y  m i ld  n i t r a t i n g  po w er ,

com pared to  s o l u t i o n s  o f  s u l f y r i c  a c i d  i n  n i t r i c  a c i d  o r  a q u e o u s  ,

n i t r i c  a c i d .  S i m i l a r l y ,  s u b s t r a t e s  ^ c h  a s  a r y l  n i t r i l e s ,  w h ic h  o f t e n
* ' * 

u n d e rg o  h y d r o l y s i s  u n d e r  n i t r a t i o n  c o n d i t i o n s ,  c a n 'b e  c o n v e n i e n t l y  mono

o r  d i n i t r a t e d ^ ( w i t h o u t  h y d r o l y s i s  o f  t h e  cyano  g ro u p )  by u s i n g  

n i t r o n i u m  s a l t s  ( 1 5 ) .

f . 2  The Meahanism of Nitration

K i n e t i c  and m e o h a n i s t i c  s t u d i e s  on n i t r a t i o n  r e q u i r e  a 

hom ogeneous s y s te m ,  a p r o c e s s  f r e e  o f  s i d e - r e a c t i o n s , a  r e a c t i o n  r a t e  

amenable*' to  m easu rem en t and a  c l e a r  i d e n t i f i c a t i o n  o f  t h e  n i t r a t i n g  

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

h a s  b ee n  shown t o  b e  t h e  n i t r o n i u m  i o n .  The r e a c t i v i t y  p a t t e r n  f o r  

n i t r a t i o n *  i n  o rgan ic  s o l v e n t s  i s  s i m i l a r  t o  t h e  b e h a v i o u r  i n  h i g h l y  

a c i d i c  s o l v e n t s ,  s u g g e s t i n g  t h a t  a  common i n t e r m e d i a t e ,  p re s u m a b ly  th e  

n i t r o n i u m  i o n ,  i s  a l s o  i n v o l v e d ' ( 1 6 ) .  The o n ly  s o l v e n t  f o r  w h ich  t h e r e  

h a s  b ee n  s i g n i f i c a n t  c o n t r o v e r s y  c o n c e r n in g  t h e  n a t u r e  o f  t h e  n i t r a t i n g  

s p e c i e s  i s  a c e t i c  a n h y d r i d e ^  R ecen t  work i d e n t i f i e s  t h e  a c t i v e  

n i t r a t i n g  e l e c t r o p h i l e  i n  a c e t i c  a n h y d r id e  as  t h e  n i t r o n i u m  i o n ,  

a l t h o u g h  i t  may^be s o l v a t e d  by  o t h e r  s p e c i e s  ( 1 7 ) .  The com plex  k i n e t i c  

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

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

on v a r i a t i o n s  i n  t h e  c o n c e n t r a t i o n s  o f  t h e  a r o m a t i c  (18).. The m arked  

a n t i c a t a l y f l c  e f f e c t  o f  s m a l l  am ounts  o f  i m p u r i t i e s ,  w h ich  a l s o  a i t  as  

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

The c o m p e t i t i o n  m ethod  d e v e lo p e d  by I n g o l d  (S)  h a s  been- u s e d

% .



y

r
*

t o  d e t e r m i n e  t h e  r e a c t i v i t i e s  o f  many a r o m a t i c  com pounds r e l a t i v e  t o  

b e n z e n e .  I s o m e r  d i s t r i b u t i o n s  and  r e l a t i v e  r a t e s  a r e  n o r m a l l y

e s s e n t i a l l y ,  . i n d e p e n d e n t  o f  n i t r a t i n g  c o n d i t i o n s .  H ow ever,  O lah  (19)
»

and  c o - w o r k e r s  r e p o r t e d  t h â t  i n  t h e  n i t r a t i o n  w i t h  n i t r o n i u m  s a l t s ,

n e i t h e r  m - x y le n e  n o r  h i e s i t y l e n e  was s i g n i f i c a n t l y  m o re  r e a c t i v e  t h a n

b e n z e n e ;  Such  a n o m a lo u s  r e s u l t ^ , _ d ^ r i v è d  f r o m  c o m p e t i t i o n  e x p e r i m e n t s  '

w e re  s u g g e s t e d  t o  b e  due; tsp ^ e  o c c u r r e n c e  o f  s i g n i f i c a n t  r e a c t i o n

b e f o r e  t h e  r e a g e n t s  w e re  a d e q u a t e l y  m ix ed ; ,  t h e  r a t e  o f  m ix in g  p l a y s j

1
an  i m p o r t a n t - r o l e  i n  t h e s e  r e a c t i o n s  ( 2 0 ) .  T h i s  was d e m o n s t r a t e d  by%

/s t u d i e s  on t h e  n i t r a t i o n  o f  b i b e n z y l  i n  w h ic h  n i t r a t i o n  i n  o n e  b e n z e n e
I

r i n g  d o e s  n o t  d e a c t i v a t e  t h e  s e c o n d  r i n g  t o w a r d s  f u r t h e r  n i t r a t i o n  ! ( 2 1 ,  

2 2 ) ,  I n c o m p l e t e  m ix in g  s h o u l d  g i v e  a  h i g h  d i n i t r o  t o  m o n o n i t r o b i b e n z y l  

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

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

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

by O lah , .  may b e  a t t r i b u t e d  t o  i n c o m p l e t e  m ix in g  o f - , t h e  r e a g e h t  and  *

'  X -
s u b s t r a t e  ( m a c r o s c o p i c  d i f f u s i o n  c o n t r o l ) . ■ r  *

F o r ' h l t r a t i o n  i n  s u l f u r i c  a c i d  o f  com pounds t h i r t y - e i g h t ;  o r
I « ,  *

more t im e s  .as r e a c t i v e  a s  b e n z e n e ,  r e a c t i o n s  o ccu r* * a t  t h e  e n c o u n t e r  r a t e

b e tw a e g n i jefon ium . i o n  an d  s u b s t r a t e  and  t h e  d i f f e r e n t i a t i o n  b e tw e e n

h i g h l y  r e a ç t i v e  s u b s t r a t e s  d i s â p p e a r s  ( 2 3 ) .  I n  o r g a n i c  s o l v e n t s ,  t h e

l i m i t i n g  r a t e '  o f  n i t r a t i o n  i s  3 0 0 -4 0 0  t i m e s  t h e  r a t e  o f  n i t r a t i o n  i n '. . .  . .
b e n z e n e  (2 4 )»  .C o n s e q u e n t ly ,  an- a d e q u a t e  c o m p a r i s o n  c a n n o t  b e  made

b e tw e e n  com pounds ,  w h o se  r e a c t i o n  r a t e s , l i e  a b o v e  an d  t h o s e  w h ic h  l i e  
' • •  ̂ 0 .  

b e lo w  t h e  e n c o u n t e r  r a t e  s i n c e  t h e ’ r a t e - l i m i t i n g  s t e p  i s  d i f f e r e n t  i n

t h e  two c a s e s . . F a r  a r e n a s  w h ic h  a r e  m ore  r e a c t i v e , t h a n  t o l u e n e ,  t h e



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

The r e s u l t s  f o r  t h e  n i t r a t i o n ' ' o f  some a r e n e s  i n  68.3% s u l f u r i c  a c i d  

a r e  su m m arised  i n  T a b le  I . l  ( 6 b ) .

TABLE 1 .1

RELATIVE RATE CONSTANTS FOR THE NITRATION ÙF AROMATIC 

COMPOUNDS IN 68.3% SULFURIC ACID AT 25°

/ COMPOUND - RELATIVE RATE

Benzene l.-OO'
T o lu en e ^ ' 1 7

0 -X y le n e 38 '

m -X ylene ' 38 '
p -X y le n e 38 . % ^

M e s i t y l e n e

'*
. ^

N i t r a t i o n  o f  t o l u e n e  i n aq u e o u s  s u l f u r i c  a c i d  h a s  b een  shown

to  p r o c e e d  by b o th  f i r s t  and  s e c o n d - o r d e r  p a t h s  ( 2 5 ) .  The r e a c t i o n  i s
B

z e r o t h - o r d e r  i n  t o l u e n e  i n  more c o n c e n t r a t e d  a c i d  b u t  f i r s t - o r d e r  in

t o l u e n e  i n  l e s s  a c i d i c  s o l v e n t s . -

The s i m p l œ t  e x p l a n a t i o n  w h ich  a c c o u n t s  f o r  a l l  su ch

o b s e r v a t i o n s ' i s  shown i n  t h e  f o l l o w i n g  m echan ism  ( 1 1 ) :
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HN0„ + H V  , 
3 k

1 t
H O + . NO 

-1  ^
( 1 )

n o /  + ^ r H  < ' /  . A r H N o /  
\  - , ""-2 . .

ArHNO,

NO.

) ' '^ 3

+ B ase

-3

■ e n c o u n te r  com plex  

NO..
(+

H-
(3)

(4)

H e re rV th e  e n c o u n t e r  com plex  i s  s p e c i f i c a l l y  c o n s i d e r e d  a s  an  - 

i n t e r m e d i a t e .  E x c e p t  i n  a %ew c a s e s  ( 2 6 ) ,  tfi’e l a s t  s t e p  o f  t h e  r e a c t i o n  

{ i . e .  d e p r o t o n a t i o n )  i s  n o t  r a t e - d e t e r m i n i n g  and h e n c e  t h e  r a t e  o f  

f o r m a t i o n  o f  t h e  b en z en o n iu m  i o n , . o r  o n e  o f  t h e  e a r l i e r  s t e p s  m ust  b e  

r a t e - d e t e r m i n i n g .  B ased  on t l je  s t e a d y  s t a t e  a p p r o x im a t i o n s  f o r  t h e  

e n c o u n t e r  com plex  and t h e  n i t r o n i u m  ion/the f o l l o w i n g  r a t e  l a w  h a s  

b e e n  o b t a i n e d  ( 7 ) ;

R a te  = |Â r^  a^+

L •

I t '
. . A l s o  c a l l e d  a  W heland i n t e r m e d i a t e ,  a  b en z en o n iu m  i o n  o r  

a c y c l o h e x a d i e n y l  c a t i o n .  •
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TABLK 1.2

KINETIC RATE LAWS FOJR NITRATION' IN A()UKOUS ACID (11)'

1̂ 3 "C <c k ^

- V

R ate ‘‘obsd. '‘ohsd. ÊNO^l

R a t e - d e  t e  rm i n ip g  

s t e p

/  ' ■" s

•/ :v ,/ '

\ A ' ,

.F o r m a t io n  o f  NO,

( s t e p  1)

Forma t  ion  o f  fen conn t e  r  

com plex  ( s t e p  2)

F o r m a t io n  o f

a - c o m p le x  ( s t e p

O'
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, The c o n d i t i o n s  r e q u i r e d  t o  make.- t h e  v a r i o u s  s t e p s  i n  t h e  

. m echan ism  r a t e - d e t e n n i n i n g  and-.,j;he c o r r e s p o n d i n g  k i n e t i c  e x p r e s s i o n s  ^
« ' I

a r e  s u m m A ise d  i n  T a b le  1 . 2 .  . . '

T h u s i  u n d e r  c o n d i t i o n s  in -w h ic A  t h e  n i t r a t i o n  o f  t o l u e n e  i s  

z e r o t h - o r d e r  i i i  t h e  a r o m a t i c  com pound '  t h e  r a t e - d e t e r m i n i n g  s t e p  

c o r r e s p o n d s  t o  t h e  " fo rm a t io n  o f  t h e  n i t r o n i u m  i o n .  When t h e  r e a c t i o n  

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

’ r
. t h e  f o r m a t i o n  o f  t b e  e n c o u n t e r  com plex becom es r a t e - d e t e r m i n i n g ,  w i th  

th e  o b s e r v e d  r a t e  b e i n g  t h e  d i f f u s i o n - l i m i t e d  maximum. The r a t e -  

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

. r e a c t i v e  s u b s t r a t e s  i s  t h e  f o r m a t i o n  o f  t h e  %o-complex and  t h e  r e a c t i o n  

• i s  f i r s t - o r d e r  i n  t h e  s u b s t r a t e .  Thus t h e  n a t u r e  o f  t h e  r a t e - d e t e r m i n i n gI
. . s t e p  d ep e n d s  on t h e  r a t e - c o e f f i c i e n t ë  o f  t h e  various s t e p s  and on t h e  

c o n c e n t r a t i o n  o f  t h e  s u b s t r a t e .  The c o n c ep t-  o f  e n c o u n t e r  p a i r  - i s ,  i n  

'dome ways,\^imilar t o  t h e  c o n c e p t  o f  v -c o m p le x  s u g g e s t e d  by O lah  ( 2 7 ) .  For 

a r o m a t i c  compounds more R e a c t iv e  t h a n  t o l u e n e ,  t h e  r e a c t i o n  w i t h

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

s u c h  a r o m a t i c s  i s  t h e  sam e. Though i n t e r m o l e c u l a r  s e l e c t i v i t y  i s  l o s t ,  

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

3 -c o m p le x  fo l lo w e d  by d e p r o t o n a t i o n  g i v e s  t h e  e x p e c t e d  p r o d u c t  

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

i n  te rm s  o f  o r i e n t e d  e n c o u n t e r  p a i r s  (6 c )  o r  r - c o m p le ^ fe s  (2 8 )  . Such 

o r i e n t e d  e n c o u n te r  p a i r s  o r  it- co m plexes  can  th e n  e x h i b i t  s e l e c t i v i t y .

An a l t e r n a t e  m echan ism , '  i n  w h ich  t h e  . e l e c t r o p h i l i c  a t t a c k  on 

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

. c o l l a p s e ,  h a s  a l s o  b ee n  p r o p o s e d  (29*). The ’ m echanism  can  b ^ ‘

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

+ ArH Gncounter^ ^ _---» HArNO J"' - >  ArNO
2  ̂ c o n t r o l l e d  . 2  2  - 2

’

' 0 -co m p lex

I n t e r m o l e c u l a r  s e l e c t i v i t y  i s  p o t ’ o b s e r v e d  b e c a u s e  a l l  t h e
' . 1 . 

a r o m a t i c s  more r e a c t i v e  than t o l u e n e  a r e  c a p a b le  o ï  t r a n s f e r r i n g  an
’ )

e l e c t r o n  to  t h e  n i t r o n i u m  io n  a t  e v e r y  e n c o u n t e r .  I n t r a m o l e c u l a r

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

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

i o n ,  which e x h i b i t s  no i n t e r m o l e c u l a r  s e l e c t i v i t y .  B ecau se  d f  th e

non-uniform s p i n  d e n s i t y  in  t h e  a r o m a t i c  r a d i c a l  c a t i o n ,  r a d i c a l  p a i r

c o l l a p s e  can  e x h i b i t  s e l e c t i v i t y .  E v id e n c e  i n  f a v o u r  o f  t h e  p ro p o se d

m echanism  was shown by t h e  o b s e r v a t i o n  c h a t  t h e  r a t i o  o f  1-nltro t o
'

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

and n i t r o g e n  d i o x i d e  i s  s i m i l a r  to  t h e ' r a t i o  o b t a i n e d  in  th e  n i t r a t i o n

o f  n a p h t h a l e n e  u n d e r  n o rm a l  c o n d i t i o n s ’. However, s u c h  an  a g re e m e n t  o f

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

r a d i c a l  c o n d i t i o n s  i s  n o t  a lw a y s  o b s e r v e d .

N i t r a t i o n  o f  m e s i t y l e n e  with n i t r i c  a d d  g i v e s  n i t r o m e s l t y l e n e *

i n  n e a r l y  q u a n t i t a t i v e  y i e l d .  How ever,  when t i e  c a t i o n  r a d i c a l  o f

m e s i t y l e n e  i s  g e n e r a t e d  by  adding e e r i e  a n m o ^ i ^  n i t r a t e  to  t h e

n i t r a t i n g  médium, a  s u b s t a n t i a l  am ount o f / 3 , 5 - d ^ e c h y I b e n z y l  n i t r a t e  i s

a l s o  o b t a i n e d  ( 3 0 ) .  Absence o f  t h i s  p r o d u c t  In  tme d i r e c t  n i t r a t i o n  o f

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

Ai
i s  n o t  i n v o l v e d '  in t h e  n i t r a t i o n ,  o r  t h a t  t h e  n o rm a l  r e a c t i o n s  o f  t h i s



s p e c i e s  a r e  n o t  e x h i b i t e d  b e c a u s e  t h e  l i f e - t i m e  o f  the"  c a t i o n  r a d i c a l ,  

when formed by. e l e c t r o n  t r a n s f e r  to  t h e  n i t r o n i u m  i o n ,  i s  to o  s h o r t ,*

I n  any  c a s e ,  t h e  p r o d u c t s  o f  n i t r a t i o n  a r e  n o t  a lw a y s  t h e  same a s  th o s e  

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

' i n d e p e n d e n t l y  i n  t h e  same s o l u t i o n ,
* o

The k i n e t i c s  and mechanism  f o r  th e  n i t r a t i o n  o f  a r o m a t ic  

compounds in  a c e t i c  a n h y d r id e  can  b e  d i s c u s s e d  i n  a m anner s i m i l a r  to  

c h a t  d e v e lo p e d  f o r  n i t r a t i o n  rn  ac^ueous a c id  (3 1 ,3 2 )  , , '< ic r ic  a o id  r e a c t s  

w i t h  a c e t i c  a n h y d r id e  to  form a c e t y l  n i t r a t e  and e q u a t i o n  (1) i s  

t h e r e f o r e  r e p l a c e d  by the- f o l l o w i n g  e q u i l i b r i a :

Ac.O + HONO^ ^  ^ AcONOg + AcOH (5)

AcONO. + AcONO h'*'
"^-6

(6)

AcONO^H J  AcOH +
k -, 2

(7)

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

0— and x y le n e  i n  a c e t i c  a n h y d r id e  a l s o  e x h i b i t  t h e  b e h a v io u r  

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

1 , 3 —̂  ̂ I p s o  kttaoK '. F o rtm tio n  o f  D iene A dducts
■«

I n  t h e  n i t r a t i o n  m echanism , r e a c t i o n  s t e p  ( 3 ) ,  fnvolvlng th e  

t r a n s f o r m a t i o n  o f  th e  e n c o u n te r  com plex t o  t h e  benzenon ium  io n  o r ,  more 

g e n e r a l l y ,  s u b s t i t u t e d  benzenonium  i o n s  (Wheland i n t e r m e d i a t e s ) ,  and 

t h e  s u b s e q u e n t  p ro d u c t - f o r m in g  s t e p s  i s  of p a r t i c u l a r  i n t e r e s t  i n  t h e



\

p r e s e n t  w o rk ,  * • . . * ^ >
* - - '

- E n c o u n t e r  o f  t h e - n i t r o n i u m  i o n  w i t h  a  m o n o ^ s u b s t i t u t e d  b e n z e n e  
' ' , /  '

d e r i v a t i v e  C,H_X c a n  r e s u l t  i n  Wheland i n t e r m e d i a t e s  i n  w h ic h  t h e  * D O .
' - '  ' ■ » 

n i t r o n i u m '  I o n  i s *  ( i )  g e m i n a l  t o  a h y d ro g en . ,  ( t h r e e  i s o m e r s )  ; ' i .  e-. W.

o r  ( i l )  g e m in a l  t o  t h e  s u b s t i t u e n t  X; i . e .  W.
* ^ Î * i

X

+

NO

u

NO

NO.
\I 4-

+

NO2
NO 2

+ R e a c t i o n s  ( 1 ) -  

(6 )  b e lo w

’’zno 'net vara

I n  t h e  (W heland)  i n t e r m e d i a t e s  fo rm e d  by  a d d i t i o n  o f ,  t h e  

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

o c c u r s  t o  fo rm  t h e  e x p e c t e d _ o r tn o _ ,  m eta  an d  p a ra  n l t r o  d e r i v a t i v e s .  

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

vpao  a d d i t i o n . .  The t e r m  4p$Q  was i n t ^ d u c e d  b y  P e r r i n  an d  S k i n n e r  ( 3 3 ) .  

T he  i n t e r m e d i a t e  f o r m e d  fro m  s u c h  an a t t a c k  i s  r e f e r r e d  t o  a s  an  

ip s O 'W h e la n d  i n t e r m e d i a t e ,  W ^ .  I t  c a n  u n d e r g o  t h e  f o l l o w i n g  

r e a c t i o n s  ( 1 0 ) :

(1 )  , R e t u r n  t o  t h e  e n c o u n t e r  p a i r  o r  s t a r t i n g  m a t e r i a l s .  T h i s  b e h a v i o u r

i s  e n c o u n t e r e d  i n  t h e  n i t r a t i o n  o f  o -  an d  p ^ n e t h o x y t o l u e n e  ( 3 4 ) .  ♦
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' • (.2) ’ l o s s  o f  X, r e s u l t i n g  i ' n ' i p S j p - s u b s t i t u t i o n ; e . g .  n i t r a t i o n  o /

p -cy m en e  u n d e r  v a r i o u s  c o n d i t i o n s  g i v e s  p - n i t r o t o l u e n e  {qo,. 10%)

. ' , ' by  n i t r o d e a l k y l a t i o n '  ( 3 5 ) .  • , '

. (3 )  1 ,2  m i g r a t i o n  o f  t h e  n l t r o  g r o u p ,  f o l lo w e d  by d e p r o t o n a t i o n ,  t o

-, g i v e  p r o d u c t s  a l s o  o b t a i n e d  by d i r e c t  n i t r a t i o n '  ( d i s c u s s e d  l a t e r ) .

(4) s i m i l a r  m i g r à t i o n  o f  X, f o l lo w e d  by d e p r o t o n a t i o n ,  to  g iv e  a

. r e y r a n g e d  p r o d u c t .  T h i s  b e h a v io u r  i s  q u i t e  r a r e .
' J" ‘
(5) l o s s '  o f  a p r o t o n  o r  o t h e r  l e a v i n g  g ro u p  from  a s u b s t i t u e n t  rem o te  

■ . ■ f r o m " th e  ip e o  p o s i t i o n ,  a s  o b s e r v e d  i n  t h e  n i t r a t i o n  o f  p h e n o l s

and  a n i s o l e s .
- . I

. . -
'• (6 )  • c a p t u r e  by , 'a\ n u c l e o p h i l e  .

XOf th e  ab o v e  l i s t e d  r e a c t i o n s  o f  W / , t h e  l a s t  i s  o f  s p e c i a l
, ' ^  ■

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

i s '  e n c o u n te r e d  ÿ  t h e  n i t r a t i o n  o f  v a r i o u s  s u b s t r a t e s  in  a c e t i c

a n h y d r id e .  A l a r g e  nun^ber o f  a d d i t i o n  p r o d u c e s " r e s u l t i n g  from

• n u c l e o p h i T i c  c a p t u r e  âf t h e  tp s o -W h e la n d  i n t e r m e d i a t e  h ave  b een  o b t a i n e d ,

, ' l a r g e l y  due t o  t h e  e f f o r t s  o f  F i s c h e r  and  c o = w o rk e r s ,  and a r e  l i s t e d
' r

i n  T a b le  1 . 3 .  '

A l l  e x c e p t  two o f  t h e  a c e t o x y n i t r o  a d d u c t s  l i s t e d  in  T a b le  1 .3

a r e  1 ,4  a d d u c t s .  The 1,4" a d d u c t s  a r e  a l m o s t  a lw a y s  form ed a s  a  m i x tu r e
• ■

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

can add to  e i t h e r  f a c e  o f  t h e  c y c l o h e x a d i e n y l  c a t i o n .  However, o n ly  one

d l a s t e r e o m e r  o f  1 ,2  a d d u c t s  w e re  o b t a i n e d  f e o m , 4 - t e j ’t - b u t y l t o l u e n e ,  and
. r

from  4 - t g r t - b u t y l - o - x y l e n e . ' I n  t h e  l a t t e r  p a s e ,  t h e  1 ,2  a d d u c t  was

•  u n s t a b l e .  . ,



'/

' TABLE 1.3 ^

ADDITI(»I COMPOUNDS OBTAINED BY ZRSO NITRATION

1.2

,N0

GAcH

;N0

OAcH

NO

OAc

NO,

OAc

-4^ (36)

OAc

and

70% (37) 82% (38)

Q OAc

67% (39) .

and

0

OAc

55% (39) 59% (61)

OAc

NO

OAc

.NO

and  '

><
OAc H OAc

51% (40)

and

OAc

50% (43)

(42)

NO

OAc

52% (37).

NO

and lAc

i.

68%'(44)
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so.

OAc

and

OAc

65% (45)

NO

OAc

91% (46)

I I

NONO

and

OAc

30% (45)50% (45)

27% (48)

OAc

NO

60% (43) -50% (49)

OAc

50% (49)

OAc

48% (50)

> C
AcO

OAC OAc

I 1
AcO (CHg)^CO^Xe

60% (51) 60% (52) 40% (53)
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OAc

X - 29% (54)
X = B f ,  ( 5 5 )

X = F, (56)

NO

AcO'

X = CN, 29% (57)
X = OOMe, 70% (58) 
X = COPh, 70% (58)

NO

OAc

NO

OAc

and

NOC l

OAc

X = CN, 22% (57)
X = NO^, 37% (59)

30% (60)
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A c e t i c  a n h y d r i d e  i s  a p a r t i c u l a r l y  good s o l v e n t  f o r ‘ t h e  

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

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

t h e  ip s o  c a t i o n  b e f o r e r " f t \ : a n  u n d e rg o  o n e  o f  t h e  o t h e r  r e a c t i o n s  l i s t e d  

a b o v e .  A ls o  i m p o r s i n t  i s  t h e  fact t h a t  b e c a u s e  o f  t h e  f o r m a t i o n  o f  

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

a n h y d r id e  i s  n o t  s t r o n g l y  acidic; t h e  s t r o n g e r  a c i d ,  n i t r i c  acid, i s ’ 

r e p l a c e d  by  a  w e a k e r  a c i d ,  a c e t i c  a c i d .  S t r o n g  a c i d  w ould  l e a d  t o  t h e  

a c i d - c a t a l y z e d  l o s s  o f  a c e t a t e  from  t h e  a d d u c t  and  t h e  r e f o r m a t i o n  o f  

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

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

r a t h e r  than d l e n e  a d d u c t s  a r e  o b t a i n e d  (6 1 ,6 2 > .  T h i s  i s  an  exam ple  

o f  r e a c t i o n  5 ( p . 11) o f  t h e  ip s o -W h e la n d  I n t e r m e d i a t e .

NO,
rNO,

4"
-H 1

-------------- ^ 1 1

, The r e a c t i o n  h a s  b e e n  e x p l o i t e d  by  Myhre and  c o - w o rk e r s  (63)
a-

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

u s e f u l  i n  t h o s e  c a s e s  w h e re  d i r e c t  n i t r a t i o n  o f  a n  a r 'en e  ( g .g .  t o l u e n e )  

g i v e s  a  low y i e l d .  The 4 - a l k y l - 4 - n i t r o c y c l o h e x a d i e n o n e s  u n d e r g o  1 ,2  

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

t o  g i v e  s e c o n d a r y  and  t e r t i a r y  d i e n o l s  r e s p e c t i v e l y .  A c é t y l a t i o n  o f  

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

a c e t o x y n i t r o  a d d u c t s  a r e  g e n e r a l l y  h i g h  (60% ), w h ic h  makes t h e  p r o c e s s
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q u i t e  a t t r a c t i v e .  The p r o c e d u r e  9^  b e  r e p r e s e n t e d  by t h e  f o l l o w i n g  

schem e: • «

OAc

NO

OHNO

NONO

OAcOH R

a - c o m p le x e s ,  a r i s i n g  from ipao  a t t a c k  h a v e  b ee n  o b s e r v e d  by 

n . m . r .  i n  t h e  c a s e  o f  f u l l y  s u b s t i t u t e d  a r o m a t i c  com pounds, su c h  a s  

h e x a m e th y lb e n z e n e  (64) an d ,  more r e c e n t l y ,  i n  t h e  n i t r a t i o n  o f  

N , N - d i m e t h y l - p - t o l u i d i n e  (65).. The o b s e r v a n c e  o f  t h e s e  o -c o m p le x e s

t r o -

'2  2 

and f o r m a t io n  o f  d i e n e  a d d u c t s ,  a s  shown a b o v e ,  i n d i c a t e  t h a t  e le )  

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

h y d ro g e n .  T h e r e f o r e ,  i n  a  d i s c u s s i o n  o f  t h e  m echan ism  f o r  

n i t r a t i o n ,  t h e  f o r m a t i o n  o f  an tp eo -W h e lan d  i n t e r m e d i a t e  ( W , / ,  s h o u ld  

b e  c o n s i d e r e d .  P r o d u c t s  c o r r e s p o n d i n g  t o  n i t r o d e a l k y l ^ t i n n  ^ r e a c t i o n  2 ,  

p .  11) have  b ee n  o b s e r v e d ' i n  t h e  n i t r a t i o n  o f  i s o p r o p y l -  and  t e r t - b u t y l -  

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



' s

)

.  ■ ■■ \ ,  /  "
a  n o n - n u c l e o p h l l l c  medium ( 4 2 ) .  The e x t e n t  o f  f o r m a t io n -  o f  su ch

&

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

i s o p r o p y l  o r  t e r t - b u t y l  f u n c t i o n s .

N i t r a t i o n  o f  p -cy m en e  w i t h  n i t r i c  a c i d  i n  a c e t i c  a n h y d r id e  

r e s u l t e d  i n  t h e  f o r m a t i o n  o f  a  1 ,4  a d d u c t ,  w h ich  a r i s e s  from’ a t t a c k  by  

t h e  e l e c t r o p h i l e  ip s o  t o  t h e  m e th y l  g ro u p  ( 4 0 ) .  No a d d u c t  c o r r e s p o n d i n g  

t o  a t t a c k  a t  t h e  i s o p r o p y l ^ p o s i t l o n  was o b t a i n e d .  N i t r a t i o n  o f  o -cym ene 

( 4 2 ) ,  h o w e v e r ,  r e s u l t e d  % n ^ h e  f o r m a t i o n  o f p p o s i t i p n a l  i s o m e r s  a r i s i n g  

from a t t a c k  %p80  t o  e i t h e r L t h e m e th y l  o r  i s o p r o p y l  f u n c t i o n s .  T h u s ,  t h e  

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

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

o f  p -c y m e n e .  Th€ r e s u l t s  b b t a i n e d  i n  t h e  n i t r a t i o n  o f  o-cymerie h av e  b e ç n  

a t t r i b u t e d  t o  t h e  s t r a i n  i n t r o d u c e d  i n  m ak ing  t h e  v l ^ n a l  m e th y l  and 

n iÇ ro  g r o u p s  c o p l a n a r  d u r i n g  d e i s o p r o p y l a t i o n . I n  s u c h - a  c a s e ,  t h e  

f o r m a t i o n  o f  a d d u c t s ,  a l o n g  w i t h  p r o d u c t s  from  d e i s o p e o p y l a t i o n ,  may b e
'  , J  .

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

/  "a
The e f f e c t s  o f  s u b s t i t u e n t s  i n  e l e c t r o p h i l r c  s u b s t i f u f i o n  have

'* . ■ , -e,
b e e n  e x t e n s i v e l y  s t u d i e d  and  t h e s e  s u b s t i t u e n t s ' h a v e . b e e n  c l a s s i f i e d  a s

o r th o -p a p a  o r  m eta  d i r e c t i n g ,  d e p e n d in g  on w h e th e r  o r ih o -p a r a  o r  m eta

i s o m e r s ,  a r e ^ b t a i n e d .  S u b s t i t u e n t  e f f e c t s  on  t h e  r e a c t i v i t y  to w ard s

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

X ' X X ^^ f a c t o r s  j  m^' and  p^ , w h ich  g i v e  t l &  r e a c t i v i t y  o f  a  r i n g  p o s i t i o n  

o r th o ,  m eta  an d  p a ra  t o  t h e  s u b s t i t u e n t  X, r e l a t i v e  t o  a  s i n g l e  p o s i t i o n  

i n  b e n z e n e  ( 4 ) .  F o r  d l -  and  p o l y s u b s t i t u t e d  b e n z e n e s ,  t h e  r e a c t i v i t y  a t  

a  g i v e n  p o s i t i o n  can  b e  c o n s i d e r e d  i n  t e rm s '- o f  t h e  p a r t i a l  r a t e  f a c t o r s  

and  t h e  a d d i t i v i t y  p r i n c i p l e ;  w h ic h  a ssu m es  t h a t  t h e  i n f l u e n c e  of
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s u b s t i t u e n t s  i s  i n d e p e n d e n t  and a d d i t i v e  i n  te rm s  o f  t j ie  f i y e  e n e r g y  o f  

: i v a t ± o n .  The m e a su re  o f  th e  r e a c t i v i t y  o f  a  r i n g  p o s i t i o n  to  w h ich  a 

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

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

t h a t  p o s i t i o n ,  b u t  a l s o  by t h e  i p s o  p a r t i a l  r a t e  f a c t o r , ( 3 3 ) ,  d e f i n e d  a s

i ^ ^  = a t t a c k  a t  X

k C o ta l^  a t t a c k  a t  H 
ArH

 ̂ The c h o i c e  o f  s u b s t r a t e s  f o r  s t u d i e s  on ip s o  n i t r a t i o n  i s

p a r t l y  g o v e rn ed  by t h e  p a r t i a l  r a t e . f a c t o r s  f o r  e l e c t r o p h i l i c  a t t a c k  a t  

v a r i o u s  p o s i t i o n s .  T h u s ,  t h e  d e g r e e  o f  a t t a c k  a t  a  s u b s t i t u t e d  p o s i t i o n ,  

com pared t o  a t t a c k ' a t  an  u n s u b s t i t u t e d  p o s i t i o n ,  ^ 1 1  b e  d e te r m in e d  by 

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

Even i f  t h e  s u b s t r a t e  i s  w eak ly  a c t i v a t e d  o r  d e a c t i v a t e d  r e l a t i v e  t o  

b e n z e n e ,  a d d u c e s  s h o u ld  be  form ed when t h e  r e a c t i v i t y  o f  a s u b s t i t u t e d  > 

p o s i t i o n ,  r e l a t i v e  t o  an  u n s u b s t i t u t e d  p o s i t i o n ,  i s  h i g h .  T hus ,  ip s o  

a t t a c k  may b e  e x p e c te d  i n  t h e  g a a e  o f  s u i t a b l y  s u b s t i t u t e d  o -  and  p -  

d i a l k y l b e n z e n e s ,  b u t  n o t  i n  r a - d i a l k y l b e n z e n e s . A c e t o x y n i t r o  a d d u c t s  

h ave  a l s o  b e é n  i s o l a t e d  w h e re in  t h e  n o n - a l k y l  s u b s t i t u e n t s  a r e  cy an o  (57)
A

a c e t y l  ( 5 8 ) ,  b e n z o y l  (58) and  c M o r i n e  ( 5 4 ) .  I n  t h e  f i r s t  t h r e e  c a s ^ i  

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

a t t a c k  t a k e s  p l a c e  m eta  t o  t h e s e  s u b s t i t u e n t s .  *

The b e h a v io r  o f  c h l o r i n e  m ethoxy  h a s  b een  s t u d i e d  i n  t h e  

n i t r a t i o n  o f  p - c h l o r o a n i s o l e  ( 3 3 , 6 6 ) ,  i n  w h ich  4 - c h l o r ô - 2 - n i t r o a n i s o l e  ■
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w a s , o b t a i n e d  a s  t h e  m a in  p r a d u c t .  When t h e  n i t r a t i o n  w as c a r r i e d  o u t  i n
\  .

a c e t i c  a c i d , w h ic h  i s  a  p o o r e r  n i t r a t i n g  medium t h a n  a c e t i c  a n h y d r i d e ,

4 - c h l o r o - 2 - n i t r o p h e n o l  was a l s o  o b t a i n e d ,  t h e  y i e l d  o f  w h ic h  r e a c h e d  a

maximum (40%) i n  m o re  a q u e o u s  m i x t u r e s .  T h e  maximum y i e l d  o f  t h e

n i t r o p h e n o l  w as  t h e r e f o r e  u s e d  t o  m e a s u r e  ‘t h e  e x t e n t  o f  f p s o  a t t a c k ,

s i n c e  b o t h  p - c h l o r o a n i s o l e  a n d  4 - c h l o r o - 2 - n i t r o a n i s o l e  a r e  s t a b l e  t o

d é m é t h y l a t i o n  u n d e r  t h e  c o n d i t i o n s  e m p lo y e d .  T he  n i t r a t i o n  o f  p - c h l o r o -
, ^

a n i s o l e  i n  a q u e o u s  s u l f u r i c  a c i d  h a p  a l s o  been ' s t u d i e d  ( 6 6 ) an d  t h e  

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

OMe

+

MeO. , 0 H

OH

NO

C l

/

p o s s i b l e  s e p a r a t i o n

and  r e c o m b i n a t i o n

by d i f f u s i o n  

%

• C l  C l
T h e  r a t i o  o f  p a r t i a l  r a t e  f a c t o r s  m, : i ^  h a s  b e e n  o b t a i n e d

A  _ '  . '
• - a s  1 . 1 : 1  f ro m  t h e  n i t r a t i o n  o f  p - c h l o r o a n î s o l e  ( 3 3 ) ;  i . a .  a  c h l o r i n e  a t om

d e a c t i v a t e s  t h e  m eta  an d  i p s o  p o s i t i o n s  t o  a  s i m i l a r . e x t e n t , T h i s  r a t i o  

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

c h l o r o m e s i t y l e n e  ( 6 0 ) .  T he  r e l a t i v e  a m o u n ts  o f  n i t r o m e s i t y l e n e  ^ n d  d i e n e  

adduce ( a r i s i n g  f ro m  a t t a c k  i p s o  t o  c h l o r i n e ) ,  a f t e r  c o r r e c t i n g  f o r  t h e
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s t a t i s t i c a l  f a c t o r  o f  ’ 2  f a v o u r i n g  s u b s t i t u t i o n ,  show t h e  r a t i o  o f  

C l  . C lm.

NO

Cl1
I I ' ' 'OAc

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

em p lo y ed  f o r  p r e d i c t i n g  t h e  e x t e n t  o f  'L'pso a t t a c k  an o  t n e  '^pso  w n e la n d  

i n t e r m e d i a t e s  fo rm ed  by s u c h  an a t t a c k ' c p u l d  be  c a p t u r e d ,  i n  a c e t i c  

» a n h y d r i d e , t o  g i v e  d i e n e  a d d u c t s .

1 .4  R éaction s o f  Adducts
V

The a d d u c t s  o b t a i n e d  by s u c h  a  n u c l e o p h i l i c  c a p t u r e  r e a d i l y  \

r e a r o m a t i z e  i n  s o l u t i o n , ^  The m ech an ism s ,  o f  r e a r o m a t i z a t i o n  h a v e  b e e n  J

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

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

S o l v o l y t i c  d i s p l a c e m e p r  can  o c c u r  e i t h e r  by  l o s s  o f  a c e t a t e  o r  by  

l o s s  o f  n i t r o  gro^^fp a s  n i t r i t e .  U n d er s t r o n g l y  a c i d i c  c o n d i t i o n s ,  t h e  

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

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

a c i d  ( 6 7 ) .  The i p s o - n i t r o c y c l o h e x a d i e n y l  c a t i o n  t h u s  f o r m e d ,  can  

r e a r o m a t i z e  by  a v a r i e t y  o f  p a t h w a y s ,  d e p e n d in g  on t h e  c o n d i t i o n s .  U n d e r  

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

s o l v e n t s ,  u n i m o l e c u l a r  i o n i s a t i o n  o f  t h e  n i t r o  g r o u p  a s  n i t r i t e  ( 6 8 ) 

p r o d u c e s  a n  a c e t o x y c y c l o h e x a d i e n y l  c a t i o n  w h ic h  c a n  g i v e  r i s e  t o  a  w id e
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r a n g e  o f  r e a c t i o n s .  The r e a c t i o n s  o f  d i e n e  a d d u c t s  can  t h e r e f o r e  be 

b r o a d l y  c l a s s i f i e d  two c a t e g o r i e s :

(A)" r e a c t i o n s  p r o c e e d i n g  th r o u g h  r e p l a c e m e n t  o f  t h e  a c e t a t e  g ro u p ;  and

(B) ■ r e a c t i o n s  p r o c e e d i n g  th r o u g h  r e p l a c e m e n t  o f  t h e  n i \ r ®  g r o w .

(A) R e a c t io n s  p r o c e e d i n g  th r o u g h  r e p l a c e m e n t  o f  t h e  a c e t a t e  g ro u p

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

o t h e r  n u c l e o p h i l e s  u n d e r  s u i t a b l e  c o n d i t i o n s .  The a d d u c t s  from  p - x y l e n e  

s e r v e  a s  an  e x c e l l e n t  m odel  f o r  su c h  s t u d i e s .  On t r e a t m e n t  w i t h  

m e t h a n o l l c  a l k a l i ,  a c i d i f i e d  m e th a n o l ,  f o r m ic  a c i d  o r  h y d r o c h l o r i c  a c i d .

t h e  a c e t o x y  d i e n e s  a r e  c o n v e r t e d  to  h y d ro x y ,  m e th o x y ,fo rm o x y  and

/ c h l o r o  d i e n e s  r e s p e c t i v e l y  (36,39#).

s t e r e o s p e c l f I c

?te a t #

NO

NO

OAc

NO

OCHO

H y d r o l y s i s  o c c u r s  t h r o u g h  a c y l - o x y g e n  bond f i s s i o n .
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R e c e n t l y ,  t h e  e x c h a n g e  o f  a c e t o x ^  f o r  m p th o x y  . f u n c t i o n  'nas'. 

h e e n  c a r r i e d  b u t  p h o to c h e m % c a l ly  (69) . P h o t o s o l v o l y s i s  o f  t h e  

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

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

w i t h  e t h a n o l ,  p r o p a n o l  and a l l y l  a l c o h o l  g av e  t h e  c o r r e s p o n d i n g . e t h y l , 

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

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

r a d i c a l .

h v / e t h e r  o r
p e n t a n e

hu/MeOH
s t e r e o s e l e c t i v e

OMe

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

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

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

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

y i e l d s  ( 7 0 ) .  S i n c e  t h e  a c e t o x y n i t r o  a d d u c t s  c a n  b e  o b t a i n e d  i n  h ig h  

y i e l d s ,  e i t h e r  b y  i p 80  n i t r a t i o n  o f  t h e  a r o m a t i c  h y d r o c a r b o n s  o r  

th r o u g h  t h e  n i t r o d i e n o n e s , t h e  e a s e  o f  t h e s e  t r a n s f o r m a t i o n s  shows 

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

h a v e  c o n s i d e r a b l e  s y n t h e t i c  p o t e n t i a l .
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NH_.R,N*Br
CHgCl,

KOC-Bu,
THF

'  x ^ '/XiT.

NaOMe/MeOH

X Cl

a o

OMe

RjX Br ,CH Cl.

The r e a r o m a t i z a t i o n  p a th w a y s  a v a i l a b l e  t o  t h e  i n t e r m e d i a t e  

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

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

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

b e tw e e n  d e p r o t o n a t i o n  t o  g i v e  benzylic p r o d u c t s  an d  n i t r o  g ro u p  m i g r a t i o n ,  

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

b a s i c i t y  f a v o u r i n g  t h e  fo rm e r  p r o c e s s .  C o n s e q u e n t l y ,  u n d e r  s t r o n g l y  

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

f o r m a t i o n  o f  n i t r o a r e n e s  o c c u r s  b y  a n  i n t r a m o l e c u l a r  1 , 2  n i t r o  s h i f t
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i a  t h e  n i t r o c y c l o h e x a d i e n y l  àarÇîbn i n  a c i d i c ,  w e a k ly  n u c l e o p h i l i c  

M ed ia  ( 7 1 , 7 2 ) .  The f o l l o w i n g  schem e h a s  b e e n  u s e d  t o  e k p l a i n  t h e  Im p o r -  

t a n t  t r a n s f o r m a t i o n s  o b s e r v e d  i n  t h e  c a s e  o f  t e r t i a f y  a d d u c t s  ( 4 5 , 5 8 ) .

I :
V

H +H ,-HOAC) + 1

Cn_X

The a c i d - c a t a l y z e d  r e a c t i o n ,  l e a d i n g  t o  b e n z y l i c  p r o d u 'c t s ,
<i -

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

o f  s u i t a b l e  n u c l e o p h i l e s .  U nder  s u ï - ta b j .e  c o n d i t i o n s ,  b e n z y l i c  n i t r i t e s ,
*  ̂  ̂̂

n i t r a t e s ,  a c e t a t e s  a n d . m e t h y l  e t h e r ' s  h a v e  b e e n  O b t a i n e d  ( 4 3 ) .  A numbera ̂ met

o f  o t h e r  m echan ism s  h a v ^ ^ a l s o  b e e n  p ro p o s e d  ( 9 ) ,  t o . a c c o u n t  f o r  t h e  

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

The m i g r a t o r y  a p t i t u d e  o f  t h e  n i t r o  g r o u p  i n  1 , 2 - d i m e t h y l - l -  

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

d e m o n s t r a t e d  ( 7 3 ) ,  t h a t  a  l , 2 " n i t r o  s h i f t  t o  a n  a d j a c e n t  s u b s t i t u t e d  

p o s i t i o n  i s  f a s t e r  t h e n ' t o  an  o p en  p o s i t i o n .  The a b s e n c e  o f

1 , 2 - d i m e t h y l - 4 - n i c r o b e n z e n e  a s  a  p r o d u c t  (7 1 )  show s t h a t  m i g r a t i o n ,  

a c r o s s  a n  u n s u b s t i t u t e d  p o s i t i o n  d o e s  n o t  o c c u r .  The 1 ,3  m i g r a t i o n



a c r o s s  a - s u l ^ s t l t u t e d  p o s i t i o n  can be c o n s i d e r e d  as  s e q u e n t i a l  1 , 2  s h i f t s .

NO

T)

I ,2  n i t r o  ^  
s h i f t

1 ,2  n i t r o  

s h i f t

-K

1 ,2  n i t r o
s h i f t

NO2

Ln t h e  a b s e n c e  o f  a 1 , 2  s h i f t  t o  a - s u b s t i t u t e d  p o s i t i o n ,  t h e  

d i - d e u t e r a t e d  p r o d u c t  s h o u l d  b e  fo rm ed  e x c l u s i v e l y .  H ow ever, s i n c e  t h e  

r a t e  o f .  m i g r a t i o n  betw e^zf^ 'tw b.^adjacent ip s o  p o s i t i o n s  i s  f a s t e r ' t h a n  th e  

r a t e  j r o n  an  r p s o  t o  an open  p o s i t i o n ,  t h e  r a t i o  o f  m o n o - : d i - d e u t e r a t e d

1 , 2 - d i m e th y l - 3 - p J . c r o b e n z e n e  a p p r o a c h e s  1 : 1 .

, I n t e r e s t i n g l y  en o u g h ,  when t h e  s u b s t i t u t e d  oi^tho  p o s i t J . c n  h a s  

an  I s o p r o p y l  ( r a t h e r  t h a n  a n e t n y l )  s u b s t i t u e n t ,  d e i s o p r o p y l a t i o n  o c c u r s  

from  t h e  r e a r r a n g e d  n i t r o c y c l o h e x a d i e n y l  c a t i o n .  A c id —c a t a l y z e d  

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

m a in  p r o d u c t  ( 4 2 ) .  A g a i n t , p 8 0 - r p a o  m i g r a t i o n  (and s u b s e q u e n t  d e i s o ­

p r o p y l a t i o n )  i s  f a v o u r e d  o v e r  m i g r a t i o n  t o  a n  open  p q s i t i o n  (and 

s u b s q u e n t  d e p r o t o n a t i o n ) . A b sen ce  o f  an y  .3—n i t r o —o —cymene shows - t h a t  

n i t r o d e l s o p r o p y l a t l o n  i s  g r e a t l y  f a v o u r e d  o v e r  m i g r a t i o n  t o  C—3.
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The symmetry o f  I , i - d i s u b s t l t u t e d  compounds su ch  a s  p - x y l e n e  

and p - d l e t h y l b e n z e n e  makes i t  d i f f i c u l t  t o  d i s t i n g u i s h  1 ,2  from 1 ,3  n i t r o  

s h i f t s .  S tu d i e s  on p o ly m e th y lb e n z e n e s  su ch  a s  pseudocum ene, p r - e h n i te n e  

and i s o d u r e n e  (45) have  a l s o  e n a b le d  th e  s e q u e n c e  o f  t h e s e  r e a r r a n g e m e n t s  

to  be  d e d u c e d .  Such a d i f f e r e n t i a t i o n  i s  e s p e c i a l l y  im p o r t a n t  s i n c e

1 ,3  n i t r o  s h i f t s ,  a c r o s è  ait open p o s i t i o n ,  have b een  o b s e rv e d  i n  th e  

r e a c t i o n s  o f  t h e  a d d u c t  from 2 , 3 - d i m e t h y l b e n z o r t i t r i l e  ( 5 7 ) ,  and In  th e  

d e c o m p o s i t io n  o f  n i t r o d i e n o n e s  ( 3 3 , 6 1 , 6 2 , 7 4 ) ,  ’

S tu d i e s  on th e  1 ,3  n i t r o  s h i f t  in  t h e  d e c o m p o s i t io n  o f  

n i t r o d i e n o n e s  show t h a t ,  i n  n o n - a c i d i c  m ed ia ,  a  r a d i c ^  d l s s o c i a t i o n -  

r e c o m b ÿ ia t io n  mechanism i s  i n v o lv e d  ( 7 5 ) .  I n  s t r o n g l y  a c i d i c  m e d ia ,  

r e v e r s i o n  o f  t h e  c o n j u g a t e  a c id  o f  t h e  n i t r o d i e n o n e  to  t h e  e n c o u n te r  

p a i r ,  fo l lo w e d  by r e c o m b in a t io n  a t  t h e  op tho  p o s i t i o n ,  i s  l i k e l y  ( 7 5 ,7 6 ) .  

The m echanism s f o r  t h e  d e c o m p o s i t io n ,  u n d e r  v a r i o u s , c o n d i t i o n s , '  a r e  

shown i n  t h e  fo l l o w in g  schem es:



NO
NO2OH

Scheme 1 .1  D e c o m p o s i t io n  o f  n i t r o d i e n o n e s  i n  n o n - a c i d i c  m ed ia

+ NO.
OH

NO
4-

•0

NO2OH

Scheme 1 .2  D e c o m p o s i t io n  o f  n i t r o d i e n o n e s  i n  s t r o n g l y - a c i d i c  m ed ia



28

U nder s u i t a b l e  c o n d i t i o n s ,  t h e  1 ,3  m i g r a t i o n  o f  t h e  n i t r o  

g ro u p  may b e  s e l e c t i v e ;  i . e . ,  o u t  o f  two p o s s i b l e  p r o d u c t s ,  o n l y  one  

may b e  fo rm e d .  T h i s  c a n  o c c u r  when o n ly  one  o f  t h e  two m i g r a t i o n  

termini i s  unsubstituted, or when a s u i t a b l e  g r o u p ,  c a p a b l e  o f  

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

T he fo rm e r  s i t u a t i o n  i s  e n c o u n te r e d  A y t h l s  s t u d y ,  w h e r e a s ,  t h e  

. l a t t e r  phenomenon h a s  b e e n  o b s e r v e d  i n  t h e  n i t r a t i o n  o f  o - m e t h y l a n i s o l e .  

N i t r a t i o n  o f  o - m e t h y l a n l s o l e  ( 3 4 ) ,  i n  aq u e o u s  s u l f u r i c  a c i d ,  g av e  

2-methyl-6-nitrophenol, but not the 6_nitro isomer, as a product of the 

r e a c t i o n .  D é m é th y la t io n  p r i o r  to  n i t r a t i o n  i s  u n l i k e l y ,  a s  shown by 

t h e  a b s e n c e  o f  t h e  4 —n i t r o  i s o m e r , w h ich  i s  o b t a i n e d  i n  t h e  n i t r a t i o n  

oj. v - c r e s o l .  H ence ,  t h e  r e a c t i o n  i s  b e l i e v e d  t o  p r o c e e d  th r o u g h  th e  

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

Oi t h e  n i t r o  g ro u p  t o  t h e  C— 6  p o s i t i o n  b e i n g  a s s o c i a t e d  w i t h  t h e  

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

p r e s u m a b ly  th ro u g h  t h e  i n t e r m e d i a c y  o f  a p h e n y l  n i t r a t e  ( 7 7 ) .

OMe OMe

+ NO,

0..N

4—n i t r o — and  6 - n i t r o -  

2 r m e c h y l a n i s o l e s

O' 'NO,

MeO. OH

NO.
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A s i m i l a r  phenomenon i s  o b s e r v e d  i n  t h e  n i t r a t i o n  o f  

2 , 5 - d im e t h y l p h e n o l  i n  a c e t i c  a n h y d r id e  ( 7 8 ) .  n . m . r .  s t u d i e s  showed 

t h e  f o r m a t i o n  o f  a  n i t r o d i e n o n e  (*^90%) , wlTich decom posed on w o rk -u p  , 

to  g i v e ,  e x c l u s i v e l y ,  2 , 5 - d i m e t h y l - 6 - n i t r o p h e n o l ,  w i t h o u t  any o f  t h e  

4 - n i t r o  i s o m e f .  A g a in ,  o x o - p â r t i c i p a t i o n  may b e  i n v o l v e d .

OH
NO2

.0

^  *
«r

T h u s ,  a 1 ,3  m i g r a t i o n  o f  t h e  n i t r o  g ro u p  h a s  b ee n  o b s e r v e d  

i n  t h e  d e c o m p o s i t i o n  ofi. p i t r o d i e n o n e s i ' ^ d ,  u n d e r  s u i t a b l e  c o n d i t i o n s ,  

t h e  p r o c e s s  maybe s p e c i f i c .

D ie n o n e -p h e n o l  r e a r r a n g e m e n t s  h a v e  a l s o  b e e n  s t u d i e d  i n  t l ie  

c a s e  o f  4 - c h l o r o - 4 - m e t h y l c y c l o h e x a d i e n o n e s  (79) , w h ich  decom pose r a p i d l y  

i n  t r i f l u o r o m e t h a n e s u l f o n i c  a c i d ,  t o  g i v e  p r o d u c t s  a r i s i n g  from a  1 , 2  

s h i f t  o f  t h e  c h l o r i n e .  « E n e rg y  r e q u i r e m e n t s  r e n d e r  a r a d i c a l  p a th w ay  

l e s s  l i k e l y ,  w h e r e a s ,  l o s s  o f  c h l o r i n e  from  t h e  ‘c o n j u g a t e  a c i d  o f  t h e  

c h l o r o d l e n o n e  w o u ld  r e q u i r e  a  good n u c l e o p h i l e .  H en ce ,  a  1 ,3  s h i f t  i s  

n o t  o b s e r v e d  i n  t h e s e  r e a r r a n g e m e n t s .
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C l CFLSOJH

OM

Cl
AcOH

7 " No- d e c o m p o s i t i o n

0  .

(B) R e a c t i o n s  p r o c e e d i n g  t h r o u g h  l o s s  o f  t h e ; n i t r o  g r o u p .

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

e l e m e n t s  o f  n i t r o u s  a c i d ,  t o ' g i v e  a r y l  a c e t a t e s .  T h e * b e h a v i o u r  o f  t h e  

s e c o n d a r y  a d d u c t s  i s  u s u a l l y  d i f f e r e n t  . from  t h a t  o f  t e r t i a r y  a d d u c t s  ( 3 8 ) .
. . J

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

t h e  a c e t a t e ,  i s  1,4 e l i m i n a t i o n  o f  n i t r o u s  a c i d  ( 3 6 , 4 5 , 4 9 , 5 4 ) .  M yhre  

( 6 8 ) h a s  shown t h a t  t h e  r e a c t i o n  o c c u r s  b y  an  E l t y p e  m e c h a n is m .  T h e  

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

by a  s i m i l a r  m e c h a n is m .  The a c e t a t e  g r o u p  c a n  m i g r a t e  w i t h o u t  e x c h a n g e
' * 

w i t h  t h e  s o l v e n t  ( e . g .  a c e t i c  a c i d - d ^ )  _&nd h e n c e ,  t h e  p r o c e s s  i s

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

NO
-NO

-H

H OAcOAc OAc

NO
,+

s h i f t
OAcOAcOAc . OAc '
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S o l v o l y t i c  e l i m i n a t i o n s  o f  n i t r o d i e n o l s  h a v e  a l s o  b e e n  s t u d i e d  

an d  t h e  b e h a v i o u r  shown t o  b e  d i f f e r e n t  from  t h a t  o f  t h e  c o r r e s p o n d i n g  

s e c o n d a r y ,  n i t r o d i e n y ^ .  a c e t a t ^ ^  ( 8 0 ) .  I n t r a m o l e c u l a r  h y d ro g e n  

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

d i e n o l s ,  t h e  e x t e n t  o f  m i g r a t i o n  b e i n g  m e a su re d  by  r e t e n t i o n  o f  a. 

c ^ ^ t e r i u m  l a b e l ,  '  T h i s  w as  shown t o  b e  co., 25—30% i n  t h e  c a s e  o f  . the  

n i t r o d i e n o l s ,  b u t  0.3% i n  t h e  c o r r e s p o n d i n g  a c e t a t e s .  T h u s ,  c h a n g e o v e r  

f ro m  an  a c e t a t ë '  t o  a  h y d r o x y l  r e s u l t s  i n  r e a r r a n g e m e n t  ( a n d , s u b s e q c ^ g t  

d e p r o t o n a t i o n )  b e i n g  f a v o u r e d  o v e r  d i r e c t  d e p r o t o n a t i o n  from  t h e  i n t e r ­

m e d i a t e  c y c l o h e x a d i e n y l  c a t i o n .  • The d i f f e r e n c e  i n  b e h a v i o u r  h a s  b ee n  

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

a s  com pared  t o  t h e  a c e t o x y l  s u b s t i t u e n t ,  i n  t h d  r e a r r a n g e d  c a t i o n .  '

0

D OH

, -NO

OH

-D

H

-H

0
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UiKIfi» s u i t a b l e  c o n d i t i o n s ,  t h e  h y d r o x y c y c l o h e x a d i e n y l  c a t i o n ,

'
g e n e r a t e d  by  l o s s  o f  t h e  n i t r d  g r o u p ,  c o u l d  b e  t r a p p e ^  by  v a r i o u s

t

n u c l e o p h i l e s  (81). S o l v o l y s i s  o f  1 , A - d i m e t h y l - A - n i t r o c y c l o h e x a - Z , 5 - ,  

d i e n - l - o l ,  i n  a q u e o u s  m e t h a n o l ,  r e s u l t e d  i n  t h e  f o r m a t i o n ' o f  1 , 4 - d i m e t h y l -  

c y c l o h £ x a - 2 , 5 - d i e n e - l , 4 - d i o l  and  i t s  m e t h y l  e t h e r .  The i n t e r m e d i a t e  

c a t i o n  coufd^  â l s o  b e  t r a p p e d  by  ad d e d  n i t r i t e  t o  g i v e  l , 4 - d i m e t h y l - 2 -  

n i t r p b e n z e n e . ■ U n l i k e  t h e  h y d r o x y c y c l o h e x a d i e n y l "c a t i p n ' t h e  

c o r r e s p o n d i n g  a c e t o x y e y c l o h e x a d i e n y l  c a t i t S r T c o u l d  n o t  b e  t r a p p e d  b y  ad d e d  

n u c l e o p h i l e s ,  b u t  r e a r r a n g e d  t o  fo rm  2 , 5 - d i m e t h y l p h e n y l  a c e t a t e .  The 

c a t i o n  f ro m  t h e  n i t r o d i e n o l  a l s o  r e a r r a n g e d  t o  2 , 4 - d i m e t h y l p h e n o l  a s  

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

o r d e r  a c e t o x y l ^ ^  m e t h y l  > h y d r o x y l  i n  t h e g e  r e a r r a n g e m e n t s .  -

-H

OH

*

+YHleH*'
-NO

OHOH

#

( a )  1 , 2  m e t h y l  s h i f t

(b) -H+ '
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T he e x c h a n g e  an d  r e a r o m a ^ ^ ^ k l o n  r e a c t i o n s  d i s c u s s e d  i n  t h i s

♦ /
s e c t i o n  h a v e  b e e n  o b s e r v e d  i n  t h e  a d d u c t s  o b t a i n e d  from  d i — and  p o l y —

}
m e t h y l b e n z e n e s ,  w h ic h  h a v e  b e e n  e x t e n s i v e l y  i n v e s t i g a t e d .  The b e h a v i o u r  

o f  a d d u c t s  o b t a i n e d  fro m  d i m e t h y lb e n z e n e s  c a r r y i n g  cyano  ( 5 7 ) ,  oxo (5 8 )  

an d  c h l o r o  ( 5 4 ) s u b s f i t u e n t s  h a v e  a l s o  b e e n  s t u d i e d  an d  a r e  su m m a r ise d  

i n  t h e  f o l l o w i n g  schemes :

1 Ï H /MeOHH /MeOH (à)

H OAc
f

(a )  R=H; R = Me
I

(b ) R=Me; R = H 

TFA

H 0Ë

R

CN
OAc

Scheme 1 .3  R e a c t i o n s  o f  t h e  a d d u c t s  f ro m  ( a )  2 , 3 - d i m e t h y l b e n z o n l t r l l e ;

and  (b )  3 , 4 - d i m e t h y I b e n z o n i t r i l e .
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NO

COR COR COR

BF„ . e t h e r a t - e  o r

78% H.SO

COR COR
OAc

ÔAc
COR

(a) R - Me;

(b) R - Ph.

Scheme 1.4 R e a c t i o n s  o f  t h e  a d d u c t s  f ro m  ( a )  3 , 4 - d l m e t h y l a c e t o p h e n o n e ;

an d  (b )  3 ,4 - d i m e t h y l b e n z o p h e n o n e .

.Cl ,ci

OAc

Cl C l Cl
TFA HCOOH

0
OAc

Scheme 1 .5  R e a c t i o n s  o f  t h e  a d d u c t s  f ro m  l-chloro-2,3-dlmechylbenzene.
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The r e a r o m a t i z a t i o n  r e a c t i o n s  i n  t h e s e  s y s t a n s  (schemes 1 . 3 - 1 . 5 )  

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

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

t h e  a d d u c t  from  l - c h l o r o - 2 , 3 - d i m e t h y l b e n z e n e  i s  r e a r o m a t i z e d  i n  t h e  

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

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

b i p h e n y l s  when n i t r i c  a c i d  i s  ad d e d  t o  t h e  h y d r o c a r b o n .  'The r e a c t i o n
a»

i s  s e n s i t i v e  t o  t h e  s t r u c t u r e  o f  t h e - h y d r o c a r b o n  (1 4 )  an d  i s  u s u a l l y

o b t a i n e d  ^ ro m  compounds which g i v e  s e c o n d a r y - , a d d u c t s  on i p s o  n i t r a t i o n .

T h i s  r e a c t i o n ,  w h ich  h a s  s y n t h e t i c  p o t e n t i a l ,  p r o c e e d s  t h r o u g h  an  ip s o

c y c l o h e x a d i e n y l  c a t i o n ,  a s  shown b e lo w .  A t t a c k  b y  m e s i t y l e n e ,  f o l l o w e d
'

b y  l o s s ,  o f  n i t r o u s  acid, g i v e s  t h e  b i p h e n y l ,  u s u a l l y  i n  h i g h  y i e l d s  (54,. 

82) .

Cl ClCl ,+ -HNO-f-H m e s i t y l e n e
-HOAc

OAc

Cl
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,The s y n t h e t i c  u t i l i t y  o f  - th e  p r o d u c t s  o f  i p s o  n i t r a t i o n  o f

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

a d d u c t s  i s  I n  t h e  s y n t h e s i s  o f  l - c h l o r o - 3 , 4 - d i m e t h y l b e n z e n e ,  an
.

i n t e r m e d i a t e  i n  t h e  s y n t h e s i s  o f  r i b o f l a v i n  ( 4 2 ) .  A o n e - p o t  s y n t h e s i s  o f  

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

o - x y l e n e ,  f o l l o w e d  b y  r e a r o m a t i z a t i o n  o f  t h e  a d d u c t s  with h y d r o c h l o r i c
A

a c i d ,  l - C h l o r o - 3 , 4 - d i m e t h y l b e n z e n ê  can t h e n  b e  o b t a i n e d ,  f r e e  o f  t h e  

n i t r o  compounds fo rm ed  l a  t h e  n i t r a t i o n ,  b y  f r a c t i o n a l  d i s t i l l a t i o n .

o -X y le n e

H30 /Ac 0

H OAc

( a )  s o l v e n t  rem ove]

(b )  H C l / n o n - p o l a r

s o l v e n t

j|p (c) d i s t i l l a t i o n

Thus t h e  s e q u e n c e  ip s o  a t t a c k ,  a c e t a t e  c a p t u r e ,  a c e t a t e  

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

s y n t h e s i s  o f  com pounds w h ic h  a r e  d i f f i c u l t  t o - o b t a i n  b y  c o n v e n t i o n a l  

m e t h o d s .
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1 .5  O b je ff t iv e s  o f  th e  P re se n t Work

The f o r m a t i o n  o f  a d d u c t s  i n  t h e  n i t r a t i o n  o f  d im e th y lb e n z e n e s  

c a r r y i n g  m o d e r a t e l y  e l e c t r o n - w i t h d r a w i n g  g ro u p s  such a s  -CN, -COCH. and 

-COCgH^ h a s  b ee n  s t u d i e d  p r e v i o u s l y  and t h e  r e a r o m a t i z a t i o n  r e a c t i o n s  o f  

t h e  a d d u c t s ,  u n d e r  v a r i o u s  c o n d i t i o n s ,  h av e  b e e n  d e s c r i b e d  ( 5 7 , 5 8 X  The 

effect of a strongly electron-withdrawing group Ilka the nitro on the 

lormation and r e a c t i o n s  or a d d u c t s  h a s  not y e t  b ee n  a c t i v e l y  s t u d i e d .  

This may be attributed to the extreme difficulty.in forming the adducts 

u n d e r  t h e  v i g o r o u s  c o n d i t i o n s  n e c e s s i t a t e d  by the d e a c t i v a t i o n  o f  th e  

s u b s t r a t e  by t h e  n i t r o  g ro u p .  The n i t r o  s u b s t i t u e n t ,  by v i r t u e  o f  i t s  

^teric and electronic properties, when placed on an aromatic substrat'e, 
i s  e x p e c te d  to  p ro d u c e  a s u b s t a n t i a l  e f f e c t  on th e  mode o f  reactivity

of. not only the substrate, but also the diene adducts obtained by ipao 
nitration.

i h e  o b j e c t  o r  t h i s  work th e n  i s  to  s t u d y  th e  f o r m a t i o n ,  

■ w h a r a c t e r i s t i c s ,  r e a r o m a t i z a t i o n  and r e a r r a n g e m e n t s  o f  t h e  d i e n e  a d d u c t s  

o b t a i n e d  from t h e  ip s o  n i t r a t i o n  o f  v a r i o u s  n i t r o a r e n e s .
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CHAPTER'il
» ^

EXPERIMENTAL PROCEDURES
J: •

2 .1  I n e t r w n e n t a t 0 à n  .

I . r .  s p e c t r a ,  c a l i b r a t e d  w i t h  p o l y s t y r e n e ,  w e re  r e c o r d e d  on a 

Pye-Unlcam SPIOOO or a Perkin-Elmer 283, in nujol or potassium bromide

d i s c s  f o r  s o l i d s  and  a s  thin f i l m s  b e tw e en  sod ium  c h l o r i d e  p l a t e s  f o r  

o i l s ,  n . m . r .  s p e c t r a  w e re  r e c o r d e d  on a  P e r k in - E lm e r  R-32 (90 MHz) 

a n d ,  f o r  column f r a c t i o n s ,  on a  P e r k i n - E l m e r  R-12-A (60 MHz). S p e c t r a  

^ 0 X'B r o u t i n e l y  r e c o r d e d  i n  c h l o r o f o r m —d^ , w i th  t e t ram et l ^ l s i l a n e  a s  an 

i n t e r n a l " s t a n d a r d .  C n . m . r .  w e re  o b t a i n e d  i n  c h l o r o t o r m —d ^ , w i t h  

t e t r a m e t h y l s i l a n e  a s  an i n t e r n a l  r e f e r e n c e ,  on a  N i c o l e t  TT-14 (1 5 .1  MHz) 

s p e c t r o m e t e r .  U .v ,  s p e c t r a  w e re  r e c o r d e d  on a  C ary —17 s p e c t r o m e t e r ,  w i t h  

m e th a n o l  a s  t h e  s o l v e n t .  Mass s p e c t r a  w ere  r e c o r d e d  bn a  P e r k i n - E l m e r -  

H i t a c h i  RMU-7 s p e c t r o m e t e r  a t  70 eV. G . l . c .  a n a l y s e s  w ere  p e r fo rm e d  on 

a  v a r i a n  A e ro g rap h  2 4 0 0 ,  u s i n g  a  1 ,3  m X 3 nnn column o f  3*2 S t - 3 0  on 

Chromosorb P at 180°C. A Finnegan 3300 g.l.c.-m.s.-c.i. syatem was used 

f o r  t h e  m ass  s p e c t r a l  a n a l y s i s  o f  m i x t u r e s .  A W a t e r s - A s s o c i a t e s  P re p  LC/ 

Sys tem  500 was r o u t i n e l y  em ployed f o r  t h e  s e p a r a t i o n  o f  a d d u c t s  i n  t h e

l a t e r  s t a g e s  o f  t h i s  w ork .

. . ,
'  ■ - * . t

' '
2 . 2  R e d g m t g

« -  *  . 
A c e t i c ■a n h y d r id e  was c e r t i f i e d  ACS, F i s h e r ;  t r i f l u o r o a c e t l c

anhydride was Aldrich Gold Label (99+%). Nitric acid (fuming, Fisher)
3

was p u r i f i e d  by d i s t i l l i n g  (300 cm ) a t  1 mm from  u r e a  (10 g ,  r e a g e n t , .
. /  ' X '  - ' g

F i s h e r )  and s u jL fu r ic  a c i d  (500 cm ) and s t o r e d  a t  - 2 5  C. S o l v e n t s  u sed



>

s

39

f o r  c h r o m a to g ra p h y  i n c l u d i n g  p e n t a n e  ( r e a g e n t ,  F i s h e r ) a n h y d r o u s  

e t h e r  (reeg^, Amachem) and  b e n z e n e  ( r e a g e n t ,  Amachem) w ere  f u r t h e r  

p u r i f i e d  by  d r y i n g  o v e r  so d iu m  f o l l o w e d  by d i s t i l l a t i o n  an d  s t o r a g e  in  

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

em p lo y ed  f o r  s p e c t r o s c o p y  w e re  c e r t i f i e d  ACS, s p e c t r a n a l y z e d  ( F i s h e r )  

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

d e u t e r i u m  o x i d e —d ^ ,  a c e t o n i t r i l é —d ^ , m e t h a n o l —d ^ , p y r i d i n e —d ,  and 

a c e c o n e - d g  w e re  o b t a i n e d  from  M erck ,  S h a rp  and  Dohme. S i l i c a  g e l  

(6 0 - 2 0 0  m esh) was Davison c o m m e rc ia l  g r a d e  H an d  n e u t r a l  a lu m in a  (Cainag, 

I*) J  d ê s c t i v a c e d  w i t h  3% o r  d i s t ^ l l s d  w a t e r ,  wâs u s e d \

I.2-Dimechyl-4-nitrobenzene (Aldrich), 1.2-dimechyl-3-nitro
b e n z e n e  ( t e c h n i c a l .  B a k e r ) ,  4 - m e t h y l - 2 - n i t r o p h e n o l  ( A l d r i c h )  and 

4 - m e t h y l - 3 - n i t r o p h e n o l  ( A l d r i c h )  w e re  deemed p u r e  and u s e d  w i t h o u t  

i u r t h e r  p u r i f i c a t i o n .  1 , 4 - D i m e t h y l —2—n i t r o b e n z e n e  was p r e p a r e d  

a s  f o l l o w s ;  - ■

S u l f u r i c  a c i d  (40 g , 0 . 4 2  m o l)  was ad d ed  d r o p w i s e ,  

over 1 h, to a well-stirred mixture of p-xylene (100 g, 0.96 mol) and

n i t r i c  a c i d  (120  g , 1.90 m ol)  i n  m e th y le n e  c h l o r i d e  (8 0 0  cm^) a t  0°C.

The mixture was allowed to warm to 20°C and stirred for 18 h. Evaporation

o f  t h e  s o l v e n t ,  a f t e r  t r e a t m e n t  o f  t h e  r e a c t i o n  p r o d u c t  w i t h  w a t e r  (2 X
g *

250 cm ) and saturated sodium bicarbonate (2 X 150 cm^) followed by drying

over anhydrous magnesium s u l f a t e ,  gave a crude product con ta in in g  mainly 

^>̂ “dim ethyl—2-n itrobenzene (98% by H n . m . r . ) .  The product was d i s t i l ­

led  a t  75 Cand 0 ,5  naa to g iv e  1 ,4 -d im eth y l—2—n itro b en zen e , pure by 

g.l.c. and having i.r. (Neat) 1530 and 1350 cm"^ (NO ); n.m.r.

(90 MHz, CDClg) 6 2.30 (s,3,4-CHg>,.2.43 (a,3,l-CHg), 7.10/(d,l,6-H)
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7 .2 2  (dd,1,5-H) , 7 .6 7  ( d , l , 3 - H ) ,  = 1 .6 6  Hz.iJ ,  = 8 .0  Hz; n . m . r .

(CDCl , ppm\ 19.8 (4-CHg), 20.5 fl-CHg), 124.8 130.4 (Ç-1), 132.6

(Ç-6), 133.9 (Ç-5), 137.2 (C-4), 149.0 (Ç-2).

2 .3  O ptijni.za.tion o f  Beaat%on C onc'it'ions  '

'• - A , s e r i e s  o f  r e a c t i o n s  was c a r r i e d  o u t  on a  s m a l l - s c a l e  (1 mnol

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

p r o c e d u r e  in v o lv e d  a d d in g  n i t r i c  a c id  a t  -'2 0 °C t o  a m ix tu r e  o f  t r i f l u o r o -

a c e t d c  a n h y d r id e  and  h a l f  o f  . t h e  r e q u i r e d  am ount o f  a c e t i c  a n h y d r id e  a t

. o .
-  /78 C. /fh e . m i x tu r e  wars a l lo w e d  t o  warm to 0 C, m a i n t a i n e d  a t  t h i s

t e m p e r a t u r e  f o r  5 min, and r e c o o l e d  to  -7 8 °C .  T h i s  was t h e n  added t o  t h e

s u b s t r a t e ,  i n  t h e  r e m a in in g  h a l f  o f  t h e  a c e t i c  a n h y d r i d e ,  a t  -7 8 ° C .  The

o
r e a c t i o n  t e m p e r a t u r e  was r a i s e d  to  0 C and a l i q u o t s  w ith d raw n  a t  r e g u l a r  

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

- 2 0 ° C , t h e  i n s t r u m e n t  b e i n g  lo c k e d  on a c e t i c  a n h y d r id e  (5 2 .1 5  ppm ). The 

a l i q u o t s  w e re  t h e n  s u b j e c t e d  t o  a n » a q u eo u s  b i c a r b o n a t e  w o rk -u p ,  a f t e r  

d i s s o l u t i o n  In e t h e r ,  and t h e  n . m . r .  s p e c t r a  r e c o r d e d .  A few r e a c t i o n s  

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

s t u d y  m e d i u m - e f f e c t s .  B e s t  r e s u l t s  w e re  o b t a i n e d  w i th  t r i f l u o r o a c e t i c  

a n h y d r id e  i n  t h e  n i t r a t i o n  o f  1 , 2 - d i m e t h y l - 3 -  and 4 - n l t r o b e n z e n e 8  w h e r e a s ,  

i n  t h e  n i t r a t i o n  o f  1 , 4 - d l i n e c h y l - 2 - n l t r o b e n z e n e ,  4 - m e t h y l - 2 -  and  3 - n i t r o -  

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

a n h y d r id e .
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2 . 4 .  P r e p a r a tiv e  R e a c tio n s
\  . ■

A c o ld  s o l u t i o n  ( —20 C) o r  n i t r i c  a c i d  was added  d ro p w is e  w i t h
>

s t i r r i n g  t o  a m i x tu r e  o f - s t r l f l u o r o a c e t i c  a n h y d r id e  and a c e t i c  a n h y d r id e  

(or acetic anhydride alone) ^t -78?C. On completion of die addition,

t n e  m i x t u r e  was wanned t o  0  ù t o  c o m p le t e  t h e  f o r m a t i o n  o f  a c e t y l  n i t r a t e

and c o o le d  to  - 7 8  C. i n i s  was th e n  ad d ed  t o  t h e  s u b s t r a t e  i n  a c e t i c

a n h y d r id e  a t  - 7 8  C w i t h  s t i r r i n g  and  t h e  t e m p e r a t u r e  r a i s e d  to  0°C ,  t h e

t e m p e r a t u r e  a t  w hich t h e  b e s t  r e s u l t s  w e re  o b t a i n e d  i n  t h e  s m a l l - s c a l e
1

e x p e r i m e n t s .  The r e a c t i o n  m i x t u r e  was s t i r r e d  u n t i l  ‘H n . m . r .  o f  an 

a l i q u o t  showed t h a t  t h e  r e a c t i o n  was c o m p le te j  t . e .  no s i g n a l s  ■ 

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

2 .5  Vork-up Jà 'ooedures

The c r u d e  r e a c t i o n  m i x t u r e  was o r i g i n a l l y  w o rk a d -u p  by a d d in g  

e t n e r  t o  t h e  m i x tu r e  a t  - / 8  C and t r e a t i n g  t h e  r e s u l t i n g  s o l u t i o n  w i t h  

l i q u i d  anuaonia, co n d e n se d  from th e  g a s  by p a s s a g e  th ro u g h  a c o n d e n s e r ,  

a t  -7 8 ^ C . The r a t e  o f  a d d i t i o n  was a d j u s t e d  so  t h e  . t e m p e ra tu r e  o f  t h e  

r e a c t i o n  m i x tu r e  d id  n o t  r i s e  ab o v e  -4 0 °C .  The n e u t r a l i z a t i o n  p r o c e d u r e  

was s to p p e d  when f u r t h e r  a d d i t i o n  o f  ammonia d i d  n o t  r e s u l t  i n  a  r i s e  

i n  t h e  t e m p e r a t u r e  and  the r e a c t i o n  m i x t u r e  was a l k a l i n e  (pH ca . 8 ) .  The 

e x c e s s  ammonia was removed b y  a n  a s p i r a t o r  and t h e  r e a c t i o n  m i x t u r e  

t r e a t e d  w i t h  i c e - w a t e r .  The e t h e r  e x t r a c t  was w a sh e d ,  d r ie ,d  and e v a p o r a ­

t e d  a t  15 C. H n . m . r .  o t  p r o d u c t  i n d i c a t e d  p a r t i a l  d e c o m p o s i t i o n  

o t  t h e  d i e n e  a d d u c t s  and  h en c e  t h e  f o l l o w i n g  w o rk -u p  p r o c e d u r e  was 

a d o p te d :

On c o m p le t io n  o f  t h e  r e a c t i o n ,  t h e  r e a c t i o n  m i x tu r e .w a s  t r e a t e d
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w i t h  i c e - w a t e r  and  sod ium  b i c a r b o n a t e  was ad d ed  i n  p o r t i o n s  t i l l  t h e  

m i x t u r e  w a s  a l k a l i n e  (pH oa. 8 ) .  The p r o d u c t  was e x t r a c t e d  w i t h  e t h e r  

and  t h e  e t h e r  e x t r a c t  w ashed  w i t h  w a t e r  an d  d r i e d .  H n . m . r .  o f  t h e  

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

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

2 . 6  Chrom atogvaphy

C h ro m a to g ra p h ic  s e p a r a t i o n  o f  tTie c r u d e  r e a c t i o n  p r o d u c t

w a s - p e r f o r m e d  a t  l o w - t e m p e r a t u r e  ( —30 C t o  -4 0  C ) . C o ld  m e t h a n o l  was

c i r c u l a t e d  th r o u g h  t h e  t h e  j a c k e t  o f  a  c h ro m a to g ra p h y  ^olum n by  means

o f  a  s e l f - p r i m i n g  pump ( J a b s c o )  and  th r o u g h  a., c o i l  w h ic h  p r e - c o o l e d  t h e

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

and  s u p p o r t e d  on t o p  o f  t h e  co lu m n . The r e f r i g e r a t e d  m e th a n o l '  was - f u r t h e r

c o o l e d  i n  a  Dewar f l a s k  c o n t a i n i n g  c a rb o n  d i o x i d e - a c e t o n e  and  t h e n

c i r c u l a t e d  t h r o u g h  t h e  j a c k e t  o f  t h e  co lum n.' I n i t i a l  e x p e r i m e n t s  w i t h
k. -

v a r i o u s  a d s o r b e n t s  su c h  a s  (a )  b a s i c  a l u m i n a , '  d e a c t i v a t e d  w i t h  3% o f  

10% a c e t i c  a c i d ;  (b )  n e u t r a l  a l u m i n a ,  d e a c t i v a t e d  w i t h  3% w a t e r  and

(c )  s i l i c a  g e l  i n d i c a t e d  t h a t  t h e  p r o d u c t  r e c o v e r y  was h i g h e s t  (75% t o  

85%) w i t h  s i l i c a  g e l .  A r a t i o  o f  1 0 0 :1  o f  s i l i c a  t o  t h e  r e a c t i o n  p r o d u c t  

was fo u n d  t o  g iv e  a  s a t i s f a c t o r y  s e p a r a t i o n .

The co lum ns w e re  p ac k ed  i n  t h e  u s u a l  m an n er  and  to p p e d  up 

w i t h  an  i n c h  o f  s e a - s a n d .  The r e a c t l ix rx p ^ ro d u c t  was d i s s o l v e d  i n  minimum 

e t h e r  and  lo a d e d  o n t o  t h e  co lu m n . The e l u | t i o n  p r o c e s s  was i n i t i a t e d  

im m e d ia t e l y  by f o r c i n g  t h e  s o l v e n t  ( p e n t a n e  and  t h e n  p e n t a n e —e t h e r  

m i x t u r e s )  u n d e r  p r e s s u r e  o f  n i t r o g e n  (5  p . s . i . )  t h r o u g h  t h e  c o lu m n .  ^  

T h i s  o f f s e t  t h e  i n c r e a s e d  v i s c o s i t y  o f  t h e  s o l v e n t  a t  low t e m p e r a t u r e s
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and sho rtened  the time t h a t  the  adducts  spent on the  column, an

im portan t  f a c to r  which proved c r u c i a l  in  determ ining  th e  "net recovery

of the  d iene adducts from th e  p ro c ess .

The s e p a ra t io n  could be improved by using benzene ( in s te a d

of p e n ta n e -e th e r  m ix tu res)  as th e  s o lv e n t .  The e f f i c a c y  of the

o p e ra t io n  was g r e a t l y  enhanced by employing a Prep LC/System 500,

usip-g p re -co o led  benzene {aa. 5°C) as the so lv en t  and employing a 

3f lo w - ra te  of  O', 1 dm /min.
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2.7 S h i f t  Reagent S tu d ies

The s h i f t  re ag en t  t r i s - ( l , 1 , 1 , 2 , 2 , 2 , ^ ,3 - h e p t a f l u o r o - 7 ,7- 

d im e th y l-d g -4 ,6 -o c tan e d io n a to -d ^ )e u ro p iu m (II I )  was used  in  s e v e ra l  

cases  during  n .m .r .  a n a ly s i s  o f th e  d ien ^  adducts  to  (a) induce 

s e p a ra t io n  of diene p ro tons  in  o rd e r  to c a lc u l a t e  coupling ' c o n s ta n ts ,  

as i l l u s t r a t e d  in  th e  case  of adduc ts  frbm 1 ,2 -d im e th y l-3 -n i tro b en ze n e  

and (b) d i s t in g u i s h  trans  from a is  adducts  by o b se rv in g  the  r a t e  of 

s h i f t  o f  the  p ro to n , s ig n a ls  and p l o t t i n g  the s h i f t  o f  v a r io u s  pro tons 

vs. the  s h i f t  o f the  a c e t a t e  p ro to n s .

• ' The s h i f t  re ag en t  was added in  sm all increm ents  (5-10 mg) 

to a  s o lu t io n  of th e  pure  d iene  (35-50 mg) in  ch loroform -d^ a t  0°C.

The weight of the  re a g e n t  added and the n .m .r .  spectrum  (te tram ethy lT  

s i l a n e  as s tandard )  were recorded  a f t e r  each a d d i t io n .  The volume 

in c re a s e  r e s u l t i n g  on a d d i t io n  of th e  reagen t  was ig nored .  The 

observed v a r i a t i o n  in  th e  lan th an id e - in d u c ed  s h i f t s  could  be r e la t e d  

4  to  the  d i f f e r e n t  p ro to n -eu ro p iu m ,d i s t a n c e s .

«
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2 .8  K in e t io s  . -

Due Lo the,wide variety of reagents employed to effect

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

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

I n  p r i n c i p l e  t h e  r e a c t i o n s  w i t h  v a r i o u s  a c i d s  an d  am in es  w e re

carried out by adding the reagent to.the diene adducts in a suitable

s o l v e n t  a t  -78°Ç  and  t h e n  b r i n g i n g  t h e  r e a c t i o n  m i x t u r e  t o  a t e m p e r a t u r e

convenient to monitor the reaction. Exchange reactions with various

nucleophiles were usually carried out by adding the diene to a solution

o f  t h e  r e a g e n t  i n  a  s u i t a b l e  s o l v e n t  a t  an  optim um  t e m p e r a t u r e .

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

o f  t h e  n . m . r .  t u b e  t o  a  s m a l l  f l a s k  (25 cm c a p a c i t y ) ,  r i n s i n g  w i t h

e t h e r  and  n e u t r a l i s i n g  (w h e r e v e r  n e c e s s a r y )  a t  low  t e m p e r a t u r e s . .

The e t h e r  e x t r a c t  was d r i e d  o v e r  a n h y d ro u s  m agnesium  s u l | a t e  and

f i l t e r e d .  E v a p o r a t i o n  o f  t h e  s o l v e n t  a t  15°C , on a  r o t a r y  evaporator » .

y i e l d e d  p r o d u c t s  w h ic h  w e re  a n a l y z e d  by u.v., i . r , ,  H n . m . r .  and

g , 1 ,  c . —HI. s . —c . i . '

D ie n e  a d d u c t s  o b t a i n e d  by e x c h a n g e  r e a c t i o n s  w e re  i s o l a t e d ,

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

the exchange on the crude nitration product and isolating the deeired

d i e n e  on a  W a te rs  A s s o c i a t e s  P r e p  LC/ s y s t e m  5 0 0 ,  u s i n g  benzene a s  t h e

solvent. The adducts thus obtained were recrystallised from ether at

- 2 0 ° C ,



■\

45

2 .9  G .L .C . A n a ly s i s

The a r o m a t i c  compounds o b t a i n e d  b y  r e a r o m a t i z a t i o n  o f  d i e n e

a d d u c t s  .w ere  a n a ly z ’ed on a  V a r i a n  A e r o g ra p h  2400 u s i n g  a 1 ,3
- ^

3 7 s ^ ^ 3 0  s t a i n l e s s  s t e e l  co lum n . The i n s t r u m e n t  w as  e q u j ^ e f  w i t h  a

h y d ro g e n  f la m e  i o n i z a t i o n  d e t e e i T c ^ . - w i t h  het±«m_as_*#fie c a r r i e r  g a s  a t

3
 ̂ a f l o w - r a t e  o f  2 0  cm, /m in  a t  5 0 ^ . s .  1

? "
T h e  co lum n p a c k in g  was p r e p a r e d  b y  s u s p e n d i n g  t h e  s u p p o r t  i n  

a s o l u t i o n  p f  t h e  l i q u i d  p h a s e  i n  c h T o ro fo rm  and  re m o v in g  t h e  s o l v e n t  on 

a r o t a r y  e v a p o r a t o r  a f t e r  e n s u r i n g  th o ro u g h  m i x in g .  The colum n

t e m p e r a t u r e  d u r i n g  t h e  a n a l y s i s  was 180°C and  t h e  i n j e c t o r  and d e t e c t o r

' o* ^  '  't e m p e r a t u r e s  w e re  oa. 50 C a b o v e  t h a t  o f  t h e  co lum n t e m p e r a t u r e ,

^ r u n s  b e i n g  i s o t h e r m a l .  T h e  i d e n t i t y  o f  t h e  compounds w e re  C o n f irm ed  b y

. ' j
c o m p a r i s o n  o f  t h e i r  r e t e n t i o n  t i m e s  w i t h  t h o s e  o f  a u t h e n t i c  s a m p le s

-
an d  a l s o  b y ' g . l . c . - m . s . - c . i .  a n a l y s i s .  .

5 ' .  '

' ' ' m .

#4 '
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2 .1 0  I s o l a t i o n  o f  th e  D iene  A d d u c ts

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

t h #  co lum n w i l l  b e  d e s i g n a t e d  a s  i s o m e r  A and  t h e  i s o m e r  e l u t e d  l a t e r

w i l l  b e  d e s i g n a t e d  a s  i s o m e r  B. I n  t h e . c a s e  w h e re  more t h a n  one  p a i r  
. ^

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

%
d e s i g n a t e d  a s  i s o m e r  D and  i s o m e r  E r e s p e c t i v e l y .  B e tw een  t h e  p o s i t i o n a l  

i s o m e r s  A and  D , t h e  i s o m e r  A i s  e l u t e d  p r i o r  t o  i s o m e r  D.

The s t r u c t u r e s  o f  t h e  v a r i o u s  a d d u t t s  gnd  t h e  s y s t e m  o f  n u m b er­

i n g  em p lo y ed  a r e  g i v e n  i n  T a b l e  2 . 1 .

. »

( a )  1 , 2 - D i m e t h y l - 4 - n i t r o b e n z e n e

■ N i t r i c  a c i d  (32  g ^ .0 .5 1  m ol)  a t  -2 0 ° C  w as  a d d e d  i n  s m a l l .
3

p o r t i o n s  w i t h  s t i r r i n g  t o  a  m i x t u r e  o f  a c e t i c  a n h y d r i d e  (8 0  g ,  74 cm ) 

and  t r i f l u o r o a c e t i c  a n h y d r i d e  (100  g , 67 cm^) a t  - 7 8 ° C .  The t e m p e r a t u r e  

o f  t h e  m i x t u r e  was r a i s e d  t o  5 ° C , m a i n t a i n e d  f o r  5 m in  t o  e n s u r e  c o m p le t e  

r e a c t i o n  and  t;hen lo w e r e d  t o  -7 8 ° C .  T h i s  n i t r a t i n g  m i x t u r e  was ad d ed

^ ^ p w i s e ,  o v e r  10 m in ,  t o  a  s o l u t i o n  o f  1 , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  (1 5  g ,

3 O ’
0 . 1  m o l)  i n  a c e t i c  a n h y d r i d e  (20  g ,  18 cm > a t  - 7 8  C. The r e a c t i o n  

t e m p e r a t u r e  was t h e n  r a i s e d  t o  0*C and m a i n t a i n e d  f o r  2 h  w i t h  s t i r r i n g .  

A t t h e  en d  o f  t h i s  p e r i o d ,  t h e , r e a c t i o n . m i x t u r e  w as  p o u r e d  i n t o  a  b e a k e r  

c o n t a i n i n g  i c e  (800  g) an d  e t h e r  (800  c m ^ ) . The a q u e o u s  medium was 

n e u t r a l i s e d  u s i n g  so d iu m  b i c a r b o n a t e  t i l l  i t  was m i l d l y  a l k a l i n e  (pH

3
c a . 8 ) .  The e t h e r  e x t r a c t  w as w ash ed  w i t h  d i s t i l l e d  w a t e r  ( 2  X 600 cm ) ,  

d r i e d  o v e r  a n h y d r o u s  m ag n es iu m  s u l f a t e  and  e v a p o r a t e d  a t  15°C . I n t e g r a ­

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

t h e  d i e n e  a d d u c t s ^ c o n s t i t u t e d  o a , 50% o f  t h e  t o t a l  m ix tu r e
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The p r o d u c t i v e s  c h r o m a t o g r a p h e d  on s i l i c a  g e l  a t  -4 0 °C  u s i n g  

p e n t a n e - e t h e r  m i x t u r e s .  E l u t i o n  u p t o  40% e t h e r  i n  p e n t a n e '  g ave
V

• ^ Q
1 , 2 - d i m e t h y l ' - 3 , 5 - d i n i t r o b e n z e n e  (lj6) a s  t h e  p r i n c i p a l  p r o d u c t  m .p .  75  C

—  1 1(lit (83) 77°C); i.r. (KBr) 1520 and 1348 cm (NO^); ;H n.m.r. (90J#z, 

CDCl ) 6 2.46 (s,3,l-CHg), 2.51 (s,3,2-CHg), 8.18 (d,l,6-H), 8.35 (d,l,

4-H), J ,, = 2 H z; m ass  s p e c t r u m  (7 0  eV) m /e  ( r e l a t i v e  i n t e n s i t y )  196 ( 4 0 ,  
— 46

M), 180 (15,M-0), 179 (lOO.M-OH), 133 (27). 132 (13), 104 (26), 103 (36), 

91 (24), 78 f l 9 ) , 77 (34), m e t a s t a b l e  p e a k  a t  1 6 3 .5  c o r r e s p o n d i n g  t o

196 ^ 179. > j
■ The 45% an d  50% e t h e r - p e n t a n e  f r a c t i o n s  g av e  a  m i x t u r e  

c o n t a i n i n g  1 , 2 - d i m e t h y l - 4 , 5 - d i n i t r o b ' e n z e n e  ic a .  20%) an d  d i e n e  a d d u c t s  

( c a .  80% ), w h ich  on r e c r y s t a l l i z a t i o n  fro m  e t h e r  a t  -20°C g a v e  one

d i a s t e r e o m e r X p f  4 , 5 - d i m e t h y l —2 , 4 - d i n i t r o c y c l o h e x a - ' 2 , 5 - d i e n y l  a c e t a t e  (7A)

2  —1 2  “ 1 * m.p. 95°C ; u . v .  (CH.OH) 225 nm (775  m m ol ) ,  194 nm (1540 m mol ) ;

i . r .  (Nujol) 1238 an d  1742 cm  ̂ (OCOCH ) ,  1560 cm  ̂ (N O ^); n.m.r.

(90 MHz, CDCl.) 5 1.88 (d,3,5-CHg), 1.95 (sggp4-CHg), 2.06 (6,3,0C0CHg),

5 . 9 8  (m, 1 ,6-H^) , 6 . 4 6  ( d , l , l - ^ ) ,  7 . 4 4  ( s , l , 3 —H ) ,  = 4 H z,

J ,  - = 1 .3  H z ,  J ,  _ = 1 .3  Hz. On a-300 Hz e x p a n d e d  s p e c t r u m ,  t h e
Q j 5 “ w i 4 ^  X

p e a k  due t o  5-CH a p p e a r e d  a s  a  t r i p l e t  ( o v e r l a p p i n g  d o u b l e t s ) g a n d  t h e  
3 • -!

p e a k  due t o  1-H a p p e a r e d  a s  a  m u l t i p l e t .  I r r a d i a t i o n  o f  t h e  m e t h y l  

r e s o n a n c e  a t  6 1 .8 8  c o l l a p s e d  t h e  p e a k s  a t  6 5 . 9 8  an d  6 6 .4 6  t o  

two d o u b l e t s ;  n . m . r ,  (CDClg, ppm) o c  1 7 .4  ( S -C H ^ ) , 2 0 .6  (OCOCH^),

23.4 (4-ÇH ), 61.4 (C-1), 88.9 (C-4). 124.3 (C-6), 133.6 (C-3),

134.8 (C-5), 148.3 (C-2). 169.5 (OÇbCH^);'
*  ®

Anal. Calcd. for C.-H N 0,: C.46.88;' H.4.72; N,10.93

F ound  : 0 , 4 7 . 0 2 ;  H , 4 , 7 0 ;  N.10.82
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The m o t h e r  l i q u o r  from  t h e s e  f r a c t i o n s  was s u b j e c t e d  t ^  a n o t h e r  

r e c r y s t a l i i z a t i o n  t o  g i v e  1 , 2 - d l m e t h y l - 4 , 5 - d i n i t r o b e n z e n e  ( ^ )  w h ic h  

w as r e c r y s t a l l i z e d  fro m  e t h a n o l  m .p .  i l 8 ° C  ( l i t  (8 3 )  1 1 8 ° C ) ; i . r .  (KBr)

1528,1548, 1378 an d  1338 cm S  n . m . r .  (9 0  MHz, C D C l.)  6 .2 .3 7  ( s , 6 ,  

l-C H ^ a n d  2 - C H ^ ) , 7 .6 3  ( s , 2 , 3 - H  and  6 - H ) ; m ass  s p e c t r u m  (70  eV) m /e  

( r e l a t i v e  i n t e n s i t y )  197 ( 1 2 ) ,  196 ( 1 0 0 , M ), 180 ( 2 0 , M - 0 ) ,  150 (14,M-N0g),

108 (48), 103 (24)3 92 (14), 9d (79), 80 (24), 79(26), 78 (21), 77 (45).

The 55% e t h e r - p e n t a n e  co lum n  f r a c t i o n  g a v e  a  m i x t u r e  o f

1 . 2 - d i m e t h y l - 4 , 5 - d i n i t r o b e n z e n e ,  1 , 2 - d i m e t h y l - 3 , 4 - d i n i t r o b e n z e n e -  an d

t h e  d i e n e  a d d u c t s  i n  t h e  r a t i o  1 : 4 : 5 .  T h i s  f r a c t i o n  was r e c r y s t a l l i z e d  i

from  e t h e r  a t  -2 0 ° C  t o  g i v e  t h e  o t h e r  i s o m e r  o f  4 , 5 - d i m e t h y l - 2 , 4 - d i n i t r o -

c y c l o h e x a - 2 , 5 - d i e n y l  a c e t a t e  (^B) m .p .  115°C ( d ) ; u . v .  (CH^OH) 227 nm

(8 3 0  m^mol ^ ) , 1 9 5 (nm (1620  m^mol ^ ) ; i . r .  ( N u j o l )  1240 an d  1750 cm
\

(OCOCH.), 156Ô cm"^)(K02); ^H n.m.r. (90 MHz, CDCl^) 6 1.86 (s,6,4-CHg 

and 5-CH_), 2.04 (s,3,OCOCH), 5.96 (m,l,6-H), 6.34 (d,l,l-H), 7.34 (s,
13

1 .3 -H ) , = 4 H z ,  5-CH ”  H z; C n . m . r .  (CDCl^, ppm) 6c 1 7 .4  

(5-ÇH ), 20.6 (0C0CHL),'24.1 (4-CHg), 60.9 (C-1), 87.7 (C-4), 124.3 

(C-6), 132.8 (C-3), 133.9 (C-5), 148.4 (C-2), 169.8 (OCOCH^)

A n a l .  C a l c d . f o r  ^]^o^l2^*2^6' ^,46.88; H , 4 . 7 2 ;  N , 1 0 .9 3  

Found ; C , 4 6 . 7 0 ;  H , 4 . 7 2 ;  N , 1 0 .6 5  

F u r t h e r  e l u t i o n  w i t h  60% e t h e r - p e n t a n e  f o l l o w e d  b y  r e c r y s t a l l ­

i z a t i o n  from  c a r b o n  t e t r a c h l o r i d e  g a v e  1 , 2 - d i m e t h y l - 3 , 4 - d l n i t r o b e n z e n e  

( ^ )  w h ic h  was r e c r y s t a l l i z e d  f ro m  e t h a n o l  m .p  82°C ( l i t  ("33) 82°C ) ;

I.r. (KBr) 1352 and 1540 (NO.); ^H n.m.r. (90 MHz, CDCl.) 6 2.22

(8,3,1-CHg), 2.41 (8,3,2-CHg),7.41 (d,1.5-H), 7.92 (d,l,6-H),

-  8 . 5  H z; m ass  s p e c t r u m  (70 eV) m /e  ( r e l a t i v e  i n t e n s i t y )  196 ( 5 7 , M ),
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180'(16,MHO), 179 (100,MHOH), 148 (13), 150 (96,M-N0,), 105 (11),

^ 0 4  ( 1 4 ) , .  103 (23), 92 (13), 91 (63), 79 (12), 78 (27), M e t a s t a b l e  

p e a k  a t  163.5 c o r r e s p o n d i n g  t o  196 - > 1 7 9 .

A t t e m p t s  t o  im p ro v e  t h e  d e g r e e  o f  s e p a r a t i o n  o f  t h e  d i e n e  

a d d u c t s  f ro m  e a c h  o t h e r  an d  fro m  t h e  a r o m a t i c  com pounds by  c h a n g in g  

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

p r o v e d  h i g h l y  s u c c e s s f u l .  A t  t e m p e r a t u r e s  r a n g i n g  fro m  5°C t o  10°C, 

a  v a s t l y  im p ro v e d  s e p a r a t i o n  and r e c o v e r y  r e s u l t e d .  The e f f i c a c y  

o f  t h i s  o p e r a t i o n  was e n h a n c e d  by  e m p lo y in g  a  P r e p  LC/ S y s te m  5 0 0 .

U n d e r  optim um  c o n d i t i o n s ,  t h e  d i e n e  a d d u c t s  w e re  e a s i l y  s e p a r a b l e  

from  e a c h  o t h e r  ancf w e re  s e p a r a t e d  an d  u s e d  f o r  c h a r a c t e r i z a t i o n .

The P r e p  LC/ S y s te m  500 w as a l s o  s u i t a b l y  em p lo y ed  f o r  p u r i f i c a t i o n  

o f  t h e  d i e n e  a d d u c t s  e m a n a t in g  fro m  e x c h a n g e  r e a c t i o n s  on t h e  a d d u c t

4,5-dimethyl-2,4-dinl'trocyclohexa-2,5-dienyl a c e t a t e  ( 7 ) .

(b )  1 , 2 -D im et h y l - 3 - n i t r o b e n z e n e

N i t r i c  a c i d  (3 2  g ,  0 , 5 1  m ol) a t  -2 0 °C  w as a d d e d  i n  s m a l l  \

3p o r t i o n s  w i t h  s t i r r i n g  t o  a  m i x t u r e  o f  a c e t i c  a n h y d r i d e  (8 0  g ,  74 cm ) 

an d  t r i f l u o r o a c e t i c  a n h y d r i d e  (1 0 0  g ,  67 cm^) a t  -78®C. T he  t e m p e r a t u r e  

o f  t h e  m i x t u r e  was r a i s e d  t o  5 ° C ,  m a i n t a i n e d  f o r  5 m in  t o  e n s u r e  

c o m p l e t e  r e a c t i o n  a n d  t h e n  l o w e r e d  t o  - 7 8  C. T h i s  n i t r a t i n g  m i x t u r e  

was a d d e d  d r o p w i s e ,  o v e r  10 m in ,  t o  a  s o l u t i o n  o f  l , 2 - d i m e t h y l - 3 - n i t r o -
f '  n

b e n z e n e  (1 5  g ,  0 . 1  m ol)  i n  a c e t i c  a n h y d r i d e  (2 0  g, 18 cm ) a t  -7 8 ° C .

The r e a c t i o n  t e m p e r a t u r e  w as  t h e n  r a i s e d  t o  0°C a n d  m a i n t a i n e d  f o r  2 h  

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

p o u r e d  i n t o  a  b e a k e r  c o n t a i n i n g  i c e  (8 0 0  g) and  e t h e r  (BOO c m ^ ) . The
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a q u e o u s  medium was n e u t r a l i z e d  u s i n g  so d iu m  b i c a r b o n a t e  t i l l  i t  was

a l k a l i n e  (pH o a .  8 ) .  ,T h e  e t h e r  e x t r a c t  was w ash ed  w i t h  w a t e r  (2 X
'

600 cm ) ,  d r i e d  o y e r  a n h y d r o u s  m agnesium  s u l f a t e  an d  e v a p o r a t e d  a t  15°C . 

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

t h e  d i e n e  a d d u c t s  c o n s t i t u t e d  oa. 40% o f  t h e  t o t a l  m i x t u r e .

The p r o d u c t  was c h r o m a to g ra p h e d  on s i l i c a  g e l  a t  -10°C u s i n g  

p e n t a n e - e t h e r  m i x t u r e s .  E l u t i o n  u p t o  20% e t h e r  i n  p e n t a n e  gave  a  1 :1  

m i x t u r e  o f  1 , 2 - d i m e t h y l - 3 , 5 - d i n i t r o b e n z e n e  ( ^ ,  a l s o  o b t a i n e d  i n  t h e  • 

n i t r a t i o n  of 1 , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e )  an d  l , 2 - d i m e t h y l - 3 , 6 - d i n i t r o -  

b e n z e n e  ( 1 8 ) .  The l a t t e r  compound was not i s o l a t e d  b u t  i t s  p r e s e n c e  was
'VXf *

c l e a r l y  e v i d e n t  f ro m  t h e  n . m . r .  s p e c t r a  an d  i t  h a d  (9 0  M *z, CDCl )

I8 2.41 (s,6,l-CHg and 2-CH_), 7.61 (s,2,4-H and 5-H). The 30% ether-

p e n t a n e  f r a c t i o n  g a v e  m a i n l y  1 6 .  The 35% e t h e r - p e n t a n e  f r a c t i o n ,  a f t e r  

r e c r y s t a l i i z a t i o n  f ro m  e t h e r  a t  -2 0 ° C ,  g av e  one  d i a s t e r e o m e r  o f  3 , 4 -  

d i m e t h y l - 2 , 4 - d i n l t r o c y c l o h e x a - 2 , 5 - d i e n y l  a c e t a t e  ^ A )  m .p .  58^C; u . v .

(CH OH) 242 nm (490 195 nm (1650 m^mol'b; i.r. (KBr) 1225

and 1745 cm"^ (OCOCH.). 1555 cm"^ n.m.r. (90 MHz, CDCl ) 8 1.92

(s,3,4-CH.), 2.03 (d,3,3-CH_), 2.05 (8;3,0C0CE_)l, 6.05 (d,l,5-H), 6.26
— J  — J  • — 3  —

(dd,l,6-H), 6 . 5 2  (m,1,1-H^ = 10 H z, . = 3 , 4  H z ,  .  = 1 . 5  Hz,

'^ 1 ,3 —CHg ~ i . 3  H z, S h i f t  r e a g e n t  was ad d e d  t o  t h e  s o l u t i o n  an d  t h e  

d e c o u p l e r  f r e q u e n c y  s e t  a t  t h e  1-H r e s o n a n c e  when t h e  f o l l o w i n g  c h a n g e s  

o c c u r r e d :  t h e  6-H (d d )  r e s o n a n c e  c o l l a p s e d  t o  a  d o u b l e t ,  t h e  5-H (d d )  

r e s o n a n c e  c o l l a p s e d  t o  a  d o u b l e t  and  t h e  3-CH^ (d) r e s o n a n c e  c o l l a p s e d  

t o  a  s i n g l e t ;  ^^C n.m.r. (C D C l,,ppm ) 6c 15.6 (3-CH.), 2 0 . 5  (OCOCH,),J  — J  — J

23.5 (4-CH^), 63.3 (C-1), 90.2 (C-4), 127.1 (C-6), 129.0 (C-5),

136.3 (C-3), 146.9 (C-2) and 169.6 (OCpCHg).
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.Anal. Calcd. for C,46.88; H.4.72; N,10.93

Found : C.46.48; H.4.76; N,10.97 ^

F u r t h e r  e l u t i o n  w i t h  40% e t h e r - p e n t a n e  g a v e  a  1 :2  m i x t u r e  o f

1 j 2 - d i m e t h y l - 3 , 4 - d l n i t r o b e n z e n e  , a l s o  o b t a i n e d  i n  t h e  n i t r a t i o n  o f

1 , 2 - d i m e t h y l - 4 - n l t r o b e n z e n e )  and  t h e  a d d u c t  w h ic h  on r e c r y s c a l l i z a -
» O 1

t i o n  fro m  c a r b o n  t e t r a c h l o r i d e  a t  - 2 0  C g a v e  p u r e  ^  ( H n . m . r .  and  

g . l . c . ) .  The d i e n e  9A was r e c r y s t a i l i z e d  f ro m  t h e  m o th e r  l i q u o r  u s i n g  

e t h e r  a t  -2 0 ° C .

The 45% e t h e r - p e n t a n e  f r a c t i o n  g a v e  m a in ly  a  m i x t u r e  o f  d i e n e

a d d u c t s  w h ic h  on r e c r y s t a l i i z a t i o n  fro m  e t h e r  a t  -2 0 °C  g av e  t h e  o t h e r

d i a s t e r e o m e r  o f  3 , 4 - d i m e t h y l - 2 , 4 - d i n i t r o c y c l o h e x a - 2 , 5 - d i e n y l  a c e t a t e .

(^B) m.p.l08°C; u.v. (CH.OH) 240 nm (410 mol"^); 195 nm (1340 m^

mol ) ;  i . r .  (KBr) 1230 and  1745 cm  ̂ (OCOCH^), 1540 cm ̂ (N0_), ;

n.m.r. (90 MHz, CDCl^) 6 1.85 (s,3,4-CH^), 2.07 (Tn,6,3-CH^ and OCOCH ),

6 .0 4  ( d ,  1 ,5-H^) , 6 . 1 9  ( d d ,  1 ,6-H^) , 6 ,3 3  (m ,1 ,1 -1 1 ) ,  = 9 . 5  H z, =

3 .4  H z , = 1 .5 .  H z ,  3 ICH ^ 1 -3  H z . S h i f t  r e a g e n t  was ad d ed  t o  t h e  

s o l u t i o n  and  a  300 Hz s p e c t r u m  r e c o r d e d .  T h i s  r e s u l t e d  i n  t h e  r e s o l u ­

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

due CO 3-CHgand OCOCH^; n.m.r. (CDCl^, ppm) ôc 14.2 (3-CH), 20.5 

(OCOCHg),24.3 (4-CH^), 62.7 (C-1), 88.8 (C-4))»t2%.l (C-6), 128.8 (C-5),

134.8 (C-3), 146.5 (C-2), 169.6 (OCOCHL)' .
“  J

Anal. Calcd. for CioH^2N20U: C,46.88; H,4.72; N.10.93

Found : C,46.64; H , 4 . 6 4 ;  N.10.69
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( c )  1 , 4 - D i m e t h y l - 2 “ n i t r o b e n z e n e  ^

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

t r i f l u o r o a c e t i c  a n h y d r i d e ,  o n l y  o n e  p a i r  o f  d i a f e t e r e o m e r i c ' 1 , 4  a d d u c t s  

was o b t a i n e d  w h e re a s  i n  t h e  a b s e n c e  o f  t r i f l u o r o a c e t i c  a n h y d r i d e ,  two 

p a i r s  o f  d i a s t e r e o m e r i c  1 ,4  a d d u c t  a l o n g  w i t h  a  1 , 2  a d d u c t  w e re  

o b t a i n e d .  )■

N i t r i c  a c i d  (32 g ,  0 .5 1  m ol)  a t  -2 0 ° C  w as a d d e d  i n  s m a l l  

p o r t i o n s  w i t h  s t i r r i n g  t o  a c e t i c  a n h y d r i d e  (51 g ,  47 cm^) a t  -7 8 ° C .

The t e m p e r a t u r e  o f  t h e  m i x t u r e  w as  r a i s e d  t o  5 °C , m a i n t a i n e d  f o r  5 m in ,  

t o  e n s u r e  c o m p le t e  r e a c t i o n  and  t h e n  l o w e r e d  t o  - 7 8 ° C .  T h i s  n i t r a t i n g  

m i x t u r e  was ad d e d  d r o p w i s e ,  o v e r  10 m i n ,  t o  t h e  s u b s t r a t e  (1 5  g ,  0 . 1  m ol)  

a t  - 7 8 ° C .  The r e a c t i o n  t e m p e r a t u r e  w as r a i s e d  t o  0°C a n d  m a i n t a i n e d  f o r  

18 h  w i t h  s t i r r i n g .  A t t h e  end  o f  t h i s  p e r i o d , '  t h e  r e a c t i o n  m i x t u r e  

was p o u r e d  i n t o  a  b e a k e r  c o n t a i n i n g  i c e  (8 0 0  g) an d  e t h e r  (8 0 0  cm"') .

The a q u e o u s  medium was n e u t r a l i z e d  u s i n g  s o d iu m  b i c a r b o n a t e  t i l l  i t  was 

a l k a l i n e  (pH c a .  8 ) .  The e t h e r  e x t r a c t  was w ash ed  w i t h  w a t e r  (2  X 

600 cm ) ;  d r i e d  o v e r  a n h y d r o u s  m ag n es iu m  s u l f a t e  and  e v a p o r a t e d  a t  I5 °C .  

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

the* d i e n e  a d d u c t s  c o n s t i t u t e d  aa. 601 o f  t h e  t o t a l  m i x t u r e .

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

o v e r  s i l i c a  o r  a lu m in a  a t  low  t e m p e r a t u r e s  (-2Q°C to  - 4 0 ° C ) , . u s i n g  

e t h e r - p e n t a n e  m i x t u r e s ,  show ed t h a t  t h e  p r o d u c t  r e c o v e r y  an d  d e g r e e  o f  

s e p a r a t i o n  w e re  q u i t e  p o o r ,  p r e s u m a b ly  b e c a u s e  o f  t h e  num ber o f  a d d u c t s  

i n v o l v e d .  The d i e n e  a d d u c t s  c o u l d ,  b e  i s o l a t e d  w i t h  l e s s  d i f f i c u l t y  on a 

P r e p  LC, u s i n g  p r e - c o o l e d  b e n z e n e  o r  e t h e r  a s  t h e  s o l v e n t .
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C r y s t a l l i z a t i o n  o f  t h e  r e a c t i o n  p r o d u c t  from e t h e r  a t  - 2 0  C

g a v e  a 1:2 m i x t u r e  o f  t h e  t h r e e  d i n i t r o x y l e n e s  an d  t h e  a d d u c t  .12, The

c u b i c  c r y s t a l s  o f  t h e  a d d u c t  w e re  m a n u a l ly  s e p a r a t e d  from  th e

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

c u b i c  c r y s t a l s  from  e t h e r  a t  -2 0  C g av e  t h e  a d d u c t  3 , 6 - d i m e t h y 1 - 2 ,

d i n i t r o c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e  (^ 2 )  m .p .  109 C; u . v .  (CH^Om) 295 nm >

(6 5 5  m mol ^ ) ,  207 nm (995  m - m ol ) ;  i . r .  (KBr) 1760 and  1200 cm

(OCOCH-), 1550 (XOg); n.m.r. (90 MHz, CDCl^) 6 1.81 (s,3,6-CHj),

1 .9 6  ( s  ,3 jOCOCH^) ,• 2 .2 6  (s,3,3-CH^^) , 6 .1 4  ( d , l , 4 - H ) ,  6 .2 5  ( d , l  ,1 - i i )  ,

136.80 (dd,l,5-H), J,» - 10 Hz, - 1.46 Hz; C n.m.r. (CDCl^, ppm)

5c 19.7 (6-CH-), 20.3 (OCOCH^), 22.6 (S-CH^), 68.6 (C-1), 89.6 (C-6),

'Ï27.6 (C-4), 132.5 (C-5), 139.7 (C-3), 140.6 (C-2), 168.8 (OCOCH^)

A n a l .  C a lc d .  f o r  C,„H -N -O .:  0 ,4 6 ,8 8 . ;  H,4.72; N ,1 0 .9 3  
lu  12 2 o

Found : 0 , 4 6 , 6 2 ;  H , 4 .7 2 ;  S , 1 0 .5 0

The m o th e r  l i q u o r  ( a f t e r  r e c r y s t a l i i z a t i o n  o f  t h e  m ain  r e a c t i o n
%

p r o d u c t )  was i n j e c t e d ,  i n  0 ,5 0 0  g p o r t i o n s ,  i n t o  t h e  i n l e t  o f  a P r e p  LC

s y s te m  u s i n g  p r e - c o o l e d  b e n z e n e  (o a .  5 ^ 0  a s  s o l v e n t  and  a  f lo w  r a t e  o f  

3 -10.1  dm m in . ■ ^

The f i r s t  f r a c t i o n  e l u t e d  from  t h e  colum n c o n t a i n e d  m a in ly  a 

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

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

c h ro m a to g ra p h e d  o v e r  a lu m in a  ( d i s c u s s e d  l a t e r ) .

The s e c o n d  f r a c t i o n ,  a f t e r  r e c r y s t a l i i z a t i o n  from  e t h e r  a t

-2 0 ? C ,  g av e  one  d i a s t e r e o m e r  o f  1 , 4 - d i m e t h y l - 2 , 4 - d i n i t r o c y c l o h e x a - 2 , 5 -
_y i) 2 -1
d i e n y l  a c e t a t e  ( ^ A )  m .p ,  83 C; u . v .  (CH^OH) 245 nm (970  m m ol ) ,



55

195 nm (2120 i.r. (KBr) 1760 and 1230 cmT^ (OCOCH ), 1545 cm"^

(NOg); n.m.r. (90 MHz, CDCl^) 6 1.72 (s,3,l-CHj), 1.92 (s.3,4-CH),

2.02 (s,3,0C0CH^), 5.94 (d,l,6-H), 6.15 (dd,l,5-H), 5^.43 (d,l,3-H),

= 10 Hz, J  = 1 .7 5  Hz. I r r a d i a t i o n  o f  t h e  3-H d o u b l e t  r e s u l t e d  in

13t h e  c o l l a p s e  o f  t h e  5-H (dd) r e s o n a n c e  t o  a d o u b l e t ;  C n.m*rl (CDCl 

ppm) ÔC 21.2 (OCqCHg), 24.7 (4-CH^), 26.0 (1-ÇHL), 71.2 (C-1), 86.6 

(C-4), 124.2 (C-5), 129.6 (C-6), 133.8 (C-3), 151.2 (C-2), 169.8 

(OCOCH ).

A n a l .  C a l c d .  ' f o r  C.gH-.N-O,: C,46.88; H,4.72; X,10.93 

Found : C,46.35; H , 4 , 7 7 ;  N ,1 0 .5 1  

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

m i x tu r e  o f  mainly two diene a d d u c t s  i n  n e a r l y  e q u a l  p r o p o r t i o n s .

A t te m p ts  t o  s e p a r a t e  t h e  a d d u c t s  by  c r y s t a l l i z a t i o n  w e re  u n s u c c e s s f u l .  

Hence th e  f o l l o w i n g  p r o c e d u r e  was a d o p te d :

The m i x t u r e  was injected i n t o  t h e  i n l e t  o f  a  Prep LC sy s te m

u s i n g  p r e - c o o l e d  e t h e r  (5°C) a s  t h e  s o l v e n t  and  a  f lo w  r a t e

 ̂ , 3 ^  1
o f  0 ,1 5  dm m in  . The f i r s t  f r a c t i o n  c o n t a i n e d  m a in ly

a r o m a t i c  com pounds, p re s u m a b ly  fo rm ed  by  d e c o m p o s i t i o n  o f  t h e

a d d u c t s .  The s e c o n d  f r a c t i o n  g av e  o n e , d i a s t e r e o m e r  o f

1 , 4 - d l m e t h y l - 3 , 4 - d l n i t r o c y c l o h e x a - 2 , 5 - d i e n y l  a c e t a t e  ( H  D)

i . r .  ( n e a t )  1740 and  1235 cm  ̂ (OCOCH.), 1535 cm  ̂ (NCL);

^H n.m.r. (90 MHz, CDClg).6 1.62 (s,3,l-CHg), 2.04 (s,6,

4TCHg and OCOCHg), 5.89 (d,l,5-H), 6.01 (dd,l,6-H), 7.60 (d,

1,2-H), - 10 Hz, = 1 .5  Hz. I r r a d i a t i o n  o f  t h e  2 -H ( (d )

r e s o n a n c e  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  6-11 (dd) r e s o n a n c e
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to  a  d o u b l e t ;  n . m . r .  (CDCl^, ppm) oc  2 1 .3  (OCOCH^), 2 1 .8  

(1-CH.), 26.7 (4-CH^>/74.3 (C-4), 84.7 (C-1), 127.3 (C-5)i

131.7 (C-6), 139.6 (C-2), 145.3 (C-3), 169.9 (OCpCHg). The

t h i r d  f r a c t i o n  g av e  a  j^Extnjre- o f  ( U  D) and a n o t h e r  d i e n e

, J*a d d u c t ,  a l s o  o b t a i n e d / f r o m  t h e  f i f t h  f r a c t i o n  u s^ n g  b e n z e n e  

a s  s o l v e n t .

The f i f t h  f r a c t i o n  c o n t a i n e d  a  1 :1  m i x t u r e  o f  ( ^ )  and  a n o t h e r

a d d u c t .  The a d d u c t  ( ^ )  was r é c r y s t a l l i z e d  fro m  t h i s  m i x t u r e  u s i n g  e t h e r

at -2 0 ° C .  The m o th e r  l i q u o r  was s u b j e c t e d  t o  a n o t h e r  r e c r y s t a l i i z a t i o n

to  g i v e  t h e  o t h e r  d i a s t e r e o m e r  o f  1 , 4 - d i m é t h y l - 2 , 4 - d i n i t r o c y c l o h e x a - 2

2  “ 1
d i e n y l  a c e t a t e .  C^P B) m .p ,  82 C; u . v .  (CH^OH) 245 nm (715  m m ol ) ,

197 nm (1408 m^mol"^); i.r. (KBr) 1740 and 1230 cm  ̂ (OCOCH^), 1542 cm 

(NO.); n.m.r. (90 MHz, CDCl^) 6 1.67 (s,3,l-CHg), 1.86 (3,3,4-CHg),

2 . 0 0  ( s , 3 , 0 C 0 C H j ) ,  5.98 ( d , l , 6 - H ) ,  6 . 3 0  (dd,l,5-H), 7 .5 7  ( d , l , S - H ) ,

J  = 10 H z , J  = 1 .7 5  Hz. I r r a d i a t i o n  o f  t h e  3 -  H (d )  r e s o n a n c e  
56 13

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  5—H (d d ) r e s o n a n c e  to  a  d o u b l e t ;  C

n . m . r .  (CDCl^, ppm) 5 c 2 1 . 2  (OCOCH^) , 2 5 .9  (%-CH^^) , 2 7 .6  ( l -C H ^ )  > 7 0 .7

(C-Î),33.7 (C-4), 124.4 (C-5), 130.1 (C-6). 132.9 (C-3), 150.6 (C-2),

169.6 (ocpca ).
A n a l .  C a l c d .  for-C^QH^gNgO^' C.46.88; H . 4 . 7 2 ;  N ,1 0 .9 3  

Found : C.47.02; H.4.72; N.11.05

The s i x t h  f r a c t i o n  g ave  a  s m a l l  am ount o f  t h e  a d d u c t  ( ^  B)

and  a n o t h e r  a d d u c t ,  p r e s u m a b ly  t h e  o t h e r  d i a s t e r e o m e r  o f  1 , 4 - d i m e t h y l —
f  , ■

3 , 4 - d i n l t r o c y c l o h e x a - 2 , 5 ^ d i e n y l  a c e t a t e  (^1  E ) . The l a t t e r  compound,

b e i n g  a  m in o r  co m p o n en t ,  c o u ld  n o t  b e  i s o l a t e d  b u t  i t s  p r e s e n c e  w as
'  ,  • • r  '

e v i d e n t  in t h e  H n . m . r .  s p e c t r a ^ a n d  i t  had (60 MHz, CDClg) 6 1 .7 0
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^ (8,3,1-CHg), 1.89 (s,3.4-CHg), 2.00 (s,3,0C0CHg), 5.85 (d,l,5-H),

6.05 (dd,l,6-H) and 7.70 (d,l,2-H).

As d e s c r i b e d  e a r l i e r ,  t h e  f i r s t  f r a c t i o n  fro m  t h e  P r e p  LC s y s t e m  

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

a lu m in a  a t  20°C u s i n g  e t h e r - p e n t a n e  m i x t u r e s .  F r a c t i o n s  u p t o  

1 2 .5 ^  e t h e r  g av e  a  m i x t u r e  o f  l , 4 - d i m e t h y l - 2 , 5 - d i n i t r o b e n z e n e  ( ^ )  

and  1 , 4 - d i m e t h y l - 2 , 6 - d i n i t r o b e n z e n e  ( ^ )  i n  t h e  r a t i o  1 : 5 . R e c r y s t a l l i -  

, z a t i o n  from  e t h a n o l  g av e  p a l e  y e l l o w  c r y s t a l s  c o n t a i n i n g  a  1 : 1  m i x t u r e  

• The p r o d u c t  ( ^ )  was n o t  p u r i f i e d  b u t  i t s  i d e n t i t y  

was c o n f i r m e d  from  t h e  n . m . r .  s p e c t r a  (8 4 )  a n d . i t  h a d  (9 0  MHz, CDCl ) 

0  2 . 5 8  ( s , 6 , a nd  4-CIIg) , 7 .8 8  ( s , 2 , 3 - ^  an d  6 -Ii) .

The 154 e t h e r  f r a c t i o n ,  a f t e r  r e c r y s t a l i i z a t i o n  from  e t h a n o l ,  

g a v e  1 , 4 - d i m e t h y l - 2 , 6 - d i n i t r o b e n z e n e  ( ^ )  m .p .  124°C ( l i t  (8 4 )  124°C) ;

i.r. (KBr) 1530 an^ 1345 cm*/ (NOg); n.m.r. (90 MHz, CDCl.) 6 2.47

(8,6,1-CHg and 4-CHg), 7.78 (s,2,3-H and 5-H); n.û.r. (CDC1_, ppm) 

6c 14.4 (4-08^), 20.6 (l-ÇH^), 124.0 (C-1), 127.9 (C-3 and C-5), 138.6 

( C - 4 ) ,  1 5 1 .4  (C -2  an d  C-6); m ass  s p e c t r u m  (7 0  eV) m /e  ( r e l a t i v e  

intensity) 196 (12,M), 180 (ll.M-0), 179 (100,M-OH), 162 (20), 149 (15), 
135 (18), 105 (22), 104 (64).103 (33).

The 20% e t h e r  f r a c t i o n ,  a f t e r  r e c r y s t a l i i z a t i o n  f ro m  e t h a n o l ,  

g a v e  1 , 4 - d i m e t h y l - 2 , 3 - d i n i ^ £ © b e n z e n e  ( ^ )  m .p .  94°C ( l i t  (8 4 )  94°C ) ;

i . r .  (KBr) 1525 and  1355 cm  ̂ (N O ^); n.m.r. (9 0  MHz, CDCl.) 5 2 .3 5

( s . ô . l - C H ^  an d  4-CH^j), 7 .3 5  ( s , 2 , 5 - H  a n d  6 -H^) ; n .m - . r .  (C D C l . ,  ppm) 6 c

17.7 (l-CHg and 4-CH2>, 130.7 (C-1 and C-4)f 134.2 (C-5 and C-6), 143.6 

<C-2 and C-3); mass spectrum (70 eV) m/e (relative intensity) 196 (76,M), 

180 (14,M-0), 179 (10O,M-OH), 148 (95), 104 (20),^103 (29), metastable
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p e a k  a t  1 6 3 .5  c o r r e s p o n d i n g  t o  196 17# .

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

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

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

o b t a i n e d  u n d e r  ^ th e s e  c o n d i t i o n s  w e re  t h e  a d d u c e s  a n d  .

(d ) .  ' -4 -M e th y l-2 -n itr o p h e n o l

S m a l l - s c a l e  r e a c t i o n s  show ed t h a t  4 - m e t h y l - 2 - n i t r o p h e n y l  

a c e t a t e ,  p r e p a r e d  by a c é t y l a t i o n  o f  t h e  p h e n o l  w i t h  a c e t i c  a n h y d r i d e  

( 8 6 a ) ,  d i d  n o t  r e a c t  w i t h  t h e  n i t r a t i n g  m i x t u r e  u n d e r  v a r i o u s  c o n d i t i o n s ;  

e . g .  n . m . r .  o f  a  r e a c t i o n  m i x t u r e  u s i n g  n i t r i c  a c i d  ( 1 . 5  m ol)  and  

a c e t i c  a n h y d r i d e  ( 5  m ol)  p e r  m o le  o f  t h e  s u b s t r a t e  showed t h a t  no  

r e a c t i o n  h ad  o c c u r r e d - a f t e r  48 h a t  0 °C .  H ence t h e  n i t r a t i o n  was p e r f o r m ­

ed  on t h e  p h e n o l ,  r a t h e r  t h a n  t h e  p h e n y l  a c e t a t e .

N i t r i c  a c i d  ( 6 . 2  g , 0 .1  m ol)  a t  -20°C  was ad d ed  t o  a c e t i c
%

a n h y d r i d e  (24 g ,  22 cm^) a t  - 7 8 ° C .  The t e m p e r a t u r e  o f  t h e  m i x t u r e  was

b r o u g h t  t o  5°C , m a i n t a i n e d  f o r  5 m in  t o  e n s u r e  c o m p l e t e  r e a c t i o n  an d

t h e n  lo w e r e d  t o  —78 C. T h i s  n i t r a t i n g  m i x t u r e  w as a d d e d  d r o p w i s e ,  o v e r

5 m in ,  t o  t h e  s u b s t r a t e  (10  g ,  0 .0 6 6  m o l)  i n  a c e t i c  a n h y d r i d e  ( 9 . 3  g ,

8 . 6  cm^) a t  -7 8 ° C .  The r e a c t i o n  t e m p e r a t u r e  w as  ç a i s e d  t o  0°C an d

I
m a i n t a i n e d  f o r  30 m in  w i t h  s t i r r i n g .  I n t e g r a t i o n  o f  t h e  H n . m . r .  

s p e c t r u m  ( l o c k : ' a c e t i c  a n h y d r i d e  6  2 , 1 5  ppm) o f  an  a l i q u o t  show ed t h a t  

t h e  m i x t u r e  c o n t a i n e d  o a , 55% o f  4 - m e t h y l — 2 , 4 —d £ n i t r o c y c l o h e x a - 2 , 5 —d i e n -  ^  

1 -o n e  ( ^ )  n . m . r .  (9 0  Ifflzj Ac^G) 6  6 . 4 5  ( d , l , 6 - H ) ,  7 . 3 6  ( d d , l , 5 - ^ )

7 . 8 7  -  10  a z ,  =  2 H z .

Th# n i t r o d i a n o n e  w as q u i t e  u n s t a b l e  a n d  u s u a l l y  d eco m p o sed  on



: - . - ' 5*
w o rk -u p  t o  g i v e  4 - m e t h ÿ l - 2 "6 - d i n i t ? r o p h e n o l  ( ^ )  m .p .  83°C ( l i t  (8 5 )  85®C)

I.r. (CDCl.) 3^50 (OH), 1535 cm'^XNO^); n.m.r. (90 MHz, CÎKl.)

6 2.40 (s,3,4^H^^), 8.09 (8,2,3-^ n.m.r. (CDCl^, ppm) 6c

2(^2 (4-CB_), 129.9 (C-1), 131.8 (C-3 ami C-5), 137.2 (C-4), 147.3-(C-2
^  *

and C-6%. ' ' ' .
/ 4 '

%he r e a c t i o n  w as r e p e a t e d  u n d e r  s i m i l a r  c o n d i t i o n s  and  t h e

ih e th o d s  em ployed  "in an. a t t e m p t  t o  i s o l a t e  t h e  d i e n o n e  a r e  b r i e f l y

d e s c r i b e d  b e lo w :  * • • ■

3 ' o ^
( i )  C o ld  p e n t a n e  (5 5 0  cm ) a t  - 7 8  C was a d d e d  t o  t h e  p r o d u c t  m i x t u r e

V O'  ^
a t  - 7 8  C*  ̂ The c o l o r l ^ S  p e n t a n e  e x t r a c t  w a s  w i t h d r a w n  [ a f t e r  1 h a t

-78^C ) and  t h e  s o l v e n t  e v a p o r a t e d  a t  when v e r y  d i t t l e  p r o d u c t  was

/
o b t a i n e d ;  # '

( i i )  The o i l y  m i x t u r e  l e f t  a f t e r  r e m o v a l  o f  t h e  p e n t a n e  e x t r a c t  was
1 * 3  Q

d i s s o l v e d  i n  a  50% e t h e r - p e p t a m e  m i x t u r e  (50 cm } a t  - 7 8  C and  t h e  

s o l u t i o n  a l l o w e d  t o  ë t a n d  f o r  1 h a t  -7 8 ° C .  The p a l e - y e l l o w  c r y s t a l s  

o b t a i n e d  c o n t a i n e d  m a i n l y  4 - m e t h y l - 2 , 6 - d l n i t r o p h e n o l . T h e ,m o th e r  l i q u o r ,  

a f t e r  r e m o v a l  o f  t h e  s o l v e n t  a t  0 C, a l s o  g a v e  4 - m e t h y l - 2 , 6 —d i n i t r o p h e n o l ,
^  • . I

p re s u m a b ly  by  d e c o m p o s i t i o n ,  q f  t h e  n i t r o d l e n o n e .

r e a c t i o n  w as r e p e a t e d -  u n d e r ' h im + 1 a r  c o n d i t i o n s  and  t h e  p r o d u c t

\3.
, ( i i i ) J | ^  ^

m i x t t ^ ^ ^ É f i d e d  i n t o  two h a l v e s :  C o ld  e t h e r  (2 5 0  à ^ )  a t  -7 8 °C  was

added, t o  o n é  p q t t l o n  a n d  l i q u i d  ammonia w as  p a s s e d  i n t o  t h e  s o l u t i o n  

(b.elôw t i l l  t h e  m i x t u r e  .was a l t e l i n e .  E x c e s s  ammo n i a  w as  rem oved

and t h e  t e m p e r a t u r e  r a i s e d  t o  0°C . J h e  m i x t u r e  w as  f i l t e r e d  and  t h e  

r e s i d u e  w ashed  w i t h  e t h e r  (5 0  cm^) a t  0°C , T he  e t h e r  e x t r a c t  w a s - w a s h e d

.£ O '  % ^
w i t h  s a t u r a t e d  s o d l |m  c h l o r i d e  (0  C) , d r ied »  .o v e r  a n h y d r o u s  m a g n e s i tm

'  '  ' 1
s u l f a t e .  The p r o d u c t ,  b y  H n i m . r . , w œ * 4 - m e t h y l - 2 , 6 - d l n i t r p p h e n d l .

N,
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■ - ■ d . o
( I v )  T h e  o t h e r  h a l f  o f  t h e  r e a c t i o n  p r o d u c t  w as  a l s o  c o o l e d  t o  - 7 8  C

.a n d  s o d iu m  a c e t a t e  (5  g )  a d d e d  w hen t h e  r e a c t i o n  a t t a i n e d  a  b r i g h t - r e d

c o l o u r .  T h e  ^ m p e r a t u r e  o f  t h e  m i x t u r e  w as  r a i s e d  t o  0 C a n d  t h e n  %

lo w e r e d  t o  -4 0 ° C  a f t e r  5 m i n .  C o ld  e t h e r  (2 5 0  cm^) a t  - 7 8 ° C w as  t h e n

a" a d d e d  a n d  t h e  m i x t u r e  f i l t e r e d .  T he  f i l t r a t e ,  a f t e r  r e m o v a l  o f .  t h e

s o l v e n t  a t  0°C, g a v e  4 - m e t h y l - 2 , 6 - d i n i t r o p h e n o l  a s  t h e  m a in  p r o d u c t ^

i ‘
( v )  T h e  r e a c t i o n  w as  r e p e a t e d  u n d e r  s i m i l a r  c o n d i t i o n s  a n d ,  a f t e r

»
c o m p l e t i o n ,  l o a d e d  o n  a  co lu m n  o f  a l u m i n a  ( d e a c t i v a t e d  w i t h  3% w a t e r )

t  -4 0 ° 'f i .  F o u r  f r a c t i o n s  o ( _ e l u e n t  e t h e r  ( 8 0 0  cm^ e a c h )  a t  -4 0 °C  w e r e

o ' X *c o l l e c t e d  a n d  t h e  s o l v e n t  rem o v ed  a t  0 C. H n . m . r .  o f  e a c h  f r a c t i o n

show ed  4 - m e t h y l - 2 , 6 - d i n i t r o p h e n o l  t o  b e  t h e  m a in  p r o d u c t . ^

( v i )  T he  r e a c t i o n  w as  r e p e a t e d  u n d e r  s i m i l a r  c o n d i t i o n s  an d  t h e  p r o d u c t

c o o l e d  t o  - ^ 8 °C .  C o ld  m e t h a n o l  (2 5 0  cm^) a t  -78°^C w as  a d d e d  a n d  t h e

s o l u t i o n  s e t  a s i d e  f o r  1 h .  T he  p a l e - y e l l o w  c r y s t a l s  o b t a i n e d  on 
%
f i l t r a t i o n  c o n t a i n e d  4 - m e t h y l - 2 , 6 - d i n i t r o p h e n o l  a s  th e .  m a in  p r o d u c t  

2
( b y  H n . m . r . ) .

% -  _

T h e  s o l v e n t ,  w as re m o v e d  f r o #  t h e  f i l t r a t e  a t  0 ° C .  T h e  w h i t e ,

c r y s t a l l i n e  p r o d u c t  a f t e r  w a s h i n g ‘w i t h  m e t h y l e n e  c h l o r i d e  ( 2 - 5  cm^) a t  0°C ,

w as i d e n t i f i e d  a s  5 - m e t h o x y - 4 - m e t h y 1 - 4 , 6 - d i n l t r o c y c l o h e x a - 2 - e n - 1 - o n e  (4 2 )
# - > '

m.p. 125°C (d);  i . r .  (KBr) 1710 cmT- (OCOCH.), 1550 cm"^ (H0_); ^ H ^ m .r .  

(90 MHz, CDgCCk^) 6 '2 .0 9  (8 ,3,4-<m^), 3 .60  (B ,3 ,0Œ  ) ,  %89 ( d , l , 5 - H ) ,  '

5 . 9 3  ( d , l , 6 -H^), 6 . 5 3  ( d , 1 , 2-H ) , 7 . Â  ( d , l , 3 - H ) ,  ^  1 1 . 3 3  H z ,  =

13 " - ■*10 Hz; C n.m.r. (CD^COCD^, ppp) 6c 22.6 (4-01^), 6$.3 (OgH^),

81.7 (C -5) ,  82.9 (C-4) ,  92.7 (C-6) ,  131.6 (C^2), 145.6 (C -3 ) .
- '  L : _ ' .  ' I

A n a l .  C a l c d .  f o r  CgH^^NgOg: 0 , 4 1 .7 , 5 ;  H , 4 c 3 8 3  N , 1 2 . 1 7  =
■’ . i ■ ■ ; %

Found : C,41.81: H.4.25; N .11 .85  ?
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( e )  4 - M e t h y l - 3 - n l t r o p h e n o l

N i t r i c  a c i d  ( 0 .8 3 5  g ,  13 n m o l)  a t  -2Q°C was a d d ^ d  w i t h  s t i r r i n g  

t o  a c e t i c  a n h y d r i d e  ( 3 . 4  g» 3 cm^) a t  - 7 8 ^ C .  The t e j n p e r a t u r e  w as r a i s e d  

t o  5 ° C ,  m a i n t a i n e d  f o r  5 m in an d  t h e n  l o w e r e d  ' t o  . T h i s  n i t r a t i n g

m i x t u r e  w as  a d d e d  t o  a  s o l u t i o n  o f  4 - m e t h y l - 3 - n i t r o p h e n o l  ( 1  §,"* 6 . 6  mmol) 

i n  a c e t i c  a n h y d r i d e  ( 3 , 4  g ,  3 cm^) a t  - 7 8 ° C .  A f t e r  30 min, i n t e g r a t i o n  o f  

t h e  H n . m . r .  s p e c t r u m  ( l o c k :  a c e t i c  a n h y d r i d e  6  2 , 1 5  ppm) showed t h a t  t h e  

m i x t u r e  c o n t a i n e d  a a , 30% o f  4 - m e t h y l - 3 , 4 - d i n i t r o d y c l o h e x a - 2 , 5 - d i e n - l - o n e  

(%1) n.m.r. (90 MHz, ACgO) Ô 6.58 (dd,l,6-H), 7.15 (d,l,5-H), 7.47 

(d,l,2-H), J , = 10 Hz, Jgg = 2 Hz.

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

- 7 8  C, H e n c e ,  a f t e r  c o m p l e t i o n  o f  t h e  r e a c t i o n ,  m e th y le n e '  c h l o r i d e  (1 0 0
3

cm ) w as  a d d e d  a n d  l i q u i d  ammonia p a s s e d  i n t o  t h e  s o l u t i o n  (b e lo w  -4 0 °C )

t i l l  t h e  m i x t u r e  was a l k a l i n e .  E x c e s s  ammonia w as  rem oved  an d  t h e  s o l u -

o
t i o n  f i l t e r e d  a t  —20 C. C o ld  m e t h y l e n e  c h l o r i d e  (1 0 0  cm  ) was a d d e d  to

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

r a t e d  s o d iu m  c h l o r i d e  (2  X 25 cm^) a t  - 5 ° C ,  d r i e d  o v e r  a n h y d r o u s  m ag n es iu m
1 .

s u l f a t e  a n d  f i l t e r e d .  The s o l v e n t  w as  rem o v ed  a t ’0 t o  g i v e ,  b y  H 

n.m.r. ,  4 - m e t h y l - 3 , 6 - d l n i t r o p h e n o l  ( ^ ) *  #  n . m . r .  (90  MHz, CDClg) 6  2 . 4 7  ' 

(s,3,4-CH ), 7.64 (s,lf2-H), 8.09 (s,l,5-^.

T h e  f i l t r a t e  ( a f t e r  r e m o v a l  o f  am m onia) was w o r k e d - u p  i n  a  

s i m i l a r  f a n n e r  t o  g i v e  a  1 : 1  m ixt-sire  o f  4 - m e t h y l - 3 , 5 - d i n i t r o p h e n o l  ( ^ )

^H nnn.r. (90 MHz, CD.COCD^) 6 2.30"Ï8,3,4-CH_), 7.̂ 14 (s,2,2-H and 6-H)
»  - 1
a n d  4 - m e t h y l - 2 , 3 - d i n i t r o p h e n o l  ( ^ )  H n . m . r .  (9 0  MHz, CD^COCD^) 6 2 .2 1  

(a,3,4-CHL), 6 . 4 4  (d,l,6-H), 6 . 6 2  ( d , l , 5 - H ) ,  ^  10 H z. -
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2 .1 1  S te r e o a h ^ is t r y  o f  th e  Adduots

As p r e v io u s ly  d e s c r ib e d ,  th e  s t e r e o c h e m ic a l  a s s ig n m e n ts  o f  

a is  and. trap's to  th e  c o n f ig u r a t io n  o f  a d ia s t e r e o m e r ic  p a ir  o f  .ddene
t

a d d u c t s  w e re  made on' t h e  b a s i s  o f  s h i f t  r e a g e n t  s t u d i e s .  T h e s e  a s s i g n ­

m e n t s  'w e r e  made b y  c o m p a r in g  t h e  l a n t h a n i d e - i n d u c e d  s h i f t  o f  t h e  4 -CH_
$

p r o t o n s  i n  a  g i v e n  p a i r  o f  1 , 4  a t ^ d u c t s .  T h e  g r a d i e n t s  o f  l i n e a r  p l o t s  

o f  s h i f t  o f  v a r i o u s  p r o t o n s  v s ,  s h i f t  o f  -OCOCH  ̂ p r o t o n s  a r e  g i v e n  i n  

T a b l e  2 . 2  #  '

The s h i f t  r e a g e n t  s t u d ie s  w ere  a l s o  u sed  a s  <an a id  in  th e

13 . . “■
a ss ig n m e n t o f  C c h e m ic a l s h i f t s ,  e s p e c i a l l y  t o  d i s t i n g u i s h  b etw een

p r o to n -c a r r y in g  c a r b o n s . T he p r o c e d u r e  in v o lv e d  a d d in g  th e  shift r e a g e n t

i n  s H & ll  p o r t i o n s  (4 0 - 6 0  mg) t o  a  s o l u t i o n  o f  t h e  a d d u c t  ( 3 5 0 - 4 0 0  mg)

i n  c h l o r o f o r m - d .  (l-E.--cm^) a t  0°C a n d  r e c o r d i n g  t h e  n . m . r .  a f t e r
I , ^  T, '

' ■ ■ ' • 13e a c h  a d d i t i o n .  T h i s  t e c h n i q u e  was a l s o  u s e d  t o  v e r i f y  ( a )  t h e  C n . m . r .

a s s i g n m e n t  an d  (b )  t h e  s t e r e o c h e m i c a l ’ a s s i g n m e n t  i n  t h e  c a s e  o f  t h e

a d d u c t s  o b t a i n e d  fro m  p - x y l e n e —4 3 9 b ') .

%
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TABLE 2.2

RELATIVE GRADIENTS OF PROTON CHEmCAL SHIFTS' FOR DIENE ADDUCTS RE^LTING

' ] r ^ 2 7FROM THE ADDITION OF Eu(fod)^-d^^ (GRADIENT 1-OGOCH^ =,1.00)

D ie n e

A d d u c t

R e l a t i v e  G r a d i e n t

C-1 C-2 C-3 ■' C-4  C- 6

NO
OAc

lAc

0

OAc

OAc

OAc

NO

OAc

NO

1.62

1.57

1.73

1.48
1 .5 1

0.69

0.63

0.59 1.09

0.24 0.16 0.03 0.70

0.28 0.09 0.06 0.69

0.34 0.22 0.16 0.50

0.18 0.14 0.11 0.74

0.19 ' 0.06 0.14 0.72

0.70 0.30 0.29 0.94

0.52 0.24 0.43 1.02

0.38 0.37 0.80

0.22 0.22 0.30 0.22
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2 . 1 2  S y n th e s i s  o f  A u th e n t i c  Compounds

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

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

f  d i e T t e ^ a d d u c t s . The p u r i t y  o f  t h e s e  p r o d u c t s  was d e t e r m i n e d  by
»

n . m . r .  an d  i . r .  ( d a t a  g i v e n  i n  T a b l e  2 , 3 )

( ! )  . 1 ; 4 - D i m e t h y l - 2 - p j ^ r o b e n z e n e  w as  b r o m i n a t e d  i n  c a r b o n  t e t r a c h l o -

P
r i d e  w i t h  N - b r o m o s u c c in im id e  ( 8 6 b ) t o  fo rm  a  m i x t u r e  o f  b e n z y l i c

"

b r o m i d e s .  The m i x t u r e ,  a f t e r  w o r k - u p ,  w as  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g ' .
9

a c e t a t e s  w i t h  s o d iu m  a c e t a t e  i n  g l a c i a l  a’c e t i c ^ a c l d  ( 8 6 c )  , The m i x t u r e

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

m i x t u r e s .  T he  10%, 15% an d  20% e t h e r  f r a c t i o n s  w e re  co m b in ed  and
*  * '

a f t e r  r e c r y s t a l i i z a t i o n  f ro m  e t h e r  a t  -20°C, g a v e * 4 - m e t h y l - 2 - n i t r o b e n z y l
% * • 

a c e t a t e  ( ^ a )  , 4 - H e t h y l ^ 3 —n i t r o b a n s y l  ^ e t a t e  ( ; ^ a )  was p r e p a r e d  b y
*

• a c é t y l a t i o n  o f  t h e  c o r r e s p o n d i n g ' - a l e o h o l  ( A l d r i c h ,  ' c o n m e r c l a l  g r a d e )

w i t h  a c e t i c  a n h y d r i d e  and  p y r i d i n e  ( 8 6 d ^ .
!
I

( i i )  4 - M e t h y l - 2 - n i t r O b e n z y l  a l c o h o l  ( ; ^ b )  .was p r e p a r e d  fro m  t h e

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

i n  m e t h a n o l ^ ( 8 6 e ) . An a l t e r n a t i v e  p r o c e d u r e  i n v o l v i n g  t r a n s e s t é r i f i c a t i o n  

w i t h  a c i d i f i e d  m e t h a n o l  a l s o  g a v e  a  good  y i e l d  o f  A4 b .

( l i i )  4 - M e th y l —2 - n i t r o b e n z y l  b r o m id e  ( ^ c )  w as p r e p a r e d  from  t h e

c o r r e s p o n d i n g  a c e t a t e  b y  r e a c t i o n  w i t h  e ^ q e s s  o f  a  s a t u r a t e d  HBr i n  

e t h e r  s o l u t i o n  a t  20^C f o r  36 h .  4 - M e t h y l - 3 - n i t r o b e n z y l  b r o m id e  ( ^ c )  

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

( I v )  4 - M e th y l —2 - n i t r o b e n z y l  n i t r a t e  ( ^ d )  w as  p r e p a r e d  f ro m  t h e

d o r r e s p o n d i n g  b r o m id e  b y  r e a c t i o n  w i t h  s i ^ e r  n i t r a t e  i n  a c e t o n i t r i l e
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( 8 6 f ) .  4 - M e t h y l - 3 - n i t r o b e n z y l  n i t r a t e  ( | ^ d ) '  was a l s o  o b t a i n e d  i n  a  

s i m i l a r  m an n er  from  t h e  c o r r e s p o n d i n g  b r o m id e .

( ^ “M e th y l—2 - n i t r o p h e n y l ) n i t r o m e t h a n e  (4 4 e )  was p r e p a r e d  from  

th e  c o r r e s p o n d i n g  b ro m id e  by  r e a c t i o n  w i t h  s i l v e r  n i t r i t e  i n  e t h e r  ( 8 6 g ) . 

( 4 —M e th y l—3—n l t r o p h G n y l ) n l t r o m e t h a n e  ( ; ^ e )  was p r e p a r e d  i n  a 

s i m i l a r  m anner  from  t h e  c o r r e s p o n d i n g  b ro m id e .

(vi) 4-Methyl-3-dïCrobenzyl nitrite was prepared from the

c o r r e s p o n d i n g  a l c o h o l  by r e a c t i o n  w i th . s o d i u m '  n i t r i t e  i n  a q u e o u s  

s u l f u r i c  a c i d , ( 8 6 h ) . A s i m i l a r  r e a c t i o n  w i t h  4—m e t h y l —2—n l t r o b e n z y l  

a l c o h o l  g av e  b a c k  t h e  a l c o h o l .

( v i i )  3 , 6 —D i m e t h y l - 2 - n l t r o p h e n y l  a c e t a t e  ( , ^ )  was p r e p a r e d  by 

acétylation of the corresponding phenol with acetic anhydride (86a).

The p h e n o l  was o b t a i n e d  by t h e  d e c o m p o s i t i o n  o f  t h e  n i t r o d i e n o n e  from  

th e  ip a o  n i t r a t i o n  p f  2 , 5 - d i m e t h y I p h e n o l  ( 7 8 ) .



TABLE 2 .3

H n . m . r .  AND l . r .  SPECTRAL DATA OF AUTHENTIC COMPOUNDS SYNTHESIZED FOR

COMPARISON PURPOSES

Î *_____________________________H n . m . r .  (<5) l . r .  (cm

COMPOUND CH, CH, C-2 C-3 C-5 C-6

(a )  OAc

(b )  OH

2 (c) Br
CHgX

(d) ONO

(e )  NO,

2.38 5.39 2.08
(OAc)

7.82 7.41 7.41
2.39 ' 4.88 - 7.89 7.43 7 .6 0

2.40' 4.76. — 7.82 .7.40 7.40
2.43 5.80 — 7.97 7.48 7.48

2.47. 5.73 — 8.04 7.36 7.53
(a ) OAc 2.54 5.08 7 .9 0

CH,X (b) OH 2,69 4 .  6il 7.85

(c ) Br 2.50 4 .4 4 7.97
Y  NOg (d) ONO_I  ■ .2.55 5.69 7.98

(e) NO 2.58 5.44 8.04

(f) ON0 2.56 5.68 7.85

(OAc)
7.21 7.42

•  /7.28 7.51

7:36 7.98

7.38 7.57

7.21 7.42

<f
4

1730, 1520, 1335 and 1230

3320, 1555, 1365 and 1045

1515 and 1345 

1640, #535,^1350 and 1280.

1555, 1525, 1370 and 1360

1740, 1530, 1345 and 1235

3400, 1530, 1345 an d  1040

15^0 and 1345V
1620, 152S< 4340 and 1270

1550, 1525, 1376 and 1340

16 8 0 ,  1610, 1510 and 1335
o\05



COMPOUND C-1 .C -2  C-3 C -4  C-5 'C -6

3 , 6 - D i m e C h y l - 2 - n i t r d -  
p h e n y l  a c e t a t e  2 .1 6 2.30 7.05 7.25 2.24

W
Compounds obtained from the nitration of nftroarenes

1770, 1530, 1360 and 1215

1 . 2 - D i n i e t h y l - 3 , 6 - ^  
d i n i t r o b e n z e n e  ( ^ j  2 . 2 2  2 .4 1

1 . 2 -D im e t 'h y l -3  , 5 -
d i n i t r o b e n z e n e  ( ^ )  2 .4 6  2 .5 1

1.2-Dipethyl-4,5-
d i n i t r o b e n z e n e  ( ^ )  2 .3 7  2.37 7 .6 3

1 . 2 - D i m e t h y l - 3 , 6 -
d i n i t r o b e n z e n e  ( ^ )  2.41 2 .4 1

1 . 4 - D i m e t h y l - 2 , 3 -
k d i n i t r o b e n z e n e  ( ^ )  2 .3 5

1 . 4 - D i m e t h y l - 2 , 5 - .
d i n i t r o b e n z e n e  (20)'W'' J.58

1 , 4 - D i m e t h y I - 2 , 6 -  
d i n i t r o b e n z e n e  2.47

^ 3 5

7.41 7.92

8.18

7.63 

7.61 7.61 -

2.35 7.35 7.35

7.88 2.58

7.78 2.47 7.78

7.88

1540 and 1352 

1520 and 1348 

1548, 1528, 1378 and 1338

( n o t  i s o l a t e d )

1525 and 1355 

( n o t  i s o l a t e d )

1530 and 1345

o\•“-J



68

2 .1 3  B e a o tio n a  o f  th e  Adouote

(a )  1 , 2 - D i m e t h y l - 4 - n l t r o b e n z e n e

The e x c h an g e  and r e a r o m a t i z a t l o n  r e a c t i o n s  on t h e  a d d u c t s  

from 1 ,2 - d im e t h y l - 4 - n i t r o b e n z e n e  w ere  c a r r i e d  o ÿ  on a  2 :1  m i x tu r e  o f  

th e  a d d u c t s  7(A) and  7 (B ) .  The r e a c t i o n s  w e re  g e n e r a l l y  f o l lo w e d  by

H n . m . r .  s p e c t r o s c o p y  and when i s o m é r i s a t i o n  o r  ex change  was o b s e r v e d ,
/

th e  r e a c t i o n  was r e p e a t e d  on t h e  p u re  i s o m e r s  7(A ) and  / ( B ) .  The 

r e a c t i o n s  can  b e  c l a s s i f i e d  u n d e r  two s e c t i o n s  

( ! )  R e a c t io n s  u n d e r  a c i d i c  c o n d i t i o n s ;  and 

(11)  R e a c t io n s  w i t h  n u c l e o p h i l e s .

( i )  R e a c t i o n s  u n d e r  a c i d i c  c o n d i t i o n s :  R e a c t i o n s  o f  t h e  dieqe_ 7 w i t h

(1) B o r o n t r i f l u o r i d e  E t h e r a t e  - \

3 '
C o ld  B F g - e c h e r a t e  s o l u t i o n  (300  mm ) was added__£d t h e  d i e n e *

7 (1 0 0  mg, 0 ;3 9  mmol) i n  an  n . m . r .  t u b e  a l s o  a t  -7 8 °C .  The t e m p e r a t u r e *

was r a i s e d  t o  0°C when t h e  d i e n e  w e n t  i n t o  s o l u t i o n  an d  decomposed 

w i t h i n  5 m in .  A f t e r  w o rk -u p  and e x a m in a t io n  b y  n . m . r .  and g . l . c . -  

m . s . ,  t h e  p r o d u c t s  w e re  i d e n t i f i e d  a s  l , 2 - d l m e c h y l - 4 - n i t r o b e n z e n e  (78%, 

m /e  1 5 1 ) ,  1 , 2 - d i m e t h y l - 3 , 5 - d l n i t r o b e n g e n e  (8%, jn /e  196) and 1 , 2 - d l m e t h y l -

3 , 4 - d i n i t r o b e n z e n e  (14%, m/e 1 9 6 ) .*

(2 )  B o r o n t r i f l u o r l d e  E t h e r a t e  and M e s i t y l e n e  ,

C o ld  B F g - e t h e r a t e  s o l u t i o n  (250 mm^) was added  t o  a  s o l u t i o n  o f

t h e  d i e n e  J (100  mg, 0 .3 9  mmol) and  m e s i t y l e n e  ,(250 mg, 2 ,1  mmol) i n

m e th y le n e  c h l o r i d e  (250 nm ) a t  - 7 8  C. The s o l u t i o n  was a l lo w e d  t o  warm 

t o  20°C an d  l e f t  t a  . s j a n d  f o r  1 h .  A f t e r  w o r k - u p ,  t h e  c o m p o s i t io n  p f  t h e  

t h e  p r o d u c t  b y  n . m . r .  and g.llc.-m.a. was fo u n d  t o  be 1 , 2 - d i m e t h y l - 4 j
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n i t r o b e n z e n e  (1%, m /e  151) an d  2—n i t r o —2 ’ , 4 , 4 ' , 5 , 6 p e n t a m e t h y l  b i p h e n y l  

(99%, m/e 2 6 9 ) . n.m.f. (90 MHz, CDCl ) 6 1.88 (s,6,2'-CHg and ô'-CHg), 

2 .2 5  ( s , 6 , 4 - C ^ 2  s n d  4 ' -C ^ g )  , 2 . 2 8  (s  , 3 ,5 -C ^ g )  , 6 .8 1  ( s , 2 , 3 ' . — and  5-'-H_)j ■ 

6.90 (s,l,6-H), 7.73 (s,1.3-H). - ^
a

M ass c a l c u l a t e d  f o r  2 6 9 .1 4 2

Found : 2 6 9 .1 4 3

(3 )  T r i f l u o r o a c e t i c  A c id

3C o ld  t r i f l u o r o a c e t i c  a c i d  (4 5 0  mm ) w as ad d e d  t o  t h e  d i e n e  J  

(64  mg, 0 . 2 5  mmol) i n  an  n . m . r .  t u b e  a t  -7 '8^C. The t e m p e r a t u r e  w as  . 

r a i s e d  t o  D°C a n d  n . m . r .  a f t e r  1 h  i n d i c a t e d  no  d e c o m p o s i t i o n .  The 

t e m p e r a t u r e  was r a i s e d  t o  20°C a n d  n . m . r .  a f t e r  4 h i n d i c a t e d  p a r t i a l  

r e a r o m a t i z a t l o n .  H e n c e ,  t h e  r e a c t i o n  m i x t u r e  was l e f t  a t  20°C f o r  18 h 

and  t h e n  w o rk e d -u p  t o  g i v e ,  b y  n . m . r .  an d  g . l . c . - m . s . ,  1 , 2 - d i m e t h y l -  

4 - n i t r o b e n z e n e  (72%, m /e  1 5 1 ) ,  1 , 2 - d i m e t h y l - 3 , 5 - d i n i t r o b e n z e n e  (13%, m /e  

196) an d  1 , 2 - d i m e t h y l - 3 , 4 - d i n l t r o b e n z e n e  (15% , m /e  1 9 6 ) .   ̂ .

(4 )  5% S u l f u r i c  A c id  i m i H e t h a n o l

C o ld  5% s u l f u r i c  a c i d  i n  m e t h a n o l  (2 5  cmP) w as a d d e d  t o  t h e

di-éne /A (6 0 0  mg, 2 . 3 4  mmol) a t  0°C. T h e  m i x t u r e  was a l l o w e d  t o  warm t o

20°C an d  t h e  s o l u t i o n  s t i r r e d  f o r  18 h. The p r o d u c t  w as  t r a n s f e r r e d  w i t h
3

e t h e r  (25  cm ) t o  a  tw o -n e c k e d  f l a s k  a n d  n e u t r a l i z e d  w i t h  l i q u i d  ammonia

a t  T h e  s o l u t i o n  w as  f i l t e r e d  an d  t h e  s o l v e n t  rem oved  f ro m  t h e
1 3

f i l t r a t e  a t  0 °C .  T h e  p r o d u c t  w as d i s s o l v e d  i n  e t h e r  (5 0  cm ) a n d  w ash ed
3

w i t h  w a t e r  (2  X 25 cm ) .  The e t h e r  e x t r a c t  w as d r i e d  o v e r ■a n h y d r o u s  

m a g n e s i u m . s u l f a t e ,  f i l t e r e d  an d  t h e  s o l v e n t  rem o v ed  a t  0°C . T h e  p r o d u c t  

was i d e n t i f i e d  As o n e  d i a s t e r e o m e r  o f  4 , 5 - d i m ^ t h y l - 2 , 4 - d i n l t r o c y c l o h e x a -

2,5-dien-l-ol i-r. (Neat) 3400 and 1050 cm ^(OH), 1555 cm ^(NOg)
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n.m.r. (90 MHz, CDCl^) Ô 1.84 (d,3,5-CH),.1.89 (s,3,4-<Hg), 3.42 (s, 

1,-4H), 5.25 (dUl,l-H), 5.94 (m,l,6-H), 7.19(s,1^3-H), J,, = 4 Hz,

Jg =1.40 Hz; n.m.r. (CDCl^, ppm),6c ^^.5 (5-CH^), 23.5 (4-CH^)

60.3 (C-1), 89.1 (C-4), 127.5~(C-6)/ 131.2 (C^3) 132.8 (C-5)

151.6 (C-2). .

U nder s i m i l a r  c o n d i t i o n s ,  t h e  d i e n e  7B g av e  t h e  o t h e r  d i a s t e r -

»

eom er o f  4 , 5 - d i m e t h y l - 2 , 4 - d i n i t r o c y c l o h e x a - 2 , 5 - ^ e n - l - o l  ( ^ B )  l . r .

(N e a t )  3420 and 1053 cm  ̂ (OH), 15M  cm  ̂ (NO^); n . m . r .  (90  MHz, CDCl.) 

5.1.82 (s,6,4-CHg and 5-CHg), 3Û42 (s,l,-OH), 5.18 (d,l,ï-H), 6.00 (m,i; 

6-H) , 7 .1 7  ( s , 1 ,3 -H ) = 4 Hz, Jg = 1.40 Hz; n.m.r. (CDC1_,

ppm) 5c 17.4 (5-CH2>, 23.9 (4-CH_), 60.2 (C-1), 88.3 (C-4), 127.6 (C-6),

130.4 (C-3), 132.5 (C-5), 151.6 (C-2). '
■>

(5) T r i f l u o r o m e t h a n e s u l f o n i c  A cid  ‘ ' .

3Cold t r i f l u o r o m e t h a n e s u l f o n i c  a c i d  (300  mm ) was ad d ed  t o  t h e  

d i e n e  ^  (90 mg, 0 . 3 5  mmol) i n  an  n . m . r .  tu b e  a t  -7 8 ° C .  The t e m p e r a t u r e  

was r a i s e d  t o  -2 0 °C  and  t h e  d i e n e  decomposed c o m p l e t e l y  in 5 m in ' (^H 

n . m . r . ) .  A f t e r  w o r k - u p ,  t h e  p r o d u c t  c o m p o s i t io n  b y  n . m . r .  and g . l . c . -  

m . s .  was found  t o  b e  1 , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  (31%, m /e  1 5 1 ) ,  1 , 2 - d i -  

m e t h y l - 3 , 5 - d i n i t r o b e n z e n e  (31%, m /e  1 9 6 ) ,  l ,2 - * d im e th y l—3 , 4 - d i n i t r o b e n z e n e  

(25%, m /e 196) and  1 , 2 - d i m e t h y l - 4 , 5 - d i n i t r o b e n z e n e  (13%, m /e  1 9 6 ) /

(6 )  H ydrbgan  B rom ide  i n  j E th e r  I - •  ■r

3
C old  e t h e r e a l  s o l u t i o n  (500 mm ) o f  s a t u r a t e d  h y d ro g e n  b ro m id e  

was added  t o  t h e  d i e n e  ^  (64  m g ," b .2 5  mmol) a t  -7 8 ° C .  The t e m p e r a t u r e  

w as r a i s e d  t o  0°C and t h e  n.m.r. a f t e r  90 m in  i n d i c a t e d  p a r t i a l  

d e c o m p o s i t i o n .  The r e a c t i o n  m i x t u r e  was l e f t  f o r  18 h  a t  O^C an d  a f t e r  

w o r k - u p ,  t h e  p r o d u c t  c o m p o s i t io n  by  n . m . r ,  w a s * l , 2 - d i m e t h y l - 4 - n i t r p -
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b e n z e n e  (9 5 4 )  an d  1 , 2 - d l m e t h y l - 4 , 5 - d l n i t r o b e n z e n e  (5% ).

(7 )  A c e t i c  A c id

A c e t i c  a c i d  (450  mm ) was ad d e d  t o  t h e  d i e n e  J  (70  mg, 0 .2 7

mmol) a t  20  C. H n . m . r ,  o f  t h e  r e a ^ i o n  m i x t u r e ,  a f t e r  30 d a y s  a t  20°C ,

showed Che absence of any reaction. \The solution was heated for 15 min 

^  ^ brown fum es w e re  evolved from  t h e  reaction m i x t u r e ,

n.m.r, of the product indicated that the rearomatization was complete. 

After work-up, the product composition,-as determined by n.m.r, and 

g . l . c . - m . s ,  was 1 , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  (49%, m /e  151) and 1 ,2 - d l f -  

m e t h y l - 3 , 5 - d i n i t r o b e n z e n e  (51%, m /e  1 9 6 ) .

10% Acetic Anhydride (v/v) in acetic acid (320 mrn̂ ) was heated

to 100°C for 10 min, cooled to 20°C and the diene J (50 mg, 0.20 mmol)

added. The solution was heated to 100°C for 10 min after which n.m.r. 

indicated c o m p le te  d e c o m p o s i t i o n .  A f t e r  work-up, t h e  p r o d u c t  composition 

by  H n . m . r ,  and  g . l . c . - m . s .  was l , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  (44%, m/e 

151) an d  1 ^ 2 ^ i m e t h y l - 3 , 5 - d i n i t r o b e n z e n e  (56%, m /e  1 9 6 ) .

A s o l u t i o n  o f  t h e  d i e n e  7 (64  mg, 0 . 2 5  mmol) an d  hydroquinone 

(28  mg, 0 .2 5  n m o l)  i n  a c e t i c  a c i d  (400  mm^) was h e a t e d  f o r  20 m in a t  

100 C. A f t e r  work-up, the product composition, by 'H n.m.r, and g . l . c . -  

m . s .  was 1 , 2 - d im e t h y l - 4 - n i t r o b e n z e n e  (68%, m/e 151) an d  1 , 2 - d l m e t h y l -  

3 , 1 - d i n l t f o b e n s e n e  (32%, m/e 1 9 6 ) .  ' .
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(11) R e a c t i o n s  w i t h  n u c l e o p h i l e s :  R e a c t i o n s  o f  t h e  d i e n e  7 w i t h

(8) Pyridlne-dg
3

C o ld  p y r i d i n e - d - ( 3 1 5  mm ) was ad d e d  t o  t h e  diene? ^  (70  mg,

0 ,2 7  nm ol)  I n  an  n . m . r .  tu b e  a t  -7 8 ° C .  T he  s o l u t i o n  I m m e d ia t e ly  a t t a i n ­

ed an  o r a n g e - r e d  c o l o u r .  The j f c p e r a t u r e  o f  t h e  m i x t u r e  was r a i s e d  to,^

0°C and  n . m . r . ,  a f t e r ^ J ^ ^ i ,  I n d i c a t e d  c o m p le t e  d e c o m p o s i t i o n i .  A f t e r  

w o r k - u p ,  t h e  p r o d u c t  c o m p o s i t i o n  by H n . m . r .  an d  g . l . c . - m . s .  was 

shown t o  b e  l , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  (3%, m /e  1 5 1 ) ,  1 , 2 - d l m e t h y l -

3 , 4 - d i n i t r o b e n z e n e  (5%, m /e  196) and  l , 2 - d i m e t h y l - 4 , 5 - d i n i t r o b e n z e n e  (92%, 

(92%, m/e 196).
3

The r e a c t i o n  was r e p e a t e d  b y  a d d i n g  p y r l d i n e - d ^  (21 mm ) t o  à
3

s o l u t i o n  o f  t h e  d i e n e  ^  (64 mg, 0 .2 5  mmol) i n  c h l o r o f o r m - d ^ ( 2 9 0  mm ) a t

o * ’
-6 0  C. The t e m p e r a t u r e  was r a i s e d  ta 0°C ( i n  10°  i n t e r v a l s )  and t h e

p r o g r e s s  o f  t h e  r e a c t i o n  m o n i to r e d  by  n.m.r. f o r  2 h .  The c o n v e r s i o n

o f  t h e  d i e n e  t o  1 , 2 - d l m e t t h y l - r 4 , 5 - d l n l t r o b ^ a e ®  p r o c e e d e d  s m o o t h l y ' a s

s e e n  fro m  t h e  f o l o w i n g  t a b l e  :

Time . \  P r o d u c t  C o m p o s i t io n

> ‘ D ie n e  A re n a s

30 min 63% 37% '
I

60 min 43% 5̂ 7%

120 m in  36%

The r e a c t i o n  m i x t u r e  was w o rk e d -u p  a f t e r  18 ,h a t  0°C and  t h e

j  .  " 1p r o d u c t  c o m p o s i t i o n ,  by H n . m . r .  and  g . l . c . - m . s .  was shown t o  b e  1 , 2 -

d i m e t h y l - 4 - n i t r o b e n z e i m  (2%, m /e  1 5 1 ) ,  1 , 2 - d i m e t h y l —3 , A ^ d l n l t r o b e n z e n e  

(3%, m /e  196) and  l , 2 - d i m e t h y l - 4 , 5 - d i n l t r o b e n z e n e  (9 5 Z ,  m /e  1 9 6 ) .



♦

' ■ ■■ ' • •  ' : :
(9 )  2 ' , 6 - D l m e t ; h y lp y r l d ln e  * ^ '

^v, /  , ~ C o ld  2 , 6 - d i m e t h ÿ l p y r l d i n e  ( ^ 5  mm^) w as  a d d e d  t o ^ ^ e  d i e n e  7A -
; .  . ,  ' -  . ~

' • •  (6 4  m g ,  0 . 2 5  .mmol) ' i n  a n  h . te -x ' .  tube* a t  -7 ^  C . T he  m i x t u r e  w as  a l l o w e d
'  O 1 ' , ' ' * Sr ' '

■ ■ ' t o  warm t o  0  C and . H n . m . r ,  a f t e r  5 m in  i n d i c a t e d ' t h a t  t h e  d iene^-w a^

• s t i l l  p r e s e n t .  The d e c o m p o s i t i o n  w as c o m p l e t e  a f t e r  15 m in  an d  t h e

 ̂ . ' '  . ' - '  '  ̂ 1 ' '  . '  ' ' '^  p r o d u c t  c o m p o s i t i o n , ,  b y  H n . m . r .  and  g . l . c . - m . ’s . , w as  shown eo b e  1 , 2 -
f y „ '  * « _

, d im e t h y  1 -  4 - n l  t f o b  e n z e n e  1 5 1 ) ,  l , 2 - d l m e t h y l - 3 ^ 4 - d l n i t r o b e n z e n e

/  ' •  ■ ^ 4 % , '^ 'e  196) and  1 , 2 - d i m e t h y l - 4 , 5 - d i n l . t r o b e n z e n e  (94%, m/e*, 19^) . -,
; '  '  '  ,  ^  ^

- T h e R e a c t i o n  was- r e p e a t e d  b y  a d d i n g  c o l d  2 , 6 r d i m e t h y l p y r i d i n e
 ̂ • 9 ; *  ̂ \ , '• W

* '  ' ' . ( 5 8  mm ). t o  a  s o l u t i o n  o f  t h e  d i e n è  (6 4  mg, 0 . 2 5  mmol) i n  c h l o r o f o r m - d

' (2 9 0  tnm^) a t  -60*^0.*" The t e m p e r a t u r e  o f  t h e  m ix tu s® ^ w a s  r a i s e d  t o  0®C

' ;  '  ' ;  ^  * * '  '  - '
% \  a n d  m a i n t a i n e d  foi* 2 h  a t  t h i s  t e m p e r a t u r e . A f t e r  w o r k - u p ,  t h e  p r o d u c t

' / .  '  :  . '  '  - . i_  '  » -  " ,  '  '  '
* , . ; L» c o m p o s i t i o n  b y  H n . m . r .  w as  shown* t o  b e  l , 2 ^ d i m e t h y i - 4 , 5 - d i n i t r o b e n z e n e

^  (1 5 % ) ,  d i g n e  (67%) an d  a n o t h e r  d i e Â e , l a t e r  i d e n t i f i e d  aô  5 , 6 - d i m e t h -
O y  '  - , .  '  - *

y l ^ , 6 - d i n i t T O G y c l o h e x a T 2 , 4 - d J . e n y l  a c e t a t e  (17%)*

. V (10) tart-Bucylamlne *

" ° ^ - G ^ d  f a r b - b u t y i a m i n e  ( 2 6 - mm^) w asm added ^to a  s o l u t i o n  o f  ' t h e  ^
t I 3i  ̂ „o-, ,, d ie n e  7 (6 4  m g O ^ p  mmol) i n  c h lo r o fo r m -d , (^290 mm ) a t  0  C. T h ere  w as

•• • no* J é r c e p t i b i e  d è ^ a ip o s i t i o n  (b y  n .m ,r . )  a f t e r -3 0  m in a t  0°C. The .

% • • ’• r e a c t io i f tm lf c t i# ^ w a s  w o r k fe d -u ^ ^ ifter  18 h a t  0°C and H n '.m .r . o f  th e
'  . : 4 t- ■- ' ■

%

p r o d u c t  in*  c h l o r o f o r m - ^ ,  sh o w ed  t h e  p r e s e n c e  o f  a  cdm pçund w i t h  a  t s r t -  

, # - b u t y l  g r o u p -'(6* 1 .4 8  ppm) T h e  p r o d u c t  c o m p o s i t i o n , .  b y y %  n . m . r .  an d

. . .^jL^.s4«*-m,S;. waj( shown . t o ^ e V j  ,2 -d lm e th ÿ î4 4 a t t i f fô ^ ^ ^ te » e  (4%, m /e  151)
*• " . •. ‘ *■  ̂ . - . ' - L

* , l " ,2 -d j .m % th y l -3 , 5 h d i n i t ; % t en g % ië  (7 /f ,  fm /o. 19'6^ , 1 , 2 - d i m é t h y l - 3 , 4 - d i n i t r o % ^

'  V -b^nsferie" ( 1 0 % . j - \ / e  *J96) , 1 , 2 ^ î m e t h y Ï 4 ' 4 ; 5 - d i n i t r o b e n z e n e  (6 0 % ,^ m /é  196) ' .
" f  ̂ J  ^   ̂ *

-■ *■ and a* compcAind.pf m a s s .i-2 2 )  w h ich  V a s  t d h t a t i V e l y . i d e & i f l e d  a s  ./■ '
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\ \

V

• J

N - t : Ê î > t - b u t y l - 4 , 5 - d i m e ' t h y l - 2 - n i t r o a n i l i n e  *(19%). . ■

(1 1 )  Sodium  M etho% ide  i n  M e th a n o l  ( ® :

S odium  m e t h o x i d e  (4 2  m g, 0 . 7 8  mmol) w as  a d d e d  t ô  a  s o l u t i o n  o f

t h e  d i e n e  JA  (1 0 0  m g, 0 . 3 9  mmol)' i n  m e t h a n o l  (3 5 0  nrni^) a t  - 7 8 ° C .  The
*’ - . 

m i x t u r e  a t t a i n e d  a n  im m e d ia t e  o r a n g e - r e d  c o l é y r .  T ^ e  t e m p e r a t u r e  o f .  t h e
t. . - ■ , '

m i x t u r e  w as r a i s e d  t o  0®C an d  m a i n t a i n e d  2 h  t o  e n s u r e  c o m p l e t e

- ■ 1 ^
' r e a c t i o n .  A f t ^  w o r k - u p ,  t h e  p r o d u c t  w as i d e n t i f i e d  b y  H n . m . r .  a s  " ,

é-
o n e  d i a s t ^ e o m e r  o f  5 , 6 - d i m e t h y l - 2 , 6 - d i n i t r o c y c l o h e x a - 2 , 4 - d i e n y l  m e t h y l

e t h e r .  T he  r e a c t i o n  w as r e p e a t e d  u n d e r  s i m i l a r  c o n d i t i o n s  on  t h e  d i e n e

when t h e - s a m e  d i a s t e r e o m e r  o f  5 , 6 - d i m e t h y l - 2 - , 6 - d l n i t r o c y c l o h e x a - 2 j 4 r  ^

d i e n y l  m e t h y l  e t h e r  w as  o b t a i n e d .  , '
' '

T he  r e a c t i o n  w as  “r e p e a t e d  on  t h e  c r u d e  n i t r a t i o n  p r o d u c t  o f

' ' ' ' ' ' ' . L  " ^. i l  , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  ( d o n t a i n i n g  <?a. 50% d i e n e  a d d u p t s )  u n d e r  “  

s i m i l a r  a d d i t i o n s .  The p r o d u c t ,  a f t e r  w o r k - u p ,  was^ i n j e c t e d  i p t o  t h e  

i n l e t  o f  a  P r e p  LC s y s t e m  u s i n g  b e n z e n e  a s  t h e  s o l v e n t  a t  a  f l o w - r a f e  o f  

0 . 1  dm m in "  . .  T he  f i r s t  f r a c t i o n  c o n t a i n e d  m a i n l y  à  m i x t u r e ‘o f  a r o m a t i c

m

co m p o y W s , p r e s e t  i n  * t h e  j i i t r a t i o n *  p r o d u c t .  T h e  s e c o n d  f r a c t i o n , "  a f t e r
^  '  o , ‘

r e c r y s t a l l i z a t i o i t  f ro m  e t h e r  a t  - 2 0  C g a v e  5 , 6 - d i m e t h y l - 2 , 6 - d i n i t r o c y c l o - ^
" ' ' '  ~  \

h e x a - 2 , 4 - d i ^ n y l  m e t h y l  e t h e r  =_(^) m .p .  6 9 % ;  j u w .  (C H ^ D H )- '3 2 8 y m '(395^

203 im (9T50 l.r. (Nüjol) 1555 cm"^ (NO ), 1090 cm"^" '
^  ' * ' . . '4  . ' . ,
(C-O-C); n.df.r. (90 CDCl.) 6 1.88 (s,3,6-CH^^)\ 2.Ï9 (d,3,5-CH^w), 

%i55 (sfj,jOqH_), 5 )12 (8,1,1-H^,.&.25 (dd,^;4-H).* 7.38 (d,l,3h^); .
^ ' . . '  » . '* ' '

J _ ,  = 6 H z ,  J ,  _ -  1 . 5  H z . I r r a d l a t i d n - a j f  t h e  5-CH - ( d )  r e s ô n a n c e ’
34^ . • 4 .5-CH3 , _ -  . \  / V I  .. 3- ;  ,  •:

* r e s u l t e d  i n  t h e  c o l l a p s e  o f  th 'e  4*iH ^ ^ l / r e s à i a n c - e  t o  a  d o u b l e t ' w h e r e a s , 

i r r a d i a t i o n  o f  t h e  S-tH*' (d) r e s o n a n c e  r e s u l t e d  k n > t h è  e p l l O T S ^ o f  t h e  ,4rH 

(dd) r e s o n a n c e  t o - a  d i f f é r e n t  d o u b l f e t ;  C n .m < r J  (CDClg, ppm) ’5 c  ^
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19.6 (6-ÇH ), 20.0 (S-ÇHg), 60/i5 (OÇH ), 75.1 (C-IX, 91.6 (C-6),.

123/4 (Cc4), 129.6 (C-3),^142;8 (C^6), 146:0 (C-2)i 

Anal. Calcd. for CgH^gNgO.: C,47.37%; H,5.30%; N,12.27%

Found : C,47.55%; H,5.24%, N,12.14% »

(1 2 )  . P o t a s s i u m  H y d r o x id e  i n  A c e t o n i t r i l e - d ^

3 - ■ ■ *
A c e t o n i t r i l e - d ^  (315  mm ) w as  à d d e d  t o  a  m i x t u r e  o f  p o t a s s i u m

h y d r o x i d e  (2 8  m g, O.^mnol) and l B - c r o w n - 6  (132  mg, 0 . 5  iran o l) , *The m ix ­

t u r e  wag w arm ed t o  4 0 ° Ç , c o o l e d  t o  -7 8 ° C  a n d ' t h e  d i ^ e  7 (6 4  m g, 0 . 2 5  
'

mmol) a d d e d .  T h e  t e m p e r a t u r e  w as  r a i s e d  «to 0°C an d  t h e  d a r k - g r e e n  

s o l u t i o n  w o rk e d  u p  a f t e r - 3Ô-m i n - f c o - ^ - v e ~ b y -  —fl  n i m r r  —ÿ<lT2=d±mettiyï^^#%5^  

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

(1 3 )  P o t a s s i u m  t g r t - B g t o x i d e  i n  A c e t o n i t r i l e - d _
3

^  *
« • P o t a s s i u m  t e r t - b u t o x i d e  (42 mg, 0 ^ 3 7 5  m o l)  w as a d d e d  t o  t h e

d i e n e  ^ < 6 4 -mg, 0 . 2 5  mmol) i n ^ a c h t o n l t r i l e - d j  (3 1 5  m m ^)- a t  -35°C.* The
« 0

t e m p e r a t u r e  w as  r a i s e d  t o  0 C an d  m a i n t a i n e d  f o r  30 m in .  T he  d a f k - g r e e n

:  ' ■■ 1 ■ . 
s o l u t i o n  ^ a s  w o r k e d - u p  and  t h e  p r o d u c t  e x p o s i t i o n ,  b y  H n . m . r .  and  •

g . l . c . - m . s .  w as  l , 2 - d i m e t h g l - 4  - n i t r o b e n z e n e  (24%, m /e  1 5 1 ) T 1 , 2 - d i m e t h -
1 ; /  '  '  '  . '  t

y l - 3 , 5 - d i n i t r o b e n z e n e  (12%, m /e  1 9 6 ) ,  1 , 2 - d i m e t h y l - 3  , '4 w d j j i i t r o b e n z e n e  • .
■' ■ ' , "  - - _ 

(4%, m /e  196) an d  l , 2 - d l m e t h y l - 4 , 5 - d i n i t r o b e n s e n e  (60%', m /e  19.6).

(14) '  Sodium  p h e n o x id e . .

Æ#di%% phenejdLde -p rd p ared  ,<th th e  f o l lo w in g  .manner î

a s o l u t i o n  o f  .ÿh én oL  (5  g ) - i n  e t h e r  (60 cm") f i t  a  seperAtdry funnel and
^  . "V “t  • . . . . .  • N •

th o r o u g h ly  m i x e d ' T h e /  aq uepu s la y e r ,w a s  w ith d ra w n  and w ith

Kth®^ fbO c #  ) .  T h ^ s o l v e n t  w as d i s t i l l e d  under red u ced  p r e s s u r e

and th e  p r o d u c t v a c u m -d r ie ff'»  .

%

 ̂ " . A . s o l u t i o n  o f - 0 . 5 ^  sod ium  h y d r o x id e  (1 0 0 , cm^) w as added t o  ^  '



' . ^  Sodium  p h e n o x i d e  (7 8  mg,‘ . 0 .5  mmol) w as  a d d e d  t o  a  s o l u t i o n

o f  t h e  d i e n e  ^  (6 4  m g, 0 . 2 5  mmol) i n  a c e t o n i t r i l e  (64  m g, 0 . 2 5  mmol)

, o * .
a t  - 4 0  C, The m i x t u r e  i m m e d i a t e l y  a t t a i n e d  a n  o r a n g e - r e d  c o l o u r .  The

' t e m p e r a t u r e  o f  . t h e  m i x t u r e  w as  r a i s e d  t o  0°C a n d - m a i n t a i n e d  f o r *30 m in .

The d a r k - h r o w n  s o l u t i o n  was t h e n  w o r k e d - u p  â n d  t h e  p r o d u c t ^  a s  a n a l y z e d  
1

b y  H n . m . r .  an d  g . l . c . - m . s .  w as  f o u n d  t o  b e  1 , 2 - d l m e t h y l - 4 - n l t r o b e n z e n e  

(17% , m /e  1 5 1 ) , '  1 , 2 - d i m e t h y l - 3 , 5 - d l n i t r o b e n z e n e  (3%, 6 / e  196T , l , 2 - d l - . . ‘

. m e t h y l - 3 , 4 - d i n i t r o b e n z e n e  (3%, m /e  196)  a n d  1 , 2 - d i m e f h y  1 - 4 , 5 - d i n i t r o -  

• b e n z e n e  (77%, m /e  1 9 6 ) .  .

(1 5 )  § o d iu m  T h i o p h e n o x l d e  .

S o d iu m  t h i o p h e n o x i d e  w as  p r e p a r e d  a s  f o l l o w s :

.  ' • .  • ■ ‘ g
A s o l u t i o n  " o f  t h i o p h e n o l  (6  g ,  0 . .06  m o l)  i n  t o l u e n e  (3 0  cm ) '

w as  added , t o  m o l t e n  s o d iu m  ( 1 . 1 5  g ,  0 : 0 5 . m o l )  i n  t o l u e n e  %20 c *  ) .  T h e

m i x t u r e  w a a ' h e a t e d  u n d e r  r e f l u x  f o r  30  m in  a n d  t h e  s o l v e n t  t h e n  re m o v e d  .

u n d e r  r e d u c e d  p r e s s u r e .  The p r o d u è t  w as  powdere<fc an d  v a c u u m - d ç i e d . •

S'oÆium t h i o p h e n o x i d e  (5 0  mg, 0 . 3 8  mmol) w as  a d d e d  t o  a ' S o l u t i o n  .

3o f  t h e  d i e n e  ^  (6 4  mg, 0 . 2 5  mmol) i n  a c e t o n i t r i l e  (4 0 0  mm ) a t  - 4 0  C_.

T h e  t e m p e r a t u r e  wad" i n c r e a s e d  t o  0®C a n d  n . m . r .  a f t e r  5  m in  i n d i c a t e d
,  . . . '  ■ * 

c o m p l e t e  d e c o m p o s i t i o n  o f  t h e , d i e n e .  A f t e r  w o r k - u p ,  t h e  p r o d u c t  com po-

s i t i o n  b y  H n . m . r .  a n d  g . l . c . - m . s .  .was l : , 2 - d l m e t h y l - 4 - n i t r o b e n z e n e  <1%,

, ■ . m /e  151)  a n d  A compound o f  m a s s  259 (99%) . T h e " p r o d u c t i o n ' r e c r y s t a l l l -

z a t i o n  f r o m  e t h e r  g a v e  p a l e - y e l l o w ,  c u b i c  c r y s t a l s  o f  .4; S - ^ i m ' e t h y l - 2 -

n i t r o p h e n y l  p h e n y l  s u l f i d e ,  f ^ )  m .p .  7 9 ° C ;  A l  n . m . \ .  ' ( 9 0  ^ H z ,  CDCl,,) 6 '

K ^ " 21 , 3 ,  5 - Œ q )  , 6 . 6 0  ( s , l , 6 - H ) ,  7,4*5 ( m , 5 , C Æ  ) 7 . 9 6
s ,  y  . f  ■*“  ! * , , '0 “ 5

. . ( s , l , 3 - H ) ; m ash  s p e c t r i n  (7 0  eV% m / d  ( r e l a t i v e  i n t e n s i t y )  2 5 9 ,0 5 7  ( 3 6 ,
\   ̂ . ' - 

Maps c a l c u l a t e d  f o r  2 5 9 .0 6 ,7 ) , '  199 ( 1 6 )  /  198 ( 5 5 ) ,  196 ( 4 5 ) ,



77

195 (100), 182 (20), 181 (95), 166 (15).

(16) P o t a s s i u m  N i t r i t e

M e t h a n o l - d  (3 1 5  nmi^) w Æ S/âdded  t o  a  m i x t u r e  o f  t h e  d i e n e  7 

(7 0  m g, 0 . 2 7  n m o l ) ,  . p o t a s s i u m  n i t ç ^ e  (3 5  m g, 0 , 4 2  mmol) a n d  1 8 -c ro w n -^

‘ 6 (3 5  m g, 0 . 4 1  mmol) a t  - 7 8 -C' I n  hn  n . m . r .  t u b e ' . - ’ T h e  H n . m . r .  o f  t h e

O ’ "s o l u t i o n  a f t e r  5 m in  a t  0  C i n d i c a t e d  c o m p l e t e  d e c o m p o s i t i o n .  The p r o d -
1

u c t ,  a f t e r  w o r k - u p  w as  show n b y  _H n . m . r .  a n d  g . l . c . - m . s .  t o  b e  1 , 2 -  

d i m e t h y l - 4 , 5 - d l n i t r o b e n z e n e  ( 1 0 0 % ,^m /e 196).

(1 7 )  P o t a s s i u m  A c e t a t e  . '
»

A m i x t u r e ' o f  p o t a s s i u m  a c e t a t e  (3 7  mg, 0 . 3 8  mmol) a n d  1 8 -c ro w n -  

6  (9 9  m g, 0 . 3 8  mmol) i n  a c e t o n i t r l l é - d .  (4 0 0  mm^) w as  w arm ed  t o  5 0 ° C ,  

c o o l e d  t o  0°C an d  t h e  d i e n e  7 (6 4  m g, 0 . 2 5  mmol) a d d e d .  The* d e c o m p o s i ­

t i o n  was; c o m p l e t e  i n  5 m in  a n d  t h e  p r o d u c t ,  b y ' n . m . r .  w a s  fo u n d  t o  b e

1 , 2 - d i m e t h y l - 4 , 5 “ d i h i t r o b e n z e n e .

( 1 8 )  P o t a s s i u m  C y a n id e

3
C o ld  m e t h a n o l - d ^  ’( S i ^ m m  ■), w as  a d d e d  t o  a  m i x t u r e  o f  t h e  d i e n e  

^  -•(64 m g, 0 . 2 5  mmolT, p o t a s s i u m  c y a n i d e  (25  m g, 0 . 3 8  n m o l ) ,  an d  1 8 - c r o w n -  

6 (9 9  m g, 0 . 3 8  mmol) a t  - 7 8 ° C .  T he  m i x t u r e  w as  a l l o w e d  t o  warm t o  0°C 

a n d  m a i n t a i n e d  f o r  30 m i n .  A f t e r  w o r k - u p ,  t h e  m a j o r  p r o d u c t , . . b y

n T m . r .  a n d  g . l i c . - m . s ,  w a s  2 , 3 - d l m e t h y l - 6 - n i t r o b e n z o n i t r H e  ( 94%,' 

m/e 176) (^) (90)gz, CDCl^) 6 2.45 (a,3,2^H^g), 2:60 (s,3,3-CH_), 7.54 

C d , l , 4 - H ) ,  8 . 0 4  ( d , l , 5 ÿ Ë ) i 3 . p  = 8 . 6  H z .  T h #  m i n o r  p r o d u c t  o b t a i n e d  w a s

’ • l , 2 - d i m e t h y l - 4 , 5 - d i n l t r o b e n z e n e '  (6%, m / ê  196). ,\ . .
T h e  r e a c t i o n  w a s  r e p e a t e d  u n d e r  s i m i l a r  c o n d i t l o n § , 4 i s i n g  a c e t o -

3 /  t
n i t r i l e - d g  (3 1 5  mm ) a s  t h e  s o l v e n t  a n d  t h e  p r o d u c t  c o m p o s i t i o n  b y  H ’ 

n . m . r .  w as  f o u n d - t o - b e * ' 2 , 3 - d l m e t h y I - 6 - n i t r o b e n z o n l t t i l e .  ( 7 0 1 )  a n d

L
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1 ,2<c;dime.thÿL-4,5 - d i n i t r o b e n z e n e  (30%) . . .

* • .. When t h e  r e a c t i o n  w as  c a r r i e d ,  o u t  i n  50% - p y r i d i n e - m e t h a n o l  ‘ '

' 3 , '  1",700  mm ) ,  t h e  ( p r o d u d t  c o m p o s i t i o n  b y  H n . m . r .  and  g . l . c . - m . s .  was

fo u n d  t o - b e  2 ,3 - d i m e  t h y  1 - 6 - n i t r o b e n z o t ^ r i l e  (58%; m /e  176) and  1 , 2 - d i m e -
: ' ' '  r  ,

, t h y l r 4 , 5 r d i n i t r o b e n z e n e  (42% , m /e  1 9 6 ) .

( 1 9 )  E o t a s s i u m  H a l i d e  i n  M e t h a n o l - d ,
. ' '  ' 4 -

• _ »  • . .  3
G d id  m e t h a n o l  (4 0 0  nm ) was a d d e d  t o  a  m i x t u r e  o f  t h e  d i e n e  ^  

( 6 4 -mg,’ 0 . 2 5  n m o l ) ,  .18—cro w n —6 (99  mg, 0 , 3 8  tianol) a n d  p o t a s s i u m  i o d i d e  

(62  mg, Ô .3 8  mmol)" a t  - 7 8 ° C ,  The t e m p e r a t u r e  w as  r a i s e d  t o  0*̂ C an d  

n ' . m . r .  a j ^ r - 1 I f 'sh o w e d ,  t h a t  n o  r e a c t i o n  h a d  o c c u r r e d . ’ The m i x t u r e  was 

a l l o w e d  t y w a r m  t o  20  C a n d  m a i n t a i n e d  f o r  48 h .  A f t e r  w o r k - u p ,  H 

n . m . r .  s h o w e d .! t l | e  p r o d u c t s  t o  b e  ' 1 , ^ - d i m e t h y  1 - 4 , 5 - d i n i t r o b e n z e n e  ‘ (58%) 

an d  4 , 5 - d i m e t h y l - 2 i 4 - d l n i t r o c y c l o h e x a - 2 , 5 - d i e r i y l  m e t h y l  (Ü ) e t h e r  ( 3 4 j  

r 4 2 % )^  i d e n t i f i e d  l a t e r  b y  c o m p a r i s o n  o f  i t s  s p e c t r u m  w i t h  t h a t  o f  t h e  

a u t h e n t i c ' s a m p l e .

'T h e  r e a c t i o n  w as  r e p e a t e d  u n d e r  s i m i l a r  c o n d i t i o n s  .w i th  p o t a -
^ " '

s s i u m  b ro m id e  a n d  t h e  m i x t u r e  w o rk e d -u p  a f t e r  78  h  a t  20 O' t o  g i v e ,  by  

' H n . m . r . ,  4 , 5 - d i m e t h y l - 2 , 4 - d i n i t r o c y c i o h e x a - 2 , 5 - j i i e n y l  m e t h y l  (d  ) e t h e r

4*5%) , l , 2 - d i m e t h y l - 4 , 5 - d i n i t r o b e n z e n e  (22%) a n d / 5 , 6 - d l m e t h y l - 2 , 6 -  

d i n i t r o c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e  (jg, 33% ). T he  l a s t  compound was 

i d e n t i f i e d  by c o m p a r i s o n  o f  i t s  spectrum w i t h  t h a t  o f  a n  a u t h e n t i c  * ;

s a m p le ,  >. , ■ «

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

c o n d i t i o n s  a p d  t h e  m i x t u r e  w o rk e d -u p  a f t e r  7 d a y s  a t  20°C  t o  g i v e ,  b y  

n . m . r . ,  4 ,24-d lm eC liy l—4 , 5 —d i n i t r o b e n z e n e  a s  t h e  o n l y  p r o d u c t .

< . ■ \
\
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W ith  p o t a s s i u m  f l u o r i d e  u n d e r  s i m i l a r  . c o n d i t i o n s ,  t h e  p r o d u c t

1 Q •c o m p o s i t i o n  b y  H n . m . r .  a f t e r  20 h a t  0 C was 1 , 2 - d i m e t h y l - 4 , 5 - d i n i t r o -

/ "
b e n z e n e |  (28% ), 4 , 5 - d i m e t h y l - 2 , 6 - d i n i t r o c y c l o h e x a - 2 , 5 - d i e n y l  m e t h y l  (d ^ )  

e t h e r  (57%) an d  5 , 6 - d i m e t h y J . - 2 , 6 - d i n i t r o c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e  

.(15%)^

(20)  P o ta s s iu m  H a l i d e  i n  A c e t o n i t r i l e - d ^

^ 3 ' *
* A c e t o n i t r i l e - d g  (400  mm ) was a d d e d '  t o  a  f i x t u r e  o f  p o t a s s i u m

f l u o r i d e  (22 mg, 0 . 3 8  mmol) and  1 8 -c ro w n -6  (99  mg, 0 . 3 8  m m o l) .  The m ix ­

t u r e  was warmed t o  5D°C an d  t h e  s o l u t i o n  c o a l e d  to" 0?C . The d i e n e  7

_ ( 6 4  mg, pw25 ™ o l L w a s _ a d d e d .  and  t h e  r e a c t i o n - . w o r k e d - u p a f t e r * 20‘ m in._at

6 1 ‘  ‘
0°C t o  g i v e ,  b y  H n . m . r . ,  1 , 2 - d i i n e c h y l - 4 , 5 - d i n i t r o b e n z e n e  ( e a .  100%).

The r e a c t i o n  was r e p e a t e d  w i t h  p o t a s s i u m  b ro m id e  u n d e r  s i m i l a r.
" c o n d i t i o n s  (1 8  h ,  O^C) t o  g i v e ,  b y  E n . m . r .  and  g . l . q . - m . * .  , , 1 , 2 - d i m e t h -  

y l - 4 , 5 - d i n i t r o b e n z e n e  (95%, m /e  1 9 6 ) ,  1 , 2 - ( ^ L m e t h y l - 3 , 4 - d i h i t r o b e n z e n e  

(3%'f m /e  196) an d  1 , 2 - d i m e t h y l - 3 , 5 - d i n i t r o b f e n 2 e r t e  (2% , m /e  1 9 6 ) .  The 

r e a c t i o n  was r e p e a t e d  u n d e r  s i m i l a r  c o n d i t i o n s  an d  . t h e  m lx tu r e .w o r k e d t - u p

O 1 '  ̂ * •
a f t e r  5 h \ a t  0 C t o  g i v e ,  by  H n . m . r . ,  1 , 2 - d i m e t h y l —4 , 5 - d i n l t r o b # n z e n e  

(3f%) and  5 , 6 - d i m e t h y l - 2 , 6 - . d i n i t r o c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e  (6 8 % ) . '

The p r o d u c t  m i x t u r e  from  th i s -  r e a c t i o n  on t r e a t m e n t  w i t h  p o t a s s i u m  i o d i d e  

(6 2  m g,.  0 . 3 8  mmol) an d  1 8 - c r o w n - 4  <99 m g ,  0 . 3 8 , m m ol) i n  a c e t o n i t r i l e .

< 4 0 0 -mmjll f o r - 1 8 -h  a t  0°C g a v e  , .  b y  J j£  n  . m j i r l 3 2 d i to e b h ÿ 4 ^ 4 y 5 ë d M ^ ? tB e -  

b e n z e n e  a s  t h e  m a in  p r o d u c t .

T he r e a c t i o n  m m  r e p e a t e d  w i t h  p o t a s s i u m  i o d i d e  u n d e r  s i m i l a r ^ '  

c o n d i t i o n s - a n d  t h e  r e a c t i o n  m i x t u r e  w o rk e d -u p  a f t e r  I ' h ^ a t  0 C t o  g i v e ,

b y  H , n . m . r , ,  1 , 2 f d i m e t h y l - 4 , 5 - a i n f t r o b e n z e h e  (77%) and  5 V 6 - d i m e t h y l -
»

2 , 6 - d i n i t c o c y c l o h a % % 2 f 4 '% : e n y l  a c e t a t e  (23%^ . Tbje p r o d u c b  m i x t u r e  frg m
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t h i s  r e a c t i o n  on t r e a t m e n t  ^with p o t a s s i u m  i o d i d e  (62 mg, 0 . 3 8  mmol) and

8 - c r o w n - 6  (99  m g, 0 . 3 8  mmol) i n  m e t h a n o l  (400 mm^) f o r  18 h  a t  0°C g a v e ,

by  n . m . r . ,  1 , 2 - d i m e t h y l - 4 , 5 - d i n d t r o b e n z e n e  a s  t h e  m a in  p r o d u c t .

(2 1 )  P o t a s s i u m  B ro m id e  i n  A c e t i c  A n ^ d r i d e

• ■ ^  • • 3
C o ld  50% a c e t i c  a n h y d r i d e  i n  a c e t o n i t r i l e  ( v / v ,  700 mm ) w as

a d d e d  t o  a  m i x t u r e  o f  p o t a s s i u m j ^ o m i d e  (4 5  mg,,0.38 mmol) and  1 8 -c r o w n -6

(99 m g, 0 . 3 8  n p o l )  i n  a n  n . m . r .  t u b e .  T he  m i x t u r e  was warmed t o  5 0 °C ,

c o o l e d  t o  ü°C  an d  t h e  d i e n e  ^  .(64eing, 0 . 2 5  mmol) a d d e d .  The r e a c t i o n

o * 1m i x t u r e  w as  w o r k e d - u p  a f t e r  18 h  a t  0  C t o  g i v e ,  by  H n . m . r . ,  1 , 2 - d i -

m e t h y l - 4 , 5 - d i n i t r o b e n z e n e  (3 % ),  d i e n e  7 (22%) an d  5 , 6 - d i m e t h y l - 2 , 6 - d i - -

n l t r o c y c l o h e K a - 2 , 4 - d i e n y l  a c e t a t e  (8, 75%).

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

3 1a n h y d r i d e  (4 0 0  mm ) t o  g i v e ,  b y  H n . m . r . ,  d i e n e  J  (22%) a n d ,  a s  i n  o t h e r  

c a s e s  w h e r e  t h i s  c e p p o u n d w w a s r fo rm e d . o n e  d im s t e r e o m e r . 5 w êd d im m h h tl-

2 , 6 - d i n i t r o c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e ^ ( ^ ,  75% ).

T3ie r e a c t i o n  was r e p e a t e d  on t h e  c r u d e  n i t r a t i o n  p r o d u c t  o f

l , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  ( c o n t a i n i n g ,  e a .  50% d i e n e s )  u s i n g  a  p r o p o r ­

t i o n a l  am ount o f  p o t a s s i u m  b r o m id e  an d  a c e t i c  a n h y d r i d e .  The r e a c t i o n  

p r o d u c t  w as  w o r k e d -u p  a f & e r  48 h  a t  0°C and  i n j e c t e d  i n t o  t h e  i n l e t  o f
'  ;3

a  P r e p  LC s y s t e m  u s i n g  b e n z e n e  a s  t h e  s o l v e n t  a t a a ^ f i o w e r â û e -  ôf- O ll rd M  

-1
m in  . T h e  f i r s t  f r a c t i o n  c o n t a i n e d  m a i n l y  a r o m a t i c  c o m p o u n d s ,  p r e s e n t  i n  

i n  t h e  n i t r a t i o n  p r o d u c t .  T he  s e c o n d  f r a c t i o n ,  a f t e r  ^ e c r y s t a l l i z a t i o n  

f ro m  e t h e r  a t  - 2 0 ° C ,  g a v e  o n e  d i a s t e r e o m e r  6 f  5 , 6 - d i m e t h y l - 2 , 6 - d i n l c r o -  

c y c l o h e x a - 2 , 4 - d i ^ b y i  a c e t a t e  t ^ )  m .p .  99°C; u . v ,  (CH^OH) 325  nm (1 1 4 5  

m^ m o l  195 t o  (1 3 8 0  mol j l . r .  ( N u j o l )  1753 an d  1210 cm ^

cm (MO,); n.m.r. (90 MHz. CDClJ 8 1.78 (8,3.6-CH^:)
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2.08 (s,3,0C0CH_), 2.12 (d,3,5-CH^g), 6.35 (dd,l,4-H). 6.93 (s,l,l-H), -

7 .4 8  ( d , l , 3 - H ) j  = 7 Hz, 5-C H ^ ~ 1 -5  Hz. I r r a d i a t i o n  o f  t h e

4-H ( d d )  r e s o n a n c e  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  5-CH-(d) r e s o n a n c e

13
t o  a  s i n g l e t  and  a l s o ,  t h e  3-H (d) r e s o n a n c e  t o  a s i n g l e t ;  C n . m . r .  

(CDCl., ppm) 5c 19.3 (6-01^), 19.8 (5r;CH^),,20.4 (OCOCH^), 65.5 (C-1),

90.9 (C-6), 123.4 (C-4), 130.6 (C-3), 130.9 (C-5), 142.Z (C4^), 169.0 ' 

(OGOCH ).

A n a l .  Calcd. f o r  C.^H.-NgO,: 0 , 4 6 . 8 8 ;  H , 4 . 7 2 ;  N , 1 0 .9 3  

_ Found C,46.80; H.4.79; N,10.82
X Z 2 X - .Jo  t a s s l u guT M n  cy  a n a  t e  ^

3
A c e t o n i t r i l e - d g  (400 mm ) w as  .ad d ed  t o  a  m i x t u r e  o f  p o t a s s i u m

t h i o c y a n a t e  (36  mg, 0 . 3 8  mmol) and  1 8 -c ro w n -6  (99 mg, 0 . 3 8  mmol) . The

m i x t u r e  was warmèd t o  5 0 ° C , c o o l e j . t o  0°C an d  t h e  d i e n e  ^  (64 mg, 0 .2 5

n m o l)  a d d e d .  The r e a c t i o n  m i x t u r e  was w o rk e d -u p  a f t e r  18 h  a t  0°C to  

1
g i v e ,  b y  H n . m . r . ,  1 , 2 - d i m e t h y 1 - 4 , 5 - d i n i t r o b e n z e n e  (86%) and  t h e  d i e n e

a  (14% ).

The r e a c t i o n  w i ^ e p e a t e d  u s i n g  m e t h a n o l  (400 mm^) a s  t h e  

s o l v e n t  m d  t h e  r e a c t i o n  m i x t u r e  w o r k e d - u p , a f t e r  18 h  a t  0°C t o  g i v e , ,  by 

n . m . r .  and g . l . c . - m . s . ,  1 , 2 -d im e  t h y l - 4 , 5 - d i n i t r o b e n * z e n e  (100% , m /e  196) 

( 2 3 ^  T h e rm a l  D e c o m p o s i t io n

3A s o l u t i o n  o f  d i e n e  7 (64 m g, 0 , 2 5  mmol) m m m toluene (10 cm ) 

w as h e a t e d  u n d e r  r e f l u x  f o r  1 h .  T he  s o l v e n t  was t h e n  r ^ o v e d  f ro m  t h e

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

n . m . r .  an d  g . l . c . - m . s ' . ,  was 1 , 2 - d i m e t h y  1 - 4 - n i t r o b e n z e n e  (78% , m /e  ,151) 

and  1 , 2 - d i m e t h y l - 3 , 5 - d i n i t r o b e n z e n e  (22% , m /e  1 9 6 ) .  A  s i m i l a r  r e s u l t # #  

w as o b t a i n e d  when a  1% s o l u t i o n  o f  t h e * d i e n è  7 i n  a c e t o n e  was i n j e c t e d  •
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i n t o  t h e  i n l e t  (270°C ) o f  a  g a s  c h r o m a to g r a p h .

(2 4 )  80% M e th a n o l  in-Tfafeer ^

A c o l d  s o l u t i o n  o f  80% m e t h a n o l  i n  w a t e r  ( v / v ,  350 iwa^) w a s .  

ad d e d  t o  t h e  d i e n e  ^  (64  mg, 0 . 2 5  mmol) an d  t h e  r e s u l t i n g  m i x t u r e  was 

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

was c o m p l e t e  (7 2  h ) , The H n . m . r .  o f  t h e  p r o d u c t  i n d i c a t e d  c o m p le t e  

d e c o m p o s i t i o n  o f  t h e  d i e n e  an d  t h e  c o m p o s i t i o n  b y  g . l . c . - m . s , .  was fo u n d  

t o ' b e  1 , 2 - d i m e t h y l - 4 - n l t r o b e n z e n e  (82%, m /e  151) and  1 , 2 - d i m e t h y l - 4 , 5 -  

d l n l t r o b e n z e n e  (18%, m /e  1 9 6 ) .

✓
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(B) R e a c t io n s  o f  4 , 5 -D im e th y l - 2  ,4 - d i n i t r o c y c l o h e x a - 2  , S - d i e n - l - o l  ( ^ )

The r e a c t i o n s  w e r e  c a r r i e d  o u t  on  a  2 :1  m i x t u r e  o f  t h e  a d d u c t s

an d  33B. The r e a c t i o n s  w e re  f o l l o w e d  b y  n . m . r .  s p e c t r o s c o p y - . a n d

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

r e p e a t e d  on  t h e  p u r e  i s o m e r s ,

(2 5 )  S u l f u r i c  A c id  i n  A c e t i c  A n h y d r id e

C o ld  2% s u l f u r i c  a c i d  i n  a c e t i c  a n h y d r i d e  ( v / v ,  250 mm ) was

a d d e d  t o  a  s o l u t i o n  o f  t h e  d i e n e  ^  (9 0  mg, 0 . 4 2  nm o l)  i n  a c e t i c  a n h y d r i -  

d e  (250  ram^) a t  0 °C .  T he  t e m p e r a t u r e . w a s  r a i s e d  t o  35 C and  H n . m . r . ,  

a f t e r  30 m in ,  i n d i c a t e d  t h a t  n o  r e a c t i o n  h a d  o c c u r r e d .  The m i x t u r e  was 

l e f t  a t  35°C f o r  18 h ,  a f t e r  w h ic h  n . m . r ,  i n d i c a t e d  s l i g h t  r e a r o m a ­

t i z a t i o n  (aa, 5%) . ^

To t h e  a b o v e  s o l u t i o n  a t  0  C w as  a d d e d  c o n c .  s u l f u r i c  a c ^ d  (1 0

mm^) and  t h e - t e m p e r a t u r e  r a i s e d  t o  3 5 °C .  t h e  d e c o m p o s i t i o n  was c o m p l e t e  

i n  2 ' m in  and  t h e  p r o d u c t  c o m p o s i t i o n  a f t e r  w o rk - u p  w as  (b y  H n . m . r . )

1 ,2-dim ethyl<-4-ni®9obenzene (8 2 % ),  1 ,2 -d im e th y l-3 ,5 -d in itr o b e n z e n e  (11%) 

and l ‘,2 -d lm eth y l-3 ,4 -d in itr o b e n z en e  (7% ),

(2 6 )  P y r i d i n e - d ^  an d  A c e t i c  A n h y d r id e  :

C o ld  p y r i d i n e - d ^  (3 0 0  nm ) w as  a d d e d  t o  t h e  d i e n e  ^  (9 0  mg, 

0 . 4 2  mmol) a t  - 7 8 ° C .  The s o l u t i o n  w as  a l l o w e d  t o  warm t o  0 C an d  H r  t  . 

n . m . r . ,  a f t e r  18 h ,  show ed t h a t  no r e a c t i o n  h a d  o c c u r r e d .  C o ld  l a e e t i c  

. a n h y d r id e  (4 5 0  mm^) w as a d d e d  t o  t h e  s o l u t i o n  a t  0 ° C \ ^ T h e  m i x t u r e  imme­

d i a t e l y  a t t a i n e d  a  d a r k - b r o w n  c o l o u r  an d  tM en ^T eW ^h o w m d m th & t t h e  decom-
«■

position was complete. After work-up, the product composition by H ..
^  - . L

n .m .r . was &,2 , d ^ t h y l - 4 , 5 -d in itro b en zen e  (oa. 100%). *
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The r e a c t i o n  was r e p e a t e d  by  a d d in g  c o l d  p y r i d i n e - d ^  (40  mm^)

t o  a  s o l u t i o n  o f  t h e  d i e n e  ^  (7 0  mg, 0 .3 3  mmol) i n  a c e t i c  a n h y d r i d e  (300

nm^) a t  -4 0 ° C .  The t e m p e r a t u r e  was r a i s e d  t o  0°C and  t h e  n . m . r .

( l o c k :  a c e t i c  a n h y d r id e  6 2 .1 5  p pm ) ' r e c o r d e d .  The a c é t y l a t i o n  o f  t h e

d i e n e  ^  t o  t h e  d i e n e  7 was c o m p le t e  w i t h i n  6 m in ,  a l t h o u g h  p a r t i a l

i s o m é r i s a t i o n  t o  5 , 6 - d i m e t h y l - 2 , 6 “d i n i t r o c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e  ( 8 ,

oa,  5%). was a l s o  o b s e r v e d .  The r e a c t i o n  m i x t u r e  was l e f t  f o r  18 h  a t  0°C
1

and  t h e  p r o d u c t ,  a f t e r  w o rk -u p ,w w as  l , 2 - ^ d i a e t h y l - 4 , 5 - = d i n i t r o b e n g e n e  { H. 

n . m . r . ) .

(2 7 )  2 , 6 - D l m e t h y l p y r i d i n e  and  A c e t i c  A n h y d r id e

X 3 ^
C o ld ^ 2 , 6 - d i m e t h y I p y r i d i n e  (5 8  mm ) was added  t o  a " s o l u t i o n  o f

t h e  d i e n e  ^  (70  mg, 0 .3 3  mmol) i n  a c e t i c  a n h y d r id e  (300  mm^) a t  -6 0 ° C .

The t e m p e r a t u r e  was r a i s e d  t o  0°C and  n . m . r .  a f t e r  150 m in  show ed t h a t

a c é t y l a t i o n  h ad  o c c u r r e d ,  a l t h o u g h  t h e  d i e n e  ^  w as  s t i l l  p r e s e n t  ( c a ,

50% ). The r e a c t i o n  m i x t u r e  was l e f t  f o r  18 h a t  0 C an d  t h e n  w o rk e d -u p .

The p r o d u c t  c o m p S s i t i o n  by  n . m . r .  was 1 , 2 - d i m e t h y l - 4 , 5 - d i n i t r o b e n z e n e

(3 % ),  d i e n e  ^  (40%) and  5 , 6 - d i m e t h y l - 2 , 6 - d l n i t r o c y c l o h e x a - 2 , 4 - d i e n y l

a c e t a t e  ( | ,  57%).

(2 8 )  M e th y l  I o d i d e  and  M o i s t  S i l v e r  Q x lde

H o i s t  s i l v e r  o x i d e  w as p r e p a r e d  i n  t h e  f o l l o w i n g  m a n n e r :

' 3
5N Sodium h y d r o x i d e  (1 0  cm ) ‘w as ad d e d  t o  a  s o l u t i o n  o f  s i l v e r

. ■ ■ . 3
n i t r a t e  ( 3 . 38-X g) ' i n  d i s t i l l e d  w a t «  (5  c m ) .  % e  p r e c i p i t a t e  o f  s i l v e r

o x i d e  was f i l t e r e d  u n d e r  s u c t i o n  an d  w a sh e d lw i 'th '  d i s t i l l e d  w a t e r  (5  X
3 . '

20 cm ) t o  rCToye e x c e s s  a l ^ l i .  F r e s h l y  p r e p a r e d  m o i s t  s i l v e r  o x i d e

was th e n ;  u s e d  f o r  t h e  r e a c t i o n .  *• , '  *i
i ' , - '  '  • -
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_ A m i x t u r e  o f  m o i s t  s i l v e r  o x i d e  ( 1 . 9 0  g) , m e t h y l  i o d i d e  (7  cm^) 

p o t a s s i u m  h y d r o x i d e  ( 0 . 0 1  g)* an d  t h e  d i e n e  ( 0 . 5 2  g )  was s t i r r e d  f o r  

5 h a t  20°C . The m i x t u r e  w as  t h e n  f i l t e r e d  an d  t h e  r e s i d u e  w ashed  w i t h
3

e t h e r  (5  X 6 0 'em ) ,  The e t h e r  e x t r a c t  was d r i e d  o v e r  a n h y d r o u s  

m agnesium  s u l f a t e  and  t h e  s o l v e n t  ( e t h e r  an d  e x c e s s  m e t h y l  i o d i d e )  rem o­

v e d  a t  15°C . The p r o d u c t ,  a f t e r  vacuum d r y i n g ,  w a s  fo u n d  t o  b e  one 

d i a s t e r e o m e r  o f  4 , 5 - d i m e t h y l - 2 , 4 - d i n i t r o c y c l o h e x a - 2 , 5 - d i e n y l  m e th y l  

ether (2&A) n.m.r. (90 MHz, CDCl^) 6 1.86 (d,3,5-CH.), 1.89 (s,3,

4-CHg), 3.35 (8,3,0CHg), 4.99 (d,l,l-H), 6.04 (*,1,6^8), 7.18 (s,l,3-H),

^16 ™ 4^**' ^6,5-CH " Hz; n.m.r. (CDClgi-ppm) 6c 17.6 (5-ÇH ),
2 3 .3  ( 4 - C H ^ ) , 5 6 . 8  (OCH^), 6 8 . 0  ( C - 1 ) ,  88.9 ( C - 4 ) ,  1 2 5 .5  ( C - 6 ) ,  131.6 

(C-3), 133.6 (C-5), 150.4 (C-2).

The r e a c t i o n  w as  r e p e a t e d  on t h e  d i e n e  33B t o  g i v e  t h e  o t h e r'Wi

d i a s t e r e o m e r  o f  4 , 5 - d i m e t h y l - 2 , 4 - d i n i t r o c y c l o h e x a - 2 , 5 - d i e n y l  m e th y l

ether (^^B) n.m.r. (90 MHz, CDCl^) 6 1.86 (s,6,4-CH_ and 5-GH), 3.30

( s , 3 , 0 C H ^ ) , 4.99 ( d , l , i - H ) ,  5.96 ( m , l , 6 - H ) ,  7 ,1 5  ( s , l , 3 - H ) ,  J  = 4 Hk;

13
C n.m.r. (CDCl^, ppm) 5c 18.7 (5-CH^),  2 3 .9  (4-CH^), 5 4 . 9  (OÇH ),

6 7 .1  ( C - 1 ) ,  8 8 .1  ( C = 4 ) , 1 2 5 .9  ( C - 6 ) ^  1 3 1 .4  (C-3), 133.7 ( C - 5 ) ,  1 5 0 .3  

(C-2).

:
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(C) R e a c t i o n s  o f  5 , 6 - D i m e t h y l - 2 , 6 - d i n l t r o c y c l o h e x a - 2 , 4 - d i e n y l  M e th y l  

• E t h e r  (^) with
(2 9 )  B o r o n t r i f l u o r i d e S l t h e r a t e

G o ld  b o r o n t r i f l u o r l d e .  e t h e r a t e  (250  mm ) w as  a d d e d  t o  d i e n è  r  

36 (7 0  m g, 0 . 3 0  mmol) i n  a n  n . m . r ,  t u b è  a t  - 7 8  C. T h e  t e m p e r a t u r e  w as  

r a i s e d  t o  0°C a n d  n . m . r .  a £ t e r  3 0  m in  show ed  n o  d e c o m p o s i t i o n ,  t h e  

mixture was warmèd to 20°C and n.m.r. after 7 days indicated partial 

d e c o m p o s i t i o n  o f  t h e  d i e n e .  T he  r e a c t i o n  m i x t u r e  was w o r k e d - u p  a f t e r  

20 d a y s  a t  20°C t o  g i v e ,  b y  n . m . r .  -and g . l . c . - m . s . , . 1 , 2 - d i m e t h y 1 - 4 -  

nitrobenzene (58%, m/e 151) and 2,3-dimethyl-6-nitroanis6le (42%, m/e 

1 8 1 )^  T he  l a t t e r  compound w as  i d e n t i f i e d  f ro m  t h e  H n . m . r .  s p e c t r u m  

and it had (90 MHz, CDCl^) 6 2.22 (s,3,2-CHg), 2.29 (s,3,3-CHg),

3^82 (s,3,0CHg), 6.95 (d,l,4;H)\ 7:^4 <d,l,6-H), - 9 Hz.
. -

(3 0 )  P y r i d i n e - d

C o ld  p y r i d i n e - d ^  (1 5 0  nm ) w as  a d d e d  t o  a  s o l u t i o n  o f  t h e  d i e n e  

%  (5 6  mg, 0 . 2 5  mmol) i n  c h l o r o f o r m - d ^  <300' mm )  a t  - 7 8 --C,.; .T h e  t ^ p e r a -  

ture was raised to 0°C,and n.m,t. after 30 min. gève no evidence of

d e c o m p o s i t i o n  o f  t h e  d i e n e .  T h e  m i x t u r e  w a s - l e f t  a t  20°C  f o r  48 h  and 

t h e n  w o r k e d -u p  t o  g i v e ,  b y  n . m . r . ,  1,2-dimethyl-4,5-dinitrobenzene.

(3 1 )  P o t a s s i u m  I o d i d e  i n 'A f c e t 8 H i t f i ± i = 8 g  -

A c e t o n i t r i l e - d ^  (4 1 5  mm ) w as  a d d e d  t o  p h t a s s i u m  i o d i d e  (6 2  m g, 

0 . 3 8  mmol) an d  1 8 - c f o w n - 6  (9 9  m g, ,G ^38 mmol) a n d  t h e n i i x t u r e  c o o l e d  t o  

0°C a f t e r  w a rm in g  t o  5 0 °C .  T h e  d i e ^ " ^  0 ^  0 . 2 6  mmol) w as t h e n

a d d e d  a n d  f h e  m i x t u r e  Warmed t o  2 0 ? ç ;  '  A f t e r  18 h ,  t h e  # m d u r e  w a s  '  

w o r k e d -u p  t o  g i v e ,  b y  H n . m . r . ,  r , . 2 ^ i H K ^ y l - 4 ; f - d i n l t r o b e n z ^ e .  .
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(32) P o ta s s iu m  N i t r i t e  i n  M e th a n o l-d ,
* • '

• - - 3Cold m e th â n o l -d .  (315 mm ) was added  t o  a m ix tu r e  o f  th e .  d ie n e

\  ■ . ■ , .
^  (Ô© mg, 0 .2 6  mmol), p o ta s s iu m  n i t r i t e  (35 mg, 0 .4 1  mmol) and 18 -c row n-

6 (108 mg, 0 .4 1  mmol) a t  -78°C . The t e m p e r a t u r e  was r a i s e d  to  20°C and 

n . m . r . ,  a f t e r  8 h ,  showed t h a t  no r e a c t i o n  had o c c u r r e d .  The r e a c t i o n ,

m ix tu r e  was l e f t ( f o r  15 days a t  am b ien t  t e m p e r a t u r e  and w orked-up  to

1 ' 
g i v e ,  by H n . m . r .  and g . l . c . - m . s . ,  1,,2 - d i m e t h y l - 4 - n i t r o b e n z e n e  (44%, m/e

■ '
151) and 1 , 2 - d l m e t h y l - 4 , 5 - d i n i t r o b e n z e n e  (5.6%, m /e  1 96).

'
(33) P o ta s s iu m  C yan ide  in  A c e t o n i t r i l e - d ^

A c e t o n l t r i l e - d  (415 mm ) was added to  a m ix tu r e  o f . p o t a s s i u m  

acyanide (*25 mg^hO mmol) and 18-«cr»*h-6 (99 mg, 0 .3 8  mmol). The

m ix tu r e  was warmed to  50°C and th e n  co o led —to  0°C .*^The d ie n e  36 (60 b | ,

1 .  °  •  •
0 . 3 8 . mmol) was added and H n . m . r , ,  a f t a r  5 m in ,  showed t h a t  th e  re a ro m a -

t i z a t i o h  was c o m p le te .  A f t e r  w o rk -u p ,  th e  p ro d u c t  c o m p o s i t io n  by

n . r a . r .  and ^ . l , c . - m . s .  was 4 ,5 -d im e t h y l - 2 - n i t r o b e n z o n l c r i l e .  (70%,

m/e 176) l . r .  (Nujol) 2235 cm ^(CN), 1525 and 1350 cm  ̂ /NO.); n . m . r .  

(90 MHz, CDCl^) 6 2.40 (s,3,CH^), 2.43 (s,3,CH^), 7.59 (s,l,2-H), 8.05

( s , l , 5 - H )  and 4 , 5 - d i m e t h y l - l , 2 -b e n z e n e  d i c a r b o n i t r i l e  (30%, m /e - 1 5 6 .0 6 8 .  

Mass r e q u i r e d  f o r  C^gHgNg: 1 56 .064) \  n . m . r .  (90 MHz, CDCl^) 6 2 .3 7  ( s ,

2,4-CH^I and 5-CH^^), 7 .51  ( s , 2 , 3 - H  and  6-11).

(34) T herm al D eco m p o sit io n

t A 1% s o l u t i o n  o f  t h e  d i e ^ e  ^ 6  I n  a c e t o n ^ w a s  i n j e c t e d  i n t o  t h e  

i n l e t  o f  a g as  ch ro m a to g rap h  (2 6 0 °C ) .  The p r o d u c t s ,  by g . l . c . - m . s . ,  were

1 , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  (98% ,-m/e 151) %nd 2 , 3 - d i m e t h y l - 6 - n i t r o -  • 

a n i s o l e .  (2%, m/e 1 8 1 ) ,  ’



(D) , R e a c t io n s  o f  5 , 6 -D im ^ 'th y l -2 , 6 - d i n i t r o c y c l o h e x a - 2 , 4 -^d ieny l A c e t a t e  

with " ,

(3 5 )  5% 'S u l f u r i c  A cid  i n  M eth an o l

A c o ld  s o l u t i o n  o f  51 s u l f u r i c  a c id  i n  m e th a n o l  ( v / v ,  15 cm^) 

was added  t o  th e  d i e n e  8 (300 mg, 1 .1 4  mmol) a t  0 Ç The te m p e r  a t u r e ^ w a ^  

r a i s e d  t o  20°C and th e  m i x tu r e  s t i r r e d  f o r  18 h .  A f t e r  work-up, t h e  

product was d e te r m in e d  b y '  H n . m . ^ . , t a b e  5 , 6 - d i m e t h y l - 2 , 6 - d i n i t r o c y c l o -  

, h e x a - 2 , 4 - d i e n - l —o l  (3^)  (90 MHz, CDCl^) 6 1 .8 5  ( g ,3 ,6 - C H ^ ) ,  2.06* t d , l ,

, 3.80.(s,l,OH), 5 .4 3  ( s , l , l - H ) ,  6 .'26 ( d d , l , 3 - i l ) ,  7 .3 0  ( d , l ; 4 - H ) .

A s m a l l  amount (oa.  10%) o f  d e c o m p o s i t i o n  p r o d u c t s  was a l s o  e v i d e n t .  The 

d i e n o l  ^5 was n o t  v e r y  s t a b l e  and on v ac u u m -d ry in g  decomposed extensively, 

p re s u m a b ly  t o  n i t r o p h e n o l s  (brown fumes w e re  evol in g  t h i s  p r o c e s s )

A t te m p ts  to  m e t h y l a t e  th e  d i e n o l  ^  u s i n g  m e th y l  i o d i d e  and m o i s t  s i l v e r  

o x i d e  w ere  a l s o  accom panied- by e x t e n s i v e  d e c o m p o s i t i o n ,

(3 6 )  P o ta s s iu m  C y an id e  in  M e th a n o l -d ,
«

M ethanol-d^ . (315 mm^) was ad d ed  t o  a m i x tu r e  o f  p o t a s s iu m

c y a n id e  (25 mg, 0 .3 8  mmol) and  1 8 - c r o w n - 6 . - 0 9 ‘mg, 0 .3 8  mmol) . The m i x t - - '

u r e  was warmed to 50°C and c o o le d  t o  -78°C. The d i e n e  ^ ' ( 6 4  mg, 0 .2 5

mmol) was t h e n  added  and t h e  t e m p e r a t u r e  r a i s e d  to  0°C. A f t e r .  2 h ,  t h e

1
m i x t u r e  was w orked-up  and th e  p r o d u c t  c o m p o s i t io n  by  H n . m . r .  and g . l . c . -  

m .s .  was 4 , 5 - d i m e th y l —2 - n i t r o b e n z o n i t r i l e  (8 7 1 ,  m/e 176) and 1 , 2 - d l m e t h -  

y l - 4 , 5 - d i n i t r o b e n z e n e  (1 3 % , 'm /e  1 9 6 ) .

(3 7 )  Sodium M éth o x id e  in  M eth an o l
/

To a solution of the diene ^ (100 mg, 0.39 mmol) in methanol

(1 cm ) i n  an n . m . r .  tu b e  a t  -78°C was added  sodium  m e th o x id e  (42 mg,

0 .7 8  mmol) and  th e  m i x tu r e  allowed to  warm t o  O^C. A f t e r  s t i r r i n g  f o r
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2 h, Che mixture was worked-up,tp give, hy rumur.\ one diastereomer .

 ̂or 5,6-dlmethyl-2,6-dlnltrocyo^ocyclohex%,-2,4-dlenyi methyl ether 

23%) and both the dlastereomeL of 4^5-dlmethyl-2;4-dlnltrocycloh^a-2,,5- 

dienyl methyl ether (2#, 77%). ratio of the diastereomers 34A and
* \ - -xPj

(by integration of thé methoxy peaks) was 9:1,

(b )  1 , 4 - D l m e t h y l - 2 - n l t r o b e n z e n e

The'reactions of the adduces.can be discussed under the two'
inain  s e c t i o n s :  /  ,

li') Reactions under acidic conditions ' . ' ' _ ^

(ii) Reactions wittf nucleophiles ■ ' ' ’

(i) Reactions under acidic conditions: Reactions.of the dienes 104
.  A ''J'S ■'

and _12 w i t h  ,
I » % -

(l) Borontrifluorlde Etherate
* 3 '  '  'Cold BFj-etherate solution (250 mm ) was added to a solution of-

t h e  d i e n e  j ^ '  (64 mg, 0 .2 5  mmol) i n  c h lo r o f o r m - d ^  (150  mm^) a t  -7 8 °C .  The 

Lemperature,was raised to 0°C and n.m.r. after 25 min indicated partial

d e c o m p o s i t l o i ) ^ (ac^ 6 0 I)_  of t h e  d i e n e ,  a l t h o u g h  i s o m e r i z a t i o n  t o  the d i e n e

(zan 15%) w^s^afsf evident. The reaction mixture was worked-up after
'  '  'h,to give, by H n.m.r. and g.l.c.-m.s., 1,4-dltnechyl-2-nltrobetizerie 

\ (62%, m/e 151), I,4-dimechyl-2,3-dlnitrobenzene (29%, m/e^l96),,l,4-dl-

methyl-j,6-dlnitrobenzene (7%, m/e 196) and 3,6-dlmethyl-2-niCrop\enyl 
acetate (2%, m/e 209).

■ . . Under similar condlrlona.(0°C, 18 h), the diene relrpmaclzed

to give the following products ; l,4-dlmethyl-2-nitrobenzene (21% m/e-
• - *

151), l,4-dlmethyl-2,3-dlnlCrobsnzen» (49%, m/e 196), l,4-dlmethyl-2,5^
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. . dlnlcrobenzene (6%, m/e 196), l,4-dimethyl-2,6-dlnltrobenzene'(13%, m/e
 ̂ ^ •

196) and 3 , 6 - d i m e t h y l - 2 - n i t r o p h e n y l  a c e t a t e  (11%, m /e  209)

(2 )  B o r o n t r i f l u o r ' i ^ e  E t h e r a t e  and M e s i t y l e n e

' ■ 3 ^Gold BF^—ê t h e r a t e  s o l u t i o n  (250 nun ) was ad d ed  t o  s  s o l u t i o n

.  ̂ * o f  t h e  d i e n e  (100  mg, 0 .3 9  mmol) and  m e s i t y l e n e  (250  mg, 2 .1  mmol) .

i n  m e th y le n e  c h l o r i d e  (250  mm^) a t  -7 8 °C .  The s o l u t i o n  was allowed t o  ^

Ô -
 ̂ warm to  20 C an d  m a i n t a i n e d  f o r  1 h .  A f t e r  w o rk —u p ,  t h e  c o m p o s i t io n  ,o f

< t h e  p r o d u c t  by h n . m . r .  and g . l . c . - m . s .  was fo u n d  t o  b e  1 , 4 - d l m e t h v l - 2 —

n i t r o b e n z e n e  (27%, m/e 1 5 1 ) ,  1 , - - d i m e t h y l —2 , 3 - d i n i t r o b e n z e n e  (26%, m /e  

• 1 9 6 ) ,  l,4-dimethyl-2,6-dinitrobenzene (7%, m /e  196), 3,6-dlmethyl-2-nitrd-

p h e n y l  a c e t a t e  (2%, m /e  2 0 9 ) ,  2 - n l t r o - 2 " ’ , 3 , 4  ' , 6 ,6 ^ -p e n ta m e t ;h y l  b i p h e n y l
« I '  . 1.

(■̂ A j > m /e  269) and  4 - n i t r o - 2  ,2  * ,4  ' , 5 , 6  ' - p e n t a m e t h y l  b i p h e n y l  31%,

,m/e 269).

( ,  ̂ U nder s i m i l a r  c o n d i t i o n s " ,  t h e  d i e n e  ^  g av e  1 , 4 - d i m e t h y l - 2 -

, n i t r o b e n z e n e  (9%, m /e 1 5 1 ) ,  l , 4 - d i m e t h y l - 2 , 3 - d i n i t r o D e n z e n e  (26%, m/§

l,4-dimethyl-2,5-dinitrobenzene (5%, m/e 196’) ,  1 , 4 - d i m e t 'h y l - 2 , 6 -  

d in ^ j ï r o b e n z e n e  (8%, m /e  196) , 3 , 6 —d i m e t h y l —2—n i t r o p h e n y l  a c e t a t e  (15%,
f

m/e 209), t h e  b i p h e n y l .24  ( 8 % , m /e  269) and  t h e  b i p h e n y l  23 (28%, m /e

\ 269).
*• . 1 .

F o r  p o s i t i v e  i d e n t i f i c a t i o n  o f  t h e  two b l p j i e n y l s  and t h e  p h e n y l

a c e t a t e ,  t h e  r e a c t i o n  was r e p e a t e d  on t h e  d i e n e  ^  ( 0 . 4 0 0 » g ,  1 .6  mmol)

u n d e r  s i m i l a r  c o n d i t i o n s  and"the products s e p a r a t e d  by P re p  GC.
^ _  .

' t h e  f i r s t *  f r a c t i o n  c o n t a i n e d  m a in ly  m e s i t y l e n e  and  1 , 4 —d lm e th —

y 1 - 2 - n i t r o b e n z e n e . ^  T h e ‘s e c o n d  f r a c t i o n ,  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 e r  a t  - 2 0  C, g av e  p a l e - y e l l o w  c r y s t a l s  o f  3 , 6 * d i m e t h y l - 2 —n i t r o p h e n y l .
' , '  1 . ■ '

• • V  • a c e t a t e  ( 4 7 ) ’. The H n . m . r .  and  r e t e n t i o n  t im e  o f  t h i s  sam p le  (o n  g . l . c . )
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V o ' ' '.was i d e n t i c a l  w i t h  th e  a u t h e n t i c  sam p le  m .p .  52 C^ i . r .  (KBr‘) 1770 and

1215 cm"' (OCOCH^), 1530 and 1360 cm"^'(NO^); n!m.r. (90 MHz, CDCl^).

6 2.16 (s\3,0C0CH^),'4.24 (s.3,6-CH. >, 2.30 (6,3,3-CH ), 7.05 (d\l,4-H),
. _ 13 ' ;/ . 2 5  ( d , l , 5 - H ) ;  = 7.5 m z ;  C n . m . r .  (CDCl^, ppm) ôc^lT T e (5 - C h ^ ) ,

17.1 (3-ca^), 20.0 (OCOCH ), 128.5 (C-4). 129.3 (C-6), 13^.8 (C-3),-

1 3 2 .8  (C-5), l41.1. (C-1), 144.6 (C-2)̂ , 167 .7  ,(0COCH ) ; mass s p e c t r u m  (70 

eV) m/e ( r e l a t i v e  I n t e n s i t y )  2 0 9 .0 7 5  ( 1 8 , M.Mass,^ c a l c u l a t e d  f o r

209.069), 167 <100,M-OC0CH ), 150 (52), 120 (44).

■ The t h i r d  f r a c t i o n  c o n t a i n e d  a m i x tu r e  ô f  t h e  n i t r o x y l e n e s  •
' ,

and was d i s c a r d e d .  The f o u r t h  f r a c t i o n  gave 2-nltro-2',3,4',6,6'-

p e n t a a e t h y l  b i p h e n y l  (2^) i.r. (CDCl.) 1525 and 1365 cm ' (NO.̂ ) ; n . m . r .

(90 MHz, fDClg) .5 ^.92 (s,9,2'-CHj,6-CH^ and ô'-CÈ^), 2:27 (s,6,4'-CH^

and 3-CHg), 6.87 (s,2,3'-H and 5'-H),j^^24.(d.l,5-H), 7.28 (dùl,4-H3;

mass s p e c t r u m  (70 eV) m /e ( r e l a t i v e  i n t e n s i t y )  2 6 9 .1 4 2  ( 5 2 , M,Mass c a l c u l -

aced. for do^: 269.142), 239 (25)\ 236. (25), 224 (20), 223 ( 2 4 ) ,  .

222 (100,M-HNO,), 221 (15). 209 (20), 208 (15), 207 (16). ' .
•  .

The f i f t h  f r a c t i o n  gave  4-nitro-2,2',4',5,6'-pentameChyl b i p h e -  

nyl (2^) d.r. (CDCl^) 1525 and 1350 cm"^ (NOg); n.m.r. (90.MHz, CDCl^)' 

& 1.89 (s,6.2'-CHj and 6'-CHg),'2.08 (s,3,4'-CHj), 2.31 (s,3,2-CHj), ,

2.37 (sy3,5-CH.),.6.95 (8,2^3t-H and 5':H), 7.10 (p,l,6-H). 7.65 (Sfl.

3 -H ) ;> m ass  s p e c t r u m  (90 eV) m /e  270 ( 3 1 ) ,  2 6 9 . M l  (100,M,Ma*ss c a l c u l a t e d
Ê - '  - '

forCjyH^gNO^: 269.142), 253 (15), 252/(62), 237 (31), 234 (14), 224 (23), 

223'X26): 222 (21,M-HHDi), 2Ï0 (14), 209 (54) ; 208 (50), 207' (46).

V.

6* V
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(3 )  T r i f l u o r o a c e t i c  A c ld '  -

3
C old  t r i f r u o r o a c e t i c  a c l d  (450 mm, ) was added  to  t h e  d i e n e  IDAl/u

(64 mg, 0 .2 5  mmol) i n  an n . m . r .  t u b e  a t  -7 8 ° C .  The t e m p e r a t u r e  was
• '

r a i s e d  t o  20°C and H n . m . r .  a f t e r  .2 h  showed c h a t  no r e a c t i o n  h ad  

o c c u r r e d .  The d e c o m p o s i t io n  o f  t h e  d i e n e  was c o m p le te  i n  72 h and  th e  

r e a c t i o n  m i x tu r e  was w o rk e d -u p  to  g i v e ,  by  n . m . r .  and g . l . c . - m . s . ,

1 . 4 - d im e t h y l - 2 - n i t r o b e r . z e n e  (56%, m/e 1 5 1 ) ,  1 i 4 - d i m e t h y l - 2 , 3 - d i n i t r o b e n - .  

zene (35%, m/e 196) and 1 , 4 - d i m e c h y l - 2 , 6 - d i n i t r o b e n z e n e .  (8%, m /e ’ 1 9 6 ) .

Under s i m i l a r  c o n d i t i o n s ,  t n e  d i e n e  r e a r o m a t i z e d  to  g i v e ,  

by n . m . r .  and g . l . c . - m . s . ,  l , 4 - d i n e t h y l - 2 - n i t r o b e n z e n è  (33%, m/e 151) ,

1 . 4 - d i m e t h y l - 2 , 3 - d l n i t r o b e n 2 e n e  (27%, m/e 196) ,  l,4-dimethyl-2,3-dinitro- 

benzene  35%, m/e 196) ,  1 . 4 - a i i n e t h v l - 2 , ^ - d i n i t r o b e n z e n e *  (11%, m/e 196)
I

and' 3 , 6 - d i n e t h y l - 2 - n i t r 6 p h e n y 1 a c e t a t e  ( 2 2 %,  m/e 209) .

(4 )  5% S u l f u r i c  A cid  i n  M e th an o l

- I j
Cold  5% s u l f u r i c  a c i d  i n  m e th a n o l  (w /v ,  2 cm ) was ad d ed  to  t h e  

d i e n e  (200  mg, 0 .7 8  mmol) a t  0°C. The t e m p e r a t u r e  was r a i s e d  t o  20°C

and t h e  s o l u t i o n  s t i r r e d  f o r  18 h .  The p r o d u c t  was t h e n  d i s s o l v e d  i n •

3 ' 3
e t h e r  (75 cm ) , -waahad w i t h  s a t u r a t e d  sodium  b i c a r b o n a t e  (2 X 10 cm ) and

w a t e r  (2  X 20 c m ? ) . The e t h e r  e x t r a c t  was d r i e d  o v e r  a n h y d ro u s  m agnesium

s u l f a t e ,  ' f i l t e r e d  and t h e  s o l v e n t  removed a t  15°C to  y v e  one  d i a s t e r e o -

m er o f  1 , 4 - d l m e t h y l - 2 , 4 - d i n i t r o c y c l o h e x a - 2  , 5 - d i e n - l - o l '  i . r . ,

(CDCl ) 3550 cm'l (OH), 1548 cm"^ (N0_); ^H n.m.r. (gb MHz, CDCl.) 5 1.68

(8,3,1-CHg), 1.88 (s,3,4-CHg), 3.55 (s,l,0H3, 6.00.(dd,l/S-H), 6.12 Xd,l,
I

6-K.) » 7 .3 2  ( d , l  ,3-H^) , J g g  = lOHz, = 1 . 5  Hz; C n . m . r .  (CDC1_, ppm)

5c 26.2 (l-CHg), 27.8 (dt-CĤ ), 66.2 (C-l), 85.8 (C-4), 122.9 (C-6), 129.1 

(C-5), 13i.O (C-3), 153.9 (C-2). ' -

X



I

, . . ' ' ' '93

/
U nder s i m i l a r  c o n d i t i o n s ,  d i e n e  12 g av e  one d i a s t e r e o m e r  , 

of'_3 , 6 - d i m e t h y l - 2 ’, 6 - d i n i t r o c y c l o h e x a r 2  , 4 - d i e n - l - o l  (3g) w h ic h ,  a f t e r  

r e ' c r y s c a l l i z a t i o n  f ro m  e t h e r  a t  -2 0 ° C ,  had  m .p .  ,92°C ; i . r .  (KBr) 3490
i. *

and  1040 dm  ̂ (OH),' 1545 cm  ̂ (NO^); *H n . m . r ,  (90 MHz, CDCl.) 6 1 .6 7  ( s ,

3 .6-C H  ) ,  2 .2 8  ( s , 3 ,3 - C H ^ ^ ,  3 .2 5  ( s , l , C W ) ,  5 .1 6  ( d , l , l - H 3 ,  6 . 1 4 ' ( d U l , 4 - H ) ;

13p . 78 ( d d , l , 5 - H ) ,  = 10 H z; = l . p  Hz; C n . m . r .  (CDCl , ppm). 5c

'  2 0 . 8  (6rCA ) ,  2 3 .b . ( 3 - C H g ) y  6 9 .3  ( C ^ d ) .  9 0 .9  ( C - 6 ) ,  128 .1

( C - 4 ) ,  1 3 3 . 4 " ( C - 5 ) ,  1 4 0 .8  Æ C -3), 1 4 2 .7  ( C - 2 ) ,
. . .  ' . ^  . -

(5 )  T r i f d - u o r o m e t h a n e s u l f o n i c  .Acid,

• - 3
■ C o ld  t r i f l u o r o m e t h a n e s u l f o n i c  a c i d  (450 iran ) "was ad d ed  t o  t h e

d i e n e  (64 mg, 0 .25 ,  mmol) i n  an n . m . r .  t u b e  a t  -7 8 ° C .  The t e m p e r a t u r e

was* ra ised , . ,  t o  0°C a n d ,  t h e  m ix tu r e * w o r k e d - u p  a f t e r  10 min to  g i v e  , by 

'1
H n \ m . r . and  g . l . c . - m . s .  , 1 , 4 - d in \e th y  1 - 2 - n i t r o b e n z e n e  (21%, m /e  1 5 1 ) ,

I .  ^ '

1 ,4 -d im e th 'y ^ l-2  , 3 - d i r r i t r o b e n z e n e ,  (45%, m /e 1 9 6 ) ,  1 , 4 - d i m e t h y l - 2  , 6 - d i n i t r o -  

- .
b e n z e n e  (30%, m /e  196) and  a, compound o f  m ass  2 0 9 ,  ■■corresponding to  a

,
* d i m e t h y l - n i t r o p h e n y l  a c e t a t e  (4%).

 ̂ - •• • = .  , . - 
p U nder s i m i l a r  c o n d i t i o n s ,  t h e  d i e n e  l^g r e a r o m a t i z e d  t o  g i v e ,

1 • ' - Î , _
by 'H n . m . r ,  and  g . l . c . - m . s . ,  1 , 4 - d l m e t h y l - 2 - n i t r o b e n z e n e ■(15%, m/e  I b l ) ,  

- i , 4 - d i m e t h y l - 2 , 3 n d i n l t r d b e n z e h e .  (58%, m / e - 196) and  1 - .4 -d im e th y l - 2  , 6 n d i -

n i t r o b e n z ê n e  (27%, m /e  1 9 6 ) .  . ' .
*

^ 6 )  A c e t i c  A did  ' - ' - .

■' A c e t i c  a c i d  (450.-mm_) was. added  t o  t h e  d i e n e  lOA (64 mg, Ô .25
I % »  ̂  ̂ * *

mmol) a t ’ 20°C. * H n . m . r .  of. t h e  r e a c t i o n  m i x t u r e ,  a f te r»  30 d a y s  a t  20^C.
,. . e * . .

’ ■
.s h o w e d  t h e  a b s e n c e  o f  an y  r e a c t i o n .  The s o l u t i o n  was h e a t e d  f o r  60  min

t O "  '  _  ^  ,  '  '  * '  I  P
a t ,  ro o  C when’ brown fum es w e re  e v o lv e d  from t h e .  r e a c t i o n  m ix tu r e ' .  H 

n . m . r .  o f  t h e  p r o d u c t  i n d i c a t e d  t h a t  t h e  ^ e a r o m 'a t i z a t i o n  was c o m p le t e .

f  '  '  ;
U . a
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* 1 j A f t e r  w o rk -u p ,  t h é  p ro d u c t  c o m p o s i t io n  by H i j .m . r .  and g-. 1 .  e*.-m, s .

was found  to  be  1 , 4 - d i m e t h y l - 2 - n i c r o b e n z e n e  (80%, m / e ’151) and 1 , 4 - d l -

m e t h y l - 2 , 6 -d in i t ro b e n z ' t e n e  (20%, m /e 1 9 6 ) .

The r e a c t i o n  was c a r r i e d  o u t ' o n ' t h e  d i e n e  ^  u n d e r  s i m i l a r

c o n d i t i o n s .  As b e f o r e ,  H n . m . r .  o f  t h e  r e a c t i o n  m i x tu r e  a f t e r  30 ‘d ay s

a t  20°'C showed t h e  a b s e n c e  o f  an y  r e a c t i o n .  When th e  r e a c t i o n  m i x tu r e

was h e a t e d  t o  100 C, brown fumes w e re  ‘e v o lv e d  from th e  r e a c t i o n  m i x t u r e .

The s o l u t i o n  had to  be h e a t e d  f o r  90 m in b e f o r e  th e  d e c o m p o s i t f o n  was

1 *'  c o m p le te  (by H n . m . r . ) .  A f t e r  w o rk - u p ,  t h e  c o m p o s i t io n  o f  t h e  p r o d u c t ,

-  1 '

as  d e te r m in e d  by *H n .m - ,r .  and g . l . c . - m . s .  was l , 4 - d i m e t h y l - 2 - n i c r b b e n z -

ene  (37%, m/e 1 5 1 ) ,  1 , 4 - d i m e t h y l - 2 , 6 - d i n l t r o B e n z e n e  (47%, m/e 196) and

3 , 6 - d i m e t h y l - 2 - h i t r o p 'h e n y l  a c e t a t e  (16%, m /e 2 0 9 ) . .  , ' •

■ (11)  R e a c t io n s  w i t h  n u c l e o p h i l e s  ; R e a c t i o n s  o f  t h e  d l e n e s  IDA and  12
, . ‘ ■ V C

'

w i th

( 7 )  P y r i d i n e - d r

3
C old pyridlne-dg (21 ram ) was ad d ed  to  a  s o l u t i o n  o f  t h e  d i e n e

WA (64 mg, 0 .2 5  mmol) i n  chloroformed. (315 mm^) a t '^ ^ W °C .  The te m p e r -

0  1 '- a t u r e  o f  t h e  m i x tu r e  was r a i s e d  t o  0 C an d  H n . m . r .  o f  t h e  m i x t u r e ,

a f t e r  24 h ,  showed no e v i d e n c e  o f  r e a c t i o n .  The m ix tu r e /w a s  warmed to

20°S and n . m . r . ,  a f t e r  24 h ,  showed . t h a t  a a .' 80% o f  t h e  d ie t ie  was

s j i î T > p r e s e n t . The r e a c t i o n  m i x tu r e  was w o rk e d -u p  a f t e r  one week a t  20°C 
/  1 . . .  ■ '
\ a n d  H . n .m . r .  showed t h a t  t h e  r e a r o m a t i z a t l o n  was c o m p le te  and a  m i x tu r e  

o f  compounds was p r e s e n t ,  among w h ich  w e re  i d e n t i f i e d  4 - ^ t h y l - 2 - n i t r o -  

b e n z y l  a l c o h o l  (44b)  and  ( 4 - m e t h y l - 2 - n l t r o p h e n y I ) n i t r o i n e t h a n e  (4 4 e )  i n

I '  *
t h e  r a t i o  4:3."^ Trjeae two compounds w e te .  a l m o s t  a lw a y s  o b t a i n e d  i n  t h e  

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

y
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The r e a c t i o n  was c a r r i e d  o u t  on t h e  d i e n e  12 u n d e r  s i m i l a r

\  , o .

c o n d i t i o n s .  As b e f o r e ,  t h e  d e c o m p o s i t i o n  was q u i t e  s lo w  (one  w eek ,  0 C)

and a m i x t u r e  o f  p r o d u c t s  was o b t a i n e d ,  i n  w h ich  t h e  compounds- 44b and
. 0

1M e  w e re  p r e s e n t  i n  t h e  r a t i o  5 :1  (by H n . m . r . ) .

(8)  Sodium M e th o x id e  i n  M e th an o l

- ’ 9Sodium m e th o x id e  (42 mg, 0 .7 8  nm ol) was ad d ed  to  a s o l u t i o p
r

o f  t h e  d i e n e  (100  mg, 0 .^ 9  mmol) i n  m e th a n o l  a t  0°C. The m i x t u r e  '

1
m i x t u r e  was s t i r r e d  f o r  24 h and  th e n  w o rk e d -u p  to  g i v e ,  b y  H n . m . r . ,  a 

m i x tu r e  o f  a r o m a t i c  compounds (aa. 60%) a n d - t h e  d i e n e  lOA (oa.  40%). The

f , , • -
r e a c t i o n  was r e p e a t e d  u n d e r , s i m i l a r  c o n d i t i o n s  and  t h e  m i x t u r e  w o rk e d -u p

o 1a f t e r  one week a t  0 C .to  g i v e ,  by H n . m . r . ,  1 , 4 - d i m e t h y l - 2 - n i t r c b e n z e r . e  

(19% ), 1 , 4 - d i m e t h y l - 2  , 3 - d i n l t r o b e n z « n e  (3 .31 ) ,  1 , 4 - d i m e t h y l - 2  , 5 - d i n i t r o ­

b e n z e n e ' ( . 8 i ) , 4 - m e t h y l - 2 - n l t r o b e n z y 1 a l c o h o l  (4 4 b ,  2~Z) and  ( 4 - m e t n y l -

2 - r . i t r o p h e n v l ) n i t r o m e t h a n e  (4 4 e ,  1 2 %) .

:  '  .  ■ •

The r e a c t i o n  was c a r r i e d  o u t  u n d e r  s i m i l â T '- c o n d i t i o n s  on t a e

d i e n e  ^2, a n d ,  a f t e r  24 h a t  0°C , a s l g n i f i c a i t  amount'of't h e  d i e n e  was

s t i l l  p r e s e n t  (.3d. 60% ). A f t e r  one w eek ,  t h e  d e c o m p o s i t i o n  was c o m p le te
, .  ■

, ‘ 1 
and  t h a ^ p r o d u c t  c o m p o s i t io n  by H n . m . r .  was i , 4 - d i m e t h y l - 2 - n l t r o b e n z e n e

(27% ), 1 , 4 - 3 i i n e t h y l - 2 , 3 - ' d i n i t r o b e h z e n e  (23% ), 1 , 4 - d l ^ ^ f e y l - 2 , 5 - d i n i t r o -  •

b e n z e n e  (1 1 % ) .and  A - m e t h y l - Z - n i t r o b e n z y l  a l c o h o l  (39% ).

(9) P o ta s s iu m  A c e ta te »  *

A m i x tu r e  .o f  p o t a s s iu m  a c e t a t e  (37 mg, 0 .3 8  mmol),and 1 8 -c to w n -

# 3 o ' "
6 (99 mg; 0,.38 mmol% i n  a c a t o n i t r i l e - d ^  (400  im ) was warmed t o  50

c o o le d  t o  0°C and  t h e  d i e n e  (54 mg, 0 .2 5  mmol) a d d e d .  The d e c o m p o s i ­

t i o n  was c o m p le te  i n  18 h and  t h e  p r o d u c t  c o m p o s i t i o n ,  by n . m . r . , ‘ was

7 f  *
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1 . 4 - d i m e t h y l - 2 - n i t r o b e n z e n e  (36% ), 1 , 4 - d l m e t h y l - 2 , 3 - d i n i t r o b e n z ^ e  (41%)

4 - m e t h y l - 2 - n i t r o b e n z y l  a l c o h o l  (23% ).

U n d er  s i m i l a r  c o n d i t i o n s ,  d i e n e  12 r e a r o m a t i z e d  t o  g i v e  1,4-'W. -

d i m e t h y l - 2 - h i t r o b e n z e n e  (33% ), ' 1 , 4 - d ^ m e t h y l - 2 , 3 - d i n i t r o b e n z e n e  (53%) 

and 4 - m e t h y l - 2 - n l t r o b e n z y l  a l c o h o l  (14%). 

t i p )  P o ta s s iu m  N i t r i t e

3
M e th a n o l - d ^  (315  mm ) w as ad d e d  to  a m i x t u r e  o f  t h e  d i e n e

'  s . ^  *

(64 mg, 0 .2 5  m m o l) , p o t a s s i u m  n i t r i t e | (32 mg, 0 . 3 8  mmo l *  and  -18-crow n-6  

(99 mg, 0 .3 8  mmol) a t  - 7 8 " C ,  The t e m p e r a t u r e  .was r a i s e d  t o  0°C and  'H

H .m . r .  a f t e r  30 min i n d i c a t e d  i n c o m p l e t e  r e a c t i o n  (d a ,  50% d i e n e  p r e s e n t ) .

^  - 1 
The r e a e t i o n ^ c i x t i y r e  was w o r k e d -u p  a f t e r  18 h to  g i v e ,  by  H n .m . r ^ . ,

1 . 4 - d i m e t h y l - 2 , 3 - d i n i t r p b e n z e n e  (100% ).

U nder  s i m i l a r  c o n d i t i o n s ,  t h e  d i e n e  a l s o  gave* 1 , 4 - d i m é t h y l -

2 , 3 - d i n i t r o b e n z e n e  a s  - th e  ori'j;y p r o d u c t  (by. H n . m . r . ) .

(1 1 )  P o ta s s iu m  C y a n id e  s ’ "

i ^ c e t o n ^ t r l l e - d g  (3 5 0  mm ) was ad d e d  t o  a  m i x t u r e  o f  p o t a s s i u m  
' ;

c y a n id e  (25«mg%/U,38 mmol) and  18-crt><m-6 (99 mg, 0 . 3 8  m m ol) .  The m i x t -  
' o • —

u r e  was .warmed t o  50 C, c o o l e d  to  0 C and  t h e  d i e n e  664 « g ,  0 . 2 5 .

X

•

mmol) a d d e d .  A f t e r  30 m in ^  t h e  r e a c t i o n  m i x t u r e  was w o rk e d -u p  t o  g iv e  

\  '  1
t h e  f o l l o w i n g  p r o d u c t s  (by H n . m . r .  and  g . l . c . - m . s . ) :  l,4-dimethyl-2- 

«nitrobenzene (2%, m /e 1 5 1 ) ,  1 , 4 - d i m e t h y l - 2 , 3 - d l n i t r o b e n z e n e  (33%, m /e 196) 

snd 3 , 6 - d i m e t h y l - 2 - n i t r o b e n * o n i t r l i e  (65%, m/e 1 7 6 ) .  The r e a c t i o n  was 

r e p e a t e d  u n d e r  s i m i l a r  c o n d i t i o n s  and t h e  mixture w o rk e d -u p  a f t e r *2 min 

a t  0°C when a  s i m i l a r  p r o d u c t  c o m p o s i t i o n  was obtained. However)^when 

t h e  r e a c t i o n  was c a r r i e d  o u t  i n  a d i l u t e d  medium f a c e t o n i t r i l s ,  5 c m ^ )_



u n d e r  s i m i l a r  c o n d i t i o n s  (0 °C ,  30 m i n ) ,  t h e  o n l y  p r o d u c t  b y  n . m . r .  was

3 , 6 - d i m e t h y l - 2 - n i t r o b e n 2 o n i t r i l e l  i . r .  (CCI.) 2225 cm (CN), 1545 and

1360 (NO ); n.m.r. (90 MHz, CDCl^) o'2.3C (s,3,6-CH^), 2.55 (s,3,

3 - C H ^ ) i  7.42 (s,2,4-H and 5 - H ) .

The r e a c t i o n  was c a r r i e d ' o u t  u n d e r  s i m i l a r  c o n d i t i o n s  ( a c e t o -  

3 -n i t r l l e - d _ ,  3 1 5  mm ) on th e  d i e n e  12 and  t h e  m i x t u r e  w o rk ed  u p  a f t e r  30 3 n/u ^

min a t  0°C to  g iv e  1 , 4 - d i m e t h y l - 2 - n i t r o b e n z e n e  (3%), i , 4 - d i m e t h y l - 2 , 3 -

i /  W
d i n i t r o b e n z e n e  (49%), 3 , D - d i m e t h y l - 2 - n i t r o b e n z o n i t r i l e  (35%), 4 - m e th y l -

2 - n i t r o b e n z y  1 a l c o h o l  (4%) and ( 4 - m e t h y l - 2 - n i t r o p h e n y I ) n i c r o î n e t h a n e  (9%).

(B) R e a c t io n s  o f  D ie n o l s  and  ^  w i t h

(1 2 )  M eth y l  I o d i d e  and  M o is t  S i l v e r  O x id e

k  m i x t u r e  o f  m o i s t  s i l v e r  o x id e  ( 1 . 9 0  g ,  s e e  p . 8 4 ) ,  m e th y l  i o d -

3
i d e  (7 cm -) , '  p o t a s s i u m  h y d r o x i d e  (0 .0 1  g) and  t h e  d i e n e  ^ A ( 0 . 52 g )  was 

s t i r r e d  f o r  5 h a t  0°C . A f t e r  w o rk - u p ,  t h e  p r o d u c t  was fo u n d  to  b e  one 

d i a s t e r e o m e r  o f  1 , 4 - d i m e t h y l - 2 , 4 - d i n i t r o c y c l o h e x a - 2 , 5 - d i e n y l  m e th y l  e t h e r  

( ^ A )  w h ich  was r e c r y s t a l l i z e d  from  e t h e r  a t  -20°C and  had m .p .  77°C , i . r .

(KBr) 1550 (NO ), H 00 (C-O-C); n.m.r. ô 1.68 (s,3,l-CH_),

lT9oT^s,3,4-CH), 3.07 (s.S.OCHg), 5.90 (d,l,6-H), 6.22 (dd,l,5-H), 7.22
13(d,1,3-H), = '1 0  Hz, = 2 Hz; C n . m . r .  (CDCl^, ppm) 5c 2 6 .2

(1-CH_), 26.5 (4-CHL), 52.8 (OCHL), 71.8 (C-l), 85.2 (C-4), 126.0 (C-6),— J  — J ~  J

131.1 (C-5), 136.2 (C-3), 152.6 (C-2).

A n a l .  C a l c d .  f o r  CgH^gB^O^: C ,4 7 . 3 7 ;  H,5.30; N ,1 2 .2 8

Found : C ,4 6 . 8 5 ;  H , 5 .3 3 ;  N ,1 1 .9 5

A t te m p ts  t o  c o n v e r t  t h e  d i e n e  ^  t o  t h e  c o r r e s p o n d i n g  m e th y l

ether by a s im ila r  method resu lted  in  raarom atization . R eaction o f  the

” 3 3d i e n e  3^A ( o r  39) w i t h  t h i o n y l  c h l o r i d e  (30  mm ) and  p y r i d i n e  (70 mm )
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f o r  5 min a t  -20^C  ( u s i n g  0 .2 5  mmol d i e n e )  r e s u l t e d  in  r a a r o m a t i z a t i o n .

(13 )  P y r i d l n e - d  and  A c e t i c  A n h y d r id e  r"
♦ 3 *

^  C o ld  p y r i d i n e - d _  (40  mm ) was ad d ed  t o  a  s o l u t i o n  o f  t h e  d i e n e

3
%  (70  mg, 0 .3 3  mmol) i n  a c e t i c  a n h y d r id e  (300 mm ) and t h e  t e m p e r a t u r e  

r a i s e d  t o  D°C. The p r o g r e s s  o f  t h e  r e a c t i o n  was m o n i to r e d  by *H n . m . r .  

a t  0°C. The a c é t y l a t i o n  was c o m p le te  i n  I I  min and t h e  p r o d u c t ,  a f t e r  

w o rk -u p ,  was I d e n t i f i e d  a s  d i e n e  lA ,  'H n . m . r .  showed t h a t  p a r t i a l  

r e a r o m a t i z a t l o n  t o - b e n z y l i c  p r o d u c t s  44b and  4 4 e  had  a l s o  o c c u r r e d  (15% ).

U nder s i m i l a r  c o n d i t i o n s ,  t h e  d i e n e  3 7 A d id  n o t  r e a c t .  W h tf ï f^  

a l o n g e r  r e a c t i o n  t im e  was em p lo y ed ,  p r o d u c t s  r e s u l t i n g  from  r e a r o m a t i z -  

a t i o n  w ere  o b t a i n e d  ( - 4 0 ° C ,  1 h ) .

( c )  1 , 2 - d i m e t h y 1 - 3 - n i t r o b e n z e n e

(1) 5% S u l f u r i c  A c id  i n  M e th an o l  • ■

3C old  5% s u l f u r i c  a c l d  i n  m e th a n o l  (w /v ,  1 cm ) was added  t o  t h e  

t h e  d i e n e  (50  mg, 0 .1 9  mmol) a t  0°C . The t e m p e r a t u r e  was r a i s e d  to  

20°C and  th e  s o l u t i o n  s t i r r e d  f o r  18 h .  A f t e r  w o r k - u p ,  t h e  p r o d u c t  was 

i d e n t i f i e d ^ a s  one  d i a s t e r e o m e r  o f  3 , 4 - d i m e t h y l - 2 , 4 - d i n l t r o c y c l o h e x a -

2,5-dlen-l-ol C&QA) by n.m.r. (90 MHz. CDC\) 6 1.80 (s,3,4-CH_),

1 . 94  ( d , 3 , 3 - C H ) ,  3 . 5 0  ( s , l , 0 H 3 ,  5 . 1 5  ( b r o a d , 1 , 1 - H ) ,  5 . 96  ( d d , l , 5 - H ) ,

6.25 (dd,l,6-H), J,, - 10 Hz, J,, = 3.5 Hz, J_ _ " 1.3 Hz.^  ' DO lO ■■

(2 ) Pyridine-dU
3Cold  p y r i d i n e - d ^  (21 mm ) was ad d ed ,  t o  a  s o l u t i o n  o f  t h e  d i e n e  

^A (64 mg, 0 .2 5  mmol) i n  chloroform-d. (330  mm ) a t  - 7 8  C. The t e m p e r a ­

t u r e  was r a i s e d  t o  O^C and  ^H n . m . r .  a f t e r  24 h showed t h a t  n o  r e a c t i o n
J  ■ • 3 *

had  o c c u r r e d ^ '  The r e a c t i o n  was r e p e a t e d  u s i n g  p y r i d i n e  (350 mm ) when
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t h e  d i e n e  s lo w ly  r e a r o m a t i z e d  (48 h , 0 C) t o  g i v e  m a in ly  b e n z y ^ i c  

p r o d u c t s .

(d) 4 - M e t h y l - 2 - n i t r o p h e n o l
*

The f o l l o w i n g  r e a c t i o n  w a ^ ^ 'S ^ r i e d  o u t  on t h e  ad.duc’t  4 - m e t h y l -

5 - m e t h o x y - 4 , 6 - f i i n i t r o c y c l o h e x a - 2 - e n 4 l - o n e  (42). i n  an  a t t e m p t  to  c o n v e r t  

I t  t o  t h e  n i t r o d l e n o n e  ( ^ )  o r  t h e  n i t r o d i e n o l  ( ^ )  .

A s o l u t i o n  o f  t h e  a d d u c t  ^  ( 0 .2 3  g ,  I 'm m o l)  i n  e t h e r  (50  cm^)
‘i

was c o o le d  to  - 7 8  C*. A s o l u t i o n  o f  m e t h y l l i t h i u m  in  e t h e r  ( 2 . 2  mmol)

was ad d ed  a t  -78°C  and  t h e  m i x t u r e  s t i r r e d  f o r  1 h  i n  an  a tm o s p h e re  o f

3
a r g t n . A 1% s o l u t i o n  o f ' a c e t i c  a c i d  i n  e t h e r  ( v / v ,  10 -cm ) was t h e n

' oad d e d  and  t h e  s o l u t i o n  s t i r r e d  f o r  10 m in  a t  -4 0  C. The m i x t u r e  was th e n

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

• ( 4c h l o r i d e  (25b  cm^) a t  -5 ° C .  The m e t h y l e n e  c h l o r i d e  e x t r a c t  was washed^

3 ' 3 .  !
w i t h  s a t u r a t e d  sod ium  c h l o r i d e  (2 X 40 cm ) and  w a t e r  (2 X 25 cm ) a t

o '
0 C. A f t e r  d r y i n g  o v e r  an h y d ro u s  m agnesium  s u l f a t e ,  t h e  s o l v e n t  was 

rem oved a t  0°C . The p r o d u c t  o b t a i n e d  was p a r t i a l l y  s o l u b l e  i n  c h l o r o f o ­

rm -d ,  (O^C) b u t  more s o l u b l e  i n  a c e t b n e - d  , n . m . r .  o f  t h e  p r o d u c t  
1 '  6

showed t h a t  a m a jo r  amount o f  t h e  a d d u c t  was r e c o v e r e d ,  a l t h o u g h  a , m i n o r '  

am ount of* t h e 'n i t r o d l e n o n e  ^  (aa,5%)  was o b s e r v e d .  A s i g n i f i c a n t  amount 

o f  r e a r o m a t i z e d  p r o d u c t s  ( i n c l u d i n g  4 - m e t h y l - 2 , 6 - d l n l t r o p h e n o l )  was a l s o  

fo rm e d .  *
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(e )  R e a c t io n s  o f  ad d u ces  o b t a i n e d  from o t h e r  sy s tem s  w i th

(1) T h io n y l  C h lo r id e  '

,

A s o l u t i o n  o f  t P o n e - 1 , 4 “ d i m e t h y l - 4 - n i t r o c y c l o h e x a - 2 , 5 - d i e n - l - o l

3(3 9 b ,  84 mg, 0 .5  # n o l )  in * c h lo r o f o r m - d  (350 mm ) and p y r i d i n e - d

(100 mm^) was c o o le d  to  -4D°C. Cold., f r e s h l y - d i s t i l l e d  th io n y l -  c h l o r i d e

3 I ^
(50  mm ) was added t o  t h e  above  s o l u t i o n  and H n.m.r. o f  th e  m ix tu r e

a f t e r  1 min showed i h ^ t  th e  r e a c t i o n  was c o m p le te .  A f t e r  w o rk -u p ,  th e

p r o d u c t  was i d e n t i f i e d  b y -c o m p a r i s o n  o f  t h e  - n .m . r .  s p e c t ^ ^  w i th  an

a u t h e n t i c  sam ple  (39b) a s  t r o n s - l - c h l o r o - l ,4 - d l m e th y l - 4 - n i tŸ o e y l o h e x a -

2,5-dlene (^^b) n.m.r. (90 MHz, CDCl ) j 1.75 (s^b.l-CH^'and.A-CH^),

1 6.05 (d,2,2-H and 6-H), 6.17 ^d,2,3-H and 5-^

(2) P y r i d i n e - d
i

A e o f l u t i o n  o f  2 - c y a n o - 4 , 5 - d i m e t h y l - 4 - n i t r o c y c r o h e x a - 2 , 5 - d i e n y l  
« '  •»

■ 3
a c e t 'a t e  (57^ JO mg, 0 .3 0  nanol) i n  c h lo ro fo rm -d ^  (315 ' mm ) was co o le d  to ,

■ o ”  , 3 ■ .0 C; C old  p y r i d i n e - d /  ^ 0 0  mm ) was added to  th e  above s o l u t i o n  and th e  ■ 
, 0 • e

. t e m p e r a t u r e  r a i s e d  t o  20°C. The r e a c t i o n  m ix tu r e  was w o rked-up  a f t e r  one 

weelc a t  20°C aa d '^ H  n . m . r .  o f . t h e  resM.dueishowed t h a t ^ t h e  s t a r t i n g

d ieneV had  been  r e c o v e r e d  ( i . e .  no r e a c t i o n  had o ccu rred ) .» .
1,

(3) fP o ta s s iu m  C yan ide • **

- . A c e t o n i t r i l e  (5 cm^) was added  t o  a m ix tu r e  o f  p o ta s s iu m  

c y a n id e  (40 n%, 0 .6 2  nmol) and 18-c row n-6  (160 mg, 0 .6 2  mmol). The m ix- 

■‘tu ire  .was warmed to  50°C, c o o le d  to  0°C and th e  a d d u c t  2 - c y a n o - 4 ,5 - d i m e t h -  

y l - 4 - n i t r o c y c l q h e x a - 2 , 5 - d i e n y l  a c e t a t e  (5 7 ,  100 mg, 0 ,4 2  mmol) added .

The- r e a c t i o n  m ix tu r e  was s t i r r % d  f o r  10 min and th e n  w orked-up  to  g i v e ,

’'i ' '
by H n.m.T .  _andig_.l . c . - m . s . . 2 ^ n y a n o - 4 ,5 - d im e th y lp b e n o l , ( 6 8 % , .m /e

1
an d ’ f i - rcy an ô -4 ,5 -d ira e th y lp f ien y l  a c e t a t e  (32%, m /e  1 8 9 ) . '  The H - n . m . r , -
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o f  t h e  two compounds ( i n  CD_OD) was com pared  w i t h  t h e  s p e c t r a  f o r  t h e  

a u t h e n t i c  s a m p le s  (5 7 )  and  t h e  p h e n y l  a c e t a t e  h ad  (90 MHz, CD.OD) 6

2.25 (s,3,4-CHg),2.28 (s,3.5-CHg), 2.30 <s,3,0C0CH), 7.06 (s,l,

6-H), 7.40 (s,l;3-H). The phenol had (90 MHz, CDCl^) 6 2.12 (s,3,4-CH.) 

2.20 (s,3,5-CHg), 4.80 (broàd,l,OHX, 6.71 (s,l,6^H), 7.14 (s,l,3-H). .

(4 )  P o ta s s iu m  N i t r i t e  ■

h e  à d d ^ tM e th a n o l -d ,  (315 mm ) was added  t o  a  m i x t u r e  o f  t h e  

2 - c y a n o - 4 , 5 - d i m e t h y l - 4 - n i t ' r o c y c l o h e x a - 2 , 5 - d i e n y l  a c e t a t e  ( 5 7 ,  59 mg,

0 . 2 5  m m ol) ,  p o t a s s i u m  n i t r i t e  (32 mg, 0.38 mmol) and 1 8 -c ro w n -6  (99 mg;
g I

0 . 3 8  mmol) a t  - 7 8  C. The t e m p e r a t u r e  was r a i s e d  t o  20 C an d  t h e  m i x t u r e  

s t l r j r e d  f o r  72 h .  A f t e r  w o rk - u p ,  H n . m . r .  r e v e a l e d  t h a t  t h e  m a jo r  com-

1

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

was r e p e a t e d  u n d e r  s i m j ^ r  c o n d i t i o n s  and t h e  m i x t u r e  w o rk e d -u p  a f t e r -

^ o '  X  ̂ ^two w eeks a t  20 C t o  g i v e ,  by  H n . m . r . ,  2 - c y a n o - 4 , 5 - d i m e t h y l p h e n y l

a c e t a t e  (100%).
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DISCUSSION

ë y l  Form ation o f  Diene A dduate  . . ,

Thef s t j ^ d i e s  on t h e  ip s o  n i t r a t i o n  o f  v a r i o u s  n l t r o a r e n e s  

showed t h a t  a f 8 and ir o n s  d i a s t e r e o m e r i c  1 ,'4 a c e t o x y n ' i t ' r o  a d d u c t s

w e r e  fo rmed .  The a d d u c t  f o r m a t i o n  i s  a s s o c i a t e d  w i t h  an  i n i t i a l  b o n d i n g  

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

ip s o  Wheland i n t e r m e d i a t e  (W , 4 ^ )  i s  a t t a c k e d  b y  n u c l e o p h i l i c  a c e t a t e  

f rom e i t h e r  s i d e  o f  t h e  n e w l y - i n t r o d u ç f e d  n l t r o  g ro u p  l e a d i n g  t o  d s  

and  ir o n s  a d d u c t s  r e s p e c t i v e l y .  The m e c h a n i s t i c  d e t a i l s  have  b e e n  

. d i s c u s s e d  i n  C h a p t e r  I  and ( f o r  t h e  n i t r a t i o n  o f  l , 2 - d i m e t h y l - 4 - n i t r o -  

b e n z e n e )  t h e  r e a c t i o n  c a n  be  r e p r e s è n t é d ^ b y  t h e  f o l l o w i n g  scheme:

+ NO,

NO .NO
-H

ACOH £;

NO NO
OAc

+

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

•in a d d i t i o n  t o  a c e t i c  a n h y d r i d e ,  a s  a s o l v e n t  f o r  t h e  tp so  n i t r a t i o n  of

1 . 2 - d i m e t h y l - 3 - ‘ and 4 - n i t r o b e n z e n e s . T hese  s u b s t r a t e s  a r e  a p p a r e n t l y  

too  d e a c t i v a t e d  t o  r e a c t  w i t h  n i t r i c  a c i d  i n  a c e t i c  a n h y d r i d e  a l o n e ;  e , g .

1 . 2 - d i m e t h y l - 4 ' - n i t r o b e n z e n e  d i d  n o t  r e a c t  a t  a l l  when t r e a t e d  w i t h  n i t r i c  

a c i d  (5 mol) and a c e t i c  a n h y d r i d e  (10 mol) f o r  48 h a t  0 C (u n d e r  s i m i l a r

.conditions, the reaction with 1,2-dimethylbenzene would be effectively 

i n s t a n t a n e o u s ) % However ,  when t r i f l u o r o a c e t i c  An hydr i de  (o m o l ) ,  a c e t i c  

anhydride (15 mol) and nitric acid (5 mol) per mole of the substrate was , 

used ^  t h e  n i t r a t i o n  p r o c e e d e d  s k o o t h l y  t o  c o m p l e t i o n  (0 C, 30 min) t o  

g i v e  d i e n e  a d d u c t s  ic<2, 50%) and n i t r e  d e r i v a t i v e s  {Su., 50%) .

3 , 4 - D i m e t h y l b e n z o n i t r i l e , which i s  less d e a c t i v a t e d  t h a n  t h e

 ̂ S Q
n i t r o - o - x y l e n e s , on n i t r a t i o n  w i t h  n i t r i c  a c i d - a c e t i c  anhydride au 15 C 

f o r  24 h gave '& diene ad d u c t  (aa. 30%) and v a r i o u s  n i t r o b e n z o n i t r i l e s  (aa,  

30%), with aa. 40% o f  t h e  s u b s t r a t e  r e m a i n in g  unreacted (57).' By u s i n g  

t r i f l u o r o a c e t i c  a n h y d r i d e  ( I  mol) ' ,  a c e t i c  a n h y d r i d e  ( 2 . 5  mol) and 

nitric adid (1.3 mol) p e r  mole o f  t h e  s u b s t r a t e ,  t h e  y i e l d  of  t h e  

diene adducts, after 1 h at 0?C, was enhanced to 45%, with only.15% of 

t h e  s u b s t r a t e  r e m a i n i n g  u n a f f e c t e d  ( 8 7 ) .  Thus e m p lo y m e n t ' o f  t r i f l u o r o -  

acetic anhydride results in a significant improvement, both in the rate 

of  the r e a c t i o n  and i n  the y i e l d  o f  t h e  ad d u c t s ,  o b t a i n e d  ( 5 9 ) .

The activation of the aromatic nucleus by t h e  two methyl g roups  

i s  r e d u c e d  s i g n i f i c a n t l y  by the cyano g r o u p  and t o  a g r e a t e r  e x t e n t ,  by 

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

t h e  c a r r y i n g  o u t  o f  t h e  r e a c t i o n s  u n d e r  c o n d i t i o n s  which would  normally be 

c o n s i d e r e d  d r a s t i c  f o r  t h e  vp80  n i t r a t i o n  o f  a l k y l b e n z e n e s  and which
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w o u ld  l i k e l y  l e a d  t o  r e a r o m a t i z a t l o n  o f  a d d u c t s  fo rmed f rom t n e s erI
s u b s t r a t e s . -  I n  t h e  n i t r a t i o n  o f  1 , 4 - d i m e t h y l - 2 - n i t r o b e n z e n e , . t r i -

p •> - .

f l u o r o a c e t i c  a n h y d r i d e  was l io t  u s ed  a s  a c o - s o l v e n t .  , This s u h s t r a t e  i s  
■' . " \ 

a p p a r e n t l y  more r e a c t i v e  t h a n ' Î , 2 - d ^ m e t h y l - 3 -  and 4 - n ^ r o b e n z e n e s  s i n c e

i t  r e a c t e d  c o m p l e t e l y  w i t h  n i t r i c  a c i d  i n  a c e t i c  a n h y d r i d e  o v e r  24 h a t

O "  " ,  *0 C. F u r t h e r m o r e ,  when t r i f l u o r o a c e t i c  a n h y d r i d e  was used,^  o n l y  one p a i r  

o f  d i a s t e r e o m e r i c  1 ,4  a c e t o x y n i t r o  a d d u c t s  was o b t a i n e d .  U s in g  a c e t i c  

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

t o g e t h e r  w i t h  a 1 ,2  a d d u c t ,  w ere  f o r m e d . .  ,

N i t r a t i o n  by n i t r i c  a c i d  in a c é t l c  a n h y d r i d e  i s  d i f f e r e n t  from
io

t h a t  i n  a c e t i c  acid'or n i t r q m e t h a n e  i n  t h a t  t h e  n i t r i c  a c l d  i s  converted 

t o  a c e t y l  n i t r a t e  ( e q u a t i o n  5 ) ,  The a d d i t i o n  o f  t r i f l u o r o a c e t i c  anhy-r ' 

d r i d e ,  r e s u l t s  in a s i g n i f i c a n t - s h i f t  o f  t h e  e q u i l i b r i u m  ( e q u a t i o n  8) t o  

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

e f f e c t i v e  r e p l a c e m e n t  o f  t h e  a c e t a t e  ion by t h e  more  w e a k ly  . n u c l e o p h i l i c  

t r i f l i i o r o a c e t a t e  i o n  ( e q u a t i o n  9) .

Ac.O + HONOg AeONO.  +  AcOH ( 5 )

AcONO, AcO +
+

( 8)

Ara + (CF_C02)0 =ÿ C F O O O A c  +  CFgCOO (9)

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

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

b e c a u s e  o f  t h e  p o o r e r  n u c l e o p h i l l c l t y  o f  t h e  t r i f l u o r o a c e t a t e .
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As d i s c u s s e d  i n  Chapter^  I ,  s t u d i e s  on t h e  ‘n i t r a t i o n  o f  '

r e a c t i v e  s u b s t r a t e s  such.as  m e s i t y l e n e  show - t h a t  t h e  r e a c t i o n  o c c u r s

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

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

' s t u d i e s  have  n o t  b e e n  made,  i t  wpuld  seem t h a t  t h e  c o n v e r s i o n  o f  t h e
* ' . ^

e n c o u n t e r  p a i r  t o  t h e  c y c l o f \ e x a d i e n y r  c a t i o n  i s  t h e ' r a t e - d e t e r m i n i n g  /  . 

s t e p  o f  t h e  r e a c t i o n . T h u s ,  t h è  i n c r e a s e  i n - t h e  e q u i l i b r i u m  c o n c e n t r a -  /  

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

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

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

N i t r a t i o n  o t  1 , 2 - d i m e t h y l - 6 - n l t r o b e n z e n e  g i v e s  the  fo l l o w in g

p r o d u c t s :

NO

NONO

(16%;

NO02

16 (22%)

NO H OAc 2

(40%) 

7B (10%)
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p r o d u c t s  :

N i t r a t i o n  o f  1 , 2 - d l m e t h y 1 - 3 - n i t r o b e n z e n e  g i v e s  t h e  f o l l o w i n g

O.N NO, 1)0

NO2

(28%)

O.N

A2 (14%)

NO, 
OAc '

te (18%) 9A (28%) 

2B (12%)

N i t r a t i o n  o f  l , 6 - d i m e t h y l - 2 - n i t r o b e n z e n e  g i v e s  t h e  f o l l o w i n g

p r o d u c t s  ;

-NO

NO;2

12 (23%)

0

/ OAc

A2A (17%)

0_N

39 (5%)

39» (7%)

33? (9%)

33f (5%)

2: (13%)

O.N

1% ( 21%)
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A d d i t i o n  o f  t h e  n i t r o n i u m ' I o n  t o  any o f  the ,  n l t Ê o x y l e n ê s  ‘

♦ * * f *l e a d  t o  s i x  d i s t i n c t  c y c l o h e x a d i e n y l  c a t i o n s .  I n  ' t h e  c a s e  of.
- • . '  '  ■ . *

- d l m e t h y l - 4 - n l t r o b e n z e n e ,  t h e s e  a r e  shown b e l o w :  f
? .

NO

NO 2

NO2
X

NO
NO

NO2

I o n s  5 5 ,  57 and 58 formed by a d d i t i o n  o f  t h e  n i t r o n i u m  i o n' vA/ 'XA/ ,

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

d e p r o t o n a t e d  t o  form t h e  c o r r e s p o n d i n g  d i n i t r o - c > - x y l e n e s , w h ich  w ere  

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

by ip so  a t t a c k .  I o n  56 i s  a c a t i o n  w i t h  two,  p o w e r f u l  e l e c t r o n - w i t h d r a w i n g

s u b s t i t u e n t s  a t t a c h e d  to  t h e  same c a r b o n  a tom .  I t  may n o t  be formed t o  any

s i g n i f i c a n t  e x t e n t  s i n c e  i n  t h e  t r a n s i t i o n  s t a t e ,  t h e  n i t r o n i u m  i o n  would be 

r e p e l l e d  by t h e  p o s i t i v e  c e n t r e  o f  t h e  s u b s t i t u e n t  n i t r o  g r o u p .  Hence 

no p r o d u c t s  a r e  o b t a i n e d  w h ich  c a n  o n l y  be a t t r i b u t e d  to  t h e  i n t e r m e d i a t e

f o r m a t i o n  o f  5^ .  I o n s  48 and 54 a r e  formed by a d d i t i o n  o f  t h e  n i t r o n i u m
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. ion  i p s o  t o  a  m e t h y l  s u b s t i t u e n t .  I o n  5 4 , ( r e s u l t i n g  frofti a t t a c k  p a ra  

t o  t h e  n i t r o  g r o u p ) ' s h o u l d  b e  fo rmed  much l e s s  r e a d i l y  than t h e  i o n  

48 ( a t t a c k  t g i t a  t o  t h e  n i t r o  g r o u p )  , The p a r t i a l  r a t e  f a c t o r  f o r  

a t t a c k  pcpL'a t o  . the  n i t r o  g r o u p  ( d i s c u s s e d  l a t e r )  i s  o n l y  4% o f  t h e  

a t t a c k  m eta  t o  t h e  n i t r o  g r o u p .  T h e r e f o r e - ,  i t  i s  n o t  unexpected t h a t  

t h e  OTily a d d u c e  o b t a i n e d  is

OAc

• \

S i m i l a r  a n a l y s i s  o f  t h e  l - . l - d l m e t h y l - S - n i t r o b e n z e n e  s y s t e m  

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

0

OAc

H o w e v e r , 1 , 4 - d i m e t h y l - 2 - n i t r o b e n 2 e n e  g i v e s  t h e  i p s o  a d d u c t s  

and  M  i n d i c a t i v e  o f  t h e  I n t e r m e d i a t e  f o r m a t i o n  o f  t h e  twd
* } i
c y c l o h e x a d i e n j t l  c a t i o n s  50 and 5 1 .  The  o c c u r r e n c e  o f  tvBO  a t t a c k  a t

, »
a p o s i t i o n  o r th o  ( b u t  n o t  p a ra )  t o  t h e  n i t r o  g r q ÿ p  i s  i n  a g r e e m e n t  w i t h

*
■the  h i g h  o :p  r a t i o s  o b s e r v e d  in the n i t r a t i o n  o f  n i t r o b e n z e n e  (2) .

MO
OAc

NO
NO

AcO

NO
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I t  i s  u s e f u l  to  examine t h e  r l s u l t s  o f  n i t r a t i o n  o f  t h e

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

■»p r i n c i p l e .  The p a r t i a l  r a t e  factors f o r  s u b s t i t u t i o n  i n  t h e s e  compounds

can be c a l c u l a t e d  by c o n s i d e r i n g  t h ^  p a r t i a l  r a t e  f a c t o r s  f o r

. s u b s t i t u t i o n  i n  t o l u e n e  and n i t r o b e n z e n e .  Isomer  d i s t r i b u t i o n  ca n 

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

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

(88) and found  to  be i n  a g r e e m e n t ' w i t h  t h e  v a l u e s  o b t a i n e d  i n  o t h e r  

solvents (89). These ratios Xo; : 20.8 : 1 : 25.6 : 2.2)

were  t h e n  used  to  c a l c u l a t e  the p r o d u t t  d i s t r i b u t i o n  e x p e c t e d  on 

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

t h e  n i t r a t i o n  o f  n i t r o b e n z e n e  were  e s t i m a t e d  (2)  b u t  t h e s e  v a l u e s  we re  

• r e v i s e d  (90) on th e  b a s i s  o f  more a c c u r a t e  v a l u e s  f o r ' t h e  r a t e  o f  

n i t r a t i o n  ( r e l a t i v e  t o  benzene). The r e v i s e d  v a l u e s  f o r  t h e  n i t r a t i o n  

o f  n i t r o b e n z e n e  i n  n i t r i c  a c i d - s u l f u r i c  a c i d  a r e  =.1.0# X 10 

31^^ = 16.2 X 10 and = 0.726 X 10 ^ (where  T  = NO ) .  By u s i n gi. * J.  ̂ ' 6

t h e  r f t l o "  o f  p a r t i a l  r a t e  f a c t o r s  and assuming t h a t  (a)  t h e  e f f e c t '  of- 

s u b s t i t u e n t s  i s  a d d i t i v e  and (b) t h e  abpve v a l u e s  f o r  n i t r a t i o n  of  

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

c o m p o s i t i o n  can be  c a l c u l a t e d .  It.i s  e x p e c t e d  jthat t h e  n i t r o  g ro u p  would 

s t r o n g l y  d e a c t i v a t e  t h e  p o s i t i o n  ipao  t o  i t .  Table 3.1  shows th e  

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

t h e  v a r i o u s  nitroxylenes. '
/



TABLE 3 . 1  -

CALCULATED (A) AND OBSERVED (B) PRODUCT DISTRIBUTION IN THE

n i t r a t i o n  of  n i t r o a r e n e s

POSITION

C -l

C-2

C-3

C-4

C-5

C-6

OVERALL
i p g o

ATTACK

A

5%

2 %

67%

1%
25%

7 2 %

B

14%

23%

45%

5%
1 3 %

59%

A

59%

4%

2 %

33%

1%

63%

B

40%

14%

28%

18%

40%

A

3%

63%

2%

3%

29^

66 %

50%

16%

12%

22 %

50%

o
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The e x t e n t  o f  o v e r a l l  i-pso a t t a c k  obser ved "  In  a l l  t h r e e  

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

i n d i c a t e  a  h i g h e r  d e g r e e  o f  a t t a c k  a t  p o s i t i o n s  o r th o  to  t h e  n i t r o  

g ro u p  i n  t h e  s u b s t r a t e ,  e s p e c i a l l y  when t h e s e  p o s i t i o n s  a r e  non­

s u b s t i t u t e d .  H e n ce ,  though  t h e  a d d i t i v i t y  p r i n c i p l e  can be  employed t o  

a d v a n t a g e  t o  p r e d i c t  i s o m e r  d i s t r i b u t i o n s ,  t h e  o b s e r v e d  v a l u e s  i n d i c a t e  ’ 

t h a t  t h e s e  p r e d i c t i o n s  s h o u l d  be a t t a c h e d  q u a l i t a t i v e ,  and n o t  

q u a n t i t a t i v e ,  i m p o r t a n c e .

Marked d e v i a t i o n s  f rom th e  a d d i t i v i t y  p r i n c i p l e  have  b e e n  

o b s e r v e d  i n  b r o m i n a t i o n  and ( t o  a  g r e a t e r  e x t e n t )  i n  n i t r a t i o n  o f  

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

s u b s t i t u e n t  ( 9 1 ) .  P r o d u c t  c o m p o s i t i o n s  o b t a i n e d  f rom t h e  n i t r a t i o n  

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

f rom t h e  a d d i t i v i t y  p r i n c i p l e  ( 9 2 ) .  The r e s u l t s  o f  t h e  work  on n i t r o ­

a r e n e s  and t h e  above  r e s u l t s  can be  u n d e r s t o o d  I f  t h e  p r e s e n c e  o f  an 

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

i n g  s u b s t i t u e n t  t h r o u g h  m u t u a l  i n t e r a c t i o n .  I n  t h i s  e v e n t ,  t h #  e f f e c t s  

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

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

Once t h e  i p e < ? - c y c l o h e x a d i e n y l  c a t i o n  ( W  t o  ^1)  i s  f o r m e d ,  

n u c l e o p h i l i c  a t t a c k  can t a k e  p l a c e  e i t h e r  a t  p a ra  o r  o r th o  t o  g i v e  a

U ;* *
1 ,4  o r  a 1 ,2  d i e n e  a d d u c t  r e s p e c t i v e l y .  The f o r m a t i o n  o f  t h e  1 , 4  r a t h e r  

t h a n  t h e  1 ,2  d i e n e  a d d u c t  i n  v a r i o u s  s y s t e m s  may b e  a t t r i b u t e d  t o  t h e  

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

( 4 ) .  N u c l e a r  m a g n e t i c  r e s o n a n c e  s t u d i e s  on p e n t a m e t h y l c y c l o h e x a d i e n y l  

. c a t i o n  i n d i c a t e ^ a " g r e a t e r  c o n c e n t r a t i o n  o f  t h e  p o s i t i v e  c h a r g e  a t  t h e
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pa ra  t h a n  i n  t h e  oTthû  p o s i t i o n .  The h i g h e r  d e g r e e  o f  p o s i t i v e  c h a r g e  

a t  t h e  para  p o s i t i o n  i n d i c a t e s  a g r e a t e r  c o n t r i b u t i o n  t o  ^  f rom W t h a n  

f rom ^  o r  Hence,  n u c l e o p h i l i c  a t t a c k  a t  a p a r a  p o s i t i o n  i s  g e n e ­

r a l l y  p r e f e r r e d .

H.

• +  )
. 2 5 5

\  / . 0 9 5

' 2 7 9

Even i f  t h e  t h r e e  fo rms w e re  t o  c o n t r i b u t e  e q u a l l y ^  t h e  

p r e f e r e n t i a l  f o r m a t i o n  o f  1 , 4  d i e n e  a d d u c t s  may-be  r a t i o n a l i s e d  i n  te rm s  

o f  t h e  H i n e s  p r i n c i p l e  o f  l e a s t  m o t io n  ( 9 3 ) ,  a c c o r d i n g  to  which " t h o s e  

e l e m e n t a r y  r e a c t i o n s  w i l l  be  f a v o r e d  t h a t  I n v o l v e  t h e  l e a s t  change in  

a t o m i c  p o s i t i o n  and e l e c t r o n i c  c o n f i g u r a t i o n " .  T h i s  p r i n c i p l e  can be 

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

% o r d e r s  f o r  t h e  s i x  c a r b o n - c a r b o n  bon ds  a r e  ( g o i n g  a r o u n d  t h e  r i n g )  1,

2 /  ■ 1/  1/  2 /
1 /3 , 1 ' 3 ,  1 / 3 , 1 '3 ,  ! . .  On c o n v e r s i o n  o f  t h e  c y c l o h e x a d i e n y l  c a t i o n  t o  a 

d i e n e ,  t h e  bond o r d e r s  ch an g e  a s  f o l l o w s :

r / 3
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The two bonds whose bond o rd er  I s  1 are  unchanged in  th e  two p ro d u c ts  ^
\  ' '

and 6 0 .  When th e  1 ,2  adduce 60 i s  formed th e  change in  bond order i s

0 '+  % + % + V?, + % + 0 whereas f o r  th e  j / ,4  adduce 5 9 ,  th e  change i s

0 + '/g +  V3 +■ V3 +  V3 + 0 .  S in c e  - a. gpd a ter  change i s  r e q u ired  to  form

th e  1 ,"2 addtict, .  th e  p r i n c i p l e  o f  l e a s t  m otion  p r e d i c t s  fo rm ation  o f  th e  j

1 .4  adduce . Thus, in  the a b sen ce  o f  s t e r i c  or  o th e r  f a c t o r s ,  th e  forma­

t i o n  o f  th e  1 ,4  adduct i s  p r e f e r r e d  and t h i s  i s  in d eed  th e  c a se  fo r  

c a t i o n s  48 and 49 and seems to  be g e n e r a l l y  tr u e  fo r  a lm o st  a l l  s u b s t r a t e s■‘xA- Vv ^

( s e e  Chapter I ) .  S t e r i c  f a c t o r s  would a l s o  i n h i b i t  n u c l e o p h i l i c  a t t a c k

~ *
a t  C-2 in  49 w hereas in  4 8 ,  th e  b u t t r e s s i n g  e f f e c t  o f  th e  m ethyl a t  C- 6

W  V

Î, \
on th e  substituents a t  C - l  red u ces  the  p r o s p e c t s  o f  n u c l e o p h i l i c  a t t a c k  

a t  C -2 ,  which i s  f la n k e d  on th e  o th e r  s i d e  by th e  n i t r o - s u b s t i t u t e d  C-3.  

T h e s e - e f f e c t s  are  a b sen t  in  50 in  which a d d i t i o n  a t  C-.4 would e x p e r ie n c e  

a c e r t a i n  d eg re e  o f  s t e r i c  h in d ra n ce  by th e  a d j a c e n t  n l t r o  group . Hence,  

n i t r a t i o n  o f  1 ,4 - d im e t h y l - 2 - n i t r o b e n z e n e  r e s u l t s  in  a s i g n i f i c a n t  amount 

(aa, 21%) o f  a 1 , 2  d ie n e  a d d u c t .a r i s i n g  from ^ , along w ith  th e  ex p ec ted

1 .4 d ie n e  adduct (oa.24%) as a p a ir  o f  d ia s t e r e o m e r s  r e s u l t i n g  from th e  • • 

•same c a t io n .  From th e  c y c lo h e x a d ie n y l  c a t io n  ^  l e a d in g  to  a n o th er  p a ir  

o f  1 ,4  d ie n e  a d d u c t s ,  no 1 ,2  d ie n e  ad du cts  w ere o b ta in e d .  In t h i s  c a s e ,  

a d d i t io n  o f  th e  n u c le o p h i l e  to  th e  para p o s i t i o n  i s  n o t  h in d e r e d .  These  

arguments re g a rd in g  s t e r i c  i n f l u e n c e  are  in  a cco rd  w ith  p r e v io u s  

o b s e r v a t io n s  reg a rd in g  th e  a b sen ce  o f  such 1 , 2  d ie n e  ad du cts  ihl%l)e ipao 

n i t r a t i o n  o f  i l -x y la n à  (3 8 )  and th e  fo rm a tio n  o f  such, an adduct'In* th e  

c a s e s  o f  4 - t e r t - b u t y l t o l u e n e  (41) and ( t o  a l e s s e r  e x t e n t )  5-tert-hutyX-

1 , 2 , 3 - tr im e th y l  ben zen e  ( 4 4 ) .  in  th e  c a s e  o f  t e r t - b u t y l t o l u e n e s , 1 ,2  

adducts  hâve been  o b ta in e d  but n o t  p o s i t i o n a l  iso m ers  and in  th e
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n i t r a t i o n  o f  p - e t h y l t o l u e n e  ( 3 9 ) ,  d i a s t e r e o m e r i c  1 ,4  p o s i t i o n a l  i s o m e r s

( c o r r e s p o n d i n g  ,t o  ip s o  a t t a c k  a t  -Me a t  - E t )  have been  o b t a i n e d ,  b u t  n o t
*

1 ,2  a d d u c t s .  The n i t r a t i o n  of 1 , 4 - d i m e t h y l - 2 - n i t r o b e n z e h e  r e p r e s e n t s  t h e

f i r s t  c a s e  w h e r e i n  b o t h  a 1 , 2  d i e n e  a d d u c t  and s t r u c t u r a l l y  i s o m e r i c  1 ,4
■ .

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

o b t a i n e d .

(b)  P r o d u c t s  f rom t h e  a d d i t i o n . b ^ f f i i t r o n i u m  i o n  t o  n i t r o c r e s o l s .

N i t r a t i o n  o f  4 - m e t h y l - 2 - n i t r o p h e n o l  a t  0°C gave t h e  e x a c t e d  

n i t r o d l e n o n e  (aa. 55%) and 4 - m e t h y ' l - ^  6 - d i n i t r o p h e n o l  (aa. 45%). The

f ' 0 -
n i t r o d l e n o n e  was s t a b l e  i n  a c e t i c  a n h y d r i d e  s o l u t i o n  (0 C) b u t  decomposed

on work-igp t o  4 - m e t h y l - 2 , 6 - d i n i t r o p h e n o l .  . '

NO2OH

02

NO
0

O^N

' OH

)

^  N i t r o d i e n o n e s  h av e  bee n  i s o l a t e d  by l o w - t e m p e r a t u r e

y s t a l l i z a t i o n  o f  t h e ^ e a c t i o n  p r o d u c t  f rom m e t h a n o l  (63) . A t t e m p t s  t o  

c r y s t a l l i z f e  t h e  n i t r o d l e n o n e  o b t a i n e d  f rom 4 - m e t h y l - 2 - n i t r o d l e n o n e  r e s u l -  

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

a t t r i b u t e d  t o  f o r m a l ,  a c i d - c a t a l y z e d  1 , 4  a d d i t i o n  o f  s o l v e n t  m e t h a n o l  t o  

t h e  n i t r o d l e n o n e  a s  shown I n  t h e  f o l l o w i n g  scheme:
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0

NO

0

0

• MeOH

NO
OH

+OMe

-H

0

OMe .

NO

0

OMe

NO

OH.

N i t r a t i o n  o f  4 - m e t h y l - 3 - n i t r o p h e n o l  gave  t h e  e x p e c t e d  

n i t r o d i e n o n e  (aa. 30%) w h ic h  decomposed on w o r k - u p  w i t h  ammonia.  The 

n i t r o d l e n o n e ,  b e i n g  i n  suc^^ low y i e l d ,  c o u l d  n o t  be  c r y s t a l l i z e d  f rom 

m e t h a n o l  a t  -7 §°C .  '

NO

OH

0 NO2

0
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3 . 2  S tr u c tu r a l  A ssignm en t o f  D im e  A dduots

The d i e n e  a d d u c e s  o b t a i n e d  by t h e  ip s o  n i t r a t i o n  o f ^ t h e  v a r i o u s

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

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

mass  s p e c t r a l  d a t a  w e r e - o f  l i t t l e  u s e  i n  s t r u c t u r a l  a s s i g n m e n t s .  ' AS a

1 13r e s u l t ,  u l t r a v i o l e t ,  i n f r a r e d ,  H and C n u c l e a r  m a g n e t i c  r e s o n a n c e  

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

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

p h i l e s  w e re  s t u d i e d  by H n . m . r .  M i x t u r e s  o f  t h e  r e a r o m a t i z e d  p r o d u c t s
HP  ̂ 1

w e r e  u s u a l l y  a n a l y z e d  by H n . m . r .  and g a s - l i q u i d  ch r o m a to g rap h y  In  

c o n j u n c t i d f t  w i t h  mass  s p e c t r o m e t r y .

n . m . r .  s p e c t r a l  a s s i g n m e n t s  a r e  g i v e n  -in T a b l e  3 . 2  

n t  d a t a  i n  T a b l e  2 , 2  and F i g u r e s  3 . 1  t o  3 . 9 .

3 . 2 . 1  D i a s t e r f e o i ^ r s  7A and : 4 , 5 - d i m e t h y l - 2 , 4 - d i n i t r o c y c l o h e x a - 2 , 5 -  

d i e n y l  a c e t a t e .

The p r e s e n c e  o f  n i t r o  and a c e t o x y  g r o u p s  i n  t h e  d i è n e  7A was 

e s t a b l i s h e d  by  t h e  a b s o r p t i o n s  a t  1560 cm (NO ) and a t  1238 and 1742 

cm  ̂ (OCOCHg). S i m i l a r  a b s o r p t i o n s  a t  1560 cm  ̂ and a t  1240 and 1750 cm ^

w ere  r e c o r d e d  f o r  t h e  i s o m e r  7B.'u

U.v s p e c t r o s c o p y  i l k ,  225 nm; 7B, 227 nm) showed t h a t  t h e .

i s p m e r s  we re  1 ,4  a d d u c t s ,

1 - 1 3The H and C n . m . r .  s p e c t r a  b o t h  i n d i c a t e d  t h a t  i n  t h e  

f o r m a t i o n  o f  7 À . (and 7 B ) , t h e  a r o m a t i c  r i n g  had  b e e n  c o n v e r t e d  i n t o  a 

d i e n e  s y s t em  i . e .  7A was an  a d d u c t  as  was JB .

n . '
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The n . m . r .  s p e c t r u m  o f  b o t h  t h e  ^ . d d u c t s  c o u ld  b e  s u i t a b l y  

i n t e r p r e t e d .  For  .-such 1 , 4  d i e n e  a d d u c e s , ' s i x  p a i r s  of  d i a s t e r e o m e r s  can 

be  e n v i s a g e d .  The s i x  s t r u c t u r a l  i so m ers  can be  s u b - c l a s s i f i e d  i n t o  

t h r e e  p a i r s  o f  " p o s i t i o n a l "  i s o m e r s .  In  members o f  each  p a i r  o f  p o s l t i  

o n a l  i s o m e r s ,  t h e  I q c a t i o n  o f  t h e  d o u b le  donds  w i t h  r e s p e c t  to  t h e  

o r i g i n a l  s u b s t i t u e n t s  i s  t h e  same. The l o c a t i o n  o f  t h e  d o u b le  bonds i s  

d i f f e r e n t  in  mëmbers o f  d i f f e r e n t  p a i r s .

X = NO , Y - OAc . X - IhOg, Y = % = NOg, Y " OAc

X = OAc, Y = NOg ^ ^ ^ Y = NO^

j *
In t h e  c a s e  o f  s t r u c t u r e s  ^76 and a 10 Hz c o u p l i n g  between

t h e  two a d j a c e n t  v i n y l i c  r i n g  p r o t o n s  would be  o b s e r v e d .  F o r  s t r u c t u r e s

^ 8  and t h e  p r o t o n  r e s o n a n c e  a t  t h e  l o w e s t  f i e l d  (5-H) s h o u ld  be

1
c o u p l e d ‘t o  an a d j a c e n t  r i n g  p r o t o n .  I n  t h e  H n . m . r .  s p ec t r u m  of  t h e  

a d d u c t s  arid t h e  maximum c o u p l i n g  o b s e r v e d  i s  4 Hz a n d , t h e  a b s o r p ­

t i o n  a t  t h e  l o w e s t  f i e l d  i s  a s h a r p  s i n g l e t .  T hese  o b s e r v a t i o n s  r u l e  ou t '  

s t r u c t u r e s  and ^  and show b h a *  t h e , 1 , 4  d i é n e ' é d d ù e t s  ca n be

a d e q u a t e l y  r e p r e s e n t e d  by t h e  s t r u c t u r e s  ,7 o r  S t r u c t u r e  r e p r e s ­

e n t i n g  a s e c o n d a r y  J i i t r o  compound i s  c h e m i c a l l y  u n l i k e l y  s i n c e  i t  would 

e l i m i n a t e  a c e t i c  a c i d  . r e a d i l y  on e x p o s u r e  t o  b a s e  t o  form 1 , 2 - d l m e t h y l -  

4 , 5 - d i n i t r o b e n z e n e .

. Ring p r o t o n s  i n  t h e  d i e n e  a d d u c t s  o b t a i n e d  by p r e v i o u s  w ork e r s
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(3 8,  39) typically a b s o r b  i n  t h e  r e g i o n  6 5 . 5 -  6 . 5  ppm. The v e r y  low 

f i e l d  single^^>^”e b s ^ r p t i o n  i n  t h e  s p ec t r u m  o f  a t  6 7 ,44 ppm i s  a s s i g n e d  

to  3-H.»' The c o r r e s p o n d i n g  a b s o r p t i o n  i n  d i a s t e r e o m e r i c  7B i s  a t  5 7 .34
- 4  • . • ^

( s , l , 3 - H ) .  T h e V i i t r o  group  a t t a c h e d  to  t h e  o t h e r  end o f  t h e  d o u b l e  bond

moves t h i s  p r o t o n  t o . a  low f i e l d .

1 ' 1 ,
Absorptions at 5 6.46 and 5.98 in the H n.m.r. spectrum of 7A

a r e  a s s i g n e d  t o  the other two ring p r o t o n s .  The a c e t a t e  absorption

o c c u r s  a t  5 2 .0 6  w h e rea s  the d o u b l e t  a t  6 1 .8 8  And t h e  s i n g l e t  a t  5 1 .95

a r e  a s s i g n e d  to  5-CH^ and 4-CH^ r e s p e c t i v e l y .  S i m i l a r l y ,  f o r  t h e  a d d u c t

7B 5 a b s o r p t i o n s  a t  0  6 . 3 4 ;  5 . 9 6  and 2 . 0 4  a r e  a s s i g n e d  to  1—H, 6—H and

acetate.respectively. The ring methyls 4-CH and 5-CH show an identical
, à 3

a b s o r p t i o n  a t  0  1 . 8 6 .  I r r a d i a t i o n  t e c h n i q u e s  e n a b le d  t h e ' s p e c t r u m  t o  be 

a s s i g n e d s w i t h o u t  ambiguity. I n  t h e  n.m.r. s p e c t r u m  o f  t h e  d i e n e  ./A, 

i r r a d i a t i o n  a t  6 1.88 c o l l a p s e d  the,peaks at 5 5 . 9 8  and a t  0  6 . 4 6  to 

two d o u b l e t s  ( J . ^  = 4 Hz) .  On a 300 Hz expanded s p e c t r u m ,  b o t h  1-H and 

6-H a p p e a r e d  a s  m u l t i p l e t s  and 5-CH^ a p p e a r e d  a s  a t r i p l e t  ( o v e r l a p p i n g  

d o u b l e t s )  I r r a d i a t i o n  a t  e i t h e r  0  5 . 9 8  o r  6 6 . 4 6  r e s u l t e d  i n  t h e  

collapse of 5-CH^ to a doublet = 1.5 Hz, = l.?Hz).

Thus ,  by  s i m u l t a n e o u s  e x p a n s io n  and d o u b l e  r e s o n a n c e  s t u d i e s ,  t h e  a s s i g n - ,  

ment  and c o u p l i n g  c o n s t a n t s  were  v e r i f i e d  ( T a b le  3 . 2 ) .

/
NO2H OAc AcO H
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f  A s i m i l a r  a p p r o a c h  was a d o p t e d  f o r  i n t e r p r e t i n g  t h e  H n . m . r .

s p e c ^ um o f  though  i n  t h i s  c a s e ,  t h e  a b s o r p t i o n s  due t o  4-CH^ and

5-CHg o v e r l a p p e d .  ^  .

, _ S h i f t  r e a g e n t  s t u d i e s  w e re  employed  t o  d e t e r m i n e  t h e  s t e r e o ­

c h e m i s t r y  o f  t h e  d i e n e  a d d u c t s  JA and 7B. I n d u c ed  s h i f t s  can b e  a t t r i -  ' 

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

r e a g e n t  and t h e  n u c l e o p h i l e  (94)  and t h e  m a g n i t u d e  o f  t h e  p a r a m a g n e t i c  

s h i f t  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  cube o_f_the d i s t a n c e  .be tween  t h e  

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

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

f o r  t h e  r i n g  m e t h y l  g r o u p s  ( T a b le  2 . 2 )  s i n c e  t h e  europij jm io n  i s  cotnp lex -  

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

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

t o  t h e  c o m p lex in g  s i t e .  The i n d u c e d  d o w n f i e l d * s h i f t  o f  6-H i s  h i g h e r  

t h a n  t h a t  f o r  3-H.  T h i s  o b s e r v a t i o n  may b e  a t t r i b u t e d  *to t h e  f a c t  t h a t

6-H i s  c l o s e r  t o  t h e  s i t e  o f  c o m p l e x a t i o n  than ,  3-H.  A d d i t i o n  o f  t h e

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

t
t h e  4-CH^ p r o t o n s  i n  t h e  tT o n s  i s o m e r  ( i n  w h ich  OAc i s  o ia  t o  4-CH^) more 

r a p i d l y  d o w n f i e l d  t h a n  i n  t h e  ô ia  I s o m e r .  On t h e  b a s i s  .of t h i s  o b s e r v a ­

t i o n ,  t h e  d i e n e  7A (m.p .  95°C) , w h ic h  i s  e l u t e d  p r i o r  t o ' t h e  d i e n e  .78 

f rom t h e  co lum n ,  i s  a s s i g n e d  t h e  tpcm s  c o n f i g u r a t i o n  and d i e n e  i s  

' a s s i g n e d  t h e  c i s  c o n f i g u r a t i o n .  A c o m p a r i s o n  o f  t h e  r e l a t i v e  i n d h c e d  

s h i f t s  o f  t h e  v a r i o u s  p r o t o n s  i n  b o t h  i s o m e r s  ca n  b e  made by p l o t t i n g  t h e  

o b s e r v e d  s h i f t s  a g a i n s t  t h e  s h i f t  o f  t h e  a c e t a t e  p r o t o n s  ( F i g u r e s  3 . 1

and 3 . 2  and -Table  2 . 2 ) .  I n  b o t h  t h e  a d d u c t s ,  t h e  a b s o r p t i o n s  move dowh- 
■ , ■ ' 

f i e l d  i û i , t h e  o r d e r  1-H > 6-H > 3-H > 4-CH„ > 5-CH^ c o n s i s t e n t  w i t h  7.
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3 . 2 . 2  Diene 8 :  5 , 6 - d i m s t h y l - 2 , 6 - d i n l t r o c ÿ ' c l o h e x a - 2  , 4 - d i e n y l  a c e t a t e'V *

I . r .  ban ds  a t  1555 cm and a t  1753 and 1210 cm showed th e

s '  . '
p r e s e n c e  o f  n i t r o  and a c e t o x y  g roups  i n  t h e  d i e n e .

U .v .  s p e c t r o s c o p y  (325 nm) showed t h a t  a  c y c l o h e x a - l , 3 - d i e n y l  

s y s t em  (with a n i t r o  group i n  conjugation),was p r e s e n t .  ' '

For a 1 ,2  a d d u c t ,  t w e lv e  p a i r s  o f  d i a s t e r e o m e r s  a r e  e n v i s a g e d .  

T h e re  a r e  s i x  p a i r s  o f  p o s i t i o n a l  I s o m e r s  w h ich  d i f f e r  i n  t h e  l o c a t i o n  

o f  t h e  d o ub le  bonds w i t h  r e s p e c t  t o  t h e  o r i g i n a l ' n i t r o  and m e th y l  s u b s ­

t i t u e n t s ,  They can be  r e p r e s e n t e d  a s  showrT be low:

X

'^^.X - NOL, Y - OAc 

gjg: X - OAc, Y = NOg

X = NO , Y - OAc 

X = OAc, Y "  30%

X = XOg, Y = OAc 

8 4 1 X = OAc, Y = SO,

.NO.

X . NO^, Y = OAC 

X = OAc, Y = NO.

X = NOg, Y = OAc 

X " OAc, Y = NO.

X = NO , Y - OAc 

X - OAc, Y . NO

Only s t r u c t u r e  8 ( o r  M )  can accommodate t h e  r e q u i r e m e n t s  o f
 ̂ , 1 

a f u l l y  c o n j u g a t e d  n l t r o d i e n e  sy s tem  and t h e  H n . m . r .  s p e c t r u m  (Tab le

3 . 2 ) .  ' S t r u c t u r e  b e i n g  a s e c o n d a r y  n i t r o  c o m p o u n d , i s  c h e m i c a l l y
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u n l i k e l y  s i n c e  i t  would  r e a d i l y  l o s e  a c e t i c  a c i d  t O s g i v e  1 , 2 - d i m e t h y l -  

'3,4-dinitrobenzene.
» ^

•In t h e  n . m . r .  s p e c t r u m ,  t h e  l o w - f l e l d  p r o t o n  (d  7 ,4 8  ppm) 

i s  a s s i g n e d  to  3 -H ,  whi'ch i s  a t t a c h e d  t o  t h e  same d o u b l e  bond "as t h e  

n i t r o  g r o u p .  T h i s  p r o t o n  h a s  an a d j a c e n t  ( c o u p l e d )  p r o t o n  which  i t s e l f  

h a s  a n ,_ a d j a c e n t  ( c o u p l e d )  m e t h y l  group. The r e m a i n i n g  ring m e t h y l  g roup  

and,the p r o t o n  a r e  not c o u p l e d .  S t r u c t u r e  8 u n i q u e l y . ,  

m en t s  imposed by t h e  "H n . m . r .  s p e c t r u m .

OAc

NO

i h e  a b s o r p t i o n s  a t ’ 6 6 . 9 3  an d 6 . 3 p  a r e  a s s i g n e d  to  1-H and 4-H ' 

r e s p e c t i v e l y .  The a c e t a t e  m e t h y l  o c c u r s  a t  c 2.08.' The  5-CH i s  o b s e r v e d
» .  j

a s  à " l o w e r - ' f i e l d  d o u b l e t  (5 2 . 1 2 )  (whereas t h e  s i n g l e t  a t  6 1 . 7 8  i s  Mire

t o  6-CH_.
■'h

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

When t h e  d e c o u p l e r  f r e q u e n c y  was s e t  at 5 2 . 1 2 ,  t h e  a b s o r p t i o n  a t  5 6 . 3 5
/  *

c o l l a p s e d  t o  a  d o u b l e t  ( J „ ,  = 7 H z ) ,  I r r a d i a t i o n  a t  6 7 . 4 8  a l s o  cb l l -d psed

■ ' 
t h e  p e a k  a t  6 6 . 3 5  t o  a d i f f e r e n t  d o u b l e t  ( J ,  _ = 1 . 5  Hz). / T h u s ,  t h e
,  \  / j

H n . m . r .  s p e c t r u m  i s  compatible o n l y  w i t h  /  ' ,

S h i f t  r e a g e n t  s t u d i e s  l e n t  f u r t h e r  s u p p e r  p / t o  t h e  a s s i g n e d  ■> J
s -  ,

1 ,  s t r u c t u r e .  A d d i t i o n  o f  s h i f t  r e a g e n t  and o b s e f v a t i o n s  o f  t h e  m e t h y l  ?

a b s o r p t i o n s  showed t h a t  t h e  d o w n f i e l d  . . s h i f t  i s  o f  t h e  o r d e r  OAc '  6-CH.,

- ,> S - C H ^ . ( F i g u r e  3 . 3 ) .  As i n  o t h e r  s e c o n d a r y  a d d u c t s  ( 7 ) ,  t h e  s h i f t  o f  

' ^  1-H i s  t h e  g r e a t e s t  s i n c e ' j . t  i s  c l o s e s t  t o  t h e  s i t e  o f  c o m p l e x a t i o n .

< '  f
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Thac t h e  ^ i f t  o f  3-H i s  g r e a t e r  t h a n  t h a t  f o r  4-H may b e  a t t r i b u t e d  to

weak c o m p l e x a t i o n  o f  t h e  l a n t h a n i d e  i o n  w i t h  t h e  C-2 n i t r o  group r e s u l t -

' i n g  . in  i t s  b e i n g  l o c a t e d  c l o s e r  t o  3-H t h a n  t o  4-H.  T h u s ,  t h e

observed o r d e r  o f  i n d u c e ^  s h i f t s  i . e .  1-H > 6-CH_ > 3-H > 4-H > 5-CH i s
« . 3 J

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

S i n c e  o n l y  one o f  t h e  two d i a s t e r e o m e r s  c o r r e s p o n d i n g  t o  8 was

obtained, i t s  s t e r e o c h e m i s t r y  c o u l d  n o t  be  a s c e r t a i n e d .  However ,  t h e

s u b s t a n t i a l  d i f f e r e n c e  in t h e  i n d u c e d  c h e m i c a l  s h i f t s  b e t w e e n  6-CH and• J

1 5-CH^ ( T a b l e  2 . 2 )  i n d i c a t e s  t h a t  6-CH i s  much c l o s e r  t o  1-OAc than 

5-CH . H e n ce ,  i t  i s  n o t  u n l i k e l y  t h a t  t h e  6-CHg and 1-OAc are o i s  t o  

e a c h  o t h ê r  i n d i c a t i n g  t h a t  t h i s  d i a s t e r e o n e r  i s  probably t h e  tT'oKs a d d u c t .

- 3 . 2 . 3  D i a s t e r e o m e r s  and 3 , 4 - d l a e t h y l - 2 , 4 - d i n i t r o c y c l o h e x a - 2 , 5 - * 

d i e n y l  a c e t a t e

The s t r u c t u r e s  o f  t h e s e  d i e p e  a d d u c t s  ( o b t a i n e d  f rom 1 , 2 - d i m e -  

t h y l - 3 - n ^ t r o b e n z e n e )  w e r e  d e t e r m i n e d  f rom t h e  u . V f ,  i . r .  and  'H n . m . r .  

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

. s i m i l a r  t o  t h a t  em ployed  f o r  d i e n e s  2Ji an d ZB. The a d d u c t s ' - h a v e  . 

s t r u c t u r e s  9A and 9B,

NO
OAc

\ 0

\
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I n  b o t h  t h e  a d d u c t s ,  t h e  r i n g  p r o t o n  i p s o  t o  t h e  a c e t a t ^  g ro u p  

(1-H)  a b s o r b s  a t  t h e  l o w e s t  f i e l d  ( T a b l e  3 . 2 ) .  A 10 Hz c o u p l i n g  i s
W . A

o b s e r v e d  b e t w e e n  t h e  two v i n y l i p  p r o t o n s  i n  9A. The r i n g  p r o t o n  1-H i s

a l s o  c o u p l %  t o  3-CH (d)  w h i c h  i t s e l f  . o c c u r s  a t  a  l o w e r  f ^ e l d  t h a n  

t h e  4-CH.j ( s )  i n  b o t h  a d d u c t s .  The r i n g  p r o t o n s  a p p e a r  i n  t h e  r e g i o n  o 

6 . 0 - 6 . 6  ppn wh iph  r e n d e r e d  i r r a d i a t i o n  s t u d i e s  d i f f i c u l t .  F r e q u e n t l y ,  

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

p e a k  o v e r l a p  c a n  be  e s t i m a t e d  f rom a s h i f t e d  s p e c t r u m  ( 9 4 ) .  The v a l u e s  

o b t a i n e d  maybe v a l i d  f o r  u n a l t e r e d  s p e c t r a ,  th o u g h  some c a u t i o n  m u s t  b e  

e x e r c i s e d  (9 & c) .  The m u l t i p l e t s  i n  t h e  r e g i o n  6 6 . 0 - 6 . 6  ppm w e r e  s e p a r a ­

t e d  by t h e  a d d i t i o n  o f  s h i f t  r e a g e n t  and an  ex panded  300 Hz s p e c t r u m  

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

was s e t  a t  t h e  1-H a b s o r p t i o n  I n  a  s h i f t e d  s p e c t r u m ,  t h e  a b s o r p t i o n s  d ue  

t o  5-H (d d )  , 6-H ( d d )  and 3-CH^ c o l l a p s e d  t o  a d o u b l e t ,  a  d o u b l e t  and a 

s i n g l e t  r e s p e c t i v e l y .  T h i s  shows t h a t  1-H i s  c o u p l e d  t o  3-CH^ and t o  t h e  

two v i n y l i c  p r o t o n s  a s  e x p e c t e d  and c o n s i s t e n t  w i t h  t h e  s t r u c t u r e s  %  

and 9 B .

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

f o r  t h e  r i n g  p r o t o n s  was f o u n d  t o  be  o f  t h e  o r d e r  1-H > 6-H > 5-H.  The

s h i f t s  f o r  t h e  m e t h y l  g r o u p s  d e c r e a s e d  in..  t h e  o r d e r  jO.Ac > 3-CH > 4-CH
i  3 . . 3  .

( f i g u r e s  3 . 4  and 3 . 5 ) .  The g r a d i e n t  f o r  t h e  4-CH i n  t h e - i s o m e r  |A. ( e l u - ^  

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

2 ' . 2 ) .  Hence $A  i s  t h e  i r o n s  ad d u c e  and gB i s  t h e  o i s  a d d u c t .
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3 . 2 . 4  D l a s c e r e o i n € r s  ^pA and ^pB;  1 , 4 - d i m e t h y l - 2 , 4 - d i n ± t r o c y c l o h e x a - 2 , 5 -  

d i e n y l  a c e t a t e ;  d i a s t e r e o m e r s  UD and U E :  1 , 4 - d i m e t h y l - 3 , 4 - d i n l - t -  

i r o c y c l o h e x a - 2 , 5 ~ d ± e n y l  a c e t a t e

f o u r  1 , 4  a d d u c t s  w e r e  o b t a i n e d  f rom t h e  n i t r a t i o n -  o f  1 , 4 - d l m e -  

t h y i - 2 - n i t r o b e n z e n e  an d  w e r e  g e n e r a l l y  r e c o g n i s e d  a s  s u c h  b y  (1 )  t h e  

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

t e r i s t i c  peaKS f o r  NO^ an d  OCOCH^ i n  t h e  i . r .  s p e c t r u m  ; ( i i i )  u . v .  X
' max

< 254 nm and ( i v )  p r e s e n c e  o f  t h r e e  v i n y l i c  p r o t o n s  i n  t h e  n . m . r .  

s p e c t r u m .  A i l  or  t h e  p o s s i b l e  1 , 4  a d d u c e s  f rom 1 , 4 - d i m e t h y l - 2 - n i t r o -  

b e n z e n e  a r e  e n c o m p a s s ed  b y  t h e  s t r u c t u r e s  shown b e lo w :

X -  NO , Y -  OAc

OAc, Y = NO.
X - NOg, Y - OAc 

2%: X = OAc, Y = NOg

P P : X = NO^, Y = OAc

94: X - OAc. X = NO.

,Each o f  t h e  s i x  s t r u c t u r a l  I s o m e r s  o f  t h e  1 , 4  a d d u c t s  can 

o c c u r  a s  a  p a i r  o f  d i a s t e r e o m e r s .  Of t h e s e ,  two p a i r s  w e r e  o b s e r v e d  i n  

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

i s o l a t e d  showed a 10 Ha c o u p l i n g  s h o w in g  t h e  p r e s e n c e  o f  a d j a c e n t , v i n y l i c  

protons and both the rlq*.methyl groups (in all adduces) appeared as 

s h a r p  s i n g l e t s  (Table 3 . 2 ) .  i n e s e  o b s e r v a t i o n s  i n d i c a t e  t h a t  t h e  a d d u c t s  

o b t a i n e d  c o r r e s p o n d  t o  t h e  s t r u c t u r e s  ^  and ^ .

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

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

I
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n i t r o  g r o u p .  The o t h e r  two r i n g  p r o t o n s  ca n  be  e a s i l y  d i f f e r e n t i a t e d  

s i n c e  one a p p e a r s  a s  a  d o u b l e t  (6-H i n  5-H i n  and t h e  o t h e r  

p r o t o n  a p p e a r s  a s  a d o u b l e t  o f  a d o u b l e t  (5-H i n  6-H i n  . The 

m e t h y l  a b s o r p t i o n s  o f  t h e  a d d u c t s  w e re  a s s i g n e d  by  c o m p a r i s o n  w i t h  o t K e r " ^  

I , à a d d u c t s  and a n a l y z i n g  t h e  d a t a  f rom s h i f t  r e a g e n t  s t u d i e s  ( T a b l e  3 . 2 ) .

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

t h e  a c e t a t e  m e t h y l  was  t h e  h i g h e s t .  The s h i f t  o f  t h e  ring m e t h y l  ip so  

t o  t h e  a c e t a t e  (1-CH^) was l a r g e r  t h a n  t h e  s h i f t  f o r  the.  4-CH^ ( F i g u r e s  

3 . 6 ,  3 . 7 ,  3 . 8  and T a b l e  2 . 2 ) .  I n  t h e  d i a s t e r e o m e r s  ( e l u t e d  p r i o r  t o  

,JDB) and .103, t h e  i n d u c e d  d o w n f i e l d  s h i f t  f o l l o w  t h e  o r d e r  6-H > 3-H 

5-H.  I n  t h e  a d d u c t  , t h e  i n d u c e d  d o w n f i e l d  s h i f t  f o l l o w  t h e  o r d e r  

2-H > 6-H > 5-H.  The m a g n i t u d e  o f  i n d u c e d  s h i f t  f o r  t h e  2-H i n  I lD 

i s  much g r e a t e r  t h a n  f o r  t h e  c o r r e s p o n d i n g  p r o t o n  (3-H)  i n  JOA o r  H)B 

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

d o w n f i e l d  s h i f t  o f  t h e  3-H i n  I p  (2-H i n  11) r e l a t i v e  t o  5-H (6-H i n  11)V V “VU 'lA/

can b e  a t t r i b u t e d  t o  weak c o m p le x in g  w i t h  t h e  C-2 (C -3 )  n i t r o  g ro u p  

w h ich  r e s u l t s  i n  3-H (2-H)  b e i n g  c l o s e r  t o  t h e  c o m p l e x i n g  s i t e  t h a n  

5-H (6-H) . In view of the higher gradient of the 4-CH in relative

t o  lOB, IpA i s  a s s i g n e d  t h e  tovans c o n f i g u r a t i o n  and lOB i s  a s s i g n e d  t h ev\i %/\> » \̂/\/

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

g r e a t e r  d i f f e r e n c e  i n  g r a d i e n t s  for t h e  other p r o t o n s ,  t h e  a s s i g n m e n t  - 

i s ,  a t  b e e t ,  s p e c u l a t i v e ^ ^  .

AcO

AcO. AcO

NO NO2
0..N2



126

I r r a d i a t i o n  t e c h n i q u e s  w e r e  s u c c e s s f u l l y  employed t o  oh f a i n
' . f

t h e  i n f o r m a t i o n  about ,  c o u p l i n g  b e tw e e n  t h e  r i n g  p r o t o n s .  When■t h e

d e c o u p l e r  f r e q u e n c y  was s e t  a t  t h é  d o u b l e t  a t  t h e  l o w e s t  f i e l d  (3-H

i n  10 ,  ?-H i n  1 1 ) ,  t h e  d o u b l e t  d ue  t o  6 -H i n  lOA and JOB (5-H i n  I ID)W, VX, vx vx

was u n a f f e c t e d  w h e r e a s  t h e  d o u b l e t  o f  a d o u b l e t  due  t o  5-H ( 6 -H i n

1^ D )  c o l l a p s e d  t o  a  d o u b j e t .  T h u s ,  t h e  H n . m . r .  s p e c t r a  i n  a l l  t h e  .
" * .

a d d u c t s  ca n  be  u n a m b i g u o u s l y  a s s i g n e d .

Since the diene J^E, formed  i n  m i n o r  am oun ts  ( 5 1 ) ,  c o u l d  n o t

b e  i s o l a t e d ,  the s t e r e o c h e m i s t r y  o f  t h e  d i a s t e r e o m e r s  JJD and H E  c a n n o t
• '

b e  a s c e r t a i n e d .  However ,  JJD i s  m o s t  l i k e l y  t o  b e  t h e - t r t t n s  i s o m e r  

s i n c e  i t  i s  formed  t o  a  g r e a t e r  e x t e n t  t h a n ,  and e l u t e d  p r i o r  t o ,  HE. 

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

d i a s t e r e o m e r s  i n  o t h e r  systems in the: p r e s e n t  s t u d y .

3 . 2 , 5  D ie n e  H : 3 , 6 - d i r a e t h y l - 2 , 6 - d i n i t r o c y c l o h e x a - 2 , 4 - d i e n y l  a c e t a t e  4

\  1U . v .  s p e c t r o s c o p y  (295t 'nm) and H n . m . r .  ( T a b l e  3 . 2 )  showed ■ 

t h a t  t h e  m a j o r  i s o m e r  f rom t h e  n i t r a t i o n  o f  1 , 4 - d i m e t h y l - 2 - n i t r o b e h z e n e  

i s  a  l j 2  a d d u c t .

The i . r .  s p e c t r u m  shows p ea k s  a t  1550 cm and a t  1760 and

" “ 1 ' .
1 2 0 0  cm " i n d i c a t i n g  t h e  p r e s e n c e  o f  n i t r o  and a c e t o x y  g r o u p s .

F o r  a  1 , 2  a d d u c t ,  t h e r e  a r e  t w e l v e  p o s s i b l e  s t r u c t u r e s  c o n s i s t ­

i n g  o f  p l x  p a ^ a  o f  p o s i t i o n a l  I s o m e r s ,  a s  r e p r e s e n t e d  i n  t h e  f o l l o w i n g  

diagram:.
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-HX

1^: X - NO^, Y = OAc X - NO^, Y = OAc

10^: X = OAc, Y = NOg j^:.X = OÂc ; V = N0_

2^^ X = NO,, Y = OAc

(%k X = OAc, Y = NO,

X = NOg, Y - OAc X = NO^, Y - OAc

X = OAc, Y = NOg X = OAc, Y = NO
: X = NO,, Y = OAc

X " OAc, Y = NO,

I n  compounds ^  t o  jJp4, an a l l y l i c  c o u p l i n g  b e tw e e n  a i r i n g
y

p r o t o n  and a  r i n g  m e th y l  would  b e  e x p e c t e d ,  i n  a n a l o g y  w i t h  t h e  d i e n e  

a d d u c t s  7A aa d  7^.  I n  t h e  a d d u c t s  ^  t o  on e  o f  t h e  r i n g  p r o t o n s

( " c o n j u g a t e d "  w i t h  t h e  n i t r o  g r o u p )  s h o u l d  a b s o r b  i n  t h e  r e g i o n  6 7-8

1 ' * 
ppm. I n  t h e  H n . m . r .  s p e c t r u m  o f  t h e  a d d u c t  o b t a i n e d ,  t h e  t h r e f  m e t h y l

> '
r e s o n a n c e s  a p p e a r  a s  s h a r p  s i n g l e t s  and t h e r e  i s  no a b s o r p t i o n  i n  t h e

. * ' '  ■ - ' 
r e g i o n  5 7 - 8  ppm. Hence ,  structure» 95 tp 104 ca n r e j e c t e d .  Struct^

I ■, ■ ■ _ ‘ •

u r e  c o r r e s p o n d i n g  t o  a s e c o n d a r y  n i t r o  compound,  ca n  a l s o  b e  ' '

r e j e c t e d  f a r  r e a s o n s  d i s c u s s e d  e a r l i e r  ( s e e  3 . 2 . 1 )  ; ^

^ T h e  H n . m . r .  s p e c t r u m  o f  t h e  d i e n e  h a s  an  a b s o r p t i o n * a t  6 6080 

(dd)  c o r r e s p o n d i n g  t o  5-H.  - The o t h e r  T i n g  p r o t o n  a b s o r p t i o n s  o c c u r  a t  g
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6 . 2 5  (d )  and 6 . 1 4  (d )  and a r e  a s s i g n e d  t o  1-H and*4-H r e s p e c t i v e l y  

= 10 Hz ,  = 1 . 4 6  H z ) .  The a b s o r p t i o n s  a t  6 1 .81 and 1 . 9 6  a r e  a s s i g n e d

* t o  6-CHg and t h e  a c e t a t e  n ^ h y l  r e s p e c t i v e l y .  The l o w - f l e l d  a b s o r p t i o n  

a t  6 2 . 2 6  i s  a s s i g n e d  t o  thp ,  3-CH^ (w h ic h  i s  " c o n j u g a t e d "  w i t h  t h e  C-2
J

n i t r o  g r o u p ) . .

On à d d i t i o n  o f  t h e  s h i f t  r e a g e n t ,  t h e  a c e t a t e  m e t h y l  moves
*

d o w n f i e l d  more  r a p i d l y  t h a n  t h e  r i n g  m e t h y l  g r o u p s ,  wh ose  r e l a t i v e  s h i f t s  

a r e  t h e  sanre ( F i g u r e  3,.9 and T a b l e  2 . 2 ) .  The s h i f t  of^.5-H i s  h i g h e r  '

.  '  y
t h a n  t h a t  f o r  4-H.  (Thus, a l l  t h e s e  o b s e r v a t i o n s  a r e  i n  a c c o r d  w i t h  t h e  

s t r u c t u r e  ^  f o r  t h e  1 , 2  a d d u c t .

3 . 2 . 6  n i e n o n e \ ^ 3  : 4 - m e t h y l - 2 , 4 - d i n i t r o c y t l o h e x a - 2 , 5 - d i e n - l - o n e j

A d d u c t  5-methoxy- ' 4—m e t h y l - 4 , 6 - d i n i t r o c y c l 6 h e x a - 2 - e n - l - o n e .  p

T h e " n i t r o d i e n o n e  o b t a i n e d  b y  t h e  i p s o  n i t r a t i o n  o f  4 - m e t h y l -  ■ '  }

2 - n i t r o p h e n o l  was  q u i t e  u n s t a b l e  and u s u a l l y  dec om po sed  on w o r k - u p  t o
* o

4 - m e t h y l - 2 , 6 - d i n i t r o p h e n o l .

1 , '

The H n . m . r ,  s p e c t r u m  o f  t h e  d i e n o n e  i n  a c e t i c  a n h y d r i d e  ( i n

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

a t  6 7 . 8 7  (d )  i s  a s s i g n e d  t o  3-& and t h e  a b s o r p t i o n  a t  6 6 . 6 5  (d)  i s

a s s i g n e d  t o  6-H.  .The d o u b l e t  o f  a  - d o u b l e t  a t  6 7 . 3 6  i s  a s s i g n e d  t o  ,5-H.

The c o u p l i n g  i n f o r m a t i o n  ( J ^ g  = 10 Hz* = 2 Hz ) s u p p o r t s  t h e s e
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o b s e i * ^ ^ ! i o n s . On c r y s t a l l i z a t i o n  f rom in e t f i an o l ,  a w h i t e , c r y s t a l l i n e  

compound was o b t a i n e d  w h ich  was a s s i g n e d  t h e  s t r u c t u r e  ^  on t h e  b a s i s  

o f  ^ h e  f o l l o w i n g ,  o b s e r v a t i o n s :  . ,

0

NO

0
NO2 .

4/3 . . ,

The i . r .  s p e c t r u m  o f  t h e  adduct .  showed t h e  p r e s e n c e  o f  n i t r o  

and  c a r b o n y l  g r o u p s  a s  e v i d e n c e d  by a b s o r p t i o n s  a t  1550 cm  ̂ and a t  1710

cm r e s p e c t i v e l y .  The* compound i s ' i n s o l u b l e  i n  c h l o r o f o r m  and m e t h a n o l .
2 _ ’
H n . m . r .  s p e c t r u m  o f  t h e  a d d u c t  i& a c e t o n e - d ,  shows 'a 10 Hz c o u p l i n g  

. f o r  t h e  a d j a c e n t ,  v i n y l i c  p r o t o n s  and a  1 1 ,3 3  Hz c o u p l i n g  f o r  t h e . o t h e r  

tw0  p r o t o n s .  Among t h e  r i n g  p r o t o n s ,  t h e  a b s o r p t i o n s  a t  6 7 . 1 4 ,  6 . 5 3 ,

5 . 9 3  and 4 .8 9  ppm a r e  a s s i g n e d  t o  3-H,  2-H,  6-H and 5-H r e s p e c t i v e l y .

The s i n g l e t  a t  6 3 . 6 0  shows t h e  p r e s e n c e  o f  ‘ t h e  n ^ h o x y  g ro u p  and t h e  ■ 

s i n g l e t  a t  6 2 . 1 0  i s  a s s i g n e d  t o  t h e  4-CH^. The a d d u c t  decomposed d u r i n g  

n . m . r .  s t u d i e s  (0°C ,  4 h) t o  4 ^ m e t h y l - 2 , 6 - d i n i t r o p h e n o l . .  The p h e n o l  

was  a l s o  o b t a i n e d  when t h e  a d d u c t  was r e a c t e d  w i t h  m e t h y l l i t h i u m  a t  -7 8^C .

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

i n t e r p r e t  t h e  s p e c t r u m  o f  4 - m e t h y l - 3 , 4 - d i n l t r o c y c l o h e x a —2 , 5 - d i e n - l - o n e  

( 7 1 J , ' o b t a i n e d  f rom t h e  n i t r a t i o n  o f  4 - m e t h y l - 3 - n i t r o p h e n o l .

OLN>



TABLE 3 .2

6  VALUES OF ACETATE AND OTHER SUBSTITUENTS IN THE ADDUCTS OBTAINED

ADDUCT OAc C-1 C-2 C-3 C-4 C-5 C- 6  COUPLING CONSTANTS (Hz) ASSIGNMENT

,̂ A 2.06 6.46

1 0

H OAc

7 . 4 4

7 . 3 4

1.95

1 . 8 6

1.88

1.86

5 . 9 8

5 . 9 6

16

16

4 ,  J  ,  -  1 . 5 ,  J  

4 ,  1 . 5  ,

15
1 .3  tra n s

2  2 . 0 8  6 . 9 3 7 . 4 8  6 . 3 5  2 . 1 2  1 . 7 8  =  7 ,  = 1 . 534 45

9A 2.05

OAC 2 2 ' ° ?

O^N

15 '  3|| ^ A  2 . 0 2

^ ^ ' N 0 _  l OB 2 . 0 0  
OAC 2  4%

6 . 5 2

*. '  

6 . 3 ?

1 . 7 2

1 . 6 7

2 . 0 3  1 . 9 2  6 . 0 5

7 . 4 3

7 . 5 7

1 . 9 2

1.86

6 . 2 6  J _ ,  -  1 0 ,  J , ,  
5 6  16

6 . 1 5  ' 

6 . 3 0

3 . 4 ,  J , '  = 1 . 5 ,  trc m s
1 5

J l 3  -  1 . 3

2 . 0 7  1 . 8 5  6 . 0 4  6 . 1 9  J
5 6 9 . 5 ,  = 3 . 4 ,  = 1 . 5 ,  a i s

5 . 9 4

5 u 9 8

5 6 '

J l 3  =

1 0 ,  = 1 . 7 6

T = 10 T
5 6  '  ^ 3 5

1 . 7 5

t r a n s

wo



OAc
2 . 0 4  

2.00

1 .6 2  7 .6 0

1 .7 0  * 7 .7 0

2 . 0 4  5 . 8 9  ' 6 . 0 1

1 . 8 9  5 . 8 5  6 . 0 5

J 1 0 .  J ,
56 - 2 6

( n o t  i s o l a t e d )  '

1 :5

6 . 2 5 2 . 2 6  6 . 1 4  6 . 80-  1 . 8 1  = 1 0 /  = 1 . 4 6  '

/

. V

0

OJN ,OMe

NO

fO

3.60
(OMe)

-7.87

7 .4 7

7 . 3 6  6 . 4 5  J
56 1 0 , J g g  = 2

6 . 5 3  7 . 1 4  2 . 0 9  4 . 8 9  5 . 9 3  -  1 1 . 3 3 ,  J g ,  = 10

7 . 1 5  6 . 5 8  = 10 ,  -  2

(± ) The s p e c t r a  o f  t h e  d i e n o n e s  13 and 71 w e re  o b t a i n e d  from  t h e  r e a c t i o n  m i x t u r e s  , 
( l o c k :  a c e t i c  a n h y d r i d e  <S 2 . 1 5  ppm)Y

(11) The spectrum of was recorded in CD.COCD.; all other spect" 3 , spectra were r e c o r d e d  In-CDCl. LO'

3?'
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F ig u r e  3 .1 :  P l o t  S how ing* the  C hem ica l S h i f t s  o f  P r o to n s  i n

D iene  JA v / s  t h e  C hem ica l S h i f t  o f  t h e  A c e t a t e - P r o t o n s  on 

th e  A d d i t i o n  o f  E u ( f o d ) - - d - _  S h i f t  R e a g e n t

1-H

NO
OAc

6-H
w
Ho
o
M

Io.

3 - H

0 . 0 3 5-Me

0 1 2 3

(ppm) SHIFT OF THE ACETATE PROTONS-
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F i g u r e  3 . 2 ;  P l o t  Show ing  t h e  C h e m ic a l  S h i f t s  o f  P r o t o n s  in* 

D ien e  7B v / s • t h e ' C h e m ic a l  S h i f t  o f  t h e  A c e t a t e  P r o t o n s  on

g 
s

cdIî2
SCg—I
o

i—{

c.

t h e  A d d i t i o n  o f  E u ( f o d ) _ - d  S h i f t  R e a g e n t

Ü 1-H

NO
AcO

3

6 -H

2

1
3-H

0 .0 9

0 . 0 60
0 1 2 3

(ppm) SHIFT OF THE ACETATE PROTON’S
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F ig u r e  3 . 3 :  « P lo t  Showing th e  C h e m ic a l  S h i f t s  o f  P r o t o n s  i n

D ien e  8  v / s  t h e  C h em ica l  S h i f t  o f  t h e  A c e t a t e  P r o t o n s  on 

t h e . A d d i t i o n  o f  E u ( fo d )  - d ^  S h i f t  R eag e n t

1-H

2  OAc

0 . 8o
Du
O

5-Me

3-H

0.80 0 .2 0.4 0.6 1.0 1.2

(ppm)-SHIFT OF THÊ ACETATE PROTONS
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F ig u r e  3 . 4 :  P l o t ' s h o w i n g  t h e  C h e m ic a l ' S h i f t s '  o f  P r o t o n s  i n

D ien e  9A v / s  th e ^ C h e m ic a l  S h i f t  o f  t h e  A c e t a t e  P r o to n s  on 

th e  A d d i t i o n  o f  E u ( f o d ) S h i f t  R eag e n t

V)zo
-oet:

V.

o.

-HNO
OAc2

2

2

6 -H

1

1

0

o J A
0

o . l l

0.80 .4 1. 2 Z.O 2.40 1. 6

(ppm) SHIFT OF THE ACETATE PROTONS
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>

f i g u r #  _3.5 :  P l o t  Showing t h e  C h e m ic a l  S h i f t s  o f  P r o t o n s  i n

D ie n e  v /s -  t h e  C h e m ic a l  S h i f t  ..of t h e  A c e t a t e '  P r o t o n s  on

cn
z

V)

t h e  A d d i t i o n  o f  E u ( f o d ) » - d „ _  S h i f t  R e a g e n t ' '

1-H

AcO

L.2

0.8

3-Me

0 .0 6

0 0.8 1.2 1.6 2.0 2.4

(ppA) SHIFT OF THE ACETATE PROTONS
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F ig u r e  3 . 6 :  P l o t  Showing' t h e  C h em ica l  S h i f t s  o f  P r o to n s  i n

D iene  ipA v / s  t h e  C hem ica l S h i f t  o f  t h e  A c e t a t e  P ro to n s  on 

t h e  A d d i t i o n - o f  E u ( r o d ) ^ - d ^ Z  S h i f t  R eagen t

0 _N

NO
OAc

M
zi/j

o.
0.

■3-H
1-Me

5-H

0 .3 0 . 5 0 . 60.20 0 . 1 .

(ppm) SHIFT OF THE ACETATE PROTœfS



138

F ig u r e  3. 7:  P l o t  Showing th e  C h em ica l S h i f t s  o f  P r o to n s  in

D ie n e  v / s  t h e  C h em ica l S h i f t  o f  t h e  A c e t a t e  P r o t o n s  on

th e  A d d i t io n  o f  E u ( f o d ) ^ - d 2 y S h i f t  R eagen t

AcO

o

1-Me

o

3-H

l - i 5-H

4-Me

0 . 40.30 . 2

(ppm) SHIFT OF THE ACETATE PROTONS



139

F ig u r e  3 . 8 :  P lo t -S h o w in g  th e  C hem ical S h i f t s -  o f  P r o to n s  in

D ien e  v / s  th e  Chem ical S h i f t  o f  th e  A c e t a t e  P r o to n s  ion

th e  A d d it io n  o f  Eu( f e d ) S h i f t  R eagent

AcO

NO

6-H

b

H 1-Me

a .

0 0.1 0 . 2 0 . 3 0 . 5  * 0.6

(ppm) SHIFT OF THE ACETATE PROTONS
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F ig u r e  3 . 9 ;  P l o t  Showing th e  C hem ical S h i f t s  o f  P ro to n s  in

D ien e  ^  v / s  th e 'C h e m ic a l  S h i f t  o f  th e  A c e ta te  P ro to n s  on

. t h e  A d d it io n  o f  E u ( fo d ) g -d 2 y S h i f t  Reagent

1 -H
2 I OÂC

aiw
H
o

0 .3 0 . 4 0 . 5

(ppm) SHIFT OF THE ACETATE PROTONS
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3 . 2 , 7  D i a s t e r e o m e r s  lA and IB: I , 4 - d i m e t h y l - 4 - n l C r o c y c lo h 6 x a * ^ 2 , 5 - d i e n y l  

a c e t a t e

S h i f t  r e a g e n t  s t u d i e s  w ere  a l s o  em ployed a s  a  u s e f u l  a i d  i n

13 ’ • *a s s i g n i n g  t h e  G n . m . r .  s p e c t r a  o f  t h e  v a r i o u s  d i e n e  a d d u c t s  i n  t h i s  _ '

s t u d y .  The s t u d i e s  w e re  e s p e c i a l l y  u s e f ü T “i n  d i s t i n g u i s h i n g  t h e  p r o t o n -

c a r r y i n g  v i n y l i c  c a r b o n s  f r o q  e a c h  o t h e r .  , '

A m odel compound, I , 4 - d i m e t h y l - 4 - n i t r o c y c l o h e x a - 2 , ' 5 - d l e n y l

a c e t a t e  (39) was c h o se n  f o r  t h e  s t u d y .  n . m . r .  o f  t h i s  compound, IB

(m .p .  57 -58°C ) showed a b s o r p t i o n s  a t  6 c 1 2 6 .3  and 1 3 2 .7  ppm due  to  t h e

V ,v i n y l i c  c a r b o n s .  On a d d i t i o n  o f  t h e  ^ i f t  r e a g e n t ,  t h e  m a g n i tu d e  lb-— /

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

« . . 
i . e .  a b s o r p t i o n s ^ d u e  to  C-2 and C - 6 \ s h o u l d  move d o w n f i e ld  more r a p i d l y

t h a n  t h o s e  d u e  t o  p -3  and  C -5 ,  On t h i s  b a s i s  ( F i g u r e  3 .1 1 > ,  t h e  h i g h -

f i e l d  a b s o r p t i o n  a t  oc  1 2 6 .3  i n  was a s s i g n e d  I to  C-3 and  C-5 and

t h e  s ig n a l "  a t  1 3 2 ,7  was a s s i g n e d  to  C-2 and C - 6 . T h e s e  a s s i g n m e n t s

a r e  i n  a g re e m e n t  w i t h  t h e  r e s u l t s  o b t a i n e d  on t h e  d i - d e u t e r o  a n a lo g u e

.of (81)* b u t  i n  c o n f l i c t  -w ith  t h e  a s s i g n m e n t s  made p r e v i o u s l y  (39b) .

The g r a d i e n t  o f  t h e  4-CHg c a r b o n  i n  ^A  (m .p .  4 6 -4 7 °C )  i s  h i g h e r  t h a n  i n

( F i g u r e s  3 .1 0  and 3 .1 1 )  s u p p o r t  t h e  o b s e r v a t i o n  . t h a t  ^A  i s  t r a n s  and

i s  t h e  o iS ‘ i s o m e r .  H ow ever,  t h e  p l o t  c o r r e s p o n d i n g  t o  1-CH^ i n  ^A

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

r e l a t i o n s h i p  w i t h  t h e  s h i f t  o f  t h e  a c e t a t e  CH^ wds e x h i b i t e d .

O.N.
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F i g u r e  3 . 1 0 ;  P l o t  Showing t h e  C h em ica l  S h i f t s  o f  C a rb o n s  i n  

D ie n ë ^ ^ à  v / s  t h e  C h e m ic a l  S h i f t  o f  t h e .A c e t a t e ^ g t e r b o n  (CH^) 

on t h e  A d d i t i o n  o f  Eu(*fqd) - d „  ÿ f l f t  R e a g e n t

OAc

COCH
S3

O

C-1

1-CH

_C - 2  an d  Q t 6

C-3 a n A C - 5

_  4-CH.— 3
C-4

(ppm) SHIFT OF THE ACËTATp.METHYl: CARBON
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F ig u re  3 . 1 1 :  P l o t  Showing th e  Chem ical S h i f t s  o f  Carbons i n

D iene v / s  th e  C hem ical S h i f t  o f  th e  A c e t a t e  Carbon (CH.)

on th e  A d d it io n  o f  E u ( fo d ) g -d 2 y S h i f t  R eagent

OAc

OCOCH
V)
B

<u C-1
w

0 - 2 ,  C- 6  

and  1-CH 
- C - 3  and 

C-5 
- C-4

l o p e  0 .0 6 4-CH

(ppm) SHIFT OF THE ACETATE METHYL CARBON
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3 . 3  R éa ctio n s o f  th e  Adduots

The d i e s e s  o b t a i n e d  by  t h e . - i p s o  n i t r a t i o n  o f  v a r i o u s  n i t r o -  

#  a r e n a s  u n d e r g o  a  v a r i e t y  o f  e x c h a n g e  ( d i e n e  4-n t e r  c o n v e rs io n " )  and  

^ r e a r o m a t l z a c i o n  r e a c t i o n s .  The n i t r o x y l e n e  a d d u c t s  a r e  m ore s t a b l e  arid

r e s i s t a n t  t o  r e a r o m a t i z a t i o n  t h a n  t h e  a d d u c t s  o f  a l k y l b e n z e n e s  ( 3 8 , 3 9 ) .  

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

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

a c e t a t e s  o b t a i n e d  f ro m  1 , 2 - d i m e t : h y l - 4 - n i t j " o b e n z e n e  w e re  r e m a r k a b l y  

d i f f e r e n t  f ro m  t h o s e  o f  t h e  s e c o n d a r y  and  t e r t i a r y  a c e t a t e s  o b t a i n e d  from

1 , 4 - d i m e t h y l - 2 - n i t r o b e n z e n e .

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

w e r e  d e p e n d e n t  on t h e  c o n d i t i o n s  e m p lo y e d .  C o n s i d e r a t i o n  o f  t h e  r e a r o m a ­

t i z a t i o n  p a th w a y s  i n v o k i n g  t h e  a c e t o x y -  and  n i t r o c y c l o h e x a d i e n y l  c a t i o n s  

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

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

H' OAc

F o rm a t io n  o f  ^  w o u ld  i n v o l v e  t h e  p l a c e m e n t  o f . a  f o r m a l  

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

t h e  g e n e r a t i o n  o f  a  fo rm a l ,  p o s i t i v e  c h a r g e  a t  a  c a r b o n  a d j a c e n t  t o  t h a t  

c a r r y i n g  t h e  n i t r o  g ro u p  a n d  i s  e n e r g e t i c a l l y  f a v o u r e d .  H e n c e ,  ^  i s  t h e  

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

t o  t h e  f o r m a t i o n  o f  r e a r o m a t i z e d  p r o d u c t s  .•
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The main r e a c t i o n  pathways are  r e p r e s e n t e d  s c h e m a t i c a l l y  a t  

th e  end o f  t h i s  Chapter and th e  prod uct d i s t r i b u t i o n  o b ta in e d  i n  the  

r e a c t i o n s  o f  t h e  a d d u c ts  a r e  shown fn  Appendix I I .

- '

3 . 3 . 1  R e a c tio n s  under A c id ic  C o n d it io n s

The d i e n e  a d d u c t s  JA  (B) on t r e a t m e n t  w i t h  b o r o n t r i f l u o r i d e -  

e t h e r a t e  o r  w i t h  t r i f l u o r o a c e t l c  a c i d  gave  l , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  

a s  t h e h n a i n  p r o d u c t  (7 0 -8 0 % ).  P r o d u c t s  w h ich  c o u l d  a r i s e  from  1 , 2  

n i t r o  s h i f t s  i n  an  i n t e r m e d i a t e  n i t r o c y c l o h e x a d i e n y l  c a t i o n  ( W )  w ere  

a l s o  o b t a i n e d  i n  n e a r l y  e q u a l  am o u n ts .

NONO
B F „ -e t h e r a te -NO

.NONONO o r  TFAA
OAc

NO
NO

-H
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That an in t e r m e d ia te  n i t r o c y c l o h e x a d i e n y l  c a t io n  was in v o lv e d

was shown by r e a r o m a t iz in g  t h e ,d i e n e  in  th e  p r e s e n c e  o f  m e s i t y l e n e  when

th e  b ip h e n y l  ^  was o b ta in e d  as th e  major prod uct (99%).  ^ ^^

NO1 ^ 0

m e s i t y l e n e

AcO

The r e a r o m a t i z a t i o n  o f  t h e  a d d u c t s  lOA and  12 from 1 , 4 - d im e th v l -n/v 't/x, ’ '

2 - n i t r o b e n z e n e  was s i m i l a r .  n . m . r .  s t u d i e s  showed t h a t  i n  t h e  

c a s e  o f  t h e  adduce  p a r t i a l  i s o m e r i z a t i o n  {aa^ 1 5 I ) . - t o " t h é  d i e n e  ^

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

S in c e  ip s o  n i t r a t i o n  o f  1 j 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  g i v e s  oa. 
50% d i e n e  a d d u c t s  and  t h e  c o n v e r s io n  o f  t h e  a d d u c e s  to  t h e  b i p h e n y l  i s  
q u a n t i t a t i v e ,  t h i s  i s  an e x c e l l e n t  m ethod f o r  t h e  f o r m a t i o n  o f  su ch  
com pounds. The d i e n e  r o u t e  i s  much s u p e r i o r  t o  o b t a i n i n g  by  n i t r a t i n g  
t h e  s u i t a b l e  p e n t a m e th y l b i p h e n y l ,  i n  w h ich  s u b s t i t u t i o n  w ould  be  p r e f e r ­
r e d  i n  t h e  t ^ a l k y l -  r a t h e r  th a n  t h e  d i a l k y  l b  e n z e n e  r i n g .
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an. a r y l  a c e t a t e  r e s u l t i n g  from  lo s s '  o f  n i t r o u s  a c i d  was a l s o  o b t a i n e d .  

W ith  b o t h  a d d u c t s ,  a  m in o r  p r o d u c t  ( l , 4 - d l m e t h y l - 2 , 6 - d i n l t r o b e n z e n e )  

a r i s i n g  from r e n i t r a t i o n  was a l s o  o b t a i n e d .  The a b s e n c e  o f  su ch  r e n i t r a -  

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

c o u l d  b e  r e l a t e d  t o  t h e  lo w e r  r e a c t i v i t y  o f  1 , 2 - d i m e t h y l - 4 - n l t r o b e n z e n e , 

n i t r a t i o n  o f  w h ich  r e q u i r e d  more d r a s t i c  c o n d i t i o n s  th a n  l , 4 - d i m e t h y l - 2 -  

n i t r o b e n z e n e .

R e a r o m a t i z a t i o n  o f  t h e  a d d u c e s  \ p k  and  w i t h  B F ^ - e t h e r a t e  i n  

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

and  i n  t h e  r a t i o  4 : 1 .  F o rm a t io n  o f  t h e  b i p h e n y l s  from  J.pA i s  

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

a d d u c t s  (5 4 ,8 2 )  and  o n l y  o n e  b i p h e n y l  i s  fo rm ed .  The e l e c t r o n i c  e f f e c t  

o f  t h e  ( o r i g i n a l )  n i t r o  g ro u p  s h o u ld  make t h e  a d j a c e n t  u n s u b s t i t u t e d  

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

f o r m a t i o n  o f  H ow ever, a t t a c k  a t  t h i s  p o s i t i o n  s h o u l d  b e  more

h i n d e r e d  a n d ,  on t h i s  g r o u n d ,  ^ 3  s h o u l d  b e  f a v o u r e d .  E v i d e n t l y ,  t h e
. N

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

-HNO

NONONO

0

OAco r

NONO NO2 NOOAc
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The a d d u c t s  (B) w e re  s t a b l e  t o  a c e t i c  a c i d  a t  room t e m p e r a t u r e . b u t  ' 

rearomatized on heating to give l,2-dimethyl-4-nitrobenzene and 1,2- 

dlmethyl-3,5-dinitrobenzene In nearly equal amounts. The latter product 

i s  o b t a i n e d  by a fo r m a l  1 ,3  s h i f t  of t h e  n i t r o  g ro u p .  Such 1 ,3  s h i f t s  

have also been observed In the rearomatization of other diene adducts 

(57) but the mechanism Is not established. The 1.3 shift cannot arise 

from consecutive 1,2 shifts since an initial 1,2 shift to'an unsubsti­

tuted position would give the cyclohexadienyl cation precursor of 1,2- 

dimethyl-3,4-dinitrobenzene. As discussed earlier, the reaction with 

BFg-etherate gave products arising from 1,2 nitro shifts in nearly 

equil amounts. The absence of any l,2-diaethyl-3,4-dinitrobenzene in 

t h e  rearomatization i n  a c e t i c  a c id  indicates that the observed dinitro 

product d o es  not a r i s e  e i t h e r  by consecutive 1 , 2  nitro s h i f t  o r  by 

a process of reni^ration. In the'presence of a radical scavenger, the 

amount of l,2-dimethyl-3,5-dinitrobenzene is reduced (32%) and a greater 

amount of l,2-dimethyl-4-nitrobenzene (68%) is obtained. These results 

s u g g e s t  t h a t  a  r a d i c a l  d i s s o c i a t i o n - r e c o m b i n a t i o n  m ech an ism , s i m i l a r  -

to that observed in the decomposition of nltrodienones (see Chapter I),
i s  l i k e l y .

1,3 nitro s h i f t  was a l s o  o b s e r v e d  i n  t h e  t h e r m a l  decomposi- 

clon of the adducts ,^A and in acetic acid. By analogy with the 

r e s u l t s  obtained from  (B) and  nltrodienones, t h e  fo r m a l  1 ,3  shift 

a c r o s s  an unsubstituted p o s i t i o n  can occur t h ro u g h  a  f r e e  r a d i c a l  

m ech an ism .

S in c e  l,2-dimethyl-4-nitrobenzane was o b t a i n e d  .as t h e  major
p r o d u c t  when th e  a d d u c t s  (B) w e re  rearomatized u n d e r  weakly a c i d i c
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c o n d i t i o n s  ( B r ^ - e t h e r a t e  o r  t r i f l u o r o a c e t l c  a c i d ) ,  -the r e a r o m a t l z a t l o n s  

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

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

complete in 5 mln at -20°C. Product analysis by n.m.r. and g.l.c. 

showed a d e p l e t i o n  i n  t h e  amount o f  1 , 2 - d i m e t h y l - 4 - n i t r o b e n z e n e  and 

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

C o m p ar iso n  o f  t h e s e  r e s u l t s  w i t h  t h o s e  o b t a i n e d  in th e  r e a c t i o n  

wii,h BFg—e c h e ra C e  i n d i c a t e d  t h a t  r e n i t r a t i o n  h ad  o c c u r r e d .  The c a l c u l a — 

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

that renitration would result in.the formation of and in the

r a t i o  1 . 3 3 : 1 . 8 0 : 1  (from this w ork) a r e  29%, 29% and 11% r e s p e c t iv e ly .  

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

o b t a i n e d  i n  t h e  r e a c t i o n  w i t h  trifluoromethanesulfonlc a c i d .  The 

formation o r  l,2-dimethyl-4,5-dinitrobenzene and t h e  c l o s e  correspondence 

of the observed product distribution with the calculated values showed 

t h a t  r e n i t r a t i o n  h ad  acco m p an ied  t h e  p r o c e s s  o f  1 , 2  nitro s h i f t s  i n  t h e  

r e a r o m a t i z a t i o n  o f  t h e  a d d u c t s  7A (B) i n  t r i f l u o r o m e t h a n e s u l f o n l c  a c i d .

OAc

2

NO NO2
NO2

B P ^ - E t h e r a t e

CF.SOH

'(a) O b se rv ed  

(b )  C a l c u l a t e d

31: 13%
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A s i m i l a r  d ro p  (50-70% ) i n  che  amount o f  1 , 4 - d i m e c h y l - 2 - n i t r o -  

b e n z e n e  was o b s e r v e d  when t h e  r e a r o m a t i z a t i o n  o f  t h e  a d d u c t s  IDA o r  12
■w  V v

i n  B F ^ - e t h e r a t e  was com pared  w i t h  t h e  r e s u l t  o b t a i n e d  i n  t r i f l u o r o m e t ? '  

h a n e s u l f o n i c  a c i d .  The p r o d u c t  d i s t r i b u t i o n  showed an en h an cem en t  o f  

t h e  d i n i t r o - p - x y l e n e s . The a b s e n c e  o f  s i g n i f i c a n t  am ount o f  1 , 4 - d i m e t h -  

y i - 2 ; 5 —d i n i 6 fo b e n z e n e  ( d e t e c t a b l e  l i m i t ,  3%) may b e  a t t r i b u t e d  t o  t h e  

low d e g r e e  o f  s u b s t i t u t i o n  p a ra  t o  t h e  n i t r o '  g ro u p  i n  t h e  n i t r a t i o n  o f

1 , 4 - d i m e t h y l - 2 - n i c r o b e n z e n e .

On t r e a t m e n t  o f  t h e  a d d u c t s  I k  (B) w i t h  a c i d i f i e d  m e t h a n o l ,  an 

t r a n s e s t é r i f i c a t i o n  t o  form ^ A  (B) i s  p r e f e r r e d  t o  an  A ^ l  e x c h a n g e  

o f  OAc f o r  OMe w h ich  w ou ld  o t h e r w i s e  b e  e x p e c t e d  th r o u g h  t h e  i n t e r m e d i a t e  

n i t r o - s u b s t i t u t e d  phenonium  io n  ( 3 8 ) .  The a d d u c t s  JPA and XJ. w e re  a l s o  

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

y i e l d s .

H OH

0 _N
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An i n t e r e s t i n g  f e a t u r e  o f  t h e  r e a r o m a t i z a t i o n  r e a c t i o n s  was

th e  a b s e n c e  o f  any b e n z y l i c  p r o d u c t s  u n d e r  v a r i o u s  c o n d i t i o n s  of.acidity.
0

B e n z y l i c  p r o d u c t s  a r e  u s u a l l y  o b t a i n e d  when th e  d e p r o t o n a t i o n  o f  an 

a l k y l  s u b s t i t u e n t  o f  t h e  c y c lo h e x a d i e n y l  c a t i o n  i s  an  e f f e c t i v e  co m p etin g  

p r o c e s s  w i th  r e a r r a n g e m e n t  and n u c l e a r  d e p r o t o n a t i o n  ( s e e  C h a p te r  I ) .  

T h ese  p r o d u c t s  a r e  o b t a i n e d  from t e r t i a r y . a c e t o x y n i t r o  a d d u c ts  o f  1 ,4  

d i s u b s t i t u t e d  a r e n e s ,  su ch  a s  p - x y l e n e ,  whose a d d u c t s  r e a r o m a t i z e  in  

a c e t i c  a c id  o r  n i t r i c  a c i d  to  g iv e  s u b s t a n t i a l  am ounts  o f  b e n z y l i c  

p r o d u c t s  ( 3 8 ) .

I n  th e  r e a c t i o n s  o f  t h e  d i e n e  a d d u c ts  o b t a i n e d  from t h e  n i t r o -  

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

a c i d i t y  i n d i c a t e s  t h a t  m i g r a t i o n  o f  t h e  n i t r o  g roup  and deprotonation, 

o r  a l t e r n a t i v e l y ,  l o s s  o f  n i t r o  g roup  ( to .  r e g e n e r a t e  t h e  n i t r o a r e n e )  i s  

p r e f e r r e d  to d ep ro to n a t io n * .  C o n s e q u e n t ly ,  i t  i s  e x p e c te d  t h a t  w i t h  th e  

i n c r e a s e  i n  b a s i c i t y  of t h e  r e a c t i o n  medium and t h e  a v a i l a b i l i t y  o f  

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

p r o d u c t s  would b e  an e f f e c t i v e  com peting  p a th w ay .  T h e r e f o r e ,  t h e  

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

g a t e d .

3 . 3 . 2  R e a s tio n g  w ith  Nuotecphi.i.e8

An u n u s u a l  f e a t u r e  o f  t h e  d i e n e  a d d u c ts  o b t a i n e d  from th e  

n i t r o a r e n e s  i s  t h e i r  a b i l i t y  t o  u n d e rg o  ex ch an g e  and  r e a r o m a t i z a t i o n  

r e a c t i o n s  w i th  n u c l e o p h i l e s .  T h is  was f i r s t  o b s e r v e d  i n  t h e  a t t e m p te d  

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

r e a g e n t ,  c o n v e n t i o n a l l y  Œ iployad  f o r  a c e t y l a t i d n  o f  h y d ro x y  g ro u p s  ( 8 6 d ) .
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A d d i t i o n  o f  a c e t i c  a n h y d r id e  t o  a s o l u t i o n  o f  t h e  d i a s t e r e o m e r i c  d i e n o l s  

i n  p y r i d i n e  r e s u l t e d  i n  t h e  r a p i d  f o r m a t i o n  o f  1 , 2 - d i m e t h y l - 4 , 5 - d i h i t r o -  

b e n z e n e  (^ 7 )  a s  t h e  o n l y  p r o d u c t .  The d i e n o l s  t h e m s e lv e s  w e re  s t a b l e  

to  p y r i d i n e ,  i n d i c a t i n g  t h a t  a c é t y l a t i o n  p r e c e d e d  r e a r o m a t i z a t i o n .  T h i s  

was c o n f i rm e d  by  r e a c t i n g  t h e  a c e t o x y n i t r o  a d d u c t s  JA (B) with a c e t i c  

a n h y d r id e  and p y r i d i n e ,  when was o b t a i n e d ' i n  n e a r l y  q u a n t i t a t i v e  

y i e l d .  S in c e  i p s o  n i t r a t i o n  o f  1 , 2 - d i m e t K y l - 4 - n i t r o b e n z e n e  g i v e s  oa . 50% 

d ie n e  a d d u c t s  (and 1 2 1  o r  .and t h e  r e a c t i o n  o f  t h e  a d d u c t s  w i t h  p y r i ­

d i n e  g i v | s  a h ig h  y i e l d  o f  H ,  t h i s  route-is o f  s y n t h e t i c  im p o r t a n c e  in  

i.he p r e p a r a t i o n  o f  1 , 2 - d i m e t h y l - 4 , 5 - d i n l t r o b e n z e n e  ( 1 7 ) .

p y r i d i n e
Ac JO

}I0

OH NO2

The m echanism  shown i n  schem e 3 .1  i s  p r o p o s e d  f o r  t h e  fo r m a l

1,4 migration of the nitro group (95). The mechanism involves consecu- 

t i v e  Sjj2 p r o c e s s e s  a s  shown i n  t h e  s c h ^ e .  F o r  e a c h  s u b s t i t u t i o n ,  t h e  

normally unreactive vinyl carbon is activated by conjugation of the 

double bond w i t h  t h e  n o n - m i g r a t i n g  nitro group. The proton a  to t h e  

n i t r o  group in M  i s  acidic and is r e a d i l y  rem oved i n  Che b a s i c  medium 

to  fo rm  ah a n i o n .  The a n i o n  i n  t u r n  s h o u ld  r a p i d l y  l o s e  t h e  n i t r o  

g ro u p  é s  à  n i t r i t e  a n i o n  (which i s  thus r e g e n e r a t e d )  t o  g i v e  The ' ’

small amount of nitrite ion initially required in the second step can 

a r i s e  from  Che l o s s  of elements o f  nitrous a c i d  fro m  ^  i n  the b a s i c  medium.
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-H!)u
Nu

-OAc
NO NO

OAc

-NO:

NO NO
NO NO2 2

-H
-Nu NO

NO

=■ N u c l e o p h i l e

Scheme 3 .1  R e a c t io n  o f  t h e  a d d u c t  ]  w i t h  a  n u c l e o p h i l e

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

can  com pete  w i t h  p y r i d i n e  a s  t h e  e f f e c t i v e  n u c l e o p h i l e  so  t h a t  t h e  c o n j u -  

* s a t e d  d i e n y l  I n t e r m e d i a t e  ^  çan  h av e  Nu"^^ = OAc o r  Nu"^^ = C^H,N. ,

I f  ^  and a r e  in d e e d  i n t e r m e d i a t e s  i n  t h e  a b o v e  t r a n s f o r m a t i o n ,  t h e n

( i )  I t  s h o u ld  b e  p o s s i b l e  t o  i s o l a t e  and c h a r a c t e r i z e  a n a lo g u e s  o f  ^  

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

( i l )  T h e s e  a n a lo g u e s  c o u l d ,  u n d e r  s u i t a b l e  c o n d i t i o n s ,  u n d e rg o  S 2' 

a t t a c k  w i t h  v a r i o u s  n u c l e o p h i l e s  t o  g i v e  compounds a n a lo g o u s  t o  

d i e n e  o r  t h é  r e a r o m a t i z e d  p r o d u c t  

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

r â h e rb rm m ë fo r m a t io n :  and
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( i v )  In th e  ad du cts  (B) and ( B ) , th e  m ethy l groups would h in d er

n u c l e o p h i l i c  s u b s t i t u t i o n  in  th e  f i r s t  and second  s t e p s

• r e s p e c t i v e l y .

9A (B) #  (B)

A d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  ex ch an g e  and r e a r o m a t i z a t i o n

r e a c t i o n s  l e n t  s u p p o r t  t o  t h e  ab o v e  o b s e r v a t i o n s .  R e a r o m a t i z a t i o n  o f  t h e
# ■

a d d u c e s  JA (B) i n  p y r i d i n e  i s  aa, f i v e  t im e s  as  r a p i d  a s  i n  2 , 6 - d l m e t h y l -

p y r i d i n e .  I n  t h e  l a t t e r  c a s e ,  th e  r e a c t i o n  m i x tu r e  was w o rk ed ru p  b e f o r e

c o m p le t io n  t o  g i v e  a  s i g n i f i c a n t  am ount {15%) o f  t h e  d i e n e  a lo n g  w i t h

7A (B) (70%) and  (15%). T h i s  i s  a t t r i b u t e d  t o  a t t a c k  by t h e  a c e t a t e

(Scheme 3 . 1 ,  n u c l e o f u g e  from  t h e  f i r s t  s t e p )  on t h e  d i e n e  7 t o  g iv e

n+ 1t h e  i s o m e r i z e d ,  c o n ju g a te d  d i e n e  g  ( ^ , Nu = OAc). T h a t  t h e  p r o d u c t  

^  a l s o  a r o s e  from  was shown by a l l o w i n g  t h e  r e a c t i o n  t o  p r o c e e d  to  

c o m p l e t i o n ,  when 1 , 2 - d i m e t h y l - 4 , 5 - d i n l t r o b e n z e n e  ( ^ )  was o b t a i n e d  i n  

q u a n t i t a t i v e  y i e l d .

R e a c t io n  o ^ ^ e  a d d u c t s  ^  and  (B) w i t h  p y r i d i n e  u n d e r

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

b e n z y l i c  p r o d u c t s .  C l e a r l y ,  u n l i k e  t h e  a d d u c t s  7A (B) w h ich  r e a c t e d  

rap id ly ... .and  c l e a n l y  t o  g iv e  a  s i n g l e  p r o d u c t ,  t h e  a d d u c t s  ^  and

g av e  a  m i x t u r e  o f  b e n z y l i c  p r o d u c t s .  Deprotonation o f  t h e  a l k y l  

f u n c t i o n ,  w i t h  fo r m a l  l o s s  o f  t h e  e l e m e n t s  o f  a e é t l o . a à i d i # . o c c u r s - i n : ,  

c o n j u n c t i o n  w i t h  S » 2 ' a t t a c k .  The i n t e r m e d l k t e  t r i e n e  u n d e rg o e s

I
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r f i a r o r o a t i z a t i o n  t o  g i v 6  b e n z y l i c  p r o d u c t s ,

0

OAc
-AcOHNO

CHg-H CH^Y 4

Y - NO or OH*

F u r t h e r  e v id e n c e  t h a t  t h e  r e a c t i o n s  o f  7A (B) p r o c e e d  by S 2̂  

a t t a c k  was adduced  by r e a c t i n g  t h e  d i e n e  7A (B) w i t h  sod ium  m e th o x id e  i n  

m e th a n o l  when a  c o n j u g a t e d ,  d i e n y l  m e th y l  e t h e r  (36) was o b t a i n e d  a s  t h e  

s o l e  p r o d u c t .

OMe

0
OAC

I

(B) ^  . '

The r e a c t i o n  wag c o m p le te  i n  5 m ln a t  0°C. R e a c t i o n s  o f  t h e  . 

a d d u c t s  ^ A ,  ^  and  ^A (B) w i t h  sodium  m e th o x id e  w e re  q u i t e  s lo w  (0 °C ,  

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

p r o d u c t s  was q jy : a ln e d .

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

i n v e s t i g a t e d .  When t h e  a d d u c t s  ^A (B) w e re  t r e a t e d  w i t h  p o ta s s iu m
«

c y a n i d e ,  t h e  m a jo r  p r o d u c t  o b t a i n e d  was 2 , , 3 - d i m e t h y l - 6 - n i t r o b e n z o n l t r i l e  

* B^ong w i th  a  s m a l l  amount o f  S^ 2  ' a t t a c k  by t h e  c y a n id e

n u c l e o p h i l e  on t h e  d i e n e  ^A (B) w ould  g i v e  I n  w h ich  t h e  p r o t o n  a  to ,  

t h e  n l t r i l e  g ro u p  i s  a c i d i c  and i s i t h e r e f o r e  r e a d i l y ,  l o s t  to  form  a n . a n i o n
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w h ich  i n  t u r n  l& s e s ' - t h e  n i t r o  g ro u p  a s  n i t r i t e  t o  form  F u r t h e r m o r e , ,
y

• c y a n id e  i s  a p o o r e r  l e a v i n g  g ro u p  an d  t h i s  i s  a n o t h e r  f a rc to r  w h ich  makes 

' t h e  p r o c e s s  ^  ^  more f a v < ÿ ç ^ b le  t h a n  t h e  n o rm a l  ^  p a th w a y .

H .'OAc
7 A (B)

-NO-H

NONO NO

R e a c t i o n s  o f  t h e  a d d u c t s  an d  ^  w i t h  c y a n id e  a n io n  i n  

, a c e ^ n i t r i l e  g av e  1 , 4 - d i m e t h y l - 2 , 3 - d l n i t r o b e n z e n e  and 2 , 5 - d l m e t ] i y l -

S ^ i t r o b e n a o n i t r i L e  Q fi)  a s  t h e , m a j o r  p r o d u c t s .  H ow ever, when t h e

ton  o f  w as c a r r i e d  o u t  i n  a  d i l u t e  médium ( i n  w h ich  t h e  s o l u b i ­

l i t y  o f  p o t a s s i m  c y a n id e  w ou ld  b e  p r o m o t e d ) , %  was o b t a i n e d  a s  t h e  

o n l y j ^ b d u c t .  .

&

OAc
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S' ^
I n  a l l  t h e  ab o v e  r e a c t i o n #  l e a d i n g  t o  ^  and ^ , i t  i s  e x p e c t e d

t h a t  added  n i t r i t e  s h o u ld  f a c i l i t a t e  t h e  r e a c t i o n .  R e a c t i o n  o f  t h e

a d d u c t s ^ A  (B) w i t h  p o ta s s iu m  l i t r i t e  r e s u l t e d  i n  t h e  r a p i d  f o r m a t i o n

o f  l ; 2 - d i m e t h y l - 4 , 5 - d i n i t r o b e n z e n e  ( H )  i n  a  q u a n t i t a t i v e  yield. The

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

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

■
a t t a c k  a t  t h e  s e v e r e l y  h i n d e r e d  v i n y l i c  p o s i t i o n  o f  M  ( B ) , S i m i l a ^ ^ ,  

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

TJiere  i s  o b v i o u s l y  a  ^ n e  b a l a n c e  b e tw e e n  s t e r i c  and  e l e c t r o n i c  f a c t o r s  

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

\

NO

NO"OAc
0 OAcNO NONO 2

•Ac

,  l l i a t  a  s t r o n g l y  e l a c t r o n s - w i t M r a w i n g  g ro u p  ( l i k e ,  t h e ' n i t r o ) '  

f a c i l i t a t e s  t h e  r e a c t i o n  was s h o w n 'b y  r e a c t i o n  o f  t h e  c y a n o - a n a lo g u e  o f  

7 w i t h  p o t a s s i u m  c y a n id e .w h e n  a  m i x t u r e  o f  2 - c y a n o - 4 , 5 - d l m e t h ^ ^ p h e n y l

T  - ; . 'a c e t a t e  ( % )  and . t h e  c o r r e s p o n d i n g  p h e n o l  < ^ )  w as  O b ta in e d .

zCN

CN CN
OAcOAc

CN
OH I
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W ith  p o t a s s i u m  n i t r i t e ,  ^  was o b t a i n e d  a s  t h e  o n ly  p r o d u c t .  E l i m i n a t ­

i o n  o f  th"e e l e m e n ts  o f  n i t r o u s  a c i d  s u p e r s e d e s  p r o c e s s e s .  I n  t h e

r e a c t i o n  w i t h  c y a n i d e ,  t h e  p h e n o l  was p r o b a b ly  form ed b y  h y d r o l y s i s  o f  

t h e  a c e t a t e  p r e c u r s o r  b e c a u s e  o f  t h e  b a s i c i t y  o f  t h e  medium. *

T h u s ,  i n  t h e  r e a c t i o n s  o f  t h e  a d d u c t s  from  t h e  n i t r o a r e n e s ,  

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

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

to  s u l f u r  . n u c l e o p h i l e s .  R e a c t i o n  o f  t h e  a d d u c t  JA (B) w i th ,  sod ium  

t h i o p h e n o x i d e  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  4 , 5 - d i m e t h y l - 2 - n i t r o p h e n y l

p h e n y l  s u l f i d e  ( ^ )  a s  t h e  s o l e  p r o d u c t .  S 2 '  a t t a c k  by t h e  t h i o p h e n o x i d e  

i Tl —
r e l e a s e s  t h e  a c e t a t e  (Scheme 3 . 1 ,  Nu ‘ = ) w h ich  co m p e te s  e f f e c t ! -

v e l y  w i t h  t h e  b u lk y  t h i o p h e n o x i d e  t o  g i v e  a  c o n j u g a t e d  c y c l o h e x a d i e n y l

i n t e r m e d i a t e  Nu"^^ = OÂc o r  SC.H ) .  8 ^ 2 '  a t t a c k  b y  t h i o p h e n o x i d e
- f

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

a c i d  t o  g i v e  '

NQa
s

NO
OAc

S i n c e , i n  t h e  r e a c t i o n * o f  t h e  d l a n e s - 7 A  (B) w i t h  p y r i d i n e ,  an

i n t a r m e d i a t e  41 ( N u ^ ^  ■ 0#S lA ) w as b e l i e v e d  t o  b e  an  i n t e r m e d i a t e ,  t h e
-  3 3 • ^

r e a c t i o n  was r e p e a t e d  w i t h  t e r t - b u t y l a m i n e .  I f  t h e  a n a lo g u e  o f  ^  

( N u ^ ^  = i s  fo rm ed  i n  à  s i g n i f i c a n t  am o u n t ,  d e p r o t o n a t i o n

- A .
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s h o u l d  b e  f a s t e r  t h a n  a t t a c k  b y  n i t r i t e  and an  am ino  a n a lo g u e  o f  t h e

d i e n e  ^  ( N u ^ ^  = t e r t - B u N H ) may b e  e x p e c t e d .  H o w ev er ,  i f  t h e  r e l e a s e d
■■

a c e t a t e  co m p e te s  e f f e c t i v e l y  w i t h  t h e  b u l k y  t s r t - B u p y l a m l n e ^ s  a  n u c l e o ­

p h i l e  i n  t h e  f i r s t  s t e p  (Scheme' 3 . 1 ) , ,  t h e n  t h e  d i e n e  jg w i l l  b e  p r e f e r e n ­

t i a l l y  fo rm ed  . The d i e n e  can  t h e n  u n d e r g o  S „ 2 ’. a t t a c k  b y  n i t r i t e
^ f

a n i o n  o r  t e r f - b u t y l a m i n e  t o  fo r m ,  a f t e r  r e a r o m a t i z a t i o n ,  IJ  o r  t h e

c o r r e s p o n d i n g  amino a n a lo g u e  ( ^ )  . R e a c t i o n  o f  t h e  d i ç n e s  JA 1(B) w i t h

t s r t - b u t y l a m l n e  r e s u l t e d  i n  t h e  f c ^ ^ a t i o n  o f  a s  t h e  m a jo r  p r o d u c t  ■

(60%) . A m in o r  p r o d u c t  (20%) o f  m ass  222 was a l s o  o b t a i n e d  and t h i s

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

r e a r o m a t i z e d  p r o d u e t s  o b t a i n e d  w i t h  b u l k y  n u c l e o p h i l e s  ( e . g .  N0„‘, C,H_S)
• . * 2 6 3

a r e  1 , 2 - d i m e t h y l - 4 , 5 - d i s u b s t i t y t e d .  b e n z e n e s .

0 .

(me (Me),

R e a c t i o n  o f  t h e  a d d u c t s  ?A (B) w i t h  v a r i o u s  o x y g en  n u c l e o p h -  

i l e a  l i k e  h y d r o x i d e ,  p h e n o x id e  an d  t e r t - b u t o x l d e  r e s u l t e d  i n  t h e  f o r m a t i o n  

o f  a s  t h e  m a in  p r o d u c t  (6 0 -1 0 0 % ).

R e a c t i o n  o f  t h e  a d â u c t s  ?A (B) w i t h  i o d i d e ,  b r o m id e ,  c h l o r i d e

o r  f l u o r i d e  r e s u l t W  i n  t h e  f o r m a t i o n  o f  ^  a s  t h e  m a in  p r o d u c t  (>90% ).

I n  t h e  a b o v e  r e a c t i o n s ,  a  c o n j u g a t e d  c y c l o h e x a - 1 , 3 - d i e n e  w as .
« ‘ -

p o s t u l a t e d  a s  an  i n t e r m e d i a t e  and  i n  t h e  r e a c t i o n  o f  t h e  a d d u c t  7A ( B ) ,
%  ■ 5 - .  .

w i t h  m e t h o x i d e ,  a  c o n j u g a t e d  d i e n e ,  ( ^ )  w as i s o l a t e d  an d  c h a r a c t e r i z e d ,  

S i n c e  i n  t h e  r e a c t i o n  w i t h  2 , 6 - d i m e t h y l p y r i d i n e ,  a  c o n j u g a t e d  d i e n e  (8 )  

w as o b s e r v e d * a s  a n  I n t e r m e d i a t e ,  i t  w as  h o p ed  c h a t  c h e  i s o m e r i z a t i o n
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■of t h e  d i e n e  (B) c o u ld  b e  en h an ced  t o  p r o v i d e  a  m ethod  o f  p r e p a r a t i o n  

o f  d i e n e  8 .  R e a c t io n  w i t h  added  a c e t a t e  d i d  r e s u l t  i n  th e - - fo rm a t  16n o f  

8 th o u g h  e x t e n s i v e  r e a r o m a t i z a t i o n  a l s o  o c c u r r e d .

W^en t h e  a d d u c e s  7A (B) w e re  a l lo w e d  t o  r e a c t  w i t h  b ro m id e

o r  f l u o r i d e  i n  m e th a n o l  and t h e  r e a c t i o n  m i x t u r e  w o rk ed —up b e f o r e  

c o m p le te  r e a r o m a t i z a t i o n  had o c c u r r e d ,  a  m ix tu rfe  o f  8 ,  1 ^ ,  and  4 , 5 -  

d i m e t h y l - 2 , 4 - d i n ^ t r o c y c l o h e x a - 2 , 5 - d i e n y l  m e th y l  e t h e r  (34) was o b t a i n e d .
'VXi

A p p a r e n t l y ,  a c e t a t e  a n i o n  r e l e a s e d  by n u c l e o p h i l i c  a t t a c k  on t h e  d jlene

(B) brought about iaomerization to diene Solvent methanol competes

e f f e c t i v e l y  a s  a n u c l e o p h i l e  w i t h  t h e  n i t r i t e  a n io n  f o r  S 2 '  a t t a c k
N

on the conjugated diene Nu"^^= Br), resulting in the formation of

-v2 r e s p e c t i v e l y .  R e a c t io n  w i t h  iodide g av e  and 17 a s  t h e  o n l y  

p r o d u c t s ,

H OAc

8 ,  Nu^^^ = OAc

OMe
V )
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In m e t ' t i a n o l -o r  a c e t o n i t r i l e  a s  t h e  s o l v e n t ,  a b s t r a c t i o n  o f  

a p r o t o n  a  t o  t h e  a c e t a t e  f u n c t i o n  i n  JA (K) i s .  f o l lo w e d  b y  l o s s  o f  

t h e  n i t r o  ç r o u p  a s  n i t r i t e  a n i o n ,  .which i s  i n v o l v e d  i n  S 2' a t t a c k  oh 

"thê^ c o n j u g a t e d  d i e n e  jg. A c e t i c  a n h y d r id e  p ro v e d  t o  b e  a  s o l v e n t  o f  

c h o i c e  f o r  optimum f o r m a t i o n  o f  t h e  d i e n e  8 .  T re a tm e n t  o f  t h e  d i e n e s  

jA  (B) w i t h  b ro m id e  i n  a c e t i c  a n h y d r id e  r e s u l t e d  i n  t h e  f o r m a t io n  o f  8 

(7 5 1 ) ,  t h e  p r o d u c t  n o t  form ed u n d e r  t h e s e  c o n d i t i o n s .  P re s u m a b ly ,

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

t h e  d i e n e  J  w h ic h ,  i n . t u r n ,  w ould  r e l e a s e  n i t r i t e  a n i o n s .  T h u s ,  i s o m e r ­

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

o u t  i n  a c e t i c  a n h y d r id e .  ' *

KBr/Ac.O
À ^

7 (25%) ^ (75%)

3 . 3 . 3  Reaotians of O th e r

,  - / /  'H av ing  i s o l a t e d  pnd characterized t h e  d i e n e  a d d u c t s  o b t a i n e d

by fo r m a l  e x c h an g e  o f  t h e  a c e t a t e  f u n ç t i o n  w i t h  o t h e r  n u c l e o p h i l e s ,  t h e
i f  •

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

r
A c é t y l a t i o n  o f  t h e  d i e n o l s  (B) w i t h  a c e t i c  a n h y d r id e  and  

f  , 6 - d l m e t h y l p y r i d l n e  g av e  t h e  d i e n e s  (B) and a lo n g  w i t h  The

d i e n o l s  c o u ld  b e  c o n v e r t e d  t o  ^ e  c o r r e s p o n d i n g  m e th y l  e t h e r s  on 

t r e a t m e n t  w i t h  m e th y l  i o d i d e  and m o i s t  s i l v e r  o x i d e .  The d i e n o l  o b t a i n e d  

from  was a l s o  c o n v e r t e d  t o  t h e  c o r r e s p o n d i n g  m e th y l  e t h e r  i n  a
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s i m i l a r  m an n er .  A t tem p ted  a c é t y l a t i o n  o f  t h e  d i e n o l s  from  J^0A and ^  

r e s u l t e d  in  e x t e n s i v e  r e a r o m a t i z a t i o n .

D ie n o l  ^ a  ( o b t a i n e d  from p - x y l e n e  a d d u c t )  was c o n v e r t e d  t o  

t h e  c o r r e s p o n d in g  c h l o r o —d i e n e  (40b) on t r e a t m e n t  w i t h  t h i o n y l  c h l o r i d e  

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

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

S O C l- /p y r i d in e
______ i_______  fe

42*

. 'R e a c t i o n s  o f  t h e  c o n j u g a te d  d i e n e  8 w i t h  v a r i o u s  n u c l e o p h i l e s

r e s u l t e d  i n  p r o d u c t s  w hich  a r o s e  from S ^ 2 ' a t t a c k .  W ith  c y a n id e  i o n ,  t h e

t h e  m a jo r  p r o d u c t  was 4 , 5 - d i m e t n y l —2—n l t r o b e n z o n i t r i l e  ( / ^ ) > W ith

m e t h o x i d e ,  t h e  p r o d u c t s  w e re  36 (23%) and!j^^;|. (77% ), The l a t t e r  p ro d u c t

was o b t a i n e d  a s  a " m ix t u r e  o f  tv a n s  and o i s  i s o m e rs  i n  t h e  r a t i o  9 : 1 .
»

'T h e  s t e r e o c h e m i s t r y  o f  . t h e s e  1 ,4  a d d u c t s  c o u ld  b e  r e l a t e d  to  t h e  

c o r r e s p o n d i n g  a c e t o x y n i t r o  a d d u c t s  from  w h ich  t h e y  c o u ld  b e  o b t a i n e d  

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

CNOAc

NO
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^  MeO /MeOH

(77%) ^  (23%)

Mel/Ag 05% H_SO./MeOH
I  4

OAc

TkG minor produce could result from S^2' attack by the 

methoxide on which can be obtained by the iaomerization of 8.

Reaction of the methoxy diene with BF.-ethefate proved '

q u i t e  I n t e r e s t i n g .  I n  t h i s  c a s e ,  complexation a p p a r e n t l y  o c c u r r e d  a t  *

both the methoxy. end nitro functions to give and 2,3-dimethyl-6-nitro-

a n i s o l e  I n  the r a t i o  3 : 2 ,  F o rm a t io n  o f  the two p r o d u c t s  i s  due to l o s s

of nitro and methoxy groups to gener;gt;e methoxy- and nitrocyclohexadienyl

cations respectively. Deprotonation of the former and loss of nitro
g ro u p  from  t h e  latter l i v e s  t h e  products 46 and  4.

*
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The mechoxy diene ^  on treatment: with nitrite anion gave 

che former arising from t̂ ie now-established 5,2' attack.

R e a c t io n  w i t h  c y a n id e  w i t h  t h e  d i e n e  gave t h e  e x p e c t e d  p r o d u c t  ^  

(70%), along with another compound of mass 156. n.m.r. spectrum

o f  t h e  l a u t e r  p r o d u c t  showed t h a t  t h e  compound was s y m m e t r i c . T h ese  

o b s e r v a t i o n s  led to t h e  a s s ig n m e n t  o f  structure f o r  the m in o r  

p r o d u c t .  T h i s  p r o d u c t  was not o b t a i n e d  i n  t h e  reaction o f  t h e  d i e n e  

I  w i t h  cyanide. S in c e  it was obtained i n  t h e  m eth o x y  a n a lo g u e  o f  8 

( j - .e .  ^ )  , t h e  d i f f e r e n c e s  in behaviour a r e  p e r h a p s  r e l a t e d  t o  d i f f e r e n -  

ces in nucleofugic.abilities. Since OMe is a poorer leaving group (than 

OAc), competition between OMe and NO^ could alloii for the following 
co m p etin g  p a th w a y s :

+CN . -OMe

H CN
+CN . -NO

• +CN , -OMe

H CN

f (70%)
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C o n c lu s io n

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

c n a r a c t e r i z a t i o n  and  r e a c t i o n s  o f  p r o d u c t s  a r i s i n g  from i v s o  a t t a c k  i n

t h e  n i i , r a t i o n  Oi. 1 , 2 - d i i n e t h y i - 4 - n i t r o b e n z e n e ,  1 , 2 —d i m e t h y l - 3 - n i t r o b e n z e n e ,

*
1 d i m e t h y l —2—n i t r o b e n z e n e , 4 —m e t h y l —2—n i t r o p h e n o l  and  4 - m e t h y l —3—n i t r o — 

p h e n o l .  ''

These products are formed by ipso attack of the nitronium ion 

at an activated,position followed either by addition of nucleophilic 

a c e t a t e  a t  a p a ra  (o r o r th o )  position o r  by deproconation a t  a  remote

p o s i t i o n .  In  t h e  c a s e  o f  1 ,4 —d i m e t h y l - 2 - n i t r o b e n z e n e ,  two p a i r s  o f  

d i a s t e r e o m e r i c  1 ,4  a d d u c e s ,  a lo n g ’ w i th - .a  1 ,2  a d d u c e ,  a r ^  o b t a i n e d .  I n  

t h e  n i t r a t i o n  o f  4 - m e t h y l - 2 - n i t r o p h e n o l ,  c r y s t a l l i z a t i o n  of t h e  r e a c t i o n  

m i x t u r e  r e s u l t s  i n  a  1 ,4  a d d i t i o n  o f  t h e  s o l v e n t  m e th a n o l  to the n i t r o -  

d i e n o n e .  T h i s  r e p r e s e n t s  t h e  f i r s t  exam ple  o f  su c h  a n  a d d u c t  from  t h e  

n l t r o d l e n o n e s ,

The a c i d —c a t a l y z e d  r e a r o m a t l z a t i o n  o f  t h e  a d d u c t s  p r o v i d e  an

i n t e r e s t i n g  c o n t r a s t .  D ep en d in g  on t h e  c o n d i t i o n s ,  p r o d u c t s  a r i s i n g  from

e i t h e r  a 1 ,2  m i g r a t i o n  o f  t h e  n i t r o  g ro u p  o r  l o s s  o f  t h e  e l e m e n ts  o f

acetyl nitrate are obtained.. Under strongly acidic conditions, products

®^^-sing from  r e n i t r a t i o n  a r e  a l s o  o b s e r v e d .  A c i d - c a t a l y z e d  n i t r a t i v e

coupling of the secondary adducts of l,2-dimethyl-4-nitrobenzene and

t h e  s e c o n d a r y  and  t e r t i a r y  a d d u c t s  o f  1 , 4 - d l m e t h y l —2 -^ n i t ro b e n z e n e  g i v e s

p e n t a m e t h y l n i t r o b i p h e n y l s .
«%

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

phlles in single or'sequential S_2' reaction (s). The dienes or reiroma-
J

^ t i z e d  products form ed from  s u c h  an ex ch an g e  c o u ld  b e  o b t a i n e d * i n
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q u a n t i t a t i v e  y i e l d s  u n d e r  s u i t a b l e  c o n d i t i o n s .  The d i e n e s  o b t a i n e d
i

from  a  s i n g l e  S ^ 2 '  e x c h a n g e  can  a l s o  b e  f u r t h e r  i s o m e r i z e d  o r  r e a r o m a t i ­

zed  -u n d e r  s u i t a b l e  a c i d i c  o r  n u c l e o p h i l i c  c o n d i t io n s * .

One o f , t h e  m ore p r o m in e n t  f e a t u r e s  o f  t h e  r e a c t i o n s  i iy  t h i s
a

s t u d y  i s  t h e  o b s e r v a t i o n  t h a t  t h e  n i t r o  g ro u p  m i g r a t e s  1 , 2 , u n d e r  a c i d i c  

c o n d i t i o n s ,  1 ,3  u n d e r  f r e e  r a d i c a l  c o n d i t i o n s  an d  1 ,4  u n d e r  n u c l e o p h i l i c  

c o n d i t i o n s .  T h ese  r e s u l t s ,  com bined  w i t h  t h e  f a c t  c h a t  t h e  a c e t a t e  g ro u p  

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

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

\



SCHEME 3 . 2 :  MAIN REACTION PATHWAYS FOR THE ABDUCTS FROM l,2-DIMETHYL-4-N[TR0BENZENE
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SCHEME 3 . 3 :  MAIN'REACTION PATHWAYS FOR THE ADDUCTS FROM 1 , 4-DIMETHYL-2-NITROBENZENE
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APPENDIX I :  KEY TO NUMBERED STRUCTURES
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Experim ent Reagent-
No.

A P P ^ I X  II: REACTIONS OF DIENES

R e a c t i o n s  o f  d i e n e  7

P r o d u c t  C o m p o s i t io n  (%)

k 4,̂ Others
a . 1 BF^-Etherate 78 14 a ■ - —

a.2 BF^-Etherate/
m eslty lene 1. - - . 42 (99)

a.3 TFAA 72 . 15 13 -
.a.4 5% HgSO'/MeOH - - - — 44 (100)

'  a . 5" 31 25 31 13 -
a . 6 HBr/ether 95 - — 5
a.7 (1) AcOH (20°G) No Reaction

7 (11) AcOH (100°C) 49 - 51 _

(111) Ac0H/Hydroqulnone 
(1009c) 68 32

a . 8

a . 9 ( ! )

Pyridine-d  
' (

,2 ,6 -D |g ^ h y .l-
p y r iîîn e

2

2

3

à
4

i  ~

95

94

-

. ^ ( i i ) 2 ,6-Dlm ethyl“ 
pyrldine/CDCl_ - - 15 4 (17)

2  (67)
Si 100 

. • » .
ta i’f-B u ty laa ln e ' 4 10 1 60 %  (19)

a . 11 \ NaWe/MeOH — . - — ^ 44 (100)
a. 12 #H/CDgCN - - - 100 —

a . l 3 t-BûOK/'CD.,CNj  ■ .
24 ' ■ 12' 60

a , 14 C^H^(Wa/CD.CN 17 3 3 77 •

a . 15
• « CgHgkla/CD CN 1

ia (99)

*
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E xperim ent R eagent
No.

a . 16 

a . 17

KNOg

KOAc

a.18 (1) KCN/CD OD

(II) KCN/CD CN

( I I I )  KCN/pyridine-d /
CD.OD

a.19 (1) KI/CD OD

(11) KBr/CD.,OD

(111) KCl/CD OD 

(Iv) KF/CD OD

a.20 (1) KF/CD CN

(II) KBr/CD^CK (18 h)

(III) KBr/CD CN (5 h)'

. (Iv) KI/CD CN '

a.21 (1) KBr/50% AG^O-CD.CN
i .

(ii) KBr/AcgO

a.22 (l) ggCN/CD.ai 

(11) , KSCN,/CD^OD

a . 23 P y r o l y s i s  ( g . i . c . J  . 78

a.24 .. MeOH/H.b , 82

Product CompositionX%)
.

Others
/- /loo - 

100

-  e

30

22

42

58

22 

100 

28 

100

.95

32

77

100

18

42 (94) 

42 (70)

42 (58) 
4Ü (42)

(5 7 )
(1 5 )

2 (68)

2 (23)

2 (75) 
4 (22)

2 (75) 
4 . ( 2 5 )  

2  (14)
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R e a c t i o n s  o f  d i e n e  ^

E x p e r im e n t
N o .

R eagen t

a . 25 

a  .26  

a . 27

a . 28

4% HgSO^/ACgO

P y r id in e -d _ /A C g O

2 J 6 - D i m e t h y l -  
p y r id in e /A c ^ O

M e l / m o i s t  Ag„0

4
82

P r o d u c t  C o m p o s i t io n  (%)

^  ^  "tZ o t h e r s  

7 II

-  100

I  ( 5 7 )
^  ( 100)

Y

a . 29 

a . 30 

a . 31

a . 32 

a . 33

a . 34

B F _ - E t h e r a t e

R e a c t i o n s  o f  d i e n e  

58

P y r id in e - d _ /C D C l_

KI/CD CN

KNO..

KCN

44

P y r o l y s i s  ( g . l . c . )  98

100

100

56

k2)

a a  (7 0 )
4% (30)

W  (2)

a . 35

a . 36 

a.37

%
R e a c t i o n s  o f  d i e n e  8

5% H_SO,/MeOH2 4

KCN

\

13

2 5  (9 0 )  

25 (87)

«W
# (77) 

(23)
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E xperim ent R eagent
No.

b.l

b . 2

b.3

b.4

b.5

B F ^ - E t h e r a t e

R e a c t i o n s  o f  D ie n e  lOA

P rod u ct C o m p o sitio n

S  4 ^  /iG ' èi

62 29 -  7 2

B F ^ - E t h e r a t e /
• m e s i t y l e n e ■

TFAA

5% HgSO,/ MeOH 

CF,SO,H .

27 26 - 7

56 35 . 8

21 45 -  30

No R é a c t i o n  

80. . - - 20

b.6 (ij AcOH (20°C)
/  *!-

(ilQ A^OH (100?C)

b . 7  P y r i d i n e - d ^  (1 week)

b . 8  NaOMa^eOH (1 w eek) 19 33 8

b.9

b.lO

KdAc

KNO.

36 41

b.ll (1) KCN/CD.CN (350\mm^) 2
100

33

b.l2
(11) KCN/CH CN (5 cm )

D ie n e  +  M e l / m o i s t ’
.  '  AggO

(%)

O t h e r s

g/) (31) 
8  (7)

-  ^  ( 100)

M b  (27) 
&  ( 12)

(23)

2% (65* 

#  ( 100)

as (100)

_b.l

b.2

b-:3

R e a c t i o n s  o f  d i e n e  12'SA,

B F j - E J l e r a t e

B F j - l t h e r a t e /
m e s l t y l e n e

21 49 6

9 26 5
$ % *

33 27 5
K

11

11

15

22

(28)
(8)
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E xperim ent R eagen t ,
N o.

5% H,SO,/MeOH

CF,SO,H

b.4 

b.5
3 3

b.6 (1) AcOH (20°C)

(11) AcOH (100°C)

b . 7  J y r i d i n e - d ^  (1 week)

15

37

b.8

b.9

b.lO

b.ll

b.l2

NaOMe/MeOH (1 week) 27 

KOAc 3 3

KNO_

D ie n e  ^  +  M e l /m o is t
AggO

P rod u ct C om p osition  .(%)

47 Others

58 - 27

No R e a c t io n  

-  -  47

23

53

100

49

11

16

D e c o m p o s i t io n

44b:44e

;^b (39) 

;^b (14)

(35) 
#  (4) 

(9)

J j J X .
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