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ABSTRACT 

Nitration of 2-methyl-2-(2-methylphenoxy)propanoic acid 

with nitric acid in acetic anhydride gives·E- and Z--diastereomers of 3,3,10-trimethyl-10-nitro-1,4-

dioxaspiro[il,S]deca-6,8-dien-2-one. 2-Methyl-2-(2,3,5-

t r i m e th y 1. p h e n o x y ) p r op a n o i c a c i d . u n d e r s i m i 1 a r c on d i t i on s 

affords one of the d4astereomers of 3,3,7~9,10-pentamethyl-

10-nitro~1.4-dioxaspiro[4,5Jdeca-6,8-dien-2-one. Nitration 

of ( 2-m ethy lphenoxy )acetic acid in acetic anhydride results 

in the formation of the diastereomers of 10-methyl-10-nitro-

1 , LI - d i ox a ~ p i r o [ 4, 5 ] de ca - 6, 8-d i en -2- one. .1 2- Met h_Y 1-2- ( 2-

m ethyl - 4 - nit r op hen ox y) prop an o i c acid on nitration with 

nitric acid in a mixture of trifluor~acetic anhydride .aid 

·acetic anhydride gives 3,3,10-trimethyl-8,10-dinitro-1,4-

dioxa~iro[4,5]deca-6,8-dien-2-one. In cases of 2-methyl-2-

(2-methylphenoxy)propanoic acid and (2-methyfphenoxy)acetic 

a c id, 4 - nit r o substituted products are a 1 so f o.i; med. No 6-
(' 

nitro..substituted products are formed on nitration of any of 

the ,ubstrates. 

·r h e f o r m a' t i o n o f t h e s p i r o d i e n e s c a n b e e x p 1 a i n e d try 

add i t i o 11 of the n i tr on ·i um i on at the Jo s i t ion· ipso to the 

:,?meth'yl .group and ortho to the ether [unction and subsequent 
. . 

c a p t u r e o t t h e i'p s o - W h -e 1 a n d i n t e r m e d i a t e b y , t h e c a r b o x y 1 
, 

group in qhe side chain. The absence of 6-nitrosubstituted 
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products is explained by steric effects~ 

Under neutral conditions the conjugated spirodienes 

• undergo a thermal rearrangement of the ~itro group which is 
"' 

shown to be a [1,5) sigmatropic nitro shift. 3,3,10-Tri-
•• 

m~thyl-10-nitro-1,4-diox~spird[4,5Jdeca-6.8-dien-2-one re-. . 
-

arranges stereospecifically, to 3,3,6-trimethyl-10-nitro-1,4-

dioxaspirp[4,5 Jaeca-6,,8-dien-2-one. The non-steri?oselecti"ve 

r e a r r a n g e m e n t o f 3 , 3 , 7 , 9 , 1 0 - p e n t a m e t I) y 1 - 1_ 0 -. n i t r o - 1 , 4 :-

dioxaspiro[4,5 )deca-6,8-dien-2-one• to 3, 3,6,7,9-penti=lm~thyl-

10-ni tro-1, 4-dioxaspiro[4,5 Jdeca-6,8-dien-2-one is shown to 

be a [1,5} sigmatropic shift overshadowJd by radical 

epimerizatipn of th~ product.· A similar concurrent 

sigmatropic nitro shift and radical epimerization is also 

observed in the rearrangement of 3-t-butyl-6-methyl-6-

ni trocyclohexa-2.7'4-dienyl acetate, whi'l~ 2-cy~no-3.'4-. 

dimethyl- and 2-cyano-4.5-dimethyl-4-n1trocyclohexa-?,~-. . 
d i e n y 1 a c e t a t e e a c h . u n d e r g 0 a s t e r e o· s p e c i f i c [ 1 ' 3 J 

"sigmatropic nitro shift. I 

Under ac'idic conditions, the adducts obtained from (2-

m e t ·h y l p h e n o x y ) a c. e t i c' a c i d · a n d 2-met:hyl-2'-(.2-. ' 

met h y 1 p hen ox y) prop an o i c q c id undergo r a p·i d e pi met i.z at ion 

followed by a competing ac'id-catalyzed [i!5J sigmatropic 

nit r o sh i ft and a 1 , 3 e,: x tram o'l e cu 1 a r .nit r o shift to ~he '4 -

p o s i t i on . S om e 1 e 'a k a g e o f th e n i t r on i u m i on a 1 s. o o c c u r s . 

. rn hydrox.Yli.c solv,ents \2.-met.hyl-6-nitrophenol is also 

frirmed~· 3,3,8-Trimethyl-8-nitro-1,4~dioxaspiro[4,5Jdeca-

/, 
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6,9-dien-2-one, ot:>tained by the nitration of 2-methyl-2-(4-

methylp~noxy)propanoic acid with nitric a'cid in acetic . 
anhydride, reacts with acids in hydroxylic and non-. 

.. 
hydroxyl.ic solvents to give 4-methyl-4-nitrocyclohexa-2,5-

dienone (or its further reaction products) qnd 2-methyl-2-
.... 

(4-methyl-2-nitrophenoxy)propanoic acid. Under basi·c 

~onditions fit gives 4-methyl-4-nitrocyclohexa-2,5-dienone 

a~ th e ~~le primary product . . 
( 
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CHAPTER I  

INTRODUCTION

1 .1

A r o m a t i c  n i t r a t i o n  i s  one o f  t h e  b e t t e r  under - sXood

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  r e a c t i o n s .  I t  has been used gs a

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

s u b s t i t u t i o n  p r o c e s s .  D i r e c t i n g  e f f e c t s  o f  s u b s t i t u e n t s  i n

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

r e a c t i o n s . ^  Th e  c l a s s i f i c a t i o n  o f  s u b s t i t u e n t s  as

ortho’.para and m e t  a - d  i  r  ec t  i ^  . t h e  c o n n e c t i o n  b e t w e e n

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

s u b s t i t u t i o n  i n  d i s u b s t i t u t e d  benzenes  wer e  a l l  d e v e l o p ed  on

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

N i t r a t i o n  can bè p e r f o r m e d  i n  v a r i o u s  s o l v e n t s  and w i t h  

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

(N0 2 ^)  o v e r  a w i d e ^ a n g e  o f  c o n d i t i o n s  was f o u n d  t o  be t h e  

same.  D i l u t e  n i t r f c  a c i d ,  n i t r i c  a c i d  i n  s u l p h u r i c  a c i d ;  

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

‘ i n  a c e t i c  a n h y d r i d e ;  n i t r i é  a c i d  i n  o l e u m ,  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  l i k e  n i t r o m e t h a n e .  s u l p h o l a n e .  c a r b o n  

t e t r a c h l o r i d e ,  a c e t o n i t r i l e ;  n i t r i c  a c i d  i n  a c e t i c  a c i d ;  

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

e t h o x i d e ;  n i t r o n i u m  s a l t s  i n  i n e r t  o r g a n i c  s o l v e n t s  can be

u s e d  t o  a f f e c t  n i t r a t i o n  o f  s u b s t r a t e s  o f  d i f f e r e n t  v-
' %  '

s o l u b i l i t i e s  and r e a c t i v i t i e s .



The i d e n t i f i c a t i o n  o f  t h e  - e l e c t r o p h i l e  ^made t h e o r e t i c a l  

c a l c u l a t i o n s  much e a s i e r .  A r o m a t i o  n i t r a t i o n  was  . the 

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

t h e o r i e s  r e l a t i n g  s t r u c t u r e  t-o r e a c t i v i t y .  I t  was u sed  i n  

t h - e - d ev e l opme n t  o f  v a r i o u s  r e a c t i v i t y  i n d i c e s , ^ and l a t e r  t o  

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

1I2 Mechanism of nitration 

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

p r o d u c t s  a r e  w e l l  u n d e r s t o o d  and can be r e p r e s e n t e d  as shown 

b e l o w . 5

1) HNO3 4. H+ NO2+ + HgO

2) ArH + N02^ ArH NO2*  ( e n c o u n t e r  p a i r )

3) ArH N02 ^ -----  W (Wheland i n t e r m e d i a t e )

4 ) W ^ P r o d u c t s

Any o f  t h e  a b o v e  s t e p s  can  be t h e  r a t e  d e t e r m i n i n g  

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

s t e p  can be changed by a d j u s t i n g  t h e  r e a c t i o n  c o n d i t i o n s  and 

t h e  v a r i o u s  s t e p s  wer e  i d e n t i f i e d  u s i n g  t h i s  me t hod .

1 . 2 . 1  I d e n t i t y  o f  t h e  E l e c t r o p h i l e

N i t r a t i o n  o f  b e n z e n e  h o m o l o g s  i n  n i t  rom e t h a n e ,  i n  

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

a c e t o n i t r i l e  was f o u n d  t o  have  z e r o t h  o r d e r  d e p e n d e n c e  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 d e p e n d e n c e  was 

'* b e t w e e n  z e r o t h  a n d  f i r s t  o r d e r  f o r  b e n z e n e  a n d  

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

h a l o g e no b e n z en e s .  For- benzene and t o l u e n e ,  t h e  dependence 

v a r i e d  f r om c o m p l e t e  f i r s t  o r d e r  t o  c o m p l e t e  z e r o t h  o r d e r  on 

v a r y i n g  t h e  s o l v e n t .  _ Howe v e r ,  t h e  h i g h e r  h o m o l o g s  a l w a y s

' showed z e r o t h  o r d e r  d e p e n d e n c e .  I f  a l l  t h e  p r o c e s s e s  i n  
.

' • s t e p s  2 - 4  ) i n  t h e  a b o v e  m e c h a n i s m  can  be d e s c r i b e d  by a 

c o m p o s i t e  r a t e  c o n s t a n t  kg,  t h e n  t h e  o b s e r v a t i o n s  can be
“ ■ Î

' e x p l a i n e d  by t h e  b a l a n c e  be t ween k _ a n d  kg[ ArH ] .  When k_-| 

<< kg[ A r H ] t h e  r e a c t i o n  became z e r o t h  o r d e r  i n  t h e  a r o m a t i c  

compound. '  T h i s  z e r o t h  o r d e r  p r o c e s s  was i d e n t i f i e d  as t he  

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

a v a r i e t y  o f  c o n d i t i o n s  t he  r e l a t i v e  amount  o f  0 - ,  p -  and m- 

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

e l e c t r o p h i l e  was  seen  t o  be i n v o l v e d  i n  a l l  t h e  p r o c e s s e s .  

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

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

s p e c t r o c o p y .  I t  was shown t o  be t h e  n i t r o n i u m  i o n .  T h i s  

i d e n t i t y  was c o n f i r me d  when Ol ah o b t a i n e d  t h e  same p r o d u c t  

r a t i o s  u s i n g  n i t r o n i u m  s a l t s  as n i t r a t i n g  a g e n t s .

1.2.2 E n c o u n t e r  P a i r  : Loss o f  S u b s t r a t e  S e l e c t i v i t y .

R e a c t i v i t y  o f  t o l u e n e  w i t h  r e s p e c t  t o  b e n z e n e  ( k - p / kg )  

has  l o n g  b e e ^  a m e a s u r e  o f  me d i u m e f f e c t s  i n  a r o m a t i c  

n i t r a t i o n . ' -  T h i s  r a t i o  has  been d e t e r m i n e d  by c o m p e t i t i v e  

and a b s o l u t e  r a t e  m e a s u r e m e n t s  u n d e r  many c o n d i t i o n s .  I t
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(

h a s  b e e n  f o u n d  t o  v a r y  t ^ i t h i n  a v e.r y n a r r o w  r a n g e  

( k ^ / k g  = 17 t o  38)  and t h i s  has  b e e n . f o r w a r d e d  as e v i d e n c e  

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

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

s t e p  was i d e n t i f i e d  as s t e p  3 ( t h e  p h e n o me n o n  o f  e n c o u n t e r
s

' c o n t r o l  was n o t  known), .  Based on t h i s  mechan i sm,  t h e  Brown 

s e l e c t i V i t y - r e a c t i V i t y  r e l a t i o n s h i p  was p r o p o s e d , ^ w h i c h  

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

s e l e c t i v i t y  i s  l o s t ,  p o s i t i o n a l  s e l e c t i v i t y  s h o u l d  a l s o  be
é.

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

e l e c t r o p i ^ i l e . <

N i t r o n i u m  s a l t  n i t r a t i o n s  by O l a h  showed  t h a t  k y / k p  

r a t i o  f e l l  t o *■'1.5 -  2 . 5  u n d e r  t h e s e  c o n d i t i o n s ,  b u t  t h e  

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

O l a h  t o  p r o p o s e  an i n t e r m e d i a t e  p r i o r  t o  t h e  Wh e l a n d  

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  e a r l i e r  i n t e r m e d i a t e  was
-  f

s a i d  t o  be r a t e  d eji^e r  m i  n i  ng an.d p o s i t i o n a l  s e l e c t i v i t i e s
»

wer e ,  d e t e r m i n e d  i n  t h e  n e x t  s t e p .  S i n c e  t h e  s u b s t r a t e  and 

p ô s i t i o n a l  s e l e c t i v i t i e s  w e r e  n o t  d e t e r m i n e d  i n  t h e  same
*V

s t e p ,  t h e  r e a c t i v i t y - s e l e c t i v i t y  r e l a t i o n s h i p  need n o t  be 

t r u e  unde r  t h e s e  c o n d i t i o n s .  F u r t h e r  Ol ah  p r o p o s e d  t h a t  t h e  

l o w  k -p / kg  v a l u e  was ' due t o  t h e  h i g h  r e a c t i v i t y  o f  t h e  

n i t r o n i u m  i o n  and t i r e  i n t e r m e d i a t e  f o r m e d  i n  t h e  r a t e  

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

s u b s t r a t e  s e l e c t i v i t y  w i t h o u t  l o s s  o f  p o s i t i o n a l  ' s e l e c t i v i t y  

was o b s e r v e d  by S c h o f i e l d  and. c o w o r k e r s  i n  t h e  n i t r a t i o n  o f

.V
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benzene homo l ogs  i n  mi xed  a c i d J ^  T'ftey p r oposed  t h a t  t h i s  

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

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

e n c o u n t e r  p a i r .  They d i d  n o t  p r opo s e  any s t r u c t u r e  f o r  t h e  

e n c o u n t e r  p a i r .  O l a h ^ ^  s u g g e s t e d  t h a t  t h e  e n c o u n t e r  p a i r  

' m,ay i n  f a c t  be a u - a d d u c t .  L o s s  o f  s u b s t r a t e  s e l e c t i v i t y  

i n  n i t r o n i u m  s a l t  n i t r a t i o n s  was  l a t e r  shown t o  be due t o  

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

k-p/  kg  d u e  t o  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  a n d  n o t
Î

m i 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 . F u r t h e r  Rys  and
»

c o w o r k e r s ^ ^  shoWed t h a t  o b s e r v e d  r e l a t i v e  r a t e s  o f  n i t r a t i o n  

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

w e l l  w i t h  -  a d d u c t  s t a b i l i t i e s  o f  t h e s e  a r o m a ' t i c
/

c o m p o u n d s  ( c o r r e l a t i o n  c o e f f i c i e n t  = 0 . 9 1 ) .  The e v i d e n c e  

f o r w a r d e d  f o r  tt - a d d u c t s  i s  n o t  s u f f i c i e n t  b u t  t h e r e  i s  no 

r e a s o n  why e n c o u n t e r  - p a i r s  c a n n o t  be tt - a d d u c t s .  T h i s  can 

be d e c i d e d  o n l y  a f t e r  more c o n c l u s i v e  e v i d e n c e  i s  a v a i l a b l e .  

R e c e n t l y  K o c h i  ahd c o w o r k e r s ^ ^  h a v e  obse- r ved  a c h a r g e  

t r a n s f e r  band a t  400 nm i n  t h e  n i t r a t i o n  m i x t u r e  o f  m- 

t o i u o n i t r i l e  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 .  Thus  -n -  

a d d u c t s  p r o p o s e d  by O l a h  may i n  f a c t  be cha r g e - t r a n s f  e r  

c o m p l e x e s .

■1.2.3 E n c o u n t e r  P a i r  : R e t e n t i o n  o f  P o s i t i o n a l  S e l e c t i v i t y

S i n c e  t h e  r e c o g n i t i o n  o f  t he  r o l e  o f  ' e n c o u n t e r  c o n t r o l  

i n  m i x e d  a c i d  n i t r a t i o n s , ^ ®  s i m i l a r  e n c o u n t e r  c o n t r o l l e d  

r a t e  l i m i t  l e a d i n g  t o  t h e  l o s s  o f  s u b s t r a t e  s e l e c t i v i t y  has
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been ob s e r v e d  i n  t r i f l u o r o à c e t i c  a c i d ,  ' i n  n i t r o m e t h a n e ,  i n  

p e r c h l o r i c  a c i d ,  i n  s u l p h o l a n e ,  i n  m e t h a n e s u l p h o n i c  a c i d ,  i n
1C * 17

p h o s p h o r i c  a c i d ,  i n  a q u e o u s  n i t r i c  a c i d  ' ancj  i n  a c e t i c  

a n h y d r i d e .  T a b l e  1.1 s h o ws  t h e  o b s e r v e d  r e l a t i v e  r a t e  f o r  

m e s i t y l e n e  w i t h  r e ' spec t  t o  benzene (k| j ^/kg) and t h e  e n c o u n t e r  

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

c a l c u l a t e d  k | ^ / kg  based on t h e  a d d i t i v i t y  p r i n c i p l e .

T a b l e  1.1^

R e l a t i v e  Rat es  o f  N i t r a t i o n  o f  M e s i t y l e n e  i n  V a r i o u s  Media

Medium ' kM/kB 

( o b s e r v e d )

' En c o u n t e r

l i m i t

kM/kB

( c a l c u l a t e d )

T r i f l u o r o a c e t i c  a c i d 88 100 + 20

N i t r o m e t h a n e 400 400

61.05% P e r c h l o r i c  a c i d 7 8 80 ±  10

S u l p h o l a n e 350 500 + 200

63.2% S u l p h u r i c  a c i d '  68 68
16000

6 8 .'3% S u l p h u r i c  a c i d 36 ,  38

8 8 % M e t h a n e s u l p h o n i c  a c i d  387 350 ±  50

83.8% P h o s p h o r i c  a c i d 3 . 5 ' 3 . 5

A c e t i c  a n h y d r i d e ^ 650 650 ± 50

Aqueous n i t r i c  a c i d ‘s 380 380

adap t ed  f r om Ref .  15,  6 . R e f . 16,  a. Ref .  17
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I n  t h e  c a s e  o f  s u l p h u r i c  and p h o s p h o r i c  a c i d s  t h e

l i m i t i n g  r a t e  h a s  been  shown t o  be d e p e n d e n t  on s o l v e n t

v i s c o s i t y .  For  o t h e r  s o l v e n t s  such a r e l a t i o n s h i p  does no t

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

c o e f f i c i e n t s  i n  d i f f e r e n t  medi a a r e  n o t  known.-  The l i m i t i n g

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

b e c a u s e  o f  n i t r a t i o n  v i a  C - n i t r o s a t i o n  w h i c h  o c c u r s  i n

A c t i v a t e d  compounds i n  such o t h e r  m e d i a . T h e  e x i s t e n c e  o f

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

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

s^i bst rate and v i s c o s i t y  o f  the medium. How^^er r e t e n t i o n  of

p o s i t i o n a l  s ^ l f c t i v i l y  has no t  been c o n c l u s i v e l y  e x p l a i n e d

ye t . " ' ^  A p a r t  f r om t h e  ? - a d d u c t s  d i s c u s s e d  e a r l i e r ,  t h e r e

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

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

s e l e c t i v i t y .  S c h o f i e l d ^ ^  has  s hown t h a t  i f  t h e  r a t e

const ant  f o r  s e p a r a t i o n  o f  t h e  componen t s  by d i f f u s i o n  o f  a

n o n - i n t e r a c t i n g  e n c o u n t e r  p a i r  i s  o f  t h e  o r d e r  o f  10^ -

1 0 ' " '^s“ ”' and t h e  u p p e r  l i m i t  f o r  t h e  r a t e  c o n s t a n t s

1 2d e t e r m i n i n g  p o s i t i o n a l  s e l e c t i v i t y  i s  o f  t h e  o r d e r  o f  10 

1 0 ^^ ( i . e .  t h e  m a g n i t u d e  o f  a v i b r a t i o n  f r e q u e n c y )  t h e n

even a n o n - i n t e r a c t i n g  e n c o u n t e r  p a i r  can  g i v e  r i s e  t o
d

p o s i t j r r n l  s e l e c t i v i t i e s  o f  t h e  o r d e r  o f  > 100.  P o s i t i o n a l  

s e l e c t i v i t i e s  i n  pseudocumene were  e x p l a i n e d  a s s u mi n g  a non­

i n t e r a c t i n g  e n c o u n t e r  p a i r U s i n g  t h e  same l i m i t s  f o r  t he  

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

p e n t a m e t h y l b e n z e n e  a l l  t h e  p o s i t i o n s  w o u l d  be e q u a l l y
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r e a c t i v e .  S i n c e  p o s i t i o n a l  s e l e c t i v i t y  i s  r e t a i n e d  even i n

■ '  ®  ?  1 /p e n t a m e t h y l b e n z e n e ,  P e r r i n  p r o p o s e d  t h a t  t h e  e n c o u n t e r

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

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

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

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

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

The s i t e  o f  Aond  f o r m a t i o n  i s  d e t e r m i n e d  by r e l a t i v e  s p i n  
\  • •

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

even when s u b s t r a t e  s e l e c t i v i t y  was l o s t  i n  t h e  e n c o u n t e r

c o n t r o l l e d  s t e p .  As an e v i d e n c e  f o r  t h i s ,  P e r r i n  sho wed

t h a t  a l l  a r o ma t i c s  more r e a c t i v e  t han  t o l u e n e  c o u l d  t r a n s f e r

an e l e c t r o n  to NOp i n  an e x o t h e r m i c  s t e p ,  t h u s  l e a d i n g  t o  an

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

encou-nter  p a i r .  The r e a c t i o n  o f  n a p h t h a l e n e  r a d i c a l  c a t i o n ,

g e n e r a t e d  i n  c o n t r o l l e d - p o t e n t i a l  e l e c t r o l y s i s  a t  a Pt

a n od e ,  w i t h  n i t r o g é n  d i o x i d e  g a v e  1- n i t r o  : 2 - n i t r o  ( « / & )

p r o d u c t  r a t i o  o f  9.2 + 1 e qua l  t o  t h a t  ob s e r v ed  i n  n i t r a t i o n

i n  c o n v e n t i o n a l  med i a .  The âî lmost  e q ua l  v a l u e  o f  =/g was

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

mechan i sm.  The r e s u l t  i n  t h e  n i t r a t i o n  e x p e r i m e n t  was l a t e r

shown t o  be due t o  e l e c t r o p h i l i c  n i t r a t i o n  o f  n a p h t h a l e n e

c a t a l y z e d  by a n o d i c a l l y  g e n e r a t e d  a c i d . ^ ^  M e s i t y l e n e

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

n i t r a t e  i n  t h e  p r e s e n c e  o f  n i t r o g e n  d i o x i d e  r e a c t e d  t o  g i v e
/

b o t h  r i n g - s u b s t i t u t i o n  and  s i d e  c h a i n  s u b s t i t u t i o n



p r e d u c t s ' . ^ ^  N i t r a t i o ^  o f  m e s i t y l e n e  . w i t h  n i t r i c  a c i d  g i v e s

on l y ,  r i n g - n i t r a t i o n .  So e l e c t r o n  t r a n s f e r  p r q c e s s  need n o t

be c o n s i d e r e d  f o r  a r o m a t i c  c o m p o u n d s - l e s s  r e a c t i v e  t h a n
'

m e s i t y l e n ë .  R i d d ^ ^ .  ho we v e r  p o i n t s  o u t  t h a t  p a r t i a l  c h a r g é
/

t r a n s f e r  c a n n o t  be r u l e d  o u t  by t h i s  e x p e r i m e n t .  N i t r a t i o n

of. n a p h t h a l e n e  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  gave r i s e  t o

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

c a t i o n . ? ^  The p r e s e n c e  o f  t h e  r a d i c a l  c a t i o n  d o e s  n o t

n e c e s s a r i l y  mean t h a t  t h e  r a d i c a l  c a t i o n  i s  on t h e  pa t hway^

o f  n i t r a t i o n  by n i t r o n i u m  i o n .  N i t r o u s  a c i d  o r  o t h e r  N ( I I I )

s p e c i e s  can c a t a l y z e  n i t r a t i o n ,  by an e l e c t r o n  t r a n s f e r

p r o c e s s  u n d e r  c o n d i t i o n s  w h e r e  no C - n i t r o s a t i o n  o c c u r s .

Such n i t r o u s  a c i d  c a t a l y z e d  n i t r a t i o n  g i  v i'g,g " r i s e  t o  a

r a d i c a l  ' c a t i o n  has  been o b s e r v e d  i n  t h e  c a s e  o f  N,^-
-

t r i m e t h y l a n i l i n e  and t h e  f o l l o w i n g  m e c h a n i s m  has  been
OR

pr o p o s e d .

ArN+MegH + N0+  > Ar NMeg* '  ,.+ NO" + H +

NO* + NOg* ---------->  N0+ H- NOg'

ArNMe2* '  + NO2 ' ---------- >  P r o d u c t s

. The q u ' e s t i o n  o f  t h e  s t r u c t u r e  o f  the-  e n c o u n t e r  p a i r  i s

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

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

d i f f e r e n t  s t r u c t u r e s .  The p r e s e n t  s i t u a t i o n  can  be shown 

p i c t o r i a l l y  as b e l o w .
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/
M e s i t y l e n e .

T o l u e n e

Benzene

.A

Pseudocumene

/ \

p o s i t  i  one 1 
s e l e c t i v i t y  can 
be ^ e x p l a i n e d  w i t h  
n o n - i n t e r a c . t i n g  
e n c o u n t e r  p.ai r

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

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

n i t r a t i o n  encouo ' t e r
c o n t r o l l e d  i n  
>95% HgPOy

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

e n c o u n t e r  c o n t r o l l e d  
n i t r a t i o n  n o t  o b s e r v e d  
as y e t

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

r e a c t i v i t y  
( a r b i t r a r y  s c a l e )

\ /

1 . 2 . 4  Whel and I n t e r m e d i a t e s  : P r o d u c t  D e t e r m i n i n g  S t e p

A m o n o s u b s t i t u t e d  a r o m a t i c  compound and t h e  n i t r o n i u m  

i o n  i n  an e n c o u n t e r  p a i r  can  c o m b i n e  t o  g i v e  f o u r  i s o m e r i c  

W h e l a n d  i n t e r m e d i a t e s .  T h e s e  a r e  shown i n  Scheme 1.1.  

C o n s i d e r i n g  s t e p s  3) and 4) i n  t h e  n i t r a t i o n  mechan i sm,  t h e  

Whel and i n t e r m e d i a t e ^ c a n  r e v e c t  back t o  t h e  e n c o u n t e r  p a i r
I

w i t h  a r a t e  c o n s t a n t  k_g  or  -g,o t o  t h e  p r o d u c t s  w i t h  r a t e  

c o n s t a n t  k^.  The d e m o n s t r a t i o n  o f  t h e  e x i s t e n c e  o f  Whel and 

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

( < 1.19 ) i n  t h e  n i t r a t i o n  o f  t r i ' t i o b e n z e n e . 26 T h i s  r e q u i r e d

t h e  p r e s e n c e  o f  an i n t e r m e d i a t e  f r om wh i c h  t h e  p r o d u c t  was

f o r me d  w i t h  t h e  r a t e  c o n s t a n t  k^ >> k_g,
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Scheme 1.1 I s o m e r i c  W h e l a n d  I n t e r m e d i a t e s  f r o m  a Mono- 

, . s u b s t i t u t e d  Benzene

X H

NO,
W

X

e n c ounter
oair

4-
NO,

NO,

! + ; W.
H NO,

S '

W.m

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

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

( r a t e  d e t e r m i n i n g  i n t e r m e d i a t e  f o r m a t i o n )  a n d  t h e  

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

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

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

and r e l a t i v e  b a s i c i t i e s . P r o t o n a t e d  a r o m a t i c s  h a v e  a



1 2 .

c y ^  o h e x a d i e n y l  c a t i o n  s t r u c t u r e  a s  s h o w n  b y
P Q

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

2Qs t r u c t u r e  was a s s i g n e d  t o  t h e  W h e l a n d  i n t e r m e d i a t e s .  

A f t e r  t h e  r e c o g n i t i o n  o f  i p a o - n i t r a t i o n  t h i s  s t r u c t u r e  was 

c o n f i r m e d  by NMR o f  s e v e r a l  W^®'s o b t a i n e d  'by n i t r a t i o n  o f  

t r i f l u o r o m e s i t y l e n e »  h e x a m e t h y l b e n z e n e  and h a l o p e n t a m e t h y 1-

b e n z e n e s . 3 0 ' 3 1

The W h e l a n d  i n t e r m e d i a t e s  f o r m e d  by a t t a c k  o f  t h e  

n i t r o n i u m  i on  a t  u n s u b s t i t u t e d  p o s i t i o n s ,  g e n e r a l l y  un de r go  a 

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

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

p r o d u c t s .  Tt ie r o u t e s  t o  t h e s e  p r o d u c t s  w i l l  be e x a m i n e d  

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

r e c o g n i t i o n  o f  i p ^ o - a t t a c k .

1 . 3 Nitration in Acetic Anhydride

N i t r i c  a c i d  r e a c t s  q u a n t i t a t i v e l y  w i t h  a c e t i c

a n h y d r i d e  t o  g i v e  a c e t y l  n i t r a t e  (a commonl y  used name f o r
. ,

O P
a c e t i c  n i t r i c  anhydr i de )  w i t h i n  m i n u t e s . ^  W i t h  excess  o f  

n i t r i c  a c i d .  d i n i t r o g e n \ p e n t o x i d e  I s  o b s e r v e d  as one o f  t h e  

products, .  ^

AcpO + PHNO3 N2O5 + 2AcOH , - 1 )

NgOg + AcgO PAcONOg - 2 )

Wi t h  a l a r g e  e xcess  o f  a c e t i c  a n h y d r i d e  a n o t h e r  e q u i l i b r i u m  

i s  o b t a i n e d .

' AcgO + HNO3 V —  AcONOg + AcOH - 3 )

B u t  t h e r e  i s  no r e a s o n  why e q u i l i b r i a  1) and 2)  s h o u l d  n o t
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be i n v o l v e d  even  when a c e t i c  a n h y d r i d e  i s  used  as s o l v e n t .  

A c e t y l  n i t r a t e  c a n  g e n e r a t e  t h e  n i t r o ^ j ^ u m  i o n  i n  t h e  

f o l l o w i n g  way - -

AcONOg + AcOH V ^ Ac,ONOpH^ + OAc"  .. - 4  )

AcOHOgH*  ̂ AcOH + NOg* - 5 )

Th u s  AcONOg,  NOp^,  NpO^,  AcONOgH* a r e  some o f  t h e  p o t e n t i a l  

n i t r a t i n g  a g e n t s  i ‘n t h e  s y s t e m.  Hi gh o:p r a t i o s  o f  p r o d u c t s  

i n  many c a s e s ,  t h e  a i ^ v e n t  o f  z e r o t h  o r d e r  k i n e t i c s  a t  h i g h
\  ■ 3

c o n c e n t r a t i o n s  o f  m e s i t y l e n e  ( 0 . 05  mo l  dm ) as o p p o s e d  t o  

l ow c o n c e n t r a t i o n s  ( 10" ^  mol  d m" " )  r e ' q u i r e d  i n o t h e r  medi a 

f r e q u e n t  a c é t o x y l a t i o n  a c c o m p a n y i n g  n i t r a t i o n  and 

u n c e r t a i n t y  ab ou t  t h e  n a t u r e  of  the e l e c t r o p h i l e  wer e  some 

o f  t h e  r e a s o n s  why t h e /  m e c h a n i s m  o f  n i t r a t i o n  i n  a c e t i c  

a n h y d r i d e  was c o n s i d e r e d ,  f o r  some t i m e ,  t o  be d i f f e r e n t  

f r om t h a t  f o l l o w e d  i n  o t h e r  s o l v e n t s .

1 . 3 . 1  High o:p r a t i o s

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

l o w e r  o : p r a t i o s -  t h a n  . i n  o t h e r  ’ m e d i a . ' S i n c e  

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

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

p o l a r i z e d  t h a n  t h e  p -  p o s i t i o n .  Th us  a c e t i c  a n h y d r i d e ,  a 

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

g i v e s  l o w e r  o:p r a t i o s  due t o  t h e  e l e c t r o s t a t i c  e f f e c t .  For  

t h e  same r eason  a n i s o l e  and a c e t a n i . l i d e  w i t h  d i p o l e ' m o m e n t s  

o p p o s i t e  t o  t h o s e  o f  h a l o g e n o b e n z e n e s  were  t h o u g h t  t o  g i v e  

h i g h e r  o:p r a t i o s .  B u t  i n  a c e t i c  a c i d ,  a s o l v e n t  o f  s t i l l
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l o w e r  d i e l e c t r i c  c ons t a n t ,  t he o : p  r a t i o  was not  a f f e c t e d .  

An a l t e r n a t e  e x p l a n a t i o n  was ,  n i t r a t i o n  by d i n i t r o g e n ^  

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

n i t r a t i o n  by n i t r o n i u m  i o n  g i v i n g  n o r m a l  o:p r a t i o .  

S i m i l a r  h i g h  o : p  r a t i o s  w e r e  o b s e r v e d  f o r  b e n z y l i c  

compounds,  b i phe ny l  and s t y r e n e .  No I ndependent  ev i denc e  i s  

a v a i l a b l e  f o r  anÿ o f  the proposed mechanisms.

1 . 3 . 2  K i n e t i c s ;  Pseudo- zer ot h  Order  Reac t i ons  ^

The observed z e r o t h  or de r  k i n e t i c s  i n a c e t i c  anhydr i de  

f o r  h i g h  c o n c e n t r a t i o n s  o f  a r o m a t i c s  w»s f oupd  t o  be a 

medium e f f e c t . F o r  benzene and homologs,  t he  n a t u r e  o f  the  

medium changed so much on i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  

the  a r o ma t i c  t h a t  the r e a c t i o n  changed f rom f i r s t  o r de r  to  

z e r o t h  o r d e r .  T h i s  t r a n s i t i o n  d e p e n d e d ,  o n l y  on t h e

c o n c e n t r a t i o n  and not  on t h e  r e a c t i v i t y  o f  t h e  a r o m a t i c .
\

H o we v e r  t h e  i n i t i a l  r a t e  depended no t  o n l y ' o n  t t i e  i n i t i a l

n i t r i c  ac i d  c o n c e n t r a t i o n  as i n normal  z e r o t h  o r de r  r e a c t i o n  '

b u t  a l s o  on t h e  r e a c t i v i t y  o f  th'e a r o m a t i c .  Hence t h e

r e a c t i o n  was descr i bed as a p s e u d o ^ e r o t h  o r de r  pr ocess.

The r a t e  o f  n i t r a t i o n  i n  p u r i f i e d  a c e t i c  a nhy dr i d e  was

m a r k e d l y  r e t a r d e d  by t r a c e  amount s  o f  n i t r a t e  i o n .  so t h e

e f f e c t i v e  n i t r a t i n g  a g e n t  had t o  be a p o s i t i v e  i o n  i n  l ow

c o n c e n t r a t i o n . O f  the f our  p o s s i b l e  n i t r a t i n g  spe c i e s  in
P

t he medium,  onl y  p r o t o n a t e d  a c e t y l  n i t r a t e  and n i t r o n i u m  ion  

can t h e r e f o r e  be t he e f f e c t i v e  n i t r a t i n g  agent .
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1 . 3 . 3  I d e n t i f i c a t i o n  o f  t h e  E l e c t r o p h i l e

Wepstief and c o w o r k e r s ^ ' ^  s h o we d  t h a t  th 'e ^ ^p ^^ t o f  l o g  ( 1 / 2

o 7p ) f r o m  n i t r a t i o n  o f  v a r i o u s  a l k y l b e n z e n ^  i n  a c e t i c

a n h y d r i d e  a g a i n s t  t h a t  i n  s u l p h u r i c  a c i d  was l i n d a r  and' had

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

‘and p -  p o s i t i o n s  was t h e  same i n  b o t h  t h e  m e d i a  and t h u s ' a

common e l e c t r o p h i l e ,  t h e  n i t r o n i u m  i o n ,  was  s u g g e s t e d .

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

n i t r o m e t h a n e  was used as a s o l v e n t .  R i d d ^ ^  p e r f o r m e d  t h e

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

a c e t i c  a n h y d r i d e  and i n  a c e t i c  a c i d .  F r om t h e  e n c o u n t e r

c o n t r o l l e d  r a t e  c o n s t a n t s  f o r  m e s i t y l e n e  i n  t h e  t wo  so l v e n t s
*• . .3'

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

m e d i a  w h i c h  w e r e  f o u n d  t o  be e q u a l .  S i n c e  t h e  i d e n t i t y  o f  

t h e  e l e c t r o p h i l e  i s  k n o w n  i n  a c e t i c  a c i d ,  t h i s  s h o we d  t h a t  

t h e  same e l e c t r o p h i l e ,  name l y  t h e - n i t r o n i u m  i o n ,  i s  i n v o l v e d  

fn a c e t i c  a n h y d r i d e .  A f t e r  i d e n t i f y i n g  t h e  e l e c t r o p h i l e ,  

t h e  p s e u d o - z e r o t h  o r d e r  p r o c e s s  c o u l d  a l s o  be e x p l a i n e d .  

Rl dd showed t h a t  t h e  m e s i t y l e n e  r e a c t i o n  could'  n o t  be made
'

z e r o t h  o r d e r  a f t e r  c o r r e c t i n g  f o r  medium e f f e c t s ,  even when* 

i t s  c o n c e n t r a t i o n  was as h i g h  as 0.5 mo l  dm . The back

C IO -1r e a c t i o n  must  t h e r e f o r e  have a r a t e  c o e f f i c i e n t  ^ p f  >10 s

as m e s i t y l e n e  r e a c t e d  a t  t h #  e n c o u n t e r  r a t e .  T h u s ,  t h e
. ’ ^  _ 10 •

^  h a ^ l f - l i f e  o f  t h e  e l e c t r o p h i l e  had t o  be be l ow 10“  s. T h i s

c o u l d  be e x p l a i n e d  by a p r e - a s s o c i a t i o n  m e c h a n i s m ,  v i z . ,
* *

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

n i t r o n i u m  i on w i t h i n  t h e  e n c o u n t e r  p a i r  and s u b s e q u e n t  

n i t r a t i o n .

ArH + ACONO2H+ 77- ^  ArH ' AcONOgH*

ArH • AcONOoH+ ArH • NO0 + ' AcOH

ArH ' NO2+ " AcOH ArHN0 2 + . + AcOH

1 . 3 . 4  N i t r a t i o n  and A c é t o x y l a t i o n

N i t r a t i o n  and a c é t o x y l a t i o n  o f  o - x y l e n e  we r e  ob s e r v e d
Z '

i n  t h e  same s t u d y  whe r e  t h e  p s e u d o - z e r o t h  o r d e r  k i n e t i c s  was

f i r s t  ob s e r v e d  and p r o t o n a t e d  a c e t y l  n i t r a t e  was p r o pos e d  as 
c o q

an e l e c t r o p h i l e . ^  The r a t i o  o f  a c é t o x y l a t i o n  and n i t r a t i o n  

p r o d u c t s  was c o n s t a n t  u n d e r  a v a r i e t y  o f  c o n d i t i o n s  and a 

common e l e c t r o p h i l e ,  p r o t o n a t e d  a c e t y l  n i t r a t e  was t h e r e f o r e  

p r o p o s e d .  B u t  j u s t  as  t h e  r e a s o n s  f o r  p s e u d o - z e r o t h  o r d e r  

k i n e t i c s  became known and t h e  e l e c t r o p h i l e  wds i d e n t i f i e d  as

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

- Ü 0
a l s o  d e t e r m i n e d . ,  F i s c h e r  and c o w o r k e r s  s h o w e d  t h a t  t h e

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

common p r e c u r s o r ,  an a d d u c t  o f  o - x y l e n e  and a c e t y l  n i t r a t e .

T h i s  a d d u c t  was i s o l a t e d  f r om t h e  r e a c t i o n  m i x t u r e  and shown

t o  g i v e  t h e  a c é t o x y l a t i o n  p r o d u c t .  Thus t h e  b a s i c  mechani sm

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

i n  o t h e r  s o l v e n t s .  ^  '
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1. 4  l^so-Vheland Intermediates

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

o - x y l e n e ,  . s i m i l a r  a d d u c t s  wer e  o b t a i n e d  f r o m  s e v e r a l  benzene

h omo l ogs .  A l l  a d d u c t s  wer e  f o r me d  t h r o u g h  t h e  c a p t u r e  o f

Whel and. i n t e r m e d i a t e s  formed by t he n i t r o n i u m  ion a t t a c k i n g

a p o s i t i o n  ipso t o  a s u b s t i t u e n t .  S u b s t i t u e n t s  can a c t i v a t e

o r  d e a c t i v a t e  t h e  t p s o - p o s i t i o n  i n  t h e  same way t h e y

a c t i v a t e  o r  d e a c t i v a t e  o - .  m-  and p -  p o s i t i o n s .  The degr ee

o f  a c t i v a t i o n  can  be e x p r e s s e d  i n  t e r m s  6 f  p a r t i a l  r a t e

f a c t o r s .  For  t o l u e n e  t h e  p a r t i a l  r a t e  f a c t o r s  a r e  -  o^ 44,

m ^ 2 ' 1 ,  p^  54 ,  i  ^ 4 * 7 . ^ ^  Thus  a m e t h y l  gr oup a c t i v a t e s  t h e

i p a o - p o s i t i o n  t w i c e  as much i t  a c t i v a t e s  t h e  meta  p o s i t i o n .

For  a l k y l b e n z e n e s  t p a o - 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  a l k y l

4 ?g r o u p s  have been d e t e r m i n e d  r e l a t i v e  t o  t h e  m e t h y l  g r o up .  

They  a r e  i ^ ®  : i ^  : : i ^ ' B "  1 : 0*3 : 0'2 : 0 ' 0 .

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

h a v e  b e d n  d e t e r m i n e d  by P e r r i n . T h e y  a r e  i ^ = 0 . l 8 ,  

i B r = o . 0 7 9 ,  i p ^ = 0 . 0 6 1 . ^ T h u s  t h e  m e t h y l  g r o u p  a c t i v a t e s  t h e  

i p a o - p o s i t i o n  t h e  mos t  r e l a t i v e  t o  o t h e r  s u b s t i t u e n t s .  Even 

f o r  t h e  m e t h y l  g r o u p  t h e  t p a o - p o s i t i o n  i s  9-=12 t i m e s  l e s s  

r e a c t i v e  t h a n  t h e  o- and p -  p o s i t i o n s .  I t  f o l l o w s  t h a t  i f  

ipso - attack at a s u b s t i t u e n t  i s  t o  be f a c i l i t a t e d ,  t h e  

s u b s t i t u e n t  h a s  t o  be o - o r  p -  t o  a n o t h e r  p o w e r f u l  

a c t i v a t i n g  s u b s t i t u e n t .

Once t h e  n i t r o n i u m  i o n  a t t a c k s  ipso  t o  a s u b s t i t u e n t ,  

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

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

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

u n u s u a l  p r o d u c t s  has a c c u m u l a t e d  o v e r  t h e  y e a r s  and t h e  da t a  

h a v e  b e e n  s u m m a r i z e d  by^ N i g h t i n g a l e ^ ^  a nd  S u z u k i .  

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

i p s o - W h e l a n d  i n t e r  m,’e d i a t e  can be c l a s s i f i e d  i n t o  s i x  

c a t e g o r i e s :

i )  l o s s  o f  t h e  . o r i g i n a l  s u b s t i t u e n t  -  ip s o- 

s u b s t i t u t i o n

i i )  l o s s  o f  t he  n i t r o  g r o up  -  no n e t  r e a c t i o n  . 

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

i v )  m i g r a t i o n  o f  t h e  n i t r o  group

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

t p a o - p o s i t f o n  

v i )  c a p t u r e  by a n u c l e o p h i l e

1 1 ■ I p  s o - S u b s t i  t u t  i o n

‘ P e r r i n  has r anked  t h e  e l e c t r o f u g a l  a b i l i t i e s  o f  v a r i o u s  •

U 7gr oups  i n  Sj ĵ2 and S[ 1̂ p r o c e s s e s .  I n  an Sj ĵl p r o c e s s  t h e

l e a v i n g  g r oup  a b i l i t i e s  a r e  NOg < I - P r + ^ S O ^  < t - B u  + ^ A r N g  < 

ArCHOH^ < NO'*' < COp < B(OH)g.  I n  S|^2 p r o c e s s e s  t h e  l e a v i n g  

g r o u p  a b i l i t i e s  a r e  G-Ĥ  < C1+ < B r +  < D + ̂ RCO+ < H + ̂  1+ < 
Hg^+ < MegSi +.  The e l e c t r o f u g a l  a b i l i t i e s  i n  t h e  t w o  s e r i e s  

can be c o m p a r 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  and a l i m i t e d  

s e r i e s  Me'"' < Cl'*'  < NOp < Br'*'  ha s  been  s u g g e s t e d .  I f  t h e  

n i t r o n i u m  i o n  a t t a c k ^  ip'èo t o  any  g r o u p  w h i c h  i s  a b e t t e r  

e l e c t r o f u g e ,  t p a o - s u b s t i t u t i o n  m i g h t  be e x p e c t e d .  Some
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s u b s t  i  t  i re n t s  w h i ' c h  u n d e r g o  i p s o -  s u b s t i t u t i o n  d u r i n g  ' 

n i t r a t i o n  a r e  shown b e l o w .

R

^1

^2

- X

NO

R

R

\1

■R,

X = CHO, CHgCO, COOH, OMe, i - P r  - ' t - B u ,  ArCHg,  Br ,  I ,  

SiMeg,  SOgH.

i - P r o p y l .  i - b u t y l ,  bromo and i o d o  s u b s t i t u e n t s  can  be 

l o s t  when  t h e  i p s o - p o s i t i o n  i s  a c t i v a t e d  even by a s i n g l e  

s u b s t i t u e n t .  ' For  o t h e r  s u b s t i t u e n t s ,  t h e  i p s o - p o s i t i p q  has 

t o  be a c t i v a t e d  by s e v e r a l  s u b s t i t u e n t s  w i t h  one o f  t hem 

b e i n g  an o -  o r  p -  OH, OMe o r  NR?. I n  h i g h l y  s u b s t i t u t e d  

compounds,  l o s s  o f ' c h l o r i n e  has a l s o  been o b s e r v e d .  _

1.W.2 M i g r a t i o n  o f  t h e  O r i g i n a l  S u b s t i t u e n t

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

n i t r o n i u m  i on  has been o b s e r v e d  i n  a l k y l  benzenes  and f u l l y

s u b s t i t u t e d  a r o m a t i c s . 49
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NO

s e v e r a l  O N
s t e p s  ^

HO

NO

NO

NO

NO

No

NO
NO

2
NO

1.U.3 N u c l e o p h i l i c  C a p t u r e  o f  t h e  I p s o - W h e l a n d  I n t e r m e d i a t e

The f peo - V/ he l and  I n t e r m e d i a t e  can be c a p t u r e d  by o t h e r  

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

b i p h e n y l s . i t  can a l s o  be c a p t u r e d  by v a r i o u s  a c y l o x y  

a n i o n s  when n i t r a t i o n  i s  c a r r i e d  o u t  w i t h  t h e  cor r espondi ng  

a c y l  n i t r a t e . 50 (Scheme 1 . 2 )
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Scheme ,1.2 A r o m a t i c  Compounds  o b t a i n e d  by N u c l e o p h i l i c  

Cap t u r e

NO2

-HNO,

-H
+

NO

3C00 ■h :

OCOR

R = Et ,  M- Pr ,  CHgf CHg) ^ - ,  CH2 ) y -

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

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

i n t e r m e d i a t e  e y e l o h e x a d i e n e  can be i s o l a t e d .  S e v e r a l  o f  

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

i s o l a t e d  and c h a r a c t e r i z e d .  R e p r e s e n t a t i v e  e x a m p l e s  a r e  

shown i n  T a b l e  1.2.
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Tab le  1.2

Adduc t s  O b t a i n e d  by l o a o - A t t a c k  o f  t h e  N i t r o n i u m  I o n

a) Ipso t o  a m e t h y l  %rouo,  s e c o nd a r y  a c e t a t e s

H OAc H OAc H OAc

( R e f .  51 )  ( R e f .  40)  ( R e f .  52)

b)  loso t o  a m e t h y l  ? r o uo ,  t e r t i a r y  a c e t a t e s

OAc

NO. NO.

OAc i - P r  OAc

( R e f .  54)  ( R e f .  42)  ( R e f .  55)

c )  Tvso t o  o r i m a r y  and s e c o nd a r y  a l k y l  q rouos.

( R e f .  53)

t - 3 u  OAc

( R e f .  56)

t  NO.

f I

OAc 

( Ref . '  42) ( Ref . '  42)

i - f Y  .NO

H OAc 

( R e f .  57)
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d)  Iü8o'^ '-,0 b r i d ^ e h e s d  i n  f u s ed  d e n z o o y o l o e l . k a n es

Ü2

UAcH

02

Ac

0 :■2

OAc

( Re f .  58) ( R e f :  59) ( Ref . '  60)

R e ^ i o s o e e l f i e  i p s o - a t t a c k  d i r e c t e d  by a s u b s t i t u e n t

NO, NO,

OAc

COMe ^ j ,  cOPh* ^^

OAc

n  = NO^Z,  C N ^ I )

NO

j AcK

Cl

/
( R e f . 64)  

W
f ) ' A t t a c k  ipao t o  a b e t e r o  s u b s t i t u e n t

OAc

g)

( Ref .  65)

C a p t u r e  by a n u c l e o p h i l e  o t h e r  t h a n  a c e t a t e

NO2

%e 0 OÎ<ie 

( Re f .  66)

NO

ONO

( R e f .  53)

UNO 

( R e f .  53)

/
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A l t  t h e  a d d u c t s  shown i n  T a b l e  1.2 a r e  f o r me d  by a t t a c k

o f  an e x t e r n a l  n u c l e o p h i l e .  I f  a s u b s t i t u e n t  w i t h  a l o n e

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

i n t e r m e d i a t e  i s  a l s o  p o s s i b l e .  Th e  l o n e  p a i r  may be

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

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

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

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

c a p t u r e  have a l s o  been i s o l a t e d .

T a b l e  1 . 3

ÏV80  Adduc t s  Formed by I n t e r n a l  N u c l e o p h i l i c  A t t a c k

NO

R

0

NO

0

NOMe

OMe

+  NMe0

 ̂ (R,R r  H, Me) (R = CHgOMe, CHgCN)

R-ef. 67 Ref .  68

NO
NO

n

NO.

Re f :  70
n = . 2 , 3  
Re f .  71

Re f .  69 Re f .  25

0

0

/

Ref .  72

A l l  t h e  a d d u c t s  l i s t e d  i n  T a b l e s  1 . 2  a nd  1 . 3  a r e  1 , 4  

a d d u c t s .  The n u c l e o p h i l e  a t t a c k s  t h e  p o s i t i o n  vara  t o  t h e
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i n c o m i n g  n i t r o  g r o up  g i v i n g  n o n c o n j u g a t e d  d i e n e s  o r  c r o s s ­

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

p o s i t i v e  c h a r g e  ' i s  c o n c e n t r a t e d  a t  b o t h  t h e  t e r m i n a l  ca r b on  

a t o ms , ' a n d  t h e  c e n t r a l  c a r b o n  a t o m o f  t h e  c y c l o h e x a d i e n y l  

sys t / em.  B o t h  1 ,4 and 1 , 2  a d d u c t s  a r e  t h e r e f o r e  p o s s i b l e .  

E x c l u s i v e  f o r m a t i o n  o f  1,4 a d d u c t s  o v e r  1,2 a d d u c t s  has been

e x p l a i n e d  by t h e  p r i n c i p l e s  o f  e l e c t r o n  c o r r e l a t i o n ^ ^  and 

7  Ul e a s t  m o t i o n . '

Resonance S t r u c t u r e s  f o r  t h e  I p s o - V / h e l a n d  I n t e r m e d i a t e

NO NO.

4-
<-

NO2 .

NO,

Changes i n  a + it Bond Or de r s

2

l A  1
H Nu

1 ,4 a dd u c t

<- Nu :

NO

Nu:

NO

Nu

1 , 2  a dd u c t

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

c y c l i c  s ys t em t h e  e l e c t r o n s  t e n d  t o  s t a y  i n  p a i r s  w h i c h  are  

as f a r  r e mo v e d  f r o m  each  o t h X ^  as p o s s i b l e .  Thus  t h e  

r eso nan c e  c o n t r i b u t o r  B i s  mos t  i m p o r t a n t  l e a d i n g  t o  excess  

p o s i t i v e  c h a r g e  a t  C - 4 .  T h i s ,  i t  was p r o p o s e d ,  l e d  t o
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p r e f e r e n t i a l  a t t a c k  a t  C-4.  When a p p l y i n g  t h e  p r i n c i p l e  o f  

l e a s t  m o t i o n ,  ^ b o n d  o r d e r s  i n  t h e  W h e l a n d

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

r e s o n a n c e  - c o n t r i b u t o r s .  Th.e n e t  c h a n g e s  i n  bond  o r d e r s  i n  

f o r m i n g  t h e  1, 2 and t h e  1, 4 a d d u c t s  w e r e  c a l c u l a t e d .  F o r

1, 2 a d d u c t  f o r m a t i o n  t h e  n e t  c h a n g e  i s  2 w h i l e  f o r  t h e  1, 4 

a d d u c t  t h e  n e t  c h a n g e  i s  4 / 3 .  T h u s  l e s s  m o l e c u l a r  

r e o r g a n i z a t i o n  was r e q u i r e d  t o  f o r m  t h e  1, 4  a d d u c t .  T h i s ,  

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

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

i n t e r m e d i a t e  c o n s i d e r e d  i n  b o t h  t h e  a p p r o a c h e s  had an 

u n s u b s t i t u t e d  d i e n y l  s y s t e m.  W i t h  a d d i t i o n a l  s u b s t i t u e n t s ,  

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

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

n u c l e o p h i l e .  S e v e r a l  1 , 2  a d d u c t s  h a v e  now been  i s o l a t e d  

( S c h e m e  1 . 3 )  b u t  as  y e t ,  t h e r e  i s  no  s a t i s f a c t o r y  

e x p l a n a t i o n  f o r  t h e  d i r e c t i o n  o f  t h e  n u c l e o p h i l i c  a t t a c k .  

I n  some cases  o n l y  1,2 a d d u c t s  wer e  o b s e r v e d  w h i l e  i n  o t h e r  

cases  b o t h  1,2 and 1,4 a d d u c t s  wer e  o b t a i n e d .

Scheme 1 . 3  F o r m a t i o n  o f  1 , 2  Ad d uc t s

X
X

X

t - B u ,  ( R e f .  56)  
F, C l ,  B r ,  OMe, 
NHAc ( R e f .  72)

NO

Ac

X

X = t - B u , F , 0 1 , Br  
OMe, NHAc

NO,

X OAc 

X = 6- B u , F
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OMe

( Re f .  75)

OAc

NO,

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  w h i l e  p - t - b u t y l t o l u e n e ^ ^  

g i v e s  1 , 2  a d d u c t  as t h e  m a j o r  p r o d u c t ,  1- t - b u t y 1 - 3 , 4 -  

d i m e t h y I b e n z e n e ^ ^  and 1- t - b u t y l - 3 , 4 , 5 - t r i m e t h y  I benzene ' ^ ' ^  

g i v e  o n l y  1,4 a d d u c t s .

1.5 Reactions of I'pso-Adduct s

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

i p s o  - V / h e l a n d  i n t e r m e d i a t e  can be r e g e n e r a t e d  f r o m  t h e

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

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

M i g r a t i o n  o f  t h e  o r i g i n a l  s u b s t i t u e n t  and i p s o - s u b s t i t u t i o n  

r e a c t i o n s  have a l r e a d y  been d e s c r i b e d .  O t h e r  r e a c t i o n s  can 

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

Whel ^ f f ^  i n t e r m e d i a t e  f r o m t he  i p s o - a d d u c t s .

1 . 5 . 1  R e a c t i o n s  o f  t h e  Zpso- Whe l and  I n t e r m e d i a t e

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

The c o r r e s p o n d i n g  Whel and i n t e r m e d i a t e s  c o u l d  be o b t a i n e d  by 

t r e a t i n g  t h e  i n d i v i d u a l  a d d u c t s  w i t h '  s t r o n g  a \ c  i  d  s . ?  &  

R e a c t i o n s  o f  t h e s e  Whel and i n t e r m e d i a t e s  a r e  r e p r e s e n t a t i v e  

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

i n  Scheme 1.4.
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a) .
NO

NO

NO, NO

c ) HA, -H

-NO Nu :

Nu

a ) '-^NO,
I +

H

NO,

-H

NO

NO,

c) HA, -H

-NO

NO2

r I

NO,

Nu :
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\

a)  M i g r a t i o n  j of  t h e  n i t r o  g r o up

The . n i t r o  g r oup  u n de r g oes  a c o n c e r t e d  1.2 s h i f t  t o  g i v e

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

g i v e  o n l y  one n i t r o  c o m p o u n d .  No f u r t h e r  1 . 2  n i t r o  s h i f t s

a r e  o b s e r v e d  f r o m an u n s u b s t i t u t e d  p o s i t i o n s .  I f  t h e  ortho

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

f u r t h e r ,  a f t e r  t h e  i n i t i a l  n i t r o  s h i f t .  M y h r e ^ ^  has  shown

by i s o t o p i c  l a b e l l i n g  t h a t  t h e  n i t r o  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  i s  f a s t e r  by 50 t i m e s  t h a n  t h e  s h i f t  t o  an 

u n s u b s t i t u t e d  p o s i t i o n .

D
OHH

J

NO

D

K,
V

02

-H

D

j-N O g -d g

k i *

/

NO

D

D
HO

-H

j - N O g - d ^

iTie r a t i o  o f  3 - N 0 2 ~ d 2 : 3 - N 0 2 ~ d i  was 1.021 f r o m  w h i c h
1

Myhre c a l c u l a t e d  a r a t i o  o f  0.02 a s s u mi n g  k = k j  and
I I ^

kg = k ^  . T h i s  sh o we d  t h a t  t h e  i s o t o p o m e r i c  t p a o - W h e ' l a n d  

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

* 1 . 2 - d i m e t h y 1 - 3 - n i t r o b e n z e n e
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an u n s u b s t i t u t e d  p o s i t i o n  o c c u r r e d .  •

b)  B e n z y l i c  s u b s t i t u t i o n

An a l k y l  g r oup  para t o  t h e  i p s o - p o s i t i o n  i s  m o d i f i e d  by

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

T h i s  i s  f o l l o w e d  by s o l v o l y s i s  o f  t h e  n i t r o  g r o u p  t o  g i v e  a

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

b e n z y l i c  s u b s t i t u t i o n  p r o d u c t s .  NO2 "  » ONO" , ONO2 "  •

CHgCOO" , MeO“  a r e  some o f  t h e  n u c l e o p h i l e s  w h i c h  have been

Rno bs e r v e d  i n  such b e n z y l i c  s u b s t i t u t i o n s .  

v C )  N u c l e o p h i l i c  c a p t u r e  o f  t h e  Wheland i n t e r m e d i a t e  ,

■Di enes w h e r e  a c e t a t e  ha s  been e x c h a n g e d  f o r  o t h e r

n u c l e o p h i l e s  have been o b s e r v e d  f o r  HA =' H2O, MeOH, HCl  and

7 R \HCOOH i n  ,Scheme 1.4.  T h e s e ' ‘r e a c t i o n s  o c c u r  u n d e r  a c i d i c

c o n d i t i o n s  and can be l o o k e d  upon as A ^ ^ l  h y d r o l y s e s  o f  t he  

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

t h e  o u c l e o p h i l e .

1 . 5 . 2  S o l v o l y s i s  o f  t h e  I p s u - A d d u c t s

A p a r t  f r o m  g i v i n g  r i s e  t o  t h e  i p s » ^ W h e l a n d  

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

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

a s e c o n d a r y  a c e t a t e ,  l o s s  o f  t h e  p r o t o n  ipso t o  t h e  a c e t a t e  

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

a c e t a t e  m i g r a t e s  t o  t h e  a d j a c e n t  p o s i t i o n  t o  g i v e  an 

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

t h e  a r o m a t i c  a c e t a t e .
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NO

-NO

H OAc H OAc OAc

NO.

-NO.

OAc

! + 1 'OAc

V
OAc

i

OAc OAc ■

The i n t r a m o l e c u l a r  n a t u r e  o f  t h e  1.2 a c e t a t e  s h i f t  has been 

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

w h e n  no

i n c o r p o r a t i o n  o f  t h e  added n u c l e o p h i l e  was o bs e r v e d  i n  t he  

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

o f  p r o p i o n i c  a c i  d ^ ^ o r  a c e t i c  a c i d - d y ^ ^

1 . 5 . 3  L o s s  o f  t h e ’ N i t r o  Gr o u p

• E a r l i e r  ( S e c t i o n  1.4)  i t  w"a^ me n t i o n e d  t h a t  l o s s  o f  t he  

n i t r o  g r o u p  f r o m  t h e  f p a o  - W h e l a n d  i n t e r m e d i^-ate i n  t h e  

n i t r a t i o n  r e a c t i o n  m i x t u r e  l e a d s  t o  no o b s e r v a b l e  n e t  

r e a c t i o n .  When t h e  t p e o - W h e l a n d  i n t e r m e d i a t e  i s  g e n e r a t e d  

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

e n c o u n t e r  p a i r  ( m i c r o s c o p i c  r e v e r s i b i l i t y ) .  The f a t e  o f  t he  

e n c o u n t e r  p a i r  may by d e c i d e d  i n  t h r e e  wa y s  : i )  a t t a c k  o f  

n i t r o  . g r o u p  a t  t h e  f p e o - p o s i t i o n ,  w h i c h  l e a d s  t o  no n e t
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r e a c t i o n  1 1 ) a t t a c k  o f  n i t r o  g r o u p  a t  a n o t h e r  a c t i v a t e d  

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

c omponen t s  o f  t h e  enco. un t er  p a i r .

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

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

m i g r a t i o n  by S c h o f i e l d . ^  Th e s e  m i g r a t i o n s  a r e  g e n e r a l l y

ob s e r v e d  when t h e  i p e o - p o s l t l o n  I s  a c t i v a t e d  by a h y d r o x y  o r

met hoxy  g r oup .  The new p o s i t i o n  o f  t h e  n i t r o  g r o up  I s  a l s o

ortho o r  para  t o  t h e  d i r e c t i n g  s u b s t i t u e n t .  O v e r a l l , '

e x t r a m o l e c u l a r  m i g r a t i o n  I s  a f o r m a l  1 , 3  NO2 s h i f t .  T h i s

h a s  t o  be d i f f e r e n t i a t e d  f r o m  a p p a r e n t  1 , 3  s h i f t s  by

s e q u e n t i a l  1 , 2  m i g r a t i o n s  o f  t h e  n i t r o  g r o u p .  My h r e  has
&

s t u d i e d '  . s u c h  s e q u e n t i a l  s h i f t s  I n  d e. t  a 1 1 7 9 A n

e x t r a m o l e c u l a r  n i t r o  s h i f t  has  been o b s e r v e d  d u r i n g  t h e  

n i t r a t i o n  o f ,  p ' - m e t h y L a n l s o l e  I n  m i x e d  a c l d . ® ^  Scheme 1.5 

shows mechan i sms f o r  b o t h  e x t r a m o l e c u l a r  and s e q u e n t i a l  1,2

n i t r o  s h i f t s .

\
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Scheme 1.5 1 . 3  N i t r o  S h i f t s

H , 0

' r
OMe

H

-MeOH

HO OMe

Extr a m o l e c u l a r 
1,3 shift

OH

NO,

I + !

OH

-H+

NO,

+
NO,

OH

V

NO2
OH

S e q u e n t i a l  i n t r a m o l e c u l a r  1 . 2  s h i f t s  

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

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

compounds w h i c h  do n o t  r e a c t  a t  e n c o u n t e r  r a t e  such escape 

f r o m  t h e  e n c o u n t e r  p a i r  s h o u l d  be common.  F o r  c o mp o u n d s  

r e a c t i n g  a t  e n c o u n t e r  r a t e  d e n i t r a t i o n  has been o b s e r v ed  

o n l y  i n  a f e w  c a s e s .  0 1  a h ^ ^ h a s  s h o w e d  t h a t  

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

m e s i t y l e n e  t o  n i t r o b e n z e n e  and n i t r o m e s i t y l e n e  r e s p e c t i v e l y .



NO

3 4 .

ArH
C^Meg + NO^ ------> ArNOg

ArH = C5 H5 . C^HgMeg

1 . 5 . 4  1, 3 N i t r o  S h i f t s  i n  C y c l o h e x a d i e n o n e s .

C y c l o h e x a d i e n o n e s  o b t a i n e d  by ipso- n i t r a t i o n  o f  

s u - i t a b l y  s u b s t i t u t e d  p h e n o l s  o r  a n i s o l e s  under go  a 1,3 n i t r o  

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

e x t r a m o l e c u l a r . ® ^

Jrl

NO.

NO
NO NO,

I n  n e u t r a l  o r  w e a k l y  a c i d i c  s o l v e n t s  such as hexane ,  a c e t i c  

a c i d ,  e t h a n o l ,  w a t e r ,  d i m e t h y l s u l p h o x i d e  t h e  d i  en on e has  

b e e n  s h o w n  t o  u n d e r g o  1 , 3  n i t r o  s h i f t  by 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  p r o c e s s .  Some l e a k a g e  o f  t h e  NOg 

r a d i c a l  f r o m  t h e  r a d i c a l  p a i r  has  been d e m o n s t r a t e d  by 

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

e x p e r i m e n t s  u s i n g  and ^H l a b e l l e d  d i enone . ®^
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NO,

NO, NO,

JH

NO,

1.6 R e a c t i o n s  of W h e l a n d  I n t e r m e d i a t e s  C o n t a i n i n g  a

Secondary Nitro Group

I n  t h e  l a s t  s t e p  o f  t h e  n i t r a t i o n  m e c h a n i s m  ( S e c t i o n  

1.2) .  d e p r o t o n a t i o n  o f  t h e  Whel and i n t e r m e d i a t e  was showg t o  

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

s i n c e  t h e  r e v e r s e  s t e p ,  p r o t o n a t i o n  o f  t h e  n i t r o a r o m a t i c  

ipso t o  a n i t r o  g r o u p  i s  a p r o c e s s  r e q u i r i n g  a h i g h  

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

p r o t o n a t i o n  r e a c t i o n  can be r educed  by i n c r e a s i n g  t h e  ener gy  

o f  t h e  n i t r o a r o m a t i c .  One p o s s i b l e  way t o  do t h i s  i s  t o  

r e d uce  t h e  c o n j u g a t i o n  o f  t h e  n i t r o  g r oup  w i t h  t h e  a r o m a t i c  

s y s t e m.  9 - N i t r o a n t h r a o e n e  i s  such a compound whe r e  t h e  peri 

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

by 6 4 ° - 9 0 ° .  Go r e®^  t r i e d  t o  p r o t o n a t e  9 - n i t r o a n t h r a c e n e  

w i t h  s u l p h u r i c  a c i d  i n  t r i c h l o r o a c e t i c  a c i d  a t  9 0 ° C .  He
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i s o l a t e d  81 % f r e e  n i t r i c  a c i d  i n d i c a t i n g  t h a t  n i t r o  a r o m a t i c  

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

and t h a t  d e p r o t o n a t i o n  o f  t h e  Wh e l a n d  i n t e r m e d i a t e  can be 

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

r e a c t i o n .  F u r t h e r  C e r f o n t a i n ^ ?  d e t e r m i n e d  t h a t  t h e r e  i s  an 

i s o t o p e  e f f e c t  i n  t h e  n i t r a t i o n  o f  a n t  h r  a c e n e -  9 -  d ■] 

\  ( k [ ^ / k p  = 2 . 6  i n  s u l p h o l a n e  a n d  6.1  i n  a c e t o n i t r i l e )

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

a r a t e  d e t e r m i n i n g  s t e p .  Ol ah e t  a l .  showed t h a t  t h e r e  i s  

a s i m i l a r  i s o t o p e  e f f e c t  o f  k ^ / k g  = 2.25 i n  t h e  n i t r a t i o n  o f  

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

n i t r o m e t h a n e .  I n  t h e  s a m e  w o r k  t h e y  s h o w e d  t h a t  

p e n t a m e t h y l n i t r o b e n z e n e  and 9 - n i t r o a n t h r a c e n e  c o u l d  n i t r a t e  

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

a c i d s  t o  g i v e  t h e  r e s p e c t i v e  n i t r o a r o m a t i c  compounds w i t h  a 

l ow y i e l d  o f  ca.  5%. A s i m i l a r  d e n i t r a t i o n  was obs e r v e d  i n 

t h e  case o f  2 , 4 , 5 - t r i i s o p r o p y l - 6 - n i t r o a c e t a » i l i d e  by Neal  et  

a 1 . ^ 9  T h i s  c o m p o u n d  w h e n  r e f l u x e d  w i t h  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  i n  e t h a n o l  g a v e  2 , 4 , 5 -  

t r i i s o p r o p y l a c e t a n i l i d e .
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Tab le  1.4

n  '  '  ’P r o d u c t s  and i s o t o p e  e f f e c t s  i n  t h e  n i t r a t i o n  o f  1 , 3 , 5 - t r i -

t - b u t y 1- 2- Y - b e n z e n e s

1

Y
R e l a t i v e

l -NOg
y i e l d s

3-Me
o f
5-Me kpj / kg

V o l u m e  o f  
Y l c n M . m o l - ' )

H 100Î - - 1 ‘ —  — ---------

Me 100% - - 3 . 7 13.7

NOg 8 1% 1% 18% 3. 0 ' 11 .8

F 100% - — 2 . 3 5 . 8

a P r o d u c t s  shown i n  Scheme 1.6

A l l  t h e  above r e a c t i o n s  s u g g e s t  t h a t  t h e  n o r m a l l y  ve r y ,  

f a s t  p r o t o n  l o s S  can  be s l o w e d  down s u f f i c i e n t l y  t o  a l l o w  

a l t e r n a t e  pa t h wa ys  t o  o p e r a t e .  The ma i n  a l t e r n a t e  pa t hway  

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

t r a n s f e r  n i t r a t i o n ” p r o d u c t s .  Myhre e t  a l . ^ ®  have c o n f i r m e d ,  

t h e  s l o w  d e p r o t o n a t i o n  i n  a n o t h e r  i s o t o p i c  s t u d y  and al<so 

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

d e p r o t o n a t i o n . and d e n i t r a t i o n .  (Scheme 1. 6 . .  T a b l e  1.4)
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Scheme 1.6 Pa t h wa y s  f o r  Whel and I n t e r m e d i a t e  w i t h  Seconda r y  

N i t r o  Group 

. Y '  Y

NO 2

 NO

slow

4-NO

 NO

Y YY

u +

2

5-N e

Onl y  p r o d u c t s  a r i s i n g  f r om Wq a r e  shown.

The e x i s t e n c e  o f  i s o t o p e  e f f e c t  f o r  1 . 3 . 5 - t r i - t - b u t y 1-

2 - Y - b e n z e n e s  (Y = Me, Np2 » F ) shows t h a t  p r o t o n  l o s s  . i s r a t e  

l i m i t i n g  i n t h e  n i t r a t i o n  o f  t h e s e  compounds.  S u b s t i t u e n t  

m o d i f i c a t i o n  ( t o  g i v e  3 - m e t h y l  and 5 - m e t h y l  p r o d u c t s ) ,  

s i m i l a r  t o  t h a t  o b s e r v e d  i n  t h e  i p a o - W h e l a n d  i n t e r m e d i a t e s  

i s  ob s e r v e d  i n  t h e  case o f  1 , 3 , 5 - t r i - t - b u t v  l - 2 - n  i  t r o b e n z e n e . '  

I f  t h e  o r o t o n  l o s s  i n ' t ' h e -  Wh e l a n d  i n t e r m e d i a t e s  w i t h  a 

s e c o nd a r y  n i t r o  g r oup  can be s u f f i c i e n t l y  s l o we d  down,  i t  i s
/
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even p o s s i b l e  t o  t r a p  t h e s e  i n t e r m e d i a t e s  w i t h  s u i t a b l e  

n u c l e o p h i l e s .  O n l y  a f e w  e x a m p l e s  o f  s u c h  n u c l ' e o p h i l i c  

t r a p p i n g  a r e  known.  Re i ch  and Cram^^ r e p o r t e d  t h e  i s o l a t i o n  

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

f r o m  t h e  n i t r a t i o n  o f  M - b r o m o [ 2 . 2 ] p a r a c y c l o p h a n e .  I t  was 

n o t  p o s s i b l e  t o  d e t e r m i n e  w h e t h e r  t h e  a d d u c t  was  a 1 .2  o r

1.4 add u c t .

HNOj/AcOH

80°  C

. 5 min

AcO

n  " ‘j

NO

or 3 r

The s t a b i l i t y  o f  t h e  a d d u c t  m u s t  be due t o  t h e  p r o x i m a t e  

a r o m a t i c  r i n g  b l o c k i n g  t h e  a p p r o a c h  o f  a base and p r e v e n t i n g  

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

s u b s t i t u t e d  [ 2 . 2 ] p a r a c y c 1 o p h a n  e s g a v e  an  i s o l a b l e
A p

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

k n o w l e dg e  o f  t p a o - n i t r a t i o n  c h e m i s t r y ,  i t  can be- p o s t u l a t e d  

t h a t  t h è  d i e n o n e  was f o r m e d  by n i t r a t i o n  o f  t h e  a c e t a t e  

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

ACgO

- 2 0 ^ C

OAc

R H b) R Me

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

t h e  second a r o m a t i c  r i n g  mus t  a g a i n  be r e s p o n s i b l e  f o r  t he  

s t a b i l i t y  o f  t h e  d i e n o n e .

A l l  t he  above r e a c t i o n s  s u g g e s t  t h a t  g i v e n  t h e  c o r r e c t  

s t e r i c  e n v i r o n m e n t .  Whel and i n t e r m e d i a t e s  w i t h  a s e c o nd a r y  

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

i p e o - W h e l a n d  i n t e r m e d i a t e s .

1.7 Formal  1»3 Rearrangement of the Nitro Group  : Unknown 

Mechanism

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

n i t r a t i o n  have been shown t o  a r i s e  as a consequence  o f  ipso- 

n i t r a t i o n .  - Mechan i sms  o f  r e a c t i o n s  l e a d i n g  t o  mo s t  o f  t h e s e  

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

T h e r e  a r e  r e a r r a n g e m e n t s  o f  t p e o - a d d u c t s . k n o w n  f o r  some 

. t i m e ,  t h a t  i n v o l v e  a f o r m a l  1,3 n i t r o  s h i f t .  The mechan i sm
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o f  t h e s e  n i t r o  s h i f t s  i s  n o t  known w i t h  c e r t a i n t y .  Th e se  

r e a r r a n g e m e n t s  t a k e  p l a c e  under  r e l a t i v e l y ,  m i l d  ( n e u t r a l  o r  

w e a k l y  a c i d i c )  c o n d i t i o n s  wher e  l o s s  o f  a c e t a t e  l e a d i n g  t o  

t h e  i p a o - W h e l a n d  i n t e r m e d i a t e  i s  n o t  f a v o r a b l e .  I n  a d d i t i o n  

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

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

mechan i sm i s  n o t  w e l l  e s t a b l i s h e d .  A l l  t h e s e  r e a r r a n g e m e n t s  

a r e  su mmar i z e d  i n  Scheme 1.7.

Scheme 1.7 For ma l  1 . 3  S h i f t  o f  t h e  N i t r o  Group

AcOH
. R g

1 1 ----------- > 1V r e f l u x
OgN ^  X

R_ OAc R
3

R1 - Me » R2 : ^3 = H. X = CN Ref . 61

Hi = ^3 = H, R2 = Me, X = CN Ref . 61

R-] = Me R 2 = R3 = H, X = NO2 Ref . 62

Rl = = ' H. R3 = Me, X = NO2 Ref . 63

R-

r ~ N o ,

. OH

o ° c

ACgO
■>

-
^2

H Ref . 93

R.

Th e  m a j o r  r e a r r a n g e m e n t  p r o d u c t  f r o m  a d d u c t s  o f  

d i m e t h y l b e n z o n i t r i l e s  and n i t r o x y l e n e s  was  t h a t  f r o m  ^



»

.42.

f o r m a l  1,3 n i t r o  s h i f t .  For  d i m e t h y l b e n z o n i t r i l e  a d d u c t s ,  

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

was n o t  an i n t e r m o l e c u l a r  m i g r a t i o n .  I n  t h e  c a s e  o f  t h e  

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

a c r o s s  an u n s u b s t i t u t e d  p o s i t i o n .  T h i s  f o r m a l  1 , 3  s h i f t  

c a n n o t  be c o mp o s e d  o f  t w o  s e q u e n t i a l  1 , 2  s h i f t s  b e c a u s e  i t  

has been shown t h a t  p r o t o n  l o s s  a t  an u n 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 a n  n i t r o  g r o u p  m i g r a t i o n s .  The r e a c t i o n  o f  

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

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

t h e  p r o d u c t  d e c r e a s e d ,  t h e  p r o d u c t  o f  t h e  f o r m a l  1 , 3  s h i f t  

was s t i l l  f o r me d .

The r e a r r a n g e m e n t  o f  6 - a l k y  1 - 6 - n i t r o c y c l o h e x a d i e n o n e s  

c a n n o t  be 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  r e a c t i o n  

because t h e  n i t r o  g r oup  does n o t  m i g r a t e  t o  t h e  4 - p o s i t i o n ,  

w h i c h  has  c o m p a r a b l e  e l e c t r o n  d e n s i t y ,  e v en  when i t  i s  

u n s u b s t i t u t e d .  I t  has been p r opo s ed  t h a t  t h e r e  i s  a b o n d i n g  

i n t e r a c t i o n  be t ween  t h e  oxygen atom a t t a c h e d  t o  t h e  r i n g  and 

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

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

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

1.8 Objectives of the Present Work .

S i n c e  6 - a l k y l - 6 - n i t r o c y c l o h e x a - 2 , 4 - d i e n o n e s  a r e  

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

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

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

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

new s e r i e s .  I t  m i g h t  be r e c a l l e d  t h a t  2 - m e t h y l - 2 - ( 4 -  

m e t h y l p h e n o x y ) p r o p a n o i c  a c i d  gave a 1.4 a d d u c t  by i n t e r n a l
^  7  P

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

( c f .  -T%ble 1.3)
A

omopooH

■>

NO,
r

The 1,4 a d d u c t  i^s i n  f a c t  a p r o t e c t e d  4 - m e t h # 3 \ ^ - n i t r o -  

c y c l o h e x a - 2 , 5 - d i e n o n e  and such a s p i r o  a d d u c t  w o u l d  seem t o  

be a s u i t a b l e  tnodel  compound f o r  s t u d y . ’ ■ .

Thus t h e  o b j e c t s  o f  t h i s  wor k  a r e

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

m e t h y l  g r o up  ortho t o  t h e  d i r e c t i n g  e t h e r  s u b - s t i t u e n t ,  v i z .  

2 -  m e t  h y 1 -  2 -  ( 2_- m_e t h y l p h e n o x y ) p r a p a n o i c  a c i d .  ( 2 -  

m e t h y 1 p h e n o X  y ) a c e t i c  a c i d  a n d  2 - m e t h y 1 -  2 - ( 2  . 3 . 5 -
I

t r i m e t h y l p h ' e n o x y ) p r o p a n o i , c  a c i d ,  t o  see i f  s p i r o d i e n e s  

( p r o t e c t e d  6 - m e t h y l - 6 - n i t r o c y c l o h e x a - 2 . 4 - d i e n o n e s )  s i m i l a r  

t o  t h a t  above can be f o r med and i s o l a t e d ,  and

i i )  t o  i n v e s t i g a t 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  r e a c t i o n s  

o f  t h e s e  d i e n e s .
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^  CHAPTER I I

EXPERIMENTAL PROCEDURES

2.1 Instrumentation

M e l t i n g ^  p o i n t s  a r e  u n c o r r e c t e d  and wer e  d e t e r m i n e d  on

B u c h i  SMP- 20  m e l t i n g  p o i n t  a p p a r a t u s .  I n f r a  r e d  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 ,  wer e  r e c o r d e d  on a P e r k i n - E l m e r

283 s p e c t r o m e t e r .  O b s e r v a t i o n s  w e r e  made on p o t a s s i u m

b r o m i d e  d i s c s  f o r  s o l i d s  a'nd on t h i n  f i l m s  b e t w e e n  s o d i u m

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

c h l o r o f o r m - d  o r  m e t h y l e n e  c h l o r o d e - d 2 w e r e  r e c o r d e d  on

P e r k i n  E l m e r  R- 12B (60 MHz) ,  P e r k i n  E l m e r  R- 32  (90 MHz) ,
\

or  Br .uker  WM 250 (250 MHz) s p e c t r o m e t e r s .  T e t r a m e t h y I s i l a n e  

was u s e d  as TTT^erna 1 s t a n d a r d s  NMR s p e c t r a  o f  n i t r a t i o n  

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

peak a t  S 2.15 as t h e  l o c k  s i g n a l .  For  a l l  o t h e r  s o l u t i o n s  

t e t r a m e t h y l s i l a n e  (90 MHz) o r  t h e  s o l v e n t  d e u t e r i u m  s i g n a l  

( 250 MHz) was used  as t h e  l o c k  s i g n a l .  C a r b o n - 1 3  n u c l e a r  

m a g n e t i c  r e s o n a n c e  s p e c t r a  w e r e  r e c o r d e d  on N i c o l e t  T T - 1 4  

( 1 5 . 1MHz)  o r  a B r u k e r  WM 250 ( 6 2 . 9  MHz) s p e c t r o m e t e r  u s i n g
f #

s o l u t i o n s  i n  c h l o r ' o f o r m - r d  w i t h  t e t r a m e t h y l s i l a n e  as an 

i n ^ r n a l  s t a n d a r d .  I n  some c a s e s  t h e  c h o l o r f o r m - d  peak  

( 6 ç 7 7 . 0 )  was used  f o r  c a l i b r a - t i o n .  U l t r a v i o l e t  s p e c t r a

wer e  r e c o r d e d  on a Beckman DU- 8  s p e c t r o p h o t o m e t e r  g e n e r a l l y  

u s i n g  m e t h a n o l  as s o l v e n t .  Mass s p e c t r a  we r e  r e c o r d e d  on a 

P e r k i n  E l me r  H i t a c h i  RMU-7 s p e c t r o m e t e r  w i t h  70ev e l e c t r o n
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i m p a c t ,  i o n i z a t i o n  o r  on a F i n n i g a n  3 3 0 0  G C / M S / C I

s p e c t r o m e t e r  u s i n g  m e t h a n e  as t h e  c a r r i e r  g a s .  Gas

c h r o m a t o g r a p h y  was p e r f o r m e d  on a V a r i a n  Ae r o g r a p h  2400 o r  a

V a r i a n  -  3700 gas c h r o m a t o g r a p h ,  u s i n g  SE 30 o r  SE 54 g l a s s

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

c h r o m a t o g r a p h y  a V a r i a n  5000  l i q u i d  c h r o m a t o g r a p h y  o r  a

Wa t e r s  Prep LC/ Sys t em 500 was used.  Elemental amUjsi s 

pcTi-m-metl C â n d a n  M .c r o a n c d jC c a l  S e r v i c e  L t d . ,  V a ^ c o a v e r .

2 . 2  Reagente
*

o - C r e s o l ,  p - C r e s o l  ( b o t h  A l d r i c h  G o l d  L a b e l ) ,  2 , 3 , 5 -  

t r i m e t h y l p h e n o l ,  2 - m e t h y l - 3 - n i t r o p h e n o l ,  4 - m e t h y 1 - 3 -  

n i t r p h e n o l ,  2 - m e t h y 1 - 4 - n i t r o a n i 1 i n e , 1 , 1 , 1 - t r i c h l o r o - 2 -

m e t h y l p r o p a n - 2 - o l ,  n i t r o e t h a n o l  ( a l l  A l d r i c h  r e a g e n t  g r ade)  

wer e  used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .

A c e t i c  a n h y d r i d e  w a s  c e r t i f i e d  ACS f r o m  F i s h e r

T r i f l u o r o a c e t i c  a c i d  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  w e r e
<

A l d r i c h  Gol d l ^ b e l  (99+%).  Fumi ng n i t r i c  a c i d  ( F i s h e r ,  300 

c m ^ ) w a s  p u r i f i e d  by d i s t i l l l i n g  f r o m  u r e a  ( 1 0  g ) and
t»

s u l p h u r i c  a c i d  (500 cm ) a t  1 mm Hg and s t o r e d  a t  - 25°C.

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

F i s h e r )  w e r e  ' d r i e d  o v e r  s o d i u m  and d i s t i l l e d  b e f o r e  use .  

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

w a t e r  ( B a k e r ) ,  i s o p r o p a n o l  ( C a l e d o n ) ,  d i c h l o r o m e t h a n e  

( B u r d i c k  and J a c k s o n ) ,  h e x a n e  ( B u r d i c k  and J a c k s o n )  and 

a c e t o n i t r i l e  ( B a k e r ) .  N o n -  d e u t e r a t e d  s o l v e n t s  f o r  

spec trosC 'o jyy  wer e  c e r t i f i e d  ACS (Eastman Kodak) .  D e u t e r a t e d
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s o l v e n t s  u sed  f o r  NMR s p e c t r o s c o p y  w e r e  c h l o r o f o r m - d  

( A l d r i c h  Gol d Labe l ) »  m e t h y l e n e  c h l o r i d e - d g »  a c e t o n i t r i l e -  

d g , m e t h a n o l - d y ,  p y r l ' d i n e - d ^ ,  a c e t o n e - d g .  b e n z e n e - d g  and 

t e t r a h y d r o f u r a n - d g  ( Me r c k  Shar p  and Dohme) .

S i l i c ^  g e l  ( 6 0 - 2 0 0  mesh ,  D a v i s o n  c o m m e r c i a l  g r a d e  H) ,  

n e u t r a l  a l u m i n a  ( B r o c k m a n  A c t i v i t y  I )  and a l u m i n a  ( 8 0 - 2 0 0  

mesh,  F i s h e r )  d e a c t i v a t e d  w i t h  3% ( v / v )  d i s t i l l e d  w a t e r  were  

used f o r  c h r o m a t o g r a p h y .  Anhydr ou^  magnes i um ' s u l p h a t e  was 

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

The f o l l o w i n g  c o m p o u n d s  w e r e  p r e p a r e d  by me mb e r s  o f  

P r o f .  A. F i s c h e r ' s  r e s e a r c h  g r oup  a t  U n i v e r s i t y  o f  V i c t o r i a :  

[ 4 , 6  -  2 ] - o - c r e s o l , 2 - m e t h y P ^ 2 - ( 4 - m e t h y I p h e n o x y ) p r o p a n o i c

a c i d  and 4 - 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 o n e  ( Dr .  G.N. 

H e n d e r s o n ) ,  Î E ) -  a n d  ( Z ) - 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  ( D. L .  F y l e s ) ,  ( E ) -  and 

( Z ) - 2 - c y a n o - 3 , 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 y l  a c e t a t e  ^ 

(S. S a n k a r a r a m a n ),  2 - c y a n o - l , 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 y l  a c e t a t e  ( D r .  W.V. N y k o d y m ) ,  ( E ) - 1 , 4 - d i m e t h y 1 - 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  ( T. A.  S m y t h ) ,  ( E ) - 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  (Dr .  L.M. 

I y e r ) .  D o n a t i o n  o f  s a mp l es  o f  t h e s e  compounds i s  g r a t e f u l l y  

a cknowl edged .

2 . 3  Preparation of Starting Compounde and Authentic Samples

a.  2 - m e t h y l - 4 - n i t r o p h e n o l  ( 9 ) ^ ^

A s o l u t i o n  o f  2 - m e t h y 1 - 4 - n i t r o a n i 1 i n e  ( 1 1 . 4  g , 0 . 0 7 6  

m o l )  and s u l p h u r i c  a c i d  ( 16 . 5  c m ^ ) i n  w a t e r  ( 2 2 . 5  c m ^ ) was
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c o o l e d  t o  0°C and c r u s h e d  I c e  ( c a .  4 0 g ) was added  t o  i t .

Sodiu^n n i t r i t e  ( 5 . 2 g )  d i s s o l v e d  i n  w a t e r  ( 12 . 5  cm^ )  was

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

b e l o w 2 °C. The r e s u l t i n g  m i x t u r e  was t hen  s t i r r e d  a t  0 °C

f o r  10 mi n  and ad d e d  d r o p w i s e  f r o m  a j a c k e t e d  d r o p p i n g

f u n n e l  a t  0 °C t o  a b o i l i n g  s o l u t i o n  o f  s u l p h u r i c  a c i d  (50

c m ? ) i n  w a t e r  ( 3 7 . 5  c m ^ ) i n  a 500 c m ^ th r^ee  n e c k e d  f l a s k

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

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

r e a c t i o n  m i x t u r e  was e x t r a c t e d  w i t h  e t h e r  and' th e  e t h e r e a l *

s o l u t i o n  e x t r a c t e d  w i t h  1M s o d i u m  h y d r o x i d e  (5 x 30 c m ^ ).

The a l k a l i n e  e x t r a c t  was a c i d i f i e d  and r e - e x t r a c t e d  w i t h

e t h e r .  Washi ng t h e  e t h e r e a l  s o l u t i o n  w i t h  d i s t i l l e d  w a t e r

and b r i n e ,  f o l l o w e d  by d r y i n g  and evapor>artion o f  t h e  s o l v e n t
I

gave 2 - m e t h y l - 4 - n i t r o p h e n o l  as d a r k  brown c r y s t a l s  (11.3 g,  

9 8 %) .  T r e a ' t m e n t  w i t h  a c t i v a t e d  c h a r c o a l  - ( 0 . 3  g ) and  

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

y e l l o w  c r y s t a l s  ( 9 . 8  g ),  m.p.  9 4 - 9 6  °C ( 1 i  t . ^ ^ 96 °C ).

b . 2 - M e t h y l - 6 - n i t r o p h e n o l  ( 10)

A n i t r a t i n g  m i x t u r e  o f  n i t r i c  a c i d  ( 9 . 4  g,  0 . 15  m o l )  

and a c e t i c  a n h y d r i d e  (75 c m ^ ) was p r e p a r e d  by m i x i n g  a t  

- 7 8 ° C , w a r m i n g  t o  0 ° C , and a f t e r  5 m i n ,  c o o l i n g  t o  - 7 8 ° C . 

The n i t r a t i n g  m i x t u r e  was poured i n t o  a s l u r r y  o f  o - c r e s o l  

( 1 0 . 8 g,  0.1 m o l )  and a c e t i c  a n h y d r i d e  (19 c m ^ ) a t  - 7 8 °C and 

t h e  r e s u l t i n g  m i x t u r e  warmed t o  - 40°C.  A f t e r  s t i r r i n g  a t  

- 4 0 ° C  f o r  30 m i n ,  t h e  r e a c t i o n  m i x t u r e  was c o o l e d  t o  - 7  8 °C
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and pour ed  i n t o  a s t i r r e d  s o l u t i o n  o f  58% aqueous ammonium 

h y d r o x i d e  ( 130 c m ^ ) i n  e t h e r  ( 1000  c m ^ ) a l s o  a t  - 7 S ° C .  The 

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

t o  warm t o  a m b i e n t  t e m p e r a t u r e  o v e r  1.5 h. The e t h e r  l a y e r  

was d e c a n t e d ,  washed w i t h  d i s t i l l e d  w a t e r  and b r i n e ,  d r i e d  

and t h e  s o l v e n t  ‘e v a p o r a t e d  t o  g i v e  a m i x t u r e  ( 1 4 . 5  g)  o f  2 -  

m e t h y l - 6 - n i t r o p h e n o l  (79 %) and 2 - m e t h y  1 - 4 - n i t r o p h e n o l  (21 

%). The m i x t u r e  was s e p a r a t e d  by f r a c t i o n a l  d i s t i l l a t i o n  i n  

a K u g e l r o h r  t o  g i v e  2 - m e t h y 1 - 6 - n i t r o p h e n p l  (9.4 g) ,  m.p. 69 -

70 (h' exan'e,  l i t : ^ ^  7 0 ' ° C ) .  ' ' . . .  *

Q 7c.  2 - M e t h y 1 - 2 - ( 2 - m e t h y l p h e n o x y ) p r o p a n o i c  a c i d  ( 1 2 ) ^

A s o l u t i o n  o f  o - c r e s o l  (54 g , 0 . 5  m o l )  and c h l o r e t o n e  

( 1 , 1 , 1 - t r i c h l o r o - 2 - m e t h y l p r o p a n - 2 - o l ) ( 1 0 6 . 5  g , 1 m o l )  i n

a c e t o n e  (1 0 0 0  c m ^ ) w a s  p l a c e d  i n  an i c e  b a t h  and 

c o n t i n u o u s l y  s t i r r e d .  P o w d e r e d  s o d i u m  h y d r o x i d e  ( I 6 0 g ,  4- 

mo l )  was added t o  t h i s  s o l u t i o n  i n  t h r e e  e q u a l  amount s  a t  2 

h i n t e r v a l s .  - A c e t o n e  (250 cm^) ,  c o o l e d  t o  - 2 0 ° C , was added 

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

sod i um h y d r o x i d e .  The r e a c t i o n  m i x t u r e  was m a i n t a i n e d  a t  0 -  

10 °C d u r i n g  t h e  p e r i o d  o f  a d d i t i o n .  A f t e r  t h e  a d d i t i o n ,  

t h e  i c e - 6 a t h  was  r e p l a c e d  by a w a t e r  b a t h  a t  a m b i e n t  

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

16 h a t  a m b i e n t  t e m p e r a t u r e .  The s o l v e n t  was r e mo v e d  on a 

r o t a  v a p o r  a t  45°C,  t h e  r e s i d u e  d i s s o l v e d  i n  w a t e r ,  a c i d i f i e d  

w i t h  1:1 ( v / v )  h y d r o c h l o r i c  a c i d ,  e x t r a c t e d  w i t h  e t h e r

( 3 x 5 0 0  c m ^ ) a n d  t h e  e t h e r  e x t r a c t  r e - e x t r a c t e d  w i t h
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s a t u r a t e d  s o d i u m  b i c a r b o n a t e  s o l u t i o n  ( 5 x 4 0 0  cm ). The

b i c a r b o n a t e  e x t r a c t  was a c i d i f i e d  w i t h  1:1 h y d r o c h l o r i c  a c i d

and e x t r a c t e d  w i t h  e t h e r  ( 2 x 5 0 0 ' cm^) .  The e t h e r e a l  e x t r a c t

was d r i e d  and t h e  s o l v e n t  e v a p o r a t e d  t o  g i v e  7 2 . 6 5  g (75%)

o f  t h e  c r u d e  p r o d u c t .  C r y s t a l l i z a t i o n  f r om e t h e r - p e n t a n e

g av e  t h r e e  c r o p s  o f  2 - m e t h y 1 - 2 - ( 2 - m e t h y 1 p h e n o x y ) p r o p a n o i c

a c i d  ( T o t a l  55.-81 g) ,  m.p.  75°C ( l i t . ^ ^  7 5 - 7 6 ° C ) ;  NMR

( CDCl g,  250 MHz) :  6 1 . 62 ( 6 H, s ,  C( CHg) 2 ) ,  2 . 25  O H . b r s ,  2 -

CHo) ,  6 . 82  .( 1H, dd,  J = 8 . 1 Hz,  1Hz,  6 -H ),  6 . 95  ( 1 H , d t , J = 7.5
 ̂ J L 4 -

Hz,  7.4 Hz,  1 Hz,  4 - H ) ,  7 . 0 6  (1H,  ddd,  J = 8.1 Hz,  7.4 Hz,  1.6

Hz ,  5 - H )  7 . 1 7 ( 1 H ,  dd,  J = 7 . 5  Hz ,  1 . 6  Hz ,  3 - H ) ;  NMR

( CDCl g,  62 . 9  MHz) :  6 16.7 ( 2 - C H g ) ,  2 5 . 2  ( [ ( C H g l p ) ,  79 . 0

( ^ ( C H g l p ) ,  117. 5  ( C - 6 ),  122 . 3  ( C - 4 ) ,  126. 3  ( C - 5 ) ,  129. 9

( C - 2 ) ,  131.1 ( C - 3 ) ,  1 5 3 . 3 ( C - 1 ) ,  180 . 6  (COOH).

d . 2 - M e t h y l - 2 - ( ( 4 , 6- ^ H 2 ] - 2 - m e t h y l p h e n o x y p r o p a n o i c  a c i d  (21)

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

d e s c r i b e d  a b o v e  f o r  t h e  a c i d  12.  [ 4 , b - ^ H p ) - o - C r e s o l  ( 3 . 3 g )

g a v e  t h e  a c i d  21 ( 2 . 2  g , 3 8 %)  a s  a d a r k  r e d  o i l .

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

c r y s t a l s  o f  21 ( 1.7 g ), m.p.  73 °C ; I R ( K B r ) :  3 0 0 0 - 2 5 0 0  (OH),

1698 (C=0)  c m- 1 ;  ^H NMR ( CDCl g ,  90 MHz) :  6 1.59 ( 6 H, s,

C ( CHg ) 2 ),  2 . 22  (3H,  s,  2 - C H j ) ,  7 . 0 9  ( 1H, b r ^ ,  5 - H ) ,  7 . 17

(1H,  b r s ,  3 - H ) ;  NMR ( CDCl ^ ,  T5.1 MHz) :  (  ̂ 16.7 ( 2 - C H g ) ,

25 . 2  ( C ( CHg) 2 ) ,  79.1 ( ^ ( C H g l g ) ,  117 . 4  ( t ,  ^JQQ = 22 Hz,  C - 6 ),

122.1 ( t ,  ^J(.Q = 25 Hz,  C - 4 ) ,  1 26 . 2  ( C - 5 ) ,  129. 9  ( C - 2 ) ,  131. 0

X C - 3 ) ,  153. 3  ( C - 1 ) ,  180. 4  (COOH).
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e.  2 - M e t h y l - 2 - ( 2 - m e t h y 1 - 3 - n i t r o p h e n o x y ) p r o p a n o i c  a c i d  (13)

T h i s  p r e p a r a t i o n  f o l l o w e d  t h e  s a me  p r o c e d u r e  as 

d e s c r i b e d  f o r  1 2 . 2 - M e t h y 1 - 3 - n i t r o p h e n o 1 ( 8 ) ( 3 . 1 g )

a f f o r d e d  a c i d  13 i n  98% y i e l d  ( 4 . 7 g ) . R e c r y s t a l l i z a t i o n

f r om e t h e r - p e n t a n e  g a v e  p a l e  y e l l o w  c r y s t a l s  o f  13 ( 4 . 1 g ) ,  

m.p.  1 5 4 ° C ,  I P  ( KBr ) :  3000  - 2 5 0 0  (OH),  1710 ( C=0 ) ,  1520,

1360 ( N O g i c m - l ;  'h NMR ( CDCl g,  90 MHz) :  5 1.66 ( 6 H, s,

[ ( C H g I g ) ,  2 . 37  (3H,  s,  2 - C H g ) ,  7 . 0 3  (1H,  dd,  J= 8 . 2  Hz,  0 . 8  

Hz,  6 -H' ) ,  7 . 2 1  ( 1H, t ,  J= 8. 2 Hz, 8.0 Hz,  5, -H) ,  7. 47  (1H,  

dd,  J= 8. 0 Hz,  4 - H ) ;  NMR ( CDCl g,  15.1 MHz) :  6 c

CHg) ,  25 . 3  ( C( CHg) 2 ) ,  80.1 (7(CH g i g ) .  117. 8  ( C - 4 ) .  121. 0

( C - 6 ) 125 . 2  ( C - 2 ) ,  12 6 . 2  ( C - 5 ) ,  151. 5  ( C - 3 ) ,  1 5 4 . ü ( C - 1 ) ,

179.6 (COOH). Analyeie  c a l c u l a t e d  f o r  C^i H^gNO^:  C 55.21%,

H 5.48%,  N 5.86%;  f ound:  C 55 . 29%,  H 5 . 29%,  N 5.95%.

f . 2 - M e t h y l - 2 - ( 2 - m e t h y 1 - 6 - n i t r o p h e n o x y ) p r o p a n o i c  a c i d  ( 1 5 ) .

2 - M e t h y l - 6 - n i t r o p h e n o l  ( 3 . 1 g )  y i e l d e d  a c i d  15 ( 1 . 1 g , 

23%) as a r e d  a i l ,  f o l l o w i n g  t h e  same p r o c e d u r e  used  f o r  

a c i d  12.  . U n r e a c t e d  2 - m e t h y l - 6 - n i t r o p h e n o l  ( 2 g ,  65%) was 

r e c o v e r e d  f r o m t h e  r e a c t i o n  m i x t u r e .  Ac i d  15 was p u r i f i e d  

by p a s s i n g  t h r o u g h  a MCH-10 ( 0 . 4  x 30 cm)  r e v e r s e - p h a s e  

c o l u m n  on t h e  V a r i a n  ^ 0 0 0  HPLC, u s i n g  15% ( v / v )  a q u e o u s  

m e t h a n o l  as e l u e n t .  A d a r k  r e d  o i l  was o b t a i n e d  w h i c h  on 

d r y i n g  un de r  vacuum gave e q u i v a l e n t  w e i g h t  239.2 ( c a l c u l a t e d  

f o r  C- | i H- ]gNO^,  2 3 9 . 1 )  by t i t r a t i o n  w i t h  s o d i u m  h y d r o x i d e  

s o l u t i o n  (2 X 10- ^hD ; I R ( f i l m ) :  3000 -  2500 (OH),  1720

(C = 0 ) , 1 5 6 0 ,  1 360  ( N O g l c m - ^  ;  ̂H NMR ( C D C l g ,  250  MH z ) :
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5 1 . 5 5  ( 6 H, s,  C(CH 3 ) 2 ) ,  2 . 3 7  ( 3 H ,  s ,  2 - C H 3 ) ,  7 . 1 6

(1H,  dd,  J = 8.1 Hz,  7. 7 Hz,  4 - H ) ,  7 . 4 2  (1H,  d,  J=7 . 7  Hz,  3 -  

H) ,  7. 57 (1H,  d,  J = 8.1 Hz,  5 - H ) ;   ̂ NMR ( C D X I 3 , 15.1 MHz) :

17.8 ( 2 - CH 3 ) ,  24 . 6  ( C(CH3 ) 2 J, 83 . 7  (C( CH3 ) 2 ),  121. 5 (C-  

5 ) ,  1 2 3 . 2  ( C - 4 ) ,  1 3 0 . 8  ( C - 2 ) ,  13 6 . 9  ( C - 3 ) ,  1 3 7 . 5  ( C - 6 ) ,

148. 5  ( C - 1 ) ,  178. 3  (COOH).

g.  2 - M e t h y l - 2 - ' (  2 - me t hy  1 - 4 - n i t r o p h e n o x y  ) p r o p a n o i c  a c i d  ( 1 4 ) .

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

n i t r o p h e n o l  ( 9 )  ( 6 . 1 g ) .  g a v e  a c i d .  14 ( 9 , . 0 g ,  8\9-.% ) .

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

y e l l o w  c r y s t a l s  ( 8 . 6 g ),  m.p.  136° C;  IR ( K B r ) :  3000 -  2500

(OH) ,  1703 ( C=0 ) ,  1498 ,  1362 ( N O g l c m - l ;  ^H NMR ( CDCI 3 , 250 

MHz):  G 1 , 7 1  ( 6 H, s, C(CH3 ) 2 ).  2 . 27 (3H,  s,  ^ C H 3 ),  6 . 73

(1H,  d, J = 8.9 Hz,  6 - H ) ,  8.01 (1H,  dd, .  J = 8 . 9  H ^ 3 . 1  Hz,  5 -

H) ,  8 X ^  (1H,  d, J = 3.1 Hz,  3 - H ) ;  l ^C NMR ( C D C I 3 , 62 . 9  MHz) :  

' C  1 6 ^  ( C - 2 ) ,  25 . 4  ( C( CH3 ) 2 ) ,  7 9 . 6  ( f ( C H 3 ) 2 ) ,  114. 6  ( C - 6 ),

122. 7 ( C - 5 ) ,  126. 5  ( C - 3 ) ,  130 . 2  ( C - 2 ) , . 1 % 1 . 6  ( C - 4 ) ,  159. 0

Ç  ( C - 1 ) ,  179 . 4  (COOH).  Analysie  c a l c u l a t e d  f o r  C .j 1 ^ l 3 « C

5 5 . 2 1 $ ,  H 5 . 4 8 $ ,  N 5 . 8 6 $ ;  f o u n d :  C 5 5 . 2 9 $ ,  H 5 . 5 5 $ ,  N

5 . 9 8 $ .

h. 2 - M e t h y l - 2 - ( 4 - m e t h y 1 - 3 - n i t r o p h e n o x y ) p r o p a n o i c  a c i d  ( 1 6 ) .
t

4 - M e t h y 1 - 3 - n i t r O p h e n o l  ( 1 1 )  ( 6 . 1 g )  a f f o r d e d  a c i d  16 i n  

8 7 $ y i e l d  ( 8 . 4 g )  ( f o l l o w i n g  t h e  p r o c e d u r e  d e s c r i b e d  f o r  12.  

C r y s t a l l i z a t i o n . f r o m  e t h e r - p e n t a n e  g a v e  p a l e  y e l l o w  

c r y s t a l s ,  m.p.  8 6 °C;  IR ( K B r ) :  3000  -  2500 (OH),  1712

(0 = 0 ) ,  1 5 2 5 ,  1 353  ( N O g l c m " ^  ;  ̂ H NMR ( C D C I 3 , 250  MH z ) :
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6 1.61 ( 6 H, s,  CXGHgl g) ,  2 . 48  (3H,  s,  4-CHg ), 7 . 10  (.1 H,

dd,  J = 8.3 Hz,  2 . 5  Hz,  6 - H ) ,  7 . 2 5  C1H, d,  J =8. 3  Hz,  5 - H ) ,

7 . 5 6  (1 H, d,  J=2 . 5  Hz,  2 - H ) ;  NMR ( C D C I 3 , 62 . 9  MHz) :
/

19.6 ( 4 - C H g ) ,  2 5 . 2  ( [ ( CHg ' l g ) ,  80 . 2  ( ( " ( CHgl g) ,  11 6 . 2

C - 2 ) ,  125. 0  ( C - 6 ) ,  127. 7  ( C - 4 ) ,  133. 3  ( C - 5 ) ,  149. 5  ( C - 3 ) ,

1 5 3 . 6  ( C -  11 , 1 7 9 . 1  (COOH) .  -4 n a 7 y s t  s ' c a 1 c u 1 a t  e d f o r

C l l H l s N C ^ :  C 55. 21%,  H 5.48%,  N 5.8&%; f ound : C 55 . 58%,  H

5.74%,  N 5.85%.

i .  2 - M e t h y 1 - 2 - ( 2 , 3 , 5 - t r i m e t h y I p h e n o x y ) p r o p a n o i c  a c i d  ( 17)

2 , 3 , 5 - T r i m e t h y l p h e n o l  ( 5 )  ( 1 3 . 6 g )  was d i s s o l v e d  i n  a 

s o l u t i o n  o f  sod i um m e t h o x i d e  ( 8 . 1g) ' i n  m e t h a n o l  (200 cm^) .  

The m i x t u r e  was s t i r r e d  a t  a m b i e n t  t e m p e r a t u r e  f o r  2 h and 

t h e  s o l v e n t  e v a p o r a t e d .  The'  p h e n o x i d e  was r e a c t e d  w i t h  

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

g i v e  a c i d  17 ( 7 . 8 | ,  35%) .  U n r e a c t e d  p h e n o x i d e  s a l t ,  was
s

r e c o v e r e d  as 2 , 3 , 5 - t r i m e t h y I p h e n o l  ( 6.2g,  46%). The a c i d  17 

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

c r y s t a l s  ( 5 . 2 g ) ,  m.p. '  9 3 ° C ;  IR ( K B r ) :  3000 -  2500  (OH) ,

1 703 (0 = 0)  c m " ’’ ; ^H NMR ( C D C I 3 , 90 MHz) : 6 1.55 ( 6 H, s,

C(CH3 ) 2 ),  2 . 08  (3H,  s,  2 - C H 3 ),  2 . 18  ( 6 H, s ’, 3 - C H 3 , 5 - C H 3 } , '  

6.51 (1H,  s,  6 - H ) ,  6 . 67  (1H,  s,  4-H) ' ;  ^^C NMR ( C DC I 3 , 62 . 9  

MHz) :  12 . 2  ( 2 - C H 3 ) ,  20. 0  ( 3 - C H 3 ),  21 . 0  ( 5 - CH 3 ) ,  28.1

(C(CH3 ) 2 ),  7 9 . 6  ( C( CH3 ) 2 ),  117 . 0  ( C - 6 ),  125. 4  ( C - 4 ) ,  . 125. 7

( C - 2 ) ,  135. 0  ( C - 5 ) .  138, 0  ( C - 3 ) ,  152. 8  ( C - 1 ) ,  179 . 3  (COOH);
\ '

MS :  m / e  ( r e l a t i v e  i n t e n s i t y ) ,  2 2 2 . 1 3 1 6  ( 1 0 ,

M^ ( ^ ^ Cy 3 ^ H i g ' ' 6o 3 ), 222 . 1256) ,  177 (10) ,  137 ( 15 ) ,  1 36 ( 100) ,
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1 3 5 ( 1 8 ) ,  1 2 1 ( 6 5 ) ,  9 1 ( 6 0 ) ,  7 9 ( 1 7 ) ,  7 7 ( 3 0 ) ,  6 5 ( 1 9 ) , ' 5 5 ( 1 9 ) ,

5 3 ( 1 6 ) ,  5 1 ( 1 7 ) .

j . ( 2 - M e t h y I p h e n o x y ) a c e t i c  a c i d ^ ^  ( 1 8 ) .

A s o l u t i o n  o f  o - c r e s o l  (5 4 g , 0 . 5 m o l )  a n d  s o d i u m

h y d r o x i d e  ( 5 0 g ,  1.25 m o l )  i n  w a t e r  ( 200  cm^)  was added  t o  

s t i r r e d  c h l o r o a c e t i c  a c i d  ( 4 7 . 7 5 g ,  0 . 5 m o l )  i n  a t h r e e -

n e c k e d  500  c m ^ f l a s k ,  a t  110  °  C , o v e r  2 h.  A f t e r  t h e  

a d d i t i o n ,  t h e  s o l u t i o n  was c o o l e d  t o  #0 °C and a c i d i f i e d  w i t h  

T M s u l p h u r i c  a c i d .  The p r e c i p i t a t e d  pr oduct  was f i l t e r e d  

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

c r u d e  p r o d u c t  ( 6 8 g, 8 1 %) was c r y s t a l l i z e d  f r o m  a q u e o u s

a l c o h o l  t o  g i v e  t h e  c o l o u r l e s s  c r y s t a l l i n e  a c i d  1 8 , m.p.  

151°C ( l i t . ^ ^  1 5 1 - 1 5 2 ° C ) .

k.  2 - M e t h y l - 2 - ( 2 - me t hy  I p h e n o x y  ) propanoj /1 c h l o r i d e  (61)

T h 1 on y 1 c h l o r i d e  ( 0 . 8 7 5 c m ^ ,  0 . 0 1 2  m o l )  i n  a n h y d r o u s

e t h e r  (25cm^)  was added f r o m a d r o p p i n g  f u n n e l  t o  a s t i r r e d  

s o l u t i o n  o f  a c i d  12 ( 1 .94g,  0.01 mo l )  and a nh y d r a u s  p y r i d i n e  

(0 . 8  c m ^ , 0 .01 m o l )  i n  a n h y d r o u s  e t h e r  ( 7 5 c m^ )  c o n t a i n e d  i n  

à 250cm^ t h r e e - n e c k e d  f l a s k  f i t t e d  w i t h  a r e f l u x  c o n d e n s e r  

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

m a i j ^ a i n e d  i n  t h e  a s s e m b l y .  The m i x t u r e  was r e f l u x e d  f o r

2.5 h,  t h e  p r e c i p i t a t e d  p y r i d i n i u m  c h l o r i d e ,  f i l t e r e d  un de r  

argon and t h e  e t h e r  d i s t i l l e d  o f f  f r o m  t h e  f i l t r a t e  t o  g i v e  

t h e  a c i d  c h l o r i d e  61.  The i n f r a  r ed  s p e c t r u m  o f  t h e  p r o d u c t  

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

a c i d  ( 3 0 00  -  2 5 0 0 ,  1 7 1 0 c m “ ^) and t h e  a p p e a r a n c e  o f  t h e
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c h a r a c t e r i s t i c  c a r b o n y l  a b s o r p t i o n  (1602,  1778cm“ ^) due t o

t h e  a c i d  c h l o r i d e ,  H NMR (CC1%, 90 MHz) :   ̂ 1 . 53 ( 6 H, s,

C f C H g i g ) ,  2.21 (3H,  s,  2 - C H 3 ),  6 . . 5 8 - 7 . Ï 5  (4H,  m, 3 - ,  4 - ,  5 - ,  

6 - H ) .

, 1.  A c e t i c  2 -m e t h y  1 - 2 - (  2-m e t h y  I p h e n o x y  ) p r o p a n o i c  a n h y d r i d e

(35)

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

h e p t a n o i c  a n h y d r i d e . ^ ^ O  A s o l u t i o n  c o n t a i n i n g  a c i d  12 

( 1 . 6 g ,  8 . 2  m m o l ) ,  a c e t y l  c h l o r i d e  ( 1 . 3 c m ^ ,  1 8 .1 m m o l )  and 

p y r i d i n e  ( 1 . 3cm^,  16.5 mmol ) '  i n  benzene ( l Ocm^)  was r e f l u x e d  

f o r  3 h.  The p y r i d i n i u m  c h l o r i d e  w h i c h  had p r e c i p i t a t e d  was 

f i l t e r e d  u n d e r  a r g o n  and t h e  b e n z e n e  was r e m o v e d  f r o m  t h e  

f i l t r a t e  by d i s t i l l a t i o n  t o  g i v e  an o i l  ( 1 . 7 4 g )  w h i c h  

c o n t a i n e d  a c i d  12 (39%)  and t h e  d e s i r e d  m i x e d  a n h y d r i d e  

(61%) as a n a l y z e d  by ^H NMR. The mi xed  a n h y d r i d e  had ^H NMR 

( C D C I 3 , 90 MHz) :  Ô 1 .52 ( 6 H, s,  C(CH3 ) 2 ),  2 . 15  ( 6 H,

b r s ,  2 - C H 3 , OCOCH3 ).  6 . 6 5 - 7 . 1 5  (4H,  m, 3 - ,  4 - ,  5 - ,  6 - H ) ;

NMR ( C D C I 3 , 62 . 9  MHz) :  6 ^ 16.6 ( 2 - C H 3 ),  20 . 7  (OCOCH3 ),

24 . 8  ( 0 ( 0 8 3 ) 2 ),  79 - 2  ( 0 ( 0 8 3 ) 2 ) ,  116. 3  ( 0 - 6 ) ,  1 2 2 . 2  ( 0 - 4 ) ,  

1 26 . 6  ( 0 - 5 ) ,  1 29 . 3  ( 0 - 2 ) ,  1 31.1 ( 0 - 3  ),  153. 4 ( 0 - 1  ),  1 69. 9  

(OOOOH3 ) ,  177 . 7  ( 0 0 ( 0 8 3 ) 2 0 0 0 ).

m. 3 , 3 , 6 - T r i m e t h y l - 1 , 4 - d i o x a s p r i r o [ 4 , 5 ] d e c a - 6 , 9 - d i e n e - 2 , 8 -  

d i o n e  ( 1 1 2 )

M e t h y l h y d r o q u i n o n e  ( 2 . 4 8 g ,  0 . 02  m o l )  was  d i s s o l v e d  i n  

d e o x y g e n a t e d  a c e t o n e  ( l OOc m^ )  u n d e r  a r g o n  i n  a 250 cm^ 

t h r e e - n e c k e d  f l a s k .  O h l o r e t o n e  ( 1 , 1 , 1  - 1 r i c h 1 0 r 0 - 2 -  

m e t h y l p r o p a n - 2 - o l )  ( 3 . 25g,  0.02 mo l )  i n  a c e t o n e  (20 cm^)  was



5 5 .

added t o  t h e  s o l u t i o n  f o l l o w e d  by powder ed  sod i um h y d r o x i d e  

(4g,  0.1 mo l )  i n  t h r e e  e q u a l  p o r t i o n s  a t  t w o  h o u r  i n t e r v a l s .  

The r e a c t i o n  m i x t u r e  was  w o r k e d  up as d e s c r i b e d  f o r  t h e  

p r e p a r a t i o n  o f  12 t o  g i v e  a m i x t u r e  ( 3g )  o f  2 -m e t h y  1 - 2 - (  4 -  

h y d r o x y - 2 - m e t h y l p h e n o x y ) p r o p a n o i c  a c i d  113 and 2 - m e t h y l - 2 -  

( M - h y d r o x y - 3 - m e t h y I p h e n o x y ) p r o p a n o i c  a c i d .  A - s o l u t i o n  o f
* * O

e e r i e  .ammonium n i t r a t e  ( 1 4 . 8g.  27 mmol )  i n  w a t e r  (15cm ) was 

added  d r o p w i s e »  o v e r  15 m i n u t e s ,  t o  t h e  m i x t u r e  o f  a c i d s  

( 2g ,  9 mm o l )  i n  a c e t o n i t r i l e  ( 1 5 c m ^ ) . ^ ® ^  The r e a c t i o n

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

D i l u t i o n  w i t h  w a t e r  ( l OOcm^)  and e x t r a c t i o n  w i t h  e t h e r  (3 x 

50 c m^ )  f o l l o w e d  by d r y i n g  and e v a p o r a t i o n  o f  t h e  s o l v e n t  

g a v e  a m i x t u r e  ( 1 . 6 g)  o f  3 , 3 , 6 - 1 r i m e t h y 1 - 1 , 4 - d i o x  a s p i r o  

[ 4 , 5 ] d e c a - 6 , 9 - d i e n e - 2 - 8 - d i o n e , ( 1 1 2 ) 3 , 3 , 7 - 1 r i m e t h y  1 - 1, 4 -  

d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 9 - d i e n e - 2 , 8 - d i o n e  ( 1 1 6 )  and m e t h y l - p -  

b e n z o q u i n o n e .

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

a c h i e v e d  by HPLC u s i n g  a s i l i c a  c o l u m n  ( S i - 1 0 ,  0 . 8  x 5 0 c m) .

The f i r s t  f r a c t i o n  was  a m i x t u r e  ( 0.2.6 g ) o f  m e t h y l - p -
i 1

b e n z o q u i n o n e  (21%)  and ( 1 1 6 )  ( 79%) ,  H NMR ( CDC1 g , 90 MHz) :  

6 1.60 ( 6 H, s,  3 - ( C H 3 ) 2 ) .  1 .94 (3H,  b r s ,  7 - C H ^ ) ,  6 . ?6  ( 1 H , d ,  

J = 1 0 . 5 H z ,  9 - H ) ,  6 . 45  (1H,  m, 6 - H ) ,  6 . 63  (1H,  dd ,  J = 1 0 . 5 H z ,

2.4 Hz,  10-H) .  The second f r a c t i o n  c o n t a i n e d  t h e  r e q u i r e d  

d i e n o n e  1 12  ( 0 . 1 4 g ) ,  m.p.  78° C ( e t h e r - p e n t a n e ) ;  I R ( K B r ) :  

1790 ( 2 - 0  = 0 ) ,  1 680 ( 8 - 0  = 0 ) ,  1 170 ( O - O ) c m" " ' ;  UV ( m e t h a n o l ) :  

227nm ( 1178 m ^ m o l - ^ ) ;  ^H NMR (ODOI3 , 250 MHz):  6 1.60 (3H,
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s ,  3 - CH3 ),  1 . 62 (3H,  s ,  3 - CH3 ) ,  2 . 00  (3H,  d,  J = 1 . 5  Hz,  6 -

CH3 ),  6 . 17  (1H,  m, J=2 . 1  Hz,  1.5 Hz,  7 - H ) ,  6 . 2 3  (1H,  dd ,

J r l O . 1  Hz,  2.1 Hz,  9 - H ) ,  6 . 69  (1H,  d,  J = 1 0 . 1  Hz,  1 0 - H ) ;

NMR ( CDCI 3 , 62 . 9  MHz) :  16.5 ( 6 - C H 3 ),  2 5 . 6  ( 3 - CH3 ),

2 6 . 6  ( 3 - C H 3 ) ,  77 . 4  ( C - 3 ) ,  98 . 6  ( C - 5 ) ,  129 . 5  ( C - 7 ,  C - 9 ) ,

142. 0  ( C- 10 ) , :  151. 2  ( C - 6 ), 174. 5  ( C - 2 ) ,  184.1 ( C - 8 ) ;  MS

( 7  0 e V ) :  ' m / e  ( r e l a t i v e  i n t e n s i t y ) ,  20  8 . 0 8 0  ( 2 2 ,

M^(  ^^C^  ̂ ^ H^ 2 ^ ^ ° 4 ) '  2 0 8 . 0 7 4  ),  1 8 0 ( 5 5 ) , '  1 6 4 ( 7 8 ) ,  ' 1 4 9 ( 2 0 ) ,

1 2 4 ( 4 7 ) ^ 1 2 3 ( 4 8 ) ,  1 2 2 ( 7 8 ) ,  9 4 ( 8 7  ) ,  8 2 ( 5 5 ) ,  7 8 ( 4 9 ) ,  4 4 ( 8 2 ) ,  

4 3 ( 1 0 0 ) ,  3 9 ( 4 5 ) .  F u r t h e r  e l u t i o n  g a v e  i n s o l u b l e  m a t e r i a l  

(0 . 04g)  w h i c h  was n o t  f u r t h e r  i n v e s t i g a t e d .  ( T o t a l  r e c o v e r y  

6 1 %) .

n . . M e t h a n o l  a d d u c t s  o f  • 4 - 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 o n e  ( 124)

S o d i u m m e t h o x i d e  ( 0 . 8 g )  was  adde d  t o  a s o l u t i o n  o f  

d i e n o n e  124 ( 2 . 0 g )  i n  m e t h a n o l  ( 1 0 c m ^ ) a t  0 ° C.  The  m i x t u r e  

was s t i r r e d  a t  0°C f o r  one h o u r  and^ p o ur ed  i n t o  a s a t u r a t e d  

s o l u t i o n  o f  a mmon i um c h l o r i d e .  The r e s u l t i n g  m i x t u r e  was 

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

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

m e t h o x y c y c l o h e x e n o n e s ,  d i m e t h o x y c t y c l o h e x a n o n e s ,  and 4 -  

m e t h y 1 - 2 - n i t r o p h e n o l  ( 2 . 2 g ) .  The m a j o r  p r o d u c t  t - 5 -  

m e t h o x y - r - 4 - m e t h y l - 4 - n i t r o c y c l o h e x - 2 - e n - 1 - o n e  ( 1 2 6 )  was 

i s o l a t e d  by c r y s t a l l i z a t i o n  f r o m  e t h e r - p e n t a n e .  The mo t h e r  

l i q u o r  was c o n c e n t r a t e d  t o  g i v e  1 . 37g  o f  r e s i d u e  w h i c h  was 

* r - r e f e r e n c e  s u b s t i t u e n t ,  t - t r a n s  t o  r , t o  r
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c h r o ma t o g r a p h e d  on s i l i c a  g e l  (40g)  u s i n g  p e n t a n e - e t h e r  as

e l u e n t ,  f r a c t i o n s  o f  30 cm^ wer e  c o l l e c t e d .
%

• The f i r s t  e i g h t  f r a c t i o n s  c o n s i s t e d  o f  2 - n i t r o - p - c r e s o l  

( l l O m g ) .  F r a c t i o n s  9 - 1 2  c o n s i s t e d  o f  p - c r e s o l  ( 6 0 mg ) .  

-  F r a c t i o n s  13 -  17 c o n t a i n e d  m a i n l y  c - 5 - m e t h o x y - r - 4 - m e t h y l - 4 -  

n i t r o c y c 1 oheX -  2 - e n - 1  - one 125 ( 410 mg)» m. p .  71 ° C ( f r o m

e t h e r - p e n t a n e ) ;  IR ( KBr ) :  1685 (C=0) ,  1550»,  1370 (N0 2 )cm  ̂ ;

1H NMR* ( CDCl 3 »- 250 MHz) :  5 1.79 (3H,  s,  4 - C H 3 ), 2 . 47 (1H,

gd,  J = 16. 9  Hz,  10.8 Hz,  6 - H ) ,  2 . 95  (1H,  dd,  J»=16.9 Hz,  4.7

Hz,  6 - H ) ,  3.41 (3H,  s,  OCH3 ),  4 . 45  (1H,  dd, "  J = 10.8 Hz,  4.7

Hz,  5 - H ) ,  6. 13 (1H,  d,  J = 10,. 1 H z , ' 2 r H ) ,  6 . 8 2  (1H,  d,  J = 10.'^1

Hz,  3 - H ) ;  N MR - ( C D C l 3 , 62. 9  MHz) :  <5̂  18 . 4  ( 4 - CH 3 ) ,  40.0

(C-,6 ), .5 7 . 8^  (O4QIL3 ),  79 . 4  ( C - 5 ) ,  90 . 2  ( C - 4 ) ,  130. 4  . ( C - 2 ) ,

145.0 ( C- 3 ) ,  194.8 ( C- 1 ) ;  MS: m/ e ( r e l a t i v e  i n t e n s i t y ) ;  185

(M + , 2 ) ' 1 3 9  ( 3 5 ) ,  1 38 ( 3 4 ) ,  1 0 8 ( 3 2 ) ,  1 0 7 ( 5 5 ) ,  79 ( 1 0 ' ^ , ^ 7  ( 38 ), 

6 7 ( 2 2 ) ,  5 9 ( 2 4 ) ,  5 8 ( 2 2 ) ,  5 5 ( 2 5 ) ,  5 3 ( 3 2 ) , -  4 3 ( 2 2 ) ,  4 1 ( 3 5 ) .

Anal'yeie c a l c u l a t e d  f o r  CgH  ̂  ̂NO^ ; C 51 . 89%,  H 5.99%,  N 

7 . 57%;  f o u n d :  C 51 . 59%,  H 5.77%,  N 7.40.%. / Y ^ t j i o n  18

c o n s i s t e d  o f .  r  3 , - -."5. -  d i m e t h o x y - c - 4 - m e t h y l - t - 4 -  

n i t r o c y c l o h e x a n o n e  127 and r - 3 , t - 5 - d i m e t h o x y - c - 4 - m e t h y l - t - 4 -  

, n i t r o c y c l o h e x a n o n e  1 2 8  ( 110 mg.’) ° ^

F r a c t i o n s  T9 and 20 c o n t a i n e d  1 28  (310 mg) ,  m.p.  1 0 7 °C 

( f r o m  '‘e t h e r - p e n t a n e ) ;  I R ( K B r ) :  1725 (C = 0 ) ,  1540 ,  1 360

' ( N O g l c m - l ;  I h  NMR ( C D C I 3 , 2 5 Ô MHz) :  & ' l . 7 6  (3.H, s,  4 - C H 3 ),

2.31 ( I H ,  ddd ,  J = 1 4 . 9  Hz,  n . O  Hz,  0 . 7  Hz,, t - 6 - H ) ,  2 . 60  ( I H ,  

d d d ,  J = 1 5 . 8  H z ,  3.1 Hz ,  0 . 7  Hz ,  t - 2 - h V k ^ ' . 7 8  ( I H ,  d d d ,

H
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J = 15.8 Hz,  3 . 5 Hz,  2 . 3  H z , . C - 2 - H ) ,  2 . 96  (1H,  d d d ,  J = 14.9 Hz,
‘

6.0 Hz,  2 . 3 . Hz,  C - 6 - H ) ,  3. 25  (3H,  s ,  OCH3 ) ,  3 . 46  (3H,  s,  

OCHot ,  4.01 (1H,  t ,  J = 3.5 Hz,  3.1 Hz,  3 - H ) ,  4 . 54  (1H,  dd,
D V

J = i l . O  Hz,  6.0 Hz,  5 - H ) ;  NMR ( CDCï g ,  62 . 9  MHz) :  6  ̂ 16.9 

' ( 4 - C H g ) ,  4 0 . 6 ,  43.1 ( C - 2 ,  C - 6 ) ,  5 7 . 6 ,  5 7 . 8  ( 2 -OCH3 , 5 -OCH3 ),  

7 5 . 5 ,  82. 3  ( C - 3 ,  C - 5 ) ,  92.1 ( C- 4 ) , '  2 0 3 . 3  ( C - 1 ) ;  MS: m/ e

( r e l a t i v e  i n t e n s i t y ) ,  186 ( M - 3 1 , 2 ) ,  1 7 1 ( 6 ) ,  1 7 0 ( 3 1 ) ,

1 3 9 ( 5 4 ) ,  1 3 8 ( 3 7 ) ,  1 1 3 ( 1 9 ) ,  9 7 ( 2 2 ) ,  8 5 ( 1 0 0 ) ,  7 9 ( 2 4 ) ,  5 8 ( 4 8 ) ,  

5 5 ( 61 ) ,  53 ( 28 ) ,  43 ( 31 ) ,  41 ( 39 ) ,  39 ( 22 ) .  Analyaia  c a l c u l a t e d .
-H b

f o r  Cg H 1 ^ NO^ : C 4 9 . 7 5  %, H 6 . 9 6 % ,  N 6 . 4 5 %^  f b u n d :  C

% . 8 7 % ,  H 6.80%,  N 6.46%.

F r a c t i o n s  21 -  23 c o n s i s t e d  o f  t - 5 - m e t h o x y - r - 4 - m e t h y l -

c - 4 - n i t r o c y c l o h e x - 2 - e n - 1 - o ne ,  126 (175 mg),  m.p.  114-115 C

( f r o m  e t h e r - p e n t a n e ) ;  IR ( K B r ) :  • 1675 '  ( C = 0 ) ,  1550 ,  1355

(N0 2 ) c m “ "'; UV ( m e t h a n o l ) :  211 nm ( 135 m ^ m o l ” ”' ) ;  ̂H NMR

(CDCl o,  90 ’ MHz) :  I . 8 I (3H,  s ,  4 - C H o ) ,  2 . 6 2  (1H.  dd,

J = 17.5 Hz,  3 Hz,  6 - H ) ,  2 . 97  (1H,  dd ,  J = J 7 . 5  Hz,  4 Hz,  6 - H ) ,

3. 31 (3H,  s,  OCH3 ),  4 . 20 (1H,  m, J=4 Hz,  3 Hz,  2 Hz,  5 - H ) ,
*

6 . 13 (1H,  d,  J = 10.5 Hz,  2 - H ) ,  7 . 2 2  (1H,  dd ,  J = 10.5 Hz,  2 Hz,

3 - H ) ;  ^^C NMR ( C DC I 3 , 15.1 MHz): '  24 . 3  ( 4 - C H 3 ),  38.1 ( C-

6"), 5 7 . 8  OCH3 ),  81 . 4  ( C - 5 ) ,  88 ( C - 4 ) ,  129 , 7  ( C - 2 ) ,  142 . 5  (C-  

3 ) ,  l-94' .O (C-1) - .  i 4na7 i / 8 i 8  ' ‘c a l c u l a t e d  f o r  CgH^^NÙy:  C

51 .87%, H ^ . 9 9 % ,  N 7 . 57%;  f o u n d t  C 51 . 83%,  H 6.09%,  N 7.15%.
,

F r a c t i o n s  24 -  26 c o n t a i n e d  r - 3 , c - 5 - d i m e t h o x y - t - 4 -  

m e t h y l - c - 4 - n i t r o c y c l o h e x a n o n e ,  129 (60 mg),  m.p.  97°C ( f r o m  

e t h e r - p e n t a n e )  ; IR ( KBr ) :  1725 (C=0), 1545,  1360 (NO^hcm"^;
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’’ h NM'r ( C D C I 3 , 250 MHz) :  6 1 .85 (3H,  s,  4 - C H 3 ),  2 . 8 4  (2H,

dd,  J = 1 4 . 7  Hz,  5 . 6  Hz,  c - 2 - H ,  c - 6 - H ) ,  3 . 08  C2H, dd ,  J = 1 4 . 7
/

Hz,  10.7 Hz,  t - 2 - H ,  t - 6 - H ) ,  3 . 40  ( 6 H, s,  3 - OCH3 , 5 -OCH3 ),

3 . 56  (2H,  dd ,  J = 1 0 . 7  Hz,  5 . 6  Hz,  3 - H ,  5 - H ) ;  NM^ ( C DC I 3 ,

62 . 9  MHz) ;  5 ^ 2j .3 ( 4 - C H 3 ),. 4 2 . 4  ( C - 2 ,  C - 6 ),  58 . 3  ( 3 -OCH3 ,

5 - OCH3 ),  7 9 . 6  ( C - 3 ,  C - 5 ) ,  90 . 5  ( C - 4 ) ,  204 . 3  ( C - 1 ) .  Anatysie 

c a l c u l a t e d  f o r  CgH^^NO^:  C 49.75%, H 6.96%, N 6.45%; f o u nd :
ê

C 49. 88%,  H 6 . 8 7 %, N 6.30% '

'  F r a c t i o n  18 was  c r y s t a l l i z e d  f r o m  m e t h a n o l  when t h é  

a d d u c t  128 c r y s t a l l i z e d .  C o n c e n t r a t i o n  o f  t h e  m o t h e r  l i q u o r  

and r e c r y s t a l I ' i z a t i o n  f r o m  e t h e r - p e n t a n e  a f f o r d e d  a d d u c t  

127 ^  c o l o u r l e s s  c y r s t a l s  (24 mg) ,  m.p.  125° C; ,   ̂H NMR 

( C D C I 3 , 90 MHz) :  5 1.70 (3H,  s,  4 - C H 3 ),  2 . 34  (2H,  dd,

J = 15. 2  Hz,  12.5 Hz,  e - 2 - H , _ c - 6 -H ),  2 . 88  (2H,  dd ,  J = 15. 2  Hz;

4.7 Hz,  j - 2 - H ,  t - 6 - H ) ,  3 . 26  ( 6 H, s ,  3 -OCH3 , 5 - OCH3 ),  4 . 06  

(2H,  ddy.  J = 12.5 Hz,  4.7 Hz,  3 - H , '  5 - H ) ;  .^^C NMR ( C D C I 3 , 62.9 

MHz) :  <5 Ç. 9 .3 ( 4 - C H 3 ) ,  43 . 3  ( C - 2 ,  C - 6 ) ,  58.1 ( 3 - OCH3 , 5 -

OCH3 ),  7 8 . 8  ( C - 3 ,  C - 5 ) ,  95 . 0  (C-4) , ,  20 1 . 9  ( C - 1 ) .  Analysis 

c a l c u l a t e d  f o r  CgH  ̂^NO^L-  C 49.75%, H 6.96%, N 6.45% ; f ound  : 

C 49 . 84%,  H 6.96%,  N 6.27%.  

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

P h t h a l i c  a n h y d r i d e  (11.1 g) ,  p u r i f i e d  by d i s s o l v i n g  i n  

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

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

w i t h  n i t r o e t h a n o l  ( 4 . 6  g ) . ^ ® ^  The m i x t u r e  m e l t e d  a t  135 -  

1 4 5 ° c i  The f r a c t i o n  d i s t i l l i n g  up t o  180°C was c o l l e c t e d  t o
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g i v e  n i t r o e t h y l e n e  ( 2 . 2  g* 61%) ,   ̂H NMR ( CDC1 g , 90 MHz) :

6 5 . 93  ( I H ,  dd,  J = 7 Hz,  2 Hz,  t - 2 - g j ,  6 . 68  ( I H ,  dd ,  J = 15 Hz,

2 Hz,  c - 2 - H ) y z 7 . 1 3  ( I H ,  dd ,  J = 15 Hz,  7 Hz,  1 - H ) .

2 . 4  leolation of cyclohexadiene adducta

The a p p r o p r i a t e  amount  o f  n i t r i c  a c i d  and a c e t i c  

a n h y d r i d e  w e r e  c o o l e d  s e p a r a t e l y  t o  - 7 8 ° C .  A c e t i c  

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

r e s u l t i n g  mi x t u r e  was warmed to 0°C and a f t e r  f i v e  mi nutes  

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

n i t r a t i o n  of  a r o ma t i c  s u b s t r a t e s .  In the  e x p e r i me n t s  below 

only the q u a n t i t i e s  o f  ni t r ' iV^ ac i d  and a c e t i c  anhydr i de  used 

and the f i n a l  t e m p e r a t u r e  af t {er  f o l l o w i n g  t he  above procedure  

are g i ven.

i )  N i t r a t i o n  o f  2 - m e t h y 1- 2- ( 2 - m e t h y I p h e n o x y ) p r o p a n o i c  a c i d  

( 1 2 )

a)  A s o l u t i o n  o f  1 2  ( 2 9 . 1  g , 0 . 1 5  m o l )  i n  a c e t i c

a n h y d r i d e  ( 71cm^,  0 . 7 5  m o l ) ,  was added f r om a , d r o p p i n g

f u n n e l ,  o v e r  30 m i n u t e s ,  t o  a s t i r r e d  n i t r a t i n g  m i x t u r e
I

c o n t a i n i n g  n i t r i c  a c i d  ( 1 8 . 9  g , 0 . 3  m o l )  an d  a c e t i c

a n h y d r i d e  (71cm^,  0.75 mo l )  a t  - 20°C.  The r e a c t i o n  m i x t u r e  

was s t i r r e d  a t  - 2 0 ° C  . f o r  a f u r t h e r  30 m i n u t e s  and t h e n  

c o o l e d  t o  -78®C.  The NMR s p e c t r u m  o f  an a l i q u o t  w i t h d r a w n  

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

m i x t u r e  c o n t a i n i n g  8 0 % a r o m a t i c  c o m p o u n d s  and 2 0 % d i e n e s .
g

The r e a c t i o n  m i x t j ^ e  was d i l u t e d  w i t h  c o l d  e t h e r  (100 cm ) 

and added  t o  s t i r r e d  e t h e r  ( 1 . 5  dm^)  a t  - 7 8 ° C  i n  a t h r e e -
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n e c k e d  f l a s k  e q u i p p e d  w i t h  an a mmo n i a  c o n d e n s e r .  Ammon i a  

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

had r i s e n  t o  - 5 1 ° C ,  d r o p p e d  t o  - 6 0 ° C  (pH 10 ) .  E x c e s s  

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

a s p i r a t o r  and l e t t i n g  t h e  m i x t u r e  warm t o  - 5 ° C (pH n e u t r a l ) .  

The s l u r r y  o b t a i n e d  was washed w i t h  c o l d  d i s t i l l e d , w a t e r  (3 

X 500 c m ^ ) ,  t h e  e t h e r e a l  s o l u t i o n  d r i e d  and t h e  e t h e r  ev a po ­

r a t e d  on a r o t a v a p o r  a t  15°C.  When t h e  s o l u t i o n  was c o n c e n ­

t r a t e d ,  t h e  {E)~ i s o m e r  o f  3,  3 , 1 0 - 1 r i m e t h y  1 -  10 - n i t r o - 1 , 4 -  

d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 8 - d i e n - 2 - o n e ,  19 p r e c i p i t a t e d  (21

g ) ,  m.p.  84°C ( f r o m  e t h e r - p e n t a n e ) ;  I R ( K B r ) :  1807 ( C=0 ) ,

1539,1 345 (NOg), 1180 ( C - 0 ) c m“ ”' ;  UV ( m e t h a n o l ) :  261 nm (230

m ^ m o l " ' ' ) ;   ̂H NMR ( C D C I 3 , 400 MHz) :  J  1.53 (3H,  s,  3 - C H 3 ), 

1 .58 (3H,  s,  3 - C H 3 ),  1.84 (3H,  s,  I O - C H 3 ),  5 . 7 8  ( I H ,  d t ,

J =9. 6 Hz,  0.9 Hz,  0 . 8  Hz,  6 - H ) ,  6 . 08  ( I H ,  dd,  J = 9.9 Hz,  5.4 

Hz,  0 . 9  Hz,  8 - H ) ,  6 . 1 8  ( I H ,  dd d ,  J = 9 . 6  Hz,  5 . 4  Hz,  1.3 Hz 7 -  

H) ,  6 . 28  ( I H ,  ddd ,  J = 9.9 Hz,  1.3 Hz, '  0 . 8  Hz,  9 - H ) ;  NMR

( C DC I 3 ,, 15.1 MHz) :  Ô Ç, 20 . 0  ( I O - C H 3 ),  25 . 0  ( 3 - C H 3 ),  26 . 2  ( 3 -

CH3 ),  7 7 . 9  ( C - 3 ) ,  9 1 . 7  ( C - 1 0 ) ,  104. 8  ( C - 8 ),  122. 5  ( C - 6 ),

126. 9  ( C - 8 ),  127. 5  ( C - 7 ) ,  129. 4  ( C - 9 ) ,  17 3 . 8  ( C - 2 ) .  A n a l y ­

sis  c a l c u l a t e d  f o r  C ^ 1H  ̂3N0 ^ : C 5 5.21%,  H 5.48%» N 5. 86%;
i

f o u n d :  C 55 . 22%,  H 5. 34%,  N 5.84%.

The m o t h e r  l i q u o r  was e v a p o r a t e d  t o  g i v e  a m i x t u r e  ( 6g) 

o f  19 and i t s  d i a s t e r e o m e r  20 i n  t h e  r a t i o  3 8 : 6 2 .  T h i s ,  

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

c r y s t a l l i z a t i o n s ,  c h r o m a t o g r a p h y  a t  - 4 0 ° C  on s i l i c a  o r
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a l umi na .  The aqueous washi ngs were a c i d i f i e d  w i t h  1:1 ( v / v )  

h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  

e x t r a c t  was washed w i t h  b r i n e  and d i s t i l l e d  w a t e r ,  d r i e d  and 

t h e  s o l v e n t  e v a p o r a t e d  t o  g i v e  2 - m e t h y l - 2 - ( 2 - m e t h y l - 4 -  

n i t r o p h e n o x y ) p r o p a n o i c  ac i d  14 ( 10. 2 g) .

D i e n e  19 ( 1 . 25  g) was d i s s o l v e d  i n  10$ ( v / v )  t r i f l u o ­

r o a c e t i c  a c i d / c h l o r o f o r m  (15 cm^) a t  0°C,  The s o l u t i o n  was 

s t i r r e d  a t  0°C f o r  one hour  and pour ed  i n t o  c o l d  s a t u r a t e d  

b i c a r b o n a t e  s o l u t i o n .  E x t r a c t i o n  w i t h  e t h e r  (3 x 25 cm^) ,  

dr y i ng  and e v a p o r a t i o n  o f  e t h e r  gave a m i x t u r e  of  i somers 19 

(20$)  and 20 ( 80$) .  C r y s t a l l i z a t i o n  f rom e t h e r - p e n t a n e  gave 

a m i x t u r e  c o n t a i n i n g  85$ o f  2 0 .  T h i s  m i x t u r e  (1.1 g) was

s e p a r a t e d  by HPLC on a V a r i a n  5000 LG u s i n g  a m o d i f i e d  phase
♦

CN-10 ( 0 . 8  X 50 cm) col umn and h e x a n e - m e t h y l e n e  c h l o r i d e  

( c o n t a i n i n g  0.5$ i s o p r o p a n o l )  as e l u e n t .  The f i r s t  f r a c t i o n  

cont a i ned  95$ o f  i somer  20.  R e c r y s t a l l i z a t i o n  f rom methy­

l e n e  c h l o r i d e - h e x a n e  gave pu r e  20 ( 520  mg) ,  m.p.  87 ° C;  IR 

( KBr ) :  1802 ( C=0 ) ,  1550 ,  1370 (N0 2 ) c m " 1 ; UV ( m e t h a n o l ) :

257 nm ( e 396’ m^mol " ’’ ) ; NMR (CDCI3 , 250 MHz):  ̂ 1.35(3H,

s, 3 - C H 3 ),  1.44 (3H,  s,  3 - C H 3 ),  1 . 85 (3H,  s,  I O - C H 3 ),  5 . 78

( I H ,  b r d ,  J =9 . 7  Hz,  0 . 9  Hz,  0 . 7  Hz,  6 - H ) ,  6 . 06  ( I H ,  ddd,

J = 10 Hz,  5 . 4  Hz,  0 . 9 Hz,  8 - H ) ,  6 . 16  ( I H ,  ddd,  J = 9.7 Hz,  5 . 4  

Hz,  1.2 Hz,  7 - H ) ,  6 . 37  ( I H ,  dm, J = 10 Hz,  1.2 Hz,  0 . 7 Hz,  9 -  

H);   ̂ NMR ( C D C l 3 , 62 . 9  MHz) :  5 g 2 0 . 6  ( I O - C H 3 ) ,  23 . 8  ( 3 -  '

CH3 ),  26. 7  ( 3 - C H 3 ), 77 . 9  ( C - 3 ) ,  9 2 . 0  ( C - 1 0 ) ,  105. 8  ( C - 5 ) ,

121. 9 ( C - 6 ) ,  126 . 3  ( C - 8 ) ,  126. 9  ( C - 7 ) ,  128 . 3  ( C - 9 ) ,  173. 8
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( C - 2 ) .  Analysie  - c a l c u l a t e d  f o r  C 5 5 . 2 $ ,  H

5 . 4 8 $ ,  N 5 . 8 6 $ ;  f o u n d :  C 55.38 $,  H 5.32 $, N 5.75 $.

b)  A s o l u t i o n  o f  12 ( 0 . 39  g,  2 mmo l  ) i n  a c e t i c  a n h y d r i d e

(1 c m^ )  was  added  d r o p w i s e  t o  a n i t r a t i n g  m i x t u r e  ( n i t r i c  

a c i d  ( 0 . 2 5  g ) ,  a c e t i c  a n h y d r i d e  ( 0 . 9  c m^ ) )  a t  - 2 0 ° C  o v e r  10 

m i n u t e s  w i t h  s t i r r i n g .  The m i x t u r e  was s t i r r e d  f o r  30 

m i n u t e s  a t  - 20°C.  The NMR s p e c t r u m o f  an a l i q u o t  w i t h d r a w n  

and p l a c e d  i n  a c o l d  NMR t u b e  sh o we d  a c i d  14 ( 2 5 $ )  and t h e  

d i e n e  19 ( 7 5 $ ) .  The NMR s a m p l e  was wa r me d  t o  0°C and

t r i f l u o r o a c e t i c , a c i d  ( 0 . 06  c m^ )  was added  t o  i t .  A f t e r

1.5 h- t h e  NMR s p e c t r u m  o f  t h e  a l i q - u o t  showed 19 and 20 (78$)  

and 3 , 3 , 1 0 * t r i m e t h y l - 8 , 1 0 - d i n i t r o - 1 , 4 - d i o x a s p i r o [ 4 , 5 ] d e c a - '  

6 , 8 - d i e n - 2 - o n e  30 ( 22$) .  ' . .

c )  A s o l u t i o n  o f  12 ( 4 . 8 6  g , 0 . 0 2 5  m o l )  i n  a c e t i c  

a n h y d r i d e  (10.6 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  (3.5 cm^,  

0.025 mo l )  was added d r o p w i s e  t o  a n i t r a t i n g  m i x t u r e  ( n i t r i c  

a c i d  ( 3 . 1 5  g ),  a c e t i c  a n h y d r i d e  (13 cm ^ ) ) a t  - 2 0 ° C , o v e r  15 

m i n u t e s ,  w i t h  s t i r r i n g .  The m i x t u r e  was s t i r r e d  a t  - 2 0 ° C  

f o r  30 m i n u t e s  and t hen  a t  0°C fon^' ^i ve h o u r .  A f t e r  w o r k - u p  

w i t h  l i q u i d  a mmo n i a  as d e s c r i b e d  e a r l i e r ,  19 ( 3 . 6 5  g . )  was 

o b ^ i n e ^ .  The a q u e o u s  w a s h i n g s ,  a f t e r  a c i d i f i c a t i o n  and 

e x t r a c t i o n  w i t h ,  e t h e r ,  gave a. -compound (1.15 g ) w h i c h  showed

NMR ( CDGI 3 , 90 MHz) :  5 2 . 67  (3H,  s ) ,  8 . 20  ( 1H, d,  J=10

Hz) ,  8 . 54  (1H,  dd,  J = 1C) Hz,  2 Hz ) ,  9 . 44  (1H,  d,  J=2  Hz) .

T h i s  c o m p o u r K f  c o u l d  n o t  be o b t a i n e d  on r e p e a t i n g  t h e  

e x p e r i m e n t  and was not .  i d e n t i f i e d .
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I n  an e x p e r i m e n t  t o  check  w h e t h e r  t h e  unknown compound 

above was 6 - m e t h y l - 4 , 6 - d i n l t r o c y c l o h ^ x a - 2 , 4 - d i e n o n e  (47)» 2 -  

m e t h y l - 4 - n i t r o p h e n o l  (9)  ( 0.153 g)  i n  a c e t i c  a n h y d r i d e  (0.47 

cm^ )  was  c o o l e d  t o  - 6 0 ° C  and a n i t r a t i n g  m i x t u r e  ( n i t r i c  

a c i d  ( 0 . 2 5  g ) , a c e t i c  a n h y d r i d e  ( 0 . 4 7  c m ^ ) a n d  

' t r i f l u o r o a c e t i c  anhydr i de  (0.15 cm ^ )) a t  - 78° C was added t o  

i t .  The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  - 6 0 ° C  f o r  30 m i n .  

An a l i q u o t  was w i t h d r a w n  i n t o  a c o l d  NMR t u b e  and i t s  NMR 

spec t çum r e c o r d e d  a t  - 60°C.  The r e a c t i o n  m i x t u r e  c o n t a i n e d  

2 - m e t h y l - 4 - n i t r o p h e n o l  ( 59%) .  2 - m e t h y l - 4 , 6 —d i n i t r o p h e n o l  

( 4 8 )  (12%) and 6 - m e t h y 1 - 4 , 6 - d i n i t r o c y c l o h e x a - 2 . 4 - d i en one 

( 4 7 )  ( 29%) ,  NMR (AcgO l o c k ,  90 MHz,  - 6 0 ° C ) :  5 . 6 . 34  (1H,  

d,  J = 10.5 Hz,  2 - H ) ,  7 . 81 ( 1.H, d, J=2  Hz ,̂ 5 - H ) ,  7 . 87  ( 1H, dd,  

J = 10.5 Hz,  2 Hz,  3 - H ) .  On i n c r e a s i n g  t h e  t e m p e r a t u r e  t o  

- 3 0 ° C , t h e  i n t e n s i t y  o f  t h e  d i  eh on e p e a k s  d e c r e a s e d  w h i l e  

t h a t  o f  2 - m e t h y 1 - 4 , 6 - d i n i t r o p h e n o 1 p e a k s  i n c r e a s e d .  No 

o t h e r  compounds wer e  d e t e c t e d  i n  t h e  r e a c t i o n  m i x t u r e .

A n o t h e r  e x p e r i m e n t  was p e r f o r m e d  t o  d e t e r m i n e  i f  t h e  

unknown p r o d u c t  above o r i g i n a t e d  f r om t h e  4 - n i t r o  a c i d  14.  

A s o l u t i o n  of  14 ( 1 0 . 4 8  g‘) i n  a m i x t u r e  o f  t r i f l u o r a c e t i c

a n h y d r i d e  .'(4 c m ^ ) ançî t r i f l u o r o a c e t i c  a c i d  ( 2 . 4  c m ^ ) was
»

m a i n t a i n e d  a t .  a m b i e n t  t e m p e r a t u r e  and t h e  r e . a c t i o n  was
'

f o l l o w e d  by NMR* A.^ ' ter  21 d a y s  >95% o f  14 had r e a c t e d  t o  

g i v e  a s i n g l e  p r o d u c t .  The m i x t u r e  was p o u r e d  i n t o  w a t e r ,

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

The e t h e r  e x t r a c t  on d r y i n g  and e v a p o r a t i o n  y i e l d e d  6 -
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m e t h y l - M - n i t r o - 6-,( ( E ) -1 ' , 1 ’ , 1 ' - t r i C l u o r f c - 2 ' - o x o p e n t - 3  - e n -  

4 ' - y l ) c y c l o h e x a - 2 , 4 - d i e n o n e  ( 4 6 )  ( 0 . 4 6  g ) *  m.p.  8 5 °C ( f r o m
f

. e t h e r - p e h t a n e ) ;  I R ( K B r ) :  1705 (COCF^) ,  * 1600  ( r i n g  C=0) ,  '

1570,  1 345 ( NOg l c m" ^  ; UV ( CHg C l g )  : 303 nm (e  403 ) ;

""H NMR ( CDCl g ,  250 MHz) :  ( 2 . 29  (3H,  s,  4 - C H g ) ,  2 . 65  C3H,'

s,  5 ' - C H g ) ,  5 . 38 ( 1H, s ,  3 ' - H ) ,  7 . 1 6  ( 1H, d,  J= 8 : 9 '  Hz,  2 -

H) ,  8 . 18  (1H,  dd,  J= 8. 9 Hz,  2.6 Hz,  3 - H ) ,  8 . 2 4  (1H,  d , / j  =

2. 6  Hz,  5 - H ) ;  NMR ( C DC l ^ ,  62 . 9  M) :  5 ^  15. 9  ( 6 - c k g ) ,

19.8 ( 5 ' - C H 2 ), 96 . 6  ( C - S ' ) ,  1 1 6 . 4 , (q ,  T j ( . p  = 292 Hz,  C - l '

122. 3  ( C - 2 ) ,  123. 5 ( C - 3 ) ,  ' l 2 7 . 5 *  ( C - 5 ) ,  1 3 2 . 2  ( C r 6 ),  1 4 6 . 4

I  ■' 2

( C - 4 ) ,  155. 6  ( C- 4  ),  177. 9  (C-1 ),^ 179 . 4  ( q ,  J ^ p =  33 Hz,  C-

2'^; MS (70 e v ) :  m/ e  ( r e l a t ' i v e  i n t e n s i t y ) ,  2 8 9 . 0 5 6 7  (17 ,

M^ (  2 7 2  ( 17 ) ,  2 2 0 ( 7 6 ) ,  ,

W 4 ( 1 0 0 ) ,  1 4 6 ( 1 5 ) ,  1 2 3 ( 1 9 ) ,  106 ( 1 3 ) ,  8 9 ( 3 1 ) ,  7 8 ( 1 7 ) ,

7 7 ( 2 6 ) ,  6 9 ( 3 9 1 ,  6 7 ( 2 7 ) ,  6 3 ( 1 6 ) ,  5 7 ( 1 8 ) ,  5 5 ( 1 9 ) ,  4 3 ( 6 1 ) ,

3 9 ( 4 1 ) .  Analysis  c a l c u l a t e d ,  f o r  C  ̂ 2-H 1 g N 0 ̂  F g : C 4 9 . 8 2 $ ,  H

3 . 4 9 $ ,  N 4 . 8 4 $ ,  F 1 9 . 7 1 $ ;  f o u n d :  C 4 9 . 6 3 $ ,  H 3 . 3 5 $ ,  N

4 . 7 6 $ ,  F 19 . 47$ .

d.  A s o l u t i o n  o f  12 ( 1 . 9 4  g,  0 . 0  1 m o l )  i n  a c e t i c

3  ̂ 3a n h y d r i d e  (4.4 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  (1.4 cm ,

(5.01 mo l )  was added d r o p w i s e  t o  a n i t r a t i n g  m i x t u r e  ( n i t r i c

a c i d  ( 1 . 2 6  g)  a c e t i c ' a h h y d r i d e  (5 cm^ )  a t  - 2 0 ° C o v e r  10
I * 0

m i n u t e s  w i t h  s t i r r i n g . ' The m i x t u r e  was s t i r r e d  a t  - 20  C f o r

30 m i n u t e s .  The NMR sfpect rum <^f t h e  r e a c t i o n  m i x t u r e  showed

t h e  p r e s e n c e  o f  a c i d '  14 ( 1 7 $ ) ,  d i e n e  19 ( 3 5 $ )  and a m i x e d

a n y h d r i d e  36 o f  2 - ( 3 - a c e t o * y - 6 - m e ^ t h y l - 6 - n i t r o c y c l o h e x a - 2 , 5 -

d i e n o x y ) - 2 - m e t h y l p r o p a n o i c  a c i d  (4'8$‘ ). The r e a c t i o n  m i x t u r e

‘Ï



66.

was war med  t o  0°C and s t i r r e d  f o r  one h o u r .  A l l  t h e  mJLxed 

a n h y d r i d e ’ 36 was c o n v e r t e d  t o  d i e n e  19 (83%) and a l l  o f  a c i d  

14 was  f u r t h e r  n i t r a t e d  t o  g i v e  t h e  d i n i t r o d i e n e 30 ( 17%) .  

The r e a c t i o n ,  m i x t u r e  was pour ed  i n t < ^ c o l d  s a t u r a t e d  sod i um 

b i c a r b o n a t e  and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t  on 

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

a m o u n t s  o f  d i  en es 19 (83%) and 30 (17%) a s , o b s e r v e d  i n  t h e  

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

e)  N i t r i c  a c i d  ( 0 .01 c m ^ ) was i n j e c t e d  i n t o  a s o l u t i o n

o f  12 (19 mg,  0.1 m m o l )  i n  t r i f l u o r o a c e t i c  a c i d  (0.1 c m ^ ) 

and p h l o r o f o r m - d  (0.2 c m ^ ) a t  0°C.  _ The NMR s p e c t r u m  o f -  t h e  

s o l u t i o n  a f t e r  10 m i n u t e s  a t  0 0 s h o w e d m o n o n i t r a t i o n  and 

d i n i t r a t i o n  p r o d u c t s ,  14 (57%) and 30 ( 43%)  r e s p e c t i v e l y .  

No d i e n e  19 was o b s e r v e d .

i i )  N i t r a t i o n  o f  2 - m e t h y l - 2 - ( [ 4 , 6 - ^ H 2 ] - 2 -

. m e t h y l p h e n o x y ) p r o p a n o i c  a c i d  ( 2 1 ).

A s o l u t i o n  o f  c r u d e  21 ( 1 . 2  g . c o n t a i n i n g  82% 2 1 )  i n

a c e t i c  a n h y d r i d e  ( 2 . 5  c m )  was added  d r o p w i s e ,  o v e r  10

m i n u t e s ,  t o  a n i t r a t i n g  m i x t u r e  ( n i t r i c  a c i d  ( 0 . 6 3  g ) ,

a c e t i c  a n h y d r i d e  ( 2 . 2  c m ^ ) )  a t  - 2 0 ° C  w i t h  s t i r r i n g .  The

r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  a d d i t i o n a l  30 m i n u t e s  a t  -

2 0 °C and t h e n  c o o l e d  t o  - 7 8 ° C . L i q u i d  a mmo n i a  w o r k - u p  as 
»

d e s c r i b e d  e a r l i e r  gave ( E ) - [ 6 , 8 - ^ H 2 ] - 3 , 3 , 10 - t r i m e t h y 1- 10-

n i t r o - 1 , 4 - d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 8 - d i e n - 2 - o n e  23  ( 0 . 5 6  g ) 

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

i s o l a t e d .  I t  had m.p.  8 7 °C ( f r o m  e t h e r - p e n t a n e )  : I R  ( K B r ) :
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1804 (C=0 ),  1 5 3 5 , 1  350 (NOg) ,  1 1 7 6* ( C-0  ) c m“  V UV ( m e t h a n o l ) :  

260 nm (e 383 m^mo l - ' '  ) ;  NMR (CDCI3 , ^0 MHz):   ̂ 1.55 (3H,

s,  3 - CH3 ),  U 5 8  (3H,  s,  3 - CH3 ), 1.83 (3H,  s,  I O - C H 3 ) ,  6. 17

(1H,  b r s ,  7 - H ) ,  6 . 28  ( 1H b r s ,  9 - H ) ;   ̂ NMR ( C D C I 3 , 15.1

MHz) :  6 Ç 19.9 ( I O - C H 3 ), 25.1 ( 3 - C H 3 X  2 6 . 6  ( 3 - CH 3 ),  78 . 0

( C - 3 ) ,  9 1 . 8 ( 0 - 1 0 ) ,  105. 0  ( C - 5 ) ,  122. 4  ( t ,  C - 6 ),  126 . 2  ( t ,

C - 8 ) ,  127 . 6  ( C - 7 ) ,  128 . 8  ( C - 9 ) ,  173 . 6  CC-2) .

The a q u e o u s  w a s h i n g s  on a c i d i f i c a t i o n  and e x t r a c t i o n  

w i t h  e t h e r  g a v e  2 - m e t h y 1 - 2 - ( [ 6 - ^ H^  ] - 2 - m e t h y 1 - 4 -  

n i t r o p h e n o x y ) p r o p a n o i c  a c i d  ( 0 . 2 1  g ) w h i c h  c o u l d  n o t  be 

c r y s t a l l i z e d .  I t  had  ̂H NMR ( C D C I 3 , MHz) :  5 1.71 ( 6 H,

s,  C(CH3 ) 2 ),  2 . 28  (3H,  s ,  2 - C H 3 ),  8 . 03  (2H,  m, 3 - H ,  5 - H ) .

i i i )  N i t r a t i o n  o f  2 - m e t h y 1 - 2 - ( 2 - m e t h y  1 p h e n 0 x y ) p r o p a n o y 1

c h l o r i d e  61

2 - m e t h y l - 2 - ( 2 - m e t h y l p h e n o x y ) p r o p a n o y l  c h l o r i d e  (571 mg,

2.5 mmol )  i n  a c e t o n i t r i l e  (10 cm^)  was added d r o p w i s e ,  o v e r  

15 m i n u t e s ,  t o  a s t i r r e d  s o l u t i o n  o f  s i l v e r  n i t r a t e  ( 68O mg, 

4 mmol )  i n  a c e t o n i t r i l e  (15 cm^)  a t  - 1 5°C,  c o n t a i n e d  i n  a 50 

cm^ f l a s k  c o v e r e d  w i t h  a l u m i n i u m  f o i l .  The m i x t u r e  was 

s t i r r e d  f o r  a n o t h e r  one h o u r  a t  - 1 5 ° C ,  c o o l e d  t o  - 4 0 ° C  and 

f i l t e r e d  t h r o u g h  a c o l d  ( - 5 0 ° C)  j a c k e t e d  f u n n e l  un de r  a r g o n .  

A c e t o n i t r i l e  was r emoved f r o m  t h e  f i l t r a t e  u n d e r  vacuum a t  

- 2 0 ° C ,  t h e  r e s i d u e  d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e  and 

un r e a c t e d  s i l v e r  n i t r a t e  was f i l t e r e d  o f f  un de r  a r gon .  The 

p r o d u c t  m i x t u r e  when a n a l y z e d  b-y  ̂H NMR s h o we d  d i e n e  19 

( 16$) ,  t h e  6- n i t r o - a c i d  4 ( 8 $) ,  t h e  4 - n i t r o - a c i d  14 ( 8 $) and
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acid 12 (76$).

C o n t r o l  e x p e r i m e n t s  showed t h a t  d i e n e  19 (0.1 mmol )  - d i d  

n o t  r e a c t  w i t h  e i t h e r  s i l v e r  n i t r a t e  (0.2 mmol )  o r  2 - m e t h y l -

2- ( 2 - m e t h y l p h e n o x y ) p r o p a n o y l  c h l o r i d e  c h l o r i d e  (0.2 mmol )  t o  

g i v e  any  o f  t h e  a r o m a t i c  p r o d u c t s  v i z .  12,  15 and 14 u n d e r  

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

i v )  N i t r a t i o n  o f  a c e t i c  2 - m e t h y l - 2 - ( 2 -  

m e t h y l p h e n o x y ) p r o p a n o i c  a n h y d r i d e  (35)

A s o l u t i o n  o f  t h e  m i x t u r e  (100 mg) c o n t a i n i n g  a c e t i c  2 -  

m e t h y l - 2 - ( 2 - m e t h y I p h e n o x y ) p r o p a n o i c  a n h y d r i d e  ( 35 )  (61$)  i n

a c e t i c  a n h y d r i d e  ( 0 . 2  c m ^ ) was  a d d e ^ ^ d r o p w i s e ,  o v e r  10 

m i n u t e s ,  t o  a n i t r a t i n g  m i x t u r e  ( n i t r i c  a c i d  (63 mg) ,  a c e t i c  

a n h y d r i d e  ( 0 . 3  c m ^ )) a t  - 4 0 ° C .  The r e a c t i o n  m i x t u r e  was 

s t i r r e d  f o r  30 m i n u t e s  a t  - 4 0 ° C.  An a l i q u o t  was w i t h d r a w n  

i n t o  a c o l d  NMR t u b e  and t h e  NMR s p e c t r u m  r e c o r d e d  a t  0 ° C . 

The r e a c t i o n  m i x t u r e  a n a l y z e d  f o r  a c i d  14 < 2 0 $ ) ,  a m i x t u r e  

o f  d i a s t e r e o m e r s  o f  a d d u c t  36 (75$,  ^H NMR ( a c e t i c  a n h y d r i d e  

l o c k ,  90 MHz,  0 ° C ) ;  5 . 00  (1H,  t ,  3 - H ) ,  5 . 80  (1H,  t ,  2 8 ) ,

5 . 95  ( 1 H, dd,  5 - H ) ,  6 . 10  ( 1 H, dd,  6 - H ) and an u n i d e n t i f i e d  

p r o d u c t  ("5 $ ).  One h . a l f  o f  t h e  r e a c t i o n  m i x t u r e  was  w o r k e d  

up w i t h  aqueous sod i um b i c a r b o n a t e ,  as d e s c r i b e d  e a r l i e r ,  t o  

g i v e '  19 as t h e  o n l y  n o n - a r o m a t i c  p r o d u c t .

V ) N i t r a t i o n  o f  2 - m e t h y l - 2 - ( 2 . - m e t h y l - 4 -  

n i t r o p h e n o x y ) p r o p a n o i c  a c i d  (14)

a. A s o l u t i o n  o f ^ a c i . d  14 ( 2 . 3 9  g ,  0.01 m o l )  i n  a c e t i c  

anh ' yd r i de  (9.9 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  (7 .2  cm^.
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0 . 0 5  m o l )  w a s  a d d e d  d r o p w i s e .  o v e r  20 m i n u t e s ,  t o  a 

n i t r a t i n g  m i x t u r e  ( n i t r i c  a c i d  (3.15 g) .  a c e t i c  a n h y d r i d e  (9 

c m ^ ) ) a t  - 3 0 ° C  w i t h  s t i r r i n g .  The r e a c t i o n  m i x t u r e  was 

s t i r r e d  f o r  30 m i n u t e s  a t  - 2 0 ° C .  At .  t h i s  s t a g % ,  t h e  NMR 

s p e c t r u m 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 l e t e  

and t h a t  a m i x t u r e  o f  3 . 3 . 1 0 - t r i m e t h y l - 8 . 1 0 - d i n i t r o - 1 . 4 -  

d i o x a s p i r o [ 4 . 5 ] d e c a - 6 . 8 - d i e n - 2 - o n e .  30 (41%) and a m i x e d  

a n h y d r i d e  44 o f  2 - ( 3 - a c e t o x y - 6 - m e t h y l - 4 , 6- d i n l t r o c y c l o h e x a -

1 . 4 - d i e n o x y ) - 2 - m e t h y l p r o p a n o i c  a c i d  (59%) w f s  o b t a i n e d .  The 

r e a c t i o n  m i x t u r e  was warmed t o  0°C and s t i r r e d  f o r  one hour  

when t h e  mi xed  a n h y d r i d e  44 was c o m p l e t e l y  c o n v e r t e d  t o  30.  

Wor k - up  w i t h  aqueous sod i um b i c a r b o n a t e  as d e s c r i b e d  e a r l i e r  

g a v e  t h e  p u r e  d i e n e  30  ( 1 . 2 6  g , 44% i s o l a t e d  y i e l d ) .

R e c r y s t a l l i z a t i o n  f r om m e t h y l e n e  c h l o r i d e - p e n t a n e  gave p a l e  

y e l l o w  c r y s t a l s  ( 1 . 0  g ).  m . p . - 1 4 1 ° C ;  IR ( K B r ) :  1 800 ( 0 = 0 ).

1 5 5 0 . 1 5 4 0 y ^ ^  (NOg).  1175 ( C- O) cm" ' ' ;  UV ( p i e t h a n o l ) :  286 nm

( , 65 8 i n ^ m o l - ' '  ) ;. NMR ( C DC I 3 , 90 MHz) ; 6 1 . 58  (3H.  s.  3 -

y OHg ) .  1.61 (3H.  3 - C H 3 ).  1.94 (3H.  s.  I O - C H 3 ).  6 . 0 2  (1H.

d,  J = 10.5 Hz.  6 - H ) .  6 . 78  (1H.  dd.  J= 10.5 Hz.  1.5 Hz.  7 - H ) .

7 . 57  (1H,  d.  J= 1.5 Hz.  9 - H ) ;  NMR ( C DC I 3 . 62 . 9  MHz) :  <5 ^

19. 2  ( I O - C H 3 ). 24 . 9  ( 3 - C H 3 ) ,  26 . 4  ( 3 - C H 3 ).  78.1 ( C - 3 ) .  91.1 

( C - 1 0 ) .  103. 4  ( C - 5 ) .  121 . 3  ( C - 6 ) ,  129. 6  ( C - 7 .  C - 9 ) .  143.9
i

( C - 8 ). 172.3.  ( C- 2) .  Analyeie  c a l c u l a t e d  f o r   ̂H^ 2 ^ 2 ^ 7 ' ^

4 6 . 4 8 %.  H 4 . 2 6 %.  N 9 . 8 6 %;  f o u n d :  C 4 6 . 2 3 %,  H 4 . 3 1 %.  N

9. 65%.

b)  I n  a n o t h e r  e x p e r i m e n t ,  a s o l u t i o n  o f  14 ( 0 . 4 8  g 2
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m m o l )  i n  a c e t i c  a n h y d r i d e  (5 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  (1.4 cm^)  was added d r o p w i s e ,  o v e r  10 m i n u t e s ,  t o  

a n i t r a t i n g  m i x t u r e  ( n i t r i c  a c i d  (0.63 g) ,  a c e t i c  a n h y d r i d e  

(4.4 cm^) )  a t  - 20°C w i t h  s t i h r i n g .  The r e a c t i o n  m i x t u r e  was 

wa r me d  t o  0°C and s t i r r e d  f o r  one h o u r .  Q u a n t i t a t i v e  ipso 

n i t r a t i o n  t o  g i v e  30 was ob s e r v ed .

v i )' N i t r a t i o n  o f  2 - m e t h y l - 2 - ( 4 - m e t h y l p h e n o x y ) p r o p a n o i c  a c i d  

( 1 )

a) A s o l u t i o n  o f  1 ( 1 9 . 4  g , 0.1 m o l )  i n  a c e t i c  a n h y d r i d e
O

( 24  c m -̂  ) w a s  a d d e d  d r o p w i s e ,  o v e r  20 m i n u t e s ,  t o  a 

n i t r a t i n g  m i x t u r e  ( n i t r i c  a c i d  ( 12.6 g ),  a c e t i c  a n h y d r i d e  

(70 cm^) )  a t  - 40°C w i t h  s t i r r i n g .  The r e a c t i o n  m i x t u r e  was 

s t i r r e d  f o r  a n o t h e r  30 m i n u t e s  a t  - 4 0 ° C .  The NMR s p e c t r u m  

o f  an a l i q u o t  w i t h d r a w n  i n t o  a c o l d  NMR t u b e  i n d i c a t e d  t h a t  

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

t o  a s o l u t i o n  o f  s o d i u m  b i c a r b o n a t e  ( 231 g ) i n  w a t e r  ( 3 . 4  

d m ^ ) a t ^ ’ o^C and t h e  r e s u l t i n g  m i x t u r e  s t i r r . e d  f o r  1.5 h.  

T h i s  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r .  The  e t h e r e a l  

s o l u t i o n  was wash-ed w i t h  w a t e r ,  d r i e d  and t h e  s o l v e n t  

e v a p o r a t e d  t o  g i v e  . 3 , : 3 , 8 - t r i m e t h y l - 8 - n i t r o - 1 , 4 -  

d i o x  a s p i r o [ 4 , 5 ] d e c a - 6 , 9 - d i e n - 2 - o n e  ( 1 2 . 9  g , 54%) ,   ̂H NMR

. (CDCI3 , 90 MHz) :  6 1 .54 (6 H, s,  3 - (  C H g I g ) ,  1 . 79  (3H,  s,  8 -  

CH3 ), 6. 00 (2H,  >d, J= 10 Hz,  6 - H ,  1 0 - H ) ,  6 , 48  (2H,  d,  J= 10 

I Hz,  7 - H ,  9 - H ) ;  N̂ MR ( . 0 0 0 1 0 ^ 1 5 . 1  MHz) :  26 . 3  ( 3 - OHo,

\ 3 - OH3., 7 - OH3 ) ,  7 7 . 5 ^ . ( 0 - 3 ) ,  8 2 . 3  ( 0 - 8 ) ;  97 . 5  ( 0 - 5 ) ,  129.1 ( 0 -  

J ' 6 , 0 - 1 0 ) ,  131. 9  (_0,-7x- 0 - 9 ) ,  174 . 8  ( ( : -2'>:  ^

%» .

* \
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The  ̂H and NMR s p e c t r a  s u g g e s t e d  t h a t  a s i n g l e

F ' '  'i s o m e r  .was p r e s e n t ,  b u t  t h e . c o m p o u n d  d i d  n o t  g i v e  a s h a r p  

** m e l t i n g  p o i n t .  A d d i t i o n  o f  t j i e  s h i f t ' r e a g e n t  t r l s - ( 6 . 6 . 7 .

' 7 , 8 , 8 , 8- h e p t a f l u o r b - 2 , 2 - d i m e t h y l - d g - 3 , 5 . o c t a n e d i o h a t o )

(  e u r o p i u m  ( E u ( f  o d ) g ) r e s o l v e d  t h e  »  ̂H NMR s p e c t r u m  i n t o  t h a t

o f  t h e  t wo  d i a s t e r e o m e r s  52 and 53.  The r e l a t i v e  amount s  o f  

t h e  d i a s t e r e o m e r s ,  52 (62%) and 53 (38%) wer e  d e t e r m i n e d  by 

HPLC a n a l ^ ^ s  o f  t h e  m i x t u r e .
*

The sod i um b i c a r b o n a t e  s o l u t i o n  abov.e was a c i d i f i e d  and 

e x t r a c t e d  w i t , h  e t h e r .  The e t h e r  e x t r a c t ' . o n  d r y i n g  and

e v a p o r a t i o n  g a v e  2 - m e t h y l - 2 - ( 4 - m e t h  y.^ -  2 -  

^ n i f c r ophenoxy ) p r o p a n o i c  a c i d  54 (10.9 g, 46%).  m.p.  1 0 3 - 1 0 4 °C 

( f r o m  e t h e r - p e n t a n e ) ;  I R  ( - K B r ) :  1 7 2 5 . 1 2 6 0 ( C 0 0 H ) .

/ ^ 5 3 0 .  1 3 5 0 ( NOp ) c m- 1  ; NMR ( CDCl o .  90 MHz) :  6 ,1.65 ( 6 H. s.
. .t  '• . ^

C( CHg) 2 ) . 2 . 36  (3H.  s.  4 - C H g ) .  7 . ^ 5  (1H.  d.  J= 8.5 Hz.  6 - H ) .

7.31 (1H.  dd .  J = 8 . 5  Hz . 2 Hz.  5 - H ) .  y & 4  (1H.  d.  J=2 Hz.  3 -

H) ; T NMR ( - C D C l g .  1 5 . 1  M H z / :  6" ^ 2 0 . 4 ' / (  4 -  C Hg ) .

f 4 . 8 ( C( 1 7Hg ) 2 ) .  8 1 . 7  ( ^ ( C H g l g ) .  T'21.6 ( C - 6 ) . '  125 . 5  ( C - 3 ) .

133. 4  ( C - 4 ) .  137.1 ( C - 3 ) .  143.1 ( C - 2 ) .  145 . 9  ( C - l / .  179. 2

(COOH).  Analyeis  c a l c u l a t e d  f o r  C -j i H -j g NO^ : C 55.23% . H

5.48%.  N 5. '85%; f o un d:  .C 55 . 42%.  A 5 . 68%.  N 5.80%.

b ) S e p a r a t i o n  o f  d i e n e ' d i a s t e r e o m e r s  52 and 53
/ *  '  'T r i a l  a n a l y s e s  w e r e  p e r f o r m e d  on a V a r i a n  5000 HPLC 

u s i n g  m e t h y l e n e  c h l o r i d e / h e x a n e  as e l u e n t  and on t h e  Wa t e r s  

*■ L C / S y s ' t ^  500 ' us / i ng  e t h e r - p e n f e . ^ n e  as e l u e n t .  The b e s t  

r e s u l t s  were  o b t a i n e d  on t h e  Wa t e r s  500 i n s t r u m e n t  u s i n g  a



NJ

\

72-,
4

1:1 ( v / v )  m i x t u r e  o f  e t h e r - p e n t a n e  cool .ed t o  0°C.  The peaks 

due t o  t h e  d i f f e r e n t  d i a s t e r e o m e r s  w e r e  s e p a r a t e d  t o  t h e  

b a s ^ ^ i n e ,  o n ' / é ^ i o e  r e c y c l i n g  t h e  e f f l u e n t  f r o m  t h e ^ ^ o l u m n .  

P r e p a r a t i v e . s e p a r a t i o n  was c a r r i e d  o u t  by  i n j e c t i n g  t h e  

d i e n e  m i x t u r e  ( 2 0 0 . mg)  i n  e t h W  ( 10 c m ^ )  and u s i n g  a f i c t i f
;  V  .. .

^ t e  o f  150 c m ^ / r n i n .  I n  a 1 1 - ^ Q.65 g o f  ' t h e  m i x t u r e  was

i n j e c t e d  g i v i n g  d i e n e  52 ( 4 . 8 5  g ) and d i e n e  53 ( 3 . 7 6  g)  f o r

a t o t a l  r e c o v e r y  o f  8 1%.

Di ene  52 w h i c h  was e l u t e d  f i r s t  had m.p. 117*^0 ( e t h e r -

p e n t a n e ) ;  I R ( K B r ) :  1798 (0 = 0 ) ,  1 5 4 5 , 1  380 (^'NOg)cm""I ; • UV

( m e t h a n o l )  : * ^28 l  nm (e 8 m ^ m o l " ^  ) ,  220 nm (e 102 “̂ ^ m o l " ^ ) ;
;

NMR ( CDCI 3 , 9 0 . MHz) :  6 1.53 ( 6 H, s ,v^3 -  ( CH3 ) 2 ) .  1 . 77 (3H,

s ,  8 - C H 3 ),  6 . 00  (2H,  d,. iJ= 10. 8 Hz,  6 - H ,  1 0 - H ) ,  6 . ^ 4  (2H,  d,

J= 10.8 Hz,  7 ^ ,  9 - H ) ;  NMR ((1 0 0 1 3 , 62 . 9  MHz) :  26 . 2
;

( . 3 - ( 0 H 3 ) 2 ) ,  26 . 4  ( 8 - OH3 ) ,  7 7 . 4  ( 0 - 3 ) ,  82 . 2  ( 0 - 8 ) ,  97 . 5  ( 0 -  . 

■5 , )  1 2 9 . 1  ( C - 6 , C - 1 0 ) ,  1-31.9 ( 0 - 7 ,  0 - 9 ) , . '  1 7 4 . 7  ( 0 - 2 ) .

Analysie  c a l c u l a t e d  f o r  C 1H  ̂ - C 55 . 21  %, H 5.48%,  N

5. 86%;  f o u n d :  - 0 55. 28%,  H 5 . 7 0 ,  N 5 . 99%. .

D i e n ^  53 w h i c h  was e l u t e d  a f t e r  52  had m.p.  108°0 ( f r o m 

m e t h y l e n e  c h l o r i d e - p e n t a n e ) ;  I R , ( K B r ) :  1797  (0;?0) ,  15^48,

1381 ( N Og l c m" " ' ;  UV f m e t h a n o , l )  279 nm (e 1 2 m ^ m o l “ " ' ) ,  221 n m

(E105 m ^ m o l " ”' ) ;  ^H NMR ( ODOI 3 , 90 MHz) :  ' ' l . 53 ( 6 H, s,  3 - v ^
*  , ' -

( 0 H3 ) 2 ) . ■1.79 (3H,  s,  8 - OH 3 ),  6.01 ( 2H,  d,  J= 10. 8 Hz,  6 - H ,

10-H) ' ,  6 . 47  (2H,  d.  J= 10. 8 Hz,  7 - H ,  9 - H ) ;  ^ ^0  NMR ( ODOI 3 , .

6 2 MHz) :  ^ 26 . 5  ( 3 - ( 0 H3 ) 2 * 8 - OH 3 ) ,  7 7 . 2 '  ( 0 - 3 ) ,  82 . 3  ( 0 -

8 ),'  97 . 3  ( 0 - 5 ) ,  129.1 ( 0 - 6 ,  C - 1 0 ) ,  131. .8 ( 0 - 7 ,  0 - 9 ) ,  174. 6  
/
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( C - 2 ) .  Analyêis  c a l c u l a t e d  f o r  C 5 5 . 2 1 Ï .  H

5 . 4 8 $ ,  N 5 . 8 6 $ ;  f o u n d :  5 5 . 2 0 $ ,  H. 5 . 8 1 $ ,  N 5 . 8 7 $ .

v i i )  . ’ N i t r a t i o n  o' f  2 - m e t h y l - 2 - ( 2 , 3 , 5 -
1/ "

t r imethylphe,noxy) propano^  acid (17)

a) A s o l u t i o n  o f  17 ( 6.66 g,  0.03 m o l ) i n  a o e t i c  a n h y d r i d e

(14 cm^)  was added d r o p w i s e ,  o v e r  15 m i n u t e s ,  t o  a n i t r a t i n g

m i x t u r e  ( j i i t r i c  a c i d  (3.78 g) ,  a c e t i c  a n h y d r i d e  (14 cm^) )  a t

- 40° C,  w i t h  s ^ i r r i n g . The r e a c t i o n  m i x t i f h e  was s t i r r e d  f o r

a f u r t h e r  30 m i n u t e s  a t  - 4 0 °C and t h e n  c o o l e d  t o  - 7 8 ° C .

Liquid  ammonia work-up as descr ibed e a r l i V r  gave 3 , 3 , 7 , 9 , 10-

pen tame t h y  1 - 1 0 - n i t  r o - 1  , 4 - d i o x a s p i r o [ ‘ 4 , 5 ] d e c a - 6 , 8 - d i e n - 2 - o n e ,

27 , nr.pT ( f  r o-m~Ft1rer-p*en‘r a n  e ) ' r  I 'R  TFTBrl: — lû-crOTT^OTT

1535 , 1  3 6 8 ( N 0 2 ) c m " " ^ {  UV ( m e t h a n o l ) :  266nm ( e 681 m ^m o l  "   ̂ ) ;

WMR (CDCl ' g,  250 MHz) :  6 1 .41 (3H,  s,  3 - CH g ) ,  _f .52 (3H,  s,

3 - C H g ) ,  . 1 .75 (3H,  s,  I O - C H 3 ),  1.84 ( 6 H, s,  7 - CHg ,  9 - C H p ,

5 . 49  ( 1H, b r s ,  6 - H ) ,  5 . 7 7 ^ ( f H ,  b r s ,  8 - H )  ; NMR ( C DC I 3 ,

62 . 9  MHz) :   ̂ ^ 17.4 .( I O - C H 3 ) ,  18.2 ( 9 - C H 3 ) ,  21.1 ( 7 - C H 3 ) ,

25. 4  ( 3 - C H 3 ),  2 6 . 2  ( 3 -CH3 ),  7 7 . 8  ( C - 3 ) ,  9 5 . 0  ( C - 1 0 ) ,  106. 9

( C - 5 ) ,  119. 8  ( C - 6 ),  1 2 6 . #  ( C - 8 ) ,  135. 2  ( C - 7 ) ,  137. 8  ( C - 9 ) ,

173 . 6  ( C - 2 ) ; "  MS ( m e t h a n e  C l ) :  m / e  268 (M + 1) ;  ( E l ,  7 0 e v ) :

m / e  ( r e l a t i v e  i n t e n s i t y ) ,  237 ( M - 3 0 , 8 ) ,  177 (1 i U . 1 5 1 ( 1 9 ) ,

1 3 6 ( 1 8 ) ,  1 3 5 ( 1 0 0 ) ,  1 2 3 ( 5 7 ) ,  9 1 ( 6 2 ) ,  4 3 ( 5 2 ) ,  4 1 ( 4 8 ) ,  3 9 ( 4 3 ) .

Analyeie c.alculated  f o r  C.] 3 H .] ^NO^ : C 5 8.42$' ,  H 6 . 4 1 $ ,  N
.

5 . 2 4 $ ;  f o u n d  : C 5 8 . 5 1 $ ,  H 6". 37 $,  N 5 . 2 2 $ .  O n l y  one i s o m e r

o f  t h e  d i e n e  was o b t a i n e d .  No a r o m a t i c  c o m p o u n d s  w e r e  
' ' 

o b t a i n e d  f r o m  the ' aqueous w a s h i n g s .
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b)  T r i f l u o r o a c e t i c  a c i d  (0.1 mmol )  was added t o  a s o l u t i o n

o f  17 (0.1 mmo l )  i n  c h l o r o f o r m - d  ( 0 . 3  c m^ )  a t  0 ° C .  N i t r i c  ^

a c i d  (4 mm^ , 0.1 m m o l )  was i n j e c t e d  i n t o  t h . i s  s o l u t i o n  and 

t h e  NMR s p e c t r u m  o f  t h e  s o l u t i o n  a t  0°C i n d i c a t e d  t h a t  a l l  

o f  17 had t e a c t e d  and t h a t  an a r o m a t i c  d e r i v a t i v e  had been '

f o r m e d .  N o ' o t h e r  p e a k s  w e r e  o b s e r v e d .  On w o r k - u p  w i t h
\

aqueous sod i um b i c a r b o n a t e ,  2 - m e t h y l - 2 - ( 2 , 3,  5 - t r i m e t h y 1 - 4 -  

n i t r o p h e n o x y ) p r o p a n o i c  ac t'd  28 was i s o l a t e d  f r o m  t h e  aqueous 

l a y e r  (13 mg,  63%) ,  NMR ( CDCI 3 , 9 0 . 0  MHz) :  6 ' 1 . 53 ( 6 H,

s,  C( CHg) 2 ), 2 . 15  ( 6 H, s,  3 - C H 3 5 - C H 3 ),  2 . 2 0 ( 3 H ,  s ,  2 - CH3 ),  

6 . 5 4 ( 1 H ,  Sr 6 - H ) ;  NMR ( C D C I 3 , 62 . 9  MHz) :  6 ^ 12.8 ( 2 -

OH3 ) ,  1 5 . 0  ( 3 - C H 3 ) ,  1 7 . 6  ( 5 - C H 3 ) ,  2 5 . 3  ( C ( C H 3 ) 2 ) ,  7 9 . 9

(C( CH3 ) 2 ) ,  117.1 ( C - 6 ) ,  127 . 2  ( C - 2 ) ,  127 . 9  ( C - 5 ) ,  130. 0

^ ( C - 3 ) ,  147.9 ( C - 4 ) ,  153. 7  ( C - 1 ) ,  177 . 8  (COOH).

v i i i )  N i t r a t i o n  o f  ( 2 - m e t h y I p h e n o x y ) a c e t i c  a c i d  ( 1 8 ) .

a)  A s o l u t i o n  o f  1.8 (8 g,  0 . 0 4 7  m o l )  i n  a c e t i c  a n h y d r i d e *  

(175 cm^)  was added d r o p w i s e ,  o v e r  one h o u r ,  t o  a n i t r a t i n g  

m i x t u r e  ( n i t r i c  a c i d  (12.6 g ) ,  a c e t i c  a n h y d r i d e  (25 cm^) )  a t  

-2 0 °C  w i t h  s t i r r i n g .  The r e s u l t i n g  m i x t u r e  was s t i r r e d  f o r  

a n o t h e r  30 m i n u t e s  a t  - 2 0 ° C  and c o o l e d  t o  - 7 8 ° C . The NMR 

s p e c t r u m  o f  an a l i q u o t  o f  t h e  r e a c t i o n  m i x t u r e  showed t h a t  

a l l  o f  12 had r e a c t e d  t o  g i ve -  a r o m a t i c  d e r i v a t i v e s  ( 2 0 %) and 

a m i x t u r e  o f  d i e n e s  ( 80%) .  L i q u i d  a n n p m i a  w o r k - u p  as 

d e s c r i b e d ,  e q r l i e r  a f f o r d e d  a m i x t u r e  o f  d i e n e s  ( 6 .8  g ) .

The c r u d e  p r o d u c t  c o n t a i n e d  a s m a l l  a m o u n t <o f  ( 2 - m e t h y 1 - 4 -  

n i t r o p h q n o x y ) a c e t l c  a c i d  2 4  o r  i t s  d e r i v a t i v e .  I t  was

&
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d i s s o l v e d  i n  « e t h e r  and s t i r r e d  w i t h  s a t u r a t e d  s o d i u m

b i c a r b o n a t e  s o l u t i o n  f o r  one aq,d a h a l f  h o u r s  a t  0 ° C.

S e p a r a t i o n  o f  t h e  l a y e r s  f o l l o w e d  by d r y i n g  and e v a p o r a t i o n
0 ^

o f  t h e  s o l v e n t  g a v e  a m i x t u r e  o f  d i e n e s  (5 g)  f r e e  f r o m  

aroma^t i c  compounds.  The d i e n e s  wer e  s e p a r a t e d  by f r a c t i o n a l  

c r y s t a l l i z a t i o n  f r o m  e t h e r - p e n t a n e  a t  - 2 0 ° C .  The f i r s t  

p r o d u c t  t o  c r y s t a l l i z e  was i s o me r  A o f  3 - c a r b a m o y l m e t h o x y - 4 -  

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  4 1 A ( 300  mg) ,  

m.p.  1 0 6° C;  I R ( K B r ) :  3450  (NH) ,  1722 (C = 0,  a c e t a t e ) ,  1696

(C=0,  a m i d e ) .  1 5 5 0 . 1 3 4 2  ( N O ^ I c m " ^ ;  UV ( m e t h a n o l ) :  No

a b o v e  200 nm;   ̂H NMR ( C D C I 3 . 250 MHz.  - 1 0 ° C )  ; 6 1.89 (3H.

s.  4 - C H 3 ).  2 . 14 (3H.  s.  OCOCH3 ). 4 . 38  (1H.  d,. J= 15.4 Hz.  

OC H ^ H q ), 4 . 42  (1H.  d.  J= 15.4 Hz.  OCH^f fg) .  5 . 2 2  (1H.  dd.  J =

4.0 Hz.  1.1 Hz.  2 - H ) .  5 . 8 8  (1H.  ddd". J= 4 .0  Hz. 3.-3 Hz.  1 

Hz.  1 - H ) .  6 . 02  (1H.  dd.  J= 9. 9 Hz.  1.0 Hz.  5 - H ) .  6 . 16  (1H.  

dd d .  J= 9.9 Hz.  3.3 Hz. '  1.1 Hz.  6 - H ) .  6 . 60  (1H.  s.  NH).  7 . 0  6 

( 1H.  s.  NH);  NMR ( C D C I 3 . 62 . 9  MH z ) : 6 ^ 2 1 . 0  ( 4 - C H 3 ).

2 3 . 5  (OCOCH3 ).  65. 4  ( C - 1 ) .  66 . 2  ( 6 -OCH2 ).  85 . 9  ( C - 4 ) .  98 . 9  

( C - 2 ) .  1 2 8 . 2 .  1 28 . 4  ( C - 5 .  C - ^ ) .  151. 5  ( C - 3 ) .  1 6 9 . 7 .  170. 5

(OCOCH3 . CO NH2 ) .  Analyeie  c a l c u l a t e d  f o r  C  ̂ -j H  ̂ ^ N2 0 ^ : C

48. 87%.  H 5 . 2 2 % . V N 10. 37%;  f o u n d :  C 48.89%. '  H 5..42%. N

1 0 . 2 1%.

Adduc t  418 (100 mg) c r y s t a l l i s e d  o u t  a f t e r  41 A. I t  had 

m.p.  1 04° C;  IR ( K B r ) :  3500  (NH) .  1734 (C=0.  a c e t a t e ) .  1689"

(C=0.  am id.e). 1546. 1360 (N0 2 )cm“ ^; UV ( m e t h a n o l ) :  'No

above 200 nm ; '*H NMR (CDCI3 . 25'9. MHz. p ^ Z ) :  6
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1.94(3H, s,  4 - C H g ) ,  2 . 1 2  (3H,  s,  OCOCH3 ),  4 . 38  (1H,  d,  J= 

1 5 . 6Hz ,  OCH^H q ), 4 . 45  . (1H,  d,  J= 15.6 Hz, OCH^i / g) ,  5 . 25  (1H,  

dd,  J= 3.8 Hz,  1.1 Hz,  2-H>, -  5 . 98  (1H, d d d ,  J= 3. 8 Hz,  3.3 

Hz,  1.2 Hz,  1 - H ) ,  6 . 0 4  (1H,  dd,  J = 9.8 Hz,  1. 2  Hz,  5 - H ) ,  6 . 17 

(1H,  ddd ,  J= 9(3  Hz,  3.3 Hz,  1.1 Hz, 6 - H ) ,  6 . 6 2  ( 1H, s ,  NH),

7 . 05  (1H, s,  N H ) ; NMR (CDCI3 , .62.9 MHz) :  6 ^ 20. 9  ( 4 -

■ CH3 ),  23.1 (OCOCH3 ), 65 . 9  ( C - 1 ) ,  66 . 2  (OCHg) ,  86.2. ( C- 4 ) ,

99.1 (C-2), 128.6, f29.0 (C-5, C-6 ), 151.4 (C-3), 169.8 ,

170.1 (OCOCH3 , CONH2 ). Analÿeis  c a l c u l a t e d  f o r  ^H^^^NgO^': 

C 48.87$, H &.22$, N 10.37$; f o u n d :  C 4 8 . 6 5 $ ,  H 5.10$, N 

10.23$.
A-m i x t u r e . o f  a d d u c t s  41À and 41B ( 1 . 6  g)  c r y _ s t a U , i z . e d  

n e x t  f o l l o ^ w e d  by one i s o m e r  o f  1 0 - m e t h y l - 1 0 - n i t r o - 1  , 4 -  

d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 8 - d i e n - 2 - o n e ,  25A (900 mg) ,  m.p. 74°C;  

I R  ( K B r ) :  1 8 1 4  (C=0), 1 5 3 8 ,  1 3 4 8  ( N Og ) ,  1 2 22  ( C - 0 )

c m” ^;  UV ( m e t h a n o l ) :  260 nm ( s 378 m ^ m o l " ^ ) ;   ̂H NMR

■ (CDCI3 , 250 MHz) :  6 1.88 (3H,  s,  IO-CH3 ), 4 . 48  ( 1 H, d,  J=

15.1 Hz,  3 - H ^ ) ,  4 . 6 2  ( 1 H, d,  J= 15.1 Hz, 3-Hg), 5 . 74  (1H,

b r d ,  J= 9. 7  Hz,  0 . 8  Hz,  0 . 7  Hz,  6 - H ) ,  6.11 ( 1H, d dd ,  J= 10.0

Hz,  5.5 H z ,^ 0 .8 ‘ Hz,  8 - H ) ,  6.43-  (1H,  ddd ,  J= 10.0 Hz,  1.2 Hz,

0 . 7 Hz,  9 - H ) ;  NMR (CDCI3 , 62.9 MHz) :  5 ^ 2 1 .0 ( I O - C H 3 ),

6 3 . 6  ( C - 3 ) ,  9 1 . 6  (C-10), 108.3 ( C - 5 ) ,  122. 4  ( C - 6 ) ,  125. 6  (C-

8 ) ,  1 2 8 . 2  ( C - 7 ) ,  1 2 8 . 8  ( C - 9 )  1 6 9 . 6  ( C - 2 ) .  ^ A n a l y e i e
}

• c a l c u l a t e d  f o r  CgHgNOg: C 5 1 . 1 7 $ ,  H 4 . 3 0 $ ,  N 6 . 6 4 $ ;  f o u n d :

C 5 1 . 0 9 $ ,  H 4 . 2 5 $ ,  N 6 . 5 5 $ .

Th-e m o t h e r  l i q u o r  c o n t a i n e d  a m i x t u r e  o f  2 5 A and i t s
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d i a s t e r e o m e r  25B w h i c h  was m i x e d  w i t h  t h e  c r u d e  p r o d u c t  

o b t a i n e d  Trom p r o c e d u r e  b) b e l o w .

b ) F i n e l y  p o w d e r e d  ( 2 - m e t h y  Ip J ie n o x y  ) a c e t i c  a c i d  ( 1 6 . 6  g,  

0 . 1m) was added t o  t h e  n i t r a t i n g  m i x t u r e  ( n i t r i c  a c i d  ( 12.6 

g» 0 . 2  m o l ) ,  a c e t i c  a n h y d r i d e  ( 9 4 . 3  c m ^ , 1 m o l ) )  a t  - 5 0 ° C  i n  

one b a t c h .  The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  one and a 

h a l f  h o u r s  w h i l e  a 1 lovM^p^ i t  t o  w a r m . t o  - 2 0 ° C . When t h e  

s o l u t i o n  became c l e a r  i t  was c o o l e d  t o  -7 8 °C  and added t o  a 

s t i r r e d  s o l u t i o n  o f  58% aqueous ammoni um h y d r o x i d e  (200 cm'^) 

in  e t h e r  (2 dm^)  a t ' - 7 8 ° C .  S t i r r i n g  was c o n t i ç u e d  w h i l e  t h e  

m i x t u r e  was warmed t o  - 1 0°C. The e t h e r  l a y e r  was d e c a n t e d .

• washed w i t h  w a t e r ,  d r i e d  and t h e  s o l v e n t ^ v a p o r a  t e d  t o  g i v e

~ 3  m i x t u r e  o f " '  th e :  t w o  d i e n e  d‘i a s t e r e o m e r s * “ 2 ^ A  and 25B 

( 1 0 . 1g) .  The m o t h e r  l i q u o r  f r o m  p r o c e d u r e  a)  a b o v e  was 

mi x e d  w , i th  t h e  c r u d e  p r o d u c t .  F r a c t i o n a l  c r y s t a l l i z a t i o n  

f r o m  e t h e r - p e n t a n e  f i r s t  g av e  2 5 A ( 4 . 5 3  g 7 and t h e n  i t s  

e p i m e r  25 B ( 2 . 6  g)  c r y s t a l l i z e d  o u t .  I t  had m.p;  71 °C ; IR 

( KBr ) :  1810 (C = 0 ) .  1 54 0 . 1  348 (NOg) .  1 224 (Ç^O ) c m " ' ' ; - UV

( m e t h a n o l ) :  257 nm ( e  324 m ^ m o l " " ' ) ;  H NMR ( CDCl o .  250

MHz) : <5 1.88 (3H.  s .  10-CHg) ' .  4 . 25 (1H.  d.  J= 15.1 Hz'. 3 -  

H^ ) .  4 . 35 (1H» d. ‘ J= 15.1 Hz.  3 - H g ) .  5 . 7 6  (1H.  b r d d .  J = 9 . 7  

Hz.  1.0 Hz.  0 . 4  Hz.  6 - H ) .  6 . 12  (1H.  d d d .  J= 10.0 Hz.  5.5 Hz.

1.0 Hz.  8 - H ) .  6 . 23  (1H.  ddd.  J= 9. 7 Hz.  .5.5 Hz.  1.0 Hz„  7- 

H) .  6 . 43  (1H.  b r d d .  J= 10.0 Hz.  1.0 Hz.  0 . 4  Hz.  9 - H ) ;

, NMR ( C D C I 3 , ^ 2 . 9  MHz ) :  5 c 6 4 . 0 ( c - 3 ) . 9 1 . 3 ( 0 - 1 0 ) .  1 0 9 . 1  ( C -  

5 ) .  122.1 ( C - 6 ).  1 2 5 . 3 ( 0 - 8 ) .  ' 2 1 . 6  ( 1 0 - C H v ) .  1 2 7 . 4  .(C--7), 128. 0  

( C- 9) .  169.9 (C- 2) .  Analyeie  c a l c u l a t e d  f o r  CgHgNO^: C
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‘ 5 1 . 17%,  H 4 . 3 0 %,  N 6 . 6 4 %;  f o u n d :  6 5 1 . 2 8 % ,  H 4 . 2 2 % ,  N

6.56%.  .
V

Th e .  a q u e o u s  w a s h i n g s * f r o m  p r o c e d u r e  a)  and b)  w e r e  

m i x e d  t o g e t h e r  and a c i d i f i e d  w i t h  1:1 ( v / v )  h y d r o c h l o r i c  

a c i d .  E x t r a c t i o n  w i t h  e t h e r ,  f o l l o w e d  by d r y i n g  and  

e v a p o r a t i o n  o f  t h e  s o l v e n t  g a v e '  ( 2 - m e t h y l - 4 - :  

n i t r o p h e n o x y ) a c e t i c  a c i d  24 ( 2 . 8 7  g ) ,  m.p.  1 3 3 - 1 3 5 ° C ( f r o m  

e t h e r - p e n t a n e ,  l i t . ’’ ®^ 1 2 7 . 7 - 1  3 5 . 5 ° C)  ; H NMR (CDgCN,  90 

MHz) :  Ô 2 . 28  (3H,  s , 2 - C H g ) , 4^77 (2H,  s ,  OCH 2 ) ,'">6.92 ( I H ,

d,  J= 8 Hz,  6 - H ) ,  8 . 05  (2H,  m, 3 - H ,  5 - H ) .

c )  ( 2 - M e t h y I p h e n o x y ) a c e t i c  a c i d  (17 mg,  0.1 mmo l )  was

d i s s o l v e d  i n "  a 5% s o l u t i o n  o f  t r i f l u o r o a c e t i c  a c i d  i n

c h l o r o f o r m - d  ( 0 , 3  c-m'^ ) a 0°C.  N i t r i c  a c i d  ( 0 . 0 4  c ) was

i n j e c t e d  i n t o  t h i s  s o l u t i o n  and t h e  r e a c t i o n  was'  f o l l o w e d  by 
• %

NMR a t  0 ° C . The s t a r t i n g  m a t e r i a l  d i s a p p e a r e d  and was

r e p l a c e d  by 4 - n , i t r o  an’d 6 - n i t r o  d e r i v a t i v e s .  No d i e n e  was

o b s e r v e d .  A f t e r  e i g h t  h o u r s  t h e  s o l u t i o n  was" p o u r e d  i n t o

c o l d  s a t u r a t e d  s o d i u m '  b i c a r b o n a t e  s o l u t i o n .  The a q u e o u s  
. /

l a y e r  wa’s separanted,  a c i d i f e d  and e x t r a c t e d  w i t h  e t h e r .  The 

e t h e r  e x t r a c t  on d r y i n g  and e v a p o r a t i o n  g a v e  a m i x t u r e  (15 

- mg) o f  24 (64%) and ( 2 - m e t h y l - 6 - n i t r o p h e n o x y ) a c e t i c  ' ac i d  26 

(36%) i d e n t i f i e d  by c o m p a r i s o n  o f  t h e   ̂H NMR s p e c t r a  w i ' t h/
t h o s e  o f  t h e  a u t h e n t i c  compounds.

i x )  N i t r a t i o n  o f  p - t - b u t y I t o l u e n e  ( 75)

p - t - B u t y l t o l u e n e  ( 4 4 . 4  g ,  0 . 3  m o l )  was  n i t r a t e d  

• a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  F i s c h e r  e t  a 1 ^ t o  g i v e ’' 75 - g
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o f  c r u d e  p r o d u c t .  C r y s t a l l i z a t i o n  f r o m  p e n t a n e  g a v e  onç  

d i a s t e r e o m e r  o f  1 - t - b u t y l - , 4 - 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  82A (6 g ),  m.p.  134°C ( l i t . ^ ^  m.p.  1 3 2 -

1 3 5 ° C ) .  The r e m a i n i n g  m i x t u r e  was  c h r o m a t o g r a p h e d  on 3% 

d e a c t i v a t e d  a l u m i n a .  ( 1300  g ) a t  - 4 0 ° C .  E l u t i o n  w i t h  

e t h e r - p e n t a n e  gave 4 - t - b u t y 1 - 2 - n i t r o t o l u e n e  ( 76)  (24.6 g) i n  

t h e  f i r s t  f r a c t i o n ,  ( Z ) - 3 - t - b u t y l - 6 - m e t h y 1 - 6 - 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  69  ( 1 9 . 8  g ) ,  m.p.  5 1 - 5 2 ° C  ( f r o m  e t h e r -  

p e n t a n e ,  l i t . ^ ^  m.p.  5 1 - 5 2 ° C ) ,  i n  t h e  s e c o n d  f r a c t i o n  and 

82B,  d i a s t e r e o m e r  o f  82A i n  t h e  r e m a i n i n g  f r a c t i o n s .  I t  had 

m.p. 81 - 83°C ( f r o m e t h e r - p e n t a n e ,  l i t . ^ ^  m.p.  8 2 - 8 3 ° C ) .

2 . 5  Shift reagent studies

The s h i f t  r e a g e n t  E u ( f o d ) g was  u s e d  t o  d e t e r m i n e  t h e  

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

o b t a i n e d  f r o m  t h e  n i t r a t i o n  o f  12 ( d i e n e s  19 and 20)  and 1 

( d i e n e s  52  and 5 3 ) .  A s o l u t i o n  o f  t h e  s h i f t  r e a g e n t  (500 

mg) i n  c h l o r o f o r m - d  (1 cm^)  was p r e p a r e d  and t h i s  was added 

i n  i n c r e m e n t s  o f  40 mm^ (20 mg s h i f ” r e a g e n t )  t o  a s o l u t i o n  

o f  t h e  d i e n e  (48 mg) i n  c h l o r o f o r m - d  ( 0 . 3  c m ^ ) .  A f t e r  each  

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

0°(3. The i n d u 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  wer e  p l o t t e d  

a g a i n s t  t h e  c o r r e s p o n d i n g  s h i f t  o f  t h e  gem d i m e t h y l  g r o u p  ' 

and t h e  s l o p e s  o f  t h e s e  p l o t s  (%ab 1 e 2.,1 ) w e r e  u s ed  t o  

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

s h i f t  r e a g e n t  had a l m o s t  no e f f e c t  f t i  t h e  case o f  d i e n e s  19 

and 20 and t h e  r e l a t i v e  s t e r e o c h Œ l s t r y  c o u l d  n o t  be
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a s s i g n e d .  The r e l a t i v 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 s  52 and 

53 c o u l d  b e . a s s i g n e d  on t h e  b a s i s  o f   ̂H NMR s h i f t  r e a g e n t  

s t u d y .  The 8 - m e t h y l  p r o t o n s  i n  53 had e x p e r i e n c e d  t w i c e  t h e  

i n d u c e d  s h i f t  o f  5 2 -and .53 was ‘a s s i g n e d  as t h e  t r a n s .  adduct . .

T a b l e  2.1

R e l a t i v e  g r a d i e n t s  o f  v a r i o u s  p r o t o n s  i n  H NMR o f  52  a n d .53 

G r a d i e n t  r e l a t i v e  t o  3 - ( CH^ )2

■'1

Di ene 6- H,  10-H 7 - H,  9-H 8 -CH3

t .
Î  .

y 52 0 . 5 5 0. 21 0 . 0 7

53 • 0 . 5 5 0.21 0 . 1 7

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

was a l s o . p e r f o r m e d .  The NMR s p e c t r a  o f  t h e  d i e n e  (300 

mg) s o l u t i o n  i n  c h l o r o f o r m - d  ( 1 . 5  c m ^ ) was  r e c o r d e d  a t  0°C 

a f t e r '  each  a d d i t i o n  o f  t h e  s o l i d  s h i f t  r e a g e n t  i n  50 mg 

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

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

c a r b o n  and t h e  s l o p e s  o f  t h e s e  p l o t s  wer e  d e t e r m i n e d  ( T a b l e

2 . 2 ) .  A g a i n ,  t h e  s t e r e o c h e m i s t r y  o f  19 and 20  c o u l d  n o t  be

a s s i g n e d  on t h e  b a s i s  o f  t h e  r e l a t i v e  g r a d i e n t  o f  t h e  10-CHg
*

g r o u p .  ,
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T a b l e  2 . 2

R e l a t i v e  ' g r a d i e n t s  o f  c a r b o n  a t oms  i n  t h e  ^H NMR o f  1 9 , 2 0 ,  

52,  and 53 G r a d i e n t  R e l a t i v e  t o  C-2

Diene C-3 C-5 C-6 C-7 C-8 C-9 C-10 3: (CHg)2 8-CH3 IO-CH3

19 0.67 0.53 0.14 0.18 0.32., 0.27 0.30 0.50,0.52    0.23 -

20 0.57 0.46 0.13 0.16 0.23 0.20 0.25 0.45,0.49 --------- O. I 8

58 0.30 0.31 0.11 0.12 0.05 0.12 0.11 0.35 0.03'  - - - - .

_ 53 .0.35 0.36 0.13 0 . 1 4 . 0 . 0 6  0.14 0.13 ' 0.38 0.06 ------

H o w e v e r ,  r e s u l t s  f r o m  t h e   ̂ ^C .NMR s h i f t  r e a g e n t ,  s t u d y  

c o n f i r m e d  t h e  a s s i g n m e n t  o f  52 as t h e  ( Z ) - d i a s t e r e o m e r -  and
1

53 as t h e  ( ^ ) - d i a s t e r e o m e r  as d e t e r m i n e d  by H NMR stu.cTy.

2 . 6  T ' i o ' n t i r i z a t i o n  r ^ a c tH - 'o n y  of 1 , 2  adcCüc ts  %

2.6.1 The'  g e n e r a l  p r o c e d u r e  f o r ,  s m a l l  s c a l e  e x p e r i m e n t s  

.  ̂ d e s i g n e d  to^ s u r v e y  t h e  r e a c t i o n  was. as f o l l o w s .  The d i e n e  

(0.1 mmo l )  was d i s s o l v e d  i n  t h e  a p p r o p r i a t e ,  s o l v e n t  ( 0 . 3 -  

0 . 3 5  c m ^ ) i n  a Nt lR t u b e  and  t h e  t u b e  p l a c e d  i n  a 

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

was f o l l o w e d  by o b s e r v i n g  th.e NMR s p e c t r u m  a t  s u i t ' a b l e  

i n t e r v a l s .

a) (ff ) - 3 , 3 ,  I Ô - T r i m e t h y l - 1 0 - n i t r ô - l  , 4 - d i o x a s p i r o [ 4 , 5 ] d e c a -

6 , 8 - d i e n - 2 - o n e  ( 1 9 )  i n  c a r b b n  t e t r a c h l o r i d e  a t  a m b i e n t

t e m p e r a t u r e  gave,  a f t e r  14 day ,  i t s  p o s i t i o n a l  i some' r  3 , 3 , 6 -
<

t r i m e t h y l - 1 0 - n i t r o - 1 , 4 r - d i o x a s p i r o [  4, 5 ] d e c a - 6 , 8 - d i e n - 2 - o n e
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( 55 )  0 9 5 % ) ,  The same r e a c t i o n  was  c o m p l e t e  i n  n i n e  h o u r s  

a t .  5 0 ° C .  D i e n e  55 had H NMR ( CDg C l g ,  250 MHz) : 6 1.54

l 3 H ,  s,  3 - C H 3 ),  1 .58 ( 3H/  s,  3 - C H 3 ),  1.85 (3H,  m, J= 1.6 Hz,  

0 . 8  Hz,  0 . 6  Hz,  0 . 6  Hz,  6 - CH3 ),  5 . 30  ( I H ,  ddm,  J= 4. 9 Hz,

1.1 Hz,  0 . 6  H z , . 1 0 - H ) ,  5 . 93  d H ,  d d m - , - , 4. 9 Hz,  1.2

Hz,  0 . 8  Hz,  9 - H ) ,  6 . 07  ( I H ,  ddm,  J= 5. 8  Hz,  1.6 Hz,  1.2 Hz,

7 - H ) ,  6 . 30  ( I H ,  ddm,  J= 9. 6 Hz,  5 . 8 Hz,  1.1 Hz,  0 . 6  Hz,  8 -

H) .

b)  D i e n e  19 i n  c h l o r o f o r m - d  a f t e r  s i x  h o u r s  a t  5 0 °C g a v e  

d i e n e  55 (63%) ,  a c i d  15 (21%) and u n r e a c t e d  19 (16%) .

c)  D i e n e  19 i n  a c e t o n i t r i l e - d 3 a t  a m b i e n t  t - e m p e r a t u r e  

’ g a v e ,  a f t e r  f o u r  d a y s  t h e  a c i d  15 ( 41%) ,  t h e  e s t e r  58  (29%)

and u n r e a c t e d  19 (30%).  T r a c e s  o f  5-5 wer e  a l s o  d e t e c t e d .
\  ' '

d ) Whefi  t e t r a h y d r o f u r a n - d g  whs used as a s o l v e n t  d i e n e  19,

a t  a m b i e n t  t e m p e r a t u r d  gave a f t e r  22 days t h e  a c i d  15 (50%) 

ahd t h e  e s t e r  58  (50%) .  >

e)  D i e n e  19 i n  b e n z e n e - d g  a t  a m b i e n t  t e m p e r a t u r e  gave '  

a f t e r  e i g h t  h o u r s  d i e n e  55 (56%) ,  15 (25%) and u n r e a c t e d  19 

(19%).  The r e a c t i o n  was a l l o w e d  t o  p r oc eed  t i l l  s u b s e q u e n t  

a r o m a t i z a t i o n  was c o m p l e t e .  The a c i d  15 (80%) and t h e  e s t e r  

58 ( 20%) we r e  f o r me d .

f )  D i e n e  19 i n  c a r b o n  t e t r a c h l o r i d e  was i s o m e r i z e d  t o  55 

as i n  a)  ab ' ove.  The r e a c t i o n  was  a l l o w e d  t o  p r o c e e d  t o  

c o m p l e t i o n  when  t h e  a c i d  15 (80%) and t h e  e s t e r  58  (20%) 

wer e  o b t a i n e d  f r o m t h e  a r o m a t i z a t i o n  o f  55.

g ) D i e n e  1^  i n  p r e s e n c e  o f  p - c r e s o l  ( 0 . 2  m m o l )  i n  c a r b o n
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t e t r a c h l o r i d e  a t  ,a'm b l e n t  t e m p e r a t u r e  g a v e  ' a f " t  e r

i s o m e r i z a t i o n  and s u b s e q u e n t  a r o m a t i z a t i o n  t h e  same r e l a t i v e
»

a m o u n t s  o f  15 (80%)  and 58 (20%)  as i n  t h e  a b s e n c e  o f  p -  
\  -

c r e s o l .  GC/MS a n a l y s i s  showed t h a t  l e s s  t h a n  1% 4 - m e t h y 1 - 2 -  

n i ' t r o p h e n o l  was p r e s e n t  i n  t h e  r e a c t i o n  m i x t u r e .

h )  [ 6 , 8 - ^ H 2 ] - 3 , 3 , l O - T r i m e t h y l - 1 0 - n i t r o - l , 4 -

d i  ox a sp i  r o  [ 4‘, 5 ] dec a - 6 . 8 - d  i  e n - 2 - o n e  (23 ) i n  c h l o r o f o r m - d  a t -  

ambi .ent  t e m p e r a t u r e  gave a f t e r  t h r e e  days  [ 8 , 10- ^ H 2 ] - 3 , 3 , 6-  

t r i m e t h y l - 1 0 - n i b r o - 1 . 4 - d i o x a s p i r o [ 4 , 5 ] d e c a - 6 . 8 - d i e n - 2 - o n e

(56) (50%) .  and u n r e a c t e d  23 ( 50%) .  D i e n e  56 had  ̂H NMR 

(CDClg, 90 MHz) :  1 .54 (3H,  s ,  3-CHg), 1.59 (3H,  s,  3 -

CHg), 1. 86 <3H,  b r s ,  I O - C H 3 ), 5.94 ( I H,  b r s ,  7 - H ) ,  6 . 07  ( I H ,  

b r s ,  9 - H ) .

i )  D i ene  20 i n  c a r b o n  t e t r a c h l o r i d e  a t  50°C gave a f t e r  24 
r

" h o u r s  i t s  p o s i t i o n a l  i s o m e r  ( Z ) - 3 , 3 , 6 - 1 r i m e t h y 1-1 0 - n i t r o -

1, 4 - d  i  ox a sp i  r  0 [ 4,  5 ] d ec a - 6 , 8 - d  i  e n - 2 - o n  e (62) 0 9 5 % ) .  The

s o l v e n t  w a s  eva-p o r a t e d  a n d  t h e  r e s i d u e  d i s s o l v e d  i n

• ,  *1
m e t h y l e n e  , c h l o r i d e - d 2'. D i e n e  62 had H NMR ( CD2 C 1,2 » 250 

MHz) :  6  ̂ 1 . 50 ( 3 H , ‘ s,  3 - C H 3 );  1.53 '  ( 3H,  s ,  3 - CH3 ),  1 . 88 (-3H,

b r s ,  6 - C H 3 ), 5 . 30  ( IH, '  dm,  J= 4 . 6  Hz,  1.2 Hz,  1 0 - H ) , 5 . 9 9  

. ( I H, *  ddm,  J= 9 .’6 Hz,  4 . 6 Hz,  1.2 Hz,  9 - H ) ,  6 . 13  ( 1H, d m,  J =

5 . 8  Hz,  7 r H ) ,  6 . 30  ( I H ,  ddm,  J= 9. 6 Hz,  5 . 8  Hz,  1.2

Hz,  8 - H ) .  A l l y l i c  c o u p l  i n g  and o . t h e r  l o n g  r a n g e  c o u p l i n g s  

w i t h  t h e  6- m e t h y l  g r o u p  c o u l d  h o t  be . - de t e r mi nec j .  ^ 

j ) '  '  ^ , 3 , 7 , 9 , 1 0 - P e n t a m e t h y l - 1 0 ' - n i t r o - 1 , 4 -

d i o x a s p 7 i * ^ ' o ( 4 , 5 ] d e c a - 6 , 8 - d i e n - 2 - o n e  (27) i n  c a r b o n
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tetrachloride a t  50°C g a v e  a f t e r  e i g h t  ' h o u r s  t h e  

d i a s t e r e o m e V s  o f  3 » 3 . 6 , 7 . 9 - p e n t a m e t h y l - 1 0 - n i t r c r ‘-1*.  4 -  

d . i o x a s p i r o [ 4 , 5 ] d e c a - 6 » 8 - d i e n - 2 - o n e  v i z .  66  (64%)  and 65

( 36%) .

k)  D i ene  27 i n  c a r b o n  t e t r a c h l o r i d e  a t  a m b i e n t  t e m p e r a t u r e

gave a f t e r  10 days d i e n e s  6 6 . ( 4 6%)  and 65 (54%) .

1)  D i e n e  ,27 w i t h  p - c r e s o l  ( 0 . 2  m m o l )  i n  c a r b o n  

t e t r a c h l o r i d e  a t  5 0 °C g a v e  a f t e r  12 hou*rs d i e n e s  66 (60%) 

and 65 ( 40%) .

m) D i e n e  27 w i t h  t h  i  o p h e n o l  ( 1 . 5  m m o l )  i n  c a r b o n  

t e t r a c h l o r i d e  a t  5 0 °  C g a v e  a f t e r  1'2 h o u r s  d i e n ç  66 a s ' t h e

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

n)  ( Z ) - 3 - t - B u t y , l - 6 - m e . t h y l - 6 - 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  (69) i n  ca r b on  t e t r a c h l o r i d e  a t  70°C gave  a f t e r  one 

h o u r  u n r e a c t e d  69 ( 34%) ,  i t s  e p i m e r  70 ( 8 %), ( Z ) - 5 - t - b u t y 1 -  

2 - m e t h y 1 - 6 - n i t r o c y c l o h e x  a - 2 , 5 * d i e n y 1 a c e t a t e  71 (43%)  and 

i t s  e p i m e r  72 (11%) and 5 - t - b u t y l - 2 - m e t h y I p h e n y 1 a c e t a t e  73 

( 5%) .

o) D i ene  69 i n  c a r b on  t e t r a c h l o r i d e  a t  a m b i e n t  t e m p e r a t u r e

g a v e  a f t e r  12 d a y s  u n r e a c t e d  69 ( 27%) ,  70 ( 13%) ,  71 ( 33%) ,

72 (18%) and 73 (9%).

2 . 6 . 2  I s o l a t i o n  o f  i s o m e r i z a t i o n  p r o d u c t s  .

a) D i ene  19 (300 mg) was d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e ^ '  

(3 cm‘ ^ )  a n d  l e f t  a t  a m b i e n t  t e m p e r a t u r e .  When 75%

i s o m e r i z a t i o n  was o v e r  t h e  s o l v e n t  was  e v a p o r a t e d  by 

b u b b l i n g  n i t r o g e n  t h r o u g h  t h e  s o l u t i o n .  A t t e m p t s  t o  ( Pu r i f y
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55 by c h r o m a t o g r a p h y  o f  t h e ' r e s i d u e  a t  - 5 0 ° C  w e r e  n o t

s u c c e s s f u l .  D i e n e  55  a r o m a t i z e d  t o  a c i d  15 on t h e  c o l u m n .

■■■ a 'The r e s i d u e  was  d i s s o l v e d  i n  c h l o r o f o r m - d  and tlvfe. NMR 

s p e c t r u m ' w a s  r e c o r d e d  a t  62.9 MHz. The f o l l o w i n g  r e s o na nc e s  

w e r e  a s s i g n e d  t o  ( ^  ) - 3 . 3 . 6 - 1 r i m e t h y 1 -  1 0 - n i t r o -  1 , ^ -  

d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 8 - d i e n - 2 - o n e  ( 5 5 ) .  6 q 16.0 ( 6 - C H ^ ),

25 . 9  ( 3 - C H o ) .  26 . 5  ( 3 - C H . ) ,  77 . 3  ( C - 3 ) ,  87 . 8  ( C - 1 0 ) ,  103. 4  

( C - 5 ) ,  117.5 ( C - 9 ) ,  124. 6  ( C - 7 ) ,  129. 3  ( C - 8 ), 134. 7  ( C - 6 ),

173. 7  ( C - 2 ) .

b ) ' ( Z ) - 3 ,  3, 6 - T r  i m e t h y  1 -1 0 - n  i  t  r o - 1, 4 - d i o x a s p i r o  [ 4,5 ] d ec a -

6 . 8 - d i e n - 2 - one ( 62)  was p r e p a r e d  f r o m t h e  d i e n e ' 2 0  u s i n g  t he  

same p r o c e d u r e  as a b o v e  and i t s  NMR s p e c t r u m  was

r e c o r d e d .  D i e n e  62 had NMR ( CDC1 g , 62 . 9  MHz) :  <5 ^ 16.5

( 6 - C Hg ) ,  25 . 6  ( 3 - ( C H g ) 2 ) ,  7 8 . 2  ( C - 3 ) ,  87 . 8  ( C - 1 0 ) ,  103. 9  (C-  

3) , 1 1 7 . 8  , (C-9 ) ,  1 2 5 . 4  ( C - 7 ) ,  1 2 9 . 0  ( C - 8 ) ,  1 3 4 . 4  ( C - 6 ) ,

174. 0  ( C - 2 ) .

 ̂ c ) D i e n e  27 (1 g)  was  d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e

^  (20 c m ^ ) and h e a t e d  i n  a t h e r m o s t a t e d  w a t e r  b a t h  a t  50°C f o r

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

d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e - h e x a n e  a-nd t h e  c o mp o u n d s
r

s e p a r a t e d  by f r a c t i o n a l  c r y s t a l l i z a t i o n .  The m i n o r  i s o me r  

65 o f  3 , 3 , 6 , 7 , 9 - p e n t a m e t h y l - 1 0 - n i t r o - 1 , 4 - d i o x a s p i r o [ 4 , 5 I d e c a

6 . 8 - d i e n - 2 - o n e  c r y s a l l i z e d  o u t  f i r s t  ( 120 mg) .  I t  had m.p.  

1 2 3 ° C ;  I R ( K B r ) ;  1 7 9 6  ( C = 0 ) ,  15 5 0 , 1 3 3 2  { N O o ) c m " ' ;  UV
' J r

T 1 1 .  1 w M M R  / r r ) C n _ g ,( m e t h a n o l ) :  273^nm ( e 367 m ^ m o l " ' ) ;  'H NMR (CDClg,  90 MHz):

1.59 ( 6 W, s,. 3 - ( C H g ) 2 ),  1 .'7 6 (3H,  s,  CHg) ,  1 .88 ( 6H, s,

> #

r
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1 3 r  MMR( CHg ) 2 ), 4 . 86 ( I H ,  b r s ,  1 0 - H ) ,  5 . 94  ( I H ,  b r s ,  8 - H ) ;  C 

( C DC I 3 , *62.9 MHz) :  6 ^ 1 1.7 ( 6 - C H 3 ) ,  19 . 1 ,  19.9 (7 - CH3 , 9 -  '

CH3 ), 25. 4  ( 3 - C H 3 ) ,  2 5 . 6  r 3 - CH3 ),  7 8 . 2  ( C - 3 ) ,  91 . 9  ( C - 1 0 ) ,

105.1 ( C - 5 ) ,  1 2 4 . 0 ,  1 24 . 9  ( C - 7 ,  C - 9 ) ,  131. 3  ( C - 8 ) ,  "132.6 (C-

6 ),  . 1 7 4 . 4  ( C - 2 ) .  Analysis  c a l c u l a t e d  f o r  C  ̂ 3H  ̂7^"^5 ' ^

5 8 . 4 0 %, H 6 . 4 1 % ,  N 5 . 2 4 % ;  f o u n d :  C 5 8 . 3 7 % ,  H 6 . 3 3 %,  N

5.14%.

The m a j o r  i s o m e r  66 c r y s t a l l i z e d  i n  t h e  s e c o n d  c r o p  

( 4 9 6 ' m g ) ,  m. 'p.  7 & ° C ;  I R  < K B r ) :  I 8 I I  ( C=0  ) ,  1 5 4 8 , 1  330

(N0 2 ) c m - ' ' ;  UV ( m e t h a n o l ) :  272 nm (e  577 m ^ m o l " ' ' ) ;  ^H NMR ^

(CD.CI3 , 250\ MH. z ) :  6 1.54 . (3H,  s,  3 - C H 3 ),  1 .58 (3H,  s,  3 -

CH3 ),  1.75 (3H,  b r s ,  CH3 ),  1 .88 (3H,  d,  CH3 ),  1.89 (3H,  b r s ,  

CH3 ),  4 . 95 ( I H ,  s ,  1 0 - H ) ,  5 . 94  ( I H ,  b r s ,  8 - H ) ;  ^ ^ 0  NMR

( C DC I 3 , 62.9 MHz) :  <5 q 11.1 (.6 - C H 3 ) ,  18 . 7 ,  19.8 (7 - C H 3 ,

9 - CH3 ),  26 . 0  ( 3 - C H 3 ) ,  26 . 7  ( 3 - C H 3 ), 77.1 ( C - 3 ) ,  91 . 8  ( C - 1 0 ) ,  

104. 8  ( C - 5 ) , 1 2 4 . 4 ,  1 2 4 . 5 ,  131. 4  ( C - 6 , C - 7 ,  C - 9 ) ,  130. 7  ( C-

8 ),  174. 0  ( C - 2 ) ; MS ( m e t h a n e  C l ) :  m/ e  268 ( M+ 1 ) ;  ( E l ,  70

ev) :  m/e ( r e l a t i v e  I n t e n s i t y ) ,  237 ( M-30,  4) ,  151 (13) ,  136

( 1 7 ) ,  135 ( 1 0 0 ) ,  123 ( 1 2 5 ) ,  107 ( 1 4 ) ,  91 ( 6 7 ) ,  79 ( 1 7 ) ,  77 

( 1 5 ) ,  43 ( 6 7 ) ,  41 ( 3 0 ) ,  39 ( 3 2 ) .  Analysis  c a l c u l a t e d  f o r

3 ^ 1 7 ^ 0 ^ :  C 58 . 40%,  H, 6.41%,  N 5 . 24%;  f o u n d  : C 57.98%,

H 6.37%,  N 5.24%.

2.6.3 E p l m ^ r l z a t l o n  o f  d i e n e s  *66 and 65

a) D i e n e  65 (0.1 mm o l )  I n  c a r b o n  t e t r a c h l o r i d e  ( 0 . 3  cm^)  

a t  70°C g a v e  a f t e r  32 h o u r s  a m i x t u r e  o f  65 (82%) and 66 

( l 8 %) and  t r a c e s  o f  2 e t h y l - 2 - ( 2 , 3 , 5 - t r l m e t h y l - 6 -
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n i t r o p h e n o x y ) p r o p a n o i c  a c i d  2 9 .  The r e l a t i v e  a m o u n t s  o f  

t h e  i s o m e r s  r e ma i n e d  t h e  sajne a f t e r  48 h o u r s  b u t  t h e  amount  

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

b) D i ene  66 un de r  s i m i l a r  c o n d i t i o n - s  g a v e - a  m i x t u r e  o f  65 

(33%) and 66 ( 6V%) a f t e . r  30 h o u r s .  A f t e r  48 - h o u r s  65 (38%) 

and 66 (42%) w e r e  o b s e r v e d  a l o n g  w i t h  t h e  a c i S  29 (20%) .  

The a r o m a t i z a t i o n  t o  29 was c o m p l e t e  b e f o r e  e q u i l i b r i u m  

between 66 and 65 c o u l d  be a c h i e v e d .

2 . 6 . 4  P r e p a r a t i o n  o f  ( ^ ) - 5 - 1 - b u t y 1 - 2 - m e t h y 1 - 6 -

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  ( 7 2 ) .

D i ene  69 (600 mg) was d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e

(5 cm^)  and’ h e a t e d  i n  a t h e r m o s t a t e d  w a t e r  b a t h  a t  70°C f o r

o n e - h o u r .  The r e a c t i o n  m i x t u r e  c o n t a i n e d  a t  t h i s  s t a g e  69

(33%) ,  i t s  e p i m e r  70  ( 8%X* ' 71  ( 43%) ,  7 2  (11%) and t h e  a r y l

a c e t a t e  73 (5%). The r e a c t i o n  m i x t u r e  was c h r o ma t o g r a p h e d
<

on s i l i c a  a t  - 4 0 ° C .  The c o mp o u n d s  w e r e  e l u t e d  w i t h  e t h e r -  

pen t ane  m i . x t u r e s .  No. compound was e l n j t ed  w i t h  p e n t a n e ,  2% 

e t h e r - p e n t a n e  and 5% e t h e r - p e n t a n e .  S m a l l  a m o u n t s  o f  t h e  

a c e t a t e  73 w e r e  o b t a i n e d  w i t h  10% e t h e r - p e n t a n e .  E l u t i o n  

w i t h  15% e t h e r - p e n t a n e  g a v e  a m i x t u r e  o f  d i e n e s  6 9 ,  70 a n d .  

71 ( 430 mg) .  ■ The d e s i r e d  i s o m e r  72  was e l u t e d  w i t h  20% 

e t h e r - p e q t a n e  ( 144  mg) .  I t  had m.p.  87°C ( f r o m  m e t h y l e n e  

c h l o r i d e - p e n t a n e ) ;  I R ( K B r ) :  1750 ,  1210 (OCOCH3 ),  1550,

1370 (N0 2 ) c m" ^ ;  UV ( m e t h a n o l ) :  271 nm ( 0  606 m ^ m o l " ^ ); ^A

NMR ( C D C I 3 , 250 MHz) :  6 1.09 (9H,  s,  5 - t - B u ) ,  h.84 (3H,  d,

J= 1.4 Hz,  2 - C H 3 ),  2 . 09  ( ^H,  s ,  OCOCH3  ),  5 . 23  ( I H ,  d» J= 1.6 '
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Hz', 6 - H ) ,  5 . 66  ( I B ,  d,  J= 1.6 Hz,  1 - H ) ,  6 . 06  (1H,  d q , J =  6 ' 

H-z, 1 .4 Hz ,  3 - H ) ,  6 . 2 6  ( I B ,  d , J= 6 -Hz, 4 - B ) ;   ̂ NMR

( C D C I 3 , 62. 9  MHz) :  5 ^ 20 . 3  ( 2 - C H g ) ,  2Q.7 (OCOCH3 ), 2 8 . 2

( C ( CB 3 ) 3 ) ,  35 . 3  (CfCBg,) ; , ) ,  7 0 . 4  ( C - 1 ) ,  82 . 7  ( C - 6 ) ,  123 . 8  ( C-  

3 ) ,  125.1 ( C - 4 ) ,  129. 6  ( C - 2 ) ,  135. 6  ( C - 5 ) ,  170.1 (OCOCH?).

Analysis c a l c u l a t e d  f o r  C^ 3 H^gN0 y:  C 61.63%,  H 7 . 56%,  N

5.53%;  f o u n d :  C 61. 73%,  H 7 . 67%,  N 5.57%.  F u r t h e r  e l u t i o n

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

i m p u r i t i e s .

2 . 6 . 5  P r e p a r a t i o n  o f  ( E ) - 3 - t - b u t y l - 6 - m e t h y l - 6 -  

n i t r o c ÿ c l o h e x a - 2 , 4 - d i e n y 1 a c e t a t e  ( 7 0 ) .

A s o l u t i o n  o f  d i e n ê  72 (600 mg, 2.37 mmol )  and p - c r e s o l
* / g

(384 mg,  3 . 5 6 ' m m o l ) i n  c a r b o n  t e t r a c h l o r i d e  (15 c m )  was

h e a t ed  i / i  a ,t h e r m o s t a t e d  w a t e r  b a t h  a t  50°C f o r  t h r e e  h o u r s .

The r e a c t i o n  m i x t u r e  a t  t h i s  s t a g e  c o n t a i n e d  d i e n e  70

( 36 . 5%) ,  u n r e a c t e d  72 ( 36. 5%)  and t h e  a c e t a t e  73 (27%) .  The

r e a c t i o n ^ m i x t u r e  was c h r o m a t o g r a p h e d  on s i l i c a  ( 110  g ) a t

- 4 0 ° C .  The f i r s t  f i v e  f r a c t i o n s  e l u t e d  w i t h  p e t r o l e u m

e t h e r ,  0.5% e t h e r ,  1% e t h e . r ,  1.5% e t h e r  ^ d  2% e t h % r  had- no

compouq^b p r e s e n t  i n  t h e m .  The s i x t h  f h a ' c t i o n  e l u t e d  w i t h  
w

2.5% e t h e r  g a v e  t h e  a c e t a t e  73  (1 47 mg) .  The s e v e n t h

f r a c t i o n  e l u t e d  w i t h  3% e t h e r  c o n t a i n e d  ( f f ) - 3 - t - b u t y 1 - 6 -  

m ^ t h y l - 6 - 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 ' ^ t e  ( 7 0 )  ( 209 mg) .  

The d i e n e  70  was u n s t a b l e  and i s o m e r d z e d  t o  7 2  even  a t  

- 2 0 ° C .  I t .  had H NMR ( CDCl ^ ,  250 MHz) :  6 1 .07 (9H,  s,

f- /C(CH3 ) 3 ),  1.67 (3H,  s , ' 6 - C B 3 ),  2 . 10  (3H,  s OCOCB3 ), 5 . 4 8
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(1H,  dd,  J = 2 . 9  Hz,  1.8 Hz,  1 - H ) ,  5 . 94  (1H,  d,  J= 10. 0  Hz,  4 -

H) ,  6 . 23  (1H-, dd,  J= 10.0 Hz,  1.8 Hz,  3 - H ) ,  6 . 37  (1H,  d,  J =

2.9  Hz,  6 - H ) ;   ̂ NMR ( C & C I 3 , 62 . 9  MHz) :  < q 18. 0  .(6 - C H 3 ),

20 . 9  (OCOCH3 ),  28 . 2  ( 3 - C ( C H 3 ) 3 ) ,  33 . 9  ( S - f f C H g ) ] ) ,  7 2 . 9  ( C-

I ) ,  90 . 7  ( C - 6 ),  118. 0  ( C - 2 ) ,  126. 4  ( C - 4 ) , , 127.1 ( C - 5 ) ,  145. 0  

( C - 3 ) ;  169. 8  (OCOCÜg).

F u r t h e r  e l u t i o n  w i t h  4 % e t h e r  g a v e  t h e  s t a r t i n g ,  

c o mp o u n d  72  and p - c r e s o l  ( 350 mg) .  S o l u t i o n  w i t h  h i g h e r

c o n c e n t r a t i o n s  o f  e t H e r  g a v e  p - c r e s o l  and t r a c e s  o f  4 -

m e t h y l - 2 - n i t r o p h e n o l .

2 . 6 . 6  P r e p a r a t i o n  o f  ( Z ) - 5  - 1 -  b u t y l - 2  - m i e t h y l - 6 -  

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  ( 7 1 ) .

D i e n e  69 ( 684 mg,  2.7 mm o l )  and p - c r e s o l  ( 365 mg,  3.4 

mmol),  were  d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e  (15 cm ) and 

h e a t e d  i n  a t h e r m o s t a t e d  w a t e r  b a t h  a t  70° C f o r  one h o u r .  

The r e a c t i o n  m i x t u r e - c o n s i s t e d  o f  d i e n e  69 ( 22%) ,  d i e n e  71 

(60%) and t h e  a c e t a t e  7 3 - ( l 8 % ) .  The r e a c t i o n  m i x t u r e  was 

c h r o m a t o g r a p h e d  on s i l i c a  ( 110 g ) a t  - 4 0 ° C .  ' E l u t i o n  6 i t h  

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

f i r s t  f r a c t i o n  ( 639 mg) .  The s e c o n d  f r a c t i o n  ( 354  mg) 

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

Rec h r o ma t o g r a p h y  on s i l i c a  (80 g) a t  - 4 0 °C gave t h e  a c e t a t e  

73 o n , e l u t i o n  w i t h  1 -  2-% e t h e r - p e t r o l e u m  e t h e r .  E l u t i o n  

w i t h  2,5% e t h e r  g a v e  t h e  d i e n e  71 as t h e  m a j o r  c o m p o n e n t  

(70%) a l o n g  w i t h  t h e  a c e t a t e  73 (30%) (389 mg) .  D i e n e  71 

had ^H NMR ( CDCI 3 , 250 MHz) :  5 1.09 (9H,  s,  C XCH g ) ] ) ,  1.80

/
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(3H,  b r s ,  2 - CH3 ),  2 . 1 8  (3H,  s,  OCOCH3 ), 5 . 3 2  (1H,  d,  J= 7.5 

Hz,  6 - H ) ,  5 . 73  (1H,  dd.  J= 7. 5  Hz,  2.6 Hz,  1 - H ) ,  5 . 90  (1H,
V

dd,  J= 5 . 6 .  Hz,  2 . 6  Hz,  3 - H ) ,  6 : 18  (1H,  d,  J- 5 . 6  Hz,  4 - H)  

I r r a d i a t i o n  a t  I . 80 s h a r p e n e d  t h e  s i g n a l s  a t  5 . 73  and 

5.90.  These c o u p l i n g  c o n s t a n t s  c o u l d  n o t  be d e t e r m i n e d ;

NMR ( C D C I 3 , 62 . 9  MHz) :  5 ^ 17.6 ( 2 - CH3 ),  20 . 8  (OCOCH3 ),  28. 5  

( 5 - 0 ( 2 8 3 ) 3 ), &5.8 ( 5 - 2 ( 0 8 3 ) 3 ),  72 . 9  ( C - 1 ) ,  81 . 9  ( C - 6 ), 121. 0  

( C - 3 ) ,  1 2 4 . 8  ( 0 - 4 ) ,  1 3 2 . 6  ( 0 - 2 ) ,  1 3 8 . 3  ( 0 - 5 ) ,  1 7 0 . 3

(O2 OOH3 ) .

F u r l :  h e r  e l u t i o n  w i t h  3 - 5% e t h e r  g a v e  f r a c t i o n s  

c o n t a i n i n g  t h e  d i e n e  69 and p - c r e s o l .

2.7 Aromatization of adducts with secondary nitro group

2.7.1 A r o m a t i z a t i o n .  o f  d i e n e  55

a) I s o m e r i z a t i o n  o f  19 (1 g)  A-n c h l o r o f o r m - d  (5 cm^_L_at  

7 0 ° 0  g av e  a f t e r  11 h o u r s  d i e n e  55.  T h i s  s o l u t i o n  o f  d i e n e  

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

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

E x t r a c t i o n  wi t t j i  e t h e r ,  d r y i n g  and e v a p o r a t i o n  o f  e t h e r  gave 

2 - m e t h y l - 6 - n i t r o p h e n y l  2 - h y d r o x y - 2 - m e t h y l p r o p a n o a t e  (200 m̂ g, 

20%) ,  m.p.- 71 - 7 2°C^ ( f r o m  e t h e r - p e n t a n e ) ; " ^ R * d K B r ) : "  3300 

• (OH),  1770 ( C ; 0 ) ,  1 5 30 ,  1 340 ( N 0 2 ) c m " ’' ;   ̂H NMR (CDCl^, ,  90 

MHz) :  <5 1.67 ( 6 8 , s,  0 ( 0 8 3 ) 2 ) ,  2 . 26  ( 3 8 ,  s ,  2 - O H 3 ), 7 . 30

( 18 ,  dd i  J= 8.0 Hz,  7 . 8  Hz,  4 - H ) ,  7 . 55  ( 1 8 ,  dd ,  J= 7 . 8  Hz,  

0 . 8  Hz,  3 - H ) ,  7 . 9 4  ( 1 8 ,  dd ,  J= 8.0 Hz,  0 . 8  Hz,  5 - H ) ;  ^^0 NMR 

( C D C I 3 , 6 2 . ^ -  MHz)x a ^ 16.2 ( 2 - CH3 ),  27 . 3  ( 0 ( 2 8 3 ) 2 ), 72 . 9  

( 2 ( 0 8 3 ) 2 ),  123. 6  ( 0 - 5 ) ,  126. 4  ( C - 4 ) ,  134.1 ( C - 2 ) ,  136. 1 (C-
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3 ) ,  1 3 8 . 1  ( C - 6 ) 14 2 . 4 '  ( C - 1 ) ,  1 7 4 . 3  ( CO) .  A n a l y a v s

c a l c u l a t e d  f o r  C1 1 H1 3 NO5 : C 55. 21%,  H 5.48%,  N 5,86%;

f o u n d : .  C 55 . 35%,  H 5.37%,  N 5.68%.  On i n j e c t i o n  i n  GO 

co l umn a t  250°C 58 decomposed t o  g i v e  6- n i t r o - e - c r e s o l  w h i c h  

was c o n f i r m e d  by c o - i n j e c t i o n  and GC/MS.

T h e  a q u e o u s  l a y e r  .was a c i d i f i e d  w i t h  1: 1 ( v / v )

h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r .  D r y i n g  and 

e v a p o r a t i o n  o f  t h e  s o l v e n t  gave a c i d  15 (780 mg).

b) D i e n e  ^ 9  (0.1 m m o l )  was i s o m e r i z e d  t o  55 i n  c a r b o n  

t e t r a c h l o r i d e  as d e s c r i b e d  above.  T r i f l u o r o a c e t i c  a c i d  (0.1 

cm^ )  was added  t o  t h i s  s o l u t i o n  a t  0 °C and t h e  s o l u t i o n  

warmed t o  a m b i e n t  t e m p e r a t u r e .  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 t o r e d  by NMR.^ D i e n e  55 was q u a n t i t a t i v e l y  c o n v e r t e d  

t o  t h e  a c i d  15 a t  a m b i e n t  t e m p e r a t u r e  a f t e r  12 h o u r s .
Y '

c ) A s o l u t i o n  o f  d i e n e  55 (0.1 mmol )  was o b t a i n e d  as above 

and t h e  s o l v e h t  e v a p o r a t e d .  The r e s i d u e  was d i s s o l v e d  i n  

t e t r a h y d r o f u r a n  (0.3 cm^)  and t e t r a c y a n o e t h y l e n e  (0.1 mmol )  

was added  t o  t h e  s o l u t i o n .  J h e  r e a c t i o n  was m o n i t o r e d  by 

NMA a t  a m b i e n t  t e m p e r a t u r e .  A f t e r  24 h o u r s  t h e  s o l v e n t  was 

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

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

f i l t e r e d  o f f .  The NMR s p e c t r u m  o f  . the f i l t r a t e  showed t h a t '  

55 had r e a c t e d  t o  g i ve,  t h e  a c i d  15' ( }0%) and t h e  e s t e r  58
V

(70%) .  .
. o ' -

d )' • Me t hanoT^dy  (0.1 cm-^) ' was added t o  a s o l u t i o n  o f  d i e n e  

5 5 (0.1 mm o l )  i n  c a r b o n ^  t e t r a c h l o r i d e  o b t a i n e d  as a b o v e .Iff
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The r e a c t i o n  was f o l l o w e d  by NMR a t  a m b i e n t  t e m p e r a t u r e .\

D i e n e  5 5  g a v e  a f t e r  f o u r  d a y s  t h e  a c i d  15 (70%) and t h e  

e s t e r  58 (30%) .  '

e)  D i e n e  55 (0.1 mmo l )  w^s  o b t a i n e d  as a b o v e  and t h e  

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

t e t r a h y d r o f u r a n  (0.3 cm^)  and t h e  r e a c t i o n  f o l l o w e d  by NMR. 

D i e n e  55  a t  a m b i e n t  t e m p e r a t u r e  g a v e ,  a f t e r . 44 h o u r s ,  t h e  

a c i d  15 (53%) and t h e  e s t e r  58  (47%) .

2.7.2 A r o m a t i z a t i o n  o f  d i e n e  6 2 /

a) D i e n e  62 (0.1 mmo l )  was / o b t a i n e d  f r o m  a s o l u t i o n  o f  ' 

d i e n e  20 i n  c a r b o n  t e t r a c h l o r i d e  as d e s c r i b e d  a b o v e .  The 

s o l v e n t  was e v a p o r a t e d  and t h e  r e s i d u e  was  d i s s o l v e d  i n  

t e t r a h y d r o f u r a n  (0.3 cm^) .  D i ene  62 a t  a m b i e n t  t e m p e r a t u r e  

gave,  a f t e r  20 h o u r s ,  t h e  a c i d  15 as t h e  o n l y  p r o d u c t .

b)  D i e n e  62 (0.1 m m o l ) ,  o b t a i n e d  as a b o v e ,  was  d i s s o l v e d

i n  t e t r a h y d r o f u r a n  and t e t r a c y a n o e t h y l e n e  ( 0.1 mm o l )  was

added  t o  t h e  s o l u t i o n .  A f t e r  24 h a t  a m b i e n t  t e m p e r a t u r e .

t h e  s o l v e n t  was e v a p o r a t e d  and t h e  r e s i d u e  d i s s o l v e d  i -n-

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

f i l t e r e d  o f f  and t h e  NMR s p e c t r u m  o f  t h e  f i l t r a t e  was

r e c o r d e d .  The a c i d  15 was t h e  o n l y  p r o d u c t .
\  . . .

2.7.3 A r o m a t i z a t i o n ^ o f  d i e n e s  66 and 65.

a) A s o l u t i o n  o f  d i e n e  66  ( 19  mg) i n  e t h e r  was a d d e d  t o
%

s a t u r a t e d  sod i um b i c a r b o n a t e  (1 c m^ ) i n  a s e p a r a t i n g  f u n n e l .  

The - m i x t u r e  was s h a k e n  and*^ t h e  l a y e r s  s e p a r a t e d .  Th‘ e 

e t h e r e a l  s o l u t i o n  was d r i e d  and t h e  s o l v e n t  e v a p o r a t e d  t o
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g i v e  t h e  un r e a c t e d  66 ( 1 6 ‘ mg) .  The a q u e o u s  l a y e r  was
. ' I

a c i d i f i e d  and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  e x t r a c t  on - 

d r y i n g  and e v a p o r a t i o n  gave no r e s i d u e .

b)  D i e n e  66  ( 19  mg)  . w a s  d i s s o l v e d  i n  e t h e r  and
» O

. c o n c e n t r a t e d  sod i um h y d r o x i d e  s o l u t i o n  (1 cm^)  was,  added t o  

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

t e m p e r a t u r e  f o r  30 m i n u t e s .  W o r k - u p  w i t h  a q u e o u s  s o d i u m  

b i c a r b o n a t e  as a b o v e  g a v e  2 - m e t h y l - 2 - ( 2 . 3 , 5 - t r i m e t h y l - 6 -  

n i t r o p h e n o x y ) p r o p a n o i c  a c i d  ( 2 9 )  (17 m"g ) ,  m.p.  168°C ( f r o m  

e t h e r - p e n t a n e ) ; IR ( K B r ) :  3 0 0 0 - 2 5 0 0  (OH),  1710 ( C=0 ) ,

1 5 3 6 ,  1 359 ( N O j I c m " ' ' ;  NMR ( C D C I 3 , 90 MHz) :  6 1.49 ( 6H,

s,  [ ( C H g I g ) ,  2 . 1 7  (3H,  s,  2 - C H 3 ),  2 . 22  (3H,  s,  3 - C H 3 ),  2 . 26

(3H,  s,  5 - C H 3 ),  6 . 87  (1H,  s,  4 - M ) ; NMR ( C D C I 3 , 62 . 9

MHz) :  <5 Q 13.9 ( 2 - C H 3^), 16.9 ( 3 - C H 3 ), 20.1 ( 5 - C H 3 ) , 2 4 . 6

( C X f H q J g ) ,  8 3 . 7  ^ C ( C H 3 ) 2 ) ,  1 2 7 . 4  ( C - 2 ) ,  1 2 8 . 4  ( C - 4 ) ,  1 3 0 . 9 ( ^

( C - 5 ) ,  140. 3  ( C - 3 ) ,  144 . 2  ( C - 6 ),  146. 3  ( C - 1 ) ,  175.9.  (COOH);

MS ( M e t h a n e  C l ) :  m/ e  268 (M + 1 ) ;  ( E l ,  7 0 e v ):  m / e  ( r e l a t i v e

i n t e n s i t y ) ,  I 8 I ( M - 8 7 , 4 0 ) ,  1 6 . 4 . ( 7 0 ) ,  1 34 ( 6 5 ) ,  106 ( 5 3 ) ,  9.1 

( 6 8 ) ,  7 9  ( 6 3 ) ,  77  ( 5 8 ) ,  65  ( 4 8 ) ,  43 ( 6 8 ) ,  41 ( 1 0 0 ) ,  3 9  ( 9 5 ) .

c ) D i e n e  6 5  (27 mg) on t r .  e a t i n g  w i t h  a q u e o u s . s o d i u m

h y u d r o x i d e  as a b o v e  g a v e  t h e  same p r o d u c t  v i z .  t h e  a c i d  2 9  

( 2 5  mg ) .

2.7.4 A r o m a t i z a t i o n  o f  d i e n e  72

a) A s o l u t i o n  o f  d i e n e  72 (15 mg) i n  m e t h a n o l - d y  (0.3 cm^)

was h e a t e d  i n  a t h e r m o s t a t e d  . w a t e r ^ b a t h  a t  5 0 ° C .  The

r e a c t i o n  was  m o n i t o r e d  by NMR. D i e n e  7 2  g a v e ,  a f t e r  n i n e
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h o u r s ,  t h e  a c e t a t ë  73 as t h e ' o n l y  p r o d u c t .  ' The s o l v e n t  was 

e v a p o r a t e d  and t h e   ̂H NMR s p e c t r u m  o f  t h e  r e s i d u e  was 

r e c o r d e d  i n * a h l o r o f o r m - d .  The i d e n t i t y  o f  73 was c o n f i r m e d

by c o m p a r i s o n  w i t h  t h e   ̂H NMR s p e c t r u m  o.f t h e  a u t h e n t i c  

compound.  ’

b)  A s o l u t i o n  o f  72  (15 mg)  i n  p y r i d i n e - d ^  ( 0 . 3  c m^ )  was 

h e a t e d  i n  a t h e r m o s t a t e d  b a t h  a t  50°C.  D i ene  72 gave,  a f t e r  

f o u r  h o u r s ,  t h e  a c e t a t e  73 as t h e  s o l e  p r o d u c t .

c)  A s o l u t i o n  o f  72 (15 mg) and N . N - d i i s o p r o p y l e t h y l a m i n e  

( 0 . 0 2  c m ^ ) i n  m e t h a n o l - d ^ i  ( 0 . 3  c m ^ ) a t  5 0 °  C . i n  a 

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

a c e t a t e  73.

d) D i e n e  7 2  (15 mg) was added  to '  a s a t u r a t e d  s o l u t i o n  o f

s o d i u m  bi ,  c a r b o n a t e  i n  1:1 ( v / v )  a q u e o u s  m e t h a n o l  (2 c m ^ ).  

The s o l u t i o n  was s t i r r e d  a t  a m b i e n t  t e m p e r a t u r e  f o r  one 

h o u r .  E x t r a c t i o n  w i t h  e t h e r ,  f o l l o w e d  by d r y i n g  and  

e v a p o r a t i o n  o f  t he '  s o l v e n t  gave a l l  o f  d i e n e  72 back .

e) D i ene  72 (15 mg) was added t o  2.5 M sod i um h y d r o x i d e  i n

1:1 ( v / v )  a q u e o u s  m e t h a n o l  (2 c 'm^) .  The s o l u t i o n  was

s t i r r e d  a t  a m b i e n t  t e m p e r a t u r e  for_^ one h o u r ,  a c i d i f i e d  w i t h
e

1:1 h y d r o c h l o r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r .  The e t he t ^a l  

s o l u t i o n  on d r y i n g  and e v a p o r a t i o n  o f  t h e  s o l v e n t  gave 5-t- 

b u . t y l - 2 - m e t h y l p h e n o l  (34%) and 4 - t - b u t y l - 3 - n i t r o t o l u e n e  

( 66%) .

f ) D i e n e  72  ( 125 mg) was  ad d e d  t o  1.25 M s o d i u m  h y d r o x i d e

i n  m e t h a n o l  (10 c m ^ ).  The s o l u t i o n  was s t i r r e d  a t  a m b i e n t
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t e m p e r a t u r e  f o r  one h o u r  and e x t r a c t e d  w i t h  e t h e r .  The 

e t h e r  e x t r a c t  on d r y i n g  and e v a p o r a t i o n  g a v e  5 - t - b u t y l - 2 -  

m e t h y I p h e n o l  ( 8 % ) and 4 - t - b u t y l - 3 - n i t r o l u e n e  (92%)' .  The 

, r e s i d u e  was d i s s o l v e d  i n  e t h e r  a n d , t h e  e t h e r e a l  s o l u t i o n

r e p e a t e d l y  washed w i t h  2.5 M aqueous sod i um h y d r o x i d e  u n t i l
X

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

d r y i n g  and e v a p o r a t i o n  o f  t h e  s o l v e n t  on r o t a v a p o r  gave 4 - t -
>

b u t y 1 - 3 - n i t r o t o l u e n e  ( 7 4 )  (75 mg) as .a r e d  o i l , I R  ( f i l m ) :  

1 5 4 4 ,  1 3 68 (N0 2 ) c m " ‘' ;  NMR ( CDCI 3 , 250 MHz) :  5 1. 38 (9H,

s ,  0 ( 0 8 3 ) 3 ) ,  2 . 3 4  ( 3 H ,  s ,  I - O H 3 ),  7 : 1 2  (1H,  d,  J= 2 . 0  Hz,  2 -

H) ,  7 . 2 3  (1H,  dd,  J= 8. 3 Hz,  2.'0 Hz,  6 - H ) ,  7 . 4 2  (1H,  d,  J =

8 . 3  Hz,  5 - H)  ; NMR ( Ç D O I 3 , 62. 9  MHz) :  6 q 20 . 3  ( I - O H 3 ),

3 0 . 7  ( 4 - 0 ( 2 8 3 ) 3 ),  35 . 3  ( 4 - 2 ( 0 8 3 ) 3 ),  124 . 2  . ( 0 - 5 ) ,  1 2 8 . 4  ( 0 -

2 ) ,  131. 4  ( C - 6 ) ,  137.1 ( 0 - 1 ) ,  138. 3  ( 0 - 4 ) ,  151.1 ( 0 - 3 ) ;  MS: 

m/ e  ( r e l a t i v e  i n t e n s i t y ) ,  193.1 132 ( 7 4 ,  M^(  ̂  ̂  ̂ 1 ^  ̂^ 14^1 )

1 9 3 . 1 1 0 3 ) ,  178 ( 1 0 0 ) ,  164 ( 3 6 ) ,  149 ( 7 1 ) ,  133  ( 3 3 ) ,  115

( 3 5 ) ,  1 05 ( 5 0 ) ,  9 1 ( 5 8 ) , . 7 7  ( 3 2 ) ,  65,  ( 2 6 ) ,  43 ( 5 4 ) .
• ^  . . -  "  r .  ■.

t2.8 leomeriztition reactions of 1 ,4 adducts *

2 . 8 . 1  S m a l l  s c a l e  r e a c t i o n s ,  t o  s u r v e y  t h e  s c o p e  o f  t h e  

r e a c t i o n  wer e  p e r f o r m e d  by d i s s o l v i n g  t h e  d i e n e  (0.1 mmol )  

i n  t h e  a p p r o p r i a t e  s o l v e n t  ( 0 . 3  c m ^ ) .  The '  s o l u t i o n  was 

h e a t e d  i n  a t h e r m o s t a t e d  w a t e r  b a t h  a t  t h e  r e q u i r e d  

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

NMR.

a)  (2 ) - 1 ,  4 - D i  m e t h y  1 - 4 - n  i  t  r o c  yc l o h  ex a - 2 , 5 - d  i  eny 1 a c e t a t e  

( 8 4 )  i n  c a r b o n  t e t r a c h l o r i d e  a t  7 0 ° 0  s h o we d  no r e a c t i o n
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a f t e r  f i v e  h o u r s .  .

b)  (ff ) - 3 ,  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 y l  a c e t a t e  ' 

( 8 3 ) .  o b t a i n e d  by t h e  n i t r a t i o n  o f  o - x y l e n e  f o l l o w i n g  t h e  

p r o c e d u r e  o f  Ramsay^^ ,  i n  c a r b on  t e t r a c h l o r i d e  a t  70°C gave,  

a f t e r  1 5 ' h o u r s .  3 . 4 - d i m e t h y l p h e n y l  a c e t a t e  ( 85)  as t h e  o n l y  

p r o d u c t .  No i n t e r m e d i a t e  was d e t e c t e d .

c)  A s o l u t i o n  o f  d i e n e  82A.  o b t a i n e d  f r o m  t h e  n i t r a t i o n  o f  

p - t - b u t y I t o l u e n e .  i n  1:1 ( v / v )  c a r b o n  t e t r a c h l o r i d e  ' and

c h l o r o f o r p i - d  d i d  n o t  r e a c t  o v e r  t h r e e  h o u r s  a t  7(3°C. ^

d) Di ene  52 i n  c a r b o n  t e t r a c h l o r i d e  d i d  no^  r e a c t  a f t e r  15 

days  a t  a m b i e n t  t e m p e r a t u r e  o r  a f t e r  s i x  h o u r s  ,a t  70°C.

e) D i ene  53 i n  c a r b o n  t e t r a c h l o r i d e  d i d  n o t  ^ r eac t  a f t e r  15

days  a t  a m b i e n t  t e m p e r a t u r e  o r  a f t e r  s i x  h o u r s  a t  7 0 ° ^
/

f )  D i e n e  9 5  i n  1 : 1  ( v / v )  c a r b o n  t e t r a c h l o r i d e  and

c h l o r o f  o r m - d  a t  7 0 ° C  g a v e  a f t e r  12 h o u r s  2 . 5 -  

d i m e t h y l b e n z o n i t r i l e  ( 9 7 )  ( c a .  5%) and u n r e a c t e d  95 ( c a .  

95%). N o - ' i n t e r m e d i a t e  was ob s e r v e d .  ' ,

g ) A s o l u t i o n  o f  d i e n e  9 6  i n  1 : 1  ( v / v )  c a r b o n

t e t r a c h l o r i d e  and c h l o r o f o r m - d  a t  7 0 ° C  g a v e  a f t e r  s e v e n

^hours 2 . 5 - d i m e t h y I b e n z o n i t r i l e  ( 97)  ( ca.  65%) and a m i x t u r e  

o f  u n i d e n t i f i e d  p r o d u c t s  ( ca.  35%).

h )  ■ ■ A s o l u t i o n  o f  d i e n e  9 2 A i n '  1 : 1  ( v / v )  c a r b o n

t e t r a c h l o r i d e  and c h l o r o f o r m - d  a t  70°C gave a f t e r  1 ^  hou r s

2 . 3 - d i m e t h y l b e n z o n i t r i l e  ( c a .  3 0 %) .  2 . 3 - d i m e t h y l - 5 -

n i t r o b e n z o n i t r i l e  ( 9 3 )  ( c a .  30%) .  2 - c y a n o - 3 . 4 - d i m e t h y l - 6 -  

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  9 4 A ( c a .  10%)  and
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u n r e a c t e d  92A ( c a .  30%).

i )  D i ene  92B un d e r  .the same c o n d i t i o n s  as above gave  2 , 3 -

d i m e t h y l b e n z o n i t r i l ' e  ( c a .  2 8 %) ,  2 , 3 - d i m e t h y l - 5 -

n i t r o b e n z o n i t r i l e  ( 93 )  ( c a .  32%) ,  2 - c y a n o - 3 , 4 - d i m e t h y l - 6 -  '
>

n i t r o c y c l o h e x a - 2 , 4 - d e n y l  a c e t a t e  94B (ca.  10%) and u n r e a c t e d  

92B ( c a .  30%)

j )  D i e n e  87  i n  1:1 ( v / v - )  c a r b o n  t e t r a c h l o r i d e  a n d

c h l o r o f o r m - d  * g a v e  a f t e r  36  h o u r s  a t  5 0 ° C ,  3 , 4 -
* ‘ \ 

d i m e t h y l b e n z o n i t r i l e  ( 89)  (27%),  ( E ) - 2 - c y a n o - 4 , 5 - d i m e b h y 1 - 6 -

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  ( 9 1 )  (42%)  and u n r e a c t e d  

87.  (31%) .

k )  . D i e n e  8 7 i ln 1 : 1 0  . ( v / v )  m e t h a n o  1 - d a n d  c a r b o n  

t e t r a c h l o r i d e  a t  70° C g av e  a f t e r  f o u r  h o u r s  a t  7 0 ° C ,  3 , 4 -  

d i m e t h y  I b e n z o n i t r i l e  ( 8 9 )  ( 6 0%- ) ,  3 , 4 - d i m e t h . y l - 5 -

n i t r o b e n z o n i t r i l e  ( 9 0 )  (20%) and u n i d e n t i f i e d -  p r o d u c t s

( 2 0 %).

1) D i e n e  86 i n . c a r b o n  t e t r a c h l o r i d e  g a v e  a f t e r  5 . 5  h o u r s  

a t  78°C,  3 , 4 - d i m e t h y I b e n z o n i t r i l e  ( 89)  ( ca.  50%),  and ( Z ) - 2 -  

c y a n o - 4 , 5 - d i m e t h y l - 6 - 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  88

( c a . 50%) .

m) D i e n e  8 6  i n  1 : 1 0  ( v / v )  m e t h a n o l - d ^  a n d  c a r l ^ o n

t e t r a c h l o r i d e ,  a t  7 0 ° C  g a v e ,  a f t e r  f o u r  h o u r s ,  3 , 4 -  , 

d i m e t h y l b e n z o n i t r i l e  ( 8 9 )  ( 51%)  a n d  3 , 4 - d i m e t h y 1 - 5 -

n i t r o b e n z o n i t r i l e  (90)  (49%).

n) A s o l u t i o n  o f  d i e n e  99 i n  ca r bo j i  t e t r a c h l o r i d e  a t  70°C 

gave a f t e r  30 h o u r s ,  1 , 4 - d i m e t h y 1 - 2 - n i t r o b e n z e n e  ( 77^  (57%),
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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  ( 10 1 )  ( t r a c e s )  .and a m i x t u r e  

( 4 3 %) o f  u n r e a c t e d  9 9 , c y c l o h e x a d i e n e  102 and c y c l o h e x e n e s  

100 and 103.  .

2 . 8 . 2  P r e p a r a t i o n  o f  ( Z ) - 2 - c y a n o - 4 , 5 - d i m e t h y 1 - 6 -  

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 8 ).

D i e n e -86 (300 mg) was d i s s o l v e d  i n  ca r b on  t e t r a c h l o r i d e  

and h e a t e d  i n ’ a t h e r m o s t a t e d  w a t e r  b a t h  a t  70 ° C  f o r  n i n e  

h o u r s .  The s o l v e n t  was e v a p o r a t e d  and t h e  r e s i d u e  d i s s o l v e d  

i n  m e t h y l e n e  c h l o r i d e - h e x a n e .  F r a c t i o n a l  c r y s t a l l i z a t i o n
i,  ̂ '

g a v e  3 , 4 - d i m e t h y l b e n z o n i t r i l e  (24 mg)  f r o m  t h e  f i r s t  c r o p

and 88 (40 mg) f r o m  t h e  s e c o n d  ^ r o p .  D i e n e  88  had  m.p.

103° C;  IR ( K B r ) :  2220 (CN) ,  1755 ,  1 220 (QCOCHg ),  1550 ,  1 360

(N0 2 )cm“ ^;  UV ( c y c l o h e x a n e ): 285 nm ( c 555 m ^ m o l ” ^ ) ;  ^H NMR

( C DC I 3 , 250 MHz) :   ̂ 1.94*  (3H,  b r s ) ,  1.96 (3H,  b r s ) ,  ( 4 -

CH3 , 5 - CH3 ), 2 . 20 (3M,  s,  OCOCH3 ), 5 . 13  (1H,  d,  J= 8.0 Hz,  ' 6 -

H) ,  5 . 88  (1H,  dd,  J= 8.0 Hz,  2 . 6  Hz,  1 - H ) ,  6 . 73  (1H,  d,  J =

2. 6  Hz,  3 - H ) ;  NM& ( C D C I 3 , 62 . 9  MHz) :  «  ̂ I 8 . I ,  2 0 . 5 ,

20 . 5  (OCOCH3 , 4 - CH3 , 5 - C H 3 ),'  6 6 . 3  ( C - 1 ) ,  85 . 3  ( C - 6 ) ,  108. 5

( C - 2 ) ,  115. 0  ( 2 - C N ) ,  127. 4  ( C - 4 ) ,  132. 9  < C - 5 ) ,  143. 0  ( C - 3 ) ,

169. 7  (‘0COCH3 ).  Analysis  c a l c u l a t e d  f o r  C ^-| H-| 2 N2 0 ij : C

55. 91%,  H 5.12%,  N 11.86%;  f o u n d :  C 55 . 90%,  H 5 . 31%,  N
' ^

,11. 74%.

2 . 8 . 3  , P r e p a r a t i o n  o f  ( ^ ) - 2 - c y a n o - 4 , 5 - d i m  e . t h y l - 6 -  

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  91

A s o l u t i o n  o f  d i e n e  87 ( 400  mg) in 1:1 ( v / v )  c a r b o n

t e t r a c h l o r i d e . a n d  c h l o r o f o r m  (10 cm^)  was h e a t e d  a t  70°C i n  
J

a t h e r m o s t a t e d  w a t e r  b a t h  f o r  seven h o u r s .  The s o l v e n t  was
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^evaporat ed and t h e  r e s i d u e  d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e -  

p e t r o l e u m  e t h e r .  D i e n e  91 (50%) c o u l d  n o t  be c r y s t a l l i z e d

f r o m  t h e  m i x t u r e .   ̂H and NMR s p e c t r a  o f  t h e ,  m i x t u r e
' ■ •

^ w e r e  r e c o r d e d  and tjpie f o l ^ J ^ w i n g  s i g n a l s  a s s i g n e d  t o  9 1 .  I t  

had NMR ( CDCI 3 , 250 M H z ) : ' &  1.97 ( 3 H ,  b r s ,  4 - C H 3 ) ,  2. 00 

(3H,- b r s ,  5 - C H 3J ,  2 . 1 4  ( 3H,  s,  OCOCH3 ), 5 . 1 2  ( 1 H ,  b r s ,  6 - H ) ,  

6.0.8 ( I H ,  d,  J= 3.1 Hz,  IB). ,  6 . 84  (1H,  s,  3 - H ) ;  I r r a d i a t i o n  

a t  \  1.97 c o l l a p s e d  t h e  s i g n a l  a t  5.12 t o  a d o u b l e t  (J = . 3 . 1  , 

H z ) ; ^ 1 3 c  NMR ( CDCI 3 , 6 2 . 9  MHz)  : ^ 1 7 . 9 ,  2 0 . 3 , .  2 0 . 5  ( OCOCH3 ,

4 - CH3Y~5- CH3) ,  65.7 ( C - 1 ) ,  88. 0  ( C - 6 ) , 1 0 5 . 9  ( C- \ 2 ) ,  116. 5  ( 2 -  

CN) ,  1 2 7 . 3  ( C - 4 ) ,  135. 4  ( C - 5 ) ,  145. 2  ( C - 3 ) ,  1 6 8 . 7  ( OCOCH3 ) .

2.8.4 C h a r a c t e r i z a t i o n  o f  d i e n e s  94A and 9 4 B  i n  s o l u t i o n .
\ ♦

D i e n e  9 2A ( 350 mg) was  d i s s o l v e d  i n  c h l o r o f o r m - d  ( 10-

cm^ )  and t h e  s o l . u t i o n  h e a t e d  a t  7 0 ° D  f o r  s i x  h o u r s .  The 

s o l u t i o n  was c o n c e n t r a t e d  t o  3 cm^ on a r o t a v a p o r  and t h e  

^'^C NMR s p e c t r u m  was  r e c o r d e d .  I n  She m i n o r  p r o d u c t  2 -  

c y a n o - 3 ,  4 - d i m  e t h y  l - 6 - n ï t r o c y c l  oh e x a - 2 , 4 - d i e n y i  a c e t a t e  9 4  A 

w h i c h  c o n t r i b u t e d  c a .  1 0 % o f  t h e  m i x t u r e ,  p e a k s  due t o  

p r o t o n - b e a r i n g  c a r b o n  a t o m s  c o u l d  be a s s i g n e d .  D i e n e  94A  

had ’’ ^C NMR ( CDCI 3 , 6 2 . 9  MHz) :  5 ^ 17 . 5 ,  1 9 . 6 ,  2 3 . 9  ( 3 - CH3 ,

^ 4 - C H 3 , OCOCH3 ),  65 . 9  ( C - 1 ) ,  8 2 . 8  ( C - 6 ),  126. 3  ( C - 5 ) .

S i m i l a r  t r e a t m e n t  o f  d i e n e  9 2 B g a v e  a m i x t u r e  

c o n t a i n i n g  t h e  e p i m e r  o f  9'4A, 9 4 B  ( < 1 0 % ) .  I t  had   ̂ ^ C NMR 

( C D C I 3 , 6 2 . 9  MHz) :  6 ç. 19 . 0 ,  19 . 5 ,  2 2 . 4 ,  ( 3 - C H 3 , 4 - CH3 ,

OCOCH3 ), 66 . 2  ( C - 1 ) ,  83.1 ( C - 6 ),  125. 6  ( C - 5 ) .

2 . 8 . 5  A t t e m p t e d  i s o m e r i z a t i o n  o f  1 , 4 - d i m e t h y l - 2 , 4 -
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d i n i t r o c y c l o h e x a - 2 , 5 - d i e n y 1 a c e t a t e  (99)

A s o l u t i o n  o f  99 (1 g) i n  c a r b on  t e t r a c h l o r i d e  (15 cm^)  

was h e a t ed  a t  f o r  20 h o u r s .  On c o o l i n g  t h e  s o l u t i o n  t o

0 ° C,  c o l o u r l e s s  c r y s t a l s  o f  4 - h y d r o x y - 1 , 4 - d i m e t h y l - 2 ^^5^6-

t r . i n i t r o c y c l o h e x - 2 - e n y l  a c e t a t e  ( 1 0 0 ) (16 mg) p r e c i p i t a t e d .

I t  h a d  m. p .  1 6 8 ° C ;  I R  ( K B r ) :  3 5 0 0  ( OH) .  1 7 3 5 ,  1235

/ ( 0 C 0 C H 3 ) , ' 1 5 6 5 ,  1550 ,  1 5 3 0 ,  1 370,  1350 ,  1 340 ( N 0 2 ) c m " ’' ;  H

NMR ( C D C I 3 , 90 MHz) :  6 1.66 (3H,  s,  U- CHg) ,  1 . 78 (3H,  s,  1-

CH3 ), 2 . 18  (3H,  s,  OCOCH3 ), 5 . 15  ( I H ,  d,  J = 12 Hz,  5 - H ) ,  6 .20

( I H ,  d,  J = 12 Hz,  6 - H ) ,  6 . 96  ( I H ,  s,  3 - H ) ;   ̂ NMR ( C DC I 3 ,

62. 9  MHz) :  6 ^ ,21.3 (OCOCH3 ),  21 . 8  ( I - C H 3 ),  27 . 0  ( 4 - C H 3 ),

68 . 8  ( C - 1 ) ,  7 5 . 0- ( C - 4 ) ,  84 . 0  ( C - 6 ),  87 . 4  ( C - 5 ) ,  132. 8  ( C - 3 ) ,

1 7 1 . 3  ( OCOCH^ ) ;  MS Cm e t h a n e  C l ) :  m / e  3 0 2  ( M- 1 7 ) .  The

s o l v e n t '  was e v a p o r a t e d  f r o m  t h e  m o t h e r  l i q u o r  and t h e

r e s i d u e  c h r o ma t o g r a p h e d  on s i l i c a  (110 g ) a t  - 40° C.  E l u t i o n

w i t h  0-3% e t h e r  i n  p e t r o l e u m  e t h e r  g a v e  1 , 4 - d i m e t h y 1 - 2 -

n i t r o b e n z e n e  ( 310 mg,  53%) .  E l u t i o n  w i t h  4 - 6 %  e t h e r  i n

p e t r o l e u m  e t h e r  g a v e  1 , 4 - d i m e t h / l - 2 , 6 - d i n i t , r o b e n z e n e  (159

mg, 21%). Fu r t h ^ . r  e l u t i o n  w i t h  8 -  10% e t h e r  g a v e ' m a i n l y  4-

h y d r o x y - 1 , 4 - d i m e t h y l - 1 - 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  102

(88 mg) .  R e c r y s t a l l i z a t i o n  f r o m  e t h e r - p e t r o l e u m  e t h e r  
» •

a f f o r d e d  t h e  p u r e  c o mp o u n d  (23 mg) .  I t  had m. p.  131° C;  IR 

( K B r ) :  3^90  (OH) ,  1 7 1 0 ,  1 260 (OCOCH3 ) ,  1525 ,  1 370 ( N O j I c m "

T; ^H NMR ( C D C I 3 , 250 MHz) :  « 1.54 (3H,  s ,  4 - CH3 ) ,  1.69
;

(3H,  s,  I - C H 3 ),  2.01 (3H,  s,  OCOCHqJ, 5 . 6 8  ( I H ,  d,  J= 9.9 

Hz,  6 - H ) ,  5 . 8 9  ( I H ,  dd ,  J= 9. 9 Hz,  2.1 Hz,  5 - H ) ,  7 . 20  ( I H ,
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■d, J= 2.1 Hz, 3 - H ) ;  MS ( M e t h a n e  C I ) :  m / e  ^ 10  ( M - 1 7 ) .  The

n e x t  f r a c t i o n  eluted W i t h  12% e t h e r  g a v e  m a i n l y  1,4- 

d i m e t h y 1 - 2 »4 , 5 , 6 - t e t r a n i t r o c y o l o h e x - 2 - e n y 1  a c e t a t e  (103) (76 

mg).  R e c r y s t a l l i z a t i o n  f r o m e t h e r - p e t r p l e u m ^ ^ ^ h e r ' a f f o r d e d  

p a l e  y e l l o w  c r y s t a l s  (1.7 mg), m.p.- 146°C; IR ( K B r ) :  1755,

1 225 (OCOCH3 ), 1570 - 1540, 1 360 -  1 335 (N0 2 ) c m " ”' ;  NMR 

■ji( ( C DC I 3 , 90 MHz) :  Ô 1.85 (6 H, s,  I-CH3 , 4 -CH3 ), 2.19 (3H,  s,

OCOCH3 );  5 . 9 9  (IH, d , ' " j =  12 Hz, 5 - H ) ,  6 . 20  (IH, d,  J = 12 Hz,  

6 -H), 6.98 (IH, s, 3-H)% I^C'NMR (CDCI3 , 62.9 MHz): 6  ̂ 19.3 

( I - C H 3 ) ,  20 . 9  (OCOCH3 ), 22..g (4 -CH3 ) 6 4 . 4  ( C - 1 ) ,  82 . 7  ( C - 5 ) ,

8-3.5 ( C - 6 ) ,  87.1 ( C - 4 ) ,  127. 0 ( C - 3 ) ;  MS ( M e t h a n e  C l ) :  m/ e

349 (M+1).  F u r t h e r  e l u t i o n  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  o f  

e t h e r , g a v e  t h e  u n r e a c t e d  d i e n e  99 (245 mg, .24.5%).

2 . 9  , R e a c t i o n s ^  of 3 1 0 - t r i m e t h y Z - l O - n i t r o - l i ^ -

t ‘ ̂  '
dioxaapiroli^ ,b']d^eoa-0 , Z-dien-2-one

#>

2.9.1 R e a c t i o n  w i t h  s ^ ^ p h u r i c  a c i d  i n  aqueous a c e t o n e - d g

D i e n e  19 ( 48 mg) was m i x e d  w i t h  0 . 01M s u l p h u r i c  a c i d  i n

9 0% a q u e o u s  a c e t o n è - d g  ( 0 . 4  cm^ )  a t  0 °C and warm.ed t o

a h b i e n t  t e m p e r a t u r e .  The r e a c t i o n  was  m o n i t o r e d  by NMR.

E p i m e r i z a t i o n  o f  19 t o  20 was o b s e r v e d .  W o r k - u p  w i t h  
^  .

aqueous sod i um b i c a r b o n a t e ,  as d e s c r i b e d  e a r l i e r ,  a f t e r  15

d a y ^  gave  t h e  e s t e r  58 ( 8  mg, 17%) from the e t h e r  l a y e r .
s ^

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

The e t h e r  e x t r a c t  on d r y i n g  and e v a p o r a t i o n  gave f h e  a c i d  15 

(40 mg, 81%).

The a b o v e  r e a c t i o n  w a s . r e p e a t e d  u s i n g  0.5M s u l p h u r i c
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a c i d  i n  90% aqueous a c e t o n e - d g  (0.4 cm^) .  A f t e r  w o r k - u p  as 

a b o v e  t h e  e t h e r  l a y e r  a f f o r d e d  5 8  (22 mg» 46%) and t h e  

aqueous l a y e r  a f t e r  a c i d i f i c a t i o n  and e x t r a c t i o n  w i t h  e t h e r  

g av e  15 (25 mg.  54%) .

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

D i e n e  19 (48 mg) was m i x e d  w i t h  0 . 0  IM s u l p h u r i c  a c i d  i n  

m e t h a n o l - d 2| ( 0 . 4  c m ^ ) a t  0 °  C an d%»w-a r m e d  t o  a m b i e n t  

t e m p e . r a t u r e . "  Th e  r e a c t i o n  w a s  m o n i t o r e d  by NMR. 

E p i m e r i z a t i o n  o f  19 and  20  w a s  o b s e r v e d .  . T h e  d i e n e  

a r o m a t i z e d  w i t h  a h a l f » l i f e  o f  4 days.  Wor k - up  w i t h  aqueous 

sod i um b i c a r b o n a t e  a f t e r  29 days a t  a m b i e n t  t e m p e r a t u r e  gave 

2 -meth-y 1 - 6 - n i t r o p h e n o l  (30%) and m e t h y l - 2 - m e t h y l r - 2 - ( 2 -  

m e t h y l - 6. - n i t r o p h e n o x y ) p r o p a n o a t e  121- ' dg (70%).

The a b o v e  e x p e r i m e n t  was r e p e a t e d  w i t h  i n c r e a s i n g  

c o n c e n t r a t i o n s  o f  s u l p h u r i c  a c i d .  T r e a t m e n t  o f  19 (48 mg) 

w i t h  0.05M s u l p h u r i c  a c i d  i n  me t h a n o l  (0.4 cm^)  gave,  a f t e r  

21 days a t  a m b i e n t  t e m p e r a t u r e .  2 - m e t h y l - 6- n i t r o p h e n o l  (37%) 

and  1 2 1 - d g  ( 6 3 % ) .  On r e a c t i n g  19 ( 4 8  mg)  w i t h  0 . 5 M' 

s u l p h u r i c  a c i d  i n  m e t h a n o l  (0.4 cm^) .  t h e  same p r o d u c t s  v i z .  

2 - m e t h y l - 6 - n i t r o p h e n o l  (75%) and 1 2 1 - d g  (25%) wer e  o b t a i n e d  

a f t e r  13 days a t  a m b i e n t  t e m p e r a t u r e .

I n  one o f  t h e  c o n t r o l  e x p e r i m e n t s  t o  d e t e r m i n e  t h e  

o r i g i n  o f  2 - m e t h y  1 - 6 - n i t r o p h e n o l . 2 - m e t h y l - 2 - ( 2 - m e t h y l - 6 -  

n i t r o p h e n o x y ) p r o p a n o i c  a c i d  15 (40 mg.) i n  c h l o r o f o r m - d  (0.3 

cm^)  was r e a c t e d  w i t h  0.5 M s u l p h u r i c  a c i d  i n  m e t h a n o l  (0.1 

' c m ^ ) .  T h e  r e a c t i o n  w a s  f o l l o w e d  by NMR a t  a m b i e n t
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t e m p e r a t u r e .  A f t e r  8 . 5  h o u r s »  t h e  r e a c t i o n  was  w o r k e d  up 

w i t h  aqueous sod i um b i c a r b o n a t e  t o  g i v e  m e t h y l  2 - m e t h y l - 2-  

( 2 - m e t h y 1 - 6 - n  1 1 r o p h e n o X  y ) p r o p  a n 0 a t e , .  1 2 1  ( 3 8  mg» 90$

I s o l a t e d  y i e l d ) »  IR ( f i l m ) :  1735 (0=0)» .1540» 1335 (NOglcm"

^ N M R  (CDCl g»'  90 MHz) :  6 1.49 ( 6 H» s» € ( 0 8 3 ) 2 )» 2 . 27

(3H» S »  2 - OH3 )» 3 . 76  (3H» s» OO2 OH3 )» 7.11- (1H» dd» J = 7.9*  

Hz» 7. 7  Hz» 4-H)» 7 : 37  (1H» brd» J = 7 . 7  Hz» 3- H) »  7 . 5 2  (1H» 

brd» J = 7 . 9  Hz» 5 - H ) ;  ^0 NMR ( ODOI 3 » 63 MHz) :  6 ç. 17.6 ( 2 -

CH3 ) ,  24 . 9  (CXCH^JgJ,  52 . 5  (OOgCHg,)» 83 . 8  ( ^ ( 0 8 3 ) 2 )» .  122. 3  

( C - 5 f »  124. 3  ( 0 - 4 ) » '  1 3 4 . 8  ( 0 - 3 ) ,  126. 4  ( 0 - 2 ) »  136. 3  ( 0 - 6 ) ,

146. 4  ( 0 - 1 ) ,  173. 2  (CO2 OH3 );  MS ( M e t h a n e  0 1 ) :  m/ e  254

(M + 1) ;  ( E l ,  70 e v ) :  m / e  ( r e l a t i v e  I n t e n s i t y ) ,  253 (M + »1) ,

194 ( 9 ) ,  153 ( 1 00 ) ,  15 1 ( 1 4 ) ,  1 36 ( 4 5 ) ,  1 20 ( 17 ) ,  10 1 ( 3 4 ) ,  

91 (1 6 ),  73 (1 6 ), 69 (31 ) [  39 ( 1 7 ) .f’f ' .

The m e t h y l  e s t e r  121 (30 m g ) was r e a c t e d  w i t h  0 . 5  M 

s u l p h u r i c  a c i d  I n  m e t h a n o l - d ^ ^  ( 0 . 4  c m I n  a n o t h e r  c o n t r o l  

e x p e r i m e n t .  The r e a c t l p n  was m o n i t o r e d  by NMR a t  a m b i e n t  

t e m p e r t u r e .  No r e a c t i o n  was o b s e r v e d  d u r i n g  3 3 d a y s .  The 

u n r e a c t e d  121 was r e c o v e r e d  a f t e r  w o r k - u p  w i t h  a q u e o u s  

sod i um b i c a r b o n a t e .

I n  a t h i r d  c o n t r o l  e x p e r i m e n t  2 - m e t h y 1 - 6 - n 1 t r o p h e n y 1 2-

h y d r o x y - 2 - m e t h y I p r o p a n o a t e  58 (25 mg) was t r e a t e d  w i t h  0.5M

s u l p h u r i c  a c i d  I n  m e t h a n o l - d ^ j  ( 0 . 4  c m ^ ). The r e a c t i o n  was

m o n i t o r e d  by NMR a t  a m b i e n t  t e m p e r a t u r e .  The e s t e r  58

t r a n s - e s t e r i f l e d  t o  g i v e  2 - m e t h y 1 - 6- n l t r o p h e n o l  w i t h  a h a l f

l i f e  o f  16 d a y s .  W o r k - u p  a f t e r  33 d a y s  g a v e  2 - m e t h y l - 6 -  
r
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n ^ t r o p h e n o l  (75%) and u n r e a c t e d  58 (25%).

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

a)  M e t h a n e s u l p h o n i c  a c i d  ( 0 ."0 1 c m ^ ) w a s  a d d e d  t o  a 

s o l u t i o n  o f  d i e n e , 19 ( 48 mg) i n  c h l o r o f o r m - d  ( 0 . 3  c m ^ ) a t  

20°C.  The r e a c t i o n  was m o n i t o r e d  by NMR a t  20°C,  A f t e r  15 

m i n u t e s  ca.  15% 19 was l e f t  . u n r e a c t e d .  I t  e p i m e r  20 (18%) ,  

t h #  i s o m e r i z e d  d i e n e  55 ( c a .  8 %), t h e  4 - n  i  t r o  a c i d  1 4 (18%) 

and t h e  6 - n i t r o  a c i d  15 (M1%) w e r e  t h e  o t h e r  p r o d u c t s .  As

^  t h e  r e a c t i o n  p r o g r e s s e d  19 was t h e  f i r s t  t o  d i s a p p e a r  f r om

t h e  r e a c t i o n  j n i c t u r e ,  f o l l o w e d  by t h e  d i e n e s  20 

and 55 r e s p e c t i v e l y .  A f t e r  t w o  ho u r s  a t  20°C 15 (75%) and 5 

(25%) w e r e  t h e  o n l y  p r o d u c t s  o b s e r v e d .  The m i x t u r e  o f  t h e  

a c i d s  15 and IM (üy  mg)  c o u l d  be i s o l a t e d  a f t e r  a q u e o u s  

sod i um b i c a r b o n a t e  w o r k - u p .

b) D i e n e  19 ( M 8 mg) was  r e a c t e d  w i t h  a 1:1 ( v / v )  m i x t u r e

o f  m e t h a n e s u l p h o n i c  a c i d  and c h l o r o f o r m - d  ( 0 . 3  c m ^ ) a t  0°C

and t he  r e a c t i o n  was f o l l o w e d  by NMR. E p i m e r i z a t i o n  o f  19

t o  20 and i s o m e r i z a t i o n  t o  55 wer e  o b s e r v e d .  Wo r k - u p  w i t h

aqueous sod i um b i c a r b o n a t e  a f t e r  t wo  h o u r s  a t  0°C a f f o r d e d  a

m i x t u r e  (M6 mg) o f  t h e  6 - n i t r o  a c i d  M ( 8 1 %) and t h e  M - n i t r o
;  '

a c i d  1M ( 19%).  ^

c)  T r i f l i c  a c i d  (0.01 cm^)  was i n j e c t e d  i n t o  a s o l u t i o n  o f  

d i e n e  19 ( M 8 mg) i n  c h l o r o f o r m - d  ( 0 . 3  c m ^ ) a t  0 ° C.  T-he NMR 

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

r e a c t e d  (ca.  5 mi n ) t o  f o r m  aVomabi c^ p r o d u c t s .  Wo r k - u p  w i t h  

aqueous sod i um b i c a r b o n a t e  a f f o r d e d  a m i x t u r e  (MM mg) o f  t h e
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6 - n i t r o  a c i d  15 (75%) and$ the  M - n i t r o  a c i d  14 (25%).

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

m e t h a n o l  (0.01.  c m ^ ) and t h e  r e a c t i o n  f o l l o w e d  by NMR.

E p i m e r i z a t i o n  t o  20 was  o b s e r v e d ^  A f t e r  30 m i n u t e s  a t  0°C 
» -

t h e  t e m p e r a t u r e  was r a i s e d  t o  2 0 °C.  A f t e r  a n o t h e r  30 

m i n u t e s  t h e  r e a c t i o n  m i x t u r e  c o n t a i n e d  15 (9%) ,  14 (9%) ,

u n r e a c t e d  19 (21%) and i t s  e p i me r  20 (61%).

2.9.4 R e a c t i o n \ ^  w i t h  t r i f l u o r o a c e t i c  a c i d  (TEA) .

a) A s o l u t i o n  o f  19 (600 mg) i n  TEA (6 cm^)  was s t i r r e d  a t  

a m b i e n t  t e m p e r a t u r e  f o r  t w o  h o u r s .  W o r k - u p  w i t h  a q u e o u s  

s o d i u m  b i c a r b o n a t e  g a v e  3 , 3 , l O - t r i m e t h y l - 1 , 4 -  

d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 9 - d i e n e - 2 , 8 - d i o n e  ( 1 1 2 )  (63 mg, 17%).

A m i x t u r e  o f  a c i d s  ( 5 0 2  mg) was o b t a i n e d  f r o m  t h e  a q u e o u s  

l a y e r  and i t s  c o mp on e n t s  wer e  i d e n t i f i e d  by NMR as 15 (23%),  

14 (60%) and 12 (ca..  5%).

b ) D i e n e  19 ( 48  rag) was r e a c t e d  w i t h  10% ( v / v )  TEA i n  

c h l o r o f o r m - d  ( 0 . 3  cm^ )  a t  0° C.  A f t e r  25 m i n u t e s  a m i x t u r e  

c o n t a i n i n g  19 (20%) and i t s  e p i m e r  20 (80%) was o b t a i n e d .

' T h e  r e l a t i v e  a m o u n t s  o f  t h e  t w o  d i e n e s  d i d  n o t  c h a n g e  f o r  

' a n o t h e r  t h r e e  h o u r s  a t  0°C a f t e r  w h i c h  a r o m a t i z a t i o n  

commenced.

c j D i e n e  19 ( 48  mg) was  d i s s o l v e d  i n  a 1 : 2  ( v / v )  m i x t u r e  

o f  TEA and c h l o r o f o r m - d  (0.6 cm^)  a t  - 1 0°C and t h e  r e a c t i o n  

was f o l l o w e d  by NMR. An e ( ; u i  l i b r i u m  m i x t u r e  o f  19 and 20 i n  

t h e  r a t i o  20: 80 was f i r s t  f o r me d  w h i c h  d i d  n o t  f u r t h e r  r e a c t  

t i l l  t h e  t e m p e r a t u r e  was  r a i s e d  t o  10°C o v e r  30 m i n u t e s .
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A r o m a t i z a t i o n  commenced a t  20-^C. D i ene  55 was o b s e r v e d  as 

an i n t e r m e d i a t e  and r eached  a maximtTm c o n c e n t r a t i o n  o f  19%. 

A f t e r  14 h o u r s  a t  2 0 ° C  t h e  r e a c t i o n  w a s  w ' o r k e d  up as 

d e s c r i b e d  a b o v e  t o  g i v e  12 ( c a .  18%).  15 (39%)' .  14 (32%) and 

t he  s p i r p d i e n o n e  112 (ca.  11 %J.

d) Di ene 19 (48 mg) and m e s i t y l e n e  (36 mg) we r e  d i s s o l v e d
r

i n  TFA ( 0 . 3  c m ^ ) a t  0° CJ  and t h e  s g l u t i o n  was wa r me d  t o

amb- ient  t e n v p e r a t u r e .  A f t e r  one h o u r  t h e  s o l u t i o n  was pour ed

i n t o  s g t u r a t - e d  a q u e o u s  s o d i u m  b i c a r b o n a t e  and 1 . D -

d i m e  t h y  1 - 2 - n i t r o b e n z e n e (42 mg) was added  t o  i t  as an

i n t e r n a l  st andar d.  The s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r .

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

A n a l y s i s  b,y GC i n d i c a t e d  t h e  p r e s e n c e  o f  ' n i t r o m e s i t y l e n e

( 13%)  i n  t h e  r e a c t i o n  m i x t u r e .  T h e  a q u e o u s  l a y e r  On

a c i d i f i c a t i o n  and e x t r a c t i o n  w i t h  e t h e r ,  f o l l o w e d  by dr y i ng

' . and  e v a p o r a t i o n  o f  th.e s o l v e n t  g a v e  12 ( 25 % ).  1 5  (36%) and
■ ■

14 (23-%).

e) D i e n e  19 (48 mg) was  r e a c t e d  w i t h  100% TFA a t  - 1 5°C.  

A f t e r  45 m i n u t e s  t h e  r e a c t i o n  m i x t u r e  c o n t a i n e d  a c i d  14 (ca.  

12%) a n d , d i e n e s  19.  20 (48%) and 55 ( 26%) .  alo^ng w i t h  a c i d  

15.  The r e a c t i o n  m i x t u r e  was warmed t o  a m b i e n t  t e m p e r a t u r e .  

Wor k - up  a f t e r  24 h o u r s  gave a c i d s  12 (ca.  13%). .  15 (38%),  14 

(38%) and t h e  s p i r o d i e n o n e  112 ( c a .  11%).

The a b o v e  r e a c t i o n  was r e p e a t e d  and t h e  t e m p e r a t u r e  

m a i n t a i n e d  a t  - 15°C.  The d i e n e s  20 and 55 wer e  ob s e r v e d  i n  

t h e  r e a c t i o n  m i x t u r e  f i r s t .  The a c i d  14 c o u l d  be d e t e c t e d
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f
/  n e x t  a n d  t h e  p e a k s  d u e  t o  a c i d  15 i n c r e a s e d  a s  t h e

c o n c e n t r a t i o n  o f  55 d.e c r e a s e d .  The d i  en on e 112 c o u l d  be 

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

d e c r e a s e d .  W o r k - u ^  a f t e r  f o u r  d a y s  a t  - 1 5°C g a v e  12- ( c a .  

12%),  15 ( 51%) ,  14 (25%)  and 112 ( c a .  12%).

f )  D i e n e  19 was d i s s o l v e d  i n  a 1:1 ( v / v )  m i x t u r e  o f  

m e t h a n o l - d n  and TFA ( 0 . 4  c m ^ ) a t  - 1 0°C arid t h e  r e a c t i o n  

f o l l o w e d  by NMR. No a r o m a t i z a t i o n  r e a c t i o n s  o c c u r r e d  a t  

-10*^C,  0 °C o r  1 0°C.  I s o m e r i z a t i o n  t o  55 began  a t  + 1 0 ° C . 

The c o n c e n t r a t i o n  o f  55  r e a c h e d  40% a f t e r  s i x  h o u r s  a t  

+10 ° C . T h e  t e m p e r a t u r e  w a s  i n c r e a s e d  t o  a m b i e n t  

t e m p e r a t u r e .  W o r k - u p  a f t e r  t h r e e  d a y s  a t  a m b i e n t  

t e m p e r a t u r e  g av e  15 (52%) and 20 (48%)  And t r a c e s  o f  2 -  

m e t h y l - 6 - n i t r o p h e n o l  ( 1 0 ).

g) D i e n e  19 (48 mg) was d i s s o l v e d  i n  a,  1 : 3  ( v Z v ) ^ i x t u r e

o f  m e t h a n o l - d ^ i  and TFA ( 0 . 4  c m a t  - 1 0 ° C  and hne r e a c t i o n

f o l l o w e d  by NMR. A f t e r  20 m i n u t e s  a t  0°C a n \ e q u l i b r i u m

m i x t u r e  c o n t a i n i n g  19 (22%) and 20 (78%) was  o b t a i n e d .

T h e r e  was  no f u r t h e r  c h a n g e  i n  t h e  m i x t u r e  a f t e r  t w o  h o u r s
%

a t  0°C.  On w a r m i n g  t o  a m b i e n t  t e m p e r a t u r e  t h e  d i e n e s  s l o w l y  

a r o m a t i z e d .  Wor k - up  a f t e r  t h r e e  days a t  a m b i e n t  t e m p e r a t u r e  

g av e  2 - m e t h y 1 - 6 - n i t r o p h e n o l  ( 10 )  ( 17%) ,  15 ( 26%) ,  20 (57%) 

and t r a c e s  o f  1 9 . -

The same e x p e r i m e n t * w a s  r e p e a t e d  w i t h  t h e  t e m p e r a t u r e  

b e i n g  m a i n t a i n e d  a t  0°C-. **The e q u i l i b r i u m  m i x t u r e  o f  19 

( 2 0 %) and 20 (80%) o b t a i n e d  a f t e r  20 m i n u t e s  d i d  n o t  c h a n g e

= 2 ^
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even  a f t e r  t h r e e  d a y s .  O n l y  t r a c e  a r o m a t i c  p r o d u c t s  w e r e  

o b s e r v e d .

h)  D i e n e  19 (48 mg) was d i s s o l v e d  i n  a 9:1 ( v / v )  m i x t u r e

o f  TFA a nd  m e t h a n o l - d ^  ( 0 . 3  c m ^ ) -at  0 ° C  a n d  r e a c t i o n

m o n i t p r e d  by NMR. „,'*A m i x t u r e  o f  19 (35%) and 20 (65%) was

ob s e r v e d  a f t e r  10 m i n u t e s .  D i e n e  19 r e a c t e d  c o m p l e t e l y  t o  

g i v e  20 ' ( 35%) , .  55 (30%) and a m i x t u r e  o f  a r o m a t i c  compounds 

(35%) .  The s o l v e n t  was e v a p o r a t e d  a f t e r  f i v e  h o u r s  a t  0°C 

t o  g i v e  t r a c e s  o f  20,  d i e n e  55 ( 32%) ,  12 (12%) 15 (24%)  and 

1 4 (32%) .

2.9.5 M i s c e l l a n e o u s  r e a c t i o n s
ifi

a) T e t r a c y a n o e t h y l e n e  (26 mg) was added  t o  a s o l u t i o n  o f  

19 (48 mg) i n  t e t r a h y d r o f u r a n - d g  (0.4 cm^)  and t h e  r e a c t i o n  

m o n i t o r e d  by NMR a t  a m b i e n t '  t e m p e r a t u r e .  A f t e r  15 days t h e  

e s t e r  58  (72%) ,  t h e  a c i d  15 ( T8t . )  and some u n i d e n t i f i e d  

comp ou n d  ( c a .  10%) w e r e  o b s e r v e d  i n  t h e  r e a c t i o n  m i x t u r e .  

The p r o d u c t s  wer e  s e p a r a t e d  f r o m  t e t r a c y a n o e t h y l e n e  by HPLC 

on a s i l i c a  c o l u m n  ( S i - 1 0 ,  0 . 8  x 50 cm)  u s i n g  m e t h y l e n e

■ c h l o r i d e - h e x a n e  as e l u e n t .  T e t r a c y a n o e t h y l e n e  (20 mg) was

e l u t e d  i n  t h e  f i r s t  f r a c t i o n ,  - t h e  e s t e r  58 ( 16 mg) i n  t h e  

s e c o n d  f r a c t i o n  and u n i d e n t i f i e d  c o mp o u n d s  i n  t h e  t h i r d  

f r a c t i o n .

b) N i t r o e t h y i e n e  (0.011 cm^)  was added t o  a s o l u t i o n  o f  19 

(48 mg') i n  c h l o r o f o r m - d  and t h e  r e a c t i o n  m o n i t o r e d  by NMR. 

No r e a c t i o n  w a s  o b s e r v e d  a f t e r  24 h o u r s  a t  a m b i e n t  

t e m p e r a t u r e . ,  The,, same r e a c t i o n  was r e p e a t e d  u s i n g  be n z e n e -
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d g a s^s o l v e n t .  No r e a c t i o n  was o b s e r v e d  a f t e r  24 h o u r s  a t  

a m b i e n t  t e m p e r a t u r e .

c )  A r e a c t i - v i a l  c o n t a i n i n g  a s o l u t i o n  o f  19 ( 50  mg)  i n  

70% a q u e o u s  m e t h a n o l  ( 2 . 8  cm^ )  was p l a c e d  i n  an u l t r a s o n i c  

b a t h  a t  45°C f o r  2.5 h o u r s .  The s o l u t i o n  was s a t u r a t e d  w i t h  

sod i um c h l o r i d e ,  e x t r a c t e d  w i t h  e t h e r ,  d r i e d  and t h e  s o l v e n t  

e v a p o r a t e d  t o  y i e l d  15 (43%) and u n r e a c t e d  19 (57%).

d)  Boron t r i f l u o r i d e  gas was b u b b l e d  t h r o u g h  a s o l u t i o n -  o f  

19 ( 2 ^  mg) i n  c h l o r o f o r m - d  ( 0 . 5  c m^ )  a t  - 6 0 ° C  f o r  t w o

m i n u t e s .  C h l o r o f o r m - d ^  (0.2.  cm^ )  c o o l e d  t o * - 6 0 ° C  was  adde d  

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

r e c o r d e d  a t  - 4 0 ° C  ( c a .  10 m i n u t e s  a f t e r  b u b b l i n g  o f  b o r o n  

t r i f l u o r i d e  was s t u p e d )  sho wed  t h a t  a l l  o f  t h e  d i e n e  had 

r e a c t e d .  W o r k - u p  w i t h  a q u e o u s  s o d i u m  b i c a r b o n a t e  a t L O° C  

a f f o r d e d  a m i x t u r e  (Ê1 mg) o f  a r o m a t i c  compounds w h i c h  was 

a n a l y z e d  by  ̂H NMR ( 250  MHz) .  The m i x t u r e  c o n s i s t e d  o f  14 
( 3 1 % )  15 ( 5 4 % ) ,  2 - m e t h y l - 2 - ( 2 - m e t h y l - 3 -

n i t r o p h e n o x y  ) p r o p a n o i c  a c i d  13 (7%1 and 12 ( 8%) .  The  n i t r o  

d e r i v a t i v e s  13. 15. and 14 d e c o m p o s e d  t o  t h e  c o r r e s p o n d i n g  

p h e n o l s  on i n j e c t i o n  i n t o  a GC c o l u m n .  P r e s e n c e  o f  13 was 

c o n f i r m e d  by c o - i n j e c t i o n  w i t h  2 - me t h y  1 - 3 - n i t r o p h e n o l  ' ( 8 ).

2 . 1 0  A r o m a t i  z a t i o n  r é a c t i o n s  o f  1 0 - m e t h y I  -  1 0 - n i t r o -  1 -  

d i o x a 8 p i r o L ^ , 5 l d e o a - 6 , O - d i e n - 2 - o n e  (25)
2.10.1 P y r o l y s i s

a)  A s o l u t i o n  o f  2 5 A (17 mg) i n  a 1:1 ( v / v )  m i x t u r e  o f  

c a r b o n  t e t r a c h l o r i d e  and c h l o r o f o r m - d  (0.3$ cm^)  was h e a t e d
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a t  50° C f o r  12 h o u r s .  A q u e o u s  s o d i u m  b i c a r b o n a t e  w o r k - u p  

y i e l d e d  ( 2 - m e t h y I - 6 - n i t r o p h e n o x y ) a c e t i c  a 26  (16 mg ) ^ 

m.p.  129-130°C ( l i t 1 2 9 ° C )  as t h e ' s o l e  p r o d u c t .

b)  A s o l u t i o n  o f  2 5 A (17 mg) i n  t e t r a h y d r o f u r a n  (0.35 cm^)

 ̂ was h e a t ed  a t  50°C f o r  14 h o u r s .  Wor k - up  as .above gave t h e

6 - n i t r o  a c i d  26 (17 mg) as t h e  o n l y  p r o d u c t .

S i m i l a r  r e a c t i o n  o f  t h e  e p i m e r  2 5 B ( 1 7  mg)  i n  ' 

t e t r a h y d r o f u r a n  ( 0 . 3  c m ^ ) ga^e  t h e  same p r o d u c t  -26 i n  

q u a n t i t a t i v e  y i e l d .

2.10.2 R e a c t i o n s  w i t h  t r i f l u o r o a c e t i c  a c i d  (TFA)

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

p e r f o r m e d  on a m i x t u r e  c o n t a i n i n g  j25A (65%) and 25B (35%).
%

a) D i è n e  2 5 A (15 mg) was d i s s o l v e d  i n  a 1% ( v / v )  m i x t u r e  

o f  TFA i n  c h l o r o f o r m - d  ( 0 . 4  cm^)  a t  0 ° C.  The r e a c t i o n  was 

f o l l o w e d  by NMR a t  0°C.  The d i e n e  25A e p i m e r i z e d  t o  25B t o  • 

. g i v e  an e q u i l i b r i u m  m i x t u r e  o f  2 5 A and 25B ( 31 : 69 )  a f t e r  14 

h o u r s  a t  0°C.  The same'  c o n c e n t r a t i o n ^  wer e  o b s e r v e d  a f t e r  

24 h o u r s .

D i e n e  25B u n d e r  s i m i l a r - c o n d i t i o n s  g a v e  t h e  same 

e q u i l i b r i u m  c o n c e n t r a t i o n s  o f  25A and 25B a b o v e ,  a f t e r  24 

h o u r s  a t  0°C.  The r e l a t i v e  c o n c e n t r a t i o n s  d i d  n o t  c h a n g e  

t i l l  60 h o u r s  a t  0°C when a r o m a t i z a t i o n  commenced.

c)  D i e n e  25 (17 mg) was  d i s s o l v e d  i n  a 25% ( v / v )  m i x t u r e  

o f  TFA i n  c h l o r o f o r m - d  a t  0°C.  A f t e r  15 m i n u t e s  t h e  NMR 

s p e c t r u m o f  t h e  m i x t u r e  showed formation  o f  an e q u i l i b r i u m  

m i x t u r e  o f  2 5 A and 25B.  Wor k - up  a f t e r  24 h o u r s  a t  0°C gave
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t he  6 - n i t r o  a c i d  26 as t he  on l y  p r o d u c t .

d)  The c o n c e n t r a t i o n  o f  TFA was  i n c r e a s e d  t o  10% i n  

a n o t h e r  e x p e r i m e n t  p e r f o r m e d  a t  - 2 0 ° C .  The e q u i l i b r i u m  

c o n c e n t r a t i o n s  o f  2 5 A and 25B wer e  a c h i e v e d  a f t e r  10 m i n u t e s  

a t  - 2 0 ° C .  W o r k ^ u p  a f t e r  t h r e e  h o u r s  a t  - 2 0 ° C  g a v e  26  (16 

mg) as t h e  s o l e  p r o d u c t .

e)  When t h e  c o n c e n t r a t i o n  o f  TFA was  i n c r e a s e d  t o  25%, 

d i e n e  25 s t a r t e d  t o  a r o m a t i z e  a t  0 ° C.  A r o m a t i z a t j ^ i o n  was 

c o m p l e t e  i n  30 m i n u t e s  when t h e  r e a c t i o n  m i x t u r e  was warmed 

t o  0° C.  W o r k - u p  w i t h  a q u e o u s  s o d i u m  b i c a r b o n a t . e  g a v e  a

- m i x t u r e  o f  a r o m a t i c  a c i c f s  (17 mg) .  A n a l y s i s  by  ̂H NMR 

sh o we d  t h a t  t h e  m i x t u r e  c o n s i s t e d  o^  18 ( 5 %), t h e  4 - n i t r o  

a c i d  24 (15%) and t h e  6 - n i t r o  a c i d  26 (80%) .

f )  A same p r o d u c t  m i x t u r e  as a b o v e  was  o b t a i n e d  when t h e  

, above e x p e r i m e n t  was r e p e a t e d  w i t h  n e a t  TFA. '
% -

2. 10.3 R e a c t i o n  w i t h  s u l p h u r i c  a c i d .  \

a)  D i e n e  25 (17 mg) was d i s s o l v e d  i n  0.1M s u l p h u r i c  a c i d  

i n  me t h a n o l  (0.3 cm^)  a t  0°C.  The r e a c t i o n  was m o n i t o r e d  by 

NMR. No r e a c t i o n  o c c u r r e d  o v e r  ' t h # e e  h o u r s  a t  O^C.  The 

r e a c t i o n  m i x t u r e  was warmed t o  a mb i e n ^  t e m p e r t u r e  a t  w h i c h  

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

h o u r .  A f t e r  18 h o u r s  t h e  r e a c t i o n  m i x t u r e  was w o r k e d - u p  

w i t h  a q u e o u s  s o d i u m  b i c a r b o n a t e  t o  g i v e  2 - m e t h y l - 6 -  

n i t r o p h e n o l .  as t h e  o n l y  p r o d u c t .

I n  a c o n t r o \  e x p e r i m e n t  t h e  6 - n i t r o  a c i d  2 6  (21 mg) was  

r e a c t e d  w i t h  0.1M s u l p h u r i c  a c i d  i n  m e t h a n o l  ( 0 . 5  cm^ )  a t
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a m b i e n t  t e m p e r a t u r e  f o r  2 H h o u r s .  as a b o v e  gave

m e t h y l  ( 2 - m e t h y l - 6- n i t r o p h e n o x y ) a c e t a t e  ( 1 2 2 ) r 2< m g )  as t h e  

o n l y  p r o d u c t .

b)  D i e n e  25 (12 mg)  was d i s s o l v e d  i n  0.1M s u ' l p h u r l i c  a c i d  

i n  90% a q u e o u s  a c e t o n e  ( 0 . 3  c m ^ ) a t  0 °C and t h e  r e a c t i o n  

m o n i t o r e d  by NMR. No r e a c t i o n  o c c u r r e d  a t  0 ° C .  Th e  

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

a r o m a t i z a t i o n  o c c u r e d  w i t h  a h a l f - l i f e  o f  11 h o u r s .  Wor k - up  

w i t h  a q u e o u s  s o d i u m ,  b i c a r b o n a t e  a f t e r  48 h o u r s  g a v e  2 -  

m e t h y l - 6- n i t r o p h e n o . l  as t h e  o n l y  p r o d u c t .

I n  a c o n t r o l ^  e x p e r i m e n t ,  t h e  a c i d  26 r e a c 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  t o  g i v e  2- m e t h y 1- 6 - n i t r o ^ h e n o l  ( 8%) and 

t h e  u n r e a c t e d  26 (92%).

2.10.4 R e a c t i o n  w i t h  boron  t r i f l u r i d e .

D i e n e  25 (17 mg)  was  d i s s o l v e d  i n  c h l o r o f o r m - d  ( 0 . 6  

cm^)  and c o o l e d  t o  - 6 0 ° C .  Boron t r i T l u o r i d e  gas was b u bb l e d
f-

t h r o u g h  t h e  s o l u t i o n  f o r  t w o  m i n u t e s  and t h e  s o l u t i o n  was

w a r m e d  t o  - 4 0 ° C .  T h e  r e a c t i o n  w a s  f o l l o w e d  by NMR.

A r o m a t i z a t i o n  was c o m p l e t e  a f t e r  40 m i n u t e s .  Wor k - up  w i t h

a q u e o u s  s o d i u m  b i c a r b o n a t e  g a v e  t h e  a c i d  2 6  (15 mg) as t h e  
«

o n l y  p r o d u c t .

2.11 Reactions of {Z)-Z,Z.B-tTimethyl-8-nitro-l,'ii>-dioxa- 

s p t r o C 4 t  eaa-6 *Z-dien- 2-oi^  ( 52 )

2.11 .T S o l v o l y s i s

a) A s o l u t i o n  o f  d i e n e  52  (48 mg)  i n  1:1 ( v / v )  a q u e o u s
* k

m e t h a n o l  (2 c m^ )  was  s t i r r e d  i n  a. r e a c t i - v i a l  a t  60°C f o r  30
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m i n u t e s .  The s o l u t i o n  was s a t u r a t e d  w i t h  s o d i u m  c h l o r i d e  

and e x t r a c t e d  w i t h  e t h e r .  The e t h e r e a l  s o l u t i o n  was d r i e d  

a n d  t h e  s o l v e n t  w a s  e v a p o r a t e d  t o  g i v e  4 - m e t h y 1 - 2 -  

n i t r o p h e n o l  ( 51)  (18%) and u n r e a c t e d  52 (82%).

When t h e  s o l u t i o n  o f  52 was s t i r r e d  a t  60° C f o r  f o u r  

h o u r s  i n  a n o t h e r  e x p e r i m e n t  4 - m e t h y 1 - 2 - n i t r o p h e n o l  ( 5 1 )  

(80%) and p - c r e s o l  (20%) wer e  o b t a i n e d  on w o r k - u p  as above.

b)  D i e n e  52 (48 mg) and t r i s ( h y d r o x y m e t h y  1 ) a m i n o me t h a n e

(26 mg,  1.1 e q u i v a l e n t )  w e r e  d i s s o l v e d  i n  1:1 a q u e o u s
?

m e t h a n o l  (4 cm^) .  The s o l u t i o n  was s t i r r e d  a t  60°C f ^  f o u r  

h o u r s .  W o r k - u p  as a b o v e  g ave  4 - m e t h y  1 - 2 - n i t r o p h e n o l  ( 51 )  

(80%) and p - c r e s o l  ( 20%) .

c )  Di ene .  52 (48 mg) and u r e a  (60 mg,  5 e q u i v a l e n t )  w e r e  

d i s s o l v e d  i n  1:1 a q u e o u s  m e t h a n o l  (4 c m ^ ) s t i r r e d  a t  6 0 °C 

f o r  f o u r  h o u r s .  Wor k - >up  as a b o v e  g a v e  4 - m e t h y l - 2 -  

n i t r o p h e n o l  ( 5 1 )  (66%) ,  p - c r e s o l  (14%) and u n r e a c t e d  52  

( 2 0 %) .

2.11.2 R e a c t i o n s  w i t h  t r i f l u o r o a c e t i c  a c i d  (TFA)

a)  D i e n e  52 ( 48 mg) was ( j f i s s o l v e d  i n  a 1:1 ( v / v )  m i x t u r e

o f  TFA and c h l o r o f o r m - d  a t  0°C.  The r e a c t i o n  was m o n i t o r e d

by NMR. A r o m a t i z a t i o n  a t  0°C was  v e r y  s l o w .  The r e a c t . i ô n

m i x t u r e  was warmed t o  a m b i e n t  t e m p e r a t u r e . .  A f t e r  24 h o u r s

t h e  s o l v e n t  was e v a p o r a t e d  d^d t h e  r e s i d u e  was d i s s o l v e d  i n

c h l o r o f o r m - d .  ^H NMR s p e c t r u m o f  t h e  p r o d u c t  i n d i c a t e d  t h e
%

p r e s e n c e  o f  4 - m e t h y l - 2 - n i t r o p h e n o l  ( 51 )  (20%) and 2 - m e t h y 1-  

2 - ( 4 - m e t h y l - . 2 - n i t r o p h e n o x y ) p r o p a n o i c  a c i d  54  (70%) .  p -
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C reso l  and the  a c i d  1 were a l s o  formed.

b)  D i e n e  5 2  (48 mg) was d i s s o l v e d  i n  a 3:1 ( v / v O m i x t u r e  

o f  TFA and ' c h l o r o f o r m - d  ( 0 . 3  c m^ )  a t  0°C and t h e  m i x t u r e  

warmed t o  a m b i e n t  t e m p e r a t u r e .  The r e a c t i o n  w a s ' m o n i t o r e d  

by NMP. Wo r k - up  as above a f t e r  seven h o u r s  gave 4 - m e t h y 1 - 2 -  

n i t r o p h e n o l  ( 51)  ( 20%) ,  t h e  a c i d  54 (75%) and t r a c e s  o f  p -  

c r e s o l  and 1 .

c ) D i ene  52 (48 mg) was d i s s o l v e d  i n  nea t  TFA (0.3 cm^)  a t  

0°C and t h e  r e a c t i o n  was m o n i t o r e d  by NMP. A f t e r  e i g h t  

h o u r s  a t  0°C t h e  r e a c t i o n  m i x t u r e  was wor ked up w i t h  aqueous 

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

4 - m e t h y l - 2 - n i t r o p h e n o l  ( $ 1 )  ( 20%) .  The a q u e o u s  l a y e r  on 

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

o f  t h e  s o l v e n t  a f f o r d e d  t h e  a c i d s  1 (14%) and 54 ( 66%).

d)  A m i x t u r e  o f  5 2  ( 2 4  mg,  0 . 1 m m o l )  a nd  1 , 3 , 5 -

t r i m e t h o x y b e n z e n e  (17 mg,  0.1 mmo l )  was d i s s o l v e d  i n  n e a t
I

TFA ( 0 . 3  c m ^ ) a t  0 °C and t h e  r e a c t i o n  was f o l l o w e d  by NMR. 

A f t e r  n i n e  h o u r s  a t  0 °C t h e  r e a c t i o n  was w o r k e d  up w i t h  

a q u e o u s  s o d i u m  b i c a r b o n a t e .  B o t h  t h e  a c i d i c  and t h e  n o n -  

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

p r e s e n c e  o f  1 , 3 , 5 - t r i m e t h o x y - 2 - n i t r o b e n z e n e  i n  t h e  n o n -  

a c i d i c  f r a c t i o n  was  d e t e c t e d  by gas  c h r o m a t o g r a p h y .  Co­

i n j e c t i o n  o f  an a u t h e n t i c  s a m p l e  c o n f i r m e d  t h a t  1 , 3 , 5 -  

t r i m e t h o x y - 2 - n i t r o b e n z e n e  was p r e s e n t .  The a c i d i c  f r a c t i o n  

c o n t a i n e d  54 (30%) and 1 (70%) ( r e l a t i v e  amoun t s ) .

e) A s o l u t i o n  o f  52  (48 mg) and m e s i t y l e n e  (36 mg) i n  nea t
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TFA ( 0 . 3  c m^ )  was p r e p a r e d  a t  0°C and t h e n  w a r m e d  t o  a m b i e n t  

t e m p e r a t u r e .  A f t e r  one h ou r  t h e  r e a c t i o n  m i x t u r e  was pour ed  

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

1 , 4 - d i m e t h y 1 - 2 - n i t r o b e n z e n e  ( 7 7 )  (36 mg)  was  added  as an 

i n t e r n a l  s t a n d a r d .  The r e s u l t i n g  m i x t u r e  was e x t r a c t e d  w i t h  

e t h e r .  The e t h e r  e x t r a c t  was d r i e d  and t h e  s o l v e n t -  was 

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

p r e s e n c e  o f  n i t r o m e s i t y l e n e  (9%). The aqueous  s o l u t i o n  was 

a c i d i f i e d  and e x t r a c t e d  w i t h  e t h e r  t o  g i v e ,  a f t e r  d r y i n g '  and 

e v a p o r a t i o n  o f  t h e  s o l v e n t  a c i d s  1 (36%) and 54 (55%).

f )  ' D i e n e  5 2 ’ ( 48 mg)  was d i s s o l v e d  i n  a 1:1 ( v / v )  m i x t u r e

o f  TF'A and m e t h a n o l - d ^  ( 0 . 3  cm-^) a t  0 ° C . A f t e r  24 h o u r s  a t

0°C c o n v e r s i o n  o f  52  t o  4 - m e t h y 1 - 4 - n i t r o c y c 1 o h e x a - 2 , 5 -  

d i e n o n e  ( 1 2 4 )  was  c o m p l e t e .  A f t e r  a n o t h e r  t w o  d a y s  a t  0 °C 

t h e  d i e n o n e  124 a r o m a t i z e d  t o  ^ i v e  4 - m e t h y l - 2 - n i t r o p h e n o l  

( 5 1 )  (95%) and p - c r e s o l  (5%) .

g)  D i e n e  52  (48 mg)  was d i s s o l v e d  i n  a 3 : 1 ( v / v )  m i x t u r e

o f  TFA and m e t h a n o l - d ^  a t  0°C.  C o n v e r s i o n  o f  52 t o  d i e n o n e

124  was c o m p l e t e  i n  105 m i n u t e s  a t  0 ° C . A f t e r  24 h o u r s  a t  

0°C 4 - m e t h y 1 - 2 - n i t r o p h e n 0 1 ( 51 )  was  o b t a i n e d  as t h e  s o l e  

p r o d u c t .

h)  D i ene  52 (48 mg) was d i s s o l v e d  i n  95 : 5  ( v / v )  m i x t u r e  o f  

TFA and m e t h a n o l  a t  0 ° C.  A f t e r  f o u r  h o u r s  a t  0 ° C , 52 

r e a c t e d  t o  g i v e  4 - m ^ t h y l - 2 - r n i t r o p h e n o l  ( 5 1 )  (72%)  and t h e  

a c i d  54 (28%) on aq-ueous sod i um b i c a r b o n a t e  w o r k  up.

I n  a n o t h e r  e x p e r i m e n t  w i t h  a 99:1 ( v / v )  m i x t u r e  . o f  TFA
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and m e t h a n o l , 52  ( 4 8 ' m g )  r e a c t e d  o v e r  f o u r  h o u r s  a t  0°C t o  

g i v e  4 - m e t h y l - 2 - n i t r o p h e n o l  ( 51)  (52%) and 54 (48%).

1) D i e n e  52  (4 8' mg)  was d i s s o l v e d  i n  a 1:1 ( v / v )  m i x t u r e  

o f  TFA 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  ( 0 . 3  c m ^ ) a t  G°-C. The 

r e a c t i o n  was m o n i t o r e d  by NMR. D i ene  52 a r o m a t i z e d  t o  a c i d  

5 4 .  B j e f o r e  r e a c t i o n  o f  52  was c o m p l e t e ,  54  s t a r t e d  t o  

decompose t o  4 - m e t h y l - 2 - n i t r o p h e n o l  ( 51 ) .  A f t e r  28 h o u r s  a t  

0°C,  a r o m a t i z a t i o n  o f  52 t o  54 and su b s eq u e n t  decom, po s i t i on  

o f  54  t o  51 ( c a . 95%) was. c o m p l e t e .  Some u n i d e n t i f i e d

p r o d u c t  (ca.  5%) was a l s o  f o r med .

2.11.3 R e a c t i o n s  w i t h  s t r o n g  p r o t i c  and L e w i s  a c i d s .

a)  Di ene  52 (48- mg) was d i s s o l v e d  i n  m e t h a n e s u l p h o n i c  a c i d  

(0.3 cm^)  a t  0°C and t h e  s o l u t i o n  warmed t o  10°C.  ^H NMR o f

t h e  s o l u t i o n  showed t h a t  a r o m a t i z a t i o n  o f  52 was c o m p l e t e  

a f t e r  15 m i n u t e s .  Wo r k - up  w i t h  aqueous sod i um b i c a r b o n a t e  

a f f o r d e d  4 - m e t h y l - 2 - n i t r o p h e n o l  ( 5 1 )  ( 20%) ,  1 ( 16%) ,  54

(56%) and 2 - m e t h y l - 2 - ( 4 - m e t h y l - 3 - n i t r o p h e n o x y ) p r o p a n o i c  a c i d  

16 (8%) .

b)  D i e n e  52 (48 mg) was. d i s s o l v e d  i n  t r i f l i c  a c i d  ( 0 . 3

cm^*) a t  0 ° C.  By t h e  t i m e  f i r s t  N M R ' s p e c t r u m  o f  t h e  s o l u t i o n

c o u l d  be r e c o r d e d  ( c a .  10 m i n u t e s )  t h e  r e a c t i o n  o f  52 was

c o m p l e t e .  W o r k - u p  as a b o v e  gave  4 - » m e t h y l - 2 - n i t r o p h e n o l

( 5 1 )  (15%) and a m i x t u r e  o f  1 (15%) ,  54  (63%)  and t h e  3 -  ■*

n i t r o  a c i d  16 (7%) .  , •

c )  D i e n e  52  (48 mg)  was d i s s o l v e d  i n  c h l o r o f o r m - d  ( 0 . 3  

c m ^ ) a n d  t h e  s o l u t i o n  w a s  c o o l e d  t o  -  4 0 °  C. B o r o n
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t r i f l u o r i d e  ga s  was b u b b l e d  t h r o u g h  t h e  s o l u t i o n  f o r  t w o  

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

m o n i t o r e d  by NMP. No r e a c t i o n  o c u r r e d  o v e r  10 m i n u t e s  a t

-40°C._ On r a i s i n g  t h e  t e m p e r a t u r e  t o  - 30° C,  t h e  r e a c t i o n  o f

52 was c o m p l e t e  i n  30 m i n u t e s .  A f t e r  t h e  u s u a l  a q u e o u s  

sodi um b i c a r b o n a t e  wor k  up a p r o d u c t  m i x t u r e  c o n s i s t i n g  o f  1 

(19%) ,  54 (62%)  and 16 (19%) was o b t a i n e d .

2.11.Ü R e a c t i o n s  w i t h  s u l p h u r i c  a c i d

a) D i e n e  52 (48 mg) was r e a c t e d  w i t h  0.5M s u l p h u r i c  a c i d

1 n 90% a q u e o u s  a c e t o n e - d g  ( 0 . 3  c m ^ ) a t  0 ° C.  The r e a c t i o n

was m o n i t o r e d  by NMP. The d i e n e  a r o m a t i z e d - t h r o u g h  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  d i e n o n e  124.  A f t e r  18 h o u r s  

a t  O^C, t h e  m i x t u r e  was v;armed t o  a m b i e n t  t e m p e r a t u r e .  The 

r e a c t i o n  was c o m p l e t e  a f t e r  10 h o u r s  a t  a m b i e n t  t e m p e r a t u r e .  

Usual  b i c a r b o n a t e  w o r k - u p  a f f o r d e d  4 -  rr e t h y  1 - 2 - n  i  t  r  oph en o l  

( 5 1 )  (77%) and p - c r e s o l  ( 23%) .

b ) ' ' D i e n e  52 (48 mg) was d i s s o l v e d  i n  0.5M s u l p h u r i c  a c i d  

i n'  m e t h a n o l - d q  ( 0 . 3  cm ^ ) at 0° C.  After t h r e e  hours at 0°C, 

c o n v e r s i o n  o f  52 t o  t h e  d i e n o n e  124 was  c o m p l e t e .  U s u a l  

b i c a r b o n a t e  w o r k - u p  a f t e r  10 h o u r s  a t  a m b i e n t  t e m p e r a t u r e  

gave 4 - m e t h y l - 2 - n i t r o p h e n o l  ( 51)  (89%) and p - c r e s o l  (11%).

2.11.5 R e a c t i o n s  w i t h  sod i um m e t h o x i d e

V a r i o u s  r a t i o s  o f  d i e n e  52 t o  s o d i u m  m e t h o x i d e  w e f e  

t r i e d  a t  d i f f e r e n t  t e^ mper a t u r es  and f o r  d i f f e r e n t  p e r i o d s .  

A l l  t h e  r e a c t i o n s  wel ' e  w o r k e d  up by p o u r i n g  t h e  r e a c t i o n  

m i x t u r e  i n t o  s a t u r a t e d  aqueous ammoni um c h l o r i d e  a t  0®C and
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e x t r a c t i n g  w i t h  e t h e r .  . The e t h e r  e x t r a c t  was d r i e d  and t h e  

s o l v e n t  e v a p o r a t e d .  The NMR sp- ' éct rum o f  t h e  r e s i d u ^ e  was 

r e c o r d e d  a t  0°C .in c h l o r o f o r m - d .

a) D i ene  52 (48 mg, 0.2 nTmol) was d i s s o l v e d  i n  m e t h a n o l - d ^

(3 cm^ ) a t , 0 ° C  and s o d i u m  m e t h o x i d e  ( 12  mg,  0.2,2 m m o l )  was 

added  t o  i t .  The m i x t u r e  was s t i r r e d  a t  0 ° C f o r  f i v e  

m i n u t e s  t o  g i v e ,  a f t e r  w o r k  up ,  d i e n o n e  124 ( 31%) ,  t - 5 -

m e t h o x y - r - 4 - n i t r o c y c l o c h e X - 2 - e n - 1 - o n e , 126 (59%)  and 4 -  

m e t h y 1 - 2 - n i t r o p h e n o l  ( 51 )  (5%) .

b) D i ene  52 (48 mg, 0.2 mmol )  and sod i um m e t h o x i d e  (32 mg, 

0 . 6  mmol ' )  i n  m e t h a n o l  (3 cm,^) a t  - 2 0 ° C  f o r  30 m i n u t e s  g av e  

a f t e r  w o r k  up d i e n o n e  124 (60%) and t h e  e y c l o h e x e n o n e  126 

(40%) .

c )  D i e n e  52  (48 mg, 0 . 2  mmo l )  was  r e a c t e d  w i t h  s o d i u m  

m e t h o x i d e  (54 mg,  1 mmo l )  i n  m e t h a n o l  (3 cm^ ) a t  0 °C f o r  one 

h o u r .  The p r o d u c t s  o b t a i n e d  w e r e  a n a l y z e d  by HPLC.  The

, m i x t u r e  c o n s i s t e d  o f  p - c r e s o l  (6%), c y c l o h e x e n o n e  126 (40%),  

i t s  C-5 e p i m e r  125 (21%) and r - 3 , t - 5 - d i m e t h o x y - c - 4 - m e t h y 1 - t -  

4 - n i t r o c y c l o h e x a n o n e  128 (33%).

d)  The a b o v e  e x p e r i m e n t  was r e p e a t e d  and t h e  r e a c t i o n  

wor ked  up a f t e r  seven h o u r s  a t  0°C.  The p r o d u c t s  c o n s i s t e d  '

/  o f  125 (13%) ,  126 (67%) ,  128 (15%)  and r - 3 , c - 5 - d i m e t h o x y - c -

4 - m e t h y l - t - 4 - n i t r o c y c l o h e x a n o n e  127 (5%) ( a n a l y z e d  by HPLC).

2. 11.6 R e a c t i o n s  w i t h  o t h e r  bases

a) D i ene  52 (48 mg) was d i s s o l v e d  i n  a c e t o n i t r i l e  (3 cm^)  

a t  0°C.  Powdered p o t a s s i u m  h y d r o x i d e  (22 mg, 2 e q u i v a l e n t s )
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and 18 - c r o w n - 6  (58 mg» 1.1 e q u i v a l e n t )  was  a d d e d  t o  t h i s  

s o l u t i o n  and t h e  m i x t u r e  s t i r r e d  i n  a r e a c t i - v i a l  a t  0°C f o r
I

e i g h t  h o u r s .  Wor k  up w i t h  a q u e o u s  a mmon i um c h l o r i d e  as 

d e s c r i b e d  above gave 4 - m e t h y l - 2 - n i t r o p h e n o l  ( 5 1 )  (36%) and 

p - c r e s o l  (64%).

b)  D i e n e  52  (48 mg) was d i s s o l v e d  i n  a c e t o n i t r i l e  ( 1 . 5  

cm^ ) a t  0 ° C.  P o t a s s i u m  h y d r o x i d e  (22 mg) was d i s s o l v e d  i n
o

w a t e r  (1 c m )  and t h e  s o l u t i o n  added  t o  t h e  a c e t o n i t r i l e  

s o l u t i o n . ' The m i x t u r e  was s t i r r e d  a t  0°C f o r  one h o u r .  

W o r k - u p  as a b o v e  g a v e  d i e n o n e  16 (50%) and u n r e a c t e d  52  

(50%) .

c )  D i e n e  5 2  ( 4 8  mg)  w a s  d i s s o l v e d  i n  0 . 2 5  M s o d i u m  

h y d r o x i d e  i n  50% aqueous a c e t o n i t r i l e  (3 cm^)  a t  0°C and t h e  

s o l u t i o q  s t i r r e d  a t  0°C f o r  n i n e  h o u r s .  The m a j o r  p r o d u c t s  

a f t e r  w o r k - u p  we r e  124 and i s o m e r s  o f  5 - h y d r o x y - 4 - m e t h y 1 - 4 -  

n i t r o c y c l o h e x - 2 - e n - 1 - o n e  ( 1 3 0 ) .  i d e n t i f i e d  by c o m p a r i s o n  

w i t h  t h e   ̂H NMR s p e c t r a  o f  125 and 1 2 6 .  The p r o d u c t s  w e r e  

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

d)  N, N - D i i s o p r o p y 1 e t h y  1 a m i n é ( 0 . 3  c m ^ ) was added  t o  a 

s o l u t i o n  o f  52 (48 mg)  i n  5 0%. a q u e o u s  a c e t o n i t r i l e  (8 c m ^ ) 

a t  0 ° C.  The m i x t u r e  was  s t i r r e d  a t  0°C f o r  e i g h t  h o u r s  t o  

g i v e  a f t e r  w o r k  up d i e n o n e  124 (25%) .  p - c r e s o l  (26%) and 4 -  

m e t h y l - 2 - n i t r o p h e n o l  ( 49%) .
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CHAPTER I I I 1

RESULTS AND DISCUSSION  ̂ •

3.1 Formation of 2-aryloxy-7-methylpropanoic acids

2 - A r y l o x y - 2 - m e t h y l p r o p a n o i c  a c i d s  have been known f r om

' t h e  b e g i n n i n g  o f  t h e  c e n t u r y . ^ ®  I n  1969 C o r e y  e t  a l  f i r s t

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

w i t h  t h e  c a r b o x y l  g r oup  a c t i n g  as an i n t e r n a l  n u c l e o p h i l e . ^ ' ^

They  b r o m i n a t e d  2-m e t h  y 1 - 2 - (  ^ - m e t h y  I p heno  xy ) p r o p a n o i c  a c i d

(1)  w i t h  b r o mi n e  i n  aqueous p o t a s s i u m  b i c a r b o n a t e  t o  f o r m 8-  
s

b r o m o - 3 , 3 , 8 - t r i m e t h y 1 - 1 , 4 - d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 9 - d i e n - 2 - o n e

OCMep'OOH

Aq. KHCO

Br

2■ 1
( 2 ) .  A n u mb e r  o f  t h e s e  a c i d s  w e r e  - p r e p a r e d  e i t h e r  as 

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

d u r i n g  t h e  c o u r s e  o f  t h i s  w o r k .  W e i z m a n n  e t  a 1 .  ̂

sug ges t ed  t he  i n t e r m e d i a c y  o f  an < - l a c t o n e  i n  t h e  s y n t h e s i s  

o f , 2 - a l k o x y - 2 - m e t h y 3 p r o p a n o i c  a c i d .  - D i m e t h y l  o x i r i n a n o n e

(3)  and o t h e r  d i a l k y l  / . - l a c t o n e s  have now been i s o l a t e d  a t  

77 K^06 g ^ j  t h e  b i s t r i f l u o r o m e t h y l  o x i r i n a n o n e  ha s  been 

shown t o  be s t a b l e  a t  room t e m p e r a t u r e .  The f o r m a t i o n  o f  

2 - a r y l o x y - 2 - m e t h y l p r o p a n o i c  a c i d  f r o m  1 , 1 , 1 - t r i c h l o r o - 2 -  

m e t h y l p r o p a n - 2 - o l  ( 4 )  ( c h l o r e  t o n e )  and  a p p r o p r i a t e l y
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s u b s t i t u t e d  p h e n o l s  can be e x p l a i n e d  by a mechani sm s i m i l a r  

t o  t h a t  p r o po s e d  by We i zmann”' ^ ^  and i s  shown i n  Scheme S. 1 - -

Scheme 3. 1 F o r m a t i o n  o f  2 - a r y l o x y - 2 - m e t h y l p r o p a n o i c  a c i d

Cl .  Me Me Cl

 ̂  ̂ Me Cl
Cl  —  C   C —  OH KOH ^

I I
Cl  Me 4

0 KCl  HgO

Me _ Cl

Me A  u L  Cl 2K0H

0

Me

Me

0

Me

ArO

b 3

y —  COO

Me

— coo'

Me

I n  p a t h w a y  b)  ( Scheme 3 . 1 )  t h e  a t t a c k  o f  t h e  n u c l e o p h i l e  on

3 i s  shown on t h e  a l k y l  c a r b o n  i n s t e a d  o f  t h e  c a r b o n y l

c a r b on .  T h i s  i s'  i n  a c c o r d a n c e  w i t h , t h e  d i r e c t i o n  o f  a t t a c k

1 0 Ro f  a s o f t  base l i k e  p h e n o x i d e  on s m a l l  r i n g  l a c t o n e s .  I t

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

( c a r b o n  p o s i t i v e ,  o x y g e n  n e g a t i v e )  o f  t h e  c a r b o n - o x y g e n  

s i n g l e  bond i n  “  - l a c t o n e s ,  as shown by t h e  r e q u i r e m e n t  f o r  

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

a t  r oom t e m p e r a t u r e . ^  As can  be s e e n . f r o m  Scheme 3 . 1 ,  

the ' re i s  a c o m p e t i n g  r e a c t i o n ,  n a me l y ,  a b s t r a c t i o n  o f  p r o t o n
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l e a d i n g  t o  m è t h a c r y l i c  a c i d .  M e t h a c r y l i c  a c i d  was f o r me d  i n 

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

pumped o f f  w h i l e  d r y i n g  t h e  w o r k e d - u p  p r o d u c t  u n de r  r educed  

p r e s s u r e .  No q u a n t i t a t i v e  d a t a  w e r e  o b t a i n e d  on t h e  y i e l d  

o f  m e t h a c r y l i c  a c i d  v e r s u s  t h a t  o f  2 - a r y l o x y - 2 -  

m e t h y l p r o p a n o i c  a c i d .  However  t h e  y i e l d  o f  t h e  2 - a r y l o x y - 2 -  

m e t h y l p r o p ' a n o i c  a c i d  v a r i e d  f r o m 23% t o  98% ( T a b l e  3.1)  and 

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

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

t h e  c a s e  o f  2 , 3 , 5 - t r i m e t h y l p h e n o l  ( 5 )  v e r y  p o o r  y i e l d s  o f  

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

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

sodi um m e t h o x i d e  i n  me t h a n o l  t o  o b t a i n  a modes t  35% y i e l d .

T a b l e  3.1

Y i e l d s  o f  2 - a r y l 6 x y - 2 - m e t h y l p r o p a n o i c  a c i d s

ArOH Y i e l d ArOCMegCOOH

o - c r e s o l  (6) 75% 12

p - c r e s o l  (7) 92%° 1

2 - m e t h y l ' - 3 - n i t r o p h e n o l ( 8 ) 98%' 13,

2 - me t hy  1- 4 - n i t  roph,enol ( 9 ) ■ 89% 14

2 - m e t h y l - 6 - n i t r o p h e n o l (10) 23% 15

4 - m e t h y l - 3 - n i t r o p h e n o l (11 ) 87% 16

2,  3 , 5 - t r i m e t h y l p h e n o l (5) 35% 17

a. Y i e l d  f r om Ref-. 1
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y
3.2 Nitration of 2-methylphenoxy and 2-methylarijloxy 

acids,  12.  14,  17.  and 18 _

3.2.1 N i t r a t i o n  o f  2 - m e t h y l - 2 - ( 2 - m e t h y I p h e n o x y ) p r o p a n o i c

a c i d  12 i n  a c e t i c  a n h y d r i d e  gave 20% o f  an a r o m a t i c  p r o d u c t  

w h i c h  was an aci , d and 80% o f  n o n - a c i d i c .  n o n - a r o m a t i c  

compounds.  The a r o m a t i c  a c i d  p r o d u c t  was s e p a r a t e d  f r o m t he  

n o n - a r o m a t i c  n e u t r a l  p r o d u c t s  by e x t r a c t i o n  i n t o  base d u r i n g  

t h e  w o r ' k - u p  and was r e c o v e r e d  a f t e r  a c i d i f i c a t i o n  o f  t h e  

b a s i c  e x t r a c t .  I t  was shown t o  be 2 - m e t h y l - 2 - ( 2 - m e t h y  1 - 4 -  

n i t r o p h e n o x y ) p r o p a n o i c  a c i d  14 i d e n t i c a l  t o  t h e  a u t h e n t i c  

s a m p l e  p r e p a r e d  f r o m  2 - m e t h y 1 - 4 - n i t r o p h e n o l  ( 9 )  and  

c h l o r e t o n e  ( 4 ) .  None  o f  t h e  6 - n i t r o  i s o m e r  ( 1 5 )  w a s  

d e t e c t e d  i n  t h e  p r o d u c t .  The n o n - a c i d i c  componen t  was made 

up o f  t wo  compounds i n  t h e  p r o p o r t i o n  85: 15 as d e t e r m i n e d  by 

NMR. The m a j o r  compound 19 was i s o l a t e d  by c r y s t a l l i z a t i o n .  

 ̂H NMR s h o we d  t h a t  t h e r e  w e r e  f o u r  p r o t o n s  i n  t h e  r e g i o n

5 . 5 - 6 . 5 .  T h e r e  was a m e t h y l  g h o u p  a t  6 1.84 and t h e  g e m -

d i m e t h y l  g r o u p s  r e s o n a t e d  a t  6 1.53 and 1 . 58 .  NMR
.p

showed t h a t  t h e r e  were  f o u r  p r o t o n - b e a r i n g  sp c a r b o n  a t oms  

and t w o  f u l l y  s u b s t i t u t e d  sp^  c a r b o n  a t o m s  i n  a d d i t i o n  t o  

t h e  c a r b o n  b e a r i n g  t h e  g e m - d i m e t h y 1 g r oup s .  The u l t r a v i o l e t  

s p e c t r u m o f  t h e  compound showed i t  t o  be a c o n j u g a t e d  d i e n e  

( -  261 nm) .  The p r e s e n c e  o f  t h e  n i t r o  g r o u p  was

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

c o n s i s t e n t  w i t h  t h e  1. 2  a d d u c t  s t r u c t u r e  o f  19.  The  m i n o r  

n e u t r a l  p r o d u c t  20 was c l e a r l y  an i s o m e r  o f  19,  as shown by
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t h e   ̂H and  ̂^C NMR s p e c t r a .  Compound 20 was n o t  i s o l a t e d  

f r o m  t h e  r e a c t i o n  p r o d u c t  b u t  was o b t a i n e d  when 19 was 

r e a c t e d  w i t h  10% t r i f l u o r o a c e t i c  a c i d  i n  c h l o r o f o r m .  A 

m i x t u r e  c o n t a i n i n g  19 and 20 i n  20 : 80  r a t i o  was o b t a i n e d  and 

20 was i s o l a t e d  by HPLC. The s p e c t r a l  c h a r a c t e r i s t i c s  o f  20 

a r e  i n  a c c o r d a n c e  w i t h  i t  b e i n g  t h e  e p i me r  o f  19.

A t t e m p t s  t o  a s s i g n  t h e  r e l a t i v e  s t e r e o c h e m i s t r y  o f  19 

a n d  20  by s h i f t  r e a g e n t  s t u d i e s  w e r e  n o t  s u c c e s s f u l .  

T e n t a t i v e  a s s i g n m e n t  of. t h e  s t e r e o c h e m i s t r y  was made on t he  

b a s i s  o f  t h e  r e a c t i v i t y  o f  t h e  t w o  d i e n e s  and w i l l  be
1 1 Q

^ d i s c u s s e d  l a t e r .  I n  o r d e r  t o  a s s i g n  t h e  H and C NMR 

s h i f t s  o f  19 a n d  2 0 ,  2 - m e t h y l - 2 - ( [ 4 , 6 - ^ H 2 ] - 2 -

m e t h y 1p h e n 0 Xy ) p r o p a n o i c  a c i d  21 was n i t r a t 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  i t s  4 - n i t r o  s u b s t i t u t e d  p r o d u c t  22 (20%) 

and a m i x t u r e  o f  d i e n e s  ( 80%) .  O n l y  t h e  m a j o r  i s o m e r  23 ,  

t h e  d e u t e r a t e d  a n a l o g  o f  1 9 , c o u l d  be i s o l a t e d .  The NMR 

s p e c t r u m o f  23 e x h i b i t e d  o n l y  t wo  peaks i n  t h e  d i e n e  r e g i o n  

f o r  Hy and Hg.  The c h e m i c a l  s h i f t s  o f  t h e  v i n y l i c  p r o t o n s  

i n  19,  20 and 23 a r e  shown i n  T a b l e  3 . 2 .
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Tab le  3 .2

Che mi c a l  S h i f t s  o f  v i n y l  p r o t o n s  i n  t h e  d i e n e s  19,  20 and 23

0

0

■NO2

Di ene

" 6

Chemi ca l

"7

s h i f t  o f  

" 8 Hg

19 5 . 7 8 d t 6 . 1 8  ddd 6 . 0 8  ddd 6 . 2 8  ddd
20 5 .78 bd 6 . 1 6  ddd 6 . 0 6  ddd 6 . 37  dm
23 — 6 . 1 7  b r s --- 6 . 2 8  b r s

I n  19 t h e  p r o t o n  a t  6 5 . 7 8  h a s  a l a r g e  c o u p l i n g

c o n s t a n t  o f  9 . 6  H z a n d  t w o  s m a l l  c o u p l i n g  c o n s t a n t s  o f  0 . 9  

Hz and 0 . 8  Hz.  S i m i l a r l y  t h e  p r o t o n  a t  6 6 . 28  h a s  a l a r g e  

c o u p l i n g  c o n s t a n t  o f  9.9 Hz and t wo  s m a l l  c o u p l i n g  c o n s t a n t s  

o f  1.3 Hz and 0 . 8  Hz.  Thus  t h e s e  t w o  p r o t o n s  a r e  a t  t h e  

e n d s  o f  t h e  d i e n e  s y s t e m .  I t  f o l l o w s  t h a t  i n  2 3  t h e  

d o w n f i e l d  p r o t o n  a t   ̂ 6 . 28  m u s t  t h e r e f o r e  be Hg and t h e

p r o t o n  a t   ̂ 6 . 17  m u s t  be Hy . I n  19 the,  p r o t o n s  a t  6 6 . 18

and  ̂ 6.08 a r e  c o u p l e d  t o  each o t h e r  by a c o u p l i n g  c o n s t a n t

5 . 4  Hz,  c o n s i s t e n t  w i t h  t h e  p r o t o n s  b e i n g  a t t a c h e . d  a t  t h e  

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

t h e  d o w n f i e l d  p r o t o n  b e i n g  Hy as shown by t h e  c o r r e s p o n d i n g  

s h i f t  b e i n g  p r e s e n t  i n  th.e s p e c t r u m  o f  2 3 .  . . T h e  d i e n e  

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

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

a n a l o g  23 e n a b l e d  a s s i g n m e n t  o f  a l l  t h e  p r o t o n s  i n  19 and by 

a n a l o g y  i n  20.

N i t r a t i o n  o f  ( 2 - m e t h y I p h e n o x y ) a c e t i c  a c i d  18 i n  a c e t i c '
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* ^
, g n h y d r i d e  was c a r r i e d  o u t  by a d d i n g  powder ed  c r y s t a l s  o f  t h e

a c i d  t o  t h e  n i t r a t i n g  m i x t u r e  a t  - 5 0 ° C  and g a v e  20% o f  ( 2 -

' methy 1 - 4 - n i t r o p h e n o x y ) a c e t i c '  a c i d  ( 24)  and 80% o f  a m i x t u r e

* o f  d i a s t e r e o m e r s  o f  1 0 - m e t h y l - 1 0 - n i t r o - 1 , 4 -

d i o x a s p i r o [ 4 , 5 ] d e c a - 6 » 8 - d i e n - 2 - o n e  (25A and 25B) .  The a c i d

( 2 4 )  had t h e a p p r o p r i a t e   ̂H NMR f o r  a 1 , 2 , 4 - t r i s u b s t i t u t e . d

benzene and i t s  m e l t i n g  p o i n t  was t h e  same as t h e  l i t e r a t u r e

v a l u e .  None of^ t h e  6 - n i t r o  i s o m e r  ( 2 6 )  was  f o r m e d .  The

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

c r y s t a l l i z a t i o n . '  The UV s p e c t r a  sho we d  t h a t  t h e y  w e r e

c o n j u g a t e d  d i e n e s .  T h e i r   ̂H NMR s p e c t r a  w e r e  s i m i l a r  t o

t h a t  o f  19.  F u r t h e r  t h e  s i d e  c h a i n  m e t h y l e n e  g r o u p  w h i c h

gave  a s h a r p  s i n g l ' e t  i n  t h e   ̂H NMR s p e c t r u m  o f  18 now sh owed

an AB p a t t e r n  (J = 1 5 . 1 . Hz ) .  T h i s  s u g g e s t ^ )  t h a t  t h e

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

c o n s i s t e n t  w i t h  t h e  ' i&j .osure o f  t h e  b i d e  c h a i n  t o  t h e  l a c t o n e

r i n g .  Th e s e  t w o  d i e n e s  w,pre a s s i g n e d  s t r u c t u r e s  2 5 A and
'

25B.  I t  was s h own  t h a t  t h e s e  c o m p o u n d s  w e r e - e p i m e r s  by 

o b t a i n i n g  a same e q u i l i b r i u m  m i x t u r e  o f  2 5 A and 25B on 

t r e a t i n g  them s e p a r a t e l y  w i t h  1% ( v / v )  t r i f l u o r o a c e t i c  a c i d  

i n  c h l o r o f o r m - d  a t  0°C.

Wh em 2 - m e t h y  1 - 2 - ( 2 , 3 , 5 - t r i m e t h y l p h e n o x y  ) p r o p a n o i c  a c i d

17 was n i t r a t e d  o n l y  one p r o d u c t  was  o b t a i n e d .  T h i s  was
'

n e u t r a l  and n o n - a r o m a t i c .  The u l t r a - v i o l e t  s p e c t r u m shùwed 

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

i n f r a - r e d  s p e c t r u m  sh o we d  t h e  p r e s e n c e  o f  a n i t r o  g r o u p .
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The  ̂H NMR s p e c t r u m  was c o n s i s t e n t  w i t h  t h e  p r o d u c t  b e i n g  

t h e  7 » 9, -  d i m e t h y l  d e r i v a t i v e  o f  1 9 .  I t  w a s  t h e r e f o r e  

a s s i g n e d  t h e  s t r u c t u r e  27.  N e i t h e r  t h e  d i a s t e r e o m e r  o f  27 

n o r  t h e  4 ^ n i t r o  a n d  6 - n i t r o  p r o d u c t s  ( 2 8  a n d  2 9  

r e s p e c t i v e l y )  wer e  d e t e c t e d  i n  t h e  p r o d u c t .

When t h e  2 - m e t h y 1 - 2 - ( 2 - m e t h y 1 - 4 - n i t r o p h e n o x y ) p r o p a n o i c  

a c i d  14 was  n i t r a t e d  i n  a m i x t u r 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  and a o e t i c  a n h y d r i d e  a t  0°C and t h e  r e a c t i o n  

m i ' X t u r e , s t i r r e d  a t  0®C f o r  1 h , a s i n g l e  n o n - a r o m a t i c  

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

30 on t h e  b a s i s  o f  s p e c t r a l  d a t a  ( ^H NMR.  ̂^C NMR. I R and 

UV) .  No 2 - m e t h y  1 - 2  -  ( 2 - m e t h ^ ; i - 4 .  6 - d i n i t  r o p h e n o x y ) p r o p a n o i c  

a c i d  (’31)  wàs f o r me d .  The ^ N M R  s h i f t s  o f  1.2 a d d u c t e

o b t a i n e d  f r o m  t h e  n i t r a t i o n  o f  a c i d s  12.  21 .  14.  17 and 18 

a r e  compared i n  T a b l e  3.3.  The s i m i l a r i t y  i n  t h e  s t r u c t u r e s  

o f  t h e S ’e. a d d u c t s  I s  c l e a r l y  r e f l e c t e d  i n  t h e i r  NMR

s p e c t r a .
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R

T a b l e  3 . 3  

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

25A = Ry = Rg =’ Rg = H

25B R^ = Ry = Rg = Rg = H

D)
H

NO

R
7

R

19

23

30

27

H

H

Rg = Me» Ry = Rg = Rg 

Rg = Me. Ry ■= Rg = Rg

Rg = Me, f Ry = Rg = H , Rg = D 

Rg = Me. Ry = Rg = H. Rg = NOg

Rg -  Ry ig = Me. Rg = H

Chemi ca l  
S h i f t  (

o f  25A 25B

Ad d uc t  

19 20 23 ' 30 27

C- 2 169. 6 1 69 .9 173 .8 173.8 173 .6 172 .3 173 .6

C- 3 6 3 , 6 64 .0 77 . 9 77 .9 78 . 0 78. , 1 77 .8

C- 5  ' 10^. 3 109 . 1 104 . 8 105. 8 105 . 0 103. .4 106 .9

C-6 122. 4 122 . 1 122 . 5 121. 9 122 . 4 ( t  ) 121 .,3 119 . 8 -

C - 7 * 128. 2 127 .4 127 . 5 126. 9 127 . 6 129. ,6 135 . 2

C-8 125 . 6 125 . 3 126 . 9 1 ^ 3 126 . 2 ( t ) 143 ..9 126 .0

C- 9* 128. 8 128 . 0 129 . 4 128. 3 128 . 8 129. ,6 137 . 8

C-10 91 . 6 91 . 3 91 .7 9 2 . 0 91 . 8 91 ., 1 .95 .0

10- CHg 21 . 0 21 . 6 20 . 0 20 . 6 19 . 9 19. .2 17 .4,

^3 - - 25 . 0 2 3 . 8 25 . 1 24 . ,9 25 .4

«3 - - - - 26 . 2 26 . 7 26 . 6 26. .4 26 . 2

Ry - - - - - - —  — - -
/ 21 . 1

Rg - - - - - - - - - - - 18 . 2

» A s s i g n m e n t s  c o u l d  be i n t e r c h a n g e d
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The s t r i k i n g  f e a t u r e s  o f  t h e  n i t r a t i o n  o f  t h e  2 -  

m e t h y l p h e n o x y  and  2 - m e t h y 1 a r y 1 o x y a c i d s  a r e  t h a t  i )  

e x t e n s i v e  i p s o - a t t a c k  o c c u r s  and i i )  no 6 - n i t r o  d e r i v a t i v e s
XV

a r e  f o r me d .  W i t h  r e s p e c t  t o  t h e  f i r s t  p o i n t  t h e  e x t e n t  o f

i p s o - a t t a c k i  w h i c h  i s  a t  a p o s i t i o n  o r t h o  t o  t h e  o x y g e n

s u b s t i t u e n t ,  i s  f r o m  80 t o  100%. A t t a c k  a t  t h e  p a r a -

p o s i t i o n  i s  b a r e l y  c o m p e t i t i v e .  A t t a c k  a t  t h e  o t h e r  o r t h o -

p o s i t i  on,  t h e  u n s u b s t i t u t e d  o r t A o - p o s i t i o n , does n o t  o c c u r

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

r e s u l t  o f  t h e  st r ong s t a b i l i z a t i o n  o f  t h e  t r a n s i t i o n  s t a t e

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  by t h e  l o n e  p a i r ,  o f  t h e

e l e c t r o n s  on t h e  o x y g e n r e s o n a n c e  e f f e c t ) .  Thus n i t r a t i o n

o f  t h e  2 - m e t h y I p h e n o x y  a c i d s  c o u l d  be e x p e c t e d  t o  l e a d  t o

o r t h o -  and p a r a - n i t r o  d e r i v a t i v e s ,  i n c l ' u d i n g  p r o d u c t s  f r om

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

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

( 1 / 2  o ) Vp  r a t i o s  ( a n i s o l e  : 1 . 3 : 1 ) , .  t h e  r a t i o  i n c r e a s i n g

w i t h  i n c r e a s i n g  l e n g t h  o f . ' ^ e  s i d e  c h a i n  and w’i t h  d e c r e a s i n g

t e m p e r a t u r e . ^ ® ^  The  h i ' gh  y i e l d s  o f  t h e  t p s o - n i t r o  v e r s u s

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

a b s e n c e  o f  6 - n i t r o  d e r i v a t i v e  i s  a n o m a l o u s .  The t h r e e

Whel and i n t e r m e d i a t e s  i n  t h e  n i t r a t i o n  o f  2 - m e t h y I p h e n o x y  
y

a c i d s ,  w h i c h  a r e  s t a b i l i z e d  by d e l o c a l i z a t i o n  o f  t h e  

p o s i t i v e  c h a r g e  o n t o  t h e  oxygen t h r o u g h  c o n j u g a t i o n  o f  t he  

l o n e  p a i r  e l e c t r o n s  w i t h  t h e  p o s i t i v e  c e n t e r ,  a r e  W2 » Ŵ  and
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V/g be l ow

OR

+ I

NO,

H

+
I

w2 W,

The o t h e r  t h r e e  p o s s i b l e  Whel and i n t e r m e d i a t e s  (W^, and

Wcl  do no t  have t h e  l o n e  p a i r  c o n j u g a t e d  w i t h  t h e  p o s i t i v e  

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

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

d e p r o t o n a t i o n .  The f p s o - i n t e r m e d i a t e s  V/2 can be t r apped by 

t h e  s i d e  c h a i n  c a r b o x y l  group a t t a c k i n g  a t  C-1 t o  g i v e  a 1 ,2 

a d d u c t . I
To u n d e r s t a n d  t h e  a b s e n c e  o f  any p r o d u c t  a r i s i n g  f rom  

Wg, model s  o f  t h e  i n t e r m e d i a t e s  Wg and Wg w e r e  made.  I n

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

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

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

t h e  o r t A o - p o s i t i o n  w h i c h  i s  n o t  a t t a c k e d  by t h e  n i t r o n i u m  

ion.  The c o n s e q u e n t  n o n - b o n d i n g  i n t e r a c t i o n s  o f  t h e  s i d e -  

c h a i n  and t h e  s u b s t i t u e n t  a t  t h i s  o r t h o - p o s i t i o n  a r e  mor e)n aj"<

s e v e r e  f o r  Wg, wher e  t h e r e  i s  an o - m e t h y l  s u b s t i t u e n t ,  t han

i s  Wp w h e r e  t h e V e  i s  o n l y  an o - h y d r o g e n .  T h i s  m u s t  be
. i

r e s p o n s i b l e  f o r  r a i s i n g  t h e  ener gy  o f  t h e  t r a n s i t i o n  s t a t e

1-ead i ng  t o  Wg a b o v e  t h e  e ne r gy  o f  t h e  t r a n s i t i o n  s t a t e
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l e a d i n g  t o  W2 » T h e ; d i f f e r e n c e  i n  t h e  e n e r g i e s  o f  t h e  t w o  

t r a n s i t i o n  s t a t e s  seems t o  be enough t o  e x c l u d e  f o r m a t i o n  o f  

Wg i n  f a v o u r  o f  W2 i n  a l l  t h e  c o m p o u n d s  s t u d i e d .

2 - M e t h y I a n i s o l e  ( 3 2 )  can  be c o n s i d e r e d  as a mo d e l  

c o mp o u n d  t o  e s t i m a t e  t h e  e x t e n t  o f  n i t r a t i o n  a t  C-4 i n  12 

and 1 8 . I n  56% s u l p h u r i c  a c i d  whe r e  a l l  o f  t h e  i pao-V/h-el and 

i n t e r m e d i a t e  i s  e x p e c t e d  t o  be t r a p p e d  by w a t e r  and  

t h e r e f o r e  n o t  c o n t r i b u t e  t o  t h e  i n d i r e c t  f o r m a t i o n  o f  ü_ 

n i t r o p r o d u c t ,  32 g i v e s  23% 2 - m e t h y l - 4 - n i t  roan i s o l e  ( 33) . ^^  

I n  c o m p a r i s o n  b o t h  12 and 18 g i v e  20% o f  t h e  4 - n i t r o  

p r o d u c t .  I n  t h e  c a s e  o f  17 t h e  y i e l d  o f  4 - n i t r o  p r o d u c t  

woul d  be e x p e c t e d  t o  be r e duc e d  by t h e  s t e r i c  h i n d r a n c e  o f  

t h e  t wo  a d j a c e n t  m e t h y l  g r o u p s .  An e s t i m a t e '  o f  t h i s  e f f e c t  

can be o b t a i n e d  f r o m  t h e  n i t r a t i o n  o f  m - x y l e n e  ( 3 4 )  f o r  

wh i c h  t he  r a t i o  o f  2 -  t o  4 -  s u b s t i t u t i o n  i s  15:85. ' * ' ' ^  Thus 

t h e  20% o f  4 -  n i t r a t i o n  w h i c h  o c c u r s  i n  12 and 18 w o u l d  be 

e x p e c t e d  t o  be r e d u c e d  by ca .  1 / 6  t o  4% i n  17.  I n  f a c t  no 

4 - n i t r o  p r o d u c t  was o b s e r v e d .

3 . 2 . 2  F o r m a t i o n  o f  1 , 4  adduc ' t s

D u r i n g  t h e  c o u r s e  o f  n i t r a t i o n  o f  12 a t  - 2 0 ° C  a one 

p r o t o n  s i g n a l  a t  S 5 . 0  was o b s e r v e d  i n  t h e   ̂H NMR s p e c t r u m  

o f  th'O'- r e a c t i o n  m i . x t u r e .  T h i s  s i g ; na  1 s l o w l y  d i s a p p e a r e d  

when t h e  r e a c t i o n  m i x t u r e  was .warf f i ed t o  and m a i n t a i n e d  a t  

0°C.  When* t r i f l u o r o a c e t i c  a c i d  was  ad de d  t o  t h e  r e a c t i o n  

m i x t u r e  i n  w h i c h  t h e ' s i g n a l  a t  5 5.0 was p r e s e n t  t h e  s i g n a l  

d i s a p p e a r e d .  The s i g n a l  a t  5 5 . 0  was  t h o u g h t  t o  be due t o
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t h e  p r o t o n  c o n j u g a t e d  w i t ^ t h e  o x y g e n  s u b s t i t u e n t  i n  t h e

s i d e - c h a i n  i n  a 1 , 4 - a d d u c t  f o r me d  by a d d i t i o n  o f  a c e t a t e  t o

t h e  C-5 p o s i t i o n  i n  t h e  W h e l a n d  i n t e r m e d i a t e  W2 (p. ^^®) .

Such a p r o t o n  s h o u l d  r e s o n a t e  a t  h i g h e r  f i e  I d  t h a n  o ^ h e r

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

p r o d u c t  by v a r y i n g  r e a c t i o n  t e m p e r a t u r e  b e t w e e n  0°C and

- 4 0 ° C ,  v a r y i n g  t h e  c o n c e n t r a t i o n  o f  n i t r i c  aci^ f r o m  0.9

e q u i v a l e n t s  t o  2 e q u i v a l e n t s  and v a r y i n g  t h e  s e q u e n c e  o f

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

a t  Û 5 d i d  n o t  o c c u r  o r  o c c u r r e d ^  w i t h  d i f f e r e n t  and

i n e x p l i c a b l e  i n t e n s i t i e s  i n  each e x pe r i ment .  However ,  when

t h e  r e a c t i o n  was per f or med in a m i x t u r e  o f  a c e t i c  anhydr i de

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 ,  t h e  s i g n a l  a t  5 5 o c c u r r e d
;

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

e x p e r i m e n t s .  I t  seems l i k e l y  t h a t  on m i . x i n g  12 and a c e t i c  

a n h y d r i d e  t h e  mi xed  a n h y d r i d e  (35)  o f  12 and a c e t i c  a c i d  was 

f o r m e d  1 0 a n e x t e n t  w h i c h  v a r i e d  f r o m  e x p e r i m e n t  t o  

exper i ment . '  N i t r a t i o n  o f  t he  mi xed a n h y d r j ^  ( 35 )  l eads  t o  

t h e  1 , 4 - a d d u c t  36 s i n c e  a c e t i c  a c i d  f r o m  t h e  s o l u t i o n  can 

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

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

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

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

d i p o l a r  r e s o n a n c e  f o r m.
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0
11
C OH — C =  OH

0 0 0 - 0
Il II I +  Il

— c —  0 —  c —  CHg <[—> —0 —  0 —  C

0 -

CH g —C —  0 —  C —  CH g

When t h e  hyd r og e n  i s  s u b s t i t u t e d  by t h e  e l e c t r o n - w i t h d r a w i n g  

a c e t y l  g r o up  i n  t h e  mi x ed  a n h y d r i d e ,  t h e  e l e c t r o n - d e n s i t y  on 

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

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

r a t e  o f  p a t h w a y  a)  a n d / o r  p a t h w a y  c )  (Scheme 3 . 2 )  w i l l  be 

s l o w e d  down and e n a b l e  t h e  o b s e r v a t i o n  o f  t h e  1 ,4 a d d u c t .

Scheme 3 . 2  F o r m a t i o n  o f  1 , 4 -  and 1 , 2 - a d d u c t s

0:1

OH

NO
:

AcO

Ü

0 0

::o.
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N i t r a t i o n  o f  4 - ( p - t o l y l ) b u t y r i c  a c i d  ( 3 7 ) .  w h e r e  t h e  

c a r b o x y l  g r o u p  can a c t  as an i n t e r n a l  n u c l e o p h i l e  g a v e  t h e

1, 4 a d d u c t  ( 3 8 )  w i t h  a s p i r o - l a c t o n e  r i n g .  B u t  when t h e
Î

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

m e t h y l  4 - ( p - t o l y l ) b u t y r a t e  ( 39)  as t h e  s u b s t r a t e ,  no l a c t o n e  

f o r m a t i o n  was o b s e r v ed .  On l y  40 t h e  1,4 a d d u c t  f o r me d  f r om 

t h e  c a p t u r e  by a c e t a t e ,  an e x t e r n a l  n u c l e o p h i l e  was

o b s e r v e d . 71

(CHg/^COOH

HNOyACgO

37

:n.

38

HNOyACpO

NO.

39 40

T r i f l u o r o a c e t i c  a c i d  i s  know t o  i n . duce  r a p i d  m i x e d

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

s i g n a l  a t  ^ 5 when n i t r a t i o n  o f  12 was  p e r f o r m e d  i n  t h e
J

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  can be'  a t t r i b u t e d  t o

c o n s i s t e n t  f o r m a t i o n  o f  t h e  mi xed  a n h y d r i d e .  The v a r i a t i o n
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o f  t h e  i n t e n s i t y  o f  t h e  s i g n a l  a t  6 5 can be a t t r i b u t e d  t o

t h e  v a r i a t i o n  i n  t h e  amount  o f  mi xed a n h y d r i d e  ( 35)  p r e s e n t  

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

f o r m a t i o n  o f  35 wer e  n o t  s t a n d a r d i z e d .  A n o t h e r  f a c t o r  w h i c h  

w o u l d  c o n t r i b u t e  t o  t h e  v a r i a t i o n  o f  t h e  a m o u n t  o f  t h e  1 , 4 

a d d u c t  i s  t h e  f a c t  t h a t  t r i f l u o r o a c e t i c  a c i d  can cause 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  t o  r e f o r m  W p w h i c h  w o u l d  

e v e n t u a l l y  c l o s e  t o  t h e  s p i r o d i e n e  ( 19 ) .

To t e s t  t h e  h y p o t h e s i s ,  t h a t  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  35 l e a d s  t o  a 1 , 4  a d d u c t ,  a c e t i c  2 - m e t h y 1 - 2  -  ( 2 -  

methy I phenoxy) pr opanoi c  a n h y d r i d e  (35)  was made by t r e a t i n g  

12 w i t h  a c e t y l  c h l o r i d e .  A m i x t u r e  o f  12 (39%)  and t h e  

mi xed  a n h y d r i d e  (35)  (61%) was o b t a i n e d  w h i c h  was n i t r a t e d  

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

d i a s t e r e o m e r s  o f  1 , 4  a d d u c t  36 w i t h  one  p r o t o n  s i g n a l  a t  

5.50 was i ndeed  observed.  No 1,2 a d d u c t  was f o r med  a l t h o u g h  

some m i g h t  h a v e  been e x p e c t e d  b e c a u s e  12 (39%) was p r e s e n t  

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

c o n c e n t r a t i o n  d i d  i n c r e a s e  t h e  amount  o f  36 f o r me d .

OCMe^rO^H(Ac) OCMe^rO^Ac

NO

Ac
NO

20%
35

75%

36
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F u r t h e r '  e v i d e n c e  f o r  m i x e d  a n h y d r i d e  f o r m a t i o n  was

o b t a i - n e d  i n  t h e  n i t r a t i o n  o f  ( 2 - m e t h y l p h e n o x y ) a c e t i c  _ac i d

18.  The a c i d  18 i s  s l i g h t l y  s o l u b l e  i n  a c e t i c  a n h y d r i d e .

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

m i x t u r e  as d e s c r i b e d  e a r l i e r ,  18 was f i r s t  d i s s o l v e d  i n

a c e t i c  a n h y d r i d e  (40 e q u i v a l e n t s )  by h e a t i n g  and t h e n  added

t o  t h e  n i t r a t i n g  m i x t u r e .  A comp l ex  m i x t u r e  o f  n o n - a r o m a t i c

p r o d u c t s  (80%) was o b t a i n e d  a l o n g  w i t h  t h e  4 - n i t r o  p r o d u c t

(20%) .  The 1 , 2  a d d u c t s  2 5 A and 25B w e r e  p r e s e n t  t o  t h e

e x t e n t  o f  60% o f  t h e  n o n - a c i d i c  p r o d u c t s .  The r e m a i n i n g  40%

was made up o f  t w o  c o m p o u n d s ,  4 1 A and 4 1 B w h i c h  c o u l d  be

s e p a r a t e d  /oy f r a c t i o n a l  c r y s t a l l i z a t i o n .  The NMR s p e c t r u m

of  e a c h  / C o m p o u n d  e x h i b i t e d  a o n e  p r o t o n  s i g n a l  at <5 5 . 2

h i g h f i e r d -  t o  t h r e e  o t h e r  p r o t o n s  be t ween  5 5 . 7 - 6 . 3 .  The r e

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

t h e  r i n g  m e t h y l  g r o u p  ( 5 1 . 8 9 )  and t h e  o t h e r  was a s s i g n e d

t o  an a c e t a t e  m e t h y l  g r o u p  ( <5 2 . 1 4 ) .  , A s i n g l e t  a t  S 4.4

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

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

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

was p o s s i b l e .  The UV s p e c t r u m  d i d  n o t  show t h e  c o n j u g a t e d

d i e n e  c h r o mo p h o r e .  The IR spe 'c trum  and t h e  NMR s p e c t r u m

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

1 1s p e c t r u m a l s o  showed a b s o r p t i o n . a t  3300 c m " ' and t h e  H NMR 

s p e c t r u m had a b r oad  peak a t  5 6.7 w h i c h  r e s o l v e d  i n t o  t wo

b r o a d  s i n g l e t s  i n t e g r a t i n g  f o r  one p r o t o n  each  when t h e
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s a m p l e  was  c o o l e d  t o  O^C.  T h e s e  w e r e  a s s i g n e d  t o  a NH2 

■group.  The p r e s e n c e  o f  t w o  c a r b - g n y l  g .rou ps  s u g g e s t e d  t h a t  

t h e  s i d e  c h a i n .  -OCH2 COOH i n  18 was c o n v e r t e d  t o  -OCH2 CONH2 

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

d i a s t e r e o m e r i c  s t r u c t u r e s  4 1 A and 41B. T h e i r  f o r m a t i o n  mus t  

have o c c u r r e d  d u r i n g  w o r k - u p , w i t h  l i q u i d  ammoni a and can be 

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

42  and 43 ( Scheme 3 . 3 ) .  M i x e d  a n h y d r i d e  f o r m a t i o n  w-as 

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

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

d i s s o l v e  t h e  s u b s t r a t e .

Scheme 3 . 3  F o r m a t i o n  o f  1 , 4 - a d d u c t  v i a  mi xed a n h y d r i d e s

Ae^O 
- 2 -  >

OCHgCOOAc '

18 42

OrHgCOOAc

HNOVAc.^0 
— ,T- ._ 2 >

-2 0 °C  ^
Ac

OCHgCOOAc

NO NO

H

AcO

42 43 4 1 A .4 1 B

N i t r a t i o n  o f  2 - m e t h y l - 2 - ( 2 - m e t h y l - 4 -  

n i t r 0 p h e n o X  y ) p r o p a n 0 i c  a c i d  ( 1 4 )  i n  . t r i f l u o r o a c e t i c
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a n h y d r i d e - a c e t i c  a n h y d r i d e  a t  0°C a l s o  appear ed  t o  g i v e  t h e  

e x p e c t e d  1 , 4 - a d d u c t  44 w i t h   ̂H NMR a b s o r p t i o n s ' a t  6 5 . 2 5 .

6 . 58  and 7 . 4 5  as w e l l  as t h e  s p i r o  d i e n e  30 w i t h  p e a k s  a t  

6 . 0  2,  6 . 7 8  and  7 . 5 7 .  T h e  f i r s t  s e t  o f  a b s o r p t i o n s

d i s a p p e a r e d  on s t a n d i n g  and t h e  s p i r o  p e a k s  due t o  30 w e r e  

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

s u p p o r t e d  by t h e  a b s e n c e  o f  t h e  10 Hz c o u p l i n g  o f  th.e 

a d j a c e n t  v i n y l  p r o t o n s  i n  t h e  1 , 4  a d d u c t .  H e r e  a g a i n  

f o r m a t i o n  o f  t h e  1 , 4  a d d u c t  c a n  be a t t r i b u t e d  t o  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  45,  a mi xed  a n h y d r i d e  o f  t h e  a c i d  

14 and a c e t i c  a c i d ,  unde r  t h e  c o n d i t i o n s  used.

TFAA ,

NO

30 min 

1 h

NO

AcO
NO2

44

4-1%

f
0 0

NO2

NO.

30

59%

1 0 0 %

3 . 2 . 3  Pr ob l ems  f r om d i n i t r a t i o n

I n  one e x p e r i m e n t  when t r i f l u o r o a c e t i c  a c i d  was added 

t o  t h e  n i t r a t i o n  m i x t u r e  f r o m  a c i d  12 and t h e  m i x t u r e  t h e n  

w a r med  t o  0 ° C,  t h e  s i g n a l  a t  6 5 . 0 ,  due t o  t h e  1 , 4  a d d u c t
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3 6 .  d i s a p p e a r e d .  A t  t h e  same t i m e  s i g n a l s  due  t o  t h e

a r o m a t i c  p r o d u c t  14 a l s o  d i s a p p e a r e d ,  g i v i n g  r i s e  t o  s i g n a l s

a s s i g n e d  t o  t h e  d i n i t r o d i e n e  30.  When t h i s  r e a c t i o n  m i x t u r e

was  w o r k e d  up w i t h  l i q u i d  a m m o n i a ,  t h e  a q u e o u s  w a s h i n g s

c o n t a i n e d  a c o mp o u n d  w h i c h  e x h i b i t e d   ̂H NMR : 6 2 . 67  (3H.

s ) .  8 . 20  (1H.  d.  J = 10 Hz ) .  8 . 54  ( I B .  dd.  J = 10 Hz.  2 Hz ) .

9 . 4 4  ( 1 H.  d .  J = 2 H z ) .  T h i s  c o m p o u n d  c o u l d  n o t  be

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

a c i d  14 was t r e a t e d  w i t h  a m i x t u r e  o f  t r i f l u o r o a c e t i c  a c i d

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 .  A s i n g l e  p r o d u c t  46 w h i c h

a n a l y z e d  ( m a s s  s p e c t r u m  and  e l e m e n t a l  a n a l y s i s )  f o r

C 1 2 H 1 0 NO4 F 3 w a s  o b t a i n e d  a f t e r  2 1 ' d a y s  a t  a m b i e n t

t e m p e r a t u r e .  I t s  NMR sh o we d  t h e  p r e s e n c e  o f  a - COCF3

g r o up  w h i c h  c o u l d  be i d e n t i f i e d  by one and t w o  bond c o u p l i n g

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

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

1 1I R and NMR s p e c t r a  s h o we d  t h e  p r e s e n c e  o f  t w o  c a r b o n y l  

g r o u p s .   ̂H NMR s h o we d  t h a t  t h e r e  was a t r i s u b s t i t u t e d

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

u n s u b s t i t u t e d  p o s i t i o n  (no a l l y l i c  c o u p l i n g ) .  A n o t h e r  sh a r p  

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

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

c o u l d  be e x p l a i n e d  by t h e  s t r u c t u r e  b e l o w .
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The p r o d u c t  46 o b t a i n e d  i s  n o t  t h e  p r o d u c t  w i t h  l o w  

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

m i x t u r e .

N i t r a t i o n  o f  2 - m e t h y 1 - 4 - n i t r o p h e n o l  (9)  was c a r r i e d  o u t
r

i n  a c e t i c  a n h y d r i d e .  6 r M e - t h y l - 4 , 6 - d i n i t r o c y c l o h e x a - 2 , 4 -  

d i e n o n e  ( 4 7 )  and ' ' 2 - m e t h y l , 4 , 6 - d i q i t r o p h e n o l  w e r e

o b t a i n e d .  H o w e v e r  t h e  d i e n o n e  47 d i d  n o t  p r o v e  t o  be 

unknown p r o d u c t  e i t h e r .   ̂ \

3 . 2 . 4 - - N i t r a t i o n  o f  a c i d s  12 ,  17 and 18 i n  t r i f I G o r o a c e ' t i c  

ac i d / c h l o r o f  orm-d".

A c i d s  12,  17 and 18 w e r e  n i t r a t e d  i n  t r i f l u o r o a c e t i c

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

t h e s e  c o n d i t i o n s .  The r e s u l t s  a r e  s u m m a r i z e d  and a r e»

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

i n  T a b l e  3. 4 .
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Tab le  3 .4

P r o d u c t s  f r o m  n i t r a t i o n  o f  2 - m e t h y I p h e n o x y -  and 2 , 3 , 5 '  

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

R R/
OCCOOR

12
17

18

R -  Me, R ^ =  = H

R = R ^  =  R ^ =  Me

R = R ^  =  R-  ̂ =  H'
R-

•
P r o d u c t s  i n  a c e t i c P r o d u c t s  i n  TFA/CDCl g

a n h y d r i d e a t  0 °C

\ Expec t ed  Observed •

' 4 -  2 - 6 -  4 -  2 -
.  y

%TFA 4 -  6 -  . o t h e r

12

17

18

23% 77% 20% 80% 33 57%

4% 96% - - -  100% 25 100%.
*

23% 77% 20% 80% 25 60%

43%(30)

40%

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

c o m p l e t e l y  a t  t h e  4 - p o s i t i o n .  I t  i s  l i k e l y  t h a t  n i t r a t i o n

a l s o  o c c u r s  a t  t h e  i p a o - p o s i ' t i o n  b u t  t h a t  t h e  r i p g  does n o t  
%

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

i n s t e a d  W2 è j e c t s  t h e  n i t r o n i u m  i o n  t o  r e f o r m  t h e  o r i g i n a l  

s u b s t r a t e  w h i c h  has a f u r t h e r  o p p o r t u n i t y  f o r  n i t r a t i o n  a t  

t h e  4 - p o s i t i o n .

H o w e v e r  n i t r a t i o n  o f  18 i n  t r i f l u o r o a c e t i c  a c i d  and
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c h l o r o f o r m  g a v e  40% o f  t h e  6 - n i t r o  p r o d u c t  2 6 .  T h i s * m e a n s

t h e  s t e r i c  e f f e c t ,  w h i c h  p r e v e n t s  n i t r a t i o n  a t  t h e  6 -

p o s i t i o n ,  i s  mo r e  e f f e c t i v e  when t h e r e  i s  a ’ ^ e m - d i m e t h y l

g r oup  r a t h e r  t h a n  a m e t h y l e n e  g r o up  i n  t h e  s i d e  c h a i n .  The

f a c t  t h a t  18 i s  n o t  n i t r a t e d  a t  t h e  6 - p o s i t i o n  i n  a c e t i c

a n h y d r i d e ,  w h e r e a s  i t  i s  n i t r a t e d  a t  t h e  6 - p o s i t i o n  i n
!

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

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

c h a i n  i n  a c e t i c  a n h y d r i d e ,  t h u s  r a i s i n g  t h e  e f f e c t i v e  s i z e  

o f  t h e  s i d e  c h a i n  and mak i ng  h i n d r a n c e  o f  more i m p o r t a n c e  i n
I

t h i s  s o l v e n t .  I n  t h e  c a s e s  o f  12 and 17 t h e  g e m - d i m e t h y l

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

w i t h  t h e  2 - m e t h y l  s u b s t i t u e n t  b e i n g  o f  s i g n i f i c a n c e , -

i n d e p e n d e n t  o f  t h e  e x t e n t  o f  s o l v a t i o n  o f  t h e  s i d e  c h a i n  and’
■ i l .

6- n i t r a t i o n  does n o t  o c c u r  i n  e i t h e r  s o l v e n t . -

3 . 3  N i t r a t i o n  oY 2 - m e t h y l ^ 2 - - methylphenoxy)prop anoic 

' acid{^)

N i t r a t i o n  o f  4 - m e t h y l a ^ n i s o l e  ( 4 9 ) - c a n  be i r sed as a 

m o d e l . t o  e s t i m a t e  t h e  p r o d u c t  r a t \ ^ i n  1. At  l ow a c i d i t i e s   ̂

w h e r e  t h e  t p a o - W h e l ,  a n d  i n t e r m e d i a t e  i s  t r a p p e d  

q u a n t i t a t i v e l y  by w a t e r ,  49 g i v e s  c a . 60 % 4 . - m e t h y l - 2 -

n i t r o a n i s o l e  ( 5 0 ) . ^ ^  The r e m a i n i n g  40% b e i n g  4 - m e t h y l - 2 -  

n i t r o p h e n o l  ( 5 1 )  r e s u l t i n g  f r o m  i p e o - a t t a c k .  When 1 was 

n i t r a t e d  a m i x t u r e  of^ d i a s t e r e o m e r s  52  and 53 (46%)  and 2 -  

m e t h y 1 - 2 - ( 4 - m e t h y 1 - 2 - n i t r o p h en ox y ) p r o p a n o i c  a c i d  54 (54%) 

was o b t a i n e d .  ( c f .  R e f .  37,  47% y i e l d  o f  a . d d u c t s ) .  The
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a c i d  54 was i d e n t i f i e d  by i t s   ̂H and NMR s p e c t r a .  The
ê

p r e s e n c e  o f  t w o  d i a s t e r e o m e r s ’ i n  t h e  a d d u c t  m i x t u r e  was 

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

s h i f t  r e a g e n t  wh i c h  s e p a r a t e d  t h e  s u p e r i mp o s e d  peaks  o f  t h e
y-

^  t w o  d i a s t e r e o m e r s  i n  t h e  ^H NMR s p e c t r u m .  The a d d u c t s . w e r e  

s e p a r a t e d  by HPLC. B o t h  t h e  a d d u c t s  had UV a b s o r p t i o n  

m a x i m u m  a t  220  nm a n d  t h u s  t h e  n o n - c o n j u g a t e d  d i e n e  

s t r u c t u r e  w a s  a s s i g n  e' d ' t o  t h e m .  T h e

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

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

s h i f t  r e a g e n t  on t h e  8 - m e t h y l  g r p u p  e n a b l e d  a s s i g n m e n t  o f
a

t h e  r e l a t i v e  s t e r e o c h e m i s t r y .  The r e l a t i v e  g r a d i e n t  f o r  C-8  

and 8 -H i n  a d d u c t ' 5 2 ,  w h i c h  was  e l u t e d  f i r s t ,  was  h a l f  t h e  

c o r r e s p o n d i n g "  r e l a t i . v e  g r a d i e n t  i n  a d d u c t  5 3 .  T h i s  

i n d i c a t e d  t h a t  t h e  8 - m e t h y l  g r o u p  was f u r t h e r  f r o m  t h e  

c o m p l e x i n g  s i t e ,  t h e  c a r b o n y l  g r ou p ,  i n  52  t han  i n  53 .  Thus 

52  was  a s s i g f  ed as t h e  ( Z ) -  i s o m e r  and 5 3  was a s s i g n e d  as 

t h e  (E)- i s o me r .

3 . 4  Isomerization reactions of 1 , 2 adducts

3. 4. 1  I s o m e r i z a t i o n  o f  3 , 3 , 1 0 - 1 r  i m e t h y l - l O - n i t r o - 1 , 4 -  

d i  ox a s p r  i o  [ 4.5 ] d e c a - 6 , 8 - d i e n - 2 - o n e  ( 1 9 ) '

D i e n e  19 i n  c a r b o n  t e t r a c h l o r i d e  a t  50°C i s o m e r i z e d  

o v e r  9h t o  g i v e  a new compound.  T h i s  new compound ( 55)  had 

^H NMR s p e c t r u m w h i c h  showed t h e  p r e s e n c e  o f  a m e t h y l  g r oup  

( 5 1 . 85 )  a t t a c h e d  t o  a v i n y l  c a r b o n ,  and a g e m - d i m e t h y l  

g r o u p  (6 1 . 5 4 ,  1 . 5 8 ) .  The s i g n a l  a t  6 1.85 was b r o a d e n e d
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by a l l y j i c  c o u p l i n g .  The r e g i o n  b e t w e e n  6 5 - 6 . 5  had

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

a t  6 5 . 9 3 .  6 . 07  and 6 . 30  w h i c h  showed  as m u l t i p l e t s ,  and 

t h e r e  was a n o t h e r  m u l t i p l e t  c e n t e r e d  a t  6 5 . 30  w. h i ch  was 

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

d e c o u p l e d  NMR s p e c t r u m o f  t he  new compound showed t h r e e
p ^

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

s u b s t i t u t e d  sp^  c a rb on  a t o m .  T h e r e  was a n o t h e r  s i g n a l , a t  

^  87.8 wh i c h  s p l i t  i n t o  a d o u b l e t  i n  t h e  g a t e d  d e c o u p l e d  ^^0 

s p e c t r u m.  T h i s  was a s s i g n e d  t o  a sp^ c a r b on  atom b e a r i n g  a 

s e c o n d a r y  n i t r o  g r o u p .  I n  t h e   ̂H NMR s p e c t r u m  o f  t h e  

co mp o u n d  on i r r a d i a t i n g  t h e  m e t h y l  s i g n a l  a t  <5 1 . 85 .  a l l

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

sha r pe n ed ,  i n d i c a t i n g  t h a t  t h e  m e t h y l  g r o u p  was c o u p l e d  t o  

t h e s e  p r o t o n s  by a l l y l i c  and l o n g  r a ng e  c o u p l i n g s .  T h i s  

same compound was o b t a i n e d  from 19 i n  63% y i e l d  when h e a t e d  

i n  c h l o r o f o r m - d  a t  5 0 ° C  f o r  6 h.  o r  i n  80% y i e l d  when t h e  

c h l o r o f o r m - d  s o l u t i o n  was l e f t  a t  a m b i e n t  t e m p e r a t u r e  f o r  12 

d a y s .  •

When 2 3 .  t h e  d e u t e r a t e d  a n a l o g  o f  19 was d i s s o l v e d  i n  

c h l o r o f o r m - d ,  i t  gave o v e r  3 days a t  a m b i e n t  t e m p e r a t u r e  a 

new c o mp o u n d  56  w h i c h  had p r o t o n  s i g n a l s  at^  1 . 5 4 .  1 . 59 .  

1 . 8 6 ,  5 . 9 4 .  6 . 07 i n  t h e   ̂H NMR s p e c t r u m .  T h e r e  was  no

p r o t o n  s i g n a l  a t   ̂ 5 . 3 0 .  i n d i c a t i n g  t h a t  i n  t h e  c o mp o u n d

o b t a i n e d  f r o m  1 9 .  t h i s  s i g n a l  w a s  d u e  t o  t h e  p r o t o n  

o r i g i n a l l y  a t  t h e  6 -  o r  8 -  p o s i t i o n  o f  19.  T h u s  on t h e
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b a s i s  o f   ̂H and  ̂^ NMR s p e c t r a  o f  t h e  new c o mp o u n d  f r o m  19 

and t h e  ^H NMR s p e c t r u m o f  i t s  d e u t e r a t e d  a n a l o g  f r o m  23 t wo  

s t r u c t u r e s  can be p r o pos e d  f o r  i t  - -

%

( D ) H

OgN - 1

n

H'(

55

0

57

When t h i s  compound was t r e a t e d  w i t h  sod i um b i c a r b o n a t e  

s o l u t i o n  15( 80%)  and 5 8 ( 2 0 %)  w e r e  o b t a i n e d .  T h e s e  w e r e  

s e p a r a t e d  by e x t r a c t i o n  o f  t h e  n e u t r a l  58 f r o m  t h e  b a s i c  

s o l u t i o n  w h i c h  r e t a i n e d  t h e ” a c i d  15.  The a c i d  15 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   ̂H NMR s p e c t r u m  w i t h  t h a t  o f

an a u t h e n t i c  samp l e .  The n e u t r a l  p r o d u c t  was f ound  t o  be a ’
» 1

t r i - s u b s t i t u t e d  a r o m a t i c  c o mp o u n d .  I t s  H NMR s p e c t r u m

s howed  an ABC p a t t e r n  o f  t h r e e  a d j a c e n t  p r o t o n s .  The gem -  

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

m o l e c u l e  ( ^H and  ̂ NMR). The IR s p e c t r u m  showed t h a t  t h e  

c o mp oun d  wars an a l c o h o l  and t h a t  an e s t e r  f u n c t i o n  and a 

n i t r o  g r o u p  w e r e  p r e s e n t .  The c o mp o u n d  d e c o m p o s e d  t o  2 -  

m e t h y l - 6 - n i t r o p h e n o l  ( 1 0 )  on i n j e c t i n g  i n t o  a GO c o l u m n .  

The p r e s e n c e  o f  10 was  c o n f i r m e d  by c o i n j e c t i o n  and GO/MS.,  

E l e m e n t a l  a n a l y s i s  g a v e  t h e  e m p i r i c a l  f o r m u l a  C^-] ^ 0 5

s u g g e s t i n g  t h a t  t h e  compound was a s t r u c t u r a l  i s o m e r  o f  a c i d
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15.  Based on t h i s  i n f o r m a t i o n ,  t h e .  n e u t r a l  c o mp o u n d  was

$
a s s i g n e d  t h e  s t r u c t u r e  58.

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

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

c o n j u g a t e d  d i e n e  s t r u c t u r e  5 5 .  When 55 was t r e a t e d  w i t h  

t r i f l u o r o a c e t i c  a c i d  i n  c h l o r o f o r m - d  a ^ i n  o n l y  t h e  6 - n i t r o  

pr oduc t ,  namel y  15 (100%) was f o r m e d . '

I s o m e r i z a t i o n  o f  19 t o -  55  w a s  o b s e r v e d  i n  o t h e r
! • , - - 

s o l v e n t s .  • Th'e r e s u l t s  a r e  summar i zed  i n  T a b l e  3.5.

Ta bl e  3 . 5

Y i e l d s  o f  P r o d u c t s  o f  i s o m e r i z a t i o n  o f  19

S o l v e n t T e mp e r a t u r e H a l f  l i f e
Max irrum 
amount  o f  
55 o bs e r v e d

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

15 58

CDClg 50°C' " 2 .8h 80% 80% 20%

cci^ a mb i e n t 4 days >95% 80% 2 0 %

CDgCN ambient 3 days t r a c e s 59% 41%

C6D6 '
a mb i e n t 3 days 56% 80% 20%

THF-dg a mb i e n t 3 days -------------- 50% 50%

P y r i d i n e - d^  50°C 3h -------------- 92% 8 %

The r a t e  o f  d i s a p p e a r a n c e  o f  19 d i d  n o t  var , y much w i t h  

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

t h e  t e m p e r a t u r e .  I n  a l l  c a s e s  15 ( and  5 8 )  w e r e  t h e  o n l y  

a r o m a t i c  p r o d u c t ( s ) .  The r e l a t i v e  amount  o f  58 on c o m p l e t e
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a r o m a t i z a t i o n  i n c r e a s e d  w i t h  t h e  b a s i c i t y  o f  t h e  s o l v e n t  on 

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

p y r i d i n e  t h e  a m o u n t  o f  ' 58 d e c r e a s e d  t o  8 %. The max i mu m 

a m o u n t  o f  55 d e t e c t e d  i n  t h e  s o l u t i o n  d e c r e a s e d  w i t h  

i n c r e a s i n g  b a s i c i t y  o f  t h e  s o l v e n t .  On l y  t r a c e s  o f  55 were  

o b s e r v e d  i n  a c e t o n i t r i l e - d g  w h i l e  no 55 was o b s e r v e d  i n  

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

S i n c e , t h e  r a t e  o f  t h e  r e a c t i o n  di ' è n o t  v a r y  w i t h  t h e  

s o l v e n t ,  and t h e  i s o m e r i z a t i o n  o c c u r r e d  u n d e r  e s s e n t i a l l y  • 

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

u n l i k e l y .  O t h e r  p o s s i b l e  r e a c t i o n  p a t h w a y s  a r e  h o m o l y t i c  

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

3 . 4 . 2  T r a p p i n g  e x p e r i m e n t s

The i s o m e r i z a t i o n  o f  6 - m e t h y l - 6 - n i t r o c y c l o h e x a - 2 , 4 -  

d i e n o n e  ( 5 9 )  i s  f o r m a l l y  v e r y  s i m i l a r  t o  t h e  new 

r e a r r a n g e m e n t  r e a f c t i o n  o f  19.  A mechan i sm s i m i l a r  t o  t h a t  

w h i c h  has been p r oposed  f o r  t h e ^ e a r r a nge me n t  o f  5 9 ^ ^  can be 

c o n s i d e r e d  f o r  t he  i s o m e r i z a t i o n  o f  19 t o  15 (Scheme 3.5) .
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Scheme 3 . 4  P o s s i b l e  mechani sm f o r  i s o m e r i z a t i o n  o f  19 and 59

0

:;o. OgN 

— >

QH

59 10

\

I f  t h e  mechanism shown  i n  Scheme 3.'5 i s  f o l l o w e d ,  some 

l e a k a g e  o f  t h e  n i t r o g e n  d i o x i d e  r a d i c a l  f r o m  t h é  c a g e d  

r a d i c a l  p a i r  i s  p o s s i b l e .  The i s o m e r i z a t i o n  o f  19 was 

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

a g e n t .  WA en t h e  i s o m e r i z a t i o n  t o  5 5  a n d  s u b s e q u e n t  

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

a n a l y z e d  by GC l e s s  t han  1? 4 - m e t h y 1 - 2 - n i t r o p h e n o l  ( 5 1 )  was 

d e t e c t e d .  Thus  i f  t h e  r a d i c a l  p a i r  i s  an i n t e r m e d i a t e  i n  

t h e  r e a r r a n g e m e n t , ^  i t  m u s t  be a c a g e d  r a d i c a l  p a i r  and 

p o s s i b l y  even a t i g h t  r a d i c a l  p a i r  i n  w h i c h  c a s e  i t  can  be 

r e p r e s e n t e d  as t h e  n i t r a t e  e s t e r  60 o f  12. To d e t e r m i n e  i f  

such an e s t e r  could be an i n t e r m e d i a t e ,  i t  was g e n e r a t e d  in 

situ f r o m  t h e  a c i d  c h l o r i d e  61 and s i l v e r  n i t r a t e  i n  

a c e t o n i t r i l e  a t  - 1 5 ° C  ( Scheme 3 . 5 ) .  S i n c e  55 i s  n o t  s t a b l e
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i n  a c e t o n i t r i l e ,  i f  i t  w e r e  f o r m e d ,  15 a n d / o r  5 8  w e r e  

e x p e c t e d  t o  be t h e  o b s e r v e d  p r o d u c t ( s ) .  Mo r e o v e r ,  i f  60 i s  

an i n t e r m e d i a t e  some 19 can  be e x p e c t e d  f r o m  t h e  r e v e r s e  

i s o m e r i z a t i o n  r e a c t i o n .  However  no 2 - m e t h y l - 2 - ( 2 - m e t h y 1 - 4 -  

n i t r o p h en ox y ) p r o p a n o i c  a c i d  ( 1 4 )  s h o u l d  be f o r m e d  b e c a u s e  

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

t h e '  n i t r a t e  e s t e r  g e n e r a t e d  in situ were  e xami ned ,  15 ( 8%), 

1 4 ' ( 8 %) ,  19 ( 16%) and 12 (76%) wer e  o b t a i n e d .  The f o r m a t i o n  

o f  14 r u l e d  o u t  t h e  n i t r a t e  e s t e r  60 as an i n t e r m e d i a t e  b u t  

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

e x p e r i m e n t .

Scheme 3 . 5  F o r m a t i o n  and R e a c t i o n  o f  60

4

OCMe-COCl '

% AgNO
3.

- 1 5 ° C

OCMepCOONO-

+

12 + 14

15 + 19

61 60

I f  su ch  a r a d i c a l  p a i r  e x i s t s ' ,  t h e  p r o d u c t s  o b t a i n e d

s h o u l d  be n o n - s t e r e o s p e c i  f  i c . B o t h  19 and 20 s h o u l d  g i v e

t h e  same p r o d u c t ( s )  b e c a u s e  t h e  same r a d i c a l  p a i r  w o u l d  be

f o r med f r om b o t h  i s o m e r s .

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

p o s s i b i l i t y  i ?  a c o n c e r t e d  n i t r o  s h i f t ,  i n  -wh. ich c a s e  t h e  

r e a r r a n g e m e n t  w i l l  be s t e r e o s p e c i f 1c , name l y  19 s h o u l d  f o r m
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o n l y  one i s o m e r  ( 55 )  and 20 s h o u l d  f o r m  t h e  d i a s t e r e o m e f  62,  

I s o m e r i z a t i o n  o f  2 0  w a s  s t u d i e d  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 ^  r e a c t i o n .

3 . 4 . 3  Rear r angement  p r o d u c t  f r om 20

When 20 was h e a t e d  i n  c a r b on  t e t r a c h l o r i d e  a t  50^€ f o r  

24h.  a d i e n e  d i f f e r e n t  f r o m  55 was o b t a i n e d .  The NMR 

sp ec t r u m d i f f e r e d  f r o m  t h a t  o f  55 i n  t h e  c h e m i c a l  s h i f t s  o f  

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

p r o t o n s  a t  C-9 and C - 1 0 .  No t r a c e  o f  t h e  d i a s t e r e o m e r  62 

was f o u n d  i n  . th e  s p e c t r u m  o f  55 and v i c e  v e r s a .  The NMR 

da t a  f o r  t h e  t wo  d i e n e s  a r e  s u mmar i z e d  i n  T a b l e  3.6.

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

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

r e s p o n s i b l e  f o r  l e s s  than-1% of  t h e  r e a c t i o n .  I s o m e r i z a t i o n  

o f  t h e  d i a s t e r e o m e r s  s h owe d  t h a t  t h e  i s o m e r i z a t i o n  was 

s t e r e o s p e c i  f i c .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  

i s o m e r i z a t i o n  i s  a c o n c e r t e d  r e a c t i o n ,  n a m e l y  -a  [ 1 , 5 ]  

s i g m a t r o p i c  s h i f t  o f  t h e  n i t r o  group.
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H

4^
0 0

Tab le  3.6

OjN

55 -  ( # ) - d i a s t e r e o m e r  

62 -  (Z ) - d i a s t e r e o m e r

1 H NMR (250 MHz) data f o r ,  3 » 3 . 6 - t r i m e t h y l - 1 0 - n i t r O “ 1 . 4 -

d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 8 - d i e n - 2 - ones

Di ene 3 -CH3 6-CH3 7-H 8-H 9-H 10-H

55 1 . 5 4 ,  1 . 58 . 1.85 6 . 07 6 . 30 5 . 9 3  . 5 . 3 0  4 . 9

62 1 . 5 0 ,  1 , 53  1 . 88 6 . 1 3 6 . 3 0 5 . 9 9 5 . 3 0  4 . 6

1 3 c  . NMR d a t a  f o r  3 , 3 , 6 - . t r i m e t h y l - 1 0 - n i t r o - 1 , 4 -

d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 8 - d i e n - 2 - ones

Diene C-2 C-3 C-5 C-6 C-7 C-8 C-9 C-10 ^ > C H 3 6-CH3

58 173.7 77.3 103.4 134.7 124.6 129.3 117.5 87 .8 25.9,  16.0 
26.5

&2 174.0 78.2 103.9 134.4 125.4 129.0 117.8 87 .8 25.6 16.5

F u r t h e r  e v i d e n c e  f o r  t h e  d i f f e r e n t  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 s  5 5  and 62  was o b t a i n e d  i n  t h e  a r o m a t i z a t i o n  o f  

t h e s e  die,nes i n  t e t r a h y d r o f u r a n ,  a s o l v e n t  more b a s i c  t h a n  

c a r b o n  t e t r a c h l o r i d e .  Di ene  55 i n  t e t r a h y d r o f u r a n  gave t h e  

6 - n i t r o  a c i d  15(50%)  and t h e  2 - m e t h y 1 - 6 - n i t r o p h e n y l  e s t e r  

5 8 ( 5 0 % )  on a r o m a t i z a t i o n .  On t h e  o t h e r  h a n d  6 2 ,  on 

a r o m a t i z a t i o n  i n  t e t r a h y d r o f u r a n ,  a f f o r d e d  a c i d  15 as  t h e  

o n l y  p r o d u c t .  When t h e  a r o m a t i z a t i o n  was c a r r i e d  o u t  i n  t h e
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p r e s e n c e  o f  1.1 e q u i v a l e n t s  o f  t e t r a c y a n o e t h y l e n e  ( TCNEL ' i n  

t e t r a h y d r o f u r a n ,  5 5 g a v e  1 5 ( 30%)  and 5 8 ( 7 0 % ) .  U n d e r  t h e  

same c o n d i t i o n  62 a g a i n  a r o m a t i z e d  t o  15 q u a n t i t a t i v e l y .  

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

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

i n  55 and 62 was d i f f e r e n t .

These a r o m a t i z a t i o n  r e a c t i o n s  can be c o n s i d e r e d  as 1,2 

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

The «( -carbon atom (C-5 o f  55 and 62) has t h e  t w o  f u n c t i o n a l  

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

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

The G - c a r b o n  ( C - 1 0  o f  55 and 6 2 )  b e a r s  a s e c o n d a r y  n i t r o  

g r o up  and t h e r e f o r e  t h e  6 - h y d r o g e n  atom (10-H o f  55 and 62)  

i s  a c i d i c .

The t r a n s i t i o n  s t a t e  o f  e l i m i n a t i o n  r e a c t i o n s  i s  

a f f e c t e d  by v a r i o u s  f a c t o r s , ^  ^^ some o f  w h i c h  a r e  i n d i c a t e d  

b e l o w .  S u b s t r a t e s  h a v i n g  a 6 - n i t r o  g r oup  u s u a l l y  unde r go  

e l i m i n a t i o n  by t h e  p a t h w a y .  I f  t h e  p r o d u c t  o f  an

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

b r e a k i n g  b e c o me s  c o m p e t i t i v e  w i t h  c a r b o n  h y d r o g e n  bond 

b r e a k i n g  o r  t h e  t r a n s i t i o n  s t a t e  o f  t h e  r e a c t i o n  b e c ome s  

m o r e  E g - 1 i  k e . W i t h  E ^ ^ g - l i k e  t r a n s i t i o n  s t a t e s ,  syn 

‘ e l i m i n a t i o n  becomes more f a c i l e ,  w h i l e  w i t h  t h e  t r a n s i t i o n  

s t a t e  h a v i n g  more E2 , c h a r a c t e r  h i g h  antiheyn  p r o d u c t  r a t i o s  

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

s t a t e :  a p o o r  n u c l e o f u g e  s h i f t s  i t  t o w a r d  t h e  E^ ^ g  end o f
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t h e  s p e c t r u m w h i T ^ - é  good n u c l e o f u g e  s h i f t s  i t  t o w a r d s  t h e  

Ep end  o f  t h e  s p e c t r u m .  I n  s i x - m e m b e r e d  r i n g s ,  anti
^ t

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

trans t o  t h e  6 - h y d r o g e n  a f f e c t s  t h e  r e a c t i o n  mo s t .

B o t h  55 and 62 h a v e  a 6 - n i t r o  g r o u p .  I f  t h e y  u n d e r g o  

e l i m i n a t i o n  by t h e  E^cB Pat hway  b o t h  t h e  d i e n e s  w o u l d  g i v e  

t h e  same c y c l o h e x a d i e n y 1 a n i o n  as an i n t e r m e d i a t e  and wou l d  

be e x p e c t e d  t o  g i v e  t h e  same p r o d u c t ( s ) .  S i n c e  t h e  t w o  

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

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

t h u s  t h e i r  t r a n s i t i o n  s t a t e s  a r e  e x p e c t e d  t o  be m o r e  Ep -
I
l i k e .  Thus  t h e  t r a n s i t i o n  s t a t e  f o r  t h e  e l i m i n a t i o n  o f  55 

o r  6.2 m u s t  be i n t e r m e d i a t e  b e t w e e n  t h e  E 2 a n d  E ^ ^ b  

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

be a t r a n s i t i o n  s t ' â t e  f o r  e a c h .  C o n s i d e r i n g  t h e  g r o u p s  a t  

t h e  < - c a r b o n ,  - 0 C0 CMe2 0 “  i s  a p o o r  n u c l e o f u g e  w h i l e  

- 0 CMe2 C0 0 “  i s  a much b e t t e r  n u c l e o f u g e .

When t h e  a l k o x i d e  i s  trans  t o  t h e  g - h y d r o g e n ,  t h e  

t r a n s i t i o n  s t a t e  f o r  anti e l i m i n a t i o n  w i l l  be more E ^ ^ g - l i k e  

t h a n  i s  t h e  c a s e  when t h e  c a r b o x y l a t e  i s  i n  t h i s  p o s i t i o n .  

A l s o  b e c a u s e  o f  t h e  a c t i v a t i o n  by t h e  g - n i t r o  g r o u p ,  eyn 

e l i m i n a t i o n  w o u l d  a l s o  bec ome  f a v o u r e d .  G i v e n  t h e  p o o r  

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

c a r b o x y l a t e ,  t h e  n o r m a l l y  m i n o r  eyn e l i m i n a t i o n  w o u l d  become 

c o m p e t i t i v e  w i t h  t h e  n o r m a l l y  f a v o u r e d  anti e l i m i n a t i o n  and 

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

/
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e x p e c t e d .  I f  t h e  c a r b o x y l a t e  i s  t r a n s  t o  t h e  6 - h y d r o g e n

t h e  t r a n s i t i o n  s t a t e  w i l l  become  mo r e  E2 - l i k e  and a - h i g h

antif syn r a t i o  w o u l d  b e " e x p e c t e d .  D i e n e  5 5 ,  g a v e  t w o

p r o d u c t s  wh i c h  can « a r i s e  by c o m p e t i n g  syn and a n t t
• #

e l i m i n a t i o n  w h i l e  62  g a v e  o n l y  p r o d u c t  r e f l e ' c t i n g  . h i g h

p r e f e r e n c e  f o r  one mode . o f  e l i m i n a t i o n  o v e r  t h e  o t h e r .  Thus

55 can be a s s i g n e d  t h e  - c o n f i g u r a t i o n  wher e ,  th.e a l k o x i d e
% ^*

i s  t r a n s  t o  t h e   ̂ - h y d r o g e n  and 62 can s i m i l a r l y  be a s s i g n e d
f  . « ,

t h e  ( Z ) - c o n f i g u r a t i o n .

55 62

The p r o d u c t  r a t i o  o b t a i n e d  i n  t h e  - p r esence  o f  TCN0 a l s o
* *

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

à l o w - e n e r g y  v a c a n t  o r b i t a l  and i t  c ^  t h e r e f o r e  a c t  as a-
' ° È

weak L e w i s  a c i d .  I n  t h e  t r a n s i t i o n  s t a t e  f o r  t h e  f o r m a t i o n  

o f  58.  t h e  d e v e l o p i n g  n e g a t i v e  c h a r g e  i s  l o c a l i z e d  on t h e  

a l k o x y  oxygen and t h i s , t r a n s i t i o n  s t a t e  w ou l d  be s t a b i l i z e d  

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

15 has t h e  d e v e l o p i n g  n e g a t i v e  c h a r g e  d e l a c a l i z e d  o v e r  t h e  

c a r b o x y l  g r oup  and s t a b i l i z a t i o n  by c o m p l e x a T i o n  w i t h  TCNE
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w o u l d  be l e s s  t /han t h a t  f o r  t h e  f o r m a t i o n  o f  58.  T h u s  i f

t h e  f o r m a t i o n  o f  15 and  5 8 a r e  c o m p e t i n g  r e a c t i o n s ,

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

a m o u n t  o f  5 8 .  I n  55 w h e r e  t h e  a l k o x y  g r o u p  i s  . a s s i g n e d

trans  t o  t h e  6 - h y d r o g e n , c o m p l e x a t i o n  w o u l d  i n c r e a s e  t h e

a n t i  e l i m i n a t i o n - p r o d u c t  58 o v e r  t h e  syn e l i m i n a t i o n  p r o d u c t

15.  3 u c h  an i n c r e a s e  i s  i n d e e d  o b s e r v e d ,  as t h e  a m o u n t  o f

58 i n c r e a s e s  f r o m 50% t o  70% i n  t h e  p r e s e n c e  o f  TCNE. When

/ t h e  c a r b o x y  g r o u p  i s  trans t o  t h e  6 - h y d r o g e n  as a s s i g n e d  i n

6 ^  c o m p l e x a t i o n  w i t h  t h e  a l k o x y  g r o u p  w o u l d  d V c r e a s e  t h e
anti! syn r a t i o .  The f a c t  t h a t  no 5 8  i s  o b t a ' i n e d  f r o m  62  i n

. t he p r e s e n c e  o f  TQNE s u g g e s t s  t h a b  eVen on s t a b i l i z a t i o n  o f

t h e  t r a n s i t i o n  s t a t e  by TCNE, t h e  t r a n s i t i o n  s t a t e  f o r  t h e

f o r m a t i o n  o f  5 8 r i s  s t i l l  h i g h e r  i n  e n e r g y  t h a n  t h e

j / t r a n s i t i o n  s t , a t e  f o r  t h e  anti  e l i m i n a t i o n  o f  t h e  c a r b o x y

g r o u p  t o  g i v e  15.

When 55 was t r e a t e d  w i t h  p y r i d i n e ,  a base s^ t r onger  t hap

t e t r a h y d r o f u r a n ,  t he .  a m o u n t ‘o f  58  o b t a i n e d  d e c r e a s e d  f r o m

50% t o  8̂ %. W i t h  i n c r e a s i n g  b a s e . s t r e n g t h ,  t h e  t r a n s i t i o n -

s t a t e . f o r  e l i m i n a t i o n  becomes more E ^ g g - l i k e ^ l ^  o r  f o r m a t 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 r b o n i o n  i s  a l m o s t  c o m p l e t e  i n  th.e 
■ '

t r a n s i t i o n  s t a t e .  I n  t h i s  case ,  t h e  p r o d u c t  r a t i o  w o u l d  be
«

d e t e r m i n e d  by t h e  nuc  1 e o f u g i c  i ^-y o f  t h e  c o n j p e t i n g  g r o u p s .  

Th u s  i n  55 l o s s  o f  t h e  " -carboxy g r o u p  w o u l d  be f a v o u r e d ,  

l e a d i n g  t o  h i g l x e j i ^ a m o u n t  o f  15 ( 92 %)  and a c o r r e s p o n d i n g  

d e c r e a s e  i n  t h e  amount  o f  58(8%) '  i n  t h e  p r o d u c t .
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Once t h e  r e l a t i v e  s t e r e o c h e m i s t r y  o f  55 a'nd 62 i s

a s s i g n e d ,  i t  c a n  be  u s ^ d  t o  a s s i g n  t h e  r e l a t i v e

s t e r e o c h e m i s t r y ,  o f  19 and 20 w h i c h  c o u l d  n o t  -be a s s i g n e d  'by
«

any o t h e r  m e a n s . .  S i n c e  t h e  i s o m e r i z a t i o n . o f  1 9 ( 2 0 )  t o  

5 5 ( 6 2 )  i s  shown t o ^ b e  s t e r e o s p é c i f i c ,  19 can be a s s i g n e d  t h e  

(S’ ) - c  on f  i  gu r  a t  i  on a n d  20  c a n  be a s s i g n e d  as  t h e  ( Z ) -  

d i a s t e r e o m e r .

0

H
0

;
NO NO,

19 20

, The s t e r e o s p e c i  f i c  r e a r r a n g e m e n t  d' f  1 9 ( 2 0 )  t o  5 5 ( 6 2 )  

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

r e a c t i o n  g o e s  i n  t h e  d i r e c t i o n  19 t o  55 b e c a u s e  55  i s  mo r e  

s t a b l e  t h a n  19.  Ab initto  c a l c u l a t i o n s ^  on s u b s t i t u t e d  

c y c l p h e x a d i e n e s  show t h a t  1- m e t h y I c y c l o h e x a d i e n e ( 6 3 )  i s  

mo r e  s t a b l e  t h a n  5 - m e t h y l c y c l o h e x a d i e n e  ( 6 4 ) .  S i n c e  o n l y  

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

n i t r o  g r o u p  can be i t e g l e c t e d  f o r  c o m p a r i s o n  p u r p o s e s .
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R e l a t i v e
Energy

-1 -1

63

4 . 6*  kJmol  

- 1

- 10 k J m o l “ ' - 1 2 . 0  kJmol '

Gai n i n  s t a b i l i z a t i o n  en e r g y  4 . 6 - ( - 12.0)  = 16.6 k J mo l '

D i e n e  19 i s  l e s s  s t a b l e  t h a n  20  as i t  i s  t h e  m i n o r  

c o m p o n e n t  i n  t h e  m i x t u r e  e q u i ^ i b r Z a t e d  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 c i d .  S i n c e  thie r e a r r a n g e m e n t  i s  a s i n g l e
1--J

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

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

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

f o r  t h e  r e a r r a n g e m e n t  o f  1 9 , and 20 can  be shown  as - -

NO, NO,

0

T . S .  f o r  20T . S .  f o r  19

The o n l y , d i f f e r e n c e  i n , t h e  t r a n s i t i o n  s t a t e s  i s  i n '  t h e  

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

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

t h e  r e a r r a n g e m e n t  a r e  c l o s e  i n  e n e r g y .  The r a t e  c o n s t a n t s
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f o r  t h e  i s o m e r i z a t i o n  o f  19 and 20 i n  c a r b o n  t e t r a c h l o r i d e  

a t  50°C can be - . c a l c u l a t e d  f r o m t h e  changes  i n  c o n c e n t r a t i o n  

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

u n r e a c t e d  d i e n e  as t h e  r e a c t i o n  p r o g r e s s e d .  The r a t e  

c o n s t a n t s  a r e  - -

k ( f o r  19) = 6 . 87  x 

k ( f o r  2 0 ) = 2 . 44  x 

The a c t i v a t i o n  ener gy  d i f f e r e n c e  ( c a l c u l a t e d  f r o m  t h e  r a t e  

c o n s t a n t s  f o r  i s o m e r i z a t i o n  o f  19 and 20)  i s  - 2 . 8  k J m o l " ^  

an d  w h e n  c o m b i n e d  w i t h  t h e  e n e r g y  d i f f e r e n c e  o f  t h e  

r e a c t a n t s  ( c a l c u l a t e d  f r o m  e q u i l i b r i u m  c o n c e n t r a t i o n s  o f  

1 9 ( 20%)  and 20 ( 80 %)  a t  0 ° C ) ,  3 . 2  k J m o l ” ^.  t h i s  g i v e s  an

e n e r g y  d i f f e r e n c e  b e t w e e n  t h e  t r a n s i t i o n  s t a t e s  o f  0 . 4  

k J m o l " ^  w i t h  t h e  t r a n s i t i o n  s t a t e  f o r  19 b e i n g  s l i g h t l y

h i g l \ r /  i n  ener gy .

3 . 4 . 4  I s o m e r i z a t i o n  o f  3* 3 . 7 . 9 . 1 0 - p e n t a m e t h y 1 - 1 0 - n i t r o - 1 . 4 -  

d i o x a i s p i r o { 4 , 5 ] d e c a - 6 t 8 - d i e n - 2 - o n e ( 2 7 ) .

D i e n e s  55  and  6 2  w e r e  o b t a i n e d  i n  e s s e n t i a l l y  

q u a n t i t a t i v e  y i e l d s  u n d e r  s u i t a b l e  • c o n d i t i o n s »  b u t  c o u l d  no t  

be o b t a i n e d  c r y s t a l l i n e .  D i e n e  65 (36%) h o w e v e r  c o u l d  be 

o b t a i n e d  p u r e  ( as  m i n o r  c o m p o n e n t )  when 27 was  h e a t e d  i n  

c a r b on  t e t r a c h l o r i d e  a t  50 °C f o r  8h and t h e  p r o d u c t  m i x t u r e  

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

hexane .  The m a j o r  componen t  o f  t h e  m i x t u r e ,  d i e n e  66 (64%) 

was o b t a i n e d  by r e c r y s t a l l i z a t i o n  o f  t h e  mo t h e r  - l i q u o r .  No 

o t h e r  c o mpound  was p r e s e n t .  When t h e  r e a r r a n g e m e n t  was
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p e r f o r m e d  a t  a m b i e n t  t e m p e r a t u r e »  t h e  same p r o d u c t s  65 ( 5 4 %) 

and 66 (46%) w e r e  o b t a i n e d  a f t e r  10 d a y s .  B u t  now 65 was 

t h e  m a j o r  p r o d u c t .  The s t r u c t u r e s  66 and 65» e p i m e r i c  a t  

C-10,  were  a s s i g n e d  t o  t h e s e  d i e n e s .  The UV s p e c t r a  o f  bo t h  

^6  (^max ^ nm ) and 65 (A^^ax ^ nm ) s h o we d  t h a t  t h e y  w e r e  

c o n j u g a t e d  d i e n e s .  The ’’ H and  ̂ NMR s p e c t r a  o f  66 and 65 

wer e  i n  a c c o r d  w i t h  t h e i r  b e i n g  t h e  7 , 9 - d i m e t h y l  d e r i v a t i v e s  

o f  55 and 62.  NMR s p e c t r a  o f  bo t h  t h e  d i e n e s  showed t h e

p r e s en c e  o f  a sp^ c a r b o n  b e a r i n g  a s e c o n d a r y  n i t r o  g r oup  a t  

<5 Q 9 1 . 9  f o r  66 and 6 q 9 1 . 8  f o r  65.  B o t h  t h e  d . i enes  when 

t r e a t e d  w i t h  s o d i u m  h y d r o x i d e  g a v e  t h e  same p r o d u c t ,  2 -  

m e t h y l - 2 - ( 2 , 3 , 5 - t r i m e t h y l - 6 - n i t r o p h e n o x y ) p r o p a n o i c  acdd 2 9 .  

When 65 was h e a t e d  i n  c a r b o n  t e t r a c h l o r i d e  a t  70° C an 

e q u i l i b r i u m  m i x t u r e  o f  66 ( 1 8 %) and 65 ( 8 2 %) was  o b t a i n e d
if

a f t e r  32h,  w h i c h  d i d  n o t  c h a n g e  on f u r t h e r  h e a t i n g  t o  48h.  

A f t e r  t h a t  t h e  r e l a t i v e  amoun t s  o f  t h e  d i e n e s  d i d  n o t  change 

b u t  t h e  a m o u n t  o f  29 s t a r t e d  t o  i n c r e a s e .  On t h e  o t h e r  

h a n d ,  when 66 was h e a t e d ,  65 was  f o u n d  b u t  a r o m a t i z a t i o n  

commen c ed  b e f o r e  e q u i l i b r i u m  was r e a c h e d .  T h i s  f u r t h e r  

c o n f i r m e d  t h a t  66 and 65 wer e  e p i m e r s .

F o r m a t i o n  o f  66 and 65 f r o m  27 was n o t  i n  a c c o r d a n c e  

w i t h  t h e  c o n c e r t e d  mechan i sm p r o pos ed  f o r  t h e ^ e a r r angemen t  

o f  19 ( p a ge  150 ) and e x p e c t e d  f o r  t h e  r e a r r a n g e m e n t  o f  27

a l s o .  E p i m e r i z a t i o n  o f  66 and 65 unde r  t h e  c o n d i t i o n s  under  

w h i c h  i s o  m^ r  i ^ z ^ t T o n  o f  27 o c c u r r e d  s u g g e s t e d  t h a t  t h e  

r e a r r a n g e m e n t  o f  2 7  ma y be o c c u r r i n g  by  a h o m o l y t i c
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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 .  To r e s o l v e  t h e s e  c o m p l i c a t i o n s ' ,  

r e a r r a n g e m e n t  o f  27 was  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  

r a d i c a l  t r a p p i n g  a g e n t s .  When r e a r r a n g e d  i n  p r e s e n c e  o f  p -  

c r e s o l , no s i g n i f i c a n t  c h a n g e  o c c u r r e d  i n  t h e  r e l a t i v e  

a m o u n t s  o f  66 (60%)  and 65 (40%)  o b t a i n e d .  B u t  when 27 was 

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

e f f e c t i v e  r a d i c a l  t r a p  t h a n  p - c r e s o T ,  f o r m a t i o n  o f  65 was 

c o m p l e t e l y  s u p p r e s s e d  and  o n l y  66 w a s  f o r m e d .  T h u s  

i s o m e r i z a t i o n  ’ o f  27 i s  a c o n c e r t e d  p r o c e s s ,  w h i c h  i s  

ove r shadowed  by r a d i c a l  e p i m e r i z a t i o n  o f  t h e  p r o d u c t  (Scheme 

3 . 6 ) .  . . ' .

Scheme 3 .'6 Pat hways i n  t h e  i s o m e r i t a t i o n  o f  27

27
b(?)

00

NO

0

0 0
N2
H

C 65
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The t r a p p i n g  e x p e r i m e n t s  show t h a t  27 and 66 h a v e  t h e  same 

s t e r e o c h e m i s t r y .  The m a j o r  d i a s t e r e o m e r  19 o b t a i n e d  f r o m  

t h e  n i t r a t i o n  o f  12 has  j h e  ( # ) - c o n f i g u r a t i o n  as d i s c u s s e d  

a b o v e .  D i e n e  27 w h i c h  was o b t a i n e d  as t h e  s o l e  p r o d u c t  i n  

t h e  n i t r a t i o n  o f  17 i s  t h e r e f o r e  a s s i g n e d  t h e  ( 2 ) -  

c o n f i g u r a t i o n  by a n a l o g y  t o  19.

The e v i d e n c e  p o i n t s  t o  p r o c e s s e s  a and c ( Scheme 3 . 6 )  

o p e r a t i n g  i n  t h e  r e a r r a n g e m e n t .  However ,  p r o c e s s  b may a l s o
J,

o c c u r .  The t w o  c l o s e l y  r e l a t e d  s p i r o d i e n e s  1 9 ( 2 0 )  and 27 

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

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

25 A and  25  B w h e n  h e a t e d  i n  c a r b o n  t e t r a c h l o r i d e  o r  

t e t r a h y d r o f u r a n  s o l u t i o n  gave r e g i o s p e c i f i c a l l y  t h e  6 - n i t r o  

a c i d  26,  s u g g e s t i n g  t h a t  a s i m i l a r  [ 1 , 5 ]  n i t r o  s h i f t  o c c u r s  

b u t  t h e  i n t e r m e d i a t e  d i e n e  ( 6 7 )  i s  n o t  s t a b l e  e n o u g h  t o  be 

d e t e c t a b l e .  T h e  d i n i t r o s p i r o d i e n e  3 0  r e a r r a n g e d  ' i n  

c h - l o p o f o r m- d  at ,  a m b i e n t  t e m p e r a t u r e  . to g i v e  2 - m e t h y l - 2 - ( 2-  

m e t h y l - 4 , 6 - d i , n i t r o p h e n o x y  ) p r o p a n o i c  a c i d  ( 3 1 )  i n  one  

e x p e r i m e n t ,  i n d i c a t i v e  o f  a [ 1 , 5 ]  n i t r o  s h i f t .  H e r e  a g a i n  

t h e  i n t e r m e d i a t e  dien.é ( 6 8 ) c o u l d  n o t  be o b s e r v e d .

I t  was  t h e r e f o r e . d e c i d e d  t o  s t u d y  a n o t h e r  k n o wn  1, 2  

a d d u c t  6 9 ^ 6 , t o  see i f  i t  r e a r r a n g e d  and t o  see i f  t h e  s t u d y  

o f  s u c h  r e a r r a n g e m e n t  c o u l d  shed  any  mo r e  l i g h t  on t h e  

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

s p i r o d i e n e s ' .
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3 . 4 . 5  R e a r r a n g e m e n t  o f  3 - t - b u t y l - 6 - m e t h y l - 6 - n i t r o c y c l o h e % a -
• !

2 , 4 - ‘d i eny . l  a c e t a t e  69 

When 69 was h e a t e d  i n  c a r b o n  t e t r a c h l o r i d e  a t  709c f o r  

1h a m i x t u r e  o f  f o u r  d i e n e s  69.  70 ,  71 and 72 and S - t - b u t y l ' -  

2 - m e t h y I p h e n y l  a c e t a t e  73 was o b t a i n e d .  A m i x t u r e ' o f  t h e  

same compounds was f o r me d  f r o m 69 a f t e r  12 days on s t a n d i n g  

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

One o f  t h e  d i e n e s  ( 7 2 )  c o u l d  be i s o l a t e d  f r o m . t h e  r e a c t i o n  

m i x t u r e  by c h r o m a t o g r a p h y  on s i l i c a  a t  - 40°C.  When 72  was 

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

compounds was f o r med .  D i e n e s  69 and 72  wer e  a l s o  h e a t e d  i n  

t h e  p r e s e n c e  o f  p - c r e s o l  as a r a d i c a l  t r a p p i n g  agent .  Onl y  

t h r e e  compounds 69,  71 and 73 wer e  ob s e r v e d  i n  t h e  r e a c t i o n  

m i x t u r e  f r o m  69,'  w h i l e  t h e  t h r e e  c o m p o u n d s  70 ,  71 and 73 

were o b se r ved  in- t h e  r e a c t i o n  m i x t u r e  f r o m 72.  The r e s u l t s  

a r e  s u mmar i z ed  i n  T a b l e  3.7.
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T a b l e  3 . 7

P r o d u c t s  f r o m  t h e r m o l y s i s  o f  3 - t - b u t y l - 6 - m e t h y l - 6 -  

n i  t  r  oc y c 1 oh ex a - 2 ,  4 - d  i  eny  1 a c e t a t e  69 aj i d i t s  i s o m e r  72 i n

CCI,

S t a r t i n g
compounds

R e a c t i o n
c o n d i t i o n s

69 70 71 72 73

69 70°C,  1h 33% 8 % 43% 11% 5%

69 amb. t emp.  
12 days

' 27% 13% ,33% 18% 9%

69 '
1 .

70°C,  1h
25 e q . p - c  r e s o l

2 2 % ' :------- 60% ----- 18%

72 50°C,  2h 12% 25% 9% 45% 9%

72
1

50°C,  3h
.5 eq . p - c  r e s o l

----- 36.5% — — — 36.5% 27%

Di ' enes 69 and 72 r e a r r a n g e d  i n  t h e  p r e s e n c e  o f  p - c r e s o l  

t o  g i v e  a m i x t u r e  o f  c o m p o u n d s .  D i e n e  71 and 70 c o u l d  be 

s e p a r a t e d  by c h r o m a t o g r a p h y  on s i l i c a  a t  - 4  0 °  C . On 

i s o l a t i o n ,  7 0  s l o w l y  r e v e r t e d  b ack  t o  7 2  even '  a t  - 2 0 ° C . 

A l t h o u g h  71 c o u l d  n o t  be o b t a i n e d  c o m p l e t e l y  f r e e  f r o m t he  

a c e t a t e  73 i t s  ^H and ^^C NMR s p e c t r a  c o u l d  be d e t e r m i n e d .

^ i n c e  l i k e  69,  t h e   ̂H NMR s p e c t r u m  o f .  70 s h o we d  t w o  

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

o f  10 Hz ( -CH=CH-)  70 was a s s i g n e d  t o  be t h e  d i a s t e r e o m e r  

o f  69.  ’

I n  t h e   ̂H NMR s p e c t r a  o f  71 and 7 2  t h e r e  was_.a b r o a d  

' m e t h y l  s i g n a l  w h i c h  was c o u p l e d  t o  a v i n y l i c ,  p r o t o n .  Ther e
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was no l a r g e  c o u p l i n g  be . t ween t h e  v i n y l i c  p r o t o n s , t h u s  

t h e se  p r o t o n s  mus t  be a t t a c h e d  t o  t h e  c e n t r a l  c a r b o n  a t oms  '  

o f  t he  d i e n e  s y s t e m.  The g a t e d  decou ' p l ed NMR s p e c t r a  o f

71 and 7 2  had d o u b l e t s  a t  6 q 81 . 9  and 8 2 . 7 ' r e s p e c t i v e l y  

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

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

o f  t he  d i e n e  sys t e m had an a t t a c h e d  p r o t o n .  The UV s p e c t r u m 

o f  72,  ( 271 nm) s h o we d  i t  t o  be a c o n j u g a t e d  d i e n e .  

T h e   ̂H NMR o f  71 s h o we d  a l a r g e  c o u p l i n g  p f  7 . 5  Hz b e t w e e n  

t h e  t w o  a l l y l i c  p r o t o n s  so t h e s e  had t o  be a t t a c h e d  t o  

a d j a c e n t  c a r b on  a t oms .  Thus t h e  e p i m e r i c  s t r u c t u r e s  71 and

72 were a s s i g n e d  t o  t h e  two c o n j u g a t e d  d i e n e s .

An i n t e r e s t i n g  f e a t u r e  i n  t h e   ̂H and NMR s p e c t r a  o f  

71 and 72  i s  t h a t  6 - H .  t h e  p r o t o n  ipeo  t o  t h e  n i t r o  g r o u p ,  

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

C- 6  i s  d o w n f i e l d  o f  C-1 i n  t h e  NMR s p e c t r u m .  Th es e

a s s i g n m e n t s  wer e  c o n f i r m e d  f o r  72 by s e l e c t i v e  d e c o u p l i n g  o f  

t h e  h i g h  f i e l d  p r o t o n  ( 5 . 2 3  ppm)  w h e r e u p o n  t h e  d o w n f i e l d  

c a r b o n  s i g n a l  ( 8 2 . 7  p p m )  c o l l a p s e d  t o  a s i n g l e t .  

C o r r e s p o n d i n g l y  when t h e  d o w n f i e l d  p r o t o n  ( 5 . 6 6  ppm)  was 

i r r a d i a t e d ,  t h e  u p f i e l d  c a r b o n  s i g n a l  ( 7 0 . 4  ppm)  c o l l a p s e d  

t o  a s i n g l e t .

Th a t  t h e  n i t r o  g r o u p  was a d j a c e n t  t o  t h e  t - b u t y l  g r o up  

was f u r t h e r  p r o v e d  by t r e a t i n g  7 2  w i t h  sod i um h y d r o x i d e  i n  

me t h a n o l  t o  g i v e  4 - t - b u t y l - 3 - n i t r o t o l u e n e  ( 7 4 ) .  I t  i s  c l e a r  

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

b u t y l t o l u e n e  ( 7 5 ) .

When 72  was  t r e a t e d  w i t h  1.25 M s o d i u m  h y d r o x i d e  i n  

m e t h a n o l , 4 - t - b u t y l - 3 - n i t r o t o l u e n e  74 was o b t a i n e d  as t h e  

m a j o r  p r o d u c t  ( 9 2 Ï ) .  4 - t - B u t y l - 3 - n i t r o t o l u e n e  ( 7 4 )  i s  a 

s t r a i n e d  m o l e c u l e  and t h e r e  i s  o n l y  one r e p o r t  whe r e  i t  was 

d e t e c t e d  by GC i n  t h e  d i r e c t  n i t r a t i o n  o f  75  i n  v e r y  l o w  

y i e l d  ( c a . 5 % ) . ^ ^ ^  I n  4 - t - b u t y l - 2 - n i t r o t o l u e n e  ( 7 6 ) ,  t t i e  

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

p r o t o n  i n  t h e   ̂H NMR s p e c t r u m . I n  72,  w h e r e  t h e  n i t r o  

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

t - b u t y 1 g r o u p ,  t h e  p r o t o n  o r t h o  t o  t h e  n i t r o  g r o u p  i s  t h e  

mos t  s h i e l d e d  p r o t o n .

T a b l e  3 . 8

C h e m i c a l  s h i f t ' ^  o f  a r o m a t i c  p r o t o n s  i n  1 , 4  - d j . a l k y l - 2 -  

n i t r o b e n z e n e s

»6

H

R

74 R2 = H = NOg . R̂  ̂=  t - B u

' ' 2=«°2 R^ =  H Rj  ̂ = t ~Bu

77 R2=N02 R.  =  H R^ =  Me

3
«

Compound ^2 ^3 "5 "6

74 7 . 1 2  ------- 7 . 4 2  - 7 . 2 3

76 ----- — 7 . 9 6 7 . 4 0  7 . 2 4

77 • — —— 7 . 67 7 . 2 2  7 . 1 0
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The s t r u c t u r e  o f  74  was f u r t h e r  c o n f i r m e d  by c o m p a r i n g  i t s  

 ̂^ C NMR s p e c t r u m  w i t h  t h e  s p e c t r a  o f  1 - t - b u t y l - 4 , 5 -

d i m e t h y 1 - 2 - n i t r o b e n z e n e ( 7 8 ) ^ ^ ^  and  1 - 1 - b u t y 1 - 3 , 4 , 5 -  

t r i m e t h y l - 2 - n i t r o b e n z e n e  ( 7 9 ) T h i s  a l s o  e n a b l e d  

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

48.

149.8

126.8

1 2 9 .5
vP

1 4 9 .3
124.8s,^^^g%k^Q

1 3 8 .5

1 3 7 .11 3 1 .4

124.. 2 ^ 1 5 1 .1

79 78 74

E l i m i n a t i o n  o f  a c e t i c  a c i d  f r o m  d i e n e  72  on t r e a t m e n t  

w i t h  b a s/€^  ou 1 d be e x p e c t e d  t o  be v e r y  f a c i l e .  H o w e v e r ,  

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

h y d r o x i d e  i n  m e t h a n o l ,  i t  was  n o t  o b s e r v e d  when t h e  b a s e s  

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

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

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

a c e t a t e  7 3 .  When s o d i u m  h y d r o x i d e  i n  1:1 ( v / v )  a q u e o u s

m e t h a n o l  was used 74  (66%) and 5 - t - b u t y l - 2 - m e t h y l p h e n o l  ( 80 )  

(34%) w e r e  f o r m e d .  Even i n  t h e  r e a c t i o n  b r o u g h t  a b o u t  by 

s o d i u m  h y d r o x i d e  i n  m e t h a n o l  8 % o f  80 was f o r m e d .  The 

r e a s o n  t h a t  e l i m i n a t i o n  o f  a c e t i c  a c i d  o c c u r s  v e r y
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r e l u c t a n t l y  i n  72  i s  b e c a u s e  t h e  t r a n s i t i o n  s t a t e  f o r  

r e m o v a l  o f  t h e  p r o t o n  ■<- t o  t h e  n i t r o  g r o u p  ( i n  e i t h e r  an 

E-j o r  E2 p a t h wa y )  i s  n o t  s t a b i l i z e d  by d e l o c a l i z a t i o n  o f  t h e  

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

d e l o c a l i z a t i o n  w o u l d  r e q u i r e  c o p l a n a r i t y  o f  t h e  n i t r o  g r oup  

and t h e  d i e n e  s y s t ems .  T h i s  i s  p r e v e n t e d  by t h e  a d j a c e n t  t- 

b u t y l  s u b s t i t u e n t .

3 . 4 . 7  R e l a t i v e  s t e r e o c h e m i s t r y  o f  69,  70,  71 and 72

P r e v i o u s l y  o n l y  69 was o b t a i n e d  by d i r e c t  n i t r a t i o n  o f

7 5 ^ ^  and i t s  s t e r e o c h e m i s t r y  was  n o t  k n o w n .  T r a p p i n g

e x p e r i m e n t s  show t h a t  69 and 71 and 70 and 72  have t h e  same

r e s p e c t i v e  r e l a t i v e  s t e r e o c h e m i s t r i e s , .  The r e l a t i v e

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

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

s t e r e o c h e m i c a l  r e l a t i o n s h i p s .  Bar - t f o l i  e t  a l .  ̂ ^^ have shown

t h a t  i n  2 - a I k y  1 - 4 - m e t h o x y -  1- n i  t  r o - 1., 2 - d i h y d r o n ’a p h t h a l e n e s

( 8 1 ) t h e r e  i s  a d e f i n i t e  r e l a t i o ' n s h i p  b e t w e e n  t h e
• .

s t e r e o c h e m i s t r y  a t  C-1 and C- 2  and t h e  c o u p l i n g  c o n s t a n t  

b e t wee n  1-H and 2-H ( Ta b l e  3.9) .

)
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Tab le  3 .9

J 1^2 v a l u e s  o f  aie and t r a w g  2 - a l k y l - 4 - m e t h o x y - 1 - n i t r o - 1 , 2 -  

d i h y d r o n a p h t h a l e n e s  (.81 ) T "  ,

2 - A l k y l  Group S t e r e o c h e m i s t r y

CH-3

PhCHgCHg

PhCHo

C I S
t r a n s  

c i s  
, t r a n s  
■ c i s  

t r a n s '

6 . 0
4 . 2
5 . 7
2 : 7
5 .3 .
2 .4

I n  a l l  o f  t+ie c a s e s  t h é  c o u p l i n g  c o n s t a n t  was l a r g e r  f o r  $ h e
* ' t

citç * s t e r e o c h e m i s t r y  t h a n  f o r  t h e  t r a n s .  1 , 2 -

D i h y d r o n a p h t h a l e n e s  h a v e  J i e , 2 e  = ^ Hz,  J i a , 2 e  “  ' ^1e , 2a  ~ 

.2 Hz as r e p o r t e d  by { ^ a t r i t z k y . ^  K a t r i t z k y  • has a l s o  

s ho wn  t h a t  i n  1 , 2 - d i h y d r o n a p h t h a l « e h e s ,  a s u b s t i t u e n t  a t  

e i t h e r  t h e  1 -  o r  t h e  2 - p o s i t i o n  p r e f e r s  t o  oc ' cupy  an a x i a l -  

p o s i t i o n .  . I n '  a t r a n s  1 , 2  - d/ i  s u b s t i t u t  e/îé- 1 , 2 -  

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

t h e  1-H a n d ' 2 - H  i n t e r a c t i o n  s i n c e  b o t h  o f  t h e  p r o t o n s  o c c up y  

t h e  e q u a t o r i a l  p o s ; i t i o n .  I n  71 t h e  c o u p l i n g  c o n s t a ^ i t
y "

b e t w e e n  t h e  t w o ' . a l l y l i c  p r o t o n s  i s  7 .5  Hz w h i l e  i n  72 t h e  

c o u p l i n g  c o n s t a n t  i s  1.6 Hz.  T h e r e f o r e  t h e  n i t r o  and 

a c e t a t e  have t o  be cis i n  71 and trans i n  72.
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Tab le  3 .10

Chemical  s h i f t s  f o r  v i n y l i c  and a l l y l i c  p r o to n s  and v i c i n a l  

c o u p l i ^  o o n s t a ' ^ ^  in dienes from 4 - t - b u t y l t o l u e n e  ( 75 )

NO

R
Ac

R

69» 70 R2 = R  ̂ = H» Rg' = t - BU f  R  ̂ = Me

71» 72 R2 = Me » Rg = R  ̂ = H, R̂  = t - B u

Diene ^1

6,
C he mi c a l  

R2 R3
S h i f t

H4
(ppm )

R5 ^6
C o u p l i n g  C p n s t a n t ( H z )  
«^12 "^16 ‘̂ 45 " '^34

69 5 . 5 3 5 . 7 4 6 . 2 4 6 . 3 8 5 . 6 -----  ^ 0 . 3  -----

70 5 . 4 8 6 . 3 7 --- 5 . 9 4 6 . 2 3 ---
V

2 . 9 ——— 10 .0  ———

71 5 . 7 3 — — . 5 . 9 0 6 . 1 8 --- 5 .32 . ----- 7 . 5  5 . 6

72 5 . 6 6 --- 6 .06 '6^26 --- 5 . 2 3 ----- 1 .6  ——  6 . 0
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P r e f e r r e d  c o n f o r m a t i o n s  of-^71 and 72

OAc

ee

NO

/
C o n f o r m a t i o n s  o f  69

Me

l e , 2
OAc

X

ae1/

Ac

\

MeAcO

C o n f o r m a t i o n s  o f  70

Me

AcO NO

l a , 2

X

OAc

l e ,  2

Me

117 116The l 2 e , 3  r e p o r t e d  by K a t r i t z k y ' ' '  and B a r t o l i

f o r  1,2 d i h y d r o n a p h t h a l e n e  i t s e l f  i s  6.6 Hz, w h i l e  l 2 a , 3

2 - 3  Hz.  S i n c e - 6 9 ' and 71 a r e  s t e r e o c h e m i c a l l y  r e l a t e d  69

s h o u l d ,  have t h e  satfr.e c t e  r e l a t i o n s h i p  o f  t h e  n i t r o  and a c e t a t e

as p r o p o s e d  f o r  7 1 .  The o b s e r v e d  1 / f o r  69 ,  . a n a l o g o u s  t o

%
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J 23 i n  1. 2 - d i h y d r o n a p h t h a l e n e s .  i s  5&6 Itz w h i c h  i s  c l o s e  t o  

t h e  v a l u e  o f  6 .6  Hz.  T h i s  i n d i c a t e s  t h a t  69 h a s  a 1 eH-2H 

c o u p l i n g  , i . e .  t h e  c o n f o r m a t i o n  , 69 X o f  69 i s  p r e f e r r e d .  

T h i s  i s  c o n s i s t e n t  w i t h  a p r e f e r e n c e  f o r  t h e  maximum number  

o f  a x i a l  s u b s t i t u e n t s  i n  such s y s t e m s  ( c f .  r e f .  30) .  On t h e  

o t h e r  h a n d ,  c o u p l i n g  b e t w e e n  t h e  same t w o '  p r o t ' o n s  i n  70  

i s  2 .9  Hz w h i c h  i n d i c a t e s ^  1.aH -  2 H  c o u p l i n g .  I t  f o l l o w s  

t h a t  i n  70 t h e  c o n f o r m a t i o n  70X i s  p r e f e r r e d .  T h i s  ' i s  n o t  

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

a x i a l  s u b s t i t u e n t s  b u t  may r e f l e c t  a s t a b i l i z i n g  i n t e r a c t i o n  

be tween t h e  v i c i n a l  a c e t a t e  and n i t r o  g r o u p .

F u r t h e r  e v i d e n c e  f o r  t h e  a s s i g n e d  c o n f o r m a t i o n  o f  69 i s  

p r o v i d e d  by t h e  Y -gauche e f f e c t  i n  NMR.^  ̂^ When t h e r e

X ' X

Y -gauche

CH^

Y -anti

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

t h e  c a r b o n  a t o m  b e i n g  o b s e r v e d ,  i t  c a n  be i n  t h e  gauche  o r  

anti c o n f o r m a t i o n .  The c h e m i c a l  s h i f t  o f  t h e  c a r b o n  atc^m i s  

a f f e c t e d  by t h e  p o s i t i o . n  o f  t h e  h e t e r o a t o m  i n  t h e  Y -

p o s i t i o n .  When t h e .  h e t e r o  a t o m  i s  i n  t h e  ga u c h e
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c o n f o r m a t i o n ,  t h e  c a r b o n  atom r e s o n a t e s  a t  h i g h e r  f i e l d  t h a n  

when i t  i s  i n  t h e  a n t i  c o n f o r m a t i o n .  T h i s  i s  k n o w n  as t h e  

Y - g a u c h e  e f f e c t .  I n  69X t  he a c e t a t e  a n d  m e t h y l  a r e  

a n t i p e r i p l a n a r  w h i l e  i n  70 t h e  g r o u p s  a r e  g a u c h e . The y -  

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

an u p f i e l d  s h i f t  o f  6 ppm f o r  t h e  6 - m e t h y l  g r o u p ,  i n  70 as 

c o m p a r e d  w i t h  69. The a l t e r n a t i v e  c o n f o r m a t i o n  69Y o f  69 
has t h e  m e t h y l  and a c e t a t e  g r o u p s  g a u c h e and t h e  Y - g a u c h e  

e f f e c t  w o u l d  be t h e  same f o r  69 and 70. i . e .  t h e  s h i f t s

I. o f  t h e  6 - m e t h y l  g r oup  w o u l d  t h e n  be i d e n t i c a l .

The 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 s  69, 70, 71 and 72 
a s s i g n e d  on t h e  b a s i s ' o f  t h e  a r g u m e n t s  e l a b o r a t e d  a b o v e  i s  

sh own  i n  Scheme 3.7 w h i c h  a l s o  s ho ws  t h e  p a t h w a y s  f o r  

i n t e r c o n v e r s i o n .

4 =
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Scheme 3.7 I s o m e r i z a t i o n  and E p i m e r i z a t i o n  P a t h w a y s  o f  69,  

70,  71 and 72

'"'*Okc

i

69

.NO^

71

NO
M

OAc
a

w// OAc

NO

727 0

The e x i s t e n c e  o f  t h e  s i g m a t r o p i c  p a t h w a y  f r o m  69 t o  71 

a nd  f r o m  7 0  t o  7 2  i s  d e m o n s t r a t e d  by  t h e  t r a p p i n g  

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

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

e p i m e r i z a t i o n  s equence ,  e i t h e r  b o r e  (Scheme 3 . 7 ) ,  and t h e  

o b s e r v a t i o n s  do n o t  a l l o w  a c h o i c e  b e t wee n  t h e s e  p r o c e s s e s  

t o  be made.
>

‘ i )  6 9 ^ 7 t  1 ^ 7 2 . 1 - 7 0  

11) 71 ; | ± 7 0  4 ± 7 2

E i t h e r  o f  t h e  s e q u e n c e s  ( i )  o r  ( i i )  w o u l d  e x p l a i n  t h e

e p i m e r i z a t i o n  o b s e r v a t i o n s ,  b u t  t h e  e x i s t e n c e  o f  b o t h  t h e
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sequences c a n n o t ‘ be r u l e d  o u t .

From t h e  i d e n t i f i c a t i o n  o f  69 as t h e  ( Z ) - i s o m e r ,  i t  

f o l l o w s  t h a t  t h e  a d d i t i o n  o f  a c e t y l  n i t r a t e  t o  4 - t -  .

b u t y l t o l u e n e  ( 7 5 )  i s  a cis  a d d i t i o n .  As d i s c u s s e d  i n ' t h e  

i n t r o d u c t i o n  ( p .  15 ) R i d d ^ ®  h a s  s u g g e s t e d  t h a t  i n

n i t r a t i o n  i n  a c e t i c  a r i d e ,  t h e  n i t r o n i u m  i o n  i s ,
'

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

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

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

t o  t h e  m e t h y l  g r o up  i n  75» an a c e t i c  a c i d  m o l e c u l e » f r o m  t h e  

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

i s  a p p r o p r i a t e l y  l o c a t e d  t o  add t o  t h e  2 - p o s i t i o n  f r o m  t h e  

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

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

hand » n i t r a t i o n  o f  12 g i v e s  p r e d o m i n a n t l y  t h e  ( E ) - i s o m e r  19 

because t h e  a c e t i c  a c i d  m o l e c u l e  p r e v e n t s  s i d é - c h a i n  a t t a c k  

f r o m  t h e  same f a c e  o f  t h e  m o l e c u l e  as t h e  n i t r o n i u m  i o n .

3. 5  Isomerization of  1*4 adduots'

3 . 5 . 1  A t t e m p t e d  i s o m e r i z a t i o n  o f  a d d u c t s  f r o m  a l k y l b e n z e n e s  

A l l  t h e  1 »2 a d d u c t s  s t u d i e d  showed a [ 1 »5 ] n i t r o  g r o u p  

r e a r r a n g e m e n t »  a t  l e a s t  a p a r t  o f  w h i c h  was c o n c e r t e d .  A 

c o n c e r t e d  [1 » 3 ]  n i t r o  s h i f t  i s  a l s o  p o s s i b l e .  Some 1 » 4 

a c e t y l  n i t r a t e  a d d u c t s  w e r e  t h e r e f o r e  i n v e s t i g a t e d .  D ie n es  

52 and 53» and d i e n e s  o b t a i n e d  f r o m  4 - t -  b u t ÿ : l t o l u e n e ,  o- 

x y l e n e  and p - x y l e n e  ( 82A,  83 and 84 r e s p e c t i v e l y )  d]|.d n o t  

u n d e r g o  r e a r r a n g e m e n t ,  on h e a t i n g  i n  c h l o r o f o r m - d  o r  c a r b o n
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t e t r a c h l o r i d e - c h l o r o f o r . m - d ^  m i x t u r e s  a t  7 0° C  f o r  p e r i o d s
V

v a r y i n g  f r o m  3h t o  15h.  T h e  d i e n e s  s t u d i e d  a r e  shown 

below —

0
(
0

0 0

NO, O^N OAc

NO.

52 53 82A

AcO H

83

AcO

84

No r e a c t i o n  o c c u r r e d  f o r  5 2 ^  5 3 ,  82A and 84.  The a d d u c t  83 

f rom o - x y l e n e  a r o m a t i z e d  to 3 . 4 - d i m e t h y I p h e n y l  a c e t a t e  ( 8 5 ) .
• h

3 . 5 . 2  I s o m e r i z a t i o n  o f  adducts from d i m e t h y l b e n z o n i t r i l e s
I

a) I s o m e r i z a t i o n  o f  {E)-< and ( Z ) - 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 1 a c e t a t e  (8 7  and 80 r e s p e c t i v e l y )  

When 8 6 / was  heated i n  carbon t e t r a c h l o r i d e  a t  70°C f o r  

9 h , a new d i e n e  8 8  (50%) was o b s e r v e d  i n  t h e  NMR m i x t u r e  

t o g e t h e r  w i t h  3 , 4 - d i m e t h y l b e n z o n i t r i l e  (89)  (ca.  50%). The

c r y s t a l l i n e  8 8  was i s o l a t e d  and i t s  s t r u c t u r e  a s s i g n e d  on
/  0 

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

s h o we d  a c o n j u g a t e d  d i e n e  c H r o m o p h o r e  ( X 285 nm) .  The

IR spectrum i n d i c a t e d  the presence o f  a c on j uga te d n i t r i l e

( 2 2 20  cm“ ^) and n i t r o  and c a r b o n y l  g r o u p s .  The ^H NMR

spectrum showed the presence o f  one v i n y l i c  proton and two

a l l y l i c  p r o t o n s .  The g a t e d  d e c o u p l e d  NMR s p e c t r u m
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showed p r e s e n c e  o f  a c a r b o n  b e a r i n g  a s e c o n d a r y  n i t r o  g r o u p ’

( 5 Ç, 85 .3  d o u b l e t ).  Th^e v i c i n a l  c o u p l i n g  c o n s t a n t  b e t w e e n  

t h e  t w o  a l l y l i c  p r o t o n s  was 8 Hz, i n d i c a t i n g  t h a t  one p r o t o n  

w a s  a x i a l  a n d  o n e  e q u a t o r i a l  a n d  t h e r e f o r e  a cis 

r e l a t i o n s h i p  o f  t h e  s u b s t i t u e n t  g r o u p s .  Only  one i s o m e r  o f  « 

t h e  compound was o b t a i n e d .

When 86 was h e a t e d  i n  10% ( v / v )  me thano l -d^^  and c a r b o n  

t e t r a c h l o r i d e  no 88 was o b t a i n e d .  The o n l y  p r o d u c t s  w e r e

3 , 4 - d i m e t h y l - 5 - n i t r o b e n z o n i t r i l e  90 (49%) and 3 , 4 - d i m e t h y l  

b e n z o n i t r i l e  89 (51%) .  The n i t r o d e r i v a t i v e  90 m u s t  h av e  

been f o r m e d  by t h e  m e t h a n o l  c a t a l y z e d  l o s s  o f  a c e t i c  a c i d

f r om  88 as t h e  l a t t e r  was f o r m e d .  I n  a s e p a r a t e  e x p e r i m e n t  

d i s s o l u t i o n  o f  88 i n  n e a t  m e t h a n o l ' a t  a m b i e n t  t e m p e r a t u r e  

g av e  90 i n s t a n t l y .  A s o l u t i o n  o f  88 on h e a t i n g  i n  c a r b o n  

t e t r a c h l o r i d e  g a v e  89 as  t h e  o n l y  p r o d u c t .  The r e a r r a n g e d  

p r o d u c t  88 a r o m a t i z e s  p r e s u m a b l y  by e l i m i n a t i o n  o f  n i t r o  and 

d ^ t o x y  r a . d i c a  1 s u n d e r  t h e  r e a c t i o n  c o n d i t i o n s .  T h u s  t h e  

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

d e t e r m i n e d  i n  t h i s  case .  A mechan i sm a c c o u n t i n g  f o r  known 

f a c t s  i s  shown i n  Scheme 3.8.

\
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Scheme 3.8  I s o m e r i z a t i o n  and A r o m a t i z a t i o n  P a t h w a y s  o f  86 

and 88

»I- I
H  ̂ "QAc

86

V

H
OgN CN

'OAc

88

I .
NO,

H

ON

OAc

->

89

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

r e . a c t i o n ,  o n l y  one d i a s t e r e o m e r , v i z .  t h e  ( Z ) - i s o m e r  88 was

o b t a i n e d .  F i s c h e r  and G r e i g  r e p o r t e d  t h a t '  8 6  g i v e s  89

and 90 on r e f l u x i n g  i n  m e s i t y l e n e  o r  i n  a c e t i c  a c i d .  The

f o r m a t i o n  o f  90 mus t  have  i n v o l v e d  i s o m e r i z a t i o n  o f  86 t o  88
*

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

A s o l u t i o n  o f  87 i n  1:1 ( v / v )  c a r b o n  t e t r ^ a c h l ô r i d e  and

c h l o r o f o r m - d  g av e  a. new c o m p o u n d  91 i n  50% y i e l d  a f t e r  7h a t  

7 0 ° C .  The o t h e r  c q m p o u n d  was a g a i n  8 9 .  A l l  a t t e m p t s  t o
- f

c r y s t a l l i z e . a n y  o f  t h e s e  f a i l e d .  The s t r u c t u r e  o f  91 was
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a s s i g n e d . b y  a n a l y s i s  o f  t h e   ̂H and J  NMR s p e c t r a  o f  t h e

m i x t u r e .  The IH NMR s p e c t r u m '  showed t h e  p r e s e n c e  o f  t h r e e

m e t h y l  g r ou ps  i n d i c a t i n g  t h a t  t h e  a c e t a t e  was s t i l l  p r e s e n t

i n  t h e  d i e n e  91 a l o n g  w i t h  t h e  t w o  r i n g  m e t h y l  s u b s t i t u e n t s .

Ther e  were  a l s o  t w o  a l l y l i c  p r ;o tons  and one v i n y l i c  p r o t o n .

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

p r o t o n s  w a s  3.1 Hz .  T h e   ̂ ^ C NMR s p e c t r u m  s h o w e d  t h e

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

( *5 ^ 8 7 ) .  When 8 7  w a s  h e a t e d  i n  10% m e t h a n o l - c a r b o n

t e t r a c h l o r i d e  no d i e n e ,  was f o r m e d  b u t  3 , 4 - d i m e t h y 1 - 5 -

n i t r o b e n z o n i t r i l e  was o b s e r v e d  i n  t h e  r e a c t i o n  m i x t u r e  (ca.

20%).  Thus  t h e  s t r u c t u r e  91» t h e  d i a s t e r e o m e r  o f -'8 8 , was

p r o p o s e d  f o r  t h e  new d i e n e .  The NMR s p e c - t r a . o f  91 and 88

a re  compared i n  T a b l e  3 .11.»  • . ^

‘
T a b l e  3 .11 , .

H NMR d a t a  foh» 2 - 8 ' y a n o - 4 , 5 - d d m e t h y l - ' 6 - 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 j : a t e s  88 and 91 '

C he mi c a l S h i f t s ( ppm ) C o u p l i n g
C o n s t a n t s (Hz)

Diene 1-H 3-H 6 -H OCOCH3 4 -CH3 , 5 -CH3 4 6 r'^IS t

88 6 . 0 8 6 . 8 4  5 . 1 2 2 . 1 4 1 . 9 7 , " 2 . 0 0  ' 8 . 0 ' 2 . 6

91 5 . 8 8 6 . 7 3  5 . 1 3 2 . 2 0 1 . 9 4 , 1 .96 3.1 -----

T h e  i S 0 m e r i z a t i o n s  o f  87  a nd ,  8 6  t o  91 and  88  

r e s p e c t i v e l y  a r e  b o t h  s t e r e o s p e c i f i c .  T h e s e  m u s t  be 

p r e d o m i n a n t l y  c o n c e r t e d  r e a r r a n g e m e n t s ,  p r e s u m a b l ^ ^ n v o l v i n g
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à [ 1 . 3 ]  s i g m a t r o p i c  s h i f t  o f  t he  n i t r o  group.

. D i e n e  8 6  h a s  b e e n  s h o w n  t o  h a v e  t h e  ( Z )- 

c o n f i g u r a t i o n ^  and a [ 1 . 3 ]  s i g m a t r o p i c  s h i f t  w o u l d  g i v e

t h e  i s o m e r  88 w i t h  t h e  same s t e r e o c h e m i s t r y ,  c o n s i s t e n t  w i t h  

t h e  a r g u m e n t  b a s e d  on t h e  H - j - H g  c o u p l i ng c o n s t a n t : 

S i m i l a r l y  91 f o r m e d  f r o m  t h e  ( ^ ) - i s o m e r  87 must  be t h e  (E)- 

i s o m e r  and h e r e  a g a i n  t h e  a s s i g n m e n t  i s  s u p p o r t e d  by t h e  H^-  

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

d i e q u a t o r i a l  a r r a n g e m e n t  o f  t h e  hydro-gen a t o ms .  The trana. 

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

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

s t e r e o c h e m i s t r y  p f  t h . e , a d d u c t  71 a n d  ,7 2 i n  t h e  4 - 1 -  

b u t y ^ l t o l u e n e  s e r i e s ,  w h i c h  i s  based on. t h e  c o u p l i n g  c o n s t a n t  

e v i d e n c e .V \
b)  A t t e m p t e d  i s o m e r i z a t i o n  o f  a d d u c t s  f r o m  2 , 3 -  

d i m e t h y l b e n z o n i t r i l e  and 2 , 5 - d i m e t h y l b e n z o n i t r i l e .

A d d u c t s  9 2 A a n d  9 2 B  o b t a i n e d  f r o m  2 , 3 -  

d i m e t h y l b e n z o n i t r i l e  were each h e a t e d  i n  c h l o r o f o r m - d  a t  70°C,  

f o r  6h.  The NMR s p e c t r a  o f  t h e  r e a c t i o n  m i x t u r e s

i n d i c a t e d  t h e  p r e s e n c e  i n  each o f  an sp^ c a r b o n  a tom w i t h  a 

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

p e a k  a t t r i b u t e d  t o  t h i s  c a r b o n  a to j n  ( C - 6 )  was s p l i t  i n t o  a 

d o u b l e t .  The s o l u t i o n s  w e r e  h e a t e d  f o r  a f u r t h e r  12h at-  

7 0°C and t h e   ̂H NMR s p e c t r a  o f  ' t h e  .m i  x tu«r es w e r e  r e c o r d e d .  

However ,  t h e  s p e c t r a  w er e  c o m p l e x ’, r e f l e c t i n g  t h e  f o r m * a t i o n  

o f  s e v e r a l  compounds'  and t h e  peaks  c o u l d  n o t  be c o n c l u s i v e l y  

a s s i g n e d  t o  any new r e a r r a n g e d  d i e n e s .
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I n  a s e R . a r a t e -  e x p e r i m e n t  9 2 A g a v e  2 , 3 - d i m e t h y l - 5 -
‘ ■ - 

n i t r o b e n z o n i t r i l e .  <^93) C30%) a f t e r  1-2h a t  70 C and 9 2B

s i m i l a r l y  gave'  t h e  same n i t r o d e r i v a t i v e  93 (32%) u n d e r  t h e

same c o n d i  t i ' c n s .  T l L i s  e v i d e n c e  f o r  [ 1 , 3 ]  n i t r o  m i g r a t i o n

and t h e  NMR s p e c t r a  d i s c u s s e d -  a b o v e  i n d i c a t e d  t h e

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

The ma x im um  a m o u n t  t h a t  a p p e a r e d  t o  be p r e s e n t  a t  any  one 
 ̂ »

t i m e ,  was c a .  10%. The p e a k s  due' t o  t h e  r e a r r a n g e d  d i e n e s

,94A ( f r o m  9 2 A) and 94B ( f r o m  92B)  c o u l d  be a s s i g n e d  i n  t h e

’’ NMR s p e c t r a  by c o m p a r i s o n  w i t h  t h e  NMR s p e c t r a  o f  88

and 9 1  ( T a b l e  3 . 1 2 ) .

D i e n e  95 f r o m  2 , 5 - d i m e t h y l ' ^ b e n z o n i t r i l e  ( 9 7 )  d i d  n o t

' r , e a c t  a f t e r ,  h e a t i n g  a t  7(J°C f o r  12 h . I t s  r e g i o i s o m e r  96  
-

a f ^ e r  7 h a t  7 0 ° C , g a v e  97 ( c a .  65%) a nd  u n i d e n t i f i e d  

p r o d u c t s  ( c a .  35%).  The NMR s p e c t / u m  o f  t h e  r e a c t i o n  

m i x t u r e  f r o m  96 had peaks be twee n  6  ̂ 80 - 90  p o s s i b l y  due t o  

sp c a r b o n  ' " a t o ms '  w i t h  a s e c o n d a r y  n i ^ r o  g r o u p  b u t  t h e  

p r e s e n c e  o f  98 c o u l d  n o t  be shown c o n c l u s i v e l y .
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Ta b le  3 .12&

, N M R ' s p e c t r a  o f  2 - c y a n o - 3 i 4 - d i m e t h y l -  and 2 - c y a n o - 4 , 5 -
' {, 

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

?4A, 94B Rg = CHg, R ^ '= H
‘

91, 88 Rg = H, R5 = CHg

OAc

D ie ne C-1 0 - 2 C-3
C h em i c a l  

C-4 C-5
S h i f t
0 - 6

( S r) 
R3/  R5 4_CHg OCOOHg

94A 6 5 . 9 a a a 126 . 3 8 2 . 8 ( 1 7 . 5 , 1 9 . 6 , 2 3 . 9 )

94B 6 6 . 2 a • a a 125 . 6 83.1 ( 1 9 . 0 , 1 9 . 5 , 2 2 . 4 )

91 6 6 . 0 105.9 145.2 127.3 135 . 4 8 7 : 0 ( 1 7 . 9 , 2 0 . 3 , 2 0 . 5 )

8 8 6 6 . 3 108.5 143.0 127.4 132 . 9 8 5 . 3 ( 1 8 . 1 , 2 0 .5^ 2 0 . 5 )

a .  “ c o u l d  n o t  be a s s i g n e d .

3 . 5 . 3  R e a r r a n g e m e n t  o f  t h e  a d d u c t  f r o f n  1 , 4 - d i m e t h y l - 2 -  

n i t r o b e n z e n e  (77)

on h e a t i n g  a s o l u t i o n  o f  t h e  d i e n e  99 i n  c a r b o n  

t e t r a c h l o r i d e  a t  7 0° C  f o r  20h f o l l o w e d  by c o o l i n g  t o  0 ° C ,  

c o l o u r l e s s  c r y s t a l s  (1 %) w e r e  o b t a i n e d .  T h i s  compound was 

a s s i g n e d  t h e  s t r u c t u r e  1 00  on t h e  b a s i s  o f  t h e  IR  s p e c t r u m
' 1

o f  w h i c h  i n d i c a t e d  p r e s e n c e  o f  an a l c o h o l  ( 3 5 0 0  c m "  ) ,  an 

a c e t a t e  ( 1 7 3 5 ,  1235 c m " ^  and  n i t r o '  g r o u p ( s )  ( b r o a d  i n t e n s e  

a b s o r p t i o n s  a t  1 5 6 5 - 1 5 3 0  and 1 3 7 0 - 1 3 4 0  c m " ' ' ) .  The NMR 

s p e c t r u m  i n d i c a t e d  t h e  p r e s e n c e  o f  one d o u b l e  bond and t w o
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s p ^  c a r b o n  a t o m s  e a c h  b e a r i n g  a s e c o n d a r y  n l ‘ t r o  g r o u p  ( Sq 

8 4 . 0 ,  8 7 . 4 ) .  The  ̂H NMR s p e c t r u m  s h o we d  one v i n y l i c  p r o t o n ^  

c o n j u g a t e d  w i t h  a n i t r o  g r o up  ( £ 6 .96)  and t w o  p r o t o n s  w i t h  

' a v i c i n a l  c o u p l i n g  c o n s t a n t  o f  12 Hz. The .met î iane c h e m i c a l  

i o n i z a t i o n  mass s p e c t r u m  hPd a p e a k  a t  m / e  3 02 .  S i n c e  t h e  

compound was an a l c o h o l ,  t h i s  peak was a s s i g n e d  t o  t h e  M-17 

f r a i e n t ' .  The M-59 peak ( l o s s  o f  a c e t a t e )  was a l s o  p r e s e n t .  

Four  more compounds wer e  o b t a i n e d  f r o m  t h e  r e a c t i o n  m i x t u r e  

on c o l u m n  c h r o m a t o g r a p h y  a t  - 4 0 °C .  The f i r s t  t w o  compounds 

were  known a r o m a t i c  compounds '  7 7  (53%) 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  ( 1 0 1 )  (21%). The compound e l u t e d  n e x t  was a

1,4  d i e n e  1 0 2  ( ^H and NMR). The IR s p e c t r u m  s h o w e d  i t

t o  be an a l c o h o l  ( 3 3 90  c m “ ^) and a c e t a t e  (17 10,  1 260 c m “ ^) 

and n i t r o  (1 5 2 5 ,  1370 cm " ^ )  g r o u p s  w e r e  a l s o  p r e s e n t .  The 

"methane c h e m i c a l  i o n i z a t i o n  mass s p e c t r u m  had a peak a t  m/e 

210 and s i n c e ,  t h e  c o m p o u n d  was an a l c o h o l  t h e  p e a k  was 

( a s s i g n e d  t o  a M-17  f r a g m e n t .  The n e x t  c-ompound e l u t e d  

f r o m  t h e  c o l u m n  was a c y c l o h e x e n e  w i t h  i t s   ̂H and NMR

s p e c t r a  s i m i l a r  t o  t h a t  o f  1 0 0 .  The -IR s p e c t r u m  showed t h e  

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

i o n i z a t i o n  mass  s p e c t r u m  s h o we d  t h e  M-n 1 p e a k  a-t m / e  349 .  

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

s t r u c t u r e  1 0 3 .  The a d d u c t  1 0 3  i s  f o r m e d  f r o %  9 9  w h i l e  1 0 0  

and 1 0 2  cqn be shown t o  a r i s e  f r o m  1 0 4  as i n  Sc^eipe 3.9.



183

Scheme 3 . 9  P r o d u c t s  O b t a i n e d  f ro m P y r o l y s i s  o f  99
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3.6 Factors affecting the viability of sigmatropic nitro 

shift
— - —-   '  f

The i s o m e r i z a t i o n  r e a c t i o n s  o f  t h e  f ,2 and 1,4 a d d u c t s  

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

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

p r o c e s s .  I n  b o t h  1.2 and 1 ,J}- a d d u c t s ,  t h e  h o m o l y t i c  p r o c e s s  

a p p e a r s  t o  i n v o l v e  a c y c l o h e x a d i e n y 1 i n t e r m e d i a t e .  B o t h
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[ 1 . 5 ]  and [ 1 , 3 ]  ' s i g m a t r o p i c  s h i f t s  o f  t h e  n i t r o  g r o u p  h a v e  

been d e m o n s t r a t e d  i n  t h e  p r e s e n t  w o r k .  A l t h o u g h  b o t h  ( 1 , 3 ]  

and [ 1 , ^ ]  s h i f t s  a r e  s y m m e t r y  a l l o w e d  and t h e y  m i g h t  

‘ p o t e n t i a l l y  o c c u r  i n  t h e  same ( c o h j u g a t e d  d i e n e )  s y s t e m ,

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

t h e  [ 1 , 5 ]  s h i f t  i s  t h a t  t h i s  p r e s e r v e s  t h e  c o n j u g a t e d  d i e n e  

s ys tem i n  t h e  p r o d u c t ,  w h i l e  t h e  [ 1 , 3 ]  s h i f t  w o u l d  r e s u l t  i n  

t h e  c o n j u g a t e d  d i e n e  b e i n g  c o n v e r t e d  i n t o  a 1,4 d i e n e .

I t  i s  t o  be n o t e d  t h a t  t h e  o n l y  1 ,4  d i e n e  s y s t e m s  w h i c h  

e x h i b i t  t h e  s i g m a t r o p i c - r e a r r a n g e m e n t  a r e  t h o s e  w h i c h  have a- 

c o n j u g a t i v e l y  e l e c t r o n - w i t h d r a w i n g  g r o u p  (C=N) a t t a c h e d  t o  a 

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

s ys tem i n  t h e  p r o d u c t .

Even t h o u g h  r  ea r  ra 'n^em e n t  o c c u r r e d ,  ' d e t e c t i o n  p f  

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

r e l a t i v e l y  s t a b l e .  The s t a b i l i t y  o f  t h e  d i e n e s  seemed t o  

i n c r e a s e  w i t h  i n c r e a s i n g  c r o w d i n g  arotj fnd t h e  s e c o n d a r y  n i t r o  

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

T h i s  i s  e v i d e n t  f r o m  t h e  t w o  s e r i e s  o f  a d d u c t s  i n  Scheme 

3 . 1 0 .
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Scheme 3.10 S t a b i l i t y  o f  C o n j u g a t e d  D ie n e s  w i t h  a S e co nd ar y

Me Me

H

N i t r o  Group 
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67 .

<
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H OAc
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D ie n e  67 w a s . n o t  o b s e r v e d .  On l y  t h e  a r o m a t i c  compound 

2 6s r e s u l t i n g  f r o m  l o s s  o f  p r o t o n  f r o m  67 was o b s e r v e d .  

D i a s t e r i e o m e r s  55 ,  62 w e r e  o b t a i n e d  i n  > 0 5 %  y i e l d  b u t  c o u l d  

n o t  b ^  c r y s t a l l i z e d .  T h e y  a r o m a t i z e d  on s t a n d i n g  i n  

■ s o l u t i o n .  D i a s t é r e o m e r s 65 and 66 . w i t h  t h e  s e c o n d a r y  n i t r o  

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

S t a b l e  d i e n e s  i n  t h e  s e r i e s .  A s i m i l a r  t ' r e n d  was o b s e r v e d  

i n  t h e  d i m e t h y l b e n z o n i t r j i l e  s e r i e s .  D i e n e s  94  w i t h  an 

u n s u b s t i t u ^ e d  p o s i t i o n  a d j a c e n t  t o  t h e  n i t r o  g r o u p  

a r o m a t i z e d  r e a d i l y  and c o u l d  n o t  be o b s e r v e d  i n  g r e a t e r  t h a n
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l O ï ' c o n c e n t r a t i o n  i n  t t i e  r é a c t i o n  m i x t u r e .  D i e n e s  8 8 ,  91

w i t h  s u b s t i t u e n t s  on b o t h  s i d e s  o f  t h e  n i t r o  g r o u p  were  much

more s t a b l e  and one o f  them ( 88 )  c o u l d  be c r y s t a l l i z e d .

3 .7  Sigmatropic rearrangement 6 in' related systems

S u p p o r t  f o r +  t h e  p r o .  p o s a i  t h a t  s i g m a t r o p i c  

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

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

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

n i t r o  group-  m i g r a t i o n s  i n  N - n i t r o p y r a z o l e s  ( 1 0 5) 120 and N-

n i t r o - 1 , 2 , 4 - t r i a z o l e s  ( 1 0 6 ) . ' ^ ^ ^ ’ ^ ^^  I s o t o p e  l a b e l l i n g  i n  N-
»

n i t r o p y r a z d l e s  h as  shown t h a t  t h e r e  i s  no p r i m a r y  i s o t o p e  

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

s t e p  i n  t h e s e  r e a r r a n g e m e n t s .  (Scheme 3.11)  '

/
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Scheme 3.11 S i g m a t r o p i c  N i t r o  S h i f t s

^  a n  / = A ’ f a s t  ^ / T \ \

•  n4

1 0 5

■ NOg . ' "

106

« 1 .  / A  ■ ■ / l .  ■ / ™ 3 .

x ^ 2  9 ' , 9
X '

NO^ R
10?

N -

wn

2

R  ̂ = H> Rp = n — C 3 Hy R-j -  H> Rp -  n — C ^ H y R^ = CHg*  Rp — H
R1 - C H p n p  — n — C3nY R-i ' -^CF^p if p̂ - n — C3Hy

R^ = CHg Rp = W .

Scheme 3.11 a l s o  s h o w s  a [ 1 . 3 ]  NOg r e a y ; r a n g e m e n t  f r o m  

N - N i t r o ^ e n a m i n e s  ( 1 0 7 )  t o  X j - n i t r o  i m i n e s .  A c c o r d i n g  t o

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

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

f r ’amework  and a n t a r a f a c i a l  ( i n  [ 1 . 3 ]  s h i f t )  o r  s u p r a f a c i a l
1 p il f

[ 1 . 5 ]  f o r  t h e  n i t r o g r o u p .
s

I n  1 . M - c y c l o h e x a d i e n e s  ( 1 0 8 )  o n l y  t h e  [ 1 . 3 ]  n i t r o  s h i f t
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' 1 p c
i s  p o s s i b l e  w h i l e  f r o n t i e r  o r b i t a l  t h e o r y  s u g g e s t s  t h a t  

t h e  [ 1 , 5 ]  s h i f t  w i l l  be f a v o u r e d  o v e r  a [ 1 , 3 ]  s h i f t  i n  1 , 3 -  

c y c l o h e x a d i e n e  (1,09) (Scheme 3 .12) .  ,

S c h e m e  3 . 1 2 .  S i g m a t r o p i c  S h i f t s  i n  [ 1 , 3 ]  a n d  [ 1 , 5 ]

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

H

1 ,3  s h i f t
-1)

X*» R

108

R

1 ,5  s h i f t
R

i—  \X

109

H X
V

R e a r r a n g e m e n t s  i n  1 , 4 - c y c l o h e x a d i ’enes 108 (Scheme 3.12)  

a r e  n o t  k n o w n .  -A r e l a t e d  r e a r r a n g e m e n t  i s  k n o w n  i n  1 , 4 -
* s

d i a I k y  1**-1,4 - d i h y d r o p y r a z i n e s . ' ^ ^ I n  t h e  case o f  c h i r a l

1 , 4 - d i b e n z y l - 1  , - 4 - d i h y d r o p y  r a z i n e  (110) t h e  r e a r r a n g e m e n t  to-  

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

m i g r a t i n g  g r o u p  as e x p e c t e d  (-Scheme 3 . 1 3 ) .  T h e r e  was a

c o m p e t i n g  r a d i c a l  d i s s o c i ^ t i o n - r e c o m b i n a t i o n  r e a c t i o n
■

(12+6%)  w h i c h  c o u l d  be s u p p r e s s e d  by a d d i t i o n  o f  b u t a n e



' 1 ? 7t h i o l  as a r a d i c a l  s c a v e n g e r .  '

Scheme 3 . 1 3  [ 1 . 3 ]  B e n z y l  S h i f t  w i t h  I n v e r s i o n
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CHgfh

1,3 benzyl 
 >

N Ph
D-

Hi

I '  H,N

N

f h
/  (R)

C -f'mH

\ „
H i

2 (S)
H

111

S c h i e s s  e t  al.^ ^ 8 ' 1 2 9  h a v e  shown

110
R e a r r a n g e m e n t s  c o n j u g a t e d  c y c l o h e x a d i e n e s . h a v e  been 

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

t h a t  1- m e t h y l - 1 - X - c y c l o h e x a - 2 , M - d i e n e s  ( 1 0 9 ,  R = Me) u nde rg o

1 ,5  r e a r r a n g e m e n t  by t w o  p a t h w a y s .  When X = Me o r  Ph t h e
I
r e a r r a n g e m e n t  o c c u r s  by s u c c e s s i v e  r i n g  o p e n i n g ,  h y d r o g e n

s h i f t  and r i n g  c l o s u r e .  For  X COOCHg, 15% o f  t h e  r e a c t i o n

f o l l o w s  t h e  a b o v e  p a t h  and t h e  r e s t  o c c u r s  by [ 1 , 5 ]  

s i g m a t r o p i c  s h i f t .  When X = CHO, COCH^,  COPh th-e 

r e a r r a n g e m e n t  * i s  e x c l u s i v e l y  a [ 1 , 5 ]  s i g m a t r o p i c ,  s h i f t .  

They have a l s o  shown f o r  X = COOCH?, t h a t  t h e  r e a r r a n g e m e n t

does n o t  o c c u r  by t w o  s u c c e s s i v e  [ 1 , 3 ]  s h i f t s .
^  '

S i m p l e  H u c k e l  c a l c u l a t i o n s  i n d i c a t e  t h a t  b o t h  [ 1 , 3 ]  and
: ' .

[ 1 , 5 ]  s i g m a t r o p i c  s h i f t s  s h o u l d  be a c c e l e r a t e d  by a p o l a r
%

m i g r a t i n g  g r o u p . N o  i n f o r m a t i o n  i s  a v a i l a b l e  . f o r  [ 1 , 3 ]
«

s h i f t s  b u t  [ 1 , 5 ]  s h i f t  o f  a ^ f o r m y l  g r o u p  i n  1 - m e t h y l - 1 -  

f o r m y l c y c l o h e x a - 2 , 4 - d i e n e  o c c u r s  i n  1 h a t  1885*C.^^® So t h e



L
190.

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

r e a r r a n g e m e n t  b e l o w  190°C.

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

t h r o u g h o u t  t h e  [ 1 , 5 ]  s i g m a t r o p i c  s h i f t  i n  c o n j u g a t e d  

c y c l o h e x a d i e n e  s h o u l d  be c o n s i d e r e d .  INDO c a l c u l a t i o n s  o f

[ 1 , 5 ]  H s h i f t  i n  c y l c o h e x a d i e n e  s h o w  t h e  f o l l o w i n g  

t r a n s i t i o n  s t a t e . ^^1

= 1 0 0 . 6°

6 = 6 5 . 5 °

Y = 5 . 0 °
r

The t r a n s i t i o n  s t a t e  shows t h a t  c a r b o n  a toms C^ t h r o u g h  ^  

(as numbered i n  t h e  d i a g r a m )  a r e  a p p r o x i m a t e l y  i n  a p l a n e  

w h i l e  t h e  m i g r a t i n g  h y d r o g e n  and Cg a ce on t h e  o p p o s i t e  

s i d e s  o f  t h a t  ' p l a n e .  I t  i s  a l s o  e v i d e n t  t h a t  t h e  m i g r a t i n g  

g r o u p  h as  t o  be p s e u d o - a x i a l  i n  t h e  r e a c t a n t  and p r o d u c t .  

S u b s t i t u e n t s  on C^ - C^  w i l l  d e s t r o y  t h e  s y m m e t r y  and t h e  

m i g r a t i n g  g r o up  may n o t  r e m a i n  e q u i d i s t a n t  f r o m  and i n  

t h e  t r a n s i t i o n  s t a t e .  I f  Cg i s  s u b s t i t u t e d  t h e  m i g r a t i n g  

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

e q u a t o r i a l  s u ' b s t i t u e n t  a t  C - 6 .  T h u s  t h e  s i z e  o f  t h e  

m i g r a t i n g  g r o u p  and t h e  p s e u d o - e q u a t o r i a l  C-6  s u b s t i t u e n t  

w i l l  i n f l u e n c e  t h e  e a s e . o f  r e a c h i n g  t h e  t r a n s i t i o n  s t a t e  and
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t h u s  t h e  r a t e  o f  t h e  r e a c t i o n . -  B u t  t h e  p s e u d o e q u a t o r i a l  C-6
I

s u b s t i t u e n t  i s  n o t  i n  a p o s i t i o n  t o  c o m p l e t e l y  b l o c k  t h e  

r e a r r a n g e m e n t .  T h e  [ 1 , 5 ]  n i t r o  s h i f t  o b s e r v e d  i n
'

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

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

r e a c t i o n  and commented upon i n  t h e  i n t r o d u c t i o n .
•

3.8 Aromatization reactions of Z,3,10-trimethyl-10^-nitro- 

l , ‘̂ - d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 8 - d i e n - 2 - o « e  (19)

3.8 .1  R e a c t i o n s  w i t h  n e a t  a c i d s  and w i t h  a c i d s  i n  a p r o t i c  

s o l v e n t s

a) The r e a c t i o n  o f  d i e n e  19 w i t h  t r i f l u o r o a c e t i c  a c i d  

(TFA)  i n  c h l o r o f o r m - d  ( T a b l e  3 . 1 3 )  o c c u r r e d  by i n i t i a l  

e p i m e r i z a t i o n  w h i c h  c o u l d  be f o l l o w e d  by NMR. D i e n e  20 was 

t h e  more s t a b l e  d i a s t e r e o m e r  and an e q u i l i b r i u m  m i x t u r e  o f  

19 and 20 was f o r m e d ,  c o n t a i n i n g  80% o f  20.  On p r o l o n g e d  

r e a c t i o n  a n d / o r  a t  h i g h e r  c o n c e n t r a t i o n s  o f  TFA a n d / o r  a t  

h i g h e r  t e m p e r a t u r e s ,  t h e  e p i m e r i z a t i o n  was f o l l o w e d  by 

f u r t h e r  r e a c t i o n s  o f  d i e n e s  19 and 20 .  The r e a r r a n g e m e n t  o f  

d i e n e  1 9 ( 2 0 )  t o  5 5 ( a n d  62)  o c c u r r e d , a n d  5 5 ( a n d / o r  62) c o u l d  

be d e t e c t e d  i n  r e a c t i o n  m i x t u r e " ^ .  T h i s  r e a r r a n g e m e n t  

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

was f o r m e d  much more r a p i d l y  i n  t h e  a c i d i c  s o l u t i o n s  (26% i n  

4 5 ’ m i n .  a t  - 1 5 ° C  i n  n e a t  TFA ( T a b l e  3 . 1 3 ) ;  o f .  t ^ / g  ^ d a y s  

a t  a m b i e n t  t e m p e r a t u r e  i n  C C l y ) .  F o r m a t i o n  o f  t h e  2 - m e t h y l -  

2 - ( 2 - m e t h y  1 - ^ - n i t - r o p h e n o x y ) p r o p a n o i c  a c i d  ( 1 4 )  and 3 , 3 , 6 -  

t r i m e t h y l - 1 , 4 - d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 9 - d i e n e - 2 , 8 - d i o n e  (1 1 2 )
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o c c u r r e d  c o n c u r r e n t l y  w i t h  t h e  r e a r r a n g e m e n t .  T he

r e a r r a n g e d  d i e n e s  5 5 ( a n d / o r  62) g r a d u a l l y  a r o m a t i z e d  t o  f o r m

2 - m e t h y 1 - 2 - ( 2 - m e t h y 1 - 6 - n i t r o p h e n o x y ) p r o p a n o i c  a c i d  ( 1 5 ) .

R e a c t i o n  o f  d i e n e ^ 1 9  w i t h  m e t h a n e s u l f o n i c -  a c i d  i n

c h l o r o f o r m  ( T a b l e  3 . 1 3 )  f o l l o w e d  a s i m i l a r  p a t t e r n  t o  t h a t

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

e p i m e r i z a t i o n  t o  a m i x t u r e  o f  19 and 20 was f o l l o w e d  by t h e  

r e a r r a n g e m e n t  o f  1 9 ( 2 0 )  t o  5 5 ( 6 2 )  w h i c h  was c o n c u r r e n t  w i t h

t h e  f o r m a t i o n  o f  t h e  4 - n i t r o  a c i d  14.  The ' r e a r r a n g e d  d i e n e
!

5 5 ( 6 2 )  r e a r o m a t i z e d  toa t h e  6 - n i t r o  a c i d  15.
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Tab lé  3.13

P r o d u c t s  f r o m  r e a c t i o n  o f  19 w i t h  n e a t  a c i d s  o r  w i t h  a c i d s  

i n  a p r o t i c  s o l v e n t .  ‘

C o n c e n t r a t i o n  R e a c t i o n  
o f  a c i d  C o n d i t i o n s  

( i n  CDCI3 ) 12 15 14 112 19 20
5 5 /

62

10$ TFA 30 m i n . , 0°C ----- ----- -̂---- ----- 2 0 $ 80$ ---

24 h, 0°C ----- ----- - 8 $ ----- 9$ 62$ •2 1 $

4 ^d a y s ,  0°C 8 $ 2 1 $ 25$ ----- *--- 27$ ¥

33$ TFA 14 h , a m b i e n t 18$° 39%" 32% 11%° — — — — — —

100$ TFA 45 m i n . ,  - 1 5 ° C --- — — — 1 2 $° ----- 14$° 48$ 26$

4 d a y s ,  - 15 °C 12$° 51$ 25$ 1 2 $°^ — — ---

1 h , a m b i e n t 11$° 17$° 55$ 17$° — — — —

3$ MeSOgH 2 h, 20°C --- 75$ 25$
/

— — ----- — —

50$ MeS-OgH 2 h,‘ 0°C --- 81$ 19$ — — — V ----- ---

3$ CF3 SO3 H ca . 5 m i n . ,  0°C --- 75$ 25$ ----- — — ----- — —

a. ±3%

No s i g n i f i c a n t  change i n  t h e  p r o d u c t ^  d i s t r i b u t i o n  o c c u r r e d

when 50% ( v / v )  m e t h a n e s u l f o n i c  a c i d  was u se d  i n s t e a d  o f  3$ 
* : 
( v / v )  s o l u t i o n .  I n  t h e  c a s e  o f  t h e  t r i f l i c  a c i d  c a t a l y z e d

r e a c t i o n ,  t h e  r e a c t i o n  was so r a p i d  t h r a t  t h e  i n t e r m e d i a t e

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

f o l l o w e d .  A n o t a b l e  d i f f e r e n c e  b e t w e e n  t h e  s \ t r o n g  - a c i d

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

i s  t h e  absence o f  b o t h  t h e  d i e n o n e  p r o d u c t  112 and t h e  a c i d
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12 i n  t he  s t r o n g  a c i d  r e a c t i o n s .

b)  S t r u c t u r e  o f  d ienon 'e 112

The' d i e n o n e  112 was i s o l a t e d  as a n o n - a c i d i c  p r o f k i c t  f r o m

t h e  n e u t r a l i z e d  r e a c t i o n  m i x t u r e  o f  19 and t r i f l u o r o a c e t i c>

a c i d  i n  a y i e l d  o f  15+5%. The s t r u c t u r e  112 was b a s e d  on 

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

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

(1680 cm“ ^) was C o n j u g a t e d  w i t h  a d o u b l e  b o n d ( s ) .  No n i t r o  

g r o up  was p r e s e n t  i n  t h e  compound ( no- a b s o r p t i o n s  a t  1560, 

1350 c m “ ^ ) .  The m o l e c u l a r  f o r m u l a  was d e t e r m i n e d  as

^ 1 1 ^ 1 2 ^ 4  b a s e d  on e x a c t  mass  (Obs .  2 0 8 . 0 8 0

208. 074) .  The UV a b s o r p t i o n  maximum ‘a t  227 nm (1178 m^mol"^)  

s u g g e s t e d  an -  <x ' g’ u n s a t u r a t e d  k e t o n e .  The  ̂H NMR

s p e c t r u m  o f  t h e  compound showed t h a t  t h e  g e m - d i m e t h y T  g ro up  

i n  22 was s t i l l  p r e s e n t ,  b u t  t h e  s i g n a l  o f  t h e  - me thy l  g r o up  

on t h e  s i x  m em be r ed  r i n g  was now b r o a d e n e d  by a l l y l i c  

c o u p l i n g .  C om pa r i son  o f  t h e  NMR s p e c t r u m  w i t h  t h e  spect - ra

1 16,

o f  t w o  r e g i o i s o m e r i c  q u i n o n e  m o n o k e t a l s 132 f i n a l l y  c o n f i r m e d

t h e  a s s i g n m e n t  o f  s t r u c t u r e  112 t o  t h i s  compound

0

1 . 8 8  0 ^ 0 , ; ;
6 . 6 9 d ^ s — ^

/  \ 2 . 00

CH,H
6 . 0 6 d 0

CH

1 . 8 5

H 6 . 49m

MeO^OMe

L
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Compound 1 1'2 was p r e p a r e d  by an a l t e r n a t e  r o u t e  t o  c o n f i r m  

i t s  s t r u c t u r e .  C e r i c  ammonium n i t r a t e  t s  known t o  o x i d i z e  

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

q u i n o n e  b i s  h e m i k e t a l s . ^

OMe ■ r- H ^ n  nwio -r 18,

OMe 'MeH

\

18
2MeOH

0

I t  w a s  t h o u g h t  t h a t  i f ,  2 - ' m e t h y l - 2 - ( 4 - h y d r o x y - 2 -  

2̂ e t h y l p h e n o x y ) p r o p a n o i c  ( 1 1 3 )  a c ^  was t r e a t e d  w i t h  c e r i c  

ammonium n i t r a t e  some o f  t h e  i n t e r m e d i a t e  c o u l d  f o r m  112.

0

OCIAe^COOH ,

OH

COOH 

0 .  _0H

HO ' OH

- H
0 _ . 0

I

0

113 , 112
M e t h y i h y d r o q u i n o n e  ( 1 1 4 )  was t r e a t e d  w i t h  c h l o r e t o n e  (4)  

and b a s e  i n  a c e t o n e  t o  g i v e  a m i x t u r e  o f  1 1 ^  a n d  i t s  

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

ammonium n i t r a t e  t o  g i v e  a m i x t u r e  o f  112,  i t s  r e g i o i s o m e r  

116 and m e t h y 1b e n z o q u i n o n e  ( 1 1 7 ) .  The p r o t e c t e d  q u i n o n e  112 

was s e p a r a t e d  f r o m  o t h e r  compounds by HPLC. The ^H NMR and 

NMR_of  1 1 2  o b t a i n e d  f r o m  t w o  d i f f e r e n t  r o u t e s  w e r e  

i d e n t i c a l .
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Scheme 3 . 1 &  P r o d u c t s  f r o m  R e a c t i o n  o f  19 w i t h  A c i d s  

. 0 - - -  
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' c)  M e c h a n T s I ^ f o r  t h e  f o r m a t i o n  o f  t h e  p r o d u c t s  o f  r e a c t i o n s  

o f  19 w i t h  a c i d s .

The p a t h w a ^ ^  s ho wn  i n  Scheme 3 .14  can  a c c o u n t  f o r  t h e  

f o r m a t i o n  o f  t h e  p r o d u c t s  c i t e d  above.  P r o t o n a t i o n  i s  shown 

' on t h e  c a r b o n y l  g r o u p  i n  Scheme 3 . 1 4 .  A n o t h e r  p o t e n t i a l  

s i t e  o f  p r o t o n a t i o n  i s  t h e  d i e n e  s y s t e m .  D i e n e s  can  be 

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

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

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

( p r o t o n a t e d  c y c l o h e x a d i e n e )  can be e s t i m a t e d  t o  be - 1 0 . 4 . ^ ^ ^  

The p r o t o n a t e d  c a r b o n y l  o f  an e s t e r  has pKg o f  Thus

t h e  c a r b o n y l  g r o u p  i s  a t  l e a s t  a t h o u s a n d  t i mes-m-o-ne—b a s i c  

t h a n  t h e  d i e n e  a n d " m u s t  be t h e  p r e d o m i n a n t  s i t e  o f  

p r o t o n a t i o n .

The p r o t o n a t e d  d i e n e  can  open t h e  l a c t o n e  r i n g  t o  g i v e  

t h e  i p s o - W h e l a n d  i n t e r m e d i a t e .  R i n g  c l o s u r e  a nd  

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

The [ 1 , 5 ]  s i g m a t r o p i c  s h i f t  o T  t h e  n i t r e  g r o u p  t o  g i v e  

p r o t o n a t e d  5 5 ( 6 ^ )  a p p e a r s  t o  be a n o t h e r  ( s l o w e r )  r ë a c t i o n  o f  

t h e  p r o t o n a t e d  1 9 ( 2 0 ) .  The o n l y  o t h e r  e x a m p l e s  k n ow n  o f  

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

C T a i s e n  r e a r r a n g e m e n t  and t h e  [ 1 , 5 ]  s h i f t  o f  t h e  b e n z y l i c  

g r o u p .  S y a n h o i m  and P a r k e r  s h owe d t h a t  t h e  r a t e  o f  

C l a i s e n  r e a r r a n g e m e n t  o f  a l k y l  p h e n y l  e t h e r s  i n  TFA,  was 

enhanced by c,a. 10^. M i l l e r ^ h a s  a l s o  shown t h a t  6 - a l k y l -  

6 - b e n z y l c y c l o h e x a - 2 , 4 - d i e n o n e s  u nde r go  a [ 1 , 5 ]  s i g m a t r o p i c
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*
s h i f t  o f  t h e  b e n z y l  g r o u p  u n d e r  a c i d  c a t a l y z e d  

c o n d i t i o n s .

F o r m a t i o n  o f  14 i s  l i k e l y  t o  i n v o l v e  a p r o c e s s  o f

d e n i t r a t i o n  o f  t h e  W h e l a n d  i n t e r m e d i a t e  t f o r m  t h e

e n c o u n t e r  p a i r  c o n s i s t i n g  o f  a c i d  1.2 and t h e  n i t r o n i u m  i o n .

T h e s e . c a n  r e a c t  t o  f o r m  t h e  4 - ^ i t r o  d e r i v a t i v e  14.  T h i s

p a t h w a y  w o u l d  p a r a l l e l  t h a t  f o r  t h e  a c i d - c a t a l y z e d
*

r e a r r a n g e m e n t  o f  d i e ' t i one  t o  o - n i t r o p h e n o l s  as  shown by
on

Coombes . An a d d i t i o n a l  p a t h w a y  t o  14 i s  t h e  h o m o l y t i c

c l e a v a g e  o f  t h e  Wh e l a n d '  i n t e r m e d i a t e  t o  f o r m  n i t r o g e n

d i o x i d e  and t h e  r a d i c a l  c a t i o n  o f  12.

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

h o m o l y s i s ,  t h e  n i t r o g e n  d i o x i d e  can c o mb i n e  a t  t h e  ipso-, 4-

a n d  6 - p o s i , t i o ‘n s .  , The s t e r i c  e f f e c t  w h i c h  h i n d e r e d
»

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

t h e  r a d i c a l s  a t  t h e  6 ' - p o s i t i o n .  C o m b i n a t i o n  a t  t h e  ipso- 

p o s i t i o n ,  i f  i t  o c c u r s * t h r o u g h  t h e  n i t r o g e n  c e n t e r  o f  t h e  

NO.? r a d i c a l ,  c a n n o t  be d e t e c t e d .  C o m b i n a t i o n  t h r o u g h  t h e  

oxygen c e n t e r ,  i s  al sj a . p-oss i b l e  b u t  no p r o d u c t s  d e r i v e d  f r om 

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

o c c u r  a t  t h e  4 - p o s i t i o n ,  e i t h e r  t h r o u g h  n i t r o g e n  t o  g i v e  t he  

Wh e l a n d  i n t e r m e d i a t e  f o r • 4 - n i t r a t i o n  o r  t h r o u g h  o x y g e n  

l e a d i n g  t o  3 . 3 . " # - t r i m e t h y l - 8 - n i t r i t o - l  . 4 -  

d i o x  a s p i r o [4 » 5 ] dec a - 6 . 9 - d i e n - 2 - o n e  ( 1 1 8 )  w h i c h  c o u l d  be
f

r e a d i l y  o x i d i z e d  t o  t h |  o b s e r v e d  s p i r o d i e n o n e .  112.
«

Ev i den c e  f o r  c o m b i n a t i o n  o f  h i t r o g e n  d i o x i d e  t h r o u g h  t h e
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'138 They showedoxygen c e n t e r  was o b t a i n e d  by D e t s i n a  et al, 

t h a t  t h e   ̂ ^ 0 - l a b e l l e d  1 , 2 , 3 , 4 , 5 , 6 - h e x a m e t h y l - 6 - _  

n i t r 00 y 0 1 oh eX a -  2 , 4 - d i e n y 1 c a t i o n  ( 1 1 9 ) ,  o b t a i n e d  by
1 O -

n i t r a t i o n  o f  h e x a m e t h y l b e n z e n e  w i t h  0 - l a b e l l e d  s o d i u m

n i t r a t e  i n  f l u o r o s u l p h o n i c  a c i d  r e a r r a n g e d  a t  0°C t o  g i v e  a 
. '

d i e n o n e  p r o d u c t  120,  wher e  t h e  oxygen ,  a t t a c h e d  t o  t h e  r i n g

i n  t h e .  p r o d u c t  was e n t i r e l y  f r o m  t h e  n i t r o  g r o u p  i n  t h e
'  ^ 18

c y c l o h e x a d i e n y l * ^  c a t i o n .  Compl ete,  r e t e n t i o n  o f  t h e  0 - l a b e l

was obs e r v e d  (Scheme 3.15) .

Scheme 3 . 15  Pathway f o r  t h e  O x i d a t i o n  o f  119 t o  120

119

O x i d a t i o n  o f  n i t r i t e s  and n i t r a t e s  i s  p o s t u l a t e d  t o  e x p l a i n  

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

n i t r a t i o n  o f  h i g h l y  s u b s t i t u t e d  a I k y I b e n z e n e s . ^ ®  ’ ^ B e n z y l  

n i t r a t e  was shown t o  g i v e  b e n z a l d e h y d e  and n i t r o u s  o x i d e  by 

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

e s t e r  by c o m b i n a t i o n  ' o f  t h e  r a d i c a l  c a t i o n  and n i t r o g e n  

d i o x i d e  t h r o u g h  o x y g e n  and s u b s e q u e n t  o x i d a t i o n  o f  t h e  

• c y c l o h e x a d i e n y  1 n i t r i t e  w o u l d  l e a d  t o  112.

S u p p o r t . f o r  t h e  d i s s o c i a t i o n  r e b o m b i n a t i o n  p a t h w a y ( s )  i s
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p r o v i d e d  by t h e  f o r m a t i o n  o f  12 ,  w h i c h  s ù g g e s t s  t h a t  some 

l e a k a g e  o f  t h e  o r  NOg s p e c i e s  can o c c u r .  F u r t h e r

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

some o f  t h e  escaped n i t r o  s p e c i e s  w i t h  m e s i t y l e n e  when t h e  

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

p r e s en c e  o f  m e s i t y l e n e .

Th e  r a t i o  o f  a c i'd s 15 t o  1 4 o b t a i n e d  v a r i e d  w i t h  

t e m p e r a t u r e .  T h i s  i s ' n o t  s u r p r i s i n g  s i n c e  t h e  p r o d u c t s  were 

o b t a i n e d  by q u i t e  d i f f e r e n t  processes.  I t  w i l l  'b^e r e c a l l e d  

t h a t  n i t r a t i o n  o f  12  i n  c h l o r o f o r m  i n  t h e  p r e s e n c e  o f  

t r i f l u o r o a c e t i c  a c i d  gave o n l y  14 and i t s  f u r t h e r  n i t r a t i o n  

p r o d u c t  30.  T h i s  i n d i c a t e s  t h a t  none  ,o f  15 f o r m e d  i n  t h e  

a c i d  c a t a l y z e d  r e a r r a n g e m e n t s  o f  1 9 - c a n  be o b t a i n e d  by a 

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

r e n i t r a t i o n .

3 . 8 . 2  R e a c t i o n s  w i t h  a c i d s  i n , m e t h a n o l

R e a c t i o n  o f  d i e n e  19 w i t h  TFA i n  m e t h a n o l  a l s o  r e s u l t e d

i n  t h e  i n i t i a l  e p i m e r i z a t j o n  t o  f o r m  t h e  1 9 / 2 0  m i x t u r e

( Ta b l e  B . l ' O .  S u b s e q u e n t l y  t h e  6 - n i t r o  a c i d  15 was f o r med .

The r e a r r a n g e d  d i e n e  5 5 ( 6 2 )  was n o t  o b s e r v e d  i n  t h e  m i x t u r e

con t a i n i n g ^50 % and 75% TFA b u t  was  o b s e r v e d  i n  m i x t u r e s

c o n t a i n i n g  90% TFA. The a c i d s  12 and 14 were n o t  f o r med  a t

t he  l o w e r  a c i d  c o n c e n t r a t i o n  b u t  we r e  f o r me d  i n  90% TFA. On

t he  o t h e r  hand 2 - m e t h y l - 6 - n i t r o p h e n o l  ( 10 )  was f o r me d  a t  t h e  •

l o w - e r  a c i d . c o n c e n t r a t i o n  b u t  was a b s e n t  i n  .90% TFA.  I n

s e p a r a t e  e x p e r i m e n t s  i t  was d e m o n s t r a t e d  t h a t  2 - m e t h y l - 2 - ( 2 -  
r
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m e t l ^ - l - 6 - n i t r o p h e n o x y ) p r o p a n o i c  a c i d  15 was n o t  c l e a v e d  by 
%

75% t r i f l u o r o a c e t i c  a c i d  i n  m e t h a n o l  a/ i d t h a t  th.e  

n i t r o c r e s o l  10 wou l d  n o t  have been formed f r om t h i s  p r o d u c t . :  

A t  t h e .  l o w e r  a c i d -  c o n c e n t r a t i o n  ( h i g h e r  m e t h a n o l  

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

c o n v e r s i o n  o f  t o  15.  M e t h a n o l  c o u l d  be e x p e c t e d  t o  be 

e f f e c t i v e  a t  d e p r o t o n a t i n g '  t h e  c o n j u g a t e  a c i d  o f  55 by
if

r e m o v i n g  t h e  p r o t o n  ipso  t o  t h e  n i t . r o  g r o u p .  I n , 90% TFA 

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

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

b ond e d  t o  t h e  TFA,  and i s  n o t  a v a i l a b l e  t o  a c t  as a b a s e .  

Hence under t h i s  c o n d i t i o n ,  t h e  r e a c t i o n  i s  sin%i 1 a r  t o  t h a t  

i n  n e a t  TFA and 55 i s  o b s e r v e d .  A g a i n  a t  t h e  l o w e r  a c i d  

c o n c e n t r a t i o n ,  t h e  m e t h a n o l  can s t a b i l i z e  t h e  t r a n s i t i o n  

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

i n t e r m e d i a t e  f o r med  by p r o t o n a t i o n  and r i n g  o p e n i n g .

\
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Scheme 3.16 P o s s i b l e  Pathways f rom 19 t o  59

1 9 NO
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An a l t e r n a t i v e  p a t h w a y  w h i c h  i n v o l v e s  a s i m i l a r  e t h e r  

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

(Scheme 3.16) .  Both p a t h wa y s  i n v o l v e  i n i t i a l  p r o t o n a t i o n  o f  

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

i o n .  The same p r o t o n a t i o n  and r i n g - o p e n i n g  seque nc e  has 

been d e m o n s t r a t e d  by Sa l omaa e t  a 1 ^^ f o r  a c i d i c  h y d r o l y s i s

o f  2 - s u b s t i t u t e d - 1 . 3 - d i o x o l a n - 4 - o n e s .
■

The p r o d u c t  n i t r o d i e n o n e  59-' i  s i n d e p e n d e n t l y  known t o

r e a r r a n g e  r a p i d l y  t o  g i v e  10 w h i c h  i s  o b s e r v e d  i n  t h e

Q Rp r q d u u n d e r  t h e s e  c o n d i t i o n s  . S i n c e  t h e  m e t h a n o l  i s  

e f f e c t i v e l y  c o m p l e t e l y  b onded  t o  t h e  TFA i n  90% TFA,  t h e  

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

c o n c e n t r a t i o n  and i t  i s  ^ s u p e r s e d e d  by t h e  d e n i t r a t i o n -  

r e n i t r a t i o n  p r o c e s s  l e a d i n g  t o  t h e  4 - n i t r o  a c i d  14 and 12 

( t h r o u g h  l e a k a g e  o f  t h e  n i t r o  s p e c i e s ) .  The r e a c t i o n  i n  90%
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TFA' p a r a l l e l s  t h e  r e a c t i o n  in.  100% TFA i n  a l l  r e s p e c t s

' - T a b l e  3 . 1 4

P r o d u c t s  f rom* r e a c t i o n s  o f  19 w i t h  a c i d s  i n  me t h a n o l

_ ' » .
C o n c e n t r a t i o n  R e a c t i o n

o f . a c i d '  . C o n d i t i o n s  ' 5 5 /
( i n  m e t h a n o l )  12 15 14 19 20 62 121 10
--------------------------------------   y----------------------------------------------------- ------ :—: ;-----------

50% TFA 3 days ,  a mb i en t  52% - -  - -  48%*^ - -  - -  t r a c e s

75% TFA 20 m i n . ,  O^C —  —  —  20% 80% - -  — — —------

' 3 days ,  0 ^C —  —  —  20% " 80% —  — ------------

3 days ,  a mb i e n t  —  26% —  , —  57%^ —  — 17%

90% TFA 10 m i n . ,  0®C —  —  —  35% 65% —; -  ---------------

5 h,  0°C 12% 24% 32% - -  - -  32%-------- -----------

3% t r i f l i c  30 m i n . , a m b i e n t  -  9% 9% 21% 61% —  —  -----------
a c i d  ^  ' '

O. b i M H2SO21 4 d a y s ^ , a m b i e n t -  - -  - -  - -  - -  - -  70% 30%

®^.05M HgSOy 4 d a y s ^ , a m b i e n t -  - -  —  - -  - - .  - -  63% 37%

0.5M 2 d a y s ^ , " a m b i e n t - '  - -  —  - -  - - '  ,—  25% 75%

a.  Y i e l d  o f  19 and 20
h. . i n  c h l o r o f o r m - d  c o n t a i n i n g  3% met hano l ,  
c . H a l f - l i f e

e x c e p t  f o r  t h e  a b s e n c e  o f  t h e  s p i r o d i e n o n e  1 1 2 .  L e s s  2 -  

m e t h y l - 6 - n i t r o p h e n o l  ( 1 0 )  i s  f o r m e d  i n  50% TFA t h a n  i n  75% 

TFA.  T h i s  s u g g e s t s  t h a t  i n  t  he c o m p e t i t i o n  b e t w e e n  

r e a r r a n g e m e n t  o f  t h e  p r o t o n a t e d  1 9 ( 2 0 )  t o  5 5 ( 6 2 )  and t h e  

r i n g  op en i n g  and c l e a v a g e  o f  t h e  Whel and i n t e r m e d i a t e  t o  t h e  

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

♦
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2 0 4 .

c o n c e n t r a t i o n .  ■'* f

R e a c t i o n  o f  19 w i t h  s u l p h u f i c  a c i d  i n  m e t h a n o l -  was 

s i m i l a r  t o  t h e  r e a c t  i o n  s~-w i t h  50 % and 75% TFA i n  m e t h a n o l .  

F o r m a t i o n  o f  10 a n d  m ç t h y l  2 - m e t h y 1 - 2 - ( 2 - m e t h y 1 - 6  -
f

n i t r o p h e n o x y ) p r o p a n o a t e  t 121)  o c c u r r e d  ( T a b l e  3 . 1 4 ) .  The 

l a t t e r  compound i s  mos t  l i k e l y  f o r me d  by e s t é r i f i c a t i o n  o f  

t h e  c o r r e s p o n d i n g  a c i d  15 ( w h i c h  i s  t h e  p r o d u c t  o b t a i n e d  i n  

TFA c a t a l y z e d  r e a c t i o n s ) .  I t  was d e m o n s t r a t e d  t h a t  t h e  a c i d
r-T

15 e s t e r i f i e d  r a p i d l y  when t r e a t e d  w i t ^ i  s u l p h u r i c  a c i d  i n  

m e t h a n o l  t o  g i v e  t h e  e s t e r  121.  As i n  t h e  r e a c t i o n s  w i t h  

TFA i n '  m e t h a n o l ,  h i g h e r  - a c i d '  c o n c e n t r a t i o n s  l e b  t o  an 

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

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

t h e  same e x p l a n a t i o n  as t h a t  p r o p o s e d  i n  t h e  TFA c a s e  i s  

p r o po s e d  f o r  t h i s .
\

Th e  r e a c t i o n  o f  19 w i t h  3% ( v / v  ̂ t r i f l i c  a c i d  i n

c h l o r o f o r m  c o n t a i n i n g  3% ( v / v )  m e t h a n o l  ( T a b l e  3.14)  showed 

t h e  marked e f f e c t  o f  me t h a n o l  on t h e  c o u r s e  o f  t h e  r e a c t i o n  

( c . f .  T a b l e  3 . 1 3 ) .  B o t h  t h e  r e a r r a n g e m e n t  and  t h e  

d e n i t r a t i o n  p a t h w a y s  w^ere^ s l o w e d  down and t h e  r e a c t i o n  

b a r e l y  p r o c e e d e d  b e y o n d  t h e  e p i ' m e r i z a t i o n  s t a g e  o v e r  t h e  

t i m e  t h a t  i t - w a s  o b s e r v e d .

3 . 8 . 3  R e a c t i o n s  o f  19 w i t h  s u l p h u r i c  a c i d  i n  1 : 9 ( v / v )  w a t e r  

and a c e t o n e - d g  ^

When 19 was  t r e a t e d  w’î t f h  s u l p h u r i c  a c i d  a q u e o u s  

a c e t o n e ,  i n i t i a l  e p i m e r i z a t i o n  was  o b s e r v e d , '  b u t  t h e
’ ' a p-



205.C

r e l a t i v e  a m o u n t s  o f  19 and 20 c o u l d  n o t  be d e t e r m i n e d .4

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

i d e n t i f i e d  as t h e  6 - n i t r o  a c i d  15 and t h e  2 - m e t h y 1 - 6 -  

n i t r o p h e n o l  e s t e r  58 .  W i t h  0 . 0 1 M s u l p h u r i c  a c i d  15 (83%) and 

58 (17%) we r e  o b t a i n e d .  W i t h  more c o n c e n t r a t e d  a c i d  (0.5M) ,  

t h e  r a t i o  o f  t h e  a m o u n t s  o f  15 and 5 8  c h a n g e d  t o  5 4 : 4 6 .  

F o r m a t i o n ,  o f  6 - h i t r o ,  s u b s t i t u t e d  p r o d u c t s  s u g g e s t s  t h a t  

i n i t i a l  e p i m e r i z a t i o n  i s  f o l l o w e d  by i s o m e r i z a t i o n  t o  5 5 ( 6 2 )  

w h i c h  a r o m a t i z e s  t o  t h e  o b s e r v e d  p r o d u c t s .  As i n  t h e  c a s e  

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

d i s s o c i a t i o n - r e _ p o m b i n a t i o n  p a t h w a y  ( s ) w e r e  nd' t  o b s e r v e d .  

Mo r eo v e r ,  u n l i k e  t h e  r e a c t i o n s  i n  m e t h a n o l ,  , t h e  s i d e - c h a i n  

c l e a v a g e  ( f o r m a t i o n  o f  10 )  d i d  n o t  o c c u r .  I n  r e l a t i v e l y ,  

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

i n t e r m e d i a t e  wo u l d  be r educed  and t h u s  i t s  c l e a v a g e  t o  t h e  

d i e n o n e  i s  n o t  p r o b a b l e .  The 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  

p a t h w a y  o f  t h e  Whel ,and i n t e r m e d i a t e  l e a d i n g  t o  14 and 

p o s s i b l y  12 ,  o b v i o u s l y  r e q u i r e s  much mo r e  s t r o n g l y  a c i d i c  

c o n d i t i o n s  and much h i g h e r  c o n c e n t r a t i o n  o f  t h e  W h e l a n d  

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

S i n c e  5 5 ( 6 2 )  i s  n o t  o b s e r v e d  i n  t h e  r e a c t i o n  m i x t u r e ,  

d e p r o t o n a t i o n  o f  5 5 ( 6 2 )  mus t  be a f a i s t  r e a c t i o n .  Hence t h e  

h a l f - l i f e  o f  t h e  r e a c t i o n  w i t h  0 . 0 1 M s u l p h u r i c  a c i d  (2 days)  

mus t  be t h e  h a l f - l i f e  f o r  t h e  [ 1 , 5 ]  s i g m a t r o p i c  n i t r o  s h i f t .  

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

i s o m e r i z a t i o n  ( 3  d a y s )  i n  n e u t r a l  s o l v e n t s .  I t  i s

V
%
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i n t e r e s t i n g  t o  n o t e  t h a t  a c i d ' c a t a l y s i s  o f  [ 1 . 5 ]  s h i f t  w h i c h  
*

was o b s e r v e d  i n '  n ea t  TFA i s  n o t  ob s e r v ed  i n  p r o t i c  s o l v e n t s .  

A l i k e l y  e x p l a n a t i o n  i s  t h a t  t h e  s o l v e n t  c o m p e t e s  

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

l e v e l l i n g  e f f e c t  on t h e  a c i d  and t h e  c o n c e n t r a t i o n  o f  t h e  

c o n j u g a t e  a c i d  o f  19 i s  much l o w e r  t han  i n  a p r o t i c  s o l v e n t s .

3 . 8 . 4  R e a c t i o n  w i t h  bor on  t r i f l u o r i d e
..

A t t e m p t s  w e r e  made t o  b r i n g  a b o u t  t h e  1 . 2  s h i f t  o f  t h e

n i t r o  g r o u p  i n  d i e n e  19  ( c. f .  p 1 9 )  by  r e a c t i o n  w i t h  a

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

I n  a l l  cases  p r o d u c t s  o f  a f o r m a l  1.3 n i t r o  s h i f t  e i t h e r  by 

d e n i t r a t i o n - r e n i t i ^ t i o n .  o r  by  a [ 1 . 5 1  s i g m a t r o p i c  

r e a r r a n g e m e n t ,  wer e  o b t a i n e d  b u t  no [ 1 , 2 ]  s h i f t  p r o d u c t  was 

o b s e r v e d .  Wi t h  an oxygen s u b s t i t u e n t  on t h e  a r o m a t i c  r i n g ,  

t h e  [ 1 . 2 ]  n i t r o  s h i f t  l e a d i n g  t o  p r o d u c t s  w i t h  t h e  n i t r o  

g r o u p  meta  t o  t h e  o x y g e n  s u b s t i t u e n t  i s  an h i g h  e n e r g y  

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

s u r p r i s i n g .  Boron t r i f l u o r i d e  gas was b u b b l e d  f o r  2 m i n u t e s  

t h r o u g h  a c h l o r o f o r m - d  s o l u t i o n  o f  19 a t  - 60°C.  The p r o d u c t  

o f  a [ 1 . 2 ]  s h i f t .  13 (7%) was o b s e r v e d  by  ̂H NMR (250M Hz)  

and 15 ( 54%) .  14 (31%) and 12 (8%) w e r e  o b s e r v e d  as w e l l .  

The compounds wer e  i d e n t i f i e d  by t h e  c h e m i c a l  s h i f t  o f  t h e

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

F o r m a t i o n  o f  13 s u g g e s t s  t h a t  t h e  bor on  t r i f l u o r i d e  a d d u c t  

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

p r o t o n a t e d  l a c t o n e .  T h i s  w i l l  make i t  l e s s  s e l e c t i v e  t han
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t h e  p r o t o n a t e d  f o r m  and t h u s  g i v e  some p r o d u c t  o f  [ 1 , 2 ]  

n i t r o  s h i f t .  ^

Scheme 3 . 17  [ 1 , 2 ]  N i t r o .  S h i f t  i n  t h e  R e a c t i o n  o f  19 w i t h  BFg

19

V

+ -

NO,
'ST

BP.

0-BP

0 Û

NO. NO

-H

NO

13

1 ,2  NO,
s h i f t

3

NO

(

3 . 8 . 5  A t t e mp t e d  s o l v o l y s i s  i n  aqueous me t h a n o l

I n  7 0% a q u e o u s  m e t h a n o l  a t  4 5 ° C ,  19 g a v e  15 (43%) and 

u n r e a c t e d  19 (57%)  a f t e r  2 . 5 h .  T h u s  t h e  [ 1 , 5 ]  n i t r o  s h i f t  

f o l l o w e d  by r i n g  o p e n i n g  was t h e  o n l y  r e a c t i o n  and no 

s o l v o l y s i s  o c c u r r e d .  No e p i m e r i z a t i o n  o c c u r r e d  u nde r  t h e s e  

c o n d i t i o n s ,  d e m o n s t r a t i n g  t h a t  t h e  r e a c t i o n  r e q u i r e s ,  a c i d  

c a t a l y s i s .
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3 . 8 . 6  A t t e m p t e d  c y c l o a d d i t i o n  w i t h  t e t r a c y a n o e t h y l e n e  and 

n i t r o e t h y l e n e

S i n c e  19 i s  a c o n j u g a t e d  d i e n e ,  c y c l o a d d i t i o n  w i t h  

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

r e a c t  w i t h  19 a f ^ e r  24 h a t  a m b i e n t  t e m p e r a t u r e .  W i t h  

t e t r a c y a n o e t h y l e n e  i n  t e t r a h y d r o f u r a n - d g '  some r e a c t i o n  o f  19 

was o b s e r v e d  a f t e h  24 h.  The r e a c t i o n  m i x t u r e  was  l e f t , a t  

a m b i e n t  t e m p e r a t u r e  f o r  15 d a y s  and t h e  a c i d  15 (18%) and 

t h e  e s t e r  58 (72%) a l o n g  w i t h  some u n i d e n t i f i e d  c ( ^ p o u n d s ,  

w e r e  o b s e r v e d .  S i n c e  55  g i v e s  a c o m p a r a b l e  a m o u n t  o f  58  

(70%) i n  t h e  p r e s en c e  o f  t e t r a c y a n o e t h y l e n e ,  t h e  r e a c t i o n  o f  

19 c l e a r l y  i n v o l v e s  an i s o m e r i z a t i o n  o f  19 t o  55 and 

s u b s eq u e n t  a r o m a t i z a t i o n .

3 . 9  A r o m a t i z a t i o n  o f  1 0 - m e t h y I -̂ 1 0 - n i t r o - 1 , ^ - 

dioxa8'piroL^,5ldeoa-&t Q-dien-2-one  (25)

3.9.1 P r o d u c t s  f r o m r e a c t i o n s  w i t h  t r i f l u o r o a c e t i c  \ a c i d  and 

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

a)  E p i m e r i z a t i o n

D i a s t e r e o m e r s  25 A and 25B cou%# be e q u i l i b r a t e d  by 

r e a c t i n g  e a c h  o f  t h e  a d d u c t s  w i t h  1 % ( v / v )  TFA i n  

c h l o r o f o r m - d  a t  0°C.  The e p i m e r i z a t i o n  was s l o w  u n d e r  t h e s e  

c o n d i t i o n s .  The e q u i l i b r i u m  m i x t u r e  (25A - 31%,  25B - 69%)  

was o b t a i n e d  f r o m 25A a f t e r  14 h w h i l e  s t a r t i n g  f r o m  25B i t  

t o o k  24 h t o  r each  t h e  same e q u i l i b r i u m  m i x t u r e .  A t  h i g h e r  

c o n c e n t r a t i o n s  o f  TF A ,  e p i m e r i z a t i o n  w a s  f a s t e r  b u t  

a r o m a t i z a t i o n  began  t o  c o m p e t e .  D i e n e  25 a r o m a t i z e d  mo r e
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r a p i ' d l y  t h a n  19 w h i c h  c o u l d  be e p i m e r i z e d ^ ^ i i i i t h  1 0 Ï  TFA*^in 

c h l o r ^ f o r m - d  w i t h o u t / . c o m p i i c a t i o n s .  The o n l y  a ' i s f f  e r e n c e  

b e t w e e n  19 and 25 i s ^ h ' e  g e m - d i m e t h y l  g r o u p .  T h i s  g e m-   ̂

d i m e t h y l  ' g r o u p  m u s t  be r e s p o n s i b l e  f o r  t h e  c h a n g e  i n  

s t a b i l i t y  t o w a r d s  a r o m a t i z a t i o n  i n  g o i n g  f r o m  19 t o  25.

b)  A r o m a t i z a t i o n  -î

A r o m a t i c  p r o d u c t s  f r o m  r e a c t i o n s  Of  25 w i t h  TFA ar e  shown 
'

i n  T a b l e  3 . 1 5 .  A t  l o w  c o n c e n t r a t i o n s  o f  TFA t h e  o n l y  

o b s e r v a b l e  p r o c e s s e s  o c c u r r i n g  wer e  e p i m e r i z a t i o n  and [ 1 , 5 ]  

n i t r o  s h i f t  o f  t h e  c o n j u g a t e  a c i d  o f  2 5 .  O n l y  26 was 

. . obser ved  as t h e  f i h a l  p r o d u c t !  The i s o m e r i z e d  d i e n e  67 

( ana l og  o f  55)  was n o t  o b s e r v e d  d u r i n g  any o f - ^ t he  r e a c t i o n s  

a l t h o u g h  i t  m u s t  h a v e  been  f o r m e d  as an i n t e r m e d i a t e .  I t  

w i l l  be r e c a l l e d  t h a t  67 was  n o t  o b s e r v e d  i n  t h e  t h e r m a l  

i s o m e r i z a t i o n  r e a c t i o n s  (p .  1^5 ),  t h e  r i n g  o p e n i n g  p r o c e s s  

l e a d i n g  t o  26 p r e s u m a b l y  b e i n g  f a s t e r  t han  t h e  r e a r r a n g e m e n t  

s t e p .  The same s i t u a t i o n  p e r t a i n s  i n  a c i d . '

T a b l e  3 . 15

A. romat i cs  P r o d u c t s  f r om r e a c t i o n o f  25 w i \ h TFA '

c
« '

R e a c t i o n  c o n d i t i o n s 18 24 26

5% TFA/CDCI 3 , 24 h ,  0°C 
’ ^  

yÇ% TF4/ C D C I 3 , 3 h,  - 20° c

--- 100%

100%

. 25$ TFA/CDCI 3 , amb. t emp. 5% 15% ^/80%

' 100% TFA, amb. t emp. . 5% 15% 80 %
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At  h i g h e r  c o n c e n t r a t i o n s  o f  t h e  a c i d  (25%),  - the [ 1 , 5 ]  n i t r o  

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

and r e n i t r a t i o n  l e a d i n g  ^ o  18 and 24,  r e s p e c t i v e l y ,  a 4s o  

o c c u r .  F u r t h e r  i n c r e a s e  i n  t h e  a c i d  c o n c e n t r a t i o n ,  up t o  

100% TFA, does n o t  a f f e c t  t h e  p r o d u c t  r a t i o .  A c o m p l i c a t i o n  

i n  t h i s  c a s e  i s  t h a t  18 i s  n i t r a t e d  a t  b o t h  t h e  4 -  and 6 -  

p o s i t i o n s  i n  TFA. So whe ne v e r  24 i s  f o r me d  i n  t h e  r e a c t i o n  

m i x t u r e  s o me  2 6  m u s t  a l s o  be f o r m e d . f r o m  t h e  s a me  

r e n i t r a t i o n  p a t h .  N o t e  t h a t  n i t r a t i o n  o f  18  i n  T F A -  

c h l o r o f o r m - d  l e a d s  t o  6 - n i t r o  (2 6)  as w e l l  as 4 - n i t ^  ( 2 4 )  

p r o d u c t s  and t h e  r a t i o  o f  2 4 : 2 6  i s  60 : 40 .  The mechan i sm can 

be shown as d e p i c t e d  i n  Scheme 3.T8.

%
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Scheme 3 . 1 8  P a t h w a y s  f o r  A r o m a t i z a t i o n  o f  25 u n d e r  A c i d i c  

C o n d i t i o n s

0 0

'NO,

25

70^

+
OH

0 0

O^N

NO

-f
OH

0 0

NO,

NO

NO

N2

26

15^

18

OCHgCOOH

24 'NO,

Numbers above t h e  a r r o w s  i n d i c a t e  % p r o d u c t  f o r me d  by t h a t  

r o u t e  i n  > 25% TFA.

3 . 9 . 2  R e a c t i o n s  w i t h  s u l p h u r i c  a c i d

D i ene  25 r e a c t e d  w i t h  0.1M s u l p h u r i c  a c i d  i n  m e t h a n o l  o r  

w i t h  0.1M s u l p h u r i c  a c i d  i n  90% a q u e o u s  a c e t o n e  a t  a m b i e n t  

t e m p e r a t u r e  t o  g i v e  t h e  a i t r o c r e s o l  10 as t h e  o n l y  p r o d u c t  

i n  bo t h  cases .  The c o r r e s p o n d i n g  a c i d  26 ,  when t r e a t e d  w i t h
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s u l p h u r i c  a c i d  i n  me t h a n o l  un de r  t h e  same c o n d i t i o n s ,  gave 

m e t h y l  ( 2 - m e t h y l - 6 - h i t r o p h e n o x y ) a c e t a t e  ( 1 2 2 )  as t h e  o n l y  

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

s a me  c o n d i t i o n s  10 (8%)  a n d  u n r e a c t e d  2 6  ( 92%)  w e r e

o b t a i n e d .  Thus  t h e  1*0, i s  n o t  a s e c o n d a r y  p r o d u c t  f o r m e d  

f r om 26 unde r  t h e  r e a c t i o n  c o n d i t i o n s .  I t  mus t  be f o r me d  by 

d e a l k y l a t i o n  o f  some i n t e r m e d i a t e  f o r me d  f r o m 25.

3 . 9 . 3  R e a c t i o n  w i t h  bo r on  t r i f l u o r i d e  

, The a r o m a t i z a t i o n  o f  25 was c o m p l e t e  i n  40 m i n  a t  - 4 0 ° C  

w i t h  b o r o n  t r i f l u o r i d e .  The o n l y  p r o d u c t  was  2 6 .  No 

d e n i t r a t i o n - r e n i t r a t i o n  o r  [ 1 . 2 ]  n i t r o  s h i f t  o c c u r r e d .

3 . 1 0  R e a c t i o n s  o f  3 , 3 , 8 - t r i m e t h y I - 8 - n'i t r o - 1 , -

dioxaspiroL^,Sldeca-S,9-dien-2-one  ( 52)

3 . 1 0 . 1  A t t e mp t e d  s o l v o l y s i s  o f  52

When 5 2  was h e a t e d  i n  a q u e o u s  m e t h a n o l  a t  6 0 ° C.  t h e  

n i t r o c r e s o l  51 (18%) and u n r e a c t e d  52 (82%)  w e r e  o b t a i n e d  

a f t e r  30 mi n .  When t h e  r e a c t i o n  was c a r r i e d  o u t  f o r  4 h . 51 

( S o i )  and p - c r e s o l  (20%)  w e r e  o b t a i n e d .  The r e a c t i o n  was 

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

( 1 2 3 )  and i n  t h e  p r e s e n c e  o f  u r e a  b u t  t h e  same r e l a t i v e  

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

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

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

t h e  l a c t o n e .  Thus l a c t o n e  h y d r o l y s i s  l e a d i n g  t o  t h e  d i e n o n e  

. 124.  f o l l o w e d  by t h e r m a l  h o m o l y s i s  o f  t h e  C- NO2 bond  and
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r e c o m b i n a t i o n  a t  t h e  o r t h o - p o s i t i o n ,  i s  t h e _ r ' ô u t e  l e a d i n g  t o  

t h e  p r o d u c t s  ( Scheme 3 . 1 9 ) .  M y h r e ^ ^  ha s  shown t h a t  4 -  

m e t h y l - . 4 - n i t r o c y c i o h e x a - 2 , 5 - d i e n o n e  ( 1 2 4 )  a r o m a t i z e s  by a 

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

Scheme 3 . 19  H y d r o l y s i s  and Subsequen t  A r o m a t i z a t i o n  o f  52

0 0

MeOH

NO,

CKe-COOMe
/ ^

0 JH

NO.

52

OH OH

4-

NO,
0

NO.

NO,

124

, 7  51

3 . 1 0 . 2  R e a c t i o n  o f  d i e n e  5 2  w i t h  a c i d s  i n  n o n - h y d r o x y  l i e  

s o l v e n t s

R e a c t i o n  o f  d i e n e  52 i n  50% ( v / v )  t r i f l u o r o a c e t i c  a c i d  i n  

c h l o r o f o r m - d  g a v e  51  ( 2 0 % ) ,  7 ,  2 - m e t h y l - 2 - ( 4 -

m e t h y l p h e n o x y ) p r o p a n o i c  a c i d ,  (1)  and 2 - m e t h y l - 2 - ( 4 - m e t h y 1-  

2 - n i t r d p h e n o x y ) p r o p a n o i c  a c i d ,  ( 5 4 )  ( 70%) .  C o m p a r a b l e

r e s u l t s  w e r e  o b t a i n e d  i n  75% TFA and i n  100% TFA and t h e  

o n l y  n o t e w o r t h y  change w h i c h  o c c u r r e d  when t h e  s t r o n g  a c i d s .
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m e t h a n e s u l f o n i c  a c i d  and t r i f l i c  ac i d ,  were used t o  i nduce

t h e  a r o m a t i z a t i o n  o f  52 was t h a t  a s m a l l  amount  o f  2 - m e t h y l -

2 - ( 4 - m e t h y  1 - 3 - n i t r o p h e n o x y ) p r o p a n o i c  a c i d  16 was a l s o

f o r m e d .  The c r e s o l s  7 and 51 a r e  f o r m e d  p r e s u m . a b l y  v i a

p r o t o n a t i o n ,  r i n g  o p e n i n g  t o , t h e  W h e l a n d  i n t e r m e d i a t e  and

s i d e  c h a i n  c l e a v a g e  t o  f o r m t h e  d i e n o n e  ( 112)  w h i c h  i s  known

t o  a r o m a t i z e  t o  7 and 51 u n d e r  n e u t r a l  o r  w e a k l y  a c i d i c
\

c o n d i t i o n s .  ( U n d e r  m o r e  s t r o n g l y  a c i d i c  c o n d i t i o n s ,  

r e n i t r a t i o n  o f  7 o c c u r s  and o n l y  51 i s  f o r m e d  f r o m  t h e  

d i e n o n e ) .

Scheme 3 . 20  F o r m a t i o n  , o f  C r e s o l s  f r o m  52  u n d e r  A c i d i c  

C o n d i t i o n s

NO'

H

J

+
OH

0/

OH OH OH

w
NO 2

0
+

\
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I n  t h e  a b o v e  s e q u e n c e  a u n i m o l e c u ï a ( ^ c l e a v a g e  o f  t h e  

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

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

n i t r o c r e s o l  f o r med  under  a ' w i d e  r ange  o f  a c i d i c  c o n d i t i o n s  

( T a b l e  3 . 1 6 ) .  ' The o t h e r  p r o d u c t s  1 and 54 a l ’ so a r i s e  by a 

u n i m o l e c u l a r  r e a c t i o n  o f  t he  same i n t e r m e d i a t e  t o  f o r m t h e  

e n c o u n t e r  p a i r  o f  1 and t h e  n i t r o n i u m  i o n  w h i c h  i )  r e n i t r a t e  

t o  g i v e  54 o r  i i )  d i s s o c i a t e  t o  g i v e  f r e e  1 and n i t r o n i u m  

i on  .
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Tab le  3 .16

Products from reaction of 52 with acids in non-hydroxylic 

solvents

Reaction Conditions 51 7 1 . 54 16 other

50$ TFA/CDCI3 . 24 h, 
amb. temp.

75$ TFA/CDCI3 , 7 h, 
amb. temp.

20$ ca.5$

2 0 $ traces

ca.5$ 

traces

70$

75$ — —

--

100$ TFA, 8 h, 0°C 2 0 $ --- 14$ 6 6 $ - --

CHtSOoH (neat ) , 15 min., 
10®C

2 0  $ --- 16$ 56$ 8 $ --

CF3 SO3 H (neat), 
ca. 10 min., 0°C

15$ --- 15$ 63$ 7$ --

50$ TFA/tCFoCOlpO, 
28h, 0°C

1 0 0 $“ --- —--- —--- --- --

100$ TFA/trimethoxy- 
benzene. 9 h, 0°C

--  --- 70$& 30$& — — c

100$ TFA/mesitylene 
1 h, amb. temp.

-— — — — — 36$ 55$ --- 9$^

a . formed by intermediate formation of 54
b . relative amounts
c . nitfotrimethoxybenzene detected by GC
d . nitromesitylene
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Scheme 3.21 D e n i t r a t i o n - R e n i t r a t i o n  Pathway i n  t he  Reac t i on  9

52 OCMeoCOOH
NOo

OCMegCOOH

52

02

OCMenCOOH

NO 2

54

OCMegCOOH

A
Some o f  t h e  n i t r o  a c i d  54 m^ust be f o r m e d  by r e n i t r a t i o n  

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

e n c o u n t e r  p a i r ,  s i n c e ,  when t h e  r e a c t i o n  o f  5 2  i n  100% TFA 

w a s  c a r r i e d  o u t  i n  th.e p r e s e n c e  o f  m e s i t y l e n e  ( o r  

t r i m e t h o x y b e n z e n e )  t h e  a m o u n t  o f  1 w a s  i n c r e a s e d  

s u b s t a n t i a l l y  w h i l e  t h a t  o f  5"4^ was  d e c r e a s e d  and some 

n i t r o m e s i t y l e n e  ( o r  n i t r o t r i m e t h o x y b e n z e n e )  was  f o r m e d .  

However  o n l y  a p o r t i o n  o f  t h e  escaped n i t r o n i u m  i o n  c o u l d  be 

t r a p p e d  i n  t h e  e x p e r i m e n t s  ar^d t h e  r e a c t i o n s  m u s t  be mor e  

comp l e x  t han  has been p r opo s ed .

I t  has  been o b s e r v e d  e a r l i e r  t h a t  t h e  [ 1 , 2 ]  n i t r o  s h i f t  

i n  t h e  o x y g e n - s u b s t U A u t - f r 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  i s  no t  

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

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

The oxygen s u b s t i t u e n t  s t a b i l i z e s  t h e  c a t i o n  w i t h  t h e  ch a r ge
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c o n j u g a t e d  w i t h  t h e  o x y g e n  l o n e  p a i r .  The c a t i o n  f r o m  t h e  

[ 1 , 2 ]  -s4ri f t  p r o c e s s  i s  not> s i m i l a r l y  s t a b i l i z e d  and t h u s  

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

c o n t a i n i n g  t h e  e t h e r  s u b s t i t u e n t .  However  t h e  i n c u r s i o n  o f  

t h e  [ 1 , 2 ]  s h i f t  p r o c e s s  can be d e t e c t e d  i n  t h e  r e a c t i o n  

c a t a l y z e d  by s t r o n g  a c i d s .

When 52  was  r e a c t e d  w i t h  a m i x t u r e  o f  t r i f l u o r o a c e t i c  

a c i d  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 ,  t h e  a c i d  54  was f o r me d  

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

t h e  s i d e - c h a i n  t o  f o r m t h e  n i t r o c r e s o l  51.

3 . 1 0 . 3  R e a c t i o n  o f  52 w i t h  a c i d s  i n  p r o t i c  s o l v e n t s

\ A t  l o w e r  c o n c e n t r a t i o n s  o f  TFA,  52 was q u a n t i t a t i v e l y

c o n v e r t e d  t o  t h e  d i e n o n e  124,  w h i c h  c o u l d  be o b s e r v e d  i n  t h e

r e a c t i o n  m i x t u r e  and w h i c h  t h e n  a r o m a t i z e d  t o  5 1 .  I n  50%

TF A,  p - c r e s o l  (5%)  w a s  a l s o  d e t e c t e d .  A t  v e r y  h i g h

c o n c e n t r a t i o n  o f  t h e  a c i d ,  t h e  amount  o f  51 d e c r e a s e d  w h i l e

t h a t  o f  7 i n c r e a s e d  ( T a b l e  3 . 1 7 ) .  Even w i t h  o n l y  1 %

m e t h a n o l  52% 51 was f o r me d  and o n l y  48% o f  54 was o b t a i n e d .

The r o u t e  t o  54 i s  p r e s u m a b l y  s i m i l a r  t o  t h a t  d e s c r i b e d  f o r

r e a c t i o n s  i n  n o n - 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

d i s s o c i a t i o n  o f  t h e  Whel and i n t e r m e d i a t e  i n t o  t h e  e n c o u n t e r  
}

f

p a i r  and r e n i t r a t i o n .  However  t h e r e  mus t  be an a d d i t i o n a l  

p a t h wa y  t o  t h e  d i e n o n e  s i n c e  t h i s  i s  f o r me d  t o  much g r e a t e r  

e x t e n t  t han  i n  t h e  n o n - h y d r o x y l i c  s o l v e n t s  and i s  f o r me d  as 

t h e  m a j o r  p r o d u c t  even  when  o n l y  1% m e t h a n o l  i s  p r e s e n t .  

Such  a p a t h w a y  ha s  been s u g g e s t e d  f o r  t h e  2 - m e t h y l p h e n o x y ,
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s e r i e s  : c a p t u r e  o,f t h e  W h e l a n d  i n t e r m e d i a t e  by m e t h a n o l ,  

l e a d i n g ' e v e n t u a l l y  t o  t h e  d i e n o n e .

00 OMe

MeOH

-  HOCMe.COOH

NO

MeOH

NO

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

t h e  Wheland i n t e r m e d i a t e  f r o m t h e  4 - m e t h y l p h e n o x y  s e r i e s  i s  

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

t han  i s  t h e  case i n  t h e  2 - m e t h y l p h e n o x y  s e r i e s .

T a b l e  3 . 17

P r o d u c t s  from r e a c t i o n  o f  52 w i t h  a c i d s  i n  me t h a n o l  a t  0°C

Ac i d  
C o n c e n t r a t i o n

R e a c t i o n  
T ime

124 51 7 54

50% TFA, , ' 24  h 100% — — — • — — —

3 days -------- 95% 5% — ----

75% TFA, 105 min 100% ----- —--- -----

24 h ------- 100% ----- — ----

95% TFA, 4 h ------- 72% — — — 28%

99% TFA, 4 h 52% ----- 48%

0.5M HgSOy, 3 h 100% ' ----- — ----

a -------- 89% 11% _ ——

a. a t  a mb i e n t  t e m p e r a t u r e
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R e a c t i o n  o f  52  w i t h  s u l p h u r i c  a c i d  i n  m e t h a n o l  was 

s i m i l a r  t o  t h e  r e a c t i o n  w i t h  TFA i n  m e t h a n o l .  F i r s t  t h e  

d i e n o n e  124 was o b t a i n e d  and s u b s e q u e n t l y  7 and 51.  R e a c ^ o n  

o f  . 52  w i t h  a q u e o u s  s u l p h u r i c  a c i d  i n  a c e t o n e  was  a l s o  

s i m i l a r .  The d i e n o n e  124 was f o r me d  and i t  a r o m a t i z e d  t o  7 

and 51.

3 . 1 0 . 4  R e a c t i o n  o f  52 w i t h  bor on  t r i f l u o r i d e

The n i t r o  g r o u p  i n  t h e  t p s o - W h e l a n d  i n t e r m e d i a t e  o b t a i n e d  

f r om 52 u n d e r w e n t  [ 1 , 2 ]  m i g r a t i o n  i n  m e t h a n e s u l p h o n i c  a c i d  

and t r i f l i c  a c i d  t o  g i v e  t h e  3 - n i t r o  d e r i v a t i v e  16 (.7-8%). 

I f  t h e  a r g u me n t  made e a r l i e r  wer e  i n  f a c t  c o r r e c t ,  t h e  bo r on  

t r i f l u o r i d e  a d d u c t  o f  5 2  w o u l d  be l e s s  s e l e c t i v e  t h a n  t h e  

c o n j u g a t e  a c i d  o f  52 and g i v e  mo r e  o f  16.  When a s o l u t i o n  

o f  d i e n e  52 Fn c h l o r o f o r m  was t r e a t e d  w i t h  bor on  t r i f l u o r i d e  

ga s ,  a r o m a t i z a t i o n  t o  g i v e  16 ( 19%) ,  t h e  p r o d u c t  o f  [ 1 , 2 ]  

n i t r o  s h i f t  was o b s e r v e d  a l o n g  w i t h  1 (19%) and 54 (62%) .  

O b s e r v a t i o n  o f  13 i n  t h e  r e a c t i o n  o f  19 w i t h  b o r o n  

t r i f l u o r i d e  need n o t  be s u r p r i s i n g  i n  t h i s  l i g h t .

3 . 1 0 . 5  R e a c t i o n s  o f  52 w i t h  bases

D i ene  52 ,  w i t h  a c i d s ,  gave t h e  d i e n o n e  124 v e r y  r e a d i l y .  

To t e s t  w h e t h e r  t h e  l a c t o n e  was l ^ r o l y z e d  i n  bases  as w e l l ,  

52  was t r e a t e d  w i t h  sod i um m e t h o x i d e  i n  m e t h a n o l .  W i t h  3 

e q u i v a l e n t s  o f  sod i um m e t h o x i d e  a t  - 2 0 ° C ,  d i e n o n e  124 (60%) 

and a m o n o m e t h o x y  a d d u c t  126  (40%)  w e r e  f o r m e d  a f t e r  30 

m i n u t e s .  W i t h  1.1 e q u i v a l e n t s  o f  m e t h o x i d e  a t  0 ° C , 124

(31%) ,  1 26 (59%) and 51 (5%) w e r e  o b t a i n e d  a f t e r  5 m i n  f r o m
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5 2 .  When 5 e q u i v a l e n t s  o f  m e t h o x i d e  was use d  a t  0°C p -  

c r e s ^  (1%). monomet hoxy  a d d u c t s  125 ( 2 1 Ï )  and 126 (40%) and 

tWe d i m e t h o x y  a d d u c t  128 (33%)  w e r e  o b t a i n e d  a f t e r  1 h a t  

0° C.  A f t e r  7 h a t  0 ° C,  w i t h  5 e q u i v a l e n - t s  o f  m e t h o x i d e  125 

(13%) ,  126 ( 67%) ,  127 (5%) and 128 (15%;  w e r e  o b t a i n e d .

The . d i enone 124 was i n d e p e n d e n t l y  r e a c t e d  w i t h  me t h a n o l  

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

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

c r y s t a l l i z a t i o n .  T h e r e  w e r e  t w o  mono , met hoxy  a d d u c t s  ( 125  

and 126)  and t h r e e  d i m e t h o x y  a<Tduct s ( 1 2 7 ,  128 and 129 ) .y

The monomet hoxy  a d d u c t s  w e r e  shown t o  c o n t a i n  a c o n j u g a t e d  

c a r b o n y l  g r o u p  by NMR ( 1 9 4 . 8  and 194. 0  ppm f o r  125 and

126 r e s p e c t i v e l y )  and IR (1 685 c m ” ”' and 1 675 c m “ "' f o r  125 

and 126 r e s p e c t i v e l y )  s p e c t r o s c o p y .  The met hoxy  g r oup  was 

i d e n t i f i e d  by i t s  c h a r a c t e r i s t i c  and ^H c h e m i c a l  s h i f t s .

The p r e s e n c e  o f  a n i t r o  g r o u p  was  c o n f i r m e d  by I R and t h a t  

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

and  ̂H NMR. The  ̂H NMR s p e c t r u m  a l s p  i n d i c a t e d  t h e  

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

v i c i n a l  c o u p l i n g  c o n s t a n t  o f  ca .  10 Hz ( 1 0 . 8  Hz i n  125 and

10.5 Hz i n  1 2 6 ) .  The  ̂H NMR a l s o  i n d i c a t e d  a m e t h y l e n e  

g r oup  w i t h  m a g n e t i c a l l y  n o n - e q u i v a l e n t  p r o t o n s  c o u p l e d  by a 

g e m i n a l  c o u p l i n g  c o n s t a n t  o f  c a .  17 Hz ( 1 6 . 9  Hz i n  125 and

17.5 Hz i n  1 2 6 ) .  The c h e m i c a l  s h i f t  o f  t h e  m e t h y l e n e  

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

g r o u p .  The s p e c t r a l  d a t a  s u g g e s t e d  t h a t  125 and 126 w e r e
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f o r me d  by 1 , 4 - a d d i t i o n  o f  one e q u i v a l e n t  o f  m e t h a n o l  t o  t he  

d i e n o n e  124 and t h u s  t h e y  wer e  a s s i g n e d  as d i a s t e r e o m e r s  o f

5 - m e t h o x y - 4 - m e t h y l - 4 - n i t r o c y c l o h e x - 2 - e n o n e .

The t h r e e  d i m e t h o x y  a d d u c t s  wer e  shown t o . c o n t a i n  a non­

c o n j u g a t e d  c a r b o n y l  g r o u p  as i n d i c a t e d  by a d o w n f i e l d  s h i f t  

( r e l a t i v e  t o  125 and 1 2 6 )  i n  t h e  c a r b o n y l  c a r b o n  s i g n a l  

(20 1 . 9 ,  2 0 3 . 3 ,  20 4 . 3  ppm i n  127,  128 and 129 r e s - p a c t i v e l y ) .  

The  ̂H NMR i n d i c a t e d  t h a t  no v i n y l i c  h y d r o g e n  a t o m s  w e r e  

p r e s e n t  and t h e   ̂^ C NMR c o n f i r m e d  t h a t  no c a r b o n - c a r b o n  

d o u b l e  bx)nd was p r e s e n t  i n  any  o f  t h e  a d d u c t s .  The   ̂H and 

NMR f u r t h e r  s u g ges t ed  t h a t  t h e  t w o  me t hoxy  g r o u p s  were 

e q u i v a l e n t  i n  127 and 129 w h i l e  i n  128 t w o  m e t h o x y  c a r b o n  

r e s o na n c e s  and t wo  me t ho xy  p r o t o n  r e s o n a n c e s  we r e  o b se r ved  

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

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

p a i r s  b e i n g  e q u i v a l e n t  i n  127 and 129 and n o n - e q u i v a l e n t  i n  

1 2 8 .  The c h e m i c a l  s h i f t s  s u g g e s t e d  t h a t  b o t h  t h e  p a i r s  o f  

m e t h y l e n e  p r o t o n s  we r e  a d j a c e n t  t o  t h e  c a r b o n y l  g r o u p .  Thus 

t h e  t h r e e  a d d u c t s  1 2 7 ,  1 2 8  a n d  1 2 9  w e r e  a s s i g n e d  as

d i a s t e r e o m e r s  o f  3 , 5 - d i m e t h y l - 4 - m e t h y 1 - 4 - n i t r o c y c l o h e x a n o n e ,  

o b t a i n e d  by 1 , 4  a d d i t i o n  o f  t w o  e q u i v a l e n t s  o f  m e t h a n o l  t o  

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

m i n e d  by u s i n g  t h e  -gauche  e f f e c t  d e s c r i b e d  on page  171.  

I n  t h e  c a s e  o f  t h e  m o n o m e t h o x y  a d d u c t s  125  and 1 2 6 ,  t h e  

m e t h o x y  g r o u p  can be ? ( ? o r  tv ana  t o  t h e  m e t h y l  g r o u p .  When 

i t  i s  ? C 9 t o  t h e  m e t h y l  g r o u p ,  t h e  t w o  g r o u p s  w i l l  a l w a y s  be
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' qàuahe t o  each o t h e r .  When i t  i s  trans t o  t h e  m e t h y l  g r oup

t h e  t wo '  g r o u p s  w i l l  be anti  t o  each  o t h e r  i n  t h e  p r e f e r r e d  
T  ' ,

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

t h e  m e t h y l  and t h e  me t hoxy  g r oup s  are  d a  s h o u l d  r e s o n a t e  a t  

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

trana.

The a s y m m e t r i c a l  d i m e t h o x y  a d d u c t  128  w i l l  h a v e  one o f

t h e  m e t h o x y ‘g r o u p s  “f crans t o  t h e  m e t h y l  g r o u p  and t h e  o t h e r

one w i l l  be oia. F o l l o w i n g  t h e  same r e a s o n i n g  as f o r  t h e

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

127 and 1 2 9 ,  t h e  m e t h y l  g r o u p  i n  t h e  a d d u c t  w h e r e  b o t h  t h e

met hoxy  g r o up s  a r e  d a  t o  t h e  m e t h y l  g r oup  w i l l  r e s o n a t e  a t

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

gr o up s  a r e  trana t o  i t .  The r e l a t i v e  s t e r e o c h e m i s t r y  o f  a l l

t h e  a d d u c t s  c o u l d  be a s s i g n e d  on t h e ^ b a s i s  o f  t h e  a b ov e

r e a s o n i n g  and i s  s iilsw n i n  T a b l e  3 . 1 8 .  The d i f f e r e n c e

be t ween t h e  m e t h y l  c a r b o n  ! s h i f t  i n  127 and 129 i s  t w i c e  t h e  
%

c o r r e s p o n d i n g  d i f f e r e n c e  i n  1 2 5 ' and 1 2 6 .  T h î s  w o u l d  be
* * 1 3

'  e x p e c t e d  s i n c e  t h e  s u b s t i t u e n t  e f f e c t s  on C c h e m i c a l  

s h i f t s  a r e  g e n e r a l l y  a d d d t i v e .
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R e l a t i v e  s t e r e o c h e m i s t r y  o f  met hoxy  a d d u c t s
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OMeOMe1 8 . 4 OMe
OMe

Me
Me

24.3MeHO HO

g a uch e - g au c h ea n t i' gauche
125 126 127

OMe
16.9

Me

HO

g a u c h e - a n t i
128

OMe

0 2

Me 21.3
a n t i - a n t i

129

Such 1,4 a d d i t i o n  t o  c y c l o h e x a d i e n o n e s  g e n e r a l l y  l e a d s  t o  

a r o m a t i c  p r o d u c t s ^ ^ ,  b u t  some a d d u c t s  s i m i l a r  t o  t h e  me t hoxy  

a d d b c t s  a b o v e  ( 1 2 5 - 1 2 9 )  h a v e  been i s o l a t e d  and a r e  shown 

b e l o w .
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Ref .  142a Ref .  142b f e f .  142c Re f .  62

O t h e r  b a s e s  w h i c h  w e r e  r e a c t e d  w i t h  5 2 w e r e  p o t a s s i u m  

h y d r o x i d e ,  sod i um h y d r o x i d e  and N, N - d i i s o p r o p y l e t h y i a m i n e .  

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

0°C,  52  g a v e  1 24  (50%) and ' i i n r e a c t e d  52 (50%) a f t e r  1 h.  

When t h e  r e a c t i o n  was c a r r i e d  Cu t  i n  t h e  p r e s e n c e  o f  18 -  

c r o w n - 6 ,  51 (36%)  and 7 (64%) w e r e  o b t a i n e d  a f t e r  8 h a t  

0°C.  D i e n one  124 and t h e  i s o m e r s  o f  5 - h y d r o x y - 4 - m e t h y 1 - 4 -  

n i t r o c y o l o h e x - 2 - e n o n e  ( 130)  wer e  o b t a i n e d  by t h e  r e a c t i o n  o f  

52 w i t h  sod i um h y d r o x i d e  i n  50% aqueous a c e t o n i t r i l e .  The 

s t r u c t u r e  o f  t h e  h y d r o x y  compound was a s s i g n e d  by c o mp a r i n g  

t h e  ^H NMR spe c t r um,  w i t h  t h o s e  o f  "Th^e c o r r e s p o n d i n g  me t hoxy  

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

T r e a t m e n t  o f  5 2  w i t h  N, N - d i  i s o p r o p y  l e  t h y  l ^ a m  i n e  i n  50% 

aqueous a c e t o n i t r i l e  gave 124 and 51.  h

3.11 Comparison of aromatization reactions of 19,  52 and 25 

The l a c t o n e  r i n g ,  w h i c h  i s  a common f e a t u r e  o f  19^, 52  and 

25 i s  a s u b s t i t u t e d  1 , 3 - d i o x o l a n - 4 - o n e  ( 1 3 1 ) .  Th u s  i t  can 

be l o o k e d  upon as b o t h  a k e t a l  and a c y c l i c  e s t e r .  I n  2 -  

s ÿ b s t i t u t e d - l , 3 - d i o x o l a n - 4 - o n e s ,  t h e *  r i n g  e x h i b i t s
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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 ,  w h i c h  a r e  due t o  t h e  

1 Ü 1k e t a l  f u n c t i o n .  A u n i m o l e c u l a r  c l e a v a g e  o f  t h e  c o n j u g a t e
»

a c i d  o f  t h e  r i n g  o c c u r s  i n  t h e  p r e s e n c e  o f  ac i ds^ ,  w h i c h  i s  

e q u i v a l e n t  t o  a l k y l - p x y g e n  c l e a v a g e  o f  t h e  e s t e r  f u n c t i o n .

00 HOO

R'R

0

- f

131
Ketals are insensi t ive to bases, and under these conditions,  

the r i n g  e x h i b i t s  the r e a c t i o n s  of  an e s t e r .  E s te r  

hydro lys is  by acyl-oxygen cleavage to give a hemiketa l  

intermediate» occurs. Since the hemik eta l  i s , e x t r e m e l y  

sensit ive to base, i t  undergoes further  hydrolysis to give a 

carbonyl compound.'

\

COX

0  0  Q \  Oif \  O t )  0 |  — ^  Q +

R R'  R R^ ' - R
131

Under bas ic  c o n d i t i o n s ,  5 2  w a s nhy d r o 1 y zed to the  

corresponding carbonyl compound, the dienone 124.  Hence the 

lactone ring does behave as an ester under these .conditions.  

Attempts to demonstrate a s i m i l a r  reaction for 19 were not 

conclusive probably due to the unstable nature of 6-methyl-  

6-nitrocyclohexa-2,4-dienone ( 59 )  (whereas 124 is stable up 

to 0°C 59v decomposes above -40°C) .  The base ca ta lyzed
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h y d r o l y s i s  o f  t h e  s p f r o d i e n e s  has been used as a p r e p a r a t i v e  

m e t h o d  t o  s y n t h e s i z e  4 , 4 - d i m e t h y l c y c l o h e x a d i e n o n e  f r o m 8-  

b r o m o - 3 , 3 , 8 - t r i m e t h y l - 1 . M - d i o x a s p i r o [ 4 , 5 ] d e c a - 6 , 9 - d i e n - 2 - o n e  

( 2 ) ,  i n v o l v i n g  d i s p l a c e m e n t  o f  b r o m i d e  by L i M e 2 Cu and 

s u b s e q u e n t  h y d r o l y s i s .  ^

U n d e r  a c i d i c  c o n d i t i o n s  when R a n d / o r  R' a r e  a l k y l  

g r o u p s ,  t he  r i n g  o p en i n g  s t e p  i s  f o l l o w e d  by d e a l k y l a t i o n  t o  

g i v e  a k e t o n e  or  an a l dehyc f e .

H+
0 0 

131

+0

HOCMepCOOH

OOH
0

R R R

I n  t h e  compounds s t u d i e d  R and R' f o r m a c y c l o h e x a d i e n e  r i n g  

w h i c h  can d e l o c a l i z e  t h e  p o s i t i v e  c h a r g e  on oxygen .

CI,ie2%)0H
+0

NO,

NO 2

+0

132

133

OCMepCOOH

NO,

OCMepCOOH

NO,

;
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Compar i son  o f  t h e  a c i d . c a t a l y z e d  r e a c t i o n s  o f  19.  52 and 25

unde r  s i m i l a r  c o n d i t i o n s  show t h a t

i )  d i e n e  5 2  ha s  a m a r k e d  p r e f e r e n c e  f o r  c l e a v a g e  o f  t h e  

s i d e - c h a i n  t o  g i v e  t h e  n i t r o c r e s o l  51 as a s i g n i f i c a n t  

p r o d u c t  and,  i n  h y d r o x y  l i e  s o l v e n t s  as t h e  m a j o r  p r o d u c t .

i i )  t h e  r e a c t i o n  o f  d i e n e s  19 and 25  a r e  c o m p l i c a t e d  by 

I c o m p e t i t i o n  b e t w e e n  [ 1 , 5 ]  s i g m a t r o p < ^  s h i f t  o f  t h e  n i t r o

g r o up  and t h e  d e n i t r a t i o n - r e n i t r a t i o n  p r o c e s s  t o  g i v e  t h e  %- 

n i t r o  d e r i v a t i v e .  S i d e - c h a i n  c l e a v a g e  w-as, a t  mos t ,  a m i n o r  

r e a c t i o n  o f  19 w h i l e  2 5 . u n d e r w e n t  s i d e  c h a i n  c l e a v a g e  o n l y  

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

s i g m a t r o p i c  r e a r r a n g e m e n t  was r e l a t i v e l y  more i m p o r t a n t  i n  

t h e  c a s e  o f  25 t h a n  i n  t h e  c a s e  o f  1 9 ,  s i n c e  a t  l o w  

a c i d i t i e s  25 gave o n l y  t h e  6 - n i t r o  a c i d  26,  t h e  p r o d u c t  f r om 

t h e  r e a r r a n g e m e n t  p r o c e s s ,  whe r eas  19 gave b o t h  t h e  4 - n i t r o  

a c i d  14,  t h e  d e n i t r a t i o n - r e n i t r a t i o n  p r o d u c t ,  as w e l l  as t he

6 - n i t r o  a c i d  15.  Even a t  h i g h  a c i d i t i e s  t h e  4 - n i t r o  a c i d  24 

was a m i n o r  p r o d u c t  f r o m 25 whe r eas  t h e  a n a l o g o u s  14 was t h e  

m a j o r  p r o d u c t  f r om 19.

The p r e f e r e n c e  f o r  t h e  r e a r r a n g e m e n t  p r o c e s s  i n  25 may 

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

t h e  l a c t o n e  r i n g  w h i c h  may i n h i b i t ,  t o  some d e g r e e ,  t h e  

r e a r r a n g e m e n t  p r o c e s s  i n  19.  The f o r m a t i o n  o f  d e n i t r a t i o n -  

r e n i t r a t i o n  p r o d u c t s  14 and 54 f r p m  19 and 52 r e s p e c t i v e l y  

may be a t t r i b u t e d  t o  t h e  d e l o c a l i z a 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 o  t h e  c y c l d h e x a d i e n e  m o i e t y  o f  t h e  r i n g - o p e n e d .
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oxon i um i on  i n t e r m e d i a t e s  ( ^ 2  and 133 r e s p e c t i v e l y ) .  T h i s  

s h o u l d  i m p a r t  some Wh e l a n d  i n t e r m e d i a t e  c h a r a c t e r  t o  "^he 

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

g r o u p  as n i t r o n i u m  i o n .  I t  a p p e a r s  f r o m  " t h e  a b o v e  

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

r e a c t i v i t y  t o w a r d s  i s o m e r i z a t i o n ,  i i )  t h e  

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

1, 3 - d i o x o l a r . - ^ - o n e  r i n g  in  ' ac id  c a t a l y z e d  r e a c t i o n s  and i i i )  

t h e  i n t e r m e d i a t e  132 d e r i v e d  f r om 19 w h i c h  has t w o  a d j a c e n t  

f u l l y  s u b s t i t u t e d ,  sp^ ca r b on  a t oms ,  has a g r e a t e r  t e n d e n c y  

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

i n t e r m e d i a t e  13 3 f o r m e d  f r o m  52  w h i c h  h a s  t h e  f u l l y  

s u b s t i t u t e d  sp"  carbon atoms s e p a r a t e d  by a d o u b l e  bond.

f
3 . 1 2  Conclusions .

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

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

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

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

T h i s  i s  t h e  f i r s t  r e p o r t  i n  w h i c h  a d d u c t s  a r e  f or med by 

i p 8 0 -nitration -ortho t o  t h e  d i r e c t i n g  s u b s t i t u t e n t  g r o u p .  

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

c o n j u g a t e d  d i e n e  adducts known.

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

i s o m e r i z a t i o n  by a [ 1 , 5 ]  s i g m a t r o p i c  s h i f t  o f  t h e  n i t r o  

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

g r o u p .  T h i s  i s  t h e  f i r s t  t i m e  t h a t  s u c h  d e r i v a t i v e s  h ave
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been i s o l a t e d .  The c o n c e r t e d  [ 1 . 51  - s h i f t  i s  acc o mpa n i ed  by

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

r a d i c a l  s c a v e n g e r s .  The n o n - c o n j u g a t e ^  d i e n e  a d d u c t s
“I

s t u d i e d  g e n e r a l l y  do n o t  un de r go  n i t r o  g r o up  r e a r r a n g e m e n t

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

s t u d y  i s  t h a t  o f  1 . 4 - a d d u c t s  w i t h  a n i t r i l e  g r oup  c o n j u g a t e d

w i t h  t h e  d i e n e  %ystem i n  t he  p r o d u c t .  Such a d d u c t s  unde r go

a s t e r e o s p e c i f i c  [ 1 . 3 ]  n i t r o  . s h i f t .  The r e s u l t a n t  d i e n e s

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

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

c a r b o n  n i t r o  s h i f t  w h i c h  has  been  o b s e r v e d  f o r  t h e  f i r s t

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

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

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

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

h y d r o x y l i c  s o l v e n t s .  Exampl es  o f  a c i d - c a t a l y z e d  s i g m a t r o p i c

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

under go  e p i m e r i z a t i o n  and a 1.3 e x t r a m o l e c u l a r  n i t r o  s h i f t

by d e n i t r a t i o n - r e n i t r a t i o n  s e q u e n c e .  The d e n i t r a t i o n

p r o d u c t  can be i s o l a t e d  and t h e  escaped n i t r o n i u m  i on  can be

t r a p p e d .  T h i s  i s  t h e  f i r s t  e x a m p l e >wher e  t h e  n i t r o n i u m  i on

e j e c t e d  f r o m  i p e o - a d d u c t s  has  been t r a o o e d .  Wh e r e a s  1.3

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

are  common un de r  a c i d i c  c o n d i t i o n s ,  t h e  1.2 n i t r o  s h i f t s  i n
u

t h e  s p i r o d i e n e s  u n d e r  L e w i s  a c i d  c o n d i t i o n s  t o  g i v e  m-
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n i t r o a r o m a t i c  e t h e r s  a r e  o b s e r v e d  i n  t h i s  wo r k  f o r  t h e  f i r s t  

t i m e .

The a c i d - c a t a l y z e d  d e n i t r a t i o n - r e n i t r a t i o n  sequence  can 

be s u p p r e s s e d  u n d e r  a p p r o p r i a t e  a c i d i c  c o n d i t i o n s  f ô r  t h e  

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

6 - n i t r o a r o m a t i c  p r o d u c t s  i s  o b s e r v e d .  F o r  t h e  n o n ­

c o n j u g a t e d  s p i r o d i e n e  s t u d i e d ,  t h e  d e n i t r a t i o n - r e n i t r a t i o n  

sequence can be suppressed to g i v e  q u a n t i t a t i v e  d e a l k y l a t i o n  

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

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

t h e  mono-  and b i s -  a d d u c t a  û ü - t h e  d i e n o n e  w i t h  m e t h a n o l  have 

been i s o l a t e d  and c h a r a c t e r i z e d .

3 . 1 3  Possible directions for further research

The r e a r r a n g e m e n t  and 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  

s p i r o d i e n e s  and o th e r  c o n j u g a t e d  a c e t y l  n i t r a t e  a d d u c t s  have 

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

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

more k i n e t i c  s t u d i e s  wou l d  h e l p  i n  q u a n t i f y i n g  t h e  r e s u l t s  

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

processes i n  bo t h  t h e  r e a r r a n g e m e n t  ( c o n c e r t e d  and r a d i c a l  

p r o c e s s e s )  and a r o m a t i z a t i o n  ( a c i d - c a t a l y z e d  s i g m a t r o p i c  

s h i f t ,  e p i m e r i z a t i o ( n ,  d e n i t n - a t i o n ,  e t c . )  r e a c t i o n s ’ . A f ew 

s u g g e s t i o n s  f o r  f u t u r e  wo r k  a r e  made b e l o w .

K i n e t i c  s t u d i e s  :

i )  R e a f T a n g e me h t  o f  ^ ^ N - l a b e l l e d  19 can be s t u d i e d  t o

m e a s u r e  t h e  i s o t o p e  e f f e c t  on t h e  [ 1 , 5 ]  s i g m a t r o p i c  n i t r o
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s h i f t  w h i c h  s h o u l d  be p r e s e n t  i n  a c o n c e r t e d  r e a c t i o n .  T h i s  

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

r e a r r a n g e m e n t .  On t h e  o t h e r  hand  i f  t h e r e  i s  a c a g e d -

"** 1 R -r a d i c a l  p a i r  i n v o l v e d " ,  t h e  ^ N - l a b e l l e d  d i e n e  may e x h i b i t  

CIDNP e f f e c t s  i n  t h e  "'^N NMR.

i i )  C o m p a r i s o n  o f  r a t e s  o f  a r o m a t i z a t i o n  o f  t h e

i s o m e r i z e d  d i e n e  55  a n d  i t s  d e u t e r a t e d  a n a l o g  5 6  i n  

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

r o u t e s  l e a d i n g  t o  15 a n d  5 8 w i t h  t h e  p o s s i b i l i t y  o f  

o b s e r v i n g  even some i s o t o p e  e f f e c t .

M e c h a n i s t i c  s t u d i e s  :

i )  D i e n e  52  g a v e  20% ' 16 ,  t h e  p r o d u c t  o f  [ 1 , 2 ]  n i t r o  

s h i f t ,  on r e a c t i o n  w i t h  b o r o n  t r i  f l u o r i d e .  Such  a h i g h  

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

e l e c t r o p h i l i c  p r o c e s s  i s  e x c e p t i o n a l .  I t  i s  w o r t h  

i n v e s t i g a t i n g  any p o s s i b l e  r e l a t i o n s h i p  b e t w e e n  t h e  L e w i s  

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

a r y l  a l k y l  e t h e r  and t h e  [ 1, 2 ] n i t r o  s h i f t ,  s i n c e  t h e r e  a re  

n o t  m a n y . r o u t e s  t o  m - n i t r o a r o m a t i c  e t h e r s .

i i )  D i e n e s  19 and 52  c o u l d  n i t V a t e  m e s i t y l e n e  i n  n e a t

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

n i t r a t i o n s  r e p o r t e d  by O l a h . ® ^  O l a h ' s  s t u d i e s  s h o we d  t h a t

n i t r a t i o n  o f  t o l u e n e  w i t h  9 - n i t r o a n t h r a c e n e  g a v e
>

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

n i t r a t i n g  s p e c i e s  may  be t h e  c o n j u g a t e  a c i d  o f  ^ -  

n i t r o a n t h r a c e n e  i n s t e a d  o f  a f r e e  n i t r o n i u m  i o n .  S i m i l a r
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d i s t i n c t i o n  o f  t he  n i t r a t i n g  s p e c ie s  may be p o s s i b l e  i n  t he

p r e s e n t  case i f  a s u i t a b l e  s u b s t r a t e  i s  used.

i i i )  ESR s t u d i e s  and r a d i c a l  t r a p s  may be used  t o

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

mechani sm f o r  t h e  f o r m a t i o n  o f  112 f r o m  19.  D i enes  s i m i l a r

t o  19 can be s t u d i e d  t o  see i f  t h i s  r e a c t i o n  i s  a g e n e r a l

case .

P r o d u c t  s t u d i e s  :

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

s p i r o d i e n e s  p-T-ayed a m a j o r  r o l e  i n  t h e  a c i d  and  b a s e  

c a t a l y z e d  r e a c t i o n s  o f  t h e  d i e n e .  I f  t h e  c a r b o n y l  g r o up  can 

be r e d u c e d  t o  g i v e  a l a c t o l  o r  even  a c y c l i c  k e t a l .  t h e  

r e a c t i v i t y  o f  t h e  d i e n e  may be m a r k e d l y  a f f e c t e d  and may 

d i s p l a y  new rout es  t o  a r o m a t i c  p r o d u c t s .

i i )  The h e t e r o a t o m  i n  t h e  s i d e  c h a i n  may be v a r i e d  o r

t h e  s i d e - c h a i n  may be so  s u b s t i t u t e d  on t h e  r i n g  t o  g i v e  

f used  l a c t o n e s .
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i i i )  The [ 1 . 5 ]  s i g m a t r o p i c  n i t r o  s h i f t  has g i v e n  a c cess

t o  2- ( 2 - m e t h y l - 6 - n i t r o a r y l o x y ) - 2 - m e t h y l p r o p a n o i c  a c i d s  and 

4 - t - b u t y 1 - 3 - n i t r o t o l u e n e  w h i c h  a r e  n o t  o b t a i n e d  by d i r e c t  

n i t r a t i o n .  The r e a r r a n g e m e n t  r e a c t i o n  h as  p o t e n t i a l  t o  

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

n i t r o a r o m a t i c s  and i t s  scope needs t o  be i n v e s t i g a t e d .
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